SERUM VASOCONSTRICTOR (SEROTONIN)
IV.
BY

ISOLATION AND CHARACTERIZATION*

MAURICE M. RAPPORT,t ARDA ALDEN GREEN,

AND

IRVINE H. PAGE

(From the Research Division of the Cleveland Clinic Foundation, Cleveland)

(Received for publication, July 17, 1948)

In the first paper of this series (1) the partial purification of a vasoconstrictor substance from beef serum was reported. Further purification of
the active substance led to its isolation. A preliminary report of the
method together with analytical and pharmacological data has also been
published (2). It is the purpose of this paper to present the details of the
method of isolation, the more complete analyses now at hand, and some further characterizations of the substance.
The problem of isolating this principle presented the difficulties usually
encountered in vitamin research (3) in that the substance was present in the
source material (beef serum) in a dry weight concentration of about 0.005
per cent. Initial obstacles were overcome with the preparation of a stable
concentrate which was 0.8 per cent pure and contained 25 to 35 per cent of
the activity originally present in the serum (the percentages are calculated
from the activity of the pure substance).
This concentrate was composed mainly of the ammonium salt of 5-nitrobarbituric acid (the precipitating agent). The active principle appeared
to be involved in this concentrate in some kind of complex, since repeated
recrystallization did not effect important changes in activity of the crystals
so obtained. After many procedures which resulted in large losses of activity were tried, it was found possible to separate 90 per cent of the inactive materials from the concentrate with a loss of less than 5 per cent of the
total activity by precipitating them with acetone from hot aqueous solution. Concentration of the filtrate and recrystallization of the residue from
methyl alcohol led to the isolation of a crystalline substance with vasoconstrictor action in the rabbit ear preparation approximately twice that of
commercial epinephrine.
EXPERIMENTAL

Melting points were determined on the Kofler micro hot stage and are
corrected.

* This study was supported in part by a grant from the United States Public
Health Service, Cardiovascular Study Section.
t Present address, Department of Medicine, Columbia University, College of
Physicians and Surgeons, New York.
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Isolation-28 gm. of concentrate, prepared as described (1) from about
210 liters of beef serum (450 liters of blood) and containing 750 units 1
of activity per mg., were dissolved in 3.4 liters of boiling distilled water.
3.5 liters of reagent grade acetone were then added to the hot (80°) solution, resulting in the immediate formation of a copious, finely divided precipitate.
For convenience of operation, especially with regard to minimizing the
time of heating and reducing the hazards attending the addition of the
acetone to a solution whose temperature was above the boiling point of
acetone, this procedure was carried out in separate portions by employing
one-seventh the quantities listed above, which were then combined.
After chilling the mixture in the cold room overnight, the colorless precipitate was filtered by suction and washed with 50 per cent aqueous acetone. This precipitate weighed 24.0 gm. and assayed at 25 units per mg.
Th e filtrate was then evaporated below 50° at reduced pressure under nitrogen to a volume of 245 ml. The precipitated materi al resulting from this
evaporation was dissolved by boiling the solution, the addition of 55 ml. of
water being required. 350 ml. of acetone were then added, the mixture was
left in the cold room 2 days, and then suction-filtered, giving 1.64 gm. of
buff-colored precipitate assaying at 200 units per mg. The filtrate (containing 18 million units) was then evaporated to dryness as before. The
residue was extracted with 50 ml. of 50 per cent aqueous methanol. This
extract was evaporated to dryness, and the residue was extracted with 10
ml. of hot absolute methanol. On cooling, this extract deposited brownish
yellow rosette s of prisms. The supernatant was decanted, and the crystals
were washed with methanol and acetone by decantation. After drying,
the crystals weighed 143 mg., m.p. 196- 201° (decomposition); assay 80,000
units per mg.
The crystals were recrystallized by dissolving them in 10 ml. of water
and, at 60°, adding 35 ml. of acetone, giving, after washing and drying, 108
mg. of light buff-colored, thin rhomboid plate s, m .p. 207-212° (decomposition ); assay 100,000 unit s per mg. By adding 50 ml. of acetone, a second
crop of 12.5 mg ., m.p. 201-205 ° (decomposition), was obtained from the
filtrate .
The first crop material was again recrystallized from 6 ml. of water and
18 ml. of acetone to give 93 mg. of light buff platelets, m.p. 209-212° (decomposition); assay 100,000 units per mg. By adding 75 ml. of acetone to
the mother liquor, a second crop of 9.5 mg., m.p. 204-208° (decomposition),
was obtained.
1 The unit of activity
has been defined (1) as the response given in the rabbit ear
preparation by 0 .2 ml. of a solution containing 1.2 -y per ml. of a purified serum vasoconstrictor preparation.
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The result described above represents the last "large scale" isolation
effort and is the best one. The procedure has been carried out twice on the
scale described, and several other times with about one-tenth this quantity
of concentrate. In each experiment, the pure active substance has shown
the same physical and chemical properties. One of the two complications
encountered in the less straightforward experiments was the presence of an
impurity which had the same solubility characteristics in ·water, methanol,
and acetone as the active substance and appeared to be inorganic, with a
melting point near 290°. The other was the formation of diliturate complexes of variable composition (as revealed by ultraviolet absorption spectra) which were deposited by the methanol extract and could not be substantially purified by several recrystallizations from methanol.
Variations from the procedure described which were employed in the
previous experiments may have contributed to their less satisfactory results.
Lack of additional concentrate prevented clarification of this point.
Melting Point-This is a decomposition point, slight effervescence occurring at and slightly above it. The discoloration of the sample is slight and
the melt is clear. The sharpest decomposition point, obtained on the first
analytical sample, was 212-214°. The same sample, after 3 weeks, melted
at 206-209°. The melting points were taken by a uniform procedure.
Heating was begun below 50°, carried to within about 20° of the melting
point at 6-·8° per minute, and at the decomposition point the rate of
heating was 2-2.5° per minute.
Elementary Analyses-Two samples, prepared from different batches of
concentrate, were analyzed by two analytical laboratories.
CuH2a07N&S(405.4). Calculated.
Sample I, m.p. 212-214°.2 Found.
" II, " 209-212°.8

7.91, N-CHa3.71
C 41.47,H5.72,N17.28,S
"41.38, "6.03," 16.97
"41.75, "5.87," 17.63,S8.03, N-CHs2.99

An analysis for ionic sulfate, performed according to the nephelometric
procedure of Hoffman (4) on 0.50 and 0.75 mg. of Sample II, gave 21 and
3Ns · H2S04 requires 23.7 per cent. The iso23 per cent sulfate. C14H210
lated material thus appears to be the sulfuric acid salt of an organic base. 4
Solubility-Serotonin is soluble in water to the extent of 100 mg. per ml.
at 50° and about 20 mg. per ml. at 27°. The substance is also soluble in
glacial acetic acid. The pure material is very sparingly soluble in metha2 Analyses by E. Thommen, Basel.
3 Analyses by A. Elek, Los Angeles.
4 The name "serotonin"
which was proposed for the isolated substance (2) should
properly be reserved for the free base . The isolated material would then be serotonin
sulfate . Since only the sulfate is considered in this communication, serotonin, when
used, refers to the sulfate.
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nol and 95 per cent ethanol, and insoluble in absolute ethanol, acetone, pyridine, chloroform, ethyl acetate, ether, and benzene.
Optical Activity-A solution of 10.4 mg. of serotonin in 1.98 ml. of water
showed no significant rotation at 31° in a 2 dm. tube.
UltravioletAbsorption Spectrum-The absorption spectrum of serotonin
in aqueous solution at pH 3.5 has a maximum at 2750 A, a shoulder with a
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Frn. 1. Ultraviolet absorption spectra of serotonin (solid line) and tryptophan
(dot te d line) in water at pH 3.5.

point of inflection at 2930 A, and a minimum at 2500 A (Fig. 1). For
purposes of comparison, the absorption spectrum of tryptophan (Eastman
Kodak) in water at pH 3.6 is also presented. With respect to the location
of maxima and points of inflection, neither of the curves shows significant
change at pH 10.3.
Potentiometric Titration- 21.5 mg. of serotonin were dissolved in 5.0 ml.
of water and titrated with 0.0157 N carbonate-free sodium hydroxide at
26°. pH values were determined to the nearest 0.05 unit with a Beckman
pH meter (glass electrode) . Moles of acid or base combined per mole of
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serotonin were calculated, assuming a molecular weight of 405 for serot onin. The experimenta l points are plotted in Fig. 2. The line is the theoretica l dissociation curve for pK'1 of 4.9 and pK' 2 of 9.8. The titration was
not carried beyond pH 9.7 because of the inaccuracy of the electrode in
this range and in order to prevent possible inactivation of the serotonin.
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Fm . 2. Dissociation curve of serotonin. The points are experimental, the curve
theoretical, based on the constants pK'1 = 4.9 and pK'2 = 9.8.

Under identical condition s, 13.3 mg. of tryptophan were titrated. From
the curve obtained, pK'1 of 2.4 and pK'2 of 9.4 were estimated, in good
agreement with the publi shed values of 2.38 and 9.39 (5).
Color Readions and Classification Tests-Serotonin gives positive Hopkins-Cole, Ehrlich, Folin, and pine splinter tests.
In the Shaw-MacFa rlane modification (6) of the Hopkins-Cole test with
glyoxylic acid, 1 mole of serotonin gives a color equivalent to 0.89 mole of
tryptophan.
Visually, the color is violet-blue instead of the violet obtained with tryptophan.
Without the glyoxylic acid , a pink color is developed by serotonin under these conditions.
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In a modification5 of the procedure of Graham et al. (7) for the Ehrlich
p-dimethylaminobenzaldehyde reaction, 1 mole of serotonin gives a color
equivalent to 1.10 moles of tryptophan. The final color is very similar for
the two substances.
In the Folin-Ciocalteu reaction (8), 1 mole of serotonin gives a color
equivalent to 2.4 moles of tryptophan.
The Sakaguchi reaction (9), the Bratton-Marshall method for diazotizable amines (10), the Gerngross-Voss-Herfeld reaction (11), and the Pauly
diazo reaction for imidazoles (12) were all negative. In the latter two reactions, yellow colors were obtained containing no trace of red.
Qualitative ninhydrin, Molisch, and ferric chloride tests were negative.
Serotonin heated with ninhydrin-sodium acetate produced a chrome yellow
color.
The pine splinter test served the purpo se of a rapid semiquantitative
assay in the final stages of the isolation when carried out in the following
way. 2 drops of concentrated hydrochloric acid were placed on a tongue
depressor and spread with a glass slide. When the excess liquid had soaked
into the wood, a trace of the sample to be tested was rubbed on the prepared wood surface. Fractions having an activity of 35,000 units or more
per mg. gave a deep red color. The activity of fractions which still gave
a detectable test was about 10,000units per mg. (10 per cent pure).
Serotonin reduces ammoniacal silver nitrate, but the reaction is not a
typical aldehyde response. In a test performed on 50 'Y of substance, a
brown color formed within 1 minute, giving way to a red-brown precipitate
in several hours, in turn followed by a black precipitate with slight mirror
formation in 24 hours, the supernatant solution remaining reddish in color.
With silver nitrate at pH 5, a slight reddish color and a black precipitate
were observed after about 12 hours. The reaction was probably the same
in both cases, occurring more rapidly under basic conditions.
With 10 per cent mercuric sulfate in 2.5 N sulfuric acid, serotonin, at a
concentration of 1 mg. per ml., immediately forms a yellow precipitate
which is very insoluble in water.
Despite the high percentage of nitrogen, it has not been possible to obtain a stable crystalline picrate with serotonin.
Solid serotonin catalyzes the decomposition of the iodine-azide complex
in the Feig! test (13). In solution, however, at a concentration of 1 mg.
6 To 0.5 ml. of the test solution, 1 drop of 2.5 per cent dimethylaminobenzaldehyde
in 10 per cent H 2SO,, 1 drop of 2 per cent NaNOa, and 2.8 ml. of concentrated HCI
a.re added. After standing at room temperature for 20 minutes, 7 .0 ml. of 50 per cent
(by volume) ethanol are added. The color is read with a No. 54 filter in the KlettSummerson colorimeter.
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per ml., the test is negative. A positive result is reportedly attributable to
thio ketones and mercaptans; but since all the sulfur in serotonin appears
to be present in the form of sulfate, an impurity may be responsible for the
observed result.
Serotonin rapidly reacts with iodine in aqueous solution to give a waterinsoluble compound. It does not give the typical tryptophan reaction with
bromine in aqueous solution, although intensification of color has been observed in methanol solution.
DISCUSSION

The absorption spectrum and color reactions of serotonin are strongly
indicative of the presence of an indole nucleus. This evidence, in combination with biogenetic considerations, suggests a structure which may
be closely related to tryptophan or tryptamine. However, pronounced
differences are apparent, and the calculated empirical formula focuses attention on two especially interesting aspects of structure; namely, the high
nitrogen content and the high degree of saturation.
It is reasonable to assume that both of the groups revealed in the dissociation curve are basic in nature, since a sulfate salt is under consideration whose 0.01 M solution is at pH 3.6. Further, the absence of marked
acidic properties, as revealed by lack of inactivation by diazomethane and
non-adsorption on Amberlite IR-4B (14), supports this assumption. If,
then, the two groups are basic, the stronger (pK' b = 4.2) approximates the
base strength of trimethylamine and is what might be expected for a /3aryl ethylamine such as tryptamine, while the weaker (pK' b = 9.1) has
the basicity of aromatic amines such as aniline (pK\ = 9.4) or N, N' disubstituted guanidines such as creatinine (pK\ = 9.2). A third nitrogen can be accounted for in the indole nucleus. To speculate on the disposition of the remaining two nitrogens, they may be associated with the
more weakly basic grouping in a disubstituted guanidine structure, or one
or both may be combined in some grouping even less basic such as an amide.
The formation of complexes with the amide type structure of dilituric acid
and the ease of formation of ammonia on treatment with aqueous alkali 6
are consistent with these alternatives.
No primary amino groups are believed to be present in the molecule.
The negative diazotizable amine test rules out aromatic primary amino
groups, while the failure to form any red or violet coloration with ninhydrin-sodium acetate would seem to do the same for aliphatic primary
amines.
The absence of quaternary nitrogen is indicated by the distillation, in a
s Unpublished experiments.
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microsublimation apparatus, of a small sample of the free base, with apparent retention of full activity. 7
Nothing is yet known of the disposition of the oxygen functions.
From the standpoint of chemical and pharmacological activity, the
marked reducing power of serotonin, as evidenced by the reduction of gold,
silver, and platinum salts, seems worth emphasizing. The results obtained
by inactivation studies (14) would appear to be explained by this property
in conjunction with the presence of the indole fragment. The reduction of
the Folin reagent by serotonin to the extent of 2.4 times the reduction by
tryptophan, mole for mole, indicates the presence of a second reducing
group in addition to the indole nucleus. Epinephrine, the second most
active constrictor substance in the perfused rabbit ear vessels, causes a
mole for mole reduction of 3.0 times the reduction by tryptophan.
The similarity in chemical and biological activity of serotonin and epinephrine is apparent. The further structural i;imilarity (one contains the
indole ring system, the other is closely related to it) suggests the possibility that clarification of the structure of serotonin may reveal a more
general relation between chemical structure and vasoconstrictor action
than has been obtained by studying modifications of epinephrine structure.
We wish to acknowledge the valuable assistance of Miss Elizabeth Hunt
and Mr. John Means, and to thank Dr. Hans Hirschmann of Western Reserve University for cooperation in determining the optical activity.
SUMMARY

Details of the method of isolating crystalline beef serum vasoconstrictor
(serotonin) from a purified concentrate are presented. The color reactions
and ultraviolet absorption spectrum indicate the presence of an indole
nucleus in the structure. The structural implications of evidence based on
color reactions and potentiometric titration are discussed.
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