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ABSTRACT

The purpose of this study was to evaluate the antibacterial efficacy of Amaranthus spinosus methanol extract in
combination with standard antibiotics against multi-drug resistant Streptococcus pyogenes. Alkaloids,
flavonoids, phenols, tannins, and saponins were all found in the methanol extract of Amaranthus spinosus (A.
spinosus) after the phytochemicals were qualitatively analyzed. The colony suspension method was used to
standardize Streptococcus pyogenes bacteria for the assessment of their antibiotic susceptibility. The
suspension’s concentration was 1.5 106 CFU/mL after being matched to 0.5 McFarland standards. Under the
guidelines of the Kirby- Bauer test, an antimicrobial susceptibility test was conducted using Mueller Hinton
agar and both disc and well diffusion procedures. The bacterial sample was injected into Mueller Hinton agar
plates at a volume of 50 L. The results demonstrated a reduction in the zone of inhibition of A. spinosus with
Methicillin (10mcg) and A. spinosus with Penicillin of -0.9 mm and -0.4 mm from the zone of inhibition of the
plant extract alone, respectively. A. spinosus and Ciprofloxacin (5 mcg) together increased the diameter of their
inhibitory zone by 2 0.3 mm, whereas Tetracycline (30 mcg) did so by 1 0.2 mm. To sum up, combining plant
extract with ineffective antibiotics did not result in positive significance, whereas combining efficient antibiotics
with plant extract resulted in an expansion of the antibiotics' zone of inhibition, which showed positive
significant activity. When applied to additional pharmacological investigations, this may be significant in
improving the effectiveness of antibiotics against a variety of multi-drug resistant microbes and may hold
promising therapeutic components.

Keywords: Combination; phytochemicals; MDR Streptococcus pyogenes; antibiotics; Amaranthus
spinosus

. INTRODUCTION

Gram-positive, facultative extracellular bacteria make up Streptococcus pyogenes. The bacteria have
the morphology of coccus. Skin and respiratory infections are just two of the many diverse infections they
produce. They cause illnesses such post-streptococcal, glomerulonephritis, necrotizing fasciitis, rheumatic and
scarlet fever, impetigo, and necrotizing fasciitis [1]. The illnesses have been recognized throughout history for
more than 2,000 years and are still a risk to world health [2]. Low-income nations continue to bear the burden of
this dangerous virus, which raises the mortality rate year-round [3].

Several infections in people are brought on by the human-adapted bacterium Streptococcus pyogenes.
Streptococcal throat infection and streptococcal toxic shock syndrome infection, respectively, are two examples
of the wide range of illnesses they can cause [4]. The Streptococcus pyogenes' virulence factors, regulators, and
regulatory networks all play a role in infection production [5]. In order to infect their host cells and tissues, the
bacteria subject themselves to adhesion, colonization, and the formation of biofilm and microcolonies [6].

S. pyogenes' ability to invade enables colonization at the location where they manage to avoid
phagocytosis. The host cells and tissues are then destroyed by a number of poisons released by them [7].
Streptococcus pyogenes carriers don't exhibit any symptoms. There are no symptoms associated with the
organism's proven presence in their posterior pharynx [8].

Teichoic acid, protein M peptidoglycan, and other sophisticated virulence factors are expressed by
multi-drug resistant Streptococcus pyogenes and may interfere with their normal functions [9]. Their virulence
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factors are closely related to the bacteria's capacity to modify their metabolism in order to survive in a variety of
unfavorable settings and hosts [10]. The fact that the bacteria are the source of infections at nearly all of their
host's sites suggests that they have evolved to live in physiologically different anatomical places [11].

Multi-Drug Resistant Streptococcus pyogenes

MDR Complex virulence pathways are present in Streptococcus pyogenes. They change genetically
over time, giving rise to several strains with different infections [12]. They have the capacity to experience
mutations in the gene encoding the antibiotic binding protein. Beta-lactam antibiotics and other kinds of
antibiotics are eventually no longer effective against the bacteria [13]. The proliferation of S. pyogenes that is
resistant to antibiotics has caused the resistant strains to spread to other bacterial strains [14]. Since the previous
decade, S. pyogenes strains have become the main source of invasive infections worldwide. Compared to the
previous low toxin producers, they have become more toxic [15]. Genetic manipulations or phenotypic
observations can be used to experiment with the altered bacterial gene sequence [16].

Clones with mutations spread from one bacterium to another. Bacteria serotype-related genes indicate
that T-antigens, M-proteins, and by-products of other associated genes are direct indicators of their propensity
for infection at a given location [17]. When latent bacteria come into contact with antibiotic-resistant strains,
they mutate. They change into resistant, aggressive forms [18]. Their ways of virulence have been influenced by
this evolutionary transition and genetic modification [19]. To limit the spread of these resistant phenotypic
bacterial strains, various preventive actions must be followed [20].

For developing penicillin, Fleming was awarded a noble prize in 1945. On the use of antibiotics and their
developing mechanisms, he foresaw and informed. The effectiveness of beta-lactam medicines against certain
bacteria has decreased.

Amaranthus spinosus (A. spinosus) as aPotentialPlant in Therapy

Amaranthus spinosus is a member of the Amaranthaceae family. In Hindi, the plant is known as cauleyi
or kanteli and is also referred to as "pig weed" or "spiny amaranth" [22]. India is where it is grown nationwide
[23]. A. spinosus has a wide range of medicinal uses, including those for pain relief, diabetes prevention,
spasmolysis, anti-inflammatory treatment, bronchodilation, spermatogenesis, hepatoprotection, leprosy
treatment, infertility treatment, antitumor treatment, antimalarial treatment, and leucorrhea [24].

Amaranthus spinosus has demonstrated a broad spectrum of antibacterial activity that can be used as a
distinctive antimicrobial agent triggering its potential treatment [25]. The grains, fragile stems, shoots, leaves,
and leaves all have nutritional value. Since then, boiled roots and leaves have been used traditionally to treat a
variety of illnesses [26]. As a natural treatment for many ailments, it consequently has exceptional potential for
success[27].

The plant contains a wide variety of phytochemicals, including carotenoids, alkaloids, phenolic acids,
saponin, tannins, steroids, terpenoids, flavonoids, and amino acids [28]. Additionally, they contain dietary
elements of lipids, fats, proteins, fiber, and a number of minerals. These substances are crucial for therapy [29].
In order to increase the efficacy of the antibiotics being used in suppressing a wide spectrum of resistant
microbes, it may be more important to combine plant phytochemicals with antibiotics [30].

1. MATERIALS AND METHODS

Collection of Plant Material

Amaranthus spinosus plant leaves in good health were collected in April 2020 from a field at the
Glocal University campus Nursery in Saharanpur, India. To remove dirt and dust, the leaves were washed under
flowing water from the faucet. The leaves were then minced in a blender after being shade-dried for 20 days.
For further analysis, minced samples were placed in a sterilized container that was then carefully closed with its
cap and maintained in a dark location. The Botany department at Glocal University in India was given credit for
authentication.

Plant Extraction Using the Methanol Solvent

Amaranthus spinosus (100 g) dried, powdered leaves were extracted with methanol. The majority of
polar and semi-polar phytochemicals can be extracted since methanol has a strong polarity index of 10.2.
Soxhlet extractor equipment was used for the extraction process. On a sheet of filter paper, 10 grams of the
minced plant sample were placed, folded, and put inside the thimble portion of the instrument. The temperature
was raised to 64.7 °C, the boiling point of methanol. For eight hours, the extraction process was performed
repeatedly until the solvent in the thimble was colorless. Using Whatman No. 1, the extracted sample was
filtered. A rotating evaporator set at each solvent's boiling point was used to evaporate the filter paper and other
materials. The extracts were chilled for subsequent use and dried in a vacuum oven at 37.0°C.
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The Qualitative Analysis on Phytochemicals Present in Amaranthus spinosus Methanol Extract
Amaranthus spinosus extract was qualitatively analyzed for the presence of; alkaloids, flavonoids, phenols,
tannins, steroids, terpenoids, and saponins.

The Test for Alkaloids Dragendorff’s reagents test

2 ml of Amaranthus spinosus methanol extract poured into the test tube followed by few drops of
Dragendorff's reagent. The formation of a reddish-brown precipitate was to indicate the presence of alkaloids.

Test Phenols

Lead acetate test: 2 ml of Amaranthus spinosus methanol extract in the test tube, 3 drops of 1% ferric chloride
were added. The observation of red-brown color was to indicate the presence of phenols.

Test for Tannins

Ferric chloride test: 2 ml of Amaranthus spinosus methanol extract in the test tube, a few drops of 5% ferric
chloride added. Blue-violet precipitation wasto indicate the presence of tannins.

Test for Saponins

Foam test: 10 ml of Amaranthus spinosus methanol extract in the test tube vigorously was shaken for a minute.
The formation of foam was to indicate the presence of saponins.

Test for Flavonoids

Sodium Hydroxide Test: To 2 ml of Amaranthus spinosus methanol extract in the test tube, additional 20%
sodium hydroxides were added,followed by drops of hydrochloric acid. The formation of yellow precipitate was
to indicate the presence of flavonoids.

Test for Steroids and Terpenoids

Salkowski test: To 2 ml of Amaranthus spinosus methanol extract in the test tube, few drops of chloroform and
sulphuric acid added. The reddish-brown precipitate was to indicate the presence of steroids. For the test for
terpenoids, 1ml of chloroform added; the formation of chloroform layer and change of color to greenish
fluorescence indicates the presence of terpenoids in Amaranthusspinosus methanol extract.
Multidrug-Resistant  Streptococcus pyogenes

Bacteria Samples

The bacteria were obtained from IMTECH Chandigarh.

Identification of the Bacteria

Streptococcus pyogenes bacteria were identified by growing on blood agar plates. The samplesstreaked on the
media, incubated at 37°C for 24 hours. There was an observation of beta- hemolytic, dome-shaped smooth
colonies with clear margins.

Media Used

Mueller Hinton agar.

Preparation of Mueller Hinton agar Media

38 grams of Mueller Hinton agar powder added to one liter of distilled water. It was stirred to dissolve. The
sterilization was done by autoclave at 121°C for 15 minutes. The liquid media was poured into the Petri dish and
left to stand for 30 minutes to allow the media to solidify.

Antibiotics Used
The susceptibility test discs of Methicillin (10mcg), Penicillin -G (10 mcg), Ciprofloxacin (5mcg) and,
tetracycline (30 mcg) were purchased from Himedia company.

Antibiotics Susceptibility Testing

The Streptococcus pyogenes strain was standardized using the colony suspension method. The
suspension was then matched with 0.5 McFarland standards ensuing resultant concentration of 1.5 x 10°
CFU/mL [31]. Both diskand well agar diffusion methods were used for theantibacterial susceptibility test [32].
The Mueller Hinton agar plates were inoculated with 50 uL of the bacterial sample and spread on the surface
usinga sterilized glass spread. The plates were allowed tostand for half an hour. The sterilized 6 mm cork borer,
was used to bore triple wells into each plate.Each of the wells was loaded with 100 pL Amaranthus spinosus
methanolextract alone. The antibacterial susceptibility test with antibiotics was done by disc agar diffusion
method, and the combination of Amaranthus spinosus methanol and antibiotics on well agar diffusion. All the
three categorized plates wereallowed to settle for half anhour then later placed into the incubator. The plateswere
incubated at 37°C for 24 hours. Thereafter diameter zones of inhibitions were determined fromthe three plates
and interpreted using zone of inhibition diameter interpretative standards [33].
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I11. RESULTS AND DISCUSSION

The preparation for the stock solutions for phytochemical analysis; was done by dissolving 1mg of the
dried Amaranthus spinosus methanol extract sample into 10 ml of methanol solvent [34]. The dissolved solution
was used in preliminary qualitative analysis for the phytochemicals identification.

The qualitative analysis of phytochemicals presentsin Amaranthus spinosus methanol extract revealed
the presence of alkaloids, flavonoids, phenols, tannins, and saponins. Terpenoids and steroids were not
qualitatively identified (Fig. 1 and, Table 1).

Dragendorff's reagent test led to the formation of areddish-brown precipitate which indicated the
presence of alkaloids. The lead acetate test led to the formation of red-brown color. Phenols were present. The
Ferric chloride test led to blue-violet precipitation; revealed the presence of tannins. The foam test led to the
formation of foam after vigorously shaken indicated the presence of saponins. Sodium hydroxides test led to the
formation of a yellow precipitate which indicated the presence of flavonoids.

Table 1. Qualitative analysis on phytochemicals present in Amaranthus Spinosus methanol extract

S.no Phytochemicals Amaranthus spinosus

1 Alkaloids +
Flavonoids +
Saponins +
Phenols +
Tannins +
Steroids -
Terpenoids -

~No ok WwWwN

+ [Presence]; - [Absence]

Fig. 1. Qualitative analysis on phytochemicals present in Amaranthus spinosus methanol extract
Presence of alkaloids (A+), phenols (P+), flavonoides (F+), Tannins (TA+)

Steroids and terpenoids; were qualitatively tested by the Salkowski test. There was no observation of
reddish-brown precipitate to reveal steroids presence and no chloroform layer formed, no change of color to
greenish fluorescence observed to reveal the presence of terpenoids.The diameter zone of inhibition on MDR
Streptococcus pyogenes with A. spinosus methanol extract alone was 23 + 0.9 mm. In Methicillin (10 mcg)
was 08 + 0.5 mm. Penicilli -G (10 mcg) 04 £ 0.5 mm. Ciprofloxacin (5mcg) 27 £ 0.5 mm. Tetracycline (30
mcg) 24 + 0.5 mm. While their combination of the extract with Methicillin (10mcg) was 23 +0.7 mm, A.
spinosus with Penicillin —G (10 mcg) 22 £0.5 mm, A. spinosus with Ciprofloxacin (5mcg) 29 +0.8 mm and A.
spinosus with Tetracycline (30 mcg) 25 +0.7 mm (Table 2).
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Table 2. Antibacterial activity of Amaranthus spinosus methanol extract and their combination with
antibiotics against multi-drug resistant (MDR) Streptococcus pyogenes

S.no Anti-bacterial agent against MRSA Diameter of zone of inhibition (mm)

+SD

Methanal Plant extract (100 pl)

Amaranthus QpianIIQ 23+09

Antibiotics

Methicillin (10mcg) 08+0.5
2 Penicillin-G (10 units) 04 +0.5

Ciprofloxacin (5 mcg) 2705

Tetracycline (30 mcg) 24+0.5

Combination(100ul)

A. spinosus+ Methicillin (10mcg) 23 0.7

A. spinosyis+ Penicillin-G (10 units) 22 0.5

A. spinosus+ Ciprofloxacin (5 mcg) 29 4£0.8

A. spinosus+ Tetracycline (30 mcg) 25 +0.7

+ [Combined]; £ [Standard deviation]

Fig. 2. The diameter zone of inhibition on Streptococcus pyogenes
(a) Amaranthus spinosus methanol extract, (b) Methicillin (10 mcg), (c) Penicillin (10 units), (d)
Tetracycline (30 mcg),(c) Ciprofloxacin (5mcg), and (d) Combination of antibiotics with Amaranthus spinosus
methanol extract

The combination of A. spinosus with Methicillin (10 mcg) and A. spinosus with Penicillin showed a
decrease of - 0.9 mm and - 0.4 mm respectively from the zone of inhibition of the extract alone. Thecombination
of A. spinosus with Ciprofloxacin(5mcg) and A. spinosus with Tetracycline (30 mcg) showed an increase of
2 £0.3 mm and 1 £0.2 mm on their diameter zone of inhibition respectively. This revealed the efficacy of the
combination of A. spinosus methanol extractwith antibiotics against MDR Streptococcus pyogenes

IV. CONCLUSION

Screening for the presence of bioactive components was the primary goal of the qualitative analysis of
the phytochemicals found in the methanol extract of Amaranthus spinosus. These elements are important
because they have the ability to fight off bacteria that cause infections and are therefore employed in many
treatments.When taken in conjunction with Ciprofloxacin (5 mcg) and Tetracycline (30 mcg) to treat MDR
Streptococcus pyogenes, Amaranthus spinosus methanol extract significantly increased the diameter of the
bacteria's zone of inhibition. This work will significantly advance the effectiveness of antibiotics. Antibiotics
can be strengthened to fight more pathogenic germs with a larger spectrum.
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