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Quantitative Determination of Sparteine Sulfate 
By PAUL TURI and DAN GROSSMAN 

Official compendia fail to include assay methods for pharmaceutical preparations 
of sparteine sulfate. A direct acidimeuic titration method for sparteine sulfate 
and an indirect titration of the sparteine base, obtained by distillauon from a solu- 
tion of sparteine sulfate, were investi ated in a comparative study. The accuracy 

and applicability ofl%oth methods are evaluated. 

PARTEINE, an alkaloid of Cytisus scoparius S L. (syn. Sarothamnus scoparius, Koch), Lupinus 
luteus L. and other plants of the Leguminosae. has 
been known as a medicinal agent for more than 70 
years (1). 

Sparteine had been formerly recommended in 
tachycardia, functional palpitation of the heart, 
and as a diuretic agent. 

“The National Formulary,” 8th ed., 1946, mono- 
graph (2) for sparteine sulfate (the last official 
U. S. compendium to list this drug) fails to include 
a method of assay. Recent interest in sparteine 
sulfate as an adjunct in induction of labor (3) 
prompted an evaluation of the known quantitative 
assay procedures. 

In  a survey of several suggested methods Higuchi 
and Bodin (4) list four methods for the determina- 
tion of sparteine sulfate: (a) a colorimetric assay 
through the Reineckate salt, (b) an acid dye pro- 
cedure (assaying colorimetrically a chloroform ex- 
tract of the compound formed with acid methyl 
orange), (c) a polarographic method, and ( d )  a 
gravimetric determination through the silicotung- 
state salt. 

The official method in the “Pharmacopoea 
Helvetica V” (5) for sparteine sulfate assay is a 
direct acidimetric titration. This procedure is 
based on the principle that mineral acid salts of 
very weak nitrogen bases in aqueous solution can 
be titrated directly with strang alkaline titrants 
to  the phenolphthalein red end point, since the 
liberated weak base does not interfere with the 
indicator (6). 

Our objective was to  select a simple and rapid 
method with satisfactory accuracy. The direct 
titration method requires only a singIe step; there- 
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fore its advantages are obvious. To increase the 
specificity of the analysis, we adapted another titra- 
tion technique which included a separation step. 
The principle of distillation of the alkaloid base 
and back titration of volatile alkaloids was utilized. 

The scope of this study is a comparison between 
the two acidimetric titration methods: method I, 
sparteine sulfate is titrated directly with 0.1 N 
sodium hydroxide solution; and method II,  sparteine 
sulfate salt is converted t o  the base, distilled with 
steam into a measured volume of acid, and the excess 
acid is back-titrated. 

EXPERIMENTAL 

Reagents and Test Solutions 

a commercial sample of spar- 
teine sulfate, N.F. VIII, was used in this study 
without further purification m.p. 136” dec., [a]? 
= -21.5’ (c = 4 in water); 0.1 N NaOH; 0.1 N 
HCl; methyl orange T.S.; phenolphthalein T.S.; 
hydrogen peroxide T.S.; 0.1 N HISO,; sulfuric 
acid, diluted; 0.1 N KMnO,; 50% NaOH: 10 
Gm. of NaOH (U.S.P. XVI) dissolved in 10 ml. 
of water. Volumetric and test solutions meet 
U.S.P. XVI specifications. 
Analytical Procedures 

Sample A.-Approximately 1.0 Gm. of sparteine 
sulfate ( C1J3~~N2.H&O~.5Hz0, mol. wt. 422.53). 
accurately weighed, was dissolved in water in a 25- 
ml. volumetric flask, and the volume was adjusted 
t o  mark a t  20’ (stock solution). 

Method I: 5.0 ml. of the stock solution was 
transferred into an Erlenmeyer flask, one drop of 

TABLE ~.--COMPARATIVE ASSAY RESULTS FOR 
SPARTEINE SULFATE 

Sparteine sulfate: 

-Samplt- --Method I- -Method II- 
No. Type % da % d. 
1 A 100.43 0.13 99.68 -0.60 
2 A 100.43 0.13 98.84 -1.44 
3 A 100.35 0.05 100.88 0.60 
4 B 101.00 0.70 101.50 1.22 
5 B 100.00 -0.30 102.50 2.22 
6 B  99.00 -1.30 100.00 -0.28 
7 B  99.50 -0.80 101.50 1.22 
8 B 100.50 0.20 99.00 -1.28 
9 B 10l .W 1.20 98.60 -1.68 
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brought up with water to volume (at  20°).2 Five- 
milliliter aliquots of the peroxide-treated sparteine 
sulfate solution was assayed by both methods 
described above. Assay results are reported in 
Table 111. 

RESULTS AND DISCUSSION 
The assay series performed on sparteine sulfate 

solutions (Samples A and B) facilitated an evalua- 
tion of the reproducibility and accuracy of the 
investigated methods. 

As shown in Tables I and 11, the averages of nine 
parallel determinations are very close; the difference 
of the average percentages is only 0.02%. The 
probable error is less than 1% for both methods, 
and only 0.5% for the direct titration procedure 
(method I. ) 

Solutions of sparteine sulfate exposed to high 
temperatures (100-160”) for a prolonged period 
showed insignificant degradation or no degradation. 
Earlier reported experiments (8) indicate a number 
of different oxidation products which could be 
formed by treating sparteine with a variety of oxi- 
dizing agents. Our results, reported in Table 111, 
indicate that under the described experimental con- 
ditions degradation products develop which do not 
affect the direct titration method. By the distilla- 
tion technique (method II), an anticipated decrease 
in alkaloid content appears. 

CONCLUSIONS 
Our experimental data led us to  conclude that the 

method of choice for pure sparteine sulfate substance 
or for pharmaceutical preparations containing no 
interferring ingredients is the direct titration 
method. In the presence of interferring substances 
(incorporated in the pharmaceutical formula or 
developed by degradation), the distillation tech- 
nique offers the advantage of separating the spar- 
teine base from the nonvolatile ingredients and can 
be used for quantitative determinations with satis- 
factory accuracy. 
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* A 5-ml. aliquot of this solution was acidified with 1 ml. 
of diluted sulfuric acid, and one drop of 0.1 N KMnO4 solu- 
tion add+. A slight pink color indicated absence of hydro- 
gen peroude. 

TABLE II.-sTATISTICAL DATA OF SPARTEINE 
SULFATE ASSAYS 

Method I Method I1 
Average Assay Result, 70 100.30 100.28 
Probable Error,“ 7’ 0.50 0.93  

o Probable error was calculated from the following formula 
7) 

r = 0.674.5 (n = number of assays) 

TABLE III.-AssAY RESULTS FOR PEROXIDE- 
TREATED SPARTEINE SULFATE SOLUTIONS 

-Sample-- Method I, Method 11, 
KO. Type % % 
1 C 100.14 90.08 
2 C 98.66 89.05 

phenolphthalein T.S. was added, and the solution 
was titrated with 0.1 N NaOH to the appearance 
of the red color. 1 ml. 0.1 N NaOH = 42.253 
mg. C I ~ H ~ ~ N ~ ’ H Z S O ~ ’ ~ H Z ~ .  

Method 11: 5.0 ml. of the stock solution was 
transferred into a 300-ml. Kjeldahl flask. A few 
glass beads, 75 ml. water, and 2 ml. of 50% NaOH 
were added, and the flask was connected immedi- 
ately to  a condenser fitted with a delivery tube ex- 
tending below the surface of 15.0 ml. 0.1 N HCI in 
a receiver. Two drops of methyl orange T.S. was 
added to the receiver as the indicator.’ About 65 
ml. of the distillate was collected in the receiver, 
followed by a residual titration of the excess acid 
with 0.1 N NaOH. Each ml. of 0.1 N HCI is 
equivalent t o  21.1265 mg. CtJL&. H&04. 5H20. 

Sample B.-An ampul solution of sparteine sul- 
fate (containing 150 mg. of C1&6N2-H2SOI.5H20 
and 4.5 mg. sodium chloride in 1.0 ml. of water) 
has been assayed by the two methods in a similar 
manlier to that described above. Experimental 
results are summarized in Tables I and 11. 
Degradation Studies 

To investigate the effects of degradation products 
on the two titration methods, the following experi- 
ment was performed. 

Sample C . 4 . 0  Gm. sparteine sulfate was dis- 
solved in about 80 ml. of distilled water. Seven 
milliliters of hydrogen peroxide T.S. and exactly 
3.0 ml. of 0.1 N HzSO~ were added, and this color- 
less mixture was boiled for 1 hour. The solution 
was cooled to  room temperature, A definite yellow 
coloration indicated presence of degradation prod- 
ucts. Following the addition of exactly 3.0 ml. 
of 0.1 N iVaOH, the solution was quantitatively 
transferred into a 100-ml. volumetric flask and 

1 More recent work indicates that a sharper end point can 
be obtained by using four dro s of bromoaesol green-methyl 
orange mixed indicator (0.24 BCG + 0.02% MO) to the 
appearance of a light green color. 


