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the New York Hospital, New York City)
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A rise in blood uric acid without nitrogen re-
tention is the most consistent blood chemical find-
ing in pre-eclampsia and eclampsia (1, 2). It is
not known whether this hyperuricemia is of renal
or metabolic origin. A disturbance of uric acid
metabolism in the liver has been suggested (1).
The idea that it may result from an elevated blood
lactic acid has been shown to be untenable (3).
Its possible relation to the hypertension in the dis-
ease has been mentioned, since a similar hyper-
uricemia has been reported in essential hyper-
tension (4) and has been obtained experimentally
(5) with the kidney pressor substance, renin.

Previous evidence has not indicated that a re-
duced uric acid excretion is of particular im-
portance as a cause of the hyperuricemia. Cad-
den and Stander (1) found that the uric acid
excreted daily in eclampsia was not essentially
different from the normal. Nayar (6) reported
a 13 per cent reduction in the uric acid clearance
in eclampsia, but this was associated with a 61
per cent rise in the blood uric acid. However,
recent reports (7 to 9) are in agreement that the
glomerular filtration is reduced in these pregnancy
toxemias. For this reason, we have investigated
the uric acid clearance in normal pregnancy and
in pre-eclampsia to determine its role in the hyper-
uricemia of the disease.

METHODS

Ten patients with the clinical diagnosis of pre-eclampsia,
and 12 who were clinically normal, were the subjects of
this study. Three other patients with unclassified preg-
nancy toxemia were also studied. Uric acid clearances
were done on all patients in the last trimester, as close to
term as possible. In 4 pre-eclamptic, 3 unclassified, and
4 normal patients, the clearance was repeated at about 8
days postpartum. Most of the patients had renal func-
tion studied by simultaneous inulin, diodrast, and urea
clearances, which were reported elsewhere (9).

1 Supported by a grant from the John and Mary R.
Markle Foundation.

All patients were well hydrated in order to obtain a
good urine flow.2 They were given a liter of water to
drink at bedtime the night before the clearance was to
be determined, and 200 cc. at 5:00, 5:30, and 6:00 a.m.
At 6:20 a.m., a constant intravenous infusion of the inulin
and diodrast solution was started and continued to the end
of the test. At 7:00 a.m., the first clearance was begun
after emptying the bladder by injecting 50 to 100 cc. of
air, 3 times. The starting time was taken after the last
air injection. Usually, 3 urine collections of 15 to 30
minutes duration were made. When the urine flow was
below 2 cc. per minute, the urine was collected for periods
up to 60 minutes. The bladder was emptied with air at
the end of each urine collection. A blood sample was
taken midway in both the first and third urine collections.

All clearances were calculated using the maximum
clearance formula with plasma values (except urea where
whole blood values were used) and were corrected to a
body surface area of 1.73 sq. M. The reported clearances
were generally averages from 2 or 3 clearance periods
taken on one day. In the case of uric acid, no clearance
was averaged when the urine flow was below 1 cc. per
minute, the augmentation limit assumed for uric acid by
Brpchner-Mortensen (10). With inulin, no clearance
was averaged below a urine flow of about 1.1 cc. per
minute.' No urea clearance was averaged below a urine
flow of 2 cc. per minute.

Plasma tungstic acid filtrates were prepared by adding
4.5 cc. of water to 1 cc. of plasma, followed by 0.5 cc. of.
10 per cent sodium tungstate, and slowly adding 4 cc. of
N/12 sulfuric acid. Uric acid was determined on this
filtrate by the method of Folin (12, 13). Urine uric
acid,' was determined by the direct method of Folin (13).

2 An 8 per cent mannitol infusion is recommended (8)
as a diuretic for toxemia patients that give low urine
flows. This was not used in the present study.

In the present series of normal pregnant patients, this
urine flow was about the limit below which the inulin
clearance occasionally fell. Since Chasis (11) found no
decrease in the inulin clearance at a urine flow as low as
0.6 cc. per minute in man, the present decreases were
due to collection errors that occur especially in late preg-
nancy (8, 9).

4 One of us (N. K S.) will show elsewhere that prac-
tically all the uric acid in human urine, as determined by
the direct Folin method, is true uric acid, as determined
by the uricase method (14). The same has previously
(2) been shown to be true for the blood uric acid in pre-
eclampsia and eclampsia.
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TABLE I

Uric acid dearance in normal pregnancy

Plasma clearances
Surface Gr- Week of Blood Pro=tn- Plasma Blood Aver Urea

Case Age ae via preg- pressureageureaCaearea vida
nancy pressure urea uric acid urea-N urine flow* Uric clearance

acid Inulin

years sq m gjmgm. mgm. CC. per cc. per c.per c.persq. MI mm. Hg

per cent per cent minute minute minute minute

ANTEPARTUM

IA 34 1.63 6 40 115/78 0 0 4.40 7.8 0.94 28.3 90
2A 30 1.68 2 38 106/70 0 0 4.43 2.82 23.1
3A 37 1.70 2 36 110/72 0 0 3.82 2.36 19.8
4A 32 1.63 1 39 120/80 0 0 3.93 2.47 33.2
SA 35 1.65 4 40 118/68 0 + 3.51 7.4 4.32 29.8 121 126
6A 31 1.87 3 40 128/100 0 0 4.62 6.0 7.16 21.3 120 97.3
7A 34 1.66 1 32 120/70 0 0 2.89 7.5 2.12 43.8 150 95.5
8A 40 1.52 4 40 128/80 0 0 3.91 7.5 1.34 38.3
9A 24 1.52 2 36 105/50 0 0 3.84 6.1 1.44 35.2 131 78.2

lOA 25 1.60 2 32 120/70 0 0 2.67 9.9 4.94 43.3 115 125
11A 38 1.40 5 40 120/70 0 0 4.68 10.0 4.44 30.2 67 62.1
12A 32 1.60 3 40 120/75 0 0 3.23 8.0 4.44 36.7 144 88.0

Mean 3.83 7.8 3.23 31.9 117 91.3

POSTPARTUM

5A 35 1.51 4 7t 130/80 0 0 3.98 12.3 5.22 34.8 171 83.4
6A 31 1.77 3 8 110/70 0 0 4.26 11.9 5.49 23.4 108 71.7
9A 24 1.46 2 9 120/70 0 0 4.08 11.8 6.49 32.3 158 119

13A 21 1.51 1 9 120/70 0 0 4.41 13.0 1.96 26.7 115 86.5
Mean 4.18 12.3 4.79 29.3 138 90.1

* Average urine flow only for uric acid clearance.

When the urine contained an appreciable amount of pro-
tein, the analysis was made after deproteinization with
acetic acid and heat, or on a tungstic acid filtrate pre-
pared by adding 3.5 cc. of water to 2 cc. of urine, fol-
lowed by 0.5 cc. of 10 per cent sodium tungstate, and
slowly adding 4 cc. of N/12 sulfuric acid.

Plasma and urine inulin were determined by the method
of Alving, Rubin, and Miller (15). Urea was determined
on whole blood filtrate by the manometric hypobromite
method of Van Slyke and Kugel (16). Urine urea plus
ammonia was similarly determined (17) without remov-
ing protein.

RESULTS

A summary of the clinical data and of the uric
acid, inulin, and urea clearances is given in Table
I for the normal patients and in Table II for the
pre-eclamptic and unclassified groups. It is seen
that the antepartum plasma uric acid was elevated
in most of the pre-eclamptic cases and that the
mean (5.29 mgm. per cent) was 38 per cent higher
than the mean for the normal group (3.83 mgm.
per cent). The uric acid clearance showed a de-
crease in the pre-eclamptic group commensurate

t Days postpartum.

with the increase of blood uric acid. The ante-
partum normal clearance averaged 31.9 cc. per
minute as compared with 21.9 cc. per minute for
the pre-eclamptic group, a decrease of 31 per cent.
Despite considerable variation of the values in
both groups, both the decrease of the clearance
and the elevation of blood uric acid in the pre-
eclamptic group were statistically significant
(Table III). Thus, the "significance of the dif-
ference of the means" was 2.5 for the uric acid
clearance and 3.8 for the blood uric acid. The
distribution of the uric acid clearance values is
shown in graph form in Figure 1. It is apparent
that the pre-eclamptic clearances are generally
lower than the normal clearances at all urine flows.

Since pre-eclamptic patients usually begin to
recover after delivery and show a gradual return
of the blood uric acid to normal, the effects of the
disease may also be shown by comparing their
antepartum and postpartum values. In 4 pre-
eclamptic patients, the average blood uric acid at
about 10 days postpartum was 4.54 mgm. per cent

202



URIC ACID CLEARANCEIN PREGNANCY

TABLE II

Uric acid clearance in pre-eclampsia and unclassified pregnancy toxemia

Plasma cerne
Sur- Gm Week of Bl Prtn Plasma Blood Averg ue

Case UMldorCAgefa-e- upreiBlood nPrEdeeeau erea
C sevMidere Ageaf vida ac pre55ure ure adid N flow* Uric

cemc

acid Inulin

mHgm. =mg. cc. per cc. per cc. pr cc. pr
years sq. M. pmm. ceg et per cenS minute minute minxte minute

ANTEPARTUMPRE-ECLAMPSIA

1B M 25 1.69 4 26 150/94 +++ ++ 3.92 2.80 14.8
2B M 32 1.86 1 40 150/100 ++ Tr. 5.54 11.9 -3.98 23.3 96 56.1
3B M 35 1.99 8 40 135/90 +++ Tr. 6.92 1.47 12.8 84
4B S 20 1.53 1 38 150/112 +++ ++ 4.23 8.6 3.26 18.8 38.7
SB S 23 1.69 3 28 152/102 +++ +++ 4.63 8.7 3.34 35.2 74.0
6B S 34 1.66 1 37 160/100 Trace 0 3.95 7.3 2.98 36.7 150 108
7B S 27 1.68 1 39 142/94 ++ 0 5.39 1.31 34.7 141
8B S 22 1.73 1 38 140/90 ++++ Tr. 5.93 12.0 2.25 22.1 107 74.2
9B S 31 1.64 2 40 140/90 ++++ Tr. 7.12 1.01 12.9 43

lOB S 22 1.73 1 36 150/100 ++++ + + 5.27 1.10 7.8 38
Mean 5.29 9.7 2.35 21.9 94 70.2
Percentage difference from antepartum normal pregnancy +38.1 +24.4 -27.2 -31.3 -19.7 -23.1

POSTPARTUMPRE-ECLAMPSIA

2B
6B
7B
9B

Mean

M

S

S

S

32

34
27
31

1.75
1.59
1.59
1.53

1

2

8t
11
10
10

140/90
123/75
130/95
110/90

Trace
0

Trace
Trace

0

0

0

3.81
4.43
4.45
5.48
4.54

9.6
8.1

12.5
12.3
10.6

4.47
4.92
5.46
6.27
5.28

22.2
33.3
31.7
36.2
30.9

122
37
95

146
100

67.5
60.4
66.9

113
77.0

ANTEPARTUMUNCLASSIirIED TOXEMIA

IC 22 1.52 2 38 135/90 +++ 0 7.13 1.38 14.3 113
2C 25 1.91 2 34 160/105 Trace 0 3.84 1.46 23.6 97
3C 24 1.83 2 39 160/1OS ++++ Tr. 5.24 | 8.6 4.41 15.0 58 73.4

Mean 5.40O 8.6 2.42 17.6 89 73.4

POSTPARTUMUNCLASSIFIED TOXEMIA

iC 22 1.43 2 6t 140/90 + 0 3.27 9.6 2.99 37.4 129 91.6
2C 20 1.85 2 9 130/90 ++ 0 3.98 10.4 6.33 27.0 142 94.9
3C 24 1.78 2 6 140/90 Trace 0 4.64 10.4 9.22 20.4 160 51.0

Mean 3.96 10.1 6.18 28.3 144 79.2

* Average urine flow only for uric acid clearance. t Days postpartum

TABLE III

Statistica summary of antepartum uric acid dcearance and blood uric acid data

Number MenSigiianeoof cRaage | difference of means
Plasma uric acid Normal pregnancy 12- 19.8 to 43.8 31.9 7.67 2.22 2

clearance 2.5
_ Pre-eclampsia 10 7.8 to 36.7 21.9 10.51 3.33

Plasma uric acid Normal pregnancy 12 2.67 to 4.68 3.83 0.628 0.182
3.8

Pr-capsi'a 10 3.92 to 7.12 5.29 1.08 0.343

203



N. K. SCHAFFER, L. V. DILL, AND J. F. CADDEN

00

0

.

0
0

. 0

@ *0 0.

0

0

0

3

0

I
0

0

4
C00./ MIN

FIG. 1. DISTRIBUTION OF URic ACID CLEARANCESIN ANTEPARTUMNORMALPREGNANCYAND IN TOXEMIC
PREGNANCY

as compared with their antepartum value of 5.50
mgm. per cent, or a rise of 21 per cent antepartum.
The uric acid clearance postpartum was 30.9 cc.
per minute and antepartum, 26.9 cc. per minute,
or a decrease of 13 per cent antepartum. In 3
normal patients, the postpartum values differed
by only a small percentage from their antepartum
values.

One normal patient (case 7A) was of particu-
lar interest in that she subsequently developed
severe pre-eclampsia (case 6B). The normal
uric acid clearances determined in both the 31st
and 33rd weeks of pregnancy were the same, 43.8
cc. per minute. The toxemic clearance in the 37th
week of pregnancy was 36.7 cc. per minute, a de-
crease of 16 per cent. The blood uric acid rose 37
per cent. The postpartum changes showed a

further decrease in the clearance with a rise in
the blood uric acid.

The 3 unclassified toxemia patients also showed
an antepartum hyperuricemia (+ 41 per cent)
and decreased uric acid clearance (- 45 per cent)
relative to the normal group, and with correspond-
ing changes of + 36 and -38 per cent when com-

pared with their postpartum values.

The inulin clearance, studied in 8 normal and 7
pre-eclamptic patients, was rendered 20 per cent
in the toxemic group antepartum and rose post-
partum. The urea clearance was reduced 23 per

cent and the blood urea was increased 22 per cent
in 6 cases of antepartum pre-eclampsia as com-

pared with 7 normal cases.

DISCUSSION

It would appear from the finding of a decrease
of about one-third in the uric acid clearance as-

sociated with a similar increase in the blood uric
acid in pre-eclampsia, that a reduced clearance of
this substance primarily accounts for the hyper-
uricemia. Additional evidence is given by the
postpartum fall in blood uric acid and rise in the
clearance in the toxemic group and by the changes
found in one patient before and after becoming
pre-eclamptic. Also consistent with this is that
the 3 toxemic patients (cases 3B, 9B, 1C) with
the highest blood uric acid values had a greater
decrease in the uric acid clearance antepartum and
the greatest rise postpartum (cases 8B, 1C).
Their average blood uric acid was 7.06 mgm. per
cent, or 84 per cent higher than normal, and their

* NORMAL
O TOXEMIA

cr1 60

0 4

z4C
.44

o

40.0

- c20

V)

0

0O
0

0
0

0

0

1 2
URINE FLOW -
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average clearance was 13.3 cc. per minute, or 58
per cent lower than normal.

The data on the inulin clearance in pre-ec-
lampsia agree with previous reports (7 to 9) of
a diminished glomerular filtration in the disease
and indicate the probable origin of the decreased
uric acid and urea clearances. The reduction in
the urea clearance is also in agreement with previi-
ous reports (18 to 20). The absence of an ele-
vated blood urea (relative to the nonpregnant
normal value) when the blood uric acid is raised
in pre-eclampsia is apparently due to the fact that
pregnancy normally lowers blood urea but not
blood uric acid (21).

While Nayar (6) found a decreased uric acid
clearance (- 13 per cent) in eclampsia, consistent
with the present work, his failure to obtain a
commensurate rise in blood uric acid (he found
+ 61 per cent) was probably due to several
causes. Above all, the urine flows in his series
(average in normal pregnancy = 0.56 cc. per min-
ute, average in eclampsia - 0.74 cc. per minute)
were at a level where collection errors are likely
to occur (see footnote 3). Also he assumed that
the augmentation limit for uric acid was the same
as that for urea, 2 cc. per minute, whereas Broch-
ner-Mortensen (10) has shown that it generally
lies between 0.5 cc. ind 1 cc. per minute and has
taken it to be 1 cc. per minute. Some difference
in the blood uric acid between his and our series
might be expected from the fact that his patients
had eclampsia and ours had pre-eclampsia. For
example, an elevated blood lactic acid from the
eclamptic convulsions might temporarily raise the
blood uric acid (3). However, the hyperuricemia
of both pre-eclampsia and eclampsia is believed to
be due fundamentally to the same cause.

SUMMARY

The average plasma uric acid clearance in 12
cases of antepartum normal pregnancy was 31.9
cc. per minute, and in 10 cases of antepartum pre-
eclampsia, it was 21.9 cc. per minute, or a reduc-
tion of 31 per cent in pre-eclampsia. The average
plasma uric acid in the corresponding groups was
3.83 and 5.29 mgm. per cent, or an increase of 38
per cent in pre-eclampsia. These changes, which
are statistically significant, indicate that the hyper-
uricemia of pre-eclampsia (and eclampsia) may
be due to a decrease in the uric acid clearance.

The inulin and urea clearances were reduced
simultaneously with the uric acid clearance in
pre-eclampsia, and indicate that the decreased
uric acid and urea clearances were due to a reduc-
tion in glomerular filtration.

The absence of an elevated blood urea when the
blood uric acid is raised in pre-eclampsia is ap-
parently due to the fact that pregnancy normally
lowers blood urea but not blood uric acid.
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