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INTRODUCTION AND STATEMENT OF PROBLEM

The use of Veratrum virilde Aiton both in insect con-

trol and 1in medlcine has declined greatly in the last
twenty or thirty years., This declline 1s the result of =&
number of factors, chlef among which are the nonuniformity
of semples obtalnable in the market, the lack of an effl-
clent method of sssey, snd the scarcity of information on
the active constltuents of' the plant.

Since the plant has been proved to have several de-
sirable pharmacologic properties and is effective in the
control of certain Iinsects, 1t became sgpparent that ine
formatlon should be gethered with the ultlimete objJect of
determining whether the properties of the plant could be
sufficlently Bténdurdized.to warrant contlnusd recommende-

tion of Verstrum viride, or whether 1its use should be

dlscontinued. With this objective in mind the problem
was sttacked with the followling purposes: to sxamine the
procedures for chemlcal essay of the plant, to compare
the chemical with the bilologlecel assay on insects, to
separate the crudé, physiclazleally actlve mixture Into

its constltuents, and to test them for toxlcity to lnsects.



REVIEW OF LITERATURE

Botanlcal

Verstrum virlide Alton (1) is a member of the famlly

Liliacese. It is a stout, brosd-leafed perennial, two to
seven feet tall, with simple stems growing from a thlckened
base produclng coerss, flbrous roots, The yellowlsh~green,
sometimes drooplng flowers sre arranged in dense, splke~
1like racemes; they bloom in summer. The plant 1s distrib-
uted generally over the continent, but especially in eastern
North Americs, west to Minnesots, south to Georgla and north
to Aleska. Its preferred hebltat i1s swamps snd wet woods
and along borders of mountain streams (29, 35, 59).

Veratrum virldse l1s known commonly under a multlitude of

names, many of which result in confusion: green hellebore,
American white hellebore, American false-hellebore, swamp
hellebore, Americen Verstrum, Indlan poke, itch weed, poke
root, and "niéswurz" or sneeze root. The names containing
the word hellebore are especially 1lll-advised for they bring
about immedlste confusion with the plants belonging to the

genus Helleborus which are entirely unrelated to the Verae-

trums,

To complicate matters further, another plant known to

the medlecsl profession as sebadilla seeds, Schoenocsaulon
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officinale Gray, was once considered to be & member of the

Veratrums and was known as Veratrum offlicinale and V. saba-

dllla., 1Its literature 1s consequently intermingled with
that of V. viride.

Commerclal supplles of the crude drug are obtalned
principally from North Cerolina, Virginla, Illinois end
Michigen. The roots and rhizomes (underground, fleshy
stems), in which most of the actlve principles are found,
ere collected in the autumn after the leaves have died.
They are washed, and driled elther whole or after slicing
(35, 59, 99)¢ Due to the difficulty in distinguishing

commerclal samples of Verstrum virlde from its common

sdulterants, V. album L. and V. ¢alifornicum Dur., Bastin

(2), Denniston (22), Viehoever, Keenan and Clevenger (91)
and Meyer (52) have made studies of the microscopic charac-
ters of these plants. The consensus of opinion of these
investigators 1s that the characters so overlasp that dis~

tinction 1ia aifflcult.

Chemlcal

The literature relating to the chemistry of Veratrum
virlde 1a decldedly dependent on that of the closely related,
European specles, V. album, which has been Investigated

rather thoroughly. TFor thls reason the literature of V.
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viride will be rsviecwed In 1lts entirety end the other per-
tinent litersture will be added.

The first recorded chemicsal investigation of Veratrum
virlde is that of Worthington in 1838 (103). His color
tests and precipitaﬁion expoerimente 1lndlicated that the
plant contalned "an alkalold substance, identical with
veratria." Veratria (verstrine) had previously been iso-

lated from Schoenocaulon officinale by Meissner (51) in.

1319 and independently from thls plant end V. album by
Pelletler and Caventou (61) in 1820, Richardson (74) in
1857, also by color and precipltation tests, obtained re-
sults which led him to oconfirm the statement of Worthington
as to tho identlty of veratrla and the alkaloid of V. viride.
Further conflrmation of these clalms 1ls found in the work
of Scattergood (82) in 186£ and of Percy (62) in 1864.
Seattergood obtalned a resin and an amorphous material
which possessed the characteristics of veratria, and suvug-
gested the presence of another alkeloid, jervie. Jervia
(jervine) hed been isolated previously, in crystelline
form, from V. album by Simon (84) in 1837. Percy proceeded
in a manner similer to thaet followed by Richardson, and
obtained a semi-crystelline solld which he termed veratria.
In 1865 and 1866 Bullock (7) lsolated from the powdered
drug, beaides an alkalold-contelning resin, two noncrystal-

line princlples, one soluble Iin ether and the other insoluble.
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The soluble alkaloid wss later called veratreldla and the
insoluble viridia by Wood (95). Neilther of these alkslolds
resembled the veratris of commerce. Peugnet (63) in 1872

also separated veratroldla and viridia from Veratrum virlde

and stated that the latter was ldentical with Jervia.
Mitchell (53, 54) confilrmed these findlngs completely 1in
1874 as did Bullock (8) 1in 1875. A reversion to the older
1deas was suggested in 1878 when Wormley (102) claimed the
1solation of veratria and jervia only from the fluld ex-
tract of V. viride. 1In the same year DBullock (9) declded
that jervia was the only alkaloid in V. virlde, veratroldla
beling a mixture of Jervis and resin., He wondered, however,
at the difference in physiologlcal action of jJervia and the
veratroildla-resin, for the latter was more active. Robbins
(75) published & paper in 1877 in which he claimed the
presence of veratrla, Jervia and possibly a new, third
principle, veratridla, in V. viride. The claims were based
on color tests. Toblen (87) in 1878 1solsted veratroldia
and jervia from V. lobelianum end V. album.

The most importent contributlon to the chemlcal study

of Veratrum virlde was made in 1879 when the third of a

series of papers on the alkaloids of the Veratrums was
published by Wright (104). (Parts I and II, on V., sabadilla
and Ve album, respectively, were by Wright and Luff (105,

106),) From V, viride were isolated in crystelline form
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three alkalolds, jervine, pseudojervine and rubijervine,
the letter in very small guantity. In addition, amorphous
fractions were obtalned which were thought to contaln a
trece of veratrine, a trace of veratralbine, and con=-
slderable cevadine. A large smount of smorphous veratral-
bine had been found in V. salbum and much crystalline
cevadine in V., saebadllla.

Bullock (10) then, 4in 1879, reworked several of hils
resinous materlals, obtaining alkalolds which, he felt,
coincided with the rubijervine snd pseudojervine of Wright.

No further work has been done in investigation of the

alkaloldal constituents of Veratrum viride but there are

several valuable studles on the alkalolds of V. album which
have a dilrect bearing on the present worke.
Salzberger (81) in 1890 developed two procedures for

the separation of the alkalold mixture from Veratrum albume.

By one, the baryta method, he obtained in crystalline form
considerable quantities of Jervine, rubljervine and proto=-
veratridine; by the other, the metaphosphoric acld method,
he produced meinly protoveratrine and pseudojervine with a
little Jervine and rubijervine. Protoveratrldine was not
considered to be present originally in the crude drug but
was thought, wrongly as will be seen later, to be a degrada-
tlon product of protoveratrine formed in the baryta pro=-

cedure.
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In 1906 Bredemenn (5) applied some of Salzberger's

methods to his study on Veratrum album and isolsted Jervine,

pseudoJervine, rubljervine and protoveratrine.

Salto, Suglnome and Takaoka (79) in 1934 investigated

Veratrum grandiflorum Loes, file (=V. album), collected in
Japan and obtained only Jjervine in crystelline conditlon.
Two yeers later Salto and Suginome (78) publlished & psper
in which they again lsolated only Jervine from the resinous
materlals previously obtaineds A third paper by these
suthors (80) reported experiments on the constltution of
Jervine.

In a serles of papers published 1n 1937 and 1938,
Poethke (68, 69, 70) reported the dlscovery in Veratrum
aibum of a new alkalold, germerine, Iin large quantity.

In addltion he also 1solated Jervine, rubiljervine, pseudo=~
Jervine, protoveratrine and protoverstridine. He studied
the interrelationshlips of the alkaloids and observed that
germerine on treatment with alcoholic potassium hydroxide
yielded a crystelline base, germlne, and two aclds, methyl=-
ethylacetlc and methylethylglycolic asclidse Protoverstri~
dine by the same treatment ylelded germine and methylethyl-
scetlc aclds Germerine on treatment with barium hydroxide
was converted iInto protoverstridine and methylethylglycolie
acide Thus germerine 1s the methylethylglycolate of proto=-
veratridine whlch 1s the methylethylacetate of germine.
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Protoveratrine when treated wlth alcoholle potaessium hy-
droxide yielded acetic, methylethylacetic and methylethyl-
glycolic aclds and an uncrystallized base called proto-
verine. Jervine, pseudojervine and rubljervine are not
ester alkalolds.

In a fourth paper Posthke (71) discussed hls experi-
ments on the amorphous alkalold fraction which constituted
about fifty per cent of the crude alkslolds. In repested
attempts at crystallization no success was attalned. How-
ever, on saponificetlon by alcoholic potassium hydroxide,
considerable amounts of germine were obtalned, as well as
apprecliable amounts of acetlc aecld and methylethylacetle
acld. Poethke dld not believe thls germine could have been
pregent in the amorphous fractlon as germerine or proto-
veratridine for these alkslolds are readlly crystallized
from crude alkalold mixtures.

The chemicallformulas of the pure, crystelline alka-
loldas thus far lsolated from the Veratrums, and of their
known degradation products, are listed with their dis-

coverers and the dates of these dlscoveries:

Jervine CoglHzyOaN 3imon (84) 1837
Pseudo jervine CoslizgOgN Wright end Luff (106) 1879
Rubi jervine CopHysO0pN Wright end Luff (106) 1879
Protoveratrine C40Hg3014N  Salzberger (81) 1890

Germerine CzgHgn011N  Poethke (68) 1937
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Protoveratridine CgzqHyg0gN Salzberger (81) 1890

Germine 026H4108N Poethke (69) 1937
Pharmacological snd Physiologleal

Josselyn (43), who visited North America in 1638-1671,

noted that the actlive properties of Veratrum viride were

known to the aboriglnes of the continent before their inter-
course with Europeans, since they used it as & vomit in a
type of ordeal in the cholce of chiefs. It was also employed
by the colonists as & purgative and sntlscorbutic.

Osgood (57), who in 1835 first called to the asttention
of the medical profession the therapeutlc properties of the
drug, concluded from his studles that V. virlde did not
contain veratrisa.

Ouvlmont (58) in 1868 compared the pharmacological ac~
tions of V. viride, V. g;pgg‘and veratria and concluded
that the alkslold veratria was not the true active prin-
ciple of Veratrum, and that V. virlde was a cardlac poison
analogous to digitalls but more reactlve. Scattergood
(82) tested his resin from V. viride and veratria on dogs
and found them both to heve simllar therapeutic effects,
the resin appearing to be more active than veratrilsa.

Hs Co. Wood (96) tested in 1870 the alkaloids and resin
prepared by Bullock (7) in 1865 and 1866. He found that

there was some difference in the action on cats and dogs of



these impure samples of verastroidla snd virldla, and that
the resin was almost inactive. Wood and Berens (100) in
1874 compared the veratroidlia of Mitchell (54) and of
Bullock (7) and found them to produce the same physlologi-
cal action, while Bullock's viridla and Mltchell's Jervia
were considered to-be one for the same effects were given |
by each.

Pougnet (63) examined in 1872 his own preperations of |
veratroldia, virldia, Jervia and resin from V. virlde and
Ve album, comparing them with veratris. He concluded that
veratrolidla was distinet from veratria, that Jervia and
virldia were ldentleal, and that the resin of V. album
contained a principle resembling veratrla 1n 1ts action
while that of V. viride was lnactlve. To thils latter dif-
ference he attributed the essentlial deviations in the action
of the two specles. He also concluded that veratroldia was
the actlve‘sedativé pfinciple of Ve viride.

Followling the dlscovery of protoveratrine in V. album

by Salzberger (81) its action.was extenslvely lnvestligated.
Wood (98) in 1908 and Waller (92, 93) boﬁh clalmed that the
actlons of veratrine and protoveratrine were distlnct, the
former acting mainly on muscle and the latter on nerve.
These clalms are disputed by the work of sevsral other in-
vestigétors, although 1t 1s generally agreed that veratrine

may be elimlinated from consideratlon as ﬁhe active principle
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of the Veratrums. Rden (23) 1ln 1892 made a careful atudy
of the physiologlcal effects of protoveratrine and compared
it with cevadine (veratrine), which hed previously been
carefully studied by Lissauer (47). Eden found that the
pharmacological actlon of protoveratrine was characterized
by a specific centrel action on the medulla oblongata and
the . spinal cord, an action on the striped muscle, snd a
paralytic effect on the peripheral sensitive nerves. The
regults of the central actlon in frogs were suspension of
respiratlon and depression of the reflexes, snd on mammals
slmilar resplratory disturbances, vomiting in carnivores,
cramps and paeralysls. He noted a qualltative difference
between cevadlne snd protoveratrine, In that the charac-
teristic "veratrine effect" (lag) in muscle contraction
was lacking 1ln protoverstrine and that cevadine did not
exert the energetlc action of protoveratrine on the peri-
pheral nervous system nor 1its extieme vagus paralysis, He
concluded that protoveratrine belonged in the group wlth
cevadine, aconitine and delphinine.

Boehm (3) also compared the effects of these two al-
kalolds and showed that the intenslity of action of proto~
veratrine on the frog heart was much greater than that of
cevadine, and that on nerves and skeletal muscle it wes less
actlive, although‘the effects were substentially Lne sume in

kinds Boehm (4) later gave a complete review of the work



on these two alkaloids. Pllcher and Sollmenn (66). studied
the effects of V. viride and cevadine on the vasomotor cen-
ter and concluded that there was no direct action, the sharp
fall of blobd pressure being due to stimulatlion of the vagus
center.

In the U. S. Pharmacowncela VI (1880) and VII (1890)
only V. viride was recognized, the use of V. slbum ln offl-
cial medicinal preparations beilng excludeds In U, S. P
VIII (1900) both species were sanctionede. This was a direct
result of the investligations of H. C. Wood and H, C. Wood,
Jr., (101) in 1899, who stated thet no clinical differences
were llkely to he observed in the actlon of therapeutic
doses of the two épecies, since symptoms qualitatively and
quantitatively similar were found in frogs, dogs and rabbilts.
Wood, Jr., (97) in 1906 re-examlned prepsrations from the
two species and reversed the previous declslon as to thelr
identity, the same alkaloids '"not being necessarily present
in both, at least not to the same extent or proportions.”

He concluded that nelther veratrine nor rubijervine
(veratroidine) was present in sufficient amount to be re-
aponéible Tor the activity of the plant, that protoveratrine
differed easentially in its effects from Veratrum and thus
cannot be the active principle, that jervine most nearly
corresponds physlologically to the crude druz but is present

in too smaell amounts in proportion to its toxiclity to be
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the active principle, and finally that there must be in
Ve viride some undlscovered active principle to asccount
for the amctlon of the whole drug. As a result of Wood's
work V. album was deletod from U. S. Pe IX (1910) and 1s
stlll unrecognized offlcially in America.

Comperison of the clinlcel effects of the two Verstrum
speclies was made 1n experilments on human patients by Collins
(16) and Collins and Hanzlik (17) using the tincture of
V. album, and by Hewlett (36) usling the fluld extract of
Ve viride. These experlments showed that both drugs pro=-
duced & fall in blood pressure and slowlng of the pulse
rate, but that the effectlve dose of V., virlde was con-
slderably larger thean that of V. album.

The pharmacologlcal effects of a commercilal fluld ex-
tract of V. virlde were studled by Houghton and Hamilton
(37)s 'Yhey showed in experiments on dogs that small thera-
peutlc doses slowed and deepened respiration, decreased
pulse rate and produced e fall in blood pressure. Toxlc
doses produced momentary stimulation of the respiratory
center, followed by resplratory peralysis and desth from
sapnyxla.

Wood (98) 1n 1908 also found V. virilde to produce de=
creased pulse rate and blood pressure when adminlstered Iin
small doses. The general effacts were qulte simllar to
those of Eden (23) for protoveratrine, and Wood concluded

that protoveratrine was the active principle of Veratrium,.



made by Cramer (21) in 1915.

A very careful stﬁdy of the actlion of V., viride was

slowed the hesrt rate. He steted:

"It follows then that the drug in small
doses exercises 1ts effect on blood-pressure
nelther periphersally through an action on the
vesgel walls or the vaso-motor nerve-endings
nor through e direct action on the vaso-motor
centre or the heart, but reflexly through stimu=-
latlon of the afferent vagus filbres. The sction
on the resplration 1s also produced reflexly.
With regard to the slowlng of the rate of the
heart beat 1t can be stated with certalnty only
that 1t 1s not due to & stimulation of the
cardio=inhibitory nerve-endings or to a direct
action on the heart muscle...

"The drug after having stimulated the af-
ferent nerve-endings of the vagus, pearalyses

them s0 that a second or third dose is without
effect. '

"With larger doses the drug in addition to
the effects Just mentioned, paralyses the cardio-
inhibitory nerve-endings of the vsgus and hns
also a direct action on the medullary centres
loading to vaso~constriction and to paralysis of
respilration. These addltional effects are not
dependent on the integrlty of the vagus nervese..

"It 1s now possible to understand why large.
doses of the drug give such irreguler and appar-
ently peradoxlcel results. For in such doses
veratrum viride may produce sny of the following
effects. A stoppage of respiration and s dilata-
tlion of the blood-vessels through the afferent
vagus nerve-endings; or 1t may at once paralyse
them. It may slow the heart through stimulating
the cardlo-inhibiltory centre or msy parslyse the
cardlo-inhibitory nerve-endings and then increase
the hesart-beat and ralse the blood=-pressure. And
lastly with such doses it will act dlrectly on the
medullary centres. It 1s not swrprising that the
resultant effect of so meny antagonistic actions
is irregular.”

Experimenting on snesthetlzed

cats snd dogs he showed that the drug 1n small doses lowered

blood pressure, slowed or stopped respirsetion and generslly



He stated further:

"The effect of smaell doses of veratrum viride
1s quite dlfferent from the actlion of proto-
veratrine as described by Watts Lden and of
verstrine as described by Llssauer. On the other
hend the accounts of these observers of the ac-
tion of veratrine and of protoveratrine respec-
tively on the clrculation might be taken as a
fairly sccurate descriptlon of the sction of
large doses of veratrum viride, when one con-
siders that the effect of auch doses is very ir-
reguler, Compared with the amounts of the crude
extracts of veratrum viride used in these experi-

- ments, of which the active princliple 1s of course
only a fraction, the doses used by Llssauver and
liatts Eden in thelr investigations are indeed
large."

Cremer concluded that before the identlty or nonidentity
of the aétive principles of V. viride with either cevadine
or protoveratrine could be declded a reinvestligation of
the two last-nsmed alkelolds was needed.

The extensive chemlcal studles of V., slbum recently
reported by Poethke (68, 69, 70, 71) have furnished the
impetus for this re~examinations Poethke lsolated besides
protoveratrine a new, active alkalold which he called
germerine, and further showed both to be ester alkaloids.
Germerine on partiel hydrolysis yielded protoversastridine,
first discovered by Selzberger (81), and on complete
hydrolysis enother new alkaloid, germine. These four
alkaloids were investigaeted by Haas (31), and the work of
Lissauer (47) and Boehm (3) on cevadine was compered,
Haas's experliments showed that there wes a grest similarity

in the type of action of germerine, protoveratrine and



cevadine, although there were more or less large guantita-~
tive differences between theme. Protoveratridine and ger-
mine, the products of hydrolysls of germerine, showed a
much weaker action than the pesrent slksloid. The median
lethal dose for germerine on the frog was 0.9 mg. per

100 ge and on the rat, subcutaneously, was 0,37 mg. per
100 ge Germine was lethal to the frog onlj at 50 mg. per
100 ge end to the rat at 200 mg. per 100 g« Whereas ger-
merine acted predominantly by progresslve paraslysis, as
did protoveratrine, the hydrolysls products were charac-
terlzed by an irritant effect.

V. viride has not yet been proved to contain either
protoveratrine or germerine, but the fact that these salka-
loids are the predominant toxic components of V. album and
that the two specles have very similar pharmacologilcsl
effects allows of at least theoretical extension of the
results of Haas to American Veratrum.

0f the other alkalolds of V. viﬁidé, Jervine, psesudo=-
Jervine and rubijervine, only Jervine has a slight activity,
differing somewhat from that of protoveratrine, according

to Lissauer (48).

Hanzllk and DeEds (32) examined V. californicum, the

western American specles, and concluded that it was quali=-
tatively identical with the other Veratrums and stood be-
tween them 1in toxlcity.
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Although, as stated ebove, the actlvity of V. viride
had long been known, the popularization of the plent as s
drug dild not come untll after 1851, as the result of the
efforts of the physicilan Norwood (55, 56) who used "Norwood's
Tincture" to treat pneumonia and typhoid fever. Othor early
physlclans used it in the trestment of Inflammatory rheu=-
matism and puerperal fever.

The drug 1s at present little used, but there are
occaslonal reports of 1ts successful application, to lower
the pulse rate In the treatment of techycaerdies, to treat
auricvlar fibrillation and pneumonlsas, and to lower the
blood pressure and produce vasodlilatation in pusrperal
eclampsia (65, 99).

By far the most wldespread of these uses 1s in the
treatment of eclampsla. Thls affllictlion 48 the most severe
type of the "toxemias" of lete pregnancy which rank along
with sepals as a cause of maternal death. Recent statlstics
have shown that over twenty per cent of women afilicted with
eclampsla die. Hypertenslion 1s one of the outstending snd
constant elinleal findings in eclampsilae, and 1s a sign of
increased vasoconstriction. Thls vesoconstriction glves
rise to a train of pathologlc events. A hypertension de-
velops whlch throws an added straln on the heart and blood
vegsels, elther of which may glve way, wlth dlsastrcus re-

sults., Turtnermore, the vasoconstrictlon itself leads tn
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eanemia of the tissues, wlth suboxldatlon, retention of the
waste products of metabollsm, and eventuslly edema. Diag-
nosis of eclampsia (6) 1s based upon: 1) pregnancy of at
least five months duration; 2) hypertension; 3) albuminurie;
4) convulsions; 5) coma following the convulsions.

HTaultein (33, 34) in 1913 aend 1914 reported the troate
ment of twelve cases of eclampsla, with success in all but
one cese. He used the commercial preparatlion of V. viride,
Veratrone, of Parke, Davlis and Co., described by Houghton
and Hamllton (37).

More recently, Bryent (6) in 1935 recorded his results
in the treatment at the Cincinnatl General Hospital of 127
consecutlve cases of eclampsia, with Veratrone as the prin-
cipal therapeutic agent. The gross mortality rate for thils
serles was Y.45 per cent, a very favorsble record, snd
there had not been a doath among the last 56 patlents
treateds Bryant showed that the mode of action of Veretrone
was the production of a lasting vasodllatatlon, in agreement
with the findings of Cramer (2l). This dilatation resulted
in an increased blood supply to the varlous orgens, thus
effecting a more normal exchange of metabolites and sllowing
more ready access of drugs such as dehydrators and alkalles
(part of Bryent's treatment). The edema of the brain, skin
and kidneys diminished, resulting in cessatlon of convule

slons, return of consclousness, dluresis and dlaphoresls.
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Cramer had sald that the suppression of urine in eclampsis
was presumably due to extreme vasoconstriction in whlch the
blood vessels of the kildney particlipated. When this con~
dition was relleved ms the result of the vasodilatsetion
nroduced by the drug the conditlions for secretion of urine
were re-established.

Bryent (6) pointed out further that proper individuasl-
lzation of dosage was an essentlal factor in this treatment,
for there was marked Individusl susceptlbllity to the drug.
This point was also mede by Chisholm (12).

Assays

Much work has been done Iin atitempts to devise both
chemlical and biloloplcal assays for the Veratrums and to
correlate the results obtained by the two technliques.

The first recorded attempt to determine total crude

glkalolids in Veratrum album wes made by Pehkschen (60) in

1890. 1lle obteined a yleld of 0.08 per cent with alcohol
as original solvent.

LaWall (46) first applied the chemical method for
total alkalold determination to American Veratrum in 1897,
His method was based on one of the earliest of such pro-
cedures, that developed by Keller (45). This procedure

employed a chloroform~ether mixture as extractante.



- 23 =

Bredemann (5) assayed several commercial samples of
V. glbum using a gravimetrlc method which was essentlally
that employed by LaWall. He also developed & volumetrle
assay method baesed on the acld-neutralizing powers of the
alkaloidse.

The most recent chemical study of assay methods for
the Veratrums was made in 1922 by Viehoever and Clevenger
(89)s These authors greatly shortened the extraction time
and made several other modifications in Bredemann's gravi-
metric method.

Houghton and Hamilton (37) in 1905 made the first
dofinite attempt to work out a bilologlcal assay method
for the Veratrums. They tested their aqueous preperation,
Veratrone, on dogs and frogs and concluded that the frog
. method was & convenlent and rellsble indication of the
potency of thelr preparations. Pillcher (64) made similar
tests on frogs, gulnea plgs and cats and concluded that
the fatal dose for frogs was a satlsfactory standard for
Veratrum preperations. Rowe (77) in 1925 recommended the
white mouse method over the frog method, claiming edvantages
of rapidity and definlteness for this technique.

Testing six samples of Veratrum, Githens and Vander-
kleed (28) compared asssys based on the lethal dose for
gulnea plgs with chemical assays and observed a falirly

close sagreement in the results from the two methods. On



the contrary, Pillcher (64) used his frog method as 8 check
on chemlcal essays and found a wide deviation in the re-
sults thus obtained., This dlscrepancy was elso noted by
Pittenger (67) who reported in 1923 the results on a series
of comparstive assays of 32 samples made over a fourteen-
year periode He used the minimum lethal dose for gulnea
plgs as his eriterion for blologlcel measurement. TFurther
proof of the lack of correlatlon between chemical assays
and bloassays was put forwerd by Swanson and Hergreaves
(85, 86). They used Rowel's lethal white mouse method end
concluded that this procedure gave rellisble results while
the chemical method was unreliabls,.

Christensen and McLeen (13) in 1936 developed a method

for esssaying Veratrum viride by determlining the minimum

emetlc dose for plgeona. They showed later (14) that this

method of bloassay did not give data comparable with those

obtained from minimum lethal dose determinations on mice,

and further that the latter dld not parallel closely the

physlologlcal actlvlity of Veratrum preparations, as indlcated

by blood pressure effects produced on cats and dogse They

also showed that determlnation of the alkalold content by

the method of Viehoever and Clevenger (89%9) gave no indica-

tion of the physiological activity of V. viride preparations,.
Another method for bloassay of Veratrum has recently

been developed, by Viehoever and Cohen (90) in 1939. These



euthors used the small, transperent crustacean, Daphnia
magna, as experimental animal and as the criterion of effect
the changes 1in swimming charscteristics produced by the drug.
The information gathered by thils method es to toxlcity und
depressant action of Veratrum preparations was verified Ly
toxiclity tests and simllor observatlons on albino rats,
gulnee plgs and rabblts. Cémparative results on two sgamples
of' V. viride were obtalned by this method, and the relative

toxlicitles were reported by Cohen (15).

Entomological

As a member of the large group of plant insecticides

Veratrum viride 1s commonly known as green hellebore or

Americen hellsbore, and 1s not generally distinguished from
the related European specles, V. album, known as white helle=-
bore. This distinction 1s probably of questionable necos-
slty since both specles appear to have similar inssctlcidal
properties,

The earliest record of the use of V. virlde as an in-
secticlde is that of Josselyn (43) who visited the continent
in 1638 to 1871. Peter Kalm (44), a Swedlsh sclentlst who
viglited America in 1748 and 17498, referred to the use of an
extract of hellebore root when the children "are plagued
with vermin." Another early report of its use was 1its

recommendation in 1775 by an author, We W., for the control
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of flies (94). Leter Groom (30) recommended it as a remedy
for gooseberry worms (Nematus spp.), in angwer to a query

by the edltors of the Gardener's Chronicle, London.

In America Todd (88) in 1864 recommended white helle-
bore for gooseberry and currant worm control. Fitch (26)
found white hellebore as a dust or spray to be specific for
the currant worﬁ, and 1t was he who first sugpgested thet
the native V. viride might be as effective an insectlclde
as V. album.

From that time to relatively recent years hellebore
had been rather commonly applled as & dust agalnst larvel
pests such as the currant worme. It had the advantage of
losing 1ts effecﬁiveness rapldly upon exposure to alr, thus
belng safely applled to small frults near the picking time
(83).

In 1916 Cook and Hutchinson (18) reported excellent
success with Ve album In the treatment of manure to kill
housefly larvee. Howard and Bishopp (38), however, later
reported hellebore to be inferlor to borax for this purpose,
and Fenton and Bleberdorf (24) found it to be ineffective
In lsboratory aend fleld tests against housefly larvae.

licIndoo and Slevers (50) found Ve album as a dust to
be effective but slow ln acting agaelinst roaches and sllk~
worms, and to have a slight effect on bees, tent cater-~

plllars end aphlds, As a spray 1t was lneffective agalnst



aphlds, but as s stomach polson 1t was effective but slow
agalnst grasshoppers and sllkwormse

Richardson (72) in 1933 sprayed housefly adults with
a korosene extract of hellebore with no success. He later
(72) obtained considershble toxilclty to gladiolus thrips
with a spray of V. albume.

Tlsher (25) in 1938 found that en aqgueous extract of

V. viride was highly toxlc when sprayed on adult houseflies,

Muscea domestlca, but had no effect on the ephids, Aphils

rumicls and Myzus persicao.

FPisher also reported experiments 1ln which various

crude alkseloid fractions from Verastrum viride were tested

as toxle components ‘of poison balts on the Amerlcan cock-

roach (Periplanete emericana (L.)). These alkaloid frac-
tions were obtalned by followlng a regular agssay procedure:
the crude drug was extructed with chloroform-ether (equal
parts by volume) using a lime-water'éuspension to release
the alkalolds from the drug; the chloroform-ether solutlon
was extracted with dllute acetlc acld, which, after being
made alksallne wlth ammonlum hydroxide, wés in turn ex-
tracted with chloroform~ether; the solvent was evaporated
and the drled reslidus used as "total alkaloids." This pro=~
cedure was followed on other subsamples of powder, but here
the alkaline mixture was filrst extracted with ether until

the ether extrmcts ylelded no precipltate with Mayer's
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reagent, and then with chloroform until the alkaloid ex-
tractlion was complete. Tvaporation of the solvents left
fractions which were termed "ether-soluble alkaloids" and
"ether-insoluble alkeloids™ respectively. These three
Froctlons were obtalned from two different samples of
crude drug.

The "ether-insoluble alkaloids"” had no toxlec effect
on cockroaches at the largest doses glven., The "ether-
soluhle alkalolds" from both samples were significantly
more toxic than the respective "total alkaloids" as was
to be expected, because of the nontoxiclty of the "ether-
jnsoluble” fractions. The mortalitiles from the "total
alkalolda" of the two samples also differed significantly,
but the "ether~soluble alkaloids" did not show a signlfi-
cant difference., These statements are based on medlan
lethal doses calculated from the dosage-mortallty curves.
The medlan lethael doses are presented in Table I,

Taeble I. Medlan lethal doses, 1n mllligrams per

gram of body welght, of Veratrum viride

extracts tested on Periplasneta gmerlcanse.
Data of Fisher (25),

Mo i;o B- (mg\:/g'd

20 &8

Fraction Sampnle A 3 Sample B
"ither-soluble alkalolids" 0.258 0. 307
"Total alkaloida"” 06334 0.521

"Eiher-insoluble alkalolds" 23687 >4,74




Although the "total alkalolids" and "ether-soluble
alkaloids" contents of the two samples were approximately

the same, semple A was apparently more toxlc than sample B.
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MATERIALS

Flant Materials

The samples of Veratrum viride used in this investiga-
tion were in. 8ll ceses purchased from wholesale drug supply
houses, a total of slx diff'erent samples being used in the
experiments described herein. Two were obtained 1n powdered
form: one from J. L. Hopkins and Co. ns "powdered American
hellebore,” and the other from the Des Moines Drug Co. as
"Pennsylvenia white hellebore." The other four samples
vwere purchased as the "whole" drug: one from J. L. Hopkins
and Co. as "Amer. hellebore U. S. P.," another from the
Murray and Nickell Manufacturing Co., and two from S. B.
Penick and Co. as "hellebore root" and "hellebore root,
Amorican," respectively.

The "whole" drug is the rhizome with attached roots
that has been cut, generally in quarters, before drying.

In three of the four samples the whole drug was prepon=-
derantly rhizome, but in the fourth the rhizomes were very
small and much of the root was left attached.

For use the whole drug was ground in a Wiley mill to
pass a 20-mesh screen, and for speclal purposes such as

assay determinations it was ground to 40~-mesh.
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Insects Used

The American cockroach (Periplaneta americana (L.))

was used 1n the toxlcologleel tests, adults being employed
exclusively. These Ilnsects were trapped in bulldings on
the cempus of Tows State College and were kept either in

a8 large, screened csge or in glass squarium jars at room
temperature. They were fed bananas, rolled oats, dried
milk, & speclial sali mizbuwre and drled brewers' yeast,

and water wes avallable to them at all times.



ASSAY EXPERIMENTS

Mothods

The chemilcal assay method first adopted was that of
Vienoever and Clsvenger (89), whlch was only slightly al-
tered from the one described by Bredemann (5). This
method may be outlined briefly as follows:

A 15-gram sample, povdered to 40-mesh, 13 al-
lowed to stand for 10 minutes with 150 cc. of
chloroform-ether (equal parts). Then 10 cc.

of 10 per cent ammonlum hydroxide 1s added and
the mixture 1s shsken frequently for an houre.
Then 10 cc. of water 1s added. The mixture is
then filtered through cotton Into a flask con-
talning O.25 ge Of celolned magnesia. After
sheking, the mixture 1ls flltered into a gradu~
ated cylinder, and 80 cc. of the filtrate (cor-
responding to 8 g of drug) 1ls transferred to m
separatory funnel. Thls flltrate 1s extracted
with 10 per cent acetic acid solution, first
with 20-cc. portions and then with l0-cc. por-
tions. These extracts are comblned in o sepa-
ratory funnel, made alksaline with 10 per cent
ammonlum hydroxide and in twn extracted with
chloroform-ether (egual parts) in 20~ and then
10«~cce portionss The chloroform~ether extracts
are combined in a tared welghling bottle, evapo-
rated In a current of air, and driled to almost
constent welght at 100°C.

Thls procedure was trlied on several different samples
of the crude drug and then e few modifications were made to
obviate the necesslty for extreme care 1in preventing solvent

evaporation. The changes made consisted In using a 10.0-g.
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ssmple, filltering and washing with more solvent the crude
drug after the hour's extraction, and combining the {lltrate
and washings for the acetic acld extractlon.

Viehoever and Clevenger (89) had determined that am-
monium hydroxlde or sodlum hydroxlde were equally satls-
factory for liberating the alkaloids from the cruds druge.
It was noted, however, that treatmont wlth these solutilons
made the drug somewhat glutinous and that difficulty was
encountered by formatlon of emulsions in the acetic acid
extractlon. Therefore duplicate assays were made using 10
per cent solutlons of smmonium hydroxlde and sodlum hydrox-
l1de respectlvely, a 10 per cent suspension of calcium
hydroxide, and flnally no base. Results indicated the
advantages to be gained in using hydrated lime so thils
varlation was Incorporated in further study of assay tech-
niguese

The essay procedure as modifled 1s outlined:

To a 10,0~-ges sample of crude drug ground to 40~

mesh add 150 cces of chloroform-ether mixture

(equal parts by volume), and allow to stand 10

minutea, Then edd 1 g. powdered caleium hydrox-

ide and 10 cc. water and let stand one hour with

frequent agitatlon. PMillter, and wash with

chloroform-ether mixture wntll the washings glve

no precipltete with Mayer'!s resgent; about 50 cc.

of solvent in 4 portions are sufficlent. Combine

filtrete and washings in a flask containing 0.5 g.

powdered magnesium oxlde. Shake thoroughly, fil-

ter into a separatory funnel and wash the mag-

neslas with more solvent. Ixtract the filtrate

wlth three 20~cc. portions of 10 per cent acetic

acld, and then with 1lO~cce. portions until the
last gives no preclplitate with Mayer's reagent.
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Meke the acld extract alkellne wilith concentrated
smmonium hydroxlde, and extract wilth three 20-cc.
portlons of chloroform-ether, and then with

10=cce. portions until a few drops of the alka-

line solution, on acidificatlion with acetlc acld,

glve no precipltate wlth Meyer's reagent. Com-

bine the extracts ln a tared flesk and evaporate

off the solvent under a current of alr at B0°C.

In all previous work 1t was noted that the final
chloroform~ether extract and the residual total alkalolds
efter removal of solvent were more or less amber-colored.
Since no aslkalold heretofore lsolated from the Veratrums
1s colored, it was obvious that some Impurities were beling
carrled through the procedure. Hence a gerles of experi-
ments was made on one sample of powdered drug with a view
to overcoming this difficultye. Since the chloroform-sther
mixture 1s known to have very high solvent powers, ether
alone and chloroform alone were tried; ln some experiments
ether was used first, followed by chloroform, and in
others the order was reversed. The flrst solvent was used
untll the lest extract gave no precipitate with Mayer's

reagent, whereupon the change was made. The chloroform-

sther mixture was also used ss & control.

Results

A blenk assay was made according to the method of
Viehoever and Clevenger (8%), outlined above. The blank

seemed necessary in order to ascertain whether inorganie
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salts, eapeclially ammonium salts, might be carried through
the procedure. Thls determination showed that no blank
correctlon was necessery.

The duplicate assays made by the same method on three

different samples of crude Veratrum viride gave somewhat

inconglstent results. The percentages of totel alkalolds

extracted by this method are gilven in Tsble II.

Tgble ITs Results of chemlcal assay of Veratrum virlde
according to method of Viehoever and Clevenger.

Total alkealolds, ver cent

s o

Sample Assay No, 1 : Assay No, 2
A 0.17 0417
B 1.09 0.73
c 1.41 l.11

The experiments with the modifled procedure, using a
10.0=g+ sample and fillterlng and washing the crude drug
after extractlion gave more concordant results, when put
Into use to determine the effectiveness of different al~
keline agents in freeing the alkalolds from the crude drug.
‘The deta, presented in Teble III, show the percentage total
alkalolds extracted from subsamples of one sample using the
several reagents. They indlcate that ammonium hydroxide,
sodlum hydroxide and calclum hydroxide are equally satis~
fectory, end that the addition of some base is necessary

for extrectlion of the alkalolds from the crude drug.



Table IIT. Effectlveness of various alkalline reagents
in freeing alkslolds from crude drug.

H Totasl alkalolds, per cent

Treatment $ Assay No. 1 : Assay Noe. 2
Ammonlum hydroxlde l.42 1.39
Sodiun hydroxide 1.47 1l.22
Calcium hydroxide 1.36 1.47
None | 0.92 0.94

Since the use of calclum hydroxide was effective and
1t had the sdded advantages of keeplng the drug in 2 grenu-
lar condition and of tending to prevent the formatioh of
emulsions in the acetic acild extractions, the assay pro-
cedure was modified by substitution of the lime suspension
for smmonium hydroxlde.

Thls new procedure was then mede use of in an extendsd
serles of assays whose purpose was to investigate the in-
fluence of solvents in the final extraction. Since the
final extract obtained when chloroform~ether was used was
distinectly colored and hence contalned impurlties, it
seemed probable that ether or chloroform used separately
or in successlion would produce & more satisfactory extrac-
tlon. The results of these tests are given in Taebles IV,
V, and VI, These data show that chloroform alone extracts
as great an amount of material es does the chloroform-ether

mixture, sbout 1.55 per cent. The amounts of slkaloids



Table IV, Percenteges of alkalolds extracted
using chloroform-ether mixture in
the final extraction.

Subsample Hoe Alkalolids, per cent

7 1.39
9 1.53 |
13 1.59
14 1.71
19 l.41
26 1,62
_217 | 1.60
28 ‘ 1.56
Mean 1,55

Table Ve Percentages of alkelolds extracted with ether
and then chloroform in the second extraction.

:___ TPercentage mlkalolids extracted by

Subsample NOe Tther : Chiovoform :  Total

3 0.83 0443 Ll.26
4 0,73 0.55 1.28
5 0.87 0.39 1.26
6 0,93 0.37 1.30
8 0.74 0.54 1.28
10 0.74 0.54 1.28
15 0.60 0.79 1.39
16 0,63 0.80 1.43

Ve an 0.76 0.5b6 Ledl




Table VI. Percentages of aslkelolds extracted with chloro-
form. snd then ether in the second extraction.

Percentage alkalolds extracted by

o0 80

Subsample Noa Chloroform : Lther : Totel
17 . 156 0.02 1.58

18 1.57 0.02 1.59

Wean 1,56 0.02 1.58

extracted by the respective solvents from the diflerent
subsemples vary oconslderably, but the total yields are
generally qulte consistent. It must be noted that the
total ylelds, sbout 1l.31 per cent, are uniformly less

than the yields obtalned by use of the solvent mixture.



DISCUSSION OF ASSAYS

The chemical assay method for estimeting total crude

alkalold content of Veratrum virlde given by Viehoever and
Clevenger (89) sppesred to be rather unsatisfactory for
general use, The diffliculties encountered include the
great care that must be taken to prevent eveporatlion of
solvent, the difflculty 1n filtering the crude drug due

to its glutinous nature when treated with ammonium hy-
droxlde or sodlum hydroxlde, and the formation of emul-
sions during the acetic acld extraction.

The flrast difficulty was removed by taking a smaller
semple of drug, extramcting with the same amount (150 cc.)
of solvent and flltering and washing the drug after extrac=-
tlon. The slimliness characteristic of the slkali-trested
drug was overcome by use of a suspension of calcium hydrox-
1de 1n place of ammonium hydroxlde or sodlum hydroxide, A
serles of tests Indilcated that all three baslc reegents
were equally satisfactory for releesing the alkaloids from
the crude drug. In addition, the substltution of caleium
hydroxlde was effectlive 1n preventing emulsion formation.

The procedure thus modifled wes then applied to a fur-
ther phase of the investigation., It had been constantly

noted that the final chloroform-ether extract was dlstinctly



colored, s fset polnting to the presence of nonalkaloidel
impurltles In thls extract. A series of assays was made,

in which the modilfied procedure was followed with chloroform-
ether as flnal extractant. The mean of 8 assays by thls
method showed e total alkalold content of 1455 per cent.

Two tests were then made in which chloroform was used alone,
followed by ether. The total alkaloids extracted by thils
method aversged 1l.58 per cent, thus equal in emount to the
yield with chleoroform-sether as solvent. Hight more tests
were mede, but with ether alone until slkaloids were no
longer extracted, and then chloroform until complete extrac~
tion wea stteined. Whereass the individual solvents gave
qulte erratlc results, the totel of the alkalolds extracted
was very conslistent, with a mean of 1431 per cent. The
residues thus obteined from the ether extractlions were
practically colorless. Thus it 1s evident that the pro«
cedure involving successlve extraction with ether and then
chloroform, which showed & mean alkslold content of 1,31
per cent, was equally as effective 1n the extraction of
alkalolds as the other two procedures which separated l.55
and l.58 per cent of the plant materisls The conclusion

to be drawn from this fact 1s that the other 0.2 to 0.3

per cent extracted by the chloroform-ether mixture and

chloroform followed by ether was impurities nonalkaloidal

in nature.
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This conclusion 1s in part borne out by the insecti-
cidal work of Fisher (25)., He applied the modifled essay

procedure to two commerclal samples of Veratrum viride,

using chloroform~ether as finel solvent. The alkalold con-
tent was nearly the same for the two zamples. He used
these regldues for his experiments, terming them "total
alkaloids." He then assayed the samples using ether alone
ag solvent, followed by chloroforme These fraetions he
called "ether-soluble alkalolds" and "ether-insoluble
alkalolds," respectively. The six frections, when tested

in poison baits on the American cockroach (Periplaneta

americena), gave resulits whieh led to the conclusions that
the "ether-soluble alkaloid" fraction contalned most, if
not all, of the toxic alkalolds, and that the "ether-
insoluble alkaloidas" fraotlon, as evident from its color,
contalned nonalkaloidal méterial. The fact that the ratio
of the amount of "ether-soluble" to "total alkalolds" in
both samples was simllar to the ratlo of the medlan lethal
dosages of these same materials led to the tentatlive con-
¢lusion that the standsrdlzation of the drug for Insectle
cldal purposes should be based on the "ether-soluble'
rather than on the "total alkalold" content.

A further concluslion may be drawn from the work of
Fishers. Whereas the total alkmlold contents of the two

samples he used were nsarly equal, the btoxlcltles of the



- 4D

total alkalold fractlons were statistically different,
thus corroborating on Insects much previous work on verte-
brete animals whleh indicated that blologlecal and chemical

assays could not be directly correlated.
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SEPARATION OF ALKALOID MIXTURE

Methods

The first two experiments on separation of the crude

alkalold mixture from Veratrum virlde to be described herein

were made on a sample of "Hellebore Root, American' obtained
from the S. B. Penlick Co. Thls sample of drug assayed 2.25
per cent total alkaloids by the modified procedure outlined
In & preceding section, in which chloroform-ether was em-
ployed as final extrsction solvent. The third experiment
was made on a combination of several lots of the crude drug.
The samples were prepared for extraction by grinding them
in a Wiley mill to pess a 20-mesh screen.

Tests to determine the presence of alkalolds in solu-
tions were made with Mayer's reagent, which is a solution
of 10 g. of potassium lodide and 15 g« of mercuric lodide
in 100 cc. of water., Thils solution forms a precipltate
with all but the simplest alkalolds in agueous acid solu-
tlon. To test organic solvents immiscible wilith water,
such as chloroform and ether, for the presence of alkaloids
g small sample of the liquld was extracted with an equal
volume of 10 per cent acetlc acld solutlon and the deter-

mination was made with Mayer's resgent on this extracte.
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Experiment A.

For this experiment, outlined diagrsmmstically in Fig.
1, 1250 go of the crude drug was mlxed with 500 cc. of 10
per cent ammonlum hydroxide solutlion and pascked into a con-
tinuous extractor. Here the drug was extracted with ether
for about 65 houra. The drug residue was then dried by
drawing air through the extresctor for 8 hours and the ex-
tractlon was continued for 72 hours wlth chloroform as
solvent, The extracted drug resldue was dlscarded.

During the chloroform extraction there had separasted
in the solvent reservoir a light-colored solld C, which was
filtered off and washed wlth chloroform, and, after drying
in alr, weighed 3.55 g. Both solld C and the chloroform
extract (a) were nontoxic when tested on the Amerilcan cocke
roach by a procedure to be outlined Iin a later sectlion.

There had also separated in the reservoir during the
ether extraction of the drug 10.3 ge of & tan-colored solid
4, which was filtered off, washed with ether and air-dried.
The solld A was treated with 160 cc. of 2.5 per cent acetic
acid solution, leaving a slight resldue B, weighing when air-
dried 0,45 g., which was nonalkaloidal and was therefore
dlscardeds The acld flltrate was made alkaline wlth con-
centrated ammonium hydroxlde, e flocculent, yellow precipil-
tate forming. Thls suspension was first extracted with a

200-cce portlon of ether, and then with 10 successive
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Pig. 1. Schematic outline of procedure followed in Experiment A.
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100-cc. portions, the ether extracts being combined (b),
The squeous suspension, which was still strongly alkaloid-
contaeinling, was separated Into two portions, one contain-
ing the solid asnd the other most of the aqueous solution
{(c)e The suspenslon waes extracted with ether in a con-
tinuous extractor; two frasctlons were collected, the first
after 28 howrs' extrsctlon, and the second after 17 hours
more. From these two extracts there had separated yellow
sollids slong the sides of the reservolr, D and E, respec-
tively. D and & were filtered off, combined, and, after
being dried in air, welighed 0O.14 g. Thls fractlon was non-
toxice.

The two contlnuous ether extractlons had still not
removed all the alkaloidal material from the agqueous sus-
pension, so the latter was saturated with carbon dloxide to
meke the solution more'nearly neutral, end the ether ex-
traction was continued for 43 hours longer, a solid H sepa-
rating in the reservoir. Thls solld resembled D and E very
muche The resldual suspension was flltered, ylelding a
solid P whilch when alr-drled weighed 2.1 g« It was non-
toxices The flltrate gave only a falnt test for presence of
alkalolds with Mayer's reagent.

The aqueous solution (c) wes extracted with ether until
all alkalolds had been removed. This ether extract was

combined with (b) and the flltrates from D and E, driled



- 47 =

over anhydrous sodium sulfate, and the solvent removed
completely by evaporation. The alr-dried residue F welghed
1.79 ge

The orlginal ether extrsct (d), from which A had been
removed, was qulte toxic on injection into cockroaches.

It was extracted wilth dilute hydrochloric acld (one volume
of concentrated acld to nine volumes of water) in 100-cc.
portions untll all the alkelolds were removed. In the
first‘three acld extractions there separated a lighte
colored solid R which was filtered off, washed with water,
alr=-dried and found to welgh 3.8 g.

The aqueous acld extract was made alkaline with am~
monium hydroxlde and extracted with twenty 1l00-cc. portions
of ether, the last of which contained scarcely any alkeloids,
whereas the alkaline solution (e) was strongly alkaloidale.
The ether extract (f), whlch was toxlec, was concentrated to
about 10 cc. and on standlng in the lcebox a solld S welgh-
ing 0.24 g. separated which was slightly toxlece The flltrate
T was examlned further but ylelded no significant informa-
tion,

The alkaline soluhion (e) was extracted with ten 100~
cc. portlions of chloroform, thus removing all the alkaloids.

The chloroform extract (g) was found to be only slightly

toxic.



Experiment B.

The procedure followed 1in Txperiment B 1ls shown in
I"lgss. 2 and 3. The essentlal difference from the method
of Experiment A was the use of & procedure developed by
Salzberger (81) in which jervine was separated from the
other alkaloids by precipitetion from agueous acetlc acid
soclutlions as the metaphosphate.

The crude drug was from the same lot used in the first
experiment., A solution of 175 g. of tarteric acid in 5.15
kge of water was mixed with 5.47 kge of the ground druge
The wet drug was pleced in a continuous extractor snd ex-
tracted with ether for 4 days. The resultant ether extract
was red-brown in color and contained much olly materisl but
no slkaloids. An excess of ammonla was paased into the
extractor, making the drug strongly elkaline, and the ether
extraction was continued for 8 days, during which time there
separated on the sldes of the reservolir a gray sollid C.
This oily solid was filtered off, washed with.a small amount
of ether, and dried in air. It weighed 47.5 ge

The solld C was treasted with 250 co. of 10 per cent
acetlc acid solution, leaving a slight amount of nonalke-
loidel residuve which was discerded. The scid solution was
extracted with six 50-cc. portions of ether which removed
some of the coloring matter and a small amount of alkaloids

(a)e It was then extracted with two 100-cc. portions of
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Schematic outline of procedure followed in Experiment B.
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chloroform, the chloroform solution was dlluted with an
equal volume of ether and was extracted with 10 per cent
acetlic acld to recover the alkalolds. The reslidual, colored
chloroform solution was dlscardede. The scld extract was
combined with the main body of acid solution. The ether
solution (a) was also extracted with 10 per cent acetlc scid
to recover the alkalolds, énd the colored ether solutlon

was discarded., The acld extract was likewise returned to
the main body of acid solution.

Ammonlum hydroxlide was added to preclpitate the alka-
loids from thls acetic acid solution. The precipitate (b)
was filtered off, washed with dilute ammonium hydroxide,
and dried 1in alr. It welghed 34.4 g. It was treated with
10 per cent acetlc acid.and filtered from the nonalkaloldal
resldue. The filtrate from (b) was extracted with chloro-
form untll the alkaloids were all removed, the chloroform
extract was diluted wilth an egual volume of ether, and the
solution was extracted with 10 per cent acetic acid. The
colored, nonaslkaloldal chloroform-ether solution wss dis-
carded.

This acetic mcld solution was combined with the clari-
fied aeid solution of (b), and to it was added a freshly
prepared solution of 15 g. of metaphosphoric acld iIn 50 cce.
of water. There formed immedlately a flocculent precipi-

tate £ which was flltered off and weshed with dilute
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metaphosphoric acld solution. The preclipltate I was sus-
pended ln dilute ammonium hydroxlde to release the alkaloids
from thelr compounds and the suspenslion was extracted with
chloroforme A small amount of insoluble residuve was found
to be nonalkaloldel so was discarded., The chloroform solue
tion of alkalolids was concentrated to one~third its volume
and was dlluted with an equal volume of ether, whereupon a
white, crystalline precipitate F formed, which weighed

6.8 g on belng filtered off and driled in air. It was non-
toxic.

The chloroform-ether flltrate (c) was then extracted
with two 25~cce. portions of 10 per cent acetic acid which
removed part of the alkaloids. This scid solution was made
alkaline with ammonium hydroxide, precipltating a large
amount of materliaele This suspenslon was extracted with 50
cce of ether; the resulting ether extract, being only
slightly alksloid-containing, was discarded. The aqueous
suspenslon was filltered and the precipitate (d) was dis-
solved 1n chloroforms The alkalold~containing filltrate weas
extracted with chloroform to remove the alkaslolds, and the
chloroform extract was combined with the solution of (d).
This solutlon was diluted with two volumes of ether, a
crystalllne precipltaete G forming. The latter, when fil-
tered off, washod, and alr-dried, welghed 2.24 g. and was

nontoxice. On further standing more crystalline solld H



- 53 =

geparated from the chloroform~sther solution, was filtered
of £, and wes drled in alr, It welghed 3.9 g. and was also
nontoxice The filtrate contained only a small amount of
alkaloids so was discarded.

The chloroform-sther filtrate (c¢), after partial ex~
tractlon with acetic acld, was extracted with a further
four 26-cc. portlons of 10 per cent acetlc acid, and these
extracts were combined as (e)e The chloroform-ether solu=-
tion stlll contained alkalolds, so was concentratecd and
dlluted with an equal volume of ether, and the acetic ecid
extractlon continued until all the alkalolds had been re-
moved. This final acld extract was combined as M and was
not examined further.

The middle portion of acetlic acld extract (e¢) was made
alkaline with ammonium hydroxide and filtered from the
resulting precipitate Je« The latter when air-dried welghed
1.0 ge &nd was nontoxic. The flltrate from J contalned a
small amount of alkalold so was extracted with five 40-cc..
portions of ether, ylelding on concentration an extract
whlch was sllghtly alkaloidal and was not worked up further.
One 40-cc. chloroform extraction removed the balance of the
alkalolds from the aqueous solution, the chloroform extract,
after concentratlon to 10 ce. and dilution with 20 cc. of
ether, also being only sllightly alkaloid~-contelning. It

was a8imllarly dlscarded.



The filtrate from the precipitaté of metaphosphate E
(l"ige 3) was made faintly alkeline with ammonium hydroxide,
a tan, amorphous precipltate X forming. This precipitate
was filltered off, washed wlth dilute ammonium hydroxilde,
and alr-dried. It welghed 1.47 g. and was slightly toxic.

The flltrate from K was made strongly alkaline with
anmonlum hydroxide, a further precipitate L forming. This
was also flltered off, washed end drled in air. It welghed
0.158 g. and was toxic. The filtrate from L, (f), was non-
toxlc, though it still contained alkelolds. It was ex-
tracted with ether; the acueous solution remaining still
contained s small amount of alkalolds but was not worked
further. The ether extract was evaporated to dryness and
the residue was teken up in dilute acetlc acld. On further
working 1t ylelded no useful informetlon.

The ether flltrate D (Flg. 2) was found to be toxic.
On standing for some time in the leboratory there separated
an olly layer and a solld material. The ether solution (g)
was flltered off, and the residual oll and solid were ex~
tracted with dilute acetlc scld to remove the alkalolds.
The acld solution was extracted with cnloroform which re-
moved some of the coloring matter and a small amount of
alkalolds. On concentration of the chloroform extract and
dilution with ether a brown solid separsted out. These

fractions were not worked furthere.



The ether solution (g) was evaporated in a vacuum, and
the residusl dark oll wes dissolved in chloroform and ex-
tracted with acetlc acid until all the alkalolds had been
removeds The acld extract was treated with an excess of
freshly prepered metaphospnoric acid solution, a voluminous
precipitate Bé separating. Thls was filtered off, suspended
in ammonium hydroxide and shsken out with chloroform. The
resulting chloroform solution was not worked up since simi-
larly obtained solutions always yielded nontoxic slkalolds,
and the resldual agueous sgolution, being nonalkeloidal, was
discarded.

The filtrate from the metaphosphate Dz was treated
wlith an excess of ammonium hydroxlde and ;—1arge amount of
precipitate Dy was formed. This wes filtered off end drled

in air. It welighed 19.9 g« and was toxlc.

Experiment C.

A third experiment waes made in which several lots of

crude Veratrum virlde were comblned. The procedure followed

was based closely on that outlined for Txperiment B, igse
2 and 3%, but eattentlon was concentrated on fractions found
in earlier work to be toxic %o the Amerlcan cockroach and
hence of especlsl interest.

A total of 7.56 kge of crude drug was wet with a water
solution of 200 ge. of tartaric ascld, allowed to dry in air,



and then extracted continuously with ether for 3 days. The
resulting ether solutlon, containing no alkaloids, was
dlscarded. The crude drug was then dried 1n slr, mixed
with an aqueous suspension of calclum hydroxide to make
alksline, replaced In the extractor and extracted with ether
for 6 dsys. As in Lxperiment B, there separated in the
regervolr of the extractor during extractlion a gray solid

Ae Thls was flltered off from the ether solution B.

The solld A, simllar to C of Experiment B, was dls-
solved in 300 cce. of 10 per cent ascetic scid and was ex-
tracted wlth ether for 24 hours to remove extransous ma-
terial, The roesidual acid solutlion corresponded to solu-
tlon (h) of Experiment B, from which had eventually been
isolated the toxic fraction L, small ln quantity. This
solutlon, therefore, was made alkaline wlth smmonium hy-
droxide end was filterede. The preclipltate H thus obtalned,
welghling 9.6 g., was not investligated further, slnce the
fractions similarly obtalned in Experiment B had consilsted
predominantly of nontoxlc slkaelolds. The filtrate J, from
preclpitate H, was extracted wlth 25-cc. portlons of chloro-~
form, the combined extract was concentrated to 40 cc. and
was allowed to stand for two weeks. During this time there
seperated out slowly a small amount of crystalline materisl,

P, which was flltered off, washed and alr-dried. It welghed
0.25 Feo
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The ether solutlon B, corresponding to D of Experlment
B, was condentrated to remove almost all of the ether, was
taken up in chloroform and was extracted with 10 per cent
acetlc acid in 50-cc. portions, a total of 3000 cc. of
extract belng collecteds This acid solution was made alka~
line with amwonlum hydroxlde and the resulting precipitate
D was filtered off and air-drleds. It welghed sbout 45 g.

Forty grams of preclpitate D wes dlssolved in 10 per
cent acetic acid snd was dlluted with water to 250 cc.
This solution was cooled in an ice bath and wans treated
with & freshly prepured solutlon of metaphosphorlc acld,
a curdy pracipibate formlng. This precipitate K welghed,
when alr-dried, 18.5 ge Slnce precipltaies thus obtsined
In the previous experiments had ylelded only nontoxlc alka=-
loids thils fraction was not examined furthers

The flltrate from K was made alkaline with ammonium
hydroxlide and the resulting precipltate L was filteread off.
This fraction, which was toxlec and corresponded to the toxic
fractlon Bﬁ of Experiment B, welghed 15.9 g« The flltrate

was 8llghtly alkaloldel and was not Investigated further.

Fractions Obtalned and Alkaloids Isolated

Some of the fractions separated In the experiments just
detalled were inveatigated further and ylelded cortein

valuable information.



Experlment A.

The comblned solids, D and E, welghed 0.14 g A solu~
tion was made of 55 mg. of thils fraction in 5 ecc. of hot
85 per cent ethyl slcohol, the solution was filtered, and
the filtrete was nlaced in the lcebhox to crystallize. The
recrystallized materisl was flltered off, washed with al=
cohol and dried in air. The yleld of recrystallized solid
was 37 mge It became colored in the melting point apparatus
at sbout 230°C. and melted with decomposition at 2357-239°C.#
This recrystallization was repeated, and then dilute methyl
alcohol was used as solvent for a third recrystalllzation.
The resulting needles darkened at 230°C.; m.p. 237-241°C.
decomposing. Thls product was jJjervine, which melts accord-
ing to Poethke (70) at 243-244°C. (corr.) and according to
Soito and coworkers (80) at 243.5-244.5°C. This fraction
was nontoxlce

The crude reslidue F welghed 1.79 g. Fifty mge were
heated with 1 cc. of 95 per cent ethyl alecochol, most of the
solid dissolving to form a dark brown solutlion. From this
on standing in the icebox there separsted 5 mg. of a needle=-
like crystsalline precipltate which melted at 23%-239°C, wilth
decomposition, after darkening sbout 230°C. The fraction

#All melting points were tasken In the ¥lsgher-Johns microw
melting point apparatus equipped with a microscope for ob-
servation. The temperature was ralsed rapidly to about
30° below the expected melting point, after which the rate
of hesting was lowered to about 32 per minute. The alka-
lolds and their derivatives with but few exceptions melt
wilth decomposition or decomposs before meltinge.
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that dild not dissolve 1n the first 1 cc. of alcohol was
dissolved in 2 cc. more of amlcohols From this straw-
colored solution there were recovered 3 mg. of needle-~like
crystals whlch darkened at 230° and melted with decomposl~
tion at 238-243°C, Thus residue F ylelded Jervine also.
Once-recrystallized materlal from this frectlon was non-
toxlce.

The solid H was In crystalline form so was scraped from
the sldes of the flask, filtered off, and washed wlth ether.
Tt darkened sbove 190° and melted with decompoaltlon at
237-241°C. Its needle-like crystalline form, its melting
point, and the fact theat it was obtained in a manner simi-
lar to that uvsed in collecting D snd E indicate that H was
algo Jervine.

The preclpitate R whlch was obtalned on hydrochloric
ecid extraction of the ether extract (d) welghed 3.8 ge
when alr-drled. A asmall portlon of R was bolled with
absolute ethyl alcohol, part going Into solution. The fil-
trate was placed In the lcebox to crystallize. The result-
ing fine, granular crystals were filtered off, washed with
more solvent and alr-dried. In the melting point apparatus
they were observed to darken sbout 23000., and a sublimate
of clear, colorless rosettes of prism-like crystals began
to forme The blackening portions started to melt sbout

280° and the sublimate melted about 300°C. with dacomposition.



The undissolved portion of R begsn to derken about 200°C.,
a sublimate of clear rosettes of needles and prisms began
to form sbout 250° and continued to 2850. The brown por-
tlon melted about 285-295° and the sublimed crystels melted
with decomposition at 300-302°C. The precipitate R thus
appeared to be Jjervine hydrochloride, which according to
Saito et als (79) melts sbout 308°C.

Lxperiment B.

The precipltate I, recovered from the metaphosphate
preclpitate L, was obtained in the form of redlating needle=-
like crystals. Its melting point was 240~242°C., decom=-
rosing. It appeared to be Jervine, and was found to be
nontoxice.

The precipltate G, obtained In the form of impurse
crystals, welghed 2.24 ge On heatlng it melted sluggishly
to a dark brown ligquld from 242-247°C. Thls product was
very difficult to purify, owing to 1lts pronounced tendency
to adsorb impurities whenever precipltated or crystallized.
To effect the purificatlon 1.5 g. of the crude fraction was
treated with 10 cc. of 10 per cent acetic acid solution,
filtered from the insoluble residue, the filtrate diluted
wlth 40 cc. water and 40 coc. methyl slcohol, heated to boil=-
ing, neutralized with dllute (1:3) smmonium hydroxide

solution till a turbldity formed, and cooled slowly. The
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resulting brown, crystalline precipitate, after filtration
end alr-drying, slntered at 2450, darkened sbove 250° and
melted at 280-295°C. with decomposition. It welghed 0.92
ges Port qf thls fraction, 0.75 ge, was bolled wlth 25 cce
of methyl 'alcohol, a dark brown solutlion forming, and a
light tan residue remaining. The latter, welghing 0.43 g,
darkened asbove 275° and melted at 295-305°C. with ‘decom-
positions Of this fractlon 0.4 g. was dissolved in the
lesst amount of 10 per cent acetlec ucld necessary, the
solutlion was diluted to 19 cc. with water, 20 cce ethyl
alcohol was added, the solutlon was heated to boiling and
neutralized wlith 1l:2 smmonium hydroxide solution. On cool-
ing slow crystallization took plece. The resulting precipi-
tate appeared Iin the form of colorless platelets, welghing
023 go It darkened above 280° and melted at 298-300°C.
wlth decomposition. It was pseudo]ervine, which melts with
decomposition at 304~305.5°C, according to Poethke (70) and
at 300-307°C, according to Salzberger (81)e It was non-
toxic.

The crystalline precipitate H, weighlng 3.9 g., molted
at 235-242°C, with decomposition. Three grams of thls
fraction was dlssolved In 15 cc. of 10 per cent acetic acid
solutlon, filtered, diluted wlth water to 50 cc. and to
90 cc, with methyl aleohol, heated to bolling, and neu-

tralized with 1:3 ammonium hydroxide untll a turbidity
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appeared in the solutions On cooling 0.1l g« of crystal-
line s0lld wes obtaineds The filirate from this was agailn
boilled and treated with ammonium hydroxide until a rsther
lerge amount of precipitate was formed. Thils was filtered
off after cooling, weshed and dried in sir. The process
was repeated, and e third fractlion was obtained. The
second and third fractlons combined welghed 2.35 ge Of
these combined freactions 2.0 ge was dissolved in 40 cc. of
boliling methyl alcohol, and 6 cce of water was added, a
turbidity appearing in the solution., On cooling e pure
white, needle~like precipltsate was obtained, weighing

1e56 ge It darkensd above 200° and melted with decomposl-
tion at 241-243°C. It was Jervine and was nontoxic.

The precipitate J welghed 1.0 ge On recrystallization
from dilute ethyl alcohol and a trace of ammonlum hydroxide
it formed needle~like crystals, meltlng at 236-241°C, with
decompositlions It also was jervine and was nontoxlc.

Of the lmpure, smorphous preclpitate X, which was
slightly toxic, 3 mge. was dissolved in dilute acetlc acid,
and a satursted solution of pleric acld was added, a yellow
precipitate forming slowly. This was filtered off and alr-
dried.s 1t was then dissolved in a véry small quantity of
acetone, and ether was added. On standing there separsted
a derk brown solld which was filtered off, and the filtrate

was allowed to evaporate. There formed a small smount of



yellow, crystalline precipltate which was washed with ether
and dried. It melted at 230-233°C. This plcrate is un-
identified.

The smorphous precipltate L, which was toxic, weighed
0.158 g« Numerous experiments were made on thls fraction,
Ineluding attempts at fractional crystallization, sublims-
tion and salt formation, none of which gave positive in-
formetion.

The crude, brown, amorphous procipitate Bé’ welghing
19«9 ge, was toxlce Many experiments were made on this
fraction, mostly without success. Chromatographic adsorp-
tion was trled with unfevorable results. One procedure,
however, gave some valuable informatione. As an example of
this procedure, 1 g. of the fraction was dissolved in 1 cce.
of 10 per cent decetic acid, dlluted with water to 4 cc.
and treated witﬁ a solution of potassium nitrite to sepe-
rate out through thelr insoluble nitroso derivatives the
secondary amlne alkaloids, such as Jervine, probably
present in this fraction. A dark brown, sticky precipitate
was formed, from which the supernastant liquid was poured.
The sticky precipltate after being dried in sir amounted
on an average® to 0.6~0.7 g. Repeated solution in ethyl
alcohnl and reprecipitation by dilution purified this
nitroso fractlon to such an extent that crystelllzation

was attalned from dilute ethyl aleohol. The crystalllne
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solld thus obteined melted at best at 228-240°C. with de-
composition. Thls nitroso derlvative was probably that of
Jervines Nitrosojervine was prepared from pure jervine for
comparison and was found to melt after three recrystalliza-
tions from dilute ethyl alcohol at 250-254°C. with decom=
posltion. According to Poethke (70) nitrosojervine melts
at 246-247°C. with decomposition, and according to Saito

et al. (80) at 251-252°C.

The filtrate from the nitrosoc fraction was made alka-
line with ammonium hydroxide and was extracted with ether.
Evaporation of the solvent left a slightly colored residue
(1) amounting in different experiments to 0.06=0.12 g.
The resldue was extracted with benzene, the greater part
going into solutlon and & 1little remalning undissolved.
This undissolved fraction wes washed with alcohol which
took out most of the remeining colored impurities. The
residue was then crystallized by solutlon in dilute acetic
acid end reprecipitation with ammonium hydroxide. By re-
crystalllization from a dilute alcoholic acetic amecid solu-
tilon on addltion of emmonlum hydroxide dendritic crystals
were obtained which darkened sbove 260°C. end charred et
265-270°C, This appeared to be protoversastridine, which
melts according to Poethke (69) at 266-267°C. with decom-
position and according to Salzberger (81) at 265%C.

This crystalline product was dissolved in dllute acetic

acid, heated and treated with a satursted solution of picric



sclde On cooling crystalline platelets separated out. The
air-dried crystals welighed 2.2 mge They recrystallized to
large rhombs ebove 220°C. and melted and boiled away at
245-252°C, with some decomposition. Thls pilcrate appesred
to be protoveratridine picrate, which according to Poethke
(69) decomposes at 244-246°C. without melting completely.
In one of these experiments involving seperation
through the nitroso derivatives, the benzene extract from
the ether residuvue was evaporsted to dryness. The residue
was dissolved in dilute acetlc acid and was treated with e
saturated picric acid solutlion. On slow evaporation in a
desiccator a crystalline plcrate was obtained which dar-
kened above 230°C. and decomposed and sublimed away at
245-251°C. A mixed melting polnt determination with the

previously isolated protoveratridine plcrate showed no

depression.

Experiment C.

In thls experinent extensive work was done on two
products, P and L, whlch were obtalned from fractlons
simller to the toxle fractions‘E and 22 of Experiment B.

Fraction P whlch welghed 0«25 go when air-drled was
crystalline and melted over a range from 180 to 220°C. to
an almost colorleas oll. It was recrystallized from a

concentrated solutlon in methyl alcohol, forming large



- B0 w

rhombe and cubes which melted partially at 1‘70-17500.,
started to decompose and resolidify sbove 190° and finally
melted with decomposition at 215-227°C, TFrom its first
isolation from chloroform, its considerable solubllity in
woter, methyl end ethyl alcohols and chloroform, its fallure
to be preciplteted from an aqueous solution by alkalles and
its pecullar behavior in the melting polnt apparatus, this
product was thought to be germine, discovered recently by
Poethke (69) to be the basic hydrolysis product from the
toxic alkaloid germerine. Poethke found that germine had
solubilltles simller to those Just mentlioned and observed
that 1t sintered between 160 snd 170° and melted about
220°C. Further examinatlon of this fraction will be re-
ported in the next sectlon.

The crude fraction L was found to be toxie to the
American cockroach. A one~-gram portion of this was treated
with dllute hydrochlorilc acid solution and filtered from the
alight resildue remaining. The filtrate was diluted with
water to 30 ccs, 3 cc. of aleoohol was added, the solutlon
was heatod to bolling and several drops of 70 per cent per-
chlorle acld were added. There was formed a brown precipi-
tate which was flltered off snd alr-dried. It weighed 0437
ge The flltrate was investlgated extensively but gave no
useful Informations The precipitated alkaeloid perchlorate

was suspended in dllute ammonium hydroxide and was extracted
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with ether. The ether solution wes evaporated to dryness,
the residue again taeken uwp In dilute acetic acid, the solu-
tion made alkaline with ammonlvm hydroxlde and extrascted
with ether. The ethof solgtlon on evaporation left a resi-
due weighlng 029 ge This residue was taken up In dilute
ncetic acid, the solubtlon made alkaline with ammonium
hydroxlide and the resulting preclpltate flltered off« The
filtrate from 1t was investigated further but gave no
informations The precipltate was dissolved in alcohol and
dllute ncetlc acid, and the alcochol was evaporsted off
under vacuum. On evaporation of the alcohol much of the
coloring matter separated out and the supernatant acid
11quld was poured off. This solution was made alkaline
wlth smmonlium hydroxide and was extracted with ether.
Lvaporation of the ether left a residue weighing 0.18 ge
Thls was recrystellized from ethyl slcohol by dliluting the
hot solutlon and formed needle-~llke crystsls which melted
at 235-237°C. with decompositione. OUn recrystallization
from dllute ethyl alcohol the product melted at 239—24300.
with sllght decompositions. Thls fraction eppeared to be
rubijervine, which melts according to Poethke (70) at
239-240°C, with decompositions Further examinatlion of
thls frection was made and will be reported in the next
section,

Two grams of fraction L was dissolved in 1:1 hydro-
chlorlc acid and the solution was diluted to 250 cce. This



- 68 =~

diluted solution was placed in a continuous oxtractor and
was extraeacted with chloroform. Nine successive portlons
of extract were collected, all containing small amounts of
alkaloldal materlale Then 10 cce of concentrated ammonium
hydroxide was sdded to the snqueous solution and the ex-
tractlion was continued for 24 nours, giving extract number
10. A further 24-hour extractlon gave fraction number 1l.
After addition of 10 cce more of ammonium hydroxide ox-
tracts 12 and 13 were collecteds The process was repeated
for collection of extracts 14 and 15, 16 and 17, 18 and 19.
Addition of the next 10 cce of ammonium hydroxlde maede the
aqueous solution slightly slkaline. Continuwed chloroform
extraction gave extract number 20. A furﬁhor addition of
10 cce. of ammonium hydroxlde mede the solution strongly
alkaline and the extractlon was continued till no further
alkaloldal material was removed, the final extract belng
number 21l.

All of the first 19 extracts were evaporated to small
volumes, glving smell amounts of amorphous product. On
standing extracts 20 and 21 yielded crystallline materlal
which had the same characterlstles as dld fraction P and

proved to resemble germine.



STUDY OF PURE ALKALOIDS

Jervine

Pree base,

Pure jJervine melted at 241-243°C. with decomposition,
after previously darkeniﬁg sbove 200°C. Poethke (70)
found that Jervine crystallized from methyl alcohol con-
tained one molecule of solvent of cryastalllzation, and that
obtained from dilute ethyl alcohol contalned two molecules
of water of crystallization. The data obtained here show
that the alkelold crystallized from dilute methyl alcohol
contains one molecule of water of crystallization.

Analysis

Calculated for CggHznOzN*CHzOH: 7.22% loss.
Calculated for CpgHznOzNe2Hg0:  B8.05% loss.
Caloulated for CpgHznOzN+Hy0: 4.19% loss.
Pound on drying at 110°C. in vacuum over PaOge
4,36%, 4.21%.

Dotermination of rotstory power

0\%5 «1.57° (ethanol, 7.584 mge alr-dried sample
in 0.7335 cca) qus -158.5°, calculated as an-
hydrous alkalold.



d%? ~1420° (10% acetic acid, 5.740 mg. air-dried
sample in 0.7335 cc.) [d %0 -160.1°, calculated as
anhydrous alkaloid.

Poethke (70) [dJ%O ~154.5° (ethanol), =-167.6°

(chloroform); Salto et sl. (80) [dggo ~150°
(ethanol).

Hydrochloride.

Jervine formed a hydrochloride which melted at 300~
302°C. with decomposition. Salto et al, (78) gave "asbout
308°C." as its melting point.

Hydrolodide.

The hydrolodide of Jervine was prepared by adding a
potasslum lodlide solution to a solution of Jervine in dilute
acetic sclde The amorphous precipitate thus obtalned was
filtered off, washed with water and drled. An attempt was
made to recrystallize this product from acetone, but 1t was
only sllghtly soluble In this solvent. It was successfully
recrystalllzed by solution in a large volume of methyl
alcohol, addition of water and standing overnight. The

recrystallized jervine hydroiodide derkened above 260°C,
and melted at 288-290°C. with strong decomposition.

Salzberger (81) in an attempted preparation of jervine
methlodlde obtained a compound melting at 2756°C. which he
sald was jervine hydrolodide.



Pilorate.

Jervine plcrate, which had not been previously reported,
was prepared by dissolving 200 mg. of jervine in dilute
acetiovacid, dilluting with water to 50 c¢ce. and precipitating
with an excess of plcrle acid solution. The resulting amor-
phous precipitate was dried, dissolved in the lesst amount
of acetone necessary for solution, and the acetone solution
was dlluted with peroxide-free, dry ether. There separated
yellow crystals, welght when dry 187 mge., which darkened
above 210°C. and charred completely without melting at
274-284°C,

Analysis
Caleulated for OpgHzyOzi+CeHzOpNg: N, Be74e
Found: N, 8.60, 8.60.

Nitroso jervine.

Treatment of an acetic acld solutlon of Jervine with
potassium nitrite solutlion ylelded a white precipitate
which when recrystallized three tlmes from dilute ethyl
alcohol melted at 250~254°C. with decomposition. According
to Poethke (70) nitrosojervine melted at 246-247°C. (corr.)
. With decomposition, end according to Saito et al. (78) 1t |
malted at 251-252°C. with decomposition.



Pseudo jervine

The melting polnt of pseudojervine was 298-300°C.
with decpmposition, after darkening above 280°C. The
melting point of the pure alkelold glven by Poethke (70)
was 304-305.5°C. (corr.) with decomposltion. Pseudojervine,
recrystallized by solution in dilubte acetlic acid, addition
of ethyl alcohol and treatment with ammonium hydroxide,
contained no solvent of crystellization. The pure alkasloid
wes only sllghtly soluble in chloroform or absolute ethyl
alcohol but was much more soluble in a mixture of the two
solvents.
Analysis
Loss in welght on drying at 105°C. in vecuum over
PoOg: 0e32%a

Determination of rotatory powser

ci%s ~0.64° (1:3 ethanol-chloroform, 3.518 mg. ailre
dried sample in 0.7335 coe) [o 21)5 ~133.4°,

0(%8 ~0.77° (116 ethanol~chloroform, 4.270 mg. dried
‘sample in 0.7336 ce.) [AL8 -132.50, |
d%g «099° (104 acetle acld, 5.454 mg. air-dried
sample in 0,7335 cca) [KFF -153.1°.

Poethke (70) ]}ggo -130° (7:43 ethanol-chloroform).
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Rubljervine

Free basgea.

Rubijervine on recrystallization from dilute ethyl
alcohol formed needles melting at 239-243°C, with slight
decomposition. Previous reports of the melting point of
rubljervine sre: Poethke (70), 239-240°C. with decomposi-
tion; Salzberger (81), 240~246°C.; VWrlght and Luff (106),
256°C, A total of about 10 mge of this alkalold was ob-
tained, and silnce 1ts melting point was close to that of

jervine 1t was deslred to distingulsh between them.

Hydrolodlde.,

The only crystalline salt of rubljervine reported in
the literature 1s the hydrolodide prepared by Poethke (70).
Therefore thils selt was made by addition of a few drops of
potassium lodlde solution to a solubtion of the alkslold in
dilute acetlc scide The resulting precipitete was filtered
off, dried and recrystelllzed by solution in acetone (in
which 1t was gulte soluble) and reprecipitation with ether,
Rubl jervine hydrolodide was thus obtalned in rosettes of
colorless crystals melting at 260-273°C, with decomposlition,.
Poethke stated that thls compound melted at 261-262°C,
Rubljervine is thus distingulshed from jervine, the hydro-
lodide of which was only slightly soluble in acetone and
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melted at 288-200°C, with much decomposition.

Protoveratridine

Free bage.

Protoveratridine was obtained ir very émall amount
in these experiments. It darkened above 250°C. and charred
at 265-270°C. Poethke (69) reported its melting polnt to

be 266-267°C. with decomposition, and Salzberger (8l) gave
1t as 265°C,

Plerates

Protoveratridine plcrate was prepsred by addition of
saturated picric acld solutlon to s hot solution of a few
milligrams of the alkalold in dilute acetic acid. On
cooling 2.2 mg. of crystalline platelets separated out
which were flltered off and air-dried. These platelets
recrystallized to large rhombs above 220°C., darkened above
230°C,, and melted and sublimed at 245-252°C. with some de-
compositlion. Protoveratridine plcrete according to Poethke

(69) decomposes at 244-246°C. without complete fusione.

Germine

Free base.

Germine on recrystallization from s concentrated



- 75 -

solution in methyl alcohol formed rhombs and cubes which
melted partlally at 170-175°C., darkened and resolidifiled
in part above 190°C. and melted with decomposition at
215-227°C. Poethke (69) observed that germine sintered
between 160 end 170°C. and melted about 220°C. Germine
was soluble in chloroform, methyl and ethyl alcohols,
acetone and water, and somewhat in ether,

Germine crystalllzed from methyl slcohol contalned
varyling amounts of solvent of crystellizatlon. The loss
in welight on drying In a vacuum over P50p at 110-120°C.
of in a Pregl block at 110°c. in & current of dry alr
veried in }5 tests from 10.06 to 12.76 per cent.

Calculeted for CpglyqOgN-2CHzOH: 11.45% loss.

Calculated for CpgHyqOgli4H50: 12.70% loss.

Caleulated for CogHyyOgNe3HgO: 9.847% loss.
Poethke (69) found that germine crystalllized from methyl
alcohol lost 13.34 and 12.65% of its welght on drying.

Determination of rotatory power

d%ﬁ+0.26° (104 acetic amcid, 9.192 mg. dried germine
16 o]
in 0.8162 CC.) [ogD +23.1%,
<X%4+0-22° (10% acetic acid, 8.974 mg. dried sample
¢ N24 0
in 0.8162 cc.) [d]5*+20.0%
Poethke (69) l?g%o+21.l° (dilute acetic acid).

Trom the observations of melting characteristics,

solubilitles, solvent of crystelllzatlion and opticel
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rotatory power, the product here obtseined appeared to re-
semble the germine of Poethke. However, microanalytical
date dld not give as close checks of the theoreticsl formu-
le estebllished by him as were desirede These results are
shown and afe comﬁared with the sctusl detm of Poethke
(69).

Analysis

Caelculated for Cggliy10gN: C, 62.99; H, 8.34; N, 2.83

TFound: C, 63.55; I{, 8.78; N, 3416

63,74 8476 3.09
63489 8.63 3.11
63,39 8.60 = 3.18
6340 B.63 - 3.08
63460 8.90 3417

Mean: C, 63,59; I, 8.72; N, 3.13

Average devliation
from calculated: C, +0,60; H;+0.38; N,+0.30

Found by Poethke: C, 63.08; H, 8.55; N, 3.07
62,06 8452
Tt was felt thet these eanalytlicel data were reasonably re-
lleble since parsllel carbon-hydrogen and Dumas nitrogen
determinations made on a known alkalold, cevine, CoyHjzOgN,
and on hippuric acid, CqHgOzN, gave the followlng satis-
factory results:
Calculsted for Conpflys0gN: G, 63.,61; H, 8.51; N, 2.76
Found: C, 63.45; H, 8.,50; N, 2.79
634556 8.68



Celculated for CgHgOzN: C, 60.,25; H, 5.06; N, 7.82

Found: C, 60203 H, 5.14; N, 7.87

60,40 5,26 7480
. 60,30 5423 770
60450 5430

Mean: C, 60,353 H, 52533 N, 7.79
Average devliation
from calculated: C, +0,103 H,+0.17; N,~0.03
Conclusions might be drawn from these aenalyses that the
formule for germine, Cpglly0gN, glven by Poethke (69) is
érroneous, or that the compound isolatad from Veratrum
virlde in these experiments is different frbm Poethke's
germine obtalned from V. slbum, desplte their simllarities
in physical propertles. A careful study of Poethke's paper
(69) on germine, its methylethylacetate, prdtoveratridlne,
- and the latter's methylethylglycolate, germerine, shows that
that author has ample support for his suggested empirical
formulas for these alkalolds. Hls formulas are based on
the enalyses of the elkaloids and numerous salts, on titri-
metric determinations of thelr equivalent weights and on
estimatlon of the molecular welghts of the ester alksloids
by titration of the acld residues formed on saponification,
On the other hand, there 1s considerable likelihood of the
same alkaloldsl unit belng present in two such closely re-

lated specles as Veratrum viride end V. album, in which




case the combound here 1solated would truly be Poethke's
germine and the fallure of the analyses to check his for-
mula would remain unexplained.s There is equal likelihood
of two distinct, though similar, alksloldal units being
present In these specles, the physical propertles of the
two belng Indistingulshaeble but the chemlcsl formulaes being
somewhet different.

For leck of final proof on thls point, the assumption
has been made that the alkslold under dlscusslon 1s identl-

cal with Poethke's germine.

Comparlson with cevine.

The formule of germine, CpgHy10gN, 1s very similar to
that of cevine, Conly30gN, the difference belng one carbon
end two hydrogen atoms. Cevine 1s the basic hydrolysis
product of cevadlne and verstridine from commercisl vera-

trine which are prepared from saebadilla seeds (Schoenocaulon

officinsele)s Poethke (69) first called attention to thils
similarity and pointed out further the sgreements and dis-
sgreements in other essential properties of the two alka-
loids. 1In Table VII ere llsted many of these properties
of cevine and germlne, from which 1t 13 evident that these
alkaloids while belng very similer, are yet not identical.
An obvious possibllity from the formulas that cevine might
be the methyl ether of germine is weak, for Macbeth and

Robinson (49) found no methoxyl in cevine.
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A further supposlition of homology 1s posslible. Should
homology exist the problem of the structure of the germine
molecule, and hence of the highly toxic alkaloid germerine,
would be greatly simplifled for the structure of cevine 1s
belng elucidated by Jacobs and Cralg (39, 40, 41, 42) end
Cralg and Jacobs (19, 20)s These authors have thus far
published informatlon which 1lndicetes the dispositlion of the
nitrogen atom, eleven carbon atoms and two oxygen atoms in
the cevine molecule.

The supposltion of homology is partiaelly discounted by
the fact that cevine on treatment with alcoholic potessium
hydroxide forms crystelline potassium cevine while germine
on similar trestment forms no precipitate.

It was felt that further comparisons might be made
between the chemical resctivitles of cevine and germine in
order to shed light on the possible relatlonship between
these alkalolds. To thls end hydrogenatlon experiments were
carrled out on the two alkalolds.#

The hydrogenatlon experiments were made on 16« to
Bl-mge samples In en apparatus with a total volume of about
55 cc., 8 He5~cce. buret capable of being resd to 0.0l cce,
and a device for holding the sample out of contact with the

catalyst In the closed apparatuse. The catalysts used were

#The author wlshes to express his thanks to Dre. L. C. Cralg
of the Rockefeller Institute for Medlcal Resenrch who very

kindly sent the sample of cevine on which these experi-
ments were made.
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Table VII. Comperative physical and chemical properties of
cevine and germine.
Property : Cevine ; Germine
Formula 027H4308N 026H4108N

Meltling point

Soluble in

Specific rotation:

in CoHgOH

in CHzOH

in CHzCOOH (10%)

Crystallized from:
CHz0H
Hpl

Methiodide

Oxide

Methoxyl content

softens 155-160°;
melts 195-200°
(27)

Hp0, CHzOH, CoHzOH
CHClz, acetone

~17.52° (49);
-26,19, -24,0°
(Obso)

-15.36° (49);
~23.,3° (obs.)

-7.50 (ObSv)

Yes (obee.)

with 3.5 Hg0 (27,
obs. )

e p. 253-257°
(42)

Mo Pe 275-278°

0 (49)

softens 160-170°;
melts 210-220°
(69)

softens 170-175°;
melts 215-227°
(Obso)

Hpo0, CHzOH, CpHgOH,
- CHClz, acetone

+4.8° (69)

+21.1° (69); +26.1°’
+20,0° (obs.)

Yes (69, obs.)
with 3 Hg0 (69)

no good product (69)

Me Do 2490 (69)
0 (89)

Continued on next

page.



Teble VII. (Concluded)

Property ; Cevine ; Germine
Actlve NI
(Zerewitinoff) 6 (27) 6 (69)
Active H
(acetylation) -2 (27) ' 5 (69)

Note: The data on cevine were taken partly from the litera-
ture and partly from direct observations on the com~
pound. Those for germine were taken from the work
of Poethke (69) on germine from Veratrum album and
from the work here reported on germine lsolated from

V. virlde, thus serving as a compsarison of the ger-
mine from the two sources.




Raney's niclkel catalyst and the platinum oxide catalyst of
Adsms and Shriner, both prepared in the ususl mannere. In
hydrogenetions wilth the nickel catalyst, the nickel and
solvent were saturated with hydrogen first slince varying
amounts of hydrogen were taken up, and then the compound
was addede When plstinum oxlde was used, the cetalyst and
compound were ordinarily hydrogensted together since cor-
rection could be made for the amount of hydrogen equlvalent
to the welghed catalyst,

Preliminary experiments were made on hydrogenation of
several compounds wlth known hydrogenation products in order
to study the charactéristics of' the apparatus and catelysts,
and to determine the correspondence between actual and cal-
culated volumes of hydrogen absorbed. The compounds
atudied were fumaric acid, strychnine, jervine, cevine and
germine. The resﬁlts of these experiments are presented
in Taeble VIIT,

Hydrogenation of fummrlic acld to succinic acid took
place rapidly in methyl alcohollc solutiocn with Raney's
nlckel catalyste The product isolated by evaporation of
the solvent melted at 185-186.5°C. The melting point for
succinic acid is 185°C.

Strychnlne had previlously been hydrogenated by Robinson
(76) to dihydrostrychnine in acetic acid with palladium

chloride svipended on norlte., Dihydrostrychnine on



- 83

Table VIITI., Results of hydrogenation experiments.

; ; ; Atoms ; Time for
Compound ¢ Catalyst : Solvent : of H : sbsorption,

hydrogenated : H : sbsorbed : hours
Fumaric acid N1 CH,OH 2 2
Strychnine N1 CHzOH 2 18
" Pt CHzCOOH 2 2
" Pt CHzCOOH 2 2
" Pt® CHzCOO0H 2 2
Jervine Ni CH30H 0 24
" N CHzCOOH 0 16

" Pt CHzCOOH 4 ~=P

" Pt CHzCOOH 4 -
Cevine Pt CH5COOH 2 24
" Pt CHzOH 2 48
" Pt CHeOH 2 24
Germine N4 CHzOH 0 20
" N1 CHzOH ) 12
" Nt CHg OH 0 2
" Pt® CoHpOH 0 18
" Pt CH5COOH 0 6

(a) Catalyst hydrogenated first, then compound added.
(b) Two in 2 hrs., 2 more in 20 hrs.
(c) Two in 2 hrs., 2 more in 48 hrs.
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recrystallization from 50 per cent aqueous methyl alcohol
was obtained as CpiHpaOpNg®2Ha0, melting at 220~-222°C,
Catalytic hydrogenatlon of strychnine takes place at the
carbon~to~cerbon double bond. The experiments here re-
ported showed thet strychnine could be hydrogensted to di-
hydroétrychnine with Raney's nickel cetalyst in methyl al-
cohol in 18 hours, snd was similerly hydrogenated with the
platinum catalyst in glsesclal acetic acld in two hours.

The product melted at 220-226°C.

Jervine was not successfully hydrogenated with Raney's
nickel catalyst in methyl alcohol or glaclal acetic acld.
Howeveg, it was hydrogensted in gleclal acetic acid with
the platinum catalyst, four atoms of hydrogen being ab-
sorbed, the first two in two hours and the second two in
20 to 48 hours. Simllar results were obtalned by Sailto
et sl. (B80) in the hydrogenation of jervine with platinum
oxide catalyst.

Cevine was hydrogenated in methyl alcohol or glacial
acetlc acld solution with the platinum oxlde catslyst of
Adams and Shriner, two atoms of hydrogen belng sbsorbed in
24 hourse. The product was isolated and was recrystallized
from a concentrated solution in methyl alecohol. The result-
ing crystals melted between 173 and 185°C., crystallized
partly between 195 and 20500., started to decompose and

effervesce at 223°C., crystelllzed in part again and finally



melted at 260-262°C. Jacobs and Craig (42) hed been unable
to hydrogenete cevine with the plstinum oxide catalyst but
they did succeed 1n obtsining the absorptlon of one mole of
hydrogen with Raney's nickel caetalyst. They isolated the
product, dihydrocevine, CgnHys0gN, which sof'tened with
effervescence at 220°C. due to loss of solvent, but re-
solldified and then melted at 263-265°C. It hed the rota-
tion [aq§5 -8% in methyl aslcohol,

Determination of rotatory power

CK%5 -0.10° (methanol, 5.420 mg. dried dihydrocevine
in 0.8162 cc) [d\]%?’ -15,1%,
<i%5 ~0+40° (methanol, 19.145 mge. dried sample in
0.8162 cca) [x]2P -17.0°,

Analysls
Calculated for ConHyasOgWN: C, 63363 H, 8.87.

Found: C, 63.10; H, 8.94.

Numerous attempts were made to hydrogenate germine,
all without success. The trlals were made with Raney's
nickel catelyst ln methyl alcohol and with the platinum
oxlde catalyst of Adams and Shriner in ethyl alcohol and
in glaciél acetic aclds It thus appears that cevine and

germine are dlstinetly different in thelr reactivities

toward hydrogenation.
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TOXICOLOGICAL EXPERIMENTS

Methods

The method of injJecting solutlons into the Amerlcan

cockroach (Peripleneta americana) used in these experiments

was somewhat modified from thet described by Campbell (11)
in 1932 and modifled by Yeager, Wooley and Brown (107) in
the same yoear,

The injectlon needle was made by drawing out a pilece
of 2-mme. glass tubing to a fine polint about 0.1 to 0.2 mm.
in dlsmeter. The tip was beveled on a fine Carborundum
stone to faclllitate penetration of the 1lnsect cuticulsa.
The needle was attached with a short plece of rubvber tub-
Ing to a horizontally clemped Osl-cce glass pipette call=
brated in 0.,0l-cce. divisions. The volume expelled was
measured to the nearest 0.001 ccs by dividing the pipette
dilvislons Into ten equal parts. The callbrated pipette
was atteched by a long plece of rubber tubing to a glass
mouthplece, and injectlon was made by oral pressure.

The injections were made through one of two locations,
either through the coxa~femur conjunctiva of the left hind
leg, or into the conjunctiva at the proximal end of the

left hind coxe, the former method being preferred. For the



coxa~-femur injection the 1lnsects were held in the left hsand,
between the thumb and first two fingers, ventral slde upper-
most, the two hind legs being held between the edge of the
thumb and the third finger, snd the needle was inserted
cephalad along the coxa. TFor the proximal coxal injection
the insects were held hetween the thumb snd third finger,
ventral slde up, the left hind leg being distended between
the filrst and second fingers, and the needle was inserted
cephalad into the body cavitye

After the Injectlon each insect was retalned for ob-
servation In an indlvidual, small, wire-screen caege and
was supplied with food and water continually untll desath .
or terminatlon of the experiment. The criterion of death
was fallure to respond to pinching of the tarsi, antennae,
and cerci.

Before injectlon the insect was welighed to the nearest
0«01l g+ and the volume of solution to be injected was cal~
culated at the rote of 0.05 cc. per 0.9 g« of body welght
of the rovach. Xnowledge of the concentration of the solu-
tions injected permitted calculation of the weight of
fraction injected in milligrams per gram of body weight.

The solutlons of the alkalold fractlons were made up
by welghing the samples to the neerest 0.002 mg.,, dissclv-
ing them in smell volumes of 10 per cent acetlc acid solu=

tion, neasrly neutrallzing with sodium hydroxide or emmonium



hydroxlde solution with methyl red as indlcstor, and
diluting to volume wilth distllled weter. The solutlons of
fractlons obtalned from Experliment A were neutralized with
godlum hydroxlide and Injescted through the proximal coxal
conjunctlva; those from Experiments B and C were neutra-~
lized with emmonium hydroxlde and injected through the
coxa-femur conjunctiveae

Control insects lnjected with a solution of acetic ecid
nesrly neubtralized with sodium hydroxide or smmonium hy-
droxlide showed no injurious effects beyond a temporary
lamenesa in the injected leg. The control insect tests
were dlstributed throughout the course of the injectlon
experiments. Egqual numbers of males and femalss were used
throughout to eliminate possible sex differences In reac-
tion,

It should be noted that some of the cruder fractlons
did notv dlssolve completely when prepared for injection,
but 1t was felt thaet the alkelold portion of these fractions

was dissolved slince the ascetates of these alkeloids are

water-goluble.

Results

In Tebles IX and X 1s presented a compllation of the
injectlion tests on the American cockroasch with the alkaloid

fractions obtalned by the procedures of Experiments A and B.



Table IX. Summary of toxicologlcal tests on the American

cockroach {(Periplanets smericana) of amlkaloidal
fractions obtained iIn Experiments A and B.

; ; Number ; H

: : of in~ : Number :

¢ Dossge, : sects ¢ of Iin- : Other

Fraction : mg./ge. 3 Inject- : sects effects

$ : ed : killed :

Experiment A:

Total 0.044 & 6 All knocked downj
elkelolds death in less
from assay than 96 hours.

Solld C 0.044 6 1 No knockdown;

death in 18 hrs,.

Chloroform 8 0.044 6 0 No effect.
extract (a)

Recrystallized 0.044 6 0 3 knocked downg
D sand E, up in 1 hour.
Jervine

Solld P 0.044 6 0 No effect.

Recrystallized 0.044 6 0 No effect.

F, Jervine

Filtrate ga 0.044 6 0 All knocked down.

Ether a 0.044 10 All knocked down;
extract (d) death in leas

than 96 hourse.

Chloroform 0,044 6 2 All knocked down;

extract (g)®

convulalve action;
death in less
than 96 hours.

Continued on next pege.
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Table IXe (Continued)
$ : : s
: ¢ Number H
: : of In~ : Number :
¢ Dosage, : sects s of In~ ¢ Other
Fraction : mg./ge : inject~ : sects ¢ effects
: 3 ed : killed :

Ether a 0.044 10 10 All knocked downg

extract (f) 8 dead in less
than 96 hours, 1
in 101 and 1 in
153 hourse.

Solld § 0.044 10 2 All knocked down;
severe convulsive
action; death in
less than 96 hrs.

Experiment B:

Total 0.044 6 8 All knocked downj}
alkalolds death in less
from assay than 96 hours,

Precipitate 0.044 6 0 No effect.

F, crude
jervine

Precipitate 0,044 6 0 No effect.
G, crude
paeudo=~-

Jervine

Precipltate 0.044 6 0 No effecte.

H, Jervine

Precipitate 0.044 & 0 No effecte
J, Jervine

Precipitate 0.044 10 1l 7 knocked down,
K

a—

3 partlaelly para-~
lyzed; death in
less than 96 hrs.

Continued on next page.
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Table IX. (Concluded)

; ; Number H
s ¢ of iIn- : Number :
: Dosage, : sects t of in- : Other
Frectlon : mge/Le ¢ 1lnject- : sects : effects
: H ed s killed :
Precipitate 0,044 6 5 All xnocked down;
L death In 24 hrs.
Aqueous -P 6 o) 1l knocked down.
filtrate (f)
Ether -=C 6 6 All knocked downj
filtrate D 4 dead in less

than 72 hours, 2
in 149 hours.

(a) The solvent was evaporated from a portion of these solu-
tions and the residue dissolved in the indicated concen=-
tration.

(b) This filtrate was injected without further treatment.

(c) Solvent evaporated from 1 cc. of filtrate, residue al-
lowed to stand with dllute acetic scid, and decanted
acld solution injected after partial neutrslizstion.



Table X. Effect on the American cockroach of varying doses
of certsin toxic fractlons obtained in Experiment

Be
; ; Number ; Number ;
: Dosage, : of ¢ of : Other
Fraction : mg./g. : insects : insects : effects
: : Injected : killed :
Dy 0.5 3 3 All knocked down; .
— death in less than
19 hours.
" 0.044 4 4 A1l knocked down;
death in less than
48 hours.
f 0.022 4 1 All knocked downg
1l dead in 5 days.
" 0.0044 4 0 All knocked downg
up in 2 hours.
Resldue '
(1) 0.044 4 3 All knocked down;
' deaths 1n 72 hours.
" 0.022 4 3 All knocked down;
deaths in 48 hours.
" 0.0044 4 0  All knocked down;

2 up in 2 hours.
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Reference to Table IX and Figé. 1 to 3 (pages 45, 49

and 50) indlcates that the fractlons 1solated in the pro-

cedures followed in the chemlcal and physlical separations
were tested for the presence of toxlc constituents by the
Injectlon method. It 18 further evident that the toxicity
can be traced through a series of separations and found to
reside chlefly in one or two indlvidual fractions at the
end of the serlesa

In Txperiment B the procedure In meny psrts was simi-
ler to that of Lxperiment A, so the corresponding fractions
obtalined In the two experiments were often tested only on
thelr first isolatione Thils fact 1leg noted to account in
part for the relatlve scarcliy of toxlecologlcal tests in
the first part of the work on precipltate C Iin Experiment
B (Fig. 2)e

Table X presents some interesting deata. Fraection Eﬁ
of Experiment B was qulte toxloe. All the insects injected
at the dosage of 0.044 mge. per ge. were killed rapidly,
while of those injJected at 0.022 and 0.0044 mg. per g« all
were knodked down but only one died at the greater concen-
tratlon. This indicates that the medlan lethal dose for
fraction Eﬁ is between 0.044 and 0,022 mge. per g In the
chemical examination of this fraction, trestment with po-
tassium nitrite separated out a stlcky precipitate from

which nltrosojervine was crystalllzed. The filtrate from



thls nltroso fraction was extracted with ether and the sol~
vent removed, leaving residue (j). This procedure brought
about s slight concentration of the toxlc components for
the median lethal dose of residue (j) sppears to be between
0.022 and 0.,0044 mge. per g« From residue (), by s pro-
cedure previously outlined, a small amount of the alkalold,
protoveratridine, was crystallilzed. This alkaloild was
shown by Poethlke (69) to be a hydrolysis product of ger-
merine which Haas (31) found to be highly toxic to the
frog, cat and rabbit,

The fresctlon L of Experliment C was obtalned in a
menner similar to thet by whleh Dy was prepared in Lxperl~
ment B. TPractlon L was tested for toxlclty to the roach
and found to be conslderably more toxle than Dy, the medlan
lethnl dose, as apparent from the dats in Table XI, being
less than 0.0l11 mg. per ge Trom thils fractlon, as well as
from fractlon P, the pure alkalold, germine, was crystal-
lized. Germine was proved by Poethke (69) to be a hy-
drolysis produet of protoveratrldine and hence of ger-~
merine. It was therefore of Interest to test this pure
alkalolid for toxlecity to the cockroach. This was done and
the resultant data are also presented in Table XI., It
appears that germine 1s much less toxic than the fraction
L from which 1t was lsolateds The experiments of Haas (31)
on frogs, cats and rsbbits showed that germine was much

less toxlc then 1lts parent alkalold, germerine.
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Table XI. Effect on the American cockroach of varylng doses
of fractlon I from Experlment C, of germine and
of cevine.

; ; Number ; Number ;
Materlal : Dosage, ¢ of : of : Other
tested : mge/ge : Insects : Insects : effects
s : Injected : killed :
Fractlion 0,044 4 4 All knocked downj
L deaths In 48 hours.
" 0.022 4 4 All knoocked down;
deaths in 72 hours.
" 0.016 8 7 All knocked down;
deaths in 72 hours.
" 0.011 12 7 All knocked downj
deaths in 96 hours,
Germine 0.44 8 ) 6 knocked down;
deaths in 96 hourse
" 0,264 12 5 10 knocked down;
deaths in 72 hourse.
" 0,176 8 2 2 knocked down;
deaths in 48 hours.
" 0.044 4 0 No knockdown,
Cevine 0.088 12 6 9 knocked downj;
5 of dead were
males; deaths in
72 hours.
" 0,044 4 1 2 knocked down;

death in 7 days.
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Since a chemlical comperlison was made between germine
and cevine, the hydrolysis product of cevadine from com-
mercial veratrine, 1t seemed of interest to compare also
the toxicitles of the two alksloids. A few tests were made
on roaches wlth cevine, the data for which are in Teble XI.
It appears that the medien lethal dose for cevine is sbout
0.088 mge. per g., whille that for germine is about 0.264 mg.

per ge., the former therefore being wmore toxice

Observations and Discussion

The toxlcologlcal tests masde in conjunction with the

chemical studles on Veratrum viride appeared to be of much

value in determining which procedures effected concentration
of the toxle components, end which elimlnated nontoxic
constituents. They showed further that jervine end pseudo-
Jervine, alkalolds present 1in V. viride, were nontoxic to
roaches, and finally that germine, prepared from highly
toxlc crude fractions, and isolated for the flrat time from
V. virlde, was also relatively nontoxie. The toxlicologilcal
tests of the pure alkalolds on cockrosches are of special
Interest for they conatitute the flrst experiments on in-
sects with pure alkeloids from the Veratrums, despite the
fact that these plants have been known and used as insecti-

cides (hellebore) for a great length of time.



It would have been highly desirable to have wused
larger numbers of lnsects in the toxicologlecal tests, es-
peclally in those 1ln which the effects of various doses
were studled. This was not feaslble in meny cases because
of the small asmounts of some of the fractions and alkalolds
availeble from the fractlionation procedures. Desplte this
difficulty it is felt that in genersl qulte definite con-
clusions may be drawn because of the clssr-cut distinec=-
tlons among the toxlc effects of closely related doses,
as evident from these data. The mleroinjection technigue
1tself 1s a factor that probably contributes much to this
differentlation, because of the accuracy with which dosage
may be controlled and the rapidity with which the com~
ponent introduced may reach the vital centers of the in-
sect without the necessity for penetration of the cuticular
membrane or ﬁhe gut epithelium.

A éhort summary of the moré prominent physlologicsal
actions observed durlng the course of these experiments on
cockroaches 1s glven. The toxlec, crude fractions, such as
Eé and L of Experiment B and L of Experiment C, generally
produced immediate knockdown of the roaches, even at sub-
lethal doses. This knockdown progressed rapldly to almost
complete paralysis which continued for sbout two to four
days and ended in death or was terminated in less than 24

hours with eventual complete recovery. It 1s noteworthy
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that in but few cases dld death take place in less than 24
hourse These observations are in accord with those of
Haas (31) on frogs who noted that when lethal doses of
germerlne were Injected death occurred during the period of
complete peralyslis which lasted asbout 24 to 48 hours after
injectlons The experiments with germine gave evidence of
a dlfferent reaction. Most of the Insects injected with
germine solutlons were affected shortly after injection by
an apparently lrritant setlon, cheracterized by rapid
bodlly vibratlion and motor incoordination. Thils was fol=-
lowed after several hours by paralysis 1n those insects
which eventually dled. Here again the experiments of Haas
on frogs and reats showed simllar effects for germine, a
prellminary perlod of great excitebllity end irritability
being prominent, leading In the case of toxic doses to

eventual paraelysis.
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DISCUSSION OF CHEMICAL AND
TOXICOLOGICAL STUDIES

One of the questlons that has been discussed and ex-
perimented upon by mesny investigators in the past 1s that
of the total amount of alkalolds present in the two impor-
tant specles of Veratrum, V. album In Europe and V. virilde
in America. A second question closely releted to the first
and of more importance from the standpoint of pharmacology
and economic entomology 1s the relative toxicltles of the
totsal alkalold fractlions from these two Veratrum species.
From the numerous total alkalold determinations reported in
the literature for the two apecles, 1t seemé apparent that
the ranges of'concentrations'overlap conglderably but that
on en average the totel 1s slightly higher in V. slbum.

The total slkalold content 1s generally somewhat over one
per cent in both specles but ccceslonally 1is very low,
0.17 per cent, as was observed in one sample of V. viridé
purchased durlng these investigatlons.

Fhysiological and phermacologicel studies and bloassays
reported by many Investigators are almost unanimously in
favor of the claim for greater potency in V. album. This
claim 1s supported to a consldersble extent by the work of

Poethke (68, €9, 70, 71) on V, album and the investigations
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here reported on V. virlde. Poethke showed that by one
procedure he was able to isolate from the total crude alka=-
loid fraction, which amounted to 0.45 per cent of the crude
drug, 14 per cent germerine, l.4 per cent protoveratridine,
Oe5 per cent jJervine and 0.4 per cent rubljervine, leaving
50 per cent amorphous alkelolds. By another procedure he
separated from the drug about 0.6 per cent of total alka-
lolds whlech ylelded about 16 per cent protoveratrine, 10
per cent germerine, 2 per cent rubljervine, 4 per cent
Jervine and 68 pef cent amorphous alkaloids. The two
alkelolds, germerine and protoveratrine, were shown by the
work of Haas (31) and Eden (23) to be highly toxic and
physiologically active on vertebrates. The alkalolds ob-
tained in asmall quantities by Poethlke, namely, Jervine,
pseudojervine and rubljervine, had previously been shown
by Lissaver (48) to be almost insctive on vertebrates.

In contrast with thls the present work on Veratrum
virlde showed that the predominant slksloids of American
Veratrum were jorvine and pseudojervine, which appeared
to be almost nontoxle to the roach. Jorvine was obtalned
as about 17 per cent »of the total crude alkaloid fraction
and pseudojervine as about 3.3 per cent of the crudec.
Rubljervine was also obtained, but in extremely small
quantities. Similar results have previously been ob=-

"talned even on V., album. Wright and Luff (104, 106) were



- 100 -

sble to crystallize only these inactive alkaloids, Jervine
pseudojervine and rubi jervine, from both Veratrum specles
end Salto et ale. (78, 79) obtained only jervine in 23 per
cont yield from the total alkasloids occurring in V. glbum
grown 1n Japane.

The reesons for the difference in the aslkalolds pre-
dominant in the two species of Veratrum and even in differ~
ent samples of the same specles are obscure. Some of the
more prominent suppositions to explain this difference are
that geographlcel source and season of collectlon play an
important role.

During this investlgatlion there were lsclated from V.
viride, besldes jervine, pseudojervine and rubiljervine, the
two alkalolds, protoveratrldlne and germine, which had not
previously been found in the American specles. Protovera-
tridine was obtained in quite small amounts, in the order
of & few mllligrams, and germine was crystallized in amounts
equal to sbout one per cent of the total alkalolds.

Protoveratridine had first been discovered by Salz-
berger (81) in V. album and it and germine were separsted
by Poethke (69) in hils work on the same species. Poethke
studied the interrelationships of the alkslolids and found
that partlal hydrolysis of germerine ylelded l-methylethyle
glycollic scld and protoverstridine and that the latter on

hydrolysls produced l-methylethylecetic acid and germine.
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Haas (31) tested Poethke's germerine, protoveratridine and
germine on vertebrate animals including the frog, cat, rat
and rsbbit. He showed that germerine was highly toxic, the
medlen lethal dose for the frog being 0.009 mg. per pge. end
for the rat 0.0037 mg. per ge Germlne was lethsl to the
frog only at 0.5 mg. per g. and to the rat at 2.0 mg. per
go The germine here isolated from V. viride was tested
against the American cockroach by injectlion and its medisn
lethal dose was about 0.3 mg. per ge. The aikaloidal frac-
tion from which germine was the only crystalline product
obtalned was hlghly toxic, 1ts mediasn lethal dose for the
roach being less than 0.01 mgs. per ge

Since germlne l1s a hydrolysls product of the toxic
alkelold, germerine, and the frection from which germine
vas crystallized was highly toxlc, 1t seemed at least pos-
slble that germerine was present in this fraction. However,
desplte numerous experliments based partly on the methods of
Poethke and partly on other procedures, no germerine could
be obtalned. A somewhat similar experience was reported by
Poethke (71)s. In his investigation of the amorphous alka-
loid fractlion from V., album, which smounted to fifty per
cent of the total alkalolds, he was unable to 1solate a
crystalline product, but on hydrolysis he obtained from ten
grems of amorphous slkaloids four grams of germine, a very

small amount of veratrlc acid and larger amounts of scetic
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and l-methylethylacetlc acids. Poethke ruled out the ob-
vious assumption that this germine was formed by hydrolysis
of germerine or protoveretridine whose crystellizsetion had
been prevented by emorpnous lmpuritles. In such a case the
amorphous alkslold fraction must have conslsted of approxi-
mately fifty per cent germerine or protoverstridine. He
had ohserved that germerine had readlly been crystallized
frém amorphous alkalold mixtures wlth benzene end could not
understend why so considerable a purt of germerine would not
heve crystallized here had 1t been present. TIFurthermore,
gaponification would have ylelded also l-methylethylglycolic
acld and this was not observeds The great insolublility of
protoveratridine in the solvents used argued against the
presence of large smounts of this alkalold, for the amor-
phous alkalolds were readlly soluble In these solvents.
Another possible reason for the failure in these experi-
ments to 1solute germerine (assuming its presence in the
plant) 1s that the procedures used were sufficlently dras-
tlec to degrede the compound to a slight extent or to effect
some sort of lsomeric change resulting in alteration of
certain properties such as crystallizebility, though the
latter 1s somewhat unlikely. The effect of optlecal isomeri-
zatlon has been observed in another plant insecticide,
derris, whserein recemlgation of certaln of the constituents

was found to teke place durling the extractlon procedures,
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end the resultant racemes were less toxle than the optically
actlive lsomers orlginally present.

The sugpgestion of Poethke that germine and cevine
might be closely related from a structural stendpoint, e.g.,
by homology, because of the similarity of their molecular
formulas and many of their physleal properties, may probably
be rejected. Poethke himself pointed out several of the
differences in physical propertlies between them, notably
the difference in their optical rotatory powers. He found
a different number of active hydrogen atoms in germine by
acetylation than had previously been found in cevine., The
experiments here reported comprising attempts at hydrogena-
tion of the two alkalolds showed that cevine could be hydro-
goenated with the platinum oxlde catalyst of Adams end
Shriner. Jacobs and Creilg (42) had hydrogenated cevine
with Raney nlckel as catalyste. In the presapt investigaetion
germine was nolt successiully hydrogenated wlith elther of
these catalysts. These differences in chemical reactlivity
point to a more deep~-seated atructural difference between
the two alkalolds than would be afforded by homology.

Although no germerine or protoveratrine were obtained

in the present experiments the presence in Veratrum viride

of some toxlec slkalold such as these 1s deflnitely indi-
cated, especlally by the separation of highly toxlic crude
alkalold fractiona. It is quite probable that this
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toxiclty might be due orliglnelly to germerine or proto-
veratrine or both and that these alkmlolda, since they are
rather unstable to hydrolytic agents, may have been even-
tuslly partly degreded even by the mild treatments employed
in these investligetlons. In the case of protoveratrine
this would be a qulte plausible explanation for this alka-
lold is readily hydrolyzed and Poethke was unable to crys-
tallize 1ts baslc hydrolysis product. However, were ger-
merine also preasent in conslderable smount the 1nebllity
to crystallize 1t or 1ts partlel hydrolysis product,
protoveratridine, ln appreclisble amounts, as pointed out

by Poethke, 1s not understood.



~ 105 -

CONCLUSIONS

le. The procedure for chemical determinastion of total

alkslold content of Veratrum viride has been modified to

fecilitate mechanical manipulation, to decrease the amount

of nonalksloldal impurltles carrled through the extraction

procedure and to increase the precision of the determination.
2. From the work of Fisher (25) in testing the alka-

loid frections seﬁarated by the chemlcal assay method, total

alkalold content 1s not & measure of the toxlc effect of

thls insectlclde on the American cockroach.

3« The presence in Veratrum viride of jervine, pseudo-

Jervine end rubljervine has been confirmed. Rubljervine
was separated in very smell smounts, but Jervine and
pseudoJervine were the predominant slltalolds lsolated from
the plant.

4. These latter alkalolds were found to be almost none
toxle to the American cockrosache

5. Germerine and protoveratrine, slkaloids highly
toxlic to vertebrates, which have been isolested from the

European species, Vermtrum album, could not be lsolated

from Veratrum viride, the Amerlcen specles.

6. Protoveratridine in small amounts and germine in

larger quantities, both hydrolysis products of germerine,
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vere 1solated for the first time from Veratrum viride.

7« Germine was somewhat toxle to the American cock=-
roach, its medlan lethal dose being about 0.3 mg. per ge.

8. The crude alkalold fractlons from which germine
and protoveratrldine were separated were hlghly toxlc, ln-

dlcating the possible exlistence in Veratrum viride of some

toxlc alkalold such as germerine.

9. Germine resembled cevine, the hydrolysls product
of cevadlne and veratrldine from ssbadlilla seeds, in chemi=-
cal formula and many physlcal propertiea, but did not
resemble 1t in chemlcsal reactilvity toward catalytic hydro-
genation,.

10. The microinjectlon procedure for testing orude
alkaloldal fractions and pure alkaloids for toxicity to the
Amerlcan cockroach was very satlsfactory. It was especlally
valuable in determining the efficacy of fractionation pro-

cedures in concentrating the toxic componentse
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SUMMARY

The purposes of this investipgation were to Improve the
procedures for chemlcal determination of the total alkaloild

content of Veratrum viride, to compare the chemical with the

blological assay on lnsects, Lo separate the crude, physio-
logically active mixture into its constituents, and to test
them for toxlclty to insects.

An extenslve reviecw of the literature relating to

Veratrum viride was prepared. 'Whilile no bibliographic sum=-

mary was attempted, the subject was covered from the stand-
polnts of botany, chemlstry, physiology and pharmacology,
economic entomology, and assays, and it 1s felt that prac=-
tically all the important references were presented.

An investigetion of the procedure for chemical easay

of' the alkseloid content of Veratrum viride was made and

several modifilcations in method were made which resulted in
increased ease of manipuletion and accuracy of results.

The crude alkaloid mixture was investigsted with a
view to separatlon into 1ts components, and the somewhat
involved methods were described in detsil and i1llustrated
by chartas. The several fractlons of special interest thus
obtained were investigated further and five alkalolds were

isolated in pure form and identifled. These alkalolds were
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Jervine, pseudojervine, rubljervine, protoveratridine and
germine.
Jervine, pseudojervine and rubiljervine had been iso-

latod from Veratrum viride by earller investigators and

thelr presence in the plant was thus conllrmed. Jervine
and pseudojervine were found to be the predominant alka-

loids separated from Veratrum viride, while rubljervine

was obtalned In small amountsa
Protoveratridine and germine were separated from

Veratrum viride for the flrst time, the former in small

amounts and the latter in somewhat larger quantities.
These two alkalolds had been shown by another inveatigator
to be hydrolysls products of the alkalold, germerine, whilch

he had obtalned from Veratrum album.

Nelther germerine nor protoveratrine, the latter also

previously lsoleted from Versatrum album, was obtained in

these Iinvestigations on Veratrum viride, bubt thelr presence

in this plant 1s not, of ccurse, thereby excluded. In
fact, the existence In the plant of some such alkaloid as
germerine 1ls to some extent Indlcated by the very fact of
the lgolatlon of germine and protoveratridine, and also by
the oonslderable toxiclty of the alkaloldal fractlons from
which these compounds were isolated.

Because of suggested homology between germine and

another alkalold, cevine, the reasctivitles of these two
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alkalolds to catalytlc hydrogenation were studlied. It
was concluded that they were probably not structurslly
related to the extent suggested.

The toxlc properties of the fractlons separsted dur-
ing thls investigatlon, including those from which proto-
veratridine and germine were obtalned, ss well as of some
of the pure alkaloids isolated, were tested by mlecroinjec-
tion of thelr solutions into the American cockroach,

Periplaneta emericens (L.). In this wey the progress of

the fractionatlion procedures was followed bilologlically and
the concentratlon of the toxle components by these pro-
cedures was observed. Further, the alkalolds, Jervine and
pssudojervine, were found to be almoat nontoxic to the
cockroach and the medlen lethel dose of germine was deter-
mined to be sbout 0.3 mge per go for the American cockroach.
These toxlcologlical experiments with pure alkalolds were

the first in whilich pure alkalolds from Veratrum viride

“vwere tested on Ingects.



- 110 -

LITERATURE CITED

le Alton, We Hortus Kewensiss Vols 3, pe 422 (1789).
2o Bastin, Ame Jo Pharm., §.2.’ 196 (1895).

S« Boehm, Arch. Exptl, Path. Phermekol., 71, 269 (1913).

4. Boehm, Rs 1In Heffter, A. Handbuch der experimentellen
Pharmskologle. Vol. 2, Part 1, p. 249. Julius Springer,
Berlin (1920).

Se Bredemann, Apoth. Ztg., 21, 41, 53 (1906).

6« Bryant, Ame. J. Obstet. Gyne‘)él., §_Q, 46 (1935)0

7. Bullock, Am. J. Pharm., 37, 321 (1865), 38, 97 (1866).

Be s Am. Je Pharm. » -4_:_?_, 449 (1875 ) 'y
9. » Ame J. Pharm. ’ _4_:_@., 147 (1876 ) .
10, M Ame Je Pharm. 2 ?}_, 337 (1879)0

1ll. Campbell, J. Econ. Fntomol., 25, 905 (1932),

12. Chisholm, Edinburgh Med. Jo., (n. as.) 31, 73 (1923-24).

13, ?hristensen and McLean, J. Am., Pharm. Assocs., 25, 414
1936).

14, — 3 Je Ams Pharm,. A380Cae, _2__8_, 74
(1939) .

15. Cohen, Am. J. Pharm., 111, 426 (1939),

16« Collins, Arch. Internal Med., 16, 54 (1915).

17. Collins and Hanzlik, J, Pharmacol., 11, 89 (1918).

18. Cook and Hutchinson, U. S. Dept. Apr. Bulle 408 (1916).

19+ Cralg end Jacobs, J« Biols Chem., 129, 79 (1939).

20, s Jo_Am. Cheme Soce, 61, 2252 (1939).




21,
22,
23,
24,
25,

26,

27.
28,
29,

334
54 .
B30

56
37
58

39.
40,
41,

- 111 ~

Cramer, J., Phermaccl., 7, 63 (1915),

Denniston, Pharm, Arch., 1, 68 (1898),

Iiden, Arch, Exptl. Path. Pharmakol., 29, 440 (18%2).

Fenton and Bleberdorf, J. Econ. Entomol., 29, 1003 (1936).

Fisher, R. A. Insectlicldal Action of Extracts of Vera-

trum viride Ait. PheD. Thesis. ITowa State College
(1938), ,

Fitch, Trans, Ne Y. State Apgr. Soc., 27, 911, 919, 928,
930 (1867). .

Fround end Schwarz, Ber., 32, 800 (1899). |
Githens and Vanderkleed, Am. J. Pharm., 82, 453 (1910).

Gray, Asa. New Manual of Botsny. A Handbook of the
Flowering Plants and Fernse. Revlised by B. L. Robinson

and M. L. Fernalde American Book Company, New York
(1908). v

Groom, Gardeners'! Chronicle, 33, 533 (1841).

Haas, Arche Exptle. Path. Pharmskol., 189, 397, 411 (1938).

Hanzllk and DeLds, Proc. Soce. Exptl. Biol. Med,, 24,
557 (1927).

fIQUltain, I’:dinb'urgh Med. Jo, (nu So) _..L:‘,;, 313 (1915)-

, Brit, Med. J., 2, 537 (1914).

Henkel, U. S. Dept. Apr., Bur. Plant Ind. Bull, 107
(1907).

Hewlett, Arch. Internal Med., 20, 1 (1917).

Houghton and Hamilton, Therspe. Gaz., 29, 11 (1905).

Hovard and Bishopp, U. S. Dept. Agr. Farmers! Bull.
1408 (1924).

Jacobs and Craig, J. Biol. Chem., 119, 141 (1937).

> Jo Blol. Chem., 120, 447 (1937).

» Je Biols Chem., 124, 659 (1938).




42.
43,

44,

45.

46,
474
48.

49,
50.
5l.
52,
53,
4.

55

56.

57.

- 112 -

Jacobs and Cralg, J. Blol. Chem., 125, 625 (1938).

Josselyn, J« New-Englands Rarities Discovered, p. 43.
London (1672)s (Facaimlle Fde. Junk, Berlin (1926)).
Also: An Account of' Two Voyages to New=-England,

pe 60, 76. London (1675). Excerpts in Bull. Lloyd
Library, 26 (1927), Reproduction Series Noe. Sa

Kalm, Pe Travels in North America. Vol., 2 (1771),
Origlnal not seen. Cited by Fluckiger, F. A., and

Hanbury, De Pharmacographia. A History of the Irinci~

pal Drugs of Vegetable Origin, met with in Great

?rita%n and Britlsh Indla, p. 695 MacMillan, London
1879).

Keller, Schwelz. Wochschr. Chem. Pharm., 32, 44, 56,
121, 133 (1894). Origlnal not seen. Abatract in
Chem, Zentr., €5 I, 607, 658, 931, 932 (1894).

LeWell, Am. J. Pharm., 69, 351 (1897).

Lissaver, Arch. Exptl. Path. Pharmakol., 23, 36 (18837).

» unpublished data, cited in Boehm, R. (4)
: ? s
DPe 274,

Macbeth and Roblnson, J. Chems Soc., 121, 1571 (1922).

¥McIndoo and Sievers, U. S. Dept. Agr. Bull., 1201 (1923).

Melssner, Schwelgper's J. Chem. Phys., 25, 379 (1819).

Meyer, Arch. Pharm., 220, 81 (1882).

Mitchell, Am. J. Pharm., 46, 100 (1874).

s Proce. Am, Pharm. Assoc., 22, 397 (1874).

Norwood, Charleston Med. Reve., 7, 768 (1851). Original
not seen. Citod by Peugnet (63).

Norwood, W. Ce The therapeutical powers and properties
of Veratrum virlde. Kneeland, New York (1854). Original
not seens Clted in Index-Catalogue of the Librery of

the Surgeon-General's Offlce, United States Army.

Seres 1, Vols 9, p. 982. Government Printing Ufflce,
Washington (1888).

Osgood, Am. J. Pharm., 7, 202 (1835). Also in Am. Je
Med. S(‘oio, ‘;‘_6_, §9§ (TBSS).



- 115 -

58. Oulmont, Neues Repertorlium Pharm., 17, 177 (1868);
' J.-Anat. Physlol., 2, 224 (1868),

659, Pammel, L. He A Menusl of Polsonous Plants. The Torch
- Press, Cedar Rapids, Iowa (1911).

60. Pehkschen, Pharm. Z. Russland, 29, 339, 353, 369, 385,
401, 417, 4335 (18390). Uriginal not seen, Abstract 1n
Ame Jo Pharm., 63, 196 (1891).

6l. Pelletler and Caventou, Ann., chlme. phys., 14, 69 (1820),

62+ Percy, Chem. News, 10, 87 (1864).

63« Peugnet, Med. Record, 7, 121 (1872).
64, PilCher, de Do, Ame Je Phy31010, ﬁ, 1 (1917)0

65+ Pilcher, J. Je., J. Med. Assoc. Georgia, 24, 88 (1935).

Original not seen. Cited in Quarterly Cumulaetive Index
Medlcus, 17, 1031 (1935).

66. Pllcher and Sollmann, J. Pharmscol., 7, 295 (1915).

67. Pittenger, Proc. Penna. Pharm. Assoc., reprint, 3 pp.
(1923).,

68. Poethke, Arche. Pharmo’ 275,557 (1937).

69.. , Arch. Pharm., 275, 571 (1937).
70. » Arche. Pharm,, 276, 170 (1938).
71. » Sclentla Pharm., 9, 110 (1938).

72. Rlchardson, H. H., J. Econ. Entomol., 26, 914 (1933),

73 » da Apgr. Research, 49, 359 (1934).

74+ Rlchardson, J. Ge, Ame J. Pharm., 29, 204 (1857).

75. Robbins, Pharm. J. Trans,, 37, 315 (1877).

76. Robinson, J. Chem. Soc., 1927, 1589, 2389,

77. Rowe, J. Am, Pharm. Assoc., 14, 24 (1925).

78. ?aito)and Suginome, Bull. Chem. Soc. Japan, 11, 168
1936).




79,

80,

81,
824
83

84,
85,

B6.

87
88,
89,

90,
91,

02.

93.

94.

95.

06,
97,

- 114 -

Salto, Suginome and Takaoka, Bulls Chem. Soc. Japan, 9,
15 (19%4). -

s Bulle Chem, Soc, Japan, 11,

172 (1936 ).

Salzberger, Arch. Pharm., 228, 462 (1890).

Scattergood, Procs Ame. Pharm.. Assoc,, 10, 222 (1862).

Shepard, He He The Chemistry and Toxicology of Insec-
ticides, Burgess Publishing Co., Minneapolis (1939).

Simon, Ann, Phys. Chem., (2) 41, 569 (1837).

Swanson and Hargreaves, J. Am. Pharm., Assoc., 17, 23
(1928), .

» Jo Am. Pharm. Assoc,, 19, 122

(19%07.
Toblen, Pharm. J. Trans., 37, 808 (1878).

Todd, Country Gentleman, 23, 383 (1864).

Viehoever and Clevenger, J. Am. Pharm., Assoc., 1l, 166
(1922).

Viehoever and Cohen, Am. Je. Pharm., 1lll, 86 (1939).

Vlehoever, Xeenan and Clevenger, J. Am. Pharm. Assoc.,
10, 5681 (1921). -

Waller, Proc. Physiol. Soc., 1 (1899), in J. Physiol.,
25 (1899-1900).

s Proc, Physiol. Soc., x1 (1910), in J. Physiol.,
41 (1910-11).

Welss, J., N. Y. Entomol. Soce, 45, 403 (1937).

Wood, Ge B. et als. Dispensatory of the United States of
Amerlica, 13th Ed. Lippincott, Philadelphia (1870).
Original not seen. Cited by Bullock (8).

WOOd, H. CD’ Am. J. Mod. Sci., _é_g, 356 (1870)0

wood‘ H. CO 3 Jr. ’ JO Am‘ Med. ASBOG. ’ ﬂ, 2061 (1906)‘



98,
09,

100.

101.
102,
103.
104.
108.
106.
107.

- 115 =

WOOd, H. Ca, JI'., Univ. Pennao Med. BUIl., _-2_!._, 27 (1908)0

Wood, He Cs, Jr., et al, Dispensatory of the United
States of Americas, 22d Ed., p. 1192, Lippincott,
Philadelphia (1937).

Wood and Berens, Phila, Med, Times, 4, 737, 767, 785
(1874). '

Wood and Wood, Am., J. Med. Sci., 117, 562 (1899).

Wormley, Am. J. Pharm., 48, 1 (1876).

Worthington, Am. J. Pharm,, 10, 89 (1838).

Wright, J. Chem. Soc., 35, 421 (1879).

Wright snd Luff, J, Chem. Soc., 33, 338 (1878).

s Jo Chems Soc., 35, 405 (1879).

Yeager, Woolley and Brown, Proc. Soc. Exptl. Biol. Med. ,
30, 19 (1932).




~ 116 -

ACKNOWLEDGMENTS

The writer expresses his sincere appreciation of the
suggestlons and aessistance given by Dr. I. B. Johns during
this investigation and of the advice given on the toxico-
loglcal experiments and the interest in the problem shown
by Dr. C. H. Richardson.

The writer 1ls also lndebted to Dr. R. A. ['isher, for-
merly of the Department of Zoology and Entomology, Iowa
State College, for his asslistance in reviewing the entomo-
logical literature and in meking some of the assay deter-
minations on the drug, and to the Industrial Sclence Re-

search Institute for flnancial support of this project.



	1940
	A chemical investigation of American veratrum
	Edwin James Seiferle
	Recommended Citation


	 

