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Renal concentrating ability depends upon
the integrity of a variety of anatomic, physio-
logic and biochemical functions. Apparently
specific disorders of the renal concentrating
mechanism have been described in potassium
depletion(1), during calcium infusion(2-4),
and in protein starvation(5-10). While the
mechanism of loss of renal concentrating
power is not clear in any of these disorders,
the least is known about the effect of protein
deprivation on renal concentrating ability.
Some studies(6-8) suggest that a defect in
urea production is responsible, while studies
by Hendrikx and Epstein(9) and by Mani-
tius, Pigeon and Epstein(10) indicate that
this is an insufficient explanation for the en-
tire mechanism of the loss of renal concen-
trating ability.

A function specifically related to metabo-
lism of amino acids and proteins could con-
ceivably be the basis of this lesion. Pyri-
doxine is a major coenzyme of amino acid
metabolism. It has several functions and
is particularly involved in transamination re-
actions required for protein synthesis. It is

* This study was aided by Grants A-2063 and AM-
04004 from Nat. Inst. Health and by a grant-in-aid
from North Carolina Heart Assn.

t Career Scientist, Health Research Council of
City of New York, Contract #I-252.

} Aided by a Summer Student Fellowship of
Univ. of North Carolina,

- Corp.).

conceivable that the defect in renal concen-
trating ability of protein starvation is related
to a defect in one of the reactions for which
pyridoxine is a coenzyme. Pyridoxine de-
ficiency has already been shown to be associ-
ated with microcytic anemia(11,12), hyper-
oxaluria with stone formation(13), and a
number of biochemical abnormalities resulting
from defective transamination processes(14).
Because of our interest in other aspects of
pyridoxine metabolism,$ we were able to ex-
amine renal concentrating ability in the pyri-
doxine deficient rat.

Materials and methods. These studies were
conducted on male rats of the Sprague-
Dawley strain. The animals weighed 107-147
g at start of the experiment, which was car-
ried out over 5 months. The animals were
pair-fed throughout the study. All received
the same basic vitamin-free diet (vitamin B-
Complex Test Diet, free of vit A) D and B
complex, from Nutritional Biochemicals
Control animals received this diet
supplemented by a standard “complete” vita-
min mixture (Vitamin Diet Fortification Mix-
ture, Nutritional Biochemicals Corp.). The
experimental group received this standard
vitamin-free diet supplemented with this vita-
min mixture free of pyridoxine and its deriva-
tives. Water intake was unlimited.

§ Davis, R. P., Herion, J., Sloop, R. F., Jr., Palmer,
J. ., unpublished.
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Pyridoxine deficiency was evaluated by
measurement of xanthurenic acid excretion
following administration of a standard dose
of 1-tryptophane(15). The rats were given
100 mg of 1-tryptophane (Nutritional Bio-
chemicals Corp.) in a volume of 10 ml by
stomach tube. They were placed in metabolic
cages and the following 24-hour volume of
urine was collected in the dark with toluene
as the preservative. The cages were designed
to permit collection of urine free of contact
with feces. Xanthurenic acid was measured
in an aliquot of urine by a modification(16)
of the method of Lepkovsky et af(17).

Further physiologic evidence of pyridoxine
deficiency was obtained by measurement of
the rise in systolic blood pressure in depleted
and control rats by means of the tail sphyg-
momanometer. || :

The maximum renal concentrating ability
of each rat was tested by a slight modifica-
tion of the method of Hollander et al(1). The
rats were deprived of food and water begin-
ning at 10:15 AM on the day of test. Each
rat was given 50 milliunits of vasopressin-in-
oil (Parke Davis and Co., Pitressin-in-oil, lot
U 231A) subcutaneously at 10:15 AM and
again at 3:15 PM. At 6:45 PM, the rats
were stimulated to empty their bladders by
brief electric shock. The completeness of
bladder emptying is unknown but probably
comparable in control and deficient rats.
Overnight urine was collected as described
by Hollander et al(1). It was usually pos-
sible to collect a separate final urine speci-
men at the end of the experiment by a repeat
electrical shock. This final voiding was at
least as highly concentrated as the overnight
collection in every case. The osmolality of
the urine was determined cryoscopically in a
Fiske osmometer calibrated with standard
solutions of sodium chloride.

To test the effect of a solute load on ability
to concentrate urine, the test was repeated
one week later with the modification that dur-
ing the overnight collection the rats were
allowed access to water bottles containing 2%
urea. Although precise determination of water

|| The authors would like to thank Dr. James
Woods and Miss Billie Sioux Bush for assistance
in these measurements,
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ingestion was not carried out, both control
and experimental rats drank comparable vol-
umes of urea solution as determined by cali-
bration of water bottles.

Statistical analysis of the results was per-
formed with application of Student’s “t” test.
Results with a value of P (0.05 are consid-
ered not to be significant. Kidneys from
both control and pyridoxine deficient animals
were fixed in buffered formalin and embedded
in paraffin; sections were prepared by con-
ventional histological techniques. The sec-
tions were stained with hematoxylin and eosin
and examined by light microscopy.

Results. Weights. On the program de-
scribed above, at first both control and ex-
perimental animals slowly gained weight. The
experimental group gained at a slightly
slower rate. After 2 months the control rats
weighed an average of 220 g; the experimen-
tal group average was 190 g. The control
group on pair-fed intake continued thereafter
to maintain a constant weight, while each rat
of the experimental group lost a mean of 10
g in weight over the remainder of the study
period. Typical acrodynia was seen in the
experimental group.

Degree of pyridoxine deficiency. Degree of
pyridoxine deficiency was measured by the
tryptophane load test. Excretion of xanthu-
renic acid following a 100 mg tryptophane
load was 3.01 =+ 0.49 mg/24 hr (mean =+
standard error) in the control group and
19.25 -+ 2.85 mg/24 hr in the pyridoxine
deficient group. The results are highly sig-
nificant (P .001).

The systolic blood pressure of a group of
control animals was 109 & 4 mm Hg, (mean
+ standard error) while that of the pyri-
doxine deficient animals was 129 += 9 mm
Hg. These results are probably statistically
significant (P .05, one-tailed test) and are

‘compatible with previous findings(18).

Ability to form a concentrated urine. Max-
imum urinary osmolality following depriva-
tion of water and administration of vaso-
pressin was no different (P .40) in pyri-
doxine deficient rats than in their pair-fed
control rats (Table I). Both groups of rats,
however, had significantly reduced renal con-
centrating ability when compared with re-
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TABLE I. Effect of Pyridoxine Deficiency on
Renal Concentrating Mechanism.
Maximum urinary osmolality*
Difference
Before urea  After urea (urea)
Control group
KA 1748 2986 1238
KB 1088 3564 2476
KG 1712 2556 844
KD 1352 2716 1364
Mean 1475 2956 1480
Standard error 157 219 350
Significance (P) <.02t
Pyridoxine deficient group
XA 2195 2290 95
XB 2450 1570 -880
XC 1124 2016 892
XD 1465 2668 1203
XE 1460 2542 1082
Mean 1739 2217 478
Standard error 249 197 1235
Significance >.40% <.05% >.50%

* Measured following dehydration and vasopres-
sin administration (see text).

t Comparison of maximum osmolality for each
group of rats before vs after urea administration.

} Comparison of control vs pyridoxine deficient
rats,

ported values determined by the same pro-
cedure in normal rats of the same strain(1).

Because the diets of both groups were nu-
tritionally insufficient, presumably to the
same degree as a result of pair-feeding, a de-
ficiency of solute was considered to be a pos-
sible basis for this concentrating defect. Water
intake was approximately equal in the 2
groups. Accordingly the animals were re-
tested for renal concentrating ability follow-
ing administration to each rat of an amount
of urea calculated to provide the equivalent
of solute arising from 3-5 g of dietary pro-
tein. Under these circumstances, maximum
urinary concentrating ability of the control
rats rose significantly (P<C.02) to normal
(Table I). In the pyridoxine deficient rats
the rise in maximum urinary osmolality fol-
lowing urea administration was not signifi-
cant (P>.50). Before urea the maximum
concentrating ability of the control group was
not significantly greater than that of the
pyridoxine deficient group. After urea, the
control group rose sufficiently more than the
deficient group so as to create a significant

UriNARY CONCENTRATION IN PyYRIDOXINE DEFICIENCY

difference between them (P<.05). Histo-
logic examination of the kidneys from pyri-
doxine deficient and pair-fed control rats
demonstratedf no anatomic lesion in the renal
medulla which might account for a concen-
trating defect. The tubules were normal in
caliber and configuration and there was no
evident abnormality of the tubular epithelium,
the loops of Henle, vasa recta or interstitium.

Discussion.  Pyridoxine deficiency was
readily established in the rat as judged by
the abnormality in tryptophane metabolism.
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1 We would like to thank Dr. Richard Dobsen for
assistance in preparation of tissue sections and Dr.
Rosamond Janis for reviewing the histological sec-
tions.
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The excretion of xanthurenic acid in the con-
trol rats was of the same order of magnitude
as described by Brown and Price(15). The
pyridoxine deficient animals showed a 6-fold
increase in excretion of xanthurenic acid sug-
gesting a marked abnormality in tryptophane
metabolism. The elevation of blood pressure,
while modest in the small group of rats in
which it was measured, is probably statis-
tically significant and is consistent with a
previous report(18) in pyridoxine deficient
rats.

The initial study of renal concentrating
capacity showed no difference between con-
trol and pyridoxine deficient rats. Both
groups, however, had diminished concentrat-
ing power when compared to reported values
for normal rats. Both groups, furthermore,
were nutritionally insufficient in that the con-
trol animals were pair-fed to the reduced in-
take of the pyridoxine deficient rats. A lim-
ited solute intake by itself imposes a limita-
tion on renal concentrating capacity, apart
from intrinsic defects in the concentrating
mechanism(6,8). This deficiency, in fact,
accounts for the major portion of the limited
renal concentrating capacity of protein de-
ficiency(5,6). In order to correct for this
enough urea was administered to provide that
amount of solute equivalent to the estimated
deficit caused by the 30-50% decrease in the
daily protein intake of both groups. Urea
administration fully corrected the concen-
trating defect of the control animals, but
there remained a significant small reduction
in renal concentrating capacity of pyridoxine
deficient rats.

It is possible that concomitant potassium
depletion accounts for this defect in concen-
trating ability, despite adequate dietary potas-
sium intake by the pyridoxine deficient rats.
Diamant and Guggenheim(19) have noted
that the muscle of pyridoxine deficient rats
contains less potassium and more sodium than
pair-fed and ad libitum fed control rats. The
10% decline in muscle potassium described
by these authors is smaller than that usually
associated with the renal concentrating defect
of experimental potassium depletion(1,20).
However, the defect described by us is not
significantly different from that seen in mini-
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mal degrees of potassium deficiency(1). Yet
serum potassium concentration is normal in
the pyridoxine deficient rats(19) in contrast
to the usual finding in potassium deficient
rats{(21). Furthermore, Diamant and Gug-
genheim suggest that the electrolyte changes
were secondary to alterations of adrenal cor-
tical function in pyridoxine deficiency in that
the distorted electrolyte content of muscle
and impaired excretion of a sodium chloride
load were restored to normal by administra-
tion of cortisone. A previously described im-
pairment in the handling of a water load was
similarly corrected by cortisone(22). These
features are not described in potassium de-
pletion and the renal concentrating defect of
pyridoxine deficiency probably bhas another
basis.

While the defect in renal concentrating
power in pyridoxine deficiency is small and
would not appear to be of major physiologic
significance, it is strikingly comparable to
that reported to persist in protein deficiency
following urea administration(9,10). The de-
fect in concentrating mechanism in protein
starvation is not fully corrected by urea,
which itself improves the ability of the kidney
of the rat to concentrate non-urea solutes.
Pyridoxine has many roles in intermediary
metabolism, but its major function appears
to be that of a coenzyme in transamination
reactions of protein metabolism. It is pos-
sible that the renal concentrating defect of
protein insufficiency is due to a concomitant
defect in pyridoxine dependent metabolism,
although not necessarily a deficiency of pyri-
doxine itself. This proposed defect may well
be an insufficiency of a substrate for pyridox-
ine-requiring reactions. Alternatively it is pos-
sible that pyridoxine deficiency produces a de-
ficiency of a specific amino acid metabolite
necessary for the integrity of the renal con-
centrating mechanism. A role for lysine in
the concentrating function of the kidney has
been demonstrated by Radford(23). Specific
studies of pyridoxine metabolism in protein
depletion would be of interest, as would be
studies of the effect of specific intermediates
of amino acid metabolism on renal concen-
trating power in both pyridoxine deficiency
and protein starvation.
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Summary. Pyridoxine deficiency was in-
duced in rats by feeding a diet deficient in
pyridoxine. Control rats were pair-fed to
the intake of the experimental group. Pyri-
doxine deficiency was demonstrated in the
experimental group by increased xanthurenic
acid excretion following a tryptophane load
and by development of hypertension. Renal
concentrating ability, measured as maximum
urinary osmolality following dehydration and
vasopressin administration, was impaired in
both pyridoxine deficient and control rats.
Since both groups were protein depleted as
a result of the pair-feeding, urea was given
to both groups and renal concentrating ability
remeasured. The control group now had nor-
mal concentrating ability, whereas the maxi-
mum urinary osmolality of the pyridoxine
deficient rats was significantly reduced. These
results suggest that pyridoxine or some aspect
of its metabolism is essential for normal renal
concentrating ability.

1. Hollander, W., Jr., Winters, R. W., Williams,
T. F., Bradley, J., Oliver, J., Welt, L. G, Am. J.
Physiol., 1957, v189, 557.

2. Levitt, M. F., Halpern, M. H., Polimeror, D. P,
Sweet, A. Y., Gribetz, D., J. Clin. Invest., 1958, v37,
294.

3. Freedman, P., Moulton, R., Spencer, A. G,
Clin. Sci., 1958, v17, 247.

4. Beck, D., Levitin, H,, Epstein, F. H.,, Am. J.
Physiol., 1959, v197, 1118.

5. Epstein, F. H., Kleeman, C. R., Pursel, S,

TeEMPERATURE EFrrFEcTs oN E.E.G.

Hendrikx, A., J. Clin. Invest., 1957, v36, 635.

6. Levinsky, N. G., Berliner, R. W,, ibid., 1959,
v38, 741,

7. Crawford, J. D., Doyle, A. P., Probst, J. H,
Am. J. Physiol., 1959, v196, 545.

8. Jaenike, J. R,, ibid., 1960, v199, 1205.

9. Hendrikx, A., Epstein, F. H,, ibid., 1958, v195,
539.

10. Manitius, A., Pigeon, G., Epstein, F. H., ibid,,
1963, v205, 101.

11. Carpenter, K. J., Kodicek, E., Brit. J. Nu-
trition, 1948, v2, IX.

12. Agnew, L. R. C, ibid, 1949, v3, 217.

13. Gershoff, S. N., Faragalla, F. F., Nelson, D. A,
Andrus, S. B, Am. J. Med,, 1959, v27, 72.

14. Snell, E. E., Physiol. Rev., 1953, v33, 509.

15. Brown, R. R,, Price, J. M., J. Biol. Chem.,,
1956, v219, 985S.

16. Bessey, O. A, Adam, D. J. D., Hansen, A. E,,
Pediatrics, 1957, v20, 33.

17. Lepkovsky, S., Reboz, E., Haagen-Smit, A. J,
J. Biol. Chem., 1943, v149, 195.

18. Olson, N., Am. J. Clin. Nutrition, 1956, v4, 327.

19. Diamant, E. J., Guggenheim, K., Am. J. Phys-
iol.,, 1957, v191, 108.

20. Manitius, A., Levitin, H., Beck, D., Epstein,
F. H, J. Clin. Invest., 1960, v39, 684.

21. Welt, L. G, Cap, M. P, Gehan, E. A,
Winters, R. W., DeWalt, J. L., Diamond, E. L.,
Trans. A. Am. Physicians, 1958, v71, 250.

22. Guggenheim, K., Am. J. Physiol., 1956, v186,
317.

23. Radford, E. P, Am. J. Med. Sdi.,
v234, 363.

1957,

Received March 22, 1965. P.S.E.B.M., 1965, v120.

Effects of Temperature on Electroencephalogram of the Caiman.*

(30553)
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In a previous study made in this labora-
tory (1) the normal electroencephalographic
pattern of the South American caiman, Cai-
man sclerops, for the cerebral hemispheres,
optic lobes, and cerebellum was described.

* This study was supported by Public Health
Service Research Grant HE 06244.04.

t Present Address: Dept. of Physiol, Univ. of
Texas Med. Br., Galveston, Texas.

The cerebellar hemispheres showed a dom-
inant “beta” rhythm of 18-24 cycles per sec-
ond with an amplitude of 10-20 wv; super-
imposed there was an intermittent alpha-like
rhythm of 7-12 cycles per second with an
amplitude of 20-40 uv. In the optic lobe
region the dominant rhythm was 6-8 cycles
per second with an amplitude of 20-25 pv
and superimposed was a faster 14-18 rhythm



