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Abstract 
Clinacanthus nutans is a medicinal plant known to contain various secondary metabolites and exhibit a wide range of 
biological activities. This study compared C. nutans leaf samples collected from hilly and coastal areas of Hue City 
in terms of leaf anatomy, phytochemical composition, and selected biological activities of their 70% ethanol extracts. 
The hilly samples had a more developed palisade mesophyll and a higher palisade-to-spongy mesophyll ratio than the 
coastal samples. They also contained higher levels of total polyphenols, total flavonoids, and vitexin, with 
corresponding values of 54.6 versus 48.9 mg GAE/g extract, 30.2 versus 26.9 mg QE/g extract, and 11.8 versus 9.6 
mg/g extract, respectively. Consistent with these phytochemical differences, the hilly extracts exhibited stronger 
DPPH radical-scavenging activity, greater inhibitory effects on nitric oxide production and α-glucosidase activity, and 
more pronounced reductions in TNF-α, IL-6, and IL-1β levels than the coastal extracts. Overall, the hilly-area samples 
showed a more favorable quality profile, as reflected by their anatomical features, phytochemical contents, and 
biological activities. These findings provide a scientific basis for selecting suitable C. nutans raw materials according 
to harvesting location. 
Keywords: Clinacanthus nutans; leaf anatomy; vitexin; antioxidant activity; anti-inflammatory activity; α-
glucosidase inhibition 
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1. Introduction 

Clinacanthus nutans (Burm. f.) Lindau is a medicinal 
plant widely used in Southeast Asia and has attracted 
considerable attention because of its diverse bioactive 
secondary metabolites, particularly polyphenols, 
flavonoids, and C-glycosyl flavones such as vitexin 
[1], [2], [4]. Previous studies have shown that this 
species exhibits various biological properties, notably 
antioxidant, anti-inflammatory, and metabolism-
regulating effects [1], [2]. 
In plants, growing conditions can influence leaf 
structure and the accumulation of secondary 
metabolites, thereby affecting the chemical quality and 
biological activities of plant raw materials [13], [14]. 
However, most studies on C. nutans have focused on 
individual aspects, such as chemical composition or 
specific biological activities [1]–[12]. Comprehensive 
studies evaluating the relationships among leaf 
anatomical characteristics, phytochemical 
composition, and biological activity in samples 
collected under different ecological conditions remain 
limited [1]–[14]. 
On this basis, the present study compared C. nutans 
samples collected from hilly and coastal areas of Hue 

City using three groups of criteria: leaf anatomical 
characteristics; the contents of total polyphenols, total 
flavonoids, and vitexin; and selected in vitro 
biological activities, including DPPH radical-
scavenging activity, anti-inflammatory activity in an 
LPS-stimulated RAW 264.7 cell model, and α-
glucosidase inhibitory activity. The findings are 
expected to help clarify ecological variation associated 
with the collection sites of C. nutans and provide an 
additional scientific basis for selecting appropriate raw 
material sources [1]–[14]. 

2. Materials and methodology 

2.1. Plant materials and sampling design  
Leaves of Clinacanthus nutans were collected from 
two representative areas in Hue City: the hilly region 
of Binh Thanh Commune and the coastal region of Hai 
Duong Commune, from March to May 2025. In each 
area, three independent sampling sites were selected, 
and at each site, leaves from three mature, healthy 
plants were collected separately as independent 
biological samples. Fresh leaves were washed, dried 
to constant weight at low temperature, ground into 
powder, and stored for subsequent analyses. The plant 
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material was taxonomically identified according to 
published references [1], [2], deposited at the Faculty 
of Biology, University of Sciences, Hue University, 
and authenticated by M.Sc. Nguyen Viet Thang. 

2.2. Chemicals, reagents, and equipment 

Chemicals and reference standards were obtained 
from Sigma-Aldrich and Merck. Mouse ELISA kits 
for the quantification of TNF-α, IL-6, and IL-1β were 
used, with catalog numbers RAB0477, RAB0308, and 
RAB0274, respectively. UV–Vis analysis was 
performed using a LABTRONIC LT-39 
spectrophotometer, whereas HPLC–DAD analysis 
was conducted on an Agilent Technologies Series 
1200 HPLC system equipped with a DAD detector and 
ChemStation software. Leaf cross-sections were 
prepared using a Leica RM2125 microtome, and the 
stained slides were observed under an Olympus BX51 
light microscope.  
 
2.3. Preparation of extracts 
Dry leaf powder from each biological sample was 
extracted separately with 70% ethanol at a plant 
material-to-solvent ratio of 1:10 (w/v) by maceration 
at 120 rpm and 28 ± 2°C for 24 h. The extraction 
procedure was repeated three times to ensure 
exhaustive recovery of soluble compounds. The 
extracts were filtered through Whatman No. 1 filter 
paper, pooled, and concentrated under reduced 
pressure at 40°C using a rotary evaporator, followed 
by freeze-drying to obtain the crude extract. The crude 
extracts were stored at 4°C until use. The extraction 
yield was calculated using the following equation: 

Extraction yield (%) =
𝑊ଵ

𝑊଴

× 100 

where 𝑊଴ is the initial weight of the dry leaf powder 
and 𝑊ଵ is the weight of the crude extract obtained. 

2.4. Leaf anatomical analysis 

Leaf anatomical features were examined using cross-
sections taken from the middle region of the leaf blade. 
Fresh leaves were fixed in FAA solution for 24 h, 
dehydrated through a graded ethanol series (50%, 
70%, 95%, and 100%), sectioned into thin slices of 8–
15 µm, stained with 1% safranin and 0.1% fast green, 
and mounted in 50% glycerol. The sections were 
observed under a light microscope at a magnification 
of 10 × 40. For each sample, three leaves were used; 
each leaf was sectioned three times, and three sections 
were prepared from each cut. Images were captured 
and analyzed using ImageJ software. The measured 
parameters included the thicknesses of the upper 
epidermis, palisade mesophyll, spongy mesophyll, 
lower epidermis, and total leaf blade, as well as the 
palisade-to-spongy mesophyll ratio. 
2.5. Determination of total polyphenol content 
(TPC) 

The total polyphenol content (TPC) of Clinacanthus 
nutans extracts was determined using the Folin–
Ciocalteu method [1], [2], [5]. Briefly, 100 µL of the 
sample solution was mixed with 500 µL of 10% Folin–

Ciocalteu reagent and 400 µL of 7.5% Na₂CO₃ 
solution, and the mixture was then incubated in the 
dark at room temperature for 30 min. The absorbance 
was measured at 765 nm. Gallic acid was used as the 
standard, and the calibration curve was prepared over 
a concentration range of 0–100 µg/mL, with the 
regression equation y = ax + b. The results were 
expressed as mg gallic acid equivalents per gram of 
extract (mg GAE/g extract). TPC was calculated using 
the following equation: 

TPC =
𝐶 × 𝑉 × 𝐷

𝑚
 

where C is the concentration determined from the 
calibration curve (mg/mL), V is the volume of the 
sample solution (mL), D is the dilution factor, and m 
is the mass of extract used (g). 

2.6. Determination of total flavonoid content (TFC) 

The total flavonoid content (TFC) of Clinacanthus 
nutans extracts was determined using the aluminum 
chloride complexation method [1], [2], [5]. Briefly, 
500 µL of the sample solution was mixed with 500 µL 
of 2% AlCl₃ solution, incubated at room temperature 
for 30 min, and the absorbance was measured at 415 
nm. Quercetin was used as the standard, and the 
calibration curve was prepared over a concentration 
range of 0–100 µg/mL, with the regression equation y 
= ax + b. The results were expressed as mg quercetin 
equivalents per gram of extract (mg QE/g extract). 
TFC was calculated using the same equation as that 
used for TPC. 

2.7. Quantification of vitexin by HPLC–DAD 

Vitexin in Clinacanthus nutans extracts was quantified 
using an Agilent Technologies Series 1200 HPLC 
system coupled with a DAD detector and ChemStation 
software (Agilent, USA). The samples were dissolved 
in HPLC-grade methanol and filtered through a 0.45 
µm membrane before analysis. Chromatographic 
separation was performed on a SunFire™ C18 column 
(250 × 4.6 mm, 5 µm) maintained at 30°C. The mobile 
phase consisted of acetonitrile (A) and water 
containing 1% acetic acid (B), with a gradient elution 
starting at an A:B ratio of 1:9. The flow rate was 1.0 
mL/min, the injection volume was 20 µL, and 
detection was performed at 342 nm. Vitexin was 
identified by comparing its retention time and UV 
spectrum with those of the reference standard and was 
quantified using a calibration curve over a 
concentration range of 2–25 ppm. The results were 
expressed as mg/g dry extract. 

2.8. Evaluation of DPPH radical scavenging 
activity 

Antioxidant activity was evaluated using the DPPH 
radical-scavenging assay. Sample solutions at 
concentrations of 20–100 µg/mL were mixed with 0.1 
mM DPPH solution in methanol at a ratio of 1:1 (v/v), 
incubated in the dark at room temperature for 30 min, 
and the absorbance was measured at 517 nm. Trolox 
was used as the positive control. The percentage of 
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DPPH radical-scavenging activity was calculated 
using the following equation: 

%ức ché̂ =
𝐴௖௢௡௧௥௢௟ − (𝐴௦௔௠௣௟௘ − 𝐴௕௟௔௡௞)

𝐴௖௢௡௧௥௢௟

× 100 

 
where A control is the absorbance of the control 
containing DPPH without the sample, Asample is the 
absorbance of the reaction mixture containing the 
sample and DPPH, and A_blank is the absorbance of 
the sample blank without DPPH. The IC₅₀ value was 
calculated using TableCurve 2Dv4 software. 

2.9. RAW 264.7 cell culture 

Murine macrophage RAW 264.7 cells were cultured in 
DMEM supplemented with 10% fetal bovine serum 
and 1% penicillin–streptomycin at 37°C in a 
humidified atmosphere containing 5% CO₂. Cells 
were subcultured when they reached approximately 
70–80% confluence. 

2.10. Evaluation of cytotoxicity by MTT assay 

For the MTT assay, RAW 264.7 cells were seeded in 
96-well plates at a density of 1 × 10⁴ cells/well and 
incubated for 24 h before treatment. The extracts were 
tested over a concentration range of 3.125–400 µg/mL 
for 24 h, with DMSO (< 0.1%) used as the solvent 
control. After treatment, 10 µL of MTT solution (5 
mg/mL) was added to each well, followed by 
incubation for an additional 4 h. The formazan crystals 
were dissolved in DMSO, and the absorbance was 
measured at 570 nm. Cell viability was calculated 
using the following equation: 

Cell viability (%) =
𝐴ଵ

𝐴଴

× 100 

where 𝐴ଵ is the absorbance of the treated sample, and 
𝐴଴ is the absorbance of the solvent control group. 

2.11. Evaluation of anti-inflammatory activity 
through nitric oxide (NO) inhibition 

RAW 264.7 cells were seeded in 96-well plates at a 
density of 1 × 10⁵ cells/well, incubated for 24 h, and 
then co-treated with the extracts at concentrations of 
3.125–100 µg/mL and LPS at 1 µg/mL for 24 h. The 
experimental groups included the negative control 
(untreated cells), solvent control, LPS-treated group, 
extract + LPS groups, and dexamethasone + LPS 
group. Dexamethasone, at concentrations of 100, 50, 
25, 12.5, 6.25, and 3.125 μM, was used as the positive 
control. 
NO concentration in the culture supernatant was 
indirectly determined using Griess reagent. Briefly, 
100 µL of the supernatant was mixed with 100 µL of 
Griess reagent, incubated for 10 min at room 
temperature, and the absorbance was measured at 540 
nm. Sodium nitrite was used to construct a standard 
curve over a concentration range of 0–100 µM. The 
percentage inhibition of NO production was calculated 
using the following equation: 

% NO inhibition =
𝐴௅௉ௌ − 𝐴௦௔௠௣௟௘

𝐴௅௉ௌ − 𝐴௕௟௔௡௞

× 100 

Where 𝐴௅௉ௌ  is the absorbance of the LPS-treated 
group only, 𝐴௦௔௠௣௟௘ is the absorbance of the sample-
treated group in the presence of LPS and 𝐴௕௟௔௡௞  is the 
absorbance of the untreated control group without 
LPS. The IC₅₀ value was determined using TableCurve 
2Dv4 software. 

2.12. Quantification of TNF-α, IL-6, and IL-1β by 
ELISA 

Culture supernatants collected after 24 h of co-
treatment of RAW 264.7 cells with the extracts and 
LPS were used to quantify TNF-α, IL-6, and IL-1β 
using mouse-specific ELISA kits from Merck/Sigma-
Aldrich, with catalog numbers RAB0477, RAB0308, 
and RAB0274, respectively. The absorbance was 
measured at 450 nm, cytokine concentrations were 
calculated from the corresponding standard curves, 
and the results were expressed as percentages relative 
to the LPS-treated group. 

2.13. Evaluation of α-glucosidase inhibitory 
activity 

α-glucosidase inhibitory activity was determined 
using a colorimetric method with p-nitrophenyl-α-D-
glucopyranoside (pNPG) as the substrate. Sample 
solutions at concentrations of 12.5–200 µg/mL were 
incubated with α-glucosidase from Saccharomyces 
cerevisiae (0.5 U/mL) in 0.1 M phosphate buffer (pH 
6.8) at 37°C for 10 min. Subsequently, 5 mM pNPG 
was added, and the mixture was further incubated for 
20 min. The reaction was terminated by adding 0.2 M 
Na₂CO₃, and the absorbance was measured at 405 nm. 
Acarbose was used as the positive control over the 
same concentration range of 12.5–200 µg/mL. The 
percentage inhibition was calculated using the 
following equation: 

%inhibition =
𝐴଴ − 𝐴ଵ

𝐴଴

× 100 

where 𝐴଴ is the absorbance of the control without test 
sample and 𝐴ଵ is the absorbance of the test sample. 
The IC₅₀ value was determined using a four-parameter 
logistic (4PL) model with TableCurve 2Dv4 software. 

2.14. Statistical analysis 

Data were expressed as mean ± SD. Statistical analysis 
was performed using SPSS; comparisons between two 
groups were conducted using Welch’s t-test, while 
comparisons among multiple groups were performed 
using one-way ANOVA followed by Tukey’s test. IC₅₀ 
values were determined using TableCurve 2Dv4 
software. Differences were considered statistically 
significant at p < 0.05. 

3. Results  

3.1. Leaf anatomical characteristics 
Observation of transverse sections of the leaf blade 
showed that both groups of Clinacanthus nutans 
samples exhibited a bifacial leaf structure composed 
of the upper epidermis, palisade mesophyll, spongy 
mesophyll, and lower epidermis (Figure 1). However, 
distinct differences between the two groups were 
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observed in the photosynthetic tissues. Samples from 
the hilly region displayed a more developed palisade 
mesophyll, characterized by more elongated and 
densely arranged cells, whereas samples from the 
coastal region showed a more developed spongy 
mesophyll with larger intercellular spaces. 
Quantitative analysis showed that palisade mesophyll 
thickness was significantly greater in hilly-region 
samples than in coastal samples (73.02 ± 4.8 vs. 59.12 
± 3.9 µm; p < 0.001). In contrast, spongy mesophyll 
thickness was significantly greater in coastal samples 
than in hilly-region samples (70.8 ± 4.3 vs. 61.91 ± 3.8 
µm; p = 0.003). The palisade-to-spongy mesophyll 
ratio was also markedly higher in hilly-region samples 
(1.31 ± 0.08 vs. 0.79 ± 0.07; p < 0.001). By contrast, 
the thicknesses of the upper epidermis, lower 
epidermis, and total leaf blade did not differ 
significantly between the two groups (p > 0.05) (Table 
1). 
Table 1. Quantitative anatomical characteristics of C. 
nutans leaves collected from hilly and coastal regions. 

Trait Hilly Coastal p-
value 

Upper epidermis 
thickness (µm) 

17.52 
± 1.4 

16.18 ± 
1.2 

0.214 

Palisade mesophyll 
thickness (µm) 

73.02 
± 4.8 

59.12 ± 
3.9 

<0.001 

Spongy mesophyll 
thickness (µm) 

61.91 
± 3.8 

70.8 ± 
4.3 

0.003 

Lower epidermis 
thickness (µm) 

15.2 ± 
1.1 

13.92 ± 
1.0 

0.287 

Total leaf thickness 
(µm) 

167.18 
± 6.5 

159.36 
± 4.8 

0.091 

Palisade/spongy 
ratio 

1.31 ± 
0.08 

0.79 ± 
0.07 

<0.001 

 

Figure 1. Transverse leaf anatomy of Clinacanthus 
nutans samples from hilly and coastal regions. 
(A, B) Hilly region; (C, D) coastal region. 1, upper 
epidermis; 2, palisade mesophyll; 3, spongy 
mesophyll; 4, lower epidermis. 

3.2. Total polyphenol and total flavonoid contents 

The analysis showed that C. nutans samples collected 
from the hilly region had higher total polyphenol 
content (TPC) and total flavonoid content (TFC) than 
those collected from the coastal region (Figure 2). 
Specifically, TPC was higher in hilly-region samples 
than in coastal samples, with values of 54.6 ± 2.1 and 
48.9 ± 1.7 mg GAE/g extract, respectively. Similarly, 
TFC was higher in hilly-region samples than in coastal 

samples, with values of 30.2 ± 1.3 and 26.9 ± 1.1 mg 
QE/g extract, respectively. The differences in both 
parameters were statistically significant (p < 0.05). 
The calibration curves for gallic acid and quercetin 
both showed good linearity over the tested 
concentration range, with regression equations of y = 
0.0095x + 0.0205 (R² = 0.999) and y = 0.0076x + 
0.0157 (R² = 0.999), respectively. 

 

Figure 2. TPC and TFC of Clinacanthus nutans 
samples collected from hilly and coastal regions. 

3.3. Vitexin content 

HPLC–DAD analysis showed that vitexin was 
detected in both groups of C. nutans samples, with a 
characteristic peak at a retention time of 20.8 ± 0.1 
min, consistent with that of the vitexin standard 
(Figure 3). Comparison of the chromatograms showed 
that the vitexin peak area was larger in the hilly-region 
sample than in the coastal sample. Quantitative 
analysis showed that vitexin content was significantly 
higher in hilly-region samples than in coastal samples, 
with values of 11.8 ± 0.8 and 9.6 ± 0.7 mg/g dry 
extract, respectively (p < 0.05). The calibration curve 
for vitexin over the concentration range of 2–25 ppm 
showed good linearity, with the regression equation y 
= 15.258x − 12.527 and a correlation coefficient of R² 
= 0.9993. 
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Figure 3. HPLC–DAD chromatograms of vitexin 
standard and Clinacanthus nutans extracts. 
(A) Vitexin standard; (B) coastal sample; (C) hilly 
sample. 

3.4. DPPH radical scavenging activity 

Both C. nutans extracts exhibited concentration-
dependent DPPH radical-scavenging activity over the 
concentration range of 20–100 µg/mL (Figure 4). At 
the same tested concentrations, the hilly-region extract 
consistently showed a higher percentage of inhibition 
than the coastal extract. The IC₅₀ value of the hilly-
region extract was 23.0 ± 1.1 µg/mL, which was 
significantly lower than that of the coastal extract 
(28.4 ± 1.3 µg/mL; p < 0.05). Trolox, used as the 
positive control, had an IC₅₀ value of 4.46 µg/mL. 

 

Figure 4. DPPH radical scavenging activity of C. 
nutans extracts from the hilly and coastal regions. 

3.5. Cytotoxicity on RAW 264.7 cells 

The cytotoxicity of C. nutans extracts in RAW 264.7 
cells was evaluated using the MTT assay over a 
concentration range of 3.125–400 µg/mL (Figure 5). 
Both extracts showed no significant cytotoxicity at 
concentrations ranging from 3.125 to 100 µg/mL, with 
cell viability remaining close to that of the solvent 
control and showing no statistically significant 
difference (p > 0.05). At 200 µg/mL, cell viability 
slightly decreased to 92.6 ± 4.8% for the hilly-region 
extract and 91.8 ± 5.0% for the coastal extract. At 400 
µg/mL, cell viability further decreased to 85.4 ± 5.5% 
and 84.7 ± 5.7%, respectively. Based on these results, 
the concentration range of 3.125–100 µg/mL was 
selected for subsequent anti-inflammatory 
experiments. 

 

Figure 5. Effects of Clinacanthus nutans extracts from 
the hilly and coastal regions on the viability of RAW 
264.7 cells in the MTT assay. 

3.6. Inhibition of nitric oxide (NO) production 

In the LPS-stimulated RAW 264.7 cell model, both C. 
nutans extracts inhibited NO production in a 
concentration-dependent manner over a concentration 
range of 3.125–100 µg/mL (Figure 6). The hilly-
region extract showed stronger inhibitory effects than 
the coastal extract at the same tested concentrations. 
At 100 µg/mL, NO production inhibition reached 84.7 
± 1.8% for the hilly-region extract and 80.6 ± 1.9% for 
the coastal extract. The positive control 
dexamethasone showed stronger inhibition, reaching 
91.4 ± 1.7% at 100 µM. The IC₅₀ value of the hilly-
region extract was 23.1 ± 1.6 µg/mL, which was lower 
than that of the coastal extract (28.2 ± 1.9 µg/mL). 
Dexamethasone had an IC₅₀ value of 12.79 µM, 
equivalent to approximately 5.02 µg/mL. 

 
Figure 6. NO inhibitory activity of Clinacanthus 

nutans extracts from hilly and coastal regions in LPS-
stimulated RAW 264.7 cells.  
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3.7. Effects on pro-inflammatory cytokines 

To further evaluate the inflammatory response, the 
effects of C. nutans extracts on TNF-α, IL-6, and IL-
1β levels were investigated in the LPS-stimulated 
RAW 264.7 cell model at a concentration of 50 µg/mL. 
The results showed that LPS treatment markedly 
increased the levels of all three cytokines, whereas 
both extracts significantly reduced these inflammatory 
markers. 
In the hilly-region extract + LPS group, TNF-α, IL-6, 
and IL-1β levels were reduced to 61.7 ± 3.9%, 58.9 ± 
4.3%, and 56.8 ± 3.7% of those in the LPS-treated 
group, respectively. In contrast, in the coastal extract 
+ LPS group, the corresponding values were 70.4 ± 
4.6%, 67.8 ± 4.9%, and 65.9 ± 4.2%. Dexamethasone 
again showed stronger efficacy, with corresponding 
values of 41.2 ± 3.1%, 39.7 ± 3.4%, and 36.8 ± 3.0% 
relative to the LPS-treated group. 

 

Figure 7. Effects of Clinacanthus nutans extracts from 
hilly and coastal regions on pro-inflammatory 
cytokine levels in LPS-stimulated RAW 264.7 cells. 
Bars labeled with different letters indicate statistically 
significant differences among groups, as determined 
by one-way ANOVA followed by Tukey’s test (p < 
0.05). NC, negative control; LPS, inflammatory 
control; Dex, dexamethasone. 

3.8. α-glucosidase inhibitory activity 

Both C. nutans extracts exhibited concentration-
dependent α-glucosidase inhibitory activity over the 
tested concentration range (Figure 8). The hilly-region 
extract showed stronger activity than the coastal 
extract, with IC₅₀ values of 48.59 ± 3.51 and 63.49 ± 
2.24 µg/mL, respectively. The positive control 
acarbose had an IC₅₀ value of 6.26 ± 3.07 µg/mL. 

 

Figure 8. α-Glucosidase inhibitory activity of 
Clinacanthus nutans extracts from hilly and coastal 
regions as a function of concentration. 

4. Discussion 

The results of this study showed that differences 
between the two sources of Clinacanthus nutans 
samples were consistently observed across leaf 
anatomical features, chemical composition, and 
biological activities. Samples collected from the hilly 
area exhibited more developed palisade mesophyll, a 
higher palisade-to-spongy mesophyll ratio, and greater 
accumulation of TPC, TFC, and vitexin than those 
collected from the coastal area. In parallel, extracts 
from the hilly-area samples showed stronger DPPH 
radical-scavenging activity, greater inhibition of NO 
production, more pronounced reductions in TNF-α, 
IL-6, and IL-1β levels, and stronger α-glucosidase 
inhibitory activity. The recurrence of the same trend 
across multiple parameters suggests that the 
differences between the two sample sources do not 
represent isolated variation in individual 
measurements, but rather reflect genuine differences 
in raw material quality. 
At the anatomical level, the main differences were 
observed in the palisade mesophyll, spongy 
mesophyll, and palisade-to-spongy mesophyll ratio, 
whereas the epidermal layers and total leaf thickness 
did not differ significantly. This pattern of variation 
indicates that the differences between the two sample 
sources were primarily associated with the 
photosynthetic tissue system rather than the overall 
leaf blade structure. According to Fritz et al. [13], leaf 
morphology is highly plastic and often reflects plant 
functional adjustment to differences in growth 
conditions. In this context, the more developed 
palisade mesophyll observed in hilly-area samples 
may suggest greater photosynthetic and metabolic 
capacity, thereby creating more favorable conditions 
for the accumulation of secondary metabolites. 
Therefore, the anatomical findings of the present study 
are not merely descriptive in terms of morphology, but 
also provide structural evidence supporting the 
chemical differences between the two sample sources. 
The quantitative results for TPC, TFC, and vitexin 
further support this interpretation. Previous studies 
have reported that C. nutans is rich in polyphenols, 
flavonoids, and flavone C-glycosides, among which 
vitexin is considered a notable marker compound [1], 
[2], [4]. In the present study, both general indicators, 
such as TPC and TFC, and the more specific indicator 
vitexin were higher in hilly-area samples. This 
suggests that differences in raw material source were 
reflected not only in the general accumulation of 
phenolic compounds, but also in a specific chemical 
marker. Compared with studies focusing solely on 
compound identification or quantification, the present 
findings are more informative because they place these 
chemical indicators in direct relation to anatomical 
characteristics and biological responses, thereby 
clarifying their value in raw material quality 
assessment. 
The relationship between chemical composition and 
antioxidant activity was also evident in this study. 
Hilly-area samples contained higher levels of TPC, 
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TFC, and vitexin and exhibited a lower DPPH IC₅₀ 
value than coastal samples. This finding is consistent 
with previous reports showing that the antioxidant 
activity of C. nutans is closely associated with its 
phenolic and flavonoid composition [1], [2], [5]. Thus, 
in this study, the DPPH assay not only confirmed the 
antioxidant activity of the extracts, but also 
demonstrated that the magnitude of this activity varied 
in parallel with the chemical markers between the two 
sample sources. This finding supports the value of the 
assay for stratifying raw material quality, particularly 
when interpreted together with anatomical and 
chemical parameters. 
A similar trend was observed in the anti-inflammatory 
model. Both extracts inhibited NO production in LPS-
stimulated RAW 264.7 cells, but the hilly-area extracts 
showed stronger effects, as reflected by lower IC₅₀ 
values and greater reductions in TNF-α, IL-6, and IL-
1β levels. Notably, this difference was not limited to a 
single inflammatory marker, but was consistently 
observed across multiple inflammation-related 
parameters. This consistency strengthens the 
interpretation of the anti-inflammatory activity. 
Previous studies have likewise shown that C. nutans 
can modulate NO production and cytokine responses 
in macrophage models [6], [8], [9]. In the present 
study, the fact that hilly-area samples were 
simultaneously richer in TPC, TFC, and vitexin 
suggests that a more favorable chemical profile may 
provide an important basis for explaining the stronger 
anti-inflammatory efficacy of this sample source. In 
addition, the MTT results showed that the 
concentrations used in the experiments did not 
significantly reduce RAW 264.7 cell viability; 
therefore, the observed decreases in NO and cytokine 
levels most likely reflect genuine anti-inflammatory 
modulation by the extracts. 
Regarding α-glucosidase inhibitory activity, the hilly-
area extracts again showed stronger efficacy than the 
coastal extracts. This result is consistent with the 
overall trend observed for the other chemical and 
biological parameters. Previous studies have shown 
that vitexin is capable of inhibiting α-glucosidase and 
that flavonoids in general also have the potential to 
modulate this enzyme [11], [12]. Therefore, the higher 
TFC and vitexin contents in hilly-area samples 
provide a reasonable basis for explaining their lower 
α-glucosidase IC₅₀ values. Although this activity 
cannot yet be attributed to a single specific compound, 
the results still indicate that differences in the 
flavonoid profile between the two sample sources are 
accompanied by clear differences in metabolic 
regulatory potential. This broadens the value of C. 
nutans raw material evaluation, not only from the 
perspective of antioxidant or anti-inflammatory 
activity, but also in terms of another functional 
property with potential practical relevance. 
When the results are considered as a whole, the hilly-
area samples demonstrated advantages across three 
levels of evidence: leaf structure, chemical markers, 
and biological functional responses. This consistency 
gives the study its significance for raw material 

evaluation. Rather than merely describing a single 
group of parameters, the study shows that the sample 
source with more developed palisade mesophyll was 
also the source that accumulated phenolic compounds, 
flavonoids, and vitexin more effectively and, at the 
same time, exhibited stronger biological activities. On 
this basis, it can be concluded that C. nutans samples 
from the hilly area displayed a more favorable quality 
profile than those from the coastal area under the 
investigated conditions. These findings provide 
additional experimental support for the selection of 
cultivation or harvesting areas and demonstrate the 
value of an integrated anatomical, chemical, and 
biological approach to the standardization of 
medicinal plant materials. 

Conclusion 

This study demonstrated that Clinacanthus nutans 
samples collected from hilly and coastal areas 
exhibited clear differences in leaf anatomical 
characteristics, phytochemical composition, and 
biological activities. Samples from the hilly area 
showed more developed palisade mesophyll, a higher 
palisade-to-spongy mesophyll ratio, and greater 
accumulation of TPC, TFC, and vitexin than those 
from the coastal area. In addition, extracts from the 
hilly area exhibited stronger antioxidant, anti-
inflammatory, and α-glucosidase inhibitory activities. 
The consistency among anatomical, chemical, and 
biological parameters indicates that samples from the 
hilly area represent a higher-quality raw material 
source than those from the coastal area. These findings 
not only provide practical evidence for the selection of 
C. nutans raw materials according to harvesting 
region, but also highlight the value of integrating leaf 
anatomical traits, phytochemical markers, and 
biological activities in the evaluation and 
standardization of medicinal plant materials. 
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