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Phytochemical Profiling and HPLC Quantification of Bioactive Compounds in Hyptis suaveolens, Cymbopogon citratus, and Eucalyptus globulus from Ebonyi State, Nigeria. 


Abstract
This study aimed to identify and quantify the phytochemicals and bioactive compounds detectable from the leaves of three medicinal plants: Hyptis suaveolens (Bushmint), Cymbopogon citratus (Lemongrass), and Eucalyptus globulus (Blue gum), collected from Ebonyi State, Nigeria. Methanol extraction was performed using a Soxhlet apparatus, followed by fractionation via column chromatography and Thin Layer Chromatography (TLC). High-Performance Liquid Chromatography was used to quantify the phytoconstituents. Preliminary phytochemical analysis revealed the presence of significant levels of various phytochemicals. Alkaloids and Anthraquinone were the most abundant and highest in E. globulus (11.1 mg/100g and 11.05 mg/100g respectively), while tannins were most abundant in H. suaveolens (9.84 mg/100g) and C. citratus (8.56 mg/100g). High-Performance Liquid Chromatography (HPLC) analysis identified and quantified eleven (11) major bioactive compounds. Hyptis suaveolens recorded the highest concentrations for 10 compounds. Flavonoids were the most prominent bioactive compounds found in all three plants constituting approximately 54.37%, 48.69% and 55.92% of the total quantified bioactive compounds in Eucalyptus globulus, Hyptis suaveolens, and Cymbopogon citratus respectively. Hyptis suaveolens extract showed remarkably high concentrations of lunamarin (76.32 µg/ml), ribalinidine (64.08 µg/ml), gallocatechin (48.58 µg/ml), and flavonone (33.45 µg/ml). The results confirmed that these plants, especially H. suaveolens, are rich sources of diverse bioactive compounds with potential pharmacological value, justifying their traditional uses and suggesting further investigation into their therapeutic applications.
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1. Introduction
Medicinal plants represent a cornerstone of traditional healthcare systems worldwide and are a invaluable source for modern drug discovery due to their vast array of bioactive secondary metabolites. Plants produce valuable secondary metabolites in response to stress, many of which have wide-ranging therapeutic applications for humans [1]. Compounds, such as alkaloids, flavonoids, phenols, tannins, and saponins are produced as defense mechanisms, and they often possess significant therapeutic properties including antimicrobial, antioxidant, anti-inflammatory, and anticancer activities [2-4].
Hyptis suaveolens (L.) Poit. (Bushmint), Cymbopogon citratus (DC.) Stapf (Lemongrass), and Eucalyptus globulus Labill. (Blue gum) are three species widely used in folk medicine across Nigeria and other tropical regions. They are traditionally employed to treat various ailments
The plant Hyptis suaveolens (L) is a member of the Lamiaceae family and is an ethnobotanically crucial medicinal plant. It is an aromatic annual plant that grows on land up to two meters tall. The leaves are simple, opposite, stalked, and hairy on both sides. The purple flowers contain both male and female parts, lack stalks, and grow in dense clusters in the leaf axils [5]. The plant has been labeled as an obnoxious weed that can be found throughout the tropics and subtropics. Across Africa and tropical regions, H. suaveolens is a common traditional remedy for numerous conditions. These include respiratory issues, digestive problems, infections, and other ailments like jaundice, fever, hemorrhoids, and edema [6-10].
Lemon grass (Cymbopogon citratus) is a tall-growing perennial grass that is native to temperate tropical regions, mostly in the Old World and in Oceania. Cymbopogon citratus is widely used in tropical countries, especially in Southeast Asia. The essential oil of the plant is used in aromatherapy. In many parts of the world, it is widely cultivated for its essential oils.  The essential oil content is 1-2% by dry weight, and its chemical composition varies significantly with genetic diversity, habitat, and agronomic practices. Cymbopogon citratus has been traditionally employed in folk medicine to treat a wide range of conditions. These include nervous disorders, gastrointestinal disturbances, fever, and cardiovascular disease [11]. It is also used as a remedy for cough, influenza, gingivitis, headache, malaria, and various respiratory and vascular disorders. It is most commonly administered as an herbal tea to alleviate gastrointestinal issues such as diarrhea and abdominal pain. Since the functions of Cymbopogon citratus cannot be overemphasized, especially its use for the treatment of various diseases, it becomes very important to know its chemical composition and biological activity. 
Eucalyptus globulus is a tall evergreen species that can grow between 30 and 55 meters in height. It features a straight trunk with smooth, mottled bark that peels away in long strips. Its leaves are alternate, lanceolate, and bluish-green with a waxy texture, releasing a distinct, strong fragrance when crushed. The tree also bears small white flowers arranged in clusters of three. The name Eucalyptus comes from the Greek ‘eu’ meaning well and ‘calyptos’ meaning covered. It refers to the flower bud that is covered by the operculum or cap since the flower petals cohere to form a cap when the flower expands. The tree Eucalyptus is cultivated for its oil, pulp, gum, timber, medicine values. Eucalyptus has numerous medicinal applications. One notable use is in the treatment of mild inflammatory conditions, particularly those affecting the respiratory tract, such as bronchitis and also employed for the symptomatic management of asthma, fever, and throat inflammation [12].
While these plants are known for their medicinal properties, a comprehensive comparative analysis of their phytochemical profiles from specific ecological niches, such as the stressed environments of quarry sites, is limited. This study therefore aimed to extract and quantify the secondary metabolites present in the leaves of H. suaveolens, C. citratus, and E. globulus, isolate and separate the bioactive components using chromatographic techniques.
2. Materials and Methods
2.1. Sample Collection and Identification
Mature leaves of H. suaveolens, C. citratus, and E. globulus were collected in December 2021 from three quarry sites (China Oriental, Crushed Rock, and Shino China) in Ebonyi State, Nigeria. The plant materials were authenticated by Mr. Nwafor, Felix of the Department of Plant Science and Biotechnology, University of Nigeria, Nsukka, where voucher specimens were deposited with numbers UNN/11700 (C. citratus), UNN/11701 (E. globulus), and UNN/702 (H. suaveolens). Geographic coordinates for the collection sites were recorded.
2.2. Sample Preparation
The leaves were washed with tap water, rinsed with distilled water, and sun-dried for seven days. The dried leaves were pulverized into a fine powder using a grinding mill and stored in air-tight containers until extraction.
2.3. Extraction Procedure
One hundred grams (100 g) of each powdered sample was extracted using methanol in a Soxhlet apparatus for 6-8 hours. The crude extract was concentrated using a water bath and stored at 4°C for further analysis.
2.4 Fractionation                                                                                                                                                            
The crude extract was adsorbed in silica gel (70-230 mesh size) and sequentially fractionated using Methanol fractionate (MF), which was used to increase the solvent polarities. The percentage yield was 20.54%. The crude extract was further fractionated using Column Chromatography:  50 ml of the Methanol extract was subjected to column chromatography on silica gel (100 – 200 mesh –Merck), packed and eluted; therefore, a pure methanol crude extract was obtained.
2.5 Phytochemical analysis
2.5.1	Qualitative determination of phytochemicals
The qualitative phytochemical analysis was carried out using various standard biochemical methods. Thus, alkaloid was determined using the method of Effraim [13], Glycosides was determined using the method of Daizy [14], Phenols was determined according to the method of Donli [15], saponin was determined according to the method of Foster [16], Tannins was determined following the method of Elbana [17], Quinones was determined following the method of Fakae [18], Flavonoid was determined following the method of Okigbo [19], and Steroid was determined following the method of Ejikeme [20].
2.5.2	Quantitative determination of phytochemicals
 The quantitative phytochemical analysis was carried out using various biochemical methods. Alkaloids, phenol, falvonoids, steroids, tannins and saponins were determined according to the method of AOAC [21]. Anthraquinones was determined using the method of Kuster and Rocha [22], and glycoside was determined according to the method of Nbaeyi-Nwaoha and Onwuka [23].
2.6. Identification of the Bio-active compounds                                                                                                 
Methanol extract (10ml) was subjected to column chromatography on silica gel (100 – 200 mesh –Merck) packed and eluted with a mixture of n-Hexane, chloroform, ethyl acetate, ethanol, methanol, and water of increasing polarity to obtain fractions.10ml of the method extract was chromatographed over silica gel column (100-200mesh). The admixture was packed on a silica gel column (Merck, India) and eluted starting with 100% increased with solvent polarity, methanol, and water in the ratio of 90:10. Each of the selected compounds gave different colours altogether, such as red, Blue, Green, and yellow.  
2.6.1 Colour Separation Using TLC and Column Chromatography Method   
Thin layer chromatography was used to separate the sample into different colours according to its retention factor (RF). The sample was spotted on a Slurry of silica gel. The silica gel G was prepared with 5 ml of distilled water and tipped over glass plates to form a thin layer (Merck TLC aluminum sheets, silica gel 60F254 (20 × 20cm) precoated plates. The prepared plates were air dried and, for activation, kept in an oven at 100-110°C (30 min). The sample was dissolved in corresponding solvents (24 ml of chloroform and 4 ml of methanol) and was spotted over a stimulated plate (1cm above the bottom). The spotted plates were kept in a previously saturated developing chamber containing mobile phase and allowed to run 3/4th of the height of the prepared plate.  The chromatogram was developed in a mixture of suitable solvent systems. The plates were air dried, and the number of spots was noted, and RF values were calculated. Spots were visualized with ultraviolet light at 254nm. The RF values of the coloured spot were recorded. Each of the coloured dried samples was scraped out using a spatula and labeled separately.
 Rf Value  = 	Distance moved by the mobile
                 	           		  
2.6.2. Quantification by HPLC
The analysis was performed on a BUCK M910 HPLC equipped with a RESTEK 15-meter MXT-1 column (15m x 250um x 0.15um). The injector temperature was 280 °C with splitless injection of 2ul of sample and a linear velocity of 30cms-1, methanol 5. 0 pa.s was the carrier gas with a flow rate of 40 mlmin-1.  The oven operated initially at 200°C, it was heated to 3300C at a rate of 30°C min-1 and was kept at this temperature for 5 min. the detector operated at a temperature of 320°C. Bioactive compounds were determined by the ratio between the area and mass of the internal standard and the area of the identified compound. The concentration of the different bioactive compounds was expressed in ug/ml.
3. Results and Discussion
The present study provides a comprehensive analysis of the phytochemical constituents and bioactive compounds in three medicinally important plants: Hyptis suaveolens, Cymbopogon citratus, and Eucalyptus globulus. The results confirm the presence of a wide spectrum of secondary metabolites and revealed significant quantitative and qualitative differences between the species, which directly inform their ethnobotanical uses and potential therapeutic applications.
3.1. Phytochemical Composition
The results of the qualitative and quantitative preliminary phytochemical screening are presented in Table 1. The analysis revealed a diverse profile of secondary metabolites across the three species. Alkaloids, glycosides, and anthraquinones were the most abundant compound classes in Eucalyptus globulus. Cymbopogon citratus (Lemongrass) exhibited the lowest concentrations of most phytochemicals, with the exception of anthraquinones, where it recorded the second-highest level among the three plants. Hyptis suaveolens contains the highest levels of flavonoids and tannins. Alkaloids were consistently high across all three plant species. The high alkaloid content observed in E. globulus (11.10 mg/100g) is a hallmark of the Eucalyptus genus [24, 25]. Alkaloids are renowned for their diverse pharmacological effects, including analgesic, anti-inflammatory, and antimicrobial activities [26]. This high alkaloid concentration provides a scientific basis for the traditional use of eucalyptus leaves in decoctions for treating pain, fevers, and respiratory infections. Conversely, C. citratus (Lemongrass) showed a comparatively lower overall phytochemical yield but a notably high tannin content (8.56 mg/100g). Tannins are astringent polyphenols known for their ability to precipitate proteins, making them effective in treating wounds, burns, and diarrhea by forming a protective layer and inhibiting microbial growth [27-29. This aligns with the traditional use of lemongrass for gastrointestinal issues and as a topical antiseptic. The significant anthraquinone content in all three plants, particularly in E. globulus and C. citratus, is also of interest. Anthraquinones are a class of compounds with well-established laxative effects but also exhibit antiviral and antibacterial properties [30]. Most strikingly, H. suaveolens emerged as a particularly rich source of flavonoids (8.99 mg/100g) and tannins (9.84 mg/100g). Flavonoids are one of the most potent classes of natural antioxidants, capable of scavenging free radicals, chelating metal ions, and mitigating oxidative stress—a key factor in chronic diseases like cancer, diabetes, and neurodegeneration [31]. The high flavonoid and tannin content in H. suaveolens strongly supports its widespread use in traditional medicine for treating inflammatory conditions, wounds, and infections, suggesting its extract could be a potent source of natural antioxidants.

Table 1: Results of quantitative phytochemical analysis (mg/100g)
	Phytochemical
	Eucalyptus globulus
	Cymbopogon citratus
	Hyptis suaveolens

	
	Qual.
	Quant. (mg/100g)
	Qual.
	Quant. (mg/100g)
	Qual.
	Quant. (mg/100g)

	Alkaloid
	+++
	11.10
	+++
	10.12
	+++
	10.87

	Glycoside
	+++
	11.21
	+
	1.09
	+
	0.87

	Anthraquinone
	+++
	11.05
	+++
	10.56
	++
	9.56

	Phenol
	+++
	10.50
	+
	2.80
	+++
	10.30

	Saponin
	+++
	9.60
	++
	4.60
	++
	3.90

	Tannin
	+
	0.78
	++
	8.56
	+++
	9.84

	Flavonoid
	++
	4.40
	+
	0.90
	+++
	8.99

	Steroid
	++
	4.78
	+
	1.98
	++
	4.34



3.2 HPLC Quantified Bioactive Compounds 
HPLC was used for precise identification and quantification of specific bioactive compounds. The HPLC analysis moves beyond general classes of compounds to identify and quantify specific bioactive molecules, offering a deeper level of insight. The results presented in Tables 2–4 revealed distinct bioactive profiles, including phenols, flavonoids, alkaloids, and aglycone. Hyptis suaveolens recorded the highest concentrations for 10 out of the 11 quantified compounds. Cymbopogon citratus showed the highest level of flavone, while Eucalyptus globulus, although not dominant in any single compound, exhibited notable amounts of lunamarin and catechin. The bioactive constituents of each plant are discussed according to their respective chemical classes.
Phenols
Phenolic compounds were a minor component in all three plants. Resveratol, a non-flavonoid polyphenol was detected in moderate levels in the three plants. The concentration was relatively consistent across all three, with Hyptis (11.38 µg/mL) and Eucalyptus (10.68 µg/mL) showing slightly higher levels than Lemon Grass (6.74 µg/mL). Resveratrol is a polyphenolic phytoalexin produced by plants such as berries, peanuts, and grapes, and is known for its antioxidant, anti-inflammatory, antiplatelet, antidiabetic, and anticancer properties [32, 33]. At lower doses, in vitro studies have demonstrated its ability to inhibit all stages of carcinogenesis [34]. Conversely, at higher doses, resveratrol functions as a pro-apoptotic agent, inducing cancer cell death, and has also been reported to impair cardiac function [34]. 
Flavonoids
This class of compounds displayed the greatest variance in concentration across the three plants. They were the most prominent bioactive compounds found in all three plants constituting approximately 54.37%, 48.69% and 55.92% of the total quantified bioactive compounds in Eucalyptus globulus, Hyptis suaveolens, and Cymbopogon citratus respectively. C. citratus has the highest percentage, followed closely by E. globulus. While the Flavonoid class is the largest in all three, the specific flavonoids within the class vary greatly in their individual percentages from plant to plant. The flavonoids detected include catechin, flavonones, flavan-3-ol, flavone, gallocatechin, isoflavonoids, and kaempferol. Notably, the high concentration of Gallocatchin (48.58 µg/ml) in H. suaveolens is a significant finding. Gallocatechin, a type of catechin, is a powerful antioxidant more commonly associated with green tea. Its presence in such high levels suggests that H. suaveolens could rival established antioxidant sources and warrants investigation into its potential neuroprotective, cardioprotective, and chemopreventive effects. In addition to its potent antioxidant activity, which mitigates oxidative damage in healthy cells, it demonstrates antiangiogenic and antitumor effects and modulates tumor cell chemoresponse [35]. Similarly, flavonones were also predominant in Hyptis suaveolens (33.45 µg/ml), with Cymbopogon citratus (9.15 µg/ml) showing a moderate amount and Eucalyptus globulus (1.15 µg/ml) a minimal amount. Flavan-3-ol content followed the overall trend, with Hyptis suaveolens (30.49 µg/mL) containing over double the amount present in the other two extracts (~12 µg/ml). In contrast, the flavone content was remarkably stable and consistent in Eucalyptus globulus and Cymbopogon citratus (~17.23 µg/ml) but was present at a lower concentration in Hyptis suaveolens (12.66 µg/ml). Flavanones are a subclass of flavonoids known for their antioxidant [36], anti-cancer [37, 38], antimicrobial [39, 40], antifungal [41], phytotoxic [42] and anti-inflammatory [43] activities. The concurrent presence of these high-value compounds in H. suaveolens indicates a synergistic potential, where the combined effect of multiple bioactives may be greater than the sum of their individual effects.
Alkaloids 
Alkaloids are a diverse group of natural compounds distinguished by heterocyclic nitrogen atoms [44-46]. Alkaloids were the second most abundant bioactive compounds found in all three plants constituting approximately 31.29%, 37.23% and 33.54% of the total quantified bioactive compounds in Eucalyptus globulus. Hyptis suaveolens, and Cymbopogon citratus respectively. Two alkaloids were detected- alkaloids detected were lunamarin, and ribalinidine. Lunamarin was the single most abundant compound in the entire profile, extraordinarily high and most abundant in Hyptis suaveolens (76.32 µg/ml), followed by Cymbopogon citratus (33.63 µg/ml) and Eucalyptus globulus (33.48 µg/ml). Traditionally, they were employed in the preparation of spices, medicines, and poisons. Lunamarin has been reported to possess anti-estrogenic, anticancer, anti-amoebic, and immunomodulatory activities [47]. The concentration of Ribalmidine was also exceptionally high in Hyptis suaveolens (64.08 µg/ml). Ribalinidine is a quinoline alkaloid. Quinoline alkaloids are pharmacologically active compounds known to exhibit diverse biological activities, including anti-inflammatory, antimalarial, antimicrobial, antioxidant, metal-chelating, and anti-protozoal effects [48].
Aglycone 
Aglycones are the non-sugar portions of glycosides which can be a terpene, flavonoid, or coumarin. The aglycones in cardiac glycosides (digitoxin, digoxin, gitoxin) directly increase the force of heart muscle contractions [49]. It was also the most prominent in Hyptis suaveolens
Table 2: Bioactive compound composition of Eucalyptus globulus detected by HPLC.
	Class of compound
	Component
	Retention Time (min)
	Area
	Height
	Conc.  (µg/ml)
	Composition (%)

	Phenolic (8.31%)
	Resveratol
	0.306
	7747.0627
	285.288
	10.6774
	8.31

	


Flavonoids (54.37%
	Catechin
	2.420
	3648.4088
	285.401
	19.4950
	15.17

	
	Flavonones
	16.896
	4255.4497
	334.689
	1.1533
	0.90

	
	Flavan-3-ol
	18.016
	3691.5902
	289.353
	13.6479
	10.62

	
	Flavone
	23.483
	6295.0994
	493.007
	17.2283
	13.41

	
	Gallocatechin
	35.806
	3738.6794
	293.649
	5.4091
	4.21

	
	Isoflavonoids
	38.563
	3750.8060
	294.034
	5.0582
	3.94

	
	Kaempferol
	39.900
	3964.3128
	312.169
	7.8819
	6.13

	Alkaloids (31.29%)
	Lunamarin
	32.563
	3529.8671
	277.175
	33.4819
	26.05

	
	Ribalinidine
	5.506
	3437.7298
	269.451
	6.7335
	5.24%

	Others (6.03%)
	Aglycone
	24.916
	3293.1976
	258.448
	7.7551
	6.03%



Table 3: Bioactive compound composition of Hyptis suaveolens detected by HPLC.
	Class of compound
	Component
	Retention Time (min)
	Area
	Height
	External Amount
	Units

	Phenolic (3.02%)
	Resveratol
	1.883
	10310.4636
	79.009
	11.3824
	3.02%

	


Flavonoids 
(48.69%)
	Catechin
	4.770
	7981.3190
	148.708
	22.5308
	5.97%

	
	flavonones
	15.696
	15628.3172
	330.432
	33.4475
	8.87%

	
	Flavan-3-ol
	18.260
	10767.5819
	226.431
	30.4883
	8.09%

	
	Flavone
	24.106
	4624.6554
	97.990
	12.6566
	3.36%

	
	Gallocatechin
	32.346
	13533.5810
	279.188
	48.5752
	12.88%

	
	Isoflavonoids
	39.246
	5364.3732
	113.520
	7.2342
	1.92%

	
	Kaempferol
	45.570
	137.3300
	75.440
	0.7358
	0.20%

	
	Kaempferol
	45.270
	5218.4190
	149.341
	27.9606
	7.42%

	Alkaloids 
(37.23%)
	Ribalinidine
	8.750
	17777.7308
	374.284
	64.0834
	17.00%

	
	Lunamarin
	31.433
	8046.0438
	183.516
	76.3193
	20.24%

	Others (11.06%)
	Aglycone
	29.116
	17704.3660
	374.940
	41.6918
	11.06%



Table 4: Bioactive compound composition of Cymbopogon citratus detected by HPLC.
	Class of compound
	Component
	Retention Time (min)
	Area
	Height
	Conc. (µg/ml)
	% Composition

	Phenolics (4.92%)
	Resveratol
	0.426
	6108.0233
	55.456
	6.7431
	4.92%

	


Flavonoids (55.92%)
	Catechin
	2.423
	3584.7027
	72.032
	10.1194
	7.38%

	
	flavonones
	16.900
	4273.9892
	85.054
	9.1471
	6.67%

	
	Flavan-3-ol
	18.013
	3668.8441
	73.766
	10.3883
	7.57%

	
	Flavone
	23.483
	6312.0334
	125.373
	17.2746
	12.59%

	
	Gallocatechin
	35.806
	3739.7866
	74.523
	13.4230
	9.78%

	
	Isoflavonoids
	38.563
	3726.4203
	74.465
	5.0253
	3.66%

	
	Kaempferol
	39.776
	2050.3854
	57.237
	10.9861
	8.01%

	
	Kaempferol
	40.076
	66.5142
	35.450
	0.3564
	0.26%

	Alkaloids (33.54%)
	Ribalinidine
	5.506
	3438.8984
	68.471
	12.3962
	9.04%

	
	Lunamarin
	32.563
	3545.0768
	70.367
	33.6262
	24.51%

	Others (5.62)
	Aglycone
	24.916
	3275.3754
	65.634
	7.7131
	5.62%



4. Conclusion
This study successfully profiled the phytochemical constituents of H. suaveolens, C. citratus, and E. globulus. The preliminary analysis confirmed the presence of valuable secondary metabolites in all three plants. HPLC analysis provided a detailed fingerprint, identifying and quantifying specific bioactive compounds like lunamarin, Ribalinidine, gallocatchin, and flavonone, which were particularly abundant in Hyptis suaveolens. The findings scientifically validate the traditional use of these plants and highlight Hyptis suaveolens as an especially promising candidate for further pharmacological studies. The isolation of pure compounds opens avenues for future research into their specific biological activities, such as antimicrobial, antioxidant, and anti-inflammatory assays, which could lead to the development of new natural therapeutic agents.
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