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2. 

A. HISTOKICAi,. 

General and Descriptive. 

On the 20th of May 1773 at Queen Charlotte 

Sound, Captain Cook sent on shore a ewe and a ram 

which he had brought from the Cape of Good Hope with 

a view to stocking New Zealand with sheep. On the 

22nd he "received the unpleasant intelligence that 

the ewe and ram which with so much care and trouble 

he had brought to this place, 14/re both of them found 

dead. It was supposed that they had eaten some 

poisonous plant, and by this accident all the Captain's 

hoposof stocking New Zealand with a breed of sheep 

were instantly blasted ". (1) He tried again, how- 

ever, with goats, but with little better result. 

Cook's supposition that the flora of New 



3. 

Zealand includes a plant posses-in highly toxic 

properties was well founded. That his ewe and ram 

shared the fate that has since been meted out to 

many thousands of sheep and cattle, and to not a few 

human beings,is in the highest degree probable. 

The supposititious plant of 1773 has .long 

since been identified as a Coriaria, and is known 

throughout the Colony by its Maori name tutu, or, 

as Europeans often pronounce it, "toot". 

The difficulties met with by Cook in his 

attempisto stock the country were again encountered 

by the early settlers. Large numbers of their 

flocks and herds were destroyed by eating the leaves 

and succulent young shoots of this attractive shrub; 

for it abounded everywhere and grew most proí'usely 

where the soil by its richness offered an inducement 

to the pioneer to settle. 

Animals hungry and in poor condition were 

particularly prone to succumb to the effects of the 

poison; and as these conditions prevailed with most 

of the animals landed from the ships, it will be 

appreciated what a great impediment to stocking the 

country this noxious plant proved. The very first 
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Tissue of "The Lyttleton Tines" (2) notices the death 

of tiree out of five cows that had just been landed. 

One fell over a cliff and two others were poisoned by 

bating tutu. The newspaper in warning settlers of 

the dangerous properties of the plant says, - "It is 

mpossible to take too much care in landing cattle at 

his place. To beasts just out of a ship the tutu, 

f which there is abundance here, is certainly fatal." 
I 

The damage done to stock was enormous, as may 

be gathered from the following quotation from Dr. 

Lauder Lindsay's article "On the Toot Plant and Poison 

of New Zealand." (3) 

In the course of a tour through the New Zealand 
provinces during the latter part of 1861 and earlilr 
months of 1862 I was everywhere struck by the 

abundant evidences of devastation produced amongst 
flocks and herds through their feeding on the 

"toot" plant, one of the most widely distributed 
and familiar indigenous shrubs of the country. 
One settler friend told me of his having lost by 
"tooting" 250 sheep; another 80 to 100 sheep of a 
flock of 400; a third 7 of 16 bullocks; a fourth 

6 of 24 cattle; a fifth 24 cattle; a sixth 6 of 8 

cattle - each of these instances in a single night. 
Another flock master lost 400 sheep out of a flock 
of 2000, 25 being frequently dead of a night. In 

otner words he seemed a fortunate farmer or run - 
holder who had not lost more than 25 %, or one - 

fourth of his stock, from toot- poisoning; while in 

some instances the losses were so high as 75% or 
three -fourths. Some of the colonists had suffered 

so severely from losses of bullocks by toot- poisoning 
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that they were at the trouble and expense of 
attaching a boy to each of their bullock teams 
for the sole purpose of preventing their 
animals feeding on this pest of the colony. 
Such incidents I found were of daily occurrence. 
I stet few settlers who had not at some period 
had occasion from this cause to mourn the loss 
of sheep or bullocks - the former sometimes by 
the hundred, the latter by the dozen. 

Thwse remarks of Lindsay serve well to illustrate 

the deadly nature of the plant, and the embarrass- 

ment it offered to the pioneers of the country. 

They also point to the importance and great 

desirability of an investigation of the physiol- 

ogical action of the poison being made, in order 

that the treatment of its effects may be conducted 

on rational lines, and as the first step towards 

the discovery of an appropriate antidote. 

But while sheep and cattle have been the 

chief victims, human beings have not proved 

exempt, and he was a lucky farmer who lost only 

his cows or his sheep. Too often one of his 

children succumbed to the effects of eating the 
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berries, or young shoots. Nor is this strange, 

for the shrub in full fruit is a very striking 

and attractive object. The numerous racemes 

of richly -coloured , tempting -looking, berries 

- at a glance not unlike small blackberries - 

could hardly be overlooked or neglected by the 

child, or thirsty traveller ignorant of their 

dangerous properties. 

Numerous cases of poisoning must have 

occurred, but the recorded deaths from this cause 

Are not man j. The following are all that occur 

in the literature that has been laid under contribu- 

tion. 

1. Thomson (4) in 1859 mentions that up till 

that date several children had died from 

eating the berries. 

2. Lauder Lindsay (3) mentions the c:a5e 

of twelve French sailors who were poisoned 

by eating the berry - four of them died. 

3. The Otago Colonists (5) records the 

death of one of two children in 1861 who had 

eaten the shoots. 

4. The Otago Daily Times notices the 

death of a young man in 1862 from eating the 

shoots. (6) 
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5. Easterfield and Aston (7) put on record 
the following cases - 

A girl in 1854 -55 from eating the 

berries. 
A boy in 1860 from eating the berries. 
Two cases from eating the berries- one 

¡lied, the other recovered with iLipaired 
memory. 

For the purposes of this paper the writer asked 

of the Registrar-General a return of all cases 

of death from tutu poisoning that occur in the 

records. In his reply the Registrar - General 

stated that he was unable to make a return, as 

cases of this kind are classed in the vital stat- 

istics under the general heading of Accidental 

Poisoning. He had had the statistical tables 

relating to inquests examined for thiry years 

back, and found that only four deaths occurred 

from eating poisonous berries, one in each of th 

years 1889, 1891, 1896, and 1902. 

It is probable that the berry in each of 

these cases was the tutu -berry but in only one 

case, that of 1889, was it stated to be so. 
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OTHER ANIMALS 

H O R S E S- Statements vary as to the effect 

on horses. It is said that they have been known 

to eat freely of the plant without injury, (8) 

and again that C. thymifol i.a is highly pmisonous 

to them. (9) They are said to refuse the young 

shoots, but they have been known to eat the 

berries. (3) If they escape it is probably 

because they do not eat enough of the plant. That 

they eat freely without evil result is not 

credible. 

B I R D S. are regarded as immune. They certainly 

oat freely of the berry without ill effect. 

The question of their immunity will be 

considered later. 

R A B I T S. are said to be immune. (101and (11) 

and certainly the tutu does not seem to have 

checked their increase. They probably do not 

eat the plant. 

E L E P H A N T S. Sir Julius Von Haast (12) 
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records the death of an elephant from tutu-poison- 

ing. The animal was marched inland by its 

owner for a considerable distance and on arriving 

at a suitable halting place where the vegetation 

was abundant was allowed to feed. The grass 

had been burnt off during the previous season 
and had shot up again, together with a large 

crop of tutu shoots. 

four hours, and then 

bouring stream. It 

The elephant fed for 

dránk freely from a neigh - 

then began to reel, fell 

on the ground and died in three hours. 

EFFECT OF THE PLANT ON SHEEP AND CATTLE - 

The following extract from a letter 

redeived from the Manager of a large Sheep 

Station gives an excellent account of the effects 

of eating tutu upon sheep. 

The effect on sheep is that they will 

stand still, trembling as if palsied, 

froth at the mouth with their jaws going 

continually and their teeth grinding. 

Suddenly they will fall over with their 

limbs rigid as if suffering from strychnine 

poisoning. If assisted on to their legs 

they are absolutely mad and will rush 

against a fence or over a precipice and 
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will pay no attention to man or dog or 
animals of their own kind. With animals 
that have eaten less of the plant, symptoms 
do not appear unless they are disturbed 
and then the effect is shewn with terrible 
suddenness,- a bark from a dog or a sudden 
run for a few yards will be almost certain 
to start the volition to work. In cases 
like the above,riowever, the affected sheep 
generally recover if left alone. 

In their wild career they often injure them- 

selves against obstacles or rush into creeks and 

are drowned. More frequently they die in 

convuls ions. 

Cattle are similarly affected but 

the wild delirium is even more marked in their 

case. Popularly they are said to go mad; 

and the wild way in which they wheel round and 

round, gallop aimlessly about, kicking, charging, 

and rushing blindly agains t rocks and other 

obstacles lends colour to the popular opinion. 

The wild career continues until the animal, 

overcome by exhaustion falls to the ground, 

becomes comatose, and dies in convulsions. 

In the light of this account, the symptoms 

displayed by one of Captain Cook's animals is 
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interesting - 

" - - - The ram was taken with fits bordering 
on madness - - - One night he was seized with 
one of these fits and ran headlong into the 
sea, but soon came out again and seemed Iluite 
easy. Presently after he was seized with 
another fit and ran along the beach - - - 
and was never seen more." (13) 

Animals are frequently found distended with gas, - 

"blown "after death. This is probably due to rapid 

fermentation of the leaves ingested and is similar 

to the condition met with in cattle after eating 

freely of clover. As with clover, it is more pro- 

nounced when the tutu is eaten wet. 

EFFECTS ON HUMAN BEINGS. 

The symptoms of poisoning by the plant in the human 

subject include vomiting, giddiness, delirium, great 

excitement, stupor, coma, and convulsions. In a 

fatal case reported in the Otago Colonist, 25th 

October 1861, the physician who attended the case stat 

-ed in his evidence at the inquest, that he found the 

child perfectly pale with teeth clenched. The 

breathing was difficult, the lips livid, and the 

pupils much dilated. For about five minutes the 

rigidity went off and the pupils contracted, but a 
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relapse occurred, the teeth were set again, and the 

child gradually sank back "without any symptom of 

convulsion or suffering." 

In this case it was the young shoots that had 

been eaten. 

The jury appended the following rider to their 

verdict - 

The jury would recommend the provincial 
Government to keep up a standing advertise- 
ment in the public prints warning persons of 
the poisonous nature of the tutu plant, the 

young sprouts as well as the berries, and 
also giving descriptions of the same. (5) 

Lauder Lindsay (3) records several cases that 

have been reported to him. In one case about half 

a pint of berries were eaten shortly after the even- 

ing meal. No effect was produced until 6 o'clock 

next morning when, on attempting to rise as usual, 

the subject suddenly lost consciousness till eleven 

a.m. He was then conscious for a minute or two, 

but almost immediately relapsed into stupor, which 

continued for about twenty -four hours. When he 

came to himself he had lost his memory and for half 

a day was unable to say where he was, or what he had 

been doing for the previous;- forty -eight hours. 
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He gradually recovered and there were no subsequent 

bad effects. Throughout the illness he had no pain. 

In another case two young men partook of some 

tutii berries about four p.m. One swallowed the 

berries, the other sucked them but spat out the seeds. 

The latter was unaffected, but the former was seized 

with convulsions about 9 p.m. The convulsions con- 

tinued for about forty minutes and then the patient 

gradually passed into a state of coma which continued 

all next day. On recovering consciousness he was 

utterly oblivious of the particulars of his illness 

and denied having eaten the berries. He was drowsy 

for a few days but gradually recovered. 

In a third case retching, vomiting and convulsions 

were the prominent symptoms. 

In a fourth case in which particulars were given by 

Dr. Stewart of Tuapeka Hospital, insomnia was one of 

the earliest symptoms. This was followed by tonic 

and clonic spasms with coma lasting for two days. 

During recovery entire loss of memory was observed. 

The patients (there were two) did not know where 

they were, why they had been brought to the hospital 
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or what their occupation was. 

having eaten tutu. 

In a case noted by Dr. Hocken the symptoms included 

tonic and clonic spasms lasting two days, coma, and 

loss of memory. 

Considering the highly toxic mature of the plant, 

it is surprising that so few deaths from poisoning 

are on record. In the early days probably many 

fatal cases occurred of which no record was made. 

Nowra-days cases of poisoning are rare. This may 

possibly be accounted for by the very distinctive 

apwearance of the plant and the wide spread know- 

ledge of its poisonous nature. No one who has once 

seen tutu is likely to mistake it for anything else, 

and every school -child knows that "toot" is poisonous. 

Moreover, near the large centres of population the 

plant is not often now met with in places readily 

accessible to young children. 

Among the flocks and herds too the mortality has 

fallen, not because,as is sometimes supposed, the 

animals have acquired immunity or tolerance, but 

because in the more highly cultivated districts tutu 

They did not recollect 
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has been largely exterminated. Sheep and cattle 

when moved from place to place are now sent, by rail 

rather than driven 
) 
\this alone has considerably 

reduced the mortality, for driven animals are partic- 

ularly prone to suffer and tutu is the commonest 

roadside plant in many districts. 

The farmer too, taught by experience, has become 

learned in the ways of managing his stock in relation 

to tutu. He takes care to avoid "toot country" in 

the early spring when the too tempting and especially 

;toxic young sprouts are appearing. If sheep are to 

turned out where tutu abounds they are first fed 

!freely on English grass, - for a well fed sheep only 

'nibbles tutu as he happens to meet it,and escapes; 

'while a hungry sheep finding it difficult to resist 

so ready a means of appeasing his appetite fills his 

ìs tomach and succumbs. Moreover, it is a constant 

observation of farmers that tutu introduced into an 

'empty stomach is more lethal than when taken into a 

stomach that already contains food. 

Cross -breds are said to be less readily affected 

than the more restless and active merino, and are 
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mamma therefore selected for distribution to 

tutu infested areas. But in spite of these 

precautions, accidents, through the ignorance 

/ of a shepherd, or the chance of an open gate, 

occasionally happen and a heavy loss is experienced; 

as witness the following instance reported in 

1905. - 

A settler left 60 bullocks about four years 
old in a field of Swedes. In his absence 
they escaped from the paddock into a gully 
full of tutu (C.ruscifolia), where, on his 
return, he found forty-three of them dead. 

Mr Clayton found the rumen packed with 
tutu leaves and branch.lets. (14) 

B O TA:isY 

The tutu plant (tutu, Maori,deep crimson 

probably from the colour of the fruit, belongs to 

the natural order Coriarieae, a small order of 

very doubtful relationship possessing but a single 

genus xmat Coriaria. The genus includes some eight 

or ten species and has a rather remarkable distribu- 

tion, species being met with in South Europe, South 

America, China, Japan, North Africa, India (Himalayas) 

and New Zealand. 
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The European species C.myrtifolia is well 

known to possess toxic properties. Its leaves 

have been used to adulterate senna, with fatal 

effect, and numbers of cases of deaths are recorded 

from eat!ng the berries. In 1862 several persons 

were said to be poisoned by eating snails that had 

been fattened on its leaves and young shoots(15). 

The symptoms of poisoning include vomiting 

and convulsions and on the whole closely resemble 

those of tutu poisoning. In 1863 Riban (15) 

investigated the chemistry of this species and 

separated a klueosidè which he named Coriamyrtin. 

The physical properties of this compound 

will be referred to later. 

The Him4layan species, C.nepalensis, is 

stated to be non -toxic, but as the same has been 

said both. of tutu and of C.myrtifolia the statement 

must be accepted with reserve. The fruit is said 

to be eaten with impunity. 

The American species, C. thymifolia,and 
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the New Zealand species are said to be identical 

and this statement has been used to prove a 

former land connection between the two countries. 

It is more likely,however, that the order is 

a very ancient one which has died out everywhere 

except in those places in which it is now found. 

Moreover the identity of the two has been 

ques tioned. 

The species met with in New Zealand are 

given by Cheeseman (16) as three in. number: - 

1 C.ruscifolia 

2 C. thymifolia 

3. C. angustissima 

The first is known locally as. the "tree -toot" 

the second as the "ground- toot ", and to both the 

name tutu applies. The Maoris have no name for 

C. angustìssima. 

There seems to be some division of opinion as 

to whether these three really constitute separate, 

naturally distinct species or whether the two last 
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are merely varieties of the first. Lauder Lindsay 

who in 1868, described, though with hesitation, 

four siecies:- 

1 C. arborea 2. C. tutu 3. C. thynifolia,4 C.Angus- 

tissima,says:- 

If only typical species be examined, the 
student will have little difficulty in accept- 
ing the foregoing as good species well disting- 
uished from each other by habit, but if he 

extend his observation to forms in the 
living state over wide areas, he will not fail 
to find them connected by transition states 
which he will frequently be puzzled to refer 
to one book species rather than another, 
partaking as they do of the characters of two 
or more of these species. (1.7) 

and suggests that it might be pïeferable to regard 

them as mere forms of a most variable single type. 

Cheeseman says of C. thymifolia, that in 

its ordinary state it is distinct enough, but that 

the large- leaved forms pass directly into C. rusci- 

folia, and narrow -leaved varieties into C.angus- 

tissim.a. (16 ) 
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G. N. Thomson (18) regards C.angustissima as a mere 

altitudinal variety of C. thymifolia. The botanical 

characters of C. ruscifol is as given by Cheeseman 

are:- 

A shrub or small tree with spreading four - 
angled branches, very variable in height and 
degree of robustness, sometimes attaining 25 
feet with a trunk ten inches diameter, at 
others not more than 2 -4 feet, with almost 
herbaceous stems. Leaves 1 -3 in. ovate or 
oblong- ovate, acute or accuminate, rounded 
or cordate at the base, sessile or very 
shortly petioled, 3 -5 nerved. Racemes 
drooping, many flowered,4 -12 in. long or more, 
slightly pubescent, pedicles slender, ç in. 

bracteolate at the base. Flowers small, 
green, one -eighth to one -sixth in. diameter, 
strongly proterogynous. Sepals broadly ovate, 
sub -acute. Filaments elongating after 
fertilisation. Fruit globose, purplish -black, 
of tb-8 cocci enveloped by the persistent 
enlarged juicy petals. (16) 

The herbaceous stemmed shrub form of this 

is the more common. It takes this form in_ the 

open country and where the soil is dry. The roots 

creep and interlace below the surface and in the 

spring stems shoot up from every part of the root 

forming an almost impenetrable jungle. The stems 

may grow ten to fifteen feet in a single season. 

24. 
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s 
The. tree form often grow, solitary in the bush 

that lines the banks of streams. Shelter and 

moisture seem necessary to the attainment of this 

form. 

C.ruscifolia occurs abundantly in ali 

three islands of New Zealand, the Kermadec islands, 

and the Chatham islands, and is met with from sea 

level to a height of 3,500 feet. 

C. thymifolia occurs only in the North and 

South islands of New Zealand; and C. angustissima 

is still more restricted in its distribution, 

occurring only in sub- alpine localities in the 

provinces of Otago and Canterbury. These two 

species differ from the former chiefly in the 

size o f the plant and of the leaves and in their 

annual habit. 

All three forms are met with in abundance 

in the immediate neighbourhood of Dunedin. The 

tree form of C.ruscifolia may be found in the bush 

that lines the banks of the Water of Leith and its 
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tributaries while C.thymifolia and C.angustissima 

are plentiful on the hills that encircle the town. 

Ail parts of the plant are poisonous, but 

the young shoots are more toxic than the leaves 

and fruit. The same has been noted of C. myrtifol i a. 

(lb) 

In the case of human beings it is usually 

the so- called berry that is eaten, though the 

shoo ts,, too are sometimes eaten by children. Of 

the berry, only the seed is poisonous. The 

strained juice is harmless and from it the Maoris 

and early settlers made a non -intoxicating wine 

that was drunk in large quantities. (19) Indeed 

in the very early days, the tutu used to be known 

as the Wine -Berry Shrub. This wine,however, has 

not always proved to be above suspicion. Canon 

Stack (20) relates that on one occasion after 

partaking of some tutu wine he was seized with 

alarming symptoms. He lost all feeling in his 

extremities, a mist came over everything and he 

thought that he was poisoned. The symptoms soon 
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passed off however, and ne was none the worse. 

Cattle and sheep are especially fond of the 

young, tender, asparagus -like shoots, but they also 

eat the leaves and branchiets. with readiness. 

Work of Previous Observers. 

When one considers the harmful influence that 

this noxious plant has had upon the development of 

the Country it is remarkable that until recent years 

little effort was made to determine the nature of th 

poison. 

In .1869 Skey (21) investigated the chemistry 

of C. ruscifolia. He showed that the poisonous 

principle is not an alkaloid as was commonly thought 

and with ether extracted from the seeds a green- 

coloured oil, five minims of which when given to a 

cat quickly produced symptoms characteristic of 

tutu poisoning. Its highly toxic nature, together 

with certain peculiar chemical properties possessed 

by it, inclined him to the opinion that this oil 

was the active principle. 

A year later, 1870, Hughes (10) attempted to 

separate an alkaloid, using the ground shoots, and 
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did indeed, succeed in obtaining a crystaline sub- 

stance, but failed to identify it. He thought that 

a heavy olive- coloured oily fluid which he also ob- 

tained and proved to be toxic, might be the active 

.principle and - "a liquid alkaloid similar to Conia" 

He showed that lime destroyed the activity of the 

poison and advocated its use as an antidote. In 

conjunction with Dr. Acheson he conducted a series 

of experiments on cats and dogs, but more with the 

object of proving the toxicity of his extracts, and 

of determining the value of lime as an antidote than 

ith any idea of advancing our knowledge of -they 

physiological action of the poison. 

Hughes' results were adversely criticised 

by Skey (22) who held that the temperature used in 

Hughes' experiments was such as must have produced 

many side products by distructive distillation, and 

among others acetate of ammonia, the presence of 

which would, he thought, sufficiently account for the 

reactions attributed by Hughes to the presence of an 

alkaloid. 

Twenty years elapsed before any further in -- 
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vestigation was taken and then in 1890 W.L.Christie 

(11) examined the physiological action of the oil 

that had first been extracted by Skey. He made a 

series of experiments on mammals, including one upon 

himself, and briefly summarised the conclusions he 

arrived at as follows:- 

1. That tutu acts on the nerve centres 

after absorption into the blood. 

2. That the grey matter of the motor cortex 
is the part chiefly affected, and that 

this peripheral action (sic) causes 
epileptiform convulsions. 

3. That vomiting is chiefly due to central 
causes, and that by its means, and 
perhaps by the renal secretion, the 

.Toison is removed from the body, and 
lastly; 

4. That dyspnoea is due to poisoning of 
the respiratory centres, and when death 
ensues it is due to asphixia from this 
cause or tetanus of the respiratory 
muscles. Both may, however, I believe 
occur from coma. 

The chief interest in Christie's work, 

however, lies in the experiment upon himself. He 

took in all 9 grains of an extract made from the 

leaves gathered in the Spring. He calculates that 

each grain of extract represents 100 grains of leaf; 

but in the absence of data regarding the amount of 

tutin in tutu leaves at different times of the year, 
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and of details as to the exact method of making the 

extract, it is impossible to calculate what dose of 

tutin was taken in this case. 

The first dose (4 grains) was taken at 2 -20 

on Friday afternoon, and a second dose of the same 

amount at 4 p.m. An hour or two later he felt sick 

and faint and began to vomit. The vomitirg occurred 

at frequent intervals and continued for twenty-four 

hours. At 8 p.m. he felt slight twitches in the legs 

and arms; and at 10.40 p.m. the medical student who 

was acting as clerk of the case noted that -"all the 

muscles seemed to get tight and there was foaming at 

the mouth." At 10. 50 the pulse rate was 102 and the 

breathing heavy. Twenty minutes later the pulse was 

;still 102 but the breathing was normal and there was 

profuse perspiration. At 11 -24 p.m. the clerk noted 

that "the subject spoke in a collected manner; getting' 

right, but drowsy ". The vomiting continued till 8 p.m. 

on Saturdays The following day (Sunday) he felt sick 

and dull, but though shaky managed to attend to his 

;duties. He states that sensation was dulled and 

spirits below par for seven or eight days. For 

a month he was not in good tone and then for the 



first time he felt a sensation of "phis and needles" 

in his fingers and toes, and felt the floor of his 

bedroom woolly when he rose in the morning. He 

could feel accurately with his fingers but exper- 

ienced a heavy,stiff, numb sensation when he used 

them and this symptom lasted a month. 

The first substantial advance in the invest- Ai- C c f`'`r 
I. 

igation of the chemical properties of tutu was made 
c%,` 

in 1900 when Easterfield and Aston (23) succeeded in 

isolating a crystaline glucoside to which they gave 

the name to t in. 

All three species of coriaria were experimen- 

ted upon and crystals of to t in were obtained from 

each. The young shoots were found to yield a greater 

quantity (0.03x) than either the berries or the 

leaves. 

PREPARATION in the case of C. ruscifolia - 

"The fresh young shoots were finely divided, the juice 

expressed, filtered, and evaporated to a syrup, 

nearly neutralised by carbonate of soda and shaken 

up with ether. The ether on evaporation deposited 
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crystals of tutin. These were rectrystallised 

from alcohol until the melting point was constant. 

PR01 WIES. Tutin is described as a colourless, 

odourless, intensely bitter compound, which separates 

from alcohol in oblique ended prisms and from hot 

concentrated solutions in water in characteristic 

acicular forms. It is perceptibly volatile, sublimes 
I 

readily at 120 to 130 deg. C. and melts at 208 
° 

to 

209°c. (uncorrected) . It contains no nitrogen, 

and reduces rehling solution after inversion by 

acid. The compound is therefore to be considered 

a glucoside but tne hydrolyzed substance yields 

with phenylhydraz i ne an amorphous precipitate which 

is not phenylglucosazone. Examination by Zeissl's 

Method for me;thoxyl groups t';ave negative results. 

Strong sulphuric acid added to a t'ew drops of a 

§a.turated aqueous solution of tutin gives a blood -red 

olouration. 

$olubilit - 

i 

100 gram.water at 10 degrees dissolve 1.9 
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gram. tu t' n. 

100 grain, e ther at 10 degrees dissolve 1.5 

grain. tutin 

100 gram. alcohol at 10 degrees dissolve 8.2 

grana. tutin. 

It is very soluble in acetone, sparingly soluble 

.n chloroform, and soluble in benzine and carbon 

disulphide. 

The optical activity has been determined by 

Marshall. The substance is dextrárotatory and the 

specific rotatory power is 9.25: 

Easterfield and Aston found that when solutions 

f tutin were evaporated to dryness with slaked 

lime that the tutin underwent decomposition and 

could not be recovered. This fact recalls Hughes' 

statement that line destroyed the activity of the 

tutu poison. 

The close relationship of the New Zealand tutu 

to the European C. Myrti fol is together with the 

fact that Lauder Lindsay (17) and others have thought 

it probable that the active principle of tutu is 
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coriamyrtin, lends interest to the- following table 

of differences existing between the two bodies, 

given by Easterfield and Aston. 

CORIAMYRTIN TUTIN 

Melting point: 2200 c. (according to 2086C. 

Merck 229 C.) 204C. 

Carbon 

Hydrogen 

64.1 per cent 60.7 per cent 

6.6 per ::ent 5.8 per cent 

With hydriodic 
acid & potash gives fuchsia red color) gives nil 

Solubility in 

100 parts of 1.44 at 22 deg. C. 1.9 at 10 
water deg. C. 

Effect on pupil Contracts it Dilates it. 

(It may be said here and will be shown later 

that tutin has little, if any, action on the pupil 

when applied locally) 

The physiological activity of the new compound 

was at once put to the test by Mr Gilruth, (23) 

Chief Government Veterinarian in New Zealand. He 

administered to a pig weighing 17 Kilogram. 0. !29 

gram.of tutin dissolved in water and mixed With 



31. 

half a pound of pollard. In half an hour uneasiness 

and spasmodic movements of the jaws were observed; 

then the breathing was noticed to be accelerated 

and vomiting occurred. The symptoms gradually 

increased in severity until the animal was seized 

with tetanic convulsions. The convulsions were 

at first separated by intervals of about fifteen 

minutes, but they gradually increased in severity 

and frequency until they became almost continuous. 

Each convulsive seizure after beginning with a 

tonic spasm that lasted half a minute was 

accompanied by screaming and stertorous breathing. 

Finally the animal died in a convulsion five 

hours after the poison had been administered. 

Further experiments on cats testified to the 

marked toxity of the compound; e.g. - A dose of 0.01 

gram.killed a kitten weighing 1 Kilogram. in forty 

minutes; 0.001 gram. administered to a cat weighing 

2 kilogram caused a fit in three hours and illness 

for the next twenty four hours. The same cat was 

afterwards killed by a dose of 0.003 gram. A dose 
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of about a milligram caused nausea,vomiting, and 

incapacity for work for twenty four hours in a fUll 

grown, healthy man. 

So far as the present writer is aware, these 

rough experiments were all that had been done toward. 

an investigation of the physiological action of 

tutin when first he engaged upon the study of this 

subject, namely in July 1906. It was not until 

January of the present year, when much of the 

work had been done, that Professor Marshall's note 

in the Proceedings of the Physiological Society 

(24) was brought under his notice. Marshall's 

results will be referred to later. 
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B. ORIGINAL WORK. 

(For details of the experiments see 
Protocols) 

1. General Action of Tutin on Mammals. 

(a) Action on CATS: The effect of various doses upon 

cats will be shown first. 

Effects of a large dose: 9.8 mlgm. tutin (3 mlgm. per 

kilo body- weight) were injected under the skin of a 

full. crown female cat weighing 3.28 kilogram. (Exp./ 1 

The animal was placed in a hutch and watched continu- 
P 

ously. Four minutes after the injection it was 

noticed that respiration was very rapid (48 to the 

minute). The animal seemed sleepy and dazed and 
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curled itself down as if to sleep, but at once raised 

its head, opened its mouth,and panted for breath like 

a dog on a hot day. It moved its head slowly from 

side to side in a dazed, stupid way. Seven minutes 

after the injection thick,ropy s.ltva began to pour 

from the open mouth; The respirations were even more 

rapid and were now audible, almost stertorous, and 

the whole body was shaken with the force of the 

respiratory effort. The pupils at this stage were 

moderate. Ten minutes after the injection the 

animal got up and began to walk cautiously about the 

hutch, picking its way like a cat crossing a muddy 

street. Half a minute later it was suddenly seized 

with a violent convulsion, which in every respect 

resembled a typical epileptic fit. The animal fell 

on its side and all the muscles of the body were 

thrown into intense tonic spasm. The head was bent 

firmly backwards, the back hollowed, the fore and 

hind limbs rigidly extended, the digits widely 

separated and the claws extruded. The hairs of the 
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shot 

tail became erect, urine and faeces werensrak out with 

considerable violence, the pupils were widely dilated, 

respiration entirely ceased, and the nose became 

cyanosed. This tonic spasm lasted thirty seconds and 

was followed by clonic spasms affecting the neck, 

jaw, limbs and respiratory muscles, which lasted 

twenty -five seconds more. As the fit passed off 

the pupils contracted, the respirations became deeper 

and slower, and the nose recovered its normal appear - 

ance. An interval of five seconds was followed by 

another fit like the first, but the tonic stage did 

not last so long and the clonic spasms were more 

marked. Fit succeeded fit in rapid succession. 

There were no voluntary cries, but the violence of each 

seizure caused a choking noise, as the air was drivdn 

through the glottis. Between the fits the pupils 

always contracted, and they began to dilate just 

before each convulsion occurred; during the fit 

they were dilated to the widest possible extent. 

This alternation happened so invariably that a 

commencing dilatation of the pupil could be taken as 
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an indication that a convulsion was imminent. As 

the animal became exhausted the fits diminished in 

severity and frequency, the respirations became irreg- 

ular, infrequent, and gasping, and finally death 

occurred thirty -one minutes after the injection. 

From the first the animal gave no indication that it 

suffered any pain, and from the onset of the convul- 

sions it was unconscious, without either ear or 

conjunctival reflex. The temperature at death, taken 

in the rectum, was 102.4 F. 

On post mortem examination the right horn of the 

.uterus was found to contain a nearly full sized 

foetus, which looked as if it had also been affected 

with convulsions. One hind leg was twisted over the 

other, the right fore paw was behind the right ear and 

the claws were extruded. Beyond some small haemorr- 

hages in the lungs and a marked congestion of the brain 

and cord there was nothing note worthy. 

In the next experiment (Exp. ) the dose was 

reduced to 2 mlgm. per kilo body -weight, 7 m!_gm tutin 

being injected under the skin of a cat weighing 3.5 

kilogram. 

,. . 
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The first symptom noticed (ten minutes after the 

injection) was trembling of the head and fore part of 

the body. This was followed fourteen minutes after 

the injection by rapid breathing (56 to the + minute) 

and by salivation. At 21 minutes, slight twitching 

of the eyelids and ears was noticá,3. At 24 minutes, 

the animal defaecated, discharging a large quantity 

of faeces. At 25 minutes, the twitching which had 

been gradually getting more marked and more extensive, 

was severe. At each attack the pupils dilated, but 

returned to the normal size when the twitchiw ceased. 

The respirations were irregular, exaggerated, and 

suggestive of the Cheyne- Stokes type. At 29 minutes, 

the animal was seiled with a general convulsion - 

the tonic stage lasting thirty seconds. From this 

point the convulsive movements continued almost without 

intermission until the end. The clonic spasms were 

the more in evidence but every now and then a tonic 

seizure would arrest the movements for a few seconds. 

Gradually the movements became more and more feeble, 
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the respirations slow, irregular, and gasping, and 

finally the animal died in a tonic spasm fifty -one 

minutes after the injection had been given. 

In this case the syinp toms appeared more grad- 

ually and the cerebrum seemed less affected than in 

the first cat. The animal seemed less dazed and 

stupid and frequently miaued in a plaintive way, 

especially after the twitching began. The twitching 

was a marked feature. It began in a small way, 

affecting only the eyelids and ears, but the attacks 

increased in frequency and in severity and gradually 

more and more muscles became involved. In the 

earlier stages, when only the face and neck muscles 

were affected, the cat at.each attack presented the 

appearance it might have done had it been held and 

a series of electric sparks discharged close to its. 

face. Later, when the muscles of the shoulders and 

fore legswere involved, the twitching caused little 

springs into the air and down again with the fore part 

of the body; suggesting the appearance of a puppy 
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pouncing at play. When the twitching had got the 

length of involving the shoulders, it Very soon took 

the form of a general convulsion_, and in this case, 

once convulsions had set in, the symptoms which 

Imo :e 
followed were much the same as seen in the first cat. 

In the next experiment (Exp. ) the dose was 

considerably reduced, 1.7 mlgm.being injected under 

cat 
the skin of a a *weighing 2.394 kilogram. This is 

equivalent to 0.75 mlgm. per kilo body -weight. 

Nothing was noted for half an hour and in that time 

the cat looked quite normal. I t then began to 

swallow rather frequently as if swallowing saliva, and 

then suddenly got up and defaecated. It then began 

to breathe rapidly, saliva could be seen dripping 

from the mouth, and it vomited. It again attempted 

to empty the bowels and now looked miserable and kept 

up a constant complaint, though if spoken to it would 

appear 
como forward and purr. Twitching of the face did no to 

till thirty -five minutes after the injection, and the 

first convulsion occurred at 41 minutes. It lay on 

its side for a few minutes after the convulsion and 
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then got up and walked about the cage. Its con- 

dition now was much improved on what it was before 

the convulsion occurred. The breathing was easy, 

salivation Seemed to have ceased and the twitching 

which had so annoyed and alarmed the animal was not 

noticed; but the improvement was not for long. In 

about a quarter of an hour it began to breathe 

quickly again and the twitching returned and grad- 

ually got more and more severe till it culminated 

in a general convulsion at 70 minutes after the 

injection. This was a most severe tonic spasm which 

lasted 4i minutes, by the watch, and during that 

time the animal was not seen or heard to draw a 

breath. From this onwards convulsions continued 

with intervals, of only a few seconds till death 

occurred 1 hour and 49 minutes after the injection. 

In this cat the cerebrum seemed loss affected than 

was the case with the other two. It continued alive 

to its surroundings almost to the end, and miaued 

voluntarily five minutes before death. It never 
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rose after the second seizure, *lough it once or 

twice attempted to do so and was knocked down by a 

convulsion. In the intervals between the attacks, 

running or wwimming movements were noticed. 

In the next animal experimented upon (Exp. ) ) 

the dose was reduced to 0.375 mlgm. per kilo body - 

weight, i mlgm. of tutin being, injected under the 

skin of a cat weighing 2.688 kilogram, and, curiously, 

symptoms made their appearanhe earlier in this case 

than in the last. It defaecated and began to breathe 

quickly within twelve minutes after the injection. 

Salivation was noticed at 14 minutes, and at twenty- 

four minutes It was panting with its mouth open, and 

vomited. Twitching appeared at 32 minutes and the 

first convulsion occurred at 55 minutes. Convulsions. 

were severe and frequently repeated and it was thought 

that the cat would die.. It had a severe convulsion 

at 6.5 p.m. and it was not seen again till 7.15 p.m. 

It then appeared rather tremulous and was easily 

startled but presented no further symptoms and was 

quite well next day. 



43 

I t would seem that 0.375 klgm. per kilo is very 

near the minimum lethal dose. In the last three 

cats the constant symptoms were defaecation, rapid 

breathing, salivation, twitching and general convul- 

sions, and these generally made their appearance in 

the order named. The first cat did not defaecate 

voluntarily and neither of the first two vomited. 

The vomiting in the last two occurred only once in 

each case. In the first convulsion in each case 

the tonic stage was the more pronounced and was in- 

variably of the opisthotonic type Later, clonic 

spasms were more in evidence and with le thal doses, 

when the case was Snaking towards a termination, 

movement was hardly absent for a moment. With the 

larger doses the effect upon the mental áctivities 

of the animals was very marked. From the first they 

seemed dazed and once general convulsions had set 

in they were oblivious of everything. With the 

smaller doses, the cerebrum was little affected and 

often, after most severe and prolonged convulsions in 
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the case of the cat that recovered, the animal would 

rise and behave as if little had happened, answering 

when spoken to and even purring. 

(b) Action on Rabbits. 

Rabbits are less readily affected by the 

poison. The largest hypodermic dose recovered from 

was 2 mlgm.^per kilo. (In a cat 0.75 mlgm. per kilo 

proved fatal.) A dose of 2.5 mlgm. per kilo was fatal: 

c E,cf6J 
in 2i-hours and doses larger than this killed 

rather rapidly. By oral administration a much 

larger dose can be given without injurious effect, 

3- 
e.g. 0A mlgm. per kilo was not fatal (Exp. /0 ) but 

6 
death followed a dose of mlgm. per kilo. (Exp. 9 ) 

In one case death, preceded by typical symptoms, fol- 

lowed the instillation of four drops of a 0.5% sol- 

ution in%the conjunctival sac. (Exp. /6/ ) 

Symptoms: 

No important symptoms appear that have 

not been mentioned as occurring in cats. After a 

lethal dose the animal at first appears dazed, tends 

to assume unnatural attitudes, e.g. lies on the 
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abdomen with the legs projecting in front and behind, 

and the gait is altered. Respiration soon becomes 

very rapid and there may be salivation, though it is 

not so marked a symptom as it is in cats. Alteration 

the size of the pupil is not so noticeáble. 

Twitching of the eyelids, lips, ears, and fore paws 

occurs and is followed by general convulsions. In 

the convulsion the tonic spasms are not so evident 

as they are in cats, but they do occur and are of the 

opisthotonic type. As a rule, after the first 

violent convulsive movements are over, the animal 

continues lying on its side and shows almost constant 

movement. 

!chiefly of the fore paws, until exhausted. 

Either clonic spasms or running movements, 

Urination 

occurs during the convulsions, but of course,vomiting 

was not observed. The animal utters no cry and 

indicates in no way that it suffers pain. In the 

later stages it is comatose and usually dies from 

exhaustion. 

(c) Action on Guinea Pigs. 

No series of experiments was made to 
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determine the minimum lethal dose in these animals, 

but it would appear to be rather smaller than in rabbits. 

A dose of 2 mlgm. per kilo caused symptoms in thirty 

minutes and death in seventy minutes in one case, 

(Exp. Il ) while a dose of 1. rtl;m, wk per kilo caused 

convulsions, but the animal recovered. (Exp. /6') ) 

By oral administration a dose of 1.5 mlgm. per kilo 

was insufficient to produce obvious symptoms; but a 

dose of 2 mlgm. per kilo repeated in 48 hours caused 

death. (Exp. /3 ) 

The symptoms are very like those shown by 

rabbits, viz. , unnatural attitudes, rapid breathing, 

twitching, general convulsions and running movements 

of the limbs. The spasms are more clonic than tonic. 

When convulsions first appear, the animal .tumbles and 

tosses about in every direction but soon takes up a 

position on its side and then continues in constant 

movement until exhausted. a-Ki i4 ß-i67) 

II ACTION ON BIRDS. 

I t is the common opinion that birds are immune 

to the poison. It were not strange did a relative 
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immunity exist, for the berries seem to have been 

designed by na. ture for the especial purpose of 

inducing birds to eat, and so desseminate the plant. 

And there is evidence that they do eat the berries 

freely and without any injurious effects. Mr.Manning, 

author of Old New Zealand, quoted by Lauder Lindsay 

(3) says - - - "Many kinds of birds live entirely 

on the tutu berries when in season - - - the tui 

(prosthemadera Novae Zelandia) I have kept tame and 

fed for months on nothing else". In depending 

largely on birds for its dissemination the tutu does 

not stand alone amongst poisonous plants. 

Birds differ from mammals in having a higher 

( rate of oxidation, a higher temperature, and a peculiar 

metabolism which results in the excretion of urates 

instead of urea in the urine - features which might 

conceivably have an important bearing on the question 

of their possible immunity. 

Christie (11) as the result of experiment 

inclined to the general opinion that birds are immune. 

He injected in all 40 minims of an ethereal solution 
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of "oil of tutu" into the "chest cavity" of a young 

rooster. Beyond some slight symptoms which were 

attributed to the ether, and a marked increase in the 

frequency of defaecation, no cha.racteristio effects 

were noted. He observed that " there was no twitch- 

ing although the dose (40 m.) is twice as much as is 

necessary to convulse a cat" and concluded that the 

bowels are chiefly affected in birds and that there- 

fore they are saved by rapid excretion by this 

channel. 

When the Above statement is more closely 

examined it is found that Christie administered 

probably not more than 1 mlgm. , of pure tutin per 

kilogram. The symptoms were wanting because the dose 

was inadequate. 

Experiments that have been made by the present 

writer on pigeons prove that birds are not immune to 

tutin. The minimum lethal dose however, was found 

to be high, and this probably accounts for the 

apparent immunity: -- the ingestion of large quantities 

of berries being necessary to prOduce toxic symptoms. 
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In the first experiment (Exp. /3 1 it unfortun- 

ately happened that the pigeon used displayed a 

peculiar tolerance to the poison. This mislxoead to 

the belief that the minimum lethal dose was much 

higher than it really is. 

The bird, weighing 314 gram. was subjected 

to successive doses equivalent to 2, 4, 6, 8, 10, 

12, 16, and 20 mlgm. per kilo of body -weight. 

The solution of tutin was given by the mouth and the 

experiment extended over a period of 10 days. The 

smaller doses had little effect. For a few hours 

after each dose the bird was dull, apathetic, and 

disinclined to eat or move about. It stood in . 
corner of its cage with its feathers puffed out, 

blinking heavily, and presented the appearance of a 
bird that had overeaten itself and was trying hard 

to go to sleep, but was too uncomfortable to succeed 

'completely. The last dose (20 mlgm. per kilo) was 

given on an empty crop, and as no ill effect was 

anticipated - it being thought by this time that in 

all probability birds really were immune - it was 
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not closely watched, but 45 minutes later attention 

was attracted by the flapping of its wings and it 

was found lying on its back in convulsions. One 

hour after the administration of the poison it was 

dead. Its weight at death was 345 gram - a gain 

of 31 gram. in 10 days, which would seem to indicate 

that tutin has no injurious influence on general 

metabolism. That the bird actually received the 

doses stated is quite certain. The solution was 

very carefully measured in a hypodermic syringe 

having a running nut on the piston rod and dropped 

into the beak which was held Open by the finger. 

There was no difficulty in the administration and 

every particle of the fluid was swallowed. 

As 20 mlgm. per kilo was obviously too great 

a dose, it was decided to give to the next bird 1 

mlgm per kilo in excess of the largest ineffective 

O n 
dose o the first bird. To this end a dose equiv- 

alent to 17 mlg. per kilo was administered by mouth 

to a fasting pigeon weighing .319 gram. (Exp./AA ) 

In this case toxic symptoms, viz. , twitching and 
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tremulousness of the head and wings and attempts to 

vomit made their appearance within two minutes, 

violent convulsions appeared in four minutes and 

death occurred sixteen minutes after the administra- 

tion, 

In contrasting these two experiments it will 

be noticed that the utime 
to kill" was greater in 

the first case by 44 minutes, although the dose 

exceeded the dose in the second case by 3 mlgm. per 

kilo. This observationitaken in conjunction with 

the fact that symptoms did not appear in the first 

case with a dose of 16 mlgm. per kilo, suggested the 

possibility of the first pigeon having acquired some 

degree of immunity or tolerance, by the poison having 

been administered in gradually increasing doses over 

a lengthened period. 

To test the validity of this ßppposition 

another pigeon was treated in the same way. (Exp.J ( ) 

The experiment extended over a period of three weeks 

Viand a maximum of 10 mlgm. per kilo was reached without, 

the appearance of any marked symptoms, but 12 mlgm. 
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per kilo proved fatal. 

The rapidity with which symptoms ensued 

after a dose of 17 mlgm. per kilo, and the speed 

with which a .fatal termination was reached pointed 

to the dose being well above the lethal minimum. 

A dose equivalent to 15 mlgm. per kilo was therefore 

given by mouth to a pigeon weighing 357 gram. (Exp.) 

No symptoms followed beyond those that generally 

appeared in the first experiment after a non- lethal 

dose had been administered. One hour and three 

quarters later the bird was apparently normal and 

on the day following the experiment was quite well. 

Here a dose of 15 mlgm. per kilo was without effect. 

It was noted that the crop in this bird was full, 

but though this was recognised as probably influencing 

the result in some degree, the fact that the first - 

bird was unaffected by a dose of 16 mlgin. per kilo 

was so striking that it was thought likely that 

15 mlgm. per kilo was below the lethal minimum. 

It was therefore decided to give a dose equivalent 

to 16 mlgm. per kilo to another pigeon. 



In administering the poison to this bird, by an 

accident a few drops of the solution were lost 

and the deficiency was made good by an allowance 

of five extra minims. (Exp. 19 ) In three minutes 

the bird was in convulsions and in nine minutes was 

dead. 

As no satisfactory conc-iusion could be drawn 

from this experiment it was repeated (Exp-2o ) , 

but the subject became convulsed within a minute 

and a half and died five minutes after the adminis- 

tration. 

It was then decided to repeat the dose of 

15 mlgm. per kilo using the bird that had previous! 

withstood this dose, but taking care that its crop 

should be empty. (Exp. 2 ) At 5.14 tuie dose was 

given. No symptoms appeared till seven minutes 

had elapsed. , when it began to retch. In twenty 

minutes convulsions appeared and in thirty -five 

minutes it was dead. 

I t was noted that the onset of symptoms 

than in 
was slower and the t iae to kill longer in this case 

53. 

the case 
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where 16 mlgm per kilo were given (35 minutes 

as against 5 minutes). It was therefore thought 

worth while to repeat the dose of 15 mlgm per kilo 

using a bird that had not been starved. This 

was done ( Exp. ) with the result that the 

bird died in 12 minutes. 

It being now clear that the minimum lethal 

dose was much exceeded, two pigeons were taken( 

Exps.,40 24 1 and to one was given a dose 

equivalent to 13.mlgm per kilo, to the other 12 

mlgm, per kilo. .In tie case of the bird with the 

larger dose death resulted in 19 minutes; but the 

bird that had received 12 mlgms. per kilo showed a 

verj gradual onset of symptoms and did not die 

till 2 hours & 16 minutes after the administration. 

This bird was a young one (still squeaking) 

though it weighed 363 gram. It mas thought that 

the age in this case may have influenced the result, 

so a dose of 12 migm per kilo was given to an adult 

bird. Death occurred kowèrter, in 46 minutes. -100 

minutes earlier than in the case of the young 

bird (Exp. 257 1. 
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A drop in dosage was now fade to 9 mlgm per 

kilo and the bird that received this dose was not 

affected (Exp. 26 ) The same result was noted 

in a bird receivs ng 9.5 mlgm per kilo. (Exp. 27 ) 

But the next bird, which received a dose of 

10 mlgm per k ilo,died in 45 minutes. (Exp. 2S ) 

This was a young bird (squeaking) weighing 330 gram. 

The same dose 10 mlgm per kilo,was therefore given 

to an adult bird, (Exp. 1 which recovered 

after exhibiting symptoms such as vomiting and 

slight convulsive movements of the wings. 

Of the four birds that had received 10 

mlgm per kilo one only,a young bird, had died. A 

dose of 10.25 mlgm per kilo was therefore given to 

an adult bird with the result that it died in 75 

minutes( Exp. ?0 ). 

The results of these experiments are tabulated 

on the opposite page (Tibia 1. It 

will be seen that the highest dose that was recovered 

from was 10 mlgm per kilo and the lowest:dose that 

killed was 10.25 mlgm per kilo. 
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It may be taken as proved then that birds 

are not really immune, as has been supposed, but 

they are able to withstand a very high dose of the 

poison. 

In noting the current opinion that birds 

are immune, Easterfield and Aston (7) state that 

cases have come under their notice in which domestic 

fowls have been poisoned by eating tutu berries. 

This seems barely credible. The lethal dose 

by the mouth in birds is so high, the percentage 

of tutu in the berries so low, the size of the berry 

/o 

in proportion at the size and number of the seeds 

it contains so great that it may be doubted if the 

crop of the ordinary fowl could comfortably accommo- 

date the large number of berries that would be 

required to provide a lethal dose of tuts 

Por example, äàterfield & Aston found (7) 

that the dried seeds of C. Rusmtfo1is contained 

22.80 of a green oil of which 0.18 gram administered 

to a small kitten produced only very mild syi p toms 
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of poisoning. Assuming that this 0.18 gram. contaii.- 

-ed 0.0003 gram, tutin - a dose which the present 

writer has found to be feebly toxic to a cat, the 

amount of tutin in tae dried seed must be about 0.038 

gram in 100 gram. The minimum lethal dose by the 

mouth in birds is just over 10 m:gm per kilo, so 

that in order to get a fatal result, a bird weigh- 

ing 0.3 kilo (the average weight of a pigeon) 

would require to eat a little more than 8 grm. 

dried seed or 150 grm - over 5 ozs - of the fresh 

fruit. (This statement is based on the relative 

weights of seeds and berries). An average sized 

domestic fowl would require about 1 lb of the fruit 

and that of course, assuming that all the tutin 

would be extracted from all the seeds! 

To throw light on this point 5 grm ( all 

that was at hand) of cleaned dried seeds,bound 

with a little moist flour were fed into the crop of 

a pigeon weighing 314 grm (Exp. 3) ) It displayed 

no symptoms, was quite well the next day and 

continued well. Apparently unchanged seeds 

were recovered from the faeces. 1 
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An attempt was made to induce a domestic 
(032) 

fowl to eat some of the fresh fruit After being 

deprived of food for two full days, it was offered 

a heaped plate -full (5 ozs) of berries. After 

eating about 1 to 14 ozs. it desisted and ate no 

more, although it had no other food given it for 

two days longer. It displayed no symptoms. 

The immunity of birds from poisoning by the 

seeds under natural conditions may be explained 

perhaps by :- 

tha that 
The large number of seedsnmust be ingested 

in order to provide a lethal dose. 

(2) The seeds being small and hard and 

probably sassing through the animal unchanged, as 

was noted to be the case in Exp. 1I 

Their relative immunity may possibly be 

accounted for in some measure by :- 

(1) The higher rate of oxidation. 

(2) Tite fact that the kidneys in birds. are 

able to secrete substances in a semi solid 

condition.dertain normal constituents 

of the urine - urates and uric acid - 

have been observed by Bowman (25) in 

the cells of the tubules. 



This would suggest that the excretory power 

of the tubule cell for insoluble substances is 

greater in birds than in mammals. If this suggest 

be applied to the case of a poison, that is with 

difficulty soluble in water, circulating in the 

blood, it may be conceived that this special power 

of the tubule cell in birds will allow of a more 

rapid elimination of the toxic body and so confer 

a relative immunity. 

This of course applies where the poison is 

gradually yggé¡vefi. }hta thé bl.ßdd as wir!en absorbed 

from the alimentary .tract.. Where, 01 the 

other hand, the 'toxi d body is rapidly introduced 

into the blood, as when given hypod.ermica.11y, the 

cells of the tubules have not an opportunity 

of exercising their special power and so the 

relative immunity is not so marked, or does not 

obtain. This may be illustrated bye. experiment 53 

where a dose of 5 mlgm. per kilo was given hypo- 

dermically to a pigeon weighing 335 gram with the 

result that convulsions appeared in twenty minutes 

and continued without intermission till death 

occurred, 42 minutes after the injection. 

59. 

on 
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The question of the relation of the liver 

to a glucoside like tutin is an interesting one 

and especially so in this connection. 

In birds the veins from the crop are branches 

of the jugulars and therefore a toxic body absorbed 

from the crop, as must have been the case in the 

experiments cited,enters the circulation direct. 

In mammals on the other hand, the gastric 

vein discharges the blood from the stomach, which 

so far as the absorption of poisons is concerned, 

corresponds to the avian crop, into the portal 

ve in and therefore the toxic body must pass through 

the liver before it enters the general circulation. 

Has the liver- substance any power to increase 

or decrease the toxity of tutin? 

this, experiments were made on fish 

To determine 

The result 

was doubtful but the indications are that the 

liver-substance does increase the toxic power, 

possibly by separating the glucose part of the 

compound from the poisonous part, and so freeing 

the latter of an innocuous encumbrance. 

SYMPTOMS IN-BIRDS. -- With a massive dose the 
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animal is almost immediately - with hardly any 

premonitory symptoms - seized with general convul- 

sions. The wings are rigidly extended to the 

full and flapped violently, The head is retracted 

till it lies firmly pressed against the back 

between the wings, and the bird is thrown over 

backwards. It turns over and over and flops about 

in every direction until exhausted. This period 

of violent movement does not last more than a few 

minutes. A final somersault lands the bird on 

back and lies, its head drawn back 

beneath its body, in continuous movement - flapping 

its wings and clawing at space with its feet. 

Respiration is spasmodic, and the forcible 

expulsion of air from the lungs is distinctly audible. 

The pupils are widely dilated - no iris being 

visible - and the bird is in a state of coma, 

oblivious to everything, and apparently suffering 

no pain. In the later stages the head is 

brought forward, the eyes are kept closed and the 

movements, which have continued without intermission 

from the onset, gradually become more and more 
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feeble and finally cease, at death, almost impercept- 

ibly. The legs continue in movement longer than 

the wings. 

With a smaller though still lethal dose the 

first change is a heaviness and drowsiness which 

gives the bird a peculiar sleepy stupid look. The 

eyes are blinked heavily and seem to be kept open 

only with the greatest difficulty. This is 

succeeded by attempts to vomit and, if the crop 

Then follo contain anything, by actual vomiting. 

tremulousness of the head and wings and sharp 

spasmodic blinking of the eyes. The head is 

frequently drawn balk sharply and one or other or 

both wings are involuntarily extended for a 

moment. These seizures of the head and wings 

recur at frequent intervals and gradually become 

more severe, making it difficult for the bird 

to keen its feet. In the more severe seizures 

it is thrown back on to its tail ä.nd sits there 

for a moment until the clonic movements of the 

extended wings have ceased. At last the bird is 
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thrown over on to its back, and with continuous 

convulsive movement the case hastens to a termina- 

tion. 

With non -lethal doses little is to be 

observed beyond the initial drowsiness and 

tremulousness, and perhaps vomiting and slight 

convulsivo movements of the wings. In none of 

the experiments did any of the birds that reached 

the stage of being thrown over on to the back 

recover. 

In none of the birds experimented upon was 

Christie's observation that there is increased 

frequency of defaecation repeated. 

B// ACTION ON REPTILES. 

The only animals of this class available 

for experiment were three small lizards of the 

species Lygosoma moco, the common lizard of New 

Zealand. 

They are very small animals, these specimens 

13 

weighing 4, 5, and 7 gram, and are not very suitabl 

for experiment. 
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The first lizard (4 gram) was given 

a dose 5 migro. per hilo by hypodermic injection, 

and it became convulsed and died in about two 

hours. (Exp. 33 1 The second (7 gram) 

receive. 4 mlgm per kilo hypodermically and died 

four hours and three quarters later, after showing 

severe and oft -repeated convulsions. Opisthotonous 

was well marked, the animal bending backwards 

till head and tail met. There were also very 

definite clonic spasms of the limbs. For over an 

hour the animal was in almost constant movement, 

contorting itself and twisting in every direction. 

(Exp. 34- ) To the third lizard was given a 

R,95'667) 
dose of 3 mlgm per kilo but beyond exaggerated 

respiratory movements it displayed no symptoms 

and was quite normal on the day following the 

injection. Lizards are therefore affected in the 

same way as other animals. The lethal dose is 

between 3 and 4 migm per kilo. 

/V ACTION ON AMPHIBIA. 

The frogs experimented upon belong to the 
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species Hyla Aurea. This is not the native frog 

of New Zealand, but has been introduced from Austra 

-ia and is now the common frog. U :.fortunately 

they are not procurable near Dunedin, and the work 

was often hampered by difficulty in securing supplies. 

They were kept till wanted in a large wooden 

box in a cool dark cellar, and supplied with 

water and fresh grass sods, but no special pro- 

vision was made for feeding them. Under these 

conditions they lived well and remained healthy. 

SYMPTOMS. With a lethal dose the first symptom 

usually noticed was increased frequency of the 

respiratory movements. To this succeeded 

lethargy and muscular enfeeblement, the animal 

crawling in a laboured way and trailing its hind 

limbs. If touched now it would attempt to hop, 

but made little progress from inability to draw 

the hind limbs completely beneath the body. If 

left alone it would lie prone on the belly with the' 

limbs extended and make no effort to move. When 

convulsions occur, as they usually do though 
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they are not such a marked feature as in mammals, 

tonic spasms, are as a rule more apparent than 

clonic, and the hind -limbs more affected than the 

fore limbs. Often the animal raises itself 

rigidly to the full extent of the fore limbs and 

openzits mouth spasmodically two or three times 

in succession. If handled much or compelled to 

undergo severe muscular exertion, such as struggling 

violently to recover the normal position when 

placed on the back, convulsions appear at once. 

This recalls the fact that a "tooted" sheep 

often displays no very obvious symptoms until it 

is "worked." 

A series of experiments was made to determine 

the minimum lethal dose and the re sul t} .:,re presented 

in tabular form below (Table SL ) In the 

early exp- ,riments the animals after receiving the 

injection were placed under bell -jars on the 

laboratory table. Here they were deprived of 

moisture, were exposed to a strong light, and were 

subjected to irritation by the surface of the 

table,which although wiped down before they were 
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placed upon it, must have retained some of the 

irritating properties of the many kinds of chemicals 

that had been spilt on it from time to time. 

Under these experimental conditions the 

results were confusing; frogs with larger doses 

displaying no symptoms, while animals with lesser 

doses died. The method was therefore improved 

upon. Each frog after receiving its injection 

was placed1in a small box containing a moist 

grass sod in a cool dark cellar, and a striking 

uniformity in result was at once obtained. 

Table I shows that the highest non -lethal 

dose attained was 10 mlgm per kilo. Doses of 

10.25 mlgm. and over were invariably fatal. Of 

the frogs that received 10 mign per kilo one died 

and both the others showed convulsions and were 

very ill for more than twenty -four hours. Severe 

symptoms were also present with 9 mlgm per kilo. 

It was noticed that frogs experimented upon 

in the winter were more susceptible to the poison 

than those used in the summer. 
l 

S£ a!e Cam. l 75-x-- o l0 c o is 5-g/ 
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Trie relatively high lethal dose of tutin in 

frogs may have some connection with their mode 

of respiration. To a large extent, this is 

cutaneous and therefore a drug such as tutin 

which owes its lethal power largely to its influence 

on the respiratory centre might a priori be expected 

to be ie'ss lethal to these animals than to those 

that have only a lung respiration. The fact 

that lizards which have a thick skin and presumably 

only a slight cutaneous respiration, succumb to 

about one third the lethal dose for frogs points 

in this direction also. 

Even with large doses the course of event6 

in frogs is comparatively slow. For example, 

in Exp. ¡t. where about 60 migm. per kilo 

was given the animal lived for an hour and a half. 
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. ACTION ON FISHES. 

(a) General Action. 
. There is an advantage in 

using small fishes to test the pharmacological action 

of drugs because large numbers can oe dealt with and 

thus the factor of idiosyncrasy, which so often con- 

fuses recul ts1 is in great measure eliminated. 

Moreover, fishes can be placed in a watery solution 

of the drug and the symptoms and time taken to kill, 

easily noted. 

Recently Sollman (26) has used funduli and 

stickle -backs in this way and suggests that the meth() 

might be used to study the antagonism of drugs. 

In the first experiments of this kind under- 

taken by the present writer, young trout procured 

from a fish hatchery were used. The fry were kept 

till required in a trough with an overflow, placed 

beneath a running tap, and were fed on fresh minced 

liver. The experiments were carried out in the 

following way: - 

60 or 100 c. c. of tap -water to which a solution of 

tutin had been added in definite quantity were placed 
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in a small wide beaker, and the fish transferred to it. 

Several beakers containing various strengths of tutin 

and one beaker containing tap -water only, as a control, 

were set on together and watched at intervals during 

the day. 

Symptoms. The young trout were about 

inches long long and in good condition. When first 

placed in the test beakers they became very excited 

if the tutin solution were strong. After a period 

of excitement during which rotatory movement on the 

long axis of the body were frequently seen, they 

became quieter, and then it was noted that the gill 

movements were much exaggerated. After a time they 

lost their power of maintaining equilibrium and lay 

on one side gasping. From this position they would 

frequently spring up and swim round the vessel, still 

on the side, and then resume their position on the 

bottom. Shortly before death they often turned 

belly upwards. 

With the larger fishes used later, the 

technique of the experiments was modified, but 
the 



1"13. ir - 
® 54 o,f' 7i4. 1171... o *a.. v o a... L I 

iP4-E-9.1X 
Aptst 6 

i 
44ewp*e 

14.6:44 

1?esa.lf r,wr 4 Ad/ 

tt,thast-o./g /©o c,c. l dcg.cl &6reu.t-4_3,, ,:., 4-4 

é4 6<IZ61, éD ec 1 ateoC /9 ).,...C.:, 

0 4 + 64.461; 6 D c.c. I &teeo[ .2 7 -,.,, 1..-. ..., (.a 

4g 6, 0311i-1 ( o e s. . / clt ed .3-0 ).,, ',... ,. 

4 5 4p C.c. / ci.,fd 4.o lx:,..i. ,.- 
6# 60 c.`. l ciZR,1 6'6 »cC."-:, 

4 e óo c,e . / GLcecf /%zet,.,, 57 7...C.... 

3'0 0, e, / at ea 4.L; ¢/2 4-17 A rS 

4y gRp c c I at. ed. 4n1-4/4 Y 17 4,.s 

8 - o c.c. ' CO:. . 

/ 

/ 

Li/á .o (' 
au,. `. 

Ao 4.Sn.:. 
at, v-t 
eti.s+C 

4. (i... _ -- 
Ìtl 9' 6 I1ie2t. 411 C. / att.eof 6-6 ),..r..-.k(.;-; 

/I ®' o @4* í S'(a C,P, I attoi ex itI*s.yS 

11 10.03 X &to er, i o4rot f/Z hgrwIrs 

O . O o k !: 5-e C.c. e4e®t tat: Ftt v-AlL.kr 

a ,®e` 3'r P,. e*®t /9 % AR.,*s 

ty 
ÿ y 

3 - 

1 o e t y- .u 

.. 

l?^ e. f .. ra ! t f14 [a. 
¡ 
L 

¡/,. ( m G'®1 /yl 
Ó 

,' 
. . 

,a 
rd ëie 

'1PiR+rWa 

Qg - tpF / 



71. 

symptoms were very much the same as in these first 

experiments: 

Minimum Lethal Dose. In order to determine the 

minimum lethal dose solutions of different strength 

were tried and the results are given in the table 

opposite (Table). In these experiments the quantity 

of fluid used was small. Death frequently occurred 

in the control when the experiment lasted over 12 hours. 

But the results show that the fatal effects begin when 

the percentage is about 0.001 and are very definite 

at 0.004. This corresponds to a dose of 10 to 40 mlgm. 

For example, if we consider that a dose of per kilo. 

tutin,say 10 mlgm. per kilo, injected under the' skin 

of a mammal becomes rapidly and equally diffused through 

all parts of the body, its concentration at any point 

would be 0.01 gram. (10 mlgm.) per 1000. In the case 

f a fish floating in a solution of tutin the amount 

of the fluid is so much larger than the fish that the 

diffusion of the tutin into its body will not materially 

reduce the concentration of the poison in the tluld, 

and' so the tissues of the fish will be subjected to 

the action oi10. 001% or 10 mlgm. per kilo. The fatal 

dose in fish may therefore be said to be about 40 

mlgm., per kilo under these experimental conditions. 
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It was intended to use trout fry in experiments 

that were made to compare the action of tutin with 

that of other members of the same group, and to test 

the effect of remedies; but the supply suddenly 

failed so recourse was had to another small fish, 

known locally as.the minnow, which abounds at certain 

I seasons of the year in the waters of the Otago Harbour 

and Lake Logan. This fish ( galaxias attenuatus) is 

peculiar to the South Island of New Zealand, Tasmania, 

and Terra del Fuego. It measures i to 3i inches 

long, is equally at home in brackish and fresh water, 

and will live in a trough in the laboratory for weeks 

if fed on liver and supplied with fresh running water. 

It is semi-transparent and the heart can be seen 

beating. After a great many experiments it was 

found that the best results were obtained when three 

fish were used and placed in a fairly wide (7" diam.) 

enamelled bowl containing 1000 c. e. fluid. It was 

found necessary to almost completely cover the top 

of the bowl with a piece of wood, for it left uncovereld 

the fish were apt to leap out. 
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This happened several times and was often more 

aggravating to the experimenter than disastrous to the 

fish, for if discovered within an hour or so, wiped 

clean, and returned to the water it would recover 

.c.omple:tely. Three of these fish will live in 1000 

c.c. of water from 36 to 48 hours or more, and are 

apparently quite comfortable even when the water is 

much fouled with their own excreta. 

Soliman states that 0.001% pirro--tnxin is 

fatal to fzndulus in 5 to 9 hours. His specimens 

(5 c.m.) were not much smaller than the minnows used 

in the experiments recorded here. He used only 150 

c.c. of water to each fish, and admits that occasion- 

ally one of the controls would die. It is probable 

that the amount of water used by Soliman was too small, 

for in the experiments made by the present writer to 

compare the effects of tutin and plcrotoxin, it 

appeared that in the early experiments where a small 

quantity of water (200 c. c. ) was used, death occurred 

in four hours when the concentration was 0.001; wherea 

in the later experiments with three fish in 1000 C. c. 
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fluid, 0.001 

in 24 hours. 

was fatal to 

This shows 

only one fish of the three 

the importance, when using 

fish in this way, of allowing a sufficient quantity 

of water: 

The symptoms shown by the minnows when three 

were put together in 1000 c. c. of a lethal percentage 

(0.005) of tutin were as follows:- After two to four 

hours, with no symptoms, the fish began to swim near 

the surface of the fluid and become excited in their 

movements; swimming vigorously about and even leaping 

repeatedly out of the water. At this stage they 

were frequently observed to emit bubbles of gas from 

the mouth. This discharge of gas and the inability 

to sink point to a derangement of the function of the 

swim -bladder. Later they lose their power of main- 

taining the normal position and swim about near the 

surface turned on one side or the other. Now and 

again they recover the upright position and swim 

excitedly about for a minute or two and then fall 

back on the side. Later on they lie at an angle 

with the surface of the fluid, often with the head 
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down, and swim about feebly in this position, and 

later still they lie on one side din the bottom of the 

dish and the gill movements are laboured. At 

intervals they spring up from this pos tion and swim 

round on the side while appearances suggesting 

convulsions are seen, viz. bending of the trunk 

accompanied by coarse shuddering movements. At 

death it w s invariably noticed that the gill movements 

ceased, before the heart stppped beating. 

This shews that under these experimental 

conditions a percentage of 0.001,:`« was necessary to 

cause symptoms to appear, but was not necessarily 

fatal unless other deleterious conditions were 

present, such as too small an amount of fluid, e.g. 

in table 4, shew fatal results within 6 hours; while 

under improved conditions 0.0035 was fatal to only 

one out of three fish, while a percentage of 0.005 

caused symptoms within a few hours and was generally 

fatal to all three fishes within twenty-four hours. 

Between these limits various results were 

obtained. Thus, in 0.0035 two of the three fish 

recovered and one died, while in 0.003` and in 
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0.004% two of the three died and one recovered. But 

in these experiments, (Nos. , ?q. 9/, tin dishes were 

used and the water became very rusty before the end of 

the experiments. 

In order to ensure a lethal effect the dose 

was therefore raised to 0.005`r and experiments were 

made to test the effect of various reagents in 

increasing or diminishing the toxic power of tutin. 

The effect of tutin was also compared with that of 

picrotoxin. 

(b) Comparison of of Picrotoxin. 

Sollmann's statement that 0.001; picrotoxin 

causes death in 4 to 9 hours was tested by the 

improved method. (see Tablet/ No. Y5-) Three fish 

were put into 1000 c. c. of 0.001 picrotoxin at 11 a.m. 

Up to 8 -30 p.m. no symptoms were seen though the fish 

were under observation all day. At 8 -30 they began 

to swim more frequently near the surface and when seen 

next day one was dead, but the others were unaffected, 

and were re turned to the trough at the end of twenty - 

four hours. A 0.00a of tutin (Table-Pg.) showed 
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similar results. Previous to this an experiment where 

0.00075% and 0.0005% picrotoxin and the same strengths 

of tutin were tested gave doubtful results, because 

the amount of fluid was too small (table V Nos. g/ 82,` 78,N) 

In other experiments picrotoxin was compared 

with tutin in a strength of 0.004%. All the picro- 

toxin fish died - two at 12 hours and one at 29-* hours; 

while of the tutin fish two died at 12 hours and at 8* 

hours and one recovered. (Table V Nos. /67,,,9,3) 

With a 0.005% solution of picrotoxin all ehrec fish 

died, viz. , at 3* hours, at 111} hours and at 121 hours; fr/o.fqj 

while tutin of the same strength caused death to all 
Uho(O0 

at 22+ hours and at 23 hours, 
n 

so it would appear that 

picrotoxin is more lethal than tutin in equal percent - 

ages. 

I t was then resolved to compare picrotoxin with 

tutin in equimolecular solutions. The molecular 

weight of tutin (C H 0 1 is 336, and that of picro- 
17 20 7 

toxin is(C H 0 ) is 887. Picrotoxin is 
45 50 19 

probably composed of two molecules of picrotoxinin 
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(C H 0 ) and one of picrotin (C H 0 ), 

15 16 6 15 18 7 

hence Equal weights of tutin and picrotoxin contain 

by no means the same number of molecules. According-1 

ly tuo solutions were prepared, one of 0.000 tutin 

and one of 0. 0132 ó picrotoxin (0.005 X 71 and the 
336) 

experiment was carried out as before, three fish, one 

large, one medium and one small beint7 added to each 
abk tom, ho glad; ßo6, 

bowl. The fish in the picrotoxin solution began to 

show symptoms first. The small fish came to the 

surface after 50 minutes and in 65 minutes it was on 

its side. The medium fish also was much excited. 

In one and a half hours the large fish was found 

swimming near the surface and emitting air bells, 

while at this time the other two fish showed quiveri 

movements of the trunk. In 2i hours the small fish 

was dead. In three hours the larger one was dead, 

and the medium sized one died in five hours. So tha 

0.0132% picrotoxin killed all the fish in five hours. 

Meanwhile the fish in the equimolecular solution of 

tutin began to show symptoms at the end of 3- hours 
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which continued till late at night - twelve hours 

after the experiment was begun. The next morning two 

were found dead (between 12 & 22 hours after the 

experiment was begun), and the last one (medium 

sized) died at 24 hours. So the result shows that 

in equimolecular solutions, picrotoxin is more lethal 

than tutin. 

One must be cautious, however, in applying 

these results to the case of mammals. 'In fishes 

the swim -bladder regulation is disturbed both by 

picrotoxin and by tutin, and of the two, picrotoxin 

seems to have the greater influence, for air bells 

are more frequently seen to be emitted by fish sub- 

jected to the action of this drug. The swim - 

bladder, of such paramount importante in the case of 

fishes, has no analogue in mammals and it is therefore 

quite probable that the lethal power of these poisons 

may be reversed in this class of animals. Indeed 

the experiments on cats (Exp1s 4, /6 :'Gyf17 °) justify 

this statement. 



(e) Effect on Fishes of `i'utin Solution that has 

been Hydrolysed. It has been a constant 

observation in the case of both lower animals and of 

human beings, that tutu poisoning is more lethal 

when the stomach is empty. This suggested the 

possibility of the toxicity of the tutin being 

increased by the action of the hydrochloric acid in 

the stomach. Experiments on fishes were therefore 

undertaken to test this. (%G LIE.. 

To 8 or 10 c.c. of a 0.5% solution of tutin 

an equal amount of 0.4ó hydrochloric acid was added, 

and the mixed fluid kept at a temperature of 40 deg. , 

C. for different lengths of time in different deper- 

invents. It was then exactly neutralised with a 

solution of soda of corresponding strength and made 

up to 1000 c.c. 

In the first experiment of this kind 7 c.c.0 

of tutin solution was so treated (0.0035% tutin), 

and a control of a solution of untreated tutin in 

corresponding strength was used. In the hydrolysed 

80 
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tutin solution one fish showed symptoms at 3i hours, 

Which continued till it died at 7i hours. Another 

r 

egan to show mymp toms at 8 3 hours, and died between 

10 and 22 hours, while the third .showed symptoms at 

hours and died at 22 hours. In the control of 

zntreated solution one fish showed symptoms at 4 hours 

and died at 4* hours and the other two, of which one 

showed symp toms from the 7 th to the 10th hour, recovered. 

Another experiment of the same kind was then made, 

slightly higher percentage of tutin being used, viz., 

0.004 instead of 0.0035. Two test tubes were taken, 

each containing 8 c. c. of a 0.5,g solution tutin. To 

64910 
one AA 8 c. c. of 0. 4% H. Cl. were added; so that the 

total percentage of H.C1. in the fluid was 0. 2 %. This, 

mixture was kept at 37 C. for one hour, then neutralised 

and made up to 1000 c. c. To the 8 c. c. tutin solution 

q5+) 
in the other test tube BA the saine amount of H.C1. was 

added but it was immediately neutralised and then kept 

Lt 37 C. for one hour and made up to 1000 c. c. 

To each of these two solutions three fish were 

added, and they were observed at frequent intervals 

wring the day. In B (control) symptoms began in 
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three and three quarter hours in a fish 

which died in 83 hours. The third fish showed 

slight symptoms when last seen at night, 12 hours 

after the experiment was begun and was apparently 

quite well the next day. After 30 hours this fish 

was removed, the fluid filtered, and three other fish 

placed in the solution. 

(In order to test whether a second use of the 

solution would influence the result, a control of 1000 

c. c. of water that had been used the day before was 

also filtered and three fishes placed in it. These 

fish were Quite unaffected at the end of the exper- 

iment, so that one may disregard the fact that the 

control solution mentioned above was used twice). 

This second group of fishes was affected as follows: - 

When last seen at night, two hours after the exper- 

iment was begun, they seemed unduly excited and next 

morning all three were dead - i.e. within 16 hours of 

the commencement of the experiment. c »' 9 
ff,(lo qq) 

Now with regard to the hydrolysed to t into 

which the foregoing served as a control. In the 
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first set of three fishes one showed symptoms at the 

r 

end of 5 hours and died in 253 hours; a second showed 

symptoms at the end of 6+ hours and died at 28 hours, 

and the third showed slight symptoms at the end of 

eight hours and recovered. The fluid was filtered 

and three fresh fishes introduced, and of these one 

died within 16 hours, one at 224- hours, and one 

recovered.(Çh.97) 

A third experimentAwas made with 0.005% tutin 

in the same way. Symptoms appeared in two of the 

fish at 5,i-hours, these died at 8 6 and 9t hours 

respectively. The third showed symptoms at 63 hours 

and died at 13i-hours. Usually fish live in a 0.005% 

solution of tutin for an average of 17 hours. 

To summarise the results of these three 

experiments: - Twelve fish were subjected to the 

influence of hydrolysed tutin (0.0035% to 0.005%) . 

Of these ten died at an average period of 14 hours. 

The other two showed symptoms, but recovered. In 

the corresponding control solutions; of the twelve 

fish nine died á't an average period of 16.9 hours. 

TWO showed symptoms and recovered, and one showed 
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no symptoms. 

So that one may say that hydrolysed tutin is more 

toxic than tutin itself, but the rise in toxicity 

is not great, and in marked contrast to the action 

which takes place 4-m dilute alkali at corresponding 

strength. 

(d) Action of Alkalies on Tutin. Attention 

having been arrested by the fact that animals poisone 

by tutin are frequently reduced to a state of coma, 

which may possibly contribute towards a fatal termin- 

ation, the use of alkalies as a remedial agent 

suggested itself. Hughes had found that lime 

destroyed the activity of the tutu poison and Easter - 

field & Aston were unable to recover tutin after a 

solution treated with lime had been evaporated to 

dryness. 

The experiments were done in the same way as 

in the case of H. Cl. Ten c. c. of a 0.5% solution 

of tutin was rendered alkaline with the solution used 

in the foregoing experiments to neutralise the weak 
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hydrochloric acid. The alkalinity used was equiv- 

aient to 0.2% H. C1. , or a little over 0.2%. It was 

found that tutin solution kept at 37 C. in the 

presence of that amount of alkali completely lost its 

toxic power. In the first experiment the time 

allowed for the alkali to act on the tutin was one 

hour, and the three fish that were subjected to the 

action of the solution were unaffected after 30 hours. 

The fluid was filtered and three other fish intro- 

duced for 27 hours but without effect. 

In other experiments the time allowed for the 

alkali to act upon the tutin was shortened successively 

to 40 minutes, 20 minutes, and 10 minutes, and 5 

minutes, but the result was the same in each case; 

Yj, the tutin had completely lost its toxic power 6-969 . h X 
oi /o.t,/o. 

In this connection the following experiment on 

a cat may be cited. 

xP. //3) Eight c. c. of a 0.5% solution tutin was 

treated with 1 gram of lime, Ca (0 H ) , for one hour 
2 

at 37 C. and thereafter for one day at room temperature. 
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The lime was removed by passing C 0 and filtering, 
2 

and the fluid was evaporated to about 2 c. c. and in- 

jected under the skin of a cat weighing 2.4 kilogram. 

It displayed no symptoms and remained well. 

Influence of "Surviving" Organs on Putin. 

In considering the explanation of the relative 

immunity of birds to tutu poisoning by oral adminis- 

tration, it was suggested (vide ante) that the inter - 

in mammals 
position of the liver in the usual path of absoTptionn 

might account for some increase in the toxity of the 

tutin in their case. To test the influence of the 

liver substance on tutin an experiment was done as 

follows:- A rabbit was killed by chloroform, a 

canula was tied mu to the 4-s.ß and the blood vessels 

washed free of blood by a stream of warm saline. The 

liver and kidneys were rapidly excised, 9 gram. of 

each weighed out, minced, and bruised rapidly in a 

warm mortar. To each mass 10 c. c. of a 0.5% solution 

of tutin in normal saline was added. The mixtures, 

in small wide beakers, were placed in the oven at 37 C 
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for one hour. An equal volume of absolute alcohol 

was then added to stop further action. The mixtures 

were then evaporated on a water bath, and kept there 

for some hours to coagulate the proteids. A watery 

extract of each was then made, filtered, and made up 

to 1000 c. c. with tap water. Three minnows were 

placed in each of these solutions and the results were 

follows:- 
(ch /o ) 

Liver and Tutin: A One fish showed symptoms at two and 

one third hours and died in 5- hours. 

lOne fish showed symptoms in two and one -third hours 

and died in 6 hours. 

One fish showed symptoms in 4 hours and died in Ti 

iours. 

/o/4-) 

Kidney and Tutin: One showed symptoms at hours 

and died in 4i hours. 

One showed symptoms at 4i hours and died in Ti hours. 

One showed symptoms in 4i hours and died in 27 hours. 

The course of events in the latter case is 

just similar to that of a 0.005% solution of tutin, 
so 

that we may suppose that here the tissue had no effect 

on the tutin ;.but on the other hand it is difficult 
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to avoid thinking that the liver substance increased 

the toxicity of the tutin. 

A few experiments were done on fishes to test 

the antagonism of chloral to tutin, but this part of 

the work is still in progress. 

o . ACTION ON INSECTS. 

Insects are susceptible to the action of the 

poison. Weak solutions (0.1;ñ) have no influence. 

A number of flies lived in perfect health for a week 

on a solution of cane sugar in 0.1¡o solution tutin. 

6xp. 
/r1 

/5- /hoiBut a 0.5% solution quici <ly produced 

symptoms and caused death in half an hour or so. 

The symptoms were very like those that 

characteriseß the action of the poison in higher 

animals. Namely, an initial lethargy, followed by 

isolated tonic spasms of the wings and legs, exactly 

resembling the appearance met with in pigeons in the 

early stages of poisoning when one or other wing is 

extended in rigid spasm for a moment; then marked 
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cionic spasm of the wings recurring at intervals, 

and finally general convulsions, in which the little 

animal tossed and buzzed about until exhausted. 

In the latest stages the flies lay on their backs, 

showing only occasional movements of the legs. After 

death distention of the abdomen was an invariable 

finding and in the case of a blow -fly the exudation 

of a considerable drop of clear fluid from the 

proboscis occurred. 

204- ACTION ON LARVAE.A The effect of 

the poison on maggots was tested by placing some mine 

that had become infected by blow -flies, in solutions 

of tutin of different strength for one hour, and then 

draining off the fluid. The experiment was con- 

trolled by a portion of the mince being placed in 

normal saline for the same period. On the day 

following, the maggots in the control had increased 

in size and were very active, but in the mince sub- 

jected to the action of a 0.5% solution tutin the 

larvae were all dead, and only one or two were found 

moving in the mince that had been soaked in tutin 
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solutions of lesser strength. 

ACTION ON MOLLUSCS. 

(Exp. II.Ttvo cockles of about the same size were 

placed one in sea -water and the other in a 0.5% 

solution of tutin in sea- water, freshly prepared. 

Equal volumes of fluid were allowed. The cockle 

that had been placed in the tutin solution, in five 

minutes opened its shell and extruded its body. If 

touched it immediately withdrew, but came out again 

at once. It kept opening and closing its shell but 

did not withdraw its body as the valves came together. 

It continued like this for twenty -four hours, respond7 

ing more sluggishly to a touch as time went on, and 

then died. 

The control meanwhile had displayed no symptoms, but 

behaved in exactly the way the other had done when 

it, in turn, was placed in the tutin solution; and 

it also died. 

ACTION ON INFUSORIA AND AMOEBAE. 

The action on infusoria and amoebae was examined 
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in the following way. (-?-c(D//g) 

A drop of hay infusion containing infusoria, 

amoebae, monads, and bacteria was placed on a slide, 

a drop of 0.1% solution tutin was added and the 

specimen observed for an hour. A drop of the 

infusion to which nothing had been added was used as 

a control. Another drop to which a drop of normal 

saline had been added was used to test the influence 

of the saline in which the tutin was dissolved, and 

a fourth drop to which a drop of a 0.1% solution of 

quinine sulphate had been added was used for the 

sake of comparison. In fifteen minutes no paramoecia 

were found moving in the quinine preparation, but 

monads were still in motion. In the three other 

specimens no change was observed. In thirty minutes 

all movement had ceased in the quinine preparation. 

In the tutin preparation paramoecia could still he 

seen moving, but their movements seemed to be somewhat 

irregular; amoebae, bacteria, and monads were still 

moving. In one hour one or two paramoecia could 
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still be seen moving in the tutin preparation. 

They were by no means so numerous at first and 

rather difficult to find. Many of the monads were 

as active as ever and amoebae were still throwing 

out pseudopods; but the preparation did not present 

the same appearance of general activity that it did 

at first. The saline preparations and-the control 

were as active at the end of the experiment as they 

were at the beginning. 

C,(112ß /g) A further experiment was made by covering 

a drop of hay infusion with a cover glass and then 

placing a drop of 0.1% solution tutin on the edge 

of the cover. It was observed that ,such paramoecia 

as swam out into the drop of tutin solution remained 

in that drop, displayed irregular movements, and 

in a few minutes came to a stand still and appeared 

to undergo internal disintegration which reduced 

them to unrecognisable masses. The experiment was 

0,,Á'o) 
repeated with a drop of a 0.0 solution tutin in 

A 

distilled water with similar results. 
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It would appear therefore that paramoecia are 

injuriously affected by the poisons but not in so 

great a degree as they are by quinine. On amoebae, 

dilute solutions (about 0.00 have very little 

influence. Monads are affected in a lesser degree 

than paramoecia. 

C TI ON ON PUTREFACTIVE BACTERIA. 

41 029 This was tested by placing pieces of fresh 

mince in test -tubes containing solutions of tutin 

of different strength (0.1% to 0.5%) and a piece in 

a test -tube containing normal saline alone. The 

tubos were left open to the air for twenty -four 

hours and then corked and placed in an incubator at 

37 C. Two days later the tubes were examined, and 

it was found that the tube containing saline was 

very offensive, but the tubes containing tutin 

solution were not at all offensive and smelt rather 

like stomach contents. When subjected to microscopic 

examination it was found that all the solutions xxm-- 



94. 

contained bacteria, but in the slide prepared from 

the normal saline the bacteria were very much more 

numerous and showed a greater variety of form and 

size. It would appear therefore that tutin has a 

deleterious action on certain forms of bacteria, but 

not on all. 

L ACTIUPt OPT YEAST. 
The action of tutin on the fermentation of 

glucose iry yeast was studied in a few experiments. 

(Exp. /Z2, /23, ¡.24) 

It was found that fermentation proceeded 

Vigorously in the presence of even 0.4% tutin. 

Some slight differences in the rate of fermentation 

that were noted were probably due to differences 

in the amount of yeast added. (For details of 

Experiments see Protocols) andoingp. 

arGEAEINATION OF SEEDS. 

c )6/,2/// J The action of tutin on the germination of 

seeds was tested by soaking mustard seed in solutions 
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(in normal saline) of various strengths (0.1%, 0.2%, 

0.01 0.5M for twenty -four hours. The seeds 

were then sown on pieces of felt in separate tin 

boxes appropriately labelled and kept moist with 

water. An equal number of seeds was sown on each 

piece of felt and the experiment was controlled by 

seeds that had been soaked for the same length of 

time in normal saline. The day following all the 

seeds had germinated, and they were therefore re- 

placed in their respective tutin solutions for a 

further period of twenty -four hours, and then sown 

again. During the next week the progress made by 

the seedlings was observed and the effect of the 

tutin on their development noted. 

It was found that the seeds progressed more 

or less in order of the weakness of the solution in 

which they had been soaked. Thus the growth of those 

that had been soaked in normal saline, in 0.1 %, and 

in 0.2% solution tutin was the most vigorous, while 

those that had been soaked in 0.3a, 0.4% and 0.5% 



made slow progress and all the seedlings in these lot 

did not continue to grow. In a fortnight, however, 

little difference was to be rioted in any of the 

seedlings that had developed at all; x* x one or two 

of the 0.5% seedlings that were growing being as well 

developed as those that had been soaked in saline. 

This result may possibly be due to the effect 

previously noted on bacteria; certain forms of 

bacteria being necessary to the growth of plants. 

From the experiments on invertebrates, bacteria etc. , 

it may be inferred that tutin is toxic to any given 

form of life in proportion to its complexity of 

organisation. Wherever a nervous system is sufficien 

ly developed, the toxic action is greatest, but that 

it has some injurious influence on primitive forms 

may also be seen from its effect on paramoecia, 

bacteria, etc. 

111 Action of Tutin on Tissues. From the symptoms 

observed when studying the general action of the 

Poison on mammals, it seemed very evident that the 

96. 
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The results are shown in Table v4. From these 

results it is impossible to draw a definite conclusion, 

for although in some specimens taken from sea-water 

animals the ciliary action ceased .-.r. the application 

of tutin, in other specimens from the frog's gullet 

tutin had little or no action. 

Action of Tutin on Striped Muscle and Nerve 

Terminations. This was tested by determining the 

-3trength of stimulus just sufficient to cause con - 

traction of a nerve muscle preparation before and 

after the application of tutin. The preparation 

(gas trocnemius- sciatic) was made from the frog. An 

induction coil with one Daniell cell and mercury key 

was used. The muscle in each case was placed first 

in normal saline (0.75 %) and then strength of the 
(J ,/in /35'ßv /3cF.) 

minimal stimulus determined. Pours experiments were 

In three of these the one muscle was placed 
made. 

in 0.025 %; 0.05%; and in 0. 5 % tutin solution, while 

the other muscle was placed in normal saline. 

Iii another experiment the muscle of one preparation 



99. 

was placed in 0.5% solution tutin and the nerve of the 

other in 0.5% solution tutin. ((h /36) 
7) 

In the first experiment (0.025;0 tutin) there 

was a diminution in excitability; thus the muscle in 

saline contracted with the coil at 18 c.m., three 

hours after the experiment began, while the correspon1 

ding muscle in tutin contracted only at 15 c.m. (See 

Exp./3T) 

Where 0.05% solution tutin was used the 

muscles were equally excitable after two hours, but 

the muscle in the tutin had been the more excitable 

of the two before immersion in the tutin. Thus, 

before tutin was applied it contracted at 30.5 c.m. 

and two hours after the application of tutin at 25.5 

while the control contracted at 25.5 c.m., and 

at 25 c. m. ( /3`1) 
(4/31) 

Another experiment where the muscle was placed 

in 0.05% solution tutin gave the following results:- 



loo. 

Before Immersion in Tutin Solution 

A. contracted at 36 c.m. 

B. (control) contracted at 32 c.m. 

Two Hours after Immersion in Tutin Solution. 

A. contracted at 21 c.m. 

B. contracted at 23 c.m. 

t/6 130 
In the experiment with 0.5% solution tutin4the 

minimal stimulus before the application of tutin 

for A. was 28 c.m. 

for B. was 34 c.m. 

The muscle. of B (control) and nerve of A were 

then placed in the tu tin solution and 1 hours after- - 

wards, 

A contracted at 33 c.m. 

B contracted at 27.5 c.m. 

(For details of these experiments see 
Protocols) 

The inference to be drawn from these few exper- 

iments is that tutin has no striking action, but 

there seems to be a diminution in the excitability 

an 
f the muscle placed in tutin solution, due either toWction 



10.1. 

on the nerve terminations or to 4.11 action on the muscl 

!fibre. This would help to explain the weakness and 

loss of tone seen in the later stages of tutin poison- 

ing, especially weil seen in frogs. It is possible 

that the action is one on the nerve endings, for 

instances are known of a poison (e.g. strychnine) 

acting as an irritant on the nerve cells and having 

at the same time a paralysing action on motor nerve 

endings. Naussbaum (27) states that pictotoxin in 

small doses stimulates and with slightly higher doses 

depresses the activity of the peripheral nerve 

terminations. The same may be the case with tutin. 

V( ACTION Oil THE DIFFEliENT SYS1' ±MS. 

(a) Alimentary System. 

Salivation is a marked feature in cats poisoned by 

tutin. It is an early symptom and usually precedes 

the vomiting, though it may be present when vomiting 

is absent as in Exp. /, A 
. It is most profuse where 

the dose is large, and in these cases is a source of 

danger in the later stages by obstructing the respiratory 



passages. 

As a rule it diminishes when vomiting has 

occurred and it was not noticed to be frequent in 

those animals (Rabbits, Guinea -pigs) that do not 

vomit. It is therefore likely that it may be an 

exaggeration of the salivation which usually precedes 

the act of vomiting. The saliva is thick and ropy 

and hangs from the mouth in long tenaceous strings. 

Saliva of this consistence suggests stimulation of 

the sympathetic. 

Vomiting is also an early symptom. It is not an 

invariable symptom, being present on only two of the 

cats, and in three or four of the pigeons experimente 

upon. It is more likely to occur if the dose he 

small. 

The salivation and the vomiting could both be 

explained as due to stimulation of the vomiting 

centre in the pons. That it is due to stimulation 

of the centre is shown by the fact that it occurs 

when the poison is given hypodermically. But in 



ordinary cases of poisoning by tho tutu plant there 

may be irritation of the gastric mucosa as well. 

Christie's assertion (11) that tutin is excreted by 

the stomach and so causes vomiting by local irritation 

is unsupported. 

Stomach. 

In cases of herbivora poisoned by tutu, 

accumulation of gas in the stomach is a marked feature. 

This is probably due to the rapid fermentation of the 

leaves ingested. The ease with which the leaves of 

tutu ferment can easily be demonstrated. A mash 

of minced leaves with a little water was placed in an 

incubator at 40 C. and examined after the lapse of an 

hour. On stirring the mixture it was seen to be 

permeated with bubbles of gas. 

In the experiments with the pure substance, 

distension by gas was not observed. Pure tutim and 

juice gastric uice when incubated ñn a f =emir 

ta.tier, tube gave no appearance of gas developmmen.tt_ 



104. 

The action of hydrochloric acid in hydrolysing 

tutin has already been referred to under fishes. It 
Seelaó /t vi _ 

was found that the toxicity was slightly increased. 

Intestines. The action on peristaltic movement was 

not investigated experimeñtally, but from observ- 

ations made on animals killed by tutin, where the 

abdomen was opened immediately, it was clear that 

there was no diminution of peristaltic movement. 

That it was even increased was inferred from the 

frequency with which defaecation occurred. The 

stools were often loose and were expelled with some 

precipitation. 

kG; Haemop o ie t i c System. 

exp3On one experiment, where a rabbit received a 

fatal dose of tut tuttP and died in one hour, blood films 

were taken before injection of tutin and just before 

death. The only point of difference seemed to be 

that the leucocytes appeared fewer in number after 

tutin. They seemed to be quite normal in regard to 

granules and staining power. 



(e) Action of Tutu on the Circulatory 

and Respiratory ystems. 

Previous observers have noticed that the tutu 

poison has no depressing influence upon the circu- 

lation. Christie (II) found that the heart con- 

tinued beating after the respiration had ceased. IL 

one of his experi nts, on a cat, he o ened the thoro; 

immediately on the cessation of all movement and 

observed the heart to beat for twenty-two :t 

after the last respiratory gasp. In his awn 

where be took 9 grains of an extract ,,de from 

leaves, the pulse rate rose to 102, and this aver- 

7a:tTn Lef *:z =7::;Ae that ale action the 

Lr beat of the het. 

as 

r7an regai*.y, 
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previously in cases of accidental poisoning, that at 

first the respirations were increased in frequency 

and in force, and that later they became feeble and 

irregular and finally ceased before the heart stopped 

beating. 

Marshall (24) found that tutin diminished the 

number of heart beats and increased the frequency of 

respiration. 

As coriamyrtin belongs, pharmacologically, to 

the picrotoxin group, and is therefore closely allied 

to some of the decomposition products of digitalin, 

e.g. digitaliresin (3'-)), it was expected that tutin 

which is so closely related to coriamyrtin might 

show the tonic action on the heart that is character- 

istic of the digitalis bodies. 

In frogs and in mammals where the heart was 

examined after the breathing had ceased it was found 

invariably to be still beating. In one experiment 

on a cat (Exp. /53 1 the heart beat was distinctly 

audible with the stethoscope for two and a half 

minutes after respiration had ceased. 



107. 

As it had been observed that tutin has appar- 

ently noAaction on striped muscle (Exp.,, 3. ) and as 

no proof was forthcoming that it has any action on 

uns tr iped muscle, it was not considered likely that 

it would manifest any direct action upon cardiac 

muscle. As it might, however, have some action on 

the extrinsic and intrinsic nervous mechanism of the 

heart, it seemed best to begin the study of its 

action upon the circulation by observing its effect 

upon the heart of a pithed frog, where one has to 

consider muscle and intrinsic ganglia only. 

1 

A number of experiments in this direction were 

therefore undertaken and the following have been 

selected to illustrate the results obtained. 

The brain and cord were pithed in the usual 

way and the animal placed upon an ordinary myograph 

stand with a lever arranged horizontally. To the 

short arm of the lever the apex of the heart was 

attached by a fine hook and short length of thread. 

The long arm of the lever was furnished with a glass 

writing point arranged to press against the blackened 



L
i4L

o.. t
i
y
l
 

1 

.s-v 
.Si eV

 
u 

O
 

.10 
1"-JY

2 

o 
o 

o 
f Jti J? 

! (Ja{:! l J'Q
J {a 

t 
r 

: 
r 

7 I 
! fd J i:l t! 

\ 

ulad-,t,uat4444, 4-i4.arf_44 4.r,4a,,L
444,44,14-katit-artai A

-d.ii-+
4-r'-'t4+

0-ri"-al.;T
-+

ti- "--,a-1Z
A

--,dat!-, :; 

ll 
1 

, , 
I. 

, ,. 
1 

1 
1 

I 

; 
L

.. 
I 

1 I}, 
1 

i 
IM

'II \ 
, 

I 
ia., 

;III1,i1, 
il 

U
 

' 

' 't 
, i. 

i 
. 

{ 
! 

/ 
'' 

k ;.. 
I 

' 

I '., 
, 

Y
 

,. 
:_i...¡ 



surface of the recording cylinder by its own weight, 

so that friction was reduced to a minimum. 

Sometimes the solution of tutin was painted 

on the surface of the ventricle and sometimes 

injected into the anterior abdominal vein or into the 

auricle. 

The first tracing (shown on the i>, -ze opposite) 

illustrates well an effect that was not infrequently 

met with . (Exp. /fo ) The heart which to begin with 

was irregular - every second ventricular beat being 

missed became under the influence of tutin perfect 

ly regular. (See after B on tracing; tutin solution 

having been injected into the anterior abdominal 

vein at B.) The recovery of the ventricle as here 

shown gives on the tracing the appearance of 

acceleration but in fact the heart rate is actually 

diminished in frequency, e.'g. before the injection 

of tutin the auricular rate was 37 beats to the 

minute, after the injection 35 beats to the minute. 

At D. on the tracing a 0.5% solution of 

tutin was injected and still the heart continued 
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109. 

to heat,,. As it is impossible that a solution of this 

strength can circulate in ordinary cases of poisoning, 

there need be no fear of death from cardiac failure 

directly. 

A similar result is seen in the next tracing. 

(Exp. /W Before A. the beat is markedly abnormal. 

At A three minims of a 0.05% solution tutin were 

injected into the auricle and thereafter the beat 

becomes regular. The rate in this case is distinctly 

lowered; the normal 'is 32 per minute, but after the 

injection of tutin at A it falls to 30.8 per minute, 

after a further injection at C to 28.8 per minute, 

and after a saturated solution of tutin had been 

painted on the surface of the ventricle at D it was 

26.4 per minute. 

The hext tracing (Exp. ,k) compares the effects 

of tutin and picrotoxin. The normal rate in this 

case was low to begin with - 17 per minute - after 

the application of picrotoxin at (a) it was 15 per 

minute. After the picrotoxin had been washed off 
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with normal saline at (b ) it was 16 per minute_, and 

after the application of tutin at (C) it was .17 per 

minute. Little or no change in the character of the 

beat is shown in this tracing. 

In other experiments where the rate was 

counted, further evidence of a diminution in the beat 

was obtained, e.g. a drop from 20 to 14 per minute 

and from 20 to 16 was observed. 

Action of Tutin on the Circulation in Mammals. 

In these experiments tracings of the blood 

pressure were taken in the usual way. 4here rabbits, 

(wild) were used, the animals were lightly chloro- 

formed to allow ready passage of a stomach tube, 

and paraldehyde in doses of 1.2 to 1.5 c. c. per kilo 

dissolved in distilled water (1 in 10) was given. 

In the case of cats chloroform anaesthesia was 

maintained throughout the experiment. 

When anaesthesia was established the animal 

was tied down on the holder, the carotid artery 

exposed and a Franck's canula introduced. An 

ordinary canula which fitted the nozzle of a hypoder- 

mic syringe was inserted into the external jugular 



" ;177;7:;7ite sid e of the meek. Th usual 

manometer was use: and the connection 

letween cala and nancm-7.7 made by st ,t rubber 

Tess-tare-tubing. 

EXp. 

para.idelnyde. 

The style was arr-Ima :2 write 

-Igainst an ordinary myrograzhic drum, allf. 

im s coatis. 

1 1.7ie was 

a ::.;m 'de :he 

- 

4 mres,ure taken f:= left carotid 

and cannl '7,a right r.ilar ve r. ttfter the 

injection cf 3.3 nag-, 

tniformi 

blo Tressure rose 

lowly. A second and a trJ n- 

ction of the same at aql:sed an increase in 
the rate of the ri, Tsire at first was 

1 -3; but one hour .1.7,,t7:r, after the anima/ had 

received 9.9 migm. tutin it was 44-1- The vagi were 

er. ..iided and a further injection made, but the 

rise that occurred after this was not more marked 

than before division. 



Q 

/3 w pre, s <: _ I4lG: h_ 61: 1- Cw,-pT-. 

4-t . 4._, ! " /r. - ( 4,.-c ( Sc (. : r -^ C /, r o r 

l"QJ CJci 

1 áe:o,5s 
INInI f111411Nirx01r(.11.10.1III.N40, HN. .,III..i....I.Il7G..1R:MMTjINwN1 MAO NU 

11L__ _._. .. 

mNU.ñn:Fliryyl.rlb6trëiciGr:..., i' r.ur.nrr.r.-:7LTrrr.,;.7,"iir IiiP':Ii Ct:; - 841i711107gRl7 



112. 

Convulsions had by this time set in but they 

'did not markedly affect the pressure. 

Exp. /4- -(see tracing ) Rabbit weight 1.4 Içilogram. 

Chloroform, paraldehyde; pressure from left 

carotid-and canule in right external jugular 

vein. At (a) 5 migra. tutin were injected into 

the vein. This caused the blood pressure to 

rise slowly; but a second injection of 5 mlgm. 

Lutin at (b) caused a slight fall, and a third 

injection at (c) was without effect. 

In this experiment an attempt was made to estimate 

the rate of the flow of urine before and after 

injection of the tutin. A thistle funnel was tied 

into the bladder and the drops of urine excreted per 

minute counted. At first there was no flow. Then 

during, and immediately after the injection at (b) 

four drops in five seconds were counted, and in the 

next minute 20 drops. The flow then stopped. 

Convulsions had begun before the injection at (b) 

and possibly this may account for the flow of urine 
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observed. 

Exp./4 5 (see tracing) Rabbit weight 1.8 kilo, 

chloroform, paraldehyde. Blood pressure from 

left carotid, canula in right external jugular 

vein. Before the tracing was taken the 

abdomen was opened and an attempt made to 

estimate the rate of the flow of urine. This 

part of the experiment failed, but the manipu- 

lation of the intestines seemed to cause reflex 

irritation of the inhibitory mechanism of the 

heart. 

At (a) .6 c. c. of a 0.5% solution, of 

tutin (33 mlgm.) was injected into the vein and 

a fall in pressure ensued. At (c) the respir- 

ations were noted to be 80 per minute; previous 

to the injection of tutin they were 40 per minute. 

At (d) the actual pressure was measured and found 

to be 2* inches. At (f) the left vagua was 

divided; at (g) the tight vagua was divided and 

the pressure immediately rose, pointing to the 

presence of some cardiac inhibition which was 

relieved by the section. 

113. 
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114. 

This experiment seems to indicate that when 

tutin is administered to an animal suffering from 

cardiac inhibition a fall in pressure results. The 

explanation of this may be that tutin increases the 

excitability of the centres involved. The same 

result was obtained in Exp./.4,-V RnitEts&hown at (l4) 

on tracing } it was also seen on 

another similar occasion. 

Exp. /4_6 (see tracing) 

Rabbit, weight 1.8 kilo. Chloroform; 

paraldehyde. Blood pressure and respiratory 

movements simultaneously recorded. For record- 

ing the blood pressure the usual technique was 

employed. The respiratory movements were 

recorded by fixing an ordinary cardiograph 

round the chest. 

At (3) 06 c. c. of a 0.50 solution of tutin 

were injected into the jugular vein. There 

was no immediate effect, but the pressure, as 

shown on the tracing, is seen to rise slowly and 
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the force of the heart beat is markedly increased 

as indicated by the movement of a manometer style 

At (8) another injection of 0.6 c. c. tutin sol- 

ution tutin was given. From fS) onwards there 

were constant twitchings of muscles and minor 

convulsions involving the respiratory movements. 

These continued for from twenty to twenty -five 

minutes and then the breathing assumed a Cheyne- 

Stokes character and was accompanied in the blood 

pressure curve by well. marked Traube Hering 

curves. These point very clearly to the sel- 

ective action of the poison being on the centres 

in the medulla oblongata. 

As the result of some difficulty in adjusting 

the recording part of the stethograph, only 

coarse respiratory movements are shown towards 

the end of the tracing. 

P.M. The uterus contained several foetuses; the gall 

bladder was distended, and the heart presented 

the appearance met with in death from asphixia. 
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Exp./41 (see tracing) Rabbit, weight 1. 7 kilogram, 

chloroform, paraldehyde. Canula in right 

carotid, canula in left external jugular vein. 

Respirations recorded by an india- rubber bag 

tied round the thorax connected to a recording 

tambour. 

The first part of this tracing shows the normal. 

At (1) 0.6 c. c. of a 0.5% solution of tutin was 

injected into the vein, and the pressure began 

to rise gradually, at (2) the amplitude of the 

respiratory movement is seen to be markedly 

increased, as also is the force of the heart 

beat. At (7) there was rapid twitching of 

all the limbs, which was more or less continuous. 

'From this point onward the tutin effect became 

more and moro marked. The twitching increased 

in severity, and the blood pressure curve showed 

marked irregularity and a further augumentation 

in the force of the heart beat. At (9) 

another injection of tutin was given and was 

followed immediately by violent convulsions and 

116. 
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discharge of urine. 

2% (see tracing) Effect of tutin on vague 

terminations in heart. 

Rabbit, weight 1.62 kilogram, chloroform, 

paraldehyde. Blood pressure and respiratory 

movements recorded. The technique for the 

blood pressure was as before, with canula, in 

(Ce2-?ita-(4. ital-Cr_IL-Li:1 /TLC av-u_i 

the carotid artery.auld external jugular vein. 

A considerable improvement was affected in the 

method of recording respiratory movements. The 

india- rubber bag was dispensed with and the 

receiving tambours of two cardiographs were 

fixed to a strip of lead which passed round the 

thorax and held them in contact with the chest 

wall. They were then connected to one record- 

ing tambour. The right vagus was divided, and 

at (11) the lower end was stimulated with the 

coil at 17 c.m. This caused a slight fall in 

pressure. At Z12) the lower end was again 

stimulated with the coil at 16 c.m. and again 

a fall in pressure resulted. At (13) 



118. 
stimulation of the lower end of the coil at 18 c. m. w A 

itithout_ effect. 

At 44) 3 m1gm.tutin were injected into the vein. A 

slight fall occurred followed by a slow, continuous 

rise and the respirations became markedly increased 

in force. At (15) the lower end of'the vagus was 

stimulated with the coil at 18 c.m. but without effect. 

This was repeated at (16) and again without effect. 

At (17) the stimulus was applied with the coil at 17 

c.m. with no result but at (18) with the coil at 16 

c.m. a fall in blood pressure occurred. This fall 

may be compared with the fall at (12) before tutin was 

injected. The degree of fall is practically the same 

in both. At (19) and (20) with the coil at 15 c.m. 

and 14 c.m. respectively the stimulus affected a fall 

of pressure in each case. 

The results obtained in this experiment would 

indicate that to tin has no special action on the term-1 

inations of the vague, in the heart. 

The fall of pressure at fl4) may be explained as due 

to reflex irritation of the cardio- inhibitary mechanism 

plus the action of tutin. In the earlier stages of 
the experiment the vague was stimulated whilst still 
uncut. This result corresponds with that of Exp. ì4 4 
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Exp. /4Q (see tracing) 

Rabbit; weight 1.62 kilogram, chloroform, paraldehyd 

Blood pressure and respiratory movements recorded. 

Blood pressure from right carotid,. canula in left 

external jugular vein. The experiment was 

again intended to show the influence of tutin 

on cardiac inhibition. It was found that 

hen the lower end of the divided right vague was 

stimulated with the coil,before tutin had been 

injected, at 18 c.m. inhibition was shown (4 on 

tracing) with the coil at 19 c.m. (5) and 18.5c.m. 

(6) the stimulus had no influenc . The electrodes 

were applied for ten seconds each time. At (84. 

0.6 c.c. of a 0.5% solution of tutin was injected 

into the vein, and this had little or no effect 

un the blood pressure. 

At this stage the canula in the artery became 

blocked and it was necessary to use the other 

carotid, the discarded artery being tied. This 

may have some disturbing influence upon the result 

but it was thought that the brain might receive 

sufficient blood through the vertebral arteries. 

At (15) the stimulus was applied with the 

coil at 18 c.m. and a fall in pressure similar 

to that at (4) occurred. The stimulation was 
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repeated (16) with the coil at 16 c.m. and a 

fall occurred, but in this case the fall is 

evidently due to some other variation, such as 

aube- Hering curves, which now made their 

appearance. 

The latter part of the tracing shows the 

typical appearance shown in tutini sed animals 

when the convulsions have become well marked: the 

convulsions affect the respiratory tracing and 

blood pressure curve almost simultaneously. 

At (30) 0.6 gram chloral hydrate was injected 

into the vein and the heart stopped beating almost 

at once, and the respirations ceased very shortly 

afterwards. 

Exp. /519 (see tracing) Rabbit 1.8 kilogram 

chloroform paraldehyde, blood pressure from left 

carotid; canula in left external jugular vein. In 

this case it was deemed desirable to use a form 

of manometer that would show the individual heart 

beats more clearly and so Gad's spring manometer 

was used in place of the iaercury apparatus. The 

instrument served the purpose, but owing to the 

inflexibility of the metallic membrane the excursion 

of the lever was very slight. The respiratory 

tracing was obtained in the usual way and all 

other parts of the technique were as before. 

120. 
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The normal rate of respiration of the heart 

beat is shewn to the left of A. The heart 

beats can be counted with the aid of .à, lens in 

the blood pressure curve. They are regular, 

five to each respiration, and 240 per minute. The 

respiratory rate is 48 per minute. At A. 0.6 c.c. 

of a 0.5% solution of tutin was injected into 

the vein, and caused no change in the height of 

the blood pressure curve. At B it was found 

advisable to increase the rate of the drum and 

at this point the respirations number 53 per 

minute add the heart rate is exactly the same 

as before (240 per minute.) At C. both vagi 

were divided and the rata of respiration fell to 

23 per minute, but the heart continued to beat 

at the rate of 240 per minute. At D.0.6 c.c. 

of a 0.5% solution of tutin was injected into 

the vein. This was followed by no increase in 

the rate of respiration and the heart beat was 

still 240 rer minute. At L. 1 c.c. of a 0.5% 

solution of tutin was injected into the vein and 

the rate of respiration rose very slightly -24 

per minute, but the heart continued beating at 

the same' rate. At F. the drum was stopped 

for a few minutes and restarted 
as soon as 
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convulsions appeared ,which occurred suddenly. The 

respiratory rata is increased but the tracing is 

so irregular that no accurate figure can be 

given. The fall in the blood pressure curve 

at G. was due to accidental interference with 

the apparatus. At H. another dose of 1 c.c. tutin 

was given intravenously. The spasm of the 

respiratory muscle was so great at this point 

that the movement of the chest was very limited. 

Later on, just before 1., the respirations 

became more regular and deeper and at this point 

n nber ed 36 per minute between two convulsive 

seizures and 72 per minute during a fit. At 

this point the blood pressure tracing shews Sume 
That 

apparent irregularity in the heart's action. this 

was due to the extremely rapid and forcible 

respiratory move ents which were present is shewn 

by the fact that later on between J & K where 

the respiration is slower and deeper, the tracing 

shews very distinct forcible beats. 

The blood pressure tracing here shows a 

curious periodicity in the heart's action. 
One 

or two beats are missed at each inspiration. 

The ex-planation of this was not ;.t first 

dear but in a subsequent experiment on a cat 

(Exp. /5"3 ) where the heart was auscultated 
as 
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the animal was dying and breathing in the way 

shown in the tracing, it was noticed that towards 

the end of each insniratien_ the heart missed 

two or. three beats. The explanation of this 

seemed to be that as the respirations were 

infrequent and deep, and the respiratory passages 

obstructed by Quantities of mucus and saliva, the 

deep forcible inspiration created so much negative 

friorax 
pressure in the t that the heart was unable 

to beat until the pressure was relieved by 

expiration. That the variation was the to 

respiratory influence and not to any action of 

the drug upon the circulation was shown in the 

case of this cat by the fact that when respiration 

had ceased the heart continued to beat regularly 

for two and a quarter minutes. 

Shortly after J. on the tracing the rate of 

the heart beat is 260 per minute, and the respira- 

tory rate 97 per minute. 

In this experiment the injection of tutin 

caused only a slight change in the rate of the 

heart's action. The tracing shows the typical 

effect of tutin in increasing the depth and 
rate 

of the respiratory movement. 

SUMMARY. 

Rate of Heart In the frog's he . rt the rate 
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is sl i -ht1y diminished, but in the mammalian 

'heart with vagi intact tutin caused no change 

in the rate. (Exp. 1516 before and after A.) 

After division of the vagi tutin caused onl y 

a slight increase in the rate towards the end of 

the experi- ent (260 as compared 7!it1 240) 

Force pof _beat T'-ere is a distinct increase in 

the farce of the contraction both in frogs and 

in na- ;.1.al . This may be seen in all the tracings 

Ft occurs both with the vagi intact and with 

the vagi divided. 

It is difficult to say how these effects 

are brought about. They may be due to an 

action on the intrinsic ganglia of the ?.eact, 

because they are seen in the pithed frog. 

RayzulELrity: In frogs an irreguularly beating 

heart is frequently made regular by the applicatio 

of tutin. 

In mammals some interaission of the beat 

was observed in one case (Exp-. /5 3 ) where the 

heart was a.uscu? tatted and in Exp. i6'o this is 

shewn on the tracin7 r /tjf4In_ both experiments 

it occurred towards the end when the breathing 

was dean, slow and obstructed, and it may be 

explained as due to t he extreme negative pressure 

induced under these circumstances, during 
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Cardiac inhibition. Unlike picrotoxin,tutin 

does not specially affect the cardio- inhibitory 
(3o) 

centre. Sch!i edeberg states that the influence of 

picrotoxin on the cardio- inhibitory centre is 

so great that the heart is brought to a standstill 

in diastole; but this effect is not obtained with 

tutin. 

When there is reflex irritation of the 

cardio-inhibitory centre, tutin causes a fall of 

pressure, bat the pressure rises rapidly when the 

vagi are divided (Exp. 'I*ó also Exp./4F ) 

The excitability of the vague endings to 

electric stimulation is practically unaffected by 

tutin (Exp. l44 /40 

Blood Pressure. The usual effect of tutin is 

to cause a slight rise of pressure. 

Towards the end well marked Traube- Hering 

curves are frequently seen and during convulsions 

te curve is very irregular. 

With regard to Christie's statement that the 

arterioles are contracted; no experiments have been 

done, but the evidence of marked congestion of the 

whole central nervous system obtained bistologic- 

ally spews that in that case at a'1 

arterioles must be dilated 

events the 

125. 
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Resni:ration 
The rate and amplitude of the 

respiratory movements is markedly increased as 

shown in Exp./46',C, where the rate is doubled 

after the first injection of t-ttin This is 

among the first and most constant of the phenomena 

noted in tutinised animals and is evident on all 

the tracings given. During the corva1sive 

seizures the spasm of the respiratory muscles is 

very marked and respiration is often brought to 

a complete stand -still, e.g. in a cat Exp. 3 

during an interval of 42 minutes no visible or 

audible sign of breathing could be noted. These 

tetanic spasms without doubt frequently cause death 

from asphyxia. That respiration ceases before 

the heart beat is a constant observation. It was 

seen in fishes and in all the animals experimented 

upon where such an observation could be made. 

Cheyn_e- Stokes respiration appears in some 

cases, the climax of the period of respiratory 

activity corresponding to the highest point of the 

Traube- Hering curve, which appears simultaneously. 

(See Exp. /4f- -6 ) 

(4 URINARY SYSTEM. 

IIicturition was a marked feature in catd 

poisoned by tutin. It occurred voluntarily 

several times before convulsions occurred, 
and 
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during the convulsions (and this is true also of 

rabbits and guinea pigs) involuntary discharges 

of urine occurred. In the majority of cases the 

bladder was found distended after death, even 

where a free discharge of urine had taken place 

during the convulsions. This points to an 

increased secretion of urine. Attempts were made 

to estimate the rate of flow in anaesthetised 

animals (Exp.J ,'4.6) but without satisfactory 

results. 

This increased secretion pointed to the 

possibii .ty of tutin lyeiiig eliminated in the urine, 

and so an attempt was made to recover tutin from 

the urine of poisoned animals. urine was 

collected by incising the bladder after death. It 

was evaporated to dryness and exhausted with ether, 

but no crystals of tutin could be detected on 

evaporating off the ether. The residue from the 

ethereal solution was in one case dissolved in 

saline and injected under the skin of a frog 

(Exp. /T/ ) but with negative results. The urine 

was in several cases examined for abnormal con- 

stituents but none was found. 

GENITAL SYSTEM 

Many of the animals experimented upon 

were pregnant females in different stages 
of 

pregnancy but in no case was abortion observed, 
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although the animal was under the action of the 

poison long enough for it to occur. 

07-) ITE:RVOUS SYSTEM 

The symptoms that appear in animals poisoned 

by tutin point clearly to the central nervous syste 

as the part of the body that is specially affected 

by the action of the poison. The two cardinal 

symptoms are convulsions, and a dulling, or blunting 

of the mental faculties that in the early stage 

:tees the animal appear dazed and stupid and in 

the later stages passes into actual coma. 

CONVULSIOtiS. The convulsions are obviously of 

centrai origin. They bear a close resemblance 

ta an ordinary epileptic fit, which is generally 

held to originate in the cortex. Whether the tutin 

convulsions originate in the cortex or not, it is 

certain that the nerve cells in the basal ganglia, 

pons, medulla and cord are profoundly affected. 

This is shewn by the action on the vomiting cens 

tre, respiratory centre and cells of the cord. 

Among the first symptoms to appear are 

twitching of the ears, blinking of the eyes, 

and :movements of the lips. These are followed 

by jerking of the head and movements of the fore 

and hind limbs. These movements may be 

attributed to irritation of the cells of either 

the upper or the lower motor neurones. In order 
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to deter nine more accurately the site of action 

the following experiment was made: - 

Exp. The right cerebral ' hemisphere was 

exposed in a cat and a large dose of tutin 

injected hypodermically. mien general convulsive 

movements had developed, t1-le right cerebral 

hemisphere was removed, Yow had the convulsions 

been cortical in origin, one would expect them to 

have ceased on the left side of the body; but they 

continued as before affecting both sides equally 

The left hemisphere was then removed but 

the movements were unaffected and continued on 

both sides equally. So it may be concluded that 

the convulsions may originate in the cells of the 

lower neurone, or at any rate that the upper 

neurone is not necessary for their development. 

Further observations made in this experiment 

lend suppoft to this suggestion. After the cere- 

brum had been removed the cord was divided at the 

level of the 5th dorsal vertebra. Four minutes 

afterwards tonic and clonic spasms of the hind 

limbs were observed and continued intermittently 

for a quarter of an hour. As the cells of the 

cord were now completely cut off from the higher 

centres, these movements probably originated in 

the lower neurone. 

Post Mortem. The chest was opened just after 



all respiratory movement had ceased and the heart 

was seen to be still beating. The bladder was full. 

The cerebral hemispheres were found to be 

entirely removed. The cord at the seat of section- 

was examined and it was found that division was 

complete but there had been some crushing of the 

tissue on either side of the section, and the dura 

mater was still intact. Although satisfied that 

division was complete, it was thought that the 

crushing of the cord may have caused irritation 

which might possibly be held to account for the 

movements observed in the Linder part of the body. 

It was resolved therefore to repeat the experiment. 

This was done as follows:- 

x:0. /3-3) A cat was chloroformed, the cord exposed, 

and completely and cleanly divided in the mid- dorsal 

region. 5 mlgu. of tutin was then injected iato 

the peritoneum and chloroform anaesthesia discontinue'. 

Ten minutes later no reflex could be elicited 

from the left hind foot, while the left fore foot 

responded normally. Fifteen minutes after the 

injection of tutin, twitching of the ears and jerking 

of the head begaaà :and became very distinct at twenty 

four minutes. Two minutes later a convulsive 

movement of the fore part of the body occurred and 

was acco.npani.ed by a _.lovernent of the tail_._ These 

convulsive movements of the fore part 
of the body 
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continued for nearly an hour and the animal died 

one hour and seventeen minutes after the injection 

of tutin. About half an hour after the cord has 

been divided and tutin injected, reflexes could be 

obtained from the hind limbs, and ten minutes later 

a stimulus applied to one hind limb caused movements 

of both. During the last half hour of life the 

movements of the tail became more and more marked. 

They generally appeared just at the beginning of 

each convulsive seizure of the fore part of the body, 

but they also occurred independently. Sometimes 

the whole tail was moved from the root, at other 

times there was only a slight movement of the tip. 

One hour after section of the cord convulsive 

movements (tonic & clonic spasms) of the hind limbs 

occurred and were accompanied by defaccation and 

erection of the hairs of the tail. These convulsive 

movements were frequently repeated. By this time 

the fore part of the body had become quiescent, but 

the spasms of the hind limbs i ncr:;aeJcì in se verity 

until death . It was in this experiment that the 

heart was observed to beat intern: :itten_tly during the 

long drawn,obstructed inspirations. When respir-atio 

had ceased it continued to beat regularly for 
two 

and a quarter minutes. The conclusion to be drawn 

from these two experiments is that the convulsions 

that occur in tutin poisoning may originate 
in the 

1 
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lower centre of the por_slmedulla and cord. The 

action of the 

corresponds to 

picrotoxin can 

the spinal 

cord is a late appearance and this 

the finding of Gottlieb (28) that 

elicit convulsions below a section of 

cord and that these appear later in the 

hinder part of the body. 

This result does not agree with the statement 

made by Marshall (24) that the spasms in tutin 

poisoning ale not produced below a section of the 

cord. 

Like other convulsants tutin raises the 

excitability of the reflex arc. This is shewn in 

the last experiment where crossed reflexes could be 

obtained soon after section of the cord. This rise 

in excitability might explain the severity and 

frequent repetition of convulsive seizures when once 

they begin, for it is known that in strychnine 

poisoning, where the reflex excitability is raised, 

tl e afferent,probably painful, impulses coming from 

the convulsed muscles originate further convulsions, 

and thus a sort of vicious cycle is set up. 

In this connection it may be not that it -s 

long , =: ,i i ;o farmers that if "tooted" sheep 

are left undisturbed no symptoms =.iay appear, but once 

the symptoms are initiated,say by the bark 
of a dog, 

they continue and are from the outset severe. The 

explanation given above would account for the 

Apparently sudden onset of severe symptoms. 



It seeded of interest to determine whether the 

reflex time was shortened. Florence Buchanan (29) 

found that strychnine in small doses did not percept- 

ibly shorten the reflex time. It was impossible 

in this case to use the sale elaborate method, so 

recourse was had to the simple but less accurate 

method of Turek. The resultsof the experiments 

with details of the method are given in the protocols 

but they may be shortly sue mari sed here. 

Six experiments were made. In three of these 

(Lxp. 3, i6-6, isr ) the reflex time was shortened 
se«"s Sece,..oes J ecc) d steam)) 

from sixAto four,'from six to to five nand from 6.1 to 
u 

3 respectively, while in three others (Fxp. i5 'rf1,il 

the time was lengthened from 8 to 12.2, from 8.3 to 

22 and frogs 8.5 4 to 44. 
K 

From these results it will 

be seen that no definite conclusion could be drawn. 

The one thing that did appear in these experiment 

was that the amount of movement was increased after 

the injection of tutin, the stimulus as a rule now 

causing general movements of the body. Thus though 

the effect of tutin upon the reflex time remained 

doubtful, its effect in increasing reflex excitabili 

seemed to be clear. 
/s" r 

In -rog the injection of tutin caused a 
A 

typical convulsion, and in this case it was found 

that the optic lobes had not been pithed. 
In cases 

where the pithing destroyed all parts but 
the cord n 
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convulsions occurred. Although this differs from 

what was found in mammals where tutin produced spasms 

below a section of the cord, it agrees with Gottlieb's 

(28) finding that in picrotoxin poisonin i?n fróes 

convulsions did not occur below a section of the cord. 

The second important symptom of tutin poisoning 

is the comatose condition that is so invariable an 

accompaniment. This occurs in various degrees 

according to the dose and it deepens as the case 

advances. In the recorded cases of poisoning of 

human beings referred to on pages /$ complete 

loss of consciousness,a ̂.d subsequent loss of memory, 

was frequently observed. Loss of memory appears 

to occur also in lower animals for shepherds have 

a 
observed that "tooted" lamb which has recovered does 

not know its own mother, and the ewe may be seen 

following her lamb and striving to excite recognition. 

Another proof that abrogation of sense perception 

obtains is the marked absence of any evidence of 

pain: - The- animals Utter no cry of pain although 

the convulsions are very severe and would, were 

this condition not present, be most painful. 

From the examination of sections of the cerebrum 

medulla and cord, there is evidence of great congestinn 

of these parts in tutin poisoning. The central 

nervous system was examined in several cases 
after 

death and congestion of the membranes was 
mound in all. 
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In one case the gray ;Latter of the cord when 

seen on section_ was distinctly reddish. Piecas of 

cord, medulla and cerebrum were fixed in 8% formol, 

and sections were made and stained by- Nissl's method, 

and also 1.27 Muir's eosin and methyl /n_e -blue method. 

On microscopic examination the Nissl granules 

shewed no obvious change, but there was very evident 

conge.tion,shewn especially well by Muir's method. 

The capillaries and srr_all vessels seemed more 

numerous than normal because they were rendered 

visi -r.le by being crowded with red blood corpuscles. 

At several places there were collections of 

corpuscles, pcinting to small eatravasations of 

blood . These changes were present in the grey 

matter cf the cord, medulla and cerebral cortex. 

The appeilrances at once suggested that more or 

less permanent damage would have resulted had the 

animal lived.- (Slices sheaving this congestion,etc. 

accompany the tlCEi0 sg s 
ú 

U.J 
Z.; " 

it ITas 'ree _ 
s=ry d in cases of tutin poisoning 

that sometimes the victim does not completely recover; 

a more or less permanent mental alienation remaining 

as an after effect. 

Lauder Lindsay (3) in one case of poisoning he 

records, in which convulsions were a 
prominent 

symptom, notes that the suoject11never completely 

recovered, there remaining to this day a peculiar 

form of nervous irritability not 
observable prior to 

i 
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this toot- poisoning". The present writer has 

knowledge of another case,althou h unfortunately.no 

authentic details are available,where two children 

were poisoned by tutu. They were both very 

seriously ill and one died. The other recovered, 

but incompletely, mental enfeeblement and a squint 

remaining as after effects. 

SGquelaa of these kinds may possibly 110 

explained as resulting from permanent cdaaiage done 

to t :ne nervous tissue by the extreme congestion 

and the small hemorrhages which occur in the cerebral 

cortex as. .yell as throughout the whole grey matter 

of the central nervous system. 

Sympathetic nervous s s tea. 

This was not specially examined by 

experimental methods, but that the nerve cells 

here were also affected was shewn by the viscid 

character of the saliva secreted by cats, by the 

dilatation of the pupil that occurred during 

convulsion, and by the erection of the Lairs of the 

tail. 

In short it is probable that tutin affects 

every kind of nerve cell; the fact that the 

Medulla is seen to be specially affected being 
due 

to the sensitiveness of the cells in that 
region. 

Effect on the pupil a.nd eon, unétiv4 

When dropped into the eye of a rabbit,tutin 
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solutions cause no local irritation and no change 

in the size of the pupil. (Expl o, /6/ ) 

(0/6z) 
catA and for the 

the fro4;,'633 During convulsions in 

pigeons dilatation is well marked. 

The action of coriamyrtin was studied in 

the same way, because it is said by Riban (15) to 

cause contraction of the pupil in rabbits when 

applied locally. It was found to cause contraction 

in the excised eyeball of the frog, but the results 

of applying it to the eye of a rabbit and of a cat 

were negative. ('Exp.l006-) 

holds good for the 

The same 

excised eye of 

the cat and in 

Action of tutin on General Nutrition. 

It is not an uncommon opinion among farmers 

that animals who eat the plant in moderation thrive 

well on land where tutu abounds. To test whether 

tutin had any injurious influence on general(c I 

rautrit4on, a young 

tixtiñ'by the mouth 

rabbit Was giver small doses of 

every third or fourth day for 

nearly t o months - the dose being gradually 
g 6 

increased up to 7 mlgr. per kilo ( rnlgm. per 

kilo is a fatal dose by the mouth in rabbits). 

During this time the animal grew and developed 

normally nd it increased in weight from 777 gram 

to 1154 gram. This shews that tutin does not 

retard growth. 
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Another experinen_t was made on a guinea pig 

(Exp. /67 ) the animal being treated like the 

A second guinea -rig, as a control, was kept in 

the same hutch and abundance of food was supplied. 

In thirteen days the animal subjected to the 

influence of tutin gained 16 gram, and the cent_ el 

in the same time gained 38 gram. The animals 

however a er y h - the control 

being younger apparently guinea here. 

From these data it locks as if tutin had no 

injurious influence on general metabolism. (c.f. 

Exp. /6- on a pigeon) 

Fate of Tutin in the Bode. 

It is impossible to trace in the tody the 

fate of a sutstance which like tutin contains only 

C. H. & 0.,but that the tutin is not rapidly 

destroyed of eliminated was she by the fell 

experiment:- 

/ 3J A guinea pig was given by the mouth on 
o 

alternate days a dose tutin which was near the 

minimum lethal dose; thus 1.5 mgm. per kilo was 

given on the 3 ?t'r_, .9th & 22nd February. No 

symptoms appeared, so that the animal was able 

either to oxidise or to excrete this amount in 

two days. On the 24th it received 2 mgm. per kilo 

and a similar dose en the 26th. On the 27th it 

was found dead. So that it is apparent that a 



/1YH 

guinea -pig is unable to dispose of 2 mgra.per kilo 

within two days. Enough tutin must have been 

remaining in the body at the end of the second day 

when 2 mgrr.. per kilo was given, to raise the total 

amount to the lethal dose. 

Immunity or Tolerance. Several experiments were 

made with the object of determining whether teler-k 

ante of the effects of the poison can be established. 

Chit/ ig A pigeon that had been subjected to gradually 

increasing doses by the mouth over a period of ten 

days witlistood 16 mgr1. per kilo. The minimum 

lethal dose in pigeons by eral administration 

is about 10.25 ng,l. per kilo. A second pigeon, )07) 

treated in the sane way for over three weeks, 

succumbed to 12 mgm. per kilo. A guinea- pig(ilb i6`y) 

which was being treated in the same way and had 

received several small doses was killed by a dose 
f 

of 7.5 mgni. per kilo given by mistake, and to a 

/40 
rabbi alr ady referred to above when considering 

the effects on general netabelism, small doses 

gradually increasing te 51421&a. per kilo were given 

ever a period of two . cnth.s. 
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Pharmacological Relationship of Tutin. 

Schmiedeberg (30)placel coriamyrtin in the picrotoxin 

group of nerve and muscle poisons. 

This group is closely allied to the camphor and 

digitalin groups, which include a number of the 

strongest non -nitrogenous poisons found in the veget- 

able kingdom. Other members of the group are circu- 

toxin, a resinous substance derived from the water 

Hemlock; oenanthotoxin, from the water Dropwart; 

digitaliresin and toxiresin, decomposition products 

of digitalin and digitalein respectively; and oleand- 

resin from oleandrin. These substances by their 

action on the medulla oblongata all cause general and 

respiratory convulsions, slowing of the pulse and a 

rise in blood pressure. 

Tutin, as has been shewn, possesses these actions 

.common to the group. Some experiments were made to 

determine its toxic power as compared with picrotoxin 

and coriamyrtin (a very small quantity of the latter) 

it mlgm. dissolved in absolute alcohol, was kindly 

suppl ied by Mr. As ton of the Agricultural Department 

of the N. Z. Government. He in turn had obtained it fróm 

its discoverer, Monsieur Ribanl. 

Tutin co4ared with Picrotoxin. In the experiments with 
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fishes, it was found that picrotoxin was more lethal than 

tutin when equal p2:icc'ntaÉ"..s of tho to were used, 

and in equirn.ulecular solutions it proved much 

::or s: le ,ä 1 . mammals ammals, on the other hand, tutin 

was found to be more fatal than picrotoxin. In 

Exp. 4e- a cat receired 0.375 mgm.,per kilo of 

tutin, it developed severe symptoms but recovered. 

/ j'Two days later it received exactly the sane 

weight of picrotoxin without the development of 

any symptoms. The solution of picrotoxin used 

had been made seven months previously, and lest 

it ..ad deteriorated a fresh solution was made and 

tire sEJ1e dose repeated five days later; beyond 

defaecation and occasional swallowing movements 

no symptoms appeare L/qIt was therefore concluded 

that tutin was more poisonous to mammals than 

picrotoxin. Following the procedure adopted in 

the case of fishes, the two were then compared in 

eq;,iinolecular strengths and 0.375 X 383 argra. par 

177.74, 042) 
kilo given hypodermically to the sai;le cat. A It 

developed twitching, vomiting and other symptoms 

resembling those seen with tutin. Only one 

general convulsion occurred,however, whereas the 

dose of tutin had caused very numerous convulsions.- 

It receover=.d in a shorter time and the whole 

effect was much less severe, so that in contra- 

distinction to fishes mammals may be said to be 



more susceptible to poisoning by tutin than by 

picrotoxin. 

Tutin and Cori a:.grf n. The quantity of caria- 

myrtin mentioned above was insufficient for an 

extended series of experiments, and only one cat 

was subjected to its influence (Exp./'7/ ) The 

symptoms s were very similar to those of tutin 

poisoning; twitching and convulsions were vary 

marked. In the convulsions the tonic spasms 

were not so prolonged as injthe case of tutin, the 

clonic element being faore in evidence, emprosthoton- 

-41s appeared instead of tree opisthotono ,s which 

is so invariable a feature of tutin convulsions. 

Salivation, vomiting, respiration, erection of 

hairs of tail and dilation of the pupil were all 

present as in tutin poisoning. A strict comparison 

of its toxic power can hardly be drawn from one 

case, but if the time taken to kill be proportional 

to the toxic power, tutin is the more lethal of 

thw two; 

+ 

for 3 mgm. per kilo of tutin killed a cat 

1. (Jxp. ) in 31 minutes, while this cat with 

tt°e samd dose of coriayrtin died in 42 minutes. 

,;,,i6/72) 12 mgm. per kilo proved fatal to a frog. Bilty- 

It displayed tie symptoms seen in tutin poisoni_ 

The tine of death could not be noticed so no 

strict comparison can be made with tutin. The 

minimal lethal dose of tutin in frogs is between 

10 and 11 mlgm. 

142. 
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On the whole, the impression left on one's mind 

is that there is co^paratixely little difference 

in t' ̂e toxic power of the two substances; but the 

mental effects seem more marked in the case of the 

cat poisoned by tutin. 

XV M ACTION OF REMEDTES. 

Although not strictly within the scope of the 

title of this paper, notes of some experiments 

made to show the influence of remedial measures 

will ee included here. These experiments were 

made from tiwe to time while the physiological 

action of tutin was being ex_ _- eed, and before 

the experiments on the action of alkalies on tutin 

had been undertaken. They are necessarily 

therefore incomplete, but acme points have been 

investigated and some observations made which it 

is hoped may prove e; value in the treatment of 

Ceases of poisoning. 

In tutu poisoning various remedies have 

been suggested from time to time and the rationale 

of some of these is difficult to understand. With 

shepherds bleeding is a favourite method of 

treatment. It is usually Gone by slashing the 

ears or tail or by incising the roof cf the mouth. 

It is said to be of special advantage in 

young sheep, but in older sheep it is regarded by 

some as being dangerous and as tending rather to 

hasten the end than to promote recovery. Carbonate 

of ammonia is also used; a lump about 
ire size of 
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a walnut being dissolved in water and poured down 

the animal's throat. 

In 1870 Hughes advocated the use of lime as 

an antidote . He was led to do this from the obser- 

vation he i;ad .rade that lime destroyed the activity 

Bof the poison. Cases in human beings have been 

treated with lime and it is said successfully. 

The Maoris depended largely upon partial 

asphyxiation as a .beans of treatment. This was 

effected either by holding the patient under water 

till he was nearly drowned, and repeating he 

iliTillc:rsion as soon as he showed signs of 7 °3turning 

life, or by suspending him head downwards over the 

smoke of a fire. Another method ( 31 ) 'kvas 

to bury tha patient in the ground up to the neck 

apparently with the object of restraining the 

convulsive movements. 

Professor Marshall (A) in a report made 

to the Agricultural Department of the New Zealand 

Government, recommends bleeding and the intravenous 

injection of chloral hydrate. In connection with 

the use of chloral hydrate it may be noted that 

Crichton BrowrAstat s that he was able, by the 

administration of chloral hydrate, to prevent 

death in a rabbit which had received five times 

the minimum lethal dose of picrotoxin. 
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145. 
The results of some experiments _rade with chloral 

as a. re_:.ed;r in tutin poisoning are given in t1414. 

T 6i /7e0 
ZP. ílle 1/w + It will noticed that in a rabbit FiïCh 

h 

received a lethal dose ( j r;algïsi. por kilo hypoder- 

mically death was prevented 0.6 gram of chloral 

hydrate. It should be stated that the chloral 

was first given by the rectum and the tutin acirlinis- 

ter4d hypodermically as soon as the anaesthetic 

effect of the chloral was established, so that 

every chance was given to the action of the chloral. 
/75- 73 

In twQ rabbits,ASVherc; 4 :alg::. of tutin per 

ii l was given, death occurred. The or7c ijed 
1gra<< of chloral per rectum in one dose arid the 

.;t 1 r hypodermically i , edi âtel, afterwards. It 

died in six hours in tutin corvulsions. The othern 

received 0.6 gram chloral per rectum, and while 

asleep, ten minutes later, the tutin tiras given 

1°.ypodernicai y i oison irg 

came on in less than two hours and continued for 

an hour and a ".alf. As the animal see_qed likely 

to succumb, a further dose of 0.6 gram chloral 

was given, and in about a quarter of an hour the 

symptoms subsided and the animal recovered. i.ext 

day it was suffering from diarrhoea and ti7e 

following day was found dead. Possibly it died mor 

from the after effects of the chloral than from the 
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tutin, and it looked as if a little careful nursing 

would have led to its recovery. 

A guinea-pig which had received 7.5 mlgmA /O 

tutin per kilo by mistake and was then given chloral 

per rectum died in a somewhat similar manner. It 

recovered fully from the tutin convulsions but 

became paralysed in its hind -quarters and died on 

the second day after the tutin was given. It also 

had diarrhoea. 

Frogs which were given just over the lethal 

dose of tutin (11 & 12 mign. Per kilo) were not 

saved by chloral in moderate doses given hypodermic- 

ally at the same time. ,s / ? ?, /7S /77) 

On the whole the use of chloral seems to be 

justified and in cases of poisoning in mas, where 

the symptoms can be more accurately observed and 

interpreted and dangers more easily circumvented, 

it should prove of great value. The beneficient 

action of tutin on the heart would allow of the use 

of larger doses of chloral than are usually employed. 

FAraldehyde and Chloroform. 

In the experiments on blood pressure where 
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the animal was under a larger dose (1.2 to 1.5 

c.c.) of paraldehyde, convulsions nevertheless appeared, 

and the mode of death was that of tutin poisoning. 

From such a dose of paraldehyde a rabbit may 

ecover ( Exp. i q1 ) but the dose is a massive one 

nd is apparently unable to prevent the development 

f tutin symptoms. In these experiments when it 

as desired to keep the animal quiet it was found 

that chloroform inhalation was sufficient for this 
I 

purpose. The amount required seemed to be great, 

but there was no available means of accurately 

auging the quantity. It was noted in some cases 

hat the convulsions did not cease until the blood 

pressure began to fall and this, taken in conjunction 

with the fact that reflex excitability of the 

ervous system is raised and that tutin therefore 

recreases the effect of any reflex cardiac inhibition 

hich may be present, point to the need of caution 

n its administration in cases of tutin poisoning. In 

act in one case of tutin in a rabbit 
) 
where urethane 
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1.48. 

and sodium carbonate had had no effect in easing the 

symptoms, the administration of chloroform caused 

sudden cessation 6f the breathing which could not 

be restored although the heart continued beating 

and artificial respiration was carried out. 

(4/F0) 
Urethane,, tried in one case just mentioned was 

ineffectual. A dose of 1.5 gram was given to a 

rabbit weighing 1.4 kilogram and 4 migm. , tutin 

was then administered. The ordinary tutin symptoms 

developed, though a little later than is usual with 

so large a dose. 

Morphine, 4 gram injected intravenously at (25) 

(pg op/30a i.a pa J 
on tracing 

/4.g,1 
had no effect on the convulsions of 

a rabbit under paraldehyde. A severe convulsion 

followed very shortly after the injection. 

Atropine, 1 /50th gram given in the same way at (23) 

6N,o s a 
tracing had no effect. 

oscine H, drobro,na to was ' found to be curiously 
A 

1/100th of a gram inactive as regards rabbits. 

in all was given to a rabbit weighing 1.5 kilogram, 

but apparently it had no effect at all, so its 
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influence on tutin symptoms can be disregarded. 

Bleeding is frequently used in cases of tutin poisoning 

and is said to do good, but it is very dirficult 

to judge of the value of the evidence. In the 

experiments on blood pressure the animals were 

frequently bled to death slowly, but no cessation 

of the tutin spasms was observed in any case. 

Restraint of the movements,was tried in one 

experiment on a pigeon but without influencing 

the result in any way. 

Suspension of a rabbit /under the influence of 

tutin by the ears of hind legs had no effect on the 

spasms. 

Partial asphyxiation by blocking the nostrils 

with a damp cloth, (26) on Tracing /4-W had no effect 

on the convulsions. _-jut a stream of C 0 directed 
2 

against the nostrils seemed to render the breathing 

more regular, (27) Tracing 

Alkalies(Line etc.) Hughes' discovery of the action 

of lime on tutin, although generally discredited 

at the time and since, may possibly be utilised to 



some extent in a modified form. Alkalies in general 

have been shewn in the foregoing pages to have a 

very distinct action on the toxicity of tutin; 

thus 0.2% Na 0 H in five minutes at 37 to 40 C. 

completely destroyed the toxicity of a 0.5g solution 

of tutin and possibly the same result would follow 

in a shorter time and with a weaker alkali. 

Since this is so, the treatment of stock 

+oisoned by the tutu plant may be greatly improved. It 

is impossible to fully wash out the stomach in 

erbivora so there is no way of getting rid of the 

eaves, etc. swallowed by the animal, but the 

introduction of a quantity of weak sodium hydrate, - 

simply poured down the throat, or, better, introduced 

by a stomach tube wouid iead 10 the neutralisation 

of the tutin present in the stow amd so give 

the animal a better chance of recovery. The 

ccumulation of gas would at the same time be diminish 

by the absorption of the C 0 which no doh tt 
2 

forms part of the mixture of gasses pr?s =,mtt so 

the distension that so frequently occurs im tivese 

eases would be diminished. 
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The comatose condition which forms part of 

the symptoms of tutin poisoning suggested the. 

possibility of some form of acid poisoning being 

present and if this be so the injection of alkalies 

should prove of benefit. Sodium carbonate was 

tried intravenously in one of the blood pressure 

'experiments, but no apparent effect was observed. In 

another case sodium carbonate was injected into the 

rectum of a rabbit that seemed likely to die of 

tutin poisoning, but here also it was ineffective. 

So that for the present,one can ohly say that 

alkali would render unabsorbed tutin nontoxic. 



GE7ERAL SU111 ARY. 

1. Investigations made on the action of the pure 

principle tutin (C H 0 ) confirmed the 
17 20 7 

results of previous observers that it is in itself 

sufficient to account for the main bulk, if not the 

whole, of the symptoms of poisoning g by the tutu 

plant. 

2. These symptoms, as they occur in cats, have bee 

fully described and the differences which appear in 

other animals noted. 

3. Tutin, or its metabolic products, acts mainly 

on nerve cells, producing first increased excitability 

and then exhaustion. It specially affects the cells 

of the respiratory centre, causing increased rate and 

depth of respiration. 

4. Death may occur during the phase of increased 

excitability (asphyxia during convulsions).or in the 

phase of exhaus tion.various reflex acts, vomiting 

defaecation, micturition may occur during the stage 

of increased excitability. A comatose condition, 
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possibly due to exhaustion of the cells of the 

cerebral cortex is a marked feature in proportion 

to the strength of the dose. It deepend as death 

approaches. Small haemorrhages into and congestio 

of the grey matter of the brain and cord are marked 

features in fatal cases. The Niss1 granules seem 

unchanged when death occurs in a short time. 

5. In strong solutions tutin has a slight 

deleterious action on tissues less highly specialised 

than nerve tissues, e.g. ciliated epithelium, 

muscle. It retards the growth of some forms of 

bacteria and renders motionless and kills paramoec i. 

and other low forms of life. I 

6. The symptoms of poisoning by tutin' 'is in a gtilp. 

eral way similar in widely different forms of 

life. (flies, pigeons, cats etc.) and can all 

be referred to an action on nerve cells. 

7. The minimum lethal dose in milligrams 

body 
per kilo of= -x-reight for different classes of 

animals is as follows:- 
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Cats 

Hypodermically 

about 0.75 mlgm. 

per os. Immersion in 

Rabbits 2.5 " about 6 mlgm 

Guinea pigs a 
2 

Binds less than 5 bet. 10 & 13.25 - 

Lizards bet. 3 & 4 

Frogs bet. 10 & 10.25 

Fishes - abtut 

50 migm. 

8. The effects on the various systems can 

all be referred to the influence on the nerves,e.g. 

Alimentary system, salivation, vomiting (on 

hypodermic injection) 

The circulatory system is not injuriously 

affected by tutin. Cardiaz inhibition does not 

occur and the heart beats forcibly up to the 

time of death. 

Respiration is quickened and deepened. The 

pupil is not affected by local application but 

dilated during the tutin fit. 

General metabolism is not affected. 
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9. From experiments on birds and rabbits, 

some degree of tolerance seems to be acquired. 

The natural relative immunity of birds is 

discussed. 

10. Accumulation of the drug, or of its effects 

may occur. Thus a guinea -pig was found to be 

unable to dispose of 2 mlgms per kilo per as every 

second day. 

11. The toxic action of tutin was compared 

with that of other members of the picrotoxin 

group. It was found to be more toxic than the 

sample of picrotoxin employed. The action of 

coriauiyrtin was found to be very similar to 

that of tutin. 

12. Attempts were made to antagonise the action 

of tutin with chloral hydrate and other drugs, 

with a. slight degree of success. 

Attention is drawn to the powerful action 

of weak alkalies on tutin. The toxic power of 

tutin is completely destroyed by 0.2,g sodium 

hydrate acting upon it for five minutes at 37 deg. 

C., and possibly the action of weaker alkali for 
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less. time would be equally destructive. 

The suggestion is made Mat weak alkali 

should be used to destroy the tutin in the stomach 

in the case of stock poisoned by eating the tutin 

plant. 

k o,s - 
tl 

4 a . -- , 

--7 (Lt. Pital r-c o 
0 

co..Q 

l 1 s ,, ; y " 



C. 

157. 

PROTOCOLS OF THE EXPERIMENTS. j& b / / 
BIBLIOGRAPHY# F D -- 5-If 

( The exp.eriments are not necessarily arranged 

in chronological order). 
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Exp. 1. 

Cat, female. Weight 3.28 kilogram. 

5.25 p.m. Gave 33.4 minims of a .5% solution of 
tutin in 0.70 saline under skin of 
back. (3 mlgm. per kilo body-weight.) 

5.29 Respiration rapid (48 to the - minute) 
hypersalivation; keeps mouth agape, 
panting vigorously. 

5.32 Lying on bottom of cage panting,respira - 
tions audible; mouth open; thick ropy 
saliva pouring from mouth; whole body 
shaking with respiratory effort; pupils 
moderate. 

5.35 

5. 35* 

5.44 

Becoming restless, walks cautiously 
about cage. 

Suddenly seized with violent convulsions, 
tonic spasm affecting all muscles lasting 
30 seconds, succeeded by clonic spasms; 
pupils widely dilated; deXaecation; 
mli.cturition; nose cyanosed; unconscious, 
conjunctival and ear reflex absent. 

almost constant convulsion since last 

note. Now becoming exhausted. Respira- 

tion slow, irregular, spasmodic. Pupils 

dilate during convulsions, contract in 

intervals . 

5.45 Respiration infrequent and jerky. Nits 

in abeyance. Lies full stretched on 

side; twitching of individual muscles. 

5.47 Fit after three minutes interval - tonic 

spasm not succeeded by clonic. 

5.49 Occasional gasping respirations;writhing 

movements of body. 
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5.51 

5. 53- 

5.54 

Clonic spasm, with a few involuntary 
cries. 

Clonic spasm. 

Mistaken for dead, but still respiring 
feebly and at rate intervals. 

5.56 Respiration ceased; heart inaudible with 
stethoscope; pupils dilated; dead. 

Temp. in rectum 102 degrees P. 

P.M. Rigor mortis extremely well marked. 
No sign of fluid at point of injection; 
blood very dark and fluid. 

Abdomen Right horn of uterus contains one foetus 
nearly full size, which looks as if it 

had died in spasm; one hind leg twisted 
over the other, right paw behind right 
ear, claws extruded. 

Gall bladder contained bile. No obvious 
abnormalities. 

Thorax Great veins and right side of heart 
distended with blood. Left side 

contained some dark blood. Lungs 

showed small haemorrhages, as also did 
the thymus. 

Brain & Cord. The membranes seemed somewhat 

injected, grey- matter of cord appeared 

distinctly pinkish to the naked eye. 

Microscopic The cord & medulla were hardened 

in 8" formol, and carried through into 

paraffin, and sections cut. The 

sections were atained by Nissl's method 

with toluidin blue. On examination the 

granules were found to be present and 

normal in appearance. A marked feature 
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was the congestion of the grey matter. 
Capilliaries can be seen close up to 
the nerve cells quite full of corpuscles. 

At other places the collections of 
Corpuscles suggest that minute haemorr- 
hages had occurred. The cord, medulla 
and cerebrum show these appearances, 
but the congestion of the medulla is 

the most marked. 

Slides showing these appearances accompany 
the thesis. 

Exp. 2. 

Cat. Female. Weight 3.50 kilogram. 

5.p.m. Gave 23.8 minims of a 0.5,g solution of 

tutin in 0.75% saline under skin of 
back (2 mlgm. per kilo body weight) 

5.1 Gave d deep sigh. 

5.6 Lying in a normal attitude on bottom of 

cage; looks sleepy. Respiration 21 to 

the -4 minute. Pupils moderate. 

5.10 Still lying down. Looks sleepy and is 

tremulous. 

5.14 Opening mouth wide; cries loudly; 

respirations panting - 56 to the 

minute. Has got up; salivating. 

5.19 Lying down; mouth wide open; panting; 

salivating. 

5.21 Slight twitching of muscles of face; 

cries at intervals; pupils moderate. 

5.22 Twitching of head. 
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.23 Twitching of head followed by loud 
cries as if alarmed without knowing at 
what. 

5.24 Defaecation, large quantity of solid 
faeces. Twitching of head. 

5.25 More marked twitching 
to shoulders and fore 
is now almost without 
rapidly becoming more 
dilated but not full. 
irregular, suggestive 

of head extending 
paws. Twitching 
interval and 
severe. Pupils 
Respirations 
of Cheynestokes. 

5.29 General convulsion, pupils widely 
dilated, tonic stage lasting 30 seconds 

5.40 Has continued lying on side since first 
convulsion; is unable to see;conjunctival 
reflex sluggish. Convulsions have 
continued with intervals of only two 
or three seconds since last note; seems 

unconscious. Pupils contract in intervals. 

5.45 Becoming exhausted, convulsions becoming 

feebler and rarer. Respirations slow, 

irregular, gasping. 

5.51 With a final spasm and choking involun- 

tary cry, died. 

Exp. 3. 

22.2.08 

Cat. Female. Weight 2.394 kilogram. 

2.32 Gave 5.9 minims of a 0.5p solution in 

normal saline under skin of back (0.75 

mlgm. per kilo body weight) 

2.55 Sitting purring; pupils moderate; keeps 
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3.p.m. 

swallowing as if swallowing saliva. 
Respiration 48 per minute; miauing 
plaintively; made water; defaecated 
(diarrhoea & flatulence) did not finish 
act but walked away with discharge 
still pouring from anus; looks sick. 

Keeps mouth open; panting respiration; 
salivation; vomited, vomit shot out 
without retching. 

3.3 Straining at stool and miauing; looks 
ill and miserable and disinterested in 
its surroundings. 

3.5 Begun to purr; has laid down curled up 
as if to sleep. 

3.7 Has got up. Sitting on haunches purring; 
twitching of muscles of race. Still 

swallowing saliva. 

3.9 Lies down again. Twitching of face 

getting more marked and extending to 

shoulders. Each attadk of twitching 

followed by loud miauing and, as it 

gets more marked, by growling. Pupils 

dilate with each attack. 

3.13 General convulsion lasting one minute. 

Saliva pouring from mouth; loud voluntary 

crying after convulsion; conjunctival 

reflex present; pupils widely dilated. 

Can see; respiration laboured; keeps 

lying on side. 

3.19 Stands up and looks round cage; breathing 

easier; pupils not so large. 

3.21 Walked to another corner of the cage 

and sat down; looks frightened and 

uneasy. Has been no twitching for some 

time; breathing quite easy and only 
a 



3. 32 

3. 34 

3.35 

little hurried; salivation seems to have 
ceased; constant loud crying. Pupils 
moderate. 

Has been quiet since last note. Looks 
as if it might recover. 

Now crying loudly and showing slight 
twitching of head. 

Twitching getting more severe; loud 
prolonged plaintive cries. Sitting up 
on haunches looking round. 

3.36 Walks across cage with cautious unsteady 
steps. 

3.40 Twitching getting much more marked and 
more extensive as if another general 

convulsion were about to occur; loud 

crying; whole body tremulous; respiration 
hurried and exaggerated, panting with 
mouth open. Put its head into the 

drinking bowl but did not lap. Is restless 

3.42 Mos* severe general convulsion lasting 

4 minutes, then a long drawn inspiration. 

3.50 Convulsions have continued almost without 

interval, but now becoming less severe. 

Much frothing at mouth; gave a cry 

in an interval. 

3.51 Choky cries occur in the intervals 

between the convulsions. Respirations 

irregular and gasping. 

3.55 A longer interval with loud crying. 

Respirations in the¡interval, 14 to 

the minuto. 

Has been in almost continuous convulsive 

movement with comparatively quiescent 

4.2 
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intervals of only a few seconds since 
3.43. In a longer interval than usual 
attempted to rise but knocked down 
again by a convulsion. 

4.4 Seizures shorter, intervals longer 
about 20" to 5" 

4.6 After a more severe convulsion than 
usual respirations are now vor.v slow, 
irregular and gasping. 

4.9 No convulsions since last note; respira- 
tions more rapid. Running or swimming 
movement of limbs. Attempts to rise, 
but knocked io:,n by a convulsion. 

4.15 Gave a voluntary cry. 

4.20 Continues in constant more or less 

voluntary movement. Has been no 

convulsive seizure since 4.9 till now. 

4.21 No respiratory or other movement since 

last fit. Is dead. 

Exp. 4. 

Cat, Weight 2.686 kilogram. 

3.46 p.m. 3.4 minims 0.5% solution tutin (0.375 

mlgm.) per kilo injected under skin of 

back. 

3.58 Defaecated - hard motion - covered it 

up. Beginning to swallow. Does not look 

so bright as it did. Is quiet, no 

change in pupils, breathing more marked. 

Beginning to look sleepy. 

4.2 Swallowing repeatedly. Looks very sleepy. 



4.10 Opening mouth and panting. Vomited 
freely & forcibly a large quantity of 
stomach contents being ejected. 

l4.ic turated. 

4.20 Twitching of eyelids and ears: 

4.30 Has shown twitching of face, head and 
neck at short intervals. Miaws occasionally 

4.40 Twitching becoming exaggerated - involving 
smoulders, fore -limbs and back. 

4.43 

4.47 

General convulsions - severe. 

Gets up after convulsive movements have 

gradually subsided. 

4.50 Looks very ill; sitting on haunches; 

tremulous, breathing exaggerated; answers 

when spoken to. Twitching beginning 

again. Salivating. 

4.56 Respirations 48 to the 4 minute - lying 

quiet. 

5.15 Twitching getting more marked. Cries 

after each attack. 

5.19 

5.21 

5.30 

Still twitching. 

Twitching involving more muscles. 

Twitching getting more marked. At each 

attack animal almost springs into the 

air; loud crying, breathing very 

exaggerated. Opens mouth occasionally 

and pants for a few seconds. 

5.34 General convulsion. 

5.36 Up again, takes no notice when called. 

Lying panting with mouth open. 
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Has continued twitching every few 
minutes since last note. Now getting 
very marked. 

6.5 Severe general convulsion lasting 1 minute. 

6.6 Rose again. Pupils widely dilated when 
convulsed - diminish in size in the 

intervals. 

7.15 The cat has not been seen since last 
note till now. It is sitting on its 

haunches, tremulous miaws when approached. 

7.40 Same. 

8.30 Sitting quietly, easily startled. 

9.30 'Apparently recovered - no symptoms 

noticed. 

Next day 9 a.m. Seems quite well. 

Exp. 5. 

Rabbit, weight .729 kilogram. 

10.43 Gave 5 minims of a 0.5,g solution tutin 

hypodermically (2 mlgm. per kilo) 

11.15 No apparent change. 

12 noon Standing in middle of cage; does not 

appear at ease. 

12.10 Animal near front of cage; semi- dazed- 

looking. Starts when disturbed. 

1.10 Much the same, quiet and dazed-looking. 

2.10 Seems normal. 

3. P.M. gave some food. 



5. p. m. Food untouched but no obvious symptoms. 

Next day Quite well. 

Exp. 6. 

Rabbit, weight 962 gram. 

9.56 Gave 8.2 minims of a 0.5% solution of 
tutin in normal saline (2.5 mlgm per kilo) 

11 Noticed to be in convulsions. Last seen 
about 10.30 was then quiescent. 

11.10 Sitting up; dazed--looking. 

11.11 Another convulsion began, fell on side, 

clonic spasms; head bent back,ears 

twitching. 

11.17 Still in convulsions. 

11.32 Convulsions 

11.52 Lying on side, head bent back,runhing 

movements. 

12.22 Died. 

Exp. 7. 

;Rabbit, weight 788 gram. 

10.4 Gave 8 minims of a 0.5% solution tutin 

(3 mlgm per kilo) 

10.50 Slow deliberate winking. 

H,0.55 Lying on right side,breathing laboured. 
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11.4 In clonic convulsions with movements of 
jaw and exposure of teeth. 

11.15 Still in almost constant convulsions. 

11.20 Dead. 

Exp. 8. 

Rabbit, weight 1.507 kilogram. 

5. 12 Gave 38.4 min. of a 0. 5% solution tutin 
(7.5 mlgm per kilo) per os. 

Was not watched constantly but at 

5.45 Was found to show great rapidity of 
res-:irations. Alteration in gait,e.g. 
moved forward with difficulty with body 
elongated and abdomen trailing on floor. 

Then lay on abdomen with hind legs 
projecting behind. Twitching of eyes 
and ears. 

6.5 Was found in severe general convulsions, 

head retracted, tonic spasms well marked. 
Running movement of legs between fits. 

Was held up by the ears but this 

did not influence the convulsions; and 

no influence when suspended by hind -legs. 

6.25 Constant movement9,either convulsive 

seizures in which the head is always 

firmly retracted, or running movements. 

Is quite unconscious. Eyes wide open 

and as it lies on its side rubs the 

open lower eye into the saw -dust during 

seizures. 

6.45 Dead. 
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Exp. 9. 

Mar. 20. 

Rabbit. 1.16 kilo. Gave 6 mlgm per kilo by mouth 
at 6 p.m. 

7.25 p.m. Respirations seem more rapid than usual. 

Mar. 21 

9 a.m. Dead - rigid in oposthonic posture. Has 
evidently died from tutin. 

Exp. 10. 

Rabbit, weight 1.069 kilo. 

March 10th 

3.6 p.m. Gave 17.5 min. of a 0.5% solution tutin 
(5 migra per kilo) per os. 

3.45 p.m. Has displayed no symptoms. 

March 11 th Quite normal. 

Exp. 11,12. 

Two guinea pigs, A & B. 

Weight of A 624 gram Exp. 11. 

Weight of B 684 grain Exp. 12 

To A give 2 mlgm per kilo body weight 

To B give 3 mlgm per kilo body weight. 
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3. 20 Gave to A 4.2 min. of a 0.5% solution 

tutin under skin of back. 

3. 40 Gave to B 7 min. of a 0.5% solution 
tutin under skin of back. 

Both pigs were placed in trie same cage,but 
B attacked A so viciously that it was 
neces.,;ary to separate them. 

3.50 A seems tremulous 

3.55 A obviously affected, twitching and 
s tarting. 

B affected in the same way. 

Both in violent and continuous convulsions. 

4.p.m. 

4.5 

4.10 B removed from cage and 17 min. of a 

0.05% solution of chloral hydrate 
in,jected,equals 0.011 gram per kilo) 

4.15 B dead;killed in 35 minutes. Mouth and 
nostrils found blocked with saw -dust 

from the bottom of the cage. 

4.15 A. still in constant convulsions;becoming 

feebler. 

4.30 Dead; has continued in constant movement; 

since convulsions appeared; killed in 

70 minutes. 

RESULT A killed in 35 minutes by 3 mlgm per 

kilo. 

B killed in 70 minutes by 2 mlgm. per 

kilo. 

Exp. 13. 

Guinea Pig,weight 751 gram. 



Feb. 13 Gave 4 min. of 0.5% solution tutin (1.5 
mlgm. per kilo) per os. 

Feb. 17 Weight 768 gram. Gave 4 min 0.5% 
solution per os. 

Feb. 19 Weight 824 gram. Gave 4 min 0.5% 
solution per os. 

Feb. 20 Has displayed no symptoms. 

Feb. 22 Weight 809 gram. Gave 4 min 0.5% solution 
per os. 

eb. 24 Weight 823 gram. Gave 5.5 min. of 0.5,E 

solution tutin (2 migra -nor kilo) per os. 

Feb. 25 No symptoms 

Feb. 26 Weight 767 gram; gave 5.2 min. of a 

0.5,E solution (2 mlgm per kilo) per os. 

Feb. 27 Found dead in the morning 

RESULT: Was able to eliminate i.5 mlgm per kilo 
given every second day, but unable to 

eliminate 2 mlgm per kilo in two days. 

In this experiment the influence of the 

prolonged administration of tutin on 

the weight of the animal was tested by 

keeping a second guinea pig under similar 

conditions as a control. 

The weights of the two animals as taken 

during the course of the experiment are as follows:- 

A. (CONTROL 
Feb. 13 

" 17 595 gram. 
" 19 589 " 

22 607 " 

" 24 627 

26 633 " 

B 

761 gram 

768 " 

824 

809 

823 " 

767 

171. 



liESULT: Control gained 38 gram. 

Tutin animal gained 16 gram. 

Exp. 14. 

Guinea pig -weight about 1 lb., say 0.8 

10. 53 

10. 55 

11 

11.10 

11.20 

11. 45 

12. 5 

Gave 5 min. of 0.5% to tin - injected 
into mouth & fluid was readily swallowed. 

Animal seems quite as usual,though 
easily frightened. 

Same. 

Still same - trying to chew straw in 
cage. 

Gave it some wet green grass which it 

eat greedily. 

Quiescent - has not eaten much grass - 

apparently normal. 

Seems still quite normal -save other 
5 min. in sane way (about 3.5 mlgm per 

kilo) 

12.20 Stretching movements (? normal) 

12.30 Normal 

12.33 Sudden onset of symptoms - convulsive 

movements - stood on hind legs till 

fell over backwards. Rushed several 

times round cage - then tonic spasm 

lying on sido - respiratory movement 

increased, twitching of ears and fore 

part of body. Then became quiescent 

lying still on right side. 
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12. 40 

12. 48 

12. 50 

Resumed usual sitting position. 

Still quiescent. 

Moved slowly round several times against 
direction of a clock. 

1.3 Another fit began with twitching of head 
backwards and upwards. Then running move - 
ments of limbs. I t ran to front of cage 

got its nose into one of the meshes and 
tried as it were to run forwards rapidly. 
Then ran towards another corner but fell 

on its side and went into a cionic spasm - 

moving its fore and hind legs vigorously; 

- than came a more tonic spasm of whole 

body; - fine tremors; swallowing and gasping 

movements; - mouth open. By 1.7 it became 

quiescent again. 

1.10 Another fit - lying on side and working its 

fore and hind legs - head bent back on 

body but whole body not rigid.. 

1.16 

1.40 

1.50 

1.55 

2 p.m. 

2. 5 

2.15 

2.17 

2.30 

Still same but movements slower. 

Same condition 

Movements continue practically without 

cessation. 

Sane continued. 

Same - slight cries. 

Same 

Movements less frequent. 

Quiescent - dead. 

Rigor mortis seems to be setting in already. 
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2.45 Rigor distinct. 

3.30 P.M. Rigor well marked - abdomen oponed, 
some gta0 observed in stomach and intes- 
tines but no_great accumulation. 

Exp.15. 

Pigeon - weight 314 gram. 

Jan. 14 Gave 2 mlgm. tutin per kilo body-weight 
per os. 

° 15 No effect, so gave 4 mlgm per kilo per os. 

II 18 No effect, so gave 6 mlgm. per kilo per os. 

n 19 

° 

il 

Bird seemed dull and heavy for a few hours 
after the dose. Took no food and moped in 

a corner with feathers puffed out. Is 

quite well today. 

20th Reweighed, same weight, gave 8 mlgm. per 

Dilo per os. 

21st A repetition of symptoms noted previously. 
Is quite well today, so gave 10 mlgm. per 

kilo per os. 

o 22nd Same symptoms as before. Quite well today, 

so gave 12 mlgm. per kilo per os. 

" 23 Same symptoms as before. Quite well today. 

Gave 16 mlgm. per kilo per os. 

o 24 Same symptoms as before but quite well today 

so at 12 noon gave 20 mlgm. per kilo per os 

on an empty crop. 

12.45 p.m.Bird found lying on back in colvulsions. 

Marked retraction'' f head and constant move- 

ments of feet and flapping of wings. 
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12.50 Movements becoming feebler and slower. 

1 p.m. Dead. Weight 345 gram - an increase of 31 
gram. 

P.M. Crop noted In be empty. Nothing abnormal 
de tected. 

Result. 16 mlgm. per kilo non -lethal. 
20 mlgm. per kilo killed in one hour. 

Exp.16. 

25.1.08 Pigeon. Weight 319 gram. 

10.6 a.m. Gave per os 18.3 minims of a 0.5ó solution 
tutin in normal saline. (17 mlgm. per kilo 
body-weight) 

10.8 r irs t appearance of symptoms - tremulousness 

and 'jerking of head. Sudden slight 

expansive movements of the wings. 

10.10 General convulsions, marked opisthotonus, 
bird turning over and over, head firmly 

retracted on back, wings widely exi,tended, 

general convulsive movements. 

10.13 Has been no cessation of convulsive move- 

ments since onset, now becoming more feeble. 

10.21 Movements very feeble. Bird apparently been 

unconscious since onset. 

10.22 All movements ceased. 

P.M. Crop opened, found empty except for a small 

amount of grumous fluid containing small 

yellow particles. Sour smell and distinct 

acid reaction. No abnormality observed. 

RESULT: Death in 16 minutes from 17 mlgm.per kilo. 



Exp.17. 

Feb. 7th 6 p.m. Pigeon. Gave 2 migra. of a 0.5% 
solution tutin per os. (about 1.5 
mlgm. per kilo) 

7.5 p.m. Apparently normal. 
10. 45 Same 

Feb. 8th 

Feb. 10th 6 p.m. 

" 11 th 

Feb. 14th 

176. 

Quite normal 
Gave 3 migra. of a 0.5p solution 
tutin (about 2 mlgm.per kilo. ) per os. 

Pigeon weighed -396 gram; have 6.3 
min. of a 0.5% solution tutin (4 mlgm. 
per kilo) per os. 

Normal 

Weight 408 gram. Gava 9.7 min. of 
a 0.5% solution per os. (9 mlgm.per 
kilo.) 

" 15th Normal 

" 17th 6. 3 p.m. We ight 388 gram. Gave 11.8 min. of 
a 0.5% solution tutin per os. (9mlgm.l 
per kilo) 

" 18th Normal 

" 19th 

" 20th 

" 24th 

" 25th 

Weight 342 gram. Gave 10.8 min. 

0.5,E solution tutin per os. (9.5 
mlgm. per kilo. ) 

Normal 

Weight 343 gram. Gave 11.6 min. of 
0.5% solution tutin per os. (10 mlgm 

per kilo) 

Normal. 
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Feb. 26th 6 p.m. Weight 370 gram. Gave 15.4 min. 
of a 0.5,E solution tu tin per os (12 
mlgm. per kilo). 

6.20 Squatting on floor of cage. Very 
tremulous about head and neck. 
Blinking repeatedly. 

Feb. 27th Found dead in the morning. 

RESULT: No tolerance developed. Death from 
a dose of 12 mlgm. per kilo. 

Exp. 18. 

28.1.05 Pigeon. Weight 357 gram. 

5. 45 p. n. Gave 18.2 min. of a 0.5`á solution tutin 
in normal saline per os (15 mlgm. per 
kilo body-weight.) 

7.30p.m. Beyond some dullness and heaviness, no 

syi?p toms. 

Jan. 29 th Quite normal. 

RESULT: Recovery from 15 mlgm. per kilo 

29.1.08 

6.7 

Exp. ?.9. 

Pigeon. Weight 374 gram. 

Intended to give 20.3 min. of a 0.5% 

solution tutin (16 mlgm. per kilo body - 

weight), but a few drops were lost, so 

gave 5 min. more. 

6.10 General convulsions, marked extension of 

wiiigE end bending backwards of the body 

so that the bird rests on its tail. 
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6.12 Lying on back in constant convulsive 
movement. 

6.16 Dead. 

P.M. Crop half full - no abnormality detected. 

RESULT: Death in 9 minutes from a dose of about 
16 mlgm. per kilo. 

Exp. 20 

Pigeon. Weight 319 gram. 

5. 6 p. m. Gave 17.3 minims of a 0.5g solution tutin pe 
os (16 mlgm. per kilo body-weight.) 

Appearance of symptoms. 

Clonic convulsions began. 

Movements ceased; pupils dilated; dead. 

RESULT: Death in 5 minutes from a dose of 16 

mlgm. per kilo. 
P.M. Crop full of half digested food. No 

abnormal i ties observed. 

Exp . 21. 

Pigeon - same as used in Exp.14. Weight 

345 gram. 

5.14 Gave 16.8 minims of a 0.5% solution tutin per 

os (15 mlgm. per kilo body -weight.) Had 

received no food since the day before. 

6.20 Seems quite normal, is preening its feathers. 
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5.21 Attempting to vomit. 

5.22 Retching. 

5.23 Retching 

5.24 Retching; drowsy looking; tremulous about 
head. 

5. 24* Retching. 

5.25 Squatted down on bottom of cage. 

Retching. 

5.26 Very tremulous about head and neck; dazed 
and sleepy looking; retching every half 
minute or so. 

.29 Twitching of muscles of neck, -.head being 
drawn back with sharp jerks. 

5.36 Slight convulsions affecting the fore part or 
the body. Wings rigidly extended and 

marked clonic movements of tail and neck. 

Remains standing between the attacks. 

Blinks its eyes heavily as though only keep- 

ing awake with the greatest effort. Pupils 

contracted. 

5.40 A more severe convulsion, bird thrown over 

on to its back, but recovered its position 

again. 

5.43 A more severe convulsion, bird thrown over 

on to its back, bird thrown over backwards. 

Lies on back with head bent back beneath 

body. All muscles in continuous clonic 

spasm. 

5.49 Convulsions have continued without inter- 

mission since last note, movements now 

becoming feeble. 
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5.50 All novement ceased; -dead. 

RESULT: Killed in 35 minutes by a dose of 15 mlgm.'' 
per kilo. 

P. M. Crop empty. No abnormality observed. 

Exp. 22 . 

10.2.08 Pigeon. Weight 203 gram. 

5.13 Gave 10.3 minim. of a 0.5g solution tutin 

per os (15 mlgm. per kilo.) 

5.20 Lying on back in a, ntinuous convulsive move- 

ment. 

5.25 Gave 10 min. of a 1 in 1 solution Chloral 

Hydrate, equal to 6 gram chloral, per os. 

6.25 Dead. 

RESULT: Death in 72 minutes from 15 mlgm. per 

kilo. Life evidently prolonged by the 

Chloral. 
P, M. Crop half full. No abnormality observed. 

Exp. 23. 

(Fed at 1 p.m.) 
17.2.08 Pigeon (young). Weight 375 gran. 

3.49 Gave 15.5 min. of a 0.50 solution tutin per 

os (13 mlgm. per kilo body-weight.) 

3.52 Slight attempts at vomiting. 
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4 p.m. Lying on back in convulsions. Convulsive 
movements continued till death. 

4.8 Death. 

RESULT: Death in 19 minutes from 13 mlgm. per 
kilo. 

Exp. 24. 

17.2.08 Pigeon (young3 Weight 363 gram. 

3.46 Gave 14.8 min. of a 0.5ó solution tutin per 
os (12 mlgm per kilo body- weight) 

3.50 Vomiting repeatedly, bringing up quantities 
of grain. 

4.8 Is tremulous and unsteady. 

4.14 Slight convulsive movements affecting the 

wings and head. 
Vomiting. 

4.20 Vomiting. 

4.25 Defaecated; a more severe convulsion; body 

bent forward till breafit touches ground, 

head bent back, wings rigidly extended, 

perhaps one more than the other. The bird 

was here taken out of the cage and placed on 

the floor of the laboratory. It did not 

attenpt to fly away and kept pretty much to 

the place where it was set down. It moved 

away a little if approached. On the whole 

seemed more acute mentally than birds that 

had received a larger dose. 

4.28 Convulsion, but still able to keep its feet. 

Pupils widely dilated during convulsion. 
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4. 33 Retching. 

4.35, 4.36, 4.361 convulsions. 

4.38 Vomiting and convulsions. 

4.39 Convulsion, still affecting chiefly the fore 
part of the body. 

4.42 Vomiting and convulsions. Pupil continuous- 
ly dilated. 

4.46 Most severe convulsive attack yet, tail 

involved and clonic as well as tonic spasm 
present. The bird was thrown down but 
recovered its feet again. 

4.48, 4.49, 4.50. Retching. 

4.51 Convulsion. 

5.10 Since last note have been frequent convul- 

sions affecting the neck, wings, and tail, 

but the bird has kept its feet. They are getting 

more severe and last longer. 
5.12 Most severe convulsive seizure, bird 

tumbling and somersaulting about the floor 

of the laboratory. 

5.14 Lying on back. All the muscles in constant 

clonic spasm. 

5.16 Short interval, during which voluntary 

squeaking. 

5.20 Lying on back, convulsions continue; legs 

as much affected as wings. 

5.42 Has been lying on back in constant movement 

since 5.16. 
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5.51 Movements becoming more feeble. They never 
entirely disappear but increase in severity 
at intervals. In the intervals gasping 
respira tions. 

6.2 All movement ceased - dead. 

RESULT: Death in 136 minutes from a dose of 
12 mlgm. per kilo. 

Exp. 25. 

18. 2. 08 Pigeon (adult) . Weight 386 gram. 

4.45 Gave 15.7 min. 0.5% solution tutin (12 mlgm. 
per kilo per os. ) 

5.30 p. m. Lying on back in continuous convulsive move- 

ment. 

5.31 All movement ceased - dead. 

RESULT: Death in 46 minutes from a dose of 12 mlgm 

per kilo. 

Exp. 26 

18.2.08 Pigeon (adult) weight 305 gram. 

5. 52 Gave 9.3 min. of a 0.5% solution tutin (9mlgm. 

per kilo) per os. 

Next day 4 p.m. Quite normal. Displayed no marked 

symp toms. 

RESULT: Recovery from a dose of 9 mlgm. per kilo. 
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19. 2.08 

4. 30 p. m. 

Next day 

RESULT: 

Exp. 27. 

Pigeon (adult). Weight 365 gram. 

Gave 11.7 min of a 0.5% solution tutin per 
os, (9.5 mlgm. per kilo. ) 

4.30 p.m. Quite normal. Has displayed no 
marked symp toms. 

Recovery from a dose of 9.5 mlgm. per kilo. 

20.2.08 Pigeon (young) . 

Exp. 28. 

Weight 330 gram. 

4.45 p.m. Gave 11.2 min. of a 0.5% solution tutin per 
os (10 migra. per kilo. ) 

5.10 

5.30 Dead. 

RESULT: 

Lying on back in convulsions. 

25.2. 08 

4.56 

5.14 

Death in 45 minutes from a dose of 10 mlgm. 

per kilo. 

Exp. 29 . 

Pigeon (adult), weight 368 gram. 

Gave 10.6 min. of a 0.5% solution tutin (10 

mlgm. per kilo) per os. 

Vomiting. 

5.21 Slight convulsive movements of wings. 
5.45 Restless. 
8.30 Apparently normal. 

RESULT: Recovered from a dose of 10 mlgm. per kilo 



Exp. 30. 

Pigeon, Weight 315 gram. 

2.50 Gave 11.2 min. of a 0.5,% solution tutin 
(10.25 rnigm. per kilo) per os. 

3.18 Tremulous; :jerking of head; restless, 
blinking. 

3.20 Tonic spasm of wings - paroxysms of difficult 
breathing, during which the bird turns round 
and round in one place. 

3.40 Retching. 

3.48 General convulsion lasting 30 seconds, in 

which bird tumbles about in every direction. 

3.51 Lying on side, trembling and breathing very 

rapidly; pupils normal. 

General convulsion; pupils wide. 

General convulsion. 

3.53 

3.54 

3.56 Recovered upright position and sat for a few 

seconds on its tail; was then seized with 

severe convulsions which continued without 

intermission till death. 

4. 5 Died. 

iit`, d 3/ Y- 3 x a...i c.., e.,. c...a 

4: xr Exp. 33. 

5.15 p. m. To a lizard (Lygasoma 

was given 3.4 min. of 

(5 migra. per kilo.) 

under the skin of the 

6.15 Apparently normal. 

Moco) weighing 4 gram 

a 0.01% solution tutin 

The injection was made 

abdomen. 

185. 
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7.10 Quiet when first seen; then took fits of 
abnormal activity - contorting itself, 
holding its fore -limbs wide stretched and 
resting on belly. 

7.55 Lying quiet with mouth partially open. 
more 

8.5 Seems quite dead - mouth still widely open 

3.p.m. 

Exp. 34 

To a lizard weighing 5 gram was given 2.5 
min. of a 0.01; solution (3 mlgm per kilo). 
The injection was made under the skin of the 
abdomen. 

The breathing became exaggerated almost 
immediately and the animal puffed itself up 
as a frog does. 

7.30 Nothing remarkable has been noticed. 

Next day, 9 a.m. Apparently normal. 

Exp. 35. 

Lizard, weight 7 gram. 

4.35 Gave 5 minims of a 0.01% solution of tutin 

(4 mlgm. per kilo) hypodermically. 

7.20 Remarkable convulsive effects, opisthotonus 

and twisting into a ball with tail up to 

mouth, then clonic spasms of limbs. After 

this was quiet for a time and then movements 

began again; lies on back biting at its 

own tail and hind limbs. 

7.45 Has been quiescent for last five minutes. 

Now puffing itself up; lying in normal position. 
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7. 58 Another severe fit come on suddenly. 
Animal twists rapidly into every possible 
attitude. 

8. 2 Still in constant movement. Now more often 
on its back. 

8.15 Quieter again. 

8.25 Another period of restlessness. 

8.35 Has quiet intervals. 

8.55 Occasional movements. 

9.15 Seems quite dead but gave reflexes response 

from limbs and did not move after that. 

Exps. 36. 37. 38. 

Jan.lSth Three frogs (Hyla Aurea) were taken weighing` - 

Frog (1) 27.5 gram (Exp. 36 ) 

" (2) 28.4 " (Exp. 37 ) 

" (3) 33.7 (Exp. 38 ) 

4.25 To frog (1) was given 4.1 min. of a 0.01% 

solution tutin (1 mlgm. per kilo). 

To frog (2) was given 3.4 min. of a 0.026% 

.solution tutin (2 mlgm. per kilo). 

To frog (3) was. given 6.8 min. of a 0.025% 

solution tutin (3 mlgm. per kilo). 

In each case the solution was injected into 

the abdominal cavity, and the frogs placed 

under bell -jars on the laboratory table. 
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7.30 p.m. Frog (3) seems affected. Crouches in a 
sitting position and is blown out with air. 
No apparent abnormality in frogs (1) and 
(2). 

10 p.m. No sign of convulsion in any when stimulated. 

Frog (3) seems more excitable than the others. 

Jan. 16 th 8. 55 am. All three appear to be affected - 

are sluggish and lying prone on their 
bellies with legs extended. Frog (2) is 

almost dead. 

10 a.m. Frog (2) dead. (2 mlgm. per kilo) died 

between 9 and 10 a.m. 

Jan.l8th Frog (1) found dead in the morning (lmlgm. 

per kilo) weight 18 gram - a loss of 9 gram. 

Frog (3) (3 mlgm. per kilo) is still alive 

and seems quite normal. 

No sign of convulsion noticed in these 

frogs. The two that died seemed extremely 

thin and emaciated. Frog (1) looked very 

much thinner on 17th than on the two days 

before. The weather was cold on 16th. 

On 17th the temperature was 12 degrees C. 

in the morning, but this does not explain 

why frog (3),with 3 mlgm. per kilo, seems 

unaffected. Loss of weight might be due 

to drying, but the air has not been dry. 

The weather is cold and wet. 

Exps.39. 40. 41. 

Three frogs were taken weighing:- 



16th Jan. (1) 17.3 gram 
(2) 25.1 gram 
(3) 32 gram 

(Exp. 39 ) 

(Exp. 40) 
(Exp. 41) 

4. 40 To frog. (1) 'was given 2.6 min. of a 0.01% 
solution tutin ( 1 migm. per kilo) 

To frog (2) was given 7.5 min. of a 0.01% 
solution tutin ( 2 mlgm. per kilo). 

To frog (3) was given 5.7 min. of a 0.025% 
solution tutin ( 3 mlgm. per kilo). 

In each case the solution was injected into the 
abdominal cavity and the frogs placed under bell- 
jars on the laboratory table. 

10. p. m. No change observed. 

17th Jan. No change observed. 

18th Jan. Frog (2) was found dead in the morning. 

Weather cold. Weight 18 gram. 
Frogs (1) and (3) were apparently normal. 

N.B. In the two experiments above the number of 

minims in one c. c. was taken as 15, in the subse- 
quent experiments as 17. The doses tiN0 per kilo 
body -we ight, above are therefore smaller than as 
stated. 

Exp.42, 43. 

21st Jan. Two frogs were taken weighing:- 

5 p.m. 

(1) 31 gram (Exp.42) 

(2) 41 gram (Exp.43) 

To frog (1) was given 4 min. 
solution tutin (4 mlgm. per 

5.15 p.m. To frog (2) was given 7 min. 

solution tutin (5 migm. per 

of a 0.05% 
kilo). 

of a 0.05% 

kilo). 

189. 
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In each case the solution was injected 
under the skin of the back and the 
frogs were placed under bell jars 
with moist grass and earth in a cool 
dark cellar. 

7.30 Frog (1) gave a long cry when touched: seems 
very excitable. 

Frog (2) apparenty normal. 

10. 30p. m. could detect nothing abnormal in either. 

22nd Jan. 

9.30 a.m. Both apparently well 

2.20 p.m. Both quite normal. 

25th Jan. Quite normal. 

Exp. 44 

22nd Jan. A frog was taken weighing 40 gram. 

3.p.m. 9.5 min. of a 0.05X solution tutin 

(7nlgm per kilo) was injected under the 

skin of the back. The frog was 

placed under a bell jar with wet grass 

in a cool cellar. 

4.45 p.m. Apparently normal 

6.30 No obvious effect. 

10.30 p.m. No obvious effect. 

23rd Jan. 
9 a.m. No obvious effect 

4.30 p.m. No obvious effect 
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25th Jan. 

3.30 a. m. apparently quite normal. 

Exp. 4 5 

28th Jan. A frog weighing 18 gram was taken and at 

3. 35p. m. 5.5 min of a 0.058 solution tutin (9 
mlgm per kilo) were injected under the 
skin of the back. It was placed in a 
cellar with moist grass and earth. 

6. 10p. m. Not 'normal - squats flat on belly - 

muscular weakness of hind lep;s - 

respiration exaggerated. 

7.30 Hind limbs show spastic spasms - unable 
to progress - lies sprawling on belly. 

,9 tip Jan. 

10. 45 a. m. Seems much improved. Sits in normal 

position. Hops away unsteadily when 

touched. 

30th Jan, Seems weak, but in other respects is 

quite normal. 

Exp. 46 

Jan. 29th. A frog weighing 38 gram. was taken and 

at 
5.33 p.m. 13 mlgm, of a 0.05% solution tutin (10 

mlgm per kilo) was injected under the 

skin of the back. It was placed in a 

cool cellar with moist grass. 

6. 10p. m. No change. 
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7. 9p. m. apparently unaffected. 

9.40 p. m. Frog found in severe spasm chiefly 
affecting the hind limbs which are fully 
extended. Is very excitable. Grave cries 
when touched and climbed to the top 
of the belijar. No muscular weakness 
manifest. 

30th Jan. 

9. a. m. Very lively and excitable. No distinct 
convulsions when touched. Is still 
noisy. 

2.30 p.m. Just dying - mouth open - could not 

obtain reflexes. 

3.15 p.m. Dead. 

Exp. 47 

31st Jan A frog weighing 36 gram was taken and 

11 min. of a 0.05% solution tutin (9 

mlgm per kilo) injected under the skin 

of the back. It was placed in a cool 

cellar with moist grass. 

3rd Feb. Quite normal. 

Exp. 48 

3rd Feb. A frog weighing 31 gram was taken and at 

6.15 p.m, 10.5 min of a 0.05ío solution 
tutin (10 

mlgm per kilo) was injected 
under the 

skin of the back. As before it was 

placed in favourable surroundings. 
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4th Feb. 

3.45 p.m. Seems weak but shows no marked symptoms. 

5th Febry. Apparently quite normal. 

Exp.s. 49,50,51. 

Feb. 18 Three frogs were taken weighing: - 

Frog 1 23 gram (exp.49 ) 

Frog 2 39 " " 50 

Frog 3 30 " " 51 

6.20 To frog 1 was given 7 min of a 0.05% 

solution tutin (9 mlgm per kilo) 

6.24 To frog 2 was given 13.2 min of a 0.05¡ 
solution tutin (10 mlgm per kilo) 

6.31 To frog 3 was given 11.2 min. of a 0.05% 

solution tut in (11 mlgm per kilo) 

In each case the solution was injected under 

the skin of the back and the frogs were placed 

in favourable surroundings. 

Feb.19th Frog 1 affected - lying prone on belly wit} 
4 p.m. legs extended - great muscular weakness. 

Frog 2 presented the same appearance as 

Frog 1. 
Frog 3 was found dead at 9 a.m. 

Feb.20th Frogs 1 and 2 apparently normal. 

Feb.21st Botin frogs quite well. 



EXp. 52. 194, 

Feb.20th To a frog weighing 40 gram was given 14 min. 
of a 0.05X solution tutin (10.25 alga. per 
kilo) at 5 The solution was injected 
under the ski.: of the back and the frog 
placed in a cool cellar with moist grass 
and earth. 

peb.2lst Sprawling on belly - hind legs extended - 
2 p.m. abdomen distended - twitching of toes - 

fibriliary twitching of muscles of thighs. 

On being handled-was seized with a convul- 
sion affecting chiefly the hind legs. The 

mouth was opened wide and kept open, the 

animal croaking loudly. 

4.25 Dead. 

Exp. 53. 

5.30 p.m. To a pigeon weighing 335 gram was given 
5.6 min. of a 0.5% solution tutIn (5 mlgm. 

per kilo) the injection was made under the 
right wing. 

5.45 Very sleepy looking, narcotic affect is 
most marked. Tremulous about head; 
re tali irg. 

5.50 General convulsions. 

6.5 General convulsive movementshaaecontinuod 
since last note, are now becoming feAbler. 
Bird on its back. 

6.12 All movement ceased - dead. 

RESULT: Death in 42 minutes from a hypodermic dose 

or 5 mlgm. per kilo. 



Exp. 54. 

rog: we ight 20 gram. 

.55 Gave 6.8 min. of a 0.1% solution tut in 
(20 mlgm. per kilo) under the skin of 
back. 

5 Breathing exaggerated, keeps opening 
mouth wide. 

5.15 No further symptoms. Gave other 7 

minims. 

5.16 Rapid breathing, mouth opening movements. 

5.26 Gave other 7 minims. 

6.p.m. 

6.9 

6.11 

6.15 

6.20 

lying prone on belly, showing occasional 
slight twitchings,chiefly of hind legs. 
If touched is seized with convulsions 
and pupils dilate. Respirations 
irregular and exaggerated. Makes a 

sucking noise occasionally. 

Turned on back, cannot recover and struggle 

violently and continuously in its efforts 

to do so. 

Most severe convulsions, mouth spasmodicall 

opened to fullest extent, cries loudly. 

Spasms occur every 4 or 5 seconds. 

(This change has ocçurred since, and 

apparently as a result of,vimlent 

voluntary efforts to recover position 

when placed on back). Heart can be 

seen beating through abdominal wall, 

rate 44 per minute. 

Respirations ceased. 

Heart movement not so visible, rate 32 

per minute. 

195. 



196. 

6.15 Respirations ceased. 

6.20 Heart movement not so visible, rate 32 
per minute. muscles still show 
occasional twitches and spasms. 

6.30 Seems quite dead, no reflexes. 

This frog received about 60 mlgm. per kilo. 

Exp. 55. 

9.10.06 Female frog. 

Weight of frog 38 gram 

u u otaries 57 gram. 

4.12 p.m. 1 min. saturated solution tutin injected 
under skin of back. 

4.30 p.m. Remains crouching, if turned on back 
recovers position slowly. 

4.35 p.m. Turned on back. Recovers position with 
difficulty; convulsive movements fore and 
hind limbs. Lies prone on belly; if 

legs extended does not retract them. 

Respiration feeble and irregular. Convul- 

sive movements of limbs if turned on back. 

4.40 Attempted to crawl but unable to advance. 

Pricking skin of limb - no response. 

4.45 Respiration imperceptible. If turned 

on back recovers position with difficulty, 

then tonic spasm in extension and a few 

vigorous respirations. 

4.55 p.m. When turned on back, quickly recovered and 



made 3 or 4 vigorous hops. Crying loudly 
with jags spasmodically opened. Then 
lay on belly and at intervals of 10 -15 
sec. opened jaws widely and extended 
limbs in tonic spasm. 

5.15 When turned on back, lay so, occasional 
tonic spasm of fore limbs, irregular 
feeble movement of hind limbs. Respira- 
tion at rare and irregular intervals - 
two or three respirations and then a 
more or less prolonged pause. Helpless - 
lying on belly - reflexes still present. 

Makes no attempt to swim when. placed in 
water. Unable to rectify position in 

water - lying on back at bottom of basin. 

6.7 p.m. Under bell -jar, makes occasional kicking 
out movements - still on belly and 
swollen looking. 

7.40 Very similar - makes less movement than 

before - lies in practically any position 

if gently handled, but reflex action 

still marked - pupils dilated. 

10. 15p. m. No spontaneous movement and no reflexes 

(some movements got on turning over or letting fall - 

seem due to direct stimulation of muscles) 

Pupils dilated- no respiration seen. 

9 a, m. (next day) Dead - still in position it 

was in for greater time after injection. 

10.10. 06 
3.p. m. 

Exp. 56 

Injected 1 min. semi - saturated solution 

tutin under skin of small frog 

197. 



3.3 p.m. 

3. 15 

3. 20 

I98. 

Attempting to jump, but movements 
already enfeebled. 

Respiratory movement exaggerated - 
abdomen distended. 

Slowly extended hind legs and 
advanced fore legs and lay on belly. 

Respiration quickened and exaggerated. 
Occasionally raises fore part of body 
in spasm to full extent of fore arms 
and respiration ceases. 

3. 25p. m. twitching of toes. 

3.35 Attempting to crawl flat on belly - 
unable to make progress - conjunctival 
reflex active. Skin reflex sluggish - 
pup ils dilated. 

3.40 p.m. Spasm of all four limbs - restless - 

raises body stiffly with hind limbs 
extended. 

3.45 continuous struggling movements - twice 

turned on back and slowly and with 
difficulty recovered position. 

3.50 Placed on back; unable to recover. 

Twitching of muscles and successive tonic 

spasms. Respiration rage and convulsive. 

Has opened mouth spasmodically once. 

4.10 Reflex action abolished except conjunctival 

which is sluggish. 

4.15 Repeated spasmodic opening of mouth. 

4.30 Can still see - lies on back - occasional 

movements of fore limbs 

6.5 On letting fall slight reflex in fore 

limbs - conjunctival reflex still pro ent. 
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Exp. 57 

4.30 p.m. One drop of a semi -saturated solution 
tutin in conjunctival sac of small 
frog. 

4.45 p.m. Movements of fore limbs to eyes - conjunc- 
tival irritation - restlessness - 
exaggerated respiration. 

5.0 Opisthotonic movements - weakness of 
hind limbs - crawls slowly - hope with 
difficulty. 

7.5 When light turned on was found to be in 

a state closely resembling clonic stage 
of epileptic fit. This soon subsided 
but could be initiated to a lesser 
degree by pulling animal about by hind - 
leg - pupils wide - respiratory movement 
excited irregular. 

10.30 Dead. 

Exp. 58 

11.10.06 

12.35 1 min 0.05% tutin solution in 0.76 

saline injected under skin of small 

frog weighing 12.5 gran. Motionless 

on belly. 

12.42 First movement, lifted head. 

12.45 Sprang forward - increased respiratory 

effort. 

12.50 Attempted to spring, but moved sluggishly 

and did not advance - emptying of cloaca, 

urine and faeces. 



lu. 55 

l.p.m. 

Raised on all 4 limbs & sank slowly 
back on belly. 

Raised himself on all fours and remained 
sitting up with fore limbs extended - 
irregular crawling movements chiefly 
in fore limbs. Feeble attempts to 

spring - hind limbs seem weak - pupils 
dilated. 

1.10 Restless - attempting to crawl up side 

of bell-jar. 
Movements incoordinate and feeble. 

1.43 Sitting motionless; pupils more dilated 
than at beginning of experiment. Can 

leap fairly well when toe pinched, but 

seems feebler and does not resent 
interference so much as in a normal frog. 

2.3 Leaning up against side of bell -jar - 
left hand partially closed as if grasping 

a twig, right extended against glass. 

2.43 Lying quiet - recovers position fairly 

quickly when turned on back. Also shows 

occasional voluntary movements. 

3.13 Same,pupils wider than previously. 

4.13 As before, but respirations (taken from 

movement of floor of mouth ) -40 for 

one half minute, 30 for another half 

minute and rather irregular. 

4.50 Lying prone on belly with legs extended 

from sides. If turned on back recovers 

with difficulty. Able to advance 

across ttbie by short halting leaps. 

Hind legs drawn up slowly to ,juping 

position after each effort. No convulsive 
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movements noted so far. Seems to be a general muscular enfeeblement - most 
marked in hind legs. 

5. p. m. Makes continued efforts to jump, but 
fails to advance as cannot flex leg. 
sufficiently beneath body. 

G. p. m. Lying prone on. belly - turns over when 
placed on back, though with difficulty. 

7.35 Lying sprawling on belly -limbs 
extended - moves feebiy,when disturbed 
pupils dilated (4 due to darkness) 
while being observed it had something 
like a weak convulsive fit. It lay on 
belly and kicked out repeatedly but feebly 
with hind legs and moved fore -limbs as 
if attempting to swim. 

9.35 Sprawling on belly as before and motion- 
less till disturbed. Weakness more 
marked - cannót turn over when placed on 
back. Makes several efforts accompanied 
by deep breathing and then lies still. 

9 a.m. (next day) Found dead - in same position as 
left in last night. Pupils firmly 

contracted, lower limbs extended - fore- 

limbs flexed and digits closed as if 

grasping twig. No swelling of abdomen. 

P.M. Gall bladder distended and abdo:Ci_ ,;.1 

wall,intestines distended, cloaca full - 

intestine some dark grumous liquid. 

Stomach empty except for mucus. 

Kidneys apparently normal. No 

abnormality at seat of injection. Central 

nervous system nothing abnormal, exdep,t 

seems too pale. No ecchymosis. Blood 

seems fluid and animal a whole seems more 

bloodless than normal. Blood 



20?. 

24. 1.08 

film squeezed out of heart and tissues present many leucocytes - possibly due to mode of obtaining it. 

Exp. 59 

Small trout in 100 c. o. water with 10 drops 
saturated solution of tutin (about 
0.1 %) 

5.45 Experiment began. 

5. 49 Movement very excited; breathing 
exaggerated. 

6.18 Breathing more laboured. 

6.28 Swimming on side near surface. 

6.30 Shuddering movements;spasmodic movements 
of gills which then ceased. 

Control in same amount of water showed 
no change. 

(Experiments 60 to 76 were very like the 

above, so protocols of these oimiitted. ) 

AA. c1 a (à 1:1A .r4. 444 717 

Ti,, 7e, (..t, a ra l. << 4 -rotto-,,,, z pt.44, 

Exp. 108. 

March 12 Minnows in 0. 005% tutin solut ion 

Three fish large ,medium & small in 

1000 c. c. fluid of above strength. 

8.43 a. m. experiment begun 
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9.40 

, 11.30 

11.50 

No symptoms 

Large fish on side emitting air -bells 

Large fish now upright but keeping near 
surface. 

12.10 p.m. Large fish on its side, movements feeble 
as yet - the other 2 fish are unaffected. 

12.49 Large fish upright a» :ain, near surface. 

1.5 Large fish on side near surface; 
medium fish in excited movement near 
surface, emitting air -bells. Small 
fish excited. 

2.15 Large fish same,medium and small both 
on their sides near surface. 

3.10 & 3.22 Same 

4. All markedly affected & keep more or 
less on side near surface. 

5.p.m. Same 

6.20 All swim near surface,excitable but 

feeble, now swimming upright. 

7.20 All keep close to surface & emit air - 

bells 

8.20 Gill movements have ceased in mediu - 

sized fish, heart movement still visible. 

Large and small fish both deeply affected., 

9.15 Large fish dead, small fish deeply affectel, 

swimming upright, but very feebly, near 

surface. 
March 13th Small fish apparently Weak. 
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Exp. 114. 

3.35 p.m. Two cockles of about the same size were 
placed one in sea water, the other in 
0.5g solution of tutin in sea -water. 
Equal volumes of fluid were used. 

p.m. The cockle in tutin solution has opened 
its shell. 

4. l0 The cockle in sea water has not moved. 
The one in tutin solution keeps opening 
and closing its shell at intervals of 
a minute or two. 

4.15 Portion of the one in tutin solution 
is now extruded from its shell. The 
shell every now and then shuts down 
sharply but without the rtion 
being drawn back. When touched with a 
needle the extruded portion is withdrawn,, 

but is pushed out again after a short 
interval. 

4.25 The one in tutin solution continues 
extruded, but withdraws when the glass 

container is tapped with a peneil. 

Next day 9 p.m. The one in tutin solution is dead. 

Throughout the day it has remained. with 

shell open and Cody extruded. At noon 

to -day was alive and withdrew sluggishly 

when touched with a needlè. The one in 

sea water is still alive with the shell 

firmly closed. It has not been observed 

to open the shell throughout the expert- 

-ment. On being placed in tree tutin 

solution it opened its shell in a few 

minutes and behaved as the other had 

done. 



205. 

Jan. 21s t 

8 p. m. 

Jan. 22nd 

Exp. 115 

Two flies, a large blow fly and an 
ordinary house fly, were placed in a 
cage with a watch glass containing 
a solution of sugar in 0.1% solution 
tutin. Both were observed to partake 
freely of the ablution on several 
occasions. 

8.30 p.m. Both flies are active and apparently quite 
normal. They frequently feed from the 
,watch glass. 

Jan. 23rd 

12. 15 p.m. The house The blow fly is 

active and apparently normal. 

Jan. 24th Blow -fly quite well - allowed to escape. 

Exp. 116 

March ist About twenty house flies were placed in 

each of two cages. Into one case was 

put a solution of sugar in 0.1,`bß solution 

tutin in normal saline, into the other 

a solut ion of sugar in normal saline. The 

flies being thirsty at once crowded round 

both watch glasses and partook freely. 

March 4th All the flies are alive and quite heal thy. 

The flies with the tutin solution do not 

feed so readily as those with the normal 

saline. They frequently approach the 



206, 

watch glasses and partook freely. 

March 4th All the flies are alive and quite 
healthy. The flies with the tutin 
solution do not feed so readily as those 
with the normal saline. They frequently 
appro.ch the watch glass,merely taste 
the solution and retire. Now and again 
one will remain feeding. 

March 7th Flies still ail alive and quite healthy; 
during the week the solution has dried 
up once or twice and more 0.1% solution 
tutin has been added. Despite the 
concentration by evaporation they have 
displayed no symptoms. 

6.40 

7. p.m. 

A few drops of 0.5% solution tutin in 
distilled water added to the watch 
glass which had become dry. 

On returning found four flies on their 
backs, but not dead, moving their legs 

occasionally. Three other flies were 

affected. Every now and then wings 
violently buzzed for a second (;r two, 

lifting flies on to tip toes. They walk 

rather incoordinately. 

7.5 One of the affected flies spinning round 

and round on its back, wings buzzing 

continuously. Movement ceases for a 

short interval and is then repeated. 

7.8 Both the other files similarly affected. 

7.16 All three are now lying quiescent on 

hacks with occasional movements of legs. 

March 8-th 

10 a.m. Ten flies dead. Several other `:_ 

pnaffected. A large blowfly 



into the cage and observed to drink the 
solution for fifteen minutes. 

10.30 Blow -fly not so active. Does not fly 
away when probed. Shows what seem to be 
involuntary movements of the legs. 

10.40 Blow -fly very lethargic, walks heavily, 
can be pushed along without offering to 
fly. Every now & then one or other 
wing extended to full extent and held 
there a moment. This is not a volunt 
-ary movement. Does not seem to have 
proper control of legs when walking,one 
or more legs move irregularly and not in 
a suitable direction. 

11. a.m. Blow -fly allowed to escape from cage. 
Remained in one position on table till 
touched and then flew heavily on to 

window, crawled into a corner and was 
subsequently lost sight of. 

12 noon 

. p. ,m. 

Two other blow -flies introduced into 
cage. Orie immediately fed from the 

watch glass and in fifteen minutes 
showed symptoms, lethargic and disirLclíred 
to move. 

Second plow -fly has been observed to 

drink but sparingly. First blow -fly 

showing m re toms- tonic 
spasms of wings,butattemptto 
fly seized with a general convulsion, 

buzzing round and round on back. Was 

attacked with seizures of this kind until 

exhausted. 

Lying on side dead. Quite a considerable 

drop of clear fluid has exuded from 

proboscis. 

209. 



208. 

March 10th All the house flies are dead and all show 
marked distention of abdomen. 
Blow -fly apparently unaffected so 
allowed to escape. 'Flew about on 
w indow for a few minutes and then 
seized with convulsions and died ä.it 

the others had done. 

Exp. 117. 

30th Jan. 

4.30 Some mince was allowed to become infected 
by blow- flies. 
A small portion of the meat containing 
the larvae was placed in each of four 
watch glasses and covered with 0.01% 
0.025 %, 0.05g solution tutin, and with 
normal saline respectively. In each 

case the larvae began to wander & coil 
up in the fluid. After .one hour these 

fluids were poured off and each watch 

glass covered with another to prevent 

evaporation. 

Jan. 31st 

4.45 The watch glasses examined. 

In the one treated with normal saline 

only, the larvae are numerous, have grown 

and are very active - crawling all over 

the surfaces of both watch glasses. 

In the 0.01; and 0.025% only one or two 

larvae are to be sean in movement. They 

are very small and have not wandered 

from the mince. 

In the 0.05` no movement to be seen. 



209. 
Exp. 118. 

A drop of hay infusion containing 
paramoecia, amoebae, monads and bacteria 
was placed on each of four slides 
labelled A. B. C. D. 

5.49 One drop normal saline added to B. 

5.50 One drop O. ip solution tutin in saline 
added to C. 

5.51 One drop 0.1% solution quinine YiyOro- 

;,rcmate in normal saline added to D. 

6.5 B. no change 
C no change 
D no paramoecia to be seen lut _!Lo ads 

and bacteria still moving. 

6.30 B no change. 

C paramoecia may still be seen moving 
but their movements are irregular. 

The monads are collecting at the 

surface and edge of the drop. This may 

also be seen in A & B. Another drop 

0.1% added to C. 

D no movement. 

6.50 A & B no change. C still one or two 

paramoecia moving. Are not so easy to 

find. Many monads still active - others 

stationary. Amoebae still moving. 

Field does not look so lively as it did. 

7.30 A drop of hay infusion placed on a slide 

& covered with a cover -glass and a drop 

of 0.a solution tutin normal saline 

placed at edge of cover. 

7.35 Some paramoecia have swum out 
into 
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drop of tutin solution. At once 
display irregular movements. Remain 
in the drop of tutin solution. 

7.40 Movement of paramoecia in drop of tutin 
solution, which at first were excited, 
now becoming slower and very irregular. 
They roll over anz over like rotifers. 

7.45 Paramoecia at a stand -still in tutin 
solution. They appear to disintegrate 
internally and are no longer recognis- 
able. Paramoecia under the c;, ver 
quite norna7. 

Experiment repeated using 0.5% solution 
Lutin in distilled water with similar 
re,uï ts. 

Exp. 121 

Six test tubes were taken and labelled:- 0.5% 

tutin, 0.4% tutin, 0.3% tutin, 0.2 tutin, 0.1% 

tutin, and normal saline. The volume of fluid in 

each tube was the same. 

Jan. 28th 

5. p. m. A small piece of fresh mince was added 

to each tube & the tubes left open to 

the air. 

Jan. 29th 
5.45 p.m. Tubes corked & placed in an incubator 



I Jan 31 

at 40 c. c. 

2111. 

Tubes opened and examined. The tube 
containing normal saline was very offen- 
sive. None of the other tubes had the 
offensive smell of putrefaction; the 
smell was rather 1 ilrc that of stomach 
contents. 

Feb. 1st Contents of tubes examined under micro- 
scope. All show moving bacteria, but 
the drop taken from the tube containing 
normal saline was much more crowded 
and the bacteria in it showed a greater 
variety of form and size. 

Exp. 122. 

Four fermentation tubes were filled (1) with glucose 

solution and tutin (0.25% of the latter) (2) glucose 

olution with 0.1 o` >'tutin (3) glucose solution alone 

(4) water. A few drops of a yeast emulsion was 

dded to each. 

45 `IUbes placed in incubator. 

. 10 Fermentation in (1) and (3). 

. 45 Fermentation in (2) as well but only 

half as much gas developed as in (i) 

.30 (1) & (2) & (3) fully fermented. 



Exp. 123. 

4. 40 Two fermentation tubes set on. (1) with 

glucose alone, (2) with 0.05% tutin. 

5.10 No change. 

6.10 Both equally fermented. 

8.30 Both fully and equally fermented. 

Exp. 124. 

Four fermentation tubes filled with the following. - 

A Water 16 c. c. 25% glucose 4 c. c. 

B. Water 20 c. c. 

C. Water 8 c. c. plus O. 5% tutin 

solution 8 c. c. plus 25,E glucose 
4. c. c. (equals 0.2% tutin in 
mixed fluid) 

D. 0. 5% tutin 16 c. c. plus glucose 
4 c. c. (equals 0. 4;ó tutin in 

mixed fluid) 

A few drops of freshly procured 

emulsion of brewer's yeast added 

to each. D. received rather more 

than the others. 

3.3Ö Tubes placed in incubator. 

4. 40 Small bubbles forming in A. C.& D. 

212. 
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5.10 Same. 

6.p.m. Fermentation most distinct in D. 

7.10 Most fermentation in D. Slight in C. 

little or none in A.& B. 

7.30. Added another drop of yeast emulsion 

to A. 

8. p. m. Fermentation now as great in A as in D. 

(This shows that the amount of 

yeast added exerts a greater 

influence on the amount of fermenta- 

tion that occurs than does the 

presence of tutin. ) 



Exp. 125 

214. 

Five test tubes were taken containing 0.16 0.2% 

0.3% 0.4% 0.5% solution tutin in normal saline. 

Oné test tube containing normal saline alone. Equal 

volumes of fluid in each test tube. 

Jan. 23rd 

Jan. 23rd 

Tan. 24th 

Jan. 25th 

4.30 p.m. Twelve mustard seeds were 
placed to soak in each test tube. 

4.30 p.m. The seeds from each test 
tube were sown on moist Çelt placed in 
separate tin boxes correctly labelled. 

All the seeds in each box have germinated. 

10.10. a.m. The same progress has been 
made in each case. All the seeds were 
replaced in their respective solutions. 

Jan. 26th. The seeds were resown in the tin boxes. 

Jan. 30th All have grown more or less. The seeds 
soaked in normal saline have made most 
progress and are cltsely followed by 
those soaked in 0.11 & 0.2%. Those 

soaked in 0.4% & 0.5% are growing but 
only two or three seeds in each, and 
the growth is not so vigorous as im the 

others. Since the 26th the felt in 

the boxes has been kept moist by the 

addition of water. 

Feb. 3rd. All the seeds soaked in normal saline 

have grown and and growing vigorously. 

In the boxes labelled 0.1% & 0.2o 

three or four seeds are growing vigorously 

and have made nearly as rauch progress 

as in the box labelled normal saline, 

but the others remain stunted and one 

or two have made no progress since 

being resoaked in the tutin solution. 
Ix 

the boxes labelled 0.4` & 0.5% one or 

two seeds have made good progress 
but 

most of the others are stunted or have 

not grown at all. 



Exp. 126 215. 

17.1.08 

A few bars were taken from the gill of a 

cockle and mounted in sea -water and observed 

under the low power. 

4 p.m. 

4.35 
4.38 

4.45 

4.46 

Normal saline perfused under cover glass. 

No appreciable difference. 

0.11 tutin solution perfused under 
cover glass. 

No change. 

0.4 solution tutin perfused under 
cover glass. 

4.50 Seems to be a slight retardation,but 
doubtful. 

4.51 0.3% tutin solution perfused under 
cover glass. 

4.52 Obvious slowing - many cilia stationary, 
others moving feebly. 

4.59 Ciliary movement practically ceased. 

Exp. 127. 

5.10 Fresh specimen taken. 

5.11 Movements slower. . 

5.13 Very feeble movement. 

5.15 Movements ceased. 

Normal saline and afterwards sea -water were 

then perfused under cover glass but 

recovery did not take place. 

Exp. 128 

5.30 Fresh specimen taken and a 
0.21 solution 

tutin perfused under cover glass. 

5.37 Movements have practically ceased 

except for a few cilia here 
& there. 

5.45 gonent apparently ceased. 

solution of 1- 
ea -water 

er cover glass an e 



5.45 All movement apparently ceased. A 
solution of 1 -1000 K 0 H in sea water 
perfused under cover glass and ciliary 
movement immediately resuscitated. 

Exp. 129. 

5.54. Fresh specimen taken 0.2% solution tuten 
applied. 

6.5 Cilia still moving, movement confined 
to the apices of the cilia. A drop of 
0.3% solution tutin applied. 

6.15 Still moving but less actively. A drop 
of solution tutin 0.5% applied. 

7.30 Still moving. As this piece of gill was 
rather large a fresh specimen was taken 
from a mussel. 

Exp. 130. 

7.45 0.21 solution tutin applied. 

7.52 A distinct slowing has occurred but the 
cilia are still able to cause a 

movement of particles. This only 
occurs in sheltered places. The cilia 
are at a stand -still on the edges. 

7.57 A drop or two of sea water applied and 

many cilia restored to action. 

In every case a control mounted 

in sea water was used for comparison. 

Exp. 131. 

19.1.08. Two or thrde gill -bars from a small 

rock-oyster 
under 

and mounted in 
Two 

preparations were made and one used as 

a control. (Low power) 

2.30 A drop or two of 0.5% solution 
in 

sea water tutin perfused 
under cover 

glass. 

216. 
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2.35 

2.40 

3. p.n. 

Appears as if there were a slight slowing 
of cilia in exposed situations, but 
doubtful. 

Cilia still moving: more 0.5% solution 
tutin perfused under cover glass. 

Most cilia in active movement. Here 
and there a few are motionless or 
moving feebly. 

4. p.m. Still moving. 

Exp. 132. 

A fresh preparation was made from the gill of a 

cockle and examined with the low power without 

a cover glass. A control was used. 

3.1 0 A drop of 0.5% solution tutin applied. 

3.12 If anything movements seem exaggerated. 

3.20 First drop tutin solution dried off and 

a second drop added. 

3.50 No effect observable. 

4.30 Still in active movement. 

Exp. 133. 

23.1.08 Three preparations of ciliated epithelia& 

from the gullet of a frog. 

No 1. was counted in normal saline 
without a 

cover glass and used as a control. 

No 2. was mounted in a drop of 0.14 solution 

tutin without a cover glass. 

No 3 was mounted in a drop 
of 0.5% solution 

tutin without a cover glass. 



Three microscopes were used and the 

specimens examined under the low power with the 

draw -tube out. 

5.14 

5.20 

5.25 

5.30 

5.35 

5.40 

6.10 

1. 2. 

Moving No effect 

No change 

3. 

No change 

" et 

" t, If ,I " 

tt t, t, 

If ,t ,t ,i 

" " ,1 

The specimens had partially dried and 

cilia were seen moving in preparation 3 only. 

218. 

Exp. 134. 

The gullet of a frog was exposed and the 

rate of progress along it (by ciliary action) of 

a small fragment of cork was observed. A Centi- 

metic scale was arranged to lie parallel with the 

gullet and the time the cork took to travel one 

centimeter noted as follows: - 

Normal Gullet bathed with 0.3% solution tutin. 

52" 

47" 
51" 
51" 
51 

Average 50.4 

32" 

38" 

38" 
29" 

37" 

Average 34.8. 



Exp. 1 5. 

(1) Two frogs' nerve muscle preparations made. 

Muscles placed in watch glasses with normal 

saline. Nerve laid on frog -plate and kept moist 

with saline and stimulated with break shocks. 

A (in saline) minimal stimulus found to be with 
coil at 17 c.a. 

B (in saline) minimal stimulus 21.5 c.a. 

B was then placed in a watch glass containing 
0.025% solution tutin in normal saline at 

5.54 p.m. 
A B 

5°5p5 Contracts at 20 c.a. 20 c.m. 

6.8 i n 20 c. m. 18 c.m. 

6.17 n ve 21 c.a. 19.5 c.m. 

7.15 
n n 19.5 c.m. 18 c.m. 

7.35 
n n 19 c.m. 17 c.m. 

8.10 n n 19 c.m. 16 c.m. 

g52 n s 18 c.m. 15 col. 

9.35 
n n 18 c.m. 12 c.m. 

Exp. 136 

In this experiment the nerve of the one preparation 

A was placed in tutin solution 
(0.5 %) and the 

muscle of the other B in the 
same. 

Before placing in tutin solution:- 

Contracts at 28 c.m. 34 c.m. 

At 6.3 tutin solution applied 
as above. 
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6.6 Contracts at 

6.17 

7.22 

n o 

e n 

A B 

31.5 c.a. 28.5 c.m. 

30.5 c.m. 30 c.a. 

33 c.m. 27.5 c.a 

(3) Exp. 137 

One muscle in saline B and one in 0.05, solution 

tutin A. Nerves exposed to air and kept moist. 

Stimulated as before. 

Before tutin applied:- 

A B 

30.5 25.5 

6.15 A placed in tutin solution. 
A B 

6.20 Contracts at 28.5 c.m. 25 c.a. 

6.28 " 

7.25 
II 

8.20 

(4) 

' 
n 

n 

28.5 c.a. 24 c.m. 

24.5 c.m. 22.5 c.a. 

25.5 c.a. 25 c.m. 

Exp. 138 

Same as (3) A 
Before tutin (interupted current)36 c.a. 32 c.rn. 

single shocks 27 c.a. 25.5c.m. 

10.56 a.m. A placed in 0.5% solution tutin in 

normal saline. 

B left in saline. 
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11.2 Contracts at 

11.20 

12.20 

1 p ent. 

n 

tl 

A 

27 c.m. 

26.5 H 

24 " 

21.5 tl 

B 

26 c.m. 

5 
" 

24.5 n 

3 
" 

Exp. 139 

Rabbit (young) weight 804 gram. 

Blood films were takcn,dried in the air and fixed 

with Jenner's stain. 

Next day 

11.364 Gave 25 minims of a 0.5% solution tutin 
(10 ;mlg.,i. per kilo) hypodermically. 

11.56 Shaking movements of head - pupils 
normal. 

11.58 Shaking and rocking of whole body: 
lying prone on belly. 

11.59 Twitching of ears. 

12 Twitching of hind limbs and then of 
fore limbs. 

12.1- Severe convulsions; kicking movements; 
head drawn balk; clawing movements. 
Convulsions lasted two minutes. Pupils 
did not dilate. Cornea damaged by 
rubbing open eye on floor in convultion. 

12.3- Lying on side with head bent back. Hind 

and fore limbs show running movements. 

12.41 Clonic convulsion. 

12.6 Convulsion passed but running movements 

of legs continue. 

12.8 Clonic convulsion. 

21 



12.11 

12. 13. 

Convulsion passed, running movements 
continue. Head bent well back. 

Convulsive movements of jaw and ears 
gradually merging into a general 
convulsion. 

12.15 Momentary quiescence. 

12.18 Jaw and limb movements continue. The 
lower jaw is pushed forwards and then 
clenched so that lower, incissors lie 
outside upper incisors, then they slip 
inside the upper incisors with a grating 
sound. 

12.22 Movements still continue. No cry has 
been uttered by the animal as yet. 

Respiratory movements are not much 
in evidence; movement of limbs,jaw and 
retraction of head most prominent. 

12.32 Same; lying on left side with 
occasional kicking movements. 

12.34 All movement ceased except that heart 
can be seen beating by movement of 
hairs over precordial region. 

12.36 Dead. 

P_M. Stomach not distended. Contained 

only food. Blood film taken from the 

left ventricle only. Heart had ceased 

beating. Lungs not congested. Bladder 

full. 

RESULT: 10 mlgm. per kilo caused death in 

less than 1 hour. 

i77cl /4-0 /-5_6 a .¢ 

Tr a c J v- d -e, t r .`i ( n., ,f w L^ 
` 

Exp . 152. 

Cat - weight 3.52 kilogram 

Time 
3.6 p.m. Chloroform administered with 

a Skinner's 

mask. The skin was reflected, the 

cranium trephined over 
the right 

parietal region, and the bone removed 

with bone forceps until 
the greater part 

of the right cerebral 
hemisphere was 

exposed. 
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4.10 p.m. 50 minims of a 0.51 solution tutin was 223 
injected hypodermically and the 
administration of the anaesthetic 
discontinued. 

4.24 As no s mptoms had appeared 25 minims 
of 0.50 solution tutin was injected 
into the peritoneum, 

4.32 Slight twitching of the head and ears 
noticed, followed in a minute or two 
by convulsive movements of the paws. 
The right cerebral hemisphere was 
immediately scooped out. The convulsive 
movements continued as before affecting 
both sides equally. The left cerebral 
hemisphere was then removed. The convul- 
sive movements continued. The breathing 
was greatly exaggerated and at intervals 
large quantities of urine were shot out 
with considerable force. 

4.45 The spinal cord was then divided ,at the 

level of the 5th dorsal vertebra. 

4.49 Spasmodic movements of the hind limbs. 

The limbs were rigidly flexed on the 

abdomen and shaken with clonic spasms. 

4.54 Movements of fore -paws. 

4.56 Slow spasmodic movements of hind limbs. 

The slow rigid movement towards the 

abdomen ending in clonic spasms. The 

reflexes in the hind limbs are exaggerated, 

the legs being quickly drawn up and 

showing clonic movements. 

The fore limbs have been quiescent 

for some time - movements occurring 

in the hind limbs only. 

5.3 Reflexes still markedly exaggerated(clonus) 

in the bind limbs, but 
cannot be 

elicited from the fore limbs. 

.9 All respiratory movements 
ceased and 

reflexes absent. 

p.m. The chest was opened 
at once and 

slight heart movements 
found to be 

still 
ngethetlargeequantitiesoof 

urine 
stanàing 

5.p.m. 



ejected during the experiment was full. The cerebral hemispheres were found 
to be entirely removed. The corpora 
quadrigemina were intact. The cord 
was found to be divided within the 
bura mater at the level of the 5th 
dorsal vertebra. The cord was 
crushed through rather than cut 
through (scissors not too sharp having 
been used to divide it but its 
continuity was completely destroyed. 

Exp. 153. 

Cat - weight 2.4 kilo. 

2.50 Chloroform anaesthesia induced and 
spinal cord exposed, and completely 
divided in the mid dorsal region. 1 c.c. 
of a 0.5% solution of tutin was then 
injected into the peritoneum and 
chloroform discontinued. 

3. p.m. No response to electric stimulus 
applied to left hind foot but marked 
response when applied to left fore 
foot. 

3.5 

3.14 

3.16 

Slight twitching of ears and jerking 
of head. 

Distinct tutine twitche 
limbs. 

Convulsion of fore part 
accompanied by movement 
of tail have not become 
salivation. 

s of head & fore 

of body 
of tail. Hairs 
erect. Great 

3.20 Convulsive movement of fore part of 

body continued. A movement of tail near 

the tip. 1 c.c. of a 0.5% tutin injected 

into peritoneum. 

3.22 Switching mdvement of tail from side 

to side. Reflex response to pricking 

left hind leg with knife. Distinctly 

obtained during convulsion of fore part. 

3.28 Movement of tail during convulsion of 

fore part. 
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3.29 Severe convulsions of fore part 
accompanied by marked lashing movement 
of tail. 

3.22 More convulsions with lashing of tail; 
movement of tail sometimes occurs quite 
apart from movement in fore part of 
body, but occurs also with marked 
regularity at the beginning of each 
fit of fore part. 

3.42 Several movements of tail with no 
convulsion of fore part. Tail sometimes 
moves from root and sometimes only the 
tip. Movement is mainly from side 
to side but n -ew and then the whole tail 
is lifted upwards. Reflexes present in 
the hind part, movements of both limbs 
on patting one. 

3.45 Movement of tail becoming more marked 
while fore part more quiescent. 

3.46 Defaecatior. occurred. 

3.47 Hind limbs spontaneously drawn up to 
abdomen several times, then a slight 
fit of fore part occurred and movements 
of tail with tetanic movement of hind 
limbo. 

3.50 Tonic and clonic spasm of hind limbs, 

claws extruded. 

3.52 Respirations slow & gasping. 

3.54 Heart beat figcrous as heard by stethos- 

cope 72 per minute. Twitches of fore 

paws and tonic spasm of hind limbs with 

erection of hairs on tail. 

4.4 Clonic movements of left hind limb. 

4.5 Distinct tonic and clonic spasm of 

both hind limbs, limbs fully extended 

with claws extruded. Respiration infreque 

and difficult owing to obstruction of 

air passages by saliva and mucus. Heart 

intermittent, misses one or two beats 

towards the end of inspiration. 

t 
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4.6 More movements of hind limb, fore part motionless. Respirations atout 4 per minute. 

4.64 Another spasm of hind 

4.7 Respirations ceased. 
stethoscope. Beating 
24 minutes after last 

quarter. 

Heart audible by 
regularly for 
respiratory gasp. 

Exp. 1e4. 

Frog - (Hylsurea) pithed in the ordinary way 

three hours previously, was suspended by the head. 

At intervals of a few minutes its feet (as far 

as the ankle) were dipped into dilute sulphuric 

acid of a strength of 1 in 1000. After each 

dipping the feet were carefully washed in fresh 

water. The time was taken by a seconds clock 

and the result was as follows.- 

Frog A Right foot Left foot. 

8" 9" 
6" 8" 
6" 4" 
6" 4" 
4" 6" 
6" 6" 

6" 6" 
6 "" 6" 

Average 6 " Average 6" 

6.3 min. of 0.1% solution tutin (11 mlgm per kilo) 

was then injected under the skin of the back and 

after an interval of 30 minutes the feet were again 

dipped in the acid. 

226. 



Frog A Right foot Left foot 
227. 

5" 4" 

4" 4 
6" 6" 
8, 8" 

Average 5.8" Average 5.5" 

Here a further dose of 10 ralgm. was injected 

and after an interval of 15 minutes the feet 

were dipped as before. 

Frog A Right foot Left foot 

5 4" 4" 
6 4" 4" 

4" 4" 
4 4 " 

Average 4" average 4" 

Each time the feet were withdrawn together and, 

as it was thought sore actively than before the 

tutin was injected. 

Exp. 155. 

The experiment was repeated with the second 

frog,pithed in the same way four hours previously. 

The result was as follows. - 

Frog B Right foot Left foot 

6" 7" 
10 11" 

8" 8" 
8" 8" 

8" 8" 
ro 8" 

8" 
8 8" 

average 8" Average 8.3" 

10 nlgs of 0.1% solution tutin was then injected 

under the skin of the back and after an interval 



of half -an -hour the reaction time again tested. 

The time when movement first took place only 

was noted. 

Twitched at 2" Withdrawn at 4" 

6" 
6" 
6" 

14" 
14" 
20" 
16" 
22" 
14" 

Average 12.2" 

At 22" there was a slight twitch but no further 
movement took place although 70" were counted. 

Pinching or pricking of foot met with immediate 
response but the acid had no influence. Five 
minutes later no reflex movement could be elicited 
by any means and the heart could no longer be 
seen beating through the chest wall. Frog A 
was then tested again and found to respond as 
actively as before. 

Exp. 156. 

A third frog pitb.ed one hour previously was treated 

in the same way. 

Frog C 10" ) 

5" ) Right leg only withdrawn. 

5" ) Frog removed from acid as soon 
5" ) as first movement took place. 

5" ) 

5" ) 

Average 6 

2 min. of a 0.5% solution was then injected under 

the skin of the back and ten minutes 
allowed to 

elapse before the feet were dipped 
again. 
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6" both legs withdrawn 
51" 
5" 
5i" 
5" 
5i" Average 5. 

1 min. of a 0.5% solution tutin was then injected 

into the heart. 

5" 

6" 
6" 
6" Average 5,3/5 

Exp. 157. 

Frog D A fourth frog pitied one hour previously. 

8 " 

5 '° ) 

7 " ) Movements of lower limbs only. 
6" ) 

5 ff ) 

6 " ) 

6 " 

6 " ) 

6 " ) 

6 " ) Average 6.1 

5 mlgm of 0.1° solution tutin (10 mien.. per kilo) 

was then injected under the skin of the back, and 

six minutes later the test reapplied. 

2" Very extensive general movements. 

4" arms moved as well 

2" Legis and subsequent movements of arms. 

1" Legs - spreading to arms. 

2" Legs - arms not moved so vigorously. 

4g Both legs only. 

5" Legs only - response more sluggish. 

4" Legs only. 
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2 30 . 

4" Legs only 

2" Lega and arms. 

Average 3. 

Exp. 158 

Frog E The experiment was repeated a fifth time. 

In this case the frog had been pithed in the usual 

way one hour previously, but it appeared to retain 

some power of voluntary movement and was so restless 

that it was suspected that the cerebrum had not 

been completely destroyed. Extensive general 

movement followed each application of the acid. 

L. R. " G. 
2 " 2 geñeral movement 

Et 

4 " 4 
et 

3 " 4 

12" 4 " 

14" 7 
tt 

11 " 8 

12" 9 " 

9 11 11tí 

8" 
6 ti fl 

It 

Average 8.3 CJ Average 6.1 

1 min. of a 0.5% solution tutin was 
then 

injected (about 12 mlgm per kilo) under 
the skin 

of the back, and fifteen minutes later the 
feet 

rt 

If 

tt 

tt 

It 

ft 

tt 



were again dipFed into the acid; but before this 

was done a typical tu.tin convulsion occurred. 

1. 

2. 

3. 

l3" 20" Legs only. 

9" 9" 11 11 

50" Seventy seconds were 
counted but the right foot was not 
withdrawn. 

4. 38" 38" Legs only. 

5 20" 15" Legs oijly 

Average 22 average 20 

On examination the optic lobes were found to be 

intact. 

Exp. 159. 

The experiment was repeated with a sixth frog. 

This was beheaded a little in front of the 

anterior border of the tympanic membrane so as to 

sever all in frcnt of the top of the medulla. 

Frog F. R L 

7" 5" 

7" 

9" 9" 

8" 9" 

14" 

15" 

12" 

13" 

Average 8.5 Average 9.1 

1 min of a 0.5,4 solution was then injected 
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under the skin of the back and eight minutes later 

the test reapplied. 

10" 10" 

38" 381 

84" 84" 

Average 44 Average 44 

As a result of letting the frog fall on the 

table,a typical tu.tin spasm, with croaking, occurred 

here. Seemed to require severe irritation to 

induce a spasm. A spasm occurred on striking 

sharply with a glass rod. 

It 

Sr 

250 seconds counted but feet not with- 

drawn. Slight twitches occurred 
however at 58" 71" 86" 94" 

& 120" 

100" - no effect. 

4-o 'Lot, 

Although the acid had ceased any influence it 

was still possible to elicit reflex action on 

painful stimulation e.g. pinching. 

Ten minutes later reflexes could not be 

elicited in any way. The thorax was then opened 

and the heart found to be still beating. 

The auricles were distended 

Twitching occurred as the cord was being pithed. 
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Exp. 160 

A few drops of a solution of tutin were 

introduced into the right eye of a young rabbit. 

Within a few minutes there seemed to be a very 

slight dilatation. In an hour and a quarter the 

right pupil was thought to be slightly the larger 

by an observer ignorant of which eye had been 

subjected to the test, but the difference was so 

very slight if existing at all that the result 

was regarded as doubtful. 

Exp. 161. 

Four small drops of a 0.5% solution tutin were 

introduced into the left conjunctival sac. of a 

rabbit. It was observed for fifteen minutes and 

no change in the size of the pupil was noted. 

No hyperaemia of the conjunctiva resulted; nor 

did the conjunctiva become less sensitive. 

This rabbit died twenty -four hours later after 

exhibiting symptoms of tutin poisoning. 

Exp. 162 

Effect of tutin on the pupil. 

2.50 Two drops of a 0.5% solution of 
tutin 

introduced into the right 
eye of a cat. 

2.52 No apparent effect. 
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2.55 

3.p.m. 

3.5 

3.10 

4.p.m. 

No change 

Ho change 

Pupils are the same size & react 
equally to light. 

No effect. 

Pupils equal. 

Exp. 164, 

3.25 0.5 c.c. of a 0.5% solution of 
coriamyrtìn was instilled into the right 
eye of a rabbit. 

3.30 No apparent effect. 

3.35 Difficult to say if any effect. The 
right eye may possibly be slightly 
contracted. 

3.40 An observer ignorant of which eye had 
been treated was unable to distinguish 
any difference between the two pupils. 

4.p.m 

234. 

Pupils appear equal and react to light 
with equal readiness. 

No appearance of irritation of conjunctiva. 

Exp. 165. 

3.14 p.m. Two drops of a 0.5% solution of coria- 

myrtin introduced into the left eye of 

a cat. 

3.16 

3.22 

3.30 

4.p.m. 

No change in size of pupil observed. 

No change. 

Pupils equal and react to light with 

equal readiness. 

pupils appear to be equal. 

4.30 p.m. No change. 



RABBIT - w 

Jan. 24th 

Jan.25th 

Jan. 27th 

Jan. 28th 

;an. 30th. 

Feb. 4th 

Feb. 8th 

Feb. 11th 

Feb. 12th 

Feb. 14th 

Exp . 166. 

eight 777 gramm. 

4.50 Gave 13.2 min. of a 0.1% solution 
tutin (1 mlgm per kilo) hypodermically. 

No obvious effect. 

Gave 13.2 min. of a 0.11 solution per os. 

Normal; so gave 13.2 min. of a 0.1% 
solution per os. 

Repeated dose of 13.2 min. of 0.1% 
solution given per os. 

Weight 848 gram. Gave 21.6 min. of a 
0.1% solution (1.5 mlgm per kilo) per os. 

Normal, gave 4 min. of a 0.5% solution 
tutin (1.5 mlgm per kilo) per os. 

Weight 879 gram. Gave 2 mlgm per kilo 
per es. 

No symptoms; normal. 

Wei ht 862 gram. Gave 7.3 min. of a 
0.5p solution tutin (2.5 mlgm per Dilo) 
per os. 

Feb. 17th Gave 2.75 mlgm. per kilo per os. 

Feb. 17th 

Feb. 20th 

Feb. 24th 

Feb. 27th 

March 3rd 

Weight 922 gram; normal, so gave 7.8 

min. of a 0.5% solution tutin (2.5 

mlgm. per kilo) per os. 

Normal. 

Weight 958 gram. Normal, so gave 9.7 

Min. of a 0.5° solution (3 raga per 

kilo) per os. 

Weight 983 gram. Gave 11.6 min. of 

a 0.5% solution (3 mlgm per kilo) per os. 

Weight 991 gram. Gave 13.4 min. of a 

0.5 solution (4 mlgm per kilo) per os. 
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March 7th Normal. Gave 5 mlgm per kilo per os. 

March 9th Normal 

March 12th Weight 1154 gram. Gave 23.5 min. of 
a 0.5% solution tutin (6 mlgm per kilo) 
per os at 2.40 p.m. 

4 p.m. Shows symptoms, extends fore and hind 
limbs and lies on belly - ears and head 
tremulous. 

Mar.16 Weight 1181 gram. Gave 7 mlga per kilo 
not continuously obse rred. Recovered. 

Mar. 19 Weight 1176 gram. Gave 8 mlgm per kilo 
in 3+ hours,showed symptoms (twitching 
of ears, chewing movements etc) Recov- 
ered. rn4,. eh. zy. 99,..1y. .kt'10 76.4..,0S, fa tat zh.krt 

(Experiment still in progress) of ct.; 

Exp. 167. 

Guinea Pig: Weight 627 gram. 

Jan. 24th 5 p;.m. Gave 10.2 min. of a 0.1% solution 
of tutin (1 miga per kilo) hypodermically 
with antiseptic precautions. 

6.30 Convulsive movements of jaw, animal 

standing in unnatural attitude. 

Jan. 25th Apparently normal. 

Jan. 27th 

Jan. 28th 

Jan. 30th 
Feb. 4th 
5 . 3 6p .m 

Gave 10.2 min. of a 0.1 > solution 

Lutin (1 mlgm. per kilo) per os. 

Showed no symptoms; repeated dose 

10.2 min. per os. 
No symptoms; repeated dose 10.2 min. per 

Weight 644 gram. Intended to give 17 

min. of a 0.i% solution tutin (1.5 rnlgm 

per kilo) per os 

before giving, and so 

17 minims given. 
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Feb. 8th 

5.50p.m. 

6.20 

Intended to give 17 min. of a 0.1% 
sou on tutin per 02, but 17 min. of 
a .55%o solution was given by mistake. 

Mistake discovered and 0.5% gram 
chloral hydrate given per rectum at 
6.5 p.m. Immediately on withdrawing 
nozzle of syringe a few pellets of 
faeces were discharged but very little 
fluid returned. 

Is under the influence of chloral, but 
showing twitches of fore -limbs. 

7.5 Apparently still under chloral,is quite 
limp. 

9 p.m. Awake and easily startled; ears cold 
and whole body shivering; was wrapped 
in towel. 

9.20 Will not remain covered up. Shivering 
not so marked. 

10 p.m. Same. 

Feb. 9th Apparently normal, quite warm, breathing 
9a.m. is regular. 

2.p.m. Does not seem to have eaten - seems dazed. 

11 p.m. Did not try to escape when went to lift 
it,but resents being handled. Otherwise 

appears normal. 

Feb. 10th 9 a.m. Seems stiff in the hind quarters. 
Moans when touched - has not eaten. 

N6ticed moist condition of uro -anal 

opening. 

2.30 Completely paralysed and cold in hinder 

half of body; breathing thoracic; eyes 

kept wide open; moans when handled and 

showed some convulsive movements of 

fore -limbs and head. 

3.p.m. Found dead. 

P.M. Stomach distended with gas. Intestines 

contain mixed gas and fluid contents. 

Peritoneum much injected; appearance 

suggestive of general peretonitis. 
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238. 
Exp. 168 

Feb. 27th Cat; weight 2.686 kilogram. 

5.12 

5.22 

Gave 13 min. of a 0.13 %solution of 
picrotoxin (9.375 mlgm per kilo) 
hypodermically. 

Quite normal; cleaning itself. 

5.30; 5.35 5.40; 6.30 same. No departure from 
the normal. 

Feb. 28th Quite normal 

Exp. 169. 

March 3rd Same cat. Weight 2.699 gram. Fresh 
solution of picrotoxin. 

4.p.m. Gave 6.8 min. of q, 0.25° solution 

picrotoxin freshly prepared (0.375 
mlgm per kilo) hypodermically. 

4.16 No symptoms. 

4.20 Has defaecated and swallows occasionally, 
but seems so well that these may be 
normal appearances. 

5.15 No apparent abnormality. 

5.40 Same. 

March 4th Has displayed no symptoms and seems 
perfectly well. 

Exp. 170. 

March 4th Cat; weight 2.699 kilogram. 

This cat previously received 1 mlgm tutin 
and 

recovered; will now receive an equimolecular 

solution of picrotoxin, 887 X 1 mlgm picrotoxin 
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5.20 

6.p.m. 

6.7 

6.10 

6.15 

2.66 rnìgm picrotoxin 
.7. 18 min. of a 01: 239. 

.25° solution picrotoxin. 

Gave 18 min. of a 0.25% solution of 
picrotoxin 

No symptoms as yet beyond occasional 
fáwe t1.o íri.ng. 

Salivating; mouth open, panting, 
vomited. Vomiting repeated several 
times. Breathing slower after vomiting. 
Defaecatsd 

Retching; this a more marked sy:!ptom 
than with tutin. Animal looks much 
less disturbed than with tutin at this 
stage. 

Every now and then spasmodic contraction 
of diaphragm suggesting hiccough. 
Looks sleepy. 

6.20 Twitching affecting fore paws only. 
No face or ear twitching. 

6.25 Twitching again, more marked, causing 
a little spring with fore part of body. 
Is very easily startled. 

6.27 Another more marked twitch - sudden 
spring, with fore arms bowed,giving 
appearance of trying to cling to the 
ground. Cat more alarmed and astonished 
at the twitching than in the case of 
tutin; cerebrum seems less affected. 
Twitches at the slightest noise,e.g. 
tap of foot on floor, or turning page 
of note book. 

6.32 Much more markei twitching. Cat stands 

in unnatural attitude afraid to move. 
Every movement causes a sharp 

spasmodic contraction of muscles. 
Breathing very rapid. 

6.35 General clonic convulsion lasting a 

minute and a half. No tonic stage 

noticed. Rose immediately seizure had 

passed. Stands in unnatural attitude 
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afraid to .move. Twitching of eyelids 
noticed for first time. Seems quite 
clear mentally. 

6.40 Very cautiously assumed a sitting 
position on haunches. Continuous 
twitching. Looks up at once if spoken 
to. Twitching has not been so general 
since the convulsion, nor is it so 
easily excited by stamping the foot. 
Not so much salivation as with tutin. 
Watching with interest movements of a 

rabbit in a cage opposite. 

6.50 Twitñ ing only very occasional and slight. 
Sitting with eyes closed as if dozing 
Breathing normal. 

6.55 Twitching more marked again and is again 
easily induced by a sudden noise. 

7.12 Sitting on haunches in normal attitude, 
gives occasional Head 
drawn back quickly, or to one or other 
side. 

7.22 Still twitching a little, eyes half 
closed most of the time; no sign of pain. 

7.33 Came to front of cage and rubbed itself 
against wires; then sat down as before. 
Is still disturbed by twitchings of 
fore -limbs and head, but it is slighter 
than it was. 

7.43 Drowsy, but wakes up with a start. 

8.p.m. Starts are much less frequent and very 

slight. 

8.22 Apparently asleep sitting on haunches. 

No further twitching noticed. 

8.30 Same 

9. Apparently normal. 

9.35 Savie 

March 5th Quite recovered. 



241. 

Exp. 171. 

9.3.08 Cat: weight 3 kilogram. 

4.38 Received 10 minims of an emulsion of 
coriamyrtin (3 mlgm or 1 mlgm per kilo) 

4.48 Twitching first noticed, saliva dripping 
from mouth. Mouth open. 

4.50 Vomited; breathing greatly exaggerated. 

4.51 Defaecated. 

4.54 Breathing still rapid - twitching increases 

4.56 General convulsion, mostly clonic,lasted 
30 seconds, pupils dilate with each 
twitching. 

5.p.m. Panting hard and twitching constantly. 

5.1 General tonic and clonic convulsion 
emprosthotkonos, almost standing on 
head. Breathing suddenly became 
normal after convulsion. Then lay 
with face pressed on floor breathing 
heavily. Minor twitching continues. 

5.7 Clonic convulsions, chin bent down on 
chest, limbs spread -eagle on either 
side. Stands in an elongated crouching 
attitude pressing forehead against floor. 
Respirations 160 per. minute. 

5.8 Clonic convulsions, emprosthol].onous, 

pupils return to normal size in internals 

5.10 Another convulsion; pupils dilated as 

usual. 

5.11; 5.12; 5.14; 5.16 General convulsions. 

Intervals very short. 

5.20 During a fit tail rigidly arched over 

back. Died in this convulsion. 

Heart inaudible to stethoscope 

immediately after. 



242. 

P.M. Three hours afterwards. Membranes of 
cord and brain markedly congested, 
intestines pale. Heart, right side 
enlarged, left side coftracted. 
Haemorrhagic p &tche*s in lung. Urinary 
bladder empty. Gall bladder moderately 
full. Uterus coftained three foetuses. 

Pieces of cord and brain fixed in 
8% formal sections made by paraffin 
method. 

'c /a /y2 a4,acra.6-ect r,.. 

RABBIT 
Exp. 173. 

Weight 1.264 kilogram. 

4.47 Gave 0.6 gram of a 1 in 1 solution 
chloral hydrate per rectum. Slight 
loss of the fluid. 

4.57 Is anaesthetised, gave 17.1 min. of a 
0.5% solution of tutin (4 mlgm per kilo) 
hypodermically. 

6.25 

7.15 

725 

Recovered consciousness; :narked twitching 
of head and ears; sitting up. 

Sitting erect on fore -paws; salivating 
freely; convulsive movements of jaws. 

7.45 Seizures almost continuous; placed on 
a table; it raises itself by straight- 
ening its fore -paws, and pushed its 
body further and further back, then 

sinks forward apparently exhausted, so 

that the fore -limbs are spread out at 

right angles to the trunk. Meanwhile 

jaws are grinding together and saliva 

seems to be swallowed. Pupils moderately 

dilated but as daylight nearly gone 
this may be natural. 

7.57 As condition continues, gave another 

rectal dose of 0.6 gram chloral. After 

getting this it showed the symptoms des - 

cribed by Marshall of pushing itself 

back till it actually fell backwards 
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over its tail. The pupil was dilated 
and would not contract when a match was 
held close to it. 

No cessation of symptoms; fell over tail 
again, interval hetw2en seizure varies, 
about ï minute. No general convulsion, 
as is the case when chloral is not given. 

8.15 Has been quieter the last few minutes 
as if dozing as it sits. 

8.30 Lying on side apparently under chloral; 
breathing very shallow, no twitching. 

8.40 Respirations extremely feeble. 

8.45 Spontaneous movements; tried to rise. 
Raised head and fell over on the other 
side. 

9. No further tutin symptoms, moves 
occasionally, especially if touched. 

9.30 Still the carne; has passed urine; is 

sitting with nose in a corner of cage 
as if dozing; eyes half shut, does not 

mind being touched or handled, ears 

cool. 
10 

Sarre; but has changed its position 
several times. 

10.40 nving about more freely; seeds to suffer 

from irritation of the anus; is more 

like normal than it has been since 7p.m. 

10.50 Same; has passed some pellets of faeces 

and some thin faecal matter. Behaves 

normally when approached and seems 

wide awake. Can use all its limbe. 

12.2.08 Next dam 5 pe'm. seems normal except 

that it is suffering from diarrhoea. 

13.2.08 Found dead in the morning. 



Exp. 174. 

Rabbit. Weight 1.455 kilogram. 

Feb. 7th 
5.45 Gave per return 0.6 gram chloral hydrate. 

5.55 Gave 13.8 min. of a 0.5% solution tutin 
(3 mlgm per kilo ) hypodermically. 

6.10 Animal apparently fully anaesthetised, 
wrapped in a soft towel to maintain 
temperature. 

6.25 Same 

7.5 Dazed and sleepy looking - no movements 
other than respiratory - eyes open. 

7.35 Made starting movements with head and 
moved hind limbs - is still wrapped in 
towel. Removed towel. 

8.p.m. Has had frequent startings but is very 
quiet most of the time. 

8x25 Sitting up apparently dozing. Has been 
somewhat restless, but no sign of 
convulsion. Covered it up with towel 
and noticed that it had passed urine. 

8.55 Sitting in a corner of cage, quite awake, 
but does not seem at ease. Still frequent 
startings. Breathing slow & deliberate. 

9.7 Seems to feel some irritation at anus, 

possibly from the rectal injection. Put 

its head down as if to lick anus. 

9.20 Apparently normal. 

10 p.m. Has been continuously observed but no 

sign of convulsions. 

11 p.m. Apparently quite normal; resists having 

its ears pulled. Has passed some faeces 

11.30 No further change - sitting with eyes 

wide open; easily startled. 

Feb. 8th Apparently normal. 
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Exp. 175. 

Rabbit. Weight 1.534 kilogram. 

3.15 Gave 1 c.c. (1 gram) of a solution of 
chloral hydrate per rectum, and 20.8 
min. of a 0.5% solution tutin hypodermic- 
ally. 

3.25 Lying on side under chloral anaesthesia. 
Respiration 42 per minute. 

3.45 Still sleepy under chloral, breathing 
the same. No tutin symptoms. 

3.49 Turned over on to the other side. 
Respirations 40 per minute. Blinks eyes 
once or twice in succession occasionally. 

5.p.m. 

5.15 

6.3o 

9.20 

Twitching and convulsive movements. 

Same convulsive movements. 

Same b ut more feeble. 

Died. 

Exp. 176,177,178,179. 

Feb. 26th Four frogs were taken. 

Weight frog A 27 gram. Exp. 176. 

B 37.5 gram Exp. 177 

C 28 gram Exp. 178 

C 34.5 " Exp. 179 

6.p .m. To eadh frog was given 0.01 gram. 

chloral hydrate hypodermically. 
It was 

intended to give 0.008 gram chloral 

hydrate to frogs C & D but by mistake 
they received the same dose (0.012 gram) 

as A.& B. 
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6.5 p. m. B received 15.3 min. of 0.05g solution. 
tutin (12 mlgm per kilo)hypodermically. 

C. received 10.4 min. of a 0.05g g solution 
tutin (11 mlgm per kilo) hypodermically; 

D received 14 min. of a 0.05% solution 
tutin (12 mlgm, per kilo) hypodermically 

Feb. 27th A is normal; B is dying; C is dead 

U is dying. 

Exp. 180 

Feb. 13th 

5.55 p.m. To a rabbit weighing 1.4 kilogram gave 
1.5 gram Ure thane by stomach tube. 

6.20 Apparently under, very sleepy and limp. 

Gave 4 mlgm. tutin per kilo hypo- 

dermically. 

7.30 Symptoms first observed, they were not 

present at 7.15 

8. Twitching of ears and head and starts 

of fore part'of body, no salivation. 

Was handled a little roughly in trying 

to see if salivation present and went 

into a typical fit. It lay on one 

side and fit. succeeded fit in rapid 

succession. Movements chiefly clonic. 

No tonic phase could be detected. 

8.30 As fits still continue and animal seemed 

doomed, tried about 1 c. c. of 10 
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sodium carbonate per rectum. While 
giving injection noticed involuntary 
urination. 

8.45 Sodium carbonate had produced no 
obvious effect so tried chloroform. 
Administered it as carefully as possible 

with a Skinner's mask. Breathing was 
shallow and rapid. Under influence 
of chloroform animal became quiet, 
movements of limbs ceased, head moved 
slowly backwards,nd breathing ceased 
suddenly without the least warning. 

The heart could not be felt beating 
and artificial respiration had no 

effect. 

Exp. 181. 

To test if rabbit will recover from paraldehyde 

when a. dose of 1.2 c.c. per kilo has been given. 

Feb. 4th Rabbit was chloroformed, stomach tube 

passed. 0.85 c.c. paraldehyde (1.2 c.c. 

per kilo) dissolved in 10 c.c. water 

given. 

5.p.m. Noticed that reflexes had returned. 

6.15 Asleep. 

Feb. 5th Recovered. 
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Exp. 182. 

Feb. 12th 

Rabbit. Weight 1.551 kilogram. 

4.48 Gave one- twohundredth gr. hypodermic 

tabloid of Hyoscine Hydrobrom, hypo- 

dermically. 

5.15 Apparently no effect, so gave a second 

dose of one-twohundredth grain per os. 

6.5 No effect. 

Feb. 13th Normal. 



DESCRIPTION OF SLIDES ACCOMPANYING THESIS. 

Slide 1 

Slide II 

Slide III 

Slide V 

Slide IV 

Shows Cortex Cerbic, Medulla oblongata 

and the three regions of spinal 

cord of a cat not treated with 

tutin but killed by chloroform. 

The normal vascularity of the parts 

is shown. 

Cerebral Cortex and Medulla of a cat 

killed by 3 mlgms. per kilo of 

tutin (Exp. 1) 

Sections of Spinal Cord of same cat. 

Cerebral Cortex, Medulla and Spinal 

Cord of cat poisoned by 2 migm. per kilo 

(Exp. II) 

These three slides show the congestion 

which is seen in tutin poisoning,also 

small haemorrhages. (Stain. Muir: Eosin 

ethylene Blue). 

Medulla oblongata cat (Exp. 1) dissl's 

method. Shows the granules apparently 

unaffected. 
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