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The present study was carried out at ICAR, NRCE, EPC, Bikaner to evaluate in vitro antibacterial activity of
ethanolic, chloroformic and SEWE extracts of Eucalyptus globulus Labill. and Tamarindus indica L.
leaves against virulence associated protein A (VapA) gene and virulence associated protein C (VapC) gene
positive Rhodococcus equi. Ethanolic extracts of these plant leaves showed good in vitro antibacterial
activity, whereas chloroformic extracts showed no in vitro antibacterial activity against R. equi using the
disc diffusion method. Sequentially extracted water extract (SEWE) of these plant leaves showed good
antibacterial activity against R. equi using disc diffusion and agar well diffusion methods. Further, sequentially
solvent based fractionation of SEWE of these plant leaves in ethanol, methanol and water showed good
antibacterial activity against R equi. On phytochemical analysis, the most active fraction, water soluble
fraction (WSF) of SEWE of E. globulus leaves was found positive for catechol tannins, phenolic compounds,
saponins and carbohydrates, whereas the most active fraction, ethanol soluble fraction (ESF) of SEWE of
T. indica leaves was found positive for catechol tannins, phenolic compounds, flavones and carbohydrates.
In comparison with currently used antibiotics (azithromycin and rifampicin), the required concentration
of the leaves extract of these plants was too high for their possibilities of in vivo use. Most effective
herbal fractions, WSF of SEWE of E. globulus leaves and ESF of SEWE of T. indica leaves have shown their
minimum inhibitory concentration (MIC) at 3.19 mg/ml and 4.81 mg/ml, respectively. However, the
abundant availability of T. indica and E. globulus plants in India and their antibacterial activity against R.
equi suggest their potential for use as a disinfectant against R. equi.

1. Introduction

and Kashmir, respectively (Kumar et al., 2014; Mir et al., 2015). R.
equi is a facultative intracellular pathogen surviving and replicating

Rhodococcus equi is a gram-positive, pleomorphic rod-shaped
bacteria, commonly found in soil. It is an important bacterial
respiratory pathogen of young foals (Giguére et al., 2011). It is also
an important cause of AlDS-associated pneumonia in HIV-infected
humans (Kawila et al., 2013). R. equi infection causes a subacute or
chronic abscessation bronchopneumonia, sometimes with ulcerative
typhlocolitis, and may include mesenteric lymphadenitis,
osteomyelitis, purulent arthritis, reactive arthritis and ulcerative
lymphangitis (Dedar et al., 2017). R. equi infection causes
tuberculosis-like lesions in the submandibular and other lymph nodes
of cattle and pigs whereas, in young goats, granulomatous lesions in
the liver are associated with wasting and death (Meijer and Prescott,
2004). R. equi is an important cause of foal mortalities and about 17
to 20% of foals are PCR positive on swab sampling from the upper
respiratory tract in the studies carried out in Rajasthan and Jammu
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in macrophages.

The combination of rifampin and erythromycin is used to treat the
disease (Hillidge, 1987; Sweeney et al., 1987). Recently,
clarithromycin or azithromycin, newer generation macrolides replaces
erythromycin in combination with rifampin (Gigue‘re et al., 2004).
Resistant strains of either of these drugs have also been encountered
(Asoh et al., 2003; Fines et al., 2001; Gigue‘re et al., 2010; Jacks et
al., 2003; Kotze and Eloff, 2002; McNeil and Brown, 1992). It is
stated that the increased use of macrolides to control the disease has
contributed to the emergence of resistance (Pauw and Eloff, 2014).

The lack of effective alternatives against R. equi makes it compulsive
to identify novel antimicrobial agents to control and treat R. equi
infection in foals. Plants have an amazing ability to produce a wide
variety of secondary metabolites such as alkaloids, glycosides,
terpenoids, saponins, steroids, flavonoids, tannins, quinones and
coumarins (Bhattetal., 2019; Bhawanaetal., 2021; Das et al., 2010;
Desai et al., 2021; Malik et al., 2020; Manju and Pushpa, 2020;
Mathew et al., 2019). These biomolecules are the source of plant-
derived antimicrobial substances (Bouatrous, 2019; Priyadharshini
etal., 2019; Srivastava et al., 2014). Some natural products are highly
efficient in the treatment of bacterial infections (Fernebro, 2011).
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Many herb species are now used as traditional medicines for the
prevention, treatment and cure of disease and to maintain holistic
well-being (Mehrotra, 2021). Many plant-active phytoconstituents
are also used for the treatment of multidrug-resistant (MDR) microbial
pathogens (Shamna and Poyil, 2021; Seshadri, 2021; Wali et al.,
2019).

Bikaner has a large diversity of plant species containing many useful
bioactive constituents. In this study, we aimed to investigate the in
vitro antibacterial activity of leaves extracts of E. globulus and T.
indica against R. equi. In the initial screening, extracts showed in
vitro antibacterial activity against R. equi, which could be further
exploited for polarity and solubility based fractionation and
phytochemical analysis of the most active fractionate.

2. Materialsand Methods

In the present study, the research was carried out at ICAR, NRCE,
EPC, Bikaner. The plant specimens were identified by the Botanical
Survey of India, Arid Zone Regional Centre, Jodhpur, Rajasthan,
India as serial number LK-9 Tamarindus indica L. (Family:
Caesalpiniaceae) and Eucalyptus globulus Labill. (Family:
Myrtaceae). Fresh leaves of T. indica and E. globulus were collected
manually from the campus of ICAR, NRCE, EPC, Bikaner, dried in a
hot air oven at 50°C and ground in a mixer grinder for preparation of
the powder for extract. Chemicals and reagents of analytical grade
were used for research work. Disc diffusion method (Nostro et al.,
2000; Salie et al., 1996) and agar well diffusion method (Irshad et al.,
2012) were used to evaluate in vitro antibacterial activity of leaves
extracts of E. globulus and T. indica against VapA and VapC positive
R. equi using Muller Hinton Broth and Muller Hinton HiVeg Agar.

2.1 Method for the initial screening of in vitro antibacterial
activity of the ethanolic extract against R. equi

In the initial screening of the study, plant leaves were extracted using
ethanol (Gberikon et al., 2015). 500 ml absolute ethanol (99.9%)
was added in 50 g of powder of each plant leaves, incubated overnight
at 37°C in a shaker incubator, sonicated in a sonicator and evaporated
the filtrate of sonicated extract in the rotary evaporator machine.
The weight of the ethanolic extract was measured against absolute
ethanol in a similar volume.

2.2 Polarity based fractionation of the active compound

Further fractionation was done using chloroform and water sequential
extraction to separate non-polar and polar compounds by using
basic principles (Jeyaseelan et al., 2012).

2.2.1 Preparation of non-polar chloroformic extract

500 ml chloroform (99.9% pure) was added in 50 g plant leaves
powder in a clean dry glass bottle, incubated overnight at 37°C in a
shaker incubator, then filtered and residual supernatant was washed
with chloroform 3-4 times until clean chloroform was observed.
Evaporated the filtrate in the rotary evaporator machine. Chloroformic
extract was weighed against 99.9% pure chloroform in a similar
volume.

2.2.2 Preparation of polar sequentially extracted water extract
(SEWE)

Chloroformic washed supernatant was spread on the blotting paper
for complete drying. 500 ml distilled water was added in dried

supernatant, incubated overnight at 37°C in a shaker incubator,
sonicated in a sonicator and evaporated the filtrate of the sonicated
extract in the rotary evaporator machine. Sequentially extracted water
extract (SEWE) was measured against distilled water in the same
volume.

2.3 Solubility based fractionations of polar (SEWE)

Solvent based fractionation of polar SEWE was sequentially done
with ethanol, methanol and distilled water. Ethanol soluble fraction
(ESF), methanol soluble fraction (MSF) and water soluble fraction
(WSF) were collected and tested for their antibacterial activity.
Fractions showing the most potent antibacterial activity were further
analyzed by phytochemical tests.

2.4 Phytochemical analysis

Fractions showing the most potent antibacterial activity were further
tested for phytochemical analysis for flavonoids, flavones, alkaloids,
catechol tannins, phlobatannins, saponins, carbohydrates,
polyphenols and indoles using a standard procedure (Auwal et al.,
2014).

2.5 Evaluation of in vitro antibacterial activity

Measured the inhibition zone (1) diameter to determine the degree
of in vitro antibacterial activity of plant leaves extract against the R.
equi were as followings:

Non-active: when 1Z diameter is zero

Mild-active: when 1Z is < 10 mm diameter

Moderate-active: when 1Z is > 10 mm and < 15 mm diameter
Good-active: when 1Z is >15 mm diameter

2.6 Control

Azithromycin and rifampicin 10 mg/I were taken as control.
2.7 Polymerase chain reaction (PCR) technique

Pure colony of R. equi was procured from NCVTC, NRCE, Hisar and
verified time-to-time for purity by using PCR based on pathogenic
VapA and VapC genes having 550 base pair and 700 base pair
nucleotide sequences, respectively (Chhabra et al., 2015).

3. Results
3.1 PCR technique

By the PCR technique, we obtained the amplified 550 and 700 bp
fragments of the R. equi pathogenic VapA and VapC genes,
respectively (Figure 2). These pathogenic VapA and VapC genes
showed the colony of the R. equi was pure (Figure 1).

Figure 1: Pure colony of the R. equi.
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Figure 2: Amplification of 550 and 700 bp fragment of R. equi
specific VapA and VapC genes, respectively.

3.2 Eucalyptus globulus Labill. (Safeda)

Initial screening of ethanolic extract of leaves of E. globulus, further
polarity and solubility based fractionation shows the degree of in
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vitro antibacterial activity against R. equi in Table 1 and Figure 3 (a

Table 1: In vitro antibacterial activity of leaves extract and fractions of E. globulus against R. equi

to f) and its most active fraction WSF was put on phytochemical
analysis and was found positive for having catechol tannins, phenolic
compounds, saponins and carbohydrates as shown in Table 2.

Leaves extract and Concentration (mg/ml) Method Inhibition zone Degree of in vitro
fraction diameter antibacterial activity
Ethanolic extract 287.0 mg/ml Disc diffusion method 16.0 mm Good
Chloroformic extract 38.4 mg/ml Disc diffusion method Zero None
SEWE 208.8 mg/ml Disc diffusion method 15.0 mm Good
SEWE 208.8 mg/ml Agar well diffusion method 25.0 mm Good

ESF of SEWE 7.6 mg/ml Agar well diffusion method 22.0 mm Good

ESF of SEWE 0.76 mg/ml Agar well diffusion method Zero None

ESF of SEWE 0.38 mg/ml Agar well diffusion method Zero None

MSF of SEWE 26.1 mg/ml Agar well diffusion method 25.0 mm Good

MSF of SEWE 2.61 mg/ml Agar well diffusion method 15.0 mm Good

MSF of SEWE 1.30 mg/ml Agar well diffusion method 10.0 mm Moderate
WSF of SEWE 63.9 mg/ml Agar well diffusion method 27.0 mm Good

WSF of SEWE 6.39 mg/ml Agar well diffusion method 18.0 mm Good

WSF of SEWE 3.19 mg/ml Agar well diffusion method 14.0 mm Moderate
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(a) Ethanolic extract showing 1Z: 16.0 mm (b) SEWE of leaves showing 1Z: 15,0 mmat  (c) SEWE of leaves showing IZ:
at concentration: 287.0 mg/ml concentration: 208.8 mg/ml 25.0 mm at concentration: 208.8
(disc diffusion method) (disc diffusion method) mg/ml (agar well diffusion method)

(d) ESF of SEWE showing 1Z: 22.0 mm at (e) MSF of SEWE showing 1Z: 25.0 mm at (f) WSF of SEWE showing 1Z: 27.0 mm
concentration: 7.6 mg/ml (agar well concentration: 26.1 mg/ml (agar well at concentration: 63.9 mg/ml (agar
diffusion method) diffusion method) well diffusion method)

Figure 3: In vitro antibacterial activity of leaves extract and the fractions of E. globulus against R. equi showing in (a) to (f).

Table 2: Phytochemical analysis of WSF of SEWE of E. globulus leaves

Name of tests Phytochemicals Results
Ferric chloride test Catechol tannins Positive
Frothing test Saponins Positive
Dragendroff test Alkaloids Negative
Molisch test Carbohydrates Positive
HCL test Phlobatannins Negative
Shibita reaction test Flavonoids Negative
Folins and ciocalteus reagent Phenolic compounds Positive
Ehrlich reagent Indole Negative
3.3 Tamarindus indica L. (Imli/tamarind) vitro antibacterial activity against R. equi in Table 3 and Figure 4 (a

N ) ) o to f) and phytochemical analysis was done on most active fraction
Initial screening of ethanolic extract of leaves of T. indica, further sk and was found positive for having phenolic compounds, flavones,
polarity and solubility based fractionation shows the degree of in  catechol tannins and carbohydrates as shown in Table 4.
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Leaves extract and Concentration (mg/ml) Method Inhibition zone Degree of in vitro
fraction diameter antibacterial activity
Ethanolic extract 274.14 mg/ml Disc diffusion method 30.0 mm Good
Chloroformic extract 156.5 mg/ml Disc diffusion method Zero None
SEWE 275.26 mg/ml Disc diffusion method 15.0 mm Good
SEWE 275.26 mg/ml Agar well diffusion method 40.0 mm Good
SEWE 27.53 mg/ml Agar well diffusion method 36.0 mm Good

ESF of SEWE 96.13 mg/ml Agar well diffusion method 46.0 mm Good

ESF of SEWE 9.61 mg/ml Agar well diffusion method 20.0 mm Good

ESF of SEWE 4.81 mg/ml Agar well diffusion method 15.0 mm Good

MSF of SEWE 86.3 mg/ml Agar well diffusion method 40.0 mm Good

MSF of SEWE 8.63 mg/ml Agar well diffusion method 15.0 mm Good

MSF of SEWE 4.31 mg/ml Agar well diffusion method 11.0 mm Moderate
WSF of SEWE 69.8 mg/ml Agar well diffusion method 30.0 mm Good

WSF of SEWE 6.98 mg/ml Agar well diffusion method Zero None

WSF of SEWE 3.49 mg/ml Agar well diffusion method Zero None

(a) Ethanolic extract of leaves showing
1Z: 30.0 mm at concentration: 274.14
mg/ml (disc diffusion method)

(d) ESF of SEWE showing 1Z: 46.0 mm at
concentration: 96.13 mg/ml (agar well
diffusion method)

(b) SEWE of leaves showing 1Z: 15.0 mm at
concentration: 275.26 mg/ml (disc
diffusion method)

(e) MSF of SEWE showing 1Z: 40.0 mm at
concentration: 86.3 mg/ml (agar well
diffusion)

(c) SEWE of leaves showing I1Z: 40.0 mm at
concentration: 275.26 mg/ml (agar well
diffusion method)

(f) WSF of SEWE showing 1Z: 30.0 mm at
concentration —69.8 mg/ml (agar well
diffusion method)

Figure 4: In vitro antibacterial activity of leaves extract and the fractions of T. indica against R. equi showing in (a) to (f).
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Table 4: Phytochemical analysis of ESF of SEWE of T. indica leaves

Name of tests

Phytochemicals

Results

Ferric chloride test

Shibita reaction test Flavones
Folins and Ciocalteus reagent

Ehrlich reagent Indole

Catechol tannins

Frothing test Saponins
Dragendroff test Alkaloids
Molisch test Carbohydrates
HCL test Phlobatannins

Phenolic compounds

Positive
Negative
Negative
Positive
Negative
Positive
Positive

Negative

3.4 Control: Azithromycin and Rifampicin

Azithromycin and rifampicin were taken as control showing
inhibition zone diameters of 25.0 mm and 20.0 mm, respectively, at
the concentration of 10.0 mg/l against R. equi (Figure 5 and Figure 6).

Figure 5: Control azithromycin 1Z: 25.0 mm concentration: 10.0
mg/l (agar well diffusion method).

Figure 6: Control rifampicin 1Z: 20.0 mm concentration: 10.0
mg/l (agar well diffusion method).

4. Discussion

In the present study, discs were dipped in solvents (ethyl alcohol
99.9% and chloroform 99.9%) and discs dried until the solvents
were completely evaporated. So, the concentration of these chemical
solvents in the dry discs was zero. Ethanol is well known to dissolve
both polar and non-polar compounds because of its polar nature due
to presence of hydroxyl group (OH") and non-polar nature due to
presence of the ethyl (C,H,) group. Chloroform dissolves non-polar
compounds and distilled water dissolves polar compounds.

In the present study, E. globulus was the second most active plant
against R. equi. Out of all fractions, WSF has shown the highest
antibacterial potential with 27.0 mm 1z diameter at 63.9 mg/ml
concentration and minimum inhibitory concentration (MIC) at 3.19
mg/ml showing 14.0 mm 1Z diameter. Its most active fraction WSF
was put on phytochemical analysis and was found positive for
having catechol tannins, phenolic compounds, saponins and
carbohydrates.

Phloretin is a known polar phenolic compound in Eucalyptus species
and reported in E. globulus (Burgos et al., 2018). Phloretin has
antibacterial, antitumor, antioxidant and immunomodulatory efficacy.
The activity of phloretin against gram-positive and gram-negative
bacteria in in vitro studies has been reported earlier (Barreca et al.,
2014).

Phenyl propanoic pathway intermediates, including p-coumaric acid,
caffeic acid, ferulic acid and sinapic acids have been demonstrated
with in vitro antimicrobial activities and as phenolic compounds
with less complex catechol and coumarin, have also been shown to
exhibit bactericidal and fungicidal activities in stump wood and stump
bark extract of E. globulus (Luis et al., 2014). So, it seems
predominately phloretin with other phenolic substances might have
shown antibacterial activity against R. equi. So, there is a need for
further study of the possibility of in vivo use of phloretin against R.
equi infection in foals.

In the present study, T. indica was the most active plant against R.
equi and the inhibition zone was largest than E. globulus. Out of all
fractions, ESF has shown the highest antibacterial potential with
46.0 mm 1Z diameter at 96.13 mg/ml concentration and minimum
inhibitory concentration (MIC) at 4.81 mg/ml shown 15.0 mm 1Z
diameter. Its most active fraction ESF was put on phytochemical
analysis and was found positive for having phenolic compounds,
flavones, catechol tannins and carbohydrates.



Vitexin is an apigenin flavone reported in T. indica leaves (Soemard;i,
2007; Lim, 2012; Amado et al., 2016) and Orientin is a flavone
compound and 8-C glucoside of luteolin also reported in T. indica
leaves and have antibacterial activity (Lin et al., 2004; Gumgumjee et
al., 2012; Amir et al., 2016). So, there is a need for further study of
the possibility of in vivo use of vitexin and orientin against R. equi
infection in foals.

Macrolides (erythromycin/azithromycin) and rifampicin combination
is the most effective and prevalent treatment against R. equi in foals,
but resistant strains of R. equi are also being observed (Cisek et al.,
2014). In the present experiment, commercially available
azithromycin and rifampicin were used at 10 mg/l and both antibiotics
have shown a good zone of inhibition. While most effective herbal
fractions of T. indica and E. globulus have shown their MIC at 4.81
mg/ml (ESF) and 3.19 mg/ml (WSF), respectively. It shows that
quantitatively currently used antibiotics have about 200 to 500 times
more antimicrobial efficacy than the most active fractions of T. indica
and E. globulus. It depicts that even, if the extracts are considered
nontoxic and not interfered with by digestive and metabolic processes
then there will be the requirement of extracts at 200 to 500 g for a
100 kg foal. So, it suggests that there is a need to find a more purified
compound of these extracts to see the possibilities of in vivo use.
However, there are possibilities for direct use of T. indica and E.
globulus leaves and their water extract against R. equi as farm
disinfectant.

5. Conclusion

On phytochemical analysis, the most active fraction, WSF of SEWE
of E. globulus leaves was found positive for catechol tannins, phenolic
compounds, saponins and carbohydrates whereas, the most active
fraction, ESF of SEWE of T. indica leaves was found positive for
catechol tannins, phenolic compounds, flavones and carbohydrates.
In comparison with currently used antibiotics (azithromycin and
rifampicin), the required concentration of the leaves extract of these
plants was too high for their possibilities of in vivo use. Most effective
herbal fractions, WSF of SEWE of E. globulus leaves and ESF of
SEWE of T. indica leaves have shown their minimum inhibitory
concentration (MIC) at 3.19 mg/ml and 4.81 mg/ml, respectively.
However, the abundant availability of T. indica and E. globulus plants
in India and their antibacterial activity against R. equi suggest their
potential for use as a disinfectant against R. equi.
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