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ABSTRACT 

	This study investigates the phytochemical landscape of Ixora Nigricans L., a medicinal plant species, through a comparative analysis of its foliar and floral tissues. Qualitative phytochemical screening was performed across a polarity gradient using n-hexane, ethyl acetate, and ethanol to evaluate the distribution of secondary metabolites, while X-ray diffraction (XRD) analysis was used to evaluate crystallinity and structural properties of the extracts. Results revealed a diverse metabolic profile significantly influenced by both solvent polarity and tissue type. Alkaloids demonstrated a ubiquitous presence across all solvent systems and tissues, suggesting a chemically diverse nitrogenous profile with potential pharmacological breadth. In contrast, steroids were identified exclusively in the ethanolic leaf extracts, indicating their presence as polar glycosides and highlighting a tissue-specific biosynthetic downregulation in reproductive organs. Terpenoids were consistently sequestered in the lipophilic n-hexane fractions of both tissues, confirming their role as non-polar defense agents. Furthermore, tannins exhibited a more consistent distribution across the floral fractions compared to the leaves, suggesting an enrichment of phenolics in reproductive structures for protection against oxidative stress and pathogens. These findings establish I. Nigricans are a rich source of bioactive constituents, particularly alkaloids and tannins. The distinct partitioning of metabolites suggests that while leaves are optimal for steroidal recovery, the flowers offer a specialized phenolic profile, providing a strategic roadmap for bioactivity-guided fractionation and the biogenic synthesis of nanoparticles using these tissues as natural reducing agents. The XRD analysis further revealed predominantly amorphous to semi-crystalline structures, with variations in crystallite size and structural ordering between leaf and flower extracts. These findings highlight I. nigricans as a promising source of bioactive compounds and provide a basis for targeted phytochemical extraction and potential applications in green nanotechnology and drug development.
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1. Introduction
Ixora Nigricans, commonly known as black Ixora or black jungle family [1]. It is native to Southeast Asia, particularly found in countries like Malaysia, Indonesia, and Thailand [2]. Ixora Nigricans is an evergreen shrub characterized by its dark green foliage and striking clusters of small, tubular flowers [3]. In traditional medicine, Ixora Nigricans has been used for various medicinal purposes by indigenous communities [4]. The increasing interest in natural products and traditional medicine has sparked scientific investigations into the phytochemical composition and potential health benefits of Ixora Nigricans [5]. Understanding the phytochemical composition of Ixora Nigricans is essential for unravelling its medicinal potential and validating its traditional uses [6]. This information can contribute to expanding our knowledge of Ixora Nigricans as a valuable medicinal plant and may pave the way for further research on its pharmacological activities, mechanisms of action, and potential applications in healthcare [7]. Phytochemicals such as alkaloids, tannins, flavonoids, and phenolic compounds are widely present in different parts of medicinal plants and are commonly used in herbal medicine to treat various diseases, including cough, malaria, wounds, toothache, rheumatic disorders, inflammation, and ROS-related conditions [8]. These compounds exhibit a range of pharmacological activities, including antimicrobial, anti-inflammatory, and antidiarrheal properties. The Alkaloids have antimicrobial and anti-inflammatory properties, helping to reduce gastrointestinal distress [9]. For example, different indigenous communities use Ixora Nigricans for various medicinal purposes, like the Chakma use root extract for diarrhea and ear infections, the Tanchangya prepare leaf-based pills for dysentery, and the Marma use root extract for treating unconsciousness in children, as well as vomiting and bleeding. Scientific studies on its leaves have confirmed significant pharmacological activities, including anti-inflammatory, antioxidant, antiviral, cytotoxic, antispasmodic, anti-arthritic, and CNS depressant effects [10]. 

Micronutrients, though required in small quantities, are essential for optimal growth and development of the plant, besides playing a critical role in enhancing the quality and yield of blooms. Elements such as boron (B), copper (Cu), iron (Fe), manganese (Mn), and zinc (Zn) play significant roles in plant health and flower production [11]. For example, calcium (Ca) facilitates flower opening and delays senescence, while zinc aids in stem elongation and pollen production. Iron is indispensable for photosynthesis, and boron supports cell division and hormone transport [12]. Although traditional flowers like Ixora are increasingly in demand, India’s floriculture sector largely prioritizes cut flowers such as roses, lilies, and orchids, resulting in minimal governmental support for loose-flower cultivation [13]. Fertilizers are applied every six (6.0) months to ensure balanced growth, improved flower color, and higher yield in Ixora, with nitrogen playing a key role in boosting vegetative growth and productivity. Phosphorus supports essential plant processes, while potassium regulates stomatal function, water balance, energy metabolism, and enzyme activity [14]. The plant has glossy, leathery, oblong leaves (sessile to short-petiolate, arranged oppositely or in whorls with basal stipules) and small tubular flowers in dense clusters, which can also be used for cotton fabric coloration [15]. 
Medicinal plants are rich sources of secondary metabolites such as alkaloids, tannins, terpenoids, and flavonoids, which are known to exhibit diverse biological activities, including antimicrobial, antioxidant, and anti-inflammatory effects. Previous studies on Ixora species have reported a range of pharmacological properties; however, detailed investigations into the comparative distribution of phytochemicals across different plant tissues remain limited [16]. In particular, the influence of solvent polarity on metabolite extraction and tissue-specific variation has not been extensively explored for I. nigricans [17]. Another study on Ixora species has reported significant pharmacological activities, including antioxidant, antiviral, cytotoxic, and central nervous system effects [18]. However, comprehensive comparative studies focusing on tissue-specific phytochemical distribution remain limited. 
In this study, we assessed the impact of Ixora Nigricans on medicinal activity and micronutrient-related growth, aiming to determine whether the combined extracts are more effective than individual ones and to provide recommendations on their use [19]. Diversity studies have been conducted, and the genotypes have been clustered based on morphological and molecular data [20]. This primary research may seem beneficial to a large number of people interested in collecting or researching Ixora. Photographs of each species were included in the paper for better identification [21]. Promoting Ixora cultivation through sustainable practices could provide substantial economic benefits to small and marginal farming communities [22]. The plant has been taken into consideration with a keen interest to investigate and carry out the complete study and to get information for consumption and utilization, as well as industrial application of the plant and its product, and quantification of various phytochemical content of dry powder.

2.0 Materials and Methods
2.1. Plant Material Collection
Fresh, fully matured leaves and flowers of Ixora Nigricans were collected from the premises of the Department of Applied Chemistry and Chemical Engineering, Islamic University, Kushtia-7003, Bangladesh. The collection was carried out during the daytime at an approximate ambient temperature of 32.0 °C. The plant samples were authenticated based on morphological characteristics, and only healthy, uncontaminated specimens were selected for analysis.

2.2. Preparation of Plant Materials
The collected plant materials were thoroughly washed with clean water to remove adhering dust and impurities. The leaves were shade-dried at temperatures below 30.0 °C to minimize degradation of thermolabile constituents. The stems were washed, shade-dried, and subsequently oven-dried at a controlled temperature below 40.0 °C using a laboratory oven (WHL-25A, Huanghua Faithful Instrument Co., Ltd., China). The dried plant materials (leaves and flower) were ground into a fine powder using a mechanical blender. Further size reduction was achieved using a mortar and pestle, followed by grinding with a mechanical mortar grinder (Fritsch, Germany) to ensure uniformity. The powdered material was sieved through a 20 mesh sieve and stored in airtight containers, properly labeled, and kept in a cool, dry, and dark environment until extraction.

2.3. Extraction Procedure
2.3.1. General Considerations
Extraction was performed to isolate bioactive phytoconstituents from the plant materials. All procedures were conducted carefully to prevent degradation, loss, or contamination of the active compounds.

2.3.2. Cold Extraction (Solvent Maceration)
The powdered plant materials were subjected to cold extraction using solvents of increasing polarity, namely n-hexane, ethyl acetate, and methanol. Each sample was soaked in the respective solvent in airtight containers and maintained at room temperature for five (5.0) days with intermittent shaking and stirring to enhance extraction efficiency.

2.3.3. Filtration and Concentration of Extracts
Following the extraction period, the mixtures were filtered using appropriate filtration techniques. The filtrates were collected separately and concentrated by evaporating the solvents under reduced pressure or at room temperature until semi-solid residues were obtained. 
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Fig 1: Preparation of Plant Extracts from Ixora Nigricans L. (flowers and leaves).

The resulting extracts were stored in labeled vials and preserved under suitable conditions for further analysis.

2.4. Phytochemical Screening
Preliminary phytochemical screening of the extracts was conducted to identify the presence of major secondary metabolites. Standard qualitative methods were employed to detect compounds such as alkaloids, flavonoids, tannins, saponins, and glycosides. These assays provided a rapid and cost-effective means of assessing the chemical composition of the plant extracts.

2.4.1 Mayer’s Reagent
It is used for the detection of alkaloids. Solution (A) was made to dissolve 0.68 g mercuric chloride in 30.0 ml of distilled water. Solution (B) was made to dissolve 2.5 g of potassium iodide (KI) in 10.0 ml of distilled water. Solutions A and B were mixed, and the volume was adjusted to 100.0 ml with distilled water.

2.4.2 Salkowski Test 
The Salkowski test was performed for the presence of terpenoids. Each extract was mixed with 2.0 ml of chloroform, and then concentrated H2SO4 (3.0 ml) was carefully added to form a layer. A reddish-brown coloration in the interface indicated a positive result for the presence.

2.4.3 Test for Phytochemicals 
The extracts of leaves and flowers of Ixora Nigricans (20 mg) were subjected to qualitative analysis to detect the presence of different classes of chemical constituents in the plant.

2.4.4 Test for Alkaloids
Ethyl acetate, n-hexane, and methanol extracts of each part of Ixora Nigricans were warmed separately with 2.0 % H2SO4 for two (2.0) minutes. It was filtered, and a few drops of the following reagents were added, indicating the presence of alkaloids. Mayer’s reagent shows a creamy white color, indicating a positive. Mayer’s reagent is a chemical reagent mainly used for the detection of alkaloids in qualitative analysis.

2.4.5 Test for Steroids 
2.0 ml of acetic anhydride and 2.0 ml of H2SO4 were added to the extracts. The color changed from violet to blue or green, indicating the presence of 22 steroids.
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Fig 2: The resulting picture of (a) alkaloid, (b) steroid, (c) terpenoid and (d) tanin.

2.4.6 Test for Terpenoids 
The test is based on the reaction of cholesterol (a sterol) with concentrated sulfuric acid (H₂SO₄), producing a color change due to the formation of conjugated compounds. The Salkowski test was performed for the presence of terpenoids. Each extract was mixed with 2.0 mL of chloroform, and then concentrated H2SO4 (3.0 mL) was carefully added to form a layer. A reddish-brown coloration in the interface indicated a positive result for the presence of terpenoids.

2.4.7 Test for Tanins
About 0.50 g of the extract was boiled in 10.0 ml of water in a test tube and then filtered. A few drops of 0.1 % (v/v) Ferric chloride (FeCl3) were added and observed for brownish green or a blue-black coloration.

3. Characterization
3.1. X-ray diffraction (XRD)
Powder XRD was used to describe the crystallinity and crystallographic characteristics of the Rongon flower and leaves extract [31-33]. This non-destructive analytical method looks at how X-rays [34-36] interact with a crystalline material's regular atomic arrangement [23], [24]. A monochromatic X-ray beam was directed at the extracted samples to collect XRD data [37-39]. The crystallographic shape, structure, size, lattice parameters, d-spacing, and dislocation density can all be ascertained with the aid of XRD [25]. The copper tube's X-ray generator, supplied by Smart Lab SE [Rigaku, Japan], runs at 40.0 kV and 50.0 mA (2.0 kW) [40-42]. Using Bragg-Brentano (BB) optics [43-45], the main X-ray travels through a Kβ [46-48] filter 1D for Cu and a Beryllium (Be) window standard incident primary beam (K¹=1.5406° for Cu) [49-50]. The standard operation mode was utilized. A 1D scan mode with a step width of 0.01° and a rate of 30.0°/minute was used for the experiment [51-53]. The length-limiting slit was set at 10.0 mm, the incidence slit box was set at 0.5°, and the scan range (2θ) was between 5.0 ° and 70.0 ° [54-56]. With both receiving slit boxes 1 and 2 open in the theta-theta goniometer geometry, the Hypix-400 horizontal HPAD [57-59] (hybrid pixel array detector), was utilized for detection [60-62]. The crystallite size of synthetic nanoparticles was determined using the Scherrer equation [26], [27], and [28], as explored by equation 1.
                   D =                                                                                                  (1)

4.0 Result and Discussion
4.1 X-ray Diffraction Analysis
To assess the structural properties of Rongon (Ixora Nigricans L.) flower and leaf extracts, X-ray diffraction patterns were acquired over a 2θ range of 5.0 ° to 70.0 °. Instead of crisp Bragg reflections, both samples exhibited large diffraction halos, suggesting an amorphous-to-semicrystalline structure. These patterns are common in organic matrices derived from plants, which are composed of complex phytochemicals lacking long-range periodic order. The XRD features of the flower and leaf extract-mediated samples are primarily amorphous to weakly crystalline, suggesting minimal long-range structural order controlled by phytochemical-mediated nucleation and growth processes. Previous research indicates that XRD can distinguish between the amorphous and crystalline nature of plant-based materials, which is critical for understanding the stability and solubility of bioactive compounds [79].  Significant changes in their phytochemical makeup and their impact on nanostructure development, however, are reflected in peak position, intensity, and broadening [29]. 
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Fig 3: X-ray diffraction patterns of Ixora Nigricans L. (Rongon) flower and leaf extracts.

Table 1. Grain size calculation of Ixora  Nigricans (Rongon) flower and leaves extracts.
	Sample
	2θ
(°)
	(θ)
(°)
	FWHM
(radians)
	Intensity, I
(CPS°)
	Crystallite size
(D) (nm)
	d-spacing
(nm)

	Flower Extract
	41.8
	20.9
	0.19984

	5184
	0.78
	0.0216

	Leaf extract
	52.3
	26.15
	0.308923
	4346
	0.52
	0.175



The floral extract exhibits a diffraction peak at 2θ = 41.8° with a considerably lower FWHM (0.19984 rad), indicating a bigger crystallite size (0.78 nm) and better-ordered crystalline domains. The presence of active phytochemicals like flavonoids and phenolics that enable controlled nucleation and efficient capping, encouraging more uniform crystal growth and tighter lattice arrangement (d = 0.0216 nm), is responsible for the higher intensity (5184 CPS), which further indicates enhanced structural ordering [30].
The leaf extract, on the other hand, shows a diffraction peak at 2θ = 52.3° with a larger FWHM (0.308923 rad), suggesting a lower crystallite size (0.52 nm) and decreased crystallinity. Due to a greater percentage of condensed polyphenols, lignin-related chemicals, and lignocellulosic residues, the lower intensity (4346 CPS) represents comparatively less organized structural domains [63-64]. Faster nucleation, restricted crystal development, and relatively larger lattice spacing (d = 0.175 nm) result from these components' contributions to a more complex and heterogeneous phytochemical matrix. Overall, the findings show that while stem extract promotes smaller, less crystalline structures due to a denser but more heterogeneous phytochemical environment influencing rapid nucleation and growth kinetics, flower extract favors more ordered and relatively larger crystalline nanostructures due to effective phytochemical capping and controlled growth.

4.2 Phytochemical screening of the leaves and flowers of Ixora Nigricans L.
Table 2. Chart for phytochemical screening of the leaves of Ixora Nigricans L.
	Solvent
	Tested group

	
	Alkaloids
	Steroids
	Terpenoids
	Tanin

	N-hexane
	+
	_
	+
	+

	Ethyl acetate
	+
	_
	_
	+

	Ethanol
	+
	+
	_
	_


 
In the phytochemical 2 and table 3, the symbols used "+" for presence, "_" for absence of these constituents.
The qualitative phytochemical screening of Ixora nigricans L. leaf extracts (Table 2) revealed a diverse distribution of secondary metabolites influenced by solvent polarity. Alkaloids were identified across all solvent systems, suggesting a broad range of alkaloidal structures with varying polarities. In contrast, steroids were selectively extracted by ethanol, indicating the presence of polar derivatives such as glycosides.
Terpenoids and tannins were predominantly localized in the n-hexane and ethyl acetate fractions. The presence of terpenoids in the n-hexane extract confirms their lipophilic nature [65], while the detection of tannins in less polar solvents suggests a specific chemical profile-likely condensed tannins-that warrants further quantitative study. These results highlight the necessity of a multi-solvent approach for the comprehensive isolation of the plant's bioactive constituents.
Table 3. Chart for phytochemical screening of the flowers of Ixora nigricans L.
	Solvent
	Tested group

	
	Alkaloids
	Steroids
	Terpenoids
	Tanin

	N-hexane
	+
	_
	+
	+

	Ethyl acetate
	+
	_
	_
	+

	Ethanol
	+
	_
	_
	+



The qualitative screening of Ixora Nigricans L. flower extracts (Table 3) revealed a high prevalence of alkaloids and tannins, which were consistently detected across all solvent systems regardless of polarity. This ubiquity suggests a diverse chemical profile of these metabolites, likely contributing to the flowers' pharmacological potential. Literature established that the use of a polarity gradient—moving from non-polar solvents like n-hexane to polar solvents like ethanol—is essential for the comprehensive extraction of secondary metabolites [80]. Earlier investigations have demonstrated that this sequential approach successfully isolates distinct groups, such as lipophilic terpenoids in n-hexane and polar glycosides or tannins in ethanolic fractions, allowing for a targeted evaluation of a plant’s specific pharmacological potential, such as antimicrobial or antioxidant activities [81].
Conversely, terpenoids were uniquely localized in the n-hexane fraction, confirming their lipophilic nature and the need for nonpolar solvents for their extraction. Notably, steroids were absent from all tested extracts, indicating a tissue-specific metabolic profile distinct from that of the leaves [66]. These findings characterize the floral extracts as a rich source of nitrogenous and phenolic compounds, providing a basis for targeted bioactivity studies.

4.3 Comparative analysis of plant extract (Leaf and Flower)
Comparative profiling of Ixora nigricans L. leaf and floral tissues reveals significant metabolic partitioning, reflecting specialised physiological roles. While alkaloids were ubiquitous, suggesting a conserved nitrogen-based defence strategy, other metabolites showed clear tissue-dependent sequestration. Steroids were identified exclusively in leaf extracts, likely as polar glycosides, reflecting the leaf's role as a primary metabolic hub for the biosynthesis of structural and signalling molecules. By contrast, the absence of steroids in flowers suggests strategic downregulation in reproductive tissues to prioritise other pathways [67]. Conversely, tannins were more consistent in floral extracts, likely serving as chemical barriers to protect the germline from UV stress and pathogens [68]. Furthermore, the localisation of terpenoids in n-hexane fractions across both tissues confirms their conserved role as lipophilic defence agents. These findings characterise the leaves as a superior source for steroidal isolation, while the floral profile is more specialised for concentrated phenolic applications.

5.0 Functional Application and Activity
The functional Applications of Ixora Coccinea extract were explored in Fig. 1, and the exponential uses and activity were described below.

1. Antioxidant Activity
Ixora coccinea exhibits potent antioxidant activity due to its high content of flavonoids (quercetin, rutin), phenolic acids, and triterpenoids (ursolic acid, oleanolic acid). These compounds donate hydrogen atoms or electrons to neutralize reactive oxygen species (ROS) such as superoxide radicals, hydroxyl radicals, and peroxides. Additionally, the extract enhances endogenous antioxidant defense systems by increasing reducing power and total antioxidant capacity. This activity plays a crucial role in preventing oxidative stress-mediated diseases, including neurodegeneration, diabetes, and cancer [69].

2. Antimicrobial Activity
The antimicrobial effect of I. coccinea is attributed to bioactive compounds like flavonoids, tannins, and terpenoids. These compounds disrupt microbial cell walls, alter membrane permeability, and inhibit essential enzymes, leading to microbial death. Extracts show broad-spectrum activity against Gram-positive (Staphylococcus aureus) and Gram-negative (Escherichia coli, Pseudomonas aeruginosa) bacteria, as well as fungi (Candida albicans). The presence of phenolic compounds also interferes with microbial protein synthesis, making the plant a promising candidate against antibiotic-resistant strains [71].

3. Anti-Inflammatory Activity
The anti-inflammatory activity involves inhibition of key inflammatory mediators such as prostaglandins, leukotrienes, histamines, and cytokines. The plant extracts may inhibit cyclooxygenase (COX) and lipoxygenase (LOX) pathways, thereby reducing the production of inflammatory prostaglandins. Additionally, its antioxidant property reduces oxidative stress-induced inflammation. This dual mechanism makes it effective in treating inflammatory disorders such as arthritis, skin inflammation, and tissue injury [70].

4. Antidiarrheal Activity
The antidiarrheal effect is mediated through multiple mechanisms, including inhibition of gastrointestinal motility and reduction of intestinal secretion. The extract reduces the propulsion of intestinal contents (as observed in charcoal meal tests) and decreases enteropooling induced by castor oil. Tannins present in the plant may also form protein-tannate complexes, reducing intestinal irritation and fluid loss. These mechanisms collectively validate its traditional use in treating diarrhea and dysentery [72]. 

5. Anthelmintic Activity
The anthelmintic activity is primarily due to phytochemicals such as tannins and alkaloids, which interfere with the energy metabolism of parasites. These compounds cause paralysis by affecting neuromuscular coordination and eventually lead to the death of the worms. Experimental studies using earthworms demonstrate that chloroform extracts show faster paralysis and death compared to other extracts, indicating strong antiparasitic potential [73]. 

6. Anticancer (antitumor) Activity
Its anticancer potential is mainly due to the presence of camptothecin, a well-known topoisomerase I inhibitor. This compound prevents DNA replication in rapidly dividing cells, leading to apoptosis (programmed cell death). Additionally, flavonoids and triterpenoids contribute to anticancer effects by inducing oxidative stress in cancer cells and inhibiting angiogenesis. Experimental studies also show cytotoxic effects against melanoma and other tumor cell lines, highlighting its pharmaceutical importance [74].
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Fig 4: The functional Applications of Ixora Coccinea extract.

7. Antileishmanial Activity
The plant exhibits significant inhibitory effects against Leishmania donovani promastigotes. The mechanism is likely related to the disruption of parasite mitochondrial function and induction of oxidative stress within the parasite cells. Methanolic extracts show higher activity, suggesting the involvement of polar bioactive compounds. This activity is particularly important for developing low-cost treatments for kala-azar in endemic regions [75].

8. Wound healing Activity
The wound healing potential of Ixora coccinea is associated with enhanced collagen synthesis, increased hydroxyproline content, and improved cross-linking of collagen fibers. These changes lead to increased tensile strength and faster wound contraction. The plant also promotes angiogenesis and epithelialization, which are essential steps in tissue regeneration. Its antimicrobial action further prevents infection, making it effective in both acute and chronic wounds [76].

9. Antidiabetic and hypolipidemic Activity
The hypoglycemic effect may be due to stimulation of insulin secretion, increased glucose uptake by peripheral tissues, or inhibition of carbohydrate metabolism enzymes. The plant also improves lipid metabolism by reducing serum cholesterol, triglycerides, and LDL levels while increasing HDL. These combined effects make it beneficial in managing diabetes and preventing associated cardiovascular complications [69, 77].

10. Analgesic (antinociceptive) Activity
The analgesic activity is mediated through the inhibition of pain mediators such as prostaglandins and substance P. The plant may act on both central and peripheral pain pathways, reducing pain perception. This effect is supported by experimental models showing decreased response to painful stimuli, indicating its potential as a natural pain reliever [70].

11. Hepatoprotective Activity
The hepatoprotective effect is attributed to antioxidant and membrane-stabilizing properties. The plant reduces liver enzyme levels (AST, ALT) and prevents lipid peroxidation in liver tissues. It protects hepatocytes from toxin-induced damage and supports the regeneration of liver cells, making it useful in liver disorders such as hepatitis and drug-induced toxicity [70].

12. Gastroprotective Activity
The plant protects the gastric mucosa by enhancing mucus secretion, reducing acid production, and neutralizing free radicals. It also inhibits ulcer formation by strengthening the stomach lining and promoting healing of existing ulcers. These effects are closely linked to its antioxidant and anti-inflammatory properties [70].

13. Antimutagenic Activity
The antimutagenic property involves the protection of genetic material from damage caused by mutagens such as chemicals and radiation. Flavonoids and phenolic compounds stabilize DNA structure and reduce mutation rates, thereby lowering the risk of cancer and genetic disorders [70].

14. Chemoprotective Activity
The plant protects normal cells from the toxic effects of chemotherapeutic agents and environmental toxins. It enhances cellular defense mechanisms, reduces oxidative damage, and improves the survival of healthy cells during exposure to harmful substances [70].

15. Dermatological Applications
Due to its antimicrobial, anti-inflammatory, and antioxidant properties, Ixora coccinea is widely used in treating skin conditions such as eczema, boils, ulcers, and infections. It promotes skin regeneration and reduces irritation and redness, making it valuable in dermatological treatments [70].

16. Gastrointestinal Applications
Traditionally, the plant is used for treating digestive disorders such as diarrhea, dysentery, nausea, and anorexia. Root decoctions act as stomachic agents, improving digestion and appetite, while tannins help reduce intestinal inflammation [72].

17. Respiratory Applications
Ixora coccinea is traditionally used in respiratory conditions such as catarrhal bronchitis and related disorders. The flowers and roots are specifically mentioned in the treatment of bronchial problems. This use is supported by its anti-inflammatory activity, which helps reduce irritation and swelling in the respiratory tract. Since inflammation is a major factor in bronchitis, this property contributes to symptom relief [72].

18. Reproductive Health Applications
Ixora coccinea is used in traditional medicine for treating menstrual disorders such as dysmenorrhea and conditions like leucorrhoea. Its astringent and anti-inflammatory properties help regulate reproductive health [72].

19. Sedative Activity
The plant exhibits mild sedative properties, helping to relieve hiccups, nausea, and restlessness. It may act on the central nervous system to produce calming effects, improving comfort and relaxation [72].

20. Anti-asthmatic Activity
Ixora coccinea shows potential in managing asthma due to its combined anti-inflammatory, antioxidant, and anti-allergic properties. Asthma is mainly characterized by airway inflammation, bronchoconstriction, and hypersensitivity. The plant helps reduce inflammation in bronchial tissues by suppressing mediators such as histamine and prostaglandins. Its antioxidant compounds protect lung tissues from oxidative damage, which is a major factor in chronic asthma. Additionally, it may relax bronchial smooth muscles, improving airflow and reducing breathing difficulty [78]

21. Analgesic (pain-relieving) Activity
The analgesic effect of Ixora coccinea is associated with its ability to inhibit pain-inducing mediators such as prostaglandins and bradykinins. These compounds are released during tissue injury and inflammation. By reducing their production, the plant decreases the sensation of pain. It may act through both peripheral pathways (at the site of injury) and central pathways (within the nervous system), making it useful in managing inflammatory pain conditions [69, 70].

22. Antipyretic Activity
Although not extensively studied experimentally, Ixora coccinea is traditionally used in conditions involving fever. Its antipyretic potential is likely linked to its anti-inflammatory action, as fever is regulated by inflammatory mediators acting on the hypothalamus. By reducing these mediators, the plant may help normalize body temperature and reduce fever symptoms [70].

23. Cytotoxic Activity
Ixora Nigricans contains compounds such as camptothecin and flavonoids that interfere with cellular replication and metabolic processes. These compounds can induce apoptosis (programmed cell death) in cancer cells and inhibit their proliferation. This makes the plant valuable in screening for anticancer drugs and understanding mechanisms of cell death. [69, 71, 78].

24. Anti-tumour Activity
In addition to cytotoxic effects, Ixora coccinea has been shown to suppress tumor growth in experimental models. It works by inhibiting uncontrolled cell division, reducing tumor size, and preventing metastasis. The plant may also block angiogenesis (formation of new blood vessels), which tumors need for growth and survival. These properties highlight its potential role in cancer therapy [74].

24. Cardioprotective Activity
The cardioprotective effect of Ixora Nigricans is mainly due to its antioxidant and lipid-lowering properties. It protects heart tissues from oxidative stress and prevents damage caused by toxic agents such as drugs or free radicals. By improving lipid profiles and reducing cholesterol levels, the plant may also help prevent cardiovascular diseases like atherosclerosis and heart failure [69].

25. Anti-ulcer Activity
Ixora Nigricans plays an important role in protecting the stomach lining against ulcer formation. It reduces gastric acid secretion while increasing mucus production, which acts as a protective barrier. Its antioxidant activity also helps neutralize free radicals that damage gastric tissues. As a result, it not only prevents ulcer formation but also promotes the healing of existing ulcers [69, 78].

26. Nanoparticle biosynthesis Application
The plant has a modern application in green nanotechnology. Its phytochemicals act as natural reducing and stabilizing agents in the synthesis of metal nanoparticles, such as gold nanoparticles. These biomolecules convert metal ions into nanoscale particles and prevent their aggregation. The resulting nanoparticles show enhanced antimicrobial and biomedical properties, making them useful in drug delivery, diagnostics, and therapeutic applications [69, 78].

27. Neuroprotective Activity
Ixora Nigricans protects neurons from damage caused by oxidative stress, toxins, and neurodegenerative processes. Its antioxidant compounds prevent neuronal cell death and maintain cellular integrity in the brain. This activity suggests potential applications in conditions such as Alzheimer’s disease, Parkinson’s disease, and other neurodegenerative disorders [69].

28. Anxiolytic Activity
The plant exhibits anxiolytic (anti-anxiety) effects by influencing neurotransmitter activity in the brain. It may enhance inhibitory neurotransmitters such as GABA, leading to a calming effect. This helps reduce stress, anxiety, and nervous tension, making it useful in managing psychological conditions [69].

29. Antityrosinase Activity (antiresinase)
Ixora coccinea inhibits tyrosinase, an enzyme responsible for melanin production in the skin. By reducing melanin synthesis, the plant can be used in cosmetic applications such as skin lightening and treatment of hyperpigmentation disorders. This activity is also important in preventing enzymatic browning in biological systems [66].

30. Antineoplastic Activity
Antineoplastic activity refers to the overall ability to prevent, inhibit, or treat cancer. Ixora coccinea demonstrates this through multiple mechanisms, including antioxidant protection, inhibition of tumor cell growth, induction of apoptosis, and prevention of metastasis. This broad-spectrum anticancer potential makes it a promising candidate for future drug development [69, 70, 71].

5.0 Conclusion
This study establishes Ixora Nigricans L. as a rich source of bioactive metabolites, characterized by significant partitioning between foliar and floral tissues. The ubiquitous presence of alkaloids suggests broad pharmacological potential, while the exclusive localization of steroids in the leaves and the consistent tannin profile in the flowers highlight organ-specific biosynthetic strategies. The XRD analysis revealed predominantly amorphous to semi-crystalline structures, suggesting variations in phytochemical-mediated structural organization. However, these findings are based on qualitative screening and preliminary structural analysis, which may limit the depth of interpretation. Therefore, the results should be interpreted with caution. These findings provide a strategic roadmap for targeted drug discovery and the green synthesis of nanoparticles, identifying leaves as optimal for steroidal recovery and flowers for phenolic applications. Future research should focus on the quantitative characterization and bioactivity evaluation of these identified constituents to fully realize their therapeutic and industrial utility.
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