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Ireface

This thesis is the result of research ine
volving Aconitum lutescens of the Bitter Root
Valley, 4 thorough examimation of &ll evaile
able literature revealed that very little work
had deen dcone on any of the Horth American 5pe=
cies of soonite and partioularly had none deen
done on the western species, {(with the exocep~
tion of some on Asonitum Columbianum),

The writer wishes to meke grateful acknowle
sdgment of the valuable ald end essistendce given
by Desn Charles K, F, Mollett of the Etate Uni-
versity of Montana. The work hereim included
wes undertsaken et his suggestion and developed

under his kindly culdance,
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introduction

On ecoount of the geogrephic differences in the sey-
eral sections of this large state many kinde of plants are
found within its dorders. A great neny reszsemble official
drugs snd grow in abundan¢e within tkhe kontmna boundaries
and especially in this distriot, Under such conditions the
field for plant chemistry end pharmacologiecal research is
almost unlimited,

Cne of the plants native to this distriet and a member
of the same genus &8 the offielal drug is iconitum lutescens,

The official 4drug, Aconitum Napellus, is & native of
southern and central Zurope and imported from that country.
4 study of thils native, yellow flowered Aconite was begun
for the purpose of comparing it with the foreign medicinal
speclies,

The name ‘rc¢onitum is derived, according to Pliny,
from the Black Sea port Leonle, or it may also come from
the French Acone, & town in Bithynia where the plant grows
plentifully, ¢Others c¢lsim that the stymology of the drug's
name is derived from the Gresk "a", without end "konis®,
dirt, referring to the feot that the plant is able to grow
on stony ground, Be that as it may, tne first account of

a plant designated Aconitum or Akoniton oceurs in the write
ings of Theophrastus,
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The genus Aconitum delongs $0 the Ranunoculscea® G-

monly known es the Crow-foot or fLuttereup family. The

Renunculacese is now regarded as a primitive group of
herbaceous dicotyledons closely related to the iagnolie
acea® snd other low woody dicotyledona, The family ine
sludes ebout thirty genera and twelve hundred species of
herbaceocus perennials including a few annuals and aquatic
species, a few low shrubs end woody olimbers, Lany of the
species contain an acrid poiscnocus juice., The Ranunculaceae
has a wide distridution irn the Arectiec reglona and at high
eltitudes in the mountains but members of the family are
more or less rsare in tle tropics end in the couthern hemie

sphere, Species of the genus under consideration (sconitum),

have been found growing st en altitude of 18,000 feet in th&
Himaleyas, ¢n the other heand, specimens of Aoonitum lute-
Bceens sent to the College of Phaurmeoy, University of Florida
at Gainesville, for the medicinel plant garden died out aftex
one year,

The genus Aconitum consists of wany perennisl herbds,
The leuaves hre palmately lobed or dissected and the flowers
are showy in terminal racemes end penioles, The flower is

gygomorphic with five colored petal-iike sepals. The up~

per sepel 1s large and helmet sheped or prolonged saccate,

Tre petals number two to five when present, The upper two



bave long nectariferous elawse and irregular spur-like
blades concealed within the hood. The other three are lowe
er and are either very minute or obsolete, The stamens

are numerous, free end hypogynous; the pistils ere three
to four in number, sessile and free, The fruit consists
of three or four bdesked follicles containing numerous
secds; The genus 18 highly prized for 1ts omemental
species end two specles are used in medicine, namely AcQ=-
nitum Napellus offieial in the U,S.P, &nd soonitum ferox

in the French Codex,

The genus Aconitum ococupies a unique position in hisw
tory, mytheology amd tradition, From the very esrliest
Gate 1ts toxie properties have set it spart &s something
sinteter end evil, It offered such & fasoination of weird=
ness that it might well be iragined as growing in the "Jjar-
d¢in funeste®" of Reppaceini, It is not herd, therefore, to
understend how this plant engaged the attention of esrliest
man as something evil in origin, and indeed this reputation
of Aconite 1e encountered at the very threshold of history.

Like all history that of the “polson-~ledre” began in
the region of the myths, These plants have been nentioned
in the mythology of meny nations and have involved such
characters es Thor, Thyr, Chiron, l'edea and ferses,

To trece the history of isconite one needs only to
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chronicle the evente of poisons end the iuportant part they
have played in world history.

Agonite is native to the Alps and Pyrenees s well eas
to the mountains and highlends of Cermany, Austria, Denmark
and tEweden, The whole of Sidberis end the Himaleys mounteins
to the altitude of 16,000 feet are said to herbor the plant,
Ite distribution end the eénse with which it could be obtaine
ed coupled with the early knowledge of its virulent propere
ties acoount for 1ts frequent appearance in the annals of
erime, '

hAoonite as a drug or remedy received little attention
from physiocians of the Niddle Ages although the literature
of the period is full of references to 1%, for its poison=-
ous nature waz well-known to common people because it free
quently ozused death aa the result of delng gathered and
eaten by mistake for redishes end carrots, Iin scme parts
of Xurope, however, it appecrs to heve been esteened as a
medicine, In a work published by the ¥Welsh lsass, Soclety
in 1861 entitled "The Fhysiociesns of Lyddvai" (thirteenth
century) 1t is designated as "a plant every physician
should grow." The drug was introduced into mediocal pPrecw
tice by Storck of Vienna in 1762 who was very enthusisstic
in recommending 1t, and 1t enjoyed some popularity us a

nedicine for some tixze but later pessed into compearative
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disuse, 7The discovery of the active principle, mconitine,
wzs made in 1821 by the Censvese phermacist, Perchier, and
independently at sbout the ssme time by Geigar and Hesse
end by Brandes,

A great desl of investigstion hes bheen conduoted on
the various species of sconite but the research work on
foonitum Napellus far exceeds that done on any other one
species of the genus, (n this scoount, therefore, this
vork will be a comparison of Aconitum Kapellus officiel

in the U,.,S5,P, and Aconitur lutescens of the EBitter Root

Valley, iontana,



Aconitum Napellus:

This species which is the most important member of the
genus has been used for many centuries, and has attalned
much popularity as a mediecine, It is commonly known as

Aeonite Root, Monkshood, Wolfsbane, Friar's Cep, Cuckoo's

Cap, and Blue Rocket. The entire plant is acrid in taste

and poisonous in action, At the present time, however,
only the tuberous roots are official in the U.S.P, Sev-
eral other countries still recognize the dried herbs and
have formerly recognized the flowering tops. The litera-
ture is redundant with papers on Aconite end many errone-
ous concluslons have led to much confusion both chemically
end pharmacologically.

The toxic properties of Aconite have been known since
ancient times but the drug was not used medicinally until
about the thirteenth century, It was introduced into regu-
lar practice in Vienna about 1762 by Storck. It was from
this species that the active principle, aconitine, was oOb-
tained in 1821 by the Genevese pharmacist, Perchier, It
was also isolated at ebout the same time by Gelger and
Eesse, and elso by Brandes, Morson has been credited with

being the first person to obtein aconiﬁpe (1839) in crystal-
line form from the tubers of Aconitum Napellus, The pharmae

cology and therapeutics of Lconite was the subleot of an



essay by Fleming (1844), for which he was awarded a gold
medal by the University of Edinburgh.
Professor Berg (1862), subjected three species of A0C=

nitum, namely A, Napellus L, A, Variegatum I.., and A, Stoer-

kisnum Reichenbdb., to a searching examination of their morpho-

logical and anatomical conditions. FProfessor Mittenheimer
(1862) directed the attention to the importance of using
wild grown aconite for pharmaceutical preparations instead
of the cultivated.

Hirtz (1863) working on Aconitum Napellus found that

the extract from the root possessed the'peeuliar properties
of the plant more than twenty times as strong as that from
the leaves, Also that Aconitine differed in its effects,
somewhat, from the preparations of the plant and d4id not
produce spasmodic symptoms as wes the case with the latter,
C. Schroff (1863) published a thorough pharmacognosti-
cal and therapeutical history of the various species of Aco~
nite which 18 given at some length in his handbook. He in-

sisted on the presence, in Aconitum Napellus, of an acrid

principle which was wanting in Aconitum Lycoetonum, Schroff

also found thet the alooholic extraet of Aconitum Napellus
on keeping formed grape sugear which he thought might be a
product of the decomposition of one of the active principles,

T, and H, Smith (1864) discovered a new alkaloid in
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soonitum Nepellus which they named aconella. It d4id not ape
pear to be poisonous &nd in meny ortits physical end chemical
charecters and in its etomio weight closely reserbled ner
cotine, They considered the irregular effects cof commercial
econitine to bve due in part to contaminetion with aconella,

Trofessor Jellett (1864) confirmed the identity of nare
cotine end accnella by the dliscovery thet their action was
the same on polarized light,

Korson (1864) obtained from aconite root e body analo-
gous to aconitine, though less powerful which he called
nespellina,

G, Krenbiel (1264) on examining a crystalline deposit
present in tinaoture of aconite root found it t¢ be cane sugar
and lime, thus confirming & similer observstiocn made by Iroe
fessor Schroff in respect to this preparation and seversl
of the narcotie extractis,

Professor ¥, Iroctor Jr, {(1868) meade a comparative
analysis of Ameriosn end Luropean Aconite end observed thst
the latter ylelded adout helf as mueh aconitine as could be
obtained from the former, IHHe stated thet the leaves of
imerican Aconite (grown in Columbisa) might be used when the
plant was two yeers o0ld but that the root should not be
used before 1t was three or four years old,

In & paper (16871) on the alkaloids of the genus ACO=-
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nitun ocontained in the tudbers of the different species,
I'rofessor Flickiger arrived at the ocnclusion that agde
nitine 1s contained in all blue-~flowered furopean and
I{imalayan species of Loonitum.

The first soonitine to be prepared in crystalline
eand in epparently pure form weas isoluted from a nixture of
the amorphous bases of tuders of iAconitum HNapellus by
Duquesnel in 1871, Duquesnel's seonitine was & feintly
yellowislh 80144, crystallizing in transparent prisms
scnetimes & centimeter in length, end fusing at 1868.5° C.
Its solubility in weter wzs one part in 4431 parts, It
wzs readily soluble in ¢hloroform and benzene, less reﬁ&ily
in eloohol and etheyr and Lerdly &t sll in petroleum ether,
It foarmed erystalline salts and asleoholice solutions of
tliese salts were dextrogyratej aqueous sclutions cof its
8alts wore laevogyrate, It was easily hydrolyzed by acids,
alkelis or water and hipgh temperatures »ith the formation
of aconine, benzoic acld and acetio 20id, DIuquesnel as-
signed the formula 025339(63300)(06ﬁ500) X0y %0 this alw
kaloid end ¢slled 1t acotylbenzoyl aconine,

Ce He Adlder Wright has done a great deal of work on
the alﬁaloid. of the genus e&nd particularly on thoseof
Aconitum Napellus, Those investigated (1676) were scme
prepared by T. B. Croves and later desoribed by him (1€77),
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The conclusion reached by Wright as &8 result of these ex«
perimente was that there was naturelly present in iconie
tum Rapellus more than one slkeloid forming welleorystale
1ized salts, or that changes produced in alkaloid dy meth-
ods of extraotion resulted in a mixture of at least two
distinot salts, one of which, if no% aedsclutely inert, was
very much less aotive than the other, The resultes of these
Vexporiments were nct entirely eatisraotory for several
reasons, chief of whieh was that methods of extraétian
adopted by Groves were likely to have brought about chLanges
end decomposition of the alkaloids originally present and
&lso beocauss Duquesnel by & different method of extraction
had cobteined a considerable yield of & highly active woll-
orystallized bdody, ®right (1878) eccordingly undertook

to make a thorough revision of all the work that had been
done, 4is a result of experiment on Aconitum Hapellus
treated dy Duquesnel's process, he reached the following
conclueionss (a) A erystallizaeble, alkaloid insoluble in

a aolutxbn of potessium carbonate, Aifficulty cryaﬁallizn
able from ether and giving numbers agreeing with formula
CrzllgaliOy, wes formed. (d) A second elkaloid or mixture of
beses which 4id not erystallize well and did not yield
orystalline salts was also rformed, This alkaloid had a

lower molecular weight than aconitine and contained more
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carbon end hydrogen, (6) A third substance isclated cone
sisted of a non-Orystalline base or mixture eof bases solu-
ble in & dilute solution of potassium carbonate and pos
sidly identical with (bd). Dugueanel had assigned the
formula CppHynNOy4 to sconitine. This differed from that
of ¥right which was, no doubt, due to imperfect purity
of substanoes isolated and examined by him. Von Plenta
examined the amorphous sudbstznce end gave it the formule
caoﬁévnov. At that time it wnalconaidered a mixture cone
taining aconitine but whether it pre-existed in roots or
whether it was fommed in drying or during the process of
extraction this worker was unable to say, bhut he did cone
slder that "napelline” might be ldentiocal or closely ale
lied to this amorphous substance, In a third report on
the chemistry of the Aconite Alkaloids presented to the
Eritish rharmaceutical Conference, (1B79), C. R, Alder
Eright working with A, ¥y Luff deduced from previously
desoribed experiments and results odbtained by CGroves,
Duquesnel, Hubschmenn, &nd others, the following fscts:
1. Aconitun Nepellus roots encountered in oonmercs cone
tain a highly setive orystallizabdble alkaleid which fur-
nishes readily erystallizable salte., This they distin-

guished as sconitine and represented it by the formula

033E43N012. This alkealoid existed togother with itse
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decomposition products in rocts, 2. On saponification sco-
nitine broke down into benzois acid and sconine according to
the following equations

03334$N°13 $ B 0w Esc *+ C,.H

2 7%6% ¥ Cpgllagh013e
aconitine Eenzol®  jreonine
icld '

In eddition to this, ¥right and Luff elgo found another
active alkaloid which wee oapable of being eryastallized
but d14 not readily yileld orystellizable salts, This they

named pseudoseonitine 2nd assigned to it the formula Czel,qg
N°11' This likewise existed in the root with L1ts decomposie
tion productss FPseudoacconitine decomposed soecording to the

following equationt'

$ - M
CrgligeliCyy ¥ Ha0 = Colly 0 ¥ Cpnll 1 HOg

Pseudo- Pi-kiethyl Pseudoaconine
sconitine frotocatechuie
seld

A third slkaloid found by them wes ron-orystallline end 444
not give any eryetalline salts aﬁd c¢ontained a higher oare
bon percentage than eny of the other bases present, It
was physiologically inert. A base was derived from A0Oe

. nitum Napellus by Groves whioh though not orystalline ite
self gave well-orystallized salts, This bese was oompare
etively fnert and its salts were bitter and produced no

lip-tingling. 7The name pioraconitime with a formula
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031345m010 vae given this dase. In &n artiole pudlished
in 1879 C. H, Alder ¥Wright and 4. P, Iuff told of obtaine
ing certein wellecrystallized salts by speciasl manipulsation,
end found that the formulas, 035349N011 given to pseudoacow
nitine was inoorreot, This first substance was a mixture

of pseudosconitine 635H49m013 snd of & dase derived therew
from by removal of water, Further that when pseudoaconitine
was dissolved in a large excess of tartaric acid end hydroe
chlorie mold end then Leated \fram some hours at 100° C,
epopseudecconitine, caﬁﬁivnoll was formed. They found, howe
ever, that when pseudaconitine was heated only with hydro-
chlorioc acid, it split up into yveratric ecid and pseudaco=

nine, wheress, if only tartaric acid wes used as a solvens,

dehydration to apopseudaconitine took place, The sudbstance

heretofore regarded as psoudaconine was now considered to
be a dehydrated derivative of a substance for which they

proposed the name spopseudaconine., Acetyl apopseudaconitine
with the composition cgﬁﬂeﬁ(czﬁsol NO;q wes formed when

pseudaconitine was heated at 100° ¢ with ¢ large sxoess of

clacial acetio acid, losing the clenents of water, This

orystallized with water and thus resemdled pseudaconine
end apopseudaccnitine, The derjivatives of aconitins dif-
fered from those of psoudaconitine in this respeot, Eright

end Luff slso zmede benzoylpseudaconitine by Leating pseudacos
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nitine with benzola anhydride, They found that aconitine
formed a series of derivatives precisely similer to those
of pseudaconitine and under almost identioslly the sanme

oonditions, These were: epo-cconitine, acetvl aposto-

nitine, benzoyl epoaconitine, =zconine and epo sconine,

As fer a3 the suthors were adble to Judge apopseuldaoccnitine
and apoaconitine were not inferior in ectivity to the
parent base, 80 that there was no necessity for sejarate
ing tkhe "apo” derivatives should they be present, €, R,
Alder ¥right in & communicsation to the Americen Fharmae
eeutical Assceiation reported (le8l) certain ocharacterise
tics of econitine and sllied alkaloids a8 observed dure

ing research done on this drug. le reported that aconitine
to which he gave the formula of Casﬂssﬂavl‘cﬁ,a

\GQCO'Céﬂ
the ohief if not the only active alkaloldel ingredalent in

wes

the roots of Aconitum Kapellus dut that ocsurring with it
were other amorphous alkaloids of lower moleoular weight
and ocontaining & higher percentage of e¢srbvon, He found
that 1f the amount of sconitine present, relatively to the
emorphous bases was not consideradle it was often irmpos-
sible to get former to orystellize at all {(on a small scale
at least); & considersble amount of sconitine wos retained
in solution permanently by the agency of the amorphous ale

keloids whioh thus osused considerable loss, Lven after
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repeated crystallization from ether or ether-petroleum
spirit, aconitine retained mechanically minute quantities
of the amorphous bases. This could, however, be wholly
eliminated by conversion into a salt, erystallizing and
then regenerating the elkaloid from the salt thoroughly
freed from the mother«liguor which contained the amore
phous dbase as a salt, When perfectly pure Wright found
the melting point of aconitine in a caplllary tube to be
183° - 184° C (correoted), Pure aconitine should contain
close t0 the theoretical amount of carbon and hydrogen,
viz, 61.39 and 6.67 per cent respectively., Wright found
that these analytical figures were the only reliable means
of distinguishing esconitine from the c¢losely allied alka-
loid previously described under the provisional name

Japeconitine which agreed very closely with aconitine in

all the other sbove named points, Further work dby C. R.
Alder Wright ocollaborating with Rennie (188l1) led to a
report on elkeloids contained in the fresh accnite herbd

of the species Napellus grown at Foxton in Cambridgeshire.
These men working together found that the quantity of ac-
tive alkelold contained in the herdb was probably somewhat
less than that contained in the roots, reckoned on the

dry substance, It was concluded, however, that from these

experiments 1t could hardly bve sald that 1t was & general



rule that aconite roots are richer in crystallizable aco-
nitine than the dry herdb, According to John Willlems 1t
had happened in his factory that no crystallizable &aco-
nitine but only non«erystallizabdble bases could be 1solated
from batches of roots wbrked up an the manufacturer's scale
in exactly the same way &s other batches which readily
yielded crystels,

Mandelin (1885) in a contribution on the constitution
and character of the alkeloids of aconite disagreed with
conclusions arrived at by previous investigators, especi-
elly those of VWright, Mandelin accepted the existence of
the two characteristic alkeloids but claimed that only
aconitine and no pseudaconitine wes found in tubers of
Aconitum Napellus, while pseudaconitine and no aconitine
occurred in Aconitum ferox. These two alkeloids, he claim-
ed, were pharmacologiocally identical but that pseudaconi-
tine having the larger molecule required the administration
of a larger gquantity to produce an equal effect. He also
confirmed the splitting-up of these alkaloids but falled
to recognize any difference between the resulting aconine

and pseudaconine, and propesed that aconitine should be

called benzoyl-aconine and pseudaconitine should be known

as veratroyleaconine., No indication was given that these

opinions were based on analysls while Wright represented
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them a2 differing in composition, Japaconitine obtained by

Paul end EKingzett snd later described by w“right and Luff
ge splitting up into benzois scid and Jjapaconine was claimed
by Kandelin to be identical with sconitine or dbenzoyleconine,
Hubsohmannts nepelline he considered to be unsltered aco-

nitine with §a:y1ng proporticns of aconine, The greater
or less zotivity and toxieity of tubers of iconitum Napsle
lus, Aconitum ferox end Aconitum Japoniocum he hsld to bde
dependent on thelr richneass in alksleid and not upon any
difference between the toxie power of the alkaloids cone
tained 4in then,

The preparation of & c¢rystalline alkalold obtained
from the roots of Aconitum Nepellus by extresotion with
amyl slecohol was investigated by wjndham RKe Dunstan and
%es He Ince (1891). The aconitine as rirst odbtained forme
ed yellowish indistinct orystals whieh melted at 1£8,4°
(corr,) and on combustion gave numbders agreeing fairly
well with formula 633ﬁ43ﬁ0l2, proposed for seonitine by
tright end Luff, It wes proved to be associated with a
small quaﬁtity of & gurmy smorphous basze and when purie-
fied by repoated crystallization from a mixture of gle

cohol and ether afforded ocombustion nunbers wvhich agreed
best with the formule, cﬁaﬁasmola' The pure alkaloid
they found orystallized in tabular priems belonging to
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the rhombic system, These orystals were very siightly
soludble in weter end light petroleum, more soluble in
ether and eleohol, most scluble in denzene and ohlorow
form, They melted at 188.5° (corr.le Contrary to stastee
ments of previous obgervers these workers found that acoe
nitine in elcoholic solution wes dexiro-rotatory, (¥ 10.78%)
and that the aqueous solution of the hydrobromide was
laevo-rotatory (= 30,479), Two orystalline suroohlorides
were obtained., One, CpsH,gNOjpe H 4ucl, melted at 135.8°
{eorr.); the other, a basie aurochloride, 035ﬁ4smnlgauelwl
melted at 120° (corr.). These compounds were obtained
without difficulty and as these workers believed afford-
ed trustworthy means of identifying econitine, Aconitine
they found was not apprecisbly affected by heating et &
temperature below its melting peint but ebove this point
uncrystaellized aconine was formed, Three surochlorides

of apoaconitine were obteined. Cne, CpnH,.NOy H Auel,
melted at 141° (corr,)., ¥When this salt was orystellized
from squeous slcohol 1t became a hydrate, cssﬁiswollﬂ
Auel ¢ 1,0, melting at 1299 {corr.) and isomeric with
aconitine aurcchloride into whkich it very readlly changed,

The third surochloride wss a direoct combination product
of the alkaloid with aurio chloride, 033H433011Au015 and

melted at 147;59 {(corr.). These workers ulsc ohbtained en
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amorphous base fram sconitine, together with benzoic sacid,
by prolonged heating with weter in a closed tudbe, It ape
peared to de identical with the aconine of %right end Luff,
This same substance was formmed together with a resinous
substance when aconitine wsas heated w=ith en alkali., Keitherx
aconine nor its salts could be orystallized, After purifie.
cation the emocrphous base and 1ts amorphous asurochloride
efforded analyticel data agreeing, respeotively, with the
Tformulas C,,li,yN0;, &and C, H, N0y R 4uel,. ALconitum Napelw
ius plants grown by E, i, Folmes at instanee of British
Fharmaceutical Conference were exemined for alkaloidal
content by . R. Dunstén and Johun C, Umney (1892}, Thelir
process of extraction of the alkaloids was such &8 to pre=
clude the possidbility of the occurrence of hydrolysis or
other decomposition. The mlkalold soluble in ether was
obtained es & gum-like mass incepadle of orystallization,
Conversion into e hydrobromide resulted in the separation
of & crystallizadble &nd an unerystallizadle salt. The
erystalline hydrobromide was identified as the salt of
aconitine, the orystalline end highly toxic alkaloid al-
ready described by one of the suthors &nd W. II, Ince.

The rotatory power of the pure hydrodromide in aguecus
solution wes ascertained to be 29.656%, a result whioh

agreed with that recorded previously. IDecause some doubt
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existed as to the solubility of aconitine in water, this
constant was carefully redetermined with the pure specimen.
The mean of two determinations showed & solubility of one
grem in four thousand four hundred and thirty-ons grams

of water at 22°C. Jurgens (1886) had previously recorded
a far greater sclubliity of one gram in seven hundréd end
forty~five grams of water at 229, The noneorystsllizable
hydrobromide furnished an slkaloid resembling gunm in ape
pearance, It was soluble in ether and eleochel but only
sparingly so in water. An aqueous solution was alkaline
to litous and very bitter., It did not, however, give
rise to the tingling sensation so oharacteristic of aco-
nitine, The dase oculd not be corystallized; neither

- sould the hydrochloride, sulphate or nitrate be prepared
from ite The esurcohloride was also sunorphous, Owing to
the fact that & crystalline compound ecould not be obtained
it wes difficult to géin conc¢lusive evidence of 1t homoe
genity. The properties Just recorded proved that it wss
not aoonine or the base c¢alled by ¥iright and Luff, pieraco-
nitine which resdily sfforded crystalline salts, Trese
workers proposed to assign to this substance the name of

napeiline which was firat given to the alkalold now knowmn

as pseudoaconitine and afterwards by Fubschmann to a sub-

stance proved by the work of ¥right and Luff to be a mixe
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ture chiefly composed of sconine, The napelline described

above was considered to be assooclated with another &unors
phous base ebout which very little information could be
secured &t that time except that neither it nor its salts
appeared to crystallize, 4in 2lkeloid extracted with ehloro-
form proved to be identicel with sconine, the emorphous base
resulting from hydrolysis of aconitine, On combustion 4t
afforded numbers corresponding with those of the formula
CoaligNOyqe Its moleoular weight determined by Rasult's
method also corresponded with this foraula, This work
proved to Dunstan and Umney that the roots of the true
Aconitum Nepellus ocertsinly contain thres alkaloids, one

of whieh 1s erystalline, viz, aconitine, and the other

two are emorphous, vizi napelline and aconine, 7There

were indicationa that & fourth alkelold 1s present, an
amorphous substance glosely resemdling napelline, Dunstan
and Urmey found that juice expressed from roots contained

& large proportion of emorphous bases but very little acow
nitine the grester part of which remaeined in the réot end
could be extracted together with the remainder of amore
prhous alkeloids by exhaustion with amyl sleohol. The

total quontity of emorphous bases anounted to more then
twivce that of mconitine, Very little of the physiological
ection of the three elkalolds was or had been investipgated,
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Work done up this date, however, pointed to the conclusion
that orystelline aconitine wes by far the most toxio of

the alkaloids contsined in ﬁaonitum.napellus. Further in-
vestigation Qf the alkalold found in roots of aAconitum
Repoellus, essooiated with aconitine for whieh Dunstan and
Umney proposad the name napelline was carried out by Dune
sten and E, ¥, Darrisgon (18%83). They succeeded in orystale
1izing several of the salts notably those of the halold
compounds, Furifioastion of these gslts by repeanted srystale
Jizations resulted in & product of & constant melting point,
The bduae repencrated Ifrom the pure hydrochloride was a
oolorless vernish-like substance slightly soludble in water
thouzh more a0 than eoonitine, but readily soludle in a;-
cohol, chloroform &nd less readily in ether. 4in aleooholis
solution wae feebly dextrosrotatory. DBy enslysis napelline
was proved to have the same ocompesition as sconitine end

is therefore represented by the same empiricel formula,

cuaﬁaaxclz and may be properly termed isosconitine. with

aurice chiloride napellins exhibitel & remarkable reaotion
which sherply d41stinguished 1t from soonitine and most other
alksloids., A definite aurochloride, C ao éﬁmelﬂnol Auol was
not obtained, When solutions of napelline hydroehlorxdo
end euric chloride were mixed & yellow amorphous precipitete

was thrown Qown &8 in the c¢ase of aconitine, Jhen this was
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erystallized from its solution in aloohol nearly colorless
erystals of guwrochlor-nepclline, Cy.H,, (4uel, )Nolz, separated,
This is a derivative of napelline of which ons atom of hydro«

gen of the moleculer structure is replaced by the group,
Auolgs The produsction of such & compound from napelline was
unexpected, The first known alkaloldal derivetive of this
type was surochlorocaffeine deacritbed by Dunstan end Shepe

heard. Aaurochlor-napelliine differed from surcchlorocaffeine
in not deing converted by sotion of hydrochloric acid into
the aurochloride, vwhen neapelline was heated in a olosed
tube or under vrdinary pressure with mineral asids it hye
drolyzed readily. 7The bhydrclysia wes more rapidly effectw
ed by aqueocus soda or potash which acted even in the cold,
Further experimentation has shown that there are only two
preducts of hydrolysis and these sre both identical with the
hydrolytie products of sconitine and, moreover, are formed
in same propertion., The following eguation represents the
hydrolysis of napelline into econine and dbenzoic s0id as

well as the hydrolysie of the isomeric aconitines
ConBauliO)o® HaO 2 Cpgaly N0y ¥ Coligls

Both these substanoes were isolated in the pure state end

aoconine closely eompered with that derived from esconitine

end anmcertained to be 1dentioal with it From physioclogical
expericsents eonducted with napelline it anpesred doubtful
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whether 1% would prove toxie to man except, perhaps, when
given in large doses, Dunstan and Hariiaon examined the
non-~orystaliine alksloid obtainsd by Croves years defore
from Aeonitum Kapellus end named picraconitine, They ocame
t0 the eonolusion that pierasconitine is nothing but impure
isaconitine, un isomeride of aconitine,

Dunsten end Carr (1695) found that when a&conitine is
heated to its melting point, 186° ~ 190° C 1t loses about
104 of acetie 80id which distills over leaving dehind a
new alkaloid which they proposed be cazlled pyrseonitine,
The equation representing this decomposition iss

Cz3llasi01z = C2lg02 * Cmfa¥0y0

Aconitine icetic rcid Pyraconitine

This new alkelold separates as an amorphous varnishe

like substance speringly soludle in watef but readily aolublo
in aloohol, chloroform end acetone, 1t has no action on
rolarized light end is not poisonous in small doses, The
8lkalold readily dissolves in acids formming sslts whieh oan
be oryatslilized, Dunstan and Carr in their researches found
that aoonitine when heated to 190° C furnishes pyrasonitine
by losing acetio acid, Isaconitine and soonine do not une
dergo & simtilar decomposition, They also showed that while
certain aconitine gelts in slightly ecié solution are very
slowly converted into salts of isaccnitine at 100° C their
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conversion is repidly effeoted by heating a neutral aqueous
solution in & closed tube at 120° ~ 130° ¢ during two or
three hours,

Dunsten &nd Farrison (l1€95) working with pyraceonitine

were able to produce pyraconine and dbenzoic 2¢id by hydrolye

sis., Pyraconine 1s smorphous eand d4iffers from esoonine in
several respects, It is soluble in water, ether and forms
crystalline salts. The equation representing the hydrolysis
of pyraconitine isi
C31Hga 010 ¥ Hp0 = CpHg0, ¥ Cp iy NOg
Pyraconitine. Benzoic Acid FPyraconine

Aconine has dbeen shown to de produced by hydrolysis of eco-
nitine and issoonitine, It 1s now conceded that in the hye
drolysis of aconitine, isaconitine is first produced and
from this aconine,

The tentative nsature of reassonings on aconitine sale-
kaelolde 1is maede more and more evident with esch suococeoding
pudblication:

1, Aconitine, Canll sNOyp, 48 acetylebenzoyl-aconine eand on
hydrolysis yields (1) benzoyl aconine {isaconitine) snd
acetic aoid, (2) Aoonine end benzoic acid (from the isacc-
nitine)s the produotion of acetiec scid from aeonitine Dun-
stan eand Haerrisocn considered might lecd to a prooess of

estimation of the alkaloid., B, Pyraoconitine is formed by
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heating 4dry eoconitine slone and from this pyraconine and
benzoic aeid may be produced by hydrolysis. Dunsten sums
up the alkaloids thus:
1, Aconitine «- acetylebenzoyl-aconine, CupaH xNOjse
2. Napelline «~ Isasconitine, or picrsoonitine, benzoyl

aconin®, Cu H,,N044e
3« Pyraconitine, CyyEq1803 00
4. Aconine, Cp HygNOyne
S¢ Pyraconine, CpygBanlOge

Edwin Richards snd F, Ashley Roger in examining aco=

nitum arrived at the following oonclusions {(1892):
l. Best material for preperation of asconitine is the root
of Aconitur Napellus,
2. The alkaloid, aconitine 1s found in the ocambium, vascular
bundles end sieve ductis,
Se¢ The arystals of econitine have the appearance of hexe
agonal thin plates with acute ends,
4, It 1s prodable that two varieties, alyha and beta, 800~
nitine exist. The melting point of alpha aconitine was
found to be 182° - 184°. Beta aconitine melts at 178° .
160%°, The beta form is also about six times 8s poisonous
&8 the alpha,.
5. These researches sutmitted O,,H, .N,0;, as the enpirical
formula for sconitine,

6. Fercentage of alkaloid obtained from fresh tubers was
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0.71%; from 4ry tubers O,l4%,

M. Freund end P, Beck (1864) assigned CuyH, gKOy, OF
CpyH gN0y, 88 the empjirical formula for aconitine and
stated that the bdody formed by long occntinued boiling of
this alkaloid has the formula CapllysNOyge They preferred
to call it picraconitine rather then isaconitine, a neme
given by ®right to & similar bedy. The aconine of Wright
they considered to be ldentieal with a body they obhtailned
by boiling alocholis potash end piloraconitine but accorde
ing to thelr work the formula derived was C,.H, N0 and
not 024H59!€01° ag determined by Dunsten or czaﬁagﬂou G«
cording to ¥right, Freund end Leck were positive as to
the correctness of these results.

According to J. T, Cesh &nd W, R. Dunstan (1898} the
extraord inary toxia-pawer of aconitine is mainly dependent
on the acetyl radicle in the molecule while the specifioc
action of benzaconine depsends on the existence in its
molecule of the benzoyl radicle, Aconine which contains
neither ascetyl nor bvenzoyl group is very inert but both
aconine end in a less degree benzaconine are said to act
as antidotes to aconitine, Thesa two workers regarded the
somposition end constitution of accnitine ga being unset~
tled.

He Hager (1894) stated that he hed found in Aconite

tubers alkaloidal strengths ranging from 0.6% to 1,253
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while Jurgens found only 0.8%. ¢, C, Eeller reported pere
centages of five semplest 0.87%, l.14%, 1.05%, 1,235 end
0e97%+ The tuders whioh contained the least alkaloid cone
tained consideradle sugayr from which fact it was concluded
thet they were not sollected from flowering plants, Keller
found 0,21% of slkaloid 4in aconite leaves,

F. ¥entrup (1907) experiumented to determine definitely
vhether the medicinal use of the "daughter” tuvbers along
with the parent eccnite tubers was justified, He found
that the "daughter®” tubers contained even & little more &ale
kaloid then the parent tuders, Unfortunately, the tubers
availadble were all defiolent in elkalold yielding only
0+34% to 0,522 whereas Zcller hed obtained from 0.875 =
1423%, |

Schulze and Yerger (1925} in working on sconitum
Kapellus found in the residue from econitine extresction a
Oy +3H,0,

22 45
and which they found to melt at 85° - 0% ¢, XNo orystele

new base which they called neepsliine, C

iine salts could be prepared but anelytical results showed

a methylamino group end three methoxy groups, On hydrolye

sis this new base yilelded denzolo aeid, acetic acid end

& base neoline whioh sould not be crystallized, The hy-
0

drobromide obtained, cgsﬁédmos Br, melted at 2109 C with

decomposition, An unorystallizadble derivative of neoline
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gave a gold salt which melted at 145°C and corresponded

on analysis to only one acetlyl group.



harmacolosy of isconitum MNapellus

¥ildbur L, Seoville (1010} in commenting on the ale
kaloidal assay methods of the U,S.P. 8eild thet the chemw
ical assay of seonite had been oriticized much but that
it had a real value, Ee considered that it could well
be supplemented by the Squibd physioclogical test whieh
would edd much to its value,

Pr, 4. B. Stevens {(191l) contended that there wss no
basis at that time for claiming that the chemleal assay of
hoonite (U.S.P. VIII) was unrelisble, except in the csse of
preparations of the drug that had been prepared dy heat,
The ocnclusions reached by Stevens for the Assay of Aconite
were: l. That aconits kept properly does not deteriorate,
2s That when deterioration dces teke plsce through improper
care such deteriorstion may dbe detected dy chemionl assay,
s That when deterioration is due to heat the weight of
ether-soluble residue is Increased, end the basic properties
are decreased, hence 1t is easy to detect deterioration by
volumetrio assay, 4. Thet the Sqguibd test 1a valushle for
ccmparison but that it 1a not zuiteble for pharmacopoeial
stendsrdization, 8, That ehloroform should not be used in
the esaay of aconite, 8, That the ohemical assay 1s not

scientifically exact but that it 1is sufficiently accurate

o 30 w
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for use in determining the quality of sconite or of its
preparations, .

Loonite preparstions when tested physiologically
show sush great variablility es to prove that the chemioal
method of the U.3.P. VIii for determining alkalotdsl con-
tent of Aconitum Napsllus was not a true messure of 1ts
activity., Preparations relsatively rich in total alkaloids
have a low toxisity whereas those comparatively low in
totel elkaloids have & high toxioity. Chemical methods
of assay other then that of the U.S,P, Viif have deen
found to be equally unrelieble,

The activity of aconite depends meinly upon 1ts most
ective alkaloid, aconitine which is very reudily hydrolyzed
into benzaconine and later into aconine. DIenzaconine the
producet of the first stage of hydrolysis of mocnitine, ia
the chief oconstituent of the subastance named nspelline and
picraconitine by the older workers, Dunstan first named
it isaconitine, Lenzaconinc and econitine are sparingly
soluble in water but readily soluble in aleohol, Aconine,
an semorphous base is soluble in both water and aloohol,
These alkeloids are present in the orude drug and may ale
80 be present in ganleniocals as decomposition products, Dune
sten end Umney (1€92) found aoonite alkaloids remarkadble
in that they essily undergo hydrolysis,
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Cash (16898) fcund that aconitine is the most active
of the alkaloids, ZEither to the frog (Hena temporaria) or
to the Cuinea pig it is two hundred times more toxic than
benzaconine =nd ebout twelve Lundred times more toxic than
aconine, In large doses aconitine produces marked effeots
upon the central nervous system, In warm blocded animals,
the heart is first slowed due to a stimulation of the vagus
center and this slowing is socompanied by e great fall in
blood pressure, The heart rate then inereases and later
becomes irreguler with the development of & marked arrhythw
ria between esuricles and ventricles, the blood pressure fluce
tvating greatly., 4Applied to the tongue end mouth in dllute
solutions eoeonitine produces the tingling senssation which
ie 80 characteristic of aconite,

Benzaconine in small doses causes n very slight rise
in the blood pressure and en eccelerstion of the heart reate
vhereas with lerze doses & steady fell in blood pressure
ocours which is accompenied by a decrease in the heart rate,
There is elso developed & c¢henge in rhythm between the
auricles and the ventricles, Ko tingling is produced when
benzeoonine 1s vpplied to the tongue.

Aconine es compeared with the former alkeloids is oome
paratively harmless, 4 sligkt rise in ressure usually

ocours, due to a more complete systole of the heart. In
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this respeot soonine is entegonistio to aconitine snd
benzaconine, like the latter it does not produce tingling,

Geo, EBe Roth (1913) investigated seven methods of ase
say and found that ¢f these the Squidk and the lethal
guines pig rmethods alone could bd used with sny degree of
aocuraoy, His eriticism sgainst the Sguidd method was the
subjective factor which he regarded as detrimental. Roth
concluded that the subjeotive fector 1s en objeotion szince
the results obtained by him for this method were so muoh
lower than those of cther cobservers, The guines pig methe
o4 was the nost delicate toxio method investigated and
showed little or no variability. The relative nonetoxioity
of the asconines in aconite end the perallelisn noticed bhee
tween the Squibd and guinea pig method indioated that the
latter method 1s prectically a messure of the sconitine
ocontent in aconite., A oomparison of all resulte showed
that the guinea pig method is the preferadle method of ase-
88y .

Churles C. Haskell (1918) found the chemical standarde
ization of aconite tincture useless, le considered the
UsSuF, Viii method of chemical assay &9 not only uselesa
but sufficiently misleading es to be nore or less dangerous,
Ee conoluded that the lethal dose method for a guinea pig

is the most convenient &and satisfsctory for arriving st e
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stendard, lLater and more extensive tests by Haskell tended
to prove that season influences in a decided way the resist-
ence of guinea pigs to poisoning by tinoture of aconitey
that the cat method of Hatocher for assay of amconite is worthy
of & more extended trial, |

T. Rs Fraser {1917) etated that of the one hundred and
£4£ty known species of aconitum only two or three had been
examined pharmasoologically, although ell those examined
produced the seme charsoteristio effeots on the‘nervoua
system, seoretions, circulation and respiration, yet they
might be divided into two olasses, One of these classes
acts predcminantly on the c¢irculation, the other on the
respiration, Thoee containing aconitiuo belong to the first
ciaa., those which yield pseudc-aoonitine to the second
category, Asonitum Napellus i1s the most efficient of the
aconitine elass, Aconitum heterophylloides and aconitum

nagarum belong to the pseudoaconitine group.

Work done by E, ¥, Swanson end A, L. walters (1923)
on the stenderdization and stabilization of asonite prep-
arations gave still further proof that the chemical method
of assay 1l‘unre11able and suzgested thet this method be
disregarded in the U.3,P. X They found also that the
lethal dose assay gives much better results in the hands

of verious teschnicians, Further work slong this same
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line carried out by E, E. Swenson (1924) showed that the
decomposition or hydrolysis of the pure alkaleids of acoe
nite does not tkae place in en acid slooholie solution.
Fright snd Luff (1877, 1878, snd 1679) had previously
found that aoconite alkaloids in en slkaline alookolie
solution hydrolyzed with remarkadle esse, The U.S.P.
tinoture end fluidextract of aconite {(U.S.P. IX} 414 not
give an elkaline reaction toward litmus when freshly made
or when aged, However, this was probdbebly prevented Ddy

the alechol, The alkeloids of aconite probably form ¢ome
bination salts with week scids and these decompose readily
into the free base, Additionel experiments sondusted by
E., Xo Evwanson showed that the deterioration of the tinc-
tures and fluid extracta is prodadly due to decomposition
or hydrolysis of the alkalolds and may be a hydrogen ion
goncentration feotor, Freparations containing en secil
yielded to Swaneon & higher pi value than the U,S.F. prep=-
srations This difference is evidently due to the poor aise
sociating property of acetic &cid as compared with that of
hydrochlorio acid, Continuing the work on the deteriors
ation and stebilization of eoconite preparations E, £, Swane
son and Crester C, Hargreaves (1927) condusted & series of
experiments on guineea pigs and mice with tinctures end

fluid extraots of varying pH concentretions, They found
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iization of aeonite preperations, From the results obtaine
¢4 they recommended that tinctures and fluidextrsots of Aco=-
nite U,2,P, should have & pli value of 2,5 and not less than
5«00 in order to prevent deterjoration, The amount of acid
vequired to produce the degired pHl depended upon the smount
of slksloids end inert materisl present in esch lot of arug.
These workers found that the guinea plg mothod agreses ree
parkably well with the white mouse method ae far as stend-
erd aconite preparations are ooncerned Lut that this sgree«
ment vanishes whon the preparsation has undergone deteriorae
tion,

Le We Rowe (1925) 4in comparing the degree of accuracy
betwesn the gulmnea piz end mouse methods showed the latter
to be as acourate, if not more so, and Jjuat as dependadble 1if
an insusoeptibilivy feetor of 6,25 48 used, the mouse dbeling
relatively more resistant, 4ilso, from the standpoint of
expense mice as test aninsls make this method more practiosl,

Vanuel G, Jauregul (1927) in a study msde on the methe
ods for determining the minimum lethal dose of aoconitine
as a standard for dbiological asesay of aconite preparationa
soncluded: 1., That the U,5.P.X guinea pig method, earefully
performed gives uniform results end offers no techniocal

dirficultiesy 2, The lethal sudoutaneousz dose for ozts and
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dogs agrees fairly olosely with that for guinea pigs

3, Intravenous injections on enesthetized snimals give une
relisble results when the anesthetie ia given in the usuel
manners 4, If the snesthetic 1is given in fixed amounte
proportional to the size of ih& senimal or if respiratory
failure is prevented by artificisl respliration, the intra=
venous method to ell appesranoces 1s relisdbley H. laatly,
vegus elowings of the heart oan not be taken as a meesure
of aoconitine toxieity.

Jemes C, Munch end Re Y. Crantham (1929) compared
the toxieity of tinetures and fluidextracts of aconite
to guinea pige and rate, Their results showed a lesser
toxioity to rate and to gulnes pigs with increased age
of the preperationa, This feot was interpreted to meen
thaet the hydrolytio cleavage products of aconitine are
less toxio.

L. B. Haag and L, %, Dawkins (1930C) examined four
specimens of tincture of soonite ranufactured under the
names of well-known pharmaceutical houses. The assays
were conducted sccording to the U, 5.P, X moethod and
proved that tinctures of aconite now offered for olinijecal
uee still show a great variation in physiclogieel active
i1ty, FEeag snd Fawkins following up the work of Swanson

and others examined the hydrogen ion concentration of



samples which they had previcusly tested bilologlosally.
Thelir findings also point to & c¢lose relationshilp bew
tween the stebility and hydrogen ion concentratlon. Tney
recommend that, if the preperation 12 t¢ be retained in
the pharmacopoeia it should be edjusted to a proper pH
88 proposed by Swansones They further suggest that in the
case Of all diugs subject to deterioration, & statement
should be made on the labela o these preparations give
ing date of menufacture and the time limit, 1f possible,
beyond whieh the drug should not dbe used. Loreover, in
view of the feot thet diglitelis leaf hes been shown to
be fer more stable than any of its liguid preparations,
it seems desireble that studies should be mude to ascer-

tain whether the same holds true for soonite,
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Botany of iconitum Nepelluss:

Arthur Meyer (1E8l) contridbuted & comprehensive study
©f the officisl aconite and of the more important species
related t0 1t. He clessified the Aconites as follows:

I. Aconites having & rhizome,

Aconitum Lycoetonum L,
Il. Aconites heving polasoncus tuders,

Q. yoellow flowered species
Aconitum Anthora L,

De Blue flowered spsciocs

{a) Indigenous {kuropesan)
Aconitum Kapellus L,
Aeonitum Peniculetum Lam,
Aconitum Variegatum L,
Aconitum Stoerokianum Lehb,

{(b) Exogenous speciea
Aconitum ferox %allich.
Aconitum uncinatum L.
Aconitum Fischery leioh,

I1I, aconites Lhaving nonepoisonous tubers,
Aconitum heterophyllum %alleoh,

This clasalficaetion, while it does not include all the
specles of aconite known, gives, nevertheless, & skeleton
for a classificetion of them all. Aco  Lygsootonum, the
only species having a several headed rhizoms was selected
by Linne &s the type species of the genua, This species

18 a native of Europe and northern Asia (Siberia) and is

vory poisonous. It is a yellow-flowered fom snd commone

ly known as Yellow %olfs-bone,
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Aconitum Nepellus ettains & helght of from 0.7 » 1.5m.
The underground portion consists of & fusiform parent tuberw
ous root from which arise cne or more lateral shoots, each
forming & oonical daughter tubercus root, The leaves are
elternate, long atalked, with blades palmately ocut into
five or three segments, and each of these in turn divided
into narrow segments, The inflorescence 1s a terminal ra-
cem® of violet dlue flowers, The bracts are lsncsolate,
two in number beneath each pedicelled rflower, The sepals
are five in number, bluishepurple, the upper one helmet-
shaped, laterally compressed, the two lateral ones blunt
end ovate, the two lower oblong-lanceolate, The petals
vary from two to eight and are hammer=like, the two pPOSe
terioxr ones being covered by the hood of the poasterior
sepal, The stamens are numerous and hypogynous, There
are three or four carpels with bilobed stigmas and the
fruit econsists of & like number of beaked follicles cone
taining numerous, angulsr, erinkled end acridly testing

seeds,



Experirental
gharmacognony of fsoonitum lutescens

Aconitum lnutescens grows in kKontana in the EBitter

Root Valley, It is &lso found in Wyoming, Colorado, &nd
New lexico, Speecimens found by Deen Liollett in the Big
Hole Liountains near Sula were shoulder high. The plant
in general has & stem 4-8 dm high, The stem of a speciw
men examined m asured 8,5 dm end wag smooth, The leaves
are alternate with bledes 5 - 8,5 om broad, thin, gla=-
brous, pelmately divided into three deeply cut leaflets.
These leaflets wre not divided to base as in Aconitunm
Nepellus, neither are they laciniately toothed as in the
official aconite, Eech leaflet of Aconitum lLutescene
averages from 2 « 3,5 om. in width and 4.5 « 7.2 em, in
lengthe, 1In outline the leaves are ovate-lancsolate with
apex aocuminsate snd base cuneate, rach leaflet is slso
deoply and coarsely toothad three or four times above the
middle, The petioles are from 3.5 em - 6 om longe The
inflorescence consists of few racemes borne in axils of
leaves, narrow, long for the plant end rather open, The
pedicels and rachis ere softly hirsute with strsaight
visold bhairs standing at right angles. The rechis nreasures
sbout 9 om in length. Two bracts, lanceolate in outline

w 4] -
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sublend eaoch pedicellesd flower, The sapals sre five in
nunber end oresm colored. In plants growing in the shasde
¥ithout eny access of light the flowers were obaserved to
be pure white, The upper sepal is helmeteshaped, froat
almost straight with beak dirscted downwarda, Trhe lateral
sepals are three-fourths as long as the hood, moderately
oblique and concave. Thée lower sepals are one-~fourth as
long as~the lateral, Two petals are present both hooded,
slawed and possessing nectaries, and both being concealed
in the nhood or helmet, The fruit consists of either thres
or four beaked follicles which everage 1 cm, in length

end 2 mm, in width and which &re sparingly pubesscent,

Illustration number one shows the general hadbit of
the plant in flower and in fruit.,

Aoonitum Napellus is usvelly collected in the fall
after the overground portions have dled down., Specimens
of this species whioh grow in the mediocinal plent garden
at the Univeraity of Nontana have been observed to be in

riower as late as the rirast of Qotober, ALeonitum delrphinie

folium Ryddb. considered closely related to the offieilal
species, flowers during July and dugust, It 1s indigenous
to Alaska, itlberta and British Columbla and grows at an
altitude of from 180C0-3500 m,

The lengthened time of flowering of Aconitum Hapele
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lus may be influenced to eome extent by the combined effect
of differences in esltitude, climate and cultivation, On
the other hand, Aconitum lutescens grown in the medioinal
plant garden had seeded and the overground parts had died
down at the time the official species was still flowering.
Aconitum lutescens A, Nelson, grows at en altitude of 1800
- 2500 m, along mountain streams in lew ilexico, Montana

and Ideaho, It flowers cduring July only. Aconitum lutescens

resembles iconitun columbisnum Kuttall in shape end size of

leaves «nd Asonitum insigne CGroeene in the general eppearsnos

of the flowers exceprting that those of Aconitum lutescens

ere smeller and ochrolsucous while those of Aconitum insigne

ere generally blue, Aconitum columbienum Nuttel (Aconitum
vestitum Creene) is native to Eritish Columbis, Montana,
New MNexico end California while Aconitum insigne Greene

is indigenous to Coloredo and Albertas, Canada, Coulter
and Nelaon'(IQGQ) reported sconitum lutescens &s growing
in ¥yoming, Colorado and New Lexioo only.

Specimens of Aconitum lutescens were examined and
found to be smaller &and less sturdy then those of Aconitum
Neapellus grown in the medioinal plent garden or than those
of Aconitum Columbienum. The lezves d1d not show as great
a8 variation in form in the same plent as did those of Acoe

nitum Colurmbisnum the older lsaves of which were dissected
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almost to the midrid, in this respect resenbling very
closely those of Aconitum Napellus. The leaves of the
specles in quesiion were also much thinner and venztion
was not s0 praninent &s in Aconitum Columbienum end AcO-
nitum.ﬁapellua. The darz blue flowers of Aconitum Napele
Jus are disposed in terxinal recemes while those of ACO=
nitum lutescens occur in long, narrow, rather open ra«
ocxes of pale oreamesolored flowers. The flowers of
Aconitum columbienun Huttall ars deseribed in New lanual

of Rocky Yountsin Botzany by Coulter and lelson as being

blue, sanetines pale or nearly white, few o&euring in
loose terminsl, psnicle-like racemes, A comparison of
the flowers of loonitum insicne Creene with those of A00-
nitun lutescens made from herberium specimens showed &
similarity in form and shape of flower hut those of the

latter wore smallar and oream-oclorsd whereas those of
the former were vioclei-blue. A4Again, a mounted apeolmen
in the herbarium of the Botany Dopartment, University of
lontena, identified s Aconitunm eolumbienum end collected

in Idsho waes smaller, less sturdy in gross appearance
then were others of the same zpecles in this herbsrium
end in that of lepartment of Fharmasy, The leaves were
smaller, more gladbrous, thinner und did not show so great

& differentiation of form, They were, moreover, not so
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deeply aissscted. The flowers were much smaller, and pale
yallow with very narrow blue dborders, This particular
specimen of Aconitum columdimnum was colleoted at sn ele
titude of 6900 feot. The author hee some doubt as to
whether this spec¢imen was hybridized by & erosasing of the
- two specilesa, eoolumbisnum and lutescens, or whether 1t wes
simply Aconitum eolumbisanunm altaréd by environment, If
the latter is true then Aconitum lutescens may be a
snecien established &3 a result of environrental oondi-
tions of altitude, 2oil and molsture,

Aconitun columbienum is the near relative of isconitum
Fischeri, one of the Japanese Aconitea, This latter speocles
1s recognized as being morphologioally end chemically dis-
tinet from Zc¢onitum Neapellus, If Aconitum lutescens is a
desoendont of, or en sltered Aconitum columbianum, then we
may reasonably expect to find that. it differs from Aconitum
Hapellus in its outer end inner morphology end elso in its
cremistry.
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Yacromorsvhology of soonitum lutescens tubers:

in shepe the tubers of Aconitum lutescens are more or

less fusifom or spindle-sheped, tapering &t esch end or
in some instences slightly flattened at the e¢rown. The
daughter tubers are conneeted by a side branoch. Ixternale
ly they are dark brown in colcr and smooth, Rootlets are
falrly numerous &nd the longest ones attein a length of
85 mm. The length of the tubers varies, ranging from 2.2
- £2,5. om,s leafl buds &re present at the orown eand average
12 mm. in length and 4 mm. in width., The fracture of tuber
is short and scmewhat mealy. The taste is very bitter but
quite free from acridity., Illustrstion number two repro-
sents a drawing of & typlecal tuber of Aconitum lutescens,
Compered with tubers of Aconitum Napellus those Of AGCe
nitum lutescens are considerably smeller, fne dimensions
for the V.S.P. species may dve summerized as followst 4-10 om.
in length and from l«3,5 cm. in diameter &t the ocrown, exe
ternally dark brown or grayish brown, smooth or longitudinale-
ly wrinkled, the uppsr end with a bud or remeins of a bud
acele and & stem soari the oithsr portions with numerous
root socars or short rootletsy frecture éhort, horny and
somewhat mealy; taste sweetish, soon becoming acrid and de-

veloping a tingling sensation followed by numbness.
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Eistology of the Tuber end Hootlets of Aconitum lutescens:

Permanent slides of eross-sections of rootlets of
Aconitum lutescens and iAconitum Napellus end oross and
longitudinal sections of the tubers of both species were
made socording to the parsaffinm method end the following
fects were noted: In eross-section the rootlets of Loonie
tum lutescens appear primitive in structure, An outer
brown corky leyer composed of one layer of very much flate
teried, compressed snd suberized cells is present, Within
this corky leyer is found & single layer of tangentislly
elongated parenchyme cells totally devoid of starch grains,.
The next layer cemprising the cortex consists of thres to
four layers of equal sized, parenchymatous, polyhedric cells
in ihioh are found numerous single snd two to seven oone
pound stareh grairns, Surrounding the vasculary dundle is
the endodermis or staxroch shesth composed of & single layer
of tangentially elongated, slichtly rounded cells, The
vascular cylinder seems to be of the most primitive type,
being so0lid, with xylem et center and surrounded by phloem,
This apparently concentrio type of bundle gives way to the
radial arrangement in the tuber,

Crosse-sections of the rootlets of Aiconitum Napellus
show the same cheracteristio structure of isconitim lutescens

with the exception that the endodermis 1s ebaent,
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Crecer SecTion Rortlel” N onifum \utescens -

Cfess Secfion FooTlel Acom iTurm No.fallu_s

Aconitum lutescens
Aconitum Napellus

Ill t3
Ustration No, 3~ Cross section Rootlets:
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Crosse~sections of tudbera of Aconitum luteéscens show
an outer suberized layer of cork one cell thick, The
cortex is composed of two distinet layers, sn outer thin
layer of primary cortex made up of three rows of elongated
parenchyma cells totally devoid of starch greins and an
endodermis of tangentieally élongated ¢ells separating the
prinery cortex from the inner, 7his inner zone or princi«
pal tissue is made up of from 320 « 35 rows of starch«cone
taining parenchyms c¢ells, more or less rounded and gradue
ally becoming smeller &s they approach the vasoculer bundles
and pith, The ocells ¢of the principasl tissue are =oked
with stareh granules, btoth simple and compound, Stone
colle are very few in number ocourring in the inner zone
of the cortex, The cambium is c¢ircular in ocutline and
oomposed of three rows of flattened parenchymatous cells
slso filled with eterch, T7The vasculer c¢ylinder is pen-
tarchi the five collateral dundles are distridbuted or are-
ranged to ecorrespond with eiroculsr figure of oambium, Taeh
bundle is seperated by & medullary rey made up of rather
tudular oells considersdly larger then the cells of the
innermost layer of principel tissue snd penetrating them,
The xylem of the bundle= is bow-shaped, opening outwards,
The phloem oanposed of sleve tudbes und companion cells is

enclosed by the arms of the xylem of each bundle, The
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gells of the phloem are larger then those found Just oute
side the oamdbium slongated end of rounded shapes, The

pith or medulls surrcunded dy the bundles is maede up of
rounded polyhedrie cella sbout seven such cells in dismeter,
There are very feow if eny intercellular spaces between
these cells which exceod by about three times the size of
the cells of prineipal tissue,

The longitudinel section shows that the several ves-
sels of the tubers extend separately to the end of the
root and 4o not anestomose, though they are often bent
or curved, The traechesae show slit-~like single pores or
reticulate markings,.

The histology of the tuber of isccnitum lutesocena ep-
pears to sinmulate that of & Japanese Aconite described by
De Vo Wasowiez (1£81) and nsmed tsaocu, Two species of
Japanese Aconite are substituted in medlioine, namely Acow

nitum Fischeri ang Aoonitum unecinatum var, Jjeponicum. It
is impossible t¢ know which, 1f either,of these is being

desoribed by D.V. Vasowlez,

The official Aconitum Nepellus 4iffers from Aconitum
Jutescens in the inner morphology of the root, sconitum
Napellus shows an outer layer of one or more rows of subere
ized cells with dlackishe~brown walls end & cortex mads up

of two zones, The outer zone is composed of 8~15 layers
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of parenchyma cells interspersed with stone cells, In Atoe
nitum lutescens the stone cells are scattered and when prese
ent are distributed in inner zone. The outer zone of ocortex
in Accnitum lutescens 1s made up of but three or four ley.
ers of pesrenchyma cells, Twenty leyers of starch sontaining
parenchyms make up the inner broader zone of the official
species whereas in Aconitum lutesoens there are from thirty
to thirty-five layera of stareh containing perenchyma, The
two zones in both species are separated one from the other
by & modified endodermis, iconitum Napellus possesses a
five to sight angled cemblum more or less ster shaped withe
in the engles of which and scalttered along the entire cambie
el line ocour collateral ribro-vasoular dbundles, As mentione
ed before, the camdbium of Aconitum lutescens has a circular
outline, . _

hecording to Jemes U, bunch end H, H, Crosbie (1929)
the U.S.P, X pharmaoognéatie desoription of Aconitum Napele
lus is inadequate in several particulars, They mention the
"modified endodermis® of Aconitum Napellus whioch c¢reates
some speculation as to whal the characteristiios of such a
structure should be, 4lso whether there reszlly is any Acoe
nitum Napellus on the market possessing a truly fusifom
root, These workers report that a recent shipment of AcCO=

nite (1929) invoioced as Aconitum Napellus, while not dise
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agreeing greetly with eny physical eharanteriatid of the
UuSsPe X, nevertheless, showed in oross-sections of daughter
roots en almost perfect camdlal zone., A cross-gection made
of a week mother root showed the same circuler cambial zone,
Swaller auxillary dundles ¥ere noted between the mein bundles
which had the "Gestrechte V" form that seems to characterize
all aconites, On the other hend, a cross-seoction of a tuber
taken to bde a sample of normal Aconitum Kapsllus showed the
distinetly stellate cambial zone, It seems shat Aconite
is resching the imericen market as e mixture of speoles
and that even unskilled workmen ¢an pilck out these undesire
eble species by thelr outward appearences, but the officlal
desoription is 80 indefinite that they cannot legsally bve
rejected, The present pharmacopoeial desaription of the
root makes it possible to exclude the Jupanese and Indian
Aconites but not some of the European specles,

Preperatory to the analysis of the root and slso to
the making of the tinsture for biological assay, the dried
tubers of Aconitum lutescens were reduced to a No, 40 pofﬁer.
This powder was greyishubrawn in color and possessed only
a slight odor, The stasroh grains were very numerous, spheri
cal, plano~oonvex, single or two to seven compound with
markings plain or clearly defined including a centrel cleft,

forked eor stellate hilum, TlLe starch gralns varied from
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12 miorons to 20 microns in diemeter for single grains and
from 12 to 24 microns in dlameter wnd 28 microné in length
for compound gr&ihs. The taste was very bitter and stimue-
lated the flow of the saliva but it was [ree from any ace
ridity. lo tingling or benumbing sensation &8s is character~
istic of Aconitum Hapellus wae produced in the mouth, [ume
erous tracheae averaged 20 to 36 miorons in width, DBast
fibvers with obligue slits in the walls were found to be
present in the powdered drug, Fragments of cork and pé-
renchyma ¢ells containing starch were also found. EStone

cells were not in evidence in powdered Aconitum lutesoens,
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Chemiecal Anaslysis of Aconitum lutescens
Petermination of Voisture in the Tubers

0& Cctober 21, 163C, tubers possessing good-sized
buds end rootlets were colleoted from the medicinal plant
garden of the lUniversity of kontsnee (n this date the of-
fiolal species, Kapellus was still blcoming while the over=-
ground paris of Lconitum lutescens haed 4died down., Sucoesw
sive lota of the tubers were gathered on November 6, 1930,
January 15, 1831, April 2, 1931, Ilech lot was trested in
the following éanner: The tubers were thoroughly washed
end pleced on blotting paper to teke up excess molsture,
The roots were then weighed, spread out on papers and ale
lowed to 4ry to oonstant weight at rﬁam temperature. They
were tien transferred to sn cleetric drying oven mainteine
ed at a oonstent temperature of 105° 0 and éried untild
ihere wes no further loss in weight, The oven-dried materiel
was then weighed « The per ¢ent of molisture lost in air
drying and oven drying was determined with the following
results for the different lots of the roots:

Tubers OCct. 21,1830 Nov, 6, 1920 Jan. 15,1931 Apr.2,1931
Alr-dried L1154 50,7558 51,9 62, 8%
Oven-dried 76% 60.875% 54+ 64.09%
These combined lots of tubers were comminuted into a number

40 powder,
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Ash determinations were first made, These included:
total esh, water soluble, z2¢id insoluble esh, alkalinity

of water soluble snd glkalinity of water inscluble ash.

In the titrations for ulkelinity of water soluble sash Q1N

hydrochlorie aoid was used with methyl oranze as the ine
dicator, In titrating the slkalinity of water insolubdle
ash 15 o¢. of O,1N hydrochloric acid were ndded to the ash
and the excess acld titrated back with 0.,1X sodiuwn hydroxides,
methyl orange being used es the indiocator,

4n ash determinetion to determine total &ash was likewise
msde on tubers of Aconitum lutescens ¢ollested by Dean C, E,
l'ollett on July 24, 1921 from the Eig Lole Divide of the
Bitter Root Valley. The resulta were widely different from
thoase obtained Crom tubers of the previcus yesr, It is ase
sured that the difference in year, sesson, loocality end ene
vironrent may account for the disparity, Duplicate determinae

tions were made on powdered Aconitum lutescens of both seasms,

Total Ash Determina. Determ. Det. Deot.
" » 1830 Drug No, I Kos 1I, 1931 Drug I IX
" " 7.52% 7 445% 3.72% 3.697%
1030 Drug Det, No., 1 Det, Nos II
Vater Insol, fsh = 8.53% 7.08%
4cid Insoluble 4sh = 3.609% 34085

Natural Ash % 3.911% 575
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The figures for alkalinity of water soluble ash end water
insocluble ash made from powdered Aconitum lutescens were:
Determination No, I Determ, Ho., 11

Alkelinity Water Soluble Ash = 1,052 ec‘;;ﬂcl 1.25°o¥3301.
)

to neutralize alkelinity from
one grem of sample,.

. n
Alkalinity Water Imsoluble Ash t4.593¢.§3.ﬂc1 5.460015 Hol.

The U.S.P. regquirement for acid insoluble ash of Aco-

nitum Napellus is not more than 2%. Aconitum lutescens
vields 1.345% more acid insoluble ash than the official
species, |

The orgenic snalysis of Aconitum lutescens was carried
‘out according to Dragendorff's method of plant analysis
with modifications proposed by L. E. Sayre, Analyses were
run on lots of drug collected from the medicinal plant gar-
den, University of Montana and from the Bitter Root Valley,
Big Hole Divide, '
I. Approximately 5 gm. each of a no; 40 powder of Aconi-
tum lutescens from the two lots were completely extracted
with chloroformm in a Saxhlet Extractor, After the chloro-
formm was removed by evaporation there remained extrectives
orange brown in color, bitter in taste, and with a faint
peculiar odor,

Fall Drug 1930, Det. No., I.  Det. No. II ° blt.Nacrt®ot

Chloroform Ext. 3.73% 3« 03% 1.94%
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Ie (b) Fixed Cilee The chloroformie extraotives wero treate
€d with small quantitios of patroleum ether, The solutionsg
wore filtered and filtrate svaporated until froe from petros
loum ether, Tkis potrolounm ether sxtreotive was celoulated
es a fixed olle, The per dent yields weres
3830 Drug, 1.,0230% snd 19831 Drug (July) 1.3%6%.

These oxtractives were yellowisheorange in c¢olor, sticky
and had an odor resembling that of asafootida, They wore
then sllorved to Yeousin exposzed 30 the air for several days
and reweighed, There wes no ohsnge in weight indieating
the abasence of volatile oill and slsc that the fixed ofl
is of a‘ndn-drrxug nature,
Is (0) Hesinee The filters and residues remuining after
treatnent with petroleum ether were mmcersted for 18 hours
in 80% eloochol. 7The alooholic solutions were filtered znd
evaporated to & small dbulk on & steam bath end then poured
into large volunes of water scidulsted by afdition of 8%
sulphurio acid, 7The precipritates wers oollected in Goooh
erucibles, weigched when dry, and ocalculated s resins,
ihese resins were at first, flocculent, yellowishewhite
but became ochooolete brown after filtration wsnd drying.
The ylelds of resin wers respoectivelys

Fall 1020 Trug ® C.284/%.

July 1821 * 8 0,5C0%.
Yo (8) fiexy lanterfieles The residues rexaining aftey exe
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traotion with 80% alcohol were weighed snd c¢alculated as
wexy (?) material, The ylelds were;

Fall 1930 Drug = 0,1806%

July 1931 * = 0.0166%
I1X. Tho dregs or marcs remaining from the chloroform exe
hausted 4rug wers next subjeoted to complete extraction
with 80% aleohol,
II. (a) Resin-=- The elooholic extraots were evaporated on
the steam bath and the consentrates poured respectively
into large volumes of water, The precipitates thus obe
tained were coclloidal in nature snd represented resins
not extreocted by the previous treatient with e¢hloroform.
These resin precipitates collected a£lsc in Gooeh erucibdles
were greenish-brown, bitter and had an odor resembling that
of an 0ld tobaceo pipe. The yields for lots of the two
years weret

Fall 1930 Drug = 0,0353%

July 1921 Drug = C.$58%
II., (b) Veretable iAcids«- A solution of neutrel lead scetate

was added to the two filtrates from Ila, Olive green pre-
cipitates were formed, These were removed from the mixe
tures by filtration and considered as vegetable 2cids (posw
8ibly aconitic acid)., The precipitates were heated to cone
stant weight, The differencesbetween the residues (Fho)

and original weights of precipitates were sssumed &s repreé-
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senting the nunber of grams of vegetable acid:
Fall 1930 Lrug = 1.08%
July 1931 Drug = 0.,B935%
IXy (e) Sugars Dissolved in AlcohOlem To 100 ec. eazch of

1

the filtrates from IIdb, sclutions of lesd subacetate were
edded, A 8light cloudiness was produced in both riltrates,
lLead wes ranoved from solution by treatment with hydroe
chlorio a¢id &nd hydrogen sulphide, The sclutions were
filtered, the filtrates neutralized with anmonia and made
up to 200 ce, each with distilled water, Lgual parts of
Febling's Solution and filtrates (1000) were boiled tut

ne color c¢hanges were produced indioating absenoes of sugars
dissolved in alcochol,

11, (4) Llkaloids~= To 50 6o, porticns of filtrate remeine

ing from II (a) qualitative tests for alkalolds were made on
divided portions as followss

Nayers fesgent yilelded a yellow amorphous precipitate

Ltimmonia " brown gunmy precipitate
Tannie acid " @& ocurdy tsn~colored precipitate
Pioerie icid " no precipitete

Gold Chloride T, Se yielded a brown precipltate whieh
soon turned bleok,

Wegners heagent ylelded an orange brown precipitate

These precipitates were &ll Leavy &nd without doubt cope

sisted of other extractive, inert, or coloring matter,
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The determinsation of the presence of salkaloids was later
made on separate portions of these lots of drugs end 1i»
described more fully in the seotion on alkaloids,
I1XlX. Meres remeining after previous treatments with ohloro-
form and slocohel were macerated avér night in water and
then filtereds To small portions of the filtrate in test
tubes the following reesgents were added:

{1) Gelatin T. S.

{(2) Quinire T, 8.

{3} Ferrie Chloride T, S,.
Ko precipitates or ¢olor ohanges were obtained proving the
absence of tannin or tannic seid, The vagetaplo acid prese

ent, therefors, 18 very likely moonitie acid which is found

in other species of the genus, Aconitie scid ia clogely
allied to oitric acid whioch when heated to 173% C loses
not only its water of crystallization but elso a molecule

of water from its own struotural formule;

Citrie recid sdoonitic Aoid
iﬁz COCH §§EOOH

gOH COCGH g-ccon

CHz COOH 032 COOH,

Aconitio acid like ocitric acid is not poinéneul-
11I, (a) Cum~=s To eazoh of 25e¢c. portions of the filtrates
Tfrom III ocontained in test tubes 50ce, of &basolute aleochol

were added, The test tubea were tightly closed and 2llowe
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ed to stand for 48 hours at the end of which time muddy
brown precipitates had formed which were considered as
Fum,

Fall 1930 Drug = 4.85% gum.

July 1931 Drug = 0.8104% gum,
IIX. (b) Albuminoid Matieree The remainder of the file
trates from III were treated with tannio eeid T, S, &nd

any excess of tennin removed from the precipitates dy
treatment with hot alcohol., The precipitates werse then
colleoted in Gooch crucidbles, d4ried to constant weight
end oalculated &3 glbuminoid materisls:

Fall 1930 Dg. ylelded 7.16% Albuminoid Mat,

July 1831 " " 7..88% " "
IV, (a) Inert Coloring rMatter: Karcs remeining after ohloros

formie, alooholic end agueous extractions were next boile
ed for six hours with 500 ce, portions of weter each aciduw
lated with § co. of sulphurie aocid. ¥Fresh portions of 4lse
tilled water were added from time %o time to keep the
volumes at 500 ce, Lfter filtration the acldity of the
solutions was neutralized with 105 sodium hydroxide end

the resulting liquidas drought to the bolling point 8 treat.
ment yielding copious precipitates, These precipitates

were removed by filtretion snd represented inert coloring
matter, This was present im both lots but wss sslcoulated
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only for the 4rug collectsd in the fall of 1830, The yield
was ":zm%.

i;. {v) Tests for Supars-~ 1l0cc. portions of filtratea fron
v é,uero tested with 1000, eaoh of Fehling's Solution (prew
vicusly boiled to determine if solution itself was reduced},
Heavy brick red precipitates of cuprous oxide, cuac were
formed indioating presence of reduoing sugars,

Teo 1006, portions of filtrate from IVa were next heate
ed with Barfced's reegent, There was reduction confirming
presendce of monoseecharides, The sterch which exists in
abundance in the tuderas unﬁaubtedly became hydrolyzed dure
ing the procedure of aznalysis with formation of a monose
(zlucose}. iannitol which on oxidation yields mannose has
been reported in sconitum Napellus, Mannose 1s an isomer of
glucose. The presence of llannose in those plants in which
it has been reported is, with the exception of menna, pres-
ent in such small amounts that 1t 1is rezsonadble to suppose
that the heavy precipitates of ocuprous oxlde formed were
due to glucese resuliing from the hydrolysis of starch prese
ent in the tubers of Aconitum lutescena,

Ve Cutose~-« The remaining dregs wero'treated with 500 co.
each of 2% NaOH and boiled for two hours, fresh portions
of distilled water belinz added from time to time to keep

volune of each determination at the 500 ce, mark. 50 e¢c,
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portions of this sodium hydroxide extractive were evaporated
and the residues woelghed, To these residues was then adde
ed ammanionéuprlc sulphate T. S, The scdium hydroxide exe
tractives with the exception of a trace disgolved therein,
The part insoluble in ammonfio-ouprie sulphate T, S, Yepre-
sents cutose or suberose, a substonce ssscolated with cel-
lulose as protective matter in the cork of stems and roots,

Vi. Cellulose~« The residues remaining from V after treate

ment with 2% sodium hydroxide were first washed with water,
then with aloohol end lestily with afhar, They were then
thoroughly dried and the weight of ecch ascerteined., The
dried dregs were next incinersted to constant weight, The
weights of the residues sudbtracted from the weights of the
dried dregs gave the number grems of oellulese present in
5 grams of the tubders,

Fall 1920 Drug = 3,.,367% cellulose,

July 1931 Drug = 3.82% cellulose,
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Summary - Orgenio Anslysis
Aconitum luteseens

Drug, July, 1931  Prug-Cot, 1930
Ashe total IQJVOBS% {(eve) 7.,465% {Ave,.)
Natural ish Rot determined 5.6405% (sve,.)
HpO Soluble " " 0,495% (Ave,)
Acid Insoluble d * 3.§ggﬁl(Ave,)_
HpQ. 1nsolubdble " . 6.,99% (Ave,)
Yolatile 011 Absent Absent —
Fixed 011 _1,36% 1,629%
Resin Io 0,509% 0,384%
Resin IIa | 0.958% 0.0353% .
waxy (2) Yatter 0.189% 0,187%
Orpenio Acids {Veretable) 0,893% 1,28%
Glucose Dslvd, slcohol Absent Absent
Extractive with slkaloid Present | Fresent —
Gum . 0,8104% 4,68%
Color Ex%. & Albuminoid 7.16% 7.88%
Inert Coloring Yatter Present £044%
Starch & Allied Substences n &4 present **
Cutose Trace Trace

Cellulose 3,82% 3.367%
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From the above it can be seen that upon analysise 400~
nitum lutescens of fall snd sumnmer growth shows a wide
variation in at least three respects, namely, total esh,
resin end gum eontent,

The &sh oontent of eaoh organ ohanges during its
growth or development, 1t has generally been understood
that in leaves the ash oontent inereases with &ge while
in stems and roots it decreasss, From tle eceding sume
mary we find such is not the case with tubera is Aconie
tum lutesosns, those of fall or older growth yielding a
mueh higher ash content then those gathered in July, The
inoresse may be due to edded silica encrusting cell walls
or to an inoreased deposit of mineral salte in the tubers,
Glanoing down the summary & difference of almost one-half
rer cent in the emount of organie acida present in tudbers
of summer root and those of fall growth i3 noted, The ore
eanio acid present is assumed to bve soonitiec aoid, This
acid usually occurs in the root in the form of the ¢alolum
salt, Xence, it is sltogether reasonable to suppose that
there really is &an increased amount of mineral matter
present in the older roots which would be present in the
form of oxides in the ash of the completely Lurned tubers,
Loreover, the amount should vary consideradly in the same

plant in different situstions indicating that in part these
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materiels sre determined not by the "needs™ of the plent
but by the solutions which have a ohance to wander into
it.

The tabulated data show that the tubers of July growth
contained only 0.8104% of gum whereas those of COctober |
growth 4.68% of gum, The reverse i2 true of the resin cone
tent, the tubera of July averaging l.467% of resin while |
those of Oetober only 0,4193%, Gums are in large part
earbohyd?&tea and arise from the treansformetion of cell
wall end growing tissue in woody plants, It 1s, therefore,
to be expected that the tubers of the fall sesson would
show & greater gum ocntent than those of the summer seescm.
The conclusion may bte drawn that the factors or oconditions
which favor the formation of gum or mucilage bring about
a correaponding decrease in resin seoretion,

It was also noticed that when & small amount of the
powdered drug wes agitated with water the eolutiocn frothed
strongly end produced suds vhich 414 ﬁot di sappear even
after stending for ean hour. This frothing was zo typleal
of saponin that several tests were mude for this prinociple.
An agqueous extraot of drugz was utilized for this purposze and
the following results wero odbtaineds
l, NHeutral lead Aneﬁate Te So Yielded a s8light precipitates’

24 Basie lead rtoetute T, £, yilelded a heavy yellowish white
precipitate, ‘
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3¢ Cold Chloride T, S. was reduced,

4. Potassium reruangenste was decolorized.

5., Ammoniacal Silver Nitrate T, §. was reduced,

6. Alkaline Copper Solution gave first & greenish gelatinous
precipitate, whioch in a few days seittled and became
yellowishegreen in color. The supernatent liquid ape
poared blue~green and possessed a distinot fluorescenoce,

7+ Barium Hydrozide T, £, yielled & precipitate,

Caponins form sn interesting group of non-nitrogencus gluw

cosides which are widely distributed emong plants, 2donis,

Cimieifuse, and Iulsatille are the only genera of the

Kanunculaceae which have, so far, been credited as containe

ing one or more related saponins, <Since qualitative tests

for nitrogen were positive (confirming other positive teats
for alkaleoid) and also since glucosides and alkaloids are
rarely found together in the seme plant it msey be ecncluded
that the &lkeloid or alkeloids of Aconitunm lutescens give
reactions identical with sore of those ascrived to saponins,
These same reactions are given by the alkaloids of other

speoies of the genus, iconitum,
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Inorgenic Gualitative Analysis of tubers of Aconitum
lLutescenss

The plan ¢of qualitative analysis followed was that
of Bliss and Sohsefer, It was made on two samples of ash
from the tubers of Aconitum lutescens incinersted to con-
stant weight, Summing up the results of these determinaw

tiona the following cations snd anions were found in the

ashs
Cations Anfons
Group IV - Fet! Group VI = S04~
Group VI « cat? Group 1V « PO“"
Group vii~ xgtt, x*

(2] Reusrai Uriho phooe
phates

The presence of silicates was 1ndica£ed by acid insoluble

ash,

The ccnstituents of Aconitum Nepellus are the alkaloids
aconitine, bdenzaconine, aconine, isaconitine (napelline), 800 =
nitic scid chiefly oombined with calcium, a little mannitol,
& resin and staroh, The 1inorganiec constituents other than
caleium are not listed by resserch workers,

The aconite with which Aoonitum lutescens agrees most
closely in respect to constituents is Aconitum heterophyle

Jum (Well,) an Indien aconite., Dr. M, Dunin V. Wasowiez
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{1879) 4n undertsking a thorough examineation of the roct
of this species found it to contain a soft fet, sconitio

gcld, sn s0i1d resembliing ordinary tannio acid,cene sugar,

vyegetable mucilapge, pectin bodies, the alkelold atesin
{non~toxic) and sterch which was determined mieroscopiceale

ly. The &sh smounted to 2,331% of the perfectly dried roots

end ¢ontained Al, Mg, Fe, K, and Ca united to Hel, HyPO,,

Ko work hes been done on Aoonitum lutescens from an
alksloidal standpoint as far as the writer was able to
discern from avellable literature, The work on iconitum
lutesoens was undertasken in en effort to isolate, identify

and to test the potency of the alkaloid or alksloids.

Vierochemical Tests Apvlied;

To several mounts mude from a fresh tuber of Aconitum
lutescens (Fsll 1820 plant):

ls Conocentrated sulphuric ascid yielded & reddish coloration
which beceme darker on standing (astion on starch).

2e C0l8 8nd Sodium Chloride T. S, when applied to fresh
sections of the tuber produced no erystals, Lence a
eonclusion was drawn that alkaloids, if present, pPro=
duoe only amorphous preocipitates wi%h this reagent,
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Gualitative Tests for alkaloid:

Two preliminary tests for alkeloids were made on tubdbers
of Aconitum lutescens collected in Cetober 193¢ from the
medicinal plant garden,

{1} 1.328% grums of powdered drug were macerated in Lodified
Frollius fluid for twenty-four hours, The Modified Frollius
Fluid was made according to the following formulatd
Etherscssescscsscsssssaves 250 o0,
ChlorofOrmecacescsssscerse EO0 cO,
£100N0lesavssernnsscesnrss 20 0O,
Ammonia ¥8terescecesescsse 10 0O,
This fluid containing the macerated drug was filtered end
yielded a lighkt brown colored filtrate, This was made el-
kaeline with ammonisa end shesken out in 8 separatory funnel
with ether, This in turn was shaken out with scidulated
water and sgepareted from the ethereal layer, kayers Rew
sgent (1-20 normal) when added to acid-water asclution gave

no test for elkaloil.,

Seocond Preliminsry Test:

(2) 2.,9%84 Cm, of powdered Aoonitum lutescens were macerated
for 24 hours in Modified irollius Fluld, The mixture was
then filtered, The filtrete which was of light brown color

was evaporated, Acidulated sbsolute sloolhol was added to
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the residue followed by a large volume of eacidulated water,
The soluticn wes filtered through wet double filters and
the filtrate divided into several portions esch of whieh
was tested with a different alkaloidal reagent: '

(1) Mayer®'s Leagent yieldsd & light brown precipitate,

(2) Tagner's Leagent ylelded & brown precipitate,

(3) Gold Chleride yielded no precipitate st f£irat but on
stznding over night a light brown residue dbecane evident,
(4) Itorio 4Leid T. S« likewise yieclded no precipitate at
first but on standing over night 1t too developed a drown

residue,

guelitative Tests for Alkeloid in Tubers of sconitum lus

tescens Collected July, 1e31,

le One grem of 4rug in number 40 powder was digested with
80ce, Oof 1% eulphuric acid for 24 hours, It was then file
- tered and the filtrate made neutral with sodium hydroxide
solution, 7This was then shaken out with ohloroform and the
aqueous layer drewn off. The chloroformic layer was agsin
trested with acid end the aqueous layer drewn off es bdefore
end tested for alkaloid with Mayers Reagent and tannic aoid

Te 8« No cloudiness or precipitate was evident indicating

absence of alkaloid, or at least of ons scluble in water.
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From the result of this as well as from the results of the
two foregoing tests it would seem that the alkaloid 1s more
soluble in absolute alcohol than it i1s in chloroform, ether
or acidulated water. The aconitines, however, are a class
of alkalolds easily decomposed especially by strong reagents
and the above treatment with solution of sodium hydroxide
could easily have broken them down into benzoic acid and
some inert base, The chloroformioc lsyer remeining in sep~
aratory funnel wes drawn off into a beaker and the c¢hloro-
form allowed to evaporate spontaneously. A colorless var-
nish-like residue in which were detected small needle-like
cyatals was obtained, This residue had a rather agreéablo
odor, It was redissolved in chloroform, the chloroform
evaporated, end to the resulting emorphous residue was adde
ed sulphuric acid containing suorose, At first a brown
coloration was produced followed by & red coloration which
changed, gradually becoming violet and finally carmine. This

color was gquite lasting,changing after a day's standing to

a dirty brown,

Seoond Qualitative Test on Tuberas of Aconitum lLutescens of

July 1831 Growth.

Following the Duquesnel Procedure 2 gm, of no. 40 powder
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Aoonitum lutescens were digested with 50 ¢e, of $5% aloohol
oontaining 1% of tertaric acid and allowed to stend for 48
hours, The supernatant liquid was filtered off and distilled
in vacuo, Tke residue obtained hed the appearance of an
orange brown varnish-like substence., It was soft, sticky,
very bitter eand contained white amorphous partiocles, A por-
tion of this varnishelike residue plus the smorphous partie
cles was dissolved in distiiled water, The solution wes &af=
fected quite readily with the formation, however, of e slighte
ly ¢loudy rixture, This was filtered and divided into four
portions each of which was tested for alkaloid,

(1) Mayers Keegent yielded & white amorphous precipitate,

(2) %egners Eoﬁgent vielded & brown precipitate,

(3) smmonia water yielded no preocipitate,

(4) Tannic A0id T, S, ylelded a bdbrown amorphous precipitate
after 48 hours maceration. Small portions of the remsining
residuo'were placed on watoch orysteals, To one portion cone
centrated sulphurio acid containing sucrose was added, This
produced a yellow color changing to & derk reddish~brown,
Helither nitric nor hydrochlerioc acid added to sepesrate pore

tions produced any oolor,

Third cuslitetive Test on Tubers of July 1931t

Two gms, of powered Aconitum lutescens were macerated
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for 24 hours in ehloroforms The chloroformio solution was
filtered and the sclvent allowed to eveporate, The residue
obtained was of an orenge drown color admixed with a white
amorphous substance containing minute needlo«like orystals.
The residue was redissolved in chloroform end, after sud-
sequent evaporation of the solvent, was examined mioroscope
ieally., 7The orystals obtained were small, eolarleas; necdle-
like in struoture and occurred both singly snd in rosettes,
A part of the amorphous residue was again treated with oone
centrated sulphuric acid containing susrose, A series of
color changes, brown to reddish brown, violet and finslly
black, took place, From the foregoeing tests 1t would scem
that en alkeloid 1s present in Aconitum lutescens, This
alkaloid is extracted to the greztest extent with aleokol
acidulated with tarterie¢ acid end ohloroform, Loreover, it
is practieally amorphous and very difficult to obtein in
orystalline form, 1t dissolves to guite an extent in water,
The erystals obtained in trhe third qualitative test ocould
possibly be accnitice aoid which although not reported (1820}
a8 being soluble in chloroform is soluble in water, alcochol
and ether, The alkaloidal reagent tests s well &s the colox
produced by concentrated sulphurio acid and suorose agree

with those given for "atisine" an alkaeloid obtained from
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Aconitum Eeterophyllum Wall, But the yreduction of gold
c¢hloride T, S,, ammoniscal silver nitrate and Fehlings
Solution is oharaoteristic for soonine. Aconine, CgpoH, 10y
ie a powerful reducing egent and is a dscomposition product
¢f the hydrolysis of aconitine, cszﬁgsmoll. Professor Dune
sten and Dr, F, %, Passmore {(1882) studied the hydrolysis
of aconitine by heating the pure aconitine with water in a
closed sube at 150°C but were unebls to obtain at any stage
either pioraconitine or methyl sloohol whieh ¥Wright and Luff
isolated from roots supposed 1o be Aconlitum Napellus, Dragen«
dorff and Jurgens ssserted that the hydrolyesis of aconitiﬁa
proceeds in two stegesj in the first stage benzole acid and
an alkeloid identicel with piecracsonitine of wright and Luff
is formed} this 4e followed in the second stage by hydrolye
sis of pleraconitine into bdenzolo acid, methyl aloohol end
soonine which is the final product of the change. Dunstan
and Fassmore datermined that alkalold extractied from solue
tion by ether is & mixture of aconine with unaltered aconie
tine, They found that the base when pure can not be orysw
tallized but they 414 suoceed in orystellizing several of
its salts, They found esonine socluble in water, insoluble
in ether and almost insoluble in chloroform. Dunstean &nd
Frassmore reported an aquecus solution of aconine as being

8lightly bitter and giving rise to & burning sensation in
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the mouth, Aconine s e2lso a product of the hydrolysis of
Jesaconitine,an alkalold found in Japaness aoonite of the
"vush”™ sort, There are, therefore, three poassidilities

as to the character of the slkaloid of iconitum lutesceas.
It either belongs to the non-toxic group atisines, found in
Aoonitum Eeterophyllum snd Aconitum Felmetum or it exiata
as aconine in the root of Aconitum lJutescens or it is forme
ed as the result of hydrolysis of aconitine, Jesaconitine
or Jepaconitine, the two latter deing present in the two

species of Japanese Aconite,

Qualitetive Test for Nitrogen:

This was done tO oonfirm the presence of alkaloid found
by both qualitative tests and chemical easay,

The alcohol from 10 cc. of the tinoture of Aconitum
lutescens was evaporated leeving an orange brown residue.
To this residue was edded & large psllet of metalliao sodium
and the whole atrongly fused, {Decomposition cceurs with
liberation of nitrogen whioch combines with metallic sodium
to form sodium cyanide), The fused residue in teat tube
while still hot was plunged Into cold water in whieh the
fused mixture partially dissclved., This solution was file

tered end divided into three portions, To each was added
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a drop of 5% ferrous sulphate solution followed by two
drops of a dilute agqueous solution of freshly prepsred
ferrio chloride and one to two drops of dllute hydroe
ochlorio acid, A bluishegreen e¢olor wes produced in each
of the three test tubes followed by a slight precipita-
tion of Prussian Blue, 4 duplieation of thia experiment
yielded similar results verifying the presence of alkae
loid, The equations for the recactions are:

(a) 6 NaCX #+ FeSOq = NeygFe CgNg ¢ Napsog

(v) 3 NayFe CoNg # 4 Fe 01,z Fey (Fe CgNgly ¥ 12 NaCl,

Chemiceanl ¥stimation of Alkeloids

The present pharmacopoeia does not give 4 chemical &ase
say for Aconitum Napellus since such en assay has been found
to be comparatively useless in measuring the potency or toxe
loity of tﬁaso tubers. The alkaloidal content of isconitum
lutesoens was, however, determined by chemioal means for
purpozes of comparison and to lesrn in what eamount the ale
kaloid exists in the roots, The U,S,P, Vi1l method of aussay
was followed, A no, 40 powder consisting of ground tubers of
Aconitum lutescens ocllected in July, 1931), was used, Ten
grams of the powdered roct were introduoed into a 200 ce,

Lrlenmeyer flask and 75 co, of a mixture of seven parts ale
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cohol (by volume) and three parts distilled water were sdde
ed} the flesk was seocurely stoppered and zgitated &t inter=
vals Quring four hours, A pledget of cvotton wa placed in

the bottom of & smell cylindriocal glass percoletor snd the
contents of the flesk trensferred to the percolator, When
~the liquid had all pessed through, more of the same menstruum
was added until 150 cce. Of percolate had been obtained, This
was poured into a shallow porcelsain evaporating 4ish end
evaporated to dryness at a temperature not exoeeding 6o°c.

8 coe Of 0,1N sulphuric acid end 25 oc, of distilled water
were added to the residue which, after solution had been ef-
feoted, was filtered intc a separatory funnel, The dish

end filter were washed with 29 co. of distilled water, ond
the washings added to the sepearator, 2% co, of ether and
2 o6, of axmonia water were next introduced into the sepae
rator followed by 15 e¢c. of ether edded after sgitation, The
lower layer was drawn off into a rlaak‘and the ether solue
tion filtered into & beeker, Thie process was repeated two'
more times, sheking out with 10 e¢o, of ether each time, The
combined ether solutions were evaporated 10 dryness end the
residue dissolved in 3 oo, U.1N sulphuric scid, (Footor 1.047).
Five drops of oochineal)l T, S, were used as the indlocator,
This solution of residue in O0.IN HyoSQ was titrated with ex-
actly 0.0ZH potassium hydroxide until the end point was reache
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ed es indicated by the formation of a pink color.

Finel FReading Burette 0.,C2N KOH = 22,7 ec.

Initiel * » S _0.0

No, ce, 0,C2N KCH used= 22,7

Back titration with O,1N HpSO4t

Final Reading Burette O.JN HpS0, * 11,2 cc,.

Initial " " = 0.7 oo,

Noe 00, 0dN H,S50, = 1,5

3oc. ¥ 1,500, 3 4,500 i‘bﬂasoé x 1,047% 4,711500, exaoctly
0JN HpSO4 used,
22,7 % 8 = 4.5 00, 0,1N KCH used,
84,7115 ~ 4,5400 2 0,1715 co. 0.IN.EOH required,
0el715 00, O, KCH x C,064 & 0,010976 Cnn, alkeloid,
0.010978 x 10 = 0,10976% alkaloids present in Aconitum lue
tescens (July growth),
The U.S.P. Vi1l required that the dried tuberous root of Aco-
nitum Nepellus colleoted in suturn when essayed by this process
yield not lees than 0,5% aconitine, . The difference in season,
no doudbt, has an importent bearing on the per cent of alkeloid
present, A larger smount should be present in the fall when
decomposition of proteins occurs to 1:3. greater extent, (A laok
of raterial from both lote of drug prevented further work
along this line,)

The aconite alkeloids are now known to belong to three
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well-doefined groupss
l. The fconjitines which are highly poisonous,

£+ Decomposition Froduots {eoonines) of the asonitines whioh
are scarcely toxic in the ordinary sense,

S« The gtimines which are not toxio.

The aconitines may all be regarded es deorived from a parent
base, calninl where X = 31, 33 or 38. Aoonitines chemicslly
are the discetyl esters of polyhydroxyaming aleohols, The

empirical formula of aconitine 1s Cg.H s01qNe Aconitine
melts at 197°-198°, 1a dextro-rotatory, ¥ 14.61% end orys-

tallises in prisms delonging to the rhombic system, It is
soluble in ehloroform or benzene, dut less so in ether or
dry alecohol and almost insoludble in water, Its salts orys-
tellize welllan¢ are leevorotatory, Vhen a salt of aconitine
is heated to 1209-130°% in equecus solution 1%t undergoes hy=
drolysis in two stages, ylelding first gscetic acid and & new

base dbenzoyl aooh;pe end eventually benzoig ecid end aconine,

Benzoyl aconine and aconine ococur in such combination 4in the

plent,
C33ta5011 * Hp0 @ CHzCOOH ¥ Cgollas0)ols
Aconitine loetic xcid [Denzoyl fconine

| » = g i
Cpaty 20y oFF H,0 cﬁuaccon casfzgoeﬂ'

Benzole icid Aconine

Since the econines are not toxie in the ordinary sense
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and since the atisines show ebsolutely no toxioity, the none
poisonous species of aconite may, therefore, be considered
es ocontaeining 2lksloids belonging to the ¢ne class or the
other, The amorphous residus odteined from Aconitum Lutesoens
resembles atisine, C, aln,N,0s ( Broughton end L, Dunin V,
¥asowiez) from Aconitum heterophyllum in physical properties
end responds to some of the qualitative tests for atisine.
If Aconitum lutescens 18 a variety of Aconitum Columbienum,
a species related to Aconitum Fischeri, it 1s possible that
the alkaloid is a decomposition produet of Japeconitine &and
coours as aconine in the root, The prescénoe of this bdase
may acoount for the lessened toxicity of Aconitum Columbianum,
Fluockiger end Hanbury in their rharmacogrephia contend-
ed that the poiscoous gualities of Aconitum Napellus ere not
developed in certsin localities, C. D. V. Schroff (1876) as-
sumed a contradiotory view olaiming thset the poisonous prop~
erties of aconite end other plants ere not materially sffecte
ed when growing wild in different localities, In other words,
environnent dcea not play eny pert in the production of the
innocuous properties of certain species of sconite but the
root and herd of some of the specles are actually destitute

of poisonous properties, If such is the case then aAconitum

lutesoens 18 not en altered Aconitum Columbisnum or a dee
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rived Aoconitum Fischeri but a speclies belonging to the
group of aoonites destitute of poisonous principles. It

has been proved, however, by organls analysis, that sesson,
locality, end year play an important part in the kind and
amount of constituents present in roots of Aconitum lu-
tescens, Therefore, the writer favors the view that sesson
yeer and locality play an importent rfle in the development
of certain oonstituents of plents including such principles

e8 alkeloids,

Bio-Asssy of Aconitum lutesecens;

The U,S8.P, X requires that Aconitum Napellua de biologi-
sally assayed. Consequently, this procedure was applied to
Aconitum lutescens in order that the phsrmacodynamics of the
two might be compared.

The U.S.,P. X method of a&ssay was followed and guinea
Pigs were used as test animals, This method requires that
a tincturo_or the drug administered subcutaneously have &
minimum lethal dose of not less than 0.0003%5 ¢o., nor more
" then 0,00045 co, for eash grem body weight of guinea pig.
The assay direots the use of heslthy animals weighing from
275 to 380 grams, The tincture is diluted with distilled

water to make the dose about 1 c¢c. &nd injected under skin
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of abﬁomén. The standard dose should kill at least two
of every three gulinea pigs within six hours,

Guinea pigs ere especially well adapted for assay
purposes because of thelr relatively slight variation in
susceptibility due to sge, sex, tempersture, season, snd
80 forth, as compared with a large veriation found in
frogs,.

Apparatus-« A graduated syringe, a pipette graduated in

3;_oo. soissors, scales snd a set of weights ranging from

100

1«500 grams,

Animalse« Kale guinea pigs,

Preparation of Animalee Hair was olipped from about one
sguare inch of skin over the abdomen, The surfece thus
exposed was washed with aloohol and the snimsl weighed,
Freparaetion of folution-~ The aleohol was eveporated from

20 00, Of the tinoture und then replaced with distilled

water,
Yethod of Injectione~ Subcutsneously in abdbdominal region.
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Results of Experiments on Cuinea Pips

anuar 932
sconitum lutescens
Subst, Deser, of Animsl) W%, Aotusl Doses of Dil, Tm, gemarka
Tino. Slete 400rm 0160 111854, , ef .
Tinec-
Ture Ten Se0gm C.132 ;ngOA,E. .

" Brown, Slate & Wh.4207m, 0,168

11:38 " "

Date, Jen, 21, 1952, Five Time M,L.D. of Tr, Adm,

Tince ryes

H

ture I"h%ta with gmk" Z60em, 0,72 113304,H, eff,
white with Brown
" Spots ar, eyes 0,78 11380 % "
" Broﬁn 41Cgm. Q.82 l1l:40 " e




-84 »

Five times the minimum lethal dose was administered beceause
Agsonitum lutescens in chamical assay showed the presence
of only 0.1 of 1% of alkaloid, Chemioally assayed, ecoore
ing to the U.S.P. V111 end 1X, Aconitum Napellus should
contain 0,85 aconitine, Therefore, in order to make &
blo~assay corxparison it wes necessary t¢ injeet a dose
equivalent to that of tincture of Aoanitum.ﬁﬁpellua.

A seoond blo~assasy waz also made using the lethal
frog mathod, Four frogs of the ordinary grass variety
were used in esseying the tincture., These frogzs were kept
in ea nearly suitable conditions as possible, the temperae
ture of storage tenks was kept as near to that of ths room
as possible, Frogs varying not more than 5 Cms, in weight
were used, As in the offielal procedure, the alcohol from
20 ec, of the tincture wae evaporated and repleced with
distilled water, Ten times the minimum lethal dose was
injected intc the enterior lymph sac by first passing the
needle of the syrings through the muscular tissue of a
leg in order to yprevent loss of pert of injeeted fluid which

is very possible on mccount of the reletive inelasticity of
the frog's ekin, |
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Blo-issay Tr, A, luteseens on Frog

Dose pey Deseription
No, _Gm, Body wt, of Frox Wt Time Resuld
1 0,18 ce, Crass Frog 45 Cm, 11:5%a,m, No effect
2 0,14 co, " " 35 _Cm, 12300 " " h
3 0,16 co, " " 40 Cm, 12:02 » * "
4 0,18 60, . " 45 Cm, 12:05 " " 0w

10 x Ko Lo De Injected

The results of these experirents show that the alksleid
present in tubers of Aconitum lutescens is non-toxic end,
therefore, not aconitine,

The prineipal aoction of memders of cardiec depressants
t0 whioh Aoonitum Napellus belongs is & lowering of the &0«
tivity of the heart, The drug sccomplishes thias in two
ways, namelys

l, By stimulation of the vegus mechanism,

2, By weakening of the ocardiac muscle, The first effect
is the only one utilized therapeutically since large doses
of almost eny drug msey produce the second effeot,

Aeonitum heterophyllum end sconitum palmatum belong
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to the aconites oontaining the non-poisonous group of ale
kaloids known as the atisines.

On the other hand, aconine, a decomposition product of
aoconitine from Aconitum Napellus and of Jjapaconitine and
jesaconitine from the Japsnese Aconites, behaves as a ocardiac
tonic. It exhibits e curare-like effeet on the motor nerve
endings of muscles, 1% is not oonsidered poisonous in the
usual sense, very large doses being required to produce

death even in frogs.

Other Biological Tests for Alksloids:

l. Squiddb Taste Test for Aconitine,

4 tincture of Aconitum lutesoens made acocrding to
type process P, of U.S,P. X was diluted 1:70 with distilled
water, Four ee, of this dilution were held in the anterior
rart of the mouth for a few seconds end then discharged.
There was no tingling or benumbing senssation to the tongue
or to eny part of the mouth., There was, however, an increase
in salivation caused by bitterness of the drug. The taste
test was repeated within half an hour but the resultis were
again negative,

2. Three drops of the 1:70 dilution were pleced under

the upper eyelid of the right eye. There was nelther a
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constrioction nor a dilation of the pupil. (Soclutions of
aconitine constrict the pupil of the eye).
Se Fifteen minutes after the sscond teste test the writer
experienced a choking sensation accompanied by & fall in the
pulse rate to &4,

Cash investigated the physiologlcal ection of atisine
and found it to be somewhat similar to aoonine which 18 ane
tegonistio to econitine end exerts & mﬁrarealike effect on

motor nerve endings of musocles,



Summary and Conelusions

le Cross-scotions of rootlets end tubers as well as
longitudinel sections of fTubers of Aconitum lutescens werse
made, examined, sketched and studied. The same procedure
applied to the powdered drug. These studies revealed that,
it certain esological fectors are teken into consideration
Aconitum lutesoens resembles Aconitum Columbilanum in its
outer morphologys. There is also & marked histologioal
simlilarity to tubera of Acoanitum Fischeri, but since writers
and workers disagree as to the true source of Japanege AcO«
nite and alsc since there exists considersdble confusion in
regard to certain erratio structures and festures of the
daughter tubers end wesk roots of Aconitum Napellus, 1t is
not possible to deterrine with certainty the line of origin
for isconitum lutescens,

Be Quantitative results of organic snalyses of tubers of
Aconitum lutescens differed with season and regional sources
of the plant, These msnalyses together with qualitative ine
organic snalyses revealed a general similarity to Aconitum
heterorhyllum, ezpecially in the tendenoy of aqueocus mixe
tures of the powdered root to froth on egitation. The scid
insoludble ash slso proved to bve higﬁer than the U.S,P, re-

quiremxent for Aconitum Napellus,

~E8=
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Sa Duquesnel's method ylelded an emorphous elkeloidal
subatance, This rnaterial resembles atisine in physical
properties and osrtain qualitative tests and color rezctions,
Its reduoing properties simulate those of & ssponin or of
aconine,

4, A biologieal essey proved that Aconitum lutescens 1s
non-toxio to gulnea-pigs und frogs even in reletively large
doses, In the &ssay the tinoture was used ¢nd the hydrogen
ion concentration may have haed some influence in the results,
Aconitum lutescens does not, however, bear any resemblance

pharmacodynamically to sconitum Napellus,
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