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clonic seizures occurred particularly with the
larger doses.

Electroencephalographic changes accom-
panied motor seizures, and in epileptic mon-
keys sometimes briefly (up to 1% minute)
preceded the onset of clinical seizures (Fig.
1). Significant detectable changes were
otherwise not evident; increased muscle arte-
fact potentials became more prominent after
injection when the animals appeared to be-
come more restless. Clinical seizures were
accompanied by diffuse spike convulsive pat-
terns.

Summary. (1) Threshold convulsant
dosages to rapid intravenous injection of
semicarbazide were significantly lower in
chronically epileptic monkeys than in normal
unoperated controls. (2) Clinical seizures
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following intravenous injection of threshold
convulsant doses of semicarbazide occurred
after a latent period of 2 to 37 hours. With
suprathreshold doses the latent period was
diminished greatly. (3) Use of a test dose of
30 to 40 mg/kg of semicarbazide by rapid in-
travenous injection is suggested to distinguish
epileptic from non-epileptic monkeys since
clinical convulsions should be produced with-
in 3 to 4 hours in epileptic monkeys and not
in non-epileptic normals.
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The indispensability of isoleucine for
growth in rats was demonstrated by Womack
and Rose(l). Later, in experiments with
dogs, several investigators showed that iso-
leucine was necessary for the maintenance of
nitrogen balance(2), the formation of hemo-
globin(3) and of plasma protein(4). The es-
sential nature of this amino acid for human
nutrition was established by Rose and his
coworkers(5). Hegsted, McKibben and Stare
(6) and Albanese(7) reported that the iso-
leucine content of human plasma protein and
hemoglobin was insufficient to support normal
growth in rats. Histological studies of isoleu-
cine deficiency have not been reported for
any species. The present report is the fifth
in a series dealing with the histopathological
effects of the total omission of an essential
amino acid from the diet of rats.

Method. Young male Sprague-Dawley rats

* This research was supported by grant A-289 from
National Institute of Arthritis and Metabolic Diseases,
U. S. Public Health Service.

were divided into 3 groups. One group of 5
rats (normal-control) received a purified syn-
thetic diet consisting of a mixture of 19 crys-
talline amino acids, vitamins, sucrose, cotton-
seed oil and the necessary minerals and salts
as described by Rose, Oesterling and Womack
(8). A second group of 15 rats (deficient)
was fed the same diet, complete in every re-
spect except for the total omission of isoleu-
cine. The caloric value of the missing amino
acid was supplied by additional sucrose. A
third group of rats was pair-fed the complete
diet so that the food consumption of each was
no greater than that of its isoleucine-deficient
mate. All rats were kept in individual cages
and, with the exception of the pair-fed group,
fed ad libitum. At the end of a 30-day ex-
perimental period, all rats, with the exception
of 2 deficients, were sacrificed by decapitation
without anesthesia. As rapidly as possible,
the liver of each rat was removed, a small por-
tion fixed for histological procedures, and the
remainder immersed in liquid nitrogen for
total glycogen determination by the method
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TABLE I. Comparison of Body Weights and Organ Weights of Isoleucine-Deficient, Pair-Fed
Control, Normal-Control and Recovered Rats.

————Body wt (g)

Organ wt (mg) ————

) r
Initial Final Change Adrenals (2) Testes (2) Pituitary
) Isoleucine-deficient
46 31 -15 18.0 116.8 2.4
45 27 -18 18.2 137.8 2.4
48 31 -17 17.4 135.2 1.6
54 34 -20 17.2 151.2 2.6
50 34 -16 19.2 142.4 2.6
47 28 -19 13.2 115.2 1.4
56 34 —22 18.8 185.6 2.0
55 35 -20 15.6 148.8 1.0
51 32 -19 15.2 188.4 1.4
53 32 -21 17.4 150.4 1.8
60 38 -22 17.6 217.2 2.8
64 32 -32 17.0 173.2 1.2
55 33 ~22 18.2 141.8 0.8
Mean 32.4 - 78% 172+ 44 1542785 1.9+ .18
Avg % of body wt .053 .048 .006
Pair-fed control
47 45 -2 20.4 268.4 14
52 41 -11 20.4 258.4 2.0
53 43 -10 24.4 297.4 2.4
49 42 -7 20.0 516.8 2.8
50 45 -5 22.8 546.6 2.4
55 46 -9 18.4 373.2 3.2
52 45 -7 18.8 546.0 —_
49 40 -9 17.4 324.2 2.4
50 43 -7 20.6 299.2 2.6
52 42 -10 19.2 373.4 2.2
43 42 -1 19.8 532.8 2.2
46 38 -8 21.8 239.0 2.0
51 38 -13 18.6 288.8 2.4
Mean 42.3 + .67 20.2 = .50 3742+ 316 23+.12
Avg % BW .048 .089 .006
Normal-control
51 99 + 48 33.2 2012.6 5.6
86 188 4102 37.5 1597.0 8.3
70 184 +114 36.3 2721.5 8.0
65 184 +119 29.4 2595.5 7.0
72 191 4119 37.6 2639.3 7.4
Mean 169.2 + 15.7 348 +1.38 231321952 7.3 % .42
Avg % BW 021 1.4 00
Recovered
67 210 (33)t 37.3 2673.9 7.3
68 210 (33)t 25.9 2712.9 8.0
Avg % BW 015 1.3 .004

* Stand. error of the mean.

+ Wt of these rats at end of deficient period when they were placed on recovery diet.

of Good, Kramer and Somogyi(9). Small
pieces of liver, fixed in Gendre’s fluid, were
sectioned and stained by the Best’s carmine
and periodic acid-Schiff (PAS) methods for
glycogen. All other tissues, except the pitui-
taries, were fixed in Bouin’s solution and
stained with hematoxylin and eosin. The
pituitary bodies were fixed in Zenker-formol
and stained by the aldehyde-fuchsin (AF)

and periodic acid-Schiff (PAS) methods.
These technics were developed by Halmi(10)
and Purves and Griesbach(11,12) to demon-
strate and differentiate the thyrotrophic and
gonadotrophic basophils of the anterior pitui-
tary. Employment of these methods has been
described in our earlier reports(13,14).
Pituitary sections were also stained with acid
fuchsin for examination of the acidophils.



FIG. 1. Anterior pituitary of a normal-control rat stained by aldehyde-fuchsin (AF)
method for identification of thyrotrophic basophils (dark cells). X100.

FIG. 2. Same section and field shown in Fig. 1 restained by the periodic acid-Schiff
(PAS) method. All basophils are PAS-positive, but those cells which are apparent here, but
not in Fig. 1, are gonadotrophic basophils. X100.

FIG. 3. Anterior pituitary of an isoleucine-deficient rat stained by AF method. Thyro-
trophic cells are prominent. X100.

1G. 4. Same section and field shown in Fig. 3 restained by the PAS method. Only those

cells which are ATF-positive in Fig. 3 are PAS-positive here, illustrating absence of active
gonadotrophic cells. X100.
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FIG. 5. Testis of an isoleucine-deficient rat. X100.
FIG. 6. Testis of a pair-fed control rat. X100.

FIG. 7. Prostate of an isoleucine-deficient rat. X100,
FIG. 8. Prostate of a pair-fed control rat. X100.
FIG. 9. Thymus of an isoleucine-deficient rat, X100.
FIG. 10. Thymus of a pair-fed control rat. X100.
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Two isoleucine-deficient rats were not sacri-
ficed with the others, but were placed on the
complete diet (including adequate isoleucine)
for a 30-day recovery period and then sacri-
ficed.

Observations. Loss in body weight was
consistently greater in the isoleucine-deficient
rats than in their pair-fed mates. Table I
lists the initial and final body weights as well
as the weights of the adrenals, testes and pitu-
itary of each rat. Comparison of the adrenals
and pituitaries on an average percentage of
body weight basis shows no significant dif-
ference between the deficient and pair-fed
groups.

Histological examination of the pituitary
bodies, testes and accessory sex glands showed
that the total lack of isoleucine resulted in
alterations which were similar to the changes
observed by us in rats deprived of dietary
threonine(13), histidine(14) or tryptophan
(15). The pituitary thyrotrophic cells were
not affected (Fig. 3), the gonadotrophic cells
were completely deleted (Fig. 4) and the
pituitary acidophils greatly reduced in size.
The lack of gonadotrophic stimulation from
the pituitary resulted in atrophy of the semin-
iferous tubules (Fig. 5) and testicular inter-
stitial cells. Spermatogenesis was completely
inhibited. The accessory sex glands suffered,
in turn, from the lack of Leydig cell hormonal
support. The prostatic epithelium was flat,
atrophic and non-secretory (Fig. 7). The
amount of interstitial stroma was increased;
edema was slight.

In the pair-fed control rats the pituitary
gonadotrophic cells, while not giving the in-
tensely positive PAS reaction of the normal-
controls, were demonstrable, although func-
tioning at a reduced rate. This was evident
by the histological appearance of the pro-
states and testes of these animals. The sem-
iniferous tubules were smaller in diameter
than normal but not so seriously reduced as
in the deficients. Spermatogenesis lagged,
but spermatozoa were being formed (Fig. 6).
The prostatic epithelium was receiving some,
but not total, stimulation from the testicular
interstitial cells. Much of the prostatic epi-
thelium was normal, but some acini were com-

RATs DEPRIVED OF ISOLEUCINE

posed of low inactive cells (Fig. 8). The
pituitary acidophils, although smaller than
normal, were larger than in the deficient rats.

Thymic involution resulting from protein
inadequacy is a well known reaction. The
response of the thymus to isoleucine defi-
ciency followed a pattern similar to that ob-
served in our earlier studies. Formation of
giant cells, loss of normal architecture and de-
pletion of thymocytes were observed (Fig. 9).
Needle-shaped clefts, which are usually as-
sociated with cholesterol deposits, were pres-
ent. Such clefts were seen also in tryptophan-
deficient rats but not in rats deprived of thre-
onine or histidine.

The thymuses of the pair-fed rats were
smaller than normal, but the cortical and
medullary zones were intact (Fig. 10). Giant
macrophages were not present and no evi-
dence of crystalline deposition was noted.

Degenerative changes in skeletal muscle
were observed in the deficient animals. The
areas of injury did not involve all fibers of
the muscle which was examined (sternomas-
toideus). In all instances the damaged mus-
cle fibers were losing, or had lost, their cross
striations. Some damaged fibers were swollen
and hyalinized (Fig. 11); in other fibers,
hyalinization and fragmentation were most
apparent (Fig. 12).

Discussion. In the light of the effect of
isoleucine deficiency upon skeletal muscle,
the recent study of Blahd, Bloom and Drell
(16) is of interest. These investigators re-
ported that one of the amino acid groups
which appeared most frequently in the urine
of male muscular dystrophy patients was iso-
leucine-leucine. Cole and Scott(17) noted
that liver glycogen accumulation was high in
tryptophan-deficient rats and that the glyco-
gen content of the livers of pair-fed rats was
low. Application of the glycogen staining
method to liver sections of isoleucine-deficient
rats showed that a large amount of glycogen
was present (Fig. 13), while the hepatic cells
of the pair-fed rats had little or none (Fig.
14). Quantitatively, the total liver glycogen
content of the deficient group was 2.96 =+
.15 mg/g and that of the pair-fed group was
0.57 =+ .06 mg/g. The possible causes of
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FIG. 11 and 12. Degenerating skeletal muscle fibers in isoleucine-deficient rats. }430.

FIG. 13. Liver section of an isoleucine-deficient rat, stained by PAS method, illustrating
presence of large amounts of intracellular glycogen. X100.

FIG. 14. Liver section of a pair-fed control rat, stained by PAS method, showing absence
of glycogen. X100,
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hepatic glycogen retention in amino acid de-
ficient rats poses many problems for which
there is no satisfactory explanation at this
time. It is believed that the tissue alterations
observed in the deficient rats were not the re-
sult of changes in water content.

The tissues of the 2 isoleucine-deficient rats
which were placed on the recovery diet
showed no abnormalities. Thus, the effects of
the total lack of isoleucine were not perma-
nent and were correctable by the addition of
adequate dietary isoleucine.

Summary. The total lack of isoleucine in
the diet of rats resulted in regression in the
size of the pituitary acidophils, deletion of the
pituitary gonadotrophic cells, atrophy of the
testes and accessory sex glands, thymic in-
volution, interference with somatic growth,
liver glycogen accumulation and degenerative
changes in skeletal muscle. Replacement of
adequate isoleucine to the diet of isoleucine-
deficient rats resulted in complete recovery.

The author is grateful to Dr. W. O. Read, Depart-
ment of Physiology, for his assistance in making the
total liver-glycogen determinations.
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Vit. B;» occupies a significant place in the
nutrition of microorganisms, lower animals
and man. It seems purposeful to seek clini-
cal situations in which a deficiency of vit. B;»
may be important, either as the sole factor or
a contributing factor to the causation of the
signs or symptoms which are observed.
There is general agreement that a deficiency
of vit. By, exists in pernicious anemia (P.A.)
and in this clear-cut clinical example of the
deficiency state, the serum concentration of
vit. B¢ is a good index of the situation, being
less than 100 ppg/ml and approaching zero

in frank untreated P.A. It is fully recognized
that there is the possibility of a relatively nor-
mal serum concentration in the presence of
deficiency in the total body stores and con-
versely the possibility of a lowered serum con-
centration in the ahsence of a measurable to-
tal body deficiency(1). Caution in interpret-
ing serum vit. B;o concentrations is further
enjoined on the basis of the accumulating evi-
dence that when patients with P.A. in remis-
sion have had their vit. B;2 serum concentra-
tions assayed, the values may be below 100
ppug/ml despite the fact that clinically the



