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havior of the individual estrogen salts and the 
effect of dilute aqueous sodium chloride eluant can 
be seen from thc coiiiparison of eluate volumes at  
peak appearance, as showti in Table 111. 

With due consideration of experimental con- 
ditions, it  should be possible to modify this chro- 
matographic procedure for the quantitative sepa- 
ration of coniplex mixtures of sodium estrogen 
sulfate salts. Preliminary work toward this end is 
already under way (17). 

TABLE 111-APPROXIMATE ELUATE VOLUME AT PEAK 
APPEARANCE IN THE CHROMATOCRAMS OF SEVERAL 

UMN, BED V O L ~ E ,  45. nil.) 
SODIUM ESTROGEN 3 S U L F A T E  SALTS (14-Gm. COL- 

Vol. a t  Peak (ml ) 
-I<lnant-- - 

Estrogen H20 M NaCl 
5 x 10-4 

& Eqnilin 

NaSQ 0 QH 

& Equilenin 

NaSOJI 
OH 

@ 178-Dihydro- equilenin 

NaS0,O 

70 73 

75 90 

90 100 

95 125 

110 160 
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Nigerian Plants 111. Phytochemical Screening for Alkaloids, 
Saponins, and Tannins 

By GEORGIA J. PERSINOS* and MAYNARD W. QUIMBY 

Fifty species of Nigerian plants were evaluated 
for the presence of alkaloids, saponins, and tan- 
nins. Of these, 24 contained alkaloids, 4 3  con- 

tained tannins, and 16 contained saponins. 

HIS WORK is a continuation of the investigation T carried out on plants used as medicinals by a 
pagan tribe, the Anagutas, living on the Jos Plateau 
in northern Nigeria, and the Hausas, living through- 
out northern Nigeria. Since plants occupy an impor- 
tant and sometimes central role in the religious beliefs 
and social practices of these peoples, an investiga- 
tion of certain of these plants’ has been undertaken 
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EXPERIMENTAL 

Preparation of Extracts-The screening pro- 
cedures for alkaloids, saponins, and tannins were 
adapted from those described by Wall et d . ( l ,  2). 
An extract of each plant was prepared by refluxing 
10 Gm. of the air-dried milled plant sample with 
100 ml. of 80% ethanol for 1 hr. Each extract was 
then cooled to room temperature, suction-filtered, 
and washed with sufficient 80% ethanol to bring 
the volume of filtrate to 100 ml. 

Alkaloids-Twenty milliliters of each extract, 
equivalent to 2 Gm. of dried plant material, was 
evaporated to dryness using a steam bath and the 
residue was stirred with 5 ml. of 1% aqueous hydro- 
chloric acid. One milliliter of the filtrate was 
treated with a few drops of Mayer’s reagent and a 
separate 1-ml. portion was treated similarly with 
silicotungstic acid reagent ( 12% aqueous). Precip- 
itation or turbidity with either of these reagents was 
taken as preliminary evidence for the presence of 
alkaloids in the extract being evaluated. A con- 
firmatory test designed to remove nonalkaloidal 
compounds capable of eliciting “false-positive” re- 
actions with either of these reagents was conducted 
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TABLE I-PHYTOCHEMICAL SCREENING RESULTS FOR 50 SPECIES OF NIGERIAN PLANTS 
- - 

Scientific Name 
Ampelidaceae 

Anacardiaceae 
Cissus hochstetteri Planch 

Mangifera indica Linn. 

Annona senegalensis Pers. 
Uuaria chamae P. Beauv. 
Uuaria chamae P. Beauv. 

Czissonia nigeiica Hutch. 

Stereospermum kunthianum 

Annonaceae 

Araliiaceae 

Bignoniaceae 

Cham. 
Bombacaceae 

Adansonia digitata Linn. 

Maytenus senegalensis Exell. 
Celastraceae 

Cochlospermaceae 
Cochlospermum tinctorium A. 

Rich. 
Combretaceae 

Terminalia auicennoides Guill. 
and Perr. 

Terminalia auicennoides Guill. 
and Perr. 

Terminalia avicennoides Guill. 
and Perr. 

Terminalia auicennoides Guill. 
and Perr. 

Compositae 
Echinops longifolius A. Rich. 

Convulvulaceae 
Ipomea sp. 

Dioscoreaceae 
Dioscorea abyssinica Hochst. ex 

Kunth. 
Dioscorea sp. 

Bridelia ferruginea Benth. 
Elaeophorbia drupifera Stapf 
Elaeophorbia drueifera Stapf 
Hymenocardiu acida Tul. 
flymenocardia acida Tul. 
Hymenocardia acida Tul. 

Vetiveria nigritana Stapf 

Harungana madagascariensis 

Harungana madagascariensis 

Euphorbiaceae 

Gxammeae 

Hypericaceae 

Lam. ex Poir. 

Lam. ex Poir. 
Psorospermum corymbiferum 

Psorospermum febrifugum var. 

Hochst. var. kerstingii (Engl.) 

ferrugineum (Hook. f.) Keay 
ex Milne-Redh. sb 

Keay ex MilneRedh. 1 

Leguminosae 
Abrus precatorius Linn. W P  
Adenodolichos paniculatus (Hua) 

Hutch. and Dalz. sb 

Parta 
Used 

r 

1 

sb 
r 
sb 

S 

sb 

S 

r 

rz 

sb 

rb 

r 

1 

1 

1 

Yam 
Corms 

1 
r 
sb 
r 
sb 
1 

W P  

sb 

1 

A;kaloidsb 
M S T A ~  

Alkaloids' 
Fraction 

I I1 

---Tannins-- 
Gelatin 

Salt 

+ 
+ 
+ + + 
- 

- 

- 

+ 

+ 

+ 
- 

+ 
- 

+ 
+ 
- + 
+ + 
+ + 
+ 

- 
- 

+ 
+ 
+ 
+ 
- 

+ 
(Continued on ncxt fiagc.) 
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TABLE I-( Continued.) 

Scientific Name 
Bauhinia reticulate DC. 
Bauhinia reticulata DC. 
Cassia goratensis Fres. 
Cassia occidentulis Linn. 
Cassia siberiana DC. 
Desmodium gangetacum DC. 
Desmodium salicifolium DC. 
Erythrina senegalensis DC. 
Erythrophleum guineense G. Don 
Mucuna puriens (Linn.) DC. 
Parkia Jilicoidea Welw. 
Parkia jilicoidea Welw. 

Asparagus schroederi Engl. 

Loranthus sp. 
Loranthus sp. 

Melastomataceae 
Dissotis sp. 
Dissotk sp. 

Pseudocedrela kotschyi 
(Schweinf.) Harms 

Liliaceae 

Loranthaceae 

Meliaceae 

Moraceae 
Ficus indica Hochst. ex Walp. 
Fuus gnaphalocarpa (Miq.) 

Steud. ex A. Rich. 
Myrtaceae 

Eugenia avariensis Beauv. 
Eugenia avariensis Beauv. 
Psdium guajava Linn. 

Rogeria adenophylla J. Gay 

Polygala arenaria Willd. 

Fadogia agrestis schweinf. 
Fadogia agrestis Schweinf. 
Fadogkz agrestis Schweinf. 
Gardenia erubescens Stapf ex 

Hutch. 
Gardenia erubescens Stapf ex 

Hutch. 
Pavetta sp. 
Pavetta sp. 

Grewia mollis JUSS. 
Grewia mollis JUSS. 
Grewia mollis JUSS. 

Trema guineensis (Schum. and 

Pedaliaceae 

Polygalaceae 

Rubiaceae 

Tiliaceae 

Ulmaceae 

Thonn.) Ficalko 
Umbelliferae 

Steganotaenia araliacea Hochst. 

Part- 
Used 

sb 
1 
r 

r 
r 
r 
sb 
sb 
sb 
sb 
1 

S 

S 

1 
s 

s 
r 

sb 

r 

sb 

sb 
1 
1 

r 

r 

r 

1 

1 

sb 
r 

s 

S 

rb 
sb 
1 

r 

1. s 

Alkaloids 
M c  STAd 

Alkaloids' 
Fraction 

---Tannin- 
Gelatin 

Salt + + + + + + + 
+ + + + 
+ 
+ + 
+ + 

- 

+ 
+ 
+ 
+ + + 
- 

+ 
+ + + 
+ 
- 
- + 
+ + + 
+ 
+ 

4 sb, stem bark; s, stem; r,  root; rb, root bark; rz, rhizome; 1, leaves; wp. whole plant. *Wall et al. procedure ( l ) ,  based 
on confirmatory test. Mayer's reagent. Silicotungstic acid. Farusworth and Euler procedure (3). f bk/g. back- 
green; g. green; b/b, blue-black; br, brown; dg, dark green; bk, black; bl/g, blue-green. Positive with 60 fil. Positive 
with 70 rrl. 

in the following manner with all extracts giving a 
preliminary positive test for alkaloids. 

Two milliliters of the acidic aqueous extract, pre- 
pared as described above, was treated with 28% 
ammonium hydroxide solution until the solution was 

distinctly alkaline to  litmus paper, and then ex- 
tracted several times with chloroform. The chloro- 
form extracts were combined and concentrated an 
uacuo to about 2 ml., and then extracted with an 
equal volume of 1% aqueous hydrochloric acid. 
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Tannins-Twenty milliliters of the original 80% 
ethanol extract from each plant sample was evapo- 
rated to dryness on a steam bath and the residue 
was stirred with 5 ml. of distilled water and filtered. 
Two milliliters of the filtrate was treated with a few 
drops of gelatin-salt reagent (l), and precipitation 
was taken as evidence for the presence of tannins. 
The addition of ferric chloride reagent to  extracts of 
plants giving positive gelatin-salt tests served to 
further categorize the tannin present as to hydro- 
lyzable (blue, blue-black), or condensed types (green, 
blue-green). These results are presented in Table I. 

SUMMARY 
Of the 50 species screened for alkaloids, 24 showed 

the presence of tertiary alkaloids, representing 14 
families of plants. Only two species exhibited the 
presence of quaternary alkaloids, one in the 
Annonaceae, and the other in the Pedaliaceae. Six- 
teen species, distributed in 13 families, contained 
saponins. The 43 species giving positive tests for 
tannins were in 29 different families. 
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One milliliter of the separated acid extract was 
treated with a few drops of Mayer's reagent, and a 
second 1-ml. portion was treated with silicotungstic 
acid reagent as previously described. Turbidity or 
precipitation after the addition of either of these 
reagents was taken as a confirmed positive test for 
the presence of alkaloids in the extract. The re- 
sults of these tests are presented in Table I. 

Each plant sample was also screened for alkaloids 
using thin-layer chromatography according to the 
method of Farnsworth and Euler ( 3 ) .  This pro- 
cedure was modified only in that the final volume of 
fraction I (chloroform extract) applied to  each thin- 
layer plate was 30 pl. The results from this test 
are also presented in Table I. 

Saponins-Since all saponins, whether steroidal or 
triterpenoid, will hemolyze red blood cells, utiliza- 
tion of this property is advantageous for detecting 
this class of compounds in plant material. A red 
blood cell suspension was prepared and standardized 
against digitonin according to the protocol of Wall 
et al. ( 2 ) .  One milliliter of each plant extract was 
mixed with 10 ml. of the red blood suspension and 
the mixtures were allowed to stand for 1 hr. before 
observing the results. Complete hemolysis of the 
red blood cells in any instance was taken as evidence 
for a positive test, the results of which are presented 
in Table I. 
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Isolation and Characterization of Alkaloids 

By MICHAEL S. FLOM, RAYMOND W. DOSKOTCH, and JACK L. BEAL 

T h e  lupin alkaloids, methylcytisine, baptifoline, and anagyrine, and the a orphine 
alkaloid, magnoflorine, were isolated from the roots and rhizomes of Cau8phyllum 
thalictroides. Separation of the tertiary lupin alkaloids was by partition column 
chromatography while magnoflorine was obtained after chromatography on alumina. 

HE PRESENCE of methylcytisine (I) in the roots T and rhizomes of Caulophyllum thalictroides 
(L.) Michx., (family, Berberidaceae), commonly 
called blue cohosh, has been known for many years 
(1). On re-examination of this source for alkaloids, 
a thin-layer chromatographic analysis of the tertiary 
alkaloid fraction revealed at least six spots reacting 
with Dragendorff's spray reagent. The quaternary 
alkaloid fraction indicated only one spot when tested 
by the same spray reagent. 

Partition column chromatography on diatoma- 
ceous earth with Skellysolve B-ethylene dichloride- 
methanol-water (10: 6:2.5:0.5) as solvent system 
separated the tertiary alkaloids. The three major 
alkaloids from this fraction were obtained crystalline 
or as crystalline salts and were identified as methyl- 
cytisine (I), baptifoline (11), and anagyrine (111). 
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The quaternary alkaloid fraction was obtained via 
the reineckate salt which when converted to  the 
chloride salt and chromatographed on alumina 
yielded crystalline magnoflorine chloride (IV). 
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