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Abstract

Medicine has its roots in natural plant products. Plant cells are highly sophisticated chemical
factories which produce secondary metabolites like alkaloids which possess significant
biological properties. They are bio-chemical interfaces between the producing plant and its
surrounding environment. The relationship between human immune system and plant anti-
oxidants is known and alkaloids are reported to have anti-cancerous as well as immune
stimulant properties. This study investigates two easily accessible medicinal plants, Pongamia
pinnata and Phyllanthus niruri with reference to their anti-microbial effects and presence of
alkaloids in their leaf extracts. They exhibit good anti-microbial activity against a few bacterial
pathogens causing common infections. MIC of aqueous extract of P. pinnata for M. luteus was
found to be 0.0256 gm while that of P. niruri for S. aureus was found to be 0.1826 gm of plant
material. The aqueous extracts of Pongamia pinnata and Phyllanthus niruri were both found
effective in inhibiting the growth of ten and eight pathogens respectively, responsible for
common infections. Their bio-active components were analyzed with the help of High
Performance Thin Layer Chromatography (HPTLC) and showed peaks corresponding to
alkaloids. Thus alkaloids can be concluded as one of the healers in plants and the natural bio
resources under investigation may prove to be of significance in naturopathy and possess
properties which may be further investigated.

Keywords: Secondary metabolites, alkaloids, bio-chemical interfaces, anti-cancerous, immune
stimulant, anti-microbial effects, HPTLC, MIC, bio resources.

Introduction

Medicine is known to have its roots in natural plant products. The secondary metabolite is more
important to serve the plant as a bio-chemical interface between the producing plant and its
surrounding environment. In the early 19" century, it was realized that healing properties of
medicinal plants were due to minute active ingredients. With the development of organic chemistry
at the beginning of this century, extraction and fractionation techniques improved significantly. It
became possible to isolate and identify many of the active constituents from plants. In 1947,
“Investigation on plant antibiotics” was reported by George et al. (1947)". Skinner (1955) reported
the historical landmarks in the development of antibiotics®. In 1887, Martini first used Thymol, a
simple phenol, present in the essential oils of many plants, as an antiseptic and a preservative.
Some plant extracts and exudates like those of neem were observed to have some anti-fungal and
anti-bacterial properties. A simplified method of evaluating dose-effect experiments and the
procedurg for Lethal Doses, (LDsg) determination of seed extracts was prescribed by Litchfield and
Wilcoxon®.

Quinone alkaloid, vinblastine, vincristine, dimericindole alkaloids, curcumol, citral are reported to
have anti-cancerous properties®. Plant cells are highly sophisticated chemical factories which
produce secondary metabolites including alkaloids, steroids, terpenoids, oxygen heterocyclics like
flavonoids, xanthones and coumarins which possess significant biological properties®.The
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relationship between human immune system and plant anti-oxidants, especially those derived from
Indian medicinal plants was reported by Devasagayam and Sainis®. Purine alkaloids - caffeine,
theobromine and theophylline, are methyl derivatives of xanthine and co-occur in a plant.
Immunostimulant, anti-inflammatory, anti-bacterial, anti-viral effects of plants is assigned to lipophilic
alkylamides, polar caffeic acid derivatives, high molecular weight polysaccharide material or a
combination of these. The stimulant properties are due to water-soluble alkaloids’.

Many traditional medicinal plants have been reported to have strong antiviral activity and some are
being used to treat viral infections®. Foods such as betel nuts and herbal teas help in defence
mechanism against microbial infections. The antimicrobial, anti-oxidant, anti-mutagenic and anti-
carcinogenic effects of plants have been reported. In Australia, plants have been tried out as an
alternative cancer treatment.

It was reported that many medicinal plants owe their physiological activities, molecular interactions
between alkaloid molecules and chemically defined components of the affected organisms, to their
content of alkaloids. Alkaloids, which are plant secondary metabolites, are known to possess anti-
microbial activityg. Antimicrobial and immune modulatory effects of medicinal plants, due to phyto-
chemicals like plant alkaloids and flavonoids, have been linked to the effect on eicosanoid metabolism
that influences immune functions in various ways™. Tiwari (2001) reported that antioxidant principles
from natural resources correct the imbalance between pro-oxidant and antioxidant homeostasis,
responsible for most of the diseases.

Toxic substances obtained from various plant species have been reported to control many fungal
diseases of crop plants***>. A number of plant species have been reported to possess some natural
substances in their leaves which are toxic to many micro-organisms causing diseases. Plant produced
compounds are of interest as a source of safer or more effective substitutes for synthetically produced
antimicrobial agents™. Indiscriminate use of chemicals is not only hazardous to living beings but
adversely affects the microbial population in the ecosystem. The inherent danger in the use of these
chemicals has brought forth an awareness to find out alternatives like biological agents to control the
disease™. Clinically, antimicrobial therapy is going through a crisis due to rapid development of
resistance to existing antimicrobial agents*®. On this background, a reversal to naturopathy is an
alternative, which can be explored further. This study investigates two easily accessible medicinal
plants, Pongamia pinnata and Phyllanthus niruri with reference to their anti-microbial effects and
presence of alkaloids in their leaf extracts. Their aqueous extracts were tested for MIC to know the
potency of the extracts against the most susceptible of the pathogenic isolates used. Their bio-active
components were analyzed with the help of High Performance Thin Layer Chromatography (HPTLC)
to check for the anti-microbial components. This was in order to check the properties and efficiency of
natural bio resources under investigation which may prove to be of significance in naturopathy.

Materials and Methods

Isolation of common pathogenic isolates

Isolation of common pathogenic isolates was done from a Microbiology laboratory by collecting the
samples and processing them further immediately. Isolation of the micro- organisms was carried out
using corresponding media. Identification of the typical isolates was carried out using different
biochemical media’’?!.The identified cultures were maintained and preserved on antibiotic assay
medium (trypticase soy agar slants) for further study. Common infection causing organisms isolated
included four Gram positive bacteria, eight Gram negative bacteria, one yeast and one fungal
culture; Bacillus subtilis, Staphylococcus aureus, Enterococcus faecalis, Micrococcus luteus,
Escherichia coli, Klebsiella pneumoniae, Salmonella typhi, Salmonella paratyphi B, Shigella flexneri,
Pseudomonas aeruginosa, Proteus vulgaris, Serratia marsescens, Candida albicans and Aspergillus
niger. Sensitivity of these isolates to plant extracts and antibiotics was studied using diffusion assay
methods.

Detection of anti-microbial activity of the plant extracts against isolates by Agar-cup
diffusion assay method?

Suspension of young culture of each isolate, in 0.1ml amount, was spread separately on sterile
nutrient agar plates (bacterial culture) or Sabouraud’s agar plates (fungal or yeast culture).Cups
were aseptically made with sterile cork borers (diameter 8 mm). Aqueous and acetone extract
powders were diluted 1:10 with the help of sterile distilled water. 0.1 ml of each extract was
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aseptically added to corresponding cups and the plates refrigerated for 15 minutes. Incubation at
appropriate temperatures for prescribed time was carried out. Plates were observed for zones of
inhibition surrounding the cups. Diameters of the inhibition zones were recorded.

Qualitative analysis of the extracts
Qualitative analysis of the extracts was carried out with a known 1% solution of the standard and the
extract.

Detection of Alkaloids’

Mayer’s test: To 1 ml of the test solution, a few drops of Mayer’s reagent (an alkaloidal precipitating
reagent used for the detection of alkaloids in natural products; freshly prepared by dissolving a
mixture of 1.36 g of mercuric chloride and 5.00 g of potassium iodide in 100 ml. water) were added.
Development of a cream or grayish white precipitate indicated the presence of alkaloids.

Results and Discussion

Table 1: MIC of aqueous extract of Pongamia pinnata against Micrococcus luteus

S. No. Amount Wt. of plant Growth
(ml) Material (gm)
1 0.01 0.0032 +++
2 0.02 0.0064 +++
3 0.03 0.0096 +++
4 0.04 0.0128 +++
5 0.05 0.0160 ++
6 0.06 0.0192 ++
7 0.07 0.0224 +
8 0.08 0.0256 -
9 0.09 0.0288 -
10 0.10 0.0320 -
11 0.11 0.0352 -
12 0.12 0.0384 -
13 0.13 0.0416 -
14 0.14 0.0448 -
15 0.15 0.0480 -

MIC of aqueous extract of Pongamia pinnata against Micrococcus luteus is thus concluded to be
0.0256 gm of plant material.

Table 2: MIC of aqueous extract of Phyllanthus niruri against Staphylococcus aureus

S. No. Amount Wt. of plant Material Growth
(ml) (gm)
1. 0.01 0.0166 +++
2. 0.02 0.0332 +++
3. 0.03 0.0498 +++
4, 0.04 0.0664 +++
5. 0.05 0.0830 +++
6. 0.06 0.0996 +++
7. 0.07 0.1162 +++
8. 0.08 0.1328 +++
9. 0.09 0.1494 +
10. 0.10 0.1660 +
11. 0.11 0.1826 -
12. 0.12 0.1992 -
13. 0.13 0.2158 -
14, 0.14 0.2324 -
15. 0.15 0.2490 -

MIC of aqueous extract of Phyllanthus niruri against Staphylococcus aureus, is thus concluded to be
0.1826 gm of plant material.
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Key: +++refers to heavy growth of the culture, ++ refers to moderate growth of the culture, + refers to
light growth of the culture
- refers to no growth of the culture.

Table 3: Results of analysis of effective plant extracts by HPTLC at 200 nm

Peak Rf Area Relative Assigned
(200 nm) value conc. % component
Pongamia pinnata
1. 0.01 1194.3 1.36 Unknown
2. 0.13 447 .4 0.51 Unknown
3. 0.21 619.4 0.70 Unknown
4, 0.26 1188.0 1.35 Unknown
5. 0.29 1158.5 1.32 Unknown
6. 0.36 58888.2 6.69 Anthroquinones
7. 0.40 2955.6 3.36 Unknown
8. 0.43 2764.5 3.14 Unknown
9. 0.50 16650.4 18.91 Alkaloids
10. 0.58 4425.8 5.03 Unknown
11. 0.63 29252.0 33.22 Unknown
12. 0.82 21506.1 24.42 Unknown
Phyllanthus niruri

1. 0.01 3563.1 31.34 Unknown
2. 0.21 268.6 2.36 Unknown
3. 0.27 257.5 2.26 Unknown
4, 0.30 556.3 4.89 Unknown
5. 0.34 517.6 455 Unknown
6. 0.40 259.4 2.28 Unknown
7. 0.44 566.6 4.98 Unknown
8. 0.52 729.6 6.42 Alkaloids
9. 0.63 1250.4 11.00 Unknown
10. 0.70 1747.7 15.37 Unknown
11. 0.74 1469.2 12.92 Unknown
12. 0.79 182.7 1.61 Unknown

Analysis by HPTLC at 200 nm indicated the presence of alkaloids (18.91%) in Pongamia pinnata
while that of aqueous extract of Phyllanthus niruri showed peaks corresponding to alkaloids (6.42%),
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Figure 1: HPTLC chromatogram of Pongamia pinnata (200 nm)
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Figure 2: HPTLC chromatogram of Phyllanthus niruri (200 nm)

Pongamia pinnata is a huge tree, each part of which finds varied uses in the life of mankind like
seeds, flowers, fruits and leaves. This plant is found to be the anti-microbially efficient. Seeds of P.
pinnata were extracted in distilled water, acetone and 0.1 ml of each extract was tested against each
isolate for antimicrobial activity. Aqueous extract (0.31 X 10°gm%) was found effective in inhibiting
the growth of Gram positive B. subtilis, S. aureus, Ent. fecalis, M. luteus, Gram negative E. coli, KI.
pneumoniae, Sal. typhi, Sh. Flexneri, C. Albicans and Asp. niger. Aqueous extract of P. pinnata
inhibited ten of the isolates.

Commonly known as Bhui-awala, Phyllanthus niruri is used as an antiseptic in emergencies. 0.1 ml
of each aqueous and acetone leaves extract was used against each test isolate, for antimicrobial
activity. The aqueous extract (0.06 X 10°gm%) was found effective in inhibiting the growth of Gram
positive B. subtilis, S. aureus, E. fecalis, Gram negative Sal. typhi, Sal. paratyphi B, P. vulgaris, Ser.
Marsescens and C. albicans. Aqueous extract of P. niruri inhibited eight of the isolates.

AKkki et al. (2004) reported the effectiveness of aqueous extract of P. pinnata against wound
pathogens, species of Bacillus, Pseudomonas, Enterococcus, Actinomycetes and one unidentified
species®. Wagh et al. (2005) observed a high degree of anti-fungal and anti-bacterial activity of P.
pinnata against Asp. niger, Asp. fumigatus, S. aureus and Ps. aeruginosa®*. This can be attributed to
the presence of 9-octadecenoic acid, methyl ester in maximum concentration. Kumar et al. (2007)
reported the antimicrobial effects of Pongamia pinnata seeds against acne-inducing bacteria
Propionibacterium acnes and Staphylococcus epidermidis and MIC and MBC of 2.5, 5.0, 2.5, 5.0
mg/ml respectively?”.

In similar studies, Akki et al. (2004) observed the wound healing activity of P. niruri aqueous leaf
extract and reported that aqueous extract is found effective against pathogens isolated from
wounds, Pseudomonas species, Enterococcus species, Actinomycetal species and two unidentified
species. The alkaloid extract and sparsiflorine from Croton bonplandianum Baill. (Euphorbiaceae)
showed moderate activity, mainly against Pseudomonas aeruginosa®®.

MIC of aqueous extract of P. pinnata (0.31 X 10°gm%) for M. luteus was found to be 0.0256 gm of
the plant material (Table 1).MIC of aqueous extract of P. niruri (0.06 X 10°gm%) for S. aureus was
found to be 0.1826 gm of plant material (Table 2). These values indicate the potencies of the extract
against the pathogens. Moreover, the pathogens were chosen from the checking the highest
efficiency of the extract in inhibiting a culture, from the size of zone of inhibition. Preliminary
qualitative chemical investigation of the agueous extract of Pongamia pinnata showed the presence
of alkaloids, flavonoids, glucose and proteins (Table 3). Analysis by HPTLC at 200 nm indicated the
probable presence of alkaloids (18.91%) (Figure 1).

Qualitative chemical investigation of the Phyllanthus niruri extract showed the presence of alkaloids,
flavonoids, glycosides, reducing sugars and triterpenoid (Table 3). Its aqueous extract on HPTLC
analysis at 200 nm probably showed peaks corresponding to alkaloids (6.42%) (Figure 2). With
reports of pandrug-resistant bacteria causing untreatable infections, the need for new antibacterial
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therapies is more pressing than ever. Alkaloids are a large and structurally diverse group of
compounds that have served as scaffolds for important antibacterial drugs such as metronidazole and
the quinolones”. The spread of drug resistant microorganisms is a big threat to successful therapy of
microbial diseases. Therefore there is an urgent need to search new compounds characterized by
diverse chemical structures and mechanisms of action. The use of different plant natural compounds
as antibacterial and antifungal agents is an interesting strategy for discovering bioactive products that
in the next years could become useful therapeutic tools?®,

Conclusion

Various components of medicinal plants are known to be responsible for their antimicrobial activity,
one of which is alkaloid. In the present study, Phyllanthus niruri as well as Pongamia pinnata both
showed the presence of alkaloids, checked analytically using a chemical test as well as through
HPTLC. MICs of both plant leaf extracts indicated that small amount of the extract is required to kill
pathogens. On the background of emergence of drug resistant strains of microorganisms and the cost
of drugs, such natural anti microbial agents may prove useful in treating the infection. Thus alkaloids
can be concluded as one of the healers in plants and the natural bio resources studied may prove to
be of significance in naturopathy and possess properties which may be further investigated. Bioactive
molecules may prove to be good therapeutic tools.
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