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occur nior does conitraction commiilonly set in as a later
event. In the usual form of glomerulo-nephritis, on the
otlher lhanid, the degree of capi'lialay bb)ckage is muJh
g-ieater, leadinig to functionless lhyaline gloinieruli, atroplhied
tulbules, contraction of the kidneys, and to uraemia.
Lipoil neplhrosis cioes not terminate in uraemaia. In
cases whlicll do niot recover, death is most commonily due
to l)eriton-itis, pnieumonia, or septicaemia. The frequency
of peritonitis is remarkable, as it accounts for almost lhalf
the deaths; where the responsible organism has beeni isolate(d
it lhas been found to be pneumococcus.
There can -be. little doubt that the lipoid which is

d1ep)osited in the renial cells, and w-lich finds its way thence
i.uto the uirine, is aii outconme of the verv lglih cholesterol
content of the blood. Its constant depositioni in the coni-
-olluted tubules, an-d to a lesser extenit in the glomerular
cells, suggests that an endeavour is beinig miiade to excrete
thle suirplus. As to the cause of the cholesterolaemia we
lhave iio certaini kn:iowled(ge; it may be seconidary to- the
great loss of albminin in the urinie sustained by sufferers
fr omii thiis fornm of renal disease. As in diabetes, so in
Iipaoid neplirosis, mobilizationl of -fat from the reserves may
occur ill an attempt on the part of the system to feed
tissues partially starved by the conistant drainage from the
body, in the one case of carbolhydrate, in the other of
lroteiin. Of the fat so mobilized, the clholesterol fraction
is stable and i'elativ-elv valueless as a source of energy. It
seemiis possible that thiis fractioni is takeni up by the renial
cells, and in paarticular by the cells of the convoluted
tubules, Where it is deposited, some eventually passing
awaya in the urine either by disruiptioni or slhedding of the
cells. Thllis process of excretion of cliolesterol is analogous
to a physiological process by w,hich an isomer of clholesterol

is excreted in the normal inldividual: the secretion of the
sebaceous gland inivolves a degelnerative L)rocess in wlhich
isocliolesterol is first laid dowln in the glanid cells, anid ltei,
eitlher by disruption of the cells or bv theeir separation fromil
the gland, is discharged anid lubricates thie skini anid its
appenidages.

Finally, as to the cause of Lipoid nej)lirosis: iii view- of
-.he probahility that it is in reality a clhonic miild glomerul-
itis, one should bear in miind that two baciteri,al toxins airedefiniitely kniown to select the g;lomeuuIlltls of the kidniey
for attack. They are the toxins of thie diphitheria bacilluts
and of the haemiioly-tic strep)tococcus.. The cauise of lipoid
nep)hrosis is uinknow-n, buit there is jtstificatioii for suspect-
inig a bacterial origin. Onie orgainism, the puiieuiococculs,
stiggests itself for study. Wh-y is it that so miianiy of the
patients die of pneuniocoo.-ldperitonitis?
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THE additioni of aluminium sulphate or potaslh alumli to a
dlihtlheria toxoid produces a relatively insoluble precipi-
tate which has high anitigenic properties. Glenny, Pope,
Waddington, and Wallace (1926), and Glenny anid
Waddington (1928), have shown that such precipitated
toxoid iimmuniizes guinea-pigs more readily thani the
origiinal toxoid.
In view of tlie promiiising results obtained,* it is possible

that the most favoured method of human immunizationl
against diphtheria in the near future may be by means
of a suspension of toxoid precipitated by alum; it
appears to be of interest, therefore, to present some
riesults of animal experiments with both diphtheria and
tetanus toxoid showing the extent to which tile antigeniic
efficie'ncy is inereased by the addition of alum. During
the course of our experimlenital work different quantities
of alum from 0.1 to 2 per cent. have been added; in some
instances thle wlhole miiixture of toxoid and alutm has beeni
uised; soiimetiliies the precipitate has been separated from
tile supernatant liquid and re-suspenided after washinig in
salille. It is niot witllin the scope of this paper to deal
with these differences.
The ilimmunity index metlhod of Glenny, Alleni, and

Hopkins (1923), more fully described by Glenniy and
Waddington (1928), forms a convenieiit method of testing
anltigenic efficiency. Table I shows the immunity inidex
given -by the injection into guinea-pigs of 0.1 c.cm. of
diplhtheria toxoid with and without varying amounts of
alumii. It will be seen that when alum had been added
to the toxoid, 29 guinea-pigs out of 41 were Schick-
negative when tested three weeks later, and all were
imumune by the fifth week. Without- alum none, out of
38, was immune after tliree weeks, and 8 were still Schick-
positive seven weeks after injection.

* Since this paper was written, W. H. Park, at the Paris CongreFs
of the International Society of Microbiology, reported 100 per cent.
stuecessful immunizationis with alum-toxoid in small grotups of children.I

A further series of guinea-pligs was injected with
1 c.cmil. of diphtheria toxoid, and the antitoxic titre of
serumi was tested four to six weeks later. Of 53 guinea-
TABLE I.-Showinig thlC immnunity index of guinea-pig, injected

Uwith 0.1 cern. diphther-ia toxoid wCith antd wvithout alum.

NTuimaber of guinea-pigs givinig ant ind(ex of

1 2 3 4 5 Over 5.

With alumii ... ... 29 10 2 - -_

Withouit alum ... 0 1i 12 5 3 8

pigs injected without alumiii, tlhe mniajority contained 0.02
unit per c.cmi. of serumii, and the hiighest value recorded
was 0.5 unit; of 23 injected with alumi. the miajoritv coni-
tainied 0.5 to 1 unit, and the highest recorded value was
7 unlits per c.cmi. The results of the gr'oup are summaiized.
in Table II.

Altum has also been added to dipihtlheria toxiniused in
the hyperimmunization of lhorses. The average antitoxic
TABLE IT.-Showintifl fhi' ontitoxic value of the serum of quinma-piqs

four to six weecks (oftcr the injCction of 1 cerin. dipfh/ifr;/ t
toxoJidl Itwith (1d( withflout (dluin.

No. of w;itea.-igs -tl s- iu*t;toxic va.lii *f 1)?r c cmel.)

Uinder- 0. 0 ->.o 0.01-0.1 OA-l Over
0.G01 un:t. uiniiit. u :Iit. unit. 1 unit.

With alum ... - - 1 9 13

Without alum 3 6 31 13 0

value of groups of 50 horses was 696 without alum;
with alum 1,102.
Maniy experiments have also been made with tetanus

toxoid and alum. Table II gives the results of an
experiment on guinea-pigs inijected with 0.1 c.em. tetanus
toxoid diluted to 5 c.cm. with saline, or with 0.01 or
0.1 per cent. potash alum. The injections wei e repeated
fou-r weeks later, anid the guinea-pigs were injected with
tetanils toxin two to thriee weeks after the seconld
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injectioln, as a test for the immu-llilnitv pr'oduced. It will be
seen thlatt only 3 ouit of 13 guinea-pigs receivinig toxoid
witloimt aluni survived 1/50 of a test (lose of toxin, and
ouit of 4 noue survivled 1/10 of a test dose. Of the guinea-

TABLE 11T.-Sholwing the numnber of ninrea-pigs survir wing di#erent
doses of tetanus toxingqilec thro to threc w(eks-5aftcr the
srerond of two doses (gie!cn at fotur wzkcks' initerral) of 0.1 rein.
fi tfilnts toxoid diluted to 5 c.cn. with salinec or with alumii.

Number of survivals out of total tested.Toxin] in terim-s of_ __test (loses.
Diltuent Salinie. 0.01% alulm. 0.1% alulm.

0.01 2 ont of 4 - _
0.02 3 ou1t of 13 2 ouit of 2 2 ouit of 2
0.05 I loit of 2 2 otit of 2
0.1 0Ooit of 4 3 ouit of 4 2 out of 2

0.2 2 out of 2

1.0 22outof2 2outof3
10.0 2 ott of 2 2 out of 2

10).0 - Olt of 1 4 out of 4
(over 7o0,000 AL.L D.)

pigs gi--en alumiii-toxoid, nearly all surv-ived the inj-ection of
toxin, anid 4 out of 4 survived 100 test doses.
Tetanus alum-toxoid has proved of great servi(e iin the

immunization against tetanus of h1orses used for thle pro-
duction of therapeutic serum. The lmajority of hor ses
giv-en olne injection of toxoid w-ith alumiii hav-e ov-er 1 unit
(U.S8.A.) per c.cm. of seruilm fotur eeks later. Those
griven1 toxoi(l wi-ithioult alumii rarely hav-e over 0.001 ut1nit.
A conIparison betwleen the resultsI w%ith and without olmani
is giv-en in Table IV. In a fuir1th1er series of 17 horses
TABLE IV.-Showbing the antito.ric eluer of horsrs four wcrks afterma1 singqlc injection wvith 10 ou- 50 cern. tetanllus toxoidz wvith

rarying doscs of alman.

Numiber of horses with antitoxic
value of (per c.cm.)

Toxoid. Percentage
of Aluim.
. 0.0002 0.0C02-0.01 0.01-1 1-30unit,. unit. unit., units.

50 c.cr. 0.5-2.0 0 1 8 ,3
10 CeC1. 0.5-2.0 0 1 5 4
50 c.Cn. 0-0.1 8 4 0 0
.lOccm. 0-0.1 2 0 o o

receiviing toxoid withoutt alhunii, 1 had 0.01 un-iit, and the
othter-s less thani this amount; of 156 lhor ses with alum,
124 gavie over 1 uniiit; of these 86 had over 3 units, 20 over
10 1I1 its, and 1 hJa;d 25 ulnits pci' (cm. of serum as a
res.lult of a siiigle inijection. All thle horses were tested
before iiijection, aiid w-ere prov-ed to containi Ino normal
tetannuis anititoxin.
In the hyperimmuinization of. horses the ad(lition of

aluim to tetanus toxin lhas doubled tlle value of the
aIlititoxini produced. Glenllv, Pope, Waddington, anid
Wallace (1925) showed that if horses were rested for a
mlonth or more after a primary stim-uluis before tetanus
inmmiunization ras continued, miuclh stronger antitoxin was
1)produced. Ramon anid Descombey (1930) -have recently
confirmned this. Horses wit-l a primarY stimtllus of aluim-
toxoidl that have beeni rested at least a monthl before the
coninmincemuncmit of their maini tetanus iniiriiuiiizatioll pro-
duced aui average of 800 (U.S.A.) units per e.cm.
A soimmmichiat similar but smaller effect than that produced
-1a lum has been obtained by1 IsRamllon (1926) by the

ancdition of tapioca to toxoid. Ramon, observing that
horm.ss developing abscesses at thle Site of illjection yielded
serulm oE higher antitoxic v-alue, tried various substances
tha.-t wouldl produlce sterile abescesses, and eventually, chose
tapioca as the most suitable. It apopears probable that
in bsothl cases increased antigenlic respon.se is due to
deIlayed absorption. Altum was first tried by us in 1925,

x e1 wished to determ-tinue the- effect of delayinigabsorption by lpresentinig. toxoid in a relatively ilubleform. My colleagfue M1r. Pope suiggested the alum
precip)itate as* a stitable -produict. Recent work has slhownthat the original idea is probably correct. Dr. Buittle,conltilluillg this -work, has found that several substanceswhich produtce rielatirely insoluble precipitates of toxoid
allso increase antigenic efficiency. Other- work, not y-etpu'blislhed, hats established that toxoid, injected as aprilimary stilulus, is excreted with extreme rapidity, and
that within a few days of injectioii not 1 per cent. remainis
in the animilal body:. The increase in efficiency of alumu
toxoid is thierefore plrobably caused by its slo"w rate ofabsorption, so that antigeniic stimulation. is maintainedfor many days. The addition of alumii to toxin has alsobeeni used with success in- the immu-nization of hlorsesagainst tlhe toxinis -of scarlet fever, B. l elch ii, aniddysenitery.

Tile iiiimmu-inity produced by the precip)itate, formiiied bythe addition of alum to tetanlus and diphthei.a toxoids, isgreater thlani that produ-ced by toxoid alone. Thle increasein certa-in experimenital conlditions has reache(l ee(nl athbou.andf old.
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TETTANY after exercise is extremiielv irare. In a ser ies of
clinical cases of tetaniy due to ov-erbreathing Goldman'
refers to 8some students who developed tetanyr after a figllt,
out thlevii-ei niot p)ersonally observed by iim. The onl)y
otlier examiple. in the literatuire is that recor-ded by
Collier2 ; t uneiiiiderlyinig cauise in this case was never inives-
tigated. Recenltly we have had the opportunity of study-
inog suchl a case in detail, anid lhave clearly establislie(d thie
etiology of tlhe tetany, which has pr-ov-ed to be alkalaemia
follow isoy functional overbreathing.
Hi.story.-Thc patient, a girl aged 16 years and 9 nmontls, wasreferred to us for examination by Dr. C. Attenborougih of

Camberlev. Tetany first came on two and a lhalf yeais ago aftera lacrosse inatel at sclhool; since then she lhad shown definitesigns of tetany abouit six times at irregular intervals. The attacksbegan, as a rule, about ten minutes after games, such as tennis
or lacrosse, aihd lasted lhalf an hour. Slhe never suffered clduringthe holidays, even after vigorouis exercise. Quiite recently shelhad thr ee seizuires following the suidden deatlh of her lheadmistress, wlichl was a great menital shock. Onice lately slhe hadtetany after quiite a gentle walk, and once actually in bed about
no,on, lhalf an lhour after Dr. Attenborouglh hlad called to see her.Calcium lactate (5 grains) and parathyroid (1;/40 grain) lhad beengiven by thle mouth by D)r. Attenborough, who thouiglht tlhat, this1-iad onlce been beneficial, but w.,as recenftly muich less so. Thegirl's general health has always beenl satisfactory, anid she isdescribed at school as " clever, good at games, and very highlystrung'g"
Previous history disclosed notlling of eliological importance.She was breast-fed for two months, and then given Savory anidMoore's food. Inquiry and physical exarnination revealed noevidence of rickets. Her only. illinesses were chicken-pox andGerman measles. Menstruation began at the age of 131, and has-been regular. There have never been any of the gastro-intestinal.disturbances which are associated witlh sonie types of tetaniy.The family Ihistory contained notlhing of itmiportaniee. An; elderbrotlher had had astlhma. Two younger brothers were healtlhy.


