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Lagerstroemia speciosa bark extract was investigated for its pharmacokinetic and pharmacodynamic 
parameters against two selected pathogenic bacteria by the time-kill curves assay. The brine shrimp lethality 
test was carried out to determine the toxic level of the extract towards the eukaryotic cells. The extract showed 
a concentration-dependent killing effect for both B. spizizenii ATCC 6633 and A. anitratus. The number of 
bacteria was significantly reduced when they were exposed to 2MIC (minimum inhibition concentration) level. 
Bacteria B. spizizenii ATCC 6633 was more susceptible to the extract as compared to A. anitratus. The extract 
was found to be nontoxic during the short term (acute) exposure but it was toxic during the prolonged time 
(chronic) exposure. The LC50 for acute test and chronic test were 3422.68 and 35.30 µg/ml, respectively. This 
study indicated that the methanol extract of L. speciosa is a promising candidate for the search of natural 
antimicrobial and anticancer drugs.
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Antimicrobial properties from natural products 
become an interest among researchers to search 
for alternatives to combat the rising of global 
antimicrobial resistance problems. There are two 
main elements of an antimicrobial therapy usually 
investigated by researcher. They included in vitro 
time-kill curves study and in vivo toxicity test. These 
two studies enable the selection of an appropriate 
dose and dosing regimen of the antimicrobial agent 
during the therapy. 

The minimum inhibitory concentration (MIC) and 
minimum bactericidal concentration (MBC) of an 
antimicrobial agent are the two parameters that 
quantify in vitro antimicrobial activity. 

These two static parameters are very useful to 
evaluate the factual performance of the antimicrobial 
agents in vitro, which is the time-kill curves study. 
This study could provide the descriptive information 
on the kinetics of bacterial killing effects, whether 
it is concentration-dependent or time-dependent. The 
discrepancy in bacterial killing effects is due to the 
interrelationship between the pharmacokinetic and 
pharmacodynamic factors[1]. The time-kill curves 
study provides more accurate description on the 
pharmacodynamics of antimicrobial agents than the 
MIC[2,3]. 

The accumulation of antimicrobial drugs and their 
metabolic byproducts due to repetitive administration 
can cause unwanted side-effects to tissues and 

organs[4]. Therefore, in most antimicrobial studies, 
the toxicity test is needed to provide an indication 
of possible toxicity level of the antimicrobial 
agent towards the normal intestinal flora and other 
organs of the infected host. The mechanisms of 
antimicrobial toxicity are including direct effects, 
hypersensitivity, changes in microbial flora, drug 
interactions and microbial lysis[4]. The toxicity study 
of new antimicrobial agents is usually performed 
via the brine shrimp toxicity test[5]. This method has 
been successfully practiced to detect toxicity level in 
many samples; heavy metal[6], plant extract[7], various 
biocides[8]. 

Lagerstroemia speciosa is a tropical plant found in 
many countries of Southeast Asia such as Philippines, 
Vietnam, Malaysia and southern China. L. speciosa 
plant has been traditionally used for treatment of 
diabetes and kidney disease[9] at Philipine. Some 
researchers have reported the present of corosolic 
acid, an active ingredient in the extract have played 
an important role in anti-diabetic activity, anti-
inflammation and antihypertension properties[10,11]. 
Due to its broad medicinal values, this study is focuses 
on antimicrobial property of L. speciosa bark extract 
against pathogenic bacteria B. spizizenii ATCC 6633 
and A. anitratus which can cause infection diseases 
in human. In this work, we reported the effects of 
the methanol extract of L. speciosa bark against 
B. spizizenii ATCC 6633 and A. anitratus, and its 
toxicity property against brine shrimp A. salina.

The powdered sample of L. speciosa was soaked 
in 800 ml of 100% methanol (ratio 1:20 w/v) for 3 
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days at room temperature (30±2º). The filtrate was 
evaporated to dryness using a rotary evaporator 
(Heidolph, Korea) at 50º and 150 rpm. The 
concentrated extract was allowed to dry in a fume 
hood for several days until dark brown paste was 
obtained, and kept in a fridge at 4º until further use. 

The L. speciosa extract was added into 25 ml of 
nutrient broth in a 50 ml Erlenmeyer flask to achieve 
concentration of 0.25 mg/ml (MIC for B. spizizenii) 
and 0.5 mg/ml (MIC for A. anitratus) after addition 
of 1 ml inoculum (2.5×106 cells/ml). Another two 
sets of ½MIC, 2MIC were prepared with the same 
method to Darah et al.[12]. For the blank set, the 
extract was replaced with 1.0 ml of 98% methanol. 
The samples were incubated in an incubator shaker 
at 37º with the agitation of 150 rpm. An aliquot of 
1.0 ml of each set was drawn out from each flask 
aseptically at 0 h and repeated for every 4 h during 
the 48 h incubation period. Dilutions were carried 
out prior to the spread plate method. The plates were 
incubated at 37º for 24 h. Only the plates with 30 
to 300 colonies were counted in order to follow the 
normality law in statistical tests. The growth profiles 
of B. spizizenii ATCC 6633 and A. anitratus were 
analyzed by plotting a logarithm of the average 
number of the viable cells versus time of incubation. 

The method for this bioassay was according to Lim 
et al.[13] with slight modifications. Dissolving 38 g of 
sea salt in 1 liter distilled water to obtain artificial 
sea water (ASW). The ASW was filtered twice with 
Whatmann No. 1 filter paper before approximately 
1.0 g of the brine shrimp eggs was added into the 
ASW. The eggs were then allowed to hatch for 48 h 
at 30±2°. Continuous oxygen supply and light source 
were provided to the hatching set. Mature nauplii 
with approximately uniform size were used in the 
test. The extract stock of L. speciosa was prepared at 
100 mg/ml in absolute dimethyl sulfoxide (DMSO). 
A set of test samples with different final extract 
concentrations (0.01, 0.05, 0.1, 0.5 and 1.0 mg/ml) 
was prepared from the stock extract in the universal 
bottles containing appropriate volume of ASW. The 
final volume for each concentration was 5.0 ml. An 
aliquot of 0.05 ml DMSO was added to 4.95 ml ASW 
for the control set (final DMSO concentration was 1%).

Ten to fifteen active matured nauplii were carefully 
transferred into universal bottles. The toxicity of 
the extract was determined after 12 h for acute 
toxicity and 24 h for chronic toxicity. The number 
of surviving nauplii was observed and counted under 
a light microscope. Movement of nauplii indicates 

that the nauplii are still alive. The percent lethality 
of the nauplii was calculated using the formula, 
Percent lethality (%) = (number of dead A. salina/
total number of A. salina)×100.

The LC50 value (lethality concentration that causes 
50% lethality) was calculated from the linear 
equation of the graph. Experiments were performed 
in triplicate.

The growth profiles for B. spizizenii ATCC 6633 
and A. anitratus that were exposed to the methanol 
extract at ½ MIC, MIC and 2 MIC for 48 h were 
determined. In the previous study by Darah et al.[12], 
these two bacteria were susceptible to the methanol 
extract of L. speciosa bark. The MIC obtained for B. 
spizizenii ATCC 6633 was 0.25 mg/ml meanwhile 
the minimum bactericidal concentration (MBC) was 
2.00 mg/ml. As for the A. anitratus the MIC was 0.50 
mg/ml and no MBC value was achieved. 

Bacteria B. spizizenii ATCC 6633 was treated with 
the extract showed a dose-dependent pattern in its 
growth (fig. 1). The graph shows that increment 
in the extract concentration had resulted in the 
reduction of the number of viable cells. Generally, 
the growth pattern for the control, ½ MIC and MIC 
samples were similar to each other. At the first 20 h, 
these three samples experienced a gradual increment 
in the number of viable cells. After the 20 h, the MIC 
sample started to show slower rise in the bacterial 
growth. Meanwhile the number of bacterial cells 
for control and ½ MIC samples continued to grow 
up steadily until the 28 h. After that the growth was 
quite stagnant and started to reduce until the end of 
cultivation period. On the other hand, the 2 MIC 
sample also showed the presence of viable cells but at 
a stagnant rate from the 0 h to the 48 h of cultivation 
time. The number of viable cells at the 48 cultivation 
hour was 3.95×109 cells/ml, 1.26×107 cells/ml, 
8.9×104 cells/ml and 4.5×103 cells/ml for the control, 

Fig. 1: The growth profile of B. spizizenii ATCC 6633
The growth profile of B. spizizenii ATCC 6633 treated with 0.125 mg/
ml (1/2MIC), 0.25 mg/ml (MIC) and 0.5 mg/ml (2MIC) of methanol 
extract of L speciosa barks. (Key of symbol: ◊ Control, ∎1/2 MIC, ▲ 
MIC, × 2MIC)
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½ MIC, MIC and 2MIC samples, respectively (data 
not shown in graph).

Fig. 2 showed the growth profile of A. anitratus was 
treated with different extract concentrations (½ MIC, 
MIC and 2MIC). The growth pattern depicted in fig. 
2 was also demonstrated a concentration-dependent 
(time-independent). The graph shows no appreciable 
change difference in the number of viable cells 
among all samples during the first eight hours of 
dosing interval. However, apparent reduction in the 
number of viable cells was detected at the 12 h for 
the 2 MIC sample, displayed by the slow growth rate. 
The killing effect of the extract at ½ MIC and MIC 
samples started to appear after the 16 h of cultivation 
as the graph started to decline gradually in relative 
to the control. The growth profile for 2 MIC sample 
showed the extract was able to lower the number of 
cells as compared to the control, ½ MIC and MIC 
along the cultivation period. 

Despite of the concentration-dependent pattern 
displayed by both bacteria, the gram-positive (B. 
spizizenii ATCC 6633) and gram-negative bacteria 
(A. anitratus) have responsed slightly different to 
the extract treatment. This respond is clearly related 
with the difference in the structure of the cell wall 
that each type of bacteria has [14]. In addition to that, 
the concentration-dependent pattern showed is more 
likely to be associated with the pharmacokinetic-
pharmacodynamic properties of the plant extract 
during the antimicrobial therapy[15]. According to 
Carryn et al.[1] the pharmacokinetics is described 
as the cellular uptake and disposition of antibiotics 
whilst pharmacodynamics is related with the 
intracellular activity of the antibiotics. The killing 
activity of an antibiotic is initiated with the binding 
of the drug to its target site of the bacteria. Following 
the binding at the target site, there will be alterations 
at the ultrastructural, biochemical or molecular level 
of the affected bacteria[14]. 

However, the bactericidal effect of the antibiotic is 

determined to be either concentration-dependent or 
time-dependent depends on the concentration or the 
time of the drug that remains at the binding site during 
the dosing interval[16]. In the concentration-dependent 
antibiotic, the rate and extent of bacterial killing of the 
bacteria will increase with the increment of the drug 
dosage. In this type of bactericidal effect, the binding 
sites of the target bacteria will be fully occupied by 
the drug and subsequently the eradication process 
will take place. The bacteria will experience a post-
antibiotic effect (PAE) in which persistent suppression 
of bacterial growth is achieved in a shorter time[17]. 
It has been discussed that the efficacy of certain 
antibiotics could be improved if the bacteria are 
exposed to the extract concentration that is equal to or 
greater than the MIC level by ten times[18]. According 
to Craig[19], the proper dosing regimen of this type 
of antibiotic is to maximize its concentration with 
infrequent administration the infected organisms. 
For example the killing activity of quinolones against 
some respiratory tract infections (RTI) was proven 
to be more pronounced when the drug concentration 
was increased approximately 30 times the MIC 
level[20]. Antibiotic classes of aminoglycosides and 
quinolones are both concentration-dependent drugs 
that elicit their activity against target bacteria by 
engaging the binding sites and later involve in the 
alterations to the affected bacteria at the molecular, 
biochemical or ultrastructural level[19]. 

In this study, both bacteria B. spizizenii ATCC 6633 
and A. anitratus are shown to be effectively eradicated 
when the concentration of the L. speciosa extract was 
above the MIC, which was the 2 MIC (fig. 1 and 2). 
There was discrepancy in the killing kinetics of B. 
spizizenii ATCC 6633 and A. anitratus. The graph 
pattern of 2 MIC sample for B. spizizenii ATCC 6633 
(fig. 1) was stagnant with no major ascending pattern 
along the incubation period. However, the pattern for 
A. anitratus (fig. 2) was different, whereby the line 
was slightly rose, stagnant and declined. From the 
results, it can be postulated that B. spizizenii ATCC 
6633 was more susceptible as compared to the A. 
anitratus. The methanol extract possessed instant 
inhibitory effect against B. spizizenii ATCC 6633 but 
the effect was delayed for the A. anitratus. 

Referring to the previous work by Darah et al., [13] the 
MBC for B. spizizenii ATCC 6633 was eight times 
its MIC value. However, in the case of A. anitratus, 
the MIC result showed no MBC result at 2.0 mg/ml. 
Therefore, it can be suggested that treating the same 
B. spizizenii ATCC 6633 and A. anitratus strains with 
L. speciosa extract with concentrations ≥ 8 MIC could 

Fig. 2: The growth profile of A. anitratus
The growth profile of A. anitratus with 0.25 mg/ml (1/2MIC), 0.5 
mg/ml (MIC) and 1.0 mg/ml (2MIC) of L. speciosa barks methanol 
extract. (Key of symbol: ◊ Control, ∎1/2 MIC, ▲ MIC, × 2MIC)

lo
g1

0 
 C

FU
/m

l

Cul va on me (hour)

lo
g1

0 
C

FU
/m

l

Cultivation time (hour)



March - April 2016Indian Journal of Pharmaceutical Sciences276

www.ijpsonline.com

yield a bactericidal result. The bactericidal activity 
is enhanced as more saturated bioactive compounds 
could bind and act on the target sites to cause rapid 
cell death[21]. In addition, the inoculum size of 2 
MIC samples for both B. spizizenii ATCC 6633 
and A. anitratus at the end of the incubation period 
were greatly reduced more than 3 log10 as compared 
to their control sets (data not shown). According 
to the National Committee on Clinical Laboratory 
Standards[22], the methanol extract of L. speciosa 
bark can be categorized as antimicrobial agent 
with bactericidal effect based on the suppression of 
bacterial number by or more than 3 log10. The result 
for concentration-dependent killing effect exerted by 
L. speciosa extract is corroborates with the study done 
by Surasak et al.[23] who showed that the bactericidal 
effect was achieved after the Streptococcus pyogenes 
NPRC 101 was treated with eight times MIC with 
the ethanol extract of Rhodomytrus tomentosa leaf. 
The strain was not completely eliminated when the 
extract concentration used were at 2 MIC and 4 MIC 
level.

To evaluate the potential of toxicity level of the 
methanol extract of L. speciosa barks, the toxicology 
of the extract were screened with brine shrimp 
lethality bioassay (BSL). This preliminary screening 
was carried out by researchers to detect toxins 
from fungus, heavy metals, pesticide, plant extracts 
and pesticide[24-26]. In this experiment, the final 
concentration of 1.0% of DMSO was used as the 
negative control in order to minimize toxic effect of 
the DMSO towards the brine shrimp. 

Fig. 3 depicted the acute and chronic toxicity level 
of L. speciosa methanol bark extract towards the A. 
salina at different concentrations. In this experiment, 
a final concentration of 1.0% of DMSO was used as 
the negative control. The results (data not shown) 
displayed that 1.0% of DMSO was not lethal towards 
the brine shrimp as it did not caused any lethality to 

the brine shrimps for both acute (12 h) and chronic 
(24 h) tests. From the linear equations, the LC50 
for the acute and chronic toxicity was 3422.68 and 
35.30 µg/ml, respectively. Based on the results, 
it was indicated that the time exposure affect the 
concentration of the methanol extract to exert toxicity 
affect. According to Sasidharan et al.[27] high toxic 
effect was achieved during the chronic toxicity test, 
when the brine shrimps were exposed to the extract 
for a longer period. Author Simionatto et al.[28] and 
Déciga-Campos[29] stated that any crude or fractions 
of plant extracts that possessed LC50 value that is 
equals to or more than 1000 µg/ml (LC50 ≥ 1000 µg/
ml) is referred as non-toxic towards the brine shrimp. 
Thus in this study, the LC50 value for acute toxicity 
is considered as not toxic with LC50 value more than 
1000 µg/ml.

The low LC50 (< 1000 µg/ml) value of 35.30 µg/ml 
obtained for the chronic toxicity (24 h) in this study 
is in line with the study carried out by Fatema et al.[30] 

using separated L. speciosa bark extract. The LC50 
obtained by Fatema et al.[30] was 72.06 µg/ml. There 
were also cytotoxic tests for L. speciosa leaves and 
fruits alcoholic extracts using the brine shrimp as 
the animal models. The LC50 recorded for the leaves 
was 9.602 µg/ml whilst the fruits was 60.00 µg/ml[30]. 
From these collective results, it can be predicted that 
all parts of the L. speciosa plant including the bark 
are toxic to living cells. Thus, significant cytotoxic 
effects of L. speciosa methanol bark exhibited by the 
present experiment indicates that it can be selected 
for further cell line assay. Many scientific reports 
have shown a correlation between cytotoxicity and 
activity against brine shrimp nauplii[31]. These further 
studies are needed to warrant the medicinal value of 
L. speciosa bark extract which could then be used in 
pharmaceutical industries.
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