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ABSTRACT

Inflammatory diseases including different types of rheumatics are a major cause of
morbidity worldwide. This study addresses the global burden of inflammatory diseases,
focusing on safer alternatives to synthetic anti-inflammatory drugs. Extracts from eth-
nomedicinal plants, Delonix elata, Hygrophila auriculata, and Drynaria quercifolia,
were combined to enhance their anti-inflammatory properties. The ethanolic extract
was obtained from the leaves of Delonix elata, seeds of Hygrophila auriculata, and
rhizomes of Drynaria quercifolia, showing the existence of phenolics, flavonoids,
and alkaloids in preliminary phytochemical screening. Two combinations, D (1:1:1)
and E (10:5:1), were prepared. In vitro studies revealed that combination D shown
maximum total antioxidant activity the strongest capacity to scavenge DPPH radicals.
Antibacterial assays demonstrated varying zones of inhibition for . coli and S. aureus
among the combinations. Notably, combination D showed the largest zone of inhibition
for E. coli, while sample C was most effective against S. aureus. Protein denaturation
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assay for anti-inflammatory activity highlighted combination D’s remarkable inhibi-
tion of BSA denaturation (97.37% at 1mg/ml concentration). This research explores
potential natural remedies and holistic healthcare solutions through the synergistic
effects of plant extracts, aligning with traditional medicinal knowledge.

Keywords: Delonix elata, Hygrophila auriculata, Drynaria quercifolia, anti-inflam-
matory effect, antioxidant, phytochemicals, synergy.

AIMS AND BACKGROUND

In a global context, increasingly dominated by synthetic pharmaceuticals, the resur-
gence of interest in natural remedies has gained traction within healthcare, driven
by recognition of the limitations and adverse effects of conventional drugs'?. Two
essential physiological reactions that severely reduce quality of life when they are
chronic or dysregulated are inflammation and pain®. The need for creative and com-
prehensive ways to treating non-communicable illnesses 1s highlighted by the state
of healthcare today, which is characterised by their increasing prevalence. Finding
safer and more effective management strategies is made more important by the rise
in chronic inflammatory diseases like rheumatoid arthritis, osteoarthritis, and inflam-
matory bowel diseases, as well as concerns about opioid misuse®. This has led to a
reevaluation of alternative therapies. Various societies have long utilised local flora
for medicinal purposes, making plant-derived treatments an essential part of human
healthcare’. Plants possess essential nutritional importance for growth and develop-
ment in man and animals®. Plants are one of the essential sources of medicines’. The
use of herbal medicines and phytonutrients is quickly spreading around the world due
to their effectiveness and lack of adverse effects®. Traditionally used for their thera-
peutic qualities, plant species such as Drynaria quercifolia, Hygrophila auriculata,
and Delonix elata have been shown in indigenous medical systems to have analgesic
and anti-inflammatory qualities, indicating the continuing knowledge of traditional
healers. It is appropriate to investigate plant extracts from these species with an em-
phasis on their synergistic effects in the treatment of inflammation and pain’. It has
the potential to reveal the pharmacological gems hidden in botanical resources and
provide new perspectives on holistic medical practices. This study aims to clarify the
complex relationship between plant extracts and human health, offering an insight
into the field of complementary and alternative medicine and its potential benefits'’.

Drynaria quercifolia, also known as “Pankhiraj” in Bengali and Indian languages,
1s one of the first medicinal plants with significant therapeutic efficacy for treating a
wide range of ailments. In the natural world, it can be either epipetric (growing on
rocks) or epiphytic (growing on trees). As a member of the Polypodiaceae family of
Pteridophyta, Drynaria quercifolia is extensively found in tropical and subtropical
regions such as Africa, North America, Bangladesh, and India. Many Indian tribal
cultures utilise this plant to cure a variety of illnesses, including cholera, typhoid
fever, chronic jaundice, headaches, coughs, and skin conditions. Certain tribes in
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Tamil Nadu’s Eastern Ghats are known to employ a soup made from the rhizomes
of Drynaria quercifolia to treat rheumatic ailments. Screening Drynaria quercifolia
for phytochemicals. Many Indian tribal cultures utilise this plant to cure a variety of
illnesses, including cholera, typhoid fever, chronic jaundice, headaches, coughs, and
skin conditions. Certain tribes in Tamil Nadu’s Eastern Ghats are known to employ
a soup made from the rhizomes of Drynaria quercifolia to treat rheumatic ailments.
Drynaria quercifolia s phytochemical screening revealed the presence of flavonoids,
alkaloids, tannins, saponins, and other chemicals. Several in vitro and in vivo models
have demonstrated the antibacterial, analgesic, anti-inflammatory, and hepatoprotec-
tive properties of the rhizome of Drynaria quercifolia'. India’s arid woodlands are
home to the deciduous tree Delonix elata Linn. (family: Caesalpinaceae). The leaves,
stem and flower extracts were employed by traditional healers in the villages of Kar-
nataka, India, to treat rheumatic and bronchial issues, jaundice, and hepatic illnesses.
Additionally, the plant has been linked to joint discomfort and stiffness, particularly
in the knees. The leaves are used as a carminative or to cure paralysis, fever, malaria,
bronchitis in newborns, and flatulence. Phytochemical analyses have identified a spec-
trum of compounds within Delonix elata, including flavonoids, alkaloids, quercetin,
and catechins. The ethnomedicinal values of Delonix elata extend to its application
in mitigating inflammatory conditions and combating microbial infections. Beyond
traditional uses, scientific scrutiny has revealed its promising pharmacological po-
tential. /n vitro investigations have demonstrated noteworthy antioxidant and anti-
inflammatory activities, signifying its potential as a therapeutic agent. In vivo studies
have explored its effects on glucose metabolism, suggesting anti-diabetic properties'.
The Hygrophila auriculata (K. Schum) as members of the Acanthaceae family are
Heine, Asteracantha longifolia Nees, B. longifolia Linn., H. schulli (Ham.) MR and
SM Almeida, H. spinosa T. Anders, and Barleria auriculata Schum. This upright,
semiwoody shrub grows in India’s damp regions. The plant or its components are
recommended to be used as an aphrodisiac and to cure a variety of problems includ-
ing edoema, gastrointestinal disorders, gallstones, kidney stones, calculi in the urine,
rheumatoid diseases, leucorrhoea, Skin infections, TB, anaemia, physical pain, and
constipation. According to reports, the plant contains the following: triterpenes (betu-
lin, hentricontane, lupeol, and lupenone), minerals, fatty acids, aliphatic esters, amino
acids, and essential oils; flavonoids, including quercetin, luteolin, ellagic acid, gallic
acid, and apigenin; and sterols (stigmasterol and asterol). Plant extracts and bioac-
tive compounds have been found to possess antimicrobial, anthelmintic, antitermite,
nephroprotective, hepatoprotective, inhibitory, antitumor, antidiabetic, anticataract,
antioxidant, hematopoietic, diuretic, anti-inflammatory, analgesic, antipyretic, anti-
motility, aphrodisiac, neuroprotective, anti-endotoxin, and antiurolithiatic activity',
These botanical species, characterised by theirs diverse phytochemical profile, stand
as a subject of scientific interest, presenting avenues for further exploration in both
traditional and modern medicinal contexts. The elucidation of their phytochemical
constituents and the exploration of the biological activities contribute to the ongoing
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discourse on their therapeutic potential. This study aims to study the synergistic effects
of various combinations of these three plant extracts for antioxidant, anti-inflammatory
and anti-bacterial activities.

EXPERIMENTAL

Different parts of the three different plants were utilised in this study. The seeds of
Hygrophila auriculata were purchased from local markets in Chennai. The rhizomes
and leaves of Drynaria quercifolia and Delonix elata respectively, were obtained
from a traditional medicine shop in Coimbatore. The plant species were validated by
comparing with online databases.

PREPARATION OF PLANT EXTRACT

The plant parts were rinsed in clean water and dried under shade and cool conditions
to prevent from loss of volatile compounds. The dried samples were then pulverised
into coarse powder form. Three conical flasks were labelled A, B, and C each repre-
senting the three plants D. elata, H. auriculata, and D. quercifolia, respectively. The
powdered plant parts were soaked in 200 ml of 85% ethanol so that the ratio becomes
1:10. The samples were subjected to cold maceration with ethanol as a solvent for
3-5 days a under dark room. The ethanolic extracts were filtered using Whatman’s
filter paper twice to remove the insoluble matter from the extracted solvent. A rotary
evaporator was utilised to concentrate the extracts under reduced pressure at a cool-
ing temperature of 10°C and bath temperature. The samples were brought to a solid
or semi-solid consistency. The extracts were scrapped out of the rotary flasks and
weighed. A stock solution of concentration 1 mg/ml prepared with ethanol for all the
three extracts and stored at 4°C. Two combination samples was then made with the
ratio of A: B: C depicting 1:1:1 and 10:5:1. The combinations 1 and 2 were named
D and F, respectively.

QUALITATIVE PHYTOCHEMICAL SCREENING

By using modified and standard protocols described by Roopashree et al., Obasietal.,
Audu et al., and Nortjie et al.'*!7 the presence of the following secondary metabolite
phytochemicals was examined in all the three whole plant extracts: alkaloids, flavo-
noids, tannins, saponin, glycosides, terpenoids, triterpenoids, phenols, glycosides,
proteins, and carbohydrates.

DPPH RADICAL SCAVENGING ASSAY

The antioxidant activity of the three plant extracts were measured by DPPH (1,1-di-
phenyl-2-picrylhydrazyl) free radical scavenging assay described by Kumara et al.'
For analysis, a fresh stock solution of DPPH (0.2 mg/ml) was made. Stock solutions
containing (0.1 mg/ml of L-ascorbic acid were made in ethanol and kept at 25°C. In
different test tubes 1 ml the three plant extracts and the two ratios were taken each
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in different concentration ranging from 200 to 1000 pg/ml. Prepared ascorbic acid
standard (PC) was also taken in similar aliquots. To this, | ml of DPPH solution was
added and the volume was made up to 3 ml with ethanol, and the flasks were given
a good shake before being left at room temperature for half an hour without being
exposed to light. Using a UV spectrophotometer, absorbance was measured at 520 nm
right away with ethanol and DPPH as control (NC), and the experiment was carried
out in triplicate. Using the log dosage inhibition curve, the standard’s IC, value (the
concentration of the extracts required to inhibit only 50% of the DPPH free radical)
was determined. Increased free radical activity was shown by the reaction mixture’s
lower absorbance. The percentage of inhibition for DPPH scavenging effect was
determined as:

DPPH scavenging effect (or) % Inhibition = (4, — 4 )/4, % 100,

where A, is the absorbance of control and 4, 1s the absorbance of the sample.

PHOSPHOMOLYBDATE REDUCTION ASSAY

The analysis for the samples’ total antioxidant capacity was conducted using the
phosphomolybdenum technique described by Umamaheswari & Chatterjee'® with
slight modifications. With 28 mM sodium phosphate, 4 mM ammonium molybdate,
and 0.6 mM sulphuric acid, the phosphomolybdate reagent was newly prepared by
combining them in equal amounts. One ml of reagent solution was shaken with a 0.1
ml aliquot of the sample solution. After being covered, the test tubes were incubated
for ninety minutes at 95°C in a water bath. The absorbance was measured at 695 nm
for all the samples. Ascorbic acid was used as standard. The antioxidant capacity was
computed using the formula below:

Total antioxidant capacity (%) = (4, — A4,)/4, x 100.

ANTI-BACTERIAL ASSAY

Using the agar well diffusion technique, the plants extracts and their combinations
were tested for antibacterial activity on Mueller Hinton Agar (MHA) plates. A final
inoculum of 1.5 108 CFU/ml was obtained after the investigating organisms E. coli
and S. aureus were inoculated in nutrient broth and cultured overnight at 37°C to
bring the turbidity to 0.5 McFarland standards. Plant extracts were produced in Di-
methyl Sulphoxide (DMSO) at a concentration of 50 mg/ml. The MHA medium was
prepared and pH was adjusted to 7.3 using phosphate buffer. After sterilisation, they
were brought under the laminar air flow chamber. The plates were divided into 2 sets
(6 each) E. coli and S. aureus. Further they were labelled as A, B, C, D, and E and
control. The agar medium was poured evenly into each of the petri plates and left to
cool. Using standardised microbial culture broth of the E. coli and S. aureus MHA
plate was inoculated on the respective Petri dishes by spread plate method. In each of
the plates, three 6 mm wells were bored and a mixture of 50 pl extracts from various
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plants was added to each well, with DMSO serving as the NC and amoxicillin (30
pg) serving as the PC for bacteria. After letting it diffuse for around half an hour at
room temperature, it was incubated for eighteen to twenty-four hours at 37°C. After
incubation, plates were examined to see whether the presence of a clean zone sur-
rounding the well suggested the antibacterial activity of the compounds being tested.
The zone of inhibition was measured and recorded in millimetres.

ANTI-INFLAMMATORY ACTIVITY BY PROTEIN DENATURATION ASSAY

A modified version of the BSA test described by Bailey-Shaw et al.>’ was used to assess
the anti-inflammatory properties of the plant extracts and its combined ratios. BSA
solution was made in phosphate buffered saline (0.4% w/v) and glacial acetic acid was
used to bring the pH down to 6.4. Each plant extract was produced as stock solutions
in ethanol at a concentration of 1 mg/ml. Test tubes containing 1 ml of 0.4%, w/v
BSA buffer were filled with corresponding aliquots of 200 to 1000 pl which indicate
concentrations of 200, 400, 600, 800 and 1000 pg/ml of the stock solutions. Similar
protocols were followed for the assay of the PC with aspirin and NC with ethanol.
After that, the solutions were heated for 10 minutes at 72°C 1n a water bath and then
allowed to cool for 20 minin a lab setting. The turbidity of the solutions, or the level
of protein precipitation, was measured at 660 nm in a spectrophotometer using an air
blank. The average absorbance values were recorded after the investigations were
conducted twice. The percentage inhibition of denaturation of protein with respect
to the negative control was determined using the following formula:

% inhibition of protein denaturation=(4___ —A__ )/A4 x 100.

sample conirol

RESULTS AND DISCUSSIONS

YIELD OF PLANT EXTRACTS

By using the cold maceration method with ethanol, the highest yield was obtained
from Delonix elata extract of 5.26% while the lowest yield was 2.58% of Drynaria
quercifolia (Table 1).

Table 1. Plant extract yield

Plant sample Solvent used Extract yield (%)
Delonix elata (A) ethanol 5.26
Hygrophila auriculata (B) ethanol 3.25
Drynaria quercifolia (C) ethanol 2.58

PHYTOCHEMICAL SCREENING

The data in Table 2 show the observed phytochemical constituents’ presence in the
three plant extracts.
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Table 2. Phytochemical profile of plant extracts

Phytochemicals Delonix elata Hygrophila auriculata Drynaria quercifolia
Alkaloids + + +
Flavonoids -+ ++ ++
Steroids - - -
Terpenoids ++ + +
Saponins - g i ++
Tannins : + o
Phenolics T + %
Anthranol glycosides + + -
Cardiac glycosides + + -
Carbohydrates - - -
Proteins - - —
ANTIOXIDANT ACTIVITY

DPPH radical scavenging assay. DPPH scavenging activity was performed for all
the five samples in six different concentrations. The percentage inhibition was calcu-
lated from the recorded absorbance value for these concentrations. Table 3 shows the
inhibition percentages for the five samples. IC, values for samples A, B, C, D, and E
were obtained to be 214.54, 759.76, 194.28, 211.78, 214.54, respectively. Maximum
inhibition percentage was obtained for sample D. Figure | represents the graphical
representation of percentage inhibition of DPPH free radicals by all the five samples

between the concentrations of 50 to 300 pg/ml.

Table 3. DPPH radical scavenging activity

S. No Concentration % Inhibition
(ug/ml)  Delonix elata Hygrophila  Drynaria ~ Combina- Combi-
auriculata  quercifolia tion-1 (1:1:1)  nation-2
(10:5:1)
1 50 44.46 66.42 25.28 59.96 46.13
2 100 53.69 73.99 31.37 65.87 50.55
3 150 62.92 76.38 42.44 72.69 62.55
- 200 68.63 80.63 56.46 81.55 69.74
5 250 74.72 86.16 66.61 85.42 78.6
6 300 81.73 88.75 73.06 91.14 84.87
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Fig. 1. Concentration versus percentage inhibition of DPPH assay

Phosphomolybdate assay. Table 4 shows the absorbance value and total antioxidant
activity of all the plant extracts at same concentrations with phosphomolybdate assay.
At concentration of 1 mg/ml, the maximum percentage reduction or total antioxidant
activity was obtained for sample D, which was equal to 48.46% followed by sample
E and then the others. This shows that the combination of the three extracts had made
a significant effect on the antioxidant activity to get increased.

Table 4. Phosphomolybdate assay

Plant extracts  Concentration (mg/ml) Absorbance Total antioxidant activity
(o)

A 1 0.446 31.38

B 1 0.398 38.77

e 1 0.641 1.38

D 1 0.335 48.46

E 1 0.367 43.54

ANTIBACTERIAL ASSAY

The antibacterial assay was performed for two different bacteria, gram-negative Es-
cherichia coli and gram-positive Staphylococcus aureus. Table 5 depicts the zone of
inhibition of plant extracts on the growth of the selected bacteria. For E. coli, the zone
was higher in case of sample D whereas for S. aureus, sample C formed the largest
zone out of other plant extracts. This shows that the combination could have both
additive and subtractive effects. However, the positive control amoxicillin formed the
maximum zone of inhibition for both the bacteria.
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Table 5. Zone of inhibition for antibacterial assay

Sample Concentration Zone of inhibition (mm)
(mg/ml) E. coli S. aureus

A 1 10+0.82 11.3+1.7

B 1 9.3+1.25 9.3+1.25

1 12.67+0.94 12.67+1.15

D 1 13+1.63 12+0.82

E 1 11.3+1.80 9.67+0.94

1

Amoxicillin (positive con- 16.3£1.70 24+0.82

trol)

In vitro ANTI-INFLAMMATORY ASSAY

The anti-inflammatory activity of the plant extracts and combinations were studied
by their role in inhibition of protein denaturation. The inhibition percentages for vari-
ous concentrations of plant samples are listed in Table 6. The IC, values for samples
A, B, C, D and E were found to be 583.49, 685.75, 403.01, 473.30, and 3000.24,
respectively. Sample D has exhibited a maximum percentage inhibition of 97.37%.
Again, this explains that there has been a synergistic effect of the combination over
individual extracts. The graphical representation of concentration versus percentage
inhibition of protein denaturation is shown in Fig. 2.

Table 6. Inhibition of BSA denaturation

S.No Concentra- % Inhibition
tion (ug/ml) Delonix elata Hygrophila  Drynaria ~ Combina- Combi-
auriculata  quercifolia tion-1(1:1:1) nation-2

(10:5:1)
1 200 1737 36.00 1.26 49.79 6.74
2 400 42.74 49.37 137 72.00 42.00
3 600 62.00 84.74 31.05 89.68 56.84
4 8§00 76.11 89.79 75.16 94.11 75.79
5 1000 85.79 95.05 92.95 97.37 01.58
120
100 +
E g0 | —— A
%E 60 L e [§
£ 40 ¢ -
20 F 5
0 m—— . i . | g

200 400 600  ROO 1000

concentration (ug/ml)

Fig. 2. Concentration versus percentage inhibition of protein denaturation
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CONCLUSIONS

This research aims to provide safer alternatives to synthetic anti-inflammatory drugs
by harnessing the properties of ethnomedicinal plant extracts from Delonix elata,
Hygrophila auriculata, and Drynaria quercifolia using ethanolic extracts from leaves,
seeds, and rhizomes respectively. Alkaloids, flavonoids, and phenolics (three essential
bioactive compounds) were identified in these extracts based on preliminary phyto-
chemical screening. Two different combinations of these extracts (labelled D and E)
were made in predetermined ratios. These mixtures as well as individual extracts
underwent extensive in-vitro studies to assess their anti-inflammatory, antibacterial,
and antioxidant properties. The results showed that combination D had the highest
overall antioxidant activity and DPPH radical scavenging. In antibacterial assays,
combination D displayed significant inhibitory effects on gram-positive E. coli,
while sample C demonstrated the largest zone of inhibition against gram-negative .
aureus. Importantly, in the assessment of anti-inflammatory activity using the protein
denaturation assay, combination D exhibited exceptional potency with a remarkable
percentage inhibition 0f 97.37% at a concentration of 1 mg/ml. The research findings
highlight the potential of ethnomedicinal plant extracts to offer complementary thera-
pies for inflammatory disorders, hence promoting the development of complementary
and alternative medicine. It makes fresh research directions and creative therapies
grounded on conventional medical knowledge possible.
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