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PATHOLOGY OF BEEIEERIL, 45

Lings show congestion of interalveolar capillaries.
Kidneys. Cloudy swelling and fatty degeneration of tubular epi-
thelium of moderate degree.

Figure 1. Section of Myocardium from ease of beriberi, showing sesment

: i ation
and fragmentation.
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Liver. Great congestion of intralobular capillaries, with cloudy
swelling, fatty degeneration of cells and interlobular inflammatory foci
caused by infiltration of small round cells.

Figure 2. Section of Myecardium from a case of acute wet beriberi, showing
more advanced fragmentation. [From article by Herzog, and plate
lent by the courtesy of The Philippine Journal of Science.|
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Stomach and duodenum. Dilated and congested vessels are common.

Peripheral nerves. Degeneration of myelin sheath, which is broken
up into balls and beads, finally disappearing. Axis cylinders may also

o Codhy it

. T,

Figure 3. Section of Myocardium from a case of sub-acute wet beriberi,
haematoxylin-eosin stain, showing less of striation, vacuolation
and granular degeneration. [From article by Herzog, and plate

lent by the courtesy of The Fhilippine Journal of Science.]






PATHOLOGY OF DBERIRERT, 449

to those of alcoholic neuritis and following amputation. The cells are
swollen, divested of processes, and the Niss| bodies more or less broken
down. Occasionally he also found vacuoles. He found that advancer.!
changes could often be found in the peripheral nerves by the M.arcln
method when these same nerves showed little or no change by ordinary

Figure 5. Cross section of popliteal nerve from an acute case of beribers.
- Weigert-Pal Stain. Also shows varying degrees of degeneration
of the medullary sheath. [From Herzog, plate lent through
the courtesy of the Philippine Journal of Science.]

staining methods, and thinks that part of the discrepancies in the
observations of different authors are due to this fact, and that if the
Marchi method were applied to the cord the majority of cases would
show degeneration of the fibers of the cord. The same thing is true
for Nissl's method for the nerve cells. He found marked changes in
the cells of the cord in both cases by this method which would have
been overlooked if other staining methods had been used. e believes
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that the degeneration of the cells in the anterior horn is secondary to
the degeneration in the peripheral nerves.

Diirck (1908) made a careful study of the pathological anatomy of
eleven cases of beriberi in which the autopsy was performed immedi-
ately after death. Unfortunately several of his cases were complicated
with intercurrent diseases, such as sprue, dysentery and typhoid fever.

Figure 6. Section of liver from a case of acute beriberi, showing fatty degenera-
tion and necrosis in the central area of the lobule. Haematoxylin
and Eosin stain. [From Herzog, and plate lent through
the courtesy of the Philippine Journal of Science. |
He gave a brief clinical description of each of these cases, followed by
the autopsy findings, including both gross and microscopic anatomy.
The gross pathology of these cases is practically the same as that
described by the previous observers quoted. Diirck, however, inves-
tigated the nervous system quite minutely. He studied particularly
the peripheral nerves from both extremities, the pneumogastric, and
the cord, using several methods. In some cases they were preserved
in Orth’s fluid, from which they were transferred without washing to
70 per cent alcohol and subsequently embedded in celloidin. He used
- Marchi’s, Weigert's and other modern methods. He says that the
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qlr'l BERIBERI.

consider both diseases together. Since, therefore, all divisions of the
disease into types or forms are more or less questionable and mislead-

ing, we prefer to simply describe beriberi as one disease.

Figure 7. Dry beriberi, showing advanced atrophy of muscles ol legs. LFrom
Herzog, and plate lent through the courtesy of the Philippme
Journal of Science.|

Beriberi frequently begins gradually, so that for several days or
weeks the patient experiences an ill-defined malaise, associated with
heaviness and weakness of the legs. In some cases there is a little





























































74 BERIBERI.

Methods of preparing rice. 1. The Steam Mill. The follow-
ing is a brief description of t]n {]L_[!.!]‘- of the milling of rice as
carried out in one of the largest of the English mills in Pangasinan
province of the island of Luzon, . [. (Figure 11.)

A

Figure 11. Interior of a steam rice mill operating in the Philippines.
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winnowing and screening, however, have no bearing upon the
beriberi producing qualities of rice except for the following import-
ant consideration: According to general custom the best grade of
rice is highly milled (i. e., pericarp and aleurone all removed),
polished and cleaned with extreme care. The poorer erades are
not milled, polished or cleaned with anything like the same care.
It follows that the person who purchases rice in the open market,
and desires the best grade, clean and free from bugs and weevils,
will be obliged to purchase the highly milled and polished nce
from which the outer layers are completely removed. IFrom a
dietetic standpoint he therefore purchases an inferior grade of rice
at the highest price, and he is practically compelled to do so,
because the undermilled rice from which these layers have not been
removed is all of such inferior quality and so dirty that as a oeneral
thing even the poorest classes do not care 10 buy it. It will be
ceen later that this choice, highly milled rice is the rice which
produces beriberi.

The native method of preparing rice in the Philippines. The
palay, after it is harvested, is thrashed (figure 12), stored in a dry
place and a sufficient quantity for the household is prepared every

Figure 12. Filipinos thrashing rice.
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RICE AND ITS PREPARATION. o
day. In husking the rice a wooden mortar is used, which iz usually
formed from the hollowed out trunk of a tree. The rice is placed
in this mortar and pounded with a pestle. (Figures 13 and 14.)
This latter is usually made of a smaller branch with the ends rounded

Figure 13. Native method of pounding rice 'n order to remove hulls. Tray for
winnowing in the toreground, '

off, and has a handle in the middle so that either end of the pestle can
be used. This pestle is often quite heavy, and is raised slowly and
allowed to fall into the mortar: the expenditure of energy is thereby
curtailed, since because of the weight of the pestle it is not necessary
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to apply any great amount of force to the blow. After the hulls have
been removed from the grain by this pounding it 1s placed on wide
woven trays and the grain is tossed into the air. The rice falls back
into the tray while the wind carries away the hulls. The natives
acquire great skill in this manipulation, =0 that they rarely spill a

Figure 14. Another method of pounding rice.

grain of rice. This operation can be seen at almost any time in the
native villages of the interior, and the dull sound of the mortar and
pestle is very familiar to one who lives near such a village. Some-
times various kinds of fanning mills are used to separate the chaff
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from the grain. (IFigures 15 and 16.) By means of this process the
hulls are very thoroughly removed, but a large portion of the peri-
carp and aleurone layers remain on the rice. It is a well authenticated

Figure 15. Filipino fanning mill for removing dirt and chaff from rice.

l:'lg'lll't" 16, Another ril]'l['l[l]‘i.;' mill in U]‘ﬂ"ﬁ['iﬂ!lﬂ_
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from the palay, because he is constitutionally opposed to any more
labor than is necessary. In Hongkong, however, the owner of the
rice mill desires to produce a white rice to compete in the general

Figure 18. A Filipino hand power rice mill,
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market, and merely uses the method described above because coolie
labor is cheaper than steam.

An important variation in the method described 1s the preparation
of “ cured " or “ parboiled " rice, which is used by large numbers of

natives of India and Malaysia.

L K R T .

Figure 19. A Filipino millers’ plant and macihinery

The preparation of “ cured ™ or “ parboiled ” rice. The grain is
coaked in water for 24 to 48 hours, the water is then run off and the
grain is transferred to cylinders which are lightly covered, and steam
is passed through the contents for five or ten minutes. The grain is
then exposed in open paved courts and sun dried. The result of this
treatment is that the husk is more readily detached than is the case
with the untreated grain, while the pericarp and aleurone lavers are
rendered tough, resistant and much less easily removed from the
kernel. In the milling therefore the husk is removed, but, since by
no process can such rice be made to appear white, the milling is much
less thorough than is the case with rice that has not been
The rice that has been prepared in this manner generally has a peculial
disagreeable odor caused by the preliminary soaking in cold water

‘cured.”

-—.-.—l‘d.l.l—. PR ——























































































































































































































































































































































































POLYNEURITIS GALLINARLIIM. .3'1'5'3

Course of the Disease. A typical case of the disease may be

described as follows: Careful observation during the incubation period
will reveal nothing abnormal, except that the fowl may be noticed
standing bunched up with ruffled feathers and the comb may become
blue. The first symptom noticed will usually be a weakness of the
legs, so that the fowl is unable to walk well, and as he steps there is a
tendency for the joint formed by the tibio-tarsus and the tarso-
metatarsus to give way allowing the fowl to sink to the ground.

(Figure 20.) This is due to beginning paralysis of the extensor

Figure 20. Very early stage of polyneuritis. [From Fraser and Stanton |

muw‘!.e:: of the leg which it will be remembered are the first muscles to
be affected in men suffering from beriberi. A peculiarity in the gait
may be recognized before the legs become completely |HI!‘i-t]‘|.':{C:I 'Fhi-:
Is a tendency to Taise the feet high in the air and thrust t'urrw:n'.d 11'515.1
























POLYNEURITIS GALLINARUM. ZI1

2. A form in which there is pronounced neuritis, but the fowl
remains in good general health. : :

3. A form described above as fulminating cases, in which the
symptoms of neuritis are absent, but in which great general prostra-
tion results in death.

Pathology of Polyneuritis Gallinarum. FEijkman stated that
with few exceptions there were no gross changes found at autopsy.
Emaciation was the rule. Hydropericardium was found quite fre-
quently, and there was also rather more fluid beneath the skin, par-

Ty M iR S o 2 Tl TR

Figure 27. Teased preparation (Marchi method) of the vagus of a fowl suffer-
g from polyneuritis, showing relatively advanced degeneration. [From
Vedder and Clark, and plate lent through the courtesy of the
Philippine Journal of Science.]

ticularly of the lower extremities, than normal. The main and con-
stant finding was a polyneuritis with degeneration of the peripheral
nerves, and degeneration and atrophy of the ganglion cells in the
anterior horn of the cord was demonstrated in some of the cases. The
affection of the peripheral nerves was most severe, involving both the
sensory and motor fibers, and affording a picture of non-inflammatory
atrophic degeneration such as is shown in nerves after cutting, par-
ticularly in the part separated from the centre. There were also cer-








































































BERIBERI IN ANIMALS. 233

Shiga and Kusama state that Kitashima has ]_:uerfur]ml:d the r_ia{l'te
experiment with two Indian monkeys (Macacus nemestrinus) which
both died with paralysis, :

It may be questioned whether these cases of St‘f‘lﬂllmﬂnﬂﬁ were
true beriberi. The animals showed paralysis with evidences of peri-
pheral neuritis, and oedema occurred in some cases. but the L‘E-l]'(]lf!-l::
hypertrophy so characteristic of beriberi was never found. It is,
lll:r%x’t*‘r'cl'. evident that the condition in all of the animals was very
similar to beriberi. The disease occurred in the guinea pigs and the

Figure 38 Goat at beginning of experiment. [ From Schawmann. |

monkeys as a result of feeding on polished rice. In the goat it
developed on a diet of polished rice with corn. Tt has been shown
that corn will not prevent the development of polyneuritis in fowls,
and Hulshoff Pol demonstrated that corn would neither prevent nor
cure beriberi in man. Tt it therefore clear that this beriberi-like dis-
case was produced in these animals as the result of a diet known to
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produce beriberi in man and polyneuritis in fowls. The rats and
the dog were fed on sterilized meat. While raw meat undoubtedly
contains the beriberi preventing substance, it has been amply shown
that this substance is destroyed by sterilization, and that fowls fed on
sterilized meat are not protected from polyneuritis. Therefore, al-
though avoiding positive statements, it appears likely that the disease
which Schaumann produced in these different varieties of animals was
identical with polyneuritis of fowls and beriberi in man.

Figure 30. Same goat after three months feeding on highly milled rice and
corn. [From Schaumann.]

Shiga and Kusama are among the observers who think that it 1s
going a little too far to claim that polyneuritis of fowls and beriberi
in man are identical. They claim that the main symptoms of beriberi
are sensory and motor paralyses of the limbs dependent upon a peri-
pheral neuritis, and dilatation and excentric hypertrophy of the heart.
That both of these symptoms must be present before a diagnosis of
beriberi can be made and that the change in the heart had not yet been
proven in the co-called beriberi of animals. Therefore these ohservers
undertook. in 1911, to determine whether true heriberi, identical with
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beriberi in man from a clinical and pathological point of view, could
be produced in animals.

For this purpose they fed apes (Macacus cvnomolgus) on cooked
polished rice. At first they ate this freely, but after a few weeks
their appetite was bad. One monkey died after five months’ feeding,
of general tuberculosis, without ever showing any paralysis. The
other lost greatly in weight and after 37 days developed paralysis in
both hind legs. The clinical picture of this monkey was very similar
to that of fowls suffering from polyneuritis. At first the gait became

AR
i
e B

Figure 40. Same goat after four months feeding on highly milled rice and
corn. [From Schaumann.]

uncertain, but the paralysis of the hind legs progressed eradually
until it was complete and the body was dragged about by the .’l!']l'l!;.
At the same time there was anaesthesia of the legs, and pain sense was
much diminished. Knee reflex increased slightly at first and then
vanished entirely. On auscultation the pulmonary and aortic sounds
were accentuated. On slight exercise the heart action greatly in-
creased and dyspnoea was considerable, Legs were slightly oedema-
tous in the last days. Symptoms increased and heart action became
gradually weaker and irregular. Pulse was weak, small and soft
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BERIBERI.

of these puppies also showed great dilatation and hypertrophy of the
right heart. (See figure 42.) The complete account of these experi-

|——

Fieure 42 Puppy that developed beriberi after nursing a woman who had
beriberi. and whose child had died of infantile beriberi. Note the
greatly hypertrophied right heart. [From Andrews. ]
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Figure 43. Child that died of infantile beriber.
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THEORETICAL CONSIDERATIONS, 200

any respect from normal fowls. The nerves of these fowls were
studied, particularly by staining for mitochondria, and fresh normal
fowls were used for controls. In normal nerve fibers stained by the
mitochondria methods the medullary sheath is seen to contain innumer-
able bacilli-like rods arranged in a radial direction around the axis
cylinder.  When seen from above the fiber appears to contain both
rods and granules, but when a fiker is split down the middle only the
rods are to be observed. The granular appearance, when viewed from
above, is due to an end view of the radially arranged rods. All four
normal fowls showed this appearance, as illustrated in figure 46. All

Figure 46. Longitudinal section of sciatjc nerve of a normal fowl stained by
the mitochondria (iron-haematoxylin) method. The stainable mtl::;t::uwc 2
15 seen in the form of little rods arranged radially around the
axis cylinder. [From Vedder and Clark, and plate lent
through the courtesy of the Philippine Journal
: of Science.]
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the fowls fed on polished rice, however, showed pronounced changes.
Even after only seven days’ feeding on polished rice the nerves showed
marked changes, and the normal mitochondria had disappeared from
practically every fiber of the sciatic nerve. The stainable material,
instead of being present in rods, was seen as smaller or larger irregu-
larly branched and anastomosing globules. Figures (47. 48, 49)
show the changes observed in the nerves from fowls fed for 7, 15
and 22 days on polished rice, and stained by the mitochondria method.
A comparison with the normal nerve stained in the same manner will

Figure 47. Longitudinal section of the sciatic nerve of a fowl fed for seven
days on overmilled rice, to illustrate the changes in the medullary
<heath. The stainable material is seen as irregular and branched
masses, Mitochondria (iron-haematoxylin) method.

Compare with figure 46. [From Vedder and
Clark, and plate lent through the
courtesy of the Philippine
Journal of Science.]

serve to convince anyone that a most pronounced change occurs in the
structure of the nerve fibers of fowls that have been fed on polished
rice for so short a period as seven days. This change is progressive,
the longer the fowl is kept on polished rice, and leads to the condition
ordinarily termed degeneration, as may be seen by figure 50, which




THEORETICAL CONSIDERATIONS, 301

shows a nerve stained by the same method from a fowl in which
paralysis had occurred. It is therefore quite certain that the degen-
erative changes commence in the nerves of fowls long before any
symptoms of the disease can be observed.

While it seems quite possible that the tingling, slight anaesthesias
and other nervous symptoms that are observed in cases of human beri-
beri that have not vet developed definite paralyses may be due to such
early changes in the nerves, vet changes occur in the nerves in human
beriberi before any symptoms can be observed. Rumpf and Luce
have shown that the neuritic changes may, under certain circumstances,
be far advanced even in mild beriberi cases, and occur long before the
appearance of the first clinical manifestations of the disease.

FFigure 48. Longitudinal section of sciatic nerve from a

days on overmilled rice. Same mitochondria method. [From Vedder

and Clark, and plate lent through the courtesy of the Philippine :
Journal of Sciance.]

fowl fed for eleven
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He was unable to walk normally for some time longer, which was
probably due to the fact that his muscles were greatly :1[!'&1}113&1.
(Figure 51.) But the fact that he was able to commence walking,
and that the pain and tenderness from which he had I}r{:wfmsl}' suffered
acutely at once disappeared, indicated that the paralysis was cured.
We were, of course, unable to examine this man’s nerves. But we
know that degenerated nerves require weeks or months to return to

Figure 0. Longitudinal section of the sciatic nerve of a fowl showing pro-
nounced symptoms of polyneuritis. Globules are more discrete than in
figure 40, and stainable material is chiefly in the periphery
of the globules, Same mitochondria stain. [From
Vedder and Clark, and plate lent through the
courtesy of the Philippine Journal of
Science. |

normal. It seems clear, therefore, that the paralysis in this case could
not have been caused by the neuritis, or otherwise such prompt recovery
could hardly oceur.

We conclude, therefore, that peripheral neuritis per se cannot be
the essential lesion in beriberi, because degeneration of the nerves
occurs before symptoms arise, because advanced degeneration may he
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present accompanied by no symptoms at all, and because degeneration
of the nerves remains long after recovery has occurred.

e S L T T

Figure 51. A case of “ dry ™ beriberi, with advanced degeneration of nerves and
muscles, and who was treated by the administration of Funks base. He
showed marked improvement after receiving an amount of this
stibstance obtained from twenty kilos of rice polishings
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