VITAMINS AND BACTERTAL INFECTION

by

o

G. Marshall Findlay, 0.B.E., M.D., (Edin.).
Lecturer on Pathology in the Unlversity of Edinburgh.

INTORDUCTION

Desplte the research that hasalready been carried out
on the subject of immunity there still reme ns much to
be explained in regerd to the methods by which

multicellular organiama guard themselves against the

attacks of pathogenic bacteria...In the first place,aq
Bordet (1920 ) has pointed out,the actual penetration:
of the integument is no easy matter: the hardness of
the skin,the activity of ciliated epithelium, the
secretion of acid in the stomach, the peristalsis of
the intestine all help to protect the animal. When
once bacteria have penetrated the tissues, two other
mechanisms of defence come into play in the phagocytic
activities of certain cells and the baoﬁegggiﬁpqwers
of the serum. Both phagocytosis and the iﬁmuhe
reactioné of the serum have received cOnsiderable.atud
but at present the factors which influence the pene=-
trability of the skin and mucous membranes are prati=

cally unknown. The investigation of these

factors/
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". faétora from the experimental point of view is i

| obviously a matter of considersble difficulty: it may

iquite well be that bacteria are constantly penetrating
the tissuea-in amgll numbers, only to be destroyed by
the phagoeytes of the body. Such invasions being on
80 éliéht a 8Scale would give rise to no local or

\general. symptoms and would thus pass unheeded.

From the elinical point of view it has long been
%reaognishd?that the natural immunity of & partieumlar ammdl fo o }:o.rh'cﬂcur
hioro-organiam might be influenced by such factors as
%n insufficiency of food, exposure to eold or another
Factarial infection.

#he investigations herein described fom part of an
extensive enquiry,which is at present being und ertaken,
on the relationship of diet to immunity. The following
experiments deal more particularly with the relation-
s8hip of bacterial infection to diets deficient in those
iittle known substances, the vitamins. The

experiments were all carried out in the Research

(=]

aboratory of the Royal College of Physicians' of

=

idinburgh, to whom and to Col. McKendrick, Superintendent
f the Laboratory, my sincere thanks are due. For the

o

investigation of vitamin €, the éxperimental animals
u%ed were guinea-piga;. in the case of vitamin B, rats
Pnd pigeons were employed, while in the case of vitamin
#, rats alone were used. The investigations have
uonéistad partly of a detailed examination of the blood

and haemoppietic organys of snimals suffering from

deficienoy/




deficiency diseases, partly of a bacteriological
|examination of the actual degree of resistance

possessed by such animals.

l. DEFICIENCY IN VITAMIN C.
and '
BACTERIAL INFECTION.

(a) Experimental Scurvy in the Guinea-Pig.

Theobald Smith (1895%) was the first to show that
guinea-pigs, when fed on a diet of oats and bran,
developed a disease characterised by extensive

haemo rrhages. The relationship of this haemorrhagic
condition to scurvy was, however, only established
definitely by Holst and Frolich (1907%). The original

diet used by these observers consisted of oats, bran

kmd hay. Chick and Hume (1917%) however found that
the addition of a daily ration of 70 c.08 of milk to
this diet improved the condition of the experimental
animals, although it did not delay the onset of the

corbutic symptoms. They believed that the improved
nutrition of the animals was due to the vitamin A
ontained in the milk. Some doubt, however, has

+eoent1y been throm on this conception by the faect that

Se

s Stammers (19217) points out bran contains a considerable

ount of vitamin A. Another possible explanation of
he improved nourishment after the eddition of the milk

|
$ight of course be the increased salt ration. In order

arrisd/

10 determine this point the following experiment was



carried out:-

Four young guinea-pigs varying in weight from
259 to A28 gras. were placed on an ad libitum diet of
oats and bran with the daily addition of 5 c.cs of
orange Jjuice and 70 c.c8 of autoclaved milk. Four
other guinea-pigs of about the same weight were placed
on & 8imilar diet without thegigtion of 70 c.08 of mil#,

but with the addition of 0.7/a day of the following

salt mixture -

sSalt mixture corresponding to the
salts in 100 grams of Cow's
milk.

NaCEBeceeeeseos 10462,

KGE- ® 8 s a0 s 9.16.

KH.I.POa--..... 12.77.

KzHPO;}o-o-ao- 9022.

K3Citrate. se e 5.47.

MEBPO# s a0 00 3.?1-

MgCitrate.... 4.05.

CaHPQ4. .00 7442,

Cag(POq);z. " s e 8.90.

Ca citrate... 23,55.

CaC0jeeeeeess 10,0 (to represent lime
combined with
protein).

The average weight curves of the two groups of animals
are shown in chart 1, from which it ﬁill be seen that
the growth of the animals on the salt mixture is only
lightly inferior to that of the animals receiving the

of the latter group of animals 8o that doubtless the
high ration of vitamin A does to a certain extent

improve the nutrition. On the other hand vitamin A

is/

milk ration. There is, however, a difference in favour
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is necessary for the adequate growth of guinea-pigs as
is shown by the following experiments. S
Six guinea-pigs varying in weight from 259 grs. to

386 grs., were placed on a diet of oatmeal and brgn,

which had been extracted first with ether, them wWith
absolute alecohol and finally autoélaved at 120°C for
: twenty-four hours. In addition each animal received
a daily ration of 5 c.cs of orange juica and 0.7 grs.

of the inorganic salt mixture. The weight curves are-

hown in chart;ll: it will be seen that there was

ractically no growth, while death occurred in an

verage of 38 &aga. Fbr'all'praotieal_pu:poaea the

iet of oats, bran and autoclaved milk may therefore

e looked upon as complete in every wéy except asl
regards the sbsence o¥f vitamin C. . On microscopical -
¢xemination of the eoSto-chondral junctions, there was
$arked osteo-porosis of the bones with reduction in the
#ength of the rows of cartilage cells. These

;xperiments tend to confirm the findings described by

6
fozer (L921) as occurring in guinea-pigs fed on a diet

—=-

deficient in vitamin A. When placed on sueh & dietg}odalwanamm&

o

uinea-pigs at first show no symptoms. Abtut the

ct

welfth to fifteenth day, however, there is usually BomT
tenderness at the knee joints, which in a short time
become definitely swollen. There is also not

gnfrequently pain in the masseter muscles, when the

imel may sssume what has been aptly termed the face-

roha/
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ache position., In other cases the animal lies with
one hind leg fully extended. A day or two hefore
death the coat becomes ragged and staring, while a
terﬁinal disrrhoe&a is not uncommon. Fihally the
animal pssses into a semi-comatose condition which
eventually ends in-death. fthis usualiy takes place
from the twenty-fifsh to the thirty-fifth day, though
gsome animals manage to survive for a somewhe t longer
period. For the first fortnight there is usually
no loss of body weight, in fact in not a few animals
8 élight increase in weight may occur. During the la
two or three days of life, however, a definite loss of
weight does occur, ﬁrobably because during this period
the animal eats little or no food. The loss of
weight at death generally amounts to about a third of
the original body weight. Bactedal infection is not

'very common in guinea-pigs with acute scurvy. In
twenty-four animads suffering from acute scurvy, the
heart blood was sterile in all except one from which a
small graem positive diplocooous was isolated.
The post mortem appearances in acute guinea-pig scurvy
are very charteristic. The knee and wrist joints
are definitely swollen, while recent haemorrhages into
the surrounding muscles are almost always seen.
Haemorrhages are also not infrequently found in the
loose tissues of the axillae as well as in the
intercostal and masseter muswles. Acute scurvy in

the guinea-pig differs in one respeoct from that met

with/
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with in man in that the gums 4o not show any gross
macroscopic lesions. Occasionally there is slight
hyperaemia round the bases of the two lower incisors,
but the gums never assume the spongy condition so
characteristic of human scurvy. This condition would
appear to be largely due to a aeuondary bacterial
infection of the gums. The costo-chondral junctions
are always definitely enlarged. This enlargpment is
least marked in the upper and floating ribs: it is

surface of the thoracic wall. Small subperiosteal
heemorrhages are not infrequently found in relation to
the ribs, while spontaneous fractures are wery common

both in the ribs and 1ong bones. Even more common

than actual frasctures are separation of epiphyses,
! .
more especially the epiphysis at the upper end of the

iibia. Small haemorrhsges into the pericardium and

leura are occasionally met with as are petecchial
iaemorrhages in the peritoneum and intestine. There
is no atrophy of the spleen, thymus or lymphoid tissue.
*he adrenals are always definitely enlarged, usuallj

o almost double their normal aixe,/?act first pointed
>ut by Rondoni and Morganini (19157), while MeCarrison
_ 411919"]" hes found that their adrenalin content is
ﬁsﬁally.increaaed. Apart from the miezoseopic changes
in the blood and blood-forming orgaens lesions have been
noted more especially in the teeth, bones and blood

vessels/

best seen on opening the thorax and examining the inner

7.



vessels,

7ilve and Wells (1919%) have desoribed marked fibroid
degeneration of the tooth pulp, involving cells, nerve?,
blood vessels and odontoblasts with the result that no
trace of cellular organisation, no trace of cell nucleil
and no interstitial substance can be found. It is of
especialy interest to note that these changes are well

marked even when other signs of scurvy are almost

anting.

e changes in the bones are especially well seen at
he aosto-chondral junctions, where the rows of
artilage cells are shortened or entirely disorganised,
hile the trabeculae are dwarfed or have almost
isappeared. The changes in the bones were very

sccurately 3 sE01 bl by Holst and Frolieh (1907%) in
'%heir classisal work on guinea-pig scurvy, while more
$acently they have been closely investigated by Delf

ot Tosez (191d9).

e changes in the capillary wallfyre of extreme
nterest. Findlay (1921”) found that about ten déya
after placing the animals on a scorbutic diet the
éndothelial cells became swollen and granular. This

as later associated with extreme capillary congestion,

ith gery fine degree of oedema and finally with the
assage 0f red blood corpuscles from the capillaries

Yy & process of diapedesis.
ﬁn order to protect completely & guinea-pig from scurvy

: of
i daily dose/at least 5 c.es of orange juice must be

aﬁded/

|
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added to the oats, bran, milk diet. When a smaller
quantity, such as 2 c.es, is given every thind day the
animal passes into a condition of chronic scurvy.

From the clinical point of view the cgymptoms to be
noted in animals with ahronih scurvy are practically
non*existeﬁt. Close observation, however, shows that
the animals are less active than usual and in addition
they fail to put on weight. Either their weight

remains practically stationary, or it slowly decreases,

Guinea-pigs may be maintained in this condition of
chronic securvy fpz many weeks at a time. In its
absence of definite clinical symptoms, chronic scurvy
in the gninea-pig is thus not unlike the form of l&tent
‘|scurvy desoribed by Hess (1917 *)in children in whom
there are no definite clinical symptoms except failuré
of gfommh and some indefinite malaise. Eventitally
guinea-pigs fed on this diét deficient in vitamin C
die, usually from some intercurrent bacterial infection, .
bess (1921) states that many of his scozbutic snimals
iied from broncho-pneumonia. He does not, however,
state the exact diet on which his animals were fad)alnemk of some impornce
since in my experience broncho-pneumonia is common

Ohl-f

as a fatal terminationﬁen animals,-guinea-pigs

rats-suffering from a lack of vitamin A in the food,

ither alone or in addition to a deficiency of vitamin C.
hus of the six guinea-pigs fed on the autoclaved and

xtracted oats and bfan only one developed Beratomalacis

/




in one eye, while four showed brencho-pheumonic
chenges in the lung.

When uninfected guinea-pigs are killed after six week?
on a diet of oats, bran,milk and 2 c.cs of orange juice
every third day, the macroscopic appearances are far
from striking. There is only slight, if ény, -
swelling of the knee and wrist joints, while the
enlérgement of the costo-chondral junctions is @msually -
less marked than in the acute condition. Fraéturea :
united only by a little poorly formed callus are by
no means rare, while recent fractures, possibiy made
while handling the body after death are very common,
Macroscopic haemorrhages are very rarely seen, while
the adrenal is not nearly so congested or enlarged
as in the acute sta.gea} fhe disease. ;
Microscopically the bones in many cases show some

osteoporosis, while the osseous laminae are thin and

cartilages are very characteristic, especially at the
costo-gchondral junctions. The rows of dartilage cells
are much shortened, but do not as a rule show much

distortion, while an oaaified band extends across the
junction. Delf and Tozer LlQldg regard this ossified

bar as an attempt to strengthen the junction in an

anozmal.manner.
Tn the vascular system the congestion of the smaller
Venules and capillaeries is not as marked a feature as

in acute scurvy. Examination of the capillary

enlothalium/

|reduced in number. The alterations in the intermediate
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endothelium shows that at meny points the cells are
swollen and laden with haemosiderin granules. A

few recent haemorrhagic foci can occasionally be found

in the lungs,

' (b) The Bldod and Haemopoietic organs in Guinea-Pig
| Scurvye.

(1) The Blood. Numerous investigetors have at various

times examined the blood in normal guineabpigs.

A summary of the main findings in the blood is given

in Table I -
T TTARLE
j (oo dall Pedso Burnett, | Ehvlich
OBSERVER| i qa;o ) (w“ ﬂ':ﬁ] ?(lqo i) (‘[qm]f,\ AuTher
Red cells 2J.I.Dtm'b.. L 1.,,,60@@0-6,2%00!1
average . 5,600000 6hgbe™.| L Ll 5300,6m.
; ! 5, L0000 . | 5,500,000, -
:bloes Inhks -------- : 533{090_;;;59*050 N A AT ngm g]m
ave aqe. 7q7;°°°‘ . 74.5
keucocyles f,600 = B 10D | | 7250 - 2460,
a.\rermje., q,|7o ; 6,800, 000, | memaee c'i,q.ooo.
?l-mo Ih . .
a?nuc cc:-s. 67 50. 1{-7 4.5, Al
Eosimlalgh':ls 3. 2. 2 b 3
:E)o.se i’lj? - £ / /
Ls’mf °¢7|.'li /40 3 _ 35 5 3
ﬂononuc]mﬂ% €0. 7 & 50- (7§, 2

In the guinea-pig, as in ﬁﬁny other small roaents the
lymphocyte series of cells is more numerous than in
man. The polymorphonuclear leucocytes also instead
of having neutrophil granules have numerous smell
granular masses, which with modifications of the
}Romgncwsky stain take on a definite pink colour.
These polymorphonuclear cells are, however, quite

distinet from the coarsely granular eosinophils.

They/




They are funotionally identical with the neutrophils
in man, Goodall (1910) has shown that there is a
definite relation between the number of leucocytes and
the weight of the animal, the heavier the guinea-pig
the greater the number of leucocsytes. In certain of
' the mononuclear oellé cell-inclusions, known as Kurlofif
bodies are not infrequently seen. The significance of
these bodies is quite unknown, though Woodcock (192f)
has recently suggested that they are the remains of
phagoeyted red cells which have been incompletely
digested. -

In ﬁoute scurvy there is little or no reduction in the

number of red cells in the blood; in fact if blood

<3

from the peripheral vessels alone be examined there maj

in some instances be an apparent increase in the red
cell count - & result due in &ll probability to the
%apillary s:?sis, which may occur in acute scurvy.
Bedson (1921) found that the number of red cells varied
from),240,000 tobygbproper ¢.mm wWhile Findlay (1921) noted

& variation of from 4,600,000 to 5,120,000 per c.mm,

the average Dbeing 4,950,000 -/giﬁure practically

1dantiaai1the average count from controls. A certain

umber of the erythrocytes showed polychromatophilia
d poikilocytosis, while occasionally normoblasts

!ere no ted %? the peripheral cireulation.

?edaon (1921) could not determine any diminution in the

number of the blood platelets, a result of considerable

terest in view of their relationship to the. purpurie

12,
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Gondition.
No characteristic change could be noted either in the

total number or in the differential count of the

leucocytes. In a few instances there was & definite

leucocytosis, which was possibly produced by the

Pike cells in the peripheral blood stream. These
?rimitive cells were most noticeable in one case Where
&he leucocytosis amounted to 22,000 per c.mm.
ractically no observations have been made on the blood
n guinea-pigs suffering from chroniec sourvy. An
?nalyaia of the blood findings in twelve cases of

lehronic guinea-pig scurvy are shown in Table II.
‘ TABLE ..
PLoop CHANGES N GUINEA-PGS wirw Caone Scurvy

Ne. .
|| Nn.o} Niﬂm' RZEL Lflﬁ’!aﬁ iit.c:jﬂa ELM” Eosiyi. gﬁaslo LZ:M h- Mononuelears
amimal|  gram. | pycm. | vaecds | chom. | levsghu] P [
/, 340. (5180000{t 60| 780, | S | ( | o.| 2
2| 347 (p3sooo] gL 700. | 2. | o |0 | bk 4
3 300. 4220000  7:3. q,éso_ (R R T T T
| 4 330. [s0boood 78| QIO | 43 | 4 | O | 45| @
5 3o4. |5240000 6q.| B180. | 42 | 4 | ko | 7
(| 3us. |kboooeo 73| 6540 | 42| € |1 [55] 3
7. | 362. |30l 77| 788 | B. | 0 o |67} &
Q. 326 [4;200000 T-2210. | &k 2 38 6.
q. 295, 5240,000 5.(f, (0,250. {’Cf o | o|28.] 3.
o | 35 [eq000 71 B0 42 | 2 |« [49| €
| 32 {29000 65| Sam. | 4. | o | 2 [48| ¥
2. | 30, [5u0000] k| T460.| 4 TR
:;H\rwoﬂe 3254 |} 6700004 [ 68| 2002, K- | . |08 | hb. | 48
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' ¢
platelets, using the method described by Bedson (1922)

.{in a meshwork of connective tissue fibrils and

and erythroblastic series of cells can be seen lying

It will be seen that in some instances there was a

slight reduction in the number of red blood corpuscles,

though the average red count was 4,600,000 per G.mm.
Polychromatophilia and nucleated reds were less common

than in the acute stage. Estimations of the blood

showed no reduction in the proportion of platelets
to red cells.,

There is a very slight reduction in the number of
leucocytes as compared with animals of similar weight,
while in comparison with guinea—piga-of the same age,
whi&f have lived on a full diet and have therefore
shown a definite increase in weight,the leucopenia is
more pronounced. The differential leucocyte count
shown praotidally no deviation from the normal, thus
differing from the blood findings in infantile scurvy,
in whieh sccording to Hess anmd Fish (191?) there is

usually a relative lymphocytosis.

1l. The bone marrow., A detailed description of the
bone marrow in healthy guinea-pigs is hardly neceé;ary
at the present time. It should, however, be
remembkered that in the guinea-pig the marra of the
long bones is almost entirely haemopoietic, since it
contains only a very little fatty tissue. The
proportion of fat to haemo-pdetic tissue is seen in

Fig 1, where the various members of the leuscoblastic

branohea/
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branched reticular cells, Small capillaries lined

by definite endothelial cells are noticeable at certain

points, while a conspicuous feature is the large
number of giant cells. Definite changes occur in
the bone marrow in acute scurvy. The marrow at the
disphyses loses its normal cellular appearance; the

haemopoietic cells disappear and are gradually

replaced by a more or less gelatinous material through

which run a few strands of fibrous tissue. Small
collections of red cells or of freshly formed blood
pigment may be found scattered throughout this aréa,
which constitutes the frame-wark marrow or
“Gerueatmarkﬁ, first described by Schoedel and
Neuwerk (1900). When fractures occur near the
extremities of the long bones, or when the

epiphysis becomes separated from the diaphysis, there
is often a very considerable formation of rather
dense fibrous fissue. In the more central part of
the ﬁarrow the most noticeable feature is the extreme
degree of congestion (see Fig.2); the blood sinuses
are oiosely packed with fully formed erythrocytes,
while oufsiﬁe the actual sinuses are found masses of
red cells, either of quite normal aspest or apparentl;
in process of bresking down into granulsr pigment.
In certain areas there seems to be an increased
formation of normoblasts, but on the whole the
erythroblastic reuction is very slight. 1In a few
cgses there is a slight myelocytic reaqtion,though

here/:
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here again the response is much less merked than in |
cases of simple haemorrhage, probably owing to the |
intense congestion and haemorrhage into the marrow.
Carnegie Dickson (1906% points out that in acute
septicaemias the occurence of haemorrhage into the
bone marrow is one of the most important factors
leading to an 1mperféct reaction og the part df the
leucoblastic cells. '

Degenerative changes were noticeable in the
haemopoietic cells situated in the frame-work
marrow, but in the shafts of the long bones there wasg
no actual degeneration either in fhe leucoblastic
cells or in the megakaryocytes. . This latter fact
is of interest in connection with the failure to
demonstrate & diminution in the number of blood
platelets in scyrvy. In chronic scurvy .bhe bone
marrow does not present the same congested
appearance as in the acute form. | The frame-work
marrow is still present, but instead of being
restricted to a narrow layer in celose relation to
the diaphysis there is & tendency for areas of
geldatinous degeneration to be found replacing the
haemopoietic tissue through the marrow, These areas
of gelatinous degenération consist of a homogeneous
interstitial ground substance in which are found a
few fibrous tissue elements together, in many areas,

with & certain amount of blood pigment, which in all

probability/
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probability indicates that these gelatinous areas are
formed at the site of haemorrhages of some standing.

As & rTule the gelatinous degeneration is more marked

diet. In a few instances there was noted in the
marrow somewhat extensive areas of hyaline change in wp
the ground substance appeared entirely homogeneous,
while the number, bﬁth of leucoblastic and erythroblast
cells, was greatly reduced. This appearance is

indicated in Fig: 111. It seems possible that this

hyaline change is merely & later stage of the
gelatinous degeneration in which the fibrous reticulum,
which even in the normal guinea-pig is very delicate,
has entirely disappeared. The oceurrence of these
changes in the bone marrow is somewhat akin to the
fibrosis which was described by Zilve and Wells (1913)

in
in the tooth pulp && scurvy. Apart from the

change in the haemopoietic cells

111. The lymphoid tissue. Little need be said in
regard to the appearances of the lymphoid tissue in
sourvy. In the acute stage the spleen usually shows

extreme congestion. The splenic sinuses are packed

Iith red cells meny of which are being actively
hagooytosed by the endothelial cells. Occasionally
mall haemorrhages may be found in the spleen, more

especially beneath the capsule. In the chronic stage

there is far less congestion in the spleen; active

phagosytosis/

the longer the animal has survived on a scurvy-producing

Lrw
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ie

reduction in numbers there was no definite retrogressive




'lymphatia tissue of the intestine is alse conspiocuous

phagocjtoais still continues, while a good deal of

blood pigment,for the most part haemosiderin,is found
both intre- and extra-cellularly. There is no atrophy
of the spleen either iﬁ the acute or chronic farm of

scuIvy. Atrophy of the lymph glands, thymus and

by its absence. This is of interest as showing that
there is little real connection between the
pathology of deficianaies due to vitamin C and those
due to vitamin B. When animals are fed on diets
deficient in vitamin B there is always noted a marked
atrophy of the lymphoid tissues throughout the body
together with & reduction in the number of the
lymphocytes in the periphergl blood stream.
Haemorrhages into the lymph glands and thymus are

|

'When vitamin C is entirely removed from the guinea-

|practically never seen in scurvy.

|
SUMMARY.

pig's diet the animal dies in a few weeks from acute
SCUTVY. When vitamin C is given in subminimal
amounts the animal ceases to grow and aftet a
considerable period dies, usually as the result of an
intercurrent infection. Affer death, the pathological
changes characteristic of chronic scurvy can be noted,
There are no definite blood changes either in acute

or chroniec scurvy. In thememopoietic organs there is
no atrophy of the lymphoid tissue. The bone-marrow in
the /

18.



the acute stage shows haemorrhagic congestion, in the

chronic stage gelatinous and hyaline degeneration.

(b) Bacterial Infection in Scurvy.

The belief that scurvy was & spggific bacterial
infection was quite commonly held until with a few
years ago, more especially in Russia. This theoxy
was based on the well known associastion of scurvy with
plague, pestilence and femine and on the frequency witl
which orgenisms can be isolated from the blood of
patients suffering from securvy. In the case of
experimental seurvy there have not been wénting those
who like Jackson and lloore (191?) have upheld the
infective theory on the grounds that they have been
able to isolate a small diplococcus from the tissue of
scorbutic guinea-pigs. On inoculating this organism
into rabbits living under ordinary conditions, Jackson
and Moody (19123 produced haemorrhagic and other
legions in the bones, joints, gums and muscles, which
they considered to be similar to soﬁrvy. Some douﬁt,
however, has been thrown on this work since adult
rabbits dd not develop scurvy even when fed for months

bn a diet deficient in vitamin C. Since it has been

onolusively shown that scurvy can be produced at will |

n the guinea—plg by the removal of a definite faotor
the baclerial Theory has tor he most patt been abandene?,

from the diet the more so as the universal experience

0f all those who have kept animals on deficient diets

[

as/

==
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has shown that they readily succumb to bacterial
infections while control enimals on complete diets
do not die from these infections.

Despite the frequenoj of epidemiocs of infectioms
diseasse among small laboratory animals it was only
comparatively recently that the relationship of
these epidemics to inadequate diet was demonstrated
by Theobald Smith (191%%. This observer found that
epidemics of pmeumonia due to the pneumococcus and
bacillus bronchisepticus were very common in guinea-
pigé during the winter months wheh the diet was
deficient in green food, while in summer, when excess
of fresh food was proWied,no cases of preumonia
ocourred.

Up to the present comparatively few attempts have
been made to determine the csuse of this liability to
terminal bacterial infections. Hektoen (1912‘)
Observed a normal formation of antibodies on artificia
diet while later Zilva (19133 examined the fomation
of agglntinins, immune body and complement in rats
and guinea-pigs fed on diets poor in vitamins, He
could determine no diminution in the power to produce
these substances.

In addition to the deficiency diseases,numerous oéher
conditions such as the anasemias and especially'chronic
bacterial infeotions render the tissues more liable to
the attacks of relatively non-virulent organisms. P

fact so common are these terminsal ihfeotions thaﬁ as
'Osler/
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Osler has expressed it "persons rarely die of the
diseagses with which they suffer”. Some years ago
Flexner (189?) studied the question of terminal
infections with staphylococei in human beings
suffering from chronic bacterial infection. He
thought that, at least in a few cases, he could detect
a slight decrease in the bactericidal actions of the
human serum against staphylococci. The accuracy of
these findings was however rendered doubtful by
Windsor and Wright (lQOEﬁ who showed tﬂat human blood
serum has practically no bactericidal action against
staphylococci. Tunnicliff (191;3 investigated the
opsonic index during the leucopenia of meaalés. He
found that there was a slight decrease in the index
for streptococci, staphylocoeci and tubercle bacilli.
Bartlett and Ozaki (191'?') injected a dog with a
massive dose of bacillus coli and five hours later
with a quantity of staphylococci. There was no
decrease in_the opsonie indei for staphylococcus.
Quite recently Cross L19253 has investigated the
question of the opsonic index in relation to terminal
infections. He was unable to determine any decrease
in activity against any bacteria not concerned in the
primary infection even in the very last stages of
fatal infection. In those cases where the natural
immunity is lowered by & primary bacterisl infection
there is thus little evidence of any loss in opsoniec
activity. As the opsonic activity of the serum in
animals /
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animals fed on deficient diets does not appear to
have been investigated,experimenis were carried out
to determine whether there was any reduction in the
opsonic activity as the result of a diet deficient in

vitamin C.

Technique.

Four guinea-pigs were placed on an ad libitum diet of
oats, bran and 70 c.cs of autoclaved milk per diem with

with the addition of 2 c.cs of orange juice every thwd

Wdod day. Four controls were placed on the Same
basal diet but with the additon of 10'0.03 of orange
Juice efery Wi day. Estimations were carried out
with two organisms bacillus coli and staphylococcus
aureus. Readings were made at the beginning of the
lexperiment and at weekly intervals for the next six

weeks. 0.5 c.c8 of blood was removed from the heart

lof each animal, the sera from the controls and the
soo:humica being each pooled before use. The

opsonic technigue used was essentially that recommended
by Wright. One hundred polymorphonuclear leucocytes
were examined on each slide and notes were taken of the
number of leucocytes containing bacteria and of the
total number of bacteria phagocytosed. The average
number of bacteria per polymorphonuclear leucocyte has

been termed the phagocytic index. The results are

sSummarised in Table 111.
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‘| vital activities,.

‘animals, especiaslly as histologicsl studies had

These observations though they require extending over
a larger series of enimals and a greater number of
bacterial species nevertheless do not indicate any
reduction in the opsonic power of the serum as the
result of a diet deficient in vitamin C. They thus -
tend stvill further to strengthen the evidence in
support of the view first expressed by Bordet (19033
that the phagoeytic activity of the body is a
relatively stable function and‘one not easily

influenced by conditions which profoundly affect other

In 80 far as the Serum reactions are concerned thetre

is thus little evidence of a rupture in the defence

in vitamin C. Attertion was therefore directed to

the cellular reastion to infection in scorbutiec

previously shown that there were definite lesions in
the bone marrow as the result of a deficiency of the

anti-scorbutic factor. - For this investigation

When snimals are suffering from acute scurvy their
hold on life is in any case S0 precarious that it is
almost impossible to determine whether their death is
due to the bacterial infection or to the scurvy. To
guinea-pigs suffering from chwenic scurvy this

objection does not spply. ZExperiments were therefore

carried/

mechanism of the body, as the result of a diet deficient

guinea-pigs with chronic scurvy were along@ employed. °
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carried out on control animals and oﬁ those with
chronic scurvy with the following organisms, viz.
pneumocoscus, staphylococcus, aureus, bacillus coli
and streptococcus haemolytiens. The two points to
which special attention was directed are,~

(1) the number of organisms and the time required to
produce a fatal result. |
(2) the cellular reaction to the infection as shown

by changes in the blood and haemopoietic organs.

ITechnique.
The animals employed for these éxperimenta were all
placed on the standard diet of oats and bran ad libitu
with the addition of a daily ration of 70 c.cs of
autoclaved milk. In the case of the scorbutic
eanimals 2 c.c8 of orange Jjuice were given every thixd
day, while the control animels received 10 c.cS per
daye $he scorbutic animals were allowed to pass
8ix weeks on the diet before they were injéc$adﬂwith
e suspension of the particulsr organism under
investigation. In the case of the pneumococcus
two sets of controls were employed (1) animals of the
same Weight at the beginning of the experiment, which
as the result of & full diet had grown normally, and

}(2) animals of the same weight as the scarbutic ones
at the time of injection. As a rule therefore the

scorbutic animals were older than the controls in the

second /

m
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second group, & point which may possibly be of some
importance since Sudmersen and Glenny (1909) have
shown that the susceptibility to diptheria toxin of
guinea-pigs of constant weight varies inversely as
their age. All the inoculation experiments were
carried out during the winter of 1921-22. The
organisms for injéetiodon were in each case grown on a
suitable solid medium for twenty-four hours;  they
were then washed off with normal saline and a
suitable dose was calculated by the opacity method by

comparison with suspensions of barium subhate.

(2) Pneumocozcus.
As is well known the susceptibility of different

species of animals to infection with the pneumococcus

Varies very considerably. MNMice are the most susceptib
\then in order of decressing susceptibility come
irabbita, rats, sheep, guiﬁea—pigs and dogs. Pigeons
are said to be immune. AS a rule the more
susceptible animals die from a pneumococcal
septicaemia while in the less susceptible species the
local lesion is of greater severity than the gencral
reaction,

The strain of pmaumococcus used in the present
experiments belonged to type II. It was originally
isolated from a case of pneumococcal meningitis, but
had been grown for some weeks on srtificial media.

No attempt was made to increase its virulence by

animal/
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animal passage.
BExperiment 1.

In this expe riment twelve guinea-pigs suffering from
chronic scurvy were inoculated intraperitoneally

with from 500 to 2000 million pneumococci, Twelve

normal guinea-pigs of the seme age as the scorbutic animals

but of heavie r weight and twelve younger guineaspigs

of the same weight were also inoculated intraperitoneally.

. The times of survival and other data are shown in

Table 1V.
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of the abdomen.

Expe viment 1l.

Twelve guinea-pigs, four of them with chronic scurvy
and eight controls were inoclulated under the skin
The controls as in experiment 1 were

divided into two groups accoxding to age and weight.
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A study was also made of the changes in the leucocyte
count followi ng the intraperitoneal injectiomu.off
penumococci. Both in the scorbutic and control
animals there was a marked leucopenia 1mmediately'
following the injection. This persisted for about
8ix hours in the animals that survived for more than
three days and was then followed by & leucocytosis.

In those cases where the animal died fwom pneumococcal

septicaemia in a few hours the leucopeunia persisted up

till death, while in the c&se of animals, such as
guinea-pig 2l,which died of an extensive penumococcal
peritonitis after nine days, thﬁ leucocytosiswis
followed by & second leucopenia. Leucocyte counts

of typicel animels are seen in Table V1.
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There thus appear to be two forms of léuooPenia, a -
primary form which occuxs immediately after ﬁhe_
ipjaetion of organisms whether this injection be
Subcutaneous, intravenous or intraperitoneal, snd a
secondary fom which occurs at a later Stage of the

disease and usually portends a fatal result. The

primary/
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primary form appears to be due to a rearrangement of
the leucocytes in the circulation, while the secondary
fom is indicative of a failure on the part of the
bone merrow to react to infesction, In the case of
intrafenous and intraperitoneal injections of
organisms it is of importance to remember that bacteria
reach the bone marrow & very short time after their

injection. If these organisms persist in the marrow

their presencehaturally tends to interference with the
occurrence of a leucoeytosis in the peripheral blood
stream. These experiments show that when small doses
of pmsumococei - 500 million - guinea-pigs, both
healthy and scorbutic animals show little or no
difference in their powers of resistance, since death
only took place in one out of four scorbutiec animals

and in two out of eight control animals. Guinea-pigs

No. 1 (scorbutic) Nos. 5 & 9 (non-seorbutic) which
Lere killed fifteen days after the injection showed
no signs of peritonitis. Cultures from the surface
af-the peritoneum were in every case sterile, while
smears examined microscopically showed only a few
mononuclear cells in various stages of degeneration,
More striking reéults were Obtained with animals
injected intraperitoneally with 1000 million
pnBumococci. The four scorbutic enimals only
survived for an average period of 2.6 days while of
the non-scorbutic guinea-pigs, oﬁe survived while the
other eight died in an average of 8.4 days. In the

seorbutic/
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gecorbutic animals the exudate into the peritoneal
cavity consisted only of a 1little serous fluid while
in the'control animals there were dense yellowish
flakes of fibrin on the peritoneal surface. In the
scorbutic enimals death was thus essentislly due to
e pneumococcal septicaemia, very similar to that
which occurs in the mouse, while in the control
animals death was associsted with the presence of a
| well marked peritonitis.

A study of the differential leucocyte counts was also
of some interest in this connection.
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In the scorbutic guinea-pig No.16, degenerative
changes in the leucocytes were met with on the second
day after inoculation while in the control No. 20
they did not appear till the f£fifth day after
inoculation. These degenerative changes in the
polymorphs consist of a swelling up and disintegration
of the nucleiswhile the protoplasm becomes vacuolated
and the granules lose their characteristic staining

reactions, The appearance of myelocytes immediately

befare death is of interest since Tonga@qf s the result
of & recent study of the effects of hemolytic
streptococei on the blood and haemopoietic organs of
rabbits has come to the conclusion that the wocurence
of a leuoopénia coupled with the presence of

Eyalocyﬁes in the peripheral blood stream is of very

grave importance. In the scorbutic animals which
guffered from pneumococcal septicaemia leucocytes
With rather thick rod-shaped nuclei mede their
gppearance in considerable numbers in the peripheral
lood stream on the second day after the injeetion,
hile in the control animals they were not noticeable
the peripheral circulation in anything like the
ame numbers until the fourth or fifth day. Brugsh
nd Schilling (196%) consider the presence of these
olymorpho-nuclear cells with rod-shaped nuclei to be

ery characteristic of acute pneumoniec infections.

Tn order still further to compare the effsots of the

pneumocaml /
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pneumococcal infection in scorbutic and control

o4.

animals two of the latter were injected intraperitoneally

with doses of 100 million pnaumococoi. They were
killea on the third and fourth day after injectiom.
On examination the peritoneal exudate was more
extensive in the control than in the scorbutiec
animals. - No evid ence of phagocytosis of pneumocoecci
was seen either in scorbutic or control snimals,
though ﬁot infrequently a polymorphonuclear leucocyte
would be seen surrounded by a ring of pneumococci.

In both the scorbutiec and control animals the spleen
was moderaﬁaly enlarged, deeply congested, soft and
friable. Microscopically there was consid erable
hyperplasia of the endothelial cells lining the sinuse
The changes in the bone merrow in the scorbutic and
in the control animals killed at the same time after
injection showed that in the scorbutic animals dying
from pneumococcal septicaemisa .there was & very
moderate reaction on the part of the leucoblastic
ceils, &8 shown in Fig.yass. In the control animals
on the other hand the resction was very active; there
was practically no fat to be seen in the bone marrow,.
In the control animals inoculated with pneumococeci
and then killed on the third and fourth day after
injection, no degenerative changes were noted in the
myelocyte series of cells, but in the scorbutiec

animals with pneumococcal septicaemia the

degenecrative changes were well seen. In the myelocytes

Se
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were injseted intraperitoneslly death took place in

|period of 6.4 days. In regard to the amount of

~ |With 1000 million pneumococci auboutaneouslyjall the

the protoplasm was more granular then ususl, while
karryoxhexis, karyolysis, vacuolation or even complete
disappearance of the cytoplasm wefe all well seen.
The giant cells, though not decreased in numbers,
shoied an irregular distribution of the nuclear
chromatin which though sometimes apparently increased
in amount was usually split up into irregular Btreaks
Or muSsSes. In all those scorbutic animals which had
died of pneumococcal septicaemia the heart muscle was
found to show well marked fatty degeneration. Heithe
of the two control animals killed on the third and
fourth day showed any evidence of fatty change in the

myocardium. When doses of 2000 million pneumocoaci

all the guinea-pigs, both scorbutic and control,
The scorbutic animels, however, died in an average of

2.25 days, while the controlé survived for an average

exudate into the peritoneal cavity there was, however,
in the majority of cases very little to choose between
the scorbutic and the control animals.

Somewhat analogous results were obtained after sub-

cutaneous injections of pneumococeci. When inoculated

seorbutic animals died in an average of 6.75 days,
while of the controls only three out of eight died in
an average period of 7.3 days.,

These experiments with pneumosoccus, though they

T
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require to be carried out on a far more extensive
scale before absolutely accurate results can be
obtained, nevertheless tend to show that the
scorbutic animal is as capable &8 the healthy animal
of dealing with small numbers of pneumococci, When
the dose of pneumococci is somewhat larger, i.e. 100
million, the resistance of the scorbutic animal
breaks down more rapidly than that of the control.
The scorbutic animel dies from en acute pneumoooecai
septicaemia, while the healthy animal dies after a
somewhat longer period of time with a localised
pneumococcal septicaemisa. With still lsrger doses,
i.e. 2000 million, the resistance to the organism
breaks down with about equal rapidity in healthy
and sgorbutie guinea-pigs. Unfortunately the method
by which the tissues resis t the attacks of pnaumoua&cuL
is at present uncertain, the exact msthod of
pneumococcal infection is still unknown. There is,
however, some evidence to show that a toxg$m@u may be
at work, Though attempts to isolate intracellular
toxins from the pneumococcus have not been very
satisfactory, Cole (195?) has recently claimed to have
obtained a toxin with specific effects by lysing the
neumococei with bile. The results which he obtains

¥ injecting the toxin intravenously into guinea-pigs

re, however, too uncertain for any accurate quantitative

ork to be carried out. The rapidity with which fatty

egeneration appesars in the heart muscle and @egenerative

hanges /
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changes occur in the bone marrow in scorbutic animals
suggests either that these organs are more susceptible
to the action of pneumococcal toxin or that the
amount of pneumococcal toxin present in the blood was
in excess of that present in the blood of healthy
animals similarly injected. In this connection it is
of interest to note that Rosenow (191%% claims to havs
| shown that the susceptibility of guinea-pigs to the
action of toxins is inecreased by starvation,

It has long been recogniseddthat whatever the essentiﬁl
factors may be in the resistance to the pneumococcus,
thehetivities of the leucocytes almost certainly play

a part in the process. The occurrence of a definite

leucocytes in the blood would appear to have a
phagocytic action on the pneumococcus. In the dog

Tehistovitseh and Jurevitsch (1905% have also

however could detect no phagocytosis of pneumococci
by the polymorphonuclear cells of rabbits and in this
respect the guinea-pig would sppear to be similsr to

the rabbit. XZven in the rabbit, inlwhieh presumably
the pneumococci are destroyed extracellularly, the
olymorphonuclear leucocyte plays asn important ralej
for Winternitz and Klpine(lglg) have shown that in
rabbits rendered aplastic with benzol the resistance

to pneumococcal infection is greatly reduced. In 1

shronic /

leucocytosis in pneumonia is well recognised clinically

described phagoocytosis of pneumocoeci. Wedswotth (1912)

38,

as a sign of good progmosis. In men the polymorphonuglear



chronic alcoholies the resistance to pneumonia is
usually low probably as the result of the feeble
leucocytosis which cccurs, This feeble leucoblastic
reaction is correlated with an extensive fatty
degeneration of the bone marrow caused by the prolonged
action of alecohol. " .

In guinea-pigs with chronic scurvy there are numerous
areas of degencration in the bone marrow, while in
scorbutic animals dying from pneumococcal septicaemia
the leucoblastic response is poor in comparison with
that found in healthy control snimals. It is therefor
not unreasonable to conclude that the degeneration in
the bone marrow in chronic scurvy may at least be one

of the factors in producing a relative lowering of the

resistance to pneumococcal infection.

"I1. oStaphylococcus aureus.

A laboratory strain of staphylococcus asureus which

had been grown for some months on artificial media was
used for these experiments. No attempt was made to

increase its virulence which was low.

Experiment 11ll.

Fourteen guinea-pigs of roughly the same weight, six
of which were suffering from chronic scurvy, while
eight were controls were inoculated intraperitoneally
with suspensions of the organism in normal saline.

The results are shown in the following table.

8. -
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These observations show that as in the case of the

Pneumococcus,both the scorbutic and healthy control
guinea-pigs are capable of destroying consid erable
numbers of staphylococci. With intraperitoneal

injections of 20,000 million staphylococei both

Scorbutic animals died with marked symptoms of

|
reritonitia/
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peritonitis, though no organisms cduld be cultured
from the heart blood. The peritoneal exudate
which was only moderately rich in leucocytes

contained chiefly polymorphonuclear cells and

The spleen was enlarged and deep red in colour,

| Microscopically there was evidence of a reaction to
infection. :

Similar changes were found in the healthy control
animals which hed received intraperitoneal injections
of 50,000 million. In the animals, both Bcorﬁuti&
and control, which were killed ten days after the
injection, smears from the peritoneal cavity showed
only the presence of a few mononuclear cells, some of
which contained the remains of partislly digested
polymorbhonuclear cells., The spleen was normal both
on naked eye and microscopic examination. Cultures
both from the peritoneum and heart blood were sterile,
Two other healthy guinea-pigs - Nos. 53 and 5§ - were
also inoculated intraperitonesally with 20,000 million
staphylococoi. They were killed on the 5th and 6th

days after inoculation respectively. In both there

was bnly a very small amount of fluid in the peritonea
cavity and on microscopical examination the cellular
| exudate was almost exclusively mononuclear in

character,

Total end differential leucocyte counts were made in

The/
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mononuclear leucocytes in various stages of degeneration.

| the case of all animals inoculs ted with the staphylococci,



The findings in the case of a scorbutic animal -
No. 43 - which died after inoculation with 20,000
million staphylococci are contrasted in the table
with those found in a healthy animal + No. 45 - which

recovered after the same treatment.

TABLE IX
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In the case of both animals there was & primary
leucopenia following the inoculation while later a
leucocytosis occurred. This leucoeytosis in the
case of the scorbutic énimal finelly geve way to a
secondary leucopenia associated with the presence of
myelocytes in the blood stream together with dead
polymorphonuclear lyscocytes and & consid erable number
of polymorphonuclear cells with the red shaped
nuclei previously described as occurring after fatal
injections of pneumococcie.

The changes in the bone marrow of the guinea-pigs
which died as a result of the staphylococcal injebtiona
were very similar to the e deseribed by Muir (196?3
in rabbits dying after large intraperitoneal injections
of staphylococci. The leucoblastic reaction in the
bone marrow was only moderate in amount and much less
marked then in the control animals inoculated with the
same number of orgenisms., In the bone marrow of
thé control animals - Nos. 55 and 56 - there were no
signs of degeneration in the ieucoblastic cells, while
the scorbutic animals showed definite evid ence of
degencration both in the myelocytes and in the
megakaryocytes. In one of the scorbutic snimsals
which died from the staphylococcal infection the hesart
showed marked fatty degeneration.

These experiments though less extensive and less
| _

isuggestiva than those with the pneumococcus neverthele

itend to confim the suggestion that the scorbutic

jguinea/

|
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guinea-pig i{s Eore susceptible to the action of
‘I'r.f eciron
bacterial twommimen than the healthy animal.

TH. Streptococcus haemolyticus.

A stra‘in of hemolytic streptococcus obtained from
the Lister Institute was used for the injections in
this experiment.

Sxperiment (1V).
The injections were all given intraperitoneally.
Ten scorbutic guinea-pigs and ten healthy controls of
roughly similar weight were employed. Th_e results

obtained as shown in the following table:-

TARLE X - .
“The cllu}'ﬂ a} 'maa}aui]’or_l-t_al 'injzohons 4

Sreplocsecus haomolylieus in quinenpigs .
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As in the case of the pneumococcus and staphylocoscus,
the lovering of the resistance to the streptoca cus
due to the scorbutic condition was very slight. Th&
results obtained with injections of 100 and Z00
million were identical both in the scorbutic and
healthy animals. With doses of 500 million however
the scorbutic animals died while the controls recovered.
For comparison with the scorbutic animals two healthy
guinea-pigs - Nose. 75 & 76 - wWere inoculated
intraperitoneally with 500 million streptococci and
were then killed on the third and fourth days after
the inoculation. A point of some interest in the
post mortem examination of the secorbutic guinea-pigs
dying from streptococ.cal peritonitis was the number
of petecchial haemorrhages, which were found on the
surface of the peritoneum, pleura and round the knee
Jjoints. The se haemorrhagic foci were all quite
recent. As was previously mentioned in discussing
the pathological changes in.ohrdnic scurvy,it is not
common to find numerous haemorrhages in the chronia
form of the disease in the guinea-pig. The se
haemorrhagic foeilmust therefore in all probability
be looked upon as being due to the action of the

£
streptococcal toxin on the endothelium alresdy

oy ¢

'] weakened by the deficiency of vitamin G. Whereas
J;all the secorbutic guinea-pigs Whahﬂ died from the-

W effects of the streptococceus showed these haembrrhagea,

w

. only one of the controls - No. 72 - shoved &8 few

j hsemorrhagic/




haemo rrhagic foei in the peritoneum. The changes in
the peripheral blood stream were very similer to those

described in the case of the pneumococcus and

showed & very extensive gelatinous degeneration of the
bone marrow, which though in part due to the ehrvonic
deficiency of vitamin C was largely due to the action
of the streﬁtoco&cus. The reaction of the bone
merrow in guinea-pigs Nos. 59 and 60 was much less
then that in the healthy animsls - Nos. 75 and 76 -
which also veceived an injection of 500 million
streptococeci, while the degenerative changes in the
bone merrow were also far more evident in the

secorbutice then in the controls.

(1V) Bacillus coli.

A stock laboratory strain of bacillus coli was used
for thiscseries of inoculations. The same technique
wWas used as in the previous experiments.

ﬁxperiment V.

Twelve guinea-pigs, six scorbutic and six control

-

animals, were inoculated intraperitoneally with varyipg

' dosies of the bacillus. The results are shown in the

follow1ﬁg table: -

staphylococcus. One of the scorbutic-animals - No. 61 =

4b.
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With baeillus coli also the scorbutic animals

bxhibited rather less resistance than the controls.
[n the scorbutic snimals that died after injection withl
Y00 million organisms there was & considerable amount

of fibrinous exudate into the peritoneal cavibty, wherea

in those animals which succumbed more rapidly the

ate was fluid and small in amount. As in the case
f the scorbutic animals with streptococcal infection,
he scorbutic guinea-pigs with b.coli infections showed
umerous hsemorrhagic areas, wWhile the control animals
[hw ed none. -

@he changes in the leucocytes of the peripheral blood

ﬁtream/
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[ stream were similar to those cbtained with the other
orgeniems previously describesd.
Degenerative changes were especially well marked in

the bone marrow of the scorbutic guinea-pigs.

The result of thege experiments with four_species of
bacteria shows definitely that guinea-pigs fed on a
diet deficient in vitemin ¢ succumb to a smaller
infecting dose of bacteria than animals fed on a
complete diet. The symptoms cof toxaemia‘are manie-
:fested mo re rapidly in seorbutic than in contrel
guinea-pigs either because the tissues, especially
the heart, are more susceptible to the acticn of
bacterial toxin or because in scorbutic animals more
toxin is formed by the bacteria, The definite
rupture in the defence mechanism of the body appears
to be due to degenerative changes in the bone marrow
resulting primarily from the congestion and

hae morrhage present in the marrow, as the result of
a diet deficient in vitamin C. Clinically the

symptoms of chronic guinea-pig scurvy are almost

infection is present that the weakness in the
defence mechanism becomes apparesnt. Chronic

scurvy therefore provides another instance of the

bene marrow is asscciated with a reduced resistance

tc bacterial infectien.,

unno ticeable. It is only when a superadded bacterial

well-knewn fact that degeneration in the haemopoietic

L
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11.  DAFICIENCY IN VITAMIN B
and
BACTERTIAL INFEGTION.
(2) The Blood end Haemopoietic 6rgans in Beriberi.
The gé;eral histological chanées in the tis sues
which result from a deficiency of vitamin B in the
food have now been so extensively investigated both
in man and in animals that any further description
would be superfluous. levertheless it is
surprising that up to the present verj little
attention has been directed to the haemopoietic
organs and the cellular changes in the blood in
beriberi,
(1) The blood cells in man 4o not show any very
greaﬁ devietion from the normal. Payrer (1883%
described a great diminution in the number of r ed
cells, the blood picture being not unlike that found
in pernicious ansemia. At thaet time, however,
ankyiostomiasis was frequently confused with
beriberi. More recent work by Vedder (19léﬁ'has
shown that there is only a moderate degree of anaemigd.
In sixteen cases in Buropeans examined by the writer
the average number of red cells was 4,200,000 per cmm,
while Marshall (191{1 found no anasemia in six Chinese¢
coolies with beriberi. Polychromatophilia and

pyknosis are not commonly found.

w

Very few observations have been made on the leucocyte
¢
in humen beriberi. Findlay (1920) found the average

count /
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count to be 5,500 per c.mm. The results of

differential counts obtained by different observers

| very considerably. Thus Bezancon and Lakke (1903%
? could find no marked deviation from the normal.

; Takasu (lgdz) on the other hend found the number of
neutrophils always iower than the number of |
lymphocytes. Similar results were obtained by Saltet
and Legrand (196?]. ‘

Mathis and Leger (191{3 as the result of a prolonged
study of forty cases 6f beriberi in lladagascar came
to the following conclusions:-

(1) The number of neutrophil polymorphs was normal
®ix times (64 to 69 per cent), diminished 34 times
(64 to 44,3 per cent) the average was 57 per-cent,
(11) The average lymphocyte count was 36.
A.possible'explanation of these discrepant findings
has been pointed out by Chamberlain and Vedder (191?]
who have shHown that in the tropiqs native races have s
relatively higher number of lymphocytes than thé.
inhebitants of cooler climates. Europeans , howéver,

after a few years residence in the tropies also tend

to show a relative lymphocytosis. It is possible

therefore that the lymphocytosis observed in beriberi
by such observers as Mathis and Leger is more apparent

than real.
Findlay (19233 found that in Europeans the differential

count scarcely deviated from the normal.  The average

for/




for sixteen cases was:-

Neutrophils 64 per cent.
Lymphocytes - 25 per cent.
Mononuclears i 8 per cent.

Bosinophils - & per cent.

The proportion of adult and dead to young neutrophiis

was increased. The exasct significance of this shift

to the right is at present unknow.

In animals suffering from beriberi there have been

comparatively few observations on the leucocytes of

the blood. A few ihveatigations have, howcver, been
carried out both on pigeons and rats fed on diets

deficient in vitamin B.

When pigeons are fed on a diet of polished rice they

develop well marked nervous symptoms within thgreecor

four weeks. A diet of polished rice is of céurse

deficient not only in vitamin B but in vitamins A and
|Ce The addition of small doses of cod liver oil and
orange Jjuice to the polished rice dietary is however

without any effect on the occurrence of the beriberic

symptoms.

there is s reduction in the number of the red cells.

Thus in control birds the range of variation was from

beriberi the variation was from 1,332,000 to 3,452,000

birds/

52
McCarrison (1921) has found that in pigeons with beriberi

2,720,000 to 4,752,000 per c¢c.mm., While in pigeons with

per c.mm, The average for control birds was 3,599,73$

per c.mm aS compared with 2,763,500 per c.mm in diseased

50,



birds. No marked diminution or alteration in the
proportion of the white cells could be definitely
established in the pigeons suffering from beriberi.
These observations have been confirmed by observations
on ten control and ten beriberic pigeons. In the
controls the range of variation was from 2,440,000 to
4,950,000 per c.mm, While in beriberic pigeons it

ran from 1,540,000 to 3,870,000 per C.mm. The.averaga
for controls wes &,724,000 per c.mm as compared with
$,050,000 per c.mm in diseased birds. Such marked
fluctuations were present from day to day in the
leucocyte counts even of normel birds that no data

of any value could be obtained either from total or
differential leucocyte counts in the pigeon.

In rats fed on a diet deficieant in vitamin B very
définite changes in the leucocytes have redently been
recorded by Cramer, liottram and Drew (19253.
According to these observers in the final stages of the
disease there is a fall in the number of lymphocytes
from an everage figure of 8000 per c.mm in the normal
rat to a figure as low as 1200 per c.mm in the
beriberic animal. The polymorphonuclear lgucocytes
are not affected to the same extent. The blood
counts in normal rats, as found by various workers,

ere shomn in the following table:-

Y N»a?“ %,
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Observations were carried out on the blood of ten
rats when actually suffering from the paralytic

symptoms produced by & diet lacking in vitamin B,

The diet on which the animals had been fed consisted
Caseinogen 20 érs.
starch 55 grs.
Cod liver o0il 15 grs.,
salt mixture 5 grs.
Orange Jjuice O C.C8.

The salt mixture was that recommended for the
%

nutrition of rats by MeCollum and Davis (1915). Ten

control rats were given the same diet as the above

but with the addition of 5 grs. a day of autodjysed

yeast/
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Tre se results largely confirm the findings of Cramer
end his co-workers. There is &a very slight

| reduction in the ved cell count, the average being

| 6,540,000 per c.mm. There is quite a definite
reduction in the number of leucocytes, both of
lymphogytes and to a less extent of polymorphonuclesar
| cells, as & vesult of which the differential lpucocyte
.count shows a great preponderance of polymorphonucleal
cells. |

The examination of stained blood films showed & Vvery
large number of polymorphonucle ar leucocytes with -
fragmented nuclei and with vacuolated protoplasm.
Thid shifting of the index to the right in the
leucocyte picture of rats suffering from a deficiency
of vitamin B has also been noted by Hepp (192f%. It
is similer to what occurs in human beriberi.

(11) The Bone Marrow. Practically no observations
appeared to have been made on the condition of the
bone marrow in humen beriberi.

In pigeons leCarrison (192f3 merely mentions that the
bone marrow is decreased in amount in beriberic birds.
He does not, however, enter into any details as to the
exact pathological changes. An examination of the
bone marrow in pigeons dying from beriberi nevertheless
shows very definite changes. The bone merrow is

lighter in colour than the normel snd on microscopiocal

examination there are seen to be considerable aress

in/
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| congestion than in those subjected to complete

|

in which gelatinous degeneration has ocourred with
the disappearance both of‘leﬁoobbastic and
énythroblastic ceils. The appearance of the bone
amrrow is very similar to that described by Jackson
(1965% as seen in the bone marrow of starved birés,

though in the beriberic- birds there is rather more

inani tion.

In rats fed on a diet of casain,_starch, cod liver
0il and inorganiec salts, but lacking orange Juice and
yeast there are seen two noticeable changes in the
bone marrow. The capillaries are intensely congested
and at certain points appear to have ruptured. At
other poknts there is an sppearance of early gelatinous
degencration with a reduction in the number of the
haemopoietic cells. As leCollum (19253 ard his
co-workers have recently pointed out these chenges in
the bone marrow of rats fed on diets deficient in
vitamin B are very similar to those occurring in the

bone marrow of guinea-pigs sufifering from acute scurvy,

,suffering'from the infantile fom of beriberi there

The changes seen in the bone marrow are illustrated in
Fig. 11 . The ad&ition of orange Jjuice to the diet
doe s not prevent these degenerative chenges in the
parrow 80 that they cennot be looked upon as being
actually caused by a deficienecy of vitamin C.

(111) Lymphatic tissues. Thymus. In children

does/




does not sppear to be any marked atrophy of the thymug.

Thus Miura (18931 stated that the thymus is of normal
60

size, while lcILaughlin and Andrews(1910) and Andrews

6l
(1912) in their exhaustive papers find that the

there is possibly an increase in the cellular elements.
Hassall's corpuscles appear normal. In infants
beriberi is an acute disease and inaanition is not
marked 8ince most of the infants seeﬁed to be well
nourished with a fair amount of subcutaneous fat.

In pigeons there is almost complete disappearance of
the thymus as the result of & diet of polished rice,
a fact first noted by Funk and Douglas (lQli?'and
later confirmed by licCarrison (1921). Atrophy of the
thymﬁs also ococurs in hens fed on the same diet andlae
Findlay (19213 has shown is met with in bixds
sub jected to complete inanition.

53 ;
In rats Cramer and his co-workers (1921) have

ragalti off a diet deficient in vitémin B.

there is not uncommonly some atrophy of the spleen and
lymph glends though in the more acute cases atrophy

. 6%
is not a prominent feature. Scheube (1884) found

no ted that the spleen was usually: of noemal size,

colour and consistency, though sometimes atrophic and

rarely/

described & very similar atrophy as occuring #e ﬁhﬁ1%vm

Spleen and Lymph glends. In man in very chronic cases

o6,

thymus is usually pyominent and full while microscopigally

_ o
that the spleen was usually enlarged, while Miura (18883
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4 o
rarely enlarged. Yamagiwa (1899) found a disfinel

peveiphible increase in sigze in the majority of cases
Splenic strophy or atrophy of the lymphoid tissue
generally has not been noted in ihfahtile beriberi.
In pigeons and hens the atrophy 6f the spleen and
lymphoid tissue generally is a striking'featuie which
is also well seen in rats.

Atrophy of: the lymphoid tissues of the body is thus
& very characteristic occurrence in experimental
enimals fed on diets deficient in vitamin B. It
must however be remembrerd that in these animals
there ocour very marked symptoms of general inanition
characterised by a great loss of body'ﬁeight. In .
man, except in very chronic cases, this loss of body
wéight is not by eny means constant, and in assoeciation
2 with this, atrophy of the lymﬁhoid tissue is also not
a constant pathological finding.

Bvidence will &3 be brought farward to show that
atrophy of lymphoid tissue also occurs in assoddstion
with diets, which though containing an ample supply
of vitamin B, are nevertheless deficient in some other

essential respect.
(b) Bacterisl Infection and Beriberi.

For many years it was believed by many authorities
that beriberi was an infectious disease due to some

micro—organism. This view was based on the frequency

‘with which organisms were isolated either from the

ihlood/
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blood during life or from the tissues after death
.in.caées_of beriberi. Thpough the organismal theory
of beriberi is now &f historic interest only, it is
_ne?ertheleas of importance as showing the ease with
which the tissues of beriberic animals are attacked
by bacteria. All those who have fed animals on
diets deficient in vitamin B have been struck by the
number of animals which despite the best hygenic
conditions, nevertheless die from some secondary
bacterial infection, while MoCarrison (1925% has
ads@ noted that monkeys fed on & diet deficient in
vitamin B #are very liable to attacks of amoebic
dysentery, although control monkeys, parasitised

with Entamce ba histolytica remained in good health,

In order to determine the extent of the rupture in
the defence mechanism reéultihg from a éeficiency

of vitamin B experimentis were carried out on pigeons
with the pneumococcus. As is well known the pigeon
is practically immune to the action of the pneumocm o
even wken introduced intraperitonéally in reiatively
enomous doses. The pneumococei have completely
disasppeared from the peritoneal ¢ avity in from three
to eight hours. The cause of this immunity has not
been satisfactorily explaihed, thomgh there is some
evidence to show that the pneumococcus rapidly dies
o2 at 107 -108"F temp eratures, which are normal for

¢ .
the healthy pigeon. Strouse (190J}'acting on this

us

suggestion/
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uggestion reduced the pigeon's temperature by
ubcutaneous injections of pyramidon and then i.'.rl.]'ifiqr:ftsati,t
Beumococcei intraperitoneally with the result that the
;ird died in & few hours with a makxked pneumococcal
peritonitis.

hese experiments with pyramidon wéee repeateds . A
brmal pigeon, with a cloacal temperature of lOﬁ.BiF
ias given a subdutaneoué injection 0f 0445 grams of
yramidone. T™wo hours and & half later when its
emperature was 101.5 F it was inoculated with four

lood agar slope cultures of pneumococcus suspended

in saline. The pneumococcus, which was the same strain

frs thet used for the injections of guinea-pigs was gran

for twenty-four hours only before injZection. The

pigeong died thirty-one hours later and on post-mortem
amination showed an extensive exudate into the
eritoneal cavity. The exudate which was swarming
ith pneumococci contained a large number of polymozrpho:
eucocytes. There was, however, no phagocytosis of

neumococci going on. The pneumococcus was also

recovered in pure culture from the heart blood. The

©

dministration of 0.45; of Pyramidon subcutamsously

0r the intraperitoneal injection of the same dogseof

pneumococci is without any effeect on the pigeon, as is
seen from a reference to Chart 1M.

It is well known that one of the effects of & diet of

4olished rice on birds is to produce a lowering of the

qody temperature, whether by a direct action on the

c%ntral/
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central nervous system or by its slowing effect on alll
metabolic processes is at present unknown. This
reduction in the body temperature begins during the
first week of the polished rice diet. Four pigeona
were placed on the polished rice until their
temperatures weré reduced to between 103’ - 104°F.
They were then each inoculated intraperitoneélly
together with four control birds, with six blood agar
slopes of the pneumoca cus. | Death took place in the
beriberic birds in from nine to thirty-six hours
after the inoculation while the control birds showed

no untoward symptomse. Hone of the birds on the

polished rice diet showed any Signs of paralysis either

before or after the inoculation of pneumococci. The
temperatures of the beriberic and control pigeons are
seen in Charts %V - V11lk, In each instance the beribe

birds showed & consid erable amount of exudate into

60,
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the abdominal cavity, while the pneumococcus was isolated

in puze culture from the heart blood.
These experiments definitely show that diet can render
an animal susceptible to an organism to which under
normal circumétancea it is entirely immune. The
reduction in temperature would seem to be the main
factor in decreasing'thangasistance, though possibly
the degenarative changes in the bone marrow of pigeons
fed on polished trice may also play some part, since

it was noticeable that in the beriberic birds the

leucoblastic reaction in the bone marrow was le sS

’activa/




active than in the pigeon with its temperature
redﬁced by pyramidon.. Further expe riments are at
present being conducted on the resistance of pigeons
on a deficient diet vo other spec:le.s of bacteris.

At present of course it is not possible to apply
these results to men though it is of interest to_
note that in human heriberi the temperature is

almost always subnormal.
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| DEFICIENCY IN VITAMIN A
| ' AED |
BACTERIAT INFECTION.

During the past few years the effects of diets
laocking in vitamin 4 have received very considerable

ettention. Apart from its importance as a growth

factor, the lack of vitamin A would appear to be in
some way oonneoted with an eye condition - Kerstoma-

lacia - which appears promptly when the diet is de-

deficient in Vitamin A. The curious thing is, how-
ever, that keratomalaoia only ocours in & small per
centage of enimels fed on a diet lacking in this
factor. Thus, out of fwentyéfour young rats fed on
a diet complete in every way ,except that it laecked

vitamin A, only six developed keratomlaoia, which

appeared after from fifty to seventy-five days' feed-
ing. 1In two of the animals the lesion was monocular

Attempts to affect the gound eye with msterial taken

| directly/

tration of substences containing vitamin A. Kersta-

ficient in vitamin A and disappears after the adminis-+

tomlacia has been chiefly studied in rats fed on diets
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directly from the infected one were unsuccessful,
thus confirming the recent experiments of Walker
_flgng. Lttempts were also made to infect the eyes
of other rats which, thougﬁ?& diet deficient in vita-
| min A, were not suffering from keratomalacia. MThese
experiments were also unsuccessful. Prom the con-
Junctival exudate there were isolated streptococoi,
| staphylococci end & small Gram negative bsoillus.
An exactly similér flore was isolated from the con-
Junctivae of rats on the diet lacking in vitamin A,
_ but showing no eye symptoms, and from the conjunctivee
of control rats; The onset of the condition is
usually quité sudden, and prior to the appearance of
the keratomalacia it is not possible to determiﬁe by
by-tha histologiéal methods any changes in the cells
of the corneal conjunctiva. The earliest histo-
logical changes consist in a proliferation of the
cells of the corneal conjunctiva, later there ié
hyalinisation or necrosis of the outer layers of cor-
neal epithelium, sccompanied by an exudation of serum
and gn infiltreticn of smsll round cells. According
to Wason (192%).’the anterior chamber of the eye may
be imvolved in advanced cases. Keratomalacis has
been recorded by Block (191;3 as oocurring in epidemic
form among children in Denmasrk, while Wells f1923)

has noted its occurrence smong the famine sufferers

of/
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of Roumenis. In humen beings, as in rats, the con-

dition promptly clears up on the addition of a suf-

| ficient ration of vitamin A to the focd. It is of
.

interest tc note thst lMellanby (1921} has recently

noticed the ocourrence of keratomelacia among puppies

fed on a diet deficient in the "amti-rachitie” vitamin
whioh may or mey not be identical with vitemin A.

The majecrity of observers believe that keratoma-
lacia cnly occurs in animsls or mah when the diet is.
deficient in vitamin A, though recently Punk énd
Dubin (1923) have recorded its occurrence in two out
of thirty rats fed on & diet deficient in vitamin B.
As Bulley (19135 has pointed out, however, it is of
importence to distinguish olearlf between keratoma-
lécia and simple eye infeotions, such as msy occur in.
any poorly nourished laboretory animal. The same
observer has alsc shown that keratomalacia in rats

mey be entirely prevented by washing out the conjunc-

tival sac with a solution of some dilute disinfectant.

The occurrence of kerstomslacia would thus seenm

dependent
to be/on at least two fasotors,~(1l) a deficiency of

vitemin A in the focd, and (2) the presence of a suit-
able bacterial flecrs. The question, however, arises
as to whether these two factors are really sufficient

to explain its highly irregular occurrence, since

keratomalscia/




keratomalacia is not usuelly associated with any gen-
eralised septicaemic process. In the rats, which in
'my exXperiments suffered from keratomalacia, it was
noted that in four cases, death tock ﬁlaoe within a
week of the onset of the eye symptoms and in each
case the lungs showed marked evidence 0f broncho-

pneumonis.

(5) THE BLOOD AND HAEMOPOIETIC ORGANS IN
VITAMIN A DEFICIENCY.

Although the exsot part which vitamin A plays in;

the etiology of rickets cannot be at present definitej
ly stated, there is considerable evidence toc show that
cod-liver o0il, which is extremely rich in vitamin A,
plays some rdle in the depcsition of calcium salts in
cartilage. In view of the possibility of the re-
lationship of vitemin A to rickets, it is therefore
of some interest to compare the known facts regardiﬁg
the blood snd haemopoietic organs in rickets with'thoae
observeble in the oondition resulting from a deficiancy
of vitamin A. I

No observations appear to have been made on the
blood of human beings suffering from keratomslacia.
In rats, however, Cramer, Mottrsm snd Drew (1922) have

investigated the changes in the blocd, spleen, and
thymus /
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thymus . These authors found only s slight reduction

in the number of lymphocytes in the peripheral blood

:stream,. accompanied by a slight reduction in the size
cf the spleen and thymus. In order topinvestigate
this question somewhat more fully, twelve young male
rats of roughly the same weight were placedlon the
following diet: -
Caseinogen =-- - - - - 20grs.
Starch - = = = = = = 55grs.
Cotton-seed oil - - - 15grs.
Autclysed yeast - - - bgrs.
Inorganic salt mixture BEPgL .
while six contrel rats of the same age, sex aﬁd weight
were placed on .a similar diet, except that cod—liver
¢il replaced the cotton-seed 0il.

The rats fed on the diet lacking in vitamin A
died in from 57 to 99 days. Twoe of them showed signs
of keratomalacia, while at‘the éost mortem examination
these two and'one gther were found to be suffering
from broncho-pneumonia. These three rats were there-
fore not included in the tables ill@strating the
changes in the blcod and lymphatic g;::za since it
was oonsidéréd probable that the blcod picture might

‘be vitiated by the infeotive process. The heart

|
|
_|

blood of the other nine rats was sterile. Particulars
of/
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| 6f the.red and white cell counts are given in Table.
The blood counts here recorded were taken after the
génimals had been on the diet for a pericd of eight

weeks. :
In order to avoid any personal biss in msking

the total and differential counts, the blcod was ob-
tained by en assistant and given to me without any
knowledge on my part as to whether it came from an

animsl on the control or con the deficient diet.

TABLE XIY,

showing the blocd changes in rats
fed on a diet deficient in vitamin A.

No. L No.o 'rec} Ne. | Niﬂl'e ?o' mm'l‘na- Epsfno- Ba,se- L 'm!:ha- mononucfmr. :
ma'mj. Condilion cells }aer eels FET nﬂciect' Fh“s- }’L‘iis- TC?]}“_
c. mm, c. mm. ieucocjl‘es

33, = vifarin A ®,200,000. 9:200 Sk /2 0 42, o
Sl e 7400000 7420, | 62, 0. 0 36, 2.
35.| w  |g 500000, B3040, 49- 0. o 47 st

(36| o« |68mp00| &720. 56. /. /. 37. S
37-| «  |7220000 6340, | Sl 2. o 43, 4.
42. u iq‘ufo‘ooo_ 16,176 ‘l’é ol 0. 50. S,
;q_s. u .7320!000 g6oo.| IS5, i e 37 6.
4i| w |B500000) GQATC-| SO | O f O | 42 | &
49|« |7asopcol 7500 47| /. | o | 47.| &
73 + tifomin A 7,436,000 g860. | 40, S & S 3.
Th| € 600,000 1.730. 5. o, ' 0. éci_ ¢
76| * |3 470000 IS0} S3S. Ik o éo. 4.
76.| " |7,930000 9300 | 38. | 3. o) Si- . 5,
7 g 290,000 10,250, .27 A o) o ol 7
78, n 7 350,000 q,lf.‘SD, 3Z. /, 0 62 . h 5
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It will be seen that there is prectically no reduction
in the number of red cells in the peripheral blocd
stream, a point of some interest since Leonard Findley
fl?Ogj has shown that the supposed anaemia of rickets

is non-existent. The number of leucocytes is in

many cases normal} but in a few instances there is a
definite reduction, while the differentisl leucocyte
count shows s decreased number of lymphocytes in the
peripheral blcod stream. This decrease is not quite
as marked as in the case of rats deprived of vitamin

B. :
The ohsnges in weight in the thymus and spleen

are shown in the Table.% Both the absolute weight

of the organ is recorded and the weight of the organ

calculated per 100 grammes of original body weight.
[ The control animals, which, of course, had increased
in weight on the normal diet, were all killed on the

seventieth day of the experiment.

.'
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showing chenges in weight in spleen and thymus

in control rats and :'!.n rats on a diet lacking

TABLE XV.

vitamin A.

Weaht m | Weiaht in | Duvalion | Actoal We| W of Shlem Refoal WE. | WE of Thymus
petel b._%%;:fnﬂ %ﬂ% etin | Sl F}; ’ta it w;:jgﬂ :

e;};an’mml’w experimen!. Joﬂsl mgs. 5,:;IWLT§,]}1 En ;:}uﬂhﬁ
23-ykR | 138, 16, 57. 220. I59. 140, of. 1+
3 » | 120 | 9. | 67 | 2o 75, | 180 | 125
35 « 50 1o, 73. 270. 180. 120. 80,
S0 e T s 7b. | 32, 21b. 1qo- (28 .
37 1 Iy - HZ. 77 200. 12%. 140, 97.- |
AR, - 2% gz. 9 220. 170 t_lo, 25
k3. .u'o. 2. 761 150. 13b. 9. 82
Mk n'y 92. 92. 200. 87. oo, 3.
49 (7%. | 92. | qb. | 20. 7. 1o, 3l
73+t 10 | 182, 2 | 8w | 745 | 3¢0. | 229
Th - 105. (70. 70- P4O. 200. 450. 423,
75. 93. 135, 70. q2e. 9%9. | Sio. SuB.
76. 27. 125, 2. | 7bo. | 873 | 460 52(1,
77 99. LS. o | q80 | 98q. | S50.| 555,
7%. o . 7% 7°. 78 | 709.| 480. 1'_3é :




It will be seen that there is guite a definite reduc-

tion in the size of the spleen and thymus as the

not quite so well marked as on the diet deficient in
vitamin B. The reduction in the size of the spleen
and thymus snd the atrophy of the lymphoid tissues

‘| generally as the :esult of 2 diet lacking vitamin A

has also been noted by IkeCellum, Park, Shipley,Powérs

and Simmonds (19_2?}. They have furnished s possible
explanation of the discrepancies in the findings of
different workers in regard to the extent of the :
lymphoid atrophy, since théy have found that when rats

fed on & diet deficient in vitamin A are exposed to

|sunlight, though keratomalacia may still occur,never-
i}’theless their general condition remains much better
and the lymphoid atrophy is much less merked than in
similarly fed rats kept in a dark plsace.

Miorosoopic examination of the spleen and thymus
showed a reduction in the number of lymphoid cells,

while mitotic figures were very rare. In the present

state of our knowledge it is very doubtful whether any
very acurate conclusions can be drawn from the atrophy
of the thymus since sc little is known in regard to
its involution in thehealthy rat. The decrease in

the size of the spleen is, however, of importance as

indicating/

result of a diet deficient in vitemin A, though it is |
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P .
?the atrophy of the lvmphoid tissue as a specific re- |

|
|

|
T i
|
|
|

indicating the general atrophy of the lymphoid tissue.

It does not, hcwever, appear to be possible to look Tight

cn
[

sult of a deficiency of vitamin B but rather as a .
change which occurs in any process of atrophy, includ-
ing that of old age.

Examination of the bone marrow in enimals fed on
a diet lacking in vitemin A has not shown the occur=
rence of any very constant ohangé. In guite a number
of cases, however, there are patchy areas of gelatin-
ous degeneration and in_two instances the gelatinoug
degeneration was very widespread.

Animels living on a diet deficient in vitamin A_

rarely die from & general septicaemic process, but very

frequently from broncho-pneumonia. This broncho-

| of bacillus bronchisepticus in the lungs, since this

pneumonia is frequently associasted with the presence

organism was present in every case examined; while in
two out of eight ceses there was preéent in one a
pneumoc ocous, in the other a non-hsemolytic strepto-
ooccus . These three organism have, however, been
isolated from the throats of appareﬁtly healthy rats
~living in the animaly houses of this laboratory.

Thé . question therefore arises as to whether the ;
broncho-pneumonia bcourring in animals fed cn a de-
ficiency of vitemin A is not comparable to the kera-

tomalacia/

L 3
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keratomalacia which appears in these animals, since,
as in the case of keratomalacia,it is noticeable that:
only & certain perdentage of rats fed on this de-
ficient diet develop bronoho-pneumbnia. In addition
to the deficiency of vitamin A and the presence of an
appropriate bacterisl flora there may therefo:e be a
third faotor necessary to induce the onset of the

pneumonic process.

(B) THE OPSONIC POWERS OF THE SERUM OF ANINALS
ON A DIET DEFICIENT IN VITAMIN A.

In order to supplement the experiments carried

out on the opsonic powers of the serum in animals

| suffering from a deficiency of vitamin C, a few ob-

servations were carried out on the opsonic gualities
of the serum in rats fed on a deficiency of vitamin A.
The sera of four rats which had been fed for ten
weeks on s diet lacking in vitamin A was collected
and compared with that of four control rats. The
technigue used was the same as with the scorbutic
animals, the leucocytes employed being those of a
healthy oontrol rat. The two lots of sera ﬁere
pooled before use and the opsonic sctivity determined
for two types of organism,~bacillus coli and staphy- -
lococcus aureus. The data are shown in Table.

TABLE/
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TABLE XVi.

showing the opsonic aoti%Sty of the serum of rats

on & diet lacking #itamin A and of control rats.

)
/ot

No.c]l lfaof;;mov},ko-' No.o} Polﬁmnv}ho- Tola) no. ?LlflaoC_jhé-
Serum. O‘kﬂomism. nuclear leveoyfes hUt‘-lea‘f. evcoeyfes Laikicn mdex .
examined. tonl’a.inmg ' ‘.,ha,ﬂeq!"ose}
' bo.cl'erla,
e : oh
5|’a}=h1iococcus {00. 751 (2% 128
—U'll'o.m'm A
Bl 100. 4% 4. O4b.
Si&]ak’lnocouus[. 100, Bh. (36, l"Sé.
+ \,"i}&m.m A
| B. coli. fele} 52. 49. 049 .

It will be seen that there is no significant
difference in the readings obtained with the two sera
and thus little evidence for a decrease in the opsont
activity of the serum as therresult of a diet de-

ficient in vitamin A.

DIETS DEFICIENT IN PROTEIN

The ochanges in the blood and haemopoietic organs.

Although during the past few years the liability

o

been especislly emphasised by numerous workers, there

|are/

|to infection of animals fed on vitamin free diets has




are not wanting observations to show that other diet-
ary deficiencies may also lower the resistance to -
bacterial infection. Thus, McKay (19125 in India hss
found thet certain native races which live on a low
protein diet have a poor physique and succumb to in-
fection more readily than other races which live on a
high protein diet. In the following experiments on
rats the effects were investigated of a diet deficient
in amount in protein, special attention being paid to
the changes in the blood and haemopoietic organs.
Twelve growing rats.were placed on the following food
mixture in which dnly 2 third of the ususl amount of
ceseingen was included, though in other respects it

was complete: -

Caseingen ........ 78rs
Starch 4ie PEETEE ¥ ¥ ¥ 55grs.
Cod liver 011 ... 15grs.
Marmite  ....... e ogrs.
Salt mixture ceeen 5grs.
Orange juice ....... 5:0a0.

; we'lq}!rﬁ o.“ﬁe a,;ﬂicla
As a result of this diet théﬁratshat first re-

mained stationary ams tiwem begen to decrease slowly e

Woaglad; . After four months on the diet the blood
Subsequent]

ohanges were investigated, gadesr éLieﬁ.%he animals

were killed and the weights of the thymus and spleen

recorded/
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recorded. The same precautions in regard to the blood
counts were taken as :‘L_n the case of the animals on a |
diet deficient in vitemin A.

The ohanges in the blood cells amnd in the weights

xXvif
of the spleen and thymus are shown in Tables and xvi!
|

TABLE XV
showing changes in the blocd cells of rats

fed on a diet deficient in amocunt in protein.

+ P
] o BN S o
c.omm. | cmm. | leveoefes,

6l. 7,;‘250{000‘ 6,500, 49. ( o | 4% | 6
62, | 8500000, 300, 53 t | o e e
63. | 6,940000 6.950. 52 / o) A&
bi. | Th4o000| 852 | k. / o | &t | S
s | 200000 | 580 | 53 0 o |43 |k
6L. | 7.560000 | 6240 | 5. / o | 4b. | 3
(.,7_ 6840000 | 71120 98, ( o) 4l 5.
(8. | 2250000 8 660, 4. 2 ° #9. | 6.
69. 7,450,600_ 7430 5l. o o 5. | 4.
70. | 8,500000 Sq4°. 53, / o Ll 5
1. | 6,900000 62bo 47. / o 4@ %
7%. | 7,580000| 7280 | 33 4 0 42 | 4
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|In some cases there will be seen a reduction in the

number of the re{'cells, but in the mgjority of cases
;there is practically no anéﬂmia. There ii, however,
ia slight and almost constaht reduction in the number
iof leucocytes, whgn Qompared with the controls shown‘
'in Table xv , while the differential leucocyte oount
shows very similsr chsnges to those observed in the
rats fed on & diet deficient in vitamin A, namely, re-
duction in the number of small lymphocytes in the cir-

culating blood with & corresponding rise in the per-

centage number of pelymorpho-nuclear leucccytes.

TABLE XViil

showing changes in weight in spleen and thymus
in rats fed on a diet deficient in proteins.

' tohf | ight i fual Wk [Who} spleen | | 1—1m!wh Thymus
Mo | Ve | Heigha [0 DA 2, LAl o T |
animal. E i \ ex},gnﬁm{' Sisleen‘m Ioo 3"“"’1’ T]mfmus in |loo g - %

’3'““'“3 Aﬁ ' mas, art ma.' oY 1'nu.1
xbevmon ; soi0hH m35. Sl
ot-e };e bedy weujh boéj we!jhi ;

é\. 88, (53, 3to. (qt. 4o, T4,

62. T (D 210 (2l (50, 86,
| (3 20. 154 320, 152 236, 6g.

Gk 154 . 122 200. (2q. (qo. rlz:i. ;

és. 202 mo. | 280 139 /80. %.

(6 (70 2. | 2. (23, tyo. 32,

69, 270, (95. | B0 | Ik 250, 3l
| és. 45 . 95. 240, 1b5. 186, (24
| g 120. 7. | 80, 258 (qo. 158. |
254 o e
| 70 122 1O, alo, b2 {?o ! 5 E
|7 150 124, | 240, ko (70, (3. |
i /25 . 85 | 260. 208 . 0. | Uk |




As compared with those of the control animals shown
in Table XV , the weights of the spleen and thymus
| are considerably reduced, thus étill further tending |
to prove that the lymphoid tissue undergoes atrophy
in eny oondition of chronic melnutrition.

An examination of the bone marrow of rats fed on
this deficient protein ration showed in every case a
oonsiderable degree of gelatinous degeneration assoc i-

eryfhro blashic
ated with a reduction in the number of the lmﬁamoyw&m

and leucoblastic cells.

DISCUSSION

Natural immunity to basterial in#ection is
apparently dependent on & number of factors, many of
which are at present but litfle.understood. Although
certain animals are comparatively resistant to certain
bacteria it is very doubtful if netural immunity is
ever entirely absolute. By some means it is usually
possible to break down the natural immunity of an ani-
mel-to a given bacterial species,and by studying the
method by which the rupture is made valuable light is

thrown on the defence mechanism of the body.
In dealing with immunity it is usual to regard

"|the body as pessessing two methods of defence; the one,

_due/ _ t
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|
|
|
' due to the basctericidal powers of the serum, is mani~1
fested by. the occurrence of such phenomine as bacterch
lysis, . agglutinatlon, precipitin formstion, sud opsonﬂ:
actlvity and antgtoxin formation: the other is due |
to the phagocytic action of certain of the body dells.
Although the actual source of bacteriolysins,agg}utiné
' ins, etc., is not known, there is some evidence to
show that the polymorpho-nuclear leucocytes play a
Part in their productionm. In the diseases due to
lack of vitemins, the evidence at present tends to
show thatrthere is no decrease in the power of agglu-~
tin, complement or immune body formation nor in the
opsonic activity of the serum. This evidence must be
correlated with the fa&t that there is no marked
diﬁinution-in the number of polymorph-nuclear leuco- |
cytes in the periphersl blood stream as the result of
deficiencies of vitamins A, ﬁand G
In guinea-pigs suffering from chronic scurvy

there is no failure to destroy moderate doses of in-
fecting orgenisms: it is only with somewhat larger
doses that the scorbutic animal is unable to deal.

In other words, the scorbutic animal has less reserve
to draw u@ou in combating infection. Attention is,
therefore, naturally directed to the source of the
neutrophil leucooytes —#m the bone marrow. Here de;_
'generative/
| .
| |
| 4.
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degenerative changes were found to a greater or less
extent in 8ll the deficiency diseases. In scurvy,
there was found in the acute stege marked congestion

end haemorrhage into the bone merrow, while in the

chronic stége the congestion had givén way to fibrous§

and gelatinous degeneration. It is of interest to
note that Firket (192%) has recently shown that a
precisely similar pasthological picture is produced
in the bone marrow of raebbits by injections of
saponin. A few days after the infection there is”
found intense congestion in fﬁe capillaries of the
bone marrow. Haemorrhages occur and in a short
time are replaced by & gelatinous fibrous tissue in
which are left only a few myelocyte cells. -
| In deficiencies due to vitamins A and’g:i];ere
are found in the bone merrow areas of gelatinous
degeneration which in some cases are very.extensive.
similaer gelatinous degeneration also occurs as the
result o? diets defioient in protein and, as was
shown by Jackson leOi%, as the result of complete
starvation.

Degenerative changes in the bone marrow have
_ for_long been assooiatsd with 2 diminished power of
resistance to bacterial infection. Although the-

exact method by which the pneumococcus is destroyed

in/
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| formation of antébodies, it is of interest to note

in the human body is unknown, it is well known that &
feeble leucoblastic reactibn is of grave prognosis.
Such a feeble leucoblastic reaction occurs in those
whose bone marrow has undergone fatty degeneration as
the result of the long continued abuse of alcohol.
More recently, however, it has been possible to
pfove experimentally thet an aplastic condition of
the bone marrow is associated with a reduced resis-
tance to disease. Selling (191?) first showed that
bengol had a selective action on the haemopoietic
cells of the rabbit's bone marfow, producing in u few
days an aplastic condition. Such rabbits thus ren-
dered gplastic by benzol were shown by Winternitz and
Kline f191g3 to be more susceptible to pneumococcal
infection than healthy control rabbits. Weiskoten
and his colleagues (1920) have also noted that rabbits
exposed to benzene vapour were far more susceptible
to bacterisl infection than controls. As bearing on

the role of the polymorpho-nuclear leucocyte in the

that Hektoen (191?) found a decreased production of

antdbodies in rabbits rendered aplastic with benzol,
while Ruskg (19123 had shown that benzol-intoxicated
animals produced haemelysins and precipitins less

efficiently than normal animals.

In/
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In determining the resistance of an animal to bac-

terial infection, the condition of the bone marrow is

| an important factor which must thus be taken inte |
consideration.

Other factors , doubtless, also play a part in

reducing the resistance of an animal which has been

| fed on a defioient diet. The extensive fatty de- .
generation of the myocardium found in guinea-pigs
with chronic scurvy ,inoculated with pneumoc occus,
suggests that the heart muscle of the scorbutic ani-
mal mey be especially susceptible to the action of
toxins. . In the case of animels fed on a deficiency
of vitamin B, the lowering of the body temperature
appears to be a factor in‘ﬁecreasing'fhe.natural im-
minity to certain organisms. Finally, in the case
of animals lacking vitamin A there is a curious
local reduction in the resistance of certain cells,
noticeably those of the conjunctiva and possibly also
those of the terminal bronchioles.

In the case of the deficiency diseases and bac-
terial infection, Bordet (1926) would, in part at
least, apprear to be correct when he states that "the
fate of the infected organism depends essentially on
the efficacy of its phagocytic defence” Other fac- j
tors, however, play their part in reducing the resis-

tance/ : 1
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resistance of the animal fed on a deficient diet.
Much patient research is yet needed before the whole
of the drema stends revealed. As Gowland Hofpkins

aptly says "In a country rich in gold observant way-

farers may find nuggets on their path, but only sys-
tematic mining can provide the currency iof nations"®
In the case of the vitamins, systemetic mining has as

yet but just begun.

CONCLUSIONS.
+ VITAMIN C.

(1) There is no marked reduction in the cellular
elements of the blood in experimental scurvy, either
acute or chronic. |

(2) The bone merrow in acute scurvy shows con-
gestion and hsemorrhage: in the chronic stage there
is fibrous and gelatinous degeneration.

(3) The opsonic power of the serum is not re-
duced in chronic scurvy.

(4) Guinea-pigs suffering from chronic scurvy
show a slightlylreduced resistance to bacterial in-
fection, ss exemplified by pneumococcus, staphylo-

coccus, streptococcus and bacillus coli.

VITAMIN B./




VITAMIN B.

(1) . In rets snd pigeons fed on a diet deficient
in vitamin B, there is a slight reduction in the
nunber of red cells in the blood.

(2) In rats there is a leucopenia, affecting
chiefly the lymphocytes.

(3) In rats there is merked atrophy of the lym-
phoid tissue.

(4) Both rats and pigeons show changes in the
bone marrow. ‘

.(5) Pigeons are rendered susceptible to infection

with the pneumococcus by a diet of polished rice.
VITAMIN A.

(1) Rats fed on a diét lecking in vitamin A show
no marked reduction in the red cells.

(2) There is, however, a leucopenia, affecting
ochiefly the lymphocytes.

(3) Rats show an atrophy of the lymphoid tissue.

(4) In some cases there is a gelatinous change
in the bone marrow. -

(5) The relationship of keratomalacia and
brouoho—pneumonia.to & deficiency of vitamin A is

discussed.

DIETS/
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DIETS DEFICIENT IR PROTEIN.

(1) Rats fed on deficient protein diet show no
ansemia, but & slight leucopenia.

(2) There is atrophy of the spleen and thymus.

(3) The bone marrow undergoes gelatinous degen-

eration.

2.



_REFERENCES.

(1).Bordet . | |
1920. "Traite de IImmunite"? Paris.

(2). Smith Theobald. .
1895-6. U.S. Dept. Agric. Bureau of Animal.

Industry. Am. Report. p. 172.

(.'3).Holst and Frolich. :

1907. Journ. Hyg. Vol. 7. p. 634.

C}Chiok and Hume.

1917. Trans. Soc. Trop. Med. and Hyg.

Vol - 10¢ . pe. 141,

( . Stemmers.
1921. Biochem. Journ. Vol. 15. p. 489.
TOR"' 1921. Journ.TPalk and Pact  Vol. 2 F, 30b-
. Rondoni snd Montagnani.
1915. Il Speriment.l 69.
(®). M<Carrison 1919. Iwnéian Journ. Med. Research. Vof 7 !D 188,
(%) Zilve and Wells.
1919. Proc. Roy. Soc. B. Vel. 90. p. 505.

(9. De1f and Tozer. :
1918. Biochem. Journ. Vol. 12. p. 416.

(1) Pindlay-
[ 1921. Journ. Path. and Bact. Vol. 24.p. 446
(i) Hess.
1917. Journ. Amer. Med. Assoc. Vol. 68,
p. 235.
() Hess.

1921. “sourvy Past and Present! Phlladelptc,a_

(Ik),Goo&all.
1910. Journ Path and Bact. Vol. 14. p.195

(5. Bedson.
1921. Brit. Med. Journ. Vol. II. p. 792.
(® Bedson.
: 1922. Journ. Path. and Bact. Vol.25 p.94.
7) Burnei. '

—

1908. "Clinical Pathology of the Blood of
Domesticated Animals? Ithacs. N.Y. |

- (1®) Erlich-Lazarus.
1910. "Anaemia" translated by Armit.London

| Woodoock/




i
!
1
i
|
1
I

(

1921. Journ. Roy. Army Med. Corps. Vol. 37,

)Woodcock.
P 2l

@éﬂess and Fish.
s 1914. Amer. Journ. Dis. Child. Vol. 8.p. 386
i :
@ﬂSohoedel and Nauwerk.
1900. "Untersuchungen uber die Moeller-
Barlow' séche Krankheit®™ Jena.

@@Carnegie Dickson.
1908. "The Bone lMarrow"™ TLondon.

('Jackson and Moore.
1916. Journ. Infect. Dis. Vol. 19.p. 478.

( ackson and Moody.
1916. Ibid. Vol 19: Bs 6511

(25)Smith Theobald. - '
1913-14. Journ. Med. Research. Vol.29. p.29
@%Hektoen.

@Eﬂilva.
’ 1919. Biochem. Journ. Vol. 13. p. 1l72.
P%Flexner.

]__l

1914. Journ Infect. Dis. Vol. 15. p.278.

‘ ' 1896. Journ. Exp. Med. Vol. I p. 559.

@)Windsor and Wright.
1920. Journ. Hyg. Vol. 2. p. 385.

( Tunnicliff. :
1912. Journ. Infect Dis. Vol. II. p. 474.

& artlett and Ozski.
1917. Journ. Med. Research. Vol. p. 139.

( Cross.
1921. John Hopkins Hosp. Bull. Vol. 32,

- 350'
ordet. £

1909. "Studies in Immunity" - New York.

() Stidmersen.snd Glenny. =
- 1909. Journ. Hyg. Vol. 9. p. 27.

Tongs/




! (35) Tongs .

1919. Journ. Infect. Dis. Vol. 29. p.141-

sL)Brugsoh and Schilling.
1908. TFolia haematologica. Vol.7. p.322.
@ﬂCole.

(3®)Rosenow.
1912. Journ. Infect. Dis. Vol. II. p.9%.
(3y)Tehistovitsch and Jurevitsch.

4e)Wedsworth. .
1912. Journ. Exp. Med. Vol. 16. p. 54.

@) Winternitz.snd Klgine. .
1916. Journ. Exp. Med. Vo0l.21. p. 320.

(Q:E)Muir.
1901. Journ. Path. and Bact. Vol.7. p.l61.

(4.5)]5‘&3;1’91‘.

| 1880. Medical Times and Gazett. Vol.I p.631
(Wvedder.

‘ _ 1913. "Beriberi™ London.
(J;TSJMarshall. i

| 1911. Edin. Med. Journ. Vol.1l7. p.270.
(#Findley. '

1920. Journ. Path. and Bect. Vol. 23. p.490

(;IgBezano on and Labbe. _

1906. ™Traite d4'hematologio® Paris.
+ akasu. '
. 1904. Arch. f. Kinderh. Bd. 40. S. 275.

( Saltet and Legraud.
19090 PreSSS Medo t- 61- po 545-

(9)Mathis and Leger.

1911. Ann. d'Hyg. et de Med. t.14. p. 727.

(8) Chamberlain snd Vedder. '
| 1911. Phil. Journ. Soi. Vol.6 p.251.

!
. McCarrison/

1921. Journ. Infeot. Dis. Vol.3k. p.644.

1908. Centralbl. f. Bakteriol. Bd.43. S.193.




@%Mﬂcarrison.

l
@gYakimoff.

(YHapp.

(s7)7 ackson.

GPMbCallum,

QﬂMiura.

!

|
@ﬂMbLaughli

@OAndrews.
|

|
(®Punk ana

d@Findlay.

#Soheube .

@%Crammer, Mottram and Drew. %

QQMnCollum end Davis.

1921. "Studies in Deficiency Diseases".
London. :

1921. Lancet. Vol. II. p.1l202.
1911. Ann. de 1'Inst. Past. +. 25. p.415.

1915. Journ. Biol. Chem. Vol. 23. p.181.

1921. Quoted by MeCallum - Journ. Biol.
Chem. Vol. 49. p. 399.

1904. Arohiv. f£. Anat. u. Physiol. Anst.,
Bd. 50330 i

Shipley,Park and Simmonds.
- 1922. Journ. Biol. Chem. Vol. 49. p.399.

1899. Virohou's Archiv. Bd. 140. S.316.

n and Andrews.
1910. Phil. Journ. Sci. Vol.5 p.149.

1912. Ibid. Yol. %» s 67
Douglas.
1914. Journ. Physiol. vol.43. p.395.

1921. Journ. Path and Bast. Vol.24. p.175.

1884. Virchow's Archiv. Bd.95. S5.146.

1888. Mitt.s.d. Med. Fgkult. d.Kaiserl.
Jap. Univ. zu Tokio. Bu.4 S.161.

1899. Virchou's Archiv. Bd.156. S.461.

1909. Journ. Exp. Med. Vol.II. p. 743.




|
5 -
()ielker.
1922. Journ. Am. Med. Assoc. Vo0l.78. p.273.
(Wason. _
1921. Ibid. Vol.76 p. 908.
(7& Bloch. ks :
1917. Ugeskruft. f. laeger. Bd4.79. S.349.
G Wells. :
, 1920. Chemical Pathology. 4te Edit. Phil.,
; New york.
Gu Mellanby.
1921. Experimental Rickets. Med. Research
Council.
(73) Funk and Dubin.
1920. Science. N.S. Vol.52. p.447. Special
Report Series, No.61l.
(4)Bulley.
: 1919. Biochem. Journ. Vol. 13 p.l1l03.
(75) Findlay Leonard.
1909. Tancet. Vol I. p.542.
@¢) MoCollum, Shipley, Park,
Powers and Simmonds.
1921. Proc. Soc. Exp. Biol. and Med. Vo0l.29;
p. 43.
Kay .
(77) YeKey 1912. "The Protein Element in Nutrition!
' London.
(]ﬂ Firket. :
1921. Compt. Kend.de la Soc. de Biol. t.80,
p. 7827.
(741] Selling. '
1911. Beit. z. path. Anat. u.z.allg. path.,
Bd. 61. S.576.
(80)|Weiskectten, Gilles, Boggs

D)

and Templeton.
1920. Journ. Med. Research. Vol.41l. p.425.

Hektoen.

(#2) Rusk. :
1914. Univ. California. Pub. Pathology,

1916. Journ. Infect. Dis. Vol. 19. p.69.

l : Vol. 2. 1p.139.

|




CHART I

'ﬁ. cans jh}(dﬁ% th; ‘0'[1,5 31“! 7,-&,"]&9“ :

Control: “or0- bigeon infecheS Wil presmecocci- e—e—

——
=]
!
Ut*-

TEMPERATURE FAHRENHEIT'S SCALE,

N

"

1049

1039

1029

g

1019

E -:9-;,.—--#'-‘:-"1':‘:._".—.—‘ Tt

e 4
™

? 2: I
‘A

'

b.

). 2.3.4.5 6 75 9-9 0.1

-8B g5 C-7-2.9-10

L.Tl ME.




CHART ™

; S on bolished Y‘ICC} or 22 days,
’P'ﬂe:nl j:pulorct ;nlgro }’Efjt?_.ﬂﬂt’h I\Ilm F;ﬁllmOCOCCUS

.8
'
N
o
[
|
=
=
d
> 4
= 1
I " |
|
= A9}
it 99@3
q -
o Q .
nJ z R B
a 989 _~ = Lz
= -~ :éﬂ
- ] s . 4
| omf -l LA
\qmi 4 :

| TiME. WA 2.3.45 6.7 S.qmaa . L 23k 5 6.7




‘Pl.(ie.

anc

CHART X .

on Pc on %elis‘u) rl'ce J(OY 2.J,,Sajs

hecu la.te) mha}; ef‘l}o neal y wilh

bneumodcocel -

TEMPERATURE FAHRENHEIT'S SCALE,

e s

0
2
. ?Nﬁl}mwcc eceyd. -

o7

| ‘DHEP | -

Se

ME -

§ 0 2k 2.8 405 b




CHART &L
?l;jecn l—eb on l:olif:}ﬁ) vice t 245(&,‘15

ano inoculah’_} imbvabevilonea wik }ontumoﬂou-l,.

TEMPERATURE FAHRENHEIT'S SCALE,

om

FEYocodey
- DIED .-} -

q-0. o 1200 2.5 k750 6. 7 S-




C HART W

i ’ﬁaeoﬂ e} on }o‘l'sl'u) r;ce ij-lf 23 5"‘15

"V"K bﬂ twwmococet

ano 'lnaculal'e) n I'maweﬁ"on ea

B

TEMPERATURE FAHRENHEIT'S SCALE,

.

S il
T

10

1051

1049~

w2 o] s v

1029

0 e o

Y

1009

994

980‘ . . . - . . -

om

FnevMococdi
DIeP)* °

;

l TIME. _

G fo- o 12.1. 2.3 k. 5 6.7 % q. 4

pm am.




BhLATE







B I1I

PLAT




PLATE IV. ‘
| |
|
|




DESCRIPTION OF PLATES.
Plate 1.

fig: 1: Bone marrow of normal guinea-pig, showing
proportion of fat and haemopoietic cells..
Haemat. and Eos. C.B. x 80.

Fig. 8. Bone marrow of guinea-pig with acute.sourvy;
showing acute congestion. MHaemat. and Eos.

C. B. :K 80.

rig. 3. Bone marrow of guinea-pig with chronic
scurvy. Fibrosis. Haemat. and Eos. C.B. x 80

Fig. 4. Bone marrow of guines-pig with chronic
scurvy. Gelatinous degeneration. Hsemat.and
Eos. C. B. x 80. .

Plate 1II.

Fig. 5. Bone marrow cf normal guinea-pig with pneu-
mococcal peritonitis: well-marked.leuooblastma
reaofion. Haemat. snd Eos. C.B. x 80.

Fig. 6. Ditto. x 250.

FPig. 7. Bone marrow of guinea-pig with chrenic '

scurvy and pneumocccccal infection: absence cf

leucoblastic reaﬂtion. Haemat. and Eos. C.B.

x 80.
Fig. 8. Ditto. X 250




Fig.

Fig.

Fig.

Fig.

. 15. Tung of rat fed on diet lescking vitamin A.

Plate III.

9.
Bone marrow of guinea-pig with chronic

scurvy and bacillus coli infection: absence of
leucoblastic reaction. Haemat. and Eos. C.B.
x 80.

10. DBone marrow of normasl rat. Haemat. and Eos.
C. B, x 250.

11l. BRone marrow of rat fed on diet lacking in
vitamin B: congestion: ocompare with Fig. 2.
'Haemat. and Eos. C.B.

12. Heart blood 0f pigéon fed on diet lacking in

vitamin B:'pneumOOOGGél septicaemisa. Thionin
blué. x 1000. ‘
Plate IV.

15, Bone marrow of rat fed on diet lacking in
vitamin A: area of gelatinous degeneration.
Haemat. . Eos. C.B. x 250.

14. Cornea of rat fed on diet lacking vitemin A.

Keratomalscia. Haemst. and Eos. C.B. x 250.

Broncho-pneumonia. Haemat. and Eosin C.B. x80!
16. Thymus of rat fed on diet lacking vitamin &;
Commeno ing atrophy of 1ymphbid tissue. Haemat. |
and Eoss C.B: % 80.




