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PREFATORY NOTE.
THROUGHOUT this paper vitamin B refers to the accessory food factors present
in yeast. We have satisfied ourselves that pigeons fed on a synthetic diet of
the type used throughout this work but supplemented with 4 % of yeast
extract that has been heated with alkali for 4 hours to destroy the "anti-
neuritic " factor behave exactly as do those which receive the unsupplemented
ration. The presence of the treated yeast extract, providing amongst other
substances the heat-stable factor [Hassan and Drummond, 1927], does not
ameliorate the condition, or retard the decline or the onset of nervous
symptoms, at any rate in the case of birds feeding voluntarily.

INTRODUCTION.
In previous communications [Drummond and Marrian, 1926; Kon and

Drummond, 1927] of this series it has been pointed out that a large proportion
of the abnormalities exhibited by animals deprived of vitamin B is due to
the inanition that results from the failure of appetite rather than to any
specific effect of the deficiency itself.

From the studies of the rat and of the pigeon it appeared that the lowered
body temperature and metabolism, the loss of weight and atrophy of most
tissues, and the hyperglycaemia could be so regarded, but it was not certain
from these studies or the researches of earlier workers how intimately the
nervous manifestations and the hypertrophy of the adrenal glands were related
to starvation.

The investigation reported in this paper was carried out with the object
of throwing light on these two points.
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EXPERIMENTAL.
In the first experiment the pigeons were divided into four groups in such

a manner that the average weight of each group was as nearly as possible
the same. All were deprived of food with the exception that ample supplies
of water were available. It must be remembered that simple starvation may
be considered as one form of vitamin B deficiency. The birds in groups
A and C served to differentiate between the effects of withholding food in
presence and absence of vitamin B, in that the latter received every day
10 cc. of an aqueous 10 % solution of yeast extract (marmite) administered
directly into the crop by a rubber tube.

In addition there were two other groups, B and D, similar to A and C
except that each bird received daily from 100 to 200 cc. of water introduced
directly into the crop in two equal doses every morning and evening.

These two groups were studied in order to investigate the claims of
Chamberlain, Bloombergh and Kilbourne [1911], Chamberlain and Vedder
[1911] and of Eijkman and van Hoogenhuyze [1916] to have produced the
characteristic nervous symptoms of vitamin B deficiency in fowls and pigeons
by "washing out" the birds with large volumes of water during the course
of starvation.

In the second experiment three groups of pigeons were fed on a diet
deficient in vitamin B. An artificial diet of the type used by Randoin and
Simonnet [1924] was used. The diet was composed as follows:

Rice starch ... ... 66% Butter ... ... ... 4 %
Caseinogen ... ... 16 % Paper pulp ... ... 2 %
Agar-agar ... ... 8 % Salt mixture (McCollum) 4 %
The birds in group F were allowed to feed voluntarily on the deficient

diet. Those of group G were forcibly fed with about 20 g. of the diet daily,
whereas those of group H were forcibly fed with about 15 g. of the deficient
diet and in addition were given daily 1 g. of yeast extract, in order to serve
as a control against the diet and the possible ill effects of the forcible feeding.
The diet could be readily introduced into the crop in a coarsely powdered
form by pouring it down a wide bore glass tube and regulating the rate of
flow with a thin glass rod.

All the birds were starved for 24 hours before the "initial weight" was
recorded, in order to eliminate errors due to a loaded crop.

General behaviour of the starving birds.
Apart from a steady loss of body weight and an initial fall in body tem-

perature the birds did not display any striking symptoms for the first few
days. Later the feathers became ruffled and the birds seemed disinclined for
movement of any sort, although they appeared to be quite strong when they
desired to walk or fly. The final phase usually appeared with great suddenness
and was characterised by rapid onset of muscular weakness and a sharp fall
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in the body temperature, closely resembling the condition described in rats
[Drummond and Marrian, 1926]. This dramatic collapse nearly always
occurred in the very early morning hours, and we think it probable that
nervous symptoms similar to those which we observed in the birds of all
groups have escaped the attention of most investigators in the past because
close observation of the animals during the whole 24 hours was not main-
tained. Perhaps the most characteristic behaviour of the birds in the pre-
mortal phase of inanition, whether vitamin B extracts were given or not,
was a slow dropping forward of the head followed by a step forward to
readjust the balance of the body. This movement would go on rhythmically
for several hours, interrupted sometimes by retrograde steps and in certain
cases by more or less well-marked head retraction and cartwheel turning.
To this last point we will again refer.

Days
Fig. 1.

In Fig. 1 are drawn curves illustrating the weights and temperatures of
birds in groups A-D. It will be seen that the loss of body weight is of the
same order in all four groups, and that neither the rate of loss of body weight
nor the course of the temperature curves is affected by the administration of
amounts of yeast extract sufficient to supply the vitamin B requirements of
the pigeon when feeding normally. These observations confirm in detail those
that we have recorded for the rat.
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General behaviour of the birds on the deficient diet.

For about the first week the birds in group F ate normally and the body
weight was maintained. This period was followed by one showing pro-
gressively increasing fall in food intake, and a corresponding decrease in
body weight. After about 30 days the birds usually showed the typical
nervous symptoms of avian "beriberi," but in a few cases the pigeons failed
to show any such symptoms and eventually died in a state of extreme weak-
ness. In nearly all cases the birds by the time convulsions were observed had
shown a loss of body weight of the same order as that shown by the starving
birds, i.e. 30 to 40 % of the original weight.

The birds in group G behaved normally for about the first week, and
appeared to be able to assimilate all the diet that was administered. Later,
however, a small amount of the food was often vomited. A rough quanti-
tative measure of the amount of rejected diet showed that at least 80 % of
the diet fed was retained and digested. With no exception, the birds in this
group developed violent convulsions within 20 days, at a period when the
reduction of body weight was so slight as to be almost negligible.

In order to avoid errors in body weight due to a loaded crop, the food
was removed quantitatively after the death of the bird, dried and the weight
subtracted from the total weight of the bird before death.

Hypertrophy of the adrenal glands in inanition and vitamin B deficiency.
One of the most striking changes that have been observed in animals

suffering from a deficiency of vitamin B is a well-marked hypertrophy of the
adrenal glands [McCarrison, 1919, 1920; Kellaway, 1921; Findlay, 1921;
Beznak, 1923; Lasowsky and Sumnitzki, 1926]. Changes of a similar order
have also frequently been observed as a result of simple starvation [McCarrison,
1919; Vincent and Hollenberg, 1920, 1921; Findlay, 1921; Beznak, 1923].
It must, however, be borne in mind that complete deprivation of food also
involves a deficiency of vitamin B, so that the fact that the adrenals hyper-
trophy as a result of starvation does not warrant the assumption that the
enlargement is not specifically due to the deficiency of the accessory factors.
Beznak [1923] indeed claims to have shown that no hypertrophy of the
adrenal glands is exhibited by starving pigeons that are receiving ample
supplies of vitamin B in the form of yeast extract.

In nearly all cases, the starving birds were killed during the final collapse
which we have described previously. The vitamin B-deficient birds were
killed immediately the first signs of convulsions appeared. Immediately after
death the glands were dissected out and weighed. In a number of cases esti-
mations of the adrenaline present were carried out by a modification of the
Folin, Cannon and Denis method [Baker and Marrian, 1927]. Table I shows
the results obtained from a number of normally fed pigeons.
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Table I. Normal pigeons starved 24 hours before experiment.
Weight of Adrenaline Adrenaline

Weight Weight of adrenals per kg. Adrenaline per I g. gland per kg. body
(g.) Sex adrenals (g.) bodyweight (mg.) (mg.) weight (mg.)
372 ? 0-0195 0-0524 0-055 2-82 0-148
263 ,, 0*0317 0-1206 0-106 3*34 0 403
331 ,, 0-0196 0-0592 0-048 2*45 0X145
388 ,, 0-0170 0-0438 0 045 2-65 0-116
334 ,, 00191 0-0572 0-056 2-93 0-167
296 , 0-0192 00648 0 044 2-29 0-148
326 , 0-0270 0-0828 0-072 2-66 0-214

Average 330 - 00219 0-0687 0-061 2-73 0 191
320 00-0244 0-0769 0-066 2*71 0-206
395 ,, 00216 0-0547 0-067 3-08 0-169
309 ,, 0-0270 0-0879 0-069 2-55 0-223
304 ,, 0-0319 0-1049 - -
386 ,, 0*0211 0-0546 0-076 3-60 0-197
322 ,, 0-0154 0-0478 0-052 3-37 0-161
344 ,, 0-0302 0-0878 0-072 2-38 0-209

Average 340 - 0-0245 00735 0-067 2-95 0-194

It is evident from the figures in Table II that the adrenal gland is hyper-
trophied in the later stages of starvation and that this enlargement is not
prevented by the administration of extracts rich in vitamin B. This is con-
trary to the conclusion reached by Beznak [1923], and we are unable to account
for his results.

The birds in group F which were voluntarily feeding on the deficient diet
also showed with one exception a definite but rather smaller hypertrophy
(Table III). At first sight it might have appeared that this could be ascribed
entirely to the complicating effects of inanition. However, the forcibly fed
birds in group G, which only showed a very slight decrease in body weight,
exhibited an enlargement of the glands of the same order as that shown by
the birds in group F. The birds in group H showed no abnormalities of the
adrenal glands. Both the weight of the glands and the adrenaline estimated
were of the same order as for the normally fed pigeons.

There is considerable divergence of opinion as to whether the hypertrophy
of the glands observed in vitamin B deficiency and starvation is medullary
or cortical in origin. As a result of chemical determinations of the adrenaline
content of the glands McCarrison [1920] is convinced that the hypertrophy
is medullary. On the other hand Beznak [1923], adopting similar methods,
could find no increase in the adrenaline content of the glands and concluded
that the cortex alone hypertrophies. As a result of histological studies of the
adrenals of pigeons fed on polished rice, Findlay [1921] and Lasowsky and
Sumnitzki [1926] also concluded that the hypertrophy is cortical. Indeed
Findlay claims to have shown that after curing a pigeon with yeast extract
there is an immediate disappearance of a large amount of lipoid material
from the cortex.

Our own results show that in all cases the total adrenaline present in the
starving birds is considerably increased. In some instances this increase is
proportional to the hypertrophy of the glands, from which it would seem
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reasonable to suppose that in such cases the hypertrophy is medullary. In
other cases, however, low figures for the adrenaline per g. of the gland were
obtained although the total adrenaline present was above normal. This may
either represent an approach to exhaustion of the adrenaline reserves of the
gland in the last stages of inanition, or else an additional hypertrophy of the
cortex.

The results obtained on the forcibly fed pigeons are of considerable interest,
since in every case the total adrenaline present was either normal or slightly
low, and in every case the adrenaline per g. of gland was definitely low
(Table III). Since all these birds were killed at the first sign of convulsive
symptoms, and at a time when they were muscularly strong, it does not seem
possible that an exhaustion of the adrenaline in the gland had occurred.
A possible explanation of these results would be to suppose that in " beriberi "
uncomplicated by the effects of inanition only the cortex undergoes hyper-
trophy, and that in starvation, and "beriberi" associated with starvation,
the hypertrophy is mainly medullary, but no decision can be reached without
further experiments.

Blood-sugar of pigeons during inanition.
It is a clearly established fact that pigeons showing typical symptoms of

"beriberi" may often show a distinct hyperglycaemia [Fulnk and Sch6nborn,
1914; Funk, 1920; Randoin and Lelesz, 1925; Collazo, 1923]. Kon and
Drummond [1927] carefully controlled a series of pigeons against the com-
plicating factors of starvation by feeding a second group of birds with the
same amounts of food as were being voluntarily consumed by those receiving
the deficient diet, at the same time administering excess of vitamin B in the
form of yeast extract. The blood-sugars of these two groups were identical
and they concluded that the hyperglycaemia observed during vitamin B
deficiency is wholly attributable to inanition.

Blood-sugar determinations carried out on samples removed from the
wing vein on our own two groups of starving pigeons (A and C) tend to
support this conclusion (Table IV) and clearly show that the feeding of yeast
extract during starvation had no effect on the blood-sugar. Except in the
last stages of inanition both groups show a slight but distinct hyperglycaemia
compared with the control group of normally fed birds.

The normal control birds were starved for 24 hours previous to the deter-
minations in order that the blood-sugar should fall to the resting level.

A series of estimations of blood-sugar made during the course of the ex-
periment shows that the slight hyperglycaemia which appears after the first
day or two of deprivation of food and which persists for several days is followed
by a marked hypoglycaemia (Fig. 2). The fall in the concentration of blood-
sugar occurs very suddenly and is contemporary with the fall of temperature
which characterises the pre-mortal phase. This picture is similar in all respects
to that we have described in the case of the rat [Drummond and Marrian, 1926].
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We are inclined to attach importance to the fact that all birds showing
head-retraction simulating "beriberi" convulsions were passing through this
pre-mortal phase..

Table IV.
Group C. Starving 4-9 days.

Normal. Group A. Starving 4-9 days. 1 g. yeast extract daily.
Blood-sugar % Blood-sugar % Blood-sugar %

0-174 A 1 0-174 C 1 0-206
0-176 A 2 0-202 C 2 0-160
0-186 0-210 C 3 0-242
0-190 A 3 0-224 C 4 0-234
0-178 0-242 C 5 0-186
0-191 A 4 0-214 C 6 0-236
0-171 A 5 0.186 C 39 0-209
0-183 A 6 0-210 0 40 0-202

0-226
- A 38 0-215

A 33 0-202
Average 0-181 % 0-209 % 0-209 %

-26
PK.

-24 , \06

/ A33 '- "'

-*20

cO d18 A 6

r2 .16
0o -14

-12

*-10

*080 1 2 3 4 5 6 7 8 9 10
Days
Fig. 2.

Head-retraction in pigeons during inanition.
Chamberlain, Bloombergh and Kilbourne [1911] and Chamberlain and

Vedder [1911] reported that they were able to produce the typical nervous
symptoms of "beriberi" in birds by "washing out" the tissues by adminis-
tering large volumes of water during starvation. These results were confirmed
by Eijkman and van Hoogenhuyze [1916] who showed that these symptoms
could be cured by the administration of vitamin B notwithstanding starva-
tion, and concluded that "polyneuritis" occurring as a result of feeding on
a vitamin B-deficient diet cannot be caused by inanition.

It will be observed on referring to Table II that in each of the two groups
A and B there were several cases of pigeons that had quite definite head-
retraction. Pigeons A 5 and B 2 displayed extremely well-marked "poly-
neuritic " symptoms. In addition to showing a definite head-retraction, these
birds turned "cartwheels"; their general appearance being indistinguishable
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from that of those suffering from true vitamin B deficiency. In many other
instances less marked but quite definite head-retraction was observed. By
disturbing the equilibrium of all the birds these symptoms could be accen-
tuated. It must be pointed out that these symptoms only occurred during
the final pre-mortal phase, and that they were of considerably shorter duration
than those observed in vitamin B deficiency.

The appearance of these typical "beriberi"-like symptoms in several of
the birds in group A seems to indicate that flushing with water is an un-
necessary procedure.

We were surprised to observe several cases of head-retraction in groups
C and D which were receiving yeast extract daily. Pigeons C 4, C 5 and D 6,
D 2 all showed slight but definite head-retraction for a short period before
death, while C 41 and D 1 displayed more definite symptoms which were
quite as well marked as any in groups A and B.

As these birds had been receiving yeast extract every day and had been
given a dose within a few hours of the appearance of the convulsions, we
have found it hard to reconcile our observations with those of Eijkman and
van Hoogenhuyze that the convulsions exhibited by starving birds may be
cured by adminiistration of vitamin B'.

DIsCUSSION.

Before we had carried out the experiments on the pigeons that received
the food deficient in vitamin B forcibly we were convinced that the hyper-
trophy of the adrenals in ordinary vitamin B deficiency was due merely to
inanition and was unrelated specifically to the absence of the vitamin.
Obviously this view could be held no longer when enlarged glands were
exhibited by the birds whose body weight had been more or less satisfactorily
maintained by forcible administration of the food deficient in vitamin B.
Moreover, the fact that the control birds, which received in addition to their
ration of food a supplement providing an ample supply of vitamin B showed
normal glands ruled out the possible explanation that hypertrophy might be
caused by the actual process of forcible feeding.

As we have pointed out, our results could be explained on the rather
improbable hypothesis that inanition produces medullary hypertrophy whilst
deficiency of the factor B tends to cause enlargement of the cortical tissue.

We prefer to make no further comment at this stage of the enquiry on
the results we have obtained. Further work is in progress which may throw
light on the curious facts we have observed.

Regarding the appearance in the starving birds of convulsive seizures

1 Dr R. R. Williams very kindly placed the manuscript of his paper [1927] in our hands
whilst we were preparing the results of our work for publication. It is interesting that he noted
that birds whbich exhibited nerve symptoms on diets containing ample supplies of vitamin B had
lost from 30 to 40 % of their original body weight, a loss of the order of that shown by our starving
birds at the time of onset of symptoms.
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similar in general character to those exhibited by birds fed on diets deficient
in vitamin B, it must be admitted that when the case of those which received
a daily ration of yeast extract is considered the whole question becomes a
much broader one than was originally raised by the experimental results of
Chamberlain and his colleagues and Eijkman and van Hoogenhuyze.

In the first place we are not entirely satisfied that the symptoms shown
by the birds "flushed" with water by Chamberlain were due to the washing
out of vitamin B from the tissues as they suggested, because in our experience
there was just as marked a tendency for the convulsions to occur in birds
whose consumption of water was limited to the very small quantity they
drank voluntarily. Secondly, we find it difficult to reconcile our observations
with the statement of Eijkman and van Hoogenhuyze that they could cure
"polyneuritis" in starving water-flushed birds with extracts of vitamin B.

We have described the onset of typical "beriberi" symptoms in starving
pigeons which have been receiving daily an ample dose of vitamin B, and
somewhat similar observations are recorded by Williams [1927] (see footnote
to p. 1345).

The problem that faces us is not only to reconcile these conflicting views,
but to provide an explanation of the curious fact that whereas pigeons feeding
voluntarily on a ration deficient in vitamin B will usually show "beriberi"
symptoms at about the 30th day, those forcibly fed on this diet do so at about
the 16th day, and those deprived of food altogether at about the 9th.

We do not wish to commit ourselves to any definite opinion on these
obviously difficult questions at present. For the time being we are, as we have
already remarked, inclined to attach importance to the fact that whilst the
nervous manifestations in the "beriberi" pigeon that is receiving food often
appear at a time when the body temperature is not markedly subnormal and
when the sugar concentration in the blood is usually slightly above the normal
level, we have never observed the convulsions in starving birds except in
the pre-mortal phase when the blood-sugar is very greatly reduced and the
temperature is falling rapidly.

This difference raises in our minds the query whether the changes in the
nervous system that are responsible for the convulsions may not be brought
about by a variety of agents. This view is strengthened by reference to the
work of Hess, which we have ourselves confirmed, and which showed that
a condition closely simulating "beriberi" in pigeons can be produced by
sublethal doses of cyanides. If this view be regarded as reasonable it attracts
attention to the conception, many times expressed in the literature of experi-
mental beriberi, that in vitamin B deficiency the underlying cause of the
convulsions is a toxic substance, of which either the production is suppressed
or the poisonous action is neutralised when vitamin B is administered.
Dr Williams strikes the same note in the concluding paragraph of his dis-
cussion [1927, p. 1351].

In the investigations we are now reporting a considerable amount of
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additional evidence was obtained from the histological examination of the
peripheral nervous system of the pigeons. It all served to confirm the opinion
previously expressed [Woollard, 1927] that the minor changes observed are
attributable solely to inanition and are in no way directly related to vitamin B
deficiency.

SUMMARY.
(1) The administration of extracts rich in vitamin B does not prevent

the hypertrophy of the adrenal glands in pigeons that are deprived of food.
This is contrary to the conclusion of Beznak.

(2) In most cases the adrenaline content of the glands of starving pigeons,
whether receiving vitamin B or not, is increased proportionately to the
hypertrophy. This tends to confirm the opinion of McCarrison that the
hypertrophy is medullary.

(3) A slight but definite hyperglycaemia is observed in pigeons during
most of the course of inanition. It is followed by a marked fall in the amount
of blood-sugar coincident with the pre-mortal fall in body temperature. The
administration of extracts rich in vitamin B has no effect on the blood-sugar
levels of such birds.

(4) Nervous symptoms similar to those observed in pigeons suffering from
vitamin B deficiency were observed in a number of starving birds. The inci-
dence of such symptoms was not increased by the daily administration of
large volumes of water.

These convulsions cannot be due to a vitamin B deficiency resulting from
starvation since several cases were observed in birds receiving daily adminis-
tration of vitamin B.

(5) The symptoms observed in starving birds always occurred during the
period just before death when body temperature and blood-sugar were much
reduced. This is in contrast to the established fact that nervous manifestations
in pigeons nourished on rations deficient in vitamin B usually appear when the
temperature is but slightly reduced and the blood-sugar level is, if anything,
above normal.

(6) By forcibly feeding pigeons on larger quantities of a diet deficient in
vitamin B than they would voluntarily consume, typical nervous symptoms
of beriberi were produced in about 16 days, at a time when the loss of body
weight was almost negligible.

(7) The adrenal glands of the forcibly fed pigeons were hypertrophied to
a considerable extent, although no corresponding increase of the adrenaline
content was observed. At present no satisfactory explanation of this is forth-
coming.

We wish to express our sincere gratitude to Prof. Bertrand for providing
us with laboratory accommodation at the Pasteur Institute during part of
this investigation.
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