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was no significant difference in the rate of
oxidation of ethylyene glycol to CO. in rats
fed the 2 levels of magnesium used in this
work. Hammarsten(13) has reported that
the hyperoxaluria which occurs following ad-
ministration of ethylene glycol to rats is not
affected by dietary magnesium levels. Tt is
possible that in experiments reported here as
well as in our previous studies(5) magnesium
may protect against the renal deposition of
oxalate by altering the solvent characteristics
of urine.

In this and many other laboratories rats
are routinely fed diets containing 40 mg %
of magnesium. This level of magnesium and
0.2 mg % pyridoxine HCl in otherwise com-
plete diets permits maximal growth. Never-
theless. in these experiments the provision of
additional Vit. B; and/or magnesium pro-
vided a greater degree of resistance to chronic
ethylene glycol toxicity. This suggests a
basis for a possible course of therapy in cases
of human ethylene glycol poisoning, in which
survival is prolonged beyond the initial phase
of central nervous system depression and in
which the renal lesions become operative.
Animal experiments are in progress to study
the value of magnesium and Vit. B, in the
treatment of such renal oxalate deposits once
established.

Summary. Oral administration of ethyl-
ene glycol to rats and the resultant renal de-
position of calcium oxalate were studied in
terms of dietary levels of Vit. B, and mag-
nesium. Under the conditions of these ex-
periments partial protection against oxalate
deposition was achieved with excessive diet-
ary Vit. B4 while complete protection resulted
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when large amounts of MgO were fed. The
in vivo oxidation of ethylene glycol to CO:
was found to be related to amount of Vit. Bg
administered.  Dietary magnesium levels,
however, did not affect oxidation of ethylene
glycol and it is suggested that dietary mag-
nesium protects against renal deposition of
calcium oxalate by altering the solvent char-
acteristics of urine.

The authors wish to thank T. P, Faherty for the
histologic preparations.
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The decrease in urinary excretion of taur-
ine in Vit. By deficiency(1) has been attrib-

uted, in part, to the decrease in level of the
pyridoxal phosphate enzyme, cysteinesulfinic

* This investigation was supported in part by
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ing Act of 1946 as part of Western Regional Exp.
Station Project W-57, US.D.A.
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acid decarboxylase, which catalyzes the for-
mation of hypotaurine(2). The activity of
this enzyme in rat liver decreases very rap-
idly following transfer of the rats from a Vit.
Bg-supplemented diet to a Vit. Bg-free diet
(2).

The rapid fall in taurine excretion after re-
moval of dietary sources of Vit. Bg suggested
that taurine excretion after a test dose of cys-
teine might have promise as a means of eval-
uating Vit. Bg nutrition. Chapeville and
Fromageot have shown that cysteine is an
important precursor of cysteinesulfinic acid
(3).

Materials and methods. Both young and
adult male rats of the Long-Evans strain,
bred in our colony, were used in this study.
All of the rats were housed individually in
wire-bottom cages. The adult rats, which
weighed 300-350 g, were fed a commercial rat
chow ad lib. without additional vitamin sup-
plements.

The young rats, whose dams were given
Vit. Be-deficient diet 1 week before weaning
of the young, weighed 35-40 g at weaning (21
days of age). The young rats were fed a
20% casein-sucrose diet(4). Vitamin sup-
plements were not included in the diet but
were given separately(4). Pyridoxine, when
fed, was supplied in the B Vit. supplement at
a level of 50 pg/rat/day. Vit. B4 deficiency
was created by omission of pyridoxine from
the B Vit. supplement. The rats were consid-
ered Vit. Bg-deficient when they failed to
gain more than 3 g in 1 week, and depletion
occurred approximately 3 weeks after wean-
ing. Daily food intake of the pyridoxine-sup-
plemented rats was restricted to the average
food intake of the Vit. Bg-deficient rats.

For collection of urine, the rats were placed
in cages with plastic screen bottoms over pans
covered with aluminum foil. The rats had
access to water, but not food, during the 24-
hour collection period. The supplements of
cysteine and pyridoxine were given by stom-
ach tube in one tube feeding in the morning
(200 mg of L-cysteine hydrochloride hydrate,
alone, or with 100 pg of pyridoxine hydro-
chloride in 2.0 ml of neutralized aqueous solu-
tion). The collection pans were washed with
hot distilled water, and the washings diluted
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TABLE I. Effect of Cysteine and of Cysteine and
Pyridoxine on Urinary Exeretion of Taurine by
Adult Male Rats.

[Trinary taurine, mg/24 hr

——-——Nupplement: —

Rat Cysteine

No Diet None  Cysteine* -+ Bgt
1 Chow .8 14 —
? 4 Bt .8 9.0 10.3
2 Chow 9 1.7 4.2
” 4 B, 1.8 4.0 7.1
3 Chow 1.5 2.5 —
” 4B, 3.2 13.2 12.2
4 Chow 1.0 1.9 4.2
” 4 B, 3.5 12.2 9.3

* 200 mg of I.-eysteine hydrochloride hydrate (A
grade, California Corp. for Biochem. Research) in
2.0 ml of aqueous solution, pH 7.

t 200 mg of I.-eysteine hydrochloride hydrate and
100 ug of pyridoxine hydrochloride (Nutritional
Biochemieals Corp.) in 2.0 ml of aqueous solution,

H 7.
P 1 50 ug of pyridoxine hydrochloride per day sup-
plied from a 20% ethanol solution containing 59
pg/ml, Two ml of this solution were fed 3 times
weekly for 2 wk prior to the urine eollections, for
an estimated avg intake of 50 ug/day.

to 100 ml. The taurine content of aliquots of
the diluted urine was determined by the
method of Pentz et al.(5) which measures
absorption of the dinitrophenyl derivative of
taurine at 355 mp.

Results. A. Adult rats. The basal 24-hour
excretion of taurine by the fasting adult rats
previously fed a commercial rat diet ranged
from 0.8 to 1.5 mg (Table I). Following ad-
ministration of cysteine, excretion of taurine
was approximately doubled, ranging from 1.4
to 2.5 mg. If the basal taurine excretion is
subtracted from the value after feeding cys-
teine, then taurine excretion increased by 0.6
to 1.0 mg, increases which corresponded to
0.45%-0.68% of the cysteine supplement.

To test whether supplying pyridoxine to-
gether with cysteine would increase taurine
formation even in rats which presumably had
received a diet adequate in Vit. Bg, 2 of the
rats were fed 100 ug of pyridoxine hydro-
chloride, together with the cysteine. Taurine
excretion in these 2 rats rose to 4.2 mg in 24
hours, and the increase in taurine could ac-
count for 2.3% of the cysteine fed.

The unexpected increase in taurine excre-
tion after a dose of both cysteine and pyri-



104

TABLE 11, Effeet of Cysteine and of Cysteine and

Pyridoxine on Urinary Exeretion of Taurine by

Normal Young Rats and by Vit. By-Deficient Young
Rats.

Urinary taurine, mg/24 hr

Supplement

Cysteine

Diet Rat No. None  Cysteine* 4 Bt

+B, 1 a1 L7 2.3
2 A1 1.8 2.4

- B, i 04 09 09
2 01 08 07
3 05 .06 .07
4 .03 A6 05

* 200 mg of L-cysteine hydrochloride hydrate (A
grade, Calitornia Corp. for Biochem. Research) in
2.0 ml of aqueous solution, pH 7.

t 200 mg of L-¢ysteine hydrochloride hydrate and
100 ug of pyridoxine hydrochloride (Nutritional
Jiochemieals Corp.y in 2.0 ml of agueous solution,
pH 7.
doxine suggested two possibilities, either that
intake of Vit. B from the commercial diet
may have been insufficient for saturation of
the tissues with Vit. Bg, or that providing
extra pyridoxine, together with cysteine.
would automatically divert a greater propor-
tion of the cysteine into taurine formation.
even in animals fed high intakes of Vit. B.
Consequently, all of the rats were supple-
mented with pyridoxine (50 pg pyridoxine
hydrochloride daily) for 2 weeks, and taurine
excretion was again measured (Table I).

In comparison with the previous results,
the 24-hour basal excretion of taurine was
now greatly increased (1.8 to 3.5 mg) and
was as large as that previously observed after
feeding cysteine. This result suggested that
the basal ration may have been somewhat
deficient in Vit. Bg. The ration, however,
was not analyzed for Vit. By,

When cysteine was given, excretion of taur-
ine now reached values (4.0 to 13.2 mg) from
2 to 10 times greater than the basal level, and
1.6% to 7.0% of the cysteine supplement
appeared to have been converted to taurine.
When cysteine and pyridoxine were given
together, the results, compared to those with
cysteine alone, were more variable: taurine
excretion declined in 2 of the rats, increased
approximately 15% in the third. and doubled
in the fourth. In this instance, the increase
in taurine excretion could account for 3.7%
to 6.5% of the cysteine supplement.
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B. VYoung rats. The basal 24-hour excre-
tion of taurine was 0.11 mg for the young
rats previously fed a purified diet supple-
mented with pyridoxine (Table IT). Admin-
istration of cysteine produced a 14-fold in-
crease (1.6 mg) in taurine excretion, corre-
sponding to about 1% of the cysteine supple-
ment. When cysteine and pyridoxine were
fed together, taurine excretion rose to 2.3
mg. The increase in taurine corresponded
to 1.6% of the cysteine supplement. A study
was also made of the effect of methionine on
taurine excretion, but on an equimolar basis
with cysteine, methionine produced only a
very small increase in urinary taurine.

Taurine excretion was very low in the Vit.
B.-deficient rats (0.01 to 0.05 mg). A slight
increase occurred after feeding cysteine (0.06
to 0.09 mg). No further increases occurred,
however, when pyridoxine was fed together
with cysteine. In the deficient rats, the in-
crease in taurine excretion after feeding cys-
teine accounted for less than 0.10% of the
cvsteine supplement.

Discussion. The very small increase in the
urinary taurine of the Vit. Bg-deficient rats
fed cysteine or cysteine together with pyri-
doxine, in comparison with the large increases
shown by the pyridoxine-supplemented rats,
suggests that the excretion of taurine after an
oral dose of cysteine might be useful in eval-
vation of Vit. Bg nutrition. The fact that
taurine formation did not increase in the Vit.
By-deficient rats fed pyridoxine together with
cysteine suggests a lack of some of the apo-
enzymes involved in taurine formation, as
well as a lack of pyridoxal phosphate(2).

The greater taurine excretion after feeding
the combination of pyridoxine and cysteine to
the young rats previously fed 50 ug of pyri-
doxine daily, in comparison with the excre-
tion after feeding cysteine alone, suggests
that the concomitant administration of pyri-
doxine may have diverted a larger amount of
cysteine into pathways leading to taurine for-
mation. The results with 2 of the adult rats
also support this conclusion.

The additional pyridoxine could have
achieved this effect by causing the cysteine-
sulfinic acid decarboxylases of different tis-
sues to be saturated temporarily with pyri-
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doxal phosphate. Bergeret et al.(6) found
that brain cysteinesulfinic acid apodecarboxy-
lase was not saturated with pyridoxal phos-
phate in rats fed 15 ug of pyridoxine hydro-
chloride daily although the liver apoenzyme
appeared saturated.

With the other adult rats previously fed
50 ug of pyridoxine daily, however, taurine
excretion after feeding cysteine and pyridox-
ine was somewhat less than after feeding cys-
teine alone. This suggests that their previ-
ous intake of pyridoxine may have been suf-
ficient to ‘“‘saturate” the enzymes concerned
in taurine formation although it is possible
that other factors involved in taurine forma-
tion may have altered during this collection
period.

Summary. Feeding cysteine alone or with
pyridoxine greatly increased urinary excre-
tion of taurine in young or adult rats fed ade-
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quate amounts of pyridoxine. In Vit. B¢-de-
ficient young rats, these treatments caused
only a slight increase in taurine excretion.
The results indicated that the relative in-
crease in urinary excretion of taurine after an
oral dose of cysteine or cysteine and pyridox-
ine might be used as an index of Vit. B¢ nu-
trition.
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Angiotensin causes antidiuresis, sodium re-
tention and renal vasoconstriction in normal
human subjects(1). These effects are asso-
ciated with an increased secretion and excre-
tion of aldosterone(2,3). Whether the anti-
diuretic effect of angiotensin is attributable
wholly or in part to its vascular action on the
kidney is not clear, nor is it known what role
the concomitant stimulation of aldosterone
secretion plays. The suggestion has been
made(4) that the antidiuresis by angiotensin
may be due to a mechanism similar to that of
the antidiuretic hormone (ADH).

The present experiments were undertaken
with the aim of comparing the effects of an-
giotensin to those of pitressin on excretion of
water, sodium and potassium. To eliminate
the influence of endogenous ADH the studies

*Supported in part by a research grant from
John A. Hartford Foundation, Inc., New York.

were performed in subjects suffering from
diabetes insipidus. ,

Material and methods. The experiments
were performed on 3 subjects. One patient
had diabetes insipidus of unknown etiology,
and 2 patients developed diabetes insipidus
after complete hypophysectomy for removal
of a chromophobe adenoma and for treatment
of metastatic carcinoma of the breast, respec-
tively. In all subjects the absence of antidiu-
retic hormone (ADH) production was con-
firmed by a negative response to nicotine ad-
ministered intravenously according to Ding-
man et al.(5), and by their inability to form
concentrated urine after fluid deprivation for
12 to 14 hours. Two subjects (B.M. and
P.R.) were placed on a low salt diet (2 g
NaCl daily); the third subject (G.C.), how-
ever, was given a regular hospital diet (ap-
proximately 10 g NaCl daily).

The effects of valine-5 angiotensin II



