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Abstract 

Background  Lagunaria patersonii, a valuable member of the Malvaceae family, holds growing economic and thera‑
peutic interest. This study aimed to optimize the ethanolic extraction of its leaves to maximize both extract yield 
and concentration of tiliroside, a bioactive compound with known antioxidant and anti-inflammatory properties. 
Optimization was performed using Box–Behnken Design (BBD) evaluating three variables: plant material/solvent ratio, 
ethanol/water ratio, and extraction time. Tiliroside concentration was optimized using a dual-wavelength absorbance 
method which validated by UPLC-ESI–MS.

Results  Increasing the plant material/solvent ratio (Factor A) significantly increased the yield by 26-fold compared 
to extraction time (Factor C), while a higher ethanol/water ratio (Factor B) significantly reduced the yield. Biologically, 
the optimized extract demonstrated strong antioxidant activity estimated by reactive oxygen species inhibition. 
Importantly, the isolated tiliroside significantly inhibited nitric oxide, tumor necrosis factor-α and interleukin-6 more 
than the optimized extract. The BBD approach provided key insights, enabling the optimization of the extract.

Conclusion  The study effectively optimized the extraction of L. patersonii leaves and highlighted the valuable 
antioxidant and anti-inflammatory properties of both the optimized extract and its major compound, tiliroside. The 
integrated use of BBD and dual-wavelength tracking demonstrated significant value in enhancing both yield and bio‑
activity, offering a promising platform for developing plant-based anti-inflammatory agents. The approach applied 
was proved to be cost-effective.
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Background
Malvaceae plants are widely recognized as important 
icons of the tropics and subtropics, with a prominent 
economic and therapeutic reputation. It includes 244 
genera and more than 4225 species of trees, shrubs, and 
herbs [1–3]. Genus Lagunaria comprises two species: 
L. patersonii (Andrews) G. Don. and L. queenslandica 
Carven. Cow-itch; L. patersonii is the only species 
cultivated in Egypt. It was used as a source of fiber that 
is used for fishing lines, nets, and ropes. Few reports 
were found concerning the phytochemical constituents 
of L. patersonii (Andrews) G. Don. Fruits and seeds 
were reported to contain polyphenols, flavonoids, oleic 
acid, palmitic acid, as well as cyclopropene fatty acids 
like malvalic acid, sterculic acid, and trace quantities 
of dihydrosterculic acid. Concerning the biological 
activity of L. patersonii (Andrews) G. Don., the aqueous 
fraction obtained from the fruits and seeds residue was 
reported to have antioxidant activity measured by DPPH 
inhibition [4]. The alcoholic and petroleum ether extracts 
of the plant were reported to have promising insecticidal 
activity against Drosophila melanogaster (Meig), also 
known as laboratory flies, Tribolium confusum (DUV), 
commonly known as confused flour beetles, and cotton 
leafworms (Spodoptera littoralis (Boisd) [5].

Extraction of secondary metabolites was affected by 
several parameters such as plant material/solvent ratio, 
solvents, and time. Their variation is reflected in their 
yield. The effect of the aforementioned factors on the 
extraction procedure was reported on some plants of 
the family Malvaceae: Hibiscus rosa-sinensis L., Abutilon 
indicum L., Gossypium herbaceum L., and Hibiscus 
mutabilis L. [6, 7], but nothing was traced concerning 
L. patersonii. Therefore, it is important to choose the 
appropriate method to prepare the optimized extract 
containing the biologically active constituents.

The application of a wavelength-absorbance approach 
for maximizing amount of tiliroside in Lagunaria 
patersonii was critical due to the compound’s dual 
λmax behavior, which reflects its extended conjugated 
chromophore and multifunctional aromatic substituents. 
Utilizing this dual-wavelength method ensures improved 
selectivity and precision, particularly when overlapping 
signals could compromise single λmax detection. 
Validation using UPLC-ESI–MS further confirmed 
the reliability of this strategy, strengthening its utility 
in accurately monitoring tiliroside concentration 
throughout the extraction process. Importantly, 
this analytical approach can be extended to other 
polyphenolic compounds such as kaempferol derivatives, 
rutin, or chlorogenic acid, which often exhibit similar 
dual absorption due to π → π* and n → π* electronic 
transitions. Adopting a dual λmax strategy not only 

enhances detection sensitivity for structurally complex 
metabolites but also enables more robust correlation 
with biological activity, supporting more rational 
optimization of extract formulations in pharmacological 
and nutraceutical research.

Tiliroside “kaempferol–3-O-β-D-(6′′-O-p-
coumaroyl)-glucopyranoside” is a flavonoid glycoside, 
an important secondary metabolite that is crucial to 
the chemotaxonomy of the family Malvaceae and has 
been identified as the most common compound among 
its members [8, 9]. It has two maximum absorbance 
wavelengths (λ max) at 265  nm and 346  nm [10]. It is 
well known that some compounds were reported to have 
a constant ratio of absorbance at certain wavelengths, 
known as an isosbestic [11]. The concentration of a 
solution and its absorbance are known to be linearly 
related, as stated by the Beer–Lambert law [12, 13]. When 
a compound, such as tiliroside, exhibits two wavelengths 
of maximum absorbance, each of these wavelengths will 
correlate with the corresponding concentrations through 
linear regression constants. As a result, the absorbance 
ratio between the two wavelengths remains constant 
across different concentrations of the compound.

The design of experiments (DOE) is a focused 
approach employed to investigate the significance of 
different variables influencing a particular process, the 
relationships among these factors, and their effects 
on the outcomes of the process. The main benefit of 
DOE lies in recognizing interactions between variables 
and finding the optimal response within the design 
framework. This is achieved by reducing the number of 
experiments, which conserves time, effort, and resources 
and interprets results more straightforwardly [14]. 
The response surface methodology (RSM) is a robust 
analytical tool that employs DOE to conjecture the 
conditions for optimal response. As a result, the RSM-
driven optimization process is instant and eliminates the 
need for further experiments or simulations [14–17].

BBD is commonly used in RSM for optimizing the 
extraction of biologically active compounds in fields such 
as bioprocessing, pharmaceuticals, and food engineering 
[14, 17–20]. It is a fractional-factorial design at three 
levels, characterized by its second-order structure, and is 
either rotatable or so [20]. It offers numerous advantages, 
such as incorporating blocks, not requiring model fit 
detection, enabling the creation of sequential designs, 
and allowing for the estimation of quadratic model 
parameters. The main benefit compared to other designs 
is that it avoids conducting experiments in extreme 
conditions, like using the lowest or highest levels of all 
variables at once, which may be costly or impractical to 
evaluate [21].
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Inflammation is considered a set of evolutionary 
host responses primarily developed due to external 
triggers such as injuries, chemicals, radiation, and 
infections. Currently, excessive research reports that 
overproduction of high ROS, such as hydrogen peroxide 
and superoxide anions, induces oxidative damage at the 
cellular level [22]. Cyclooxygenase 2 (COX-2) and NO 
are potential biomarkers in the inflammatory process. 
Specifically, NO plays a key role in the pathophysiology 
of inflammation. Activated macrophages are thought 
to be caused by the continuous high production of NO 
[23]. Macrophages are also involved in the release of pro-
inflammatory cytokines like TNF-α and IL-6 in response 
to inflammatory stimulation. Currently, non-steroidal 
anti-inflammatory drugs (NSAIDs) are the classically 
used drugs worldwide for treating both acute and 
chronic inflammatory pain. Despite their efficacy, they 
lead to serious side effects [24]. Therefore, there is an 
increasing need to find natural anti-inflammatory drugs 
with fewer side effects. Plants belonging to the family 
Malvaceae were reported to have anti-inflammatory 
activities in various in vitro assays [25]. This study aimed 
to increase the yield of the extract of L. patersonii leaves 
and maximize the amount of tiliroside in the yield using 
response surface methodology (RSM) and employing 
BBD, as well as investigating the antioxidant and anti-
inflammatory properties of the optimized extract and 
tiliroside. It is worth mentioning that one of the primary 
goals was to establish a green extraction method by 
reducing the volume of the extraction solvent.

Material and methods
Chemicals, kits, and cell lines
The solvents utilized in this study, ethanol and methanol, 
were of analytical grade and supplied from PioChem 
laboratory chemicals, Cairo, Egypt. Tiliroside analytical 
standard (Sigma-Aldrich, Germany), Dexamethasone 
analytical standard (Merck, Darmstadt, Germany), LC/
MS-grade solvents formic acid, and acetonitrile (Sigma-
Aldrich, Germany). ROS fluorometric assay kit (Green), 
Catalog Number: E-BC-K138-F, from Elabscience, 
Wuhan, China, lipopolysaccharides (LPS) from 
Escherichia coli O55:B5 (Merck, Darmstadt, Germany). 
Colorimetric assay kit (nitrate reductase method), 
Cat Number: E-BC-K135-M kit (Elabscience, Wuhan, 
China), Quantikine enzyme-linked immunosorbent 
assay (ELISA). Human TNF-α immunoassay kit, 
IL-6 ELISA Kit (colorimetric), NBP1-92697 (Novus 
Biologicals, Colorado, USA), and murine RAW 264.7 
cells were sourced from the American Type Culture 
Collection (Manassas, VA, USA). They were cultured at 
37  °C in Dulbecco’s  modified Eagle medium  (DMEM), 

supplemented with 10% fetal bovine serum and 1% 
penicillin sulfate, in a humidified atmosphere containing 
5% CO2. The cells were stimulated with one μg/ml LPS 
for 6 h and then treated with different extracts, left with 
the LPS as positive control, or left without LPS as a 
negative control.

Preparation of a standard solution of tiliroside
A stock solution of tiliroside was prepared in a glass-
stoppered volumetric flask with methanol. The stock 
solution was serially diluted to achieve selected 
concentrations, and the absorbance ratio was calculated. 
The value of the absorbance ratio at each concentration 
was found to be 0.747 ± 0.014 (mean ± SD, Table  S1). 
So, the absorbance ratio between the two wavelengths 
remained constant across different concentrations of 
tiliroside. Hence, we followed 0.747 (the constant value 
of the absorbance ratio 265/346 is a characteristic feature 
of tiliroside) to increase the amount of tiliroside in the 
extract yield.

Optimization of the plant extraction method
The optimization study employed BBD with three factors 
at three levels, using Design-Expert V.8. It investigated 
three independent variables (factors) and two dependent 
variables (responses). Table  1 displays the actual and 
coded levels. The measured responses (Y1 & Y2) and the 
BBD are shown in Table 2, including a total of seventeen 
runs, with five center points. The factors and their levels 
were chosen depending on earlier work [5, 7, 26–29]. 
The experiments were conducted at room temperature 
(25  °C) to avoid any degradation of active components, 
specifically phenolic acids, and flavonoids. The “ethanol/
water ratio” was adjusted (95%, 72.5%, and 50%) to study 
the effects of various polar solvent mixtures. 

Table 1  The actual and coded levels of the variables examined 
in the Box–Behnken design (BBD)

Levels used

Independent variables Low ( − 1) Middle (0) High (1)

Factors (independent variables)

A: material/solvent ratio 1:5 1:10 1:20

B: ethanol/water ratio% 50 72.5 95

C: extraction time 24 h 48 h 72 h

Response (dependent variables)

Y1: Yield (g)

Y2:(265/346 absorbance ratio 
at an extract concentration 
of 140 µg/ml)
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Preparation of extract
Leaf powder (25 g per run) was subjected to maceration 
at ambient temperature, utilizing various ethanol/water 
ratios, different material-to-solvent ratios, and varying 
extraction durations as outlined in Tables 1 and 2 of the 
optimization study. The extracts were then evaporated 
using a Buchi RR-300 rotary evaporator (USA) at 45  °C 
to give a green residue. The yield (Y1) of each run was 
weighed, and the ratio of absorbance at wavelengths λ 
max 265 and 346  nm (265/346 absorbance ratio) (Y2) 
at the extract concentration of 140  µg/ml (selected 
concentration) is illustrated in Table  2. A concentration 
of 140  µg/mL was selected for comparative absorbance 
analysis across all Box–Behnken runs, as it was 
consistently present in the validated calibration curves 
for each run. This allowed for standardized wavelength-
ratio measurements and minimized variability due to 
interpolation.

Preparation of a stock solution for the plant extract
A stock solution was prepared by dissolving 0.05  g of 
dried residue in 50  mL of methanol, resulting in a con-
centration of 1000 μg/ml. This solution was then serially 
diluted with a methanol–water mixture 50:50 (v/v) to 
achieve the desired concentration. The absorbance of the 
prepared solutions was measured spectrophotometrically 
(Shimadzu Ultraviolet (UV)-1800 Serial No. A116351) at 

λ max 265 nm and 346 nm against a blank of methanol–
water (50:50, v/v) (Y2). Table 2.

Isolation of the major compound from the optimized 
extract
The optimized extract was subjected to fractionation 
using different solvents according to their polarity 
(hexane, methylene chloride, and ethyl acetate). The ethyl 
acetate fraction was concentrated, and a yellow residue 
(40 mg) was precipitated, purified through filtration, and 
repeated washing with methanol, to give needle crystals. 
It was identified using physical, co-chromatographic 
TLC technique, alongside with authentic sample and 
spectroscopic technique.

Antioxidant activity
Estimation of reactive oxygen species (ROS)
“Murine RAW 264.7 cells” were used for ROS detection. 
1 × 104 cells were cultured in a black 96-well cell culture 
plate (Cat. no 33396, SPL, Seoul, South Korea). Three 
independent wells were aliquoted for each of the negative 
control, LPS, optimized extract, and tiliroside. ROS was 
measured according to the manufacturer’s protocol 
using reactive fluorescence ROS assay kit (Green), Cat 
Number: E-BC-K138-F from Elabscience, Wuhan, China. 
[30, 31] at excitation/emission 502/520 nm.

Table 2  The Box–Behnken response surface design, along with the associated response values

A: material/solvent ratio %; B: ethanol/water ratio%, C: extraction time (hr.); Y1: yield g

Y2: (265/346 absorbance ratio at an extract concentration of 140 µg/ml)

Std. order Run
#

A: material/
solvent ratio %

B: ethanol/water 
ratio%

C: extraction 
time (hr.)

Y1 (Yield “g”) Y2 (265/346 absorbance ratio at an 
extract concentration of 140 µg/ml)

12 1 25/250 95% 72 2.0911 0.543

9 2 25/250 50% 24 3.1467 0.729

16 3 25/250 72.50% 48 2.7012 0.607

14 4 25/250 72.50% 48 2.379 0.695

17 5 25/250 72.50% 48 2.4251 0.649

1 6 25/125 50% 48 0.8633 0.705

6 7 25/500 72.50% 24 4.0605 0.653

8 8 25/500 72.50% 72 4.4159 0.663

2 9 25/500 50% 48 4.2378 0.680

7 10 25/125 72.50% 72 1.2458 0.638

10 11 25/250 95% 24 1.9474 0.512

3 12 25/125 95% 48 0.8901 0.525

4 13 25/500 95% 48 1.8767 0.516

5 14 25/125 72.50% 24 1.2176 0.638

15 15 25/250 72.50% 48 2.3434 0.593

11 16 25/250 50% 72 3.0166 0.641

13 17 25/250 72.50% 24 2.431 0.662
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Anti‑inflammatory activity
The RAW 264.7 murine macrophage cell line was 
maintained in a 6-well culture plate at a density of 
1 × 106 cells/ 2  ml medium and sensitized with 1  µg/
ml of LPS, except one well as a negative control. After 
6  h, both optimized extract and tiliroside were applied 
and adjusted to a final concentration of 50  μg/ml. 
Dexamethasone (Merck, Darmstadt, Germany) was 
used as a positive control at a concentration of 100 nm. 
Therefore, the five wells contained two different extracts 
(optimized and tiliroside), dexamethasone and LPS alone, 
as well as negative control cells. After 48 h of incubation, 
the supernatant and the cell pellets were collected from 
each well for further anti-inflammatory quantification 
[32]. Supernatant samples were used for detecting NO, 
TNF-α, and IL-6.

Dose–response curves of ROS, NO, TNF‑α, and IL‑6
The RAW 264.7 cells were cultured in 96-well cell 
culture plates at a density of 104 cells/ well. After 
settling down, the cells were sensitized by LPS as before 
and then treated with both tiliroside and optimized 
extract at concentrations of 75, 50, 25, and 12.5  µg/
mL. The dexamethasone was used as positive control 
at concentrations of 150, 100, 50, and 25  nM. Negative 
control cells were left untreated to measure the baseline 
of each inflammatory mediator. LPS-treated cells were 
left as a control for the inflammatory response of each 
mediator. The IC50 values of both the tiliroside and the 
optimized were plotted for each mediator (Table 8).

NFkB protein expression
The murine macrophage cells, RAW 264.7 cell line, was 
cultured on 8-well cell culture slides (SPL, Seoul, South 
Korea) at a density of 104 cells / 250 µL/ well. The cells 
were sensitized by LPS as above and then treated with the 
samples, tiliroside and optimized, and adjusted to obtain 
final concentrations equal to 50  µg/mL, respectively. 
The experiment was performed for 24  h. of incubation. 
After that, the cells were fixed with 4% paraformaldehyde 
and permeabilized with 0.1% Triton X-100. The cells 
were then blocked with 1% bovine serum albumin and 
incubated overnight at 4  °C with the rabbit polyclonal 
anti-NFkB p65 antibody, ab16502 (Abcam, Cambridge, 
UK) at dilution of 1:200. After extensive washing, the 
cells were incubated with the secondary antibody goat 
anti-rabbit IgG (Alexa Fluor®488) ab150077 (Abcam, 
Cambridge, UK) at 1/250 dilution. After washing and 
air drying, the glycerol mounting medium with DAPI 
(ab188804, Abcam, Cambridge, UK) was used as an 
anti-fade and as a counterstain for the nucleus. The cells 
were then visualized under the fluorescent microscope 
AxioImager Z2 (Zeiss, Jena, Germany), and the intensity 

of the fluorescence was measured using Zen11 Blue 
edition software (Zeiss, Jena, Germany).

Statistics
The statistical evaluation of the BBD was performed 
using Design-Expert software (version 8). The bioassay 
data were analyzed with Statistical Package for Social 
Sciences (SPSS) software (version 22). A one-way analysis 
of variance (ANOVA) and Tukey’s multiple comparison 
test were employed at a 95% confidence level to assess 
significance. The findings are expressed as mean ± SD.

UPLC‑ESI–MS analysis
Mass spectrometric analysis (UPLC-ESI–MS) was 
conducted on selected runs 2 and 11, as well as the 
optimized extract (Waters Corp., Milford, MA, USA). 
The column used was an ACQUITY UPLC—BEH C18, 
1.7 µm—2.1 × 50 mm. The solvent system comprised (A) 
water with 0.1% formic acid and (B) acetonitrile with 
0.1% formic acid. The flow rate was set at 200  µl/min. 
The B ratio began at 10% for 2 min and then increased to 
30%, 70%, 90%, and 100% over 3 min, 10 min, 10 min, and 
4  min, respectively, before returning to a 10% gradient 
for 3  min. The negative mode MS scan was performed 
under the following conditions: capillary voltage of 3 kV, 
cone voltage of 30 V, and source temperature of 440 °C. 
Nitrogen was used as the mobile phase at a flow rate of 
900.

Spectroscopic analysis
Using a Bruker NMR-spectrometer (Karlsruhe, 
Germany), 1H-NMR (400  MHz) and 13C (100  MHz) 
spectra were recorded in appropriate deuterated 
chloroform (CDCl3). Tetramethyl silane (TMS) was 
used as the internal standard, chemical shift values were 
expressed in δ ppm, and the coupling constants were 
expressed in Hz.

Electrospray Ionization Mass Spectrometry (ESI–
MS): UPLC MS/MS “Waters” 3100 (USA) instrument 
was used, Detector, TQ Detector (ACQUITY ultra 
performance LC).

Results
Box–Behnken design (BBD)
Experimental design and model validation
Table 2 displays the BBD used for optimizing the extrac-
tion of L. patersonii. The BBD matrix outlines each 
experimental run-in individual rows, along with their 
respective responses [Yield (Y1) and the ratio of absorb-
ance at λ max 265 and 346 nm at 140 μg/ml extract con-
centration (265/346 absorbance ratio) (Y2)]. Table  3 
presents the model summaries, “lack-of-fit tests”, 
and “sequential sums of squares” for each response, 
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encompassing four models: “quadratic, cubic, 2-factor 
interaction (2FI), and linear”. These evaluations were con-
ducted to assess the adequacy of the models. The model’s 
reliability was assessed using ANOVA to evaluate the 
impact of each factor on individual responses. For the 
first response (Y1), a quadratic model was chosen based 
on: (i) a significant p-value from the sum-of-squares 
analysis (p-value = 0.0177), (ii) a nonsignificant lack of 
fit (p-value = 0.0575), and (iii) a maximized adjusted R2 
(0.9470). For the second response (Y2), a linear model 
was selected due to: (i) a significant p-value from the 
sum-of-squares analysis (p-value = 0.0003), (ii) a non-
significant lack of fit (p-value = 0.6868), and (iii) a maxi-
mized adjusted R2 (0.6965).

Verification of model adequacy
The model’s accuracy and predictive capability were 
validated as shown in Fig. S1. For each run, the predicted 
values of Y1 and Y2 were computed and compared with 
the experimental results. Figure S1 demonstrates that the 
actual outcomes closely matched the predicted values, 
both for the yield (Fig. S1a) and for the ratio (Fig. S1b). 
This indicates that the model fits well and has strong 
predictive power, thereby improving the understanding of 
the relationship between the dependent and independent 
variables.

The yield (Y1)
The values of the yield (Y1) ranged from 0.8633 to 4.4159 g, 
as detailed in Table  2. Table  3 provides sequential model 
fitting data for the yield. The statistical evaluation revealed 
that the quadratic model was the most suitable, being the 

only model with a significant p-value (p < 0.0001) in the 
sum-of-squares analysis and a nonsignificant lack of fit 
(p = 0.0575, Table  3). Table  4 outlines the coefficient esti-
mates and p-values for each model term. The linear coef-
ficients (A, B), two quadratic coefficients (B2 and C2), and 
one interaction coefficient (AB) had a significant impact 
on the yield (p < 0.05, Table  4). The material/solvent ratio 
(factor A) had the most substantial effect, with a coef-
ficient estimate of + 1.30 and a highly significant p-value 
(p < 0.0001). The positive sign indicates a direct relation-
ship, where an increase in the volume of extraction sol-
vent compared to the amount of plant material leads to the 
greatest increase in yield. On the other hand, the ethanol/
water ratio (factor B) with a coefficient estimate of -0.56 
had a significant effect on yield (p = 0.0004). The negative 
sign indicates a decreasing effect of the ethanol/water ratio 
on the yield. Increasing the water content in the ethanol/
water solvent mixture led to a higher yield. Conversely, 
the extraction time (factor C) with a regression coefficient 
of 0.050 did not significantly affect the yield (p = 0.5945). 
Factor A (material-to-solvent ratio) had a strong increas-
ing effect (+ 1.30), while Factor B (ethanol-to-water ratio 
%) showed a weaker but decreasing effect (− 0.56). Their 
interaction yielded a coefficient estimate of − 0.60, indi-
cating that the influence of ethanol-to-water ratio was 
stronger than that of the material-to-solvent ratio when 
considered in combination, although the interaction effect 
remained lower in magnitude compared to Factor A alone. 
This means that Factor A (material-to-solvent ratio) has 
the strongest effect. On the other hand, Factor C (Time) 
by itself was nonsignificant, and therefore, its interactions 
with other factors (A or B) were also nonsignificant. How-
ever, the two quadratic terms (B2 and C2) had significant 
impacts, with p-values of 0.0288 and 0.0098, respectively. 
The quadratic term for time (C2) had a directly propor-
tional effect on the yield (regression coefficient 0.43), while 
B2 had a highly significant inversely proportional effect 
(coefficient estimate =  − 0.34). Finally, the interaction term 
(AB) significantly decreased the yield, with a p-value of 
0.0021 and a coefficient estimate of − 0.60. The quadratic 
term (A2) and interaction terms (AC and BC) did not have 
significant effects, as indicated by their p-values (p > 0.05, 
Table 4). Therefore, simplifying the regression equation by 
removing the nonsignificant terms resulted in the following 
reduced equation: -

Figure  1a demonstrates how the material/solvent ratio 
(A), ethanol/water ratio (B), and their interactions influ-
ence the yield, using 3D response surface plots. These 
plots effectively illustrate the importance of the regression 
equations by highlighting peaks and troughs. As shown in 
Fig. 1a, the yield was lowest at both 50% and 95% ethanol/

Yield = +2.46+ 1.30A− 0.56B− 0.60AB− 0.34B
2
+ 0.43C

2

Table 4  The p-values and coefficient estimate for the two 
analyzed responses

*Statistically significant at p < 0.05

Y1: Yield Y2: (265/346 
absorbance ratio at an 
extract concentration 
of 140 µg/mL)

p-value
prob > F

Coefficient
estimate

p-value
prob > F

Coefficient
Estimate

Intercept 2.46 0.63

A-material/solvent 
ratio

 < 0.0001 1.30 0.9595 6.783E − 004

B-ethanol/water 
ratio%

0.0004  − 0.56  < 0.0001  − 0.082

C-time 0.5945 0.050 0.6638  − 5.828E − 003

AB 0.0021  − 0.60

AC 0.5367 0.082

BC 0.6036 0.068

A2 0.2548  − 0.15

B2 0.0288  − 0.34

C2 0.0098 0.43
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water ratios. Moreover, at a low material/solvent ratio of 
1:5, the ethanol/water ratio had no impact. Conversely, at 
a 50% ethanol/water ratio, increasing the material/solvent 
ratio markedly enhanced the yield.

The 265/346 absorbance ratio at an extract concentration 
of 140  μg/ml (Y2) is detailed in Table  2 (Table  3), which 
compiles sequential model fitting data. The ratio ranged 
from 0.512 to 0.729, as shown in Table 2. The linear model 
was selected because it was the only model that exhibited 
both a significant p-value in the sum-of-squares analysis 
(p = 0.0003) and a nonsignificant lack of fit (p = 0.6868), as 
demonstrated in Table 3. It was determined that the etha-
nol/water ratio (B) was the only factor with a significant 
effect on the 265/346 absorbance ratio (Table 4), while the 
material/solvent ratio (A) and time (C) had no significant 

impact. Simplifying the regression equation by removing 
the nonsignificant terms resulted in the following equation:

Figure  1b visually illustrates the impact of the mate-
rial/solvent ratio (A) and its interaction with the etha-
nol/water ratio (B) on the 265/346 absorbance ratio. The 
265/346 absorbance ratio increased when the material/
solvent ratio was at a high level (1:20) and the ethanol/
water ratio was at a low level (50%).

Figure 2 presents the coefficient estimates for the sev-
eral factors influencing the two responses (amount of 
yield and 265/346 absorbance ratio). The material/sol-
vent ratio had a significant increasing impact on the 

The 265/346 absorbance ratio at an extract concentration of 140µg/ml

= +0.63− 0.082B

Fig. 1  Three-dimensional response surface plots for a yield (Y1): Effect of A (material/solvent ratio), B (ethanol/water ratio% %), and their interaction 
on the yield. b 265/346 absorbance ratio at an extract concentration of 140 µg/ml (Y2): Effect of A (material/solvent ratio), B (ethanol/water ratio), 
and their interaction on the ratio
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amount of the yield, while the ethanol/water ratio had 
a significant decreasing effect, with the highest magni-
tude on the amount of the yield (Fig.  2a, Table  4). Fig-
ure  2b shows that both material/solvent ratio and time 
had a decreasing effect, which was nonsignificant on 
the 265/346 absorbance ratio (Table 4). Noteworthy, the 

ethanol/water ratio had a significant decreasing effect 
on the 265/346 absorbance ratio (p-value < 0.05) (Fig. 2b, 
Table 4).

Model validation
To validate the model, two separate extraction runs 
(checkpoints) were conducted, which were not part of 
the design matrix. The model’s predicted values closely 
matched the actual results from these checkpoints 
(Table 5).

Multiple response optimization.
The run was performed to maximize both yield and 

the 265/346 absorbance ratio at an extract concentration 
of 140  μg/ml. To optimize two responses with different 
targets, a multi-criteria strategy employing numerical 
optimization through the desirability function was 
utilized to identify the optimal levels for each extraction 
run [15, 33]. The numerical optimization feature in 
Design-Expert depends on the desirability function 
for the specified factors and responses. This function 
converts the response variable into a scale from 0 
to 1, where a desirability of one indicates the most 
favorable outcome, and a desirability of zero indicates 
the least favorable [34]. The numerical optimization 
aimed to maximize both the yield (Y1) and the 265/346 
absorbance ratio at an extract concentration of 140  μg/
ml (Y2). The three factors (A, B, and C) were kept within 
range, achieving a desirability of 0.969 as illustrated in 
Fig. S2. The highest predicted yield was 4.243 g, obtained 
using 500 ml of 50% ethanol over 24 h, with a desirability 
of 0.969.

Fig. 2  Coefficient estimates for the factors examined 
concerning each response. a Yield b 265/346 asorbance ratio 
at an extract concentration of 140 µg/ml

Table 5  95% confidence interval for the optimized extract (Opt.) and the checkpoints

*The ratio of absorbance at 265 and 346 nm at an extract concentration of 140 μg/ml

Optimizations Goal Opt Checkpoint 1 Checkpoint 2

A: Material/solvent ratio Maximizing both yield and the ratio 
of absorbance at 265 & 346 nm at 140 μg/ml

B: Ethanol/water ratio Lower limit Yield: 0.863
Ratio: 0.512

C: Time Upper limit Yield: 4.416
Ratio: 0.729

Y1 (Yield) 95% PI low 3.856 3.649 3.242

Prediction 4.767 4.418 4.416

95%PI high 5.678 5.186 4.875

Observed 4.243 4.657 4.116

Y2
* (265/346 absorbance ratio)

95% PI low 0.619 0.609 0.622

Prediction 0.715 0.700 0.715

95%PI high 0.811 0.791 0.808

Observed 0.747 0.612 0.726

Desirability 0.969
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The actual yield of the optimized extract, measuring 
4.243 g, was within the 95% confidence interval of 3.856–
5.678  g. Likewise, the actual 265/346 absorbance ratio 
for the optimized extract, recorded at 0.747, fell within 
the 95% confidence interval of 0.619 to 0.811. This vali-
dated the response model’s adequacy, as it met the antici-
pated optimization. Thus, the model is both accurate 
and dependable, illustrating that the BBD can effectively 
optimize the yield and the 265/346 absorbance ratio 
at an extract concentration of 140  μg/ml and hence the 
amount of tiliroside in the yield of L. patersonii (Table 5). 
Consequently, BBD was successfully applied to optimize 
both the extraction yield and the tiliroside content in L. 
patersonii leaves.

UPLC‑ESI–MS analysis
UPLC-ESI–MS was performed to quantify tiliroside 
to prove the concept of tracking the λ max 265/346 
absorbance ratio in the BBD design. It was found that the 
extracts of run two and run eleven showed the highest 
and the lowest 265/346 absorbance ratio (0.729 and 
0.512), respectively. Therefore, UPLC-ESI–MS evaluated 
the extracts. The peak area % of tiliroside to total peak 
areas in the UPLC-ESI–MS chromatograms of run 
two and run eleven extracts was found to be 8.32% and 
0.94%, respectively. Thus, the extract at run two showed 
the highest concentration of tiliroside and demonstrated 
the concept of tracking the 265/346 absorbance ratio to 
increase the amount of tiliroside in the extract. Typically, 
the two wavelengths were selected (at λ max 265  nm 
and 346  nm) based on the presence of two maxima of 
tiliroside at the selected wavelengths. The optimized 
extract was performed based on maximizing both the 
yield of the plant and the λ max 265/346 absorbance ratio 
to maximize the yield of tiliroside. UPLC-ESI–MS was 
established to confirm the results in Fig. S3. It showed a 
peak area of 16.44% which is twice the peak area of the 
highest run (run 2) (Table S2).

Identification of tiliroside
1H NMR (400  MHz, CDCl3) δH ppm: 12.57( 
s,1H,OH-5),7.9 (d, J = 8.7  Hz, 2H, H-2′,6′),7.36(d, 
J = 8.7  Hz,2H, H-2′′′,6′′′), 7.3 (d, J = 16  Hz, 1H, 
H-7′′′-β), 6.85( J = 8.7  Hz,2H, H-3′, 5′), 6.7 (d, 
J = 8.7  Hz,2H, H-3′′′, 5′′′), 6.2 (d, J = 2.0  Hz, 1H, 
H-8),6.14 (d, J = 2.0 Hz,1H,H-6), 6.10 (d, J = 15.9 Hz, 1H, 
H-8′′′ α), 5.1 (d, J = 7.5 Hz, 1 H, H′′).

13C NMR (100  MHz, CDCl3) δC ppm: 178.05 (C-4), 
167.38 (C-9′′′), 164.54 (C-7), 161.58 (C-5), 160.12 
(C-4′), 159.78 (C-4 ′′′), 157.97 (C-2), 157.03 (C-9),145.15 
(C-7′′′-β), 133.75 (C-3), 130.80 (C-2′-6′), 129.78 
(C-1′),125.69 (C-1′′′), 115.39 (C-3′, 5′),114.64 (C-8′, α), 

104.20 (C-10), 98.59 (C- 6), 93.40 (C-8), 76.58 (C-3′′′), 
74.40 (C-2′′), 74.31 (C-5′′), 70.32 (C-4′′) 62.87 (C-6′′).

ESI–MS  [M-H]− 593.36, fragments [M-H- 
p-coumaroyl]− 447, [M-H- p-coumaroyl-glucosyl]− 
285. From the following spectral data, 1H NMR, 13C 
NMR, and ESI–MS data, the compound was identified 
as tiliroside; known as “Kaempferol-3-O-β-D-(6′′-E-
p-coumaroyl) glucopyranoside” Molecular formula: 
C30H26O13, m.p.: 263- 266  °C, optical activity: [α]/D-
65 ± 8 C = 0.1 in methanol [35].

Antioxidant and anti‑inflammatory activity
LPS is a key element of Gram-negative bacterial cell walls, 
which can induce a significant inflammatory response 
by stimulating the release of numerous inflammatory 
cytokines across various cell types [36]. In  vitro, 
studies are valuable for examining cellular responses 
within a controlled environment where experimental 
conditions are consistently maintained. These studies 
are instrumental in elucidating the mechanisms behind 
the anti-inflammatory properties of herbal constituents. 
Various in  vitro assays are employed to assess the anti-
inflammatory effects of herbs [37].

Effect on reactive oxygen species (ROS)
ROS are the catalysts of "oxidative stress." In this context, 
antioxidants that can scavenge ROS play a crucial role in 
preventing this oxidative stress [38]. By measuring ROS 
in each sample and comparing to both LPS and negative 
controls, Fig. 3(i) shows that all samples had significantly 
lowered ROS compared to LPS-stimulated cells. The 
optimized extract was the most effective inhibitor of ROS 
than tiliroside. However, tiliroside was not significantly 
different compared to the negative control.

Effect on nitric oxide (NO) generation
NO is an essential signaling molecule in the progression 
of inflammation. In abnormal conditions, NO is a 
pivotal factor in managing inflammatory processes. As it 
regulates the functional activity of the inflammatory cells 
[39], Fig.  3(ii) demonstrates that tiliroside significantly 
reduced NO compared to the dexamethasone standard. 
Unfortunately, no significant variation was observed 
between the optimized extract and LPS-stimulated cells 
(Table  6). Although tiliroside demonstrated a higher 
percentage of NO inhibition than dexamethasone 
under the tested conditions, this observation should 
be interpreted cautiously. The assay was performed in 
triplicate, and while reproducibility was consistent across 
runs, further biological replicates and mechanistic studies 
are necessary to confirm this effect. These preliminary 
findings suggest that tiliroside may engage alternative or 
complementary anti-inflammatory pathways, potentially 
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offering a natural scaffold for therapeutic development. 
However, comparisons to synthetic glucocorticoids 
should be expanded using dose–response analyses and 
broader inflammatory models before firm conclusions 
can be drawn.

Effect on tumor necrosis factor‑alpha (TNF‑α)
TNF-α is a pleotropic cytokine that engages in 
orchestrating the inflammatory process. Therefore, the 
inhibition of TNF-α has been used as a potential target 
for the treatment of chronic inflammation [40, 41]. 
Figure  3 (iii) shows that tiliroside significantly reduced 
TNF-α than optimized extract, but on the other hand, 
dexamethasone had the best anti-inflammatory effect on 
TNF-α (Table 6).

Effect on Interleukin‑6 (IL‑6)
LPS is one of the several stimuli that generates the 
cytokine IL-6, which is also a major inducer of the acute 
inflammatory response. Furthermore, during chronic 
inflammation, IL-6 plays crucial functions in the immune 
response [41]. Figure  3 (iv) shows that all groups had 
significantly lower levels of IL-6 compared to the LPS-
stimulated cells group (Table  6). Like dexamethasone, 
tiliroside decreased IL-6.

Post hoc test
Table 7 represents the results of one-way ANOVA for the 
distinct groups studied on different bioassays of L. pat-
ersonii, comparing the extracts to the negative control. 
Table 6 demonstrates the results of multiple comparisons 
conducted by post hoc test—Tukey’s honestly signifi-
cant difference (HSD) results. It is noteworthy that the 

Fig. 3  Comparison of the effect of different studied groups on different performed bioassays, where i ROS fluorescence intensity, ii NO quantity, 
iii TNF-α concentration, iv IL-6 concentration. Negative control = untreated cell line, LPS = lipopolysaccharides, Opt. = optimized extract, 
Tiliroside = isolated compound, Dex = dexamethasone. Columns labeled with different letters indicate significant differences (p < 0.05), and columns 
with the same letters are not significantly different (p > 0.05)
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optimized extract exerts a significant antioxidant effect 
(p-value < 0.05, Table  6). Conversely, tiliroside offers the 
most favorable anti-inflammatory effect with respect to 
the NO test, as it reduces the amount of NO significantly, 
even better than dexamethasone. However, it showed no 

significant difference (p-value > 0.05, Fig. 3) in inhibiting 
IL-6 compared to dexamethasone (Figs.3, 4, 5).  

Tiliroside exhibited a broad and consistent inhibition of 
all inflammatory mediators, while the optimized extract 
was more potent against ROS (Table 8).

Table 6  The multiple comparison Post Hoc Test—Tukey’s HSD results for the surviving extracts of L. patersonii comparing them to 
negative control

*The mean difference is significant at P < 0.05. Standard error for ROS = 905.52338. Standard error for NO = 2.46705. Standard error for TNF-α = 2.44949. Standard error 
for IL-6 = 4.03228. Group 1: Optimized extract (Opt.), Group 2: Tiliroside, Group 3: Negative control, Group 4: LPS, Group 5: Dexamethasone

Studied group Significance (p-value)

ROS NO TNF-α IL-6

Group (I) versus group (5)

Opt Tiliroside 0.002* 0.000* 0.000* 0.000*
Negative control 0.012* 0.000* 0.000* 0.000*
LPS 0.000* 0.892 0.000* 0.000*
Dexamethasone – 0.001* 0.000* 0.000*

Tiliroside Opt 0.002* 0.000* 0.000* 0.000*
Negative control 0.660 0.118 0.000* 0.000*
LPS 0.000* 0.000* 0.000* 0.000*
Dexamethasone – 0.000* 0.000* 0.063

Negative control Opt 0.012* 0.000* 0.000* 0.000*
Tiliroside 0.660 0.118 0.000* 0.000*
LPS 0.000* 0.000* 0.000* 0.000*
Dexamethasone – 0.008* 0.000* 0.000*

LPS Opt 0.000* 0.892 0.000* 0.000*
Tiliroside 0.000* 0.000* 0.000* 0.000*
Negative control 0.000* 0.000* 0.000* 0.000*
Dexamethasone – 0.004* 0.000* 0.000*

Dexamethasone Opt – 0.001* 0.000* 0.000*
Tiliroside – 0.000* 0.000* 0.063

Negative control – 0.008* 0.000* 0.000*
LPS – 0.004* 0.000* 0.000*

Table 7  One-way ANOVA results for the distinct groups studied on different bioassays of Lagunaria patersonii 

*The mean difference is significant at P < 0.05. Groups: Optimized extract (Opt.) and Tiliroside

Bioassay Studied groups Sum of squares DF MS F-value Significance

ROS Treatment (Between columns) 456,246,988 4 114,061,747 F (4, 10) = 92.7 P < 0.001*

Residuals (Within columns) 12,299,589 10 1,229,959

Total 468,546,577 14

NO Treatment (Between columns) 2632 5 526 F (5, 12) = 57.7 P < 0.001

Residuals (Within columns) 110 12 9.13

Total 2742 17

TNF-α Treatment (Between columns) 135,891 5 27,178 F (5, 12) = 3020 P < 0.001*

Residuals (Within columns) 108 12 9

Total 135,999 17

IL-6 Treatment (Between columns) 80,636 5 16,127 F (5, 12) = 661 P < 0.001

Residuals (Within columns) 293 12 24.4

Total 80,928 17
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Fig. 4  Dose–response curves of ROS, NO, TNFα, and IL-6 in cells treated with tiliroside, optimized, and dexamethasone
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Discussion
For the first time, an optimization study and UPLC-
ESI-MS analysis for L. patersonii extract were 
performed. The method was developed to increase 
the yield of L. patersonii extract and investigate 
its antioxidant and anti-inflammatory activities 
by measuring inflammatory mediators (NO, TNF-
α, IL-6). In agreement with [14], BBD method was 
efficient for establishing the optimization process. The 
established method significantly increased the yield 
of the plant extract, as well as the flavonoid content. 
Herein, optimization successfully increased the yield of 
tiliroside. Moreover, the experimental design has been 
verified, with high predictive power.

The optimization study revealed that extraction 
variables such as ethanol/water ratio, material/solvent 
ratio, and time do not act independently but interact 
significantly to influence both yield and extract 
composition. Specifically, while a higher material/
solvent ratio enhanced yield, increasing ethanol content 
reduced it and this effect varied with extraction time. 
The significant negative impact of ethanol/water ratio 
on the 265/346 absorbance ratio highlights solvent 
polarity’s role in modulating chromophore selectivity. 
These findings emphasize the practical importance 
of considering factor interactions to develop a more 
efficient, targeted extraction protocol, ensuring both 
high recovery and desired phytochemical profiles.

UPLC-ESI-MS was performed to track tiliroside 
concentration. The extracts of run two and run eleven 
exhibited the highest and lowest 265/346 absorbance 
ratio (0.729 and 0.512), respectively. Extract of run two 
exhibited the highest concentration of tiliroside and 
proved the concept of tracking the 265/346 absorbance 
ratio to maximize the tiliroside content in the extract. 
The optimized extract was conducted depending on 
maximizing both yield and the 265/346 absorbance ratio 
to maximize the yield of the tiliroside. This was confirmed 
by UPLC-ESI–MS, which showed the highest peak area 
that considered double the peak area of the highest 
run (run 2). After numerical optimization, the plant 
extracts with the highest yield and highest concentration 
of tiliroside showed a good association between the 
experimental and estimated values. It should be noted 

that the use of relative peak areas without absolute 
calibration may be subject to matrix effects and does 
not allow precise absolute quantification of tiliroside. 
Accordingly, the present findings should be interpreted 
as relative comparisons among samples. Future work 
will address this limitation by employing calibration with 
authentic standards to ensure higher accuracy.

A study by Abd-El-Aziz et  al. [14] showed that the 
optimized ethanolic extract rich in quercetin, rutin, 
kaempferol, chlorogenic acid, and ρ-coumaric acid 
exhibited remarkable antioxidant and anti-inflammatory 
effects. Notably, the extract showed 80% free radical 
inhibition and potent anti-edematous effect comparable 
to indomethacin. These findings underscore the 
therapeutic potential of L. hispidulus and validate the 
efficiency of the applied extraction strategy for isolating 
biologically active phenolics.

Structural modification of kaempferol by acylation of 
glycosides with p-coumaric acid can significantly affect 
its absorption and bioactivity [42], which is consistent 
with the previous reports by Silva et al. [42], which high-
lighted the potential anti-inflammatory effect of some 
kaempferol glycosides through suppression of TNF-α and 
NO in LPS-induced inflammation. Similarly, Oppong 
et al. [43] documented that tiliroside has potential in vitro 
anti-inflammatory activity on some inflammatory targets 
such as COX-2 and phospholipase A2. It also showed 
the inhibition of NO production. Recent studies have 
elucidated multiple molecular pathways through which 
tiliroside exerts its anti-inflammatory effects. Notably, 
tiliroside has been shown to inhibit the NLRP3 inflam-
masome in macrophages by activating AMP-activated 
protein kinase (AMPK), which reduces mitochondrial 
ROS production and stabilizes mitochondrial membrane 
potential key steps in dampening inflammasome assem-
bly and IL-1β release [44]. Additionally, tiliroside sup-
presses NF-κB and MAPK signaling pathways, leading to 
downregulation of pro-inflammatory mediators such as 
TNF-α, IL-6, iNOS, and COX-2 [45]. Molecular docking 
studies further support these findings, revealing strong 
binding affinities of tiliroside to key inflammatory tar-
gets including COX-2, iNOS, and JNK, suggesting direct 
molecular interactions that may underlie its bioactiv-
ity. These mechanisms collectively position tiliroside as 

(See figure on next page.)
Fig. 5  The effect of tiliroside and optimized on the NFkB protein expression in the RAW 264.7 cell line. i The immunocytofluorescence photographs 
showing very high expression after LPS sensitization with subsequent decrease in the protein expression in both the tiliroside-treated cells 
and optimized-treated cells. ii One-way ANOVA analysis followed by Tukey’s multiple comparisons test at a 95% confidence interval showing 
that the tiliroside significantly decreased the inflammatory NFkB protein expression than both the LPS-sensitized cells and the optimized extract. 
The optimized also inhibited the NFkB protein expression significantly than the LPS but still higher than the negative control cells. The data are 
represented as mean ± SD. The columns with the same letters are not significantly different. The scale bar is 20 µm
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Fig. 5  (See legend on previous page.)
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a promising multi-target anti-inflammatory agent with 
both upstream (signal transduction) and downstream 
(cytokine suppression) effects.

In line with these mechanistic insights, in  vitro 
antioxidant and anti-inflammatory activities of the 
optimized extract and tiliroside were studied. Our 
immunofluorescence analysis confirmed that NF-κB 
expression was strongly upregulated following LPS 
stimulation but was significantly suppressed upon 
treatment with both tiliroside and the optimized 
extract (Fig. 5). Notably, tiliroside exerted greater inhi-
bition than the optimized extract, indicating a more 
direct impact on NF-κB signaling. This is consistent 
with previous studies showing that NF-κB serves as a 
master regulator of macrophage-driven inflammation 
and that natural flavonoids can suppress NF-κB activa-
tion to reduce inflammatory mediator release [46, 47].

The dose–response assaysfurther highlighted differ-
ential inhibitory profiles of the two treatments (Fig. 4). 
Tiliroside consistently inhibited ROS, NO, TNF-α, 
and IL-6 with IC50 values in the range of 22–29  µg/
mL, reflecting broad anti-inflammatory efficacy. Con-
versely, the optimized extract showed potent anti-
oxidant activity (ROS IC50 = 22.27  µg/mL) but limited 
suppression of NO and TNF-α (IC50 > 100 µg/mL) and 
only moderate inhibition of IL-6. Compared to dexa-
methasone, tiliroside exhibited more potent inhibition 
of NO and comparable suppression of TNF-α and IL-6, 
though at higher concentrations. These findings sug-
gest that while the optimized extract provides strong 
antioxidative protection, likely due to synergistic poly-
phenolic effects, tiliroside exerts more specific anti-
inflammatory actions through inhibition of NF-κB and 
downstream cytokine signaling.

In summary, these results suggest that the optimized 
plant extract can be considered a natural source of 
antioxidants that may be essential to slow down the 
development of oxidative stress. This implies that the 
optimized extract may be effective in protecting cells 
from oxidative damage, and this activity may be attrib-
uted to the synergistic effect of the polyphenols in the 
optimized extract [48]. While tiliroside may be more 

effective at reducing inflammation and its associated 
symptoms and this could be explained by the fact that 
the other compounds in the optimized extract reduce 
the anti-inflammatory activity of tiliroside, so tiliro-
side is better on its own as anti-inflammatory and the 
optimized extract is better as antioxidant. These find-
ings encourage further study to determine the exact 
mechanism of the antioxidant and the anti-inflamma-
tory potential.

Conclusion
This study provides, for the first time, a validated 
method for the optimization of L. patersonii and inves-
tigation of its antioxidant and anti-inflammatory activ-
ities. The BBD of the plant extraction employing RSM 
was a valuable way to investigate the impact of the 
studied factors and their interactions on the extraction 
yield and the tiliroside content in the plant extract. 
UPLC-ESI–MS was successfully applied to track tiliro-
side concentration and proved the success of the eco-
nomically employed wavelength absorbance approach, 
which mirrors the abundance of tiliroside, to increase 
its amount. In  vitro antioxidants and anti-inflamma-
tory activities revealed that the optimized plant extract 
exhibited high antioxidant activity, while tiliroside, 
showed high anti-inflammatory activity targeting NO, 
TNF-α, and IL-6. L. patersonii was proven to be a reli-
able source of natural antioxidants and anti-inflamma-
tories. Further research is recommended to identify 
the other compounds contributing to the antioxidant 
activities of the optimized extract. On the other hand, 
the proposed wavelength absorbance approach simple, 
cost-effective, and adaptable can be extended to other 
phytoconstituents exhibiting dual absorbance maxima, 
such as flavonoid glycosides or phenolic acids. Future 
studies may apply this method to other medicinal 
plant species to streamline compound quantification 
and correlate spectrophotometric profiles with biolog-
ical activities.
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Table 8  The IC50 of tiliroside, optimized, and dexamethasone

IC50 ROS NO TNFΑ IL-6

Tiliroside (µg/mL) 27.99 ± 5.2 22.54 ± 6.3 28.71 ± 2.3 26.07 ± 9.6

Optimized (µg/mL) 22.27 ± 0.5  > 100  > 100 63.9 ± 10.9

Dexamethasone 
(nM)

– 85.75 ± 17.3 51.14 ± 4.2 55.08 ± 19.2
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