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Considerable data are available indicating
that fish meal and fish protein concentrate
(FPC) are sources of an unidentified nutri-
tional factor or factors. One of the first
studies indicating the presence of such a fac-
tor was that of Ritchey et al. (1). These
workers selected day-old male chicks and fed
them either a purified diet consisting of soy
protein, glucose, salt mixture, corn oil, meth-
ionine, glycine, and the known vitamins or a
similar diet supplemented with 10% defatted
fish meal. In each of 3 separate experiments
after 28 days of feeding the average weight
increment of chicks fed the diet containing
10% fish meal was significantly greater than
that of chicks fed the unsupplemented
purified diet. In contrast to the above a sup-
plement of 2% fish meal ash which corre-
sponded to the ash present in the 10% fish
meal supplement had little if any growth
promoting effect. Additional data indicating
the growth promoting effect in chicks of fish
meal or FPC supplements when incorporated
in purified diets have also been reported by
Ritchey (2) and Rand e¢ al. (3).

Available data indicate that immature rats
fed a low fat purified diet containing casein
as the source of dietary protein and sucrose
as the dietary carbohydrate are extremely
sensitive to thyroid feeding, with sensitivity
manifesting itself in sudden death apparently
due to cardiac failure (4). The length of
survival of thyrotoxic rats fed the above diet
could be significantly prolonged by a number
of dietary supplements including yeast (4,
5), desiccated whole liver and water-insoluble
liver residue (5), defatted liver residue (6),
dried penicillin mycelia (7), aureomycin
mash (7), whole egg (8), dried and defatted

1 This investigation was supported in part by
Alpine Marine Protein Industries, Inc., New
Bedford, Massachusetts.

pork (9), dried and defatted mutton (9),
alfalfa meal (10) and others. Supplements of
the known vitamins and minerals, cellulose
and increased amounts of casein were without
significant effect (5, 10). Length of survival
could be significantly prolonged, however, by
increasing the fat content of the diet in the
form of cottonseed oil (11) or by supple-
ments of fat-soluble substances such as
cholesterol (12, 13) and liver fat (6). It is
apparent that the survival time of thyrotoxic
rats fed a low fat purified diet containing
casein as the source of dietary protein and
sucrose as the dietary carbohydrate can be
prolonged by a number of substances unre-
lated chemically to one another. In the
present communication data are presented in-
dicating that substituting FPC for casein as
the source of dietary protein in low fat
purified diets containing surcose as the source
of dietary carbohydrate significantly pro-
longed the survival time of thyrotoxic rats.
Materials and Methods. Two basal rations
were employed in the present experiment:
Diet A which contained casein? and Diet B
which contained FPC® as the source of die-
tary protein. Each diet contained 5% salt
mixture?, 2% cottonseed oil and the following
vitamins per kg of ration: thiamine hydro-
chloride, 10 mg; riboflavin, 10 mg; pyridox-

2 Vitamin-free test casein, General Biochemi-
cals, Chagrin Falls, Ohio.
3 Fish protein concentrate prepared from

whole fish by Alpine Marine Protein Industries,
Inc, New Bedford, Massachusetts. This pro-
duct was produced by azeotropic solvent extrac-
tion with ethylene dichloride as described by
Levin and Finn (22). It had a protein content of
76.56% (12.25% N X 6.25) and an ash con-
tent of 12.6%.

4 Wesson modification of Osborne-Mendel salt
mixture, General Biochemicals, Chagrin Falls,
Ohio.
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ine hydrochloride, 10 mg; calcium pan-
tothenate, 60 mg; nicotinic acid, 100 mg;
ascorbic acid, 200 mg; para-aminobenzoic
acid, 200 mg; inositol, 400 mg; biotin, 1 mg;
folic acid, 10 mg; vitamin Bje, 150 pg;
2-methyl-1,4-naphthoquinone, 5 mg; choline
chloride, 2 g; vitamin A, 5000 USP units;
vitamin D,, 500 USP units; and alpha-
tocopheryl acetate, 100 mg. Diet A contained
209% protein as casein; Diet B contained
20% protein as FPC. The balance of each diet
consisted of sucrose. Tests were conducted
with each of the basal rations fed alone
(Diets A; and B;) and supplemented with
desiccated thyroid® at levels of 0.25% (Diets
A, and Bg) and 0.5% (Diets A; and B;) of
the ration. The desiccated thyroid was incor-
porated in the diets in place of an equal
amount of sucrose.

One hundred and eight male rats of the
Long-Evans strain averaging 52.3 g in body
weight (range 44-60 g) and 108 female rats
of the Long-Evans strain averaging 49.1 g in
body weight (range 42-58 g) were employed
in the present experiment. Animals were div-
ided into 6 groups of comparable weight.
Groups 1 and 4 which consisted of 12 male
and 12 female rats each were fed Diets A,
and Bj, respectively. Groups 2 and 5 which
consisted of 18 male and 18 female rats each
were fed Diets A, and Bg, respectively.
Groups 3 and 6 which consisted of 24 male
and 24 female rats each were fed Diets Aj
and Bj, respectively. Animals were kept in
metal cages with raised screen bottoms (3
rats per cage) and were provided the various
diets and water ad lbitum. Animals were
weighed weekly, and feeding was continued
for 28 days or until death whichever occurred
sooner. Surviving animals were killed after
28 days of feeding, and ventricular and
adrenal weights were determined.

Results. Increment in body weight. In
agreement with previous findings (4, 5, 11)
desiccated thyroid when incorporated at
levels of 0.25 and 0.5% in the low fat
purified diet containing casein as the source
of dietary protein and sucrose as the dietary
carbohydrate resulted in a highly significant

5 Armour thyroid powder, USP, Reheis Chem-
ical Co., Chicago, Illinois.
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retardation in growth in both male and fe-
male immature rats. The retardation in
growth was proportional to the level of thy-
roid fed and on a percentage basis was more
marked in male than in female rats. Similar
findings were observed on the FPC-
containing diet. At each level of thyroid
tested the increment in body weight of rats
fed the FPC-containing diet did not differ
significantly from that of rats fed the diet
containing casein. Findings are summarized
in Table I.

Ventricular and adrenal weights. Ventricu-
lar and adrenal weights particularly when
expressed in term of mg per 100 g of body
weight were significantly greater in both male
and female rats fed the thyroid-containing
diets than in those fed the unsupplemented
basal rations. Similar findings were observed
on both the casein and FPC-containing
diets.® The relative increase in adrenal weight
of thyroid-fed rats over that of animals fed
the unsupplemented basal rations was less for
animals fed the FPC-containing diet than
for those fed the diet containing casein. Find-
ings are summarized in Table I.

Mortality. Data obtained in the present
experiment confirm earlier findings that mas-
sive doses of thyroid result in a high mortali-
ty during the first 4 weeks of feeding in
immature rats fed a low fat purified diet
containing casein as the source of dietary
protein and sucrose as the dietary carbohy-
drate (4, 5). In contrast to the above a
highly significant reduction in mortality oc-
curred in rats fed similar doses of thyroid in
conjunction with the FPC-containing diet. At
the 0.25% thyroid level the incidence of
mortality which was 55.6 and 44.4% for male
and female rats, respectively, after 28 days
of feeding on the casein-containing diet was
reduced to 0% on the FPC-containing diet. A
significant reduction in mortality also oc-
curred at the 0.5% thyroid level in rats of
both sexes fed the FPC-containing diet. Find-
ings are summarized in Table I.

Discussion. Available data indicate that re-

6 Additional findings indicate that the ovaries
of thyroid-fed rats remained infantile in weight
and microscope  appearance on  both  the
casein and FPC-containing diets.




339

FPC AND SURVIVAL

*dnoi8 1od raqunu
[euI8io oY} WBY} SSO[ SEAM ISWINU SIY) UOYM PISBY oIB $058I0A% UOTUM UO PUB POATAINS YOIYM S[EWITUE JO IOQUWINU OY) 9}eorpur sosoyjuesed ut senjep ,

L9T y'gg 8°9% g8 092 (02) 1'¢8 1°6% $3 (<] *q
00 z'ge 8'8¥ S9% €89 626 T'6% ST ez'0 °q
00 6'13 INd 308 36% 9'e1L 3'6¥ 31 00 9
g'39 708 [t 819 al8 () 8'16 6% ¥3 i} s
9% 08 e'e¥ 609 198 (01) 2’86 3'6% 81 ez'0 v
00 13 (< 34 Le8 08s 0FIT 3'6¥ 31 00 'y
sorewd I
803 618 c'6% Qlg 368 (61) L30T ] ¥3 g0 °q
00 €83 8'¢¥ 38% 2g8 9031 €3¢ 8T ez'0 °q
00 eFI oIg 108 829 $°991 $'3¢ ot 00 q
0°GL 6'9¢ €38 G609 888 (9) ¢'68 €8s $3 <] 'Y
9'cg 8'63 0'L% 98¢ 836 (8) 9°c0T 238 8T ez'0 vV
0'0 ia4! 8'T¢ gIg 369 8891 ¥'39 3l 00 v
SA[BI
(%) (3m £poq jo (Bw) 3 (mdLpoqzod  (8m)3m (8) Surpooy 3) sjel $o1p U1 (301q@)
poriad Lep 3 001/8wm) [BURIpE 00T/Sw) Im IB[NO1I} Jo siep 83 1M £poq 0 'ON (%) proafyy, dnos3
-83 1940 M [BUDIDPY AY JB[NITIJUD A “URA AY 1913e 1M £poq Ten3TuUy AIR191(T
Ly1e3I0IN ur ure§ Ay

»'P101£YJ, PO}eodIsa( JO §9SO( 9TX0,], PoL SI8Y JO [BATAING 038JUs010J pue s3ySoM [Bu
-0IpV pue Ie[nonjudp ‘juswierdu] JySom oy} uo uwjolg Liejer( JO seoinog se OJJ PuB umese) Jururejuo) SIONQ FO s}09fq eaneredwo) ‘I TIIVI



340

quirements for a number of nutrients are
markedly increased in the hyperthyroid ani-
mal (14). This is particularly true for some
of the B vitamins. An increased requirement
for thiamine (15, 16), pyridoxine (17), pan-
tothenic acid (17), folic acid (18) and vita-
min By, (19, 20) has been demonstrated fol-
lowing the administration of large doses of
thyroactive substances in the rat. In addition
to the above, requirements are increased for
at least one additional factor as well. Supple-
ments of desiccated whole liver prolonged
survival and counteracted the retardation in
growth (5, 6) and inhibition of ovarian de-
velopment (21) of immature rats fed massive
doses of thyroid in conjunction with low fat
purified diets containing casein as the source
of dietary protein and sucrose as the dietary
carbohydrate. Other supplements such as
yeast (4, 5) and dried penicillin mycelia (7),
however, were highly active in prolonging
survival under conditions similar to the above
but were without protective effect in coun-
teracting the retardation in growth and inhi-
bition of ovarian development. These findings
suggest that the survival-prolonging factor
may be distinct from that which promotes
growth and ovarian development. Available
data indicate that the protective factor or
factors in the above supplements is distinct
from any of the known nutrients (5, 10).

Present findings indicate that substituting
FPC derived from whole fish for casein as the
source of dietary protein in low fat purified
diets containing sucrose as the dietary carbo-
hydrate significantly prolonged the survival
time of thyrotoxic rats. Since the retardation
in growth and increment in ventricular
weight of thyroid-fed rats on the FPC-
containing diet were comparable to that of
rats fed the diet containing casein, it would
appear that the protective effect of FPC was
not due to an interference with the absorp-
tion or utilization of the administered thyroid
hormone. Further studies are indicated di-
rected toward the concentration, isolation,
and identification of the factor or factors in
FPC responsible for its protective effect un-
der conditions of the present experiment and
its modus operandi.

Summary. A high incidence of mortality
apparently due to cardiac failure occurred
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within 28 days of feeding in immature rats
fed massive doses of thyroid in conjunction
with a low fat purified diet containing casein
as the source of dietary protein and sucrose
as the dietary carbohydrate. Substituting fish
protein concentrate for casein in the above
diet resulted in a highly significant reduction
in mortality.
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