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1. 

HISTORICAL INTRODUCTION 

Cytisus scoparius or common broom is abundant throughout 

Great Britain, and western and northern Europe. It is a native 

of the eastern side of the Ural mountains between Europe and Asia. 

In both German and Italian herbals, Scoparius was mentioned 

under the name 11 genista 11 and in Anglo Saxon medicine under the 

name "broom 11 
( 1)• 

In 1618 it was given recognition by the London Pharmacopoeia 

and Gerarde (2) stated that Henry VIII used it as a remedy"against 

surfets and diseases thereof arising". Due to its past reputation 

both in the Orient and in Europe, Scoparius was introduced into 

the U.S.P. in 1840, but in the succeeding edition (1850) it was 

dropped. It was restored in 1860, and was official until finally 

dropped out in the 1910 revision of the U.S.P. 

Aside from its use as a medicine, it has enjoyed some 

reputation as an ornament, for the herb "pla.:hta genista" was 

worn on the helmet of the Count of Anjou, "The Handsome 11 Geoffrey 

of "Plantagent 11 
, from whom descended a line of"Plantagent" kings 

that ruled Great Britain for several hundred years. At present ' 

scoparius still enjoys the privilege of being grown as an orna

mental shrub. 

The earliest work on the alkaloids of this plant was done in 

1851 by Stenhouse (3) who discovered Sparteine..- Later, in 1918 

Moreu and Valeur (4) made a further study of the plant and 

succeeded in isolating two other alkaloids, which they called 

syarothamine and genisteine. 
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The alkaloid, sparteine, may be obtained from other plants 

besides €ytisus scoparius, for example, jpartium scoparium, 

Linne; Sarothawns scoparius, Koch; Sarothamus vulgaris, Winner; 

and Genista scoparia, La.I11;arck. All of these belong to the 

natural order Leguminosae. The alkaloid has been isolated from 

lupine (5) and also from the flowers of Spartium Junceum, Linne. 

(6) 

The plant used in this investigation is Cytisus scoparius, 

(Linne) Link., co:rrrmonly known as Scoth broom. It graws abundantly 

in Oregon, especially in the southwestern part of the State 

along the raodsides. The plant was identified by Yx.Stuhr of the 

school of pharmacy and ~~.Kessi of the department of botany at 

Oregon State College. Its appearance answers the following 

description given in the King's American Dispensatory. 

(7) 

"This is a large bushy shrub, growing from four to nine feet 

in height, with nttmerous, long, straight, pentagular, dark-green, 

smooth, tough, very pliant branches. The leaves are deciduous, 

scattered, stalked, and ternate; the upper ones generally simple; 

leaflets uniform, obovate, obtuse, entire, and silky when young. 

The flowers are axillary, solitary, or in pairs, on single stalks, 

longer than the leaves, papilionaceous, large and handsome, of a 

deep golden-yellow color. The fruit is a brown legume, flat, 

above an inch long, nearly smooth at the sides, fringed with hairs 

at each margin, and contains about 15 or 16 seeds. The swelling 
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ovary soon splits the tube of the filaments (L). 11 

The present study of the Oregon-grown Scotch broom was under

taken to make a comparison of the alkaloidal content of the plant 

gr~tn in the State of Oregon with that of the plant grown els~vhere, 

especially in the countries of Europe. 



_,. 
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WORK OF PREVIOUS INVESTIGATORS 

Isolation and Properties of Sparteine 

The chief alkaloidal constituent of the plant, cytisus scoparius, 

is spai~eine. It was isolated by Stenhouse in 1851. Due to its 

volatility in steam, it can be liberated from the acid extract of the 

powdered drug by first neutralizing the extract with alkali and then 

steam distilling. Moureu and Valeur (4) separated two other alkaloids, 

sarothamine and genisteine. The former occurs in the mother liquor 

left in the manufacture of sparteine sulphate, and forms crystal

line addition products with certain solvents as chloroform and alco

hol, e.g., c15H24I~2 }cHcl 3 with a melting point of 127° c. and 

specific rotation [oc]D -38.7° and .~c2H50H, with a.c15H24N
2 

melting point ,99°C., and specific rotation [ ~J -25.6°. It is 
D 

an unsaturated base and reduces permanga.nate. Genisteine,(Cl5H28 

N2) is a volatile alkaloid, m.p. 60.5°, b.p. 139.50 to 140.5° / 

5mm. obtained by rendering alkaline the ultimate mother liquors 

from sparteine and sarothamine and extracting with ether. It yields 

a hydrate C1sH28N2.H29,having a melting point of 117° ,and specific 

rotation Loe]D-52.3° in alcohol, a picrate, Cl6H28H2.2CeH2(N~2)3• 

OH, (mp. 215°C) and a plantinichloride, c16H2sN2.H2Pt.c1.6.2!H20• 

Sparteine is a colorless oily liquid with a. characteristic 

odor resembling aniline. It turns brown on exposure to air especi

ally when heated. The alkaloid is soluble in alcohol, chloroform 

and ether but is sparingly soluble in·water (1 in 328 at 22° C.) 

(8) and insoluble in benzine. Its specific gravity is 1.0196 at 

20° c. and is leaTo rotatory, ( [ oc] -16.42°) in alcohol. 
D 
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It boils at 188° c. under 18 mm. pressure, or 325° in hydro~en 

UL~der 754 mm. pressure. It is strongly alkaline being monoacidic 

to litmus or phenolphthalein, but diacidic to methyl orange (9). 

The sulphate, c15H N .H2so .5H2o, was the official in u. S./
26 2 4 

P. IX ( 10) and also in the :.:exican Pharmacopoeia ( 11). It is 

prepared by neutralizing the colorless alkaloid ( 10 parts) with 

diluted sulphuric acid (about 40 parts of 10% solution), con

ceni:;rating the solution rapidly and allowing to crystallize, in 

a warm place. It contains various proportions of water, de

pending upon the conditions of crystallization, and is diabasic 

in character. ~ben rec!Ystallized from diluted alcohol, the 

salt corrbains five molecules of water, which could be removed by 

heating it to l00°C. It loses its water of hydration between 

temperatures of 83°C to 100°C., while four molecules of water 

can also be removed by drying in a vacuum over sulphuric acid (12). 

Qualitative Tests for Sparteine 

For the qualitative detection of sparteine P. J. Jewell (13) 

found that both Jorissen's (14) test andthe test given in U.s. P. 

IX gave satisfactory results. Jorissen's test directs that to 

a solution of the alkaloid in ether a small amount of sulphur il 

added, mixed by shaking and a hydrogen sulfide gas is introduced. 

A bulky red precipitate is formed in the presence of sparteine. 

Follovnng is the u. s. P. IX test: 

ttTo 0.10 g. of sparteine sulphate, add 25 cc.ether and a 

few drops of ammonia water. Shake, add an etheral solution of 

iodine 1:50 until the resulting mixture is orange or brownish red 
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upon shaking. Characteristic greenish brow.n crystals are formed 

in the presence of sparteine." 

Constitution of Sparteine 

Twenty years after sparteine had been isolated by Stenehouse, 

several chemists were engaged in the study of its structural for~ 

ula, among them: Mills, Bernheimer, Bamberger, Peratoner, Ahrens 

and Herzig and Mayer (15). But in spite of these numerous research

ers, there seemed to be no satisfactory formula found for sparteine. 

Each proposed formula involved the sa.'Tle contradictions, until Moureu 

and Valeur, finally advanced their structural formula as a result 

of dn investigation of the degradation of sparteine by "exhaustive 

methylation". Theypointed out the fact that both nitrogen atoms 

in tho molecule are basic and tertiary, that neither one of them 

has a methyl group attached to it and that, since the alkaloid is 

unaffected by reducing agents or by permanganate, it probably con

tains at least two saturated closed chains. Wackernagel and 

VTolffenstein ( 16) similarly suggested that sparteine was a bicy

clic base containing a pyridine and pyrroaidine ring. 

According to Moureu and Valeur when sparteine is treated with 

methyl iodide in methyl alcohol there are obtained tvro steroisomeric 

monomethiodides, (17) the ~ -methiodide, ~~d ~'-isomeride. THe 

farner is Jess soluble in water and has lower specific rotation than 

the latter. \"fuen the former is treated with silver hydroxide, it 

yeilds sparteinemethyl ammonium hydroxide, which on heating gives 

methyl sparteine, N.c15H NcH e.nd this, when treated again in the sam.e25 3 

http:15HNcHe.nd
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manner, yields dimethyl sparteine and sparteinetrimethyl ammonium 

hydroxide. But when the oe'-isomeride is treated in the same 

manner, it breaks down into trimethyl amine and hemisparteilene. 

Through the untiring efforts of ~v~onreu and Valeur in the 

study of the constitution of sparteine (18), a formula was fin

ally prposed consisting of two quiniclidine residues joined by a 

methylene group: 

Sparteine 

The exact constitution of sparteine still remains a puzzle 

to some other workers engaged in the study of the constitution 

of the alkaloid, because it behaves as if it were a monoacidic 

base. R.Wolffenstein and J.Reitmann (19) in their study or 

sparteine sulphate found by ti~ration with N/10 sodium hydroxide 

in the presence of phenolphthalein as an indicator, that only half 

of the expected amount of sulphuric acid was recovered. They con-

eluded that the two nitrogens of sparteine are not equal in bas

icity as is also truewith quinine and nicotine. As a result 

of their investigation, they proposed the following formula: 

H~ ()1- CH.- CH,-ei"r.r• 
1H~ ~14,.(.1-1 "'-' ~ 1'1,_ 

1. ~/ 1 If 
N 
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A further insight into the constitution of sparteine was 

made by K.Winterfeld (20) through a process of oxidation to 

determine whether the two nitrogen atoms occur in two different 

rings and whether they are tertiary in character. Accordingly, 

he was able to prove that the two nitrogen atoms were secondary 

in character as was shown by the nitrose derivative which he 

obtained, but as to the position of the nitrogen atoms in the 

ring no definite conclusion was made. Nevertheless, he was 

able to show that the second tertiary cyclic nitrogen atom forms 

part of a pyrrolidine ring, due to the formation ex: -methyl 

pyrrolidine after the combined oxidative and phosphohalide 

degradation (21). P.Karper, F.Carl, K.Zohner and Rose Widmer (22) 

also suggested the probability that sparteine can be derived from 

the forMula: 

r2- CH2- CH2- CH2- ~H 

N- CH2- CH2- CH2-CH- CH2- OH 

by the addition of carbon atoms and a tertiary N-atom. 
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Quantitative }~alysis of Sparteine 

Gravi~metric Determination of Sparteine from Plant. 

Howhere in the lierature was found a volumetric method of 

analysis of sparteine from the plant. J.Chevallier (23) in his 

work on the determination of sparteine from monthly samples of 

broom root, used the gravimetric method. He determined the alka

loidal content of the plant in terms of sparteine sulphate, which 

is a crude commercial ptoduct. Using kilogram s~mples of the 

powdered drug he obtained the following results: 

l~onths Per Cent 
Sparteine Sulphate 

January 0.402 

February 0.415 

March 0.680 

April 0.325 

Hay 0.432 

June 0.327 

July 0.300 

August 0.230 

September 0.358 

October 0.407 

November 0.475 

December 0.407 

From the above da:ba it is evident that the alkaloidal content 

of the root is subject to seasonal variation, being produced 

rapidly during the period of vegetation, that is, during March, 

and then disappearing rapidly during the formation of flower and 
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fruit, April to August, then accumulating again from September to 

Harch. In his analysis on the matured fruits, he found them to con

tain 1.1~; of the alkaloid. P. Bourget ( 24) determined gravimetrically 

the amount of sparteine present from the broom tops of Sarothamus 

scoparius, Koch by precipitation with silicotungstic acid and 

subsequent calcination. From the weight lost in calcination is 

calculated as the weight of sparteine obtained. He also determined 

the variations of alkaloidal content in respect with seasonal 

changes (25). 

Likewise, J.Hirt (26) in his determination of sparteine as 

the total alkaloid from the galenical preparations of broom used 

silicotungstic ac:.d to precipitate the alkaloids, which method is1 

a :n1odification of' the determination of aconitine as given in the 

French Codex. Sparteine was separated from lupine by steam dis

tillation and then determined gravimetrically 1r.ith the use of 

silicotungstic acid (5). 
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Gravimetric Determination of Sparteine From 

Sparteine Sulphate. 

P.Jewell (13) in ~is attempt to determine a short method 

for the analysis of sparteine from tablets of sparteine sulphate 

also used the gravimetric method. In his procedure the tablets are 

dissolved in water and made alkaline and the alkaloid is extracted 

with chloroform, following the same scheme given in the U.S.P. %. 

The solvent is evaporated and the residue weighed. The weight ob

tained represents the amount of sparteine. Such method however, 

cannot be applied to tablets containing other alkaloids or other 

organic medicinals that are soluble in the extracting solvent. 
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Volumetric Dtermination of Sparteine 

from Sparteine Sulphate. 

In the volumetric analysis of sparteine, P.Lema.ire (27) 

detendnes the alkaloid from capsules by treating a. solution of 

the contents with a. standard N/50 solution of picric acid and 

filtering. The excess of acid in one-half of the filtrate from 

the insoluble sparteine pic;t'rate is titrated with :n/10 sodium 

hydroxide, using phenolphthalein as indicator. Another volu

:rnetric r.1ethod for the determination of sparteine in tablets is 

given in the American Druggist (28) which method uses phenolph

thalein as indicator titrating with 0.02 N.a.lka.li. 

The use of phenolphthalein as indicator does not however, 

give accurate results, as v.rill be shown later. In the preceding 

experiments the amount of sparteine found by the use of phenolph

thalein as indicator was low, as compared with the results obtain

ed when other indicators are used. Jewell obtained only 9~~ of the 

alkaloid when using phenolphthalein as indicator. 

http:N.a.lka.li
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Pharr:J.acological Action of Sparteine 

Although the present investigation does not include the 

phar:r::acological action of the drug, a brief review of its actions 

may be worthy of consideration. 

Hegarding the use of the drug as a. heart reY!'.edy ~ there is a 

considerable difference of opinions. The cardiologists of former 

generations., especially the French, used sparteine sulphate, the 

salt of the chief e.lkaloidal constituent, as heart tonic remedy. 

Cohen (29) states that sparteine, slmvs the heart and regulates 

its rhythm in a manner wh:lch resembles digitalis, but does not act 

on the cardiac muscle. It is believed that the diuretic effect is 

not due to sparteine., but to scoparin, a neutral principle, although 

this assumption has never been thoroughly demonstrated. Since broom 

is generally given in the form of decoction or infusion, the large 

amount of water v,rill obviously increase diuresis, thus strengthen

ing the reputation of the drug as a diuretic rer,1edy. 

The action of sparteine resembles that of coniine, however, 

it is less effective upon the central nervous system. S.Baglioni (30) 

concluded that"sparteine sulphate, when applied locally as a 

sol·xt~ion in quantities equal to or greater than those of central 

poisons; e.g. strychnine, phenol,etc., has no stimulant action and 

is either inactive or depresses slightly and temporarily the activity 

of the central nervous system". It regulates the rhythmical action 

of the heart and brings it into normal pulsation (31). It has no 

cumulative effects and could be used as a secondary to digitalis. 
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Its advantage over digitalis is that it acts quickly, in from 

thirty-five to forty-lfl.ive ::ninutes, reaching its maximtun power in 

five or six hours, the action lasting for almost a week. 

I::1 <>mall doses, sparteine gives better effect upon obstructive 

heart disease, than does digitalis, but in large doses it paralyzes 

the symphathetic nerve cells and the peripheral terminations of the 

motor nerves. It also lowers blood pressure due to its depresss.nt 

action upon the autonomic nerve cells with resultant vaso dilation 

(31). 'J'he first men to direct their attention to the action of 

spt;.rteine upon the heart were Laborde, Garnad, and Mosius (32). 

They found a great increase produced by sparteine in the size and 

height of the cardiac wave. The pulse if first accelarated after 

a small dose is taken, and then s1ov.rs down when a larger dose is 

used. 1fuen the dose is toxic, the arterial pressure steadily falls. 

It was affirmed by See as a result of his personal experience that 

sparteine is of very great value in cardiac affections, since it 

increases the force of the cardiac beat and produces regularity 

in cases of irregular action. ~~en sparteine is used in diluted form, 

111J.Burridge (33) stetes that the augrr.entation action upon the heart 

is dominant, but when the drug is in great concentration its de

pressant action predominates. A. Schwartz (34) regards sparteine 

as a povrerful depressant of the cardiac muscle. From the pharma

cological study of Kikuchi (35) on the action of sparteine upon the 

absolute pressure of the heart, it was found that either small or;~ 

http:depresss.nt
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large doses cause a reduction on the absolute pressure of the frog 

heart. 

Bayer (36) compared the action of sparteine to that of 

adrenaline and found that in concentrations between 1-100,000 and 

1-1000 it retarded the rhythm of the isolated ventricle of the 

snail. "Nevertheless, they differ in that adrenaline caused a 

particular periodic rh~~hn without affecting the amplitude and 

increased the systolic and diastolic tonus. When used in toxic 

con~ntrations they rapidly arrest the heart in sysole after a 

short period of increasing tonus. J.H.Crawford (37) in his study 

of the action of sparteine on the mammalian heart found that it 

acts as a cardiac depressant, decreasing the heart rate. The 

contraction of the auricles and ventricles and heart block is not 

induced following the adminisrtation of the drug by injection. 

In appropriate dosage sparteine can cause cessation of auricular 

fibrillation in the dog auricle. 

Fernand J::ercier (30) reports that the intravenous injection 

of 0.03 mg.· of adrenaline into sparteinized dog caused a definite 

cardiac syncope of peripheral origin. This is due to a sensitiz

ation of the cardiac muscle by the toxic action of adenaline. 

In the isolated heart of frog and guinea. pig, F.Hildebrand re

ports (39) that the characteristic action of sparteine is derange

ment in conductions from auricle to ventricle and delays of the 

nornal i.'1lpulsewithout any modification of the automatic action of 

the ventricle in cases of complete blocking (40). Oliveria (41) 

reports that sparteine restores the tome ro1d regularity of a 
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ventricle that was previuusly arhytlunic. It arrests the isolated 

ventricle in a diastolic state thus resembling the action of 

quinine which also exerts a cardiotonic influence. Blood press

ure is lowered (42) due to the cardiac depressant action of spart

eine. Sollman states that sparteine cannot take the place of 

digitalis due to its uncertainty of action and also that it weakens 

the heart. 

From experiment performed on guinea pigs~ it was concluded 

that daily intramuscular injections of sparteine do not produce 

habit formation,43). 
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PRb"'"'.LlliTNARY WORK . 

Collection and Preparation of Samples 

The samples used in this investigation were the tops of the 

Oregon grown Scotch broom, Cytisus scoparius, Linne, Link. 

lgguminosae, obtained from the roadside at the northwestern part 

of the town of Corvallis • The time of collection was on the 20th 

of each month, January to June. With the exception of the June 

samples, which were dried in the sun for 13 days, all samples 

vrere dried in a warm place in one of the laboratory rooms in the 

Pharmacy building. The air dried plant was ground in a dru:tj 

mill and the powders which would pass through a No. 40 sieve 

were collected and placed in glass jars, the tough, coarser 

stems being rejected. Twenty grams of each sample, from Jan

uary to May~ was analyzed separately according to the procedure 

in the u. S. P. X (44) for the total alkaloidal content calculat

ed as sparteine. In analyzing the June sanple a special procedure 

was employed. One kilogram of the June sa:rrq:>le was exhau®d by 

percolation with one per cent sulphuric acid, while the other 

kilogram was exhaused by using 60% alcohol as the menstrum. The 

purpose of this was to make a quantitative and qualitative com

parison of the alkaloids obtained by each solvent. The result 

did not show any difference in the total amounts of alkaloid 

extracted by the two menstrua, and sufficient time was lacking 

to make a complete qualitative separation. 
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In order to observe the effect of sunshine on the quantity of 

alkaloid produced in the pl~~ts, samples were collected in January 

and also in April in the shade, and those growing in the sun. 

Composite samples were collected for all six months. For the sake 

of convenience the three different samples are designated: 

1. Samples from the shade -----A 

2. Samples from the sun--------B 

3. Gomposite samples-----------0 
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Moisture. and Ash Determinations on Air Dried Plant 

The moisture content and total ash were determined on samples 

collected each month. The procedure was that given in the U.S.P. 

X ( 45) for the determination of moisture in plants containing 

non-volatile constituents. 

Accordingly~ about 2 g. of each sample was weighed in a 

tared crucible and dried in the oven to content weight at l00°C. 



20. 

TABLE ! 

1IDISTURE DETERMINATION ON AIR DRIED PLANT 

Months 
wt. of PWd.' 

Drug t Moisture Per Cent 

January 
"A" 

1. 

2.0128 

2.0065 

2.0311 

0.1026 

0.1025 

0.1062 

5.10 

5.11 

5.25 

5.15 7; 

January 
11B11 

2.0342 

2.-0012 

0.1116 

0.1149 

5.49 

5.74 5.46 % 

2.0141 0.1041 5.17 

2.0885 0.1477 7.50 
January 

,,0 " 2.0309 0.1513 7.45 7.47% 

2 • .651,2, 0.1581 7.47 

2.6512 II 0.1653 6.23 
February 

ncn 2.6442 0.1642 6.21 6.25 % 

2.8914 0.1825 6.31 

2.8095 0.1732 6.17 
Earch 

ncn 2.1766 0.1314 6.04 6.15 % 

!.4366 0.1521 6.24 

2.0003 0.1181 5.90 
April

nAn 2.0018 0.1136 5.67 5.81% 

2.0208 0.1185 5.86 " 
2.0037 0.1095 5.46 

April 
uBn 2.0021 0.1150 5.74 5.59 % 

2.0038 O.lib3 5.55 

2.0038 0.1114 5.56 
April 

110" 2.0009 0.1113 5.56 5.56 % 

2.0017 0.1109 5.54 t 
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TABLE I (Continued) 

WE. of Pwd.' Moisture 
Months Drug Per cent Average 

:t2.0004 0.0841 4.20 
May

nc" 2.0006 0.0842 4.20 4.16 % 

!.0013 0.0848 4.24 

2,0007 0.0602 2.01 
June 

"C" 2.0016 0.0660 3.30 3.21 % 

2.0011 0.0666 3.32 



Ash Deterw~nation 

The samples that were weighed and used in the moisture 
determination were burned on the free flame and then incinerated 
in the furnace until free from carbon. The color of the ash 
was bluish gray. 

TABLE II 

Total Ash Determination 

' 1¥€ • of Pwd Total 
Months Drug Ash Per cent Average 

2.0128 0.0532 2.78 
January ,~------------~~----------~~----------~ 

"A" t. 2.0065 0.0527 2.76 2.80 % 
' 2.0311 o.o654 2.87 

2.0342 0.0472 2.45 
~--~------~--- -------~--~------~January 

"B" 2.0012 0.0457 

2.0141 0.0474 2.48 

2.0885 0.0608 3.15 
January 

nett 2.0309 0.0604 3.27 3.29 % 

2.1165 G.0668 3.45 

2.6512 
February 

"C" t 2.6442 0.0800 3.025 3.00 % 

2.8914 0.0825 2.85 

!. 2.1766 0.0739 3.40 
J'IIarch 

nett 2.8095 3.37 3.53 % 

2.4366 0.0934 3.83 

2.0003 0.0928 4.64 
April 

"An 2.0018 0.0916 4.57 

2.0208 4.53 
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TABLE II (Continued) 

' WE. of Pwd Total 
Months Drug Ash ' Per cent Average 

2.0037 0.0758 3.78 
April 
"B" 2.0021 0.0790 3.94 3.87 % 

2.0038 0.0779 3.89 
t 

2.0038 0.0872 4.35 
April 

ncu 2.0009 o.os3o 4.15 4.25 % 

2.0017 0.0850 4.2.5 

2.0004 0.0842 4.29 
:.lay 

nett 2.0006 0.0853 4.26 4.30 % 

2.0013 0.0885 4.42 

2.0016 0.0685 3.4:2 
June 

"C" 2.0007 0.0717 3.58 3.52 % 

2.0011 0.0711 3.55 



Analysis of U.S.P. IX Sparteine Sulphate 

In view of the fact that procedures for the gravimetric de

ternination of sparteine are not entirely satisfactory~ efforts 

~~remade to check them by means of a volumetric method. u.s.P. 

IX sparteine suplhate was analyzed, using bromthymol blue~ 

phenolphthalein~ homotoxylin, cochineal and methyl red as in

dicators in the titrations. lfales (46) who titrated sparteine 

sulphate by electrometric method preferred the use of bromthymol 

blue, while C. Kippenberger (47) who made a special study of the 

choice of indicators for use with different alkaloids found that 

hematoxylin gave the best results. Nevertheless, the results in 

the succeeeing experiments indicate that any of the above in

dicators, with the exception of phenolphthalein, gives fairly 

good results. 

Assuming sparteine to be monoacidic to the indicators to 

be used~ a N/20 solution of sparteine sulphate was made by dis
oJ 

solving 2.112 g. of the salt in lOOcc. of distilled water contain

ing a volumetric flask. Then 10 cc. of the solution, containing 

about 0.11715 g. of sparetine alkaloid was transferred to a separ

atory funnel. Then 10 cc. of distilled water was added and ammonia 

to faint alkalinity. The free alkaloid was extracted with 30 cc. 

of chloroform, using 10 cc. for each extraction. The combined 

chloroform extracts were allowed to pass through a dry filter and 

collected in a tared flask. The filter paper was washed vvith a 

little portion of chloroform and added to the chloroform extract. 
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The chloroform was allowed to evaporate over steam bath, the last 

traces being removed b~ adding a 3 cc. of ether to residue and 

again placing on the steam bath tor about 20 minutes. The spareine 

alkaloid lett in the flask had brown color, and after exposure to 

the air tor one hour it became dark brow.n. The flask was cooled 

and then weighed immediately. The alkaloid was then dissolved 

in an excess of N/10 sulphuric acid, and back titrated with N/10 

sodium hydroxide. The volume of the acid that reacted with the 

alkaloid vms multiplied by the equivalent of sparteine which is 

0.02343 g. tor every co. of N/10 sulphuric acid. 
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TABLE III 

Bravimetric and Volumetric Analysis of Sparteine Sulphate 

Equivalent to 0.11715 g. of free Alkaloid. 

f ~'it. of Alka-t Amt .-· Sparteint 'Per cent 
Indicators loid obtd. 'recovered by Tit~Recovered' Averaget ,----·--· ,
Methyl red 0.1154 g. 0.1126 g. 97.64 % 1 97 .22;7,;,---· 

0.1154 g. O.lJJ7 g. 96.82 % ' 

Hematoxylin 0.1095 g. 0.1009 g. 92.22% 91.96 % 

Cochineal 

0.1147 g. 

O.ll05 g. 

0.1051 g. 

0.1009 g. 

91.70 % t 
1 . 

91.38 %' 91.26 % 

0.0105 g.· 0.1007 g. 91.16 ;.~ ' 
t 

0.1168 g. 0.0782 g. 67.00 d 67.90 crlPhenol- JO ;o 

phthalein. 
O.ll58 g. 0.0773 g. 66.80 %1 

Bromthymol 0.1143 g. 0.0726 g. 63.56 % 1 63.14 f~ 
Blue 

0.1141 g. 0.0715 g. 62.72 "'- 1,o 
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Analysis of Free Sparteine 

As each analysis of sparteine sulphate gave a low result, 

it ;vas possible that the sample was not pure. In order to have 

a pure form of alkaloid to work with an attempt was ~de to obtain 

the free alkaloid from apartein sulphate by vacuum distillation. 

Accordingly, 173.9140 g. of sparteine ~ulphate was placed in 500 cc. 

Claisen flask, moistened with a little water and the calculated 

amount of sodium hydroxide, 32.918 g. was added. The mixture was 

distilled under 18 mm. pressure. The liquid alkaloid so obtained 

was freed from water by drying it over sticks of potassium hydrox

ide for several hours, and again distilled under 18 mm. pressure, 

collecting four fractions: 

Fractions Temperature Yield 

I 180°-183°c 15.39 g. 

II 183°-185°C 23.40 g. 

III 185°-188°c 18.43 g. 

IV 188°-190°C 17.203 g. 

These distillates were clear, but after standing over night 

they become slightly brown, due perhaps to the action of light. 

This can be avoided by keeping the liquid alkaloid in a brown 

colored bottle. 

From fraction III, which >"18.S assumed to be pure, 1.0549 g. of 
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the alkaloid was dissolved in a standard solution of N/50 sulphuric 

acid, contained in a 500 cc. volumetric flask. Exactly 25.00 cc 

of this mixture which is equivalent to one-twentieth part of the 

entire volume of the solution was taken, and the excess acid was 

back titrated against the standard solution of sodiurr. hydroxide, 

using different indicators, The acid and alkali were standardized 

with the use of each indicator used in the titration. One cc. of 

fiftieth normal solution of sulphuric acid is equivalent to 

0.004686 g. of sparteine. 

Following are the results of titration as given by the diff

erent indicators. 
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TABLE IV 

Volumetric Analysis of 1.0548 Gm. of Pure Sparetine 

·With Di.fferent Indicators. 

t .Amt. of Sparteine 
Indicators 'Determined Vol~tric ' Per cent Average 

1.0496 g. 99.50 %t 

Metr..yl 1.0544 g. 99.95 % f 99.64 % 

1.0496 g. 99.50 % 

1.0448 g. 99.04 % 

ofHematoxylin 1.0477 g. 99.32 % 99.22 /0 

1.0477 g. 99.32 % 

1.0440 g. 98.98% 

Cochineal 
f 

1.0431 g. 98.54 % 98.82 % 

1.0440 g. 98.98 % 

Bromthymol 
Blue 

1.0366 g. 

1.0374 g. 

98.26 % 

98.54 % 98.34 ct
;O 

1.0366 g. 98.26 % 

1.0011 g. 94.80 % 
Phenol
phthalein 1.0004 g. 94.84 % 94.88 

1.0011 g. 94.90 % 
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Discussion of Results. 

It was assumed (page 24) that sparteine would be monoacidic 

to the indicators employed in the above volumetric analysis. The 

results justify such assumption. Meteyl red gave satisfactory 

results in that the average per cent of alkaloid found was compara

tively accurate in both determinations (tables III and IV). 

Jewell (13) had already shown that sparteine is monoacidic to

v.rard methyl red. 

Phenolphthalein was not satisfactory in any case as the 

results were invariably low when that indicator was used. Hemo

toxylin; cochineal, and bromthymol blue may be used successfully 

but require more careful manipulation. 
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EXPERI1lENT.AL 

Extraction of the Alkaloids 

In order to find any difference between the amount of alkaloids 

extracted by lJ~ sulphuric acid, and by 60;;~ alcohol, two kilograms 

of the June sample were extracted, using one kilogram for each 

extracting solvent. From each percolate 100 cc. was taken and an

alyzed separate, makihg both gravimetric and volumetric detennin

ations. The remaining large volume of percolate in each case vms 

steam distilled. The distillate which contained chiefly sparteine 

vms neutralized ;vith concentrated hydrochloric acid, and evaporated 

to dryness, and then weighed. 

Extraction by 60/~ Alcohol 

One kilogram of the powdered drug was placed in a large 

evaporating dish, moistened with 60% alcohol, and allowed to stand 

for two hours. The moist povvder was transferred to a percolator 

and packed. The top of the moist drug was covered vnth a pledget 

of cotton and then one liter of 60% alcohol was added. It was 

left for twenth-four hours to amcerate before it was allowed to 

percolate. The percolation vms continued and more menstrum was 

added, until the drug was exhaused. The total volume of the 

percolate collected vms 7, 760 cc. Two 100 cc portions of this 

percolate were analyzed using the same procedure as for those 

samples obtained from January to May. 

The method of this analysis will be given in the latter part 

of the experiment. 

http:EXPERI1lENT.AL
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Steam Distillation 

The larger portion of the alcoholic extract, some 7560 cc., 

was placed in a 12-liter round-bottom flask, and the alcohol vvas 

distilled off. The liquid remaining in the flask was rendered 

alkaline with an excess of dilute sodium hydroxide, and then 

steam distilled until no more alkaloid distilled over as indicat

ed by a test with Mayer's reagent. The distallate was neutralized 

vnth concentrated hydrochloric acid and then evaporated to dryness. 

The residue consisting of the hydrochloride of sparteine was 

vreighed. Yield, 7.0524. 

Extraction by 1% Sulphuric Acid 

The kilogram of the powdered drug was exhauaed in the same 

method as in the extraction vdth 60% alcohol. The total volume 

of the percolate was 8,460 cc. Two cc. portions were also 

ane.lyzed separately as those aliquot parts taken from the alcohol 

extract. 

The remainder of the acid extract was placed in a large 

evaporating dish and was allowed to evaoprate until it became 

concentrated. This vms nautralized with an excess of dilute 

sodium hydroxide and th,:m steam distilled. The distillate v.ras 

neutralized with concentrated hydrochloric acid, evaporated to 

dryness, and weighed. Yield, 7.4625. 
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Gravimetric and Volumetric Determinations of the 
iitkaloids 

Twenty-seven 20 gm. saFples of the powdered drug representing 

the collections for each month from January to May, were packed 

in percolators and labeled. Dilute sulphuric acid (about lOfo) vvas 

then added and maceration continued for twenty-four hours. Percol

ation vras started and more menstrum was added until the drug vras 

entirely devoid of alkaloid, as indicated by testing with !Jayer1 s 

raegent. The percolates were Jnade up to 250 cc. with dilute 

sulphuric acid and mixed thoroughly. 

Fifty cc. was taken from each saw~le and analyzed separately. 

This aliquot was placed in separatory funnel and made alkaline 

vrith dilute ammonium hydroxide. The fre.e alkaloids were extract

ed by shaking with two 100 cc. volumes of ether. The combined 

etheral extracts were shaken with two 100 cc. portions 3% 

sulphuric acid. This acid solution containing the alkaloids 

>vas 1~ade alkaline with dilute ammonium hydroxide and again ex

tracted twice with ether using 100 cc. for each exteaction. The 

ether was separated from the soluticnn a..'l'J.d allowed to pass through 

a dry filter paper into a tared flask of 250 cc. capacity. The 

fiJ±er paper and the tip of the funnel w-ere washed with small 

portions of ether and combined w-ith the other portion in the flask. 

The ether was distilled off and the residue was dried over the 

stean bath for about 20 minutes. It ;vas allowed to cool and weigh

ed. The weight obtained represents the total alkaloidal content 

of Scotch broom. 
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In order to determine the total alkaloid, volumetrically, 

residue vra.s dissolved in 50 cc. of liT/50 sulphuric acid, and the 

excess acid was back titrated with N/50 sodium hydroxide. The 

volume of the standard acid that reacted vnth the alkaloid was 

multiplied by 0.004686 g. which represents the amount of spart

eine corresponding to one cc. of H/50 sulphuric acid. 
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TABLE v. 

GRAVTMETRIC DETERMINATIONS 

1 Alkaloid in 'Alkaloid in ' 
Months t 50 cc pts. t 20 gm. Per Cent ' Ave~tage' t 

0.03715 0.18775 0.933 
January 

'tiA II 0.03691 0.18455 0.922 9.924 % 

0.03670 0.18350 0.917 

, or0.03658 6.18290 0.914 

January 0.03619 0.18095 0.904 0.909 % 
"Btt 

I
0.03637 0.18185 0.909 

0.03688 0.18410 0.920 
January 

nett 0.03635 0.18175 0.908 0.914 % 

0.03698 0.18490 0.924 

0.03761 0.18805 0.940 
February 

nett d0.03750 0.18750 0.937 0.938 ;o 

0.03755 0.18775 0.938 

March 
"C" 

t . 

0.04269 

0.04275 

0.21345 

0.21375 

1.067 

1.068 1.068 c;/
;o 

0.04279 0.21395 1.069 

0.03460 0.1730 0.865 
April 

"A" 0.0341 0.1705 0.852 0.854 

0.0335 0.1675 0.837 

0.0345 0.1725 0.862 
April 

"B" 0.0342 0.1710 0.855 , 0.855 % 

0.0340 0.1700 0.850 
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TABLE V ( Continued) 

' Alkaloid in 'Alkaloid in t 
tMonths 50 cc pts. '20 gm. Per cent ' 

0.0339 0.1695 0.847 
April t 

nett 0.0344 0.1722 0.860 0.857}~ 
1 

0.0346 0.1730 0.865 
1 

0.0335 0.1680 0.840 
May 

"C tt 0.0338 0.1690 0.845 0.838 % 

o.o332 0.1660 0.830 

(FROM 8460 CC OF ACID EXTRACT FROM 1000 GM.) 

Months 

June 
"C" 

'Alkaloid in 
100 cc. 

8 
0.1174 

t. 

0.1307 

'Alkaloid in 1 

' 1000 gm.pts\ 

9.9320 

t 11.0572 

Per Cent 

0.9932 

1.105 

t Average 

1.049 % 

(FROM 7760 CC. OF ALCOHOL EXTRACT FROM 1000 GM) 

•Alkaloid in 'Alkaloid in 1 

1~Ionths 100 cc. ' 1000 gm..ptst Per cent1 

' June 
u 0n 

0.1285 9.9716 0.9971 
0.9463 % 

O.ll67 8.9564 0.8956 

Note: The average of the two determinations from both acid and 

alcohol extracts is 6.•S97 % 
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TABLE VI 

VOLU1mTRIC DETER1fiNATIONS 

Alkaloid in 1 AlkaloJ.d in ' 
Months 50 cc.pts t 20 gm. Per Cent ' Average' ' 

0.03651 0.18255 0.912 
January 

"A" 0.03662 0.18310 0.915 0.911 % 

0.03635 0.18175 0.908 

0.03650 0.18250 0.912 
January

nBn 0.03601 0.18005 0.900 0.906 % 

0.03625 0.18125 0.906 

0.03645 0.18225 0.911 
January 

"C" 0.03613 0.18065 0.903 0~907 7~ 

0.03632 0.18160 0.901i 

0.03744 0.18720 0.936 
February 

1"C" 0.03725 0.18625 0.931 0.933 % 

0.03739 0.18695 0.934 

0.04259 0.21296 1.064 
J';Iarch t: ' "C" 0.04270 0.21250 1.062 1.063 7~ 

0.04262 0.21310 1.065 ' ' 
0.03410 0.1705 0.852 

April
nAn 0.03380 0.841 d0.1690 0.845 ;o 

0.03310 0.1655 0.827 

0.0342 0.1710 0.855 
April 

"B" 0.0339 0.1695 0.847 0.849 _% 

0.0338 0.1690 0.845 

0.0336 0.1680 0.840 ' April 
d"C" 0.0341 0.1705 0.852 0.849 ,o 

0.0343 0.1715 0.857 
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TABLE VI ( Continuedf 

'Alka1ol.d in 'Alkaloid in ' 
1\'i:onths '50 cc.pts 20 g. Per Cent Averagef t 

0.0332 0.1660 0.030 
May 

"C" & 0.0333 0.1665 0.832 0.828 % 

0.0329 0.1645 0.822 

(FROM ACID EXTRACT OF 1000 GM.) 

' Alkaloid in 'Alkaloid in ' 
Months ' 100 cc. t 1000 gm.ptsr Per cent 

0.10515 8.896 0.8896 
0.9036 7>; 

0.10846 9.176 ( 0.9176 

(FROM P.LCOHOL EXTRACT OF 1000 Glll.) 

•Alkaloid in "i'"A1kaloid in t 

Months t 100 cc. t 1000 gm pts.' Per cent Average 
t 

June 0.1170 9.0830 0.9083 
nett t 0.9008 % 

0.1151 8.9333 0.8933 ' 
Note: The average of the two determinations from both acid and 

alcohol extracts is 0.9022 % 

V'Jhen the above averages are calculated on the basis of moist'lllre 

free drug, the following results are obtained: 

Gravimetric Volumetric 

January "A" 0.975 % 0.960 % 
"B" 0.961 % 0.947 % 
"C" 0.986 ;to 0.980 % 

February "C" 1.000 % 0.966 % 
March "C" 1.031 % 1.026 % 
April "A" 0.906 % 0.892 % 

a1"B" 0.905 7o 0.888 % 
a1"C" 0.907 ;o 0.898 % 
o1May "C" 0.873 ;o 0.863 % 

June "C" 1.030 at 0.930 %;o 



Discussion of Results 

The moisture content of the air-dried drug sho~ a decrease 

from 6.2% in February, to 3.2;~ in June. This is proabably due 

to seasonal differences in humidity, as there was a great deal of 

rail\ during February, while June was a comparatively dry month, 

permitting more complete desiccation of the drug. 

The total ash shows no regularity of increase or decrease 

from month to month, 

rhe alkaloidal content, as indicated in the tabulation at 

the bottom of page 38, is subject to a regular seasonal increase 

and decreases duriiig the six-month period studied. The maximum of 

about 1.03% (based on perfectly dry drugs) is reached in March. 

Following this, there is a sudden and marked drop in total alkaloid. 

There appears to be another increase in June, but due to the fact 

that the curing was done in direct sunlight, makes this result im

possible of comparison with the results of previous months. 

As far as could be observed, the two solvents, 1% sulphuric 

and 60% alcohol, are equally satisfactory in extracting the alka

loid from the drug. 

Sufficient variation ;vas not found to warrant any conclusions 

regarding the effect of grov~h in sunshine or shade, on the total 

alkaloid of the plant. 
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1. A historical account of the plant is given, also a review 

of the work of previous investigators on cytisus and its alkaloids. 

2. The method of collection and preparation of the samples 

for investigation is outlined. 

3. The moisture determinations showed the water content to 

decrease from February until June, but this may be due only to dif

ferent drying conditions. Ash content shows a small, irregular 

variation. 

4. Gravimetric and volumetric methods of analysis were tried 

on sparteine sulphate and on the pure free alkaloid. Sparteine was 

found to be monoacidic toward all indicators used, of which methyl 

red was superior to all others. 

5. Two menstrua, 1% sulphuric acid, and 60% alcohol, were 

tried for extract ion, and no great differ'eP found in their ef

ficiency. 

6. Gravimetric and volumetric determinations showed the 

total alkaloidal content of cytisus to vary from a maximum of 1.03% 

in I\Iarch, down to 0.86% in May, these values being calculated on 

completely exsiccated drug. A small secondary increase in June 

was noted, but this may be due to difference in curing. 
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