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PURPOSE OF INVESTIGATION

The principal requirements for an idesl rat poison are safety,
effectiveness, and economy. The rat poisons in mosh genersl use
to-day (arsenic, barium carbonate, phosphorus, and strychnins) have
toxic properties that sertously menace the safety not only of wild
and domestic snimals, but nlso of human beings, Red squll is role-
tively saler and more nearly approaches the ideal rat potson. Animals
other than rats usually refuse to eat red squill in the concentrations
used for rat baits. The difficulty of obtaining a uniformly toxic
preparation of red squill has retarded its development for this pur-
pose. To contribute to the information needed for the production
of & potent red-squill preparation for the efficient destruction of rats,
the investigation here reported was undertaken.
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SOURCE AND STRUCTURE OF SQUILL

Squill, Urginea maritime (L) Baker, also called U, scille Steinheil,
13 a perennial plant prowing wild on the coast of southern [taly,
Sicily, and Serdinia, and elsowhere along the Mediterranenn Sea.
The bulbs produced are pea.r sheped, usually from 3 to 6 inches in
diameter and from 300 to 2,000 grams in weight (pl. 1), and are
composed of closaly ovcrlnpping fleshy scales. The ouber scales are
dry, brittle, and reddish brown; the inner seales vary from light
vellowish white to deep cherry or mahogany; and ithe central oncs
(core) are ususlly white. ) _ _ _

There are two commeorciel varieties of squill—white squill, which
18 murketed as dry, white scales and is the product official in various
pharmacopeeias, and red squill, which until recently was obtainable
only in the fresh state. DBoth the viscous, mucilaginous juice and
the dry scales of esch variety are irritating to the skin. This sting-
ing offect upon the skin, as well as the acrid prickly taste, is conunonly
nitributed o calcium-oxalate raphides. White squill is used in human
medicing as a heart tonic, emetic, diuritic, and nauseant expectorant.
Various FKuropean investigetors have recommended red squill as a
rat polson. .

Microscopic examination of squill was made by Gnorge L. Keenan,
of the Food, Drug, and Insecticide Administration, who states:

A mivroseopic cxamination of red-sguill powder shows that the anatomical
structure is similar Lo that (¥ white aquill.  "I'he powdered buib of both varieties
consista of fraginents of parenchyma cells, apiral vessels, and long raphides of
calcinm oxslute, svme of which are surrounded by dried magses of transparent
refractive material, the mucilage sheath. The longest acicular erystnls are ap-
proximabely 1 millimeter long,  Short raphides are present also.  The grealest
dirgnostic difference is the presence of pigment cells in the red-aguill seales aud
their absgnce in fhe white. The red pigment cells are numerous in the scules
of the red sguill and are readily found in the powdered maierial.

To fneilitute its identification, the red squill was reduced to a fine powder
and cxamined microscopically in a drop of wenstruum consisting of an acidified
chloral-hydrate-ziveerol solution {mmade by dissolving 45 grams of crystals of
chioral hydraie in 25 cubic centimeters of dilute hydrochloric neid (1 :8) and
16 eubic centimeters of glycerol).  The slide was nob warmed.  The red coloring
mubter graduslly diffused out of the cells, giving the pigment ssses o reddish
appesratce.  Long mphides of ealeium oxalate were found in the dried mucilng-
inous materisl, many in close proxitnity to the red masses.

When a powdcre(i dry bait contnining § per cent of red squill was examined
according to the method just described, the pigment cells were readily found.

RESULTS OF PREVIOUS INVESTIGATIONS

CHEMICAL

Arn exhaustive review of the chemical studies on squill since 1741
is given by George (12%). The active principle has not been definttely
solated aund identified. Many of the products obtained by extrac-
tion with various solvents have proved to be lmpure mixtures. I
many instances it is not plaia whether red or white squill was <sudied.
George states that the active constituents of squill are (1) seillitin,
CiHz0s, & yellow, very bitter, nitrogen-free glusoside, slightly solu-
ble in water (0.18 per cent) and soluble in alcohol, which was isolated

1 Refsrence I made by italic pumbers lo parectheses to ' Literaturs clied,” p. 35.



http:glycer.ol
http:cxall1inati.Qn

Tech, Bul. 134, U. 5. Dept. of Agriculture

BiIsMm

RED-SQUILL BULE (URGINEA MARITIMA)




b
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by Kopaczewski (18) as the toxic principle of squill; {2) scillidiuretin,
8 strong diuretic, ulso isolated by Kopaczewski; (3) xanthosciilide,
a yellow crystalline glucoside, insoluble in chlorolorm, but soluble
in boiling alcohol, isolated by Buschmann (2); and (4) a water-scluble
toxic substance isolated, but not identified, by -Ewins (8). George
obiained a red glucoside from African squill, Urginea burkei, which
ccrresponded in properties to Merck’s scilliboxin. (Scillifoxin has
not been chemically 1dentified ss a definite chemical entity.) Gala-
viclle and Cristol (11) found the same chemical principle in Scille
autumnalis L. grown in the neighborhood of Mentpellier, France, as
in S. maritima. A patent has been granted to Stoll and Suter (27)
Tor » process of isolating & physiologicelly active glucoside, “Scillaren,”
from white squill. The chamical composition and formuls sre not
given in the patent.
PHYSIOLOGICAL?

Lewin {21) reported that animals receiving squill showed & slower
pulse, dyspnea, and pyrexia, and died on aceount of respiratory fail-
ure. Danyss and Kopaczewski (§) stressed the paralysis of the hind
limabs, convulsions, and characteristic gyrations of rats following the
consumption of squill. They state that the respiration is greatiy
depressed and that after severnl gasps the animeal dies. Gunn and
Hentheote (14) found that the subcuteneous minimum lethal dose of
the glucoside prepared by Ewins’s process (8) was 5 millicrams per
kilo ol body weight lor the rabbit and 150 milligrams per kilo for
the rat; also, that much stronger concentrations were required to
stop the isolated rut heart than fo stop the isolated rabbit beart in
the same space of time. They concluded:

It is, of course, still possible that the rat may he more susceptible than other
domestic animals to squill taken by the mouth; but this, if true, must be due, say,
1o some consbituent of squill other than the glucoside or fo soine difference in
nebion than the sction on the henrt. The possibility $hat this alieged hyper-
susceptibility of the rat may be due merely to the [act thot the rot is the ouly
domestic ammul shat will et squill has not been sufficientiy excluded ¥ * %,
The rat is markedly less stsceptible than the rabbit.

The present experiments $ended to confirm the conclusions of Gunn
and Heatheote. Death following squill is apparently produced by
respiretory rather than cardisc action.

TOXICITY

The toxicity of squill (whether of the red or of the white variety
is not always stated) has been studied by a number of investigators
since the first experiments by Orfila in 1818 (22, v. 2, pp. 99-102).
The reports are suminarized in Table 1.

The great apparent variation in toxicity may be attributed to
differences in products, in methods of preparation, and in adminis-
tration. Relubively enormous quantities of squill are apparently
required to injure snimals other than rats.

1 Whilo this hultetin was heing orepared twe articles by Winton {28, 20} wore published. Winton
poneludla! tmh * the cordine glecoskdo nod che rat-poisontng prineiple in red squblls aro distinet subs. .neea,
T'hS [nreer nceurs in shont aquel smounta {n red and whitosquills,  '['be rat-poisoning substance, however,
in pregont o shyuniticent snous iy red squblis only.*
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Tapie L—Effect of squill preparations upon animals (reported in literaturc)

Ttoferonce Animals Product ; Rosuit

Dried balb

YTowin (81) oo RadS e
Eoj skl (15) da

Rad-sqaill powdear Do,
White-sqyuill . Aurvived.
Claromont (5 do. powler.
Urginas burkel | Doath,
powder. |
Dulnrdin-Benumetz do. Beuiil

liowarth {15, pp. 16- do [Sclllmn 0.02 to 0.05 Mg
#7). Boyuill 32 g,
. Orllla !,22, v. & pp. [ Dogs Fresh bitlh, .| 914 ouneas e

901023
Lowin (e ameins | Quinea pigs, Seillitoxin 0.5 mg
D oindl riblyits do --| 100 to 50 mg. Da.
Droga, cats, and hogs_l Fragh hulb 0,25 to 2 grams Vomnlting, disr-
rhes, dinresis,
Tortwlg (0, 1. 180)_- da oo.dn Death.
[orse and eow ! o
2 ivarses. _ o
Fopoczowsk] (18) ... Quinen pigs. 1 Saillitin
| Dogs.
Claremont (4) ‘at3 - 2mgfke..
l’.l‘tabblts_- 33 mg.fhg

UZE OF SQUILL AS RAT POISON

The Denish aniirat law of 1907 forbade the use of strychmine,
arscnic, and sulphurous preparations in rat comtrol but permitted
various squill preparations. Aurnann (7)) lists nine commercial
squill preparations effered for sale in Germany in 1912; he also states
that practice had cenfirmed the laboratory finding that squill prepa-
rations are twice as efficient as raticides ns are the bacterial poisons.
Smith (26) found that only one of five chemical extracts on the
English market in 1921 killed rats. Agqueous, alecobolic, and acetic-
acid extracts of dried white squill failed to kill rats, although each of
three alcoholic oxtracts of dried red squill proved fatal.

Claremont (4, ) reported an intensive study of squill as a rat
poison. The lethal doses of various red-squill powders ranged from
260 to more than 1,800 milligrams per kilo of body weight to rats
and did not seem to bear any relation to the chemical characteristics
of the preparations. The reducing sugars ranged from 3.32 to 10.45
per cent, and the total sugar after inversion from 6.94 to 73.73 per
cent. Ilydrochloric acid intensified the red color of the extract.
Bome powders and pastes on the British mearket were found to be
toxic to rats. White-squill powders Tailed to kill in doses of 9,000
milligrems per kilo of body weight. South African squill, Urginea
burkei, geve more mucilage than the ordinary varieties, and only
onc of three powders killed, the lethal dose of it being 2,000 milli~
grams per kilo of body weight. A drying temperature of 60° C.
appeared to produce a satisfsctory powder, although the lethal prin-
ciple was not destroyed in preparing squill biscuits at temperatures
around 100° The powder preserved its texicity when stored in
air-light containers. Cold and hot water extracts were toxic, but
alcolio! Tailed to extract the toxic principle. Wild rats were rather
more susceptible than tame rats.  Microscopic examination showed
no specific characleristic except the large number of raphides. Clare-
mont concluded that the toxicity of squill preparations can not be
inferred [roem analytical results but must be determined by feeding
experiments on rots.
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Kobert {I7) quotes Kunkel’s findings that red squill is more potent
than white, that the outer sesles act more intensely than the inner
senles, and that the bulbs gathered in suinmer are more potent than
those collected in the spring.

Lantz (19), Lereboullet (20), George (12), Howarth (i6), and
Schlupp (23) report the suitability of red squill as & rat poison under
various conditions. Howarth states further that “it is, moreovet,
regarded as comparatively harmless to domestic animals.” W. I
Tonkin, rat officer of Middlesex County, England, reports* that
phosphiorus pastes, barium carbonate, pnd one or two proprietary poisons have
on ocenston been usad, bub freshiy extracted squill, both ag a lethal rat poison
and by resson of its being comparatively harmless to domestic animals, hag
been found of greater vse thon any other poison.

Boulenger (3) found that squill solution was the most eflective rat
poison, betng three {lmes as toxic as barium carbonsate to rodents and
niso Iess harmful to domestic animals.

Finalty, the British Ministry of Agriculture and Fisheries (13)
recommended the use of squill:

Buaits containing barium carbonade or red squill * * *  nre recommended
by the ministry, snd if vsed as directed, aad with proper precautions, are less
dangerous $hen baits containing such polsons as arsenic, sbrychning, and phos-
phorus * * % Red squill is the safer, nnd it is ndnsn.blt. to use it in pref-
crence to other toxic agents for upphcatwn ob farms and in pluces where special
care is necesgary owing fo the presence of poultry, livestock, domestic animals,
or stored food supplies * * *  Owing to the peculiar chemical nature of red
#yuill in its various forms, ns sold for the destruction of rats and mice, users of
these preparations should satisfy themeclves that they obiain guaranteed toxie
red-squill rativides.

Recapitulating, the literature indicates that red squill is toxic to
rats whether fed as the fresh bulb or as a powder, that it is essen-
tially nontoxic to animals other than rats, and that white squill is
nontoxic to rats {85). Apparently, the toxic principle has not been
consistently solated by chemical methods,

EXPEDRIMENTAL PROCEDURE
PREPARATION OF POWDER

In the preliminary experiments, 24 powders were prepared from
samples talken from a 900-pound keg of squill bulbs imported from
Cagliari, Sardinia, in the fall of 1623 end kept In storage at 4° to 5° C.
‘'his entire series of powders was prepared by Otis F. Black and
James W. Kelley, of the Office of Drug, Poisonous, and Qil Planis,
Bureau of Plant Industry, United Staves Depar tment of Atuiculbmc

The outer, dry, reddish-brown husks, which were found to be less
toxic than the inner scales, were stripped from all bulbs. ‘The bulbs
were sliced end, in most mstances, atr-dried for several howrs and
placed in long glass tubes. A current of air was passed over the
surface. The temperature was inecreased over a period of several
days {rom room temperature to & given maximum, which was main-
taeined until constency in weight indicated that the products were
thoroughly dried. They were “then removed and ground in n drug
mit! untif the powder passed through g 40-mesh sieve. These powders
contained 1 to 2 per cent of moisture. After being pround, ol powders
were placed in tightly closed serew-top vials. etails of time and
lemperature are given in I‘abk, 2.

U et e mmmmimt!on.




TasLe 2.—Method of preparaiion of red-squill powders

Date
mnde

Bulbs
from
which
powder]
was
made !

Previous treatment

Condition when used

Prelimi-
nary
exposure
to air
at room
tem-
perature

Drying conditions

Cur-
rent of
hot air

Steam
oven

Vacuum
oven

Tem-
perature

Series 13
1

1923
August..

1024
Jan, 15

SO« 1 B

do.us

Apr.. 12

...do_.__

Just received from Sar-
dinia.

Stored .at room tem-
perature since August,
1923

Sprouting; no decom-
position,

7 days...

~-do. ..

Stored ‘at 5°
Al&gust, 1923,

C. since

5 days...

R () IR
—do___|

-=-U0. .

Hours
8

Flours | Days

45 duys..
do

do.:o..
Sprouting; slight
coglposlt.ion.
0..

3 days...

do....

) 70
80, 20-65

80
100

Dried in current of hot air, then In
oven at 60° C.

Husks,

Core.

Dried in current of hot alr, then in
oven at 80° C.

Dried in current of hot air; then in
oven at 85° C,

"Dried in current of hot alr, then in

oven at 80° C,
Do,

9
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1925
Dee, 7

P s T
R s TR
.| Dec. 18

1926
Jan. 7

1925
4 Dee. 12

.--do-_..

1 Composite (C) or single (S).

Sardinian’ bulbs; held
al room wmpemlure
since Qctober, 1925,

Sardinian bulbs; stored
mé C since Oetober,

do -
Alcoholiefermentstion

Acetic acid fermenta-

Slight fermentation. ..

Acetic acid fermenta-
tion.

-do -
Slight fermentation.._.

Frozen

Frozen

No_.....

Coiuposite seales; cores removed.

Do.
Cores only.

Whitish-pink bulbs,

Dao.

Pink-red bulbs.
Do:

Deep-red bulbs.
Do.

Nearly red bulbs.
Do.

\\'hlli)ish-pink and pink-red bulbs.
Neagy red and deep-red bulbs.

Al colors; mixture 724 and 725 com-

_ posite.

All eolors.

Fror;x)composite all colors as P.'C. 761,
0.

Do

Do,
From composite all colors as P. C.
701; 14 days In desiccator over

aCls,
Rest of 722 and 723, combined.

Rest of 720 and 721, combined.
Flgg} éx days at 40-50° C., then at

From composite P, C. 761; duplicate

of P. C, 762,

Rest of P, C. 770,

From composite P, C. 761; duplicate
of P, C, 764.

\
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TasLe 2.~—Method of preparation of red-squill powders~—Continued

i Bulbs i Prelimi- Drying conditions
o i
oo Date | which i P DOSL : .
P. C. No. made | powde Previous treatment Condition when used | toair Cur- Remarks
iF was T at room Vacuum
i made tesi- oven
, perature

Steam | Tem-

rent of | “ean | perature

bot air

1Hours | Iours °C.

Bardinian bulbs; stored
0325“,(,‘. sinece October,
1025,

Froxt composite P, C, 816.

Do,
Do.

do : Do,

P e, 810 used; fresh, : ) ! From composite P, C. 840.
not frozen,

P, C. 840 used; frozen . Do.

[+ () O N Do,
- Do.

.-do--
Do.

s Large bulbs, ' 1 Small bulbs,

TEALTIAOIYOV J0 “Id¥d S " ‘P81 NII@TIAL TVIINHOIL
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As the results of these preliminary experiments indicated that
squill is of value as & rat poison, the Investigational work was con-
tinued, material from a second shipment of spproximately a ton of
squill bulbs from Sardinia being used. Upon reaching the United
States in the fall of 1925, the 200-pound bags of squill were stored
8t 4° to 5° (1. Samples were drawn from time to time for the prepara-
tion of powders. ’

Essentially the same method of preparation was used as in the
preliminary experiments. As previous investigation had indicated
the desirability of using high temperatures in order fo check fer-
mentation or cnzyme action quickly, an electric oven that could be
sel to within 1° was used for drying most of the powders in this
serics, In some instances it was desirable to duplicate conunercial
conditions. For such drying a commercial steam drier was wused.
Dried material was ground to pass through a 40-mesh sicve and packed
in jars. The approximately ¥-inch-thick slices obtained in the com-
mereigl runs by using a hand-operated slicing machine proved to be
00 thin, as a large quantity of mucilaginous juice was exuded, facil-
itating fermentation and materislly retarding drying. Slices helf an
inch thick were found to be more satisfactory.

By using the method finally adopted for the preparation of squill
powders (p. 33), it has been possible to reproduce powders having
the sume toxicity.

METHOD OF FEEDING

Most of the toxicity determinations were made on white rats.
Wherever feasible, results on wild (brown) rats were also obtained.
All rats wore held In cages for about & week to malke the experimental
animals cssentially unilorm. No rats weighing less than 100 grams
each, and when possible only those that weighed between 150 and
250 grams each, were used. None of the rats received food for 18
houss, but all were given water freely, to insure a somewhat constant
appetite and to favor the rapid consumption of the experimental diet.
As previous experiments had indicated that rats readiy consume
1 per cent of their body weight, efforts were made to feed approxi-
mately (his quantity of total food.

Animals were weighed and placed in separate cages.  The ordinary
laboratory rat food—99 per cent of a mixture of whele-milk powder
(one-third) and whole wheat flour (§wo-thirds) and 1 per cent of salt—
was passed through a 40-mesh screcn. The sample of squill to be fed
was thoroughly mixed with this food, so that approximately 1 per cont
ol the animal’s body weight would be fed in giving the desired dose of
squill,  The weighed squill-rat-food mixtures were placed in individual
glass sponge cups. The time when these cups were placed in the
cages was noted, and frequent inspections were made to determine
the time at which all food had been consumed. The dish was then
reinoved and the rat left without food and water unti the next
morning,

Frequent ingpections were made to determine the onset of symptoms
of squill poisoning.  Several times the fatal dose of fresh seales or of
food containing squill powder has been readily eaten. Concentra-
tions up to 40 per cont of squill powder in rat food have been rapidly
and completely devoured, mdicating that the presence ol calcium-

55507 -~20——2
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oxalate raphides does not deter a starved rat from ecating thesc
products. On the day following the feeding of an experimental diet,
animals that were not in an obviously depressed condition or that
were nob gyrating vicicusly were offered the regular diet and water.
All rats that died within five days siter having been fed squill, and
in which squidl symptoms had been produced, were considered to
have been kilied by squill,

The detalled results obtained from ebout 3,000 white and 400 wild
{brown) rats are reported in Tables 3, 4, and 5. The preparations as
made were given “P. C.” (pharmacology card) numbers to identily
them. As these experiments were carried on over several years, the
date of each series of feeding tests is given to show that there was at
least u general agreement in susceptibility of test animals throughout
the entire investigation. The quantities of dried squill powder fed
arc given in grams. The numerator of esch fraction shows the
number of ruts dying from the indicated dose within & period of five
days; the denominator shows the total number of rats fed the indi-
ceted dose. The MLD (mmmimum lethal dose) was selected as the
smellest dose of & dried squil powder, in milligrams per kilogram body
weight, that killed all, or practically alf, the rats within fve days.

FFFECTS OF SQUILL ON RATS

Rats that have eaten & toxic dose of squill soon become somewhat
lethargic. From 4 to 14 hours later they ususlly exhibit character-
istic tremors and sensory depression in the hind legs. This is fol-
lowed by progressive paralysis of the trunk and forelegs. Respira-
tion increases in rate and becomnes labored. The animsl next starts
1 peculiar, extremely characteristic rotation on its long axis. These
gyrations have continued, at intervais, for half an hour and some-
times for 24 hours. The animal rolls over and over for some time,
and then stops, apparently through fatigue. After resting, it re-
sumes this gyration. Stimuli, such as & current of air, cause
prompt resumption of gyrations. Few rats that showed this symp-
tom recovered. Post-mortem examinations of a number of animals
indicated scute cardiac dilatation, and hyperemia of the gastrointes-
tinal tract and omentum. Although no cause for death other than
acute cardisc dilatation was observed, in-some instances the heart
beat was detected after the cessation of respiration, indicating that
respiratory paralysis played & part in producing death by squill.

RESULTS OF INVESTIGATION

During the progress of this investigation s number of individual
problems were studied. For clarity of presentation, the results ob-
tained in each separate study are reported under separate headings.
‘The data given in Tables 6 t0 13 are drawn from the results in Tables
2,3,4,and 5,




TasLe 3.—Toxicity of red-squill powders to rals!

WUITE RATS

- Month of
P, C. No. feoding

Minimum

Toxicity of powder in quantities of milligrams per kilo of body weight

lethal dose
200 | 250

300

350

400

£

500

625

750

'

. 1,000

|

| " ;
1,250 1, 50041, 50,2, 000 2; 500,3, 000

i

1

i 3
‘4, 000i5, 000 6, 000

+

FE

500
000
000
000
000
000
000
500
000
000
500
000

S0 I3 RO = bt G0 Q0 G0 b 1t RO

g
s
3
3
d
g

+F

224

1 Numerator of each fraction shows number of rats dying within five days; denominator shows total number of rats fed indicate

d dose.

SEJIDILVE §V SHAAMOd TIINDS-ddy




TasLe 3.—Tozicity of red-squill powders to rats—Continued

WHITE RATS—~Continued

Mounth of
feeding

Minimnm
Jethal dose

Toxicity of powder in quantities of milligrams per kilo of body weight

/ {
250} 300 400 1 500 | 6251750 11,000 1,250‘1,50031,7502,000

1925
December.

Aupgust__...__

1625
December.

1926

Alg. per
kgm. of

- -body
weight

{ | l |
3, ooo;a, 5004, 000; 5,

000’8, 000

0718

2/5

1116

¢l
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December. ...

December.

1928
February
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TasLe 3.—Toxicily of red-squill powders to rats—Continued

WHITE RATS—Continued

Toxicity of powder in quantities of milligrams per kilo of body weight

Month of Minimum
feeding lethal dose

200 | 250 | 300 | 350 | 400 | 500 | 625 | 750 | 1,000]1,250]1, 500:1; 750;2, 000}2,

My, per
kgm. of
body
weight

v
September__._
October

November. ...
December.....

1927
January ...

1928
April
September
Novembe
March_..
Septembe:
l\lur&:h--.

February_____
April
November..__
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TasLe 3.—Tozicity of red-squill powders o rais—Continued

WILD RATS

) Toxicity of powder in quantities of milligrams per kilo of body welght
Month of Minimum |

feeding lethal dose ) T i RN
200. 1 250 } 300 { 350 § 400 | 500 | 625 | 750 11,0001, 250 1, 500;1, 7502, 000;2, 500 3, 000 3, 500
] N i

My, per
kgm, of
bod!

ay
weight

b2 JP

38 enns

TIOAF........
7204 {

TWB .-
TRA vaaes
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TasLe 4.—Toxicily of calctum ozalale and white squill to while rais?

Minimum

Product lethal dose

625

1,000

3,000

4,000

5,000

Toxicity in quantities of milligrams per kilo of hody weight

7,500

My, per
. kilo of body
. weight
Calcium oxalate. . 1,000+
White squill 18, 000+

0/3

V28

iy

1 Numerator of each fraction shows iiurmber of rats dying within 5 days; denominator shows total number of rais féd indicated dose.
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TABLE 5.—Tozicily of fresh squill bulbs 1o rals 1

WHITE RATS

Toxicity of bulbs in quantities-of milligrams per kilo of body weight 1

Month of | Minimum
feeding | lethal dose

250 | 300 | 350 | 500 | 625 | 750 | 1,000 | 1,250 ] 1,500

My, per
kgm. of
1924 body weight
164 3. .1 April 1,2,

1925
October.._ 150(2)
1504

...do.
.| December..

August....

WILD RATS

1924
March. ... 3/3 1/1 2/2
1A ceeneee {Apri] } 150 N ! e

! All fresh squill results have been recalculated to dry basis, »ssurning fresh bulb to contain 80 per cent of moistara,

; gI ugnemwr or]euch fraction shows number of rats dying within 5 days; denominator shows total number of rats sod indicated dose.
Sardinian, red,

i Sardiniun: whiie,

$ Sardinian, whitish pink

¢ Sardinian, pink.

7 Sardinian, deep red.

& Sardinian, nearly red.

? Bardinian, all colors.

1 Red squill,
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EFFECT OF TEMPERATURE ON TOXICITY

Powders made at 80° to 100° C. were more texic than those made
at other temperatures. Apparently they were more toxic than the
fresh bulbs used in their manufacture, even after an 80 per cent
allowance had been made for the moisture content of the bulbs.
The powders made ab room temperature (25° C.) and at 60° C. were
less toxic bhan the fresh bulbs (on a dry basis), and also less toxic
than powders made at 80° . Temperatures above 100° C. secmed
to decompose the active principle. Somewhat similar findings have
been reported by Claremont (5). Although heating ravely increases
toxicity, such a result is not unknown, as in the conversion of quinine
into quinotoxin., Further investigation is necessary to determine the
factors underlying this apparent inerease in toxicity.

1t was concluded that the most toxic powders were produced at a
drying temperature of 80° to 100° C.  (Table G.)

PapLe 8.—Efect of temperature on toxicily of red-squill powders

[Mg. per kgm. of body weight]

Equls-' Minlmum lethal dose of squill dried at—
plant !
mini- | ; H
i i i
Bories No. IIIJLhn!r b
tose ol 4o [ o °
undeied; 25° €. | 60° C, | 80° O | 100 e 1e O
fresh I
buib 1

L {hnt-sir oven).- .. R 50 | 100
2 (hat-alr ovon) 1,250 1,500 | 1,000
3 {vacuuin nveny... 1,250 . o 750
4 [electric oven) T s 1, 230 ! 500

DIRECT OVEN DRYING YERSUS PRELIMINARY AlR DRYING

,One portion of each of seven pairs of samples prepared from the same
composite lots of squill bulbs was weighed and placed directly in the
drying oven at the desired temperature. The other portions were
exposed on open watch glasses in the air for five days, after which they
were dried at the same temperatures as the first set. (Table 7.}

Tawrne 7.—Effect of type of drying on lozicity

Allmimum lothal dose | Mintmiun leshal dose
of 2l powder— b of squill powder—

Sample Na. I pralimt- | Bample No. i ‘ .
Tireeg | Pretiml- | Dire Prelim|-
. ¥ i uwry air ) 1 mary aic

ovan dried f Arlad ; oven dlriesd i dried

i. !
My, per b My, per k. | g, per kgt g, per ke,
ofindy 1 of body of bedy | of hody

weighi 1 welght | weipht weight

‘ 3 | . KM i
s 20
I I A0
a3+ 350 |.

L

_ No diufference was found in one set, but the variations in toxicity
in the other sets sugwesied that other fretors played more significant;
r6les in the development of toxicity. TDirect oven drying is a simpler
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and more convenient procedure. It was conclnded that direct oven
drying gives as good results as preliminary sair drying in the produc-
tion of foxic squill powders.

EFFECT OF FERMENTATION ON TOXUTY AND YIELD OF POWDER

The 1925 experiments showed that sliced composites of Tresh squill
bulb fermented rapidly upon exposure {o the air. Accordingly, an
experiment was conducted to determine the effect of fermentation on
the toxicity of squill powders, and incidentally to determine whether
the fermentation was conducted upon the glucose of the toxic ghuco-
side {or glucosides),

Portions of chopped composite taken from s fermenting lot and
dried Jormed series 1. {Table 8.) One lot (P. C. 719A) was made
by directly drying the unfermented squill in an eloctric oven at 86° C.
Another (P. (. T19AF) was made from the same composile, which had
stiood in & closed fruit jar for 11 days at room temperature (25° C.).
By this time the fermentaion had reached the alcoholic stage, that is,
the odor of aleobol was apparent when the jar was opened. From
500,000,000 to 800,000,000 bacteria, {rom 5,000,000 to 18,000,000
yeasts, and 10,000 molds per gram were found in different parts of
the material®  After fermentation had reached the acetic-ucid stage,
sample PP, C. 719AAF was taken,

Tanve B.—Effect of fermentation on yield and foxicity of red-squill powders

Yield Toxivity

Suries No.,

Tnler-
menied

Alea-
hulic

Acolie
neld

TUnfer-
nented

Aleo-
holle

Acutie
veied

Fer cend
232

Per eend |

LPer cemt
3]

My, per
Fereee. uf
By
weight

1,000

Ay, per
kgm. of
bedy
weighi

My, per
kg, of
body
wWetght

7.8
: 7h0
T80

For series 2, & mixture of bulbs comprising the whitish-pink (P. C.
720) and the pink-red (. . 721), and for series 3 & mixbure of the
deep-red (. C. 722) and the nearly red (P. C. 723) color groups of
bulbs (p. 21} were allowed to rot to the slimy, oozy stage and were
theu shiced and dried in & steam-heated commercial drying oven,
Samples PP. C. 767 and P. C. 768 were produced.

In series 1 the yield and the toxicity decreased during fermentation.
The sample taken during the stage of acetic-acid fermentation gave
only half as much powder as the vonfermented bulb, and it was only
half as toxic to rats. A similar loss in aetivity was noted in series 2.
Incomplete data were obtained in series 3, owing to lack of material.

1t was concluded that rhopped bulbs should be dried immediately
to avoid decreases in yield and toxicity following fermentation,

LEFPFECT OF YARIABILITY OF SQUILL BULBS ON TOXICITY

. Variations in the toxicity of squill preparations have heen reported
in the literature, Origin, climatic conditions during grawth, and
seasnn of hacvesting ure reported to be factors in the toxicity of squill,

TN ks eppunt answore ade By B30 Linden, of the Foeed, Drug, and Tosecticide Administration,
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In the 1924 expertinents, the minimum lethal dese to white rats of the
powders made simultaneously from two individual bulbs was found
to be 250 and 3,000 milligrams per kilo of body weight. In the 1925
experiments six powders were made at the same time, and dried in the
same oven at 80° C. simultaneously. Each powder was made from
e single bulb, threc from large bulbs (weighing around 750 to 1,000
grams each), and three from small bulbs (weighing around 200 grams
each). The lethal doses to white rats were found to be 500, 500, ar.d
2,500 milligrams per kilo of body weight for the powders from the
lurge hulbs, and 250, 250, and over 5,000 milligrams per kilo of body
wright for powders made from the small bulbs. No characteristic
diflerences in the appesrance of the bulbs or powders were apparent.

A saraple of red-squiil bulbs from Sardinia was found somewhat
more toxic than one grown in Sicily during the same year.

LPowders were prepared from composites of various portions of squill
bulbs to see if material differences In toxicity could be found. The
minimum lothal dose to white rats of the powder from the outer dry
husks and scales was over 3,000 milligrams per kilo of body weight,
that of the middle {leshy scales was 500 and 750 milligrams per kilo
of body weight, and that of the central core was 1,000 and over 3,000
milligrams per kilo of body weight.

The readily available outer dry husks were stripped from all bulbs
before the bulbs were sliced, in the preparation of squill powders.
Although the core was less toxic than the middle fleshy scales, it
coustituted so small a portion of the bulb that it was not deemed
necessary to remove it.

It wes concluded that powders should be made from composites of
o nuniber of bulbs, and that the outer dry husks should be rejectod.

EFFECT OF INTENSITY OF COLOR OF SQUILL BULBS ON TOXICITY

The color of the middie, fleshy scales of squill varies in intensity
from a light whitish pink to a deep mahogany. A sackful of bulbe
was arbitrarily divided inte lour eolor groups, and powders were
prepared from six bulb composites of each group by two methods:
(1) One portion of the chopped composite was directly oven-dried
et 84° (', Jor 45 hours to constant weight; (2) the remainer of the
chopped composite was exposed to the air for 48 hours at room tem-
perature (25° () and then dried in the electric oven at 80° C. for
93 hours to constant weight. The quantities of bulbs in each color
class, and the minimum lethal doses to white rats are given in Table 9.

TasLe 9 —Effect of iniensity of color of squill bulbs on loxicity

Minimum lathal
doge of powder

Bample No. Color of bulbs Quantity of bulbs | Mot hy—

Method 1| Melhod 2

g per | M. per
kywi, of 1 kgm. of

by bty
.| Percent | weight weight
Whitfsh pnk .. oo a R 250

B L ] L7 3 A0
s ot Nenrly red EEN L]
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The powders made by one method were about as toxic as those by
the other in all but the nearly red group. The whitish-pink bulbs
gave the most toxic powder and the nearly red ones the least, although
still satisfactorily potent. As pearly red bulbs comprised almost
half the shipment, it was not deemed desirable to reject them, even
though they were less toxic than those of the other groups. To
focilitate the application of experimental results to commercial
conditions, all powders thereafter were made from run-of-shipment
bulbs, without regard to color. Properly selected light-colored
bulbs, however, might give more toxic powders.

TOXICITY OF WHITE SQUILL TO RATS

White squill is reported to be botenically identical with red squill
and to have essentially the same microscopic appearance, except for
the lack of pigment cells. The minimum lethal dose of three samples
of white-syuill powderfed to rats could not be determined, but it
was more than 18,000 milligrams per kilo of body weight.  White
squill is apparently nontoxic to rats.

TOXICITY OF CALCIUM OXALATE TO RATS

The presence of calcium oxalate in squill powders has been uni-
versally recognized. Fluckiger and Hanbury (9, p. 691) report the
presence of 3.07 per cent of CaCy0,.3 HyO in a sample of dried white
squill. A dose ol 1,000 milligrams per kilo of body weight of caleium
oxalate (equivalent to 33,000 milligrams per kilo of squill, calculated
from Flickiger’s assay) was fed to rats without producing any
apparent effect. Since calcium oxalate is present in white as well as
in red squill, and since the squill powders that kill rats in doses
around 200 milligrams per kilo would contsain only 6 milligrams per
kilo of calcium oxalate in the lethal dose, it was concluded that
culeium oxalate itsel! could not be the primary cause of death in rats
dying after eating red-squill powders,

PREPARATION OF RED-SQUILL POWDER ON 4 SEMICOMMERCIAL BASIS

Trom 10 to 30 kilograms of squill bulbs were dried in a 65 by 150
by 200 centimeter (25 by 60 by 80 inches, approximately) drier,
holding six trays, each 27.5 by 90 centimeters (12 by 36 inches), and
heated by closed steam coils. The tempersture was kept constant
within 4° or 5° C. during a given run. The outer scales were stripped
off and the bulbs were sliced by hand or by slicing machines onto
tared trays, until the trays were coverad to & depth of 2 to 3 inches.
The trays were placed in the oven, which had previously been heated
to the desired temperature. Weights were taken from time to time
until constancy of weight indicated that the bulbs had dried to
equilibrium, The dried bulbs were then mixed and ground in an
electric mill until the product passed through a 40-mesh sieve. The
ground powder, after being again thoroughly mixed, was placed in
screw-top cardboard mailing tubes for protection from the air,
After six months to a year, the powder in these cardboard tubes
solidified into a hard cuke, but no change in toxdcity could be detected.

(Table 10.)
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Tasre 10.—Effect of semivowmmercial preparation on losicily of red-squill powders

Minionurw

Run Na. E’*}'}:}?m Culor of buibs Fermentution letbal doso

My, per
kytp, of
by
reight
Deop red and nearly red

.._. do - G0 n
Whitish pink and {liuk o .. Avetle nebd. o}
Lysop ved and nenrly rod .ol L

30
750
]
025
500
TS0
05
' ﬂ
750

Tor the first trinl run, the outer scales were removed from about
150 Ildlograms of fresh bulbs, which were then arbitrarily divided
into iwo groups, deep red and nearly red (P. C. 724), and whitish
pink an! pink red (P. C. 725). One portion of each group was sliced,
weighed, placed directly in the oven, and dried, at temperatures rang-
ing from 68° to 75° (., the nverage being 72° The ;:mainder wag
sliced, weighed, and left exposed te the air for four days. Slight
fernentation had started when the material was loaded into the oven
and dried at the same temperature as the first group.

For the second run (P. C. 760) a composite of 250 kilograms of
bulbs, irrespeetive of color, was used. The outer husks were removed,
and the bulbs were sliced into large chunks. The weighed material
was dried at once at a temperature ranging from 70° to 80° C.

Tor the third run (P. C. 770) a composite was made from 2 sack-
fols of bulbs. A machine wus employed to make uniform slices ap-
proximately a quarter of an inch thick. This brought out much of
the mucilaginous material from the bulbs and reduced them to & more
slimy consistency before drying. Conditions were therefore unin-
tentionally made more favorable for fermentation. The use of sharp
instruments in slicing the bulbs is advisable to avoid bringing out an
excess of the mucilaginous juices. Dhuring the first three days of
drying the oven temperature was maintained at 40° to 50° C. On
the fourth day it was brought up to 80°, where it was held during the
rest of the drying period.

One portion of the fourth run (P. C. 775) consisted of the remainder
of the buibs used in the preparation of P. C. 770. They were also
fincly sliced. In addition, bulbs that had been stored at 4° to 5° C.
for three months were used. Fermentation during storage had been
muarked. The bulbs were soft and spongy, with the leaves separat-
ing, end were dripping mucilaginous slime. Two composites were
made. The whitish pink (P. C. 720) and pink red (P. C. 721) groups
were consolidated as P. C. 768; the deep red (P. C. 722) and nearty
red (P. C. 723) groups were consolidated as P. C. 767. The spongy
Lulbs were sliced onto a tray wnd placed directly in the oven to dry.
During the fourth run the oven temperature was held at approx-
mately 80° C.

Although the temperature was not held so constant as in the elec-
tric oven, the products obtained in the steam oven corresponded
reasonubly well in toxicity with corresponding samples from Lhe same
composite dried in the electric oven, ‘Lhus, the minimum lethal dose
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of P. C. 727A, dried in an electric ¢ven, was 500 milligrams per kilo
of body weight, and that of P. C. 724A and of P. C. 7254, dried in a
steem oven, was the same.

Sample 1. €. 760 in the second run and P. C. 775 in the fourth run
were made at 80° C., snd both were niore toxic than P. C. 770 in the
third run, which was held at 40° to 50° for three days before being
heated to 80°. This suggests that a rapid rise to 80° for the fresh
bulb tends to produce the most toxic squill powder.

The rate of drying was followed only until uniform weight was
indicated. At 80° C. it seems that drying would be complete in about
three duys.

Although food containing 40 per cent of squill powder was readily
caten, 10 per cent concentrations were used in most instances. With ~
this concentration, a rat consuming 1 per cent of its body weight of
food would consume 0.1 per cent of its body weight of squill, or 1,000
milligrams of squill per kilo,  Accordingly, squill preparations having
o lcthal dose ab or below 1,000 milligrams per kilo appear to be
sullictently toxic for commereial purposes. Most of the experimental
powders killed in materiully smaller doses.

The preduction under semicommnereial conditions on a semicommer-
ctal scale of squill powders having similar toxicities indicates the
possibility of successfully manufacturing squill powders of a satis-
factory degree of toxicity on & commercial basis.

RELATIVE SUSCEPTIBILITY OF WBJTEPIéwgéARth OF WH.D (BROWN) RATS TO SQUILL

From the literature it would seem that wild (brown) rats are more
susceptible to squill than white rats. The lethal doses found in the
investigations here reported, when the same powder was fed to the
two forms, are given in Table 11.

Tanue 1l—Relutive suseeptibitity of white rals and of wild (brown) rals to squill
q
powders
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In some series no difference in susceptibility weas noted; in others
the wild rats appeared to be about three times as sensitive. Lack of
material and the dilficulty of obtsining a fairly large supply of wild
rats for feeding purposes at any delinite time prevented more accurate
determinations of diflerences in susceptibility of the two forms.
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Resulis obtained in these 14 series confirm Claremont’s findings (9)
that, on the average, less squill powder is required to kill wild rats
than is required to kill white rats.

EFFECT OF RED-SQUILL POWDERS ON DOMESTIC AND OTHER ANIMALS

Previous investigators have staiad that squill, although toxic to
rats, is not toxic to cats, dogs, chickens, and other domestic animals.
As no data showing the minirmum Jethal dose of red squill to these
animals were found in the literature, a series of experiments was
undertaken to determine the toxicity of squill to animals other than
rats.

CATE

Squill powders were mixed with whole-milk powder, and various
proportions were added to 100 grams of lean hashed meat, which was
then Ted to cats. In food containing 10 to 25 parts of squill powder
per million the unusual flavor was detected, and the food was eaten
slowly but completely. The quantities of food containing higher
concentrations of squill that cats consumed within 24 hours were then
determined.  (Table 12.)

TavLe 12, —Relative percentages of squitl-meat bails ealen by cats in a Sf-hour
period

Couconbrnlion of squilt (jarts per Parcant- Concenlration of squill (parts per Forcont-
mlllon) AED ontan mitiion) nge ealon

pLL
tH

8
2
7

o
78

As rat baits are customarily cxposed in concenteations of 10 per
cent, or 180,000 parts per million, cats probably will not eat such food.

BOGE

Dops refused ground meat containing 1,000, 2,500, and 5,000
perts of squill powder per million of meat. When squill powder
suspended Jn water was injected into the stomach hy stomach tube,
emesis and diarrhea followed in several instances alter doses of 100
milligrams per kilo of body weight.. As dogs refused food contuining
o small concentration of squill powder, such as 1,000 parts per million,
it does not scem that they would be hurt by squill. Two separato
instances have been noted where dogs gulped down squill rat baits
containing 18 per cent of squill mixed with sausage. Emesis was the
only elfect noted.

CHICKENS

No effect was observed following the injection into chickens’ crops
of quantities less than 2,000 milligrams of squill powder per kilo of
body weight. Diarrhea followed the injection of 2,000 and 3,000
milligrams per kilo.  Squill powder wus mived with cracked corn and
with laying mash in 10 por cent concentrations, After one or two
picks, chickens refused to eat such food. Two chickens were placed
on a diet conlaining 10 per cent of squill powder in growing mash.
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Afler refusing to eat for several deys, they consumed the mash with-
out much hesitation. This food was econtinued for two weeks, during
which time the chickens apparently grew as well as controls fed on
untreated mash. Odom Stewart, formerly of the Bureau of Biological
Survey, in experiments with baby chicks at Raleizh, N. C., concluded
that chicks arc not: likely to eat enough feed conraining 10 per cent
of powdered red squiil in 1, 2, or 3 feedings to cause death, even when
fed it to the exclusion of other foods.

PIGEONS

After e few picks, pigeons refused to eat mesh containing 10 per
cent of squill powder. Injection of 2,000 milligrams of squill powder
per kilo of body weight into the crop failed to produce any noticeable
effect. The injection of 3,000 and 4,000 milligrams per kilo resulted
in emesis, but no other untoward efect could be noted.

PIGS

A dose of 250 milligrams of squill powder per kilo was given in a
gelatin capsule at 10.45 a. m. to a 4-month-old pig weighing about
16 kilograms. No evidence of squill action was noticeable until
about 4 p. m., when signs of gastric distress developed. The pig
vomited several times during the night. At 9 o’clock the next morning
1t was unable to stand without definite ataxia, and consistently
refused food, but drank water freely. Some food was eaten at noon
but it was vomited sbout 8 p. m. The pig’s tail wes limp and straight,
although at the time of feeding it was tightly curled. On the second
day after the injection the pig had practicelly recovered.

After o 9-day intermission, to permit complete recovery from the
first dose, & mixture of cracked corn and middlings containing 10
per cent of the same squill powder was offered. The pig took only
cne or two bites; then grunted, refused further food, and vigorously
rubbed its snout on the cage walls and floor. This reaction was
probably due to the sting of the calcium-oxalate raphides, Half an
hour later, and sgain the next morning, the same squill food was
refused, but untreated food was readily consumed.

Post-mortem examination showed nothing abnormal, except some
evidence of iritation in the stomach. When the body weight of a

ig 1s considered, it is readily epparent that the guantity of squill
Eait required fo cause toxic effects.would need to be very large. For
this particular animal, the quantity of squill power given would be
sufficient to kill 16 kilograms (35 pounds) of rats. Under ordinary
conditions of rat baiting, it hardly seems possible that a pig would
consume enough poisoned bait to csuse trouble.

WOODCHUCEE

Injected in agueous suspension into the stomach of woodchucks,
the minimum lethal dose of semple P. C. 18 was found to be 500
milligrams per kilo of body weight {the same as for rats). Vomiting,
however, frequently followed even smaller doses. Baits comtaining
squill were refused. Squill does not seem to be suitable for use in
controlling woodchucks,
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PRAIRIE DOGS AND FOCKET GOPHERS

Prairie dogs and pocket gophers refused to eat freshly exposed
squill baits. After rains had washed off the squill, the remaining
beits were readily consumed.

From these feeding and stomaeh-tube experiments, it seems safe
to conclude that squill mixtures containing 5 to 10 per cent of squill
powder ecither will not be enten by animals other than rats, or will
produce emesis with direct removal of the poison. Probably, there-
fore, squill powders deserve the reputation accorded them in the
literature of being generslly harmiess to farm animals, Of course,
[ailure to produce death may be due to the animal’s failure to cat
and retain cnough squill powder, rather than to relatively high species
Tesistance or insusceptibility.

YIELDS OF TOXIC SQUILL POWDERS (““‘RAT UNITS')

Generally speaking, squill bulbs lose 80 pev cent of their weight
during drying, The yie}ds of powder obtamed when samples were
dried under stated conditions are given in Table 13. The weight of
powder obtained in following a given process is not significant of
the efficiency of the process unless the toxicity of the powder obtained
is also considered, Two kilograms of a highly tosic powder may
represent a better yield than 4 kilograms of a relatively nontoxic
prepuration. Tt is necessary to know both the yield and the toxicity
n judging the efficiency of producing a squill powder under 2 given
set of conditions,




TanLe 13.—Rale of loss in weight of squill bulbs during drying
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In ap sbtempt to express in o single figure the results of eombining
the tweo variables, yield and toxicity, the so-celled “raf units? of
powders have been calculated. A **rat unit” is the yield in grams
from 1 kilogram of fresh squill bulbs divided by the minimum lethal
dose in grams per kilo of body weight. It is the number of kilograms
of rats that should be killed by the powder obtained from & kilogram
of fresh squill bulbs treated by the method under consideration. For
example, if u 20 per cent yield was obtained by a certain method, and
the powder had a micimwm lethal dose of 500 milligrams per kilo
of body weight, the rat unit for the methoed would be cnlculated as
fullows: )

Yield =20 per cen{ X1 kilogram of fresh hulbs=200 grams
Toxicily —500 milligrams per kilo=0, 5 grams

Yield 200

Rat uuitB'-?-L\ 5 =104,

oxicity 0.

Another method for snaking & powder with 200 rat units would
vhviously be less vatunble, being but half gs eflicient. The rat units
determined for n numuber of series of samples sre given in Table 14.

Tanre 4. —Yeldy of lozic squill powders
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The rat unit for the fresh bulb (P. C. 761} was 250. Kssentially
the same vilue was obtained for P. C. 7194 in the unfermented stage.
Fermentation to the sleoholic stage reduced the rat unit to 90, and
further fermentation to the acetic-acid stage caused & drop to €0,
showing the loss in activity during {ermentation to be progressive.
Freesing caused a decrease to about 200 rat units.  The rat units of
powders prepared under labovitory conditions ranged from 110 to
590, while the values for powders made under semicommereial condi-
tions ranged from 300 fo 430. Attention bto manufacturing details
would be expecied to raise the rab units for commercinl powders
above 500, Indeterminate velues for two of the P. C. No. 719
series prevent careful comparigon, but the A series averaged less than
350, wherens the B oseries averaged 420 ref units.  This would sug-
gest Lhat preliminary asir-drying treatinent given the 3 series pre-
served the foxieity or sided n its developmoent. The fact that
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meny powders have rat units greater then 250, the value for fresh
squiil bulbs, also suggests that the toxic principle in squill bulbs may
be linked to some plant ingredient in s thermolabile condition, and
that the toxic principle is Tiberated by heating to 80° to 100° C.

STABILITY OF SQUILL POWDERS

Two red-squill powders stored in serew-top vials in the light for 15

months showed no change in lethal dose. A 10 per cent squill bis-
cuit thut had been balked was as toxic a year later as the squill con-
tent would require. A nwmnber of powders tested over & period of o
year have shown no evidence of loss of activity.

ACCEPTANGCE TESTS

To determine the palatability of 10 per cent squill biscuib as com-
pared with that of commercial samples of 5 per cent arsenious-oxide
biscuit and 30 per cent barium-carbonate biscuib, several dishes were
placed in p cage containing & starved white rat. Kach dish contained
more poisoned food than would be necessary to cause death by itself,
Alter exposure from one to five howrs, the dishes were removed, and
the quantities of food consumed were determined. A number of
tests were run simultancously.  With the wright of squill biscuit eaten
considered as unity in each case, the ratio of control biscuit to 10 per
cent squill biscuit was 2.6 :1.0; that of 5 per cent arsenious-oxide
biscuit to 10 per cent squill was 0.17 :1.0; and that of 30 por cent
barium-carbonate biscuit to 10 per cent squill biscuit was 0.93 :1.0.
The sbsolute guantities of poisons consumed would then be in the
ratio of 250 squill to 750 barium carbonate to 20 arsenious oxide.
These figures are roughly proportional to the minimum lethal doses
of the poisons under consideration. Barium carbonate is approxi-
mately one-third as toxic as squill powder; fed in three times the
concentration, about equal quantities of bait are conswned. As the
toxicity of arsenious oxide depends upon its degree of fineness, closer
comparisons are not available.

A field-seaeptance test in compearison with phosphorus baits is re-
ported by Teall® At Vienns, Austria, an orgenized 2-day rat-lall-
ing cempaign was beld in January, 1927, phosphorus baits being used
exclusively. Of 1,460,000 brits exposed, about 20 per cent were taken.
In Maerch, 1927, another 2-day cempaign was undertaken, during
which only squill baits were used. Of 1,260,000 baits exposed, mors
than 50 per cent were taken. It was noted that squill was taken in
many houses where phosphorus beit had pot been touched.

The degree of acceptance of squill baits varies with the relntive
palatability to rats of the foods with which the squill is mixed. Direc-
tions for preparing and distributing red-squili baits have recently
been published by the Department of Agriculture (24, p. 8, 9).

COMMERCIAL SQUILL RAT POISONS

Three liquid squill extracts thet hed been offered for sale as rat
poisons were tested. One was one-fourth and the other two wers
loss than one-tenth as toxic as their labels would indicate. Two
squill biscuits and three squill powders were found to correspond In
{oxiciiy to the labeled claims for squill content.

P RALL, (1. COANGATION AND RESHLTE OF THE FINAT VIENNA RAT-HILLING CAMPAIGN. {Seeat sup-
pletteniney separt b Roport No, 8025 dated My 20, 1025, i ety to departient's nnaamiered instroe
Gion of March 25, 1905, Filg No, 029158, (7] foriging). oo ke lo Depariment of State, ol see.
Copy on Mo by U5, 8, Depe, Agr., Bur, Biol. Stirvey.)
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EXTRACTION OF TOXIC PRINCIPLES BY YARIOUS SOLYENTS

To obtain information regarding the chemical nature of the toxie
%rinciptc of red squill, a muxture of two powders {P. C. 724A and

. C. 725A) was taken for intensive study. Seventy-five-gram por-
tions in Soxhlet thimbles were extracted with water, with 95 per
cent ethyl alcohol, with acetone, and with chloraform, until there was
no {urther appearance of color. The solutions were concentrated in
a current of warm air, and the resulting solid extracts were dried in
an clectric oven ab 80° C. and finally in a vacuum desiccator over
caleium chloride. The residues were removed from the Soxhlet thim-
bles and dried in the clectric oven at 80°. Fecding Lests were made
with the original mixed powder and with some of the extracls and
residues,

The water extraction, started on Janunry 20, 1926, was run lrom
8.30 n. m. until 5 p. m. daily for 19 days. The dark-red mucilaginous
extract, possessing an odor of molasses, was concentrated on a steam
bath, then dried in an oven, and finally allowed to stand over calcium
chloride in a desicestor uniil constant in weight. It was ground to
puss Lhrough n 40-mesh sieve. Both the extract (P. C. 751) and the
exhausted residue (P. C. 750) were very low in toxieity, indicating
that the active principle is decomposed by this treatment.

The aleoholic extraction for 19 days retaoved a much smaller
quantity of muctage, but apparently as much color as did the water
extraction.  The residue caked and beeame very hard upon exposure
to the air. The solid extract (P. C. 749) had a rather oily feel,
and was the most toxic extract in this series. The lethsl dosc of
the residue (P. C. 748) exceeded 5,000 milligrams per kilo of body
weight.  The residue therefore is inert (nontoxic).

Acclone extraction gave a small yield of lemon-yellow crystals
(P. . 735) and no mucilage or color. Feeding tests showed that
the very fluffy residue (P. C. 754) was two-thirds as toxie ag the
originnl pewder, indicating that & portion of the toxic principle is
destroyved during the treatment with acetone.

Chluroform gave the same result as acetone. The solid extract
(P. C. 757) was small and oity. The Auffy residue (P. C. 756) was
somewhat less toxic than the original powder. The acetone and the
chloroform extracts were too small to be used lor Teeding tests,

Distilled water was repercolated through another 75-gram charge.
Channels formed, producing incomplete extraction. So much muci-
lage dissolved that after seven days further repercolation was found to
be impossible.  The thick, molnsseslike percolate had a swectish odor
and reduced Fehling’s solution. Evaporated to a very dark-brown,
tough, solid extract (P. C. 739), it was readily caten by rats. The
Iwthal dose was 1,500 milligrams per kilo of body weight.  The incom-
pletely extracted residue was not fed to rats.

To stucy further the eflfect of water in extracting the toxic prin-
ciple, 75 grams of squil powder were placed in a beaker with about
800 cubic centimeters ol water and wermed on o steam buth.  Twice
a day the solvent was removed in & Buchner funnel, and a [resh
chiarge of water was sdded.  After 22 days the extraction appeared
complete. The agueous solution was concentrated to a solid extract
(1. g'. 753). The residue (17, CU752) was o dark-brown, tough sheet,
heavily luden with glittering calclum-oxalate crystals.  Both the
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extract und the residue were nontoxic, showing that the active prin-
ciple is totally destroyed by this treatment.

Table 15 shows the yield, the lethal doses, and the proportion of
toxic prineiple froin the original powder thet eppeared in the various
extracts nnd in the residues.

Tavsre 15.-—Effect of method of extraction on yield und luxicity of squill

|
' | Ylald Mintmuni lothal | poiny tosicity

Matlod of estractlon Solveut used

Solld | Resi- | SoMid | Rest | Boltd | Tesk
ustrmet :  due nﬂ_rucl.l' due extroct | due

1 . ’ '
| My, per | My, per
1 kg. of E’Jedu,kﬂ. of fmfy
welght © weipht [ Per cent

( 500 1

Tereelation o . | X 815 1,500 ... G2
Exlwnation. ... R 20 - 17, 0.8~
Boxbiet.. ... _.__. ... g BRT .3

: 869 kil
3., 47
l 8.7

Exhuustion with water on the steam bath, or in & Soxhlet thimbie
at 100° C., caused almost total destruction of the toxic principle in
the extracts as woll as in the residues. As dry heat at 100° C. did
ot appenr to couse any decrease in toxicity, it seems evident that
this loss in petency is related to the hydrolysis of the toxic glucoside,
The nlcoholic residue was nontoxie, and the acetone and choroform
residues were somewhnt less potent than the original powder. Even
though the boiling point of each of these three solvents is less than
80°, it seems that any method of extraction tried caused some destruc-
tion of the toxic principle. The aleoholic extract possessed one-third
the activity of the original powder.

Apprrently the toxie principle of red squill is scluble in alcohol,
but not in waler, ncetone, or chloroform,  Water and alcohol extracted
uppreeinble quantities of mucilage end reducing sugars. Extraction
of the toxic principle suggests itself in the study of the chemistry of
the active principle. It scems evident, however, that the cost of
undertaking this on a commercial seale would [ar outweigh any pos-
sible benet of marketing & more toxic preparation. Therefore no
further experiments in this direction were conducted,

SUGGESTED METHOD OF PREPARATION OF TOXIC SQUILL POWDERS

Bnased upon the results obtained during 2 8-year series of experi-
menls in the menufacture of red-squill powders, the following method
is offered as furnishing the most toxic product:?

Remove the outer dry husks from fresh red-squill bulbs obtained as soon ns
feasible wfter digging, and slics the bulbs transversely inte sections one-fourth
to one-half inch thick. Place the aliced composite ns 50on ns possible in a drying
oven, which has been previously heuted to §0° C., and dry to coustant weight
at that teraperature.  Grind the dried muterizl so that it will pass through a
40-tniesh sicve.  Pack the powder in hermetically sealed containers.

It Is posslble thot other wanufueturing conditions might yisld products of equal toskelty,
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Pewders inade by this process should kill while rats in doses approx-
imating 250 to 500 millgrams per kilo of body weight, and should
be stalle for several years. .

Boecause of the variations in toxieify of different lots ol squill, the
minimum lethal dose of every lot of squill powder should be deter-
mined by leeding it o rats in the laboratory belore it 15 marleted.
It should be fed in 10 per cent concentrations in ordinary rat food
to white rats that have been deprived of all lood [or 18 hours. The
mintmum lethel dose is the smallest dose thet kills all the rats within
fivedays. At least five rats should be fed with cach dose tested.  "This
is necessary Lo insure essentially uniform toxicity in squill powders
distributed comunereially. As a result of feeding tests, great vuin-
tions in the potency of successive lots of powders may be reduced
by properly mixing powders of higher degrees of toxicity with less-
potent preparalions, to produce the same standard poteney. Such
procedure would put & premium on the production of the most toxie
gquil powders, but would also permit the utilization of less toxie
preparations.

As o standard of toxdcity it is sugpested that commercial squill
powders having a minimwm lethal dose of 1,000 milligrams per kilo
of body weight be marketed, and that coramercial squll baits having
& nuinlmun lethal dose of 10 grams per kilo be prepared.  Such baits
would contain 10 per cent of the standard squill powder (that is, a
squill powder with a minimum lethal dose of 1,000 milligrams per
kilo). If this standuerd bait is used, it would be necessary that a
rat cab only 1 per cent of its body weight to obtain enough poison
to kill it. Many of the wild rats studied during this investigation
weighed between 230 and 400 grams (8 to 14 ounces). From 2.5 to
4 grams {one-twellth fo oneseventh of an ounce) of such a squill
bait would be nevessary to kill them. These experiments indicuted
that rats will readily eat much larger quantitics of such baits.

CONCLUSIONS

Powdered rved squill is toxie to rats; white squill is net.

Powders prepuared by directly drying unfermented, sliced red squill
bulbs in an oven at 80° (. are usually more toxie than those pre-
pared under other conditions. The lethal dose of squill powders
prepaved by this method is usually about 250 milligrams per kio
of body weight for white rats; wild (brown) rats are killed by some-
what smallec doses,

('nts, dogs, chickens, and pigeons were not seriously harmed by
squill powder. Food poisoned with squill either was not caten or,
if caten, was promptly vomited. Consequently it has been indicatod
that red squill is nontoxic to these animels under normal conditions
wnd wiwen exposed in the concentration recommended for rat poisons.

Becnuse of variations in toxicity, squill powders should be tested
before being marketed and adjusted so that 10 grams of 10 per cent
squill bait will kill a miniraum of 1 kilogram of rat. (One ounce
will kill 7 pounds of rats.)
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