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looked suspicious, but were not swollen; no suggestion of atrophy.
Vision (with glasses) 6/9 each eye; no contractioln of visual fields.
In other respects there were no signs of organic disease.
August 31st, 1928. Patient attended for examination by request.

She was able to continue to work, and examination showed her
geieral condition and the ophthalmoscopic facts to be the same as
in 1921.
In a word, a patient regarded in 1908, and by an expe-

rieniced physician, as unidoubtedly the subject of an intra-
cranial tumllour, is in 1928 in fair general health, aind the
former optic neuritis has disappeared without leaving optic
atrophy as its sequel.

CASE 8.
A boy (J. L.), aged 9 years, seen with Dr. Meikle in February,

1924, gave a history of attacks of severe headache, sometimes
attended with vomniting, extending over three nmonths; recently
diplopia and-dimness -of vision and " weakness " of the left upper
limb. Exaimiination showed mnuch exudation at each optic disc;visioni (each eye) 6/9 part; paresis of the right externial rectus and
of the left louwer face. He was admitted to hospital with a view
to _operation, but gradually the headache and vomiting ceased,
double vision disappeared, and there was obvious recession of
the swelling of the optic discs. In the end, the boy left the
liospital apparently quitc well. Seen in November, 1925, his
weight had increased from 5 st. 1 lb, to 7 st. 7 lb.; .his mother
described him ae " in perfect health." Examination was niegative
except that the optic discs were unduly white; vision (each eye)
6/6. In August, 1928, Dr. Meikle reports him to be " perfectly
welL."
In the early stage of this case there seemed no possible

escape from a diagniosis of intracranial tumour. Does the
completeniess of the recovery and the, persistence of good
health quialifv this conclusion? If iot, then thie case illus-
tr ates the l)prolosition advanced in this (ommlunication-
namiely, that recover'y fiolnl symilptomlis of intracranial
tumilour', whlen it occurs, may proceed to such a level as to
includkle resolution of an optic neuritis anid reten-tion of a
ftull standai-d of vision.

CASE 9.
A boy, aged 6, was seen in May, 1894, by Mr. Charles Higgens9oni accouint of failure of sight; vision was found to be much

depreciated; there was exudation at eacih optic disc. He was
later seen by Dr. (afterwards Sir David) Ferrier, who recognized
double optic nieuritis and symptoms of cerebellat disease, aindregarded the case as one of turmour. After this the boy wasreportedi to have " gone blind," but when re-6xamined in 1907
by Mr. Higgeiis the visual acuity in each eye was 6/6 anid the
obtic discs, though pale, were atherwise normlial.
When these case records are subject to examiniation as

a whiole it would appear that in Cases 1, 2, anid 3 symiptoms
of initracraniial tumour disap)pear except for blindness due
to optic nierve atroph, whlile in Cases 6, 7, 8, and 9
similar- symptoms ar e followed by complete recovery, anld
the reliai)ility of the recoverv is certified bv freeidomi from01
symptomns for a, term of years. Except in the degriee of
recovery attained, there 'does not appeal to be any reason
to draw a distinction betwieen the two groups, an;id Cases
4 and 5 mnay be quoted as emphasizing the identity of the
pathological basis on which the several cases r'est. Hence
it would appear that the facts as here collected and quioted
justify the following co-chlisionis:

1. That lheadache, vomiting, anid allied symptoms indicative
of intracranial tumour may cease, the patiemit, hiowever,
remaining blind from optic nerve atrophy (Cases 1 and 2).

2. That in some of these cases po4st-miortem examiniationi
years after the original illness has shown the preseice of
initracrainial tumour (Case 3, References 7 and 8).

3. That in cerebral syphilis (presumably gumina) all thie
svmptoms, including optic nenritis, may disappear, leavinig the
patient with normal vision (Case 5).

4. That, similarly, in eccasidnal cases-non-syp-hilitic-
symptonms of intracranial tumour, including optic neuritis.
may disappear, leaving the patient with normal VisionI (Cases
6, 7, 8, anid 9).;'

5. Thai x'w hlilst it is no doubt generally- true that success in
operations or 'inttracranial tuur would be promoted by
earlier diagnosis, the possibility of the natural stuhsidence of
evemi pronounced cerebral symptoms ought nlot to lbe for-gottenl.

REFERENCES.1 Tootlh, Howard H.: Brai, 1912-13, vo. 35.
2 PuLrves-Stewart, Sir James: Intracranial Tanoeitrs, p. 184.31(1gpm, iblid, J). 187.
4 Hlawthlorne, C>. 0.: Stud^ies in Clinical Med1icinle, pp. 115, 139. Garrod,Battenl, andl( Thutrsfield : Dieszee of Chlildren, p. 834.HIawthornle, C. 0.: Studies in Clinzical Medlicine, p). 71.LaInn,' J. R.: British Medlical Journal,' June 16th;, 1906.
7 fc.ino, Tw. K.: Glasgow- Mledical Journal, 1896, vol. ii'8 Rbrts, Lloyd: ,RanCe, November 15th, 1902
Hig,genls, C'harles: lbid., September Z1st, ;t9O7..
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BY
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THE assigning of names descriptive of some particular
funietioni to distinctive vitamins has been a useful, althouglh
probably only temporary, step in the development of know-
ledge of these elusive elntities, because their identification
has so often depended upon the appearance of definiite
svndromes in animals whose diets have been deficient in
certain respects. The use of the words " anitiscorbutic,"
" antineuritic," and " antirachitic " in describing specific
vitamins is an example of this, and from a clinical stand-
point the nomenclature has been of great value. Vitamin
A has always presented special difficulties to a clinically
descriptive term 'because it has depended to such a large
extent. on a purely plhysiological criterion-namely, growth
in young animals-'for its detection. It is in consequence
ofteni referred to as the " growth-promoting " vitamin.
Since the recognition of. vitamin D (the antirachitic
vitamin) as an entity distinet from vitamin A, those with
experience of nutritional work ha-ve felt that to call vitamin
A the " growth-promoting " vitamini is a misnomner, *for
good growth often takes place in its absence if the diet
is otherwise complete. In fact, when growtlh ceases owing
to the single absence of- vitamin A from the diet, it often
means that the animal is definitely ill-in the sense, as
will be seen below, of its having developed some, and often
a widespread, infective condition. In(leed, the I)resellt
paper supplies evidence in favoiour of the term " anti-
infective " being applied to vitamini A.
From the early (lays of its recognitioni it lhas beenl

tlhought that vitamin A was concernied withi resistance to
infection, at least of a specific type. This is seen in its
description as the ." anti-xerophthalmic " vitamin, but this
appellation has never become widely adopted, partly because
xerophthalmia in hunman beinigs, althouigli related to vita-
min A intake as suggested by the observations of Mori'
and shlownl by Bloch,2 is of very rare occurrence, and tartly
because McCollum, Simmoiids, anld Beekelr3 have shouwn
that this eye coniditioni results from dietetic abnormalities
other than vitamin A deficiency.

Sexveral worlkers, including Drummoond , Cramer and
Kings.lbury,5 anid Steenlbock,6 hav-e conimented on the stis-
ceptibilitv to lunig infections of animals on vitamiiin A de-
ficienit diets. In the case of dogs E. Mellanby7 (Irew atten-
tioni to the development of broncho-pneiLimoniXa in animals
ivx-ing on diets deficient in fat-soluble vitamins. He pointed
out that this tentdency' to broncho-pliouicumConia was indepen
dent of the conidition of the bones, w~vich is itself an
indication of the vitamin D intake. For instance) wheni
cod-liver oil was lpre5elst in the diet the bones were well
calcified and there was no tenidency to broneho-pneui-moniia
or atelectasis of thie hings. When butter-fat was the
source of fat-soluble vitamiin, the bones under cer-taini
ex;perime-tal conditions were soft and portions of the
luings were ofteii in a collapsed state, probably becaiUs; of
muscular paresis, but there was no brionchlo-pneumwnia or
other infective condition. When olive oil replaced butter,
badly calcified bones, collapse of portions of the lungs, 'and
broncho-pUeninonia' were commonly foIuhd. These resul1ts
sUggested that protection against infection of the respi:ra-
tory tract was conferred by vitamiin A and not by
vitamin D.

Linked. :up with the problem of. xerophthalmia anid other
infective conditions is that of the changes. in epithelium
induced by diets deficient in vitamin A. The first to -draw
attention1 to these epithelial Changes was Morn8 in 1922,.
who described them. in the larynx, -trachea, .and1 ducts, of
manyl glanlds, inceluding the Meibomian, submaxillary, sulb-
lingual, anld parotid glands of rats. Xerophthalmia he'
regarded, as beintg dlue to the drying of the epith;elium
resufring fromn the suppressionl of activtity of the lacrymal
g:lands. WYolbach and .I;owe9 extended thlis w-ork of Moni's



and described changes in the pancreatic duct and renal
pelvis. They gave a detailed description of histological
changes in epithelium, and ca-me to the conclusion that
infective changes are not responsible for the epithelial
hlypoplasia and keratinization, but are secondary to them.
The diets used by Mori, and those of Wolbach- annd Howe,
were deficient in vitamins C and D Ds well as A, but tlhese.
other deficiencies were not regarded by them as affecting
tle problem.

This complication was eliminate(d by Goldblatt and
Benischek,io who tested the effect of a simple vitamin A
deficiency. By this means they induced metaplasia of
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columnar, cuboidal, and transitional epithelia to tho
squamous keratinizing type. When vitamin A was present
no changes in the epithelium were observed. In the coutse
of their work they found on making post-mortem examina-
tions many cases of infection in animals whicll had lived
on diets deficient either in vitamin A or vitamins A and D.
These infective conditions included xerophthalmia, abscess
of tongue, abscess of submaxillary glands, broncho-pneu-
monia, and enteritis. Abscesses beneath the tongue are
of interest because of their frequency. -They were first
described as resulting from a vitamin A deficiency by
Sherman and Munsell.11

TABLE I (a).-A-Deficiency; Basal + Vitamin D (Irradiatedl Cholesterol or Radliostol).

Pat Sex. Day OI Xerophthalmia. Tongue Alimentary K |dney Bladder Bladder
No. Se. Diet. robhli. Abscess. Infection. Infection. Stone. Infection. Other Sites of Infection.

Lung.

Gland of neck, submaKi'lary glands,
thyroids testes, seminal vesicles, hlng.
Mesentery.
Lung, prostate glands, nasal sinuses,
middle ear.

Lung, trachea.

Nasal sinuses.

Nasal sinuses, middle ear.

Prostate glands, Fallopian tube, rectal
wall,-nasal sinuses.

Nasal sinuses, middle ear.

Prostate.

Cervical and submaxillary glands,
nasal sinuses.

Cervical glands.

Nasal sinuses.

Prostate, middle ear.

Prostate glands.

Fallopian tubes, pelvic floor.

Prostate, cervical, and submaxillary
glands- thyroids.

Cervical and submaxillary glands,
epididymis..

Prostate glands,

Nasal sinuses.

Cervical, submaxillary, and prostat;
glands, seminal vesicle, nasal sinuses,

Seminal vesicle, cervical gland.

Ileo-caecal glands.

Seminal vesic'e, prostate glands.

43ervical gland,

Middle ear.

Nasal} sinuses, ureters, seminal vesicles.
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A striking instaa^ee of epithelial hypertroplvy and kera-
tiniization is that described by Fuj.nimakii2 at the cardiac
end, of the rat's stomach, induced by diets deficient in
fat-so4uhbe vitamin This hype?trophy he described aIs
cancerolus, anld certainly, when the centre of tli6 swelling
becomes infectecd, the appearance of the mass is very
-suggestive of cancer, although, in our experience, mlicro-
scoplic examination does not reveal malignancy.
Another nmoirbid development relaited to vitam-in A- defi-

ciency is that of infection of the genito-irin-arv tract, and
th-e occasional appearance of stones in the bla-dder and less
often of stones in the pelvis of the kidney. The production
of stones in- the bladder w'as first described by Osborne and
Mendel,'3 and aTthough this was at onie timue deniied by
-McCoiunl'l- as being due to vitaminil A deficienicy, the
observation has beenr confirmned by f u;imakiii and Vaan
Leers-uin.i6 Vail Leersum found thee stones to be ulsually
.composed of calcinum phosphate, but occasiornally they con-
sisted of calcium oxal;ate.
McCarrisoni7 has also observed stone in the bladder of

'rats bmroiught up on diets deficient in fat-soluble vitamins.
-A paint of interest about his- basal diet is that he included
either oatmeal or atta (whole imeal) in large quantities
-among the substances eaten. Since 1922 wei" have empha-
sized the special demnand on fat-soluble vitamins made
bv cereals, anid especially oatmeal, and this mav be anwther
instasice of cereal and vitamin antagonism.
In view of the fact that practically all the experimental

work except that of Goldblatt and Benischek'5 has been
pcomnplicated, inr that the diets were deficient in both
vitaminis A and D, and, often C, it was felt desirable to
repeat the work with the special object of seeing wlhy diets
deficien-t onlv in vitamil A result in the death of aniimals
eatinig thlemi-. The produc;tion, of vitamini D bv irradiation
of ergosterol, as described by Rosenheim and Wehbsferlg anid
Windaus and Hess," nmade it possible to gire diets deficient
only in vitamin A. The riestlts obtained confirm those
above described, but the animals eating these diets were
so uniforml'y attacked -and -ultimately kiEled by infective
a:nd pyoge-nic complications as to make the investigation
singularly impressive from a medical standpoint. It is,
in fact, difficult to avoid the canclusion that an iimportant,
arid probably the chief, furictiomt of vitamin A. fromr a

practisal stand'point is as arn anti-infective agent, ancd that
'a large nunmber of commonr infective conditions are dire to
a deficiency of this substance in the diet of many peoplte.

A' EXPERIMENTAL

The composition of the
ments was as foi.)was:

M:ETIHODS AND RESYLTS,
basal die

Heated casein ... .. .
Rice stareh ... ... ...

Salt mixture

Cane sugar,

Marnmite ...

Olive oil
Lemon jice ... ....

Liquid salt mixture

. he liqtuid salt ulixture had the I
Calcium acid phosphate ... ...

Potassium iodide. ... ...

Water ... ...

*Thle salt mixture was as follows:
Sodium chl-oride ... ...
Magnesium sulphate
Sodiuim phosphate ...

Potassium phosphlate
Catciurm lactate ... ...
Ferric citrate
Sodium fluoride ...

Manganese sulphate

't used in these experi-

400

800

240&

160

1 0... 1

follo-ing o ,positioi
... 176 gramns

... ... 140)0

... ... I2,OO .cm.

92 grams

142

185

694,

... ... ,,63
.. ... 92 gramn
... ... 694 grams

The casein was heated in an electric oven for thliitv-six
hours at 1200 C. The olive oil varied; in some cases it was

omitted f'romii the diet, in others it was giv-en either
unbeatedY, oir leated an-d oxyge-nated for periods of either
six or twelve hours at 1200 C. As this variable made little
or no difference, so far as could be seen. to tlhe outcole of
the experiments, it will niot be conlsidered further. Vitamini
C.

D was given in the diet in the foriii of irradiated ergosterol
(radiostol; 1/2 to 1 drop per rat daily). The age of the rats
when the diets were started varied between 26 and 35 days,
anid theiti weights ranged betweeen 35 and 50 grams.
In the control experiments where a source of vitamini A

was included in the food, 0.5 gram- of dried cabbage (dried
at a temperature of 700 to 80° C. for twenty holuors) wNras
generally added; and in other cases either butter (0.1 gr-am
-4aily} or cod-liver oil (5 to 10 mg. daily)- was used as a
source of vitamiin A. - ln a few expeeriments which- belonig
to anwther investigatioi other Siubstainces A(leficielit in
vitamnin A have been fed to tlo rats, and the resuits are
reco,rded ia the tables. These iincluded vegetable ma'ragarine,
lheated wheat germ, and ergot. The amount of vitaiiin A
in these suTbstances in the quantities given is niegligible,
buLt, ai we have- recently shown, ergot is a rich source
of vitaimin D.2

L.-Post-mnortemn Findingys M Aniimals Fed on
1 itatin .1 Deficient Thets.

Tn thei acco6mpany-ing tables infection is indicated hy +.
'Ie extenlt and intensity of infection in the case of
xerephthalmia and tongue only are indicated by the numnber
of +- marks in each case.

TABLE I (b).
A-Deficiency; Basal Diet + Vitanibb D + Vegetable 3Iargarine.

Rlat 2ex. Days on Xerwh. Toniguie Alinmentary Other aites of
No. Abscess. Infection. Infection.

151 iM. 46 +
Margaritie

316 F. 70 +
Margarine

341 F. 41 +

305 . 86 + Nasal sinnses.
Margarine

337 F. 69 + +
2Margarine

346 M. 76 ++
Margarine

329 F. 113 + + + Middle ear,
Y|Margarine- nasal sinuses.

There was no kidlaey in#ecioua, bladder stone, or bladder infeetioin in
any of the animals in this group.

II.-Post-rn7Rotenw Fisdia-s in7 Animals Living on Diets
Deficient it Vitanmins A and D.

TABSLE i (fa,-A-De 4iency; Basal ( Vitamins A ar D).

Rat S Days t:; d Other Sites
No>. ex- on diet

E ce of Infection.

- -I
no.; + Ii., :
RO. Lungs.
RO 413 + + +
RO. 43

RO. 45 Luings.

RO:j + + + Luings.
RO> ,. Lulngs.
3C0 F. 96 ++ +++ + + + PLostate glands.

298 F. 100 ++ + + + Nasal sinuses.

289 F., 74

28& M.| 93 +

267 M. 91 + + + +

299 F. | 115 ++ ++ + + + Prostate glands,I ~~~~~~middle eai'r,
+ ns-a,al sinnses.

I~ ~ ~
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TABLE II (b).-A-Deficiency; Basal (No Yitamins A or D)
+ other Substances.

Rat Sex. Days on Diet. -oa ,0e .b

283 M. 69 +
Heated wheat germ

287 F. 89 + + + +
Heated wheat germ

281 F. 88
Fat-extracted wheat

germ
268 M. 47 Stone

Ergot (50 mg.)
266 F. 55 + + Stone +

Ergot (50 mug.)
271 M. 57

Fat-extracted ergot
(100mg.)

272 F. + + Stone
Fat-extracted ergot

(100 mg.)

The wheat germ used in experiments 286 and 287 was heated for
twelve. hours at i20oC. Ergot used'in 268 and 266 contained vitamin D,
but the fat-extracted ergot of experiments 271 and 272 was free from
vitamin D. The nasal sinuses were infected in rat No, 281.

The regularity with which stone in the pelvis of the
kidney appears in animals whose diets contain ergot suggests
that this substance plays some part in the development
of the condition. It will be noticed that, without ergot,
although infection of the kidney is common, stone in the
kidney is rare. In other experiments, besides those given
above, stones or gravel have been found in the renal pelvis
when ergot has been a diet constituent.

ADDITIONAL DETALS OF POST-MORTEM EXAMINATIONS OF A FEW
OF THE RATS ON VITAMIN A DEFICIENT DIETS.

Rat 31a.-Tongue. Left kidney twice normal size. Medulla
replaced by pus so that 'only a thin, strip ot cortex remains.
Left ureter extremely dilated, being almost a quarter of an inch
wide at its junction with the pelvis; stone impacted at lower end.
Right kidney enlarged; numerous necrotic areas in cortex;
advanced pyelonephritis. Large quantity of necrotic epithelial
debris in bladder.

Rat 284.--Abscess of tongue involves most of tongue and has
perforated on to the upper surface. Larynx contains a little pus.
Kidneys slightly enlarged (more so left); white mottling of cortex,
particularly marked in left kidney; slight pyelonephritis in both
kidneys. Abscess in prostate glands. Large quantity of pus in
both middle ears.

Rat 292.-Tongue abscess. Marked xerophthalmia; pus in the
anterior chamber of the right eye. -Stomach contains dark brown
blood. Pyloric mucosa inflamed. Both kidneys much enlarged
lower pole of right kidney almost reaching brim of pelvis; cortices
mottled, particularly marked in right kidney; great distension of
the pelves, which contain white necrotic material. Ureters grossly
dilated (size of large intestine); fine sand at the lower ends, the
right, being inflamed and containing a blood-stained effusion.
Pelvis intensely congested. Coils of small intestine adherent to
the right Fallopian tube and bladder. Intestine acutely inflamed
and contains blood-stained serum. Right side of pelvic floor
inflamed, being a mass of necrosed friable tissue with an abscess
cavity extending down to bone. Fallopian tubes show small white
areas' (similar to those seen in the kidneys, and probably necrotic)
scattered on the outer surface. Right tube inflamed and adherent
to the pelvic floor and intestine. Spleen enlarged. ThiS rat had
haematuria prior to death.

Rat 287.-Stomach full of blood. Pyloric mucosa injected and
showing haemorrhage into it. Left kidney slightly enlarged with
semipurulent fluid in pelvis. Left ureter dilated. A large number
of small stones and much epithelial debris at base of bladder.
Two sessile red projections Fpringing from bladder mucosa
(granulomata or papillomata). Very large abscess in right sub-
maxillary gland extending to tevel of first rib and upwards to
the mandible. Chain of enlarged longitudinal glands on left side,
some commencing to suppurate. Small abscess in either thyroid.
Pus from abscess shows in film numerous Gram-positive
diplococci, Gram-negative bacilli, and a few staphylococci and
streptococci.
Rat 421.-Large abscess of tongue extending almost to the tip

and communicating with another large abscess un'derlying the left
mandible. The tongue abscess has perforated and there is pus

in the larynx. Stomach full of altered blood; mucosa injected
with numerous streaky haemorrhages; -petechial haemorrhages on

outer surface of cardiac portion, and cardiac epithelium shows a

curious circumscribed rugosity at the upper pole. Bladder small
and full of a bright yellow sandy deposit (showing chiefly calcium
oxalate crystals). Spleen shows on its surface numerous circular
white foci (similar to those often seen in the kidney). Right
epididymis intensely inflamed.

Rat 288.-Severe enteritis (chiefly of jejunum). Small amount
of altered blood in stomach. Pelvis of left kidney muchdilated.
Left ureter enormously dilated, the distal end being inflamed and
filled with the same type of necrotic material as is found ill
the bladder. Right ureter moderately dilated. Bladder grossly
inflamed; mucosa covered with shaggy masses of granulation
tissue and necrosed cells which are very adherent, whilst
papillomatous-like masses are numerous. Abscess at base of
tongue has perforated and formed an abscess in the mid-line of
neck overlying the larynx, and communicates with an external

-sinus. Left seminal vesicle enlarged and appears caseous. Abscess

in leftprostate. Nasal sinuses full of pus.

III.-Control Animals-Basal Diet + Vita.min

Ergosterol) + Some Source of Vitanmin A (Dried

Cabbage or Butter or Cod-liver Oil).

Fifty rats of the same age and weight were kept-for
longer periods than the foregoing on diets which, while

made up in-the same way as those of the other experimental
animal, contained some source of vitamin A, -generally

dried cabbage, but in some cases butter or cod-liver oil.

Nogross infective lesion was found in any of these animals,

the only pathological findings discovered being three cases

of hepatic cyst of parasitic origin.

DIscussIoN OF RESUOLTS.
The fact that in practically all of the rats on a

vitamin A deficient diet upon which a detailed post-mortent
examination has been made some and generally many

organs have been found to be infected by micro-organisms,
is most striking result. Under these conditions the

animals live for fairly long periods, varying in the fore-

going cases from 58 to 169 days. During most of the time

they eat their food well and show moderate

only during the last week or so of the experiment that they
fail to eat up their ration and -lose weight in consequence.
It appears as if they continue in fair health until the

infective process gets the better of their general condition,
and brings about loss of appetite and weight, and ultimately
death. The evidence for infection was in every case

macroscopic, being based either upon the presence of definite
pus or of an acute inflammatory process. This meets the

objection to deductions made only on the basis of histo-

logical observation, pointed out by Gross.6 Sometimes

microscopic examinations of the tissues were made. In

those cases in which.bacteriological examinations of infected

tissues and of pus were made no specific micro-organism was

found, this result agreeing with that of other investigators.
Gram-positive diplococci were often found, but these were

usuallyv associated with streptococci, staphylococci, and

Gram-positive and Gkam-negative bacilli. Occasionally the
pus from infected glands of the neck showed a few chains

of streptococci and no other organisms.
It will be noticed that the addition of vitamin D makes

no great difference to the experimental
discussion, for whether vitamin A only or both vitamins
A and D are deficient the animals die with well-defined
infective lesions. In fact, it often appeared that the addi-
tion of vitamin D in the absence of vitamin A hastened the
onset of the infective condition. The reason for- this is
probably that the presence of vitamin D stimulated the
rate of growth, and thereby made a greater call.on the
vitamin A stores of the body, thus hastening the diminution
of resistance. There.is no. doubt that the stores of vitamii
A in animals living on a diet devoid of this substance
rapidly disappear. Evidence of this is seen in the tests
made on the livers of deceased animals for the presence of
vitamin A by the method described by Wilson22-a method

oor et of snhi

in,volving the u'te of the colour test of Rosenheim and
DtummondIi as modified by Carr.Y Even in the case of
rats dying at an early stage, and before any great patho-
logical change had occurred, liver extracts gave negative
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results, in'dicating the rapid using up of the initial stores
of vitamin A in these rats. The control animals which
ieceived vitamin A in their food remained free from infec-
tio.n, and all gave evidenice, by the same test, of abiundanit
quantities of the vitamini in the liver.
As reuardls the infective lesions that developed, it will

be noticed that xerophthalmia was niot so coniinoii as might
be expected, only 38 per cent. of the animilals developing
this lesion. It is, indeed, worthy of niote that advanced
lesions, even in old aniimals, were occasionially founiid at
necropsy, although the animals sliowed ino clinical signis of
xeroplhthalmliia.
In the 93 A-deficient animals examiined the mlost clharac-

ter'istic conlditionl wNas the lack of adipose tissue anid the
general visceral atrophy, but almost as prominent wNas the
evideelnce of infection in some site, only two animal§ of
tho 93 seeminig to escape this.

Abiscess at the base of the tongue, arising in the accessory
salivary- glands, was found in 72 per cenit. of the animiials.
In animials survivinig for loniger periods this figure rose to
90 pei- cent. These abscesses varied imulchl in size, some
hUiing sm11all caseous foci in the centre of tlhe gland, wlile
otlhers inivolved almuost the whole tongue, infiltrating it
almost to the tip. Perforation of a tonigue abscess was niot
unce ommon . rn one case a sinus communicated witl the
skini of the aniterior surface of the neck, anid in another
])erforation inlto a lar'ge ar'terv resuailted in deatlh frolml
ha eimorrhiag,e. Associated with thie tolngue abscesses, suppui-
ration occasionally occurred in the submaxillary gland(ls anid
i,i thle ly mphatic glands of the neck. In some cases a chain
of sup)p)urating lymp}hatic glanids was seen in the n-eck, the
glanids beii)g usuallv quite discrete. The thyroids were
inivolvcd in the supI);uration in one aniimal.
Infection of the lungs was noticeably rare, onily 9 per

cent. sliowi-ing aniy definite signis, w'hicIh were clhiefly of
a selptic broncho-piiuemonia. These cases all occuiirred
durinig the wintelr montlhs, thouigh the temperature of
thle rat room0 was kept constant.

Inifectio-ni of the alimentary tract was quite comlimon,
tlhouglh in mist cases it aPpeared as a teriminal eveit,
there beinig no clinical evidence of its occu rrenoe. An
acute iniflammiiationi of the sm.al or large intestine occurred
in 21 per cent. of the rats. Many of these cases arose
durinlg an epidemic of enteritis in the rat room when,
as pireviously mientioned, the vitamin A deficient animals
proved to be very susceptible to the iinfection. In quiite
a number of animiials an acute enteritis inivolving the
duodeinum and jejunum appeared to be the immediate
cause of death. The intestine was grosslv inijected and
filled with a copious haemorrhagic exutdate. Usually there
w-ere signs of recent hlaemiorrhage inito the pyloric portion
of the stomiiach.

Lesiolns of the urinary tract ofteni domiinlated the scene
in the abdomeni. The occurrence of calculi-usuallv in the
blad(ler, rarely in the kidniuey-was fully confirmed, but
infection occurred inidependently of their presence cr
absence; 44 per cent. showed -evidence of infection either
in the kidney or bladder, but the incidence was conisidterably
highler in those rats surviving loniger periods. The infectioni
took tlhe formii of a pyelonephritis or cystitis, and somie-
timnes pus was found in the kidniey substance. TIbe ini-
f'iction -was usually associated with suclh conditionis as
ilydr-onephrosis, extremnely dilated ureters, and a distended
Wladder. Multiple small white niecrotic foci in the cortex
of thle kidniey w mre often founid, but tlheir- exact originlhas not yet been determiiined. Similal foci lhave also been
olbserved in thle spleen on two occasions.
The prostate glands and seninial vesicles wsere frequent

sites of suppuration, whilst occasionally the epididyinis
was acutely iniflamed or suppurating. A l)purulent exuidate

seen in the Fallopian tubes on one occasioni.
Puts was found in the n-asal sinuses or in the middlle ear

onl eig-hteen occasions, an incidenece of 20 lier cent. In
one isolated case a small but definiite abscess was founrl
projecting fromii the wall of the left ventricle of the heart.
The conitrol animals received the basal diet adl ii.,

plus some source of vitamini D, with the addition of a
source of vitamin A either ilthle folrm of dried cabbage
or cod-liver oil or butter. Fifty rats fed uinider these con-
ditionis over periods as long as, or longer tlhan, those whici

the deficienit rats survived have been killed and examinied.
In no single case was evidence of gross in-fection found
corresponding with that foulnd in the vitaemin A deficient
rats. The onlv patlhological fin-dings were three cysts of
the liver, of p)aiasitic origin. Otherwise all the tissues
appeared perfectlylhealthy.
On the basis of these facts we suggest that vitamini A

plays a sign-ificant lpart in raising the bodily resistance to
infection. Pelhaips this effect is solely due to the favour-
able muediulm whlich obstruction by desquamated keratinized
cells pirovides for bacterial growth. At any rate, this must
be a factor. Possibly it is the combination of the kera-
tinizing process anid a diminished resistanice which makes
animals witlh vitamin A deficiency so prone to infection.

The question arises as to what extent the lpart played
by vitamin A as an aniti-infective agent is specific. Would,
for instance, the absence of any essenitial dietetic factor
result in the infective anid pyogenic conditionis miiet with
in this experimiienital work? We can offer nlo definite
evidence that'tliis is not the case, but an extensive expe-
rience of niutr itionlal work suggests that vitamlin A is
more dim ectlv related to resistance to inifectioni than aniv
other food factor of which we are aware. In a series of
several huiindreds of rats which have had adequate amiiouints
of vitanmin A and little or no vitamin D only two cases
of gross inlfectioni have beeni found, both septic broncho-
pneumonDias associated with definite rickets. Experience
with scur'vy in man anld animals does not lead to thie
belief that vitamini C is concerned witlh infection in the
same sense as vitamin A. Although, therefore, the sleci-
ficity of vitamiln A ald inifectioni is not settled, the evidence
obtained is in its favour. We are endeavouring to obtain
additional evidence on this point by experiments in wh-ich
infective material is injected inito aniiiials on A-deficienit
anid control diets.
Another point of importance is whether lack of vitamin' A

has any relation to the commioni suppurative processes found
in- man. Is it possible to relate inflammatory processes
of the nasal-sinuses, middle-ear disease, pneumiionia, ulcera-
tive conditiosis of mouth and eyes, to this dietetic deficientcy?
This quiestion also cannot be answered definitel.y. It is
certainly possible that there is a close relationship, since
it is generally agreed that a deficient intake of vitamin A
is a commlon faullt among civilized man. We rely almost
entirely on milk, butter, egg-yolk, and green vegetables
for our supply of this substance, and the consumption of
these, especially among the poor, is notoriously low.
We feel that, uintil further knowledge is gained, time

experimental results are sufficiently imipressive to warrant
the assumuption that vitamin A plays an important part
in conferring resistance to many types of infection. We
think that the study of the etiology of some infective
conditions cannot be coomplete without including the con-
sideration of this dietetic factor. We suggest, for instance,
that the problem of puerperal septicaemia, and eveni thiat
of acute rheumatism, might be considered in relationi to
the vitamin A intake. The importance of vitamin D has
attracted great attention recently, and it has eveni been
suggested that preparations of vitamin D can be safely
substituted for cod--liver oil in nmedical treatmuenit. The
work above described shows that this teaching is erroneous,
and that, altlhouglh vitamin D controls, probably absolutely,
the calcification of bones and teeth, it has no direct power
to promote resistance to iniection in th-ie same way as
vitamin A. If a substitute for cod-liver oil is given it
ouight to be at least as powerful as this oil in its contenit
of botlh vitamiinis A ancd D.

SUMMARY.
In an extensive study of animiials brought up on a diet

deficient ini vitamini A it is slhowni that practically all die
withi somiie infective or pyogenic lesions. In the control
animals receiving vitamin A these lesions are abseit.
The presence of vitamiiin D does not pi-evenlt the develop-
ment of these morbidl connditionns, and this vitamin seemPCs
to be unrelated to resistance to infection.
The lesionis produiced in animiials by diets deficient in

vitamin A are comiimonly found in mani, amid it is desirable
that this fact should be bornie in m-ind in the study anid
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tiredtmtielent of these and other infective and pyogenic
conditions.

This work has been supported by the Medical Research Council,
to whom our thanks are due.
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LOW BACKACHE AND SCIATICA.*
BY

W. A. COCHRANE, F.R.C.S.ED.,
Assistant Surgeon, Royal Infirmary, Edinburgh.

Tiis paper represents an attempt to discuss the painful
" low back " from the orthopaedic standpoint. It may
occur with or without sciatica, and, for the sake of clearness,
thle writer proposes to discuss the pathogeinesis of the
sciatica in a separate section.

In cases of backache and sciatica a careful eliminative
diagnosis leaves a large group which is essentially ortho-
paedic. It includes the industrial lame backs-a large and
important element of industrial accident cases. In one
large works back strains and injuries of this type are
responsible for 20 per cent. of all accidents.

Cases of low backache aad sciatica are full of interest
and importance because of their frequency, of the lack of
accurate diagnosis and classification, and of the difficulty
in some cases of disproving the assertion of pain. We
have to investigate, first, as to whether pain really exists,
and second, as to the traumatic elemiient in the lesion which
is discovered. Let the writer begin by emphasizing the
gireat importance of a routine method of examination in
these cases. The physical examination of the painful back
is a painstaking and meticulous performanice, which cannot
be learnt without study. Superficial examination will
entirely fail to bring out the points on which the real
scientific analysis of these cases depends. Next in impor-
tance is the niecessary knowledge of anatomy and statics
of the body as a whole and of the parts concerned, which
can interpret the findings intelligently. The detail of the
step-by-step procedure advisable in suclh cases has been
well described by Osgood and Morrison.' Suffice it to say
that, if completely carried out and interpreted in accord-
ance with anatolmiical fact and functional use of the body,
it will go far to improve upon the standard of knowledge
andl treatment which -commonly exists to-day. The writer
would submit that it has beeni due to the fundamental
work of the Boston school of orthopaedic surgeons, and
particularly to Goldthwait, that the whole subject has
become clarified. This is a great and enduring achievement.
In this country we have been apt to regard this whole

field as unknown-the happy hunting ground of the quack,
by whatever name. he may be called. Fortunately, indica-
tions are not lacking that greater interest is being taken
in the subject of backache and sciatica. In this connexion
the Lady Jones Lecture of 1927, delivered by Putti, upon
the pathogenesis of sciatica, may be cited as an example,
and a vast bibliography has grown up.

* Read in opening a discussion in the Section of Orthopaedics of the
AAnual Meeting of the British Medical Association, Cardiff, 1928.

It seems to tlhe writer that general discussion of the
subject may well be centred round the following: (1) the
main problems; (2) special points and methods of dia-
gnosis; (3) a suitable clinical classification; (4) methods of
treatiment.

THE MAIN PROBLEMAS.
1. The first problem is in regard to the anatomical type

of the individual concerned, for special consideration has
to be paid to the slender, tall and laniky, or small anid
delicate type of patient. These individuals are especially
unsuited to heavy work and, even under ordinary conditionis
of life, they are subject to functional breakdown in regard
to the back. The spine is slender, hypelmobile, and wand-
like. There is a true, inherent weakness, and it most
commonly betrays itself in general postural strain, or in
symptoms of strain referred to the sacro-iliac joint.

2. The second problem concerns cases of backache, with
or without sciatica, in individuals who use the body in poor
posture and in positions of mechanical disadvantage. With
incorrect bodily mechanics, all the antero-posterior curves
of the spine are increased, and the joints are used at their
extreme limit of motion. The normal balancing mechanism
of the body is impaired and the load is borne by bony and
ligamentous supports. The lumbo-sacra:l joints in par-
ticular are overloaded in heavy subjects with* prominent
sagging abdomens, and a chronic lumbo-sacral strain
commonly results.
The other part of the " low back " which is exposed to

static insult from this source is the sacro-iliac joint. The
pelvis beinlg tilted forwards, the support of the joints
becomes less efficient. The muscular support of the pelvis,
whichi Goldtllwait has shown is so important in the support
of these true articulations, becomes impaired. The sacrum
may. be regarded as a see-saw swung on a transverse axis
passing through the sacro-iliac joints. The shorter upper
arm is weighted by the body, which tends to thrust it
dowNVnward and forward. If the individual is bending and
lifting a heavy load, arnd the load slips, a severe stretching
of the' sacro-iliac ligaments can, and does, take place.
Pain is experienced over the joint, and the clinical features
are quite definite. Leverage in the opposite direction
through the hamstrings is also effective in straining the
joint. Post-operative backache is due to a sacro-iliac strain
from insufficient support of the lumbar region. The faulty
statics may be due to a short leg, flat-foot, or an affection
of the hip.

3. Tho next problem arises when x rays reveal no
intrinsic lesion of the lumbo-sacro-iliac region. As Osgood
and Morrison point out, the need for accurate diagnosis
in these cases is acute. Our first object should be to
demonstrate the presence or absence of persisting strains.
It should be stated that a negative x-ray photograph is not
sufficient to warrant the assumption that there is nothing
the matter with the patient. In point of fact, careful
reading of good radiographs will frequently reveal a
departure from the normal in many cases of extrinisic
lesions. For example, ossification of the iliac attaclhment
of the ilio-lumbar ligament is always due to lumbo-sacral
stra.in of long duration. The more the subject is studied,
the more is one impressed by the help which good stereo-
scopic and lateral x-ray photographs are in support of a
routine and systematic examination.

4. Next is the discovery in the radiograph of an intrinisio
lesion of the spine, such as osteo-arthritis, in cases of
alleged injury. The symptoms are usually out of all pro-
portion to the severity of the-trauma. This furnishes the
main class of case for medico-legal battles. Compression
Fractures of the spine sometimes follow comparatively minior
ciolence, and represent the most commonly oovelrloolied
industrial lesion. It is remarkable how frequently a lesioni
)f the spine is overlooked in the antero-posterior view
radiograph, to be shown quite clearly in the lateral view.

5. The problem which next merits attention is the diffi-
mult and complex question- of the relationship of anatomical
rariations of the fifth lumbar vertebra to backache and
;ciatica. One would refer particularly to semi-sacralization,
rariation in the shape and direction of the articular facets,
snd to spina bifida occulta.
WVhat is the connexion betweenl these variations and

)ackache and sciatica? Is the association casual or causal?


