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	Jasminum subtriplinerve, a Southeast Asia medicinal plant, is traditionally used in Vietnam for its anti-inflammatory, pain-relieving, and antioxidant activity. This study investigates the potential of J. subtriplinerve extracts from the leaf and stem, green fruit, and ripe fruit (obtained from different biological cultivation locations) to inhibit nitric oxide (NO) production and scavenge DPPH radicals. Results reveal significant variations in IC50 values among different plant parts and cultivation locations. The results show that the leaf and stem extracts demonstrated the most potent inhibition of NO production, with the lowest IC50 value observed in Dong Giang (72.46 μg/mL). Conversely, the green and ripe fruit extracts showed weak inhibitory effects, with IC50 values exceeding 90 μg/mL in most cases. Furthermore, analysis of scavenging activity against free radicals using DPPH assay showed similar trends, with the leaf and stem extract exhibiting more potent inhibitory activities than fruit extracts. SC50 values for LS extracts ranged from 36.83 to 50.95 μg/mL. In contrast, GF and RF extracts exhibited weak antioxidant activity, SC50 values exceeding 60 μg/mL, and, in some cases, negligible biological activity (>100 μg/mL). These findings underscore the importance of considering both the plant part and the cultivation location when evaluating the efficacy of J. subtriplinerve extracts in modulating NO production and antioxidant activity.  
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Introduction
The Jasminum genus (Oleaceae) stands out for its bioactive compounds with promising therapeutic potential. Notably, phenolic compounds within this genus have been extensively studied for their pharmacological properties.1 Current research highlights this genus’s anti-inflammatory and antioxidant activities, linked to their rich bioactive compounds such as phenolics, terpenoids, coumarins, glycosides, and steroids.1-4 In genus, particularly J. grandiflorum and J. subtriplinerve, exhibits significant anti-inflammatory properties. Computational studies on J. grandiflorum identified iridoids, flavonoids, and small molecules with high anti-inflammatory potential, showing good binding interactions with key inflammatory targets.5
In Vietnam, the Jasminum genus boasts 30 species, 8 of which possess medicinal value, with J. subtriplinerve being the most commonly used. J. subtriplinerve is distributed primarily in many Central Region provinces, such as Quang Tri, Quang Nam, and Thua Thien Hue.6,7 In traditional remedies, the leaves and stems of J. subtriplinerve are frequently used to treat infections, inflammation, and skin diseases and are especially beneficial for postpartum women.8-10
 
*Corresponding author. Email: phamthanh@hueuni.edu.vn 
 Tel: +84911346679
 
Citation: Tan NDN, Duc TM, Thang TN, Lam NH, Pham T. Inhibitory Effects of Jasminum subtriplinerve Extracts on Nitric Oxide Production and Antioxidant Activity: Influence of Plant Parts and Cultivation Locations in Central Vietnam. Trop J Nat Prod Res. 2024; 8(6):7441-7446. https://doi.org/10.26538/tjnpr/v8i6.16 
 
Official Journal of Natural Product Research Group, Faculty of Pharmacy, 
University of Benin, Benin City, Nigeria
 
 
Additionally, the ethanolic extract of J. subtriplinerve demonstrated analgesic effects and chronic hypouricemic properties in mice,11 and the ethyl acetate extracts of J. subtriplinerve displayed dose-dependent anti-inflammatory activity, suggesting their potential as novel anti-inflammatory properties.12 Previous studies have shown that the ethyl acetate and n-butanol extracts of J. subtriplinerve exhibited NO inhibition ability. Additionally, all extracts except for petroleum ether displayed antioxidant properties.13,14 J. subtriplinerve boasts a rich chemical composition, particularly flavonoids, polyphenols, iridoids, and terpenoids.15-18 These compounds contribute to its anti-inflammatory and antioxidant activities, supporting its traditional medicinal uses.
Free radicals are produced by the product of normal cellular metabolism or in response to environmental stressors. They are key contributors to various pathological conditions, including cardiovascular diseases, cancer, and ageing.19   Nitric oxide (NO), a free radical, plays critical roles in various physiological processes, including vasodilation and neurotransmission. However, excessive NO production can contribute to pathological conditions such as inflammation, septic shock, and chronic diseases like asthma and arthritis. Hence, inhibiting NO production can sometimes be beneficial in therapeutic settings to mitigate these effects.20,21  
However, previous research only explored J. subtriplinerve antimicrobial, analgesic, anti-inflammatory, and hypouricemic properties. The focus has primarily been on leaves and stems, neglecting the potential of other plant parts.12,14,22  According to Gogoi et al. (2018), essential oil from Litsea cubeba fruits exhibited stronger in-vitro antioxidant and anti-inflammatory activity than leaf oil.23 Recent studies investigating the biological properties of fruits from medicinal plants highlight their potential as a source of new bioactive compounds, paving the way for exciting discoveries.23,24 Additionally, ecological conditions affect the biological activities of herbal plants.25,26 Biological factors such as cultivation practices and environmental conditions significantly influence the active constituents and their accumulation in medicinal plants.27 Local communities can optimise plant yields and quality products through systematic cultivation procedures by understanding how environmental factors affect plants’ medicinal values.
The study aimed to evaluate the potential of J.subtriplinerve extracts to inhibit NO production and DPPH radicals scavenging activity, specifically focusing on unexplored plant parts and how ecological factors influence the plant’s biological activities.
 
Materials and methods
Plant Material and Sampling Criteria
Leaf and stem (LS) were collected in August 2023, targeting the peak season for verbacoside content, a valuable compound with anti-inflammatory and antioxidant activities,28 while green fruit (GF) samples were collected in October, and ripe fruit (RF) samples were collected in November 2023. Samples were collected at 4 locations in 2 provinces of Quang Tri and Quang Nam (Table 1). Samples were identified by Dr. Tran Minh Duc (Hue University, Vietnam, 530000) with the scientific name Jasminum subtriplinerve Blume (synonym: Jasminum nervosum).29 The plant specimens were kept in a biological laboratory archive of the University of Education, Hue University, Vietnam, 530000.
Branches selected for LS sampling have a length of 1-1.5 meters from the growth tip to the base or branch location, a 3-4 mm stem diameter, and 8-10 pairs of leaves to ensure equality in physiological age. For GF samples, fruits with a diameter of 6-8 mm were employed for the study (Figure 1). While for the RF samples, fruits with a 7-9 mm diameter were used. Plants selected for sampling were free of pests and diseases and were planted in October 2022.
 
Table 1:  Sampling locations.
 
	No
	Coordinates (Latitude, Longtitude)
	Districts
	Province

	1
	15.6368, 108.3575
	Vinh Linh 
	Quang Tri

	2
	16.7886, 106.9987
	Cam Lo

	3
	16.0052, 107.9084
	Dong Giang
	Quang Nam

	4
	17.0817, 107.0520
	Thang Binh
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Figure 1: Jasminum subtriplinerve (i) Leaf and stem, (ii) Green fruit, and (iii) Ripe fruit
 
 
 
 
Extraction
The powdered sample (10 g) was weighed and soaked in methanol (50 mL) for 24 hours at room temperature. Then, it was sonicated for 20 minutes with an Elma Transsonic machine. The extract was filtered with Whatman No. 1 filter paper and concentrated to dryness using the Buchi R-200 vacuum rotary evaporator system at 60°C under reduced pressure for 30 minutes. 
 
Nitric Oxide (NO) Inhibitory Assay
RAW 264.7 murine macrophage cells procured from ATCC were cultured in Dulbecco’s Modified Eagle Medium enhanced with 10% Fetal Bovine Serum, 100 μg/mL penicillin-streptomycin, and kept at 37°C in an environment containing 5% CO2. RAW 264.7 cells were then separated with a scraper.30 The Griess method was used to calculate the amount of NO present in the culture medium.31 The corresponding NO production inhibition ability of the sample was determined from:
% inhibition = 100% - (NOsample concentration/ NOcontrol concentration) × 100 (1)
The test was done in triplicates to determine the IC50 value (concentration that inhibits 50% of NO formation).
 
Antioxidant Activity Determination
The antioxidant activity of the extract was determined using the DPPH method described by Abramovič et al. (2018) with adjustments.32  Test samples were mixed with methanol stock solution and diluted with deionised water to create various concentrations for analysis. L-ascorbic acid, the reference control, was prepared separately in deionised water. A 0.25 µM DPPH solution was prepared in 100% methanol. Aliquots (100 µL) of each sample and an equal volume of DPPH solution were added to separate wells in a 96-well plate (1:1). A control well with only DPPH solution (no sample) was included in the assay. All wells were incubated for 30 minutes at room temperature. After incubation, the optical density (OD) of each well was measured at 517 nm using a spectrophotometer. The ability of the test sample to neutralise the DPPH free radicals (Scavenging Activity - SA) was determined from the formula:
% SA= (A0 − A)/A0 × 100 (2)
where A0: OD control well − OD blank well; A: OD sample well − OD blank well.
The test was in triplicates to determine the SC50 value (concentration that neutralises 50% of DPPH free radicals).
 
Statistical Analysis
Data were processed using Microsoft Excel 2010 and Statistix 10.0. One-way ANOVA analysis of variance and Tukey multiple comparisons (p<0.05) were used for statistical significance and comparisons between location, parts, and positive controls.
 
Results and discussion
The average extraction yields of the different plant parts are shown in Table 2. LS 5.98 ± 0.26%, while that from GF and RF were 8.16 ± 0.74% and 6.27 ± 0.83%, respectively.
Similarly, the effects of the leaf and stem, green fruit, and ripe fruit extract of J. subtriplinerve on NO production (Table 3) showed the location of sample collection impacts the NO inhibitory ability of the J. subtriplinerve. The LS extract showed IC50 values ranging from 72.46 to 83.99 μg/mL across samples, with the highest value in Dong Giang. In the case of the GF extract, Vinh Linh exhibited the highest value (70.24 ± 1.40 μg/mL) and a significant difference compared with other locations. The RF extract displayed IC50 values, with Cam Lo demonstrating the strongest (73.66 ± 5.22 μg/mL). In contrast, Dong Giang and Vinh Linh had the lowest values (98.63 - 98.80 μg/mL).
Significant variations in NO inhibitory efficiency were observed among different plant parts within the same biological cultivation. In Vinh Linh, for instance, the GF extract demonstrates the most potent inhibitory activity with a mean IC50 value of 70.24 ± 1.40 μg/mL, while the RF extract was relatively less with a mean IC50 value of 98.80 ± 3.05 μg/mL. Conversely, in Cam Lo, the RF extract was 73.66 ± 5.22 μg/mL and was significantly different from the remaining parts, with the GF extract showing no anti-inflammatory activity. In Thang Binh, the IC50 values ranged from 74.55 to 84.53 μg/mL. Lastly, in Dong Giang, the LS extract from Dong Giang had the highest IC50 value (72.46 ± 4.73 μg/mL), while both the GF extract (98.23 ± 2.64 μg/mL) and the RF extract (98.63 ± 3.74 μg/mL) exhibit relatively less compared to the LS extract. The positive control (Dexamethasone) exhibited the most, with an IC50 value of 13.89 μg/mL and, significantly different from all above values (p<0.05). These findings underscore the importance of considering both the plant part and the cultivation location when evaluating the efficacy of J. subtriplinerve extracts (Table 3).
The DPPH antioxidant activity of the LS, GF, and RF extracts varied significantly across different locations. As shown in Table 4, the SC50 values of the LS extract ranged from 36.83 to 50.95 μg/mL with no significant difference between locations. For the GF extract, only Thang Binh and Dong Giang samples exhibited determinable SC50 values, reaching 99.51 ± 4.06 μg/mL and 64.20 ± 3.69 μg/mL, respectively. Dong Giang displayed a relatively higher efficiency. Similarly, for the RF extract, only Thang Binh (68.68 ± 2.79 μg/mL) and Dong Giang (69.35 ± 3.12 μg/mL) had determinable SC50 values, showing comparable activity in these locations
The LS extract consistently displayed the strongest free radical scavenging activity across various cultivation locations, while the GF and RF extracts exhibited weaker activity. The SC50 value of 36.83 ± 1.47 μg/mL indicates a relatively strong scavenging activity against free radicals, while the GF extract and RF extract exhibit weaker activity, with SC50 values above 100 μg/mL. Similarly, in Cam Lo, the LS extract demonstrates the most efficient scavenging activity with a SC50 value of 42.89 ± 2.27 μg/mL. In contrast, the GF and RF extract show SC50 values above 100 μg/mL. In Thang Binh, all three extracts exhibit good SC50 values, with the LS extract displaying the highest efficiency (47.91 ± 2.89 μg/mL), followed by the RF extract  (68.68 ± 2.79 μg/mL) and the GF extract showing relatively weaker activity (99.51 ± 4.06 μg/mL). In Dong Giang, the LS extract also demonstrated the most efficient scavenging activity (50.95 ± 2.40 μg/mL), followed by the GF extract (64.20 ± 3.69 μg/mL) and the RF extract (69.35 ± 3.12 μg/mL). The positive control, L-Ascorbic acid, exhibited the most potent antioxidant activity, with an SC50 value of 13.89 μg/mL, significantly different from all extracts tested (p<0.05). These results suggest that the LS extract generally exhibits stronger scavenging activity against the DPPH free radicals than the fruit extracts within each cultivation location. However, variations in scavenging activity among different plant parts across ecologies imply potential differences in antioxidant properties influenced by environmental factors (Table 4).
The results of evaluating the anti-inflammatory and antioxidant activities of different parts of the J. subtriplinerve cultivated in various ecological regions indicate discrepancies (Table 3, 4). These differences stem from variations in environmental conditions across the cultivation locations (Table 1). Plant chemistry fluctuates within a species due to environment (climate, season, location). Diverse needs for adaptation, seasonal changes, and geographical variations (genetics) influence the production of primary and secondary metabolites.33,34 In Argentina, Marrassini et al. (2018) showed a relationship between environmental conditions observed in various phytogeographic zones and the chemical composition, anti-inflammatory, and antioxidant activities of U. aurantiaca.35
 
Table 2: Extract yields (%)
 
	Sample
	Vinh Linh
	Cam Lo
	Thang Binh
	Dong Giang
	Mean ± SE

	Leaf and stem (LS)
	6.00
	6.67
	6.00
	5.33
	5.98 ± 0.26

	Green fruit (GF)
	7.33
	10.29
	7.00
	8.00
	8.16 ± 0.74

	Ripe fruit (RF)
	6.41
	4.00
	6.67
	8.00
	6.27 ± 0.83


 
 
Table 3: Inhibitory effects of J. subtriplinerve leaf and stem, green fruit, and ripe fruit extract of different biological cultivation on the production of NO
 
	Extract
	The biological cultivation (μgmL-1 of IC50)

	Mean ± SD

	Vinh Linh
	Cam Lo
	Thang Binh
	Dong Giang

	Leaf and stem (LS) 
	78.56 ± 2.77cBC 
	83.99 ± 2.25cC
	82.66 ± 4.30bC
	72.46 ± 4.73bB

	Green fruit (GF)
	70.24 ± 1.40bB
	>100
	74.55 ± 2.85bC
	98.23 ± 2.64cC

	Ripe fruit (RF)
	98.80 ± 3.05dD
	73.66 ± 5.22bB
	84.53 ± 5.19bC
	98.63 ± 3.74cD

	Dexamethasone (Positive control)
	13.89±1.29aA


Significant differences are denoted by capital letters in a row and lower-case letters in a column. There are no statistically significant differences when the same lowercase and capital letters are used in every row and column (p<0.05).
 
 
Table 4: Effects of J. subtriplinerve leaf and stem, green fruit, and ripe fruit extract of biological cultivation on DPPH radical scavenging activity
 
	Extract
	The biological cultivation (μgmL-1 of SC50)

	Mean ± SD

	Vinh Linh
	Cam Lo
	Thang Binh
	Dong Giang

	Leaf and stem (LS) 
	36.83 ± 1.47bB
	42.89 ± 2.27bC
	47.91 ± 2.89bD
	50.95 ± 2.40bD

	Green fruit (GF)
	>100
	>100
	99.51 ± 4.06dC
	64.20 ± 3.69cB

	Ripe fruit (RF)
	>100
	>100
	68.68 ± 2.79cB
	69.35 ± 3.12cB

	L-Ascorbic acid (Positive control)
	7.71 ± 0.32aA


Significant differences are denoted by capital letters in a row and lower-case letters in a column. When the same lowercase and capital letters are used in every row and column, there are no statistically significant differences (p<0.05).
 
Furthermore, significant variations in the chemical composition and antioxidant activity of the essential oils of aromatic plants were observed after cultivation under various environmental conditions.36 The results indicate IC50 values ranging from 72.46 to 83.99 μg/mL for the LS extract, highlighting the variation in efficacy across different locations. Compared to the findings of Huong et al. (2012) on J. subtriplinerve extracts from the same location, our LS extracts collected in the Cam Lo district exhibit NO inhibitory capacity nearly equivalent to the ethyl acetate extract (80.68 μg/mL) and significantly higher than the n-butanol extract (121.95 μg/mL). However, their DPPH free radical scavenging activity was lower than both the ethyl acetate (8.22 μg/mL) and n-butanol extracts (32.43 μg/mL) but remains higher than the chloroform extract (57.53 μg/mL).13 Nidhi’s study focused on J. sambac, demonstrating significant anti-inflammatory activity by reducing writhing count and increasing latency in the tail-flick test, albeit without providing a direct comparison with LS extract IC50 values.37 Similarly, the research of Tadiwos et al. (2017) on J. abbysinicum extract exhibited notable inhibition of pain sensation and anti-inflammatory effects in mouse inflammation models. However, a direct comparison of IC50 values for anti-inflammatory effects with our data on Jasminum species was not provided.38 Moreover, studies by Chaturvedi and Tripathi (2011) on J. grandiflorum leaves (800 μg/mL),39 as well as on J. lanceolarium extracts, demonstrated promising inhibitory NO (5.220 μg/mL) activity.40 However, a direct comparison of these findings with our IC50 values was not feasible due to methodological differences. The study conducted by Philip evaluated the anti-inflammatory activity of Jasminum extracts, suggesting significant dose-dependent effects similar to our data, yet specific IC50 value comparisons were not offered. Also, Reshma et al. (2021) investigation on aqueous extracts from herbal teas, including J. grandiflorum, revealed potent inhibition of NO and phospholipase A2 by phenolic compounds, indicating potential anti-inflammatory effects similar to our data, yet specific IC50 values for comparison were not furnished.1 Although several studies demonstrate promising anti-inflammatory effects of Jasminum species, direct comparison with our data’s IC50 values remains challenging due to variations in experimental conditions and methodologies. 
This current study showed distinct free radical scavenging activity trends when analysing biological cultivation within each part of J. subtriplinerve. El-Hawary et al. (2021) reported phenolic profiling and antioxidant activities of 80% methanolic extracts of Jasminum species leaves cultivated in Egypt.41 Among the selected species, J. multiflorum displayed the highest antioxidant activity with an IC50 of 34.8 µg/ml and high concentrations of various phenolic compounds. Kumaresan et al. (2018) conducted experiments on J. multiflorum, examining phytochemical components and antioxidant activity in leaves and flowers.42 Their study revealed the presence of various phytochemicals and highlighted the ethanol extract of leaves as having maximum antioxidant activity based on total phenolic and flavonoid contents. In the study of Huo et al. (2011), the antioxidant activities of J. nervosum stem extracts were evaluated, showing a correlation between antioxidant activities and total phenolic/flavonoid content.43 Ethyl acetate and n-butanol extracts were found to be richer in phenolics and flavonoids, representing potential antioxidant sources. While each study provides valuable insights into different plant extracts’ anti-inflammatory and antioxidant activities, variations in methodologies and target species make direct comparisons with our data challenging. Nonetheless, these studies collectively highlight the promising potential of plant-derived agents that reduce inflammation by inhibiting NO production and scavenging DPPH radicals for various applications. Additionally, some previous studies have demonstrated that other parts of certain medicinal plants, especially the roots, possess anti-inflammatory and antioxidant activities.40,44,45
 
Conclusion
Our study elucidates significant variations in the inhibitory effects of J. subtriplinerve extracts on Nitric oxide (NO) production and antioxidant activity across different plant parts and cultivation locations. The leaf and stem extract consistently demonstrated the most potential inhibition of NO production and potent free radical scavenging activity compared to the green fruit and ripe fruit extracts. The findings highlight the significance of considering both the plant part and the cultivation location when assessing the efficacy of J. subtriplinerve extracts for their therapeutic potential. Future research exploring the underlying mechanisms of action and identifying bioactive compounds responsible for these effects will enhance understanding of the potential applications of J. subtriplinerve extracts in health and medicine.
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