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tion of phenyl quinone into the abdominal
cavity. Much work (including spinal ani-
mals) remains to be done in order to elucidate
the mechanism of this syndrome.

Discussion. Tt is not known whether the
“syndrome” is closely associated with pain
and the method may also lack some of the
critical requirements for an ideal analgesic-
testing method as outlined by Goetzl et al.
(3). However, it has been shown that the
“syndrome” caused by a noxious stimulus
exerted in the abdominal cavity can be speci-
fically blocked by local anesthetics (adminis-
tered locally) and by analgesics (adminis-
tered systemically). Furthermore, there is a
good correlation between clinical efficacy of a
number of analgesics and their potency as es-
tablished by this method. In addition, the ac-
tivity ratios of several narcotic analgesics are
in general agreement with the experimental
results reported in the literature. Therefore,
it seems that the present method would serve
best in evaluating, with the greatest clinical
predictability, analgesic potency in laboratory
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animals.

Summary. A simple method has been de-
signed for evaluating both non-narcotic and
narcotic analgesics. The method is based
upon the specific antagonism of analgesics to
the typical “syndrome” produced by intra-
peritoneal injection of 2-phenyl-1,4-benzo-
quinone in mice. The antagonism occurs at
doses far below those producing depression or
other toxic effects. There is also a good cor-
relation between clinical efficacy of a number
of analgesics and their relative potency as es-
tablished by this method. The endpoint is
sharp, and the method is simple and quanti-
tative.
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It is established that the greater proportion
of the carbohydrates in the diet of ruminants
is absorbed as lower fatty acids of which
acetic, propionic and butyric predominate(1).
It appears, moreover, that on a roughage diet
little or no enzymatically digestible carbohy-
drate escapes ruminal fermentation to the
volatile acids(2,3), and that acetic acid is a
major tissue metabolite of ruminants(4,5).
Thus, it can be reasoned that the peculiarity
of ruminant nutrition in contrast to that of
the simple-stomach animal may be in the kind
of substrate in the diet serving as the primary
source of energy rather than in terms of rew
nutritional entities.

Procedure.t The formulas of the experi-

* Approved by Director of Research for publica-
tion as Paper No. 817 in the Journal Series.

mental diets are presented in Table I. Diet 1
was formulated along the lines of purified
diets used for small laboratory animals; diet 2
contained acetic, propionic and butyric acids
to simulate the predominant volatile acid end
products of ruminal fermentation on a forage
diet(6); diet 3 contained cellulose to simulate
a roughage diet. Thirteen lambs, 1 to 3
weeks old, were separated from their dams
and placed on a regimen of fortified fresh
cow’s milk (7) administered via nippled bot-
tles. At approximately 3 months of age, 12
of these lambs were allotted at random to the
experimental diets in a randomized block de-
sign; the extra lamb was assigned arbitrarily

t The authors express their sincere appreciation to
Mr. F. A. Lane for his care and feeding of the
animals.
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TABLE I. Purified Diets Used in Investigation.

Components Diet1 Diet2 Diet3d
— Yo —

Casein 30 30 30
Glucose* 36 24.1 16
Hydrogenated veg. oilt 4 4 4
Corn starch 20 20
Celluloset 20
Salts of lower fatty acidsi 31.9
Vitamin mixture§ 5 5 b}
Mineral mixture 5 5 5Y

* Crystalline glucose, Corn Products Sales Co.,
Norfolk, Va.

t Grateful acknowledgment is made to Buckeye
Cotton Oil Co., Cineinnati, Ohio, for Primex B and
C (pure vegetable shortening) and alpha cellulose
cotton linter pulp.

1 Ca propionate 4.8¢¢, Na propionate 3%, Na
acetate Y0, K acetate 8.5%, Mg acetate 3%, and
Na butyrate 3.6%. Grateful acknowledgment is
made to E. I. duPont Je Nemours and Co., Wil-
mington, Decl,, for Ca und Nua propionate and to
Farmers Cooperative Exehange, Raleigh, N, C,, for
acetate and butyrate sults,

§ Vit. mixture/100 b diet: thiamine HCI, 400
mg; riboflavin, 850 mg; nicotiniec acid, 1.13 g; Ca
pantothenate, 1.42 ¢; pyridoxine 11CL 570 mg; fo-
lic acid, 57 mg; p-aminobenzoie acid, 1.13 g; ino-
sitol, 11.35 g; biotin, 11.4 mg; choline chloride,
11345 g; menadione (2-methylnaphthoguinone),
115 mg; 0.1% vit. By, (with mannitol), 466 g:
alpha tocopherol accetate, 370 mg; glucose, 2132 ¢,
Acknowledgment is gratefully made to Merek and
Co. for coutributing the vitamins,

Admin. 4000 I.U. A and 400 LU, D/duay, 100 1H
body wt via capsules generously contributed by R.
P. Scherer Corp., Detroit, Mich.

+ Mineral mixture,/ 100 1b diet: CallPO,, 518 g
KCI, 273 g; NaCl, 239 g; MgsO,, 204 g; Cus0, -
5H,0, 893 mg; FeSO0,.2H,0, 7643 wg; Muso, -
11,0, 1399 mg; Zn0, 2263 mg; CoCOy Y mg; glu-
cose, 122 g,

{ Mineral mixture/100 1b diet:
Cu, Fe, Mn, Zn and Co, 12 g (See 1) ; NIL,CL, 138
g; HyPO, (85%), 226 g; glucose, 1892 g.

trace ]l]illl’l'.‘l].\'.

to diet 2. The change-over from the basal
milk diet to the dry experimental diets was
effected in approximately 3 weeks. The lambs
were fed individually in pens made of alu-
minum pipe siding and wooden slatted floors.
Lambs receiving diets 1 and 3 were fed od
libitum, whereas those receiving diet 2, be-
cause of its deliquescent nature, were re-
stricted to the amounts they would consume 3
times a day. The animals were weighed at
weekly intervals. Blood samples were taken
biweekly, before the morning feeding, from
the jugular vein of the experimental animals.
The serum of these samples was analyzed for
calcium, phosphorus and magnesium by the
methods used by Hawkins et a/.(8) and iron
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FIG. 1. Responses of 2 lambs to diets 1 and 3,

followed by diet 2.

and copper by the methods described by Ma-
trone et al.(9). Hemoglobin was determined
by the method of Shenk e @l.(10) and blood
glucose by the method of Mendel et al.(11).

Results. After 18 weeks on experiment,
only the lambs on diet 2 had made appre-
ciable gains (Table II). In view of these
results, one lamb on diet 1 and one lamb on
diet 3 were changed to diet 2. The response
of these animals to diet 2 (Fig. 1) was
marked. The average daily gain for these 2
lambs over a 12-week period was 0.41 lb, and
the average feed efficiency 3.1 lb of feed/lb
of gain.

The 40-week gains of the animals contin-
ued on original treatments are shown in Table
IT. It is apparent that the superior response
of lambs receiving diet 2 over those receiving
either 1 or 3 was maintained. These data
also indicate that the lambs fed diet 3 gained
more than those fed diet 1. Feed intake paral-
leled the gains, e.g., during the last 15 weeks
of the 40-week experimental period the aver-

TADLE IT. Averages of Initial Weights, 18-Weck
Gains and 40-Week Gains of Lambs on 3 Purified

Diets.

Initial 18-wk 40-wk

Diet No. wt, Ib gain, Ib gain, b
1 26 b (4)* 6.7 (3)t
2 20 27.0 (5) 68.5 (4)%
3 20 2.0 (4) 183 (3)t
* No. in parentheses — No. of lambs receiving

diet.

t One lamb changed to diet 2 (Fig. 1).

} One animal died; autopsy revealed gastro-en-
teritis and extensive passive congestion of both
lungs.
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age daily intake per lamb was as follows:
diet 1, 0.64 1b; diet 2, 1.42 lb, and diet 3,
0.93 Ib.

Other differences were also observed. Lambs
on diets 1 and 3 ate their own wool in char-
acteristic patterns determined by their ability
to reach certain areas of their bodies, whereas
the lambs on diet 2 were not observed either
eating their own wool or with areas denuded
of wool. It was observed, moreover, that the
lambs on diet 2 appeared to have a higher
than normal respiration rate, which was ac-
centuated on hot days. This effect might
have been a contributing factor in the death,
during the summer, of the most rapidly grow-
ing lamb. Autopsy revealed gastro-enteritis
and extensive passive congestion of both
lungs. Several times thereafter during the
summer, when other lambs on diet 2 devel-
oped an excessive rate of respiration, it was
reduced by spraying them with water.

The mineral constituents of the serum (cal-
cium, magnesium, phosphorus, iron and cop-
per) and hemoglobin of the blood of all of the
experimental animals were within the normal
range. Glucose levels of the blood, which
averaged 42.6 -+ 10.5, 41.6 = 10.8, and
44.6 = 11.2 mg % for the lambs receiving
diets 1, 2 and 3, respectively, were not sig-
nificantly different.

Discussion. The data that have been pre-
sented strengthen the view that the volatile
fatty acids play a vital role in ruminant nu-
trition. The results with growing lambs in
this investigation are in accord with- supple-
mentary observations with 3 mature scheep,
in which weight changes during a 4-month
period were as follows: diet 1, —50 1b; diet 2,
+11 Ib, and diet 3, ~16 Ib. The higher res-
piration rate observed in the animals fed the
diet containing the salts of the volatile fatty
acids may possibly be the result of the higher
specific dynamic action associated with the
metabolism of acetate(3). Another possibil-
ity is that a “subclinical” alkalosis resulted
from the high cation content of the diet.

The poor growth of the animals receiving
diet 1 was probably due, in part at least, to
the changes that occurred in the dietary
starch and glucose in the rumen rather than
to the inadequacy of the diet. Except for a
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lower percentage of fat, diet 1 is quite similar
to synthetic milk diets used successfully with
young calves by Wiese et al.(12) and Blaxter
(13). Under our conditions, moreover, lambs
fed a fortified milk diet(7) grew in an appar-
ently normal manner to a weight of 80-90 Ib.
In the experiments cited, however, the diets
were fed in liquid form via nipples. In such a
procedure, presumably the diet bypasses the
rumen to a considerable extent and thereby
escapes ruminal fermentation. When the diet
is fed in the dry form, most of it would be
expected to enter the rumen, where the diet-
ary starch and glucose are fermented, prob-
ably to lactic acid(1). Although under nor-
mal circumstances lactic acid in the rumen
is unstable and is fermented further to pro-
pionic and acetic acids(l), under heavy
starch feeding the lactate may remain in the
rumen in considerable concentrations and the
pH then may become very acid(14). It is
possible that such a sequence of action took
place in the rumen of the animals fed diet 1,
since its content of starch and glucose is high.

The growth obtained with the lambs fed
the cellulose diet was below expectation. One
possible explanation of this result may be that
the inoculum for a normal rumen flora was
absent, since the animals were housed away
from older ruminants and had access only to
purified ingredients. The study with mature
sheep, in which the .animal on diet 2 gained
11 b whereas the animal on diet 3 lost 16 1b,
suggests that other factors were also involved,
since presumably the sheep started with a
normal rumen flora. -

Summary. The efficacy of 3 purified diets,
each containing a different mixture of energy-
yielding constituents, for growth of lambs was
investigated.  Preliminary results - indicate
that lambs fed a diet containing glucose and
31.9% of the salts of volatile acids, :acetic,
propionic and butyric, performed better than
lambs on diets containing either starch and
glucose or starch, glucose and cellulose.
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Siperstein. Nichols. and Chaikoff(1) suc-
cessfully prevented hypercholesterolemia in
cockerels by addition of ferric chloride to a
diet rich in bile concentrate and cholesterol.
They based their work on two well-known
facts: 1. Cholesterol absorption in the intes-
tinal tract of the rat is hindered if bile is not
present(2): and 2. Ferric chloride precipi-
tates bile salts, in vitro. In our previous ex-
periment (3), addition of varying amounts of
ferric chloride to cholesterol-rich diets did not
prevent the accumulation of exogenous choles-
terol in mouse liver. Friedman, Byers, and
Gunning (4) showed that in rats excess organ
cholesterol is converted to bile acids prior to
excretion. It has been shown by Hummel(5)
that the mobilization of excess liver choles-
terol in mice is prevented by dietary bile
acids. It would follow from these observa-
tions that any substance which would remove
bile acids from the intestinal tract, should in-
crease the rate of cholesterol mobilization.
This experiment attempts to answer 2 ques-
tions: Does the addition of ferric ions to the
diet increase rate of liver cholesterol mobiliza-
tion in mice with elevated liver cholesterol?
Do ferric ions reverse effects of dietary cholic
acid?

* This investigation was supported, in part, by
grant from Michigan Heart Assn.

Methods. Approximately 200 albino fe-
male Webster strain mice, weighing 15-20 g,
were placed on a cholesterol-free diet
(CF.D.) for 2 weeks. The animals were
then divided into 2 groups: Group A with 40
mice, and Group B with 160 mice. Group A
was continued on the basic C.F.D. while
Group B diet was supplemented with 1%
cholesterol and 0.5% cholic acid. After a 3-
week period on this regime, 7 Group A and 10
Group B animals were sacrificed. As shown in
Table I, the supplemented diet resulted in a
significant build-up of liver cholesterol in the
Group B animals, but in no change in either
total lipids or phospholipids. After this build-
up period, the remaining Group B animals
were divided into 4 groups of approximately
40 mice each and placed on the following
diets: Group C received the C.F.D.; Group D
received the C.F.D. plus 0.5% cholic acid;
Group E, C.F.D. plus 1% ferric ions; and
Group F, C.F.D. plus 0.5% cholic acid and
1% ferric ions. At weekly intervals about
one-fourth of the mice from each group were
sacrificed by decapitation. The livers were
immediately excised, drained of excess blood,
weighed, and quick frozen. The livers were
dried over phosphorous pentoxide, weighed,
and extracted with a 1:1 mixture of methanol
and chloroform. Aliquots of the extracts were



