human nasal and bronchial submucosa
and submaxillary salivary gland (11).
Crabbé et al. reported that fluorescein-
labeled antiserums against human IgA
and IgG produced staining of the
mucus of intestinal goblet cells (7).
They considered these findings non-
specific because they could be ex-
tinguished after absorption of the con-
jugated antiserum with washed, mixed
A, B, and O erythrocytes. We have not
observed staining of the mucus of in-
testinal goblet cells. Our control stain-
ing experiments established the im-
munospecificity of the intraepithelial
IgA. Further, the findings on IgA were
identical when goat antiserum to hu-
man IgA from a different source was
used (12).

‘Recently, IgA was demonstrated
within human nasopharyngeal tonsillar
epithelium. This immunofluorescence
was attributed to the presence of
lymphoid cells (containing IgA) within
the epithelial cells (4). We occasionally
observed IgA cells in the overlying sur-
face mucus, but not within intestinal
mucosal epithelial cells. There is good
evidence for the presence of lympho-
cytes within intestinal epithelial cells,
although the exact source, nature, func-
tion, and fate of these lymphocytes
remain uncertain (I13).

While we have used an antiserum to
78 IgA, positive staining in the surface

mucus within the gastrointestinal lumen

suggests that this antiserum also is
reactive against secretory IgA. Supple-
mentary investigations of the intraepi-
thelial IgA are in progress to define
further the immunochemical form of
this immunoglobulin. It is unknown
whether IgA enters the epithelial cells
(i) derived from local lymphoid cells,
(ii) by intraepithelial synthesis, or (iii)
by absorption from the overlying sur-
face mucus. It is probable that IgA
enters epithelial cells from the adjacent
lymphoid cells (containing IgA) of the
lamina propria (5), but the mecha-
nism by which this takes place remains
unclear.
EUGENE A. GELZAYD

SUMNER C. KRAFT

Frank W. FiTcH
Departments of Medicine and
Pathology, University of Chicago
School of Medicine, Chicago 60637

References and Notes

1. W. Rubin, A. S. Fauci, M. H. Sleisen-
ger, G. H. Jeffries, J. Clin. Invest. 44, 475
(1965); P. A. Crabbé, A. O. Carbonara, J. F.
Heremans, Lab. Invest. 14, 235 (1965); P. A.
Crabbé and J. F. Heremans, Gastroenterol-
ogy 51, 305 (1966).

2. T. B. Tomasi, Jr., E. M. Tan, A. Solomon,

25 AUGUST 1967

R. A. Prendergast, J. Exp. Med. 121, 101
(1965).

3. J. J. Cebra and J. B. Robbins, J. Immunol.
97, 12 (1966); R. B. Crandall, J. J. Cebra,
C. A. Crandall, Immunology 12 147 (1967);
S. Sell, Immunochemistry 4, 49 (1967).

4. P. A, Crabbé and J. F. Heremans, Lab.
Invest. 16, 112 (1967).

5. M. A. South, M. D, Cooper, F. A. Wollheim,
R. Hong, R. A. Good, J. Exp. Med. 123, 615
(1966).

6. Obtained from Immunology, Inc. Whole goat
antiserums to human IgA, IgM, and IgG
were conjugated with fluorescein isothiocya-
nate; the mixture was freed from free fluores-
cein by Sephadex G-25 chromatography.

7. Kindly provided by Dr. John L. Fahey, Na-
tional Cancer Institute, Bethesda, Maryland.

8. B. T. Wood, S. H. Thompson, G. Goldstein,
J. Immunol. 95, 225 (1965).

9. G. Goldstein, 1. S. Slizys, M. W. Chase, J.
Exp. Med. 114, 89 (1961); S. C. Kraft, J. J.
Rimpila, F. W. Fitch, J. B. Kirsner, Arch.
Pathol. 82, 369 (1966).

10. E. A. Gelzayd, S. C. Kraft, J. B. Kirsner,
Clin. Res. 15, 232 (1967); E. A. Gelzayd,
S. C. Kraft, F. W. Fitch, J. B. Kirsner, Gas-
troenterology 52, 1087 (1967).

11. R. D. Rossen, C. Morgan, K. C. Hsu, H. M,
Rose, Clin. Res. 15, 298 (1967).

12. Obtained from Hyland Laboratories. The glob-
ulin fraction containing antiserum to IgA
was isolated by diethylaminoethyl-cellulose
chromatography and conjugated with fluores-
cein isothiocyanate. Excess fluorescein was
removed by dialysis and Sephadex G-25
chromatography.

13. W. Andrew, J. Nat. Cancer Inst. 35, 113
(1965); D. Darlington and A. W. Rogers, J.
Anat. 100, 813 (1966).

14, Supported in part by PHS grants AM-02133
and AM-10473, training grant 5T01-AM-05147
(E.A.G.), research career development award
1-K3-AI-13,936 (S.C.K.), and by the Gas-
trointestinal Research Foundation. We thank
Harold E. Ford for assistance.

19 June 1967 u

Ornithine-Urea Cycle Activity in Xenopus laevis:

Adaptation in Saline

-Abstract. The concentration of urea in the blood and the rate of urea excretion
were markedly elevated in Xenopus maintained in hypertonic saline for 2 to 3
weeks. These changes were accompanied by a twofold increase in the activity
of the ornithine-urea cycle as measured in liver slices. The activity of carbamoyl
phosphate synthetase rose threefold in frogs adapted to saline. These results sug-
gest that changes in activities of urea cycle enzymes may be important in the
adaptation of aquatic organisms to environments of varying salinities.

The South African frog, Xenopus
laevis, is normally aquatic and, like
many water-dwelling animals, excretes
the major fraction of its waste nitrogen
as ammonia (I). Xenopus, however,
can live for extended periods out of
water or in hypertonic (0.9 percent)
saline (2). In such situations, where
the availability of water is restricted,
the animals accumulate urea, but not
ammonia, in their tissues (2, 3), thus
simultaneously avoiding toxic amounts
of ammonia and improving their os-
motic status with respect to the envi-
ronment. Accumulation of urea in re-
sponse to water deprivation has been
recorded in a number of other am-
phibia (4, 5). For example, the con-
centration of urea in the plasma of
Rana cancrivora increased nearly ten-
fold when these frogs were transferred
from freshwater to 80 percent sea-
water (800 mosmole/liter, 4). An ele-
vated concentration of urea in the tis-
sues appears to serve the same purpose
in these animals as it does in elasmo-
branchs (6), that is, to decrease water
loss by reducing the osmotic gradient
between the animal and its environ-
ment.

The manner in which the urea con-
centration of the tissues is elevated in
amphibia placed in hypertonic media
is not fully understood. One contribut-
ing factor is a lowered rate of urine

flow such as that observed in R. can-
crivora (7) and X. laevis (8) when the
ambient osmolarity is increased. Jans-
sens (3), however, calculated that the
rate of urea production increased in
Xenopus after its transfer to saline. The
nature of this adaptation in urea syn-
thesis is unknown. We have examined
the possibility that the activity of the
ornithine-urea cycle is elevated in
Xenopus kept in hypertonic saline.
Male frogs (Xenopus laevis) weigh-
ing about 35 g (9) were maintained
in tap water and were not fed for 18
days before use. At the beginning of
the experiment, each frog was placed in
0.5 liter of either tap water or a saline
(300 mosmole/liter) solution (Na+t,
150 meq/liter; K+, 3.4 meq/liter;
Ca2+, 6.8 meq/liter; Cl—, 160 meq/
liter; HCO4—, 0.6 meq/liter). This sa-
line solution is hypertonic to normal
Xenopus plasma, which was estimated
on the basis of plasma electrolyte con-
tent to have an osmolarity of 235
mosmole/liter. Solutions were changed
daily. The water temperature was held
at 24° to 26°C. On the 14th or 21st
day of the experiment, we measured
the nitrogen excretion by replacing the
solutions with 500 ml of either sodium
phosphate buffer (pH 6.5, 0.01M;
freshwater frogs) or similarly buffered
saline (saline-adapted frogs) and ana-
lyzing samples of the media taken at
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Table 1. Effect of a hypertonic environment on ammonia and urea metabolism in Xenopus
laevis. Frogs were fasted for 18 days in freshwater. They were then divided into two groups
of eight frogs each. One group was kept in freshwater for an additional 2 to 3 weeks, and
the other group was maintained in saline (300 mosmole/liter) for a similar period. Excretion
rates and blood values were measured on the last day of the experiment. Values are
means =+ standard errors of the means; probabilities are given in parentheses.

Blood N concentrations

Nitrogen excretion (yatom/100 g

(uatom/ml) of body weight per hour)
Group A -
. § R _ mmonia
Ammonia Urea Ammonia Urea + Urea
Freshwater 0.21 = 0.03 5.0 0,72 24 2.6 9.5+23 33+ 42
Saline 0.20 = 0.04 79 *+6.8 14 += 4.2 43 +99 57+ 14
(P<.001) (L05<P<.1) (P<L.01) (.1<P<2)
Ratio of saline to freshwater values
0.7 4.5 1.7

1.0 16

the beginning and end of a timed peri-
od (about 20 hours). The animals were
then killed by decapitation. Blood and
water samples were analyzed for am-
monia (/0) and urea. Urea was deter-
mined as ammonia after its conversion
by urease (/1). We assayed urea cycle
activity in liver slices by measuring the
rate of incorporation of 4C-labeled
bicarbonate into urea (72). The activity
of carbamoyl phosphate synthetase was
estimated in liver homogenates by the
method of Brown and Cohen (I3).
There was no significant difference be-
tween the results for the 2- and 3-week
groups of frogs, and the values were
therefore combined.

Although there were no significant
changes in the concentrations of am-
monia in the blood or in the excretion
of ammonia after the period in hyper-
tonic saline, blood urea increased about
16-fold, and the rate of urea excretion
increased almost fivefold (Table 1).
There was a tendency (not significant,
P >.05) for the output of ammonia to

decline and for that of total urea and
ammonia to rise. As a consequence of
these changes, 2 to 3 weeks after the
frogs were transferred to saline, urea
constituted 75 percent of the eliminated
nitrogen, compared to 30 percent when
the frogs were in freshwater. These re-
sults, for unfed animals, are similar to
those found by Janssens (3) for ani-
mals fed twice weekly after transfer to
0.9 percent NaCl.

The mean increase in the concentra-
tion of urea in the blood of 37 mmole/
liter (74 patom of urea nitrogen per
milliliter, Table 1) would elevate the
plasma osmolarity of frogs adapted to
saline from about 235 mosmole/liter,
to approximately 270 mosmole/liter,
thus necessitating a rise of only 15
meq of Na+ per liter to achieve os-
motic equilibrium with the saline en-
vironment (300 mosmole/liter). The
observed increase in plasma Na*t
(mean of values from two frogs) was
18 meq/liter.

Maintenance of frogs for 2 to 3

Table 2. Ornithine-urca cycle activity of Xenopus laevis in a hypertonic environment. We
measured incorporation of MC-labeled bicarbonate into urea by Xenopus liver slices by
incubating approximately 100-mg slices in 3.0 ml Krebs-Ringer bicarbonate solution (diluted
with water to a final sodium concentration of 115 meq/liter) containing 18 mM sodium
lactate, 0.8 mM vr-ornithine, 3.7 mM ammonium chloride, and C-bicarbonate (5.3 X 10°
count/min). The mixtures were shaken for 1 hour in 95 percent O, and 5 percent CO, at
30°C. Values are means == standard errors of the means of eight frogs per group.

Hepatic urea synthesis Carbamoyl
. Liver weight phosphate
Group (% body weight) (umole (#rgo(lle/l()q 1% synthetase
gt hrt)# of body welght (umole g-* hr)
per hour) ¥ umole g
Freshwater 1.5 = 0.06 39=+1.0 6014 83+ 16
Saline 1.7 = 0.10 7.7 = 0.48% 13.3 = 1.5% 250 == 443
Ratio of saline to freshwater values
1.1 2.0 2.2 3.0

* Calculated by dividing rate of incorporation of 4C bicarbonate into urea (count/min per gram of
liver per hour) by specific activity of 4C-bicarbonate in medium (1 X 10¢ count min-! umole1).
t Product of micromoles per gram of liver per hour and liver weight as percentage of body weight.

I Significantly different from freshwater group (P <
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.01).

weeks in a hypertonic medium pro-
duced a twofold increase in urea syn-
thesis by liver slices (Table 2). The
results were similar whether urea cycle
activity was expressed per gram of
liver, per 100 g of body weight, or per
gram of liver protein (not shown in
table). These results suggest that at
least part of the increased urea syn-
thesis in saline-adapted Xenopus is due
to an increase in the activity of urea
cycle enzymes, a conclusion supported
by the concomitant threefold increase
in the activity of carbamoyl phosphate
synthetase (Table 2). The stimulus that
induces the increase in the activities
of these enzymes in saline-adapted
frogs is not ammonia, since the concen-
trations of this compound in blood
(see Table 1) and liver (8) are un-
changed.

In at least two vertebrate groups, the
amphibians (4, 5) and the -elasmo-
branchs (6), the level of tissue urea
is correlated with the need to conserve
water. Although renal mechanisms par-
ticipate in the regulation of the con-
centration of urea in tissues of these
forms (6, 7) our studies indicate that
the adaptation of ornithine-urea cycle
enzymes may also play an important
role in this process.

RALPH L. MCBEAN
LEON GOLDSTEIN
Department of Physiology,
Harvard Medical School,
Boston, Massachusetts 02115
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