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INTRODUCTION

Santonin 1s at present extracted commercially from

the unexpanded flowerheads of Artemisis cina, (Berg),

Willkomm, and certain other species of Artemisia. This part
of the herd is considéred to contain the highest provortion of
this principle and it is believed to be present in maximum
amount just before the flowerheads expsnd. It is known,
however, that the leaves of certaln other species contain
sgntonin and mey be used for extrection of it, There .18 no
evidence regarding 1ts occurrence in the leaves of A. c¢ina, or
in the flowerheads of the other species.

It wes thought that the behaviour of santonin might
be anslogous to that br certain alkalolds etcetera, which have
been shown to be formed in the leaves and to bs translocated
to the younger sarts of the plant, such as the growing points,
It was decided thersfore to carry out an investigation of the

different parts of successive batches of Artemisia maritime,Linn,,

and A, gallica,Willd., whibh contain santonin end which are to be
found growing wild on the east coast of Scotland. The seasonal
variation in the santonin content would thus be ascertained.

This was carried on over.a period of three seasons and
a regular periodic veriation was found to exist. 4 probable
eéxplanation of the variation was formulated, correlating it with
respiratoéy processes.in the plant.

Batches of the two species were also collected from a

large number of localities all round the cocasts of England and
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Vigles, On examination these were also found to contaln
santonin, although the proportion was not so high as in the
Secottish plant. Wherever possible a few successive batches
of the speclies were obtained from these other localities and a
similaer seasonsal varlastion in the santonin content waes found,
Cultiveted plants also showed @& éimilar varlation.

A new asssy process wes formulated, and was found to
be reliasble in yielding consistent results and can be aspplied
to drugs of low santonin content, lost of the existing methods
ware tried out end observations on their ﬁse are made,

At the beginning of the reseafch it was not known
whether the two specles were sufficiently dellmited and Dr. J.W.
Gregor of the Scottlish Soclety for Research in rlant-Breeding,
was asked by the writer for his opinicn on the advisability, and
desirability for the present reseerch, of carrying out a study of

these
the range of variation within the species of[plants. He replied

as follows :-

"The experimental study of species, and of the
ecological and geographical races which make up species, promlses
ultimately to bring the results of taxonomic studies into line
with the requirements of research workers in other fields of
science™

"Until such time, however, ss the results of the
combined efforts of geneticists, ecologists, cytologists and
morphologists regarding the stetus of the specific and sub-

specific units of our flora become avasilable the research worker
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who 1s desirous of having his experimental material identified,
be 1t plant or snimel, has no alternative but to accept the
opinions, besed on morphology, of competent systematists, While
"{dentification by observation"” must be relied upon at the present
time, it should be remembered that experimentation has shown that
reces morphologicelly indistinguishable may be physiologlcally
dissimilar."

"o attempt an analysis of the sub-specific units

contained in A. maritima of Linnd is obviously outside the scope

of your investigation and in my opinion the only course open to
you is to accept the diaegnosis of the Kew botanists and mention
‘the habitat from which each collection was taken,"

The two specles are sufficlently well distinguished
without referring to the subespecific characters. Thig work is
more concerned with the seasonal varistion in santonin content,
which is probebly similar in all similarly situsted variants of
the species, than with the purely botanical characters of the
plant. In accordance with Dr, Gregor's advice and in view of
the futility of an examination of the sub-specific characters of
Plants from only one or s limited number of locelities, a
comprehensive study of these characters was not mede. Cortain
eharacters which have been shown to be of value in identifying
certaln other specles of Artemisia, when the flowerheads alone
are avallable for this purpose, were, however, thoroughly
examined, The author's identificstion of the two species was

confirmed by authorities on systematy, to whom sample batches

were sent.
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EARLY HISTORY

The botanicael name, Artemisis, 1s a very ancient ome.
Its origin 1s sttributed by some suthors to Artemisls, wife of
Meusolus, and later Queen of Cerias, who died in 348 B.C., and who
gave it her own name in honour of its virtues, Others consider
it to be derived from Artemis, the (reck neme of Dlana, Goddess
of the Moon, who wus regarded as presiding over the dlseases of
wOomen,

The use of the plant as a drug can be definitely traced,
under the neme of "santonica”™ as far back as the time of
Dioscorides (1) in 77 A.D. He mentions two varleties, one of
which grew in Gaul in the country of the Santones, the modern
seintonge, and it seems provable that the name, "sentonics", was
derived from this, Pliny (2) also speaks of the plant as the
current remedy for intestinal worms. The Romans during thedr
conguaest of Gaul in the first century A.D. found the plant
growing there, «nd used 1t ss an effective vermifuge. The specles
found growing in Saintonge was probably A. gallica, Willd.
| The second variety mentioned by Dioscorides ceme from
Cappadocia in N.E. Asia Minor and has been regarded through the
agea e8 a waluable drug, fhe French plant soon passed into
disuse and it is not mentioned ss a source of the drug in later
literature; nevertheless its local use has apparently continued.
Later refeorences always indicate a drug coming from further east.
Saledinus (3) in 1450 refers to a remarkable vermifuge for

€hildren "semen ggéégéggel Alexandrggg;” which came from the
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east, although the geogravhical source 1s not definitely stated.
The drug has been known by seVera1‘names. The "semen sanctum"
of Saladinué, is stated by same authors to have been applied to
the herb beceuse the priests were wont to carry twigs of this
plant in preference to branches of the Olive, in their anciént :
religious ceremonies, Others ascribe this neme to the faet that
it was believed to originete in the Holy Land or Palestine, Ane
other name which was much used, "semen contra", is a contraction
of the descriptive Latin "semen contra vermes”, Other nemes
given by Lemery (4) as synonyms of santonica are "semenzine",
diminutive of the Italian "semenza" (seed); "semen santonicwum'}
"semen Zedoaria' and "Haglospermum"; other names comnmin in France
are "santoline"; "Barbotine" and "cantoline, In connection with
"gantoline" it is interesting to note that "santolina" also means
the Holy Herb, aend that the name “semen sanctum" mey h>ve been
derived fram this., This neme is also appllied to the plent

Santolina Chamaecynarissiés, which was also used as a vermifuge

and still enjoys (5) some locel reputation, but Lemery refers to
this plant by the quite distinctive name of”"garderobe", Most
of these synonyms of santonica are still used today, although the
drug has beern showgi%o consist of flowerheads and not of seeds.
The geographical source c¢f the drug is not m.entionbd'by

eny of the earlier suthors and in the fifteenth century writings
the references to it are very vague,. The first author to state

"the geographical source with any certainty was Pomet (7) (1694),

who deseribed three varieties coming from different localities.

The first and most highly esteemed variety came from Bucharia
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through Persia by caravan to Alexandretta, Aleppo and &myrna;
and was shipped from these ports to England and France by way dfk
Holland, Travﬁﬁier (2) in 1677 had mentioned this varliety and
stated that it came from the Province of Kerman in Persia, but
it is probable that it only passed through Kerman on its way from
Bokhara to Alexandrettia. At that time Bokhsra, the capital 2f
Bucharis in eastern Turkestan, was the centre of all the commercial
routes from east and west Aslia to EBurope. From Bokhara, goods
were conveyed by caravan through rersia to Meshed and then to
Baghdad in Iraq. From Baghdad they were taken by caravan to
Aleppo and shipped from Alexandretta to European ports, Goods
originating in eastern Turkestan would, therefore, have been
conveyed through rersia on thelir way to Alexaendretts and European
ports, and the early plants probably csme from the same locslities
aé?ggggined from at the presept day. From the description of the
Aleppo varliety 1t seems certain that it is the variety which occurs
in commerce at the present day and is recognised as A. cina, (Berg),
Willkomm (9) distinguished, as the eerlier authors say, by its
smoothness and the absence of hailrs, Other varieties were in
common use at that time also, but this variety has always been
regarded as the best end by the beginning of the twentieth century
it slone was recognised as the genuine drug.

The other two varieties of the drug described by Pomet
are stated to come from Bhutem, North of Assam, and from the
confines of Russie near the Don end Volgs rivers, the latter being

composed of large halry grains, It is prbbable that this was the
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A, maritima, ver Stechmennisns, Besser, which was collected by the

Germen colony at Sarepte up until 1869 and the collection of which
has recontly been revived. Planchon and Collin (10) (1896)
describe this variety in detall, Aufrecht (11) (1923) had, a few
years ago, occasion to examine some semples of santonica from this
source and found about 1,6 per cent of santonin in them.

Pomet in hls dissertation on the subject recomumends the
choice of well-developed, gresn and good smelling "semen contra®
and that it should be free from foreign substsances, particulerly
the seeds of Auronne, which are often substituted, a description
which shows that he was familiar with the drug and that its use
was moQt beneficial at & season of the year when, it 1s now known,
it would contaln the most santonin, although the existence of this
prineciple was not at that time known.

In the yesr following the deseription of the drug by
romet, Paul Hermann (loc.cit.) pointed out that the drug was
composed of small flowerheads and not of seeds, as had previously
been thought, and as many of the older names would indicate.

During the eighteenth century no apprecieble increase
in the knowledgeAconcerning the drug appears to have been msde,
although it seems to have become much more widely used during that
tinme, Mention is made of it in some of the older pharmacopoeias
published in the eighteenth ecentury, and in these it is usually
associated with such other vermifuges as Tansy and Santolina which
were 1ln use at that time and were to be found as adulterants of,

or substitutes for, the higher priced santonica.
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Barly iﬁ the nineteenth century Kahler (12), a
Dusseldorf pharmacist, isolated the active principle of the drug
from an ethereal extract of the plant. This was in 1830 and later
in the same year Alms (13) independently and without previous
knowledge of Kahler's work, also discovered 1ts presence, Alms
gave to this white crystalline principle the name santonin,
Following this discovery a number of chemical analyses of the plant
were carried out and the presence of santonin confirmed, but it was
not until 1894 that a second crystalline prineiple, artemisin, weas
isolated by HMerck (14), from the mother liquors from the assay of
santonin, and named thus by him,

Detailed descriptions of the drug and of its geographiecal
source, followed, and Plancﬁrand Collin (loc,clt.) in 1896
published a description of tné%% varieties to be found in commeres
at that time. These were described under the names of (1) semen
contra of Aleppo or Alexendria; (2) semen contra of Russias or
Sareptay; and (3) semen contra of Barbary.

(1) They state that the botanical origin of the
Alexandrian, which was considered to be the best and only offiecisl
variety, was still then a matter of controv-rsy. The desecription ’
which they glve corresponds to that of A, cina, now known to be the
source of the genulne dfug from Turkestan, Theoy describe 1t as
follows ;e The drug consists éf the small unexpanded flowerheads
mixed with a varieble proportion §f leaves and stalks and freed
from sand by sifting. The flowerheads are 3 mm. long and 1 mm,

broad; when fresh they have a yellowish-green tint, which becomes
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brown on keeping. The involucre 1s formed of sbout a dogen
contliguous bracts; the lower ones are small, distant ovate and the
upper or interior are elongated, strongly keeled at the back end
covered with small resinous glands, which are yellowlsh and shining,
the margins are membranous, colourless, transparent and marked with
fine strise and are quite glabrous. In the young staete the

median nerve bears a few colourless, woolly hairs, which disappear
on maturity, The whole flowerhead then becomes smooth end nearly
glabrouss thls distinguishes the genuine from other varieties in
which the flowerheads are rendered adherent by the presence of
woolly down, The involucre encloses 3 to 5 florets inserted on

& glabrous receptacle, The corslls 1s tubular, narrowed at the
base and expanded at the tip into 5 short triaengular teeth., The
debris of the flower stalk is very slender, rigid and grooved,

with swellings here and there indicating the points of insertion

of the leaves, The taste 1s bitter and camphoraceous,

(2) The Russian or Sarepta variety is described and 1s
distinguished by tho more or less ccherence of the flowerheads due
to the presence of hairs taking the form of a white webby down
visible under a hand lens, The flowerheads are also smaller,
brown, and often partially expanded, The inner bracts of the
involucre are narrower, shiny, and strongly keeled, and the oil
glands which cover them are larger and more orange in colour,

The expanded flowers have a fine red tint and there is much debris
of branchlets and foreign matter present, There was more than

one variety of Russien "semen contra"”. Before 1872, according
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to the authors, the variety just described, probsbly A, mnaritime

var, Stechmanniana, Besser, had cessed to be collected, but

another variety which is desoribed as being distinguished by the
white eottony sppearance of the flowerheads, had come simultene
eously snd continued to come from the same locality, This later

variety is referred by the authors to A, Lerchesna, Stechm. which

is given in Index Kewensis as a synonym of A, fragrans, Waldst,

and Kit, The earlier one has been re?erred to A, psuciflora,

Stechm, which is synonymous with A. Le%cheana Karel and Kirel, and

to A, monogyna, Waldst, and Kit, (A, fragrans, willd,).

The source from which they were derived is, however; a
matter for conjecture end our knowledge of the plants growing in
that lbcality suggests that the drug was most probably derived
from A, maritima, var. Stechmannians, Besser and A, pauciflora,

Btechm.

(3) The "semon contra" of Barbary was not held in very
high esteem and became later to be regarded as a substitute for,
or adulterant in, genuine santonica. It came from Morocco and
N.W. aAfriea, and was attributed to A, Sieberi, Besser, which is

glven in Index Kewensis as & synonym of 4, ierba - alba, Asso.

Merie (15) considered it to be derived from the latter plant, which
has never been reported to contain santonin, slthough a number of
negative reports have appeared. Planchon and Collin described it
as having the appeerance of a mixture of a brown and greyish white
colour and the flowerheads adhere to one another by their halry

covering. The flowerheads are rounded or ovoid and attached
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to tiny branchlets. The bracts of the involucre are obtuse, and
the lower end rounded, the upper oval, the debris of linear floral
leaves is very short and the stunted summits haeve three or fau;
flowerheads crowded together. A sample of drug agreeing with
this description and recently imported from Morocco was examined
by the present author, and was found to contain no santonin,

It 18 evident from the literature that varying resultas
were obtained by the use of the ¢rude drug, but it is also evident
that closely allied drugs conteining no santonin had some anthele
mintic action.

Before the discovery of santonin it was customary for the
drug to be asdministered in the form.of a decoction or infusion, and
since sentonin is only very slightly soluble in water the pronounced
anthelmintic action of these galenicsals can hardly be attributed to

this prineciple. Such drugs as A, Herba - alba, which have been

shown to contain no santonin or only a very little, also have scme
action, and it 1s spperont therefore that some other constituent,
or eonatitdents, of these plants serve the purpose equally well.
Another form in which the plents was used was as s confection, and
the flowerheads alone coversd with honey or sugar, or cooked with
meat or in soup were 8lso used, The use of these preparestions
8till persists in some dountry districts in Britain, and in some
districts of Scotland and Wales where the plants do not grow wild,
A, gallioa is cultivated as & garden plant and harvested just
before the flowerheads begin to expand, to be used in the form of

an infusion for various complaints, as required,
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Despite the obvious sctivity of these galenical
preparations i1t has been customary, since the discovery of santonin,
to evaluate.a drug on its santonin content and it has even been
suggested that a standard santonica should be included in the
pharmacopoeias, This is done in a few of the foreign pharma=
copoeias, but unless galenical preparations are also lncluded this
would appear to be unnecessary, sinee the only object of en
officlal standard is to ensurse & uniform drug for ;he preparation
of gelenicals, Extrectors of santonin would conbinue to use such
drugs as they profitably could, for the extraction of this

principle, even if a standerd was included in the phesrmacopoeia.

Extraction of Santonin

London is at present the centre for the extrasction aad'
distribution of santonin. Supplies of genuine santonica
guaranteed to.contain not less than 2 per cent, of santonin are
sent from Tschimkent in Russia by rail to Orenburg and thence to
Leningrad by way of Moscow. From Leningrad it is brought direct
by steamer to London, transactions being under the direction and
control of the Soviet Government,

Ninety~eight per cent., of the weight of the plant 1s
valueless and at one time it was customary for the active prineiple
to be extracted nearer the locality in which the plant grows,

Very 1little is known regarding the extraction of santonin pﬁiar to
1880, when Russia took over the government of Turkesten, At that
time two German factories existed near Tschimkent for the

extraction of the drug, and in 1882 a Russlian factory was salso
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oerected there, for the purpose of producing end purifying santonin,.
Considerable competition from the German factories, who secured
monopolies on the collecting, caused the Russisn fectory to be
closed down in 1888, end the production and distribution of
sentonin was controlled by Germeny for asome years, In 1896 the
Russign fzetory wes reopened and continued in operation until the
outbresk of wer in 1914, The German factories hed meenwhile Dbeen
tlosed down, At this time santonin wes being extracted only, and
not purified, in the Russlian factory, and the crude product was
being sent to Germany to bé purified. Hamburg was the centre of
purificaetion and subsequently the centre of distribution, Russia
therefore had at that time a monopoly of production and Germany a
monopoly of distribution, With the outbreak of war the

monopolies were destroyed. The Russian factory continued te
extrect santonin until 1917, but the purification and distributien '
had been transferred to London., Sy 1917 the Russian factory aould‘
no longer obtain the necessary chomicals from European sources and
it was finelly closed down. During the following two ysars no
aantonin appears to have been extracted, but sccumulated stocks
were sent to Englend by the Soviet Government, end kept the

markets supplied, The Russian factory has now been demolished,
and although it would appeer to be a considerable saving to have
the extraction done near the locality in which the plant grows,

no other factory for this purpose has been erected. The crude

' drug 1is sent, under strict control of the Soviet Government, to
London, which,therefore,remains the centre of extraction and

distribution of santonin. ‘%




CHAPTER 1II.

PRESENT DAY SOURCES OF SANTONIN

Until quite recently practically all the Artemisia
of commerce was obteined from the one species, A. ¢ina, growing

in Russian Turkestan. Since A. brevifolia, Wallich growing in

India has been shown (16) to contain gquite an epprecieble amount
of santonin, supplies of this plant have been ilmported into this
country and commercial extraction has been undertaken., The total
emount of santonin extracted from this source is, however, small
compared with that from the Russian plant.

Cultivation of an unidentified Artemisis is being under-
taken in Holland under the direction of Prof., van der Wielem (17),
with a view to producing santonin commercially from this sourece,
but, although the cultivation was commenced in 1921, the extracted
principle is apparently not yet on the market, Within more recent

years it has been reported that an unnsmed variety of A, maritima,

Linn, conteining santonin and growing on the shores of Germany is
being fostered. It is intended to propagate this plent until
suffioient~ié‘obtained to make commercial extraction possible,

From this it will be seen that other possible sources of the drug
have still to be developed and that the Russisn-Turkestan, A. 0&2&,'
18 8till the chief source of present day supplies.

A. cina, occuples large atfetches of territory in the
northe-eastern district of the province of Turkestan on the right
bank of the Syr-darys river, end on the adjoining steppes.

Attempts have been made to extend the cultivation in Turkestan dbut
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the character of the solil appears to be a controlling factor,
determining the area of growth and the attempts have not been
successful, Geological cheracters indicate that the steppes
whereon A. cina, now grows wore very probably at one time salt
lakes. The soll is certeinly very saline and this species, like

& number of others of the same genus, favours such & soil,

Botanlocal Sources of Genuine Sasntonies.

All the twentieth century pharmacopoelas include sentonin,
but i1dentification of the speciles from the flowerheads alone, which
constitute the drug, is very difficult, and 1t is not surprising
that, although practically all of the drug is obtained from the one
source, the different pharmacopoelaes are not in sgreement regarding
the name of plant from which it is obtalned, Thus the British

Pharmacopoeia 1914 gave the source as A. maritima var, Stechmenniana,

Besser,; the United States Pharmacopoela refers it to A.pauciflora

(Ledebour) Weber, and others give it variously as A, cina, Berg;

A, paucifiora, Stechm.; A, maritima, Linn, var, pasuciflora, Ledebour,

etcetera.

Realising the difficulty of identifyling the species by
the flowerheads alone, Wallis and Mowat (18) in 1925 carried out an
1h#eatigation of the microscopic characters of flowerheads obtained
from authentic specimens of the plants named in the various
Pharmacopoeias, By this moans they were able to state that a
nupber of the names were synonymous, end to describe characters of
the flowerheads by which the species could be distinguished. The

results of their investigation led them to conclude that A, cina,

(Berg), Willkomm, is the plant from which the commercial Russian
e EEEE—
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drug is obtained. The characters by which the commercial drug
Ate

from this species may be identified i summerised by them as

follows 3=

Foliasge leaves; are linear lanceolate with a rounded apex and an

apiculus, The leaves have & midrib with mumjperous pinnately
arranged brenches connecting it with the two marginel veins, which
run parallel to the margin at sbout one~third the distance from it
to the midribd, There is a complete absence of long hairs but
sesslle glands are present,

Bracts of the flowerhocaeds. The bracts very in number from 14 to

20, usually 16, The midrib branches freely and the veinlets are
contorted Qnd frequently anastomose, The number of cottony
T.shsped hairs is smell and apical marginal hairs are always absent.

The Flowers. The apices of the corolla lobes are never more than

8lightly papillose and bear no trichomes.

The investigation enabled them to describe the characters

of & number of other Artemisias, and to state that the plant under

cultivation in Hoiland, which had been referred to A. cina. Berg,
by the Bureau of Plant Industry, Washington, was some other species
which was unlike any of the named species which they had examined.
Their senclusion that A. oina, (Berg), Willkomm ia the species from
which the genuine commerciel drug is obtained, is now accepted and
it is stated in the British Pharmacopoeia 1932 that this is the

source,
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Other Species which contaln Santonin

Although A, cina, and A, brevifolia are the only two

species which are used for the commercial production of santonin
at present, certaln other species are known to contein this

prineciple. Viehover and Capen (19) in an examination of 56

Amerliecen species found sentonin to be present in 4. mexicana, Willd.,

A, neo-mexicans, Wooton, end probably A. Wrightil, Ass Gray,

which are natives of Mexico and New Mexico, In the other specles
examined they did not find santonin but were unable to state that 1t
did not oceccur in them, because they were able to obtaln the plants
et one stage of growth only. At a different stage of growth
santcnig might be found in these species. Other specles which

have been Yound to contain sentonin are A, fragrasns, Willd,

A. Lercheans,Kerel, and Kirel., A. pauciflors, Stechm., and A.gallics
willa, Probably other species alsc contein it, as owing to 1its
seasonsal oecurrence, it 1s not possible to state that sny given
species normally does not contain it, unless examinations of plents

at various growth stages are made,




CHAPTER III.

CHENISTRY

After the discovery of santonin independently by
Kshler and by Alms in 1830, Erivo; (20) (1865) gave figures
showing percentage of constituents in Aleppo santonica, More
recently Goodaon.(él) (1922) gave an analysis of A. afra, Jacq.,
but he did not find sentonin among the constituents of this plant.
Aufrecht (loc,cit,) (1923) confirmed Drivon's results by a complete
analysis of Aleppo santonica and found also betsine and lecithin
in the drug.

Aufrecht's results as percentage of the alr dried drug
are as follows :- Volatile o0il 0,84; Molsture 9.7; Resinous
Material (including chlorophyl) 2.16; Santonin 1,86; Lecithin 0.27;‘
Betalne 0,42; gummy, mucileginous and pectin materlial precipitated
by ethyl salcohol, 14.58; substances reducing Fehling's solution
4,753 free acids (as melic) 1.20; other nitrogen free extractive
matter 10,22; crude fibre 35,72; ash 8,44, The ash on enalysis
yielded the following percentages:- X as K50, 11.75, Na as Nag0 4.36
Ca as Ca0 8,30; Mg as MgO 1.75; Pe as F3203 0.38, phosphate as
Po0g 36.44, sulphate as §0, 11.77, chloride as C1 5.07, silicate

as 810, 20,18,

3
Heckel end Schlagdenhauffen (22) when reporting the

presence of santonin in A. galllca, growing in France, reported

also the discovery of an alkaloid, not previously noted in any

examinetion, Jahns (23) (1893) investigated A, maritima in a
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search for this elkelold but was eble to isolate only two basic
substances which he identified as betaine and chollne, present to
the extent of 0.5 per cent. and 0,1 per cent, réspectively. He
concluded thet Heckel and Schlagdenhauffen had mistaken these
substances for an alkaloid. Aufrecht cgnfirmed the presence of
betaine,

Leter, Merck (loc.cit.) (1894) discovered a new

constituent in A, maritima, to which he gave the name "artemisin",

Subsequent workers have been unable to confirm the presence of
artemisin in this plant although it undoutbedly exists in some

species and 1s probably present in A, maritima also, at some seasons.

Other substances, such as camphors have from time to time
been reported to be present, but the only constituents which are now
considerad to be of any importance and to which the therapeutic
action of the drug is attributed are the essential oil, santonin
end artemisin, A short description of these three substances

follows,

Essential 011 Of Artomisia.

Essential oil of Artemisis was at one time to be found
on the drug markets, but it is seldom, if ever, used now, and the
only reason for the continuence of the extraction is to facilitate
the subsequent extraction of santonin from the herb,

The volatile oils from a number of species of Artemisia
have been examined (24) but that of A, meritima or A. gellica does

not appear to have received any attention so far, The oils from the

other spesies are all somewhat similar, however, the chlef
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constituent being cineol (eucalyptol). They are present to the
extent of 0,1 to 3 per ecent.,, and &s cineol appears to beé -the only
constituent of importance it is not surprising, with the supplies
of such as Bucalyptus oll, as & source of this substance, that oll
of Artemlsia is no longer a2 commercial srticle.

An anslysis of a typical oll showed the following
constituentsi~ cineol (chief); inactive pinenej terpinene; and
. traces of of «1l- terpineol and a high boiling point sesquiterpense,
The oils are opticelly sctive. Some of them contsain

l«camphor, some d-camphor, and others both enentiomorphs.

Santonin,

Santcnin,the lactone of santoninic ae¢id crystallises in
flat rhomble plates, practically insoluble in coldiwater and slightly
80luble 1n hot water, Soluble in 50 parts of cold and 3 psrts of
hot aleohol, in 2.5 parts of chloroform, amd in 140 parts ﬁf ether,
and in 25 parts of benzene (25);melting point 170 -v174oc., sublimes
unchanged. It is insoluble in dilute mineral acids but forms salts
of monobasic santonle acid 01552004 {1someric with santoninic acid)
tith dilute mlksalies, On exposure to light santonin turns ysllow
wiﬁh the formation of photos or chromo-santonin which may be
reoonverted to the colourless form by recrystallisstion from alecohol.

Sentonin has the empirical formula 015H1803 and was, until
recently, considered to be a derivative of 1 3 4 - dimethyl = 6 =
isopropyl naphithalens, having the structural formula shown in Fig.I.

Thig formule was first proposed by Gressi.Cristaldi and

Guzzi (99} in 1892, since when 1t has been modified in a number of
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ways to account for different properties of santonin, None of
the proposed new formulae wers, however, completely satisfactory,
and in 1929 Clemo, Howarth, end Walton (27) began an investigation
of the congstitution, Having proved the « position of the lactonic
oxygen@tnm, the ,4 position of the propionic group and the five
position of the second methyl group, they proﬁésed the formulsa
shown in Fig. II. whiech they hoped to confirm by synthesis,

,/h?"% :
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Fig, I. Fig. II.

Ho syntheticsal proof has yot appeared, but it seems reasonably
cortain that the suggested constitution is the correct one for
santonin., Ruzicks and Elchenberger (2£8) have simulianeously been
carrying out similar work, and theilr conclusions and suggested
formula are the same as those of Clemo and Howerth.

Santonin is distingulished by a number of colour reactions
(29) notably the following :-
Reichards Test; Heated with alcoholie potassium hydroxide solution
& carmine, or violetered, colour is produced.
Wellmann's Test; Warmed with 50 per cent. sulphuric acid and e
trace of ferric chloride solution edded, santonin gives a yellow
coloration, changing to orange, blood-red, violet, and finally

lavender.




Theater's Test; Treated with a few drops of 2 per cenﬁ.
solution of furfurasldehyde in aleohol, and concentrated sulpiuric
acld added, santonin gives, on warming in a water bath, a serles of
colours going through purplishe-red to carmine-red and then to
indigo bluse, On standing ih the cold a black precipitate is
formed,

Jaworowsky'!s Test; A solution in concentrated sulphuric acid
glvea on sheking with dilute, acid solution of cerium sulphate,

g cherry-red solution which becomes turbvid on cooling and on
dllution ylelds a violet precipitate.

Bthyl Nitrite Test; Warmed with a solution of ethyl nitrite and
a8 little potessium hydroxide solution added, a red colour is
produced,

Santonin is included in all the pharmacopoelias end for
medieinal use it has to a very large extent displaced the herb and
galenicel preparations. Its chief use is as an anthelmintiec,
particularly for round worms which it repldly exvels, It has less
effect eﬁ thread worme and no effect on tape worms, It has been
suggested that sentonin may be useful in a number of other ways,
and there i1s some clinical ovidence to support the statement (30)
that it is useful in the treatment of diabetic conditicns and
certain classes of drug addicts, Its use is often followed by
curious disturbances of vision, giving rise to the condltion knowA.
as xanthopsia. The normel maximum dose has been shown in certain
instances to be highly toxic, particulerly to children. It would
appear that mors ceare shoﬁld be taken before prescribing this drug
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than 1s commonly thought to be necessary at present, and that its
use should not be followed by the administration of olly substances

which would inerease absorption,

Artemisin,
Artemisin is & white solid forming small needle shaped

erystals, not sensitive to light, melting point 200°C., slightly
soluble in cold water, more scluble in hot water, slightly soluble
in cold slcohol, readily soluble in hot alechol, insoluble in
chloroform (in which santonin 1s very soluble ) and minerel acids,
dut forms salts with the alkaliss.

It has an empiricﬁl formule 01531804’ and 1s conslidered
to be oxysantonin and the lactone of artemisinic acid, one of the
hydrogen atoms of santonin'being replaced by an hydroxyl group.
?he struocture usually assigned to it is shown in Fig. III, but this
has been based on the assumption that santonin has the structure
shown in Fig., I. With the chenge in the position of the lactonic
oxygen atom of sentonin, the structure of artemisin will probably
.ba changed accordingly, as in Fig, IV.
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until its structure is proveéd independently by synthesis,

Similar work to that dome on santonin has been done on artemisin,
except for the most recent work, snd the two have been shown to
be very similar in all their propertles, considering the extra
hydroxyl group in Artemisin, Hence, the essumption regarding the
structure of artemisin is probably more or less Justified,

The colour reections differ from those of santonin.
Artemlsin with 50 per cent, sulphurlec acid and a trace of ferrie
chloride solution gives a yellowish brown colour; using santonin
the test gives a violet or lavender coloration. Artemisin gives
a2 violet coloration when treated with potassium hydroxide solution,
while this coloration is given by santonin only if alcohiollc solutiorn
is used as reagent. On dry distillation dimethylnephthol and
propionic acid are obtained, and in thils respect it is identical
with santonin.

Artemisin 13 not much used therapeutically bui samples of
santonin have on occasion been found to be largely sdulterated with
it.







CHAPTER IV,

THE ECOLOGY

The two species which were investigated are Artemisias
maritima, Linn., and Artemisias gallica, Willd. The former is a
maritime plant growing just within & few inches of averasge highe
tide level so that its roots are moistened or immersed at high-
tides, and at high spying tides the whole plant may even be
immersed in salt-water. It 1s found in greatest abundance near
where fresh water flows into the sea, but this 1s not invariable,
and the plants have been found in sbundance in pleces where the
water 1s entirely saline, e.g. Blakeney Point and Portsmouth
Harbours, More detailed reference 1is made to the soil requiree

ments in the chapter on soil. A, gallice is s plent which usually

grows beside A, maritima and its ecology would appear to be

identicel with that of the latter,

Both plants grow extensively along the coasts of Europe,
end are to Be found also in parts of Asia and America., Both are
indigenous to Britain. In the local "Floras" of Britain the

localities for A, maritims are ususlly cited but for A, gallica

‘the statement very generally made is that"it may also be found”,
or that "it is not rare". The writer's observation is that the

two species usually groﬁ together.

Geographical Source.
The locality from which the wild plants were collected

is at Tynefield, (map, ares I.) about two miles east of East Linton
in Haddingtonshire. At high tide the ares, which is the estuary
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of the river Tyne, presents the eppearance of an inland lake, there
being only & narrow outlet to the sea, At low tide, however, the
area is an extensive mud-flet surrounded by a rough-built sea-wall.
The circumference of the estuary is between one-ande-a-half end two
miles, and the plants grow on the sea wall, at high water-mark,
along its entire length, They are also to be seen on "Sward"
areas which appear as islands at normal high tide, and the
selectiv&ty which they display with regard to ﬁigh water-mark is
strikingly obvious on these islands., There are plents only on
‘the top of those islands which are almost submerged, at high tide,
while on those which are some inches above high water-mark, the

plants grow only round the edges. /
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Illustration of Verticsl Zonation

For details of other localities see Chapter XI.

SUMMARY OF CHAPTER IV. _
The geographical source of the two species and the

ecology are described,




CHAPTER V.

THE MORPHOLOGY

Systematic.
A, maritime was first desoribed by Linnaeus (31) in

1753, and A, gallica by Willdenow (32) in 1800. Both species

belong to the Seriphidium section of the genus, as do all the
specles which contain santonin, These two specles are the only

indigenous members of this section,

A, meritima, Linn.

Synonyms, A, maritima, var, g',var. anglica; var. genuina; See

Wormwood. Root perennisl, long, flexible, tapering, and surmounted
by ‘a ereeping woody rootstock. ‘Stem herbaceous, branching
paniculetely from the rootstock and curved, somewhat procumbent at
the base, then erect, 9 to 16 inches high; after the primary
brenching, only floral branchlets occur, pubescent.

Leaves almost or qulte sessile, much divided, lower
bipinnate with linear segments, upper not so deeply divided; thick,
margins thickened, apex rounded, no apiculus, very hsiry on both

surfeceos,

Flowerheads numerous, in splkes on spreeding or drooping
panicle, ovoid, 3 to 4 mm. long, drooping on a short peduncle and
subtended by a linear bract. Composed of 10 to 16 imbricated
pubescent bracts, the outer of which ar@ thick with narrow scarious

edges and the inner are only two cells thick and with a very broad
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membranous margin; enclosed are from 4 to 8 perféct, tubular,
yellowish or reddish florets having no pappus; surmounted on &
conical naked receptacle. The whole serial plant is covered with
long cottony hairs giving it e hoary or silvery appearance.

Odour distinctive and aromatic.

Flowers sugust, September,.
A, galllca, Willd,

Synonyms, A, meritima, var,2; ver. gallica,
Similaer to A, maritima execept in the fellowing e

Stem branches arise erect from rootstock and not so long.
Segments of leaves somewhat finer. Branches of panicle erect, and
more densely compacted with flowerheads.
Flowerheads sessile and erect, slightly larger; number
of bracta 11 to 18; number of florets 4 to 10,
Odour slightly but perceptibly different from that of
A, maritima,

Flowers, ssme time.

Both species show some variation,

Some botanlsts regard A, gallica as a variety of
Ay maritima, but the floral characters of the two are quite distinct.
Flgs. XII1X. and.XIV. ere photographs of the two species which show,
clearlyvthe differenee, and this can also be seen on a number of the
other photographs.

At the beginning of the investigation the writer's

identification of the specles was confirmed by semple batches sent
to Kew, A.J. Wilmott Esq., of the British Museum, and Mies Vachell




w3l

of Cardiff, The specimens sent were identified by them as the

two species named.

Additional Morphological Features of the Plants Used.,
Wallis and Mowat (loc.cit.) have shown that the

microscoplc features of the flowerheads of a number of specles
of Artemisia may be used to distinguish these species, The
number and hairiness of.the bracts are of particular usefulness
for this purpose, When entire plants are aveilable, it 1s not
necessary to refer to these microscopic characters, but they
are paiticulariy useful when examining a commercial drug
consisting almost entirely of flowerheads.

Other investigators have studied the detailed
morphology of some species of Ag@e%%sia but Wellis and Mowat
appeur to be the first to cerry out a comparative examination
of the species reputed to contain santonin,

In the introduction to their work these esuthors say
that "If characters which may be depended upon for the
identification of the drug by an examinstion of its structural
details could be found, s number of samples could be sorted much
more rapidly, and, having assured oneself that any given
specimen had the correct botanicel origin, a chemlcel assay for
the purpose of identification would be unnecessaryeescse Any
samples which did not possess the structure of the genulne Arug
would need no chemical examinetion at all".

It is evident from this that the object of the research |
was tosscertain definite detailes of the morphological and




«30a

enatomical characters by which the different species can be readily
identified. It 18 also to be concluded that Waellis and Mowat
considered that only one species of plany,A, cina, (Berg), Willkomm,
wes to be regarded as the source of santonin, and thet the flowere
heads of th& species invariably contained this principle, which
latter point there is no evidence to disprqve. O!Connor (33) has
pointed out, however, that the neme "santonica" is a generic one -
“a%d that it may be epplied to any drug froﬁ“which santonin may be
obtained, and furthermore the pharmscopoeia admits of the use of

any species of Artemisis for the extrasction of santonin. It may

be that Wallis and Mowat intended their work to be extended, and

that on the discovery of & new source of santonin, the structural
details of the new species should be ascertained. It has not,
however, been shown that ell specles of Artemisia, or even those
which ere at present known to contain santonin, may be distinguished
by such charscters. Neither has 1t been shown that the charécters
described by these authors are the characters of A, cina, only,
Reports regarding the ocecurrence of santonin in any particular species
are confliceting, but in the meantime there eppears to be strong

reasons for supposing that in the case of A, galllica, st least, the

plant growing in one locality may contain santonin and bs devoid of
it when growing in a different locality.

In this peper it is shown thet santonin was fouﬁd to be
present in each one of a large number of batches of A, gallics,
and 4, maritimae, growing in different localities all over Britain.
Heckoel and Schlagdenhauffen (loc.cit.) reported the presence of
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santonin in 4., gallica. growing in France in 188&, More recently

~Mouton (34) (1931) has reported that French A. gellica., probably

from a different locality from that examined by the previous
authors, contains no santonin, and Viehover and Capen (loc.cit)
(1923), and Ven de Vyvere (1931) have made similar reports about
the American and Belgian plents respectively, The Belgian

A. gollica, and A, maritima examined by Van de Vyvere have been

examined bv the present suthor also and found to contain no
gentonin, It is possible that estimations were in some instances
mede on plants collected et & season when the santonin content was
low, or alternatively that the negative results were due to the use
of an inferior technique., Until the question is settled one way
or snother, however, there can be no justification for assuming
the invariable occurrence of santonin in any specles of plant even
at a definite stage of growth.

| It is possible that certain morphological features may
be developed as a result of the absence or presence of sentonin

in the plant, Such has been shoé%m%or certain other plants, for

| example, wild Phaseolus lunatus produces black beans, but under

cultivation white beans ere produced by the same plant, and it is

found to contain no poisonous phaseolunatin (stated to be identical
with linasmarin) which is present in the wild, bleck beaned plant,
It hes not so far been found nossible to correlate any

morphoiogical feature with the presence or absence of santonin.
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Critical Morphology of A. maritima and A. gallicsa.

For the examination, fifty typlical sample plants of
each species, with only very slightly expaended flowerheads, were
selected, These were steeped in chloral hydrate solution in
order to render them sufficiently plieble for the bracts to be
separated without tearing. Thirty flowerheads were seperated
from sach plant and the number of bracts were counted, but
after a few plants had been thus exemined it became evident
that flowerheads from any one particular plant bore the same
number of bracts snd florets. When this had been definitely
ascoerteined for both species, the number of flowerheads
examined from each plant was reduced to 6,

Bracts end Florets.

The number of bracts and florets’were counted on sbout
600 plants, 50 plants being selected from a batch of éach specles
from six different localities, There was no variation in the
average number of these organs, on plants from the different
localities, The numbers found to be present on the two species
are shown in Table I. From this table it wlll be seen that,
excopt at the extremes, these characters do not serve to
distinguish the two species,

A, maritima., Breacts.
The flowerheads of A. maritima are shortly pedunculate,:

ovate, or brosdly ovate, about 4 mm, in length and covered with
2 thin woolly felt of long cottony hairs, The bracts are
imbricated, the outer being thick, contain chlorophyll and have

only e very narrow scarious uargin. They are lanceolate ovate,
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about 1 mm. broad, and 2.5 mu, long. They bear all over their
surface, long cottony heirs having the T shape characteristic of
the genus and up to 4 mm, in length, and also shortly-stalked
uniserial hairs bearing multicellular glands at the tip, The
inner braects become successlvely broader until the innermost,
which are about 5 to 3.5 mm. in length, are even a little broader
then they are long. These inner bracts have a narrow central
portion, two cells thick, through which the mid-rid passes, and
containing a little chlorophyll and s very broad colourless
scarious margin, one cell thick, The parts of these inner bracts

"which are exposed to the light bear similar hairs also,

TABLE I. BRACT % FLORET NUMBERS
BRACTS: - A, MARITIMA, | A. GALLICA.
Humber Present 10 to 16 1l to 18
Average Number 12.5 14
Most common
Numbers 10,11,12,& 14' 12,13 & 14
FLORETS} =
Numberg present 4 to 8 4 _to 16k
Average Number 5.8 546
Most common
Numbers 4,556, & 7o S5, & 6,

a(g(t'.)nly two specimens had eight, and only two
haed ten florets.)

Florets,
The florets are mounted on & naked conicel receptacle

and usually one or two are not nearly so advenced as the others.

There is no pappus but numerous small shining oil glands are




36

present on the surface of the corollsa, The whole labis of

the corolla are very decidedly papillose,

Bract of the Floral Axis.

This bract is linear, sbout 1 cm. in length, 2 to 3
mm, broad, end very thick, It tepers gharply to a blunt point
end is covered with a thin felt of long cottony and glandular
hairs similasr to those of the bracts of the involucre.

Foliage Leaves.
The segments of these leaves are linear, rounded at

the apex and without an ap¢culus., They are covered with a thick

woolly éoating of Teshaped hairs,. A microscopic examination

reveals a continuous line of conducting tissue running parallel

to the outer-margin and about halfway between it and the midrib. |

Other veins branch off from the midrib and join up with this

outer conducting strend, Numerous sunken stomata ere present.

A. gellica, Bracts.
The flowerheads of A. gallica are sessile, slightly

larger than those of A. maritima, being on an average 5.5 mm., in

length, They are brosdly ovate or rounded in outline and are
composed of imbricated bracts, the outer of which are covered
with a felt of long cottony hairs., The bracts are also some-
what larger than those of A, meritima, the outer being l.6 mm,

broad and 4 mm, long, while the inner very in breadth from 2.5 to
6 mm, in breadth, and are about 5 mm., in length. Otherwise the
bracts of both plants are similar and no difference could be
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detected in the hairs or hairiness or branching of the mid-
ribs,

Florets.
These also are indistinguishable fram those of

A, maritima. The form of the receptacle is the ssme and the

corolla lobes of both species are equally papillose,

Bract of the Floral Axis.
This bract 1s more curvéd, and the margins ere not

thickened to the same extent as in A, maritima, but they are

equally hsiry and the number of sunken stomata is about equal
on the two species, There is no character by which the two

may be distinguished.

Follisge Leaves

The segments of the foliasge leaves are narrowly
linear tapering very sharply to a blunt point on which there 1is
no spiculus, They are not quite 80 hairy but the form of the
hairs, the thickening of the margin and the venation are
indlstinguishable from that of A, meritima. The tranaverse
sections are elso the same, Fig. XV. is a photomicrograph

of a trensverse section of a segment of a leaf of A, gsellics.

Other Festures of the two Svecies,

Transverse sections of the root, rootstock and stem
of the two species were also exsmined but no difference by

which they could be distinguished wes discovered.
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Figs. XVI., XVII., and XVIII. are photomicrographs of
transverse sectlons of the root, rootstock and stem respect-
ively from a specimen of A, gsllica.

The flowerhesds of these two plants, therefér@, show
no distingulishing features, On the average there l1s a
similsr number of brsascts present on each and no great variation
in size., ©None of the other features of the flowerheads are
distinctive for only one of the speciles, Other features which
were examined, including those of the bract of the florel axis,
the foliasge leaves and the anatomy of various organs, show in
some Instances certain minor differences, but there is no
distincetive feature by which the species mey be differentiated.
The ordinary morphological festures by which they mey readily
be 1dentifiad thereforelremain as the only distinguishing
features between 4, maritima and 4. gallica. There are certain

differences, however, in the microscopic features of these two
species and the species described by Wallis and Mowat, by which
they may readily be distinguished from the latter.
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SUMMARY OF CHAPTER V,

A description of the two species is given and the
characters by which they may be distingulished are pointed out.

An account is given of work done using sample plants,
on additional morphological characters which have been shown to
be of value in distinguishing between other closely sllied
species, when only the flowerhesds and small portions of the
leaves are available for examination, such as in the commercial
drug. A study of these characters is not necessary for the
identificaetion of the species when entire plents are avallable,
and they were not found to be useful for differentiating between
As maritime and A, gallica, although they would probably serve
to distinguish these two spesies from certaln others,

D W D b A




CHAPTER VI.

THE SOIL

A, maritima and A, gellica, both exhibit strongly

xerephytic characters and it has been observed that their
natural habitat is within the reach of tidal water,

Although the other indigenous Artemisiaes are inland
plants which thrive well even on dry normal soil, it would
appear from the literature that most, if not ell, of the
santonin ylelding Artemisias prefer, or may even require, a
- saline soil.

O'Connor (loc.cit.) in a reference to A, cina says
that "all species of Artemisia favour saltish soil, but the
species ylelding santonin 1s remarkably exclusive in its
selection".

Holmes (35) expresses a similer view and says that

“"the occurrence of A. maritima and its allies on the Kirghig

Desert in Turkestan may be accounted for by the fact that
numerous patches of dried up salt lake occur there, which are
watered at intervals by fresh water from the mountains",. He

further states that he has never seen A, maritima growing wild

except near the sea and usually close to where fresh water
makes its way to the see, the soil belng on the sea level and
frequently inundeted at spring tides. He suggests that the
degree of salinity of the soil may have some influence on the
santonin content of the plants.

The present author agrees entirely with these

observations, The plants are so situated that the green
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portion is not sctually touched by normel high tide, but

they have been seen to be almost completely immersed at a high

spring tide, and 1t has been observed that the roots are

invariably below the level of aversge high tide.

TABLE II. GOMPQgATIVE TABLE OF CONSTITUENTS OF SOIL§
S0IL FROM
pHe (Water) 6443 702
PH. (caCIESoln.) 6.50 6.20
Moisture 5.2 2.9
Loss on Iﬁnition 8.5 12,7
e Hequlrement
per cent. as Caco5 0e120 0.106
thor;.de as Cl. _ Q435 2.80
I.nsolu'ble_ in HCl. o 67.5 65.4_
Fe as F9203 6016 5.98
Al gs Algﬂs 5417 3,68
3467 1.91
1,09 0,97
0.,08956 0,0563

The soil is often of an alluvial nature and the plants were

not endountered on any hebitat which was purely sandy.

It 1s

not unusual to find the plants growing in the crevices of

bullt sea walls at high weter merk and where there is

practically no soil round the roots.

equally to A. gallica.

These remarks apply




An exemination of the natural soil in which the
Scottish plants under investigation grow, has been carried out,
and the results of the examination are compared with those from
a sample of the soill from Corstorphine on which the plants were
cultivated and which was also exsmined, The fesults of the
examination of the two soils are shown in Table 11,

Any conelusions regarding these solls are selfs
evident but the difference in chloride content is worthy of
remark, The difference in Ca content may be attributed to
manuring of the Corstorphine soil,




CHAPTER VII.
METHODS OF EVALUATING THE DRUG

The usuel methods of assaying santonice take scme
time end require & gertain technique. Other methods have from
time to time been suggested for evaluating a& drug for market
purposes, These methods only serve to show whether or not a
certain minimm of santonin 1s present. No satisfactory
technique whereby they may be applied as quentitative tests
has been formulated. They are not always satisfactory for
even empirical evaluation. The two most commonly adopted

procedures are sublimation and the use of colour tests.

Examinetion by Sublimation.

This 18 en empirical method of assay perfected by
Van Italie (36) and largely used by him, Viehover and Capen
(loc.cit), and Eder and Schneiter (37). These authors did not
find 1t sltogether suitable. Other substances present in the
rlants, Quch as methyl-aeacuietin, sublime at%temperatureﬁ close
to thet at which sentonin sublimes, and it 1s therefore
necessary to identify the sublimate. Identification is not
always possible because of the small amount of sublimate
obtaeined and the necessity of purifying it from oll and resin
which distil end are present with it. Finally drugs containing
only small percentages of santonin very often yleld no
erystallisable sublimate. | (s3)

The method as described by Van Italie and othera[hau
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been used by the present author to demonstrate the presence
of santonin, and on occasions good sublimates, identifiable as
santonin, have been obtalned but no aettempt was made to get

quantitative results.

Estimation by Colour Tests.

Sentonin gives a number of distinctive colour
reactions, some of which have been generally described in
Chapter V. It has from time to time been suggested that
advantage might be taken of these colour reactions to formulate
a process for the quantitative estimetion of santonin present
in & drug. According to Feldhoff (39) santonin may be
estimated quantitatively by applylng the test using potassium
hydroxide, and by comparing the colour thus produced with that
of a standaerd coloration. Such tests, however, are generally
used empirically only, to determine whether a drug contains
more or less thaen a eertain prescribed amount. The observe

atione on their use are summarised in the following paragraphs,

Relchards Test.

This test depends on the reaction of santonin with
alecoholic potassium hydroxide solution, producing & red
coloration, and is the one on which most attention has been
focussed,

FoldhoXf made use of this test and stated that it
could be used quantitatively. Heyl and Tummann (40) elso used
1t but stated that working with a crude extract of the drug they
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could detect no difference in the colours produced by a good
end a bad drug. Eder end Schneiter (loc.cit.), Rosenthaler
(41), and Mouton (loc.cit.) state, that with the crude extract
of a good drug & yellow-red coloration is produced in the test,
but with a drug deficlient in santonin a yellowegreen colour is
obtalned,

Opinions differ therefore, and it does not seem that
it 18 very satisfactory to work with a crude extract. The
colour of this latter itself may vary from a very dark green
using the leaves to quite a pale amber using the commercial
flowerhéads, and comparison 1s therefore very difficult, even
whare possible, The coloration produced 1s sometimes
transient,

| It was hoped that this colour test might be developed
to give quantitative results and an investigation was carried
out using extracts of the drug at various stages of purificatiopy,
since it had been found that differences in coloration were
produced by different drugs. The investigation did not meet
with success,

In order to obtain more information about this test
a study was made of the resction using pure saentonin with the
reagent., The reaction was found to be delicate but the
intensity of colour wes found, by comparisor in a colorimeter,
not to be proportional to the amount of santonin present.
Attempts were made, by varying the controlling factors such as

the concentration and volume of the reagent used, to obtain

uniform results, but these were unsuccessful and this test had
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to be abandoned as unsuitable fof the present requirements.

Ethyl Nitrite Test.

Recenﬁly it was stated that the welleknown test of
treating a warmed solution of santonin in solution of ethyl
nitrite with potassium hydroxide to produce a wine«red colour,
could be used to differentiste between a good and bad drug, by
warming the drug with solution of ethyl nitrite and meking
alkaline with potassium hydroxide, It was said that a reddish
tinge appeared with the genulne article but not with one
deficient in santonin, This statement cannot be confirmed.

It may even be remarked that the test on santonin
itself is not very successful until technique 1s acquired as
certain controlling factors require a good deal of attention.

Wellmann's Test.
This is carried out by warming santonin with 50

per cent. sulphuric acid (or by adding an equal volume of
eoncentrated sulphuric acid to santonin in water) and adding
to the warm mixture a trace of ferrie chloride solution. It
does not appear to have been applied to the crude drug possibly
bescause of the charring which would result, but it i1s a very
delicate test for santonin itself, glving a series of colours,
. going from yellow through orange to red and finally violet and
lavender,

It was hoped that it might be applicable to a
slightly purified extract of the crude drug, eand because of its
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delicacy and the permanence of the final colours, a thorough
investigation of the test was msade,

Tests were aarriedbux with pure santonin, and it was
found that the change of colour could be stopped, for some
hours, at the red or any subsequent stage by simply cooling the
mixture, The best procedure for carrying out the test is to
have the 50 per cent. sulphuric acid ready prepered, and

containing a trace of ferric chloride, and to heat the santonin

with 1t on a water bath untll the desired colouration is obtaine

ed, Too much ferric chloride prevents the appearance of the
colour, and it was found that as little as 0,05 per cent. of
B.P, test solution (« 0.0075 per cent. Fecls) in the sulphuriec
aeid had no limiting eoffect on the test,

The test was found to be a very delicate one, much
leas than 0.1 mgm. of santonin glving an intense red colour in
1l c.¢s Of a reagent of the above strength, or containing any
proportion of ferrie chloride up to at least 0.2 per cent.

Comparative tests were carried out using weights of
santonin (obtained by trituretion) of 0.1 mgm., 0.2 mgm.,
0ub mgm,, 1 mgm., 2 mgm., and 5 mgm, to find out if the
intensity of colour produced was proportional to the weight of
santonin present, A difference in intensity was observed but
they were not found to be proportional. Keeping the same
weights of sentonin, the technique of the test was varied as
wore also controlling factors such as time of heating,

temperature, concentretion of the reagent and others, but no

1

S



discernable advantage was gained, The stage to which the
change of coloration was carried was also controlled and
examinetion was made of tests in which the colour had proceeded
to the red, violet end lavender stages, but no difference in
effect was observed,

Extraction of the colour by immiscible solvents was
next tried at various steges of coloration, controlling the
concentration of reagent and other factors as already described.
After a number of solvents, including chloroform, ether,
benzene, acetone, xylol, and toluene, had been found to be
unsuitable, as extracting agents of the colour, nitrobenzene
and amyl alcohol were found to extract 1t, but the colour of
" the nitrobenzene solution changes, sfter a short time, to a
dirty brown, and this was also discarded. The fésults
obtained by examining the amyl alcohol solution of the colouring
matter from a large number of tests controlled for all known
factors, were no more consisient with the amount of santonin
which had been used, than were the previous results.

Finally it was thought that the test might be applied
empiricelly by finding out the minimum amount of santonin, or
the minimum concentration of the reagent to limit the test.

In this way the minimum amount of drug required to give the
coloration would be that amount which contains the minimum of
santonin, and so the percentage of santonin could be calculated.
Using the reagent as a limiting factor, the amount of santonin
could be determined, by ascertaining the meximum amount of drug
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which produces the coloration with a particular concentration
of reagent, but which does not give an increasse in the
intensity of colour with an increase in the concentration of
ferric chlorids. The amount of santonin present would then
be proportional to the amount of ferric chloride. An inepease
in the amount of drug should give no increcase in intensity of
coloration until a higher concentration of ferric chloride 1is
used in the test,

Although 1t would appear to be logical to conclude
that the test 1s a quantitative one and that the intensity of
o lour prodﬁced is proportional to the amount of reacting
constituents present, this was not found to be the case. It
was assumed thet the amounts of santonin, ferric chloride and
sulphuric acid were the limiting factors, and that temperature,
time of heating and state of subdivision of the santonin were
other factors which might influence the test., All of these
wore varied independently and conjointly 1n a large number of
ways, but finally the test had to be discarded, as quantitative
results could not be obtained. The reason for the lack of
quantitative results cannot be stated, A study of the test
gives the impression that quantitative results are possible,
but some unrecognised factor appears to influence the results.

Even the minimum amount of santonin required to give
the coloration cannot be definitely stated. It was found that
a pink colorastion was produced by 0,05 mgm, in & mil, of a
reagent, but in a series of controlled tests no consistent

difference could bve detected when using 4, 1, 2, 4 and 6 times
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this amount. The colours were compared in 8 colorimeter and
no other known factor limited the production of colour.

None of the other colour tests appear likely to be
suitable for a quantitative assay, and a number of them are
obviously unsuitable. The search for a colorimetric method |
of assay was accordingly ebendoned, such investigation as had
beeﬁ carried 6ut on the colour tests having shown them to be

impracticable for quantitative work,

SUMMARY OF CHAPTER VII.

Some account 1s given of methods which have been
proposed for evaluating a drug without carrying out the
qunﬁtitative assay process,

Work which was done in an attempt to find a
procedure, by the use of which these empirical methods might
vield quantitative results, is described. The work was, to
a large extent, concentrated on colour reactions but no
procedure was found whereby satisfactory quantitative results

ecould be obtained,




CHAPTERVIII
THE QUANTITATIVE ASSAY OF SANKTONIN

Introduction.

Despite the fact that santonin may be isolated in a
high stete of purity itas quantitetive separation is a.matter of
some difficulty. The numerous suggested methods yleld
results of varying accuracy, and no completely satisfactory
method of assay has as yet been formulated. Many methods
have been suggested, including gravimetriec, polarimetric, end
volumetric, but only the first has received any great desl of
ettention, and it alone has been developed to glve consistent
results, Gravimetric methods in general attempt the
separetion of the santonin from resinous matter by a process of
erystallisation, A correction for the santonin left in
solution in the mother liquor is applied. Most of the methods
are at best empirical and are only suitable for the comparative
sempling of drugs of similar nature and santonin content. They
cennot be applied to a drug with low santonin content because of
the magnitude of the correction; neither can they be applied to
the analysis of a drug consisting of entire herb or of leaves,
alone, or admixed with flowerheads, because of the dlfferent
nature and larger amount of extractive present,

| It has been shown (16) that santonin may be 1isolated
from the leaves as well as the flowerheads of certain species

of Artemisia, It is also significant that the commercial
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production of santonin 1s already in operation using the entire
Indian herb as source. The material used in the present
research consisted of ldaves or flowerheads, alone, or both
together, In view of these facts it was decided to test all
the available methods of assay, to find, if possible, a process
generally applicable for the quantitative determination of

gsantonin,

General Principles of the Assay.
The preliminery stesges of sll the published methods

for the determinstion of saentonin are very similer. The
general principles for the separstion of acids or anhydrides are
employed, a variety of solvents being used, In the final stages,
however, speciel technlque has besn developed by various workers
because of the difficulties ettending the quentitative separat-
ion of the santonin. The choice of solvents 1s of extreme
importance because of the presence of acid resins which resasct
both to solvents and reagents in & manner similar to santonin,
Moet of the processes are based on Katz' (42)

prineiple which is as follows:-

Katz! Process.

An ethereal extract of the drug is prepared by
continuous extrection and the residue left on evaporation 1is
extracted by heating with barium hydroxide solution. This
produces a solution of the barium salt of the santonin leaving

some of the inert matter as an insoluble residue, which 1is
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filtered off together with the excess barium, precipitated
a8 carbonate, On acidifying the filtrate with hydrochloric
‘aoid the sentonin is liberated and is extracted with chloroform
by sheking in a separsting funnel, The residue left on
evaporating the chloroform contains all the santonin and 1is
extracted by heating with 15 per cent. alcohol which dissolves
the santonin and some of the resinous matter, The solution
is filtered hot, and on cooling and standing the santonin
crystellises, Most of the resinous matter remains in solution,
but some may remain on the crystalline residue obtained after
filtering, especially when the drug under examination has a
low santonin content,

A summary of the other processes which were tested
in the course of this work is given in Appendii I.

The following are the writer's observations on the

various processeés.

Observatione on the Processes.
(a) Polarimetric,

Favrel's (43) polarimetric assay ylelds results which
approximete closely to those obtained by gravimetric methods,
It would appear that some correction should be made for
santonin lost in shaking with 15 per cent. sodium carbonate
solution as it has been shown (44) that when using pure
chemicals, a certain amount of santonin ie extracted from the
bengzene solution by this operation, The figures found for

pure chemicals are not applicable for a crude extract, but
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it 1s assumed that there would be some loss to the sodium
carbonate solution when it i1s shaken with & crude chloroformic
extract., Dragendorff (45) also gives a correction of 3 mgm.
to be added for solubllity of eantonin in 8 per cent. sodium
carbonate solution when 10 c.c. 1s used to wash crystals,
This cennot, however, be confirmed, as it was found that on
washing the fairly clean cerystals from an assay, with this
solution, there was no appreciable diminution in the weight.
The essential o0il present in the crude drug is still
present in the finel solution, and as it is also opticelly
laevo-rotatory, the resding is inocreased. The o1l produces
only a small rotation of polarised light, but it is nevertheless
sufficient to affect the result qulte noticeably in the case of
drugs of low santonin content, There is also the possibility
of other optically active substances being present and affect-
ing the result, while remeining undetected as interfering
agents, Mouton (loc.cit.) gives exampies of this and shows
that even when sentonin was present in the drug, a deviation
to the right was observed. No similar phenomenon has been
noticed by the present author. This polsrimetric method is
little used.

(b) vVolumetric,
Kariyone and Kimura's Process,.

The volumetric assay of Kariyone and Kimura (46) is
not satisfectory. The results obtained by using it are always
high, evidently due to the saponification of some other
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substances, Mouton and Favrel have criticised this method,
and thelr statements that erroneously high results are given
by it are in accordance with the findings of the present
author, Pavrel's statement (47) that the method of the
Japanese workers does not extract all the sentonin present is,
however, unfounded, as the extraction process 1s the same as
that used in Katz! method, which he finds accurate, =nd which
he himself uses in his polarimetric estimation,

Katz' Process.

Katz! (48) volumetric ﬁethod, probably on account
of its length and intricacy, is not much used, Although
Katz gives figures for some estimationg which show a close
relationship with those obtailned by his gravimetric method,
the usefulness snd accuracy of the method cannot be oonfitmad
a8 the results obtained were usually much too high, The
extra purification by taking up with 156 per e¢ent. alcohol 1is

an advantage over the process of Kariyone and Kimura.

{e) Gravimetric.

With drugs containing at least 1 per cent, of
santonin all the grevimetric methods mentioned have been found
to give reassonably accurate results, although these are
dependent to some extent on individual menipulation, and are
very liable to veriastion with varying conditions. They elso
give results varying emong themselves by reason of the

different substances present in the mother liquors from which

W

!
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the santonin is made to crystallise. Apart from these factors
the biggest objJection is to the correction required to be made
for the solubllity of the santonin in the alcohol used in the
final stage of all of them, except Palkin's (49). It is
difficult to imagine this long, complicated process as a
practical method of assaye. This correction, usually taken as
6 mgm. per 10 gm, -of solution, is necessarily en arbitrary
one, since the other substences in solution vary constantly
and 80 influence the solvent action. The correction is
usuelly regarded as small, but in a drug containing 2 per cent,
of santonin it corresponds as a rule to about 30 per cent, of
the amount of santonin actuslly recovered. Such a drug 1is
considered good. In an inferior drug containing 1 per cent,
of santonin the correction is very nearly, if not over, 100 per
cent, of the recovered santonin, e faot which shows how
ungatisfactory such a correction is. It also shows why the
processes do not give good results or are even 1nﬁpplicable in
the case of drugs of low santonin content. In the case of
drugs somewhat low in santonin content, but for which the
processes are appiicable, the final weight of santonin is
inconveniently smsll, which would not be the case but for the
emount left in the aleohol,

None of the processes were found to be entirely §
sultable for the estimation of a drug consisting of leaves, and
ocontaining less than 0.6 per cent. of santonin, The correetion,f

as has been stated, is the chief factor limiting the usefulness
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of the process®s. Some of the processes gave small quantities
of crystels but these were in every case badly contaminated
with brown amoyphous resinous matter and quite useless as the
end product of an assay. Particular mention of only four
Individual methods of assay need be made; Katz!'(loc.cit.),
Frommet's (50), Mouton's (51), and Massagetow's (52). The
first two in meny instances, even when the santonin content
was greater than the amount required for thercorrection, gave
ne crystals. When crystals were obtalned they were so badly
contaminsted as to be useless, Despite this, by adopting a
slight modification, Fromme's process was found to be the
most useful of all, The final mother liguors in Mouton'!s
processen, when using the drug described, were found to be
strongly coloured green, due to chlorophyll not having been
eliminated. No crystals were obtalned, and the same remarks
a8 have been made regarding Katz' and Fromme's processes are
equally appliceble to Mouton's, The process was found to
be quite useful, but it is not considered to possess any
advantage over Fromme's, and the latter is preferred.

More recently the new process of Massagetow has been
found to give accurate results with batches of plant having a
low santonin content, The claim by the author that good
results can be obtained with a drug containing only 0.2 per cent.
of santonin is, however, unjustified. The correction which 1is
required when using 5 gm. of the drug and the quantities of
resgents given by the author is equal to 0.012 gm. and it can
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be seen that only 0.010 gm., of santonin is present in 5 gm, of
drug contalning 0.2 per cent of santonin, Although a
correction is included in the process 1t §a not incon&eniently
large end its inclusion cannot be regéﬁdéd as & serious
objection to the process. It is approximately one«third of
that required by other processes in which alcoholic mother
liquor is used. The number of gtagas might be objscted to if
the results obtained by its use were not oonsisteht with the
intricacy; the asuthor cleims a limit of error of 0.03 per cent.,
but although the process wes found to be reasonsbly accurate,
the smallness of thé error cannot be confirmed, doubtless due to
insufficient practice with this particular process,

The final stage of the process appears to serve no
useful purpose other than the transference of the residue to a
flask for welighing purposes. It 1s suggested that it might be
obviated by filtering the alcoholic mother ligquor through a
tared Gooch erucible, but this is of importance only for
shortening the process. '

Fromme's process, modified where necessary, was used
for the sssays during 1930 and 193l. It is as follows :=
Thirteen gm, of the power is shaken for one hour with 130 c.c.
of chloroform, and 102.5 ¢.c. (equal to 10 gm. of the drug) is
flltered off and evaporated until the residue welghs |
epproximately 8 gm. One hundred c.c., of & fresh saturated
solution of barium hydroxide is thon added, and the mixture

heated on a water-bath until the remainder of the chloroform
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hag been driven off, The solutlion is filtered, the filter

end flask being washed with hot water, and the filtrate

acidified with 5 gm. of 25 per cent. #f hydrochloric acid.

When lukewarm this acid solution 1s transferred td 2 large
separator, end the flask rinsed out with 20 ¢.c. of chloroform,
which is then added to the liquid in the separator, After
shalring briskly for two minutes, the chloroform is allowed to
separate, and is drawn off into a flask, the extraction being
repoated twice, with quantities of 20 c.c. of chloroform, The
residue left on evaporating thess mixed chloroformic solutions

is taken up by wérming with 7.5 gn. of absolute alcohol, and

the solution 1g poured intoc 42.5 gm. of hot water. This 18
filtered immediately, and the filter and flask are washed with
two successive 10 gm, lots of a heated mixture of 3 gm, of
aebsolute alcohol and 17 gm., of water. The solution is

allowed to cool and stand fpr twenty-four hours, at the end of
whioh)the erystals which have separated are collected on two
counterbalanced, superimposed filter papers, The flask and
filter are washed with two successive quantities, each of 10 c.c.‘
of 15 per cent.'alcohol. The filtere are then dried to constant
welght st 11000., and the crystals obtained are welghed. To w
the weight of crystels obtained, 0.042 gm. (= 6 mgm. per 10 gm.
filtrate without washings) must be added as a correction for the
solubility of santonin in the mother liquor. This total
weight represents the emount of santonin in 10 gm. of the crude

drug.
When the santonin content of the drug 1s low the
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process becomes inoperable, and it is then necessary to adopt
some modlfication in order to obtain crystals,. Two methods
of modifying the process were tried. In the first attempt to
overcome the difficulty, a weight of santonin approximetely
equal to that which the correction indicated would remain in
solution, was added to the hot solution after filtering. This
added santonin was taken into account when making the final
calculation, The second method adopted was to double the
‘hmount of drug and reagents used, up until the stege where the
residue is taken up into 16 ner cent, alcohol, A single
volume of this solvent was used, Some alightAerror may thus
be introduced, by altering the solubility of santonin in the
final mother liguor for this has double the normal amount of
other dissolved substances. For the purposes of this research,
however, the error introduced would be relatively very small,

and by comparison with the first method adopted, the result dia

not appear to be affected. By carrying out this assay with this
modification, using a drug which ylelded crystals by Fromme's |
original method without modification§, and at the seme time
carrying out a control using the original wmodified method,
the writer could detect no error introduced by the

modification,

(d) Preparation of Derivatives.

The prooesses which take advantage of the ketone ' i

group present in santonin were designed primarily for the
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estimation of already purified santonin in tablets znd such
preparations. In these there is no substance having similar
ketonic properties, or, if there is, such substances may first
of all be eliminated usuelly quit%simply. In dealing with the
crude extracts, however, substances not so readily eliminated, ;
such as artemisin and pssudoesantonin, interfere with the

result, In addition to these well.dsfined substances, some

part of the resins apnear slso to teke part in the reaction

with reagents such as hydroxylamine, confusing the result,

These also can ultimately be éuminated, but when this is done

to & sufficient extent, the preparation of an additive compound
is only an additional stage in s straightforward gravimetric
estimation,

Attempts ware made to estimate the santonin in

extracts of varying purity, of the crude drug, by the preparatienz
of oxines, phenylhydragones and semicarbazones, but consistent {
results could not te obtained with a reasonable smount of
purification. Eveﬁ.after the extracts had been purified up
to a stage corresponding to the purity of the finel stagekin a
gravimetric a2ssay, the results were inconsistent. This was
attributed to the presence of resinous bodles which remain in
colloidal suspension in the final mother liquor of the
gravimetric assay while the santonin erystallises out, dbut which
form insoluble compounds with reagents which precipitate ketones.
Fractional crystallisation mey be adopted to separate
the different additive compounds formed, but this 1is

impracticable for an ﬁssay process,



In eddition to shortening and slmplifying, it ie
desirable in any projection process that the use of eny
reagent in which santonin is eppreciebly soluble, and for which
solubllity 2 ceorrection would need to be applied, should be
avolded

NEW GRAVIMETHRIC METHOD OF ASSAY

Gravimetriec orocesses have been found to be the best
for obtainlng asccurate results, The only one, however, which
in its originel form, ylelds consistent results when dealing
with a drug of low santonin content, ig Massagetow's, and it 1is
rather long, In addition it is very recent and was not
available until this research was almost finished. Taking
adventage of what apreared to be best in the other processes,

a new method of assay has been formulated and after prolonged
testing has heen found to be eminently sulteble for the type
of drug used in this rasearch, It has also been used for the
estimation of santonin in typicel commercial drugs and found
to give satisfactory results, and it 1s believed that 1t is
generally useful for the estimation of all types of crude drugs
conteining santonin,

No ecorrection is required snd good results have been
obteined with drugs containing as little as 0.3 per cent. of
sentonin., With drugs containing less than this amount results
may still he obtained, but the accuracy then depends on the
type of drueg, as in some instances it was found that the

ervstals were contsminated with resinous matter, This was
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found to be particularly so with very poor commercial drugs,
and flowerheads alone, which appear to contain a greater amount
of resinous matter than do the leaves,

The procedure finally chosen as the result of trigl

and error is as follows 1=~

Procedure.

The estimation is carried out by extracting 14 gm.
of the drled, coarsely powdered drug, by shaking frequently
during six hours with 140 mll, of benzenej; 101 mil. of the
liquid is filtered off and shaken briskly for five minutes in
a separating funnel with 35 mil. of 8 per cent. sodium carbonate
solution. Separation is allowed to take place and 80.5 mil.
of the benzene solution, corresponding to 8 gm, of the drug, is
decanted into a flask and evaporated to dryness on s water«bath,
The residue is taken up with 40 c¢.c. chloroform and the
solution 1is filtered, the flask and filter being washed with
two portions each of 20 c.c. of chloroform. The filtered
solution is evaporated to dryness on a water-bath, The residue
is extrécted by heating for ten minutes with 60 mil. of
saturated barium hydroxide solution at 98°C.  The solution is
immediately filtered into a flask, the flask and fillter being.
washed with two portions, each of 10 mil., of saturated barium
hydroxide solution at 96°C., and the filtrates united. The
flask is then plugged with cotton wool and the solution is
allowed to cool, made slightly acid by the addition of 5 mil.
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of 26 per cent. hydrochlﬁric acld, and set aside for twentye
four hours to crystallise, being gently agitated occasionally.
The crystals are collected in a tared Gooch crucible, any
crystals remaining in the crystallising flask being washed into
the crucible with small portions of the filtrate, The crucible
and crystals are finally washed with two 10 mil, lots of cold
water and dried to constant weight at 10008. After cooling

in a desiccator the weight of santonin 1s found and represents

the weight of santonin present in 8 gm. of the crude drug.

Conslderation of the New Method.

Benzene was chosen s the extracting agent because it
extracts less inert and resinous matter than do the other common
organic solvents, It 1s suggested, however, that commercial
cerystallisable benzene, completely volatile below 9500. be used,
as was done in the present work, Benzol of commerce cannot be
eumgletcly removed from the extract at the temperature of the
water-bath, at ordinary pressurs,

It has been shown (43) that a considerable portion of
the resinous metter ieg sxtracted from a crude extract of the drug
by shaking with 1% per cent, sodiuwm carbonate solution. It has
further been ahowq,/{44),however, that by shaking a solution of
santonin in benzeme with 15 per cent, sodium carbonate |
solution, a proportion of the santonin is taken up by the
alkaline layer, Dragen_dorff uses 8 per cent, sodium
carbongte solution to wash cfystals from an assay and thus

removes any resinous matiter which may be adhering to them,
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He gives a correction for the solubility of santonin in this
solution,

More reeent work has shown that santonin is not
extracted from benzene solution by shaking with 8 per cent.
sodium cerbonate solution, As the 15 per cent. solution
possesses no advantage over the 8 per cent. for the extraction
of resinous matter from a benzene extract, the latter solution
was chosen for this assay, That the two solutions ere equally
effective for the extraction of resinous matter may be
demonstrated by first of all extrascting two separate volumes
of benzene extract of santonica with 8 per cent., sodium carbonste
solution. One of the extracted benzene solutions is then
extracted with more 8 per cent, sodium carbonate solution and
the other with 15 per ecent, After separstion of the alkali
layers, an examination of them shows that the 15 per cent,
solution contains very little, if any, more extractive matter
than does the B per cent.,, showlng that practically no resinous
matter remained in the benzene layer after the first extraction,
which would have been removed by using 15 per cent., sodium

oarbonate solution as the first extraction reagent. Mouton has

stated that the two layers do not separate readily when a benzene
extract of santonica is shaken with 15 per cent. sodium carbonate
solution. No difficulty was experienced by the writer in
getting the two layers to separate when using 8 per cent.
solution, On standing for et most half an hour or with
suitable manipulation, separation is complete and the aliquot
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part is readily obtained free from the agqueous portion,

Extraction with chloroform serves to eliminate such
compounds as artemisin end pseudo~santonin whioch form insoluble
compounds with 1it, This stage is notwconaiddrod to be
necessary when assaying the plant at present undér investigation,
as an examination did not reveal the presence of any of these
other compounds, In order to meke the process generally
usable, however, this stage must be ineluded.

By extracting the residue from the chloroformio
solution with bardum hydroxide solution the santonin is converted
to the barium salt, and goes into solution, while scme of the
resinous matter is left behind on filtering.

It was found that by allowing the solution to cool,
before acidifying, better crystals were obtasined. By
acidifying while hot, small scaly crystals appeared and the
e¢olloidal matter which remains in suspension otherwise, showed
a tendency to deposit,

The crystals obtalned are good clean pletes,
practiecally free from sontamination of any kind and having e
melting-ﬁoint of 162 to 170%C.

S WITE DIFFERENT METHODS OF ASSAY

Frhe considerstion which led to the adoption of the
various stagss in the new method of assay heve already been
stated, The general technique having been decided, the various
stages hed ¢ be experimented with, untll the best result was -

obtained from each, and flnally the assay was tested
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comparatively with obther processes on suitable drugs.

The processes adopted for making the comparison were
those of Ketz, Fromme and Mouton, It was found, and it has
elso been shown by others, that wher a good drug isvbeing tested,
almost identical results can be obtained with these three
progesses, Eder and Schnleter's (loc.cit.) process was also
found to give corresponding results, but for the most part the
théee previous processes were considered to be sufficient and
they alone were used. It had also, however, been observed
that satigfactory resulis can be obtained with any of the
processes; using a drug compound of leaves and flowerheads; or
leaves alone, only provided an anpreciable quantity of santonin
is present,

The first three sets of tests were carried out on
samples of good commercial santonica which had previously been
found to contain 1.48; 2,35 and 1,94 per cent, by Fromme's
method. The results of theee tests are shown in Table III.

TABLE IiI. PERCENTAGE OF SANTONIN BY DIFFERENT
METHODS OF ASSAY

METHOD

Fromme!s 1.48 2+35 1.94

Katg! 1.50 2,56 1,96

Mouton's | 1049 2,36 1,94
‘L_New Method 1448 2.54 1,93

Having found from a number of these assays that

compareble results were obtainable, the writer next carried out
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tests on batches of plant consisting of leaves, or leaves and
flowerheads contsining an apprecisble quantity of santonin.
The vesults obtained are sunmarised in the followint table t=

TABLE IV, PERCENTAGE OF SANTONIN BY DIFFrRENT
METHODS OF ASSAY

METHOD "‘TV;A- . vif"ﬁ“VTi. YIIT, ‘”IiTﬁ“;'TE?"
Fromme's 13,175 ]1.060 0,805 {1,025 11,150 |0,960 | 0,730
[Katz! 1.19511,085] 0,840 |1,030 [1,160 {0,990 | 0,780
Bouton's  |1,205]1,200] 0,870 |1,075 }1.165 11,020 | 0,810

New Method 1,180 1,050 0,795 11,030 {1,150 0,95 | 0472

NOTE: (The eyror in the processes is such that results are
accurate to the second decimal place at most, but,
for purposes of comparison, the sctual figures obtained,
to th? nearest 5 in the third decimal plece, are given
here.,

From this it will be seen that comparable results are
obtained by the use of these four methods, although the
variation is, on the average, somewhat greater than that when
usihg the commercial druge. When a high varlation is evident
the crystals were impure and the extra weight was attributed to
the presence of resinous matter. A green colouring matter,
probably chlorophyl, 1s also present on the crystals obtalned
by using Mouton's process, with a low santonin content drug.

It will also be observed that the results obtalned
by the new process accord most closely with those obtained by
Fromme'!s process, The reason for this is assumed to be the
presence of small quaentities of resinous matter adhering tb the

crystals from the other two methods of assaye. The crystsals
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from Fromme's and the new method ere practically free from
contamination and were certeinly cleaner than the others,

These figures confirmed the usefulness of the new
process and it was concluded that accurate results are obtained
by using 1it,

Attention was next turned to drugs containing smaller
quantities of santonin, Since there 1s no correction to be
applied it was noi'considered necessary to prove the sccuracy
of the process by comparison of the results with those obteined
using other methods, The purity of the crystals obtelned, as
shown by thelr melting point and freedom from resinous matter
was considered to be better evidence of the uaefulness of the
moethod than such a comparison, particularly since it had
previously been shown that some modification required to be
applied to the other processes in order to obtaln crystals with
a low content drug. As an additionel check, however, Fromme's
originsl process, end Fromme'!s process, modified in two ways as
‘alreedy desciibed, were carried out., Mouton'!s process
similarly modified and without modificstions, and Katz!
unmodified process were also carried out. The resultis
obtained sre shown in Table V. From this it will be seen that
while crystals were obtalned with all of the processes when
drugs with higher santonin content were used, the percentages
represented by the weights of these crystels were invariably
high, because of the impurities present on them, By a
modification of the methods, the results obtained were not
improved from the drugs with higher content, due probably to
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the extra resinous matter which seperates, It has previously
been mentioned that the correction slso 1s probably not accurate
when any modification 1s introduced, the asmount of solutes in
the final mother liquor, for which the correction is required,

being doubled, The only edventege of a modification is that an

approximate result ia obtained from drugs having a lower content.

TABLE V, TABLE OF RESULTS BY DIFFERENT METHODS OF ASSAY

 ENTAG ’ -
‘ ’ ON SéMPLE

et

0,72010,65010,645 10,545]0,535]| = - -

10,72610,668] A 10,570} A 10,460]0,425 ] =
0,725 A ]0.,6861 A 10,54510,450]10,380 10,150

Mou 0.730]0,655]0,660 |0,565 0,550 {0,505] = -
Mouton's M3l A_]|0.6601 A 10,565} A 10452510.,465 ) =
|Mouton's M2 A A_]0,660! A 10,54010,48010.385 [0,275
[Katz! 10472610 655] 0,650 |04 560 0,550 10,520} = -

—

New Method  |0.716/0,650}0,6450,54010,630]0.450]0,370 { =
New Method M2| A A 4 lo.550] A lo.45040.375 p,150 |

NOTE: M1 indicates that process was modifled in first manner
deacribed for Fromme's.
M2 indicates that process was modified by the addition of

santonin. ,
A indicates that process wes not cesrried out with this

darug.
~ 4indicates thet no crystals were obtalned,.
With drugs of lower santonin content, the three older
unmodified processes very often gave no crystals at all, In

drugs containing less than about 0.5 per cent. of santonin no
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crystals can be obtained as the correction corresponds to only
a little less than this percentage. The results obtained by
modifying the processes with these drugs were quite unsatis-
factory. The crystals obtained, wer§ often very dirty.

Table VI. is a comparative table showing the impurity of the
residue as ovidenced by the approximate melting points,
determined as well as was possible with the adhering resinous
matter, N The».'m?;ting point of pure santonin is 171 - 17400.

TABLE V;f< COMPARATIVE TABLE OF PERCENTAGE OF SANTONIN BY
. R DIFFERE@T METHODS AND ITS APPROXIMATE MELTING

~ “POINT (°C.); FROM LOW CONTENT DRUGS.,
_Semple XIV]| Sample XV1]Cample XVIl|Semple XViii |
Method % spelli.pt. % age|k.pts | 8g6|M.pt, | % 886 [Napts
Fromme! 0545160 | = - | - | - | - -
Fromme's M1 | 0.570 164 fo.eeoézev 0.425162 | - | -
Erogy&*a M2 A - .0.4505169 0.380/168,5! 0. 850 |16%
outon's 0,555:167.5 0.505%150? [ - . -
outon's Ml |0.565/165 | 0,525 1457 0,466 1541 % - | -
outon's M2 | a4 | - l0.480 160% 0.3855166 085! 3
atz! 0.560/167 0.620/1487 | - | - f - 1 -
ew Method  |0.540/170 |0.450/169.5/0,370(269 | - | -
ow Method M2| 0,550/169 |0,450|169 |0.375/169 10,150 ]168,5

These figures show that Fromme's method with some
modification is, off all the previous, suggested methods, the
most suitable for this type of drug, Even it, however, does

fifure as those obtained by the new method

and this latter requires no modification with reasonably low
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santonin content drugs, there being no correction necesssry.

The new method has been found to be quite applicable to
air-dry drugs having a santonin content as low as 0,3 per cent;
the crystals obtalned from drugs containing less than this
amount, are somewhat impure. It had been shown to give
accurate results, and the extensive use to which it was put in
1932 has conflrmed 1ts usefulness,

This process may be modified if necessary by the
addition of santonin te the finel mother liquor, but it is not
advisgble to decrease the gmount of barium hydroxide solution
in proportion to the amount of drug used. Because of the
interaction between the reagents with the production of barium
carbonate, 1t is, of course, not permissible in this process
to wash the crystals with sodium carbonate solution as may be

done in some of the other processes.

Incidental Work.

During the investigstion it wes necessary to ascertain
whether a correction would require to be applied by reason of
the extrasction of the crude, benzene extract with sodium
carbonate solution, The effect of extracting a benzene
solution of santonin with 8 per cent. and 15 per cent., sodium
carbonate solutions waes determined,

The solubility of the benzene used, 1s not included
in eny tables, end it was required for the calculation, on

which the method sdopted for the previous determination,

o
depends. The solubility at 19 C. of santonin in commercial
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crystallisable benzene was therefore determined.

The density, at the prevailing laboratory temperature,
of the benzene used, was required for calculation of the
aliquot part and also, so that the solubility of santonin in
the benzene might be stated as a weight in volume percentage,
and as a weight in volume of benzene, The density of the
benzene at 1900. was accordingly determined. Details of these
three determinations are given in the following chapter,

SUMMARY OF CHAPTER VIII

A large number of assay processes, which were tried
in the c%?rse of this investigation, in an endesvour to find
one suitégle for the particular type of drug which was being
used, are criticised on the baslis of results obtained by their
use. Cbservations as to thelr usefulness or unsuitabllity for
the present work, sre made.

Gravimetric methods having been shown to give the
most escurate results, a new method of this type is described,
Accurate results pay be obtained by this new process which is
applicable to the snalysis of drugs with a low santonin content
for which the other processes are not suitable without the
int roduction of some modificatiQn to increase the final yleld
of crystals, Comperative results with this new process, 2nd

three other sccepted processes, on drugs of different character

and widely varying santonin content, are shown,




CHAPTZER IX,
SOME PHYSICAL PROPERTIES OF SANTONIN

The solubility of Sentonin in Benzeme

Many of the present methods for assaying santonin in
santonica and preparations containing santonin use benzene as
the extracting agent, but despite this widespread use, the
solubility of santonin in benzene does not appear to have been
determined, It is not given in any of the standard reference
books, nor is mention made of it in any of the published papers
describing the processes in which benzene is used for the
extraction, The desire in the present instance was for a
figure which, while not necessarily absolute, would be a good
working figure for routine laboratory work. Reasonable care
was observed and an spparatus giving satisfastory resultg,used,
80 that the solubility figure given 1s close to that w%}ch

s

would be obtained using more elaborate methods.

Apparatus and Physical Conditions.

The determinations were carried out at 1900.
(66.2°F.)s not a very common temperature for scientific
determinations, but a very common one in the laboratory, and
therefore in keeping with the exactness of the method.
Recrystallised santonin, having & melting point of 17100., was
used, and the bengzene was commercial crystalliseble bengene,
which is usually employed in routine laboratory work. The
apparatus used in making the determinations was thet described

by Campbell (53) for the determination of solubility, and
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consists of two weighing bottles connected together by a cork
and gless tubing, so that a saturated solution of the substance |
at any desired temperature can be obtained, without cooling or
loss of volatile solvent on filtering, The determinastions
were made by maintaining the apparatus at 2100. by means of a
thermostat for four days, with frequent shaking, and then at
19°C. for 48 hours, still shaking frequently. The apparatus
was then inverted in the thermostat so that filtration took
vlace at the correct temperature, The lower weighing bottle
on removal from the cork was immediately stoppered and weighed.
The benzene was removed by evaporation at & low temperature |
(40°C.) end the bottle and contents dried to constant weight at |
06°¢. It had previously been ascertained that the bengzene left.

no residue when maintained at this temperature for half an hour.

Density of the Solution and of the Benzene.

Fr&m the data thus obtained, the welight of santonin
soluble in 100 gn. of benzene and the weight in weight
percentage solubility, were calculated. To calculate the
welght of santonin soluble in 100 mil, of solution, the density
of the svlution was requlired, and for the czlculation of the
weight of santonin soluble in 100 mll, of benzene the density
of the benzene was required, These densities were determined
with sultable accuracy by means of & density bottle by making
g satureted solution at this temperature, using the figures
from the data elready obtained. The density of saturated

solution of santonin in benzene at 19°C., taking the mean of
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three determinations, was found to be D. 19o 0.88610 4 2 X 10“5gm.
o”

per mil.,, and similarly the density of the benzene used was D,19° f
0.87915% 2 X 10°° gm. per mil. |
m

The figures obtained in the determination of the
solublility are seot out in the following table $=

TABLE VII, SOLUBILITY OF SANTONIN IN BENZENE

‘Exper1¢ Weight | Weight of |Welght of santonin | Percentage santonin

ment of residue gsoluble in __in solution
solution| ( santonin){100 gm. 100 mil, | weight Welght
Benzene |[Benzene in in
welght volume

4,5490 | 0.1768 |4.0199 |3.5342 | 3,8646 |3.4244
6.5651 | 0.2643 |4.0206 |3.5426 | 3.87356 |3,4323
5.,1944 | ©,2004 (4.0128 [3,5279 .| 3.8580 |[3,4186
5.8368 | 0.2256 - |4.6205 |3.5346 | 3.8651 |3.4249

= KB N e

From thls table, taking the mean values, 1t can be seen
that the solubility of santonin in commercial crystallisable
benzene, D.16° 0.87916 gm. per mil. at 19°C., 1s 3=
4,0207 gm. in 100 gm. bengene; 3.5348 gm. in 100 mil. of benzene;
3.8653 per cent, weight in welght; 3.4281 per cent, weight ip
voluﬁe. One part of santonin is soluble in 24,871 parts by
‘weight, or 28,292 parts by volume of benzene at 19°¢.

These data were required before the determination of the
effect of extrscting benzene solution of santonin with sodium

carbonate solution, could be carried out, by the proposed method.
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The Extraction of Santonin from Benzene Solution by
Sodium Carbonste Solutions :

The final product in the gravimetric assay of

santonica consists of crystals of santonin contaminated with a
little resinous matter, The crystals may be more or less freed
from the contamination by washing on the filter paper with eight
per cent, sodium carbonate solution as originelly suggested by
Dragendorff (loc.cit.), who gives a correction of 0,003 gm. to
be added for evefy 10 c.¢. of solution used, to correct for
santonin lest by solution, In Favrel's (loc.cit.) assay, an
attempt 1s made to remove the resinous matter at an early stage
by shaking the chloroformic solution with 15 per cent. sodium
carbonate solution, In this assey no correction is made for
the eolubility of santonin. As & correction 1g applied for

8 per ceﬁt. sclution in Dragendorff's process, and none is made
for 15 per cent, solution in Favrel's, it was considered
advisable, in view of the importance of such a correction in the
assay of santonica, to determine the solubility of santonin in

8 pér cent, and 15 per cent. solutions of sodium carbonate
(Na,005, 10H,0.).

An acidmetric method is not practicable in view of the
large amount of alkali involved, in comparison with the small
welght of santonin., The direct gravimetric method also presents
8 number of difficulties. It was, therefore, decided to make
the determin:tions indirectly by shaking a solution of santonin

in benzene with the sodium carbonate solutions, The
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solubility of santonin in these latter solutions can then be
calculated by determining the amount of santonin left in the
benzene layer, using the formula for calculation of partition
coefficlient, the solubility of ssntonin being known. Control

experiments were carried out at the same time,

Techniqgue.
In meking the determinations the following were used t-

Becrystallised santonin, melting point l?loc.; cormmercial
crystallissble bengene, and & per cent, and 15 per cent,
solutions of decahydrated sodium carbonate, Two plpettes,
having exactly the same delivery, were used throughout, one for
the aqueous, and the other for the benzene and benzene solutions.
The santonin in benzene solution was approximately ¢.15 per cent.
that being a common strength for an extract of santonica,

Sodium carbonate solution in 20 c.c. portions in
separating funnels, with 40 c.c. lots of benzene solution were
vigorously shaken at frequent intervals for fortyeelght hours.
Separation was quick and complete. After this treatment
10 c.c. lots of the benzene solution were separated into
accurately tared small flasks, the benzene was evaporated at a
low temparature and the flasks dried to constant weight at 9500.
In the controls the benzene solution of santonin was replaced by
benzene alons, On ovaporation of the tenzene there was no
appreclable residue from any of the controls, showing that any

water in solution in the benzene did not carry with it any

godium carbonate. To find the exact emount of santonin present
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in the delivery, from the pipette, 10 c.c, lots of the untreated
benzene solution were put into tared flasks and similarly dried,

The results obtalned were ass follows ¢~

Eight Per Qent., W/V Solution of Sodium Carbonate, -

The weight of residue obtained from the extracted
benzene solution wes in each csse the same (within experimental
error) as that obtained from an equal volume of untreated benzene
solution. Since theie was no sodium carbonste in the residue,
it follows that no santonin is extracted from the benzene
solutlion, end following the recognised laws of extraction by
Immiscible solvents, the conclusion is reached that santonin is
insoluble at ordinary temperstures in 8 per cent. solution of
sodium carbonate.

In Teble VIII. a few of the sctual figures are shown.

TABLE VIII.
Weight in milligemmes from 10 c.c.solutioh
Experiment ,~— i ATter extraction with
- Untreated . 8 per cent., sodium

' » oarbonate‘solntion L

A. 14,4 14w

B. 14.6 145

C. 14.4 ’?7 14.4

D 14.4 145

Fifteen Per Qent, W/V Solution of Sodium‘Gaernate.,

With this solution the weight of residue from the

extracted benzene solution wae less than that from an equal
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volume of untreated benzene solution, The dirferénce amounted
to about one~twelfth of the weight of the latter residue.

The following Table IX. is & table of some of the
figures obtained,

TABLE IX,
[
Weight in milligrammes from 10 c.c.solution
" Experiment ‘
After extraction with 15 |
Untreated per cent, Sodium Carbonate
Sog:_lrution.

A 14.4 15.2

B 1446 13.2

c 14.4 13.2

D 14.4 C13.2

The question arises whether this is a simple solutioh j
of santonin in sodium carbonate solution or whether chemical E
combination tskes place. In order to decide this the sodium
carbonate solution, which hed taken up the sghtonin, was separatedg
and re«extracted with benzene in & similar menner to the fiusst
extraction. No santonin was extracted. This was verified by
using larger volumes of the solutions, as the volumes firsd used
gave only comparatively small weights of santonin. From this it
is concluded that 8 per cent., weight in volume solution of sodium
carbonate has no solvent action on the santonin. A 15 per cent,
sodium carbonate solution is strong enough to extract a certain

amount of sentonin from benzene solution. This is not a simple
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solution, and probably involves opening the lactone ring with
formation of the sodium salt of the corresponding aecid.

It must be observed that these figures were obtained
using pure chemicals and that they are not considered to be
applicable to solutions in which other substances are present,
The solubility of santonin in 8 per ceent., sodium carbonate solutim
msy be incrersed by resson of the presonce of much orgenic matter
in that solution, but it was considered thet the amount which
would be extracted by dissolving in the 8 per cent. sodium
carbonate solution would be, relatively, so amall as to be
negligible for the purposes of the sssay.

It wes concluded from this investigation that some
santonin would be extrascted from the benzene extract by shaking
with 15 per cent, sodium carbonate solution, snd as has been
shown, this solution appears to offer no advantege over the 8
ver cent, for the purpose for which it is required. The
conclusions drawn from this experiment led the author to use

8 per ecent, decahydrated sodium carbonate solution in the new

 gravimetric method of essay.




SUMMARY OF CHAPTER IX.

The solubllity at 19°C. of sentonin in commercial
cryastallisable benzene was determined. The procedure adopted
and figures obtained in the determination are given,

The density of this benzene at 1900. has epparently
not been determined, and as it was required for stating the
solubility as weight in volume of benzene it was determined
a8 an incidental part of the work,

The density of the saturated solution wes also
determined so that the welght of santonin in a volume of the
solution might be stated,

The golubility of santonin in commercial crystallisable
benzene was required so that a determination of the effect of
extracting a benzene solution of santonin with 8 per cent. and
with 15 per cent. sodium carbonate solution might be ascertained,
using the partition coefficient method. This latter
investigstion was carried out and it is shown, that, using pure
chemicals, 15 per cent sodium carbonate solution has a definite
extractive action on the santonin, Eight per cent., sodium
carbonate solution does not extract any sentonin from e benzens

solution of that substance,




CHAPTER X,

DETERMINATION OF THE SEASONAL VARIATION
IN SANTONIN CONTENT

A bateh of A, pgallica in the vegetative state was

collected in July 1929 from Tynefield (Map reference 1) and
examined, The estimetion for santonin by Fromme's (loc.cit,)
method ihowod 0.8l per cent, of santonin to be present in the
leaves of the air-dry herb. The smell percentage was attributed
to the early stage of development but it was to be expected that
it would not be the maximum amount produced by the plant. It
was decided then, to collect the plant at successive growth
stages during the following seasons, end to trace the variation
in the santonin content and its relation to stage of development.
Root, stem, leaf and flowerhead of the plant were secarated
wherever possible and each examined for its sentonin content,

es this also seemed likely to be of value. Santonin was not

found to be present at any time in the root or woody stem.

19830 Material,

Periodic collection of the plant was commenced in May
1930 and carried on et fortnightly intervals until July. From
July until September weekly collections were made. Alihough
the time interval was regular, attention was directed more

particularly to the stage of development of the plant and such
precautions as are possible in dealing with a wild plant

distributed over a large area were taken to ensure that increase

in development of successive batches of the plant was in
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accordance with the time intervel which haﬁ elapsed from the
previous collection, It was not poseible to ensure great
accuracy in this, but when a collection was made, another bateh
of plant at, to all sppearances, a similaer stage of growth, and
similarly situated with regard to habitat, to that being
collected was marked. By collecting this marked bateh at the
following collection, reasonable accuracy was ensured, This was
done on each occasion,

Early in June a number of plants were transplanted to
the ground of the Scottish Society for Research in Plaent Breeding
at Corstorphine, Midlothian, There, under the supervision of
Dr. J.W. Gregor of that Society, the plants were cultivated,
These plants also, were collected at successive stages of growth
during 1931 and 1932 and examiged in order to ascertain the
effect on the santonin content, of cultivating the plant in a
non-halophytic habitat,

The drying end storing of the plants was controlled
and each bateh subjected to, as nearly as possible, the same
conditions, Drying wae carried out by exposing the material
to a ecurrent of warm air st a temperature of about 4606. as soon
after collection as possible in order to prevent any
autoxidation which might otherwise take place.

Thirteen batches of plants at different stages of
growth were collected during 1930, The first of those batches
consisted almost entirely of fleshy leaves, A shooting stem

was present in the fourth and succossive batches but flowerheads




were not apparent until the seventh batech, which had however

only & very few undeveloped buds,

From this, and the

succeeding batches, it was possible to separate a small quantity

of flowerheads, and these were assayed separately.

TABLE X, TABLE OF PERCENTAGE OF SANTONIN IN
1050, AIR-DRY HE
BATCH DATE OF [ ANT USEL
NUMBER COLLECTION Leaves and Leaves and
Finer Stems Flowerheads
1 10th May 0,15 -
2 7th _June 0,375 -
3 21st June 0,44 -
4 4th July 0,545 -
6 19th July 0,80 -
6 26th July 0,95 -
7 __1st august 1.4 lLle
8 9th sugust - 18
9 16th August - 1,66
29 21lst August - . 1,086
11 £6th August - 0476
32 30th August |} - 0,805
23 6th September - -

% The roots and stems were also examined, but did not on any
oceasion yield santonin).

On the tenth bateh the leaves surface had started to

decrease considerably, and on the eleventh there were

comparatively few healthy leaves remaining.

This being so, the
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assay on the twelfth and thirteenth batches was carried out on

flowerheeds practically alone,

By the time of collection of the

twelfth bateh, the flowerheads had ettained complete development,

end in the thirteenth batch they were partially expanded.

instences in triplicate,

The assays were carried out in duplicate, and in some

Teble X. glves the average of the

assays, and shows the variation in santonin contendin the aliredry

leaves, with flowerheads, if present,

on Fig. V.

This veriation is shown

The percentage of santonin present in the flowerheads

alone is shown in Table XI., and a graph of these values is

given on Fig, V., with that for the air-dry lesaves,

TABLE XI, TABLE OF PERCENTAGE OE SANTONIN IN
~ BATCH DATE OF PERCENTACE OF SANTONIN |
_NUMBER COLLECTION IN AIR-DRY FLOWERHEADS
7 lat August 0,48
8 oth August 0.65
9 16th August 0.72
10 2lst August 1.18
11 | 26th August 1,06 4
12 30th August 0,808 !»
13 6th September 0,190

By comparing these two tables and the graph (Fig.V.)

it 18 seon that the santonin content attained a much higher

maximum in the leaves than it did in the flowerheads, and that

the maximum asmount was present in the leaves when the flowerheads
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were just becoming evident: ‘The santonin content of the
leaves had dropped considerably before that of the flowerheads
had attained 1ts meximum value.

The figures show the variaetion in saentonin content in
particular parts of the alr-dry herb, Additional figures were
taken showing the proportional weight of the different parts
present on the fresh plant on collection, and also after drying,
After determination of the amount of santonin present in the
different parts, the percentage of santonin pregent in the entire
plant in either the fresh or dried condition could then be
calculated, The loss in weight on drying of the entire plant
end of the separated lesves and stems wasz also recorded. The
amount of santonin in the fresh and dried entire herdb could be
determined from these data. In addition the emount present in
the fresh leaves alone could be calculated,

Considerable time was involved in obtaining these
figures, as they are recorded for over 80 batches of plant and a
maltitude of data may be odbtained from them. Other than as a
record they are not, however, of much value for this particular
research, In Table XII. the data obtained for the plants
collected in 1930 are given. They are representative of the
figures obtained in succeseive years and for plants from different
localities, details of which are not given in this paper.

From this table it will be seen that the leaves of a
plant with almost mature flowerheade and containing 1,66 per cent.
of santonin lose approximaetely 75 per oént. by weight on drying.
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TABLE XII,.

al __uggggﬁggépnal wolght of Parts PERGENTAGE LOSS IN
ﬁggggﬁ ~ Leaves | oStems ieave?ﬁiﬁggz;;h, Wg\eﬁT gaegzl Gé?ema
and/or and/or Plant, |and/or
| Pithds, | F1'hds, — |Fl'hds,
1 100 - 100 - 84 | 84 -
e | 200 F - 100 - g2 | ep -
3 100 b 100 - 80 | 80 - ..
4_ 88 12 g2 | 18! 7e,5| s 66 _|
5 | 85 | 15 77 23 | 76 __T8 64 _
6 83 17 76 24 | 74,5 | 77 64
7.1 s 20 72 28 | 74,5 | 77 | 64
8 80 | 20 71 29 74 | 77 62 |
9 79 2 64,5 35,5 69 75 48
10 78 | 22 64 36 U es 72 43
11 75 25 65 _ 36____60 65 43
12 68 | 32 59 1 4 56,6 | 62 43
18 65 | 35 _ 57 43 52,5 | 58 42

The percentage of ssntonin shown for the leaves in
PTable X. must, therefore, be reduced to ¢ of that percentage to
express the amount of santonin present as a percehtage of the
fresh leaﬁes, since santonin is included in the weight of the
leaves used in the assay and it does not decrease in weight on
drying. The percentage of santonin in the fresh leaves and
flowerheads of batch nine, 1930, is then 1.66 X 1 = 0,415.
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Similerly, since the overground plsnts are composed of 79 per
cent, of leaves and flowerheads anmd 21 per cent, of stem, this
percentage must be further reduced by 79, to express the
santonin present as a percentage of tﬁgafreah aerial plant, 1.,e.
the percentage df gantonin present in the living green plant is
0,328,

These figures for the 1930 series of plunts, obtained
by combining Tables X, end XII, are given in Table XIII, and

represented graphically on Fig. VI.
TABLE XIII. TABLE SHOWING CALCULATED PERGENTAGEWGF SANTONIN IN

BATCH | DHIED LEAVES | FRESH LEAVTS T THESH GEEN ]

NUMBER., AND/OR AND/GR PLANT
FLOWERHEADS . OWELIIPADS,

1 0,15 0,024 0,024
2. 0,375 0.0¢8 0,068
3 0edd 0,088 0,088
4. 0,848 0,120 0,106
& 0.80 04176 0,150
8 0,95 0+218 0,181
7 1,14 0262 0,210
8 1,99 0e457 0,370
9 1,66 0,415 0,338
10 1,09 04306 0,238
11 076 0.266 0200
12 0,805 0,306 0.210
L33 0,190 0,082 0,063
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It will be seen from the Fig, VI. thet, by taking
the flgures showing the percentage of sentonin in the fresh leaves
or plants, the curves ere somewhat modified. They are, however,
identiecal in nature as mey be demonstrated by increasing the scale
of the ordinate and keeping the scale of the abscissa the same,

On Fig, VII, the serle of the ordinate has been increased to
three times the scale of that used for the graph (Fig. V.)
showings the percentege of santonin present in the sir-dry herb,
and plotted on the same graph for comparison,

The curves are similer but that representing the
santonin in the air-dry herb was obtained indenendently of other
data., For that end other reasons the latter has been used in

preference to the others in a later nart of this work,

1931 Material.

In 1931 only & few batches of the wild plant were
obtained, Much of the experimental work connected with the
suggested new assay process was done on these during that year.

From the appearanoe'of the plants they had not been collected

at a time when they might be expected to contain the greatest 5
amount of santonin, ag the bateh collected in July was only

partially developed and on the following hbatch, collected at the

beginning of September, the flowerheads had commenced to expand,
The plants already referred to, which had been |

transplanted to the ground of the Scottish Soclety for Research

in Plant Breeding, snd which will be referred to as the
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cultivated plant, were also collected in 1931, The flowerheads
on it had just started to expand before it was collected and a
biggser yield of santonin would probably have been obtained had
it been collected a little earlier, As it was, the santonin
content of the leaves had presumably decreased and that of the
flowerheads wes probably less than the maximum,

The data avallable are insufficient for plotting a
. graph, but the figures obtained for the wild and cultivated

plante are shown in the following tables, (Tables XIV, and XV,.) -

TABLE XIV, WILD
SEL |
BATCH DATE OF TS AND/O
NUMBER GOLLECTION LEAVES | FLOWERHEADS | FLOWERHEADS
1 27th June 0,535 - -
2 24th July 0. 645 - -
3 7th September - 0,960 1,025
TABLE XV. CULTIVATED
1 6th_August - 0,730 | _1.150 B

It should be noted that the growth of the wild plant
was not so far forward as in 1930 and that the cultivated plant |
was much in edvance of the wild, The cultivated plant, collectedi
on August 6th, was at n»ractieally the same atsge of development

as the bateh of wild plant collected on September 7th,

19352 Material,
In 1932 batches of the plant weresystematically collecteé
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at frequent intervals, On each occasion two batches st
different stages of growth were obtained, one bateh being takén
from the south and more sheltered side and the other, not Qﬁife
so far advanced, from other parts of the area., The Qame
precautions ag were previously tasken, to ensure.that the plants
in each collection were at the appropriate stage of growth in
relation to the time which had elapsed from the previous
collection, were again taken.

Eleven batches were collected for each of the two
series, The first collection was made on the 23rd of June when
the plant was at approximately the same stage of growth as the
third bateh of 1930, There were no flowerheads present on any
of the plants in the first three batches but quite a number of
buds appeared on the fourth batch collected on the 30th July.
Leaves were less evident and flowerheads much more numerous on
the seventh batch, although the lavter werq‘not fully mature
until the temth batch., By this time there was only a very small
proportion of healthy leaves remaining, Some of the flowerheads
on the eleventh batech were starting to expand,

Table XVI. shows the varistion in santonin content of
the serial parts of the plant without stem.

On examination of these two sets of figures 1t will be
Beon that after rising to & maximum just after the flowerheads
had appesared, the santonin content decreased for a time and then

again rose, but again began to fall before the flowerheads started

to expand.



TABLE XVI,. TABLE OF PERCENTAGE OF SANTONIN IN 1932
AIR- RRB
SERIES 1.
PART OF PLANT USED
TCH DATE OF LEAVES AND | LEAVES AND
BER { COLLECTION FINE STEMS _FLOWERHEADS FLOWERHEADS
1 23rd June 0459 - -
2 9th July Q.97 - -
3 25rd July 1.22 - -
4 30th July 1.33 1.33 -
5 8th August - l.24 -
8 i&th August - 1}04 0.687
I 20th August 2 075 0,725
8 27th August - 0.70 0,986
9 2nd Sept, - 0,87 1,13
P‘LQ Oth §Qj§t. hod 1099 1009
ll ‘ ?.Oth wt, - - 0,54
SERIES II.
2 9th July 0.885 - -
-] 23rd July 132 - -
4 30th July 1,60 1,60 -
B 8th August - 1,54 -
6 - 15th August - 1,30 0,696
8 27th_August. - 0468 1,06
9 2nd_Sept, - 0.976 1,22
10 9th Sept. - 1.16 1a17
11 20th Sept. - - 0,875
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With the expansion of the flowerheads the decrease was rapld and
in a few days the santonin had practically disappeared,

Fig. VIII, shows the variation more clearly. The
vétiation of the santonin content in the flowerheads alene, is
shown on Fig, IX,

The plante comprising Series I. collected from the
southern margin of the area appeared, in the earlier batches, to
be slightly more advanced in development than those of Series II.
With succeeding batches this was, however, not evident, and the
plants in both localities reached maturity et the seme time, The
flowerheads on both series started to expand simulteneously.

In the first two batches of plants, the santonin
content of Series I. was slightly higher than that of the other
but by the third batch this hed been reversed and Series II. hed
the higher sontent, Series II. continued to have the nigher
content right through the successive collections and attained
a maximun of about one-fifth more then the maximum in Series I.
The flowerheads of Series II. also contained a slightly higher
'ﬁér-centage. No significance is attached to this phenomenon,
but the similarity of the curves after the maximum had been
reached is worthy of notice. It will be seen that the two
curves run almost parallel from this point and show practically
the same absolute decrease, increase and again decrease.

On comparison of these two curves with the curve for

the 1930 plant on Fig. V, it is evident that they are identical

in nature with it. They are somewhat flattened out by
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comparison and the primary and secondsry maxima occur a little
closer together, on the graph for the 1930 plaﬁt. The same
fluctuations are, however, present, and it is to be noted that
while the flowerheads on the 1932 plant occurred s little
earlier in the season than they did in 1930, the latter commenced
to expand earlier then did those in 1932; that is, the interval
beti?eh the appearance and expanéion of the flowerheads was
shorter in 1930 than in 1932, This may afford some explanation
for the shorter intervael between the eppearance of the maxima on

the 1936 graph,

1932 A. maritima,
The maln part of the work was done on A, gallica, and

as soon as it could be identified care wes taken to inelude this
species only.,. This plent covered almost the entire area, there

being only a few scattered patches of A, maritima occurring along
with it, A few batches of A, maritima were collected in order
to ascertaln whether this plant contained santonin, Because of
the Qcarcity of the species it was not possible to trace the _
variation in sentonin content as has been done with the A, gsllicad
On exemination, the plants of A, maritima were found
to contain quite an ébpreciable proportion of santonin, On
comparison with the yleld from plants of A. gellica, at, as far
as could be seen, the same stage of growth the percentage from

A, maritima would appear to be even slightly higher.
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The following table shows the percentage of santonin
found to be present in those batches of A, maritima, and
batches of A, gallicae, at approximetely the seme stage of

development.
TABEE XVII. con ARATE TABLE_ OF PERCENTAGE OF SANTONIN
TORLIN IN PERCENTAGE |
BATCH A. T . . OF
NUMBER DIFFERENCE
1 1.25 1,39 11,2
2 1,16 1,266 9,08
3 0,876 0.955 92,1

Further reference is mado! to the comparison in
Chapter XI, where the data from the examination of other plunta
found growing wild in Britain 1s given, In a number of instances

batches of both A, gellica, and A, maritims, were collected
The results

separately, when they were found growing together,

of the exsmination of these batches generally, showed that
A, maritime had a slightly higher content,

193¢ Cultivated A, gallica.

The plants cultivated at Corstorphine were colleoted
in four batches at sbout eleven day intervals in 1932. It was
hoped that there would be sufficient materisl for a larger number
of colleections, but the plant spread only e little and thore was
only sufficient for the four collections, Complete data

regarding the variation in sentonin content in the cultiveted
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plant is, therefore, not available. It has, hbwever, been
shown that the plants continued to produce santonin in their
third year of cultivation, although the yield is not so high
as that from the wild plant at, as nearly as possible, the same
stage of development.

In the first two batches the plants were in the
vegetative stage end the stem bore only green leaves, On those
of the third bateh there was a good number of partly developed
flowerheads, and on the fourth the flowerheads were more than
helf matured.

On the assumption that the santonin varies as it does
in the wild plant, the maximum content would be expected to oscur |
at a stage of develomment intermediate between that of batches |
2 and 3,

Teble KVIiI./£hows the results of analyses of these
four betchec of plant -

TABLE XVIIX. IN 19382,

¥ _SANTONIN

T

BATCH DATE OF LEZV§§ ARND | LEA
| NUMBER COLLECTION | FINER STEMS. FLOWERHEADS |FLOWERHEADS
1 gth July 0,760 - - |
—E 21st July 12045 - -
3 1st August - 1,110 -
4 12th August - 0,980 1,020
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It will be seen from the table and Fig, X. that the
santonin content shows a variation similer to that of the wild

rlant, but the evidence is incomplete,

A collective study of the graphs obtained from these

assays, ghows that they ere all similsr in neture, snd show a
rapid rise to a2 maximum. The fall from the maximum 1s followed
by & subsidiary meximum, after which the santonin rapidly
disappesars completely. During the fall from the primary
maximum, the santonin content of the flowerheads slone is shown
to rise but commences to fsll again et tho same time as the fall,
from ﬁhe secondary maximum in the lesves and flowerheads,

comiences,

In the following chapter it will be ghown that similer
curves were obtained from the assay of plants collected in other
loecalities, and in Chapter XIII. sn explanation of this
varigtion in the santonin content is put forward.
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. SUMMARY OF CHAPTER X.

The results of analyses carried out on batches of |
As gallica, found growing wild in Scotland and collected
veriodically over a pericd of three years, show that the leaves
and flowerheads of the plant contain santonin and that there is
none in the stem or root,

Ssntonin reaches & higher maximum in the leaves than in
any other part of the plant and that maximum is reached just at
the beginning of the formation of flowerheads.

After the maximum the total santonin content does not
show a steady decline, but a secondary maximum appears Just
before the flowerheads commence to expand, §

Analysis carried out on cultivated plants show that ‘
santonin is still produced by the plant in thethird year of
cultivation,

A, maritima growing in the same habitat shows a

slightly higher pereentage of santonin that the allice, at a
8imilar stege of development.




CHAPTER XI.

THE SANTONIN gogTENT OF PLANTS FROM ENGLAND,
AL

Introduction.,

Desplte the large amount of work which has been done on
many foreign species of Artemisia, very little attention seems to
have been given by plant analysts to the A, maritima, and
A, galliea, growing wild in quite a number of localities in

ﬁritain. The few investigations on English plants which have
been reported, indicated - inconclusively however - that these
rlants do not contain santonin, No systematic examination for
santonin seems to have been made, and those few investigators
who have exemined isolated batches of the plant appear to have
been unfortunate in the material on which they worked.

It has been shown that the plant which gives the best
galenical 1s not necessarily the one containing the most santonin,
and fhdpresence or absence of santonin may not even matter, This
wouid appear to be almost probable. It is inconceivable that
the merely homoeoPathigfgr santonin which can be present in
these mqueous preparations could have any remedial effect, firstly
because of the insolubility of santonin in water, and secondly
because of the minute quantity of santonin represented by the
emount of herb used in relation to the amount of water.

Galeniecsal preparstions in the form of infusions and decoctions
of these wild plents are in common use and highly esteemed in

many parts of England and to a large extent in the south and

south-west of Wales.
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Notwithstanding the belief that santonin may have no
place in maintaining the popularity of this ancient remedy, it
was thought that it would be of interest and perhaps value to
make & collection of the plants from as many localities as
possible and to exemine them for santonin content.

With this object in view seriel collections from the
coasts of England and Wales ware rlanned for the summer of 1932,

Proliminshkv Arrsngements,

Informatien regarding the exgpt localities from which
either, or both of the plants, could be collected was somewhat
difficult to obtain, Druce (54) in his "Comital Flora of the
British Isles" gives a 1list of 43 vice counties in Englsnd and
Wales, and 10 in Scotland in which the plants occur, but although
the book is recent, much of the deta on which the information is
based are 0ld and competent naturalists in a number of the vice
counties assert that the plants are now extinct in these vice
counties, Préfessor Salisbury, who to a large extent
collaborated with Druce in the compilation of this "Comital Flora"
confirmed this informmation, Many of the local "Floras" from
whiech information was sought are also rather old, and on this
account too much weight should not be placed in the data in them

either, Further, although a sufflciency of plants may osccur in
any locality for the species to be noted for botanicgl purpose,
there may not be sufficient to meke a collection, for the purpose

of chemical examination, advisable or even possible. This was

]

B
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found to be s0 in a number of localities, These difficulties
being apparent, it was decided that the only practical means of
obtaining accurate information was by cormunication with
botanists having upetoedate kmowledge of the flora of the
particular loecalities, This was done, and a mumber of people
supplied the necessary information regarding the localities with
which they were conversant. Ko vp~toe-date records could be
obtained for scme of the vice counties mentioned by Druce, and
in these instances the information in local floras was used,
Sometimes the plants were found when this was done and sometimes
there was no indieation of the plant or even of a habitat in
which it seemed likely that they would occur, modern industrisl
development having sltered the habitat completely, A striking
instance of this was seen in Middlesbrough where the only few
plants which now occur are on en unused part of the ground of a
modern 1ocomot1§e works.

On the tour of collection the localities visited were
those sbout which information regarding the presence of the plant
hed been received, Where no up-to~date information regarding the
abgsence of the plants was available in the other vice countiles
mentioned by Druce, the plante were assumed to oecur and the
localities given by the local flors and those which seemed to be
typical areas, were visited. The Isle of Man, one of the vice

counties, was not visited,
 In meny of the localities the plants were seen growing

wild, and in 28 of them there was sufficient to make collecting
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practicable, These 28 localities are in 13 different vice
counties. In eleven other vice counties the plant was seen to
occur, but in most of these the growth is very sparse. Over
sixty separate batches of materiasl were collected from England
and Wales Aﬁd examined,

Druce gives qﬂen vice counties in Scotlend in whieh the
plant occurs, but in only four of them cen the plents now be |
traced and only from the one area, which has yilelded the Scottish

plant under investigation, can sufficient material be obtained.

Collection in England and Wales.
Collection was atarted at the beginning of August 1932

in order that the plant might be at a stage when sentonin would
be present, if produced by the plant at all.

Particulars such as the proportion of leaves to stems
in the fresh end dried conditions, and the loss in welght on
drying were taken but are omitted from this work. In a limited
number of localities it was possiblé to arrenge for further
collections to be made and sent on for examinetion, Where more
than one batch is shown to have been collsected, this had been
done.

Batches of plant are shown here under the vice county
in which they occur, and the order in which the vice counties are
arranged is that order in which they were visited in the course

of the collection.
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South Northumberland.

The most recent "Flora" of this arca is Baker & Tate's
"A New Flora of Northumberland and Durham" published in 1868, in
which the occurrence of A, maritima is described as follows i=
"Frequent along the coast line in the salt marshes and by the
stream-sides, both the type and gallica, No localities are
mentioned. Profeasor J.W.H. Harrison of Armstrong College, &
native of these parts, suggested the areas on either side of
S8eaton Sluice 'and Hartley as possible places, but he stated that
he had never seen it in any locelity in Northumberland., These
areas were accordingly visited but no trace of the plant could be

found, (A, sbsinthium is very common).

Durham,

The only locality in this vice county in which the plant
was found is on Greatham Creek, (Map - area 2), about a mile north
of Port Clarence, and some distance west slong the north bank of
the ¢reek., This 1s en area on which a lot of salt marsh work has

been done, A, gallice, and A, maritime grow profusely there,

within the tidal area. A, maritimg 48 the less common of the two.

?18. XX. is a genersl view of this area at low tide.
Development was not so far advanced as was that of the
Scottish plant and there was no sign of flowerheads on the first
collection, Arrangements were made t0 have additional batches
sent on, end four of these were received showing the plant at

various stages up to complete development of the flowerheads.
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All five batches contalned santonin elthough the smount
present was relatively small, The figures obtained from the

assays aie shown in Table XIX.

TABLE XIX. TABLE OF PERCENTAGE OF SANTONIN IN A. GALLICA
SANTONIK 1IN
BATCH DATE OF LEAVES AND STAGE OF
NUMBER COLLECTION | FLOWERHEADS DEVELOPMENT ,
‘ eaf stage boefore
1 4th August 0.325 appearance of flower=
. buds.
Buds beginning to
e 23rd August 0.74 | appear
T Buds about narlr oo
3 lst Sept. 0,375 ‘ developed
FIowerEeags almost
4 9th Septe 0,575 completely developed
] Some flowerneads Eusf
5 16th Sept. 0.61 beginnine to expand,

These figures show a variation which is represented
on Fig., XI. On comparison of this curve with those obtained
from figures for the Scottish plant a similarity in nature will
be seen. It will elso be noted that the percentage of santonin
is appreciably lower than that of the Scottish plant. This was
found to be 80 for all the English and Welsh plants examined;

only one showed more than one per cent.

N.E, Yorkshire.
The river Tees marks the narthern boundary of Yorkshire

and the plaents have been reported to occur on the south bank of

the river Tees near Middlesbrough. They have not, however, been

seen there within recent years, and a search for them proved
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fruitless. Neither are the species to be found on the tributary
of the Tees about 3 miles west of Middlesbrough, where they

were at one time quite profuse, A few shoots were seen growing
within one mile of Middlesbrough town hall on the edge 6f a

small marshy pateh of ground adjoining the tidal cargo fleet on
ground belonging to a locomotive works,

There was, of course, insufficient materiasl for a
collection and it is improbable that the species will continue to
exist in that locality much longer. Near Whitby a small pateh .
of the plants was encountered on the bank of the river which
flows through this town, but here again there wae insufficient

for a collection,

S.E. Yorkshire,

A number of localities were visited in this vice
county but the plants were not found,

The Fileld Haturélist Society with headquerters in
Scarborough, who have catalogues the flora of Yorkshire, have
not recorded the presence of A, maritims, or A, gallics, fov+. the
county.

S, Lincolnshire.
After Greatham, the first locality in which the speciles

were found to grow in any quantity, was Just north of Fosdyke,
near Boston; At Posdyke (Map - area 3) the plants were found in
profusion both east and weet of the bridge spanning the river
Welland, on the north bank of the river, A, gallica formed
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by far the major portion of the herb which extended along the
bank about a.milé west from the bridge and to the east extended
right to the sea coast about 2%%11@: distent, There were no
plants on the south bank of the river,

Fig. XXI. is a view of the arca east of the bridge,
showing the plant.

A collection of A, gallica was taken from this locality
and arrangements made for four additional batches to be sent on
for sxamination, The first bateh had only a very few flower-
heads beginning to appesr, Development was slow as the flowera
heads of the fifth batch received some six weeks later were, even
then, just commencing to expand. |

This series of plant yielded the highest percentage of
santonin obteined from any of the plants collected on this tour, 4
In table XX. the variation in santonin content 1s shown

end the curve representing these percentages is plotted on Flg.XI.

TABLE XX, TABLE OF PERCENTAGE OF %ﬁNTOHIN IN AIR-DRY
Ae LICA, [4) B

‘ “8ANTO
BATCH DATE OF LEAVES AND STAGE OF
HUMBER | COLLECTION | FLOWERHEADS E%ZELOQMENT
© atage only,
1 6th August 0.94 no flower-buds,

Flower-buds just

-2 19th August 1,24 beginﬁioggu bo_gppeer.
2nd Sept, 0,625 developed.,
FIowerEeaEs Tully develop-:
9th Sept. 1,025 ed but still unexpanded |
Fumber of Ilowerheads

18th Sept. 0,54 sxpanded,

< N T T (-
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It will Dbe noted that here again a seasonal variaton
in sentonin content occurs,

The plents were also seen on a number of localities
north and south of Posdyke in Lincoln, and they may be said to
grow more or less profuscly all round the Wash, No other

collection was made from this vice county.

W, Norfolk & N.E, Norfolk.

. A, maritima and A. gallica are common along the whole
sea ocoast of Norfolk, except on the most southeeasternly part.
Localities on which they are profuse are, Beltont's Marsh near
Terrington; Holme Marsh; Brancaster Staithe; Scolt Heady Burnhsm
Overy; Thornhem Marsh and Blakeney, East of the Watch House,

A bateh of A, gallica was collected from Belton's
Marsh (Map - area 4), and other two batches &ere obtalned at
later dates. A bateh was collected from Holme Marsh and
another from Blekeney (Map - areas § & 6). A second batch was
received from the same loéality at Blakeney, of which Fig, XXII.
is a photograph, about a fortnight later,

The first collections from each locality were at about
the seme stage of growth, They were not so well developed as
hed been expected, and the plant bore only very rudimentary
flowerheads, The flowerheads were incompletely developed even
on the plants collected 33 weoks later from Belton's Marsh.

The figures obtained in carrying out the asseys are

given in Teble XXI,
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TABLE XXI. TABLE OF PERCENTAGE OF SANTONIN IN A, gallica.
(a) BELTON'S MARSH,

BATCH DATE OF PERCENTAGE STAGE OF

| NUMBER | GOLLEGTION SANTONIN DEVELOPMENT
ery early

1 8th August 069 bud stage
Flowerheads abowt
2 25rd August 0,65 half developed
ower no

S lst Sept. 0.52 quite mature

(v)  HOLME MARSH

| Very early bud
-3 _8th _August 0,676 stage

(e) BLAKENEY.

[ e e

ery early bud
1 8th August Q.70 stage,
* owerheads leses
2 | soth t 0464 lthen half develope
Suffolk

On the coast of this vice county there are nmumerous
galt marshes and on the majority of these the plants are to be
found, Notable locelities are the salt marshes west of
Aldeburgh and south of Orford (Map - areas 7 & 8) on which the
plants grow profusely,and from which a collection of eech was
made, Other localities on which they were seen, but from which
no collection was made, are near Woodbridge on the banks of the
River Orwell, nesr Ipswich, and on the north bank of the river
Stour which marks the boundary between Suffolk and Essex.
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All the plants from this 1oca11ty shoﬁfnumerous but
very small and 1mmature flowerheadsg and they were thus readily
distinguishable, | |

An examination of the four batches obtained showed the
percentages given in TableXXII.

TABLE XXII. TABLEAOF_PERCENTAGE OF SANTONIN_IN

SANTONIN IN
LOCALITY SPECIES LEAVES AND STAGE OF ’
FLOWERHEADS DEVELOPMENT
ery early bud
Aldeburgh A.gallice 0.87 Btage
" A.maritima 0,94 "
Orford A.gallica 0.835 "
" A.maritima 0,855 "

N. Essex.
Essex, particularly the north, is interesting
boteniscally because of its salt marshes end the number of typical

salt msrsh plants which grow thereon, A, maritima grows in

greet abundance in these marshes; A. gallica 1s also common and
grows profusely.

Both plants were first encountered in the northern
" boundary of the county, the south bank of the river Stour, and
wore also seen growing freely over the extensive salt marshes in
the north-eastern corner of Essex, They also grow abundantly
near St, Osyth; near Brightlingsea; round most of Mersee Island,
and sparsely on the marsh at Tollesbury. It is not suggested,
however, that these ere the only localities on which they are




«llle

found as the plants apparently occur, spersely at least, round
practically the whole coast of the vice county.

The plants occur together in about equal amounts and
a collection of each was made from the river Stour west of
Manningtreej north of Walton on the Naze; St. Osyth and
Brightlingsea, (Map - areas 9, 10, 11, and 12)., They were at a
8imil sr stage of growth to those collected in Suffollk, that 1s,
in the very early bud stage; the collections from the river Stour
wore a little better developed, Results of the analyses of
the collections are given in Table XXIII,

TABLE XXIII. TABLE OF PERCENTAGE OF SANTONIN IN A, GALLICA
A, MARIT OM N, ESSEX.

T SANTONIN IN
LOCALITY SPECIES LEAVES AND 8TAGE OF
. FLOWERHEADS DEVELOPMENT
o
| River Stour A, gallica 092 Early bud stage
il A, maritime | 0,96 Early bud stage |
Horth of Walton . Very early
Lon the Nage A, gallica 088 bud stage }
Very early
" ._A, maritima i 0,935 bud stage .
Very early
8t. Osyth A., gellica Q072 bud stage
Very early
ol A, maritime | 0,78 bud_stage
1. * ery early
Brightlingsea A. gallice 69 . bud stage
2= Very early
" A, maritims 071 bud stage

8., Essex.
The plants do not occur so frequently in 8, Bssex

as they do in the north, but both of them are to be seen in a

number of localities.

S
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- No collections were made from this vice county but
both plents were seen growing quite abundantly on a number of
places on, and opposite, Foulness Island, end also along the banks
of the river Croueh towards Burnham,

E, & W, Eent,
Both A, gallica end A, maritima occur frequently in

these two vice counties, particularly towards the north, A
collection of each plent was made from Pegwell Bay near Remsgate
where they grow profusely, and they were also seen, although
not growing so freely, on the astuéry of the river Medway, north
of Rochesterj on & number of localities on Sheppey Island,
particularly between Queenborough end Sheerness; on the salt
marsh north of Faversham; at Tankerton near Whitstable; and on
the estuary of the river Stour., Further south they were not so
frequent but were seen growing spersely south of New Romney near

Littlestone-on=8ea,

The two batches collected from Pegwell Bay (Map = ares
13) bore young flowerheads, and on examination the A, gsllies
yielded 0,72 ﬁer cent. of santonin, and the A. maritims 0,76

per cent,

E, Bussex.
Both species were growing abundantly near Seaford
(Map « ardg 14), and a collection of each was made from this

locality., They do not appear to be very common along this coast,
The plents were at the early bud stage and the
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snalyses showed 0.54 per cent. in A, gellica and 0,55 per cent
in A, maritima.

W, Sussex,

Both specles were growing in two localities in west
Sussex; near Ferry Statlon south of Chichester and near
Fishbourne, They were well advanced but growth in both places

was yather aparse and no collection was made.

S. Hants,

The speciles were found frequently in this vice county
but they were not at all prolific and only small collections of
the plant were possible. Townsend's "Flora of Hants" gives
Portsmouth and Heyling Island as the locelitles on which
A, maritime 1s known to oecur.

The three places on which there was sufficlent for
colleotion are Thornay Harbour, North Hayling Island, and the
Portsmouth Harbours towards Farlington Ohurch (Map - areas
15,16 and 17). They were also found on Hursé Point near
Lymington, but were not collected,

In these localities A, maritima and A, gellica grow

together., Two collections of A. maritima were made, one from

Portsmouth Harbours, and one from N, Hayling. Collections of
A. gallica were made from these two localities and also from

Thornay Harbour.
An additional batch of each species from N. Hayling

was received later.

L
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In connection with the examim tion for santonin
content it mey be stated here thet s few batches of plant gave no
ctystals by eny method, but an amorphous deposit which it was
not permissible to filter off, weigh and describe as santonin,
was obtained, In such instences no percentage can be stated
for santonin, but the presence of a‘quantity of gantonin, less
than is required for its gravimetric estimation, was in each of
these instances demonstrated by & colour test on the finel
mother liquor., The test adopted was Wellmann's test, already
desceribed, which zave a very deep red and finally lavender
solution in each case, showing the presence of santonin,

The pereentage of santonin in the plants from this

vice county was low, The results of the examimm tion are shown

in Table XXIV.

TABLE XX1IV.
S. ONIN 1IN
LOCALITY SPECIES LEAVES AND STALGE OF
FLOWERHEADS DEVELOPMENT
. Portsmouth 1 o. 56 bag yt oWere
Harbours. Ae ! . stage.
e f8C208 BarTy Flovers
" A, maritim 068 bud sta
* e * Early ffower-
N Hayling A, gallica Qe 646 bud sta Q
— e * = FIowerE%Ha about
" A, gellice 0,53 half developed |
Early flower-
" Ae. maritima 0,74 bud stage
o FIowerS%Es Tess
n A, maritima 0,635 than half

arbouy A. gallice. colour test than half
developed.

developed. {
Fﬁbrnay I Detected by | Flowerbuds more

N
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Isle of Wight.

The specles were to be secen only in small quantities

on the banks of the river Newton, No collection was made,

Dorsct

Salt m rshes occur near Poole Harbour in this vice
county and it was expected that the species would be found in
this locality., They were not, however, found there in
sufficient quantity to afford a collection, although the plants

were encountered in small amounts.

Se Devon.
Information had been received that the species were
to be found on Slapton Sands gbout 12 miles south of Dartmouth,

As absinthium, and A. vulgaris were present in great abundance,

but neither of the two required Artemisias were to be found,

nor were they encounteved in any othe» locality which was visited

in S. Devon.

N, Devono
The plants whiech Maplethorpe (65) investigated in 1924,

and from which he was unable to isolate any santonin, occur in
this viee county., The locality (Map « area 18) from which
his material was obtained, and from which collections were made
by the present author, 1s that part of the river Taw known ss
"The Seven Brethernts Bank"., It 1s situated on the east bank
of the river just south of the road bridge into Barnstaple,

Both species grow abundently there. A belt of A, maritims
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growing in this locality is shown on Fig, XIII.

The late E.M. Holmes Esq., informed the author that
the plants enjoyed a very high local reputation as an
anthelmintiec, He suggested that further exnminétion was A
required and expressed the coﬁviction that they contain santonin,

The plants at the time jof collection showed quite a
variation in stage of development, One batch of A, gallica at
the very early bud etage, and another batch?g slightly more
advanced stage of growth, were obtained. One batch of
A, waritima at the early bud stage was also collected,

On two other localities in N, Devon there was an
abundent growth of both species, and a collection of each was
made from these places also, One locality l1lg the sea wall
south of the Barnstaple-Braunton Road about 2 miles east of
Barnstaple, known locally as Bessett's Pitt « (Map - areas 19),
The other is to the left of the embankment of the toll-road
leading from Braunton over Braunton Burrows to the Lighthouse

(Map = area 20), Fig, XXIII shows A, meritims, end Fig. XXIV.

A, gallica growing in this locality. 4 fourth locality in this
vice county, on which the growth was however very sparee, is on
the river wall running parellel with the Bideford-Barnstaple rocad
and about one mile west of Bideford. No collection was made

from the last area.
The following table (Table XXV.) shows the results of

the examination of these plants. It will be scen that although

the percentage present was low, santonin was undoubtedly
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present in every bvateh,

TABLE XXV, TABLE OF PERCENTAGE OF SANTONIN
A A RALLLICA FROM ROHTE

D:VELOPMENT
karly flowere

bud stage.
arly flower-

ON
gAiﬁ E OJ.T:‘ Tl& TE
LOCALITY v SPECIES LEAVES AND STAGE OF
_FLOWERHEADS
| Barnstaple A, gellica 0447 bud stage.
" Tlowerouds not
A. gallice 0,34 helf developed
" Early flower~
’ As maritima 0.53 , bud stage.
Eariy Tlowere
Bassett!s Pit o pallica 0. 45
ol A. maritins Qs475 bud stage
olour ;FiowerSEEs a%ouE
__ Braunton : A. gallica Togt half developed
' Flowerbuds epout
" A, maritima 0.358

half developed |

N. Somerset

Botanically the species are quite prolific in this

vice county, and were seen to occur in elx separate localities,

but in only two of these was there sufficient to afford a

collection, The localities in which they occur are along the

Bristol Chamnnel just south of Burnhame-on-Sea; on both banks of

the tributary of the Axe, which rums through Uphill between

Uphill and Blesdon; Woodspring near Weston-Superliare; on the

bank of the river running bﬁlide Kingston«&eymyurj on the salte
marsh near Clevedon, and northesast of the Portighead Deocks

towards Portbury. The two localities (Map - areas 21 and 22)

from which collections were made are, the one between Uphill end

Bleadon and the Portishead Docks,.
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A, maritima predominated in these two loealities and
there was insufficient A, gellica to be of any use for the
present purpose, One bateh of the former was accordingly taken
from each of the two localities. In voth batches the plants
were at the very early bud stege.

The alr«dry leaves and flqwerheads of the bateh from
the UphilleBleadon locality yielded 0.60 per cent, of santonin,
and using the seme parts of the plant from Portishead 0.54 per

cent, of santonir was obtained.

W. _Gloucester.

The species occur only very sparingly on two
localities that were visited in West Gloucester, On the Severn
sea-wall at Shepperdine znd on the Severn near Berkeley., The
older Floras give elso the "saltings at Avommouth on the
Bloucestershire side of the river Avon below Bristoel", but this
area is now completely changed by the erection of docks ete.,

end the specles are no longer to be found there.

NMonmouth,

As gailica was found in only one locality, Marshfield
near the Lighthouse (Wap = area 23), in Honmouth, and a
collectlion was made from there, Only ococasional =small patches
of A, meritima were to be seen, The plant was further back
than most of the others, having only a short shooting stem and
Very few flowerheads on some plants. The percentage of

santonin, 0,35, obtained from the air-dry leaves was low,.
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@Glamorgan,
A, maritima, according to the floras, is common all

along the coast of Glamorgsn, west of Cardiff, end at the
mouths of the tidal rivers. A. gallica is recorded for only
one aree, on the banks of the river Thaw at Aberthaw (Map = area
25), but Miss Vachell, joint editor of the most recent
publication on the flora of Glsmorgan, suggested that this
species might also be found at the Leys, Gilestone (Map - area
26). It was found in both of these localities and alsc on the
edge of the salte-marsh between Llammadoo and Whitford Burrows
(Map - ares 27), North Gower Peninsuls. A4 collection was made
from each, One additional betch from Aberthaw was collected |
about a fortnight later. A olump of this species, growing on
the gea wall at the Leys, Gllestone, ia shown on the photograph,
Fig, X1V,

A, maritima was collected from each of these areas

also, It was seen to occur on a number of additional

localities and a small collection was made ff«m the bank of the
river Ely, at Landough Junction (Map - area 24) about three
miles west of Cardiff. Two additional lots were received
later at different times from Aberthaw, Flgs, XXV, and XXVI,
are photographs of the areas at Aberthew and Llanmadoc

respectively from which collections were made.
When the first collection was made from each locality

the plants were well advanced and both species were at

approximately the same stage of development with regard to
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Numerous emall flowerheads were present making

the differentiation between the two quite distinct, and it was

thus assured that the different batches consisted entirely of one

type of vlant.

In table XXVI. the results of the exaemim tion of

the various batches of plante collected in this vice county are

shown,.
TABLE XXVI, PER,“KTAGE OF bANTOPIh IN AIR-DRY A, GAILIGA
: FROM_OLANORGAN .
SAﬁTONEﬁ iN
LOCALITY SPECIES LEAVES AND STACE OF
FLOVERHEADS DEVELOPMENT
Flowerbuds about |
Gllestone A, gallice 0,545 half developed
Flowsrbuds chowt
" A, maritima | 0,626 half developed |
owerbuds a :
Llanmadoe A. gellice Q.46 half developed
ocwervuds about
" A, maritime | 0,836 half developed |
Early flower
| _River Ely A, maritims | 0,72 stage j
Flowerbuds loss than
_Aberthaw A, gallice 053 _%g;g_g%zgggggg__zﬁaﬁ
lowerbuds more
" A, gellice 0,57 half developed
Flowcrouds less than |
" A, maritima | 0,63 ggﬁr__g%% ‘
owerbuds more than
" A, maritima 0,69 half developed
owerbuds almost g
] A, meritims 0,54 fully developed

It will be seen that the difference in santonin

content vetween the two types was agein clearly evident,

Samuarthen

Pwo localities wore visited in this vice county, the

estuary of the river Gwendraeth about half & mile south of
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Kidwelly (Map ~ area 28), and the banks of the river Towy near
Ferryside. There was no Artemisia on the latter, but both
species grow in large quantities on the former locality, of
which Fig. XXVII is a photograph, showing the plants. The
species were at about the seme stage of growth as those
collected in Glamorgen, and a collection of each was made,
From the airedry leaves and flowerheads of A, gallica., 0.41
per cent, of santonin was obtained, end the air-dry leaves and

flowerheads of A, maritima contained 0.47 per cent.

Pembroke and Cardigan.
The older "Floras" include 4. maritima for Cardigen,

but ascording to Dr, J.H. Salter "it certainly does not oecur
in any of these localities at the present day". He further
states that the only specimens he has seen in Cardigen are a
few plents growing close to some cottages at Aberayron as if
they had been planted, end that "it must certainly be regarded

a8 rere on the West Cardigan Coast",

On enquiry among the older inhabitants of Aberayron
it was learned that the plant has not been known to grow wild
there during the past four generations at least, and that it has

been cultivated continuously during thet time, It is known

locslly as "Pembroke Wormwood" and Pembroke would appear to be
the place from which the plant was originally brought, being
brought over by the sailors when shipring stone from the

Pembrokeshire stone quarries, Informstion was obtalned from
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8 retired ses-captain who remembered having taken home supplies
of the plant while engaged on shipping stones over 70 years ago.
This he sald had been done even in his grendfather's time as

the supply of cultivated plant, obtsined by planting the roots
brought home by sailors, was not sufficient for the demand, such
was its reputation as a medicine, It would appear therefore
that this plant should not be regarded as indigenous to Cardigan.
FPlants seen by the suthor growing in gardens in Aberayron were

typical A. gallica. This species lends itself to cultivaetion

on a normal soll, but A, maritime does not.

Pembroke was not visited but from informetion received

later A, gallica and probsbly 4. maritima would appear to grow

abundantly in this vice county on the banks of the river running
through Johnstone, near the Pembrokeshire stone quarries,

The large salt marsh near Llannon in Cardigan was also
visited but no Artemisie was found. In view of Dr, Salter's
remaﬁks; the localities mentlioned in the old Floras were not

visited,

Merioneth

Localities visited in Merioneth were Dovey (Dyfi)
Junction near Glendovey (Glan Dyfi); the salt marsh north of
Llanbedr, end the large salt marsh on elther side of the
Penrhyndeudraeth - Portmsdoc Embsnkment. No Artemisla was found
in any of these localities.

Dr, Lloyd Williams stated that A, maritima had been
known at one time near Camrhyd on the river Conway, but that it
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had not been recorded recently. No plant was found on visit-
ing this locality, nor was there any in the other locelities
mentioned in the local floras,

It cannot be stated that wild A, maritime or 4, gallicg

require any special type of soil, but it has been remarked that,
in a1l the localities in which they were found, the soil was
mddy and not sendy, No ares, with the possible exception of
Dovey Junction, was seen on the west cosst of Wales which
appeared a typleal locality on which one would expect to find

the halophytic Artemisias,

S

MEQISQI .
The older floras give two localities in Angelsey on

which A, maritime 1s to be found, The species has not been

recorded recently for these localities, however, and no inform-
etion about it could be obtained. The two localitles, (a) near
Llangwyfan 01d Church and (b) Trecastell, Aberfraw, were accord-
ingly visited, and so was the salt marsh at kalldraeth, near

Newborough, but no Artemisia was seen.

Denbigh gnd Flint,.

In these two vice counties, the estuaries of the

Glaslyn and Dwyryd rivers and along the river Clwyd near Rhyl,
were vigited. The lsat area seemed to be a likely place and &
careful search was made, but no Artemisia was found there, nor

in the other two localities, which are sandy.
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Cheshira,

The species are said to be common on the muddy inlets
of the Mersey, but no more definite information could be
obtained and they were seen in only one loeality, near Froosham,
The apaoiména were in a backward stage of development, and there
was insuffiecient for a collection,

The plants were not to be seen on such inlets of the
River Dee, as were visited, This was the most northernly
vice county on the west coast of Englend in which the species
were found as they were not to be seen in Lancashire or

Cumberland,

SCOTTISH PLANTS

A, maritima and A, gellica are apparently now known
in only four of the ten vice counties given by Druce., In only
one of these, Haddingtonshire, 1s there sufficient plants to
afford material for a asystematic examination, Such infomation

a8 is availeble regarding the plants in these four vice counties

is a8 follows

Kincardineshire,

A, maritime is not at 211 common there now, but
Professor Craidb reports having seen it a few years ago Just
south of Dunottar céstla, near Stonehaven, and just north of

Stonehaven, This locality has not yet been visited by the author,

Fifeshire,

The older floras give quite a number of localities,
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There 18 a specimen of A, maritime in the Royal Botanic Gardens,
Edinburgh, collected in 1836 from near Grail and this, and the
Kincraig Cliffs west of Elie, seem t0 be the only localities in
Fife on which the plent now oceurs. The growth is, however,
very sparse and no collection was made from either of these

localities,

Haddingtonshire.

Both species appear to have been very common round the
coast of Heddingtonshire, Specimens from Tyninghsme; near
Dunbers Tynemouth; Luffness and Gullane Links collected prior
to 1850 are to be seen in the Herbarium of the Roysl Botanic
Gardens, Edinburgh, |

The plants are now known to occur near North Berwick
&nd at Tynefield (Map - area 1). In the former area growth is
not abundent, but in the latter there 1s a large stretch of
tidal water, sll round the margin of which the two plants grow
profusely. Fig. XIX. is a general view of the area showing the
species, Poriodic collection was made from this area during
three yesrs, and full reference to the results of examination of

the plants is made in Chapter X, end elsewhere.

¥igtownshire.
The plants are rare in Wigtownshire and the only

locality on which they now appear to grow is on the selt marsh

between Cairnhead and Portyerroch, not far from the Isle of
Whithorn, Even here, however, they are not plentiful and no
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collection of the plants could be made when the locality was
visited during the summer of 1932, Both species of the plant

are to be seen.

Other Vice Counties,
It is possible that A, maritima and A, gallica still
exist in the other counties mentioned by Druce, but up-to-date

information regarding the localities in which they occur is not
avallable, It seems very probable, however, from the statements
of present-day field botanists, that the species no longer exist

in some of these vice counties.

BELGIAN TS
Threo batches of 4. gsllice were received by the suthor
from Mr, R, Van de Vyvere of Brugge. Two of them were collected
on the estuary of the river Zwin in Belgium, and the th;rﬁ was
from the banks of the river Yser., They were all well advanced
and bore wail developed but unexpanded flowerheads,

Reports regarding the occurrence of santonin in

continental A, gallica vary. Hfckel & Schlagdenhauffen (loc.cit.)

reported having found santonin in A. gallica growing in Prance in
1885, but more resently Mouton (1931) (loc.cit.) reported that
specimens examined by him did not contain santonin and similar

reports have been made by other workers, Viehover and Capen

(loeseit,) did not f£ind eny santonin in the 4. gallice growing in

Americs, which they exemined. _
An examination by the esuthor of the three batches of

As gallioa from Belgium did not reveal the presence of santonin in
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this plan‘b.

SUMMARY OF CHAPTER XI.

It would sppear from published work that environmental
conditions affest the presence of santonin in the plent, and the {
fact that it is to be found in A, gallica and A, meritima from |
one locality, 1s no criterion that the same plants growing in
other localities will also contain santonin. In order to find
dut how far this 4s true for the British plants, it was decided

to examine batches collected from as many localities as possible
in Britain. Upeto-date infommstion recarding the occurrence of
Ao é&llica and A, maritime in Scotland, England and VWales was
accordingly sought end the great majority of the localities in

wnich they are now known to occur, were visiteds In meny of

the localities growth was too sparse to permit of the plant

being collected, but separate batches of both were collected from
a large number, Examination of these batches revealed the
Presence of santohin in every instance, The percentage was
small in a number of them and none of them showed as high a
content as the Scottish plant to which perticular attention has
been paia, put sentonin was nevertheless present. It would
further appreer that A, maritima produces a slightly higher
percentage of ssntonin than does A. gellica at the same stage

of growth and growing in the same locality.
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No attempt was mede to differentiate betweeon the
soils in the vearious locelities ss the presence or absence of
santonin had first to be determined. There is no evidence that
the soll, alone, or in conjunction with other factors, affects
the production of santonin, but it has been suggested that the
salinity of the soll, mey, and it is probable thet it does have,
a more or less marked effect,

A number of successive batches of the plants were
obtained from a few of the localities., These were oxamined,
and the curves obtained bv plotting a graph of the percentage of
santonin present against time, show & marked similarity in
character to the curves obtained for the Scottish plant.

Evidence is not complete but it would éppear from the
number of localities which are given by older floras, but in
which the plants are not now to be found, that they are
gradually aying out in this country, particularly in the north,
ﬁow far this is due to natursl factors and how much to modern
induetrlai development, has not been ascertained.



CHAFPTER XII,

As GALLICA UNDER CULTURAL CONDITIONS

A series of experiments was started in 1930 with a

view tq determining the influence of an increased supply of
certain plant nutrients on the santonin content of the plants.
For this purpose a number of wild plants were transplanted

into separate pots. At the end of the season a single healthy
plant was chosen, In order to avoid any variation in santonin
content due to genetic influence, this single plant was broken
up and each clone plented separately. This was repeated at the
end of 1931 and sufficient geneticelly identical plants were
then obtaeined from the experiment.

The eighteen clones so obtained were potted up and
thoroughly established in 6" pots containing a medium loam
potting soil, The nutrients selescted for treating the plants
were the chlorides of sodium, potassium and calcium, the
nitrﬁtsa of sodium, potassium snd calolum, and di-potassium ‘
hydrogen phosphate. Two lots of each salt, equel to a manurial |
dressing of 10 cwts, per acre to the top 7" of the soil, were
welghed out., One lot of nutrient was added to each éot in early

April just when the plants were bresking into growth, Thus |
there were two plants treated with each salt and 4 pots not

supplied with nutrients =~ thegse to act as "cortrols"., It was

anticipated that these plant mit riente would affect the
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metabolism of the plant and through it the santonin content. As
will be suggested later, santonin has e definite metabolie
function, and if this be aceepted there is every reason to expect
that 1te synthesis will have e direct metabolic basis. This
underley the decision to include in the series a soluble

phosphate and salts of potassium, and calecium.

It has been shown by Murneek (56), Krauss and
Kraybill (&7), end other workers, that nitrate nitrogen affects
time end smount of flowering, and it has been shown in the
present work that there 1s a relationship between development
and santonin contents hence nitrates were included.

The ecological distribution of A. maritima and A, gallic#
follows the sea shore at a few inches about sea~level and
gltuated so that the soil 1s kept moist by the tides, hence it was
decided to include sodium salts and chlorides.

The treated plants were grown in a opol glass=-house in
order to prevent damage by wind etcetera, as it had been found
during the period when the clones were being bullt up that
potted plants are easily broken and stems blown off.

None of the plants so treated (control or manured)‘

developed past the rosette stage, no attempt to produce elongated |

stems being made. In view of the behaviour of the controls this

result can only be ascribed to the growing of the plants under
glass and indicates a peculiar sensitivity of Artemisia to
light « the only faetor varied from the pre-manuring work when

they were found to grow quite normally. Van de Vyvere of



~13l-

Brugge recently reported a similar sensitivity in A, eins, Berg,
At the time of writing it is impossible to offer

results of this manuring programme, but it is hoped to grow

the plaht:n in 1933 under more natural envirommental conditions,

and to obtain plants on which comparative assays of their

santonin content can be made,.




CHAPTER XIII,
PHYSIOLOGICAL SIGNIFICANCE OF THE OCCURRENCE OF SANTONIN

For many centuries 1t has been known that Artemisia
has the strongest and most efficacious medicinel properties, 1if
colleetod'just before the flowerheads begin to expand, Since
its discovery by Kahler and Alms, santonin has been regarded as
the active principle. It is & well established fact, however,
that santonin does not, by itself, produce the same results, nor
18 it in certain cases as beneficial, as galenical preparations
of the entire plent, It does not, therefore, necessarily
follow that the plant ylelding the best galenical also contains
the highest proportion of santonin.
| Commercilal santonioca consists of the unexpanded
flowerheads of the plant, and it is from this that santonin is
gald to be extracte. Greenish and Pearson {loc.oit.) in 1921

showed, however, that the leaves from plants of A, brevifolls,

on which there were only a few undeveloped flowerheads, contained }
quite an appreciable proportion of santonin, and GOOdfon (1oc.cit.)%
has egserted that the leaves alone of Artemisia contein santonin., |
In the present work it is shown that santonin reaches a mush

higher percentage in the leaves of A, gellice just as the flower-

heads ave commencing to be formed, snd {mmediately after this the

santonin content rapidly decreases. The content of the flower=-

heads slone traced right through their development doces not resch

the meximm content found in the leaves.
The flowerheads of the plant from which santonin is

extracted commercielly mey contain the maximum percentage but no
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practical evidence of this seems to exist, and it may be that
the santonin content of this Plant shows similar varistion to
that of other plants,

It 1s a well known fact that the synthesis of certain
substances, notably alkaloids, such as in Atrops Belladonna,
takes place in the leaves, but as the plant becomes older a much
higher proportion of these principles 1s to be found in the
younger parts. The function of these substances in the plant
metabolism is unknown but they appear to be translocated in the
seme menner as plastic metabolites in general, from one part of
the plant to another, according to the circumstances or
econditions under which éuch transforence may prove useful to the
plant, For exsmple, it is very general for alkaloids to be
tr;nalocatad to the flowerbuds, prior to gamete formation,

The role of santonin also is unknown but it would appear
from Good;on's and Greenish's work, snd the curves obtained in

this work, that the locus of synthesis is in the leaves, From a &
study of the curves given in this work it is further evident that ?
the santonin is translocated to the developing flowerheads, just
a8 the plastic metabolites are., This, together with the general
form of the curves, indicates that the locus of consumption is in
the flowerheads, |

The curves obtained in this research, pertalning to é

santonin ghow elose similerity to the curves obtained by Briggs,

Kidd and west (58), from Kreusler's (59) data, pertaining to dry
matter in the plant. These considerations have led the author
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to formulate an hypothesis for the function of santonin in
Artemisia,

Dry Matter Curves.
Briggts, Kidd and West's findings may be surmarised

as follows :e

The curve of total dry matter over the grand period of
growth is e typicel "S" curve. The dry matter falls just after
germination, rises to a meximmm and then commences to fall, As
will be seen from Fig. XII, which is copied from Briggs, Kidd
and West, and represents their general curve, there sre in the
secondary, or falling part of the curve, two secondary maxima.

The fall from the primery maximum 1s attributed by
these authors to a diminution in leaf surface whereby the total
of the dry matter content is decreased owing to the metabolites
being used up quicker than they can be replaced, because of the

i
i

diminished leaf surface. Santonin 1s not regarded as a normal :
|

pPlant nutrient, and it will be realised that a decrease in weight i
of normsl plant metabolites due to this cause, would only serve :
to increase the relative proportion of santonin present. For thg:
present purpose therefore the primary maximum and immediately ;
succeeding falling portion on the curve of Briggs, Kidd and Vest
may be disregarded.

The two secondary maxima of the general dry matter
Briggs,

curve coincide with the genersl curve for santonin.
Kidd and West aseribe the trough and final fall of the secondary

part of their curve to the destruction of dry metter occaslomd
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by the burst of respiratory activity coincident with gamete
production., The first trough coincides with the production of
the msle gametes, the secondary maximum which follows, with

the interval of rest which oecurs before the production of the
female gametes. The onset of female gamete ﬁroduction produces

the later fall in content.

Correlation of Santonin.

i
|

The seasonal varlation in santonin content may be due
to the seme influences. The curve of ssntonin content rises |
to a meximum just as the flowerheads ere belng formed and
reaches ¢ secondary maximum just before the flowserheads expand.
With the expansion of the flowerheads the gsantonin disappears
completely. This veriation may be explained by the increased
respiratory inteﬁsity gccompanying the sexual processes,
including gamete formation, flower opening, and fertilisation,
Bonnler and Mangin (60) have demonstrated an increase in the
intensity of respiration coincident with the opening of the
flowerheeds, end White (61) observed that pollination produces
& rapid increase in respiratory gctivity and showed that the

C0g/0, ratio of pollinated carpels of & mumber of plants is
he unpollinated gynaecis.

put forward that santonin

considerably greater then thet of ¢

Anhypothesis 1s, therefore,

1s formed in the plant as & preparation towards gemete N

production, snd is used as & respiratpry substrate coincident

with the high respiratory activity, associated with gemete
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formation and the other sexual processss of the plant. This
Q&pothesis explains the varistion in santonin content aﬁd the
peculiarly striking coincidence between the author's curves and
Fhose of Briggs, Kidd and West.

It was koped that plents grown under cultural conditlons
might yleld direct confirmation of,éuch an hypothesis, but these
plants falled to develop and no results from them are, there-

fore, available.

SUMMARY OF CHAPTER XIil.

An hypothesis based on the marked similerity between
the curves obtained in this work pertaining to santonin content,
end those obtained by Briggs, Kidd and West on mork pertalining
to total dry matter, is suggested in this chapter, tc explain
the variation in santonin content with relation te the stage of
development of the plant, It is suggested that gantonin 1is

formed by the plant as & respiratory reserve to be used at times

of high respiratory gzzz:iﬁgyassoeinted with tas sexusl processes

in the plant,




CHAPTER XV,

CONCLUSIONS.

1), The two species, A, maritims snd A, gallica1on which

the work was done are morphologically distinct plants often

found growing together.. They are xerophytic, growing naturally
under the influence of salte-water and therefore usﬁally near the
sea, They show & marked sensitivity to the level et which they
grow, and are so placed in nature that their roots are continually

being moistened by or immersed in salte-water.

2). They show a preference for muddy or alluvial soil, and
do not grow well on dry soil, They have not been seen on purely
sandy so0ll and it is concluded that soil of this nature, which
diains end dries quickly, is not suitable for their growth.‘

It is probable that habitat, particularly the salinity &f it,
influences the smount of santonin producsd by the plant, but all
of the plants collected from s 1ér¢a number of localities in

Britain contained at lezst a small proportion of santonin.

3) . The range of variation in certain sub-specifie
morphological characters is such that, except at the extremes,
the two spacies are not distinguishable by these characters.
Nelther are they distingulshed from each other by the anatomical

charagtere shown in transverse sections of the root, rootstock,

A}

stem and leaf,

4). Most of the present methods of assay are unsuitable for
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the examination of e drug composed chiefly of dried green leaves,
alone, or admixed with flowerheads, and containing small
proportions of santonin. Other posseible methods of assay, such
88 by preparation of derivatives and colorimetric reactions,
which have been examined are unsuitable for the quantitative

estimetion of santenin in drugs.

5)s A new gravimetric process has baén devised for the assay
of santonica. It haes been found to give accurate results and to
be sultable for the assay of drugs of low santonin content.

Prom a comparative study with other processes of assay and
different types of drugs, it 1s concluded that this new process

is applicable for the gquantitative examination of all types of

ecrude drugs containing santonin.

8). A study of the two species collected systematically
from & locality on the east coast of Scotland, over a perlod of

three yeers, has shown that the santonin content attained a

maximum of about £ per cent.
the plants had s maximum of about 1.6 per cent.

allowed of the variation in santonin content in relation to stage
and it has been noted that the maximum

This study has

of growth, being observed,

content cccurs just as the flowerheads are begimning to aeppear.

Using the figures from the assay of lesves snd flowerheads, the

graphs of the variation during the three seasons plotted against

time show a fsell from the maximum followed by a rise and the

£al1 from this secondary maximum coincides in time with the

one year, and that in the other years

_ - -
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expansion of the flowerheads, The graph, using the figures
from the assey of the flowerhesds elone, shows s rise and
simple fall, and plotted beside the previous graph 1t 1s obvious
that santonin is transferred from leaf to flowerhead Just as
rlastic metabolites are. It 18 8lso obvious that the loeus of
formation of santonin is in the lesf and the locus of consumpticn
in the flowerhead, The ascending portion of the flowerhead
content curve euts the primsry descending portion of the other
curve, and descends to meet this other curve, near the point

where the latter commences its final descent.

7). Similer variation occurs in the santonin content of
pPlants collected from a number of locslities in England, and also
in the eultivated Scottish plant,

8). The similarity in nature of the curves obtained,to
that of certain curves, ohlefly Brigg®s Kidd & West's, relating
to Totel Dry Matter (ontent, has provided the basis for advancing
an hypothesis that santonin is elaborated as a reserve material
for use during the period of increased resplratory activity
associated with sexusl processes in the plant, While the
evidence is not direct, it is believed that considerable support
is given to the hypothesis by the marked similarity of the

curves and other evidence such as the drift of santonin into the
flowerheads as soon as they appear end the rapid disappearance

of the santonin with advance in sexual development.
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9)e | Further evidencd, in support of this hypothesis has ‘
not been obtained owing to the fact that cultivated plants ceased |
develorment at the rosette stage, |
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APPENDIX I.
METHODS FOR THE ASSAY OF SANTONIN

Observations regarding the processes used for the
assay of santonin have alreasdy been made in Chapter VIII.
In these processes the general principles for the
separation of acids or anhydrides is employed, and most of
them are based on Katz' (42) method. In the following

peges a summary is given of the various processes which were
used by the guthor in an attempt to find one suitable for the
assay of low santonin content druga composed chiefly of dried
loaves of Artemisis, Eatz! process has been taken as
tyrical and the descriptions of the other processes are

confined to pointing out the essential differences between

them and Katz! process,

Katz! Process.
In 1t an ethereal extract of the drug is prepared

‘by continuous extraction and the residue left on evaporation
of the ether 1s extracted by heating with barium hydroxide
solution. This produces a sclution of the barium salt of
the santonin leaving some of the inert matter as an insoluble

residue, which is filtered off along with the excess barium,

precipitated ss carbonate. By acidifying the filtrate with

hydrochloric acid the santonin is liberated end is extracted

with chloroform by shaking in a separating fumnnel., The

residue left on eveporating the chloroform contains all the
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santonin and 1s extracted by hdsting with 15 per cent.
alcohol which dissolves the santonin and some of the resinous
matter, The solution is filtered hot and on cooling and
standing the sentonin cryscallises. Most of the resinous

matter remasins in solution, although the crystalline residue,

obtained on filtering, mey be contaminated with it, especially

when the drug under exsmination has a low santonin content.
In the other processes which employ the principles
suggested by Katz, the following modifications are made i

{a) POLARIMETRIC
In Favrelt!s (43) polarimetric method an additionsl

purification is inserted which consiste in shaking the
chloro:ormic solution with 15 per cent. sodium carbonate
s¢lution, After separation and evasporation of the chloro-
fonmieiiayer the residue is dissolved in aloohol and the
optiealgrotation is observed,

| *
(v)  YVOLUMETRIC.  Kariyone snd Kimura's Method.

The volumetric process of Kariyone and Kimura (46)

is carried out by meutralising in the cold, the alecoholic

* The abstract of this process in the Yearbook of
Pharmacy, 1921, p.128, is misleading, and gives 2 wrong
impression of the process. In the experiment leading to
the acid reading, S', there is no drug present; it is in

the nature of a blank. If the method described in this
abstrect is followed the reading S must be greeter than 8!
and the formule cited for the calculation becomes inoperable,

& negative result being obtalned,
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solution of éﬂ: residue from the chloroformic soiution,
phenolphthalein being used as indicator. Excess standard
potéssium hydroxide is then added. After boiling under &
reflux for half an hour the excess potassium hydroxide is
titrated with hydrochloric acid until again noutrel to
phenolphthalein., Another portion of equal volume of
standard solution of potassium hydroxide 1s similerly boiled
end backetitrated, By difference in the amount of standard
acld used in the two experiments the weight of santonin

preaent is caleculated.
Katiz! Method,

Katz' (48) volumetric method is simllar, except
that in 1t there is an additional purification. The residue
from the chloroformic solution is taken up with 15 per cent.
alcohol ss described for his gravimetric asssy. After
evaporation of this solvent the residue is taken up with
abgolute alcohol end neutralised in the cold with potassium
hydroxide. Excess standard solution of potassium hydroxide
is then added and the santonin is saponified by boiling.
After dilution and on backetitration with standerd hydro-
chloric acid, the emount of alkeli found to have been used

in the saponification is an indication of the amount of

santonin present,

(e) OQRAVIMETRIC. @eneral.
Of the numerous gravimetric processes the best and
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most usuelly employed are, in addition to the original method
of Katz, those of Goerlich (62), Promme (50), and Van den
Berg (63), and the method of Eder and Schneiter {37),
official in the 1926 German Pharmacopoeis, All of these
are modifications of Ketz'! method, Mouton (51) recently
suggested a process based on that of Eder and Schneiter.
The processes of Schasp (64) and Palkin (49) are quite distinct
from sny of the preceding ones, but both are long and somewhat
complicated;

Kassagetow (52) has recently described a new
téchnique which has 8180 been critically exemined by the

present asuthor.

Goerlich's Process.

Goerlieh'es modificetion conslsts of precipitating
the resins with lead acetate from & weak alcohclic solution
of the residue from the ethereal extract. The hot solution
is filtered end the filtrate corresponds to the acidifiled

solution of Katz..

Fromme's Process.
Phe method of Fromme differs from that of Katz in

that the preliminary extraction is done in the cold with
chloroform and that the excess barium is not preeipitated
but excess hydrochloric scid is added to the warm solution
after filtering., This acid solution is extractec with

chloroform and the residue from the chloroformic solution is
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dissolved in absolute alcohol, poured into sufficient hot
water to give a flnal strength of alcohol of 15 per cemt, and
filtered while hot. From this sclution the assntonin

crystallises., This process was adopted at first by the present

author and wes found to give the most consistent wregultsj later

1t was replaced by the new process deseribed in Chapter VIII.

vVen den Berg's Process.

Ven den Berg's process makes use of chloroform as an
immiscible solvent, The powdered‘drug is shaken with water
acidified with hydrochloric acid; chloroform, and gum
tragacanth as an absorbing agent of the resins, are added and
the whole again shaken. The separated chloroformic solution

corresponds to the chloroformic solution of Katz.

Eder and 8oggeitgr'a Process..

Benzene, whichi dissolves santonin, dissolves less

of the interfering inert matter than do ether and chloroform.

Eder and Schneiter make use of it in their preliminary

extraction. The residue obtained on evaporating the benzene

is teken up by boiling with 15 per cent. alcohol, and this

solution, after filtration, is purified by boiling with

Kaolin and agaein filtering while hot. The sentonin

orystallises from the solution on cooling and stending.

Mouton's Process.
Mouton?'s method is simp

jer then any of the preceding
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processes and is carried out by first treating the dry drug
with ammonium hydroxide solution after whiech it is again dried,
By this means some additional conatitﬁents of the drug are
rendered insoluble in the bengene then used to extract it,

The ammonis has no action on the santonin. The residue from
 the benzene solution 1s - extracted by boiling under 2 reflux
condenser with 15 per cent. aleohol, and on cocling and
standing, the santonin crystallisea from the solution, filtered
while hot,

Schaap's Process.

This process is carried cut by extracting the
santonin direct from the drug es the calcium salt by treatment
with calecium hydroxide and water. To this is added zine
sulphate to precipitate the resins and the solution is
filtered, After liberation_of the sentonin by the addition
of acetic acid, the solution is evaporated to dryness, water

and ealcium carbonate aere added, and the solution is again

evaporeted to dryness. Chloroform is used to extract the
residue, and the residue obtained on evaporating the chloroform

18 teken up with dilute methyl elcohol, fram which the santonin

eryst=llises ss in the other methods,

Palkin's Process.

The extraction of the drug in Palkin's process is

by acetone, After concentration, the santonin is converted
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to the selt by the addition of alkali, and the resinsg are
precipitated by calcium chloride, The solution is filtered,
the}santonin liverated by the addition of acid, extracted by
chloroform, and the acid resins removed by washing with alkall
of a suitable strength. The chloreform is eveporcted, the
residue 1s further purified by converting the mantonin to
the calcium aait and extracting with acetone, which dissolves
the resinous matter but leaves the calcium santonate as a
deposit, The residue obtained on filtering is treated with
acid to liberate the santonin which is then dissolved in
chloroform. On evaporation, the weight ofresidue represents
the amount of santonin present,

Massagetow!s Process,

Sentonin is extracted as the calcium salt by
triturating the drug with slaked lime and is then taken into
solution by boiling with water, It is liberated by the
addition of hydrochloric acid and the free santonin is
extracted from the agueous portion by shaking with chloroform.
The chloroformic solution after filtration is gheken with
dilute solution of sodium hydroxide of such a strength that,
prastiecally’ no santonin is extracted, but some of the acld

resinous matter goes into solution in the alkali.  After

% Tt Tas boen shown that santonin 1s converted to the respective
salts by 15 per cent, sodium carbonate solution, and by cold
saturated solutions of barium and caleium hydroxides; 1.e.

5.6 per cent. Ba(OH),.8Hy0 and 0.2 per cent. Ca(OH)g. It
would sppear, therefgre, that, theoretically at leaSt, santonin
sufficient to set up equilibrium, would be converted to the
8alt by the 4 per cent. sodium hydroxide used. :

|
|
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separation the chloroformic solution is shaxen with snimal
chercoal, previously washed with chloroform, filtered snd
evanoreated, The residue 1s taken up with alconol ss in the
other process, but the alcoholic strength ¢f the finsl solution
i8 not so great. After standing, the solution is filtered,
the filter is dried and the residue is dissolved in chloroform
and transferred to & tared flask. The solution is eveporated
and dried and the weight of residue (santonin) is obtsined.

A correction for the solubility of santonin in the wesk
alcoholic filtrste is applied.

Pregaration of Derivatives.

From time to time details of processes have appesared
for the estimation of santonin by the preverztion of deratives,
such as are commonly employed for the separation and estimation
of ketones, Of these derivatives the most common are oximes,
semicarbazones and phenylhydrazones, Suen processes &s have
been suggested have normally been abandoned after testing thelr
accuracy., They have not been found to be successful for the
estimation of santonin in the crude drug, however successful

they may be for the estimation of this prinmeiple in tstlets,
and similar preparations. A number of attempts based on this
principle were made in the course of this investigation but

satisfactory results were not obtained in any of them.
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Fig. XIII.

Pig. XiV.

Photograph of A. maritime at Barnstaple.

Photograph of A. galllea at Gilestone.

/*>



Fig. XV. Photomicrograph of Transverse Section of a
segment of leaf of A. gallica. (* 90).

Fig. XVI. Photomicrograph of Transverse Section of Root
of A. gallica. (* 90>.



Pig* XVII* Photomicrograph of Transverse Section of
Rootstock of A* gallica* (* 65).



Pig. XVIII. Photomicrograph of Transverse Section of
Stem of A. gallica. (* 85) #



Pig. XIX. Artemisia at Tynefield

Pig. XX. Artemisia at Greatham



Pig* XXI. Artemisia at Hlver Welland

Pig. XXII. Artemisia at Blakeney.



Pig* XXIII* A* maritime at Braunton Burrows.

g'lg. Jurrv. a. gallica at ' Pig. XXV. Artemisia at
Braunton burrows Aberthaw.



Pig. XXVI* Artemisia at Whitford Burrows

Pig. XXVII. Artemisia at Kidwelly.
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