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Abstract---Antibiotic resistance is a major problem and the greatest
challenge to both hospitals and in the community. Initially, antibiotic-
resistant strains were found to the hospital environment only, but
now they can be present everywhere. It was therefore decided to
conduct a short-term study on Andrographis paniculata's ability to
inhibit the growth of some of the most resistant bacteria in the Doon
Valley. Antimicrobial activity of Andrographis paniculate of leaf and
steam extract was performed against different MDR isolates. The
VITEK2 COMPACT device with a consistent inoculum was used to
identify and evaluate the antimicrobial susceptibility of clinical
samples obtained in suspected critical patients at Indresh hospitals in
Dehradun District. Clinical and laboratory guidelines were followed
during the testing process ( Shri Mahent Indresh Hospital). Steam and
leaf extract from A. paniculata leaf was tested for antibacterial
activities using the disc diffusion method. The present study showing
that the leaf extract and steam extract petroleum ether, acetone and
ethyle acetate extract are most active against K. pneumoniae, E. coli,
Proteus mirabilis, Pseudomonas aeruginosa, Acetinobacter,
Pseudomonas sp. , Enterobacterium (MDR strains) and Candia albugin,
Aspergillus niger, Fusarium, penicillium (pathogenic fungus. The result
of the present research is the high potency of extracts to stop the
growth of MDR strains and this extract can be further suggest for as
natural antimicrobial source.
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Introduction

Plants have been a source of safe and effective medicines since the dawn of
mankind. Many countries' primary healthcare has relied heavily on herbal
remedies. In the world, almost 80% of people rely on traditional medicine. To put
it simply, herbal medicines are any finished, labelled medicinal products
containing active ingredients that come from plants in the form of extracts of the
aerial or underground parts of plants, as well as any combination of the two.
Essential oils, juices, gums, fatty acids, and other compounds derived from plants
are all examples of plant materials. Excipients may also be found in herbal
medicines, along with the active ingredients. Chemically defined bioactive
molecules in combination with plant materials, such as chemically defined
isolates of plants, are not herbal medicines (WHO, 1998). [1]

Plants as Alternative Source of Antimicrobials

Biochemical and medicinal stores have never been found on our planet larger
than those found in plants. As long as there are living organisms around, they
can produce infinite biological molecules. Only 1 to 10 percent of the plants on
Earth are used by humans and animals for their daily needs (250,000 to 500,000
species). A wide range of secondary metabolites with antimicrobial characteristics
can be found in medicinal plants. These include saponines, tannins, alkaloids,
sesquiterpene lactones, glycoalkaloids, flavonoids, terpenoids and phorbol esters
[2]. A noted mega-diversity centre, India is home to a large number of medicinal
plant species, each of which is likely to have genetic and chemical variants of
commercial relevance. Ayurveda, Siddha, and Unani Andrographis paniculate are
just few of the thousands of plant species that have been utilised in traditional
Indian medicine for ages.

Andrographis paniculate

Kalmegh (Andrographis paniculata), often known as "king of bitter," is a major
annual medicinal herb found throughout Madhya Pradesh, India. It is a member
of the Acanthaceae family. In tropical moist deciduous forests, this tall plant
grows mostly as an under shrub. In Ayurvedic formulations, it is one of the most
commonly utilised plants [3]. Sannipata heat, difficulties in breath, hemopathy
burning pain and cough are some of the symptoms that might be alleviated with
this remedy. Acidity and liver problems can also benefit from its use [4]

Morphology of Andrographis paniculate

Plant Andrographis paniculata in damp, shady areas to a height of 30-110 cm
and it will thrive. A wide range of biological properties have been described as
herbal treatments for the roots, leaves, stem, bark, and flowers of this plant
including hepatoprotective, antitumor, immunomodulator, anti-inflammatory,
wound closure, antioxidants, and antitubercular, and it is a healthy medicinal
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plant [5]. Hydro-alcoholic leaf extracts of three species, A. paniculate, produced
by the Soxhlet extractor were tested for their antibacterial properties against
disease-causing bacteria. The goal of this research is to increase the antibacterial
activity of plant materials against pathogenic microbes, which can be used in a
variety of ways. A small winged petiole adorns each leaf. On both surfaces of the
lamina, glandular and non-glandular hairs are present. White flowers with rose
purple dots on the petals. Capsule-shaped, linearly-oblong fruits with pointy
ends. They measure approximately 2 centimeters in length and a few millimeters
in width. Numerous seeds, sub quadrate in shape and yellowish brown in colour,
are contained within the fruit [6].
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Andrographis paniculata used as crude drug

The Indian herbal treatment Andrographis paniculata is popular. It is called a
crude medicine if the plant's leaves, stems, as well as other aerial components are
consumed. There are times when the entire plant is used including the root. The
plant's panchang (stems, leaves, flowers, roots, and seeds) is utilised in a variety
of Indian medicine formulations to cure a wide range of ailments. There should be
no more than 2% foreign organic materials in the medication [7].

Medicinal Use of Andrographis Paniculata

Andrographis paniculata has been utilised for a variety of medical purposes in
traditional Indian siddha and ayurveda medicine, as well as tribal medicine, since
ancient times. As a common household remedy, Kalmegh (also known as "green
chiretta") contains this herb. Itching can be alleviated by mixing powdered plant
with mustard oil [8]. As an over-the-counter medication for gastroenteritis as well
as other gastrointestinal disorders, child's flatulence and diarrhoea could be
treated with macerated leaves or juice, along with certain spices, as well. It is
prescribed for hepatic torpor, nerve pain, and during the recovery period following
a fever. An infusion of the flower is used to treat fever, while a decoction is used to
purify the blood. As a decoction and infusion of a leaves can be helpful in cases of
general exhaustion and dyspepsia It is also used as a febrifuge, a tonic, an
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anthelmintic, a stomachic, and a cholagogue [9]. One of the most commonly
utilised species in ayurvedic formulations is Andrographis paniculata, or
Kalmegh. In the Charaka Sambhita, which dates back to 175 BC, Andrographis
paniculata and other plants were advised for the treatment of jaundice. [10]. Also
traditionally used as an antidote in cases of colic dysentery or dyspepsia for liver
sluggishness [11].

Material and Methods
Collection of plant A. paniculate

A. Paniculate is collected from the Himalayan region of Uttrakhand. The
morphology characteristics were observed and recorded in the gardern. For
further investigation. The plant were further identified by Botanical survey of
India (BSI) Dehradun (Acc.No.507).

Preparation of plant extract

Using a mechanical grinder, we ground up 100 grammes of fresh Andrographis
paniculate leaf material. These leaves were dried in the shade for three weeks
before being surface sterilised with 70 percent ethanol [10].

Extraction of Andrographis paniculate

These seven solvents are employed in the extraction development of plant leaves
and steam parts: petroleum ether, ethanol, benzene, methanol, ethyl acetate,
methanol, and distilled water. Using a soxhlet extractor setup, which includes an
open-bottom flask, a syphon tube and other distillation-related components like
expansion adapters and condensers as well as heat sources and thimbles, we
were able to extract the active ingredient. Soxhlet's thimble chamber is filled with
an Andrographis paniculate leaf powder, which is held in place by a porous bag or
"thimble" consisting of strong filter paper or cellulose. The heating mantle was
used to warm 350 ml of petroleum ether in a round bottom flask. The extraction
solvent affects the temperature of the heating process. Heated condenser returns
evaporating solvent to sample thimble from which it was drawn out in the bottom
flask. Siphon tube clean solution signifies that a process has completed. This
process is employes for all the remaining solvents.

Andrographis paniculata: shed dried leave
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Soxhlet apparatus: extraction process
Tested Bacterial strains

Total number of 6 bacterial strains i.e. K. pneumoniae, E. coli, Proteus mirabilis,
Pseudomonas aeruginosa, Acetinobacter, Pseudomonas sp. , Enterobacterium and
4 fungus strains i.e. Candia albugin, Aspergillus niger, Fusarium, penicillium were
used in this study. These MDR strains were isolated from Indresh hospital
Dehradun with the approval of ethical committee ECR/710/Inst/UK/2015/RR-
18

Screening for Antibacterial Activity

The antibacterial activity of A. paniculata extracts was determined to use the agar
disc diffusion. 6 bacterial strains i.e. K. pneumoniae, E. coli, Proteus mirabilis,
Pseudomonas aeruginosa, Acetinobacter, Pseudomonas sp. , Enterobacteriumand 4
fungus strains i.e. Candia albugin, Aspergillus niger, Fusarium, penicillium were
used. After 24 hours of growth at 37 degrees Celsius, all bacteria were transferred
to tissue culture flasks. For each bacterium, 2 to 3 colonies were transferred to an
appropriate liquid medium (Mueller Hinton Broth) then cultured until adequate
development of turbidity equal to the McFarland standard was achieved. The
Mueller Hinton plates were inoculated with the bacteria's inoculum. Ten percent
DMSO was used to dissolve all dried plant extracts and sterilise them by filtering
them through 0.45-mm membrane filters. Filter paper plates (6 mm) (Whatman
No. 1) were perforated and soaked with 100 1 of the extract, then dried at room
temperature. All of the test strains were inoculated on Mueller-Hinton agar plates.
Incubation at 37°C for 24 hours at room temperature was the final step.
Antibacterial activity was measured by measuring the size of the inhibitory zone
around the disc (in millimetres). The inhibition zone generated by the discs
around which antibacterial activity was measured was used to make the
determination. We reported the average values from our three experiments. Ten
percent DMSO was employed as a negative control, while tetracycline and
gentamicin were utilised as positive controls.
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Phytochemical evaluation of the most active extracts

For the presence of Phenolic acids, Flavonoids, Carboids, Alkaloids, Tannins,
Anthroquinons, Terpenes, Steroids, Glycosides, Cardic glycosides, and
Xanthoproteins, different extractions were analysed using established techniques.

Test for Anthraquinones

Anthraquinones were detected in the ammonia phase by observing the colour of
the filtrate, which was pink, violet, or red, after 10 minutes of soaking in benzene
and 10 ml of 10% ammonium hydroxide, which was forcefully shaken for 30
seconds.

Test for Tannins

The 0.5g of extraction was treated with 10 ml liquid bromine water. Tannins were
detected through the discoloration of bromine water.

Test for Saponins

In a test tube, aqueous crude plant material was combined with 5.0 ml distilled
water and thoroughly mixed. Saponins were detected in the foaming when it was
blended with some drops of olive oil.

Test for Phenols

FeCl3 solution was added to the crude extract at a volume of 1.0 ml. Flavonoids
were found to be present because of the dark green tint.

Test for Steroids

Chloroform was used to dissolve the crude extract. Sulphuric acid, H2S04, will be
gently added to create a lower layer that is yellow in colour and emits green
fluorescence, as shown in the following image. A steroid ring was thought to be
visible because of the reddish brown coloration on the upper layer.

Test for Sugar

Mixtures of plant extract and water were prepared by diluting the mixture to
1.5%. Then, the extract was subjected to equal volumes of boiling Fehling A and B
solutions in separate test tubes. Because of the oxidizing and reducing sugars,
the brick red precipitate was assumed to form.

Test for Terpenoids
Chloroform was diluted with 0.4 cc of plant extract. Two layers will be generated

by adding 0.6 ml of concentrated H2SO4. Coloration inside the interface indicates
the presence of terpenoids, as shown by the reddish brown hue.
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Test for Flavonoids

Boiling water will be added to the extract and the mixture will be cooked for 5
minutes. There will be three drops of a 20% NaOH solution added. The
transformation from a colourless state to a golden one. Next, 5 drops of HCI at a
concentration of 1% will be applied. The decolorization of a yellow colour was
used to determine the presence of flavonoids.

Result

Petroleum ether of leave extract shows maximum result and acetone and ethyle
acetate extract of steam extract of Andrographis paniculata against
microorganisms. Among the several extracts of the A. paniculata leaves and
steam, the quantitative antibacterial assay found that the Petroleum ether (leaf
extract) and ethyl acetate (from the steam extract) showed the greatest
antibacterial activity against MDR strains. In table 2 indicates that the ethyl

acetate extract of A. paniculata have higher activity against P.aeruginosa.

Table 1: Bacterial strains activity in leaf extract

Bacterial strains Zone of inhibition (mm)
Petroleum | Acetone | Benze- | Chlo | Ethyl Methanol | Distilled STM
ether ne ro- acetate water
form
E. coli 15 15 13 8 - 24 - -
Proteus mirabilis | 19 16 - 10 20 - - -
P.aeruginosa 28 22 10 12 18 11 - -
Acibaumanni 16 12 14 10 - 8 16 -
Pseudomonas 19 - - 11 - - - -
sp.
Enterobacterium | 22 - - 14 - - - -
K. pneumonae 30 16 - 22 - 22 -
Table 2: Bacterial strains activity in steam extract
Bacterial Zone of inhibition (mm)
strains Petroleum | Acetone | Benze- Chloro | Ethyl Methanol Distilled | STM
ether ne -form acetat water
e
E. coli - 10 15 14 22 - - -
Proteus 15 25 18 11 14 - 24 -
mirabilis
P.aeruginosa - 23 22 16 28 - - -
Acetinobacter - 24 - - - -
Pseudomonas - 18 16 - 18 22 - -
sp.
Enterobacteriu - - - - - - 12 -
m
K. pneumonae - 26 - 22 25 - - -
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Table 3: Fungus strains activity in different solvents

Zone of inhibition (mm)
Petroleu | Aceton | Benze | Chlor | Ethyl | Methan | Distille | afflatoxi
m ether | e ne o- acetat | ol d n
form e water

Candia - - - - - - -
albugin
Aspergillus | - - - - - - -
niger
Fusarium 11 - 22 23 22 - -
Penicillium | - - - - - - -

Phytochemical assisment of most active extract

Presence of alkaloids, flavonoids, steroids and tannins were found in petroleum
ether leaf extracts of A. paniculata leaves. The presence of penols, steroids,
flavonoids, found in the benzene leaf extract of leaves of A. paniculata. The
presence of flavonoids, glycosides, saponins, phenols, tannins and steroids in
acetone extract of A. paniculata steam. And the presence of alkaloids, phenol,
glycoside, terepenoid, charbohydrates were found in the ethyleacetae of A.
paniculata steam.

Table 4: Qualitative analysis of the phytochemicals in the methanolic and
aqueous extracts of Andrographis paniculates

Petroleum Benzene leaf | Acetone steam | Ethyleacetae
ether leaf steam
Test for
alkaloids
Mayers test +ve +ve +ve +ve
Wagners test +ve( Ring +tve +tve +tve

formation red
and brown

precipitate )
Test for phenol
Ferric chloride | -ve +ve (greenish | +ve +ve
test black colour)
Test for
flavonoids
Test for -ve +ve +ve +ve
glycoside
Killer killani -ve +ve (brown +ve (brown +ve(brown
test ring ring ring
formation) formation) formation)
Test for protein
xanthoprotein -ve -ve -ve -ve

Millons
ninhydrine -ve -ve -ve -ve
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Test for +ve(interface +ve (interface | +ve(interface +ve (interface
terponoids brown ring) brown ring) brown ring) brown ring)
Test for tannin | -ve -ve -ve -ve
Test for -ve -ve -ve -ve
saponin
Test for
carbohydrates
Molish +ve (orange +ve (orange
ring) ring)
Iodine +(purple +ve (purple -ve -ve
colour) colour)
Benedict -ve -ve -ve -ve
Fehlings -ve -ve -ve -ve
Conclusion

Andrographis paniculate leaf was compared to conventional antibiotics for their
antimicrobial properties against clinical strains. The hydro-alcoholic extract
demonstrated an inhibitory zone that was at least as large as the antibiotic
inhibitory zone for the pathogens examined, indicating that these leaf extracts
definitely block the development of germs even at low doses of these substances.
Although there are many antibacterial, antifungal, and antihelminthic
medications on the market, they have numerous side effects; thus, various
maladies of seed extract like Andrographis paniculate is very useful to improve
the state of therapy. There are no poisons left behind, and the clean, pleasant
environment is created by all of the leaf extracts that are used to treat common
disorders. Preliminary findings from this study suggest that hydro-alcoholic leaf
extract from Andrographis paniculate has the potential to treat infectious
diseases.

Acknowledgment

The authors would like to express their gratitude to professor and Head
Department of Microbiology at Shri Guru Ram Rai University Dehradun,
Uttarakhand, who assisted in numerous ways during this investigation.

Author contribution

The experiments were designed and conceived by KS. DR performed the
experiments and analyzed the data. The manuscript was drafted by KS. It was
critically reviewed by KS for its intellectual content. The final version to be
published was approved by KS and DR.

References

1. Ameh, Sunday J., et al. "Standardization of Andrographis paniculata,
Mitracarpusscaber and Nauclea latifolia herbal preparations as per European
and Nigerian Drug Regulations." European Journal of Medicinal Plants 4.4
(2014): 413.




10628

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Borhanuddin, M., M. Shamsuzzoha, and A. H. Hussain. "Hypoglycaemic
effects of Andrographis paniculataNees on non-diabetic rabbits." Bangladesh
Medical Research Council Bulletin 20.1 (1994): 24-26.

Calabrese, Carlo, et al. "A phase I trial of andrographolide in HIV positive
patients and normal volunteers." Phytotherapy Research 14.5 (2000): 333-
338.

Chang, R. Shihman, et al. "Dehydroandrographolide succinic acid monoester
as an inhibitor against the human immunodeficiency virus." Proceedings of
the Society for Experimental Biology and Medicine 197.1 (1991): 59-66.

Das HB, Majumdar K, Datta BK and DebasisR.Ethanomedicinal uses of
plants Tripuri and Reang tribes ofTripura. Natural Product Radiance. 2009;
8:173-174

Das, Paurabi, et al. "Arsenic-induced differential expression of oxidative
stress and secondary metabolite content in two genotypes of Andrographis
paniculata." Journal of Hazardous Materials 406 (2021): 124302.

Das, Suvadra, et al. "Andrographolide engineered gold nanoparticle to
overcome drug resistant visceral leishmaniasis." Artificial Cells,
Nanomedicine, and Biotechnology 46.supl (2018): 751-762.

Diniari, N. K. S., & Aryani, L. N. A. (2022). Characteristics and
pharmacological treatment options of delirium patients treated at Sanglah
Central General Hospital . International Journal of Health & Medical
Sciences, 5(1), 37-43. https://doi.org/10.21744 /ijhms.vSn1.1835

Dwivedi, Manish Kumar, et al. "Diterpenoids as potential anti-malarial
compounds from Andrographis paniculata." Beni-Suef University Journal of
Basic and Applied Sciences 10.1 (2021): 1-16.

George, Mariam, and K. M. Pandalai. "Investigations on Plant Antibiotics.
Part IV. Further Search for Antibiotic Substances in Indian Medicinal
Plants." Indian journal of medical research 37.2 (1949): 169-81.

Handa SS, Khanuja SPS, Longo G, Rakesh DD. ExtractionTechnologies for
Medicinal and Aromatic Plants.Internationalcentre for science and high
technology, Trieste, 2008, 21-25

Handa, S. S., and Anupam Sharma. "Hepatoprotective activity of
andrographolide from Andrographis paniculata against
carbontetrachloride." The Indian journal of medical research 92 (1990): 276-
283.

Hooker, Joseph Dalton. "Flora of British India, Vol. II." Flora of British India,
Vol. II. (1879).

Hoult, J. R. S., and Miguel Paya. "Pharmacological and biochemical actions of
simple coumarins: natural products with therapeutic potential." General
Pharmacology: The Vascular System 27.4 (1996): 713-722.

Jada, Srinivasa Rao, et al. "Semisynthesis and in vitro anticancer activities of
andrographolide analogues." Phytochemistry 68.6 (2007): 904-912.

Kapil, Aruna, et al. "Antihepatotoxic effects of major diterpenoid constituents
of Andrographis paniculata." Biochemical Pharmacology 46.1 (1993): 182-185.
Kumar, S., Singh, B., & Bajpai, V. (2021). Andrographis paniculata (Burm. f.)
Nees: Traditional uses, phytochemistry, pharmacological properties and
quality control/quality assurance. Journal of Ethnopharmacology, 275,
114054.

Lewis, Kim, and Frederick M. Ausubel. "Prospects for plant-derived
antibacterials." Nature biotechnology 24.12 (2006): 1504-1507.



19

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

10629

M. A. Akbarsha, B. Manivannan, K. S Hamid and B.Vijayan. “Antifertility
effect of Andrographis paniculata (Nees) in male albino rat”. Indian J Exp
Biol, 28(5), 1990, pp 421- 426

Misra, Purnima, et al. "Antimalarial activity of Andrographis paniculata
(Kalmegh) against Plasmodium berghei NK 65 in
Mastomysnatalensis." International Journal of Pharmacognosy 30.4 (1992):
263-274.

Mukilarasi, V., Pavithera, S., Suchitra, V., & BK, N. (2015). Comparative
antibacterial analysis of hydro-alcoholic leaf extract of three medicinal plants
by soxhlet extraction process. Journal of Chemical and Pharmaceutical
Research, 7(4), 131-135.

Nadkarni, A. "Nadkarni's Indian Materia Medica." Nadkarni's Indian Materia
Medica. (1954).

Najila, MJ  Siti, et al. "The  screening of extracts from
Goniothalamusscortechinii,  Aralidiumpinnatifidum and  Andrographis
paniculata for anti-malarial activity using the lactate dehydrogenase
assay." Journal of Ethnopharmacology 82.2-3 (2002): 239-242.

Nakanishi, Koji, et al. "Phytochemical survey of Malaysian plants preliminary
chemical and pharmacological screening." Chemical and Pharmaceutical
Bulletin 13.7 (1965): 882-890.

Niranjan, Abhishek, Shri Krishna Tewari, and Alok Lehri. "Biological activities
of kalmegh (Andrographis paniculataNees)." (2010).

Okeke, Malachy Ifeanyi, et al. "Evaluation of extracts of the root of
Landolphiaowerrience for antibacterial activity." Journal of
ethnopharmacology 78.2-3 (2001): 119-127.

Pérez, Héctor E., and Michael E. Kane. "Different plant provenance same seed
tolerance to abiotic stress: implications for ex situ germplasm conservation of
a widely distributed coastal dune grass (Uniolapaniculata L.)." Plant Growth
Regulation 82.1 (2017): 123-137

R.N. Chopra, S.L. Nayar and I.C. Chopra. “Glossary of Indian medicinal
plants.” 1st ed. Publication and Information, New Delhi, 1956.

Rajagopal, Kalirajan, et al. "Activity of phytochemical constituents of
Curcuma longa (turmeric) and Andrographis paniculata against coronavirus
(COVID-19): an in-silico approach." Future journal of pharmaceutical
sciences 6.1 (2020): 1-10.

Rajagopal, Sriram, et al. "Andrographolide, a potential cancer therapeutic
agent isolated from Andrographis paniculata." Journal of Experimental
therapeutics and Oncology 3.3 (2003): 147-158.

Reyes, B. A. S., et al. "Anti-diabetic potentials of Momordica charantia and
Andrographis paniculata and their effects on estrous cyclicity of alloxan-
induced diabetic rats." Journal of ethnopharmacology 105.1-2 (2006): 196-
200.

Sabu, M. C., and RamadasanKuttan. "Anti-diabetic activity of medicinal
plants and its relationship with their antioxidant property." Journal of
ethnopharmacology 81.2 (2002): 155-160.

Selvam, A. B. D. "Exomorphic and Endomorphic features of Swertia
chirayita." Pharmacognosy Journal 3.19 (2011): 1-6.

SharadVisht, Swati Chaturvedi. Isolation of Natural Products.Current
Pharma Research. 2012; 2(3):584-599



10630

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Sheeja, K., P. K. Shihab, and G. Kuttan. "Antioxidant and anti-inflammatory
activities of the plant Andrographis paniculataNees." Immunopharmacology
and immunotoxicology 28.1 (2006): 129-140.

Shukla, Binduja, et al. "Choleretic effect of andrographolide in rats and
guinea pigsl." Planta medica 58.02 (1992): 146-149.

Sikri, Neha, and Sunita Dalal. "Plants of Acanthaceae family: Phenolic
composition, enzyme inhibitory and antioxidant activities." (2018).

Singh, Rana P., S. Banerjee, and A. Ramesha Rao. "Modulatory influence of
Andrographis paniculata on mouse hepatic and extrahepatic carcinogen
metabolizing enzymes and antioxidant status." Phytotherapy Research 15.5
(2001): 382-390.

Suneka, S., and T. Manoranjan. "Brine shrimp lethality assay with selected
medicinal plants extracts." Vingnanam Journal of Science 16.2 (2021).
Suryasa, I. W., Rodriguez-Gamez, M., & Koldoris, T. (2021). Health and
treatment of diabetes mellitus. International Journal of Health Sciences, 5(1),
i-v. https://doi.org/10.53730/ijhs.v5n1.2864

Tiwari, Sudhanshu. "Plants: A rich source of herbal medicine." Journal of
natural products 1.0 (2008): 27-35.

Trivedi, Neha P., and U. M. Rawal. "Hepatoprotective and antioxidant
property of Andrographis paniculata (Nees) in BHC induced liver damage in
mice." (2001).

Umamaheswari, Selvaraj, and PonnaianStanelyMainzen Prince.
"Antihyperglycaemic effect of éilogen-exceli, an ayurvedic herbal formulation
in streptozotocin-induced diabetes mellitus." (2007).

Vedavathy, S., A. Sudhakar, and V. Mrdula. "Tribal medicinal plants of
Chittoor." Ancient science of life 16.4 (1997): 307.

Verma, Nibha, and Manjula Vinayak. "Antioxidant action of Andrographis
paniculata on lymphoma." Molecular biology reports 35.4 (2008): 535-540.

Yu, Bu-Chin, Wang-Chuan Chen, and Juei-Tang Cheng. "Antihyperglycemic
effect of andrographolide in streptozotocin-induced diabetic rats." Planta
medica 69.12 (2003): 1075-1079.

Zoha, M. S., A. H. Hussain, and S. A. Choudhury. "Antifertility effect of
Andrographis paniculata in mice." Bangladesh Medical Research Council
Bulletin 15.1 (1989): 34-37.



