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ANTIMICROBIAL PHYTOCHEMICALS

Plants from Puerto Rico with Anti-Mycobacterium tuberculosis
Properties
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Objective. This study assesses the antitubercular  exposure. Evidence is provided suggesting that: (1) Six
potential of natural products obtained from plants  crude plant extracts (12%) tested possessed inhibitory
reputed to have medicinal properties and collected capacity at the amount of 500 pg per disc; (2) Mammea
from the tropical flora of Puerto Rico. americana extract yielded the strongest inhibitory

Background. The increase in persons infected with  effect at 50 pg per disc, followed by Marchantia
Mpycobacterium tuberculosis (MTB) the world over and  polymorpha, Mangifera indica, Callistemon citrinus,
the development of resistance to antibiotics by this  Syzygium jambos and Momordica charantia; (3) the
microbe and other infectious bacteria has created the  bactericidal inhibitory pattern of MTB growth,
need for new drugs to replace those which have lost exposed to Mammea americana extract, was
effectiveness. comparable to streptomycin; and (4) the transitory

Method. In Phase I of this study, ethanolic leaf  reduction pattern of MTB growth, produced by
extracts of fifty local plants were submitted to Callistemon citrinus, Marchantia polymorpha extracts
preliminary screening to assess their in vitro  at 100 pg and 250 pg, was similar to that of
Mycobacterium smegmatis inhibitory activity using the  bacteriostatic agents.

Bauer-Kirby disk diffusion method. In Phase II, the Conclusion. Of 50 plants screened six extracts tested
definitive screening of the six most promising extracts for their anti-MTB activity yielded positive results with
which inhibited M. smegmatis were assayed for their  varying degrees of inhibition. Mammea americana
MTB inhibitory activity using the BACTEC 460 showed the greatest inhibitory activity suggesting that
susceptibility test method. The brine shrimp bioassay certain plant species yield valuable anti-Mycobacterium
was used as a toxicity bioassay and the mice inoculation  tuberculosis substances. The procedures employed in
test was used to determine mice tolerance to the effect  this study, including the BACTEC 460 modified
of the daily intraperitoneal inoculations of the plant method, are useful for in vitro screening of plant
extracts. extracts with potential antitubercular activity. Key

Results. MTB showed varying degrees of  words: Medicinal plants of Puerto Rico, Anti-
susceptibility to each plant extract. This effect was  Mycobacterium tuberculosis agents, Mycobacterium
dependent upon the plant species, dose and time of  susceptibility testing, Natural products.

compounds and testing these for their comparable  are developing resistance to known antibiotics at such a

effects to known antibiotics represents a  rapid pace that the need for new drugs to replace those
significant challenge. This becomes more meaningful if  that have lost their effectiveness is urgent (1, 2). It is
estimated that 1.7 billion people, or one third of the world
population, is infected with Mycobacterium tuberculosis
(MTB) (2). Of particular concern is the high prevalence
* Inter American University of Puerto Rico, Distinguished Professor of Biology, of MTB infections in Human Immunodeficient Virus
Metropolitan Campus, Division of Sciences and Technology, PO Box 191293, (HIV) infected persons and drug users, estimated to be
San Juan, PR 00919-1293, Tel. (787) 250-0169, Fax: (787) 250-8736, E-mail: -cted p '8 ’ -
frame@inter.edu. 10 to 15 million, who have contributed to the rapid spread
t Universidad Central del Caribe, School of Medicine, Professor and Director of of MTB in the world populatlon. Thl.S scenario gives
Microbiology and Immunology Department, Tel. (787) 798-3001, Fax: (787) urgency to the call for new pharmaceuticals (3, 4).
740-4300, E-mail: erios@uccarib.edu. The emergence of resistant strains of MTB has become
¥ NIH-MBRS/MARC research participant. a global health problem causing morbity and mortality

D iscovering plants with anti-infectious disease =~ we consider that some pathogenic Mycobacterium strains
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on a worldwide scale (5,6). The re-emergence of this
microbe, with a history of devastation and disease, has
hastened the development of some rapid and sensitive
diagnostic methods. Effective treatment of MTB requires
rapid assessment of drug sensitivity. Test methods using
radiometric means and others such as luciferase have
helped reduce the time required for information on
antibiotic sensitivity of MTB strains from weeks to days
(7,8). In the case of MTB, early detection and early
determination of its susceptibility to antibiotics with
prompt initiation of treatment, contribute to meeting the
crisis caused by both the disease and the rise in multi-
drug resistant (MDR) strains of this bacterium (9). The
MDR mechanism developed by microorganisms provides
broad defense for survival. The MDR pump in the resistant
organism expels molecules, including antibiotics, from
the microbe (10), thus ensuring its survival.

Historically, natural products preparations have been a
significant source of pharmaceutical agents. More than
90 percent of current therapeutic classes of drugs are
derived from natural products. It is estimated that still
today, two-thirds to three-quarters of the world’s
population rely upon medicinal plants for their primary
pharmaceutical care (11). Yet, it is found that only 5 to
10 percent of the known plant species have been analyzed
for their chemical content.

Some recent accounts of pharmaceutical findings and
testing of natural products include the following: (a)
finding of compounds with anticancer properties, initiated
by the U.S. National Cancer Institute (NCI) in 1957, where
natural products were isolated, identified, placed in clinical
development of human cancer trials (12); (b) the search
for natural products with selective antimalarial activity
(13); (c) the review of taxol science and applications (14);
(d) the identification of several plant-derived anti-HIV
agents (15), and (e) the NIH supported program which
screens drugs against MTB and M. avium at the Southern
Research Institute (16).

In Puerto Rico and the Caribbean much of the
knowledge on medicinal plants comes from folkloric
information both written and verbal, rather than scientific
investigation, thus, some medicinal plants widely used
for health purposes have not been adequately evaluated
(17). The sources of information on medicinal plants
found in Puerto Rico are adequate. In addition, one can
obtain information on healing plants just from
conversations with the average adult citizen. The
compilations by Liogier (18), Julia Morton (19) and
Nufiez-Melendez (20) provide adequate information on
medicinal plants and were the principal references used
in this study.

A survey carried out at Inter American University of
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Puerto Rico, Metropolitan Campus, showed that 90
percent of the student’s parents and grandparents in this
population relied on the use of plants reputed to have
healing properties to treat some health problems, in part
because many could not afford medical treatment and
because of the trust people have in ethnomedical use of
plants (Frame, A.D. and Bendez, P., unpublished data,
1990, Inter American University of Puerto Rico,
Metropolitan Campus). Hernandez and colleagues from
the School of Pharmacy of the University of Puerto Rico
conducted a study with an outpatient group using
medicinal plants to determine the main use and frequency
of use by this segment of the population. Most of the herbs
were used to treat self limiting ailments rather than serious
medical conditions (21). In this study the patients chose
to use natural herbs in addition to prescribed medication.

The main goal in this investigation was to determine
the antitubercular potential of natural products obtained
from plants collected in Puerto Rico. Since screening
directly against the highly infectious and slow growing
MTB is hazardous and time consuming, M. smegmatis
was used as the target organism for the Mycobacterium
genera in the preliminary screening of this study. The
saprophyte M. smegmatis which grows more rapidly than
the tubercle bacilli, is generally not pathogenic to humans
(22, 23).

Materials and Methods

The work in this investigation was divided in two parts.
Phase I consisted of the collection and processing of the
plant material, preparation of ethanolic extractions, and
screening the extracts for their inhibitory activity against
Mycobacterium smegmatis. Phase II consisted of
screening the extracts for their inhibitory activity against
MTB, as well as, conducting toxicity bioassays with
Artemia salina Leach and mice tolerance test.

Phase I: Collection and processing of plants,
preparation of ethanolic extracts and screening
extracts for inhibitory activity against Mycobacterium
smegmatis. In Phase I of this work, ethanolic extracts of
leaves from 50 plants selected on the basis of medicinal
use on the island and field collected in the northeastern
sector of Puerto Rico, were screened for in vitro anti-
Mycobacterium smegmatis activity. A voucher sample of
each plant was placed at the Inter American University
Herbarium to conserve the specimen for future reference.
The plants screened are listed below by genus, species,
family and common name. Plants were classified by staff
and confirmed by Dr. Henri Alain Liogier, Taxonomist
at the Experiment Station of the University of Puerto Rico
and Dr. Herminio Lugo, Botanist at Inter American
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University of Puerto Rico, Metropolitan Campus.
Botanical names of species screened.
Acacia farnesiana (L.) Willd C. (Legumminosae
Mimosoideae) Acacia, aroma amarilla.
Annona muricata L. C: (Annonaceae) guanabana
Artocarpus altilis (S. Parkinson) Fosberg RD:
(Moraceae) panapen, bread fruit.
Bougainvillea glabra Choisy C: (Nyctaginaceae)
trinitaria
Bursera simaruba (L.) Sarg C: (Burseraceae)
Almaécigo, turpentine tree.
Caesalpina pulcherrima (L.) Sw. C:
(Leguminosae-Caesalpiniordeae), Flamboyan
Cajanus cajan (L.) Millsp. (Leguminosae-
Papilioideae) gandures, gandul
Callistemon citrinus (Curtis) Skeels (Myrtaceae)
bottle brush
Capsicum frutescens L. (Labiatae) aji morén
Cassia fistula L. C: (Leguminosae
Caesalpinoideae), guayaba cimarrona
Catharathus roseus (L) G. Don-C:
(Apocynaceae) playera, periwinkle
Cecropia peltata L. y C. schreberiana Migq.
(Moraceae) Yagrumo
Cessus trifoliata L. C:(Vitaceae) bejuco de caro
Coleus amboicus Lour C:(Labiotae) oregano
brujo
Crescentia cujete L. C: (Bigoniaceae) higuera
Cymbopogon citratus (DC) Stapf C:
(Gramineae) limoncillo, lemon grass, fever grass
Enterolobium cyclocarpum (Jacq) Grisheb C:
(Leguminosae Mimosoideae) orejas de mono
Eryngium foetidus L. (Apiaceae) culantro
Fragaria vesca L. (Rosaceae) fresa, wild
strawberry
Hibiscus rosa - senensis L. C: (Malvaceae)
amapola
Lippia origanoides HBK (Verbenaceae) poleo
Malpighia emarginata Sessé & Mocei, DC. -C:
(Malpighiaceae) acerola
Mammea americana L. -C: (Guttiferae) mamey
amarillo
Mangifera indica L.: (Anacardiaceae) mangd
Marchantia polymorpha L. C: (Marchantiaceae)
hepatica
Marchantia conecephalus L. (Marchantiaceae)
conecephalus
Melaleuca quinquenervia (Cav.) S. T. Blake-C:
(Myrtaceae) cayeput
Melia azedarach L. C.: (Meliaceae) lila, alelaila
Mimosa pudica L C: (Leguminosae-
Mimosoideae) morivivi
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Momordica charantia L (Cucurbitaceae)
cundeamor

Musa paradisiaca L. (Musaceae) platano
Musa sapientum L. (Musaceae) banana, guineo
Nasturtium officinale R. Br. -(Capparaceae)
berro

Ocimum basilicum L. C: (Labiatae) albahaca,
sweet basil

Omphalea trianda L. C: (Euphorbiaceae)
avellana criolla

Fassiflora edulis Sims R.D. (Passifloraceae)
parcha

Pothomorphe peltata Miq (Piperaceae) baquiiia
Peperomia pellucida (L.) HBK -C: (Piperaceae)
parietaria

Petiveria alliacea L. -C: (Phytolaccaceae) anamu
Plantago major L. (Plantaginaceae) llantén
Psidium guajava L. C: (Myrtaceae) guayaba
Randia aculeata L. -C: (Rubiaciae) tintillo
Rheo spathacea (S.W.) Stearn
(Commelinaceae) sanguinaria

Rosa odorata (Andr.) Sweet (Rosaceae) rosa
Ruta chalepensis L. (Rutaceae) ruda
Sambucus mexicana Pres| - (Caprifoliaceae)
salico

Spinacia oleracea L. (Chenopodiaceae) espinaca
Syzygium jambos (L.) Alston (Myrtaceae)
pomarrosa

Tillandsia recurvata L. -C: (Bromeliaceae) ball
moss

Tropallum majus L. C: (Tropaeloceae) jacinto

C:

Approximately three pounds of plant leaves to be tested
were oven dried at 42° Celsius and ground in a blender.
Thirty grams of the ground material was extracted with
300 ml of 95% ethanol over a 24 to 36 period. The
suspension was filtered with Watman filters, #4 then # 2,
to filter out undissolved particles. The resultant extract
was vacuum dried at 40° Celsius in a Buchii rotavapor to
remove the solvent and then stored in a refrigerator in a
crystal container. The lapse of time between the
preparation of the extract and testing with the
microorganism was approximately 48 hours.

The agar-disk diffusion procedure described by Bauer,
et al. (24) and included in the National Committee for
Clinical Laboratory Standard Method (NCCLS), was
utilized to assay the susceptibility of M. smegmatis (ATCC
No. 607) towards the plant extracts. Sterile filter paper
disks were impregnated with known amounts of plant
extracts from 10, 50, 100 and 250 pg. and allowed to dry
at room temperature. The impregnated discs were then
placed on the agar plates inoculated with a standarized
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suspension of M. smegmatis. After 36 to 48 hours of
incubation at 35°C (£1), the diameter (mm) of the
inhibition zone was measured. Disks containing 10ug of
streptomycin were used as reference. Disks impregnated
with methanol, the diluent used to dissolve the extracts,
were also tested. A blank disk with sterile water was the
negative control.

Phase II: MTB susceptibility activity, plant extract
toxicity and mice tolerance. The goal in Phase II of this
investigation was to determine the anti-MTB activity,
toxicity and tolerance of the plant extracts which
demonstrated anti-M. smegmatis activity in the first phase
of the study.

The BACTEC-460 method modified by Rios Olivares,
E. and Garcia, V. (unpublished data) was used in this
study. Although more rapid and less costly methods have
recently been recommended (1), the BACTEC-460
technique is being used effectively due to its availability,
reliability, safety, rapidity and reproducibility compared
with conventional methods (25, 26, 27).

A bacterial suspension was prepared by transferring a
small innoculum of MTB (strain ATCC #27794) known
to be susceptible to streptomycin, from a Lowestein-
Jensen agar medium to a sterile tube containing a diluent
composed of saline solution, tween 80 and fatty acid free
solution. This solution was homogenized and allowed to
stand for 30 minutes to settle the large particles. The
supernatant homogeneous suspension was placed into a
separate sterile test tube and turbidity adjusted to
McFarland 0.5. Then, a dilution of 1:100 was obtained.
All initial culture suspensions and dilutions were
performed in a Class IIA Biological Cabinet with no
antibiotic added.

For each experiment four different controls were
prepared: negative (untreated), positive control
(streptomycin) and two methanol controls. The untreated
negative control was prepared by suspending 0.1 ml of
the adjusted MTB suspension into 9.9 ml of diluent,
yielding a 1:100 dilution. The amount of 0.1 m from this
dilution was mixed with the radiometric medium
BACTEC 12B. For the positive control, 0.1 ml of the
standardized bacterial suspension was added to 4 ml of
BACTEC 12B containing 0.1 ml of streptomycin (2.0 mg/
ml). The methanol controls were prepared by adding 100
ul of the bacterial suspension to two separate tubes, one
containing 0.1 ml and the other 0.2 ml of methanol.

To test the anti-mycobacterial activity of different plant
extracts, a stock solution was prepared by diluting 50 mg
of the dried extract in 5 ml of methanol. Then, BACTEC
12B culture medium was added to 10, 20, 40, 100 and
200 pl separately of this stock solution to make preparation
of 4 ml., thereby, yielding concentrations of 25, 50, 100,
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250, and 500 pg of plant extract respectively. After
inoculating each with 0.1 ml of the MTB suspension, they
were incubated at 37°C for 12 days in an atmosphere of
5% CO, of the BACTEC instrument. The result of each
BACTEC test is expressed as Growth Index (GI). The GI
is a measure of the '*CO, aspirated from the test vial. The
instrument reads directly on a scale of 0-999. A GI value
of 100 corresponds to approximately 0.025 micro Ci (28).

From day 4 to day 12 the growth index (GI) rate of the
bacteria was measured daily at the same time each day
until the negative control reached 30 or more. Change in
the GI (GI) was calculated by subtracting the GI of one
day from GI of the previous day. If the change in the GI
of the negative control was greater than the change in the
GI of the tested extract dilution, the microorganism was
susceptible to the extract, if there was no difference, then
it was assumed to be borderline. However, if the difference
in the GI of the negative control was less than the
difference in the GI of the tested extract, the bacteria was
said to be resistant to the extract concentration tested (28).

The brine shrimp assay was used as a biological screen
for potentially bioactive substances in the plant extracts.
It is considered to be a good predictor of toxicity for living
organisms (29). Toxicity of the plant extracts was tested
using the procedure outlined by Meyer (30). Lyophilized
eggs of Artemia salina Leach were incubated in artificial
sea water utilizing the Instant Ocean Aquarium System.
The tank was divided in two compartments by means of
a perforated plastic dam. The eggs were sprinkled to one
side of the tank and covered with a lid. After the 48-hour
time limit, eggs hatched yielding a large number of the
phototropic first stage larvae of Artemia salina, the nauplii.
The other side of the container was illuminated and
attracted the nauplii through the perforation in the dam.
Three different concentrations of the plant extracts, 1000,
100 and 10 pg/ml were added to vials of artificial sea
water solutions containing a known number of nauplii.
After 24 hours, the survivors were counted and the LC,
values were determined with Finney computer analysis
(31, 32).

This test was conducted to show the degree of toxicity
or tolerance of the mice towards the plant extracts in
representation of a mammalian species. The strain of mice
used was from SASCO Laboratories CF-1 outbred, 50
day-old males, with an average weight of approximately
30 grams. Seven outbred CF-1 mice per cage were used
for each experimental group. The six experimental groups
of mice, one for each plant extract, received a daily dose
of 100 pl of an extract mixture (50 ul of extract suspended
in methanol and 50 pl of saline solution) intra-peritoneally
(IP) for 15 consecutive days. This daily dose corresponds
to a concentration of 500 ug of plant extract, which was
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the highest concentration used in the MTB susceptibility
testing with BACTEC 460. Two control groups were
included: one of the control groups was administered 100
ul of saline solution (IP) and the other 100 pl of a mixture
consisting of 50 pul methanol and 50 pl saline solution.
Mice remained under observation for a period of one
month and the following parameters were measured on a
daily basis: changes in activity, fecal consistency, hair
condition, cutaneous lesions, eye changes, appetite (water
and food intake), weight loss, temperature changes and
mortality.

Results

Of 50 plant extracts screened for their anti-
Mpycobacterium smegmatis activity using the Bauer-Kirby
Agar Diffusion method, six (12%) yielded detectable
microbial inhibitory effect during the initial Phase I. The
relative antimicrobial activity of the six active plant
extracts is compared in Table 1. The most effective
extracts in this phase were those obtained from Mammea
americana, Callistemon citrinus and Marchantia
polymorpha, since these three extracts demonstrated
inhibitory activity even at low concentrations of 50 pg
and 25 pg. The least effective plant was Mangifera indica
which at a concentration of 500 pg did not produce an
inhibitory zone in the disk agar diffusion test, while at
this concentration all of the other extracts showed an
inhibitory zone above 10 mm. On the other hand, both
Mormodica charantia and Syzygium jambos showed the
highest inhibitory zone of activity, 30 mm, at

Table 1. Antimicrobial Activity of Different Concentrations (25-
1000pug) of Plant Extract to Mycobacterium smegmatis

(Buer-Kirby agar diffusion method)

Concentration (pg) and Inhibition zone (mm)*

Extract 1000pg 500ug 250pug 100pg SOpg 25pug
Syzygium jambos
(Myrtaceae) 30 30 R+ R R R
Callistemon citrinus 27 25 15 13 0 8
(Myrtaceae)
Momordica charantia
(Cucurbitaceae) 30 30 R R R R
Marchantia polymorpha
(Marchantiaceae) 10 12 8 9 7 R
Mangifera indica
(Anacardiaceae) 12 0 R R R R
Mammea americana
(Guttiferaceae) 12 10 125 12 14 10

* = (% of 6 readings)
+ = Resistance

Ampicillin control (10pg)

247

Anti-Mycob losis Properties of Plants

Frame et al.

ium tuber

P

concentrations of 1000 and 500 pg. Factors inherent to
the Bauer-Kirby assay, that influence the diffusion
capacity of the molecules involved such as size, ionic
charge, concentration, etc. could account for the variation
in dose-response inhibitory pattern seen in some of the
results presented in Table 1. Another factor that could
have bearing on this effect is the fact that, thus far, the
data presented in this study is the result of experiments
done with crude plant extracts and not with purified
compounds. The preliminary findings shown on Table 1
prompted us to design experimental protocols for further
characterization.

Table 2 shows the results obtained in Phase II after
challenging a slow-growing, pathogenic strain of
Mycobacterium tuberculosis (MTB), with each of the six
selected plant extracts using the BACTEC-460
radiometric method to measure growth inhibition.
Decreasing concentrations (500, 250, 100, 50, 25 pg) of
the plant extracts were confronted with the MTB strain
and the growth index (GI) determined for a period of 12
days. It can be seen in this table that at a concentration of
500 ug all the extracts included in the study possessed
anti-MTB activity. At 250 ug, the plant extracts with a
GI below the cut-off value of 30, which is an indication
of inhibition of MTB, were those obtained from
Callistemon citrinus, Marchantia polymorpha, Mangifera
indica and Mammea americana. At 100 pg, only
Marchantia polymorpha, Syzygium jambos and Mammea
americana showed a GI below the growth indicator limit.
However, at 50 ug, this growth inhibitory capacity was
seen only in the plant extracts from Mammea americana.
Mammea americana yielded a growth-inhibitory pattern

Table 2. Effect of Different Concentrations (ug) of Plant Ex-
tract on the Growth of Mycobacterium tuberculosis

Concentration (pg)

Plant Extract from 500ug 250pg 100pg S0pg  25pg
S. jambos S* Rt R ND§ ND
C. citrinus S S S

M.charantia S R R

M. polymorpha S S S

M. indica S S R ND ND
M. americana S S S S R

n = 3-6 readings

Negative Control, Growth Index Indicator ( A GI) > 30
Positive Control, Streptomycin (50 pg/ml, A Gl = + 2.8
Methanol 0.1 ml A GI = + 40

Methanol 0.2 ml, A GI = -2

* = Susceptble

+ = Resistant

1 Not Done
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similar to that exhibited by the antibiotic streptomycin
(50 pg/ml), which was included in this work as control of
growth inhibition (positive control). At a concentration
of 25 pg, none of the plant extracts was effective in
reducing MTB growth. There was no interference caused
by the use of 0.1 ml of methanol as the vehicle to suspend
the plant extracts, since at this concentration there was no
growth inhibition of MTB.

The data in Figure 1 (A and B) indicate that all plant
extracts used here .were able to inhibit MTB at a
concentration of 500 pg and that this growth reducing
effect was effective throughout the experimental period.
However, there were differences in the intensity of
inhibition as shown by individual growth-reducing curve.
1t should be mentioned that the growth index (GI) decrease
depends on the speed of action of the drug and the
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Figure 1. Effect of 500 pg of different plant extracts on the
growth index of Mycobacterium tuberculosis. A. Comparison
of extracts from Momordica charantia, Syzygium. jumbos and
Callistemon citrinus to positive control (medium) and negative
control (streptomycin). B. Comparison of extracts from Mammae
americana, Mangifera indica and Marchantia polymorpha to
positive and negative controls. ~ Susceptibility cut-off point,
GI=30.
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Figure 2. Effect of 250 pg of different plant extracts on the
growth index of Mycobacterium tuberculosis. A. Comparison
of extracts from Momordica charantia, Syzygium jumbos and
Callistemon citrinus to positive control (medium) and negative
control (streptomycin). B. Comparison of extracts from Mammae
americana, Mangifera indica and Marchantia polymorpha to
positive and negative controls. Susceptibility cut-off point,
GI=30.

susceptibility of the bacteria. The irregularities of the
curves (sudden decrease or increase pattern) could be
explained by the presence of mixed populations of
susceptible and resistant MTB microorganisms in the
same culture. Therefore, it could be expected that the curve
of GI values versus time could vary depending on the
percentage of the population that is susceptible. The
weakest capacity to maintain a constant growth reducing
effect on MTB, throughout the observation period, was
seen with Syzygium jambos, Mangifera indica and
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Figure 3. Effect of 100 pg of different plant extracts on the
growth index of Mycobacterium tuberculosis. A. Comparison
of extracts from Momordica charantia, Syzygium jumbos and
Callistemon citrinus to positive control (medium) and negative
control (streptomycin). B. Comparison of extracts from Mam-
mae americana, Mangifera indica and Machantia polymorpha
to positive and negative controls. Susceptibility cut-off point,
GI=30.

Momordica charantia. Similar results were obtained at a
concentration of 250 pg (Figure 2, A and B), where it can
be observed that the inhibitory effect of Syzygium jambos,
Mangifera indica and Momordica charantia was only
transitory (for 8 to 10 days). In comparison, Callistemon
citrinus, Marchantia polymorpha and Mammea
americana were able to maintain the GI of MTB at 250
ug well below the growth indicator mark and a comparable
growth pattern with that shown by streptomycin. This
phenomenon was also seen at a concentration of 100 pg

Figure 4. Effect of 50 ug of different plant extracts on the
growth index of Mycobacterium tuberculosis. Comparison of
extracts from Momordica charantia, Marchantia polymorpha,
Callistemon citrinus and Mammae americana to positive con-
trol (medium) and negative control (streptomycin). Suscepti-
bility cut-off point, GI=30.

(Figure 3, A and B), but repeated only for Callistemon

citrinus and Mammea americana at 50 pg (Figure 4) and
not for any of the extracts at 25 pg (Figure 5). Overall,
the growth inhibitory patterns by the plant extracts
determined by the use of the BACTEC-460 system
correlate adequately with those described for
Mycobacterium smegmatis in Table 1.
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Figure 5. Effect of 25 pg of different plant extract on the

growth index of Mycobacterium tuberculosis. Comparison of
extracts from Momordica charantia, Marchantia polymorpha,
Callistemon citrinus and Mammae americana to positive con-
trol (medium) and negative control (streptomycin). Suscepti-
bility cut-off point, GI=30.
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The results of the Toxicity-Brine Shrimp bioassay can
be seen in Table 3. These results are expressed as 50
percent lethal concentration (LC,, pg/ml) for each plant
extract. All six extracts from the plants included in the
study presented different degrees of toxicity to the nauplii,
the shrimp first stage larva. However, Syzygium jambos,
Callistemon citrinus, Momordica charantia and Mammea
americana showed the greatest degree of toxicity LC,,
pg/ml of 93, 168, 33 and 224 g respectively. It is
interesting to note that Syzygium jambos and Momordica
charantia were able to kill the nauplii displaying high

Table 3. Toxic Effect of Selected Plant Extracts Using the Brine-
Shrimp Bioassay

Plant LC, pg/ml*
Syzygium jambos (Myrtaceae) 93
Callistemon citrinus (Myrtaceae) 168
Mormodica charantia (Cucurbitaceae) 33
Marchantia polymorpha (Marchanticeae) >1000
Mangifera indica (Anacardiaceae) >1000
Mammea americana (Guttiferaceae) 224.6

n = 3 observations
* LC-50 = Lethal concentration 50%

degree of toxicity, but their effect was relatively weak
against MTB in the BACTEC-460 susceptibility test. The
degree of toxicity of the other plant extracts correlated
well with the results obtained in the anti-MTB
susceptibility test.

In general, all six extracts derived from the plants
included in the present work were well tolerated in the
mice toxicity test. One mouse inoculated with Marchantia
polymorpha extract died on day 13 due to sepsis caused
by perforation of the intestine during innoculation.
Another mouse injected with Callistemon citrinus died
on day 15 after experiencing loss of appetite and weight
for three consecutive days. The result from the necropsy
performed one day after this mouse was found dead
showed an undetermined cause of death.

Discussion

In the course of our search for plants with anti-
tuberculosis properties we surveyed the ethanolic extract
of leaves from fifty local plants and found that six of these
inhibited the growth of Mycobacterium smegmatis by the
disk diffusion method. Subsequently, these same six plant
extracts showed varying inhibitory patterns to the growth
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of MTB using the BACTEC 460 system. The extracts were
obtained from the following plants: Syzygium jambos,
Callistemon citrinus, Momordica charantia, Marchantia
polymorpha, Mangifera indica and Mammea americana.
These six plant extracts were further characterized for
toxicity and tolerance in biological systems to meet sound
criteria of good antimicrobial agents.

The growth inhibitory effect of the six plant extracts
tested against M. smegmatis in the agar disk diffusion
method was shown to depend on the plant utilized and
the concentration of the extract applied to the disk. The
best results were obtained with Callistemon citrinus and
Mammea americana, followed by the bryophyte
Marchantia polymorpha. This inhibitory effect correlated
positively with the toxic activity observed in the brine-
shrimp test as was the case with Callistemon citrinus and
Mammea americana. However, none of the extracts
demonstrated potential toxicity to mammals as seen in
the mice tolerance bioassay.

Similarly, the data obtained as a result of challenging
MTB with the six plant extracts, indicate a highly diverse
degree of susceptibility of this bacterium to the extracts
employed. Again here, it can be stated that the
susceptibility of this microorganism depended on the
plant utilized, dose and time of exposure. The extract with
the strongest anti-MTB activity was that obtained from
Mammea americana. This extract was effective even
when used at low concentration during the entire period
of observation. We suggest that it is a potential bactericidal
agent and that it could be as effective as streptomycin
against MTB. On the other hand, we also detected anti
MTRB activity in the following plant extracts in decreasing
order of magnitude: Marchantia polymorpha, Mangifera
indica, Callistemon citrinus and Syzygium jambos. The
transitory reduction, exerted by the extracts from
Callistemon citrinus and Marchantia polymorpha on the
growth rate of M. tuberculosis, suggests that these agents
may possess potential bacteriostatic effect. In addition,
the extracts from Syzygium jambos, Momordica charantia
and Mangifera indica demonstrated potential
bacteriostatic activity to M7B at a concentration of 250
ug.

Combined use of the two bioassays (shrimp toxicity
and mice-tolerance) provided us with adequate
information about the potential antimicrobial toxicological
and tolerance properties of the plant extracts. The shrimp
toxicity test has been employed successfully in other
studies evaluating plant extracts (29).

The spectrum of susceptibility of MTB to the six plant
extracts tested in this study verified the discriminatory
capability of the laboratory methodology employed and
confirmed its appropriateness reported in previous studies
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(33,34,35). However, particular concerns have been
expressed as to the use of BACTEC-460 for the study of
plant extracts due to the costs, complexity and handling
of radioactive biohazards. Mitscher and colleagues (1)
propose a screening fluorescence method, based on
transfection of luciferase genes into strains of recombinant
Bacillus Calmette et Guerin (BCG) and Mycobacterium
intracellulare as an alternative to the BACTEC 460.
Whatever in vitro method is used to measure anti-
microbial activity, the decision to include in clinical trials
agents, such as those described in the present work, will
require extensive experimental testing in infected animals.
Currently, efforts are directed at purifying and
characterizing the physical and chemical properties of the
promising anti-mycobacteriological agents discovered in
this study.

In summary, data reported in this study showing that
six leaf extracts selected from 50 tropical plants and
screened for their M. smegmatis growth inhibitory activity,
presented strong susceptibility to anti-MT7RB activity. This
anti-MTB effect was dependent on the species of the plant,
doses used and time of exposure. The data presented here
shows that: (a) all six extracts tested possess anti-MTB
growth inhibitory capacity at concentration of 500 pg;
(b) the Mammea americana extract yielded the best
inhibitory effect, even at 50 pg; (c) this was followed in
decreasing order by Marchantia polymorpha, Mangifera
indica, Callistemon citrinus, Syzygium jambos and
Momordica charantia; (d) the bactericidal inhibitory
pattern on MTB growth displayed by Mammea americana
extract was comparable to that of streptomycin; (¢) the
transitory reduction pattern on MTB growth produced by
the extracts at a concentration of 100 pg and 250 pg of
Callistemon citrinus and Marchantia polymorpha,
suggests similarity to the growth inhibitory effects for
known bacteriostatic agents; (f) the BACTEC-460
modified method is useful for in-vitro screening of plant
extracts with potential anti-MTB activity.

Resumen

En este trabajo cientifico se reportan datos que
demuestran que seis extractos seleccionados entre 50
plantas, las cuales fueron ensayadas preliminarmente para
determinar su capacidad de inhibir el crecimiento de
Mycobacterium smegmatis, presentaron actividad contra
Mycobacterium tuberculosis. Este efecto contra el M.
tuberculosis fue dependiente de la especie, dosis y tiempo
de exposicion al extracto utilizado. Se presenta evidencia
de que: 1) los seis extractos de etanol a una concentracion
de 500 pg resultaron efectivos contra M. tuberculosis; 2)
el extracto de Mammea americana resulto el mas efectivo
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a 50 pg; 3) en orden decreciente, el efecto inhibitorio de
Mammea americana fue seguido en intensidad por
Marchantia polymorpha, Mangifera indica, Callistemon
citrinus, Syzygium jambos y Momordica charantia; 4) el
patron bactericida del extracto de M. americana sobre el
crecimiento de M. tuberculosis es similar al del antibiético
estreptomicina; 5) el efecto inhibitorio transitorio
desplegado por los extractos de C. citrinus y M.
polymorpha es comparable al que se observa en agentes
bacteriostaticos; 6) el método modificado BACTEC-460
resulta muy util en la deteccion in vitro de actividad
potencial anti-M. tuberculosis en extractos de plantas.
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