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EXPERIMENTAL PURPURA.

(Second Communication.)
By J. C. G. LEDINGHAM, M.B., D.Sc. ABERD.,

CHIEF BACTERIOLOGIST, LISTER INSTITUTE;
AND
S. P. BEDSON, M.D., M.Sc. DURH.,

LATE BRITISH MEDICAL ASSOCIATION RESEARCH =CHOLAR,
LI1STER INSTITUTE.

IN a preliminary communication by one of us
(Ledingham ') to this journal on June 13th, 1914,
the production of purpura hemorrhagica in guinea-
pigs, after inoculation with an antiserum prepared
byimmunising rabbits with guinea-pig blood plates,
was placed on record. The present paper deals
mainly with conjoint work carried out in June and
July of last year, together with additional experi-
mental data since obtained by one of us (L.) in the
absence of the other (B.) on military service. The
blood changes in guinea-pigs inoculated with anti-
plate serum have been followed out.in detail, and
we propose in the first place to submit data on this
point. A description will follow of experimental
purpura in the rabbit and rat induced by inocula-
tion with their respective anti-plate sera.

Blood Changes in Guinea-pigs after Inoculation
with Anti-guinea-pig-plate Serum.

Notes on technique.—The blood plates were
counted in a Thoma-Zeiss chamber, the blood from
the ear being received into citrate solution con-
taining brilliant cresyl blue which showed up the
blood plates very clearly. The figures for the
plate content per c.mm. obtained by this method
in a series of normal guinea-pigs were as
follows : 856,000, 752,000, 340.000, 640,000, 672,000,
688,000, 590,000, 696,000, 664,000, 592,000 (the
latter four obtained from the same animal
on four successive days), 592,000, and 584,000.
The average of nine animals works out about
638,000 per c.mm. The hsemoglobin was esti-
mated by Haldane's instrument. Attempts were
alse made to obtain coagulation times, but as we
have not satisfied ourselves that the methods
employed yield reliable results, at least so far as
the guinea-pig is concerned, we refrain at present
from alluding to them. The statement in the pre-
liminary communication that the clotting is delayed
rested entirely on observations of the bleeding time
after puncture. Prolongation of the bleeding-
fime after puncture of the ear vein is a very
marked feature in experimental guinea-pig purpura
{as Duke asserts to be the case in human purpura),
but this function may prove to have no direct
relation to the coagulation time as ordinarily
understood and calculated.

The three animals, B 3, B4, and B 5, whose blood
changes, &c., have been followed daily, received
each one dose of anti-plate serum (15 c.c.) sub-
cutaneously immediately after the control normal
samples had been taken. The animals were pur-
posely chosen of large size (over 400 gm.), so that
a lengthy observation period would be available
before the fatal conclusion (or possibly recovery)
resulted. It had previously been determined that
in animals of 250 gm. a dose of 1 c.c. of a particular
batch of anti-plate serum had produced death in
three, four, or five days with typical purpuric
lesions. The data obfained from these three
large animals, together with notes of the general
condition, are found in Table I. (see p. 312).

1Tedingham (1914) : The Experimental Production of Purpura in
Animals, &c., THE LANCET, vol. i., 1914, p. 1673, :

Remarks on Table I.—It will be observed from
the table that two of the animals died in 4 and
8 days respectively, while the third animal (B 3),
whose initial weight was 450 gm., made a com-
plete recovery after exhibition of purpuric skin
lesions. On July 14th—i.e., 36 days after the first
dose—it received a second dose of 2 c.c. of the
serum. The reaction to this second dose was very
slight, the blood plates only, showing a marked fall,
while the purpuric skin spots were few. It is
impossible here to analyse the blood changes
in detail, but certain points deserve mnotice.
1. The total leucocyte count is not appreciably
affected, though there is a distinct tendency
to relative lymphocytosis (see the column of
differential counts). 2. The" blood plates are the
elements which suffer the earliest and promptest
reduction. Except in the case of Bb5, which
showed an abnormally low initial plate content,
the plates fell to one-sixth to one-tenth of their
initial figure. In animal B3, which recovered,
the rapid regeneration of red cells and heemoglobin
is well seen. In the last two columns data are
appended with reference to the presence of ham-
agglutinationin the shed blood, the minute changes
in the red cells, and the general condition of the
animals.

Post-mortem appearances of the above three animals. B 3.—
Killed for examination on July 18th. A few skin heemor-
rhages present at site of last inoculation. A few groups of
faded punctiform heemorrhages in stomach wall. No petechise
on heart or lungs. Lymph glands not of heemolymph
character. Urine not stained with hemoglobin.

B 4.—Dead June 16th. This animal had shown numerous
skin hemorrhages during the early days following inoculation
of the serum. At necropsy these had faded and skin hzemor-
rhages were found only in the neighbourhood of the inocula-
tion site. The red colour of the lymph glands was dis-
appearing. Several hamorrhages in the lungs and very
numerous petechize in intestine. Stomach mucosa showed
two round patches—one about the size of a sixpence, the
other half that size—studded with small punctiform heemor-
rhages. There was no ulceration. Liver yellowish. Spleen
large, dark red, and friable. Kidneys and adrenals apparently
normal.

B &5.—Dead June 12th. Numerous heemorrhages at site of
inoculation and a few scattered about elsewhere. Only a
few lymph glands show the hseemolymph change. No hemor-
rhages in intestine. Liver pale and yellowish. Spleen
greatly enlarged and friable. Urine blood-stained. A few
small haemorrhages in testicles. Both eyes show cataract.

Blood Changes in Smaller Animals.

To complete this part of the subject tables are also
appended showing the variations in the red cells,
blood plates, hssmoglobin, &c., in three guinea-pigs
of less weight. Each was inoculated on June 30th,
1914, with 1 c.c. of anti-plate serum subcutaneously.
(See Tables II. A, I, B,and II. ¢).

TABLE IL.A.—Guinea-pig 8.

Date. Red cells. Plates. Hb. Weight
June 30th* ... 5,744,000 ...... 640,000 ...... 97 e 240 gm
July Ist ... 5,944,000 ...... 512,000 ...... 9y . 220 ,,

s 2nd L. 5,130,000 ...... 320,000 ...... 807 e 210 ,,
50 Ord Ll 664,000 ...... 98,000 ...... ~ eeeres 200 ,,

Death between 1 and 2 p.M. on July 3rd.
* Received 1 c.c. anti-plate serum subcutaneously.

Notes on blood picture and general condition.—July st :
Blood picture normal except for one or two red cells showing
polychromatophilia. Well-marked hemagglutination. Pig
lively. Distinct infiltrate over abdomen. July 2nd: Some
irregularity in shape of red cells. Megalocytes of medium
size, fairly numerous, mostly showing polychromatophilia.
Some red cell shadows. Pig seems ill. Infiltrate softening.
Some skin hzmorrhages. Gums of fairly good colour.
July 3rd : Hemagglutination of shed blood most pronounced.
Great irregularity in size of red cells. Megalocytes showing
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TABLE 1.
Guinea-pig B 8.
Differential leuco- . .
. @ . cyte count. e ®
@, @ w = 3
[ 5 2 -
Date. 9 § E ihg é 4 j] q“; . Hb. g g g Appearance of bloo.d on slide. Remarks.
& | & | B |25 55 fs 8 g 2
8y 5 é A ] B [&]
A -
June 72t F. |grm,

8* | 7,520,000 (17,400 856,000 | 77-3 (1-8| 188 [1'4| 98 [ 98:0° | 450 1 — —

9 |17,808,000 [17,400| 680,000 | 76:4 {04 | 226 |04 92 | 97°0° | 410 | 092 — Pig lively. Firm infiltrate over
’ abdomen.

10 | 7,024,000 {16,400 | 250,000 . 64-0 {20 | 33'6 | 0:6 90 §98-4° | 395 10 | Hemagglutination commencing Infiltrate more marked.

11 | 6,256,000 |14,800 148,000 | 560 {15} 420 ;05| 76 | 99:0° | 375 | 098 Hzmagglutination marked. Animal ill ; numerous skin.

hemorrhages present.

12 | 3,968,000 |14,400) 180,000 — | — | — | — |62 990} 380 | 121 — Animal very ill; infiltraje

softening,

13 | 1,952,000 [16,400} 80,0C0! 400 | 3-5| 505 { 10| 36 | 99-4°| 400 | 1'4 | Poikilocytosis; micro- and Condition unchanged..
macrocytes; polychromato-
philia; normoblasts and
megaloblasts., .

14 | 2,924,000 {16,200 | 398,000 | 39-0 {45| 560 |05| 30 | 998> 390 | 09 — Much livelier ; infiltratie
disappearing.

15 | 2,064,000 |20,400| 368,000 | 38:0 [ 23| 616 {10} 50 |986°1380 | 18 Haemagglutinatiogx no longer Condition good.

present.

16 | 2,960,000 (25,000 472,000 | 556 | 32405 |05 66 9840} — 17 Nucleated red cells, 3:07.. »

17 | 4,336,000 {24,200 | 428,000 | 42-0 ;10| 570 | — | 80 [ 9982} 360 | 14 ” ’ 237 ”»

18 | 4,400,000 116,200 592,000 | 325 {051 66°0 |10} 86 |98:0° 370 {14 » 0 10% "

39 | 4,544,000 |18,400| 436,000 } 420 | — | 57°0 11-0} S0 {100-0°} 355  1'5 » »  Nil '

20 | 4,240,000 (14,200 624,000 | 326 (031673 | — | 94 (9840 360 | 1'T — '

22 | 4,920,000 |16,400| 720,000 | 510 j0-3| 476 [ 06100 | 98:4°| 360 | 15 — ’s

29 | 5,520,000 8,800| 896,000 | 450 | 05| 546 | — [1€0 | 99-8°| 360 | 1'5 EXQ?_pf: flor some poly.chromati)» »

Interval of 3 weeks. philia blood pl(.:ture is normal.
July
141 | 5,952,000 — [ 712,000 — |— ) — | — 104} — 320 | 13 Blood picture normal. Animal in good health.
15 | 6,312,000 — 708,000 — | —1{ — | — 104} — |[300 | 12 - | Small infiltrate at site of
) ‘, inoculation.
16 | 5,324,000 — [304,000) — | —| — {— 98] — [320 ! 14 |Hemagglutination ; some irregu-, Animal ill; infiltrate softeningy
larity in size of red cells, 1 one or two skin hemorrhages.
‘ seen.
17 | 5,104,000 — 1240000; — | —} — {—198| — | 300 | 1’5 | Some polychromatophilia; no | —
nucleated red cells seen. ]
18 |5,248,00001 — '808,000% — | —1{ — | —198+ — |320 | 14 Killed for examination.
Guinea-pig B 4.
June

8% | 7,280,000 (18,600 | 752,0C6| 757 |26 | 210 |04 92 | 988> 400 | 10 — —

9 | 7,808,000 [15,800 752,000 | 71-6 ;151 259 [0-8| 92 | 996°} 360 | 098 — Well marked firm infilirate over
‘ : { abdomen.

10 | 4,704,000 {18,200 182,000 | 66'2 ] 12282 | — | 80 |100:0°| 380 | 13 Heemagglutination commenecing ; Animal ill ; numerous skin

| some poikilocytosis. hamorrhages.

11 | 3,952,000 14,800] 190,000 | 56 ¢ 15! 420 | — | 66 [100-0°! 365 | 13 A few microeytes and megalo- Animal very ill ; infiltrate

‘ cytes. softening.
12 | 2,896,000 | 8,800( 122,000 | 350 | 30| 620 | — | 40 1101-2°| 380 | 11 | Hemagglutination marked; Condition unchanged.
1 i i i polychromatophilia ; many
! 1 nucleated red cells, 3 7.
13 | 1,232,000 |18,800) 144,000 | 290 20| 680 [1-0| 30 [99:8> {390 | 18 Normoblasts and mmegaloblasts . '5
very numerous, 87,.
14 | 1,296,000 | 8,400 248,000 | 36:0 ;23| 610 |06 30 |984°| 310 | 18 | Some punctate basophilia noted; ' .
| : phagocytosis of red cells by
\ large mononuclears.
i5 ? 8,600 286,000 | 34'8 |13 | 611 | 23|24 |960°| 290 — Nucleated red cells, 37,. ' »
16 | 1,952,000 (15,200 248,000 | 502 | — | 47°7 |1-7| 32 |94-0c | 260 | 1'4 ” w257, Animal cold and collapsed ; died-
during night,
Guinea-pig B 5.
Jone |
8* | 5,840,000 |12,800 340,000 | 782 |04 2003 | — | 94 | 98'6° | 420 1 — —
9 | 17,728,000 |17,800/1,C64,C00{ 800 | — | 200 | — | 90 {99-8°| 385 : 074 — Fairly well marked infiltrate
over-abdomen.

10 7,312,000 11,600, 284,000 756 | — | 230 [10| 80 [990°| 380 | 0'61 | Agglutination of red cells com- [Animal ill ; no skin hzmorrhages

mencing. A few microcytes seen.
| and poikilocytes,

11 | 2,980,000 | 9,400 298,000 | 580 (40| 350 (05| 66 | 990°| 375 |'1'3 |Hzmmagglutination well marked ; | Infiltrate softening ; a few skin
numerous polychromatophilic | hamorrhages to be -made out.
megalocytes.

12 {1,200,000 ;10,800 330,000 | 610 [ 601320 {10] — {94:00! 350 | 1'3 Fair number of normeblasts Animal <n extremds, cold-and-

and megaloblasts, 37,. ({gllapsed; died between 9 and
P.M.

* Subeutaneous injection of 1:5 c.¢, anti-guinea-pig platelet.serum.,

1 Received second dose of 2 c.c,
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golychromatophilia, very numerous; poikilocytes; no punc-
tate basophilia. A few normoblasts, some showing pyknosis
and karyorrhexis of nucleus. A few red cells with ** Jolly ”
bodies. Pig cold and collapsed ; blood thin and watery ; no
eye changes observed. Post mortem : Gelatinousblood-stained
infiltrate over abdomen and thorax. A fair number of small
punctiform heemorrhages in skin. Numerous hemorrhages
in subcutaneous tissue. No eye changes. Spleen dark red
and friable. Bladder filled with dark, blood-stained urine.
Testicles showed several large hamorrhages. No haemor-
rhages in stomach or intestines. Lymph glands of red
bhzmolymph character. Bone marrow dark red.

TABLE ILB.—Guinea-pig 9.

Date. Read cells. Plates. Hb. Weight.
June 30th* ... 6,620,000 ...... 672,000 ...... 987 ... 260 gm
July 1st wees 9,952,000 ..., 480,000 ...... 967, oo 260

» 2nd L 5,616,000 ...... 272,000 ...... 847, 240 ,,
5 Srd . 720,000 ...... 392,000 ...... 167 .ieeee 230

Death between 1 and 2 P.M. on July 3rd.
* At 5 p.M. received 1 c.c. anti-plate serum subcutaneously.

Notes on blood picture and general condition.—July lst:
Pig lively. Well-marked firm infiltrate over abdomen and
extending forward to thorax. Blood picture normal except
for one or two red cells showing polychromatophilia.
July 2nd: Hemagglutination well marked. Some red-cell
shadows. Irregualarityin size of red cellscommencing. Mega-
locytes of medium size showing polychromatophilia, but not
numerous. Animal ill. Infiltrate softening; some skin
hemorrhages ; gums of good colour. July 3rd: Hemag-
glutination extreme. Blood very watery ; oozing after vein
puncture. Irregularity in size of red cells. Megalocytes
showing polychromatophilia; a few deeply basophile red
<ells; some poikilocytes. A few normoblasts, some showing
punctate basophilia of cytoplasm. Pig collapsed and cold.
No eye changes visible. Post mortem : A few small puncti-
form ha¢morrhages in skin. Glands do not show heemolymph
change. No eye changes. Bladder contained dark blood-
stained urine. No hemorrhages in internal organs.

TABLE IL.c.—Guinea-pig 10.

Date. Red cells. Plates. Hb. Weight
June 30tb* ...... 6,680,000 ...... 638,000 ...... 1027 e 360 gm
July Ist ... 6,170,000 ...... 384,000 ...... 1007 ... 320 ,,

2nd ... 5,504,000 ...... 328,000 ...... 847 s 300 ,,

'

Death during night of July 2nd-3rd.
* At b p.M. received 1 c.c. anti-plate serum subcutaneously.

Notes on blood picture and general condition.—July 1st:
Blood picture normal. Hemagglutination well marked. Pig
lively. Infiltrate not very well marked. July 2nd :
Irregularity in size of red cells. Fair number of megalo-
cytes, mostly showing polychromatophilia. Some red-cell
shadows. Pig not well. Infiltrate more marked, but softer.
Bome skin heemorrhages, one about the size of a threepenny-
piece. Post mortem : Well-marked gelatinous blood-stained
infiltrate. Numerous small punctiform hzmorrhages in skin.
{alands of heemolymph character. A few small heemorrhages
in lungs and in wall of left ventricle. Spleen much
enlarged and friable. One or two minute petechie in
pancreas. Bladder full of blood-stained urine. Numerous
hxmorrhages in wall of large gut and in testicles.

Remarks en Tables 11.A, IL.B, and II.c.—These
three animals, whose initial weights were 240 gm.,
260 gm., and 360 gm., did not survive beyond the
third day. All showed pronounced purpura. The
effect of the serum on the blood elements is
essentially similar to that obtained in the case of
the larger animals of Table I. Notes regarding the
minute changes in the red cells, the general con-
dition of the animals during life, and the post-
mortem appearances are appended to the tables.

Control Experiments with other Sera : Action of
Anti-leucocytic Serum.

This serum was prepared by immunising rabbits
with leucocytes obtained from the peritoneal
exudates of guinea-pigs which were killed
4 hours after an intraperitoneal inoculation of
5-10 c.c. of sterile broth. Such exudates, as is

well known, consist almost entirely of polymorpho-
nuclear leucocytes, and if great care is taken in
manipulation of the animals after death the risk of
admixture with red cells can be very largely
avoided. The exudates are taken up in citrated
saline and thereafter washed in normal saline.
The serum of the rabbits so immunised proved to
be guite as fatal to guinea-pigs as the anti-plate
serum, but did not produce purpuric phenomena.
We append two tables (Nos. II1.A and II1.B) showing
the action of the serum on the blood elements
througheut the course of the experimentally induced
disease.

TABLE II1.A—Guinea-pig 15.

R Differential count.t ,‘5:;
ed Leuco- o
Date, cells. Plates. cytes. Hb. é
P. E. L. |Ma.
o Gm
July8th* | 6,128,000 { 592,000 | 10,200 (4067 | 0-57 | 58-57i0°6%| 1007 | 290
,» 9th | 4,440,000 | 456,000 2,900 | 3 0% 05%{ 9607|067 80%| 250
,, 10th | 2,080,000 { 640,000 | 10,800 {10-07,| 1-0%{ 88:0%|1°0%( 407 230
4 11th ? ? i ? 2501 209 72571571 2 220

Death at 3 r.M. on July 11th.

* At 530 p.x. received 1 ¢.c. anti-leucocyte serum subcutaneously.

1t P = Polymorphonuclears. E = Eosinophiles. L = Lymphocytes.
Ma = Mast cells. .

Blood picture and general condition.—July 9th : Red cells
irregular in size ; numerous polychromatophilic megalo-
cytes; a few red cells showing ¢‘Jolly” bodies; no
nucleated red cells. The polymorphonuclear leucocytes are
degenerated, their protoplasm being vacuolated and the
granules appearing as indistinct basophile knots in cyto-
plasm. Pig ill. Small infiltrate under skin; no skin
hemorrhages. July 10th : Large numbers of megalocytes ;
some microcytes ; well-marked p#iychromatophilia ; nucleated

red cells (normoblasts) 1°5 per cent. of white cells. Some
phagocytosis of red cells by mononuclears. General con-
dition unchanged. No skin h®morrhages. July 1lth:

Some red cells show punctate basophilia ; nucleated red cells
(normoblasts and megaloblasts) 21 per cent. of white cells.
Neutrophile myelocytes present. Pig ill and collapsed ;
heemoglobinuria ; no eye changes. Post mortem : No skin

hemorrhages. Lymph glands appear normal. No hzmor-
rhages in internal organs. Spleen greatly enlarged and
friable. Bladder full of blood-stained urine.

TAsLE IIL.B.—Quinea-pig 16.

Red Leuco-| .
Date. cells. Plates. cytes.i P L. | Ma. | Hb. (Weight.
— f
7 Gm.
July 8th* | 6,368,000 | 584,000 | 14,400 |51'07° 49071 — 19807 270
» 9th | 5,560,000 | 648,000 | 2.600 ; 307197071 — 90-:0% 240
» 10th | 2 680,000 | 640,000 | 8,000 | 667, 188'67 3 37 |62:07, 220
»» 1lth | 1,608,000 | 776,000 | 13,200 {34'0% 67'5210'5Z 2207 200
{

Pig dead at 6 P.M. on July 12th.
* At 5.30 .M. received 1 c.c. anti-leucocyte serum subcutaneously.

Blood picture and general condition.—July 9th : Slight
haemagglutination. Irregularity in size of red cells ; poikilo-
cytes ; polychromatophilic megalocytes; one nucleated red
cell seen. Degeneration of polymorphonuclears as in No. 15.
Pig seemsill. Very slight infiltrate ; no skin hemorrhages.
July 10th: Marked irregularity in size of red cells ; no
nucleated red cells. Infiltrate soft; no skin hzmorrhages.
July 11th : Many megalocytes showing polychromatophilia ;
some red cells with punctate basophilia ; nucleated red cells
(normoblasts) 3-5 per cent. of white cells. Phagocytosis of red
cells observed. Myelocytes 4 per cent. (total neutrophiles,
34 per cent.). Pig veryill. No eye changes. Post mortem :
No skin hzmorrhages. No eye rhanges. No hzmorrhages
in internal organs. Spleen slightly enlarged. Hemo-
globinuria. Liver yellowish.
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It will be seen from the tables that while the
red cells were very considerably affected, the blood
plates were not appreciably altered in number.
The most striking phenomenon in connexion with
this serum is the great but temporary fall in the
absolute number of leucocytes. In this fall, as the
differential counts show, the polymorphonuclear
cells are chiefly involved. No hsemorrhages were
seen on the skin during life or in the organs after
death. In both cases hemoglobinuria was a well-
marked feature.

Action of Anti-red-cell Serum (Ordinary Lytic
Serum).

The effects of injecting lytic serum into the
animal whose red cells have been used for
immunisation have been studied by several
workers, and notably by Muir and McNee (1912),’
who have experimented with anti-rabbit red-cell
serum prepared by immunisation of the goat with
rabbit red cells. No record has been found of the
production of purpuric lesions by such sera. It
was, however, considered advisable to prepare a
lytic serum for comparative tests, and for this
purpose rabbits were immunised with washed
guinea-pig red cells in the usual way. This serum
has been tested on guinea-pigs only in a few cases
so far, It is very lethal for guinea-pigs, but no
evidence has been obtained that it can give rise to
generalised purpura. As we shall see later, an
anti-rat-red-cell serum proved to be equally devoid
of purpura-producing effects when injected into
rats, whereas the anti-rat-plate serum consistently
produced purpura.

The Question of Dosage of Anti-plate Serunt.

To test this point four guinea-pigs, each exactly
250 gm. weight, received the following quantities
of anti-plate serum subcutaneously in the dorsal
region on June 2nd, 1914: 2 c.c., 1 c.c., 0’5 c.c., and
01 c.c. (volume in all cases made up to 2 c.c. with
saline). The animal which received 2 c.c. died on
June 6th, showing an enormous number of hsemor-
rhages, with petechiz on the heart and lungs and
double cataract. The animal which received 1 c.c.
died on June 4th (i.e., after 42 hours). There was
beautiful miliary purpura over the whole skin, with
petechiz on the heart and Iungs. Cataract had not
developed. The animal which received 05 c.c.
developed, like the others, a local swelling which
had practically disappeared on June 6th. It died
ten days later, but showed no purpuric lesions
either internally or externally. Very probably any
such lesions that may have occurred and escaped
detection in the early days after inoculation had
faded. The animal which received 01 c.c. showed
only very slight local swelling for a few days after
inoculation, and remained well,

Eaxperimental Purpura in the Rabbit.

An anti-rabbit-plate serum was prepared by
immunising the goat with rabbit blood plates
recovered from rabbit blood by a method similar to
that employed in the case of guinea-pig blood.
Each dose given to the goat consisted of the blood
plates recovered from the mixed blood of 12
rabbits. About nine such injections were given.
The serum of the goat was tested at various times
during the course of immunisation, and it will be
convenient to detail briefly the results obtained
with this serum on various rabbits, as in certain
cases highly interesting pathological lesions were

2 Muir, R., and McNee: The Anzmia Produced by a Hzmolytic
Serum, Journal of Pathology and Bacteriology, vol. xvi., p. 410.

found at necropsy. In the earlier cases of the series
purpuric lesions in the skin were unfortunately not:
searched for.

Rabbit 1.—Received on June 20th 4 e.c. anti-plate sernms
subcutaneously (from test bleeding of geat after three
doses). June 21st : Considerable soft leeal swelling.
June 23rd : Swelling very slight. Rabbit remained well till
July 15th, when sudden death took place. Post mortem ::
Animal well nourished. Peritoneal cavity filled with clotted
blood and extravasated fweces. Two large fairly elean-cut
perforations of the bowel just below ewcum. A few purpuris
spots in small intestine. Some faded purpuric spot in skin,
especially that of hind limbs. Large hemorrhages in the
psoas muscle and in the muscles over tibia and fibula.
FEffusions of blood in the periosteal sheaths of these bones.
Stomach muocosa showed a cluster of minute hemorrhages, but
there mas no general purpura of the organ. Liver and lungs
healthy.

Rabbit 2.—Received on June 20th 1'5 c.c. intravenously
(test bleeding after four doses). Remained well.

Rabbit 3.—Received on June 30th 2 c.c. intravenously
(test bleeding after four doses). Remained well till July 3rd).
when it was given a further dose of 3 c.c. intratenously.
Death occurred two hours thereafter. Post mortem: Per-
forated wlcer of colon adherent by film of lymph to abdominal
nall. Purpuric patches round the wleer. The eclon con-
tained another large ragged ulcer with greyisk scurf on it.
It was not perforated. In the stomach were two similar
large mon-perforated wleers. Right lung collapsed and con-
gested. Some free blood in right pleural cavity. The liver
contained a few nodules of pseundotuberculosis, so that some
doubt remains whether the late purpuric lesions met with
may have been of bacterial origin. This is, however,
unlikely.

Rabbit 4.—Small Russian. Received on July 6th 5 c.c.
intraperitoneally (test bleeding after four doses). July 7th:=
Three or four purpuric spots in skin over sternum, July8th:
Very large number of purpuric spots on skin of abdomen
and back, and especially of extremities. Ietechiz on ear.
On the same day it received a further dose of 3 c.c. intra-
peritoneally. July 9th: Rabbit looks well. Received a
third dose of 3 c.c. intravenously and died in convulsions
five minutes afterwards. Post mortem : Enormous number
of skin haemorrhages. Miliary purpura of stomach, One or
two petechize on epicardium, and a good number on large
bowel and under kidney capsule. Very large number in skin
covering fore and hind extremities and tail. No cataract.
Large amount of free blood in peritoneal cavity. One or two-
reddish lymph glands in axilla and groir. Vrine quite
clear.

Rabbit 5. —Very small Russian weighing 440 gm.
Received on August 27th 4 c.c. intraperitoneally (test
bleeding after seven doses). August 28th: Animal looks
fairly well. Numerous purpuric spots on skin of abdomen
and extremities, Weight 431 gm. August 29th : Animal
dead. Post mortem : Beautiful purpura of skin. Zatensive
purpura of cecum and large bowel. A few spots in smalb
intestine and in stomach., Numerous petechiz in diaphragm..

Blood Changes itn Experimental Purpurea of the
Rabbit,

We append three tables (Nos. IV.A, IV.B, and
IV.c) in which are recorded the blood changes, &e.,.
in the case of three rabbits inoculated intra-
peritoneally with the same dose (3 c.c.) of anti-
rabbit-plate serum.

TABLE IV.A—Rabbit 33.

Red
cells,

Qaag;
time,

Leuco-

cptes, | Bo | B | L

Date. Plates. Hb.

Julylbth*
ys 16th
s 1Tthi

5,792,000
4,864,000
4,872,000

648,000
100,000
496,000

12,200
10,400
9,800

280 ¥,
545 %
275 %,

2:0y7,
057
107

70:0 %(80°0 %,
450 % [66:0 %
71°5°% 640 %

17 477
2 By”
98"

* At 4 p.M. received 3 c.c.anti-rabbit-plate serum intraperitoneally.
1 Killed with ether to obtain specimen of skin.
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Blood picture and general condition.—July 16th : Heem-
agglutination present. Some irregularity in size of red cells; a
few red cells showing polychromatophilia ; one or two

“ mucleated red cells seen. Rabbit quite lively. Bleeds very
readily when ear vein is punctured; marked purpura over entire
skin. July 17th : No nucleated red cells seen ; a few showing
polychromatophilia. Rabbit quite lively. No fresh out-
burst of purpura so far as can be detected. Post mortem :
Extreme purpura of skin. Lymph glands not of frankly
hzmolymph character. A few punctiform hzmorrhages in
stomach and large gut. Some extensive hamorrhages in
muscles of thigh. No hemoglobinuria.

TABLE IV.B.—Rabbit 34, weight 920 gm.

Date. | oo | Plates.|LOUCO| P | B | L. | Ma.|Hb, :gi%
July20th*{ 5,424,000 | 672,000 | 12,400 160 7| 057 [83:5 7|10 7|803,(C' 58"
» 2lst {5,016,000| 106,000 | 14,400 (220 %| — |775 %05 7|10 72 0"
» 22nd|3,824,000 232,000 | 12,100 30°6%| — (68'5 %|10%|50%/1 57
. 23rd [3,960,000| 454,000 | 7,800 2507067 (146 7| — |s67| —
. 20th 4,344,000( 762,000 8400 | — [ — | — | — |88%| —
» 25th |4,184,000] 760,000 18,000 | — | — | — | — |8y —
» 29th [4,416,000| 800,000{ 10,000 | — | — | — | — f0z| —

* At 4.15 p.M. received 3 c.c, anti-rabbit-plate serum intraperitoneally.

Blood picture and general condition.—July 20th : Before
injection one or two nucleated red cells were seen in film.
July 21st : Little change in red cells ; one normoblast seen.
Animal drowsy and unwell. Hzemorrhages in skin, and
specially marked in skin of ears. The flicking or rubbing
of the ears produces an immediate crop of small punctiform
hzmorrhages. July 22nd : Many red cells showing poly-
chromatophilia ; marked irregularity in size of red cells ; no
nucleated red cells seen. Rabbit quite lively. Heemorrhages
still present in skin, July 23rd : Marked irregularity in size
of red cells ; some large megalocytes showing polychromato-
philia; no nucleated red cells seen.  Animal’s condition
good. July 29th : Animal’s condition good. Purpuric spots
in skin mostly faded. A few still present on ears,

TABLE IV.c.—Rabbit 35, wetght 700 gm.

Date. (}gﬁ‘s‘ Plates. 2;;‘5;) P. | B. | L. | Ma, [Hb|3

3g

July20th* | 4,240,000/640,000 | 9,600 |256% | 05 |72:6%| 1-57 |62 |1' 2"
. 2lst | 3,696,000 98,000 | 16,400 |525%| — |47-0%| 0°5% [50%| 307

,, 22nd | 3,840,000/356,000 | 9,000 |22:0%|2:0% | 7607 — |aay| —

., 23rd | 3.856,000472,000 | 6,600 |50:0%|06% |496% — |48y —

Killed with ether at 2 p.™. on July 23rd.
* At 4.45 p.M. received 3 c.c. anti-rabbit-plate serum intraperitoneally,

Blood picture and general condition.—July 20th : Before
injection no nucleated red cells were seen. July 2lst:
Hemagglutination present but not marked. Some irregularity
in size of red cells; some poikilocytes ; no nucleated red
cells. Animal ill. Hzemorrhages in skin, and especially in
skin of ears. July 22nd : No nucleated red cells. Animal’s
condition unchanged. July 23rd: No nucleated red cells.
Condition unchanged. Post mortem: Skin shows numerous
heemorrhages. Lymph glands appear normal. Numerous
intramuscular hseemorrhages in diaphragm. No haeemorrhages
in stomach or intestine ; no haxmoglobinuria. Some hzmor-
rhages of moderate size in thigh muscles.

It will be seen that all three animals developed
marked generalised purpura from which they
recovered. They were, however, killed for exa-
mination purposes at various dates, and the post-
mortem appearances are appended to the tables.
The marked and early fall in the plate content
corresponding with the early onset of purpuric skin
phenomena will be noted. In these rabbits coagu-
lation times were taken by the Dale-Laidlaw
method,’ the blood being drawn into short capillary

3 Dale, H. H., and Laidlaw, P. P.: A Simple Coagulometer, Journal
of Pathology and Bacteriology, vol. xvi., p. 351,

tubes, each containing a small shot. The data so
obtained are included, but we are not satisfied that
they can be depended upon, in view of the varia-
tions we have obtained by this method in normal
rabbits examined at short intervals. This question
is reserved for further investigation.

Eaxperimental Purpura in the Ral.

Rabbifs were immunised with rat platelets
recovered from fairly large quantities of rat blood.
Each immunising dose consisted of the plates
obtained from the mixed blood of 24 sewer rats.
Three rabbits were immunised, two of which died
during the course of immunisation. From the
remaining rabbit a small test bleeding was taken
a few days after it received its second dose. The
serum so obtained was tested on a rat and found to
be etficacious in producing purpura (see below).
The rabbit received a third and a fourth dose
of rat plates, but unfortunately a few minutes
after the intravenous injection of the latter dose it
developed marked anaphylactic symptoms. It was
felt that the serum of such an animal would
probably be largely deprived of its anti-plate
elements owing to absorption by the large dose of
fresh plates injected. The animal was, however,
bled when moribund and the serum so obtained
filtered. As we shall see, this serum possessed:
marked purpura-producing property.

Effect of Injecting Anti-rat-plate Serum into Rats.

Rat 1.—Received on Sept. 29th 2-5 c.c. subcutaneously
in dorsal region near root of tail (from test bleeding after-
second dose). Sept. 30th : Numerous minute skin hemor-
rhages round the area of inoculation and along the tail.
None elsewhere. Oct. 1st: The animal now moribund was-
killed with ether. Post mortem : A large oval skin hsemor-
rhage was found at site of inoculation, with smaller
petechize at the periphery. Numerous hamorrhages in
skin of tail. A few in pyloric portion of stomach. No
generalised skin purpura. The result, however, showed that
the serum from this early test bleeding possessed the
purpura-producing property.

Rat 2.—Received on Oct. 13th, 1914, 3 c¢.c. subcu-
taneously (from moribund rabbit after its fourth dose)..
Oct. 14th: A few petechiz noted on skin of hind limbs.
Oct, 16th ; Animal not examined. Oct. 16th: Animal very
ill and drowsy; was accordingly killed with ether. Post.
mortem : Beautiful generalised skin purpura. Large haemor-
rhage in muscles of one fore limb ; marked purpura of tail.
Several small hemorrhages in pyloric portion of stomach.
Lymph glands bright red in colour. No hazmoglobinuria.
No cataract.

Rat 3.—Received on Oct. 14th 4 c.c. subcutaneously.
Oct. 156th: Cluster of small hemorrhages near site of”
inoculation. Oect. 16th: More hemorrhages in the neigh-
bourhood. Animal very ill and drowsy. Oct. 17th: Rat
dead. Post mortem : Generalised skin purpura. Red
lymph glands throughout. Pefechie in pyloric portion of”
stomach and throughout a considerable part of the small
intestine, also in sigmoid and rectum. Urine in bladder-
blood-stained.

On the whole, the lesions in rat purpura are-
essentially similar to those met with in experi-
mental guinea-pig purpura except that cataract, so
frequently fourd in guinea-pigs dying of the experi-
mental disease, has not so far been noted in rats.
As mentioned above, the effect of anti-rat red-cell
serum was investigated on rats. No purpuric
lesions resulted.

Action of Heterologous Anti-plate Sera.

The question of the specificity of these anti-
plate sera is of importance, and at various times
control experiments in settlement of this point
have been made. Invariably the result has been
that the animal does not respond to the hetero-
logous anti-plate serum—e.g., only slight incon-
venience and certainly no purpura follow the
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injection of the guinea-pig with anti-rabbit-plate
serum, and vice versd. Recently, being in posses-
sion of a supply of anti-guinea-pig-plate, anti-
rabbit-plate, and anti-rat-plate sera, one of us has
carried out the following experiment, which shows
clearly that a heterologous anti-plate serum has no
purpura-producing property.

TABLE V.
Rat A, 150 gm., received 7/12/1914, 3 c.c. anti-rat-plate serum.
s B, 90 , . . 3 ,, anti-guinea-pig-plate serum,
s O, 140 ,, 9 s 4 ,, anti-rabbit-plate serum,

(All inoculated subcutaneously.) ,
Guainea-pig A, 230.gm.,received 7,12/1914, 3Jc.c. anti-guinea-pig-plate
serwm.
,s anti-rat-plate serum.

i34 B) 230 LR k13 1] 3
" C, 230 ,, 4 » 4 ,, anti-rabbit-plate
serum.

(All inoculated subcutaneously.)

Rabbit A, 400 gm., received 7/12/1914, 4 c.c. anti-rabbit-plate serum.
» B, 380 ,, s . 4 ,, anti-guinea-pig-plate
seruin.

380 s . 4 ,, anti-rat-plate serum.
All inoculated intraperitoneally.)

1 Cl

On Dec. 8th Rat A showed several purpuric spots near tail
and also on legs. Other two rats showed nothing and appeared
quite lively. Guinea-pig A had an extensive hemorrhagic
infiltrate over the whole of the abdomen and did not appear
well, The other two animals showed no purpura and were
gquite lively. Rabbit A had numerous purpuric spots all
over its skin and was obviously ill. The other rabbits were
quite lively and showed no purpura. On Dec. 9th the
animals inoculated with the homologous sera were still
more drowsy and listless. Other animals appeared quite
well. On Dec. 10th Guinea-pig A and Rabbit A dead.

Post mortem: Guinea-pig A showed beautiful skin
purpura, extensive cedematous and haemorrhagic infiltrate
spreading over abdomen from seat of injection and extending
deeply into the thigh muscles, and miliary purpura of
stomach, There was no cataract, and the urine was quite
clear. Rabbit A showed a large cedematous and haemor-
rhagic subcutaneous area over upper thorax, neck, and fore
limbs, also a larger hsemorrhage under skin of left cheek.
Miliary purpura of stomach and slight purpura of intestine.
Liver yellow and mottled. No cataract. Urine quite clear.

The other animals remained well and put on weight.

Dec. 11th: Rat A dead. Post mortem : Purpura of skin
particularly marked over skull and cheek. A few spotsin
pyloric portion of stomach and a few in small intestine.
Urine was blood-stained (hemoglobinuria).

The other animals, which received the heterologous plate
gera, remained well and put on weight.

Summary and Conclusions.

1. Data have been recorded on the blood changes
in guinea-pigs after inoculation with anti-guinea-
pig-plate serum. The early fall in the number of
platelets simultaneously with the outburst of skin
purpura is found to be a marked feature.

2. Purpura has also been produced in rabbits and
rats by inoculation with the respective anti-plate
serum. The blood changes in rabbits have been
followed with results similar to those obtained in
guinea-pigs. "

3. Anti-plate serum, in addition to its purpura-
producing properties, possesses in common with
-other cytolytic sera considerable lytic powers, which
in all probability contribute largely towards the
fatal issue in small animals. Death, however,
may occur as the result of extensive hsmorrhages
alone without any obvious Ilytic changes as
evidenced by heemoglobinuria.

4. Sera obtained by immunisation with red cells
or leucocytes do not produce purpura.

5. Purpura is not produced by inoculating
animals with heterologous anti-plate sera.

The histology of the purpuric lesions will form
tha gubject of alater communication.

A CONTRIBUTION TO THE STUDY OF

SHELL SHOCK.

BEING AN ACCOUNT OF THREE CASES OF LOSS OF
MEMORY, VISION, SMELL, AND TASTE, ADMITTED
“INTO THE DUCHESS OF WESTMINSTER'S WAR

HOSPITAL, LE TOUQUET.

By CHARLES S. MYERS, M.D., Sc.D. CAuB.,

CAPTAIN, ROYAL ARMY MEDICAL CORPS.

THE remarkably close similarity of the three
cases which are described in this paper is shown in
the following synopsis:—

— Case 1, QCase 2. Case 3.
Cause... Shells bursting about him |Shell blowing| Shell blew
-when hooked by barbed | trench in. himoffa
wire. wall.
Preceding period of sleep- | As in Case 1. ?
lessness.
Vision Amblyopia. Reduced ” As in Case 1.
visual fields.
Hearing ... Slightly affected for a Not affected. | As in Case 2.
brief time.
Smell ... Reduced acuity. Total Unilateral
anosmia. anosmia and
parosmia.,
Taste ... Almost absent. Reduced As in Case 2.
acuity.
Other sensa- Not affected. Asin Case 1. | Asin Case 1+
tions
Volitional Ty " Y]
movements
Defecation Bowels not opened for . '
five days following shock.
Micturition Urine not passed for Not affected. | As in Case 2.
8 hours.
Memory .. Apparently slightly Very distinct .
: affected. amnesia.
Result of Gradual improvement by [Asin Casel, | Asin Casel.
treatment rest and suggestion. supplemented
by hypnosis

CASE 1.—Private, aged 20. Admitted on Nov. 5th, 1914,
On the nights of Oct. 28th and 29th he slept in Lhe bocking
hall of X station; ¢‘not much sleep there.” On the 30th
he motored in a ’bus from X to Y, arriving there at 7.30 p. M. ;
billets found at 8 P.M.; on guard from 10-11.30 p.M., and
from 1.45-3.45 A.»1. At 11 A.M. on the 3lst for the first
time he went to the firing line. His platoon advanced to
one set of trenches and then crossed the road to another,
only to find it filled with cavalry and to be told that there
was no room for them. During the retirement from this
trench, at 1.30 p.M., they were ‘‘found” by the German
artillery. Up to that time he had not been feeling afraid ;
he had ‘‘rather been enjoying it,” and was in the best of
spirits until the shells burst about him.

He was now retiring over open ground, kneeling on both
knees and trying to creep under wire entanglements, when
two or three shells burst near him. As he was struggling to
disentangle himself from the wire three more shells burst
‘behind and one in front of him. (An eye-witness in this
hospital says that his escape was a sheer miracle.) After
the shells had burst he succeeded in getting back under the
wire entanglements ; all his comrades had retired already.
He managed to get into a trench, and as the firing slackened
he rejoined his company. Immediately after the shell had
burst in front of him his sight became blurred. It hurt him
to open his eyes, and they ¢ burned” when closed. The
right eye seemed to have ‘‘caught it’ more than the left.
At the same moment he was seized with shivering, and cold
sweat broke out especially round the loins. He thinks the
shell behind him gave him the greater shock—*¢like a punch
on the head, without any pain after it.” The shell in front
cut his haversack clean away and bruised his side, and
apparently it burned his little finger. ‘It was this shell, he
says, which ‘¢ caused his blindness.”

Falling in with two comrades, he was led by them, one-on
either side, to the dressing station. He opened his eyes
-occasionally -to see where he was -going, but -everything



