Phytochemical Screening, Nutrients Analysis and Antioxidant Activities of Nannari Root (Hemidesmus indicus)
[bookmark: _GoBack]Abstract:
Hemidesmus indicus belongs to the Apocynaceae is a twining shrub, slender, laticiferous, and is distributed widely in the Indian subcontinent has national and international Pharmacopoeia.The drink prepared from roots is locally called nannari or sarsaparilla and provides a cooling sensation, improve appetite, and purify the blood.Present study was carried out forphytochemical screening, nutrients analysis and antioxidant studies of nannari root (Hemidesmus indicus). The findings underscore the promising properties of the Hemidesmus indicus. The roots are potential source of phytochemicals and articulated potential antioxidant properties. The observed nutritional profile, including adequate moisture, ash, and fiber content, further enhances its suitability for medicinal and nutraceutical applications.Aqueous extracts consistently outperformed juice and chloroform extracts across various assays, including DPPH radical scavenging, total antioxidant capacity, catalase and peroxidase activity, and anti-inflammatory tests.The extract’s ability to inhibit protein denaturation and stabilize lysosomal membranes supports its use in inflammation management.
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Introduction
Hemidesmus indicus belongs to the Apocynaceae is a twining shrub, slender, laticiferous, and is distributed widely in the Indian subcontinent (1). The plant with national and international Pharmacopoeia (2) is used traditionally for several conditions such as inflammation,diabetes, cancer, respiratory disorders,anorexia, fever,syphilis,sexually transmitted diseases, skin diseases,abdominal colic,snakebites, urinary diseases,rheumatism,scorpion stings, dyspnea, leprosy, menorrhagia, pyrosis,  dysentery, diarrhea, cough, bronchitis, blood purifier, body coolant and diuretic (3,4,1).Morphologically as well as chemically the plant resembles African Liane called Mondiawhitei (Hook F.) Skeels. Both have similar ethnobotanical uses and presence of2-hydroxy-4 methoxy-benzaldehyde an isomer of vanillin is reported from the plants. The drink prepared from roots is locally called nannari or sarsaparilla. This root-based drink is formulated to provide a cooling sensation, improve appetite, and purify the blood.This is poor man’s drink of the states of North West Karnataka,Andhra Pradesh, and Telangana. Chutney and pickle using lemon juice are prepared from the roots by the rural people and it taste like ginger pickle and consumed. The use of the root may be one of the factors for the absence of gastric and intestinal disorders.  Because of its colossal medicinal status, the National Medicinal Plant Board (NMPB) of India hasrecognized it as a “highly traded (500-1000 million tonnes/year) medicinal plant” (5,6).Thus, present study was carried out forphytochemical screening, nutrients analysis and antioxidant studies of nannari root (Hemidesmus indicus) an important body coolant drink of Ballari district of Karnataka.




Materials and Methods
Collection of Samples

Hemidesmus indicus root was collected from Bellari market and the roots were washed; shade dried and then milled into coarse powder using a mechanical grinder. The powder was stored in sterile container for further studies. Nutrient analysis was carried out with such powdered sample and for phytochemical and antioxidant studies, three extracts were prepared as follows.The powdered material mixed with water (10g in 100mL) and chloroform (10g in 100mL) was called as aqueous and chloroform extract respectively. The two extracts were subjected to cold extraction overnight in a 250 mL conical flask and filtered through whatman no 1 filter paper. The resulted extracts were used for further analysis. The third sample, commercially available nannari juice was collected from local market of Bellari. All the extracts were stored at 4°C until use.
Nutrient analysis 
The moisture, fiber, ash andcrude fats, of the samples were determined byproximate analyses(7).Moisture was determined byoven dehydration method at 1050C up to theconstant weight. Crude fat was determined byether extraction method using soxhlet apparatus.Crude fiber was determined by acid digestion andalkali digestion method. Ash content wasdetermined in muffle furnace at 5500C for 6h. Theprotein was determined by Lowery’s method against Bovine serum albumin standard, reducing sugar by DNS method with glucose standard, total sugarby anthrone method with glucose standard, Six Minerals viz., sodiumcalcium and Iron, manganese, Zinc, Copper(based on the literature) in the present study were estimated by Induction couple plasma optical emission spectroscopy (ICP-OES) (Thermo Scientific iCAP 7000 Series) and were quantified using reference standard (Agilent Technologies, Bangalore, India) calibration and generated standard curves. Vitamin C was estimated by the dye binding method of 2, 6 di chloro phenol indophenol blue titration procedure as described by(8).
Quantitive phytochemical analysis
The total phenolic content was determined using the procedure proposed byMadhusudana et al(9),using gallic acid as a standard. Breifly, 100 µL of each extract were mixed with 8.9 mL of distilled water and 1 mL of Folin–Ciocalteu’s (FC) reagent. After 5 min of shaking, 10 mL of 7% Na2CO3 and 4.9 mL of distilled water were added for a total volume of 25 mL. The absorbance was measured at 750 nm after 90 min of incubation at room temperature.Total phenol concentrations were reported as µg -gm of gallic acidequivalents (GAEs).
The total flavonoid concentration was determined using a quercetin standard in the aluminum chloride colorimetric assay as described byMadhusudana et al(9). 1 mL of eachsample was added to a 10 mL volumetric flask containing 4 mL distilled water. After five min, 0.3 mL 5 % NaNO2 was added to the flask, followed by 0.3 mL 10 % AlCl3. After five min, 2 mL 1M NaOH was added, followed by distilled water to increase the volume to 10 mL.The content was mixed and absorbance was measured at 510 nm against a blank.Total flavonoid was expressed in µg -gmquercetin equivalents (QE).
The tannins were determined by the Folin-Ciocalteu method, with minor modifications  (9). 0.1ml of the extract solution with added 7.5ml of distilled water, 0.5 ml of Folin-Ciocalteu phenol reagent, and 1ml of 35% sodium carbonate solution and was then diluted to 10 ml with distilled water. The mixture was shaken well and kept at room temperature for 30 min, and the absorbance was recorded at 700 nm against the blank.Total tannin was expressed in µg -gm of tannic acid equivalens (TAE).
Antioxidant studies
Determination of Total Antioxidant Activity (TAA)
	Total antioxidant activity was studied as described byCynthia et al(10), with appropriate modifications. 0.5 mL of each extract of the samples was mixed in TAA mixture (2ml 0.6 M H2SO4 solution + 2ml of 4 mM ammonium molybdate + 1.5ml of 28 mM Sodium phosphate buffer) and to that 1ml of dimethyl sulphoxide solution was added. The blank was prepared with 0.5 mL water instead of sample. The mixture was incubated in boiling water for 30mins. Then the absorbance was recorded at 695nm in the Spectrophotometer (make). Total antioxidant activity was calculated by using the formula Total Antioxidant activity =   ([A control – A Sample ] / A Blank)×100  and expressed in percentage (%) Where Asampleis the absorbance of the ammonium molybdate mixed with the sample, Acontrol is the absorbance of the ammonium molybdate mixed with deionized water, and Ablank is the absorbance of the sample mixed with deionized water.
DPPH Free Radical Scavenging Assay
The DPPH radical scavenging activity was measured as described byAntuani et al(11) with appropriate modification. 1 mL of each extract was added to 5 mL freshly prepared solution of 0.2 mmol-L methanolic solution of DPPH. The control sample contained 1 mL methanol without extract plus methanolic solution of DPPH (5 mL). The absorbance of mixtures was detected at 517nm. The values of DPPH radical scavenging of the samples were calculated according to the following equation:DPPH radical scavenging capacity =   ([A control – A Sample] / A control)×100 and expressed in percentage (%)Where Asample is the absorbance of DPPH mixed with sampls and Acontrol is the absorbance of DPPH in which sample hasbeen replaced with methanol.
Catalase (CAT) activity
Catalase (CAT) activity was measured spectrophotometrically (Shimadzu UV-160) by monitoring the decrease in absorbance at 240 nm resulting in the decomposition of H2O2 (12). One unit (U) of catalase activity was expressed as the amount of enzyme that caused an absorbance change of 0.001 per min under assay conditions. The reaction mixture contained 100 mM sodium phosphate buffer (pH 7.0), 30 mM H2O2 and 100 µl of sample extract in a total volume of 3.0 ml.The reaction mixture withoutthe sample extract served as a control and the bufferwas used as blank.
Peroxidaseactivity (POD)
The peroxidase activity was determined using 4-methylcatechol as substrate. The increase in the absorption caused by oxidation of 4-methylcatechol by H2O2 was measured at 420 nm spectrophotometricallyShimadzu UV-160(13). The reaction mixture contained 100 mM sodium phosphate buffer (pH 7.0), 5 mM 4methylcatechol, 5 mM H2O2 and 500 µl of sample extract in a total volume of 3.0 ml at room temperature.The reaction mixture withoutthe sample extract served as a control and the bufferwas used as blank.The incubation time was 5 minutes at room temperature. One unit of enzyme activity was defined as 0.001 change in absorbance per min, under assay conditions.
Superoxide Dismutase (SOD) avtivity
SOD activity was determined by measuring the inhibition in photoreduction of nitro blue tetrazolium (NBT) by sample extract(14). The reaction mixture contained 50 mM sodium phosphate buffer (pH 7.6), 0.1 mM EDTA, 50 mM sodium carbonate, 12 mM L-methionine, 50 µM NBT, 10 µM riboflavin and 100 µl of sample extract in a final volume of 3.0 ml. A control reaction was performed without sample extractand the bufferwas used as blank. The SOD reaction was carried out by exposing the reaction mixture to white light for 15 min at room temperature. After 15 min incubation, absorbance was recorded at 560 nm using a spectrophotometer. One unit (U) of SOD activity was defined as the amount of enzyme causing 50% inhibition of photochemical reduction of NBT.
In vitro anti-inflammatory activity.
  The in vitro anti-inflammatory activity of the extract was investigated using the method described byChandra et al(15) with modifications. The egg albumin was extracted from freshly laid hen eggs. Different concentrations of the extract and standard (diclofenac) at concentrations (100,200,300, 400,500,600 μg/ml) was) were prepared. The test tubes were filled with 5 mL of the reagent mixture which contained 0.2 mL of egg albumin, 2.8 mL of phosphate buffered saline (PBS, pH 6.4) and 2 mL of extract/standard drug. Double-distilled water was used as the control (blank). The mixtures were mixed slowly by shaking the test tubes and incubated at 37°C for 15 min and then kept in water bath at 70°C for 5 min. The mixture was cooled and 200 µL pipetted into wells of 96-well plate and the absorbance was measured at 660 nm. The % inhibition of was estimated by considering denaturation in control as 100% and calculated by using the formula:% inhibition = (C-S/S)100.
Hemagglutination:
The Hemagglutination test is used to detect the presence of lectins in plant extracts, which can bind to erythrocytes (red blood cells) and cause agglutination. To perform the test, a plant extract is prepared by homogenizing the sample in phosphate-buffered saline (PBS) and centrifuging it to collect the supernatant. A 2% suspension of washed animal erythrocytes is mixed with equal volumes of the plant extract in a microtiter plate. The plate is incubated at room temperature for about 30–60 minutes.The hemagglutination activity of Hemidesmus indicus extracts (Juice, Aqueous, and Chloroform) was determined using a microtiter plate-based hemagglutination assay, which detects the presence of lectin-like proteins capable of agglutinating erythrocytes. The assay was performed using chicken red blood cells (RBCs) as the indicator system (16).
Results and Discussion:
Nutrient analysis 
The proximate analysis of the powdered sample of Hemidesmus indicus rootis shown in (Table 1).The values for moisture content showed 9.5%.The moisture content plays a significant role in determiningthe shelf life and taste characteristics(17,14).The ash content was 4.21 %.The high ash content is a reflection of the mineral (18) and the results suggest a good deposit of mineral elements.The concentration of fiber with 1.11 % makes it a more encouragingas thepresence of fiber in the diet help in digestion and constipation, which has a laxative effect in the gut(19). In the present study the estimated reducing sugar content was found to be 35.2 µg-gand Total sugar content was 60.4 µg-g.The fat present is a good source of essential fatty acids and does not contain cholesterol (20). Crude fat content were 0.73 %.The total protein was found to be 0.10 µg-g. Vitamin C (L-ascorbic acid) is a key antioxidant for both plants and animals(21)and its concentration was found to be 0.87µg-g.Minerals are renowned essential nutrients and provide a vital portion in the effective functioning of the body activity (22).The mineral profile estimated in the present study is shown in Table 1. The results unravel thatcalcium was found to be highest with 46.10 µg-gfollowed by Zinc with 27.5 µg-gand Sodium with 13.12 µg-g. Iron, manganese and Copper were found in the concentration of 0.18 µg-g, 4.16 mg-g‑ µg-g and 8.20 µg-g respectively.
Quantitive phytochemical analysis
Plants are the source of various kinds of chemical constituents includes phenol,alkaloids, terpenoids,flavonoids,  saponins, etc.,. Thesemolecules are known to enhance wellness and decrease health risk aspect. Their use is gradually growing due to their efficacy against several physiological threats. Phytochemical screening not only helps to reveal the constituents of the plant extracts but also is helpful in searching for bioactive agents that can be used as dietary supplement (21).From study it is revealed that the aqueous extracts has the larger phenol content 180.20µg -gm than to juice with160.50µg–gmlastly chloroform extract with130.40 µg-gm. The total flavonoid content was estimated by folins-ciocalteau method. Of the threeextracts flavonoid were greater in aqueous extracts has the larger phenol content 41.33 µg-gm than to chloroform with36.12µg-gmlastly juice extract with34.26 µg-gm. The total tannin estimated in the present study were found to be 74.66 µg–gmin the aqueous extract, followed by Juice and chloroform extract with 68.25 µg–gm and 63.34  µg–gm respectively These bioactive compounds may in part be reason for the seeds to possess higher free radical scavenging activity influencing superior healthy effects. Now days, fruits or any foods are attaining importances which are having high levels of useful phytochemicals.

Antioxidant studies
Total Antioxidant activity
From our study results it is evident that aqueous extract has reported increased levels total antioxidant activity of 63.5%followed by juice with 36.1% and chloroform extract with30.5%(Table 2).The TAA activity has also been reported by (23, 24) in different parts of the plants and has showed that the total antioxidant activity varies depending on the part of the plant and the method used to measure it.
DDPH scavenging activity
The antioxidant property by DPPHradical scavenging assay of the two extracts with that of the reference standard is depicted in (Table 2).The present results revealed the aqueous extract expressed 70.5% when compared to Juice and chloroform extract with 61.76% and 38.23% respectively.Among the three, there were positive correlations among the bioactive compound content, and that of DPPH inhibition (25).The DPPH activity in Hemidesmus indicus has also been reported by (26,27).
Catalase (CAT) activity
The CAT activity assayed in the present study is shown in (Table 2). It is seen that the aqueousextract has the activity of 0.68±0.10 Umol-ml comparatively higher to chloroform extract with 0.27±0.09 Umol-ml followed by juice with 0.21±0.02 Umol-ml. TheCAT is one of the crucial antioxidant enzymes that make oxidative stress to a considerable extent by destroying cellular hydrogen peroxide to produce water and oxygen (28). These enzymes are said to be one of the highest turnover rates for all enzymes(29). 
Peroxidaseactivity (POD)
POD activity was also greater in aqeous extract with 4.6±0.21 Umol- minwhen compared to chloroform extract and juice with 2.73±0.15 Umol-min and 1.93±0.51 Umol-minrespectively (Table 2). POD can convert toxic hydrogen peroxide (H2O2) into harmless H2O with a series of changes in activity, so it is widely used to evaluate the stress tolerance of plants (30,31). They also serve to reclaim lipid peroxidation which is formed during ROS (32).
Superoxide Dismutase (SOD) avtivity
The SOD activity in chloroform, juice and aqueous extracts were 0.72±0.07Umol-ml, 0.42±0.02Umol-ml and 0.15±0.01 Umol-ml respectively indicating the chloroform extract has higher activity than juice and aqueous extract (Table 2). SOD is implicated in contending oxidative stress caused due to various abiotic stresses and plays an indispensable role in plant survival by providing protection against the oxidative burst (33, 34, 35, 36).
Anti-inflammatory Activity:

The anti-inflammatory potential of Hemidesmus indicus extracts was assessed using the protein denaturation inhibition method or membrane stabilization assay, both of which are widely accepted in vitro models for evaluating anti-inflammatory activity. The results are expressed as percentage inhibition of protein denaturation or membrane lysis and it is described graphically inFig.1. The aqueous extract displayed the strongest anti-inflammatory activity, achieving 62.8% inhibition at 600 µg-ml. This could be due to the high content of water-soluble phytoconstituents such as flavonoids, saponins, and polyphenols known to stabilize lysosomal membranes and inhibit pro-inflammatory pathways.The juice extract showed moderate anti-inflammatory effects, with 43.5% inhibition at the 600 µg-ml. Although the fresh juice contains naturally occurring bioactive, the concentration and stability of active anti-inflammatory compounds may be lower than in the aqueous extract.The chloroform extract demonstrated the least activity, with only 34.6% inhibition at 600 µg-ml. Chloroform is less efficient at extracting polar bioactive responsible for anti-inflammatory effects, which explains the comparatively weaker inhibition.
Hemagglutination Activity:

The hemagglutination activity was assessed by incubating serial dilutions of the extracts with a 2% suspension of erythrocytes (chicken red blood cells) and observing for visible agglutination (Fig. 2). The hemagglutination titer is defined as the highest dilution at which agglutination is still observed, indicating the presence of lectin-like proteins or other carbohydrate-binding components.The aqueous extract showed the strongest hemagglutination activity, with a titer value of 1:128. This suggests a high concentration of lectin-like proteins or polysaccharides that can bind to specific carbohydrate moieties on erythrocyte membranes, causing agglutination. These compounds are usually water-soluble, explaining the superior performance of the aqueous extract.The juice extract exhibited moderate agglutination activity, with a titer of 1:32. This indicates that native hemagglutinating proteins are present in fresh plant material, though possibly in lower or less stable concentrations than in the aqueous extract.The chloroform extract demonstrated minimal activity, with a titer of 1:8, suggesting that non-polar solvents do not efficiently extract hemagglutinating factors, which are typically polar or proteinaceous in nature.

Conclusion:
Our findings underscore the promising properties of the Hemidesmus indicus. The roots are potential source of phytochemicals and articulated potential antioxidant properties.The extracted root samples, particularly those prepared using aqueous solvents, exhibited high levels of phenolic and flavonoid content—two key classes of phytochemicals known for their strong antioxidant and anti-inflammatory properties. Aqueous extracts consistently outperformed juice and chloroform extracts across various assays, including DPPH radical scavenging, total antioxidant capacity, catalase and peroxidase activity, and anti-inflammatory tests. The observed nutritional profile, including adequate moisture, ash, and fiber content, further enhances its suitability for medicinal and nutraceutical applications.The extract’s ability to inhibit protein denaturation and stabilize lysosomal membranes supports its use in inflammation management. Future studies involving compound isolation, in vivo models, and clinical trials would provide deeper insights into its pharmacological mechanisms and broaden its applications in modern medicine.
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Table 1. Nutrient analysisofHemidesmus indicus
	Proximate Analysis

	01
	Moisture
	9.5%

	02
	Crude fat
	0.73%

	03
	Crude Fiber
	1.11%

	04
	Ash
	4.21%

	05
	Reducing Sugar
	35.2 µg-g

	06
	Total Sugar
	60.4 µg-g

	07
	Total Protein
	0.10 µg-g

	08
	Vitamin C
	0.87 µg-g

	Micronutrient Characterization

	09
	Sodium
	13.12 µg-g

	10
	Iron
	0.18  µg-g

	11
	Calcium
	46.10  µg-g

	12
	Manganese
	4.16 mg-g‑ µg-g

	13
14
	Zinc
Copper 8.2 µg-g
	27.5  µg-g
























Table 2. Antioxidant studies of Punicagranatum L. seeds
	Sl no
	Phytochemicals
	Hemidesmus indicus aqueous extract
	Hemidesmus indicuschloroform extract
	Hemidesmus indicus
Juice

	01
	Phenol
	180.20 µg -gm
	130.40 µg -gm
	160.50 µg -gm

	02
	Flavonoid, 
	41.33  µg -gm
	36.12 µg -gm
	34.26 µg -gm

	03
	Tannin
	74.66  µg -gm
	63.34 µg -gm
	68.25 µg -gm

	Antioxidant Properties studies

	04
	DPPH
	70.5%
	38.23%
	61.76%

	05
	TAA
	63.5%
	30.5%
	36.1%

	06
	CAT
	0.68±0.10 Umol-ml
	0.27±0.09 Umol-ml
	0.21±0.02 Umol-ml

	07
	POD
	4.6±0.21 Umol- min
	2.73±0.15 Umol-min
	1.93±0.51 Umol-min

	08
	SOD
	0.15±0.01 Umol-ml
	0.72±0.07Umol-ml
	0.42±0.02Umol-ml

	
	
	
	
	





Table 3. Hemagglutination assay of Hemidesmus indicus
	Extract Type
	Titer (Reciprocal of Dilution)
	Interpretation

	Juice 
	1:32
	Strong Hemagglutination

	Aqueous Extract
	1:16
	Moderate Hemagglutination

	Chloroform Extract
	1:4
	Weak Hemagglutination

	PBS (Control)
	0:0
	No Hemagglutination



















Fig.1. The above graph showing of Anti-inflammatory Activity of H. indicus
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Fig.2.The picture shows the results of Hemagglutination assay of H. indicus
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