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tested against a variety of microorganisms.

In this exploratory survey a strain of Mycobac-
terium tuberculosis was used for assay because
of the assumption that some plants might con-
tain substances specifically antibacterial for the
tubercle bacillus. These would be missed in any

later date. Whencver possible the use of entire plants for

1 Presented at the Second National Symposium on
Recent Advances in Antibiotics Research held in Wash-
ington, D. C,, April 11-12, 1949, under the auspices of the
Antibiotics Study Section, National Institutes of Health,
Public Health Service, Federal Security Agency.

water extraction with the exception that paper was used
instead of cheesecloth for the filtration of the macerates.
The hot extraction was performed by immersion of the
plant materials in boiling water for five to ten minutes,
the time depending on the properties of the tissues. All
cold-water extracts and any ethanol extracts found to be
contaminated were sterilized by passing them through a
Seitz filter, boiled preparations by autoclaving.

at a dilution higher than this were considered active.
The antibacterial activity of the extracts against Staph.
aureus (F.D.A. strain 209P) and E. coli (SA436) was
determined by making serial dilutions in nutrient broth
(F.D.A. formula). The broth was inoculated with 1.0
ml. of an 18-to-24-hour broth culture of the organism
per 100 ml. of medium just before making the dilutions.
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ANTIBACTERIAL ACTIVITY AGAINST M, TUBERCULOSIS

Results were read after incubation for 24 and 48 hours

at 37° C.

It was found that ethanol inhibited both Staph. aurcus

and E. coli at a 1:8 dilution.

Consequently only ex-

tracts showing an inhibition greater than this dilution

were recorded as being antibacterial.

RESULTS

The results of the survey are presented in
Table I. They are interesting in many respects.
Approximately half the number of species with

antibacterial activity against

M. tuberculosis

showed it only against this organism; the others

were active also against other organisms.

These

findings cannot be considered as final since the
concentration of the active principles is an un-

known factor.

It is possible that in some in-

stances materials used merely appeared specific
because the antibacterial principle was present
in a concentration too low to affect the other or-

TABLE I

Activity of glanl extracts against M. tuberculosis,
Staph. aureus, and E. Coli

cuowr Lopyrignt Jaw (hitiel/ Ue wude)

Plant name

Plant part

Result

Juniperus communis
Digitaria sanguinalis
Panicum miliaceum

Phleum pratense
Billbergia pyramidalss
Agave allenuata
Aloe africana

A. arborescens
A. aristata

A. barbadensis
A. Brunnthaleri
A. cameronsi

A. candelabrum
A, chinensis

A. commutata
A, distans

. Eru
A, ferox
A. grandidentiala
A. humilis
A. Marlothi
A. microstigma
A, mitriformis
A, nobilis
A. plicatslis
A, robusta
A. saponaria
A, spinosissima
A, striata
A. succotring
A. Thorncroftss
A. variegata
A. virens
A. sebrina
Colchicum aulumnale
Gasteraloe pethamensis
Gasteria acinacifolia
G. carinata
G. excelsa
G. maculata
G. obscura
G. picta
G. punciata
Smilox officinalis
S, ornata

Er

E
Fland L
St and R

E
Fland L
L
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TABLE I—Conlinued
Plant name Plant part Result
Tulbaghia violacea E A+, Ec
Urginea maritima L -
Amaryllis Belladonna Fland L -
St and R -
Iris germanica L -
Myrica asplenifolia L B++.C+++
Betula alba Bark -
Humulus lupulus Fl B++4, C+ 44, Sa, Ec
Parietarsa officinalss L -
Urtica urens L and St e
Polygonu);inc}’erl:icaria SL Sa
Rheum officinale St -~
R A++.B++,C+++
Spinacia oleracea E -
Amaranthus hypochondriacus | L, St and R -
A, retroflexus E —. Sa, Ec
Phytolacca decandra R and Fr -
Poriulaca grandiflora E -
Anemone hepatica L -
Hydrastis canadensis R A+, Sa
Paceonia officinalis L -
St -, Sa, Fc
Berberis asiatica Bark -, Sa, Ec
Caulophyllum thalicirioides R -
Jeffersonia diphylla R -
Aahonia irifoliata 2 -
Podophylium peltatum R -
Anamirta Cocculus Fr -
Menispermum canadense }F{‘ B++
Sanguinaria conadensis R A+, B++.C+++, %
Brassica nigra Fland L. -
Stand R -
Crassula arborescens L -
Kalanchoe fammea L -
Sedum pachyphylium L -
Sempervivum teclorum Fl,Land R -
Hamamelis virginiana Bark -
Prunus domestica Fr -, Sa, Ec
Pyrus maolus Polien -
Sanguisorbs minor < -
Sorbus Americana Fr -~
S. aucuparia Bark -
Baptisia tinctorsa R -
Pisum sativum L and St -
Trifolsum hydridum E B+
Vicia sativa E -
Geranium maculatum FL L and St -
Ruta graveolens E -
Euphoria heterophylla Fland L B+
St and R -
E. variegata Fland L A+, B+
St and R -
Ilex paraguariensis L -
Evonymus atropurpurea Bark -
Acer platanoides L and St -
Impatiens Balsamina Fland L B+, Sa
St and R -
Zisyphus Jujubas Fr -
Tilsa euchlora ¥1 -
T. platyphyllos L -
Althaea officinalis FI,L and R -
Hypericum calycinum L CH+4+4
Epiphyllum truncatum L -
Eucalyptus globulus L C+++
Myrius communis L and St -
Aralia nudicaulis R -
Panax quinguefolium R -
Archangelica officinalis R -
Daucus Carota E -
Eryngium amethystinum L and St -
E. aquaticum R -
Foensculum vulgare L and St -
Levisticum officinale L and St -
Arciastaphylos Uva-Ursi L -
Gaulthersa procumbens L and St -
Vaccinium angustifolium Fr —. Sa, Ec
V. corymbosum E A+, B+, Sa
Gentiana lutea R -. Sa
Asclepias Cornutss E -
Phlox Drummondii F1 znd L -
oSt -
Eriodictyon glutinosum L C+++, Sa
Borago oficinalis L and St -
Pulmonaria officinalis Fland L -

. St and R -, Sa
Lippia citriodora L and St -
Coleus Blumes L -, Sa

Stand R B+
Leonurus Cardiaca L and St -
Mentha canadensis L and St -
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TABLE 1—Continued
Plant name Plant part Result
M. sylvestris Fl aqnd L -, Sa
St -
Monarda punciala < —, Sa
Salvia officinalis L B+, C+++, Sa
St and R -, Sa
S. splendens Fl asnd L -
t —
Capsicum annuum Se and Fr -
Ilyoscyamus niger : -, Sa
{.ycopersicum esculentum FI,L and St -
Petunia hybrida | 08 -—
Verbascum Thapsus L -
Veronica officinalis L and St -, Sa
Plantago major L -
Lonicera talarica Fr -
Sambucus niger Fr -
Valeriana officinalis R -
Dipsacus sylvestris Se -
Anthemis nobilis ¥l -
Arcisum minus R A+
Arnica montana Fland R -
Centaurea americana Fland L B+, Sa
St and R -
C. jacea L and St -
Chrysanthemum parthenium 1 A+, Sa, Ec
Cichorsum Inlybus K -
Cirsium arvense Se -
C. lanceolatum é4 A+ 4+
t -
Cosmos bipinnalus Fland L -
St and R -
Dahlia variabilis ] A+, B+, Sa
Erigeron canadensss Fland L A+, B4
Stand R -
Helianthus tuberosus Fland L -
Stand R -, Sa, Ec
Matricaria Chamomilla Fl A+, B4, Ec
Onopordon Acanthsum E -
Silphium perfolscium F1 -
L A+
Silybum Marianum Fland L -
St and R -
Tageles erecia Fl, L and St -
Tanacetum vuigare L and St -
Zinnia elegans Fi, L, St -

Activity against M. tuberculosis is indicated by +, + -,

or + -+, according to potency of extracts.

A, B,orC

preceding these signs indicates cold water, boiling water, or

ethanol extract respectively.

by —.
and E. colt.

Lack of activity is signified
Sa and Ec denote activity against Staph. aureus

Plant parts are designated as follows: Entire plant, E;
flowers, Fl; leaves, L; stems, St; roots, R; seeds, Se, and

fruits Fr.

ganisms.

Nevertheless, by testing the plant ex-

tracts against the customary organisms only, half
of the materials with activity against the tubercle
bacillus would have been overlooked.

Some of the extracts antibacterial for M. tu-
berculosis were tested using for assay the rapidly
growing acid-fast strain 607. Only three out of
20 extracts were found to be active against this

acid-fast strain.

The materials in which activity against the tu-

bercle bacillus was observed were derived from 27
species, which belonged to 16 families. Eight
species belonged to the family Compositae, three to
Liliaceae, two to Euphorbiaceae, two to Labiatae.
Six of the materials with exclusive activity against
M. tuberculosis were from Compositae and two
from Euphorbiaceae,
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Plant leaves were carriers of active principles
in most cases. Nine of the 27 plants showed ac-
tivity in the leaf extracts. In five cases it was
found in the extract of leaves and flowers combined
while flowers alone showed activity only in three
cases. In five plants the activity was found in the
roots, and four of the extracts prepared from en-
tire plants inhibited growth of the tubercle bacil-
lus. No activity was recorded in seeds and {ruits.
Stems and roots combined showed activity in one
case. This plant, Colens Blumei, is the only one
where extracts of different parts showed specific ac-
tivities, the leaf extract being active against Staph.
aureus, the stems and roots against the tubercle
bacillus. There were two other cases, one in the
same family, where the apparent specificity might
be explained by the greater sensitivity of Staph.
aureus to the active principle. However, in
both cases the possibility of the presence of more
than one antibacterial principle could not be
ruled out.

Only one of the 35 antibacterial plant samples.

did not show a loss of activity in the presence of
whole blood. The other extracts lost all or part
of their antibacterial properties in contact with it.

This report is the first in a series involving the
investigation of seed plants for principles antago-
nistic to the tubercle bacillus. Testing of crude
materials is being continued. Some of the plant
materials, which in the exploratory phase inhibited
the growth of M. tuberculosis, are under further
study.

As Kavanagh (13) very aptly expressed it,
“compounds active against more than a few com-
mon bacteria must be found, if the potentialities of
antibiotic substances as specific inhibitors of micro-
organisms are to be realized fully. This can be
done only by using the organism to be inhibited as
the test object in the survey.”

SUMMARY

The antibacterial activity against M. tubercu-
losis, strain F137, of 211 plant samples from 161
species belonging to 53 families of seed plants was
determined by serial dilution tests. Each sample
was extracted separately with cold water, boiling
water and ethanol. Twenty-seven species were

active, 13 of them specifically against M. tubercu-
losis, while not interfering with the growth of
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ANTIBACTERIAL ACTIVITY AGAINST M, TUBERCULOSIS 923

Staph. aureus and E. coli. The activity was found
in various parts of the plants, mostly in the leaves.
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