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The early experimental findings of Ehrich and
Krumbhaar (1937) in rats and those of Alpern
et al. (1941) in dogs indicated that ingestion of
amphetamine caused a depression of food con-
sumption. Similar findings in humans were ob-
served by a number of clinical investigators
(Davidoff and Reifenstein, 1937; Nathanson,
1937; Ulrich, 1937) and soon thereafter other in-
vestigators indicated that amphetamine could
advantageously be used as an appetite depressant
in the clinical management of obesity (Lesses and
Myerson, 1938; Rosenberg, 1939).
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Such studies prompted pharmacologists to de-
vise experimental procedures which could be used
to demonstrate drug-induced anorexia. Among
the first investigators to attempt such an experi-
ment was Tainter (1944).

Most of the procedures employed to demon-
strate anorexia consequent to drug action proved
to be difficult to carry out in that, frequently, the
drug had to be administered over extended time
intervals; quantification of activity was then
unreliable.
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The present investigation was undertaken with
a view toward rectifying these difficulties. Ac-
cordingly, an attempt was made to devise a pro-
cedure which would be rapid, simple, and highly
quantitative with respect to appraisal of anorectic
activity.

In the course of evaluating this procedure by
tests with various anorexigens, two agents which
were synthesized and described chemically by
Poos et al. (1963) appeared to display striking
activity as feeding suppressants. The structures
of these substances are:
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A description of the relative anorectic proper-
ties of these agents and other well-known ano-
rexigens will be presented.

METHODS. Assessment of drug-induced anorexia.
Male Sherman albino rats and, subsequently,
Holtzman rats weighing between 250 and 658
grams were used. The animals were housed in-
dividually in cages placed in a room maintained
at approximately 22°C. Usually an experiment
was carried out with a full rack of 60 animals.

The rats were fed a standard rat pellet diet
(Rockland) and water ad libitum. In addition, it
was found that the rats were extremely fond of
beef broth (0.75% aqueous solution of Bacto-beef
broth available as a bacteriological culture me-
dium in 0.9% NaCl) and would consume this ma-
terial in the presence of and in preference to rat
food.

The broth was presented in a centrifuge tube



368

graduated to 50 ml in 1-ml intervals. The tubes
were inverted and clamped to a standard cage,
with a stainless steel sipper tube inserted in a
rubber stopper. The quantity of broth was meas-
ured directly from the graduated scale upon place-
ment on the cage. Control broth consumption was
noted for 4 days; on the fifth day the animals
were randomized, weighed, and divided into
groups varying in number from 7 to 11, usually 10.

The animals were used to test drug activity at
intervals of no less than 7 days. One hour prior to
feeding, the rats were treated with varying
amounts of drug, given orally by stomach tube
in aqueous solution or suspension, the volume of
which was kept constant according to the weight
of the animal. A control group was given an
equivalent volume of water orally. After termina-
tion of the 15-minute broth consumption ‘‘test’
period, the tubes were removed from the cages.
The amount of broth consumed was expressed in
ml/kg; mean broth consumption was determined
for the control group and the drug-treated groups.
Using the analysis of variance procedure (Snede-
cor, 1956), the means of the various drug-treated
groups were compared with the mean of the con-
trol group to determine if any statistical difference
in broth consumption occurred.

It was found that drug activity could also be
assessed in a quantal manner by obtaining per-
centages of animals which consumed at least §
ml/kg of broth as opposed to those which did not.
This was possible since control experiments
revealed that all control animals at all times con-
sumed more than 5 ml/kg of broth. Regular dose-
response relationships were observed when differ-
ent dose levels of the same compound were
administered to different groups. Then, by use of
conventional probit transformation procedures as
described by Litchfield and Wilcoxon (1949),
ED50 determinations were calculated for a drug’s
ability to suppress feeding.

Appraisal of drug-evoked changes in behavior and
locomotor activity. Male rats of the same derivation
as those used in the anorectic experiments were
studied after oral administration of drugs at
various dose levels, to appraise drug-induced gross
behavioral changes which would incapacitate the
animal, such as tremor, convulsion, or immobiliza-
tion due to apparent depression.

Using rats of the same type, drug-induced
changes in locomotor activity were also measured
by the number of revolutions produced by a rat
when placed in a roller, treadmill (Wahmann)
cage. Cross-over type experiments were carried
out using 6 rats and 6 cages in each study. In the
first study the rats were numbered 1 to 6, placed
in cages numbered 1 to 6 and allowed to revolve
the cages for exactly 2 hours. The number of
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revolutions, which were counted mechanically,
was recorded. Following this interval the rats
were given orally the following substances in
numerical order: 1) H,0, 2) methamphetamine,
3) d-amphetamine, 4) phenmetrazine3, 5) McN-
742, and 6) McN-822. These drugs were given at
predetermined ED50 anorectic dose levels. Fifteen
minutes after the termination of the first ‘re-
volving”’ period the rats were again placed in
their respective cages for another 2-hour period
with a recording of the revolutions made. After a
3- or 4-day period without drug treatment the
rats were again used in the same manner but
rotated so that rat %1 was given drug %2, meth-
amphetamine, instead of water, and rat %2 re-
ceived drug #3, efc. Such a rotation was repeated
at 3-day intervals until each animal was sub-
jected to each treatment twice.

In a second study, using the same method, the
following substances were used: 1) H.O, 2) meth-
amphetamine, 3) amphetamine, 4) d-amphet-
amine, 5) phenmetrazine, and 6) diethylpropion.*

The activity for each drug treatment was
pooled and compared statistically (1) for differ-
ences between the H,O-treated and drug-treated
animals studied during the same time intervals;
and (2), using the animals as their own controls,
comparing the preliminary 2-hour session in the
roller cages with the session subsequent to drug
administration. The analysis of variance pro-
cedure (Snedecor, 1956) was used to determine if
statistically significant differences occurred among
the various groups.

Test drugs. The drugs used in this study were
the following: dl-amphetamine HCI, l-amphet-
amine HC], d-amphetamine SOy, chlorpromazine
HCl, methylphenidate HCI5, phenmetrazine
HCI, phendimetrazine HCI, diethylpropion HCI,
methamphetamine HCI, pentylenetetrazol, niketh-
amide, caffeine, and the two oxazolines already
mentioned. All drugs are indicated as free bases
and not as salts.

ResuLts. Preliminary studies. Initially, the
rats had to be motivated to consume broth regu-
larly and uniformly. This was accomplished by
first starving the animals overnight (17 to 24
hours) and then restricting the nutrient source
exclusively to broth.

After their initial introduction period the rats
were given broth 5 days/week while having avail-
able standard rat pellet food and water ad libitum.

3 Generously supplied by Ciba Pharmaceutical
Products, Inc.
tic‘a generously supplied by Geigy Pharmaceu-

5 Generously supplied by the W. S. Merrell
Company.



1963

TABLE 1
Comparison of various anorezigenic drugs
in producing an inhibition of broth

consumplion in rats

DRUG INHIBITION OF FEEDING

Measured Quantal
Response Response
Drug ll))t");‘e,
(mg/ke) br(?t‘he.;:m- N?ir{:ﬁnzot Ixz';i-
s?nl:‘l%?)n No. tested bition
MecN-742 0 42.7 0/10 0
2 29.0 1/10 10.0
4 18.22 2/10 20.0
8 4.7 7/10 70.0
10 6.7¢ 7/10 70.0
d-Ampheta- 0 36.1 0/9 0
mine 2.8 12.0° 2/8 25.0
5.7 13.0° 3/7 43.0
11.4] 2.0° 7/8 87.5
Amphetamine 0 42.1 0/10 0
3.2| 34.4 0/10 0
4.7 34.7 1/10 10
6.3 25.0 2/10 20
7.9 18.0° 2/10 20
l-Ampheta- 0 33.2 0/10 0
mine 3.9 36.6 0/10 0
6.3 22.3 0/10 0
8.7 21.1 0/10 0
11.0] 26.8 0/10 0
0 33.9 0/10 0
15.8 21.9 1/10 10
19.7] 27.9 0/10 0
43.3] 7.2 0 3/9 33.3
McN-822 0 23.9 0/11 0
3 25.9 0/11 0
6 14.5 4/11 36.3
9 1.1 5/11 45.4
12 7.1 7/11 63.6
Methampheta- 0 36.1 0/9 0
mine 4 16.4¢ 1/8 12.5
8 6.6° 3/7 43.0
16 5.1 6/7 85.7
Diethyl- 0 26.1 0/10 0.0
propion 14.00 7.7 6/10 60.0
18.7| 10.0* 5/10 50.0
23.3| 3.1 8/10 80.0
28.4| 2.6° 9/10 90.0
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TABLE 1 (Cont.)

1 Measured Quantal
Response Response
Drug I:)o‘s)e,
(mg'/lég) bmlgl:::%m N%n'r:gn?‘ %.
bmpien | ke 1o
(ml/kg) | No. tested
Methyl 0 27.6 0/10 0.0
phenidate
8.7 17.1 3/12 25.0
26.00 7.6° 6/11 54.5
52.0f 6.8 7/12 58.3
104.00 0.0* b 12/12 [ 100.0
Phendimetra- 0.0 25.6 0/12 ! 0
zine 21.0p 22.2 1/7 14.3
42.0| 14.2 2/7 28.6
84.0 1.9 6/8 75.0
Phenmetra- 0.0] 30.1 0/8 0
zine 24.9| 19.2 1/8 12.5
49.8| 11.6¢° 2/8 25.0
99.6/ 1.6° 7/8 87.5

o Significantly different from control, P < .05.
b Toxic dose level.

The rats were then selected for consistency with
respect to broth consumption. First, only those
rats which immediately began eating when broth
was presented were used. Secondly, the animal
population plotted against the range in daily
broth consumption during a 5-day interval was
determined. Arbitrarily, the one-third of the
animals showing the greatest range were dis-
carded.

To negate the possibility that the rats were
desirous of NaCl and not the nutrient in the
broth a 0.99, NaCl solution was given during one
period. Under these circumstances the rats began
drinking as usual but promptly stopped upon
tasting this solution. Vegetable coloring matter
was then added to the NaCl solution to approx-
imate the color of the broth since conceivably
color could be a factor regulating this feeding.
The same results occurred as with the NaCl solu-
tion, above.

Comparison of the potencies of various anorexi-
gens. Among the drugs used in this study, it was
found that pentylenetetrazol, nikethamide and
caffeine did not produce a significant depression
of broth consumption until dose levels were
reached which obviously impaired normal loco-
motor activity. Likewise, central depressants also
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inhibited this feeding pattern only if motor activ-
ity was impaired but not at dose levels below this.
Surprisingly, chlorpromazine given orally at a
dose level, 5 mg/kg, which produced definite ob-
servable ataxia did not decrease broth consump-
tion in rats.

The studies revealed that the anorexigenic
drugs depressed desire for broth significantly, and
an amplified summary of these findings is shown
in table 1. It should be noted that the compounds
are arranged in a descending order of potency.
As can be seen, a reasonable dose-response pattern
was obtained. Furthermore, there was a correla-
tion between the data expressed in a measured
(graded) manner and those expressed in a quantal
manner.

A summary of a quantal analysis of activity of
various anorexigens is given in table 2. The
anorexigens are arranged in descending order of
apparent potency. In order to determine whether
these apparent differences in activity were sig-
nificant, the dose-response curves were first
tested for parallelism. If they were parallel, the
differences in apparent activity were then ex-
amined to determine if these differences were
significant according to the method of Litchfield
and Wilcoxon (1949). These data are given under
the section headed ‘‘significance.” In the first
column of this section all drugs were compared to
the drug with the greatest apparent potency, d-
amphetamine. No significant difference in po-
tency from this agent is shown by a 0 in line with
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this drug. If, however, a drug did differ sig-
nificantly in potency it is denoted by a +. In the
second column all subsequent drugs were com-
pared in this manner with the second drug; in the
third column a similar comparison was made
with the third drug, etc.

From these data it is readily apparent that
these agents may be divided into three groups
with respect to potency in the rat. The most po-
tent drugs are d-amphetamine, McN-742,
methamphetamine and McN-822. The group of
intermediate potency is comprised of ampheta-
mine, diethylpropion, and methyl phenidate,
while phenmetrazine and phendimetrazine are the
least active of the agents tested in the rat.

It is important to note that duplicate or tripli-
cate ED50 determinations carried out using d-
amphetamine, methamphetamine and phendi-
metrazine were highly reproducible.

The findings derived from the use of ampheta-
mine indicate that all or an extremely large per-
centage of activity is vested in the d-isomer. This
is indicated by the fact that racemic ampheta-
mine is approximately one-half as active as d-
amphetamine. This difference in potency is
statistically significant. What is of even greater
importance is the finding that l-amphetamine is
totally or in very large part without anorexigenic
activity, as indicated in table 1. As shown, a dose
of 43.3 mg/kg significantly inhibited broth con-
sumption, but at this dose all animals were ex-
tremely hyperactive. Four animals exhibited an

TABLE 2
Comparison of oral activity of appetite depressant drugs in rats

Drug (nlfx%%) Conzsﬁmits 1 2 3 Sign 'ﬁcwcg 6 1 8
1. d-Amphetamine 5.3 3.2-9.0 1
6.2 4.0-9.5
4.3 2.9-6.3
2. McN-742 5.8 3.7-9.0 0 2
3. Methamphetamine 6.0 3.89.6 0 0 3
5.3 3.7-7.8
4. McN-822 8.8 5.7-13.7 0 0 0 4
5. Amphetamine 12. 7.9-19. + 4+ + 0 5
6. Diethylpropion 15.5 12.2-19.7 + + + + 0 6
7. Methyl phenidate 26.0 11.3-59.5 + + + 0 7
8. Phenmetrazine 53.0 29.4-95.3 + + + + + + 8
9. Phendimetrazine 59.0 33.4-104 + + 4+ + + + + 0
59.5 36.1-98.2
59.5 42.7-83.0

° Significance with respect to ED50 values—see REsuLTs.
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intermittent tremor and one died. In spite of this,
6 of the animals still persisted in drinking the
broth.

While, with the above optical isomers, activity
appears to be isomer-dependent, no statistically
significant difference in the anorectic activity of a
pair of geometric or cis, trans-, isomers was noted.
The original compound, McN-822, was the cis-
form and subsequently, the trans-form was
synthesized. These are shown below.

/C——N
C——NH

Cis-form
(McN-822)

The ED50 of the cis-form was 8.8 (5.7 to 13.7)
mg/kg while the trans-form ED50 was 7.0 (4.7
to 10.5) mg/kg.

Methyl phenidate appears to be somewhat dif-
ferent from other anorexigens in that its dose-
response curve is flatter than those seen with
other anorexigens. Although no significant devia-
tion from parallelism of the dose-response curves
was observed between some of the anorexigens
and this agent it was observed with others.
Hence, no comparison of potency could be made
between methyl phenidate and methampheta-
mine, diethylpropion, or phenmetrazine.

In one experiment d-amphetamine was admin-
istered subcutaneously to ascertain that depres-
sion of broth consumption was due to a systemic
drug action and not to a physical effect on the
gastrointestinal wall of the rat, which in turn
would produce an anorectic effect. A dose of 1.5
mg/kg, subcutaneously, significantly depressed
feeding when compared to orally or subcutane-
ously treated controls.

Determination of duration of anorexigenic action.
Studies were carried out with McN-742 and McN-
822 to determine if these agents differed from d-
amphetamine with regard to the duration of the
anorexigenic activity. These substances were ad-
ministered at predetermined ED50 dose levels to
4 groups at 30, 60, 90 and 120 minutes prior to
broth administration along with a control group
receiving a comparable volume of water 30 min-
utes prior to testing.

DRUG INHIBITION OF FEEDING
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The results of these findings are summarized
graphically in figure 1, where broth consumption
in ml/kg is plotted against time. McN-822 and d-
amphetamine produced a statistically significant
decrease in broth consumption at the 30- and 60-
minute intervals. McN-742 was longer acting in
that it produced a significant decrease in broth
consumption after 30, 60 and also 90 minutes.

ssessment of drug-induced changes in locomo-
tton and behavior. Close observation of rats receiv-

CH,

C—N
-~
H }y \C—NH

@ Trans-form

ing oral doses of anorexigens ranging below and
somewhat above the ED50 did not reveal the
presence of untoward, incapacitating responses.
With the higher doses there appeared greater lo-
comotion and a constant searching action. This
activity was particularly evident with methyl
phenidate; and, although this agent does produce
true anorexia, it would appear that the margin
between incapacitating dose levels and anorexi-
genic dose levels is narrower than with other
anorexigens.

To substantiate further the above gross sub-
jective observations that, with the other drugs,
excessive incapacitating motor stimulation did
not occur at anorexigenic dose levels, rats were
placed in “roller cages” and increase in rotation of
these cages was recorded. In the two water-
treated control groups a slight decrease in mean
rotation was seen when the second 2-hour period
was compared to the initial 2-hour period. A
decrease in rotations from 47 to 29 was observed
in the first study and a decrease from 48 to 20 ro-
tations was observed in the second. In the animals
treated with anorectic ED50 amounts of drug
rotation were always increased. However, only
methamphetamine and phenmetrazine signifi-
cantly increased rotation when a comparison was
made between these drug-treated groups and the
corresponding water-control group. When com-
pared to the respective second hour control ac-
tivity (29 and 20), the methamphetamine treated
animals produced a mean rotation of 200, while
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the phenmetrazine treated group displayed a
mean rotation of 123.

It should be pointed out that, although an in-
crease in activity was apparent, this increase was
very moderate and well within the physical capa-
city of the animals. In most instances, less than
one rotation/minute was made under the in-
fluence of the drug.

DiscussIoN. In the present study rats were con-
fronted with making a choice between two kinds
of available foods, viz., rat pellet food and beef
broth. That these animals immediately and in-
variably chose beef broth and ignored available
pellet food indicates a feeding preference on their
part which is strongly suggestive of appetitive
behavior in humans. Likewise, it is suggested that
drug suppression of feeding in these experiments
approximates a suppression of “appetite’” as dis-
tinct from ‘“hunger.” This should not be con-
strued to indicate a selective suppression of “ap-
petite”’ rather than of “hunger”’; in all probability
the drugs studied indiscriminantly suppress all
feeding behavior.

In absolute terms, proportionally larger
amounts of drug were employed experimentally
than would be used clinically. Nonetheless, it
would appear that, from a comparison of anorexi-
genic potencies of various drugs tested, there is
an agreement in the relative order of potency seen
in this test and that which is observed clinically.

The finding that d-amphetamine was the active
anorexigenic component of racemic amphetamine
agrees with the clinical observation first noted by
Rosenberg (1942) and later by Colton (1943),
Williams et al. (1948), and Ferguson (1949). Wil-
liams et al. (1948) also tested l-amphetamine in pa-
tients and came to the conclusion that this ma-
terial was much less active as an anorexigen than
d-amphetamine or amphetamine.

Many other experimental studies may be cited
which indicate that biological activity preferen-
tially occurs with one of a pair of optical isomers.
Likewise, instances have been cited which indi-
cate that preferential biological activity may oc-
cur with one of a pair of geometric isomers (Adam-

F1g. 1. Effect of oral administration of ED50
amounts of d-amphetamine, McN-822 and MeN-
742 on duration of significant inhibition of ap-
petite as measured by depression of broth con-
sumption.

The points which are mean values and are
below the line designated ‘‘significance’” are
significant at P value of .05 or less while points
above line are not.
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son et al., 1951 ; Beckett, 1960; Schueler, 1960). It
would appear that no such specificity is apparent
with geometric isomers in the case of McN-822.

Several new chemical agents have been intro-
duced recently into clinical practice as anorexi-
gens and these have been reviewed from a clinical
and pharmacological standpoint by Friedman
(1960). Among them are phenmetrazine (Bern-
eike, 1954), diethylpropion (Brunchow, 1959),
and phendimetrazine (Stegen et al.,1960). Although
these agents are effective, no distinct advantages
over d-amphetamine are apparent; they are all less
active than d-amphetamine. In this connection,
M¢cN-742 may have advantages over d-ampheta-
mine as an appetite suppressant since, in addition
to being as potent as d-amphetamine, it also dis-
played a longer duration of action.

Although appetite suppression observed with
methyl phenidate is in agreement with the find-
ings of Karczmar and Howard (1959), as shown
in the present study, this substance appears to
display greater central stimulant effects in rela-
tion to its anorexigenic activity than do other
anorexigens.

The findings seen with methyl phenidate and
other central nervous system stimulants indicate
that, although no anorexigenic substance has been
seen which is devoid of central stimulant proper-
ties, central nervous stimulants per se do not in-
duce anorexia. Likewise the degree of central
stimulation of the anorexigens at effective dose
levels appears to be similar, there being at most
only very small differences among the substances
tested.

Until now, the best known and seemingly most
effective anorexigens have been agents containing
a phenethylamine-like chemical configuration or
agents, like phenmetrazine or methyl phenidate,
in which the ethylamine side chain was closed to
form a ring. This study demonstrated that at
least two oxazoline compounds show striking and
selective anorexigenic activity.

SUMMARY

A simple quantitative test procedure for as-
sessing the anorexigenic potential of drugs is
described. The data presented suggest that this
test procedure has as an end point preferential
feeding behavior and may, as a consequence, be a
test which measures drug-induced suppression of
“appetite.”
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Of 10 drugs tested 4 were very potent: d-am-
phetamine, methamphetamine,and two oxazolines,
McN-742 (2-amino-5-phenyl oxazoline) and
McN-822 (2-amino-4-methyl-5-phenyl oxazoline).
A group of drugs of intermediate potency con-
sisted of dl-amphetamine, diethylpropion, and
methyl phenidate. Phenmetrazine and phendi-
metrazine displayed slight potency, and l-am-
phetamine was inactive.

Of the drugs tested, the oxazolines appear to
be very interesting in that McN-742, in addition
to being as potent an anorexigen as d-ampheta-
mine, is longer acting than this substance.

In addition to the quantification of anorexi-
genic potency, the test procedure demonstrated
that, at effective dose levels, all of the anorexigens
display a similar degree of central nervous system
stimulation. It appears that a drug, to be vested
with anorexigenic activity, must also be a central
nervous stimulant. However, not all central
nervous stimulants are anorexigens.

AckNOWLEDGMENTS. The authors wish to ex-
press their thanks to Miss Janet McGowin and
Miss Edwina M. Heil for their technical assistance
and to Mrs. Geraldine B. Wexelblat for her help
and counsel in the preparation of this manuscript.

REFERENCES

ApamsoN, D. W., BARRETT, P. A., BILLINGHURST,
J. W. anp GREEN, A. F.: Nature, Lond. 168:
204, 1951.

ALPErN, E. B., FINKELSTEIN, N. aND Gourr,
W. H.: Amer. J. Physiol. 183: 195, 1941.

BeckeTrT, A. H.: Angew. Chem. 72: 686, 1960.

BeRrNEIKE, K. H.: Med. Klinik 49: 478, 1954.

Bruncrow, E.: Symposium on Anti-Bacterial
Therapy, Mich. Acad. Gen. Pract., 1. 10, De-
troit, 1959.

CorTton, N. H.: Amer. J. med. Sci. 208: 75, 1943.

Daviporr, E. AND REIFENSTEIN, E. D., Jr.: J.
Amer. med. Ass. 108: 1770, 1937.

EnricH, W. E. AND KRUMBHAAR, E. B.: Ann.
intern. Med. 10: 1874, 1937.

FErGuson, H. E.: Virginia med. (Semi-) Mon.
76: 222, 1949.

FriepmaN, G.: N.Y. St. J. Med. 60: 2277, 1960.

KARczMAR, A. G. anD Howarp, J. H., Jr.: Proc.
Soc. exp. Biol., N. Y. 102: 163, 1959.

Lesses, M. F. AND MyERsON, A.: New Engl. J.
Med. 218: 119, 1938.

LircarieLp, J. T., Jr. anp WiLcoxon, F.: J.
Pharmacol. 96: 99, 1949.

NATHANSON, M. J.: J. Amer. med. Ass. 108: 528,
1937.

Poos, G. 1., RoseEnau, J. D., Carson, J. R,,
KeLLEY, N. M., McGowIN, J. AND ROSZKOWSKI,
A. P.: J. med. pharm. Chem., in press, 1963.



374

ROSENBERG, P.: Med. World, Lond. 57: 656, 1939.

ROSENBERG, P.: Med. World, Lond. 60: 210, 1942.

ScHUELER, F. W.: Chemobiodynamics and Drug
Design, 1st ed., p. 231, McGraw-Hill Book Co.,
Inc., New York, 1960.

SNEDECOR, G. W.: Statistical Methods, 5th ed.,
p. 251, Iowa State College Press, Ames, 1956.

ROSZKOWSKI AND KELLEY

Vol. 140

STEGEN, M. G., ZsoTER, T., Tom, H. AND CHAP-
PEL, C.: Toxicol. appl. Pharmacol. 2: 589, 1960.

TaINTER, M. L.: J. Nutr. 27: 89, 1944.

ULricH, H.: New Engl. J. Med. 217: 696, 1937.

WiLniams, R. H., DaucHADAY, W. H., ROGERS,
W. F., Jr., AspER, S. P., JR. aND ToOWERY,
B. T.: Ann. intern. Med. 29: 510, 1948.





