488

casein or of gelatin in these experiments
would be purely speculative at this point. It
seems impossible that a deficiency of an essen-
tial amino acid could be involved in odoratism
because the animals continue to grow. Fur-
ther, the symptoms of odoratism are pro-
foundly different from those produced by any
known amino acid deficiency.

Summary. High levels of gelatin and of
casein delayed, but did not prevent, the onset
of odoratism (experimental lathyrism) in the
rat. Casein exerted a greater protective
action than gelatin.

The technical assistance of Miss Mildred Mosby is
gratefully acknowledged.
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A deficiency syndrome characterized by
muscular stiffness was described by Wulzen
and Bahrs(1) in guinea pigs raised on skim
milk diets supplemented by minerals and the
known vitamins. Physiological, chemical, and
pathological aspects of the disease were
studied (2-6).

The present investigation was undertaken
to determine whether hematological changes
occurred in guinea pigs deficient in the anti-
stiffness factor. Preliminary results of these
studies have been published (7).

Methods. Guinea pigs used to establish
the normal blood values were segregated as
to sex and raised on diet of rolled barley,
liberal amounts of kale or grass, iodized salt,
and wheat straw ad.lib. None showed wrist
stiffness. Gravid animals were not tested.
Experimental animals were fed the following
diet deficient in the anti-stiffness factor(8).
AM.: skim milk powder 20.0 g, water 80.0 g,

* Supported by a grant from General Research,
Oregon State College.

t National Institutes of Health Junior Research
Fellow. Present address: Wills Eye Hospital, Phila-
delphia, Pa.

copper sulfate 0.078 mg, ferric chloride 0.048
mg, ascorbic acid 10.0 mg; P.M.: skim milk
powder 20.0 g, water 80.0 g. Fat- and water-
soluble vitamins were added alternately to
the evening diet to make the average daily
consumption per animal for each vitamin as
follows: thiamin hydrochloride 0.20 mg, pyri-
doxine hydrochloride 0.10 mg, riboflavin 0.50
mg, nicotinic acid 1.0 mg, pantothenic acid
0.10 mg, inositol 10.0 mg, para-aminobenzoic
acid 2.0 mg, choline 50.0 mg, biotin (SMA
conc. $200) 0.01 mg, beta-carotene 150 I.U.,
viosterol 40 I.U., alpha-tocopherol 0.10 mg, 2-
methyl-1,4-naphthoquinone 0.10 mg, folic acid
0.003 mg. All received straw and iodized salt
ad lib. Blood samples were taken from the ear
which was gently stroked or warmed to cause
an hyperemia(9). Incisions were made with
Bard-Parker “11” blades. The animals were
tame from frequent handling in the laboratory
and did not have to be confined in any way
when samples were taken. Erythrocyte
counts were made after diluting the blood with
Toisson’s solution. Hemoglobin estimations
were made with the Sahli-Haskins technic
(10). The hemoglobin coefficient, according
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to Osgood (10), was calculated as the amount
of hemoglobin per 100 cc of blood if the count
is adjusted to 5,000,000 per cu mm. Average
red cell diameters were measured with the
Haden-Hauser Erythrocytometer(11,12). No
variation of more than one-fifth micron from
slide to slide for any one animal was found in
these experiments. The elimination of any
slide not having a bright, clear halo is prob-
ably the reason for this uniformity. Baso-
philic aggregations were used to determine the
percentage of young erythrocytes in the cir-
culating blood. The method is based on the
finding by Pearlman and Limarzi of a close
correlation between basophilic aggregation
and reticulocyte levels in several diseases and
a similar response of basophilic aggregations
and reticulocytes to liver therapy in pernicious
anemia(13). Sedimentation rates were deter-
mined with the Landau-Adams microsedimen-
tation apparatus(14). White cell counts were
obtained from blood collected in a Thoma
white cell pipette and diluted 1:10 with 3%
acetic acid. Differential count smears were
made with a narrow slip (about 34" wide)
of parchment replacing the customary second
glass slide. This procedure eliminated to a
large extent the clumping and distortion of
guinea pig white cells along the edges of the
smear which occurred when a glass slide was
used for smearing. Cells were counted at a
point where the red cells did not touch, and
the slide was counted from edge to edge until
200 or more cells had been differentiated.

Results. 1. Erythrocytes. A summary of
the data collected on red blood cells is pre-
sented in Table I.

In general, deficiency of the anti-stiffness
factor produced a mild to severe anemia.
Twenty-five per cent of the deficient animals
had red cell counts of 3.5 x 10° to 2.2 x 108
and hemoglobin of 9.6 to 5.9 g. The hemo-
globin per cell decreased for the deficient ani-
mals. Fifty-two per cent of the animals had
red cell diameters ranging from 7.7 to 8.2 p.

Accompanying the anemia was a decrease
in the number of young red cells of the cir-
culating blood. This effect appeared as early
as 3 to 10 weeks. High sedimentation rates
occurred as early as 2 to 6 weeks of deficiency.
The microsedimentation rates for guinea pigs
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TABLE 1. Effects of Deficiency of Anti-Stiffness
Factor on Erythrocytes of Guinea Pigs.

No. weeks No. Mean blood value +
Diet* on diet animals stand. dev.
(Red cell count)
S 20-130 40 4.9 X 108+ 1 X 10°
D 24-120 53 4.2 X 10+ 8 X 105+
DM 901 5 5.0 X 10+ 3 X 10°
(Hemoglobin)
S 20-130 16 154+ 9g
D 26-110 53 109 +2.0 t
DM 90% 5 1343+ 9 ¢
(Hemoglobin coeff.)
S 20-130 16 156+ 10¢g
D 26-110 53 13.3+18 t
DM 901 5 133+ 1.0 ¢
(Red cell diam.)
S 20-130 39 735+ .13,
D 30-110 46 7.69 + .22 ¢
DM 90t 5 7.32 + .13
(Basophilic
aggregations)
S 20-130 25 2.06 + .419%
D 3- 10 19 98 + .52 t
D 21- 74 51 68 + .28 t
DM 90% 5 2.20 + .79
(Miero sedimentation )
S 20-130 31 2.35 += .68 mm
D 10— 45 58 3.96 + 2.87 t
D 50— 84 27 3.02 + 1.96
DM 90} 5 1.92 + .69

*§ — Stock; D —: Deficient; DM — Deficient -+
molasses.

t Statistically significant at .01 level. All groups
compared with stock animals except where other-
wise indicated.

t Fed deficient diet for 9 mo; then deficient diet
plus molasses for 1 yr.

on the deficient diet for 10 to 45 weeks varied
from 2.0 to 19.0 mm per hour. However,
animals that had been deficient for 50 to 84
weeks had an average sedimentation rate that
was not significantly different from the nor-
mal. However, the range for the microsedi-
mentation rates of these older deficient ani-
mals was 0.5 to 8.7 mm per hour.

In general, these older deficient animals fall
into 2 classes of symptoms of deficiency of the
anti-stiffness factor: 1. A small group of
older healthy, robust animals that seem to be
highly resistant to deficiency of the anti-
stiffness factor. They usually have stiff wrists
without soreness. Without exception these
animals sooner or later die from deficiency of
the anti-stiffness factor. 2. A large group of
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TABLE II. Differential Count. Guinea pigs deficient in the anti-stiffness factor for periods of
24 weeks compared with stock guinea pigs.

11 mod-
10 10 erately
Cell type stock @ stiff @ stiff Q

9 mod-
Avg all 24 55 erately Avgall
stiff @ stock & stiff 8 stiff §  stiff &

" Deficient females compared with
stock females (mean %)

i. Granulocytes 21.89  38.88t 24.65
Neutrophils 19.00 22.42 22,71
Eosinophils 2.53 16.53*  1.54
Basophils .32 .88 .41

Il. Agranuloeytes 72.95 58.41t 72.29
Lymphocytes 69.43  55.18% 70.41
Monocytes 1.25 1.10 .69
Kurloff 2,84 1.97 .89*

III. Disintegrated 4.64 2.58 3.00

Deficient males compared with
stock males (mean %)

31.43§ 25.41 50.21* 55.36* 50.94*
22,57 23.87 43.23* 54.74* 44.88*
8.28 113 6.09*% .30 5.25*
.63 .40 79 .32 .72
65.58 69.17 46.40*  41.59*% 45.71*
63.16 65.78 44.98* 39.34* 44,17
.88 1.53 1.32 1.68 137
1.40% 1.81 .00* .03* .00*
2.80% 5.33 291t 2.95 2.91*

* Significant at .001 level.
§ Significant at .05 level.

older animals with varying degrees of abnor-
malities in growth, stiffness, body contour,
calcification, tooth growth, and hearing(3).
All of the high sedimentation rates among the
older animals were found in this latter group
of animals.

Five guinea pigs that had been subjected to
a deficient diet plus a protective supplement
of molasses for one year had normal values for
red cell counts, red cell diameters, basophilic
aggregations, and sedimentation rates. Hemo-
globin was statistically significantly higher
than the hemoglobin for the deficient animals,
but had not returned to a normal level. The
hemoglobin coefficient was lower than normal.
New cells were being formed but the hemo-
globin per cell was low.

II. Leucocytes. White cell counts were
made on 52 deficient guinea pigs and on 57
stock guinea pigs. The deficient guinea pigs
showed a leucocyte count of 16690 (stand-
ard deviation 6422) compared with the white
cell count of 7680 (standard deviation 2049)
for non-deficient guinea pigs. A few counts *
were as high as 30000 and 40000. Usually
the leucocyte counts did not become elevated
until about 3 to 5 months of deficiency. The
5 guinea pigs fed the deficient diet for 9
months and the deficient diet plus a molasses
supplement for one year had normal leucocyte
counts with an average value of 8340. The
white cell differential count indicated an in-
creased percentage of granulocytes and a de-
creased percentage of agranulocytes. How-

t Significant at .01 level.

i Significant at .02 level.

ever, the total number of both cell types ac-
tually increased. The data has been analyzed
further by dividing the deficient animals into
4 classes: stiff females, moderately stiff fe-
males, stiff males, and moderately stiff males
(Table II).

Stiff male and female guinea pigs had a per-
sistent eosinophilia. In every case eosino-
philia was associated with moderate or severe
stiffness. In only 2 cases out of 85 was severe
stiffness not accompanied by eosinophilia, and
one of those cases was a 6% basophilia.
Stiff males also had a markedly increased per-
centage of neutrophils in contrast to the stiff
females.

In a few cases there were animals that did
not become extremely stiff although they had
received the diet for 24 to 110 weeks. How-
ever, calcification of musculature was fre-
quently prominent. The females of this group
showed little change from normal with only a
decrease in Kurloff(15) cells. Males of this
group bad higher percentages of neutrophils
than did the stiffer male guinea pigs. The
total percentage of granulocytes was relatively
the same for the 2 groups. An interesting
finding was the complete disappearance of the
Kurloff cell type in deficient male guinea pigs.

Summary. 1. Deficiency of the anti-stiff-
ness factor in guinea pigs produced anemia
characterized by decreased numbers of red
cells, less hemoglobin per cell, and macrocy-
tosis. The number of young red cells also
decreased. The sedimentation rate was in-
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creased. 2. The white cell count rose mark-
edly with an increase in all cell types. The
differential count indicated a granulocytosis.
The Kurloff cell disappeared in deficient
males.

The author wishes to thank Dr. Rosalind Wulzen
for her kind encouragement and invaluable criticism
during the course of the work.

1. Wulzen, R., and Bahrs, A. M., Physiol. Zool.,
1936, v9, 508.

2. , Am. J. Physiol., 1941, v133, 500.

3. van Wagtendonk, W. J., and Wulzen, R., Vita-
mins and Hormones, 1931, v8, 69.

4. Harris, P. N, and Wulzen, R., Am. J. Path., 1950,
v26, 595.

5. Kaiser, Emil, and Wulzen, R., Arck. Biochem.
Biophys., 1951, v31, 327.

6. Rosenkrantz, Harris, Milhorat, Ade T., Farber,

491

Milton, and Milman, Anne E., Proc. Soc. Exp. Bior.
AND MEb,, 1951, v76, 408.

7. Weimar, V. L., and Wulzen, R., Fed. Proc., 1950,
v9, 134,

8. van Wagtendonk, W. J., J. Biol. Chem., 1944,
v155, 337.

9. Krogh, August, The anatomy and physiology of
capillaries. Revised. New Haven, Yale University
Press, 1930, p20.

11. Hadden, R. L., J. Lab. Clin. Med., 1940, v25,
399.

12. , ihid., 1935, v20, 567.

13. Pearlman, M. D., and Limarzi, L. R., Am. J.
Clin. Path., 1938, v8, 608.

14. Rogatz, J. L., J. Lab. Clin. Med., 1943, v28,
1842.

15. Lucia, S. P., and Lucia, E. L., Arch. Path.,
1928, v§, 616.

Received January 4, 1954. P.S.E.B.M, 1954, v85.

Paroxystic Activity of Deplanted Nerve Centers in Amphibia, as

Influenced by the Ionic Environment.*

J. E. DesmepT,!

(20929)

{(Introduced by Paul Weiss)

From the Department of Zoology, University of Chicago.

Numerous investigations in neurobiology
have made use of the facilities provided by
Urodele larvae whose nervous system can be
submitted to a wide variety of experimental
procedures. Among these, the method of
“deplantation” recently developed by Weiss
(1,2) deserves careful consideration because,
among other advantages, it provides a com-
pletely isolated pool of neurons which can be
studied under simple conditions. A fragment
of spinal cord or medulla of Amblystoma or
Triturus can thus be deplanted into the dorsal
fin of another larva where it will grow and
reorganize for long periods of time. If a
limb is grafted nearby, it will receive motor
innervation from the neural deplant and so

* The Author is much indebted to Dr. Paul Weiss
for his kind hospitality and active interest. This
work was aided by the Wallace C. and Clara A.
Abbott Memorial Fund of the University of Chicago
and by a grant from the U. S. Public Health Service.

t Fellow of the Belgian American Educational
Foundation. Present address: Laboratoire de Path-
ologie générale, Université de Bruxelles, Belgium.

become an effector displaying the activity
going on in the deplant. A striking result
of these experiments was that the isolated
deplant does not remain quiescent:; it de-
velops endogenous (“spontaneous’) paroxys-
tic discharges which are seen as twitches or
tonic-clonic fits exhibited by the grafted limb
at irregular intervals. The phenomenon can
no doubt be put in line with other evidence
suggesting that autorhythmicity is a funda-
mental property of nervous elements (Fes-
sard(3)). Such a statement, however, does
not solve the problem, because this type of
activity is not observed in freshly deplanted
spinal segments(1) and one has still to con-
sider how it is released after a few days’ iso-
lation. Evidence of structural redistribution
and “randomization” of neurons within the
deplants(2) favors the idea of a liberation
from the “harnessing influence lying in the
organization of the intact nervous system”
(1). Put in other words, this endogenous
activity might well be related to the phe-
nomena of sensitization by denervation. In-



