
7403

Saturday I7 July I965

EFFECTS OF ACETYLSALICYLIC ACID,
PHENACETIN, PARACETAMOL, AND
CAFFEINE ON RENAL TUBULAR

EPITHELIUM

L. F. PRESCOTT
M.A., M.B. Cantab.

From the Department of Medicine, Division of Clinical Pharmaco-
logy, Johns Hopkins University School of Medicine, Baltimore,

Maryland, U.S.A.*

* Present address: Department of Materia Medica and Therapeutics,
University of Aberdeen.

THE first clinical report of renal damage associated with
excessive and prolonged intake of analgesics was that by
Spuhler and Zollinger (1953), who described 44 cases of
unexplained advanced renal disease with an interstitial

nephritis; a number of these patients gave a history of
consumption of large quantities of analgesic mixtures.
Similar reports followed, initially in Europe, but subse-
quently in South Africa, Australia, and North America.
In the various mixtures concerned in the early reports,
phenacetin (acetophenetidin) was the only drug common
to all. Thus was born the entity " phenacetin nephritis ".
The clinical picture of renal failure of insidious onset, usually

accompanied by anxmia, is well defined. Microscopic examina-
tion of renal tissue has revealed chronic renal tubular

degeneration with dilated atrophic tubules, lipofuscin deposi-
tion, basement-membrane thickening, and marked interstitial
fibrosis (Rubenstein et al. 1964). The changes of acute and
chronic pyelonephritis are frequently superimposed and

papillary necrosis is often present. Most investigators have
been unable to make a histological distinction between

analgesic nephritis and chronic pyelonephritis.
Some curious facts are unexplained. More cases are reported

in some countries than in others despite similar national
consumption of phenacetin-relatively few cases have been

reported in North America and Great Britain-and not all

people abusing analgesics develop renal lesions. Further
confusion is added by the presence of pyelonephritis in so many
patients. Pyelonephritis is difficult to diagnose clinically, and
presents a varied and non-specific microscopic picture. As in
analgesic nephritis, females are affected more than males, and
patients with papillary necrosis are. found to have a high
incidence of pyelonephritis.

Experimental studies in animals have proved inconclusive.
Despite intensive investigations in several species there is no
convincing evidence to incriminate phenacetin as a cause of
analgesic nephritis. These findings have been briefly reviewed
by Dawborn et al. (1964). Fordham et al. (1965), however,
produced changes in the kidneys of rats given phenacetin for
a period of only 4 weeks. There have been few studies in man.
Increases in urinary cell-excretion, as measured by Addis-
counts, have been reported during the administration of a
number of analgesics (Harvald et al. 1960, Clausen and
Harvald 1961).

In every reported case of " phenacetin nephritis 
" other

analgesic drugs have been taken in addition to phenacetin. The
potential toxicity of these other drugs, including acetylsalicylic
acid (aspirin), antipyrine and other pyrazole derivatives,

acetanilide, caffeine, and codeine, has been largely neglected. In
fact, in many reports estimates of phenacetin consumption
have been quoted without the analgesic mixture being specified
and the other drugs consumed have not even been mentioned.
Such errors of omission are to be condemned, for while the
common-denominator theory of analgesic nephritis may impli-
cate phenacetin, it certainly does not exonerate other drugs.
A drug that is toxic to the renal tubular epithelium may

cause cell death. An increase in the number of renal tubular
cells in the urine following the administration of a drug
would therefore indicate tubular-cell necrosis due to the

drug (or its metabolites). Work in this laboratory has
shown that while the urinary excretion of leucocytes in
healthy people is extremely variable and quite unpredict-
able, the daily output of renal tubular cells is remarkably
constant. It is impossible to differentiate between renal
tubular cells and leucocytes using the Addis method; they
are counted together and often incorrectly called " leuco-
cytes ", 

" 

non-squamous white cells ", or 
" white cells ".

Increases in the excretion-rate of renal tubular cells may be
masked by the large spontaneous variation in leucocyte-
counts. In this study renal tubular cells, leucocytes, and
red blood-cells were quickly differentiated by a simple
staining method, and changes in the excretion-rate of
renal tubular cells could be readily demonstrated.
The patients given phenacetin by Harvald et al. (1960)

all had advanced renal lesions, and cannot be considered
as typical of the general population. Scott et al. (1963)
did not find an increase in cell excretion in 8 healthy
volunteers after administration of phenacetin, but they
did not state whether renal tubular cells were differentiated
from leucocytes. They did show, however, that
administration of aspirin resulted in a rapid exfoliation of
renal tubular cells, and furthermore that the administra-
tion of aspirin up to several weeks previously could reduce
or abolish this effect. The patients described by Clausen
and Harvald (1961) were in hospital for sciatica and

probably received a variety of analgesics before the

provocation tests, thus confusing the results. No studies
in man have been reported using antipyrine, caffeine,
paracetamol (acetaminophen, N-acetyl-p-aminophenol),
or the widely used combination of aspirin, phenacetin,
and caffeine (A.P.c.). This paper describes a comparative
study of the effects of aspirin, phenacetin, caffeine, A.P.C.,
paracetamol, and pharmacologically inactive tablets on the
excretion of renal tubular cells, leucocytes, and red blood-
cells in healthy adults.

Materials and Methods

30 male and 30 female healthy adult volunteers, aged 18-44,
were randomly assigned to one of six treatment groups. All
volunteers gave a negative history of renal disease and were
normotensive. Three were Negro. No-one was included who
had had a sore throat or had taken any analgesics in the

preceding 6 weeks. 3 (9F, 20F, and 33F) were taking cyclic
‘Enovid’, " 1 (30M) was taking chlorpheniramine maleate for
hay fever, and 1 (19F) was taking isoniazid. All the volunteers
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TABLE II-MEAN TOTAL RENAL-TUBULAR-CELL COUNTS

* Two-tailed tests.
t Observations on 21 subjects.

were instructed to take no drugs other than those assigned,
and no restrictions were placed on activity, diet, or fluid intake.
With the female volunteers care was taken to avoid menstrual
contamination, by appropriate timing of the study periods and
all samples were collected as clean catch specimens (Little
1962).
Timed urine collections were made from midnight to 8 A.M.,

8 A.M. to noon, and noon to 4 P.M. for 5 consecutive days,
Monday to Friday inclusive. This constituted the control

period. During the following week the same procedure was
carried out but the volunteers were given, orally in four divided
daily doses, either aspirin 3-6 g., phenacetint 3-6 g., A.P.C.

(aspirin 1-8 g., phenacetin 1-8 g., and caffeine citrate 1-2 g.),
caffeine citrate 2-4 g. (equivalent to 1-2 g. caffeine base), para-
cetamol 3-6 g., or placebo tablets consisting of corn starch and
lactose. All drugs were granulated with starch, dried at below
40&deg;C, and made into compressed tablets using magnesium
stearate (less than 1%) as lubricant. The aspirin was available
as a granulation with 10% corn starch, and compressed tab-

TABLE III-MEAN TOTAL RED-BLOOD-CELL COUNTS

Two-tailed tests.
Observations on 21 subjects.

lets were made directly from this. 5 male and 5 female volun-
teers each received one of the above regimes, and 15 control
urine samples and 15 samples during drug treatment were
obtained from each volunteer. The samples were examined
usually within an hour of voiding.

Renal tubular cells, leucocytes, and red blood-cells were

differentially stained and counted in each sample (Prescott and
Brodie 1964). The stain consisted of a buffered solution of
2:7-diaminofluorene with very dilute hydrogen peroxide which
reacts with leucocyte peroxidase to produce a uniform blue-
black staining of leucocytes. Phloxine B was used as a counter-
stain, and renal tubular cells appear pink, while red blood-cells
stain a deep red. Epithelial cells from the lower urinary tract
are also stained pink, but are easily recognised by their
characteristic morphology (Rofe 1955), and were excluded.
The cell-counts were carried out by a technician who was
unaware of the identity of the tablets given. Differential cell-
excretion-rates were calculated (Prescott and Brodie 1964) for
each of the three daily collection periods, and from this the
total output of each cell-type was calculated for the 16-hour
period from midnight to 4 P.M. daily. The total for the first

+ Phenacetin (Mallinckrodt, control no. WNBT) was assayed by Burroughs
Well come & Co., Inc , Tuckahoe, New York, and contained less than
0.01 ’:0 .p-chluroacetanilide (aceuc-4-chloramlidel Paracetamol was
obtained from Direct Laboratories, Inc., Buffalo, New York, lot
4-131-B, aspirin from Mallinckrodt, lot NA657, and caffeine citrate
from Merck, lot 60400.

5 days was taken as the control-count for each volunteer and
compared with the corresponding count when drugs or placebo
were given. The addition of small amounts of aspirin,
phenacetin, paracetamol, and caffeine to normal urine did not
affect the staining reactions. All samples were tested semi-
quantitatively for protein with 3% sulphosalicylic acid.

Results

The individual total renal tubular cell, red blood-cell,
and leucocyte counts throughout the study are set out in
table 1.+ The counts were transformed to logarithms so
that they were distributed normally. The difference
between the logarithms of the control and treatment

counts for each volunteer was calculated and Student’s
" 

t 
" 

test applied to the differences between each treatment
group. Significant increases in renal-tubular-cell excretion
occurred in the groups receiving aspirin, A.P.C., phenacetin,
paracetamol, and caffeine, but not in the group who

TABLE IV-MEAN TOTAL LEUCOCYTE-COUNTS

* Two-tailed tests.
Observations on 21 subjects.

received placebo. The variation in leucocyte-counts in all
treatment groups could be attributed to chance, but the
excretion of red blood-cells was significantly increased
following the administration of aspirin, A.P.C., and caffeine.
The means for each treatment group together with the
95% confidence intervals and probabilities are set out in
tables 11, ill, and iv. The control renal-tubular-cell
counts are very constant, and the 95".; confidence interval
for the mean counts for groups of 10 volunteers is small

(approximately 5 y 106 to 7 10fi). In contrast, the

leucocyte-counts are extremely variable, with great inter-
subject and intra-subject variation. The variation in

1 This table is not reproduced here, but single copies may be obtained on
application to Tm’ LAXcn’, 7, Adm Stct. London, W.C.2

Fig. I-Rise in renal tubular cell excretion in 10 healthy adults
during administration of 3 g. aspirin daily.
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Fig. 2-Increase in red-blood-cell excretion in the same 10 healthy
adults as in fig. 1.

red-blood-cell counts is intermediate between that of
renal tubular cells and leucocytes.
The increase in renal tubular and red blood-cell counts

following the administration of aspirin was spectacular,
and is shown graphically for the whole group in figs. 1
and 2. Each volunteer receiving aspirin had a dramatic
rise in renal-tubular-cell output, and an individual

response is shown in fig. 3. There was a latent period of
about 24 hours before the rise in cell-excretion. This
increase was not sustained, but by the 5th day the average
renal-tubular-cell excretion was still more than four times

Fig. 3-Renal-tubular-cell excretion in volunteer 15F during
administration of 3 g. aspirin daily.

the control value, and in no volunteer had the counts
returned to normal. Preliminary studies currently in

progress here indicate that the excretion of renal tubular
cells is maintained above control rates during more
prolonged administration of aspirin. A similar, but less
notable, rise in the output of red blood-cells took place
(fig. 2). The increase in both renal tubular and red blood-
cell counts after aspirin was greater in women than in
men. The group receiving A.P.c. had less marked changes
than those seen with aspirin, and not all individuals were

affected (table I). There was a significant positive
correlation between the excretion of renal tubular cells
and red blood-cells during the intake of both aspirin
(correlation coefficient, r=0-78) and A.P.C. (r=0-77).
Of the 10 volunteers receiving phenacetin, 2 (14F and 5M)

showed a striking increase in renal tubular cell-counts. The

response of 1 of these volunteers (5M) is shown in fig. 4. No
significant effect was seen on the excretion of red blood-cells or
leucocytes. Following the administration of paracetamol, no
impressive change was found in the excretion of any of the
cell-types. As phenacetin is thought to be rapidly and quan-
titatively metabolised to paracetamol (Brodie and Axelrod 1949)
it was important to ascertain whether the two drugs have the
same effect on the renal tubular epithelium. Accordingly,
another 10 volunteers (5 male and 5 female) were given
paracetamol under the same conditions as the initial group.

Fig. 4-Increase in renal-tubular-cell excretion during administra-
tion of 36 g. phenacetin daily to volunteer 5M.

Again, no large rise in the output of any cell-type was found.
Paracetamol was also administered to 1 volunteer (14F) who
had showed a great increase in renal-tubular-cell excretion
previously with phenacetin. No significant change in cell-
counts was observed (table v). She was later given phenacetin
again and the resulting rise in renal tubular cell excretion was
identical with that seen initially. Thus a total of 21 volunteers
received paracetamol. Although the rise in renal-tubular-cell
excretion was very small, it was nevertheless statistically
significant (P<0’05). The volunteers receiving placebo tablets
did not show any significant changes in excretion of any of the
cell-types but a moderate rise in renal-tubular-cell excretion
and red-blood-cell excretion was observed in the group given
caffeine.

None of the males had proteinuria before or during
drug treatment but protein was present intermittently in
one or more of the control samples of 9 (13%) of the
females. The amount present was small, rarely exceeding
50 mg. per 100 ml. and was attributed to vaginal con-
tamination, since when protein was present there was
usually an excess of squamous epithelial cells in the

TABLE V-CELL EXCRETION IN 1 VOLUNTEER (14F) RECEIVING

PHENACETIN AND PARACETAMOL IN SEPARATE STUDIES
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sample. No change could be attributed to drug
administration.

Discussion

The biological significance of increases in the excretion
of renal tubular cells is not clear. The appearance of greatly
increased numbers of renal tubular cells probably
indicates necrosis of these cells and, therefore, a toxic
effect on the epithelium. Whether this effect is ultimately
responsible for the advanced changes seen in cases of

analgesic nephritis cannot be answered by acute studies
such as this one. Moreover, the effects of the many other
commonly used drugs which are largely excreted by the
kidney are unknown. A chronic degenerative lesion,
however, caused by prolonged use of these drugs is quite
compatible with the pathological findings of tubular

degeneration and atrophy, degenerative pigment forma-
tion, and replacement with interstitial fibrous tissue seen
in cases of analgesic nephritis. In such cases there

appears to be selective tubular damage, and the kidney
might well be highly susceptible to infection and papillary
necrosis. Moolten and Smith (1960) stated that tubular
injury does not result in interstitial fibrosis and cited the
gross, but reversible, renal damage produced by mercuric
chloride as an example. Although acute tubular necrosis
is not followed by interstitial fibrosis it certainly cannot
be assumed that prolonged exposure to less dramatically
toxic agents will not result in the replacement of degenerat-
ing tubules by fibrous tissue. Indeed, interstitial nephritis
has been described following chronic exposure to

cadmium and lead (Schreiner and Maher 1965).
Is analgesic nephritis due to a single drug ? Although

the circumstantial evidence against phenacetin is strong,
the evidence against other drugs taken concurrently has
not been assessed fully. As a result not only of this study,
but also of other studies in animals and man, the role of

aspirin in the production of analgesic nephritis should be
reconsidered. An impressive array of evidence points to
the damaging effect of aspirin on the kidney.

In this study it has been shown that moderate doses of

aspirin. inevitably produce necrosis of the renal tubular

epithelium; this effect has been demonstrated by Scott et al.
(1963). Hanzlik (1927) reviewed the numerous earlier reports
of increases in the cells of the urinary sediment, appearance of
casts, haematuria, proteinuria, oliguria, sodium and fluid

retention, pulmonary oedema, diminished phenolsulpho-
nephthalein excretion, and azotxmia following the administra-
tion of salicylates. Acute tubular necrosis with anuria is a rare
but well recognised complication of salicylate poisoning
(Locket 1957, Campbell and Maclaurin 1958). Granville-
Grossman and Sergeant (1960) described a previously healthy
32-year-old male who developed pulmonary oedema, acidosis,
and azotxmia following ingestion of 6-5-13 g. (100-200 grains)
of aspirin daily for sinusitis. Further evidence that aspirin
causes a tubular lesion in man has been demonstrated by Ben-
Ishay (1964) who reported aminoaciduria in normal adults

following the administration of 4-0 g. of aspirin daily. Tubular
atrophy and dilation, interstitial connective tissue proliferation,
decreased resistance to infection, and papillary necrosis have
been produced in rats with aspirin (Fellers and Craig 1963,
Clausen 1962, 1964), and papillary necrosis has been described
in patients stated to have consumed only salicylates (Harvald
1963). The action of salicylates on the gastric mucosa, causing
exfoliation of cells (Croft 1963), ulceration and gastrointestinal
bleeding (Douthwaite and Lintott 1938, Alvarez and Summer-
skill 1958, Douglas and Johnston 1961, Wood et al. 1962) is
well known. Phenacetin and paracetamol do not cause such
effects (Alvarez and Summerskill 1958, Roth et al. 1963). The
high incidence of peptic ulceration or of dyspeptic symptoms
in patients with analgesic nephritis may thus be due to

TABLE VI-INCIDENCE OF PEPTIC ULCER IN SOME RECENT REPORTS OF

"PHENACETIN NEPHRITIS" AND RENAL PAPILLARY NECROSIS

salicylates taken either alone or in combination with other
analgesics and caffeine. In a selected series of recent reports of
interstitial nephritis and renal papillary necrosis ascribed to the
abuse of phenacetin (table vi) the incidence of peptic ulceration
was 64%, a finding compatible with ingestion of large quantities
of aspirin. Moreover, the anaemia of analgesic nephritis could
in some cases be due to salicylate induced gastrointestinal
bleeding.

Attempts have been made to assess the incidence of

nephropathy in patients known to have had a high intake of
analgesics. Sorenson (1963) and Allander et al. (1963) found
that the renal lesions of rheumatoid arthritis (excluding
amyloidosis) were not associated with a high intake of

phenacetin, but did not attempt to find any correlation with the
consumption of salicylates. Clausen and Pederson (1961) found
an unexpectedly high incidence of papillary necrosis (23%) in
a review of necropsies of 80 cases of rheumatoid arthritis in
Denmark. Surprisingly, these workers concluded that a high
intake of phenacetin was responsible, stating that " in Denmark
nearly all analgesics in common use contain phenacetin ".
No details of the drugs taken by these patients were given,
however.
An unexplained acidosis has been noted in many patients

with analgesic nephritis when first coming under observation
(Rapoport et al. 1962, Reynolds and Edmondson 1963, Ramsay
and White 1965). A possible explanation is that the acidosis is
caused by the consumption of excessive amounts of salicylates
in the presence of renal impairment. Phenacetin, even in very
large doses, does not cause acidosis and the degree of renal
failure has often not been sufficient in itself to cause such severe
abnormalities. When the intake of analgesics is curtailed the
acidosis usually resolves, but there are reports of acidotic
patients who failed to improve when aspirin was substituted
for A.P.c., and who required long-term treatment with sodium
bicarbonate (Reynolds and Edmondson 1963). Finally, the
anti-inflammatory action of salicylates may cause an increased
susceptibility to infection. Scott et al. (1963) believed that the
effect of aspirin on the renal tubules lasted only a few days, and
therefore that damage was unlikely to result from chronic
treatment with salicylates.
The evidence that phenacetin causes interstitial

nephritis is primarily epidemiological, yet in every case
reported as " phenacetin nephritis " other drugs such as
salicylates, caffeine, acetanilide, or antipyrine derivatives
have been taken as well. In many European countries
antipyrine and its derivatives are commonly used in

analgesic preparations. Proteinuria and impaired renal
function induced by antipyrine has been reported by
Aosima (1940) and severe renal damage with papillary
necrosis clearly associated with antipyrine abuse was

reported by Axelsson (1958). The closely related

pyrazolon amidopyrine (aminopyrine) is nephrotoxic since
hxmaturia, salt and fluid retention, proteinuria, and
tubular necrosis have been reported following its use

(Scherf 1931, Lotze 1934, Fazekas et al. 1960, 1961).
Eknoyan and Matson (1964) reported a fatal case of acute
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renal failure attributed to aminopyrine. The drug was
given twice and on each occasion was followed by a period
of anuria and nitrogen retention. Haematuria, sodium and
fluid retention, oedema, oliguria, anuria, and nitrogen
retention have also been reported following the use of
phenylbutazone (Bruck et al. 1954, Lipsett and Goldman
1954, Steinbrocker et al. 1954, Weissman and Bloom 1955).
The salicylates, phenylbutazone, antipyrine, and amino-
pyrine have many corticosteroid-like actions. They all
have a potent anti-inflammatory action, and are extremely
effective in relieving the symptoms of acute rheumatic
fever. They all produce retention of sodium and water,
and phenylbutazone and aspirin both cause peptic
ulceration. They all appear to be potentially nephrotoxic
in man, and because of their anti-inflammatory effects

may predispose to infection in the same way as cortico-
steroids. It is difficult to understand why more con-
sideration has not been given to antipyrine, aminopyrine,
and aspirin in the pathogenesis of analgesic nephritis.
The results of this study reveal that in some individuals
phenacetin can cause necrosis of renal tubular cells and is
thus potentially able to produce a renal lesion in man.
Experimental studies demonstrating the direct nephro-
toxic effects of phenacetin in normal adults have not
previously been reported. Only 2 of the 10 volunteers
receiving phenacetin in this study showed a great increase
in the excretion of renal tubular cells (see table i). This

may have been due to a threshold effect, or to wide
variation in individual susceptibility. In view of the lack
of effect seen with paracetamol, however, the metabolism
of phenacetin must be considered further. If paracetamol
does not have a dramatic effect on the renal tubular

epithelium-as appears to be the case-then either

phenacetin itself, or metabolites such as p-phenetidine,
must be responsible. Variable absorption together with
differences in the rate of metabolism of phenacetin, and in
the formation of metabolites other than paracetamol, may
account for the results observed and perhaps also for the
variable incidence of renal damage in people taking exces-
sive quantities of phenacetin-containing analgesics. There
is considerable variation in the maximum plasma-levels of
phenacetin and in the recovery of p-phenetidine in the
urine of people given oral phenacetin (Brodie and
Axelrod 1949). Further studies on the absorption and
metabolism of phenacetin and the correlation with renal-
tubular-cell excretion are in progress, and similar studies
should be carried out in patients with " phenacetin
nephritis ". My results suggest that paracetamol in the
doses used does not have a comparable nephrotoxic effect
in healthy people; further studies are needed to confirm
this. This does not mean, however, that higher dosage
levels or prolonged abuse of this drug cannot produce
renal damage.
As judged by the rise in renal tubular cell and red-blood cell

excretion-rates during the administration of A.P.C., the com-
bination of aspirin, phenacetin, and caffeine does not appear to
be more toxic than the same drugs taken separately. There

appears to be a threshold effect, since not all volunteers

receiving A.P.C. responded with a rise in cell-counts. The

slight but unmistakable effect of caffeine on the excretion of
renal tubular cells was surprising, and has not been reported
previously. Most analgesic mixtures implicated in the causation
of analgesic nephritis contain caffeine. Boyd (1959) described
anuria and tubular necrosis in rats given caffeine orally and
Wendt (1938) reported gross renal damage following the

ingestion of 12 g. of caffeine sodium benzoate (equivalent to
6 g. caffeine base) in a 36-year-old man. Albuminuria and
hsematuria with many leucocytes, casts, and epithelial cells in

the urinary sediment were described and non-protein nitrogen
rose to 182 mg. per 100 ml. blood over a period of 12 days.
Although subsequent recovery appeared complete, diminished
ability to concentrate urine persisted, indicating an irreversible
tubular lesion-the characteristic finding in analgesic nephritis.
Vinci (1914) produced dose-related tubular degeneration and
necrosis in dogs and rabbits given caffeine, and at the same time
he observed proteinuria, hsematuria, and masses of cells and
casts in the urinary sediment. Following the chronic administra-
tion of caffeine to dogs at 20-30 mg. per kg. per day, extensive
degenerative changes were found in the tubular epithelium.
Caffeine is a gastric irritant and causes gastric ulceration in
animals (Pfeiffer and Gass 1962). The justification for the
inclusion of caffeine in analgesic mixtures is uncertain. Caffeine
has no proven analgesic activity and there is no valid evidence
that it potentiates the effect of analgesics. By virtue of its
stimulating action on the central nervous system, it would be
expected to result in habituation.
The drugs mentioned above are valuable for the relief

of a variety of minor discomforts, and used sensibly and
in reasonable quantities rarely seem to cause serious harm.
However, there is no doubt that the entity of analgesic
nephritis is very real, and a plea is made for the complete
and thorough documentation of all drugs consumed by
patients suspected of having analgesic nephritis. My
findings indicate that aspirin, phenacetin, A.P.C., and
caffeine are all able -to produce a demonstrable necrosis of
the cells of the renal tubular epithelium. Antipyrine,
phenylbutazone, and aminopyrine may have similar

properties; and this effect should not be dismissed as

non-specific renal irritation, as it has been in the past.

Summary
A new method, employing a simple differential stain

for the enumeration of renal tubular cells, has been used
for the demonstration of the toxic effects of drugs on the
renal tubular epithelium. The excretion of renal tubular
cells, red blood-cells, and leucocytes was measured in
70 healthy adult volunteers before and during the
administration of aspirin, A.P.C., phenacetin, paracetamol,
caffeine, or placebo. 10 volunteers receiving 3-6 g. aspirin
daily all demonstrated a striking increase in the output of
renal tubular cells and red blood-cells. Similar but less
notable changes were seen in 5 of 10 volunteers given
A.P.C. (1-8 g. aspirin, 1-8 g. phenacetin, 1-2 g. caffeine

citrate) daily.
For the first time, the nephrotoxic effects of phenacetin

and caffeine have been directly demonstrated in healthy
volunteers. 2 out of 10 volunteers taking 3-6 g. phenacetin
daily showed a great increase in renal-tubular-cell

excretion, while the administration of 2-4 g. caffeine citrate
daily resulted in a moderate increase in mean renal tubular
cells and red blood-cells in another 10. There was only
a slight increase in mean renal-tubular-cell excretion in
21 volunteers given 3-6 g. paracetamol daily. No sig-
nificant change occurred in 10 given placebo tablets.
1 volunteer demonstrated a marked rise in the excretion of
renal tubular cells with phenacetin on two occasions but
not with its metabolite, paracetamol. None of the drugs
tested appeared to affect the output of leucocytes or urinary
protein. It is suggested that analgesic nephritis is caused
by the abuse of several different drugs and not by
phenacetin alone.

I should like to thank Dr. L. Lasagna for his advice and encourage-
ment, Mrs. Sharon Edmunds for technical assistance, Mr. M.
Moscati, Baltimore City Hospitals, for preparation of the tablets, and
Dr. G. Tallis for statistical advice. This work was supported, by a
training grant (1 Tl He-5615-02) from the National Heart Institute.
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Taplin et al. (1956) described a technique in which
X-ray scintillation counters were placed over the

kidneys to follow the concentration of 1311-labelled
’ Diodrast’ in each kidney after an intravenous injection
of the dye. Unfortunately, diodrast is taken up in sub-
stantial amounts by the liver and causes increased radio-
activity on the right side. 1311-labelled hippuran does not
have this defect and is now generally employed for

renography. Three segments can be recognised in a

normal renogram: the vascular peak 20-30 seconds
after intravenous injection; the secondary rise, reflecting

the intrarenal build-up of the dye; and the fall-away curve
which is a combination of diminishing intrarenal concen-
tration (due to decreasing plasma-concentration) and

drainage of the dye from the tubular lumina, calyces, and
pelvis. Increasing the urine flow increases the slope of the
fall-away curve (Tauxe et al. 1962, Wax and McDonald
1962). Obstruction of the ureter produces characteristic
changes in the renogram, depending on the degree of
obstruction and the function of the affected kidney
(Lawrence et al. 1963). With normal function, the first
two segments are normal, while the terminal segment
shows a reversal of the normal descent; in cases of recent
complete obstruction, there is a sharp rise, while with
partial obstruction the third segment falls slowly or rises
according to the degree of stasis. A slow linear rise is
obtained in dehydrated individuals, and occasionally
following shock from venepuncture (Winter 1963).
Lawrence et al. (1963) described the use of renography

in acute obstructive renal failure in relation to a single case,
but did not discuss the difficulties of interpretation without
knowledge of renal function. In dogs, anuria experi-
mentally produced by bilateral ureteral ligation can be
differentiated from the acute tubular necrosis in the first
48 hours by the renogram (O’Conor et al. 1961). When
obstruction has been removed, the fall in the third phase
demonstrates the efficacy of the operative procedure
(Ross et al. 1963).
Renography is safe, causes no discomfort to the patient

other than an intravenous injection, is easily performed,
and gives results in 10-20 minutes. In this paper the value
of radioactive renography in diagnosis and treatment is
illustrated in 3 patients admitted with acute renal failure.

Case-records
Case 1

A 43-year-old man was transferred to the renal failure unit
(March 21, 1964) with a three-day history of anuria following
right retrograde pyelography on March 16 because of a two-
year history of right-loin pain. He developed haematuria and
colic and became anuric on March 18.
On admission to the renal failure unit he looked surprisingly

well and was afebrile. He had tenderness in the right loin.
Blood-pressure 130/80 mm. Hg. Blood-urea 172 mg. per
100 ml. Plasma-electrolytes: sodium 132 mEq. per litre;
potassium 5’7 mEq. per litre; and bicarbonate 21 mEq. per
litre.

Catheterisation of the bladder produced no urine. Within
two hours of admission a renogram was performed (fig. 1)
showing obstruction on the right side and no significant function
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Fig. 1-Case 1, renogram on March 21.


