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Abstract Background: Chromolaena odorata (Siam
weed) is a perennial shrub used in the treatment of many
ailments and disease conditions, also known as Siam weed.
A potential weed of tropical and sub-tropical regions
inhabits waterways. The medicinal values of Chromolaena
odorata lie in their phytochemical's component. The
present study aims to develop and validate an UV
spectrophotometric method according to ICH guidelines
for the estimation of C. odorata. Materials and Method:
The study is focused on generating a specific, linear,
accurate and precise UV spectrophotometric method for
estimation of aqueous C. odorata. The method's
parameters were assessed within a concentration range of
0.2 pg/ml - 1 pg/ml, with recovery rates specifying
accuracy and low % relative standard deviation (RSD)
values confirming precision. Limits of detection (LOD)
and quantification (LOQ) for C. odorata were determined.
Results and Discussion: Validation is conducted to ensure
that the analytical methods are accurate, specific,
reproducible, and resistant to the analyte range to be
analyzed. The method was validated for many parameters.
Solvent development step involves the use of water in
which Siam showed spectrum with maximum absorbance
at 211nm. A coefficient of correlation of 0.9975 was
discovered in accordance with Beer's law. After
determining the technique's sensitivity, the limit of
detection and limit of quantification were determined to be

1.07 pg/ml and 3.25 pg/ml, respectively. Conclusion: In
conclusion, the development and validation of a
UV-visible spectrophotometric method for the estimation
of aqueous Chromolaena odorata extracts demonstrate a
promising approach for routine quality control analysis.
The method offers a simple, cost-effective, and efficient
means of analysis when adequately optimized. The
validation according to ICH Q2 (R1) guidelines confirms
that the method meets the necessary acceptance criteria,
making it suitable for the routine analysis of Chromolaena
odorata.

Keywords  Aqueous Chromolaena odorata, UV
Visible Spectrophotometer, ICH Guidelines, Method
Development, Analytical Parameters

1. Introduction

Chromolaena odorata (CO) is a perennial shrub that
grows abundantly in Asia and sub-Saharan Africa, where it
has been used in the treatment of many ailments and
disease conditions such as diabetes, malaria, wounds,
inflammation and fever [1]. Also known as Siam weed, it
forms dense stands that prevent the establishment of other
plant species. A potential weed of tropical and sub-tropical
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regions inhabits waterways (i.e. Riparian areas), bushland,
forest margins, roadsides, disturbed sites, waste areas,
neglected pastures, crops and plantations [2].

Chromolaena odorata Linn (L.) King and Robinson is
formerly known as Eupatorium odoratum L. It belongs to
the kingdom Plantae, family Asteraceae (Aster family),
genus Chromolaena, and species Chromolaena odorata L
[3]. The family Asteraceae or Compositae (known as the
aster, daisy, or sunflower family) is the largest family of
flowering plants represented by about 950 genera and
20,000 species over the globe. C. odorata plants are
distributed all over the world in almost all habitats (Figure
1). The common names for these plants are Siam weed,
devil weed, eupatorium, Jack in the bush, Jack-in-the-bush,
kingweed, paraffin bush, and paraffin weed [4].

Chromolaena odorata

Figure 1.

Several parts of Siam weed plant are widely used to treat
wounds, burns, skin infections as well as to possess
anticancer, antidiabetic, anti-hepatotoxic,
anti-inflammatory,  antimicrobial, —and  antioxidant
properties [5]. The medicinal values of CO lie in their
phytochemical's component, because the dried leaf of CO
contained flavonoid aglycones (flavanones, flavanols,
flavones) including acacetin, chalcones, eupatilin, luteolin,
naringenin, kaempferol, quercetin, quercetagetin, and
sinensetin, terpenes and terpenoids, essential oils, and
other phenolic compounds, which produce define
physiological action in our body [6-9]. Evidence from
biology and pharmacology supports some of the purported
ethnomedical benefits of C. odorata, particularly in relation
to wound healing and oxidative damage. According to
Phan et al.,, C. odorata's phenolic compounds shielded
cultured skin cells from oxidative damage. According
review, C. odorata's potent antioxidant activity, which is
essential for wound healing and cutaneous tissue repair,
may be the cause of its protective benefits. Additionally,
several C. odorata extracts demonstrated antidiabetic,
antifungal, antiprotozoal, and antiadipogenic properties.
The wide range of physiologically active components
found in C. odorata, such as flavonoids, triterpenoids,
alkaloids, and essential oils, have been primarily attributed
to the plant's numerous pharmacological and biological
characteristics [10].

Therefore, the present study aims to develop and
validate an UV spectrophotometric method according to
International Conference Harmonization (ICH) guidelines
for the estimation of CO. Literature survey also revealed
that, to date, no UV method has been proposed using water
for the assay of CO.

2. Materials and Methods

2.1. Materials

CO plant sample was collected locally from Belagavi
city and the taxonomist verified the taxonomical
identification. It was done in KLE BMK Ayurveda college
Shahpur Belagavi. After being cleaned with distilled water,
the new leaves were allowed to air dry. Following After
drying, the leaves were ground into powder and kept in
airtight bottles at 4°C for future research. Aqueous extracts
were used for study [11]. All chemicals and reagents used
for the analysis were pure, high analytical grade procured
from KAHER’S Dr. Prabhakar Kore Basic Science
Research Center, Belagavi. UV-Spectrophotometer of
Shimadzu make and model UV-1900 having UV probe
software were used for analysis. Calibrated weighing
balance was used for weighing drug sample in the study.

2.2. Plant Sample Extraction

The plant sample CO was collected, dried and extracted
using millipore water by cold maceration method. About
250gm of dried powder of CO and 600ml of millipore
water was used for the extraction method.

2.3. Method Optimization

2.3.1. Standard Stock Preparation & Determination of
Maximum Wavelength (A max)

Development and optimization of new UV
Spectrophotometric method was established by selecting
the proper solvent system. Solubility of siam was
screened by taking various solvents including water. In
order to select the solvent system few trials were carried
out, finally water was selected for study. Primary and
secondary stock solutions of siam were prepared by
dissolving 10mg of it in 10ml of water. From these
solutions working standard solution containing 10 pg/ml
of siam was scanned between the wavelength regions of
800 - 200 nm against water as blank. The UV spectra
were shown in and absorption curve showed characteristic
absorption maxima (A max) at 21 1nm for aqueous and it
was selected for analysis of siam [12,13,14].

2.3.2. Analytical Method Validation

As per the guidelines set forth by the ICH (International
Conference on Harmonization) (ICH guidance Q2A; Q2B),



Advances in Pharmacology and Pharmacy 13(4): 619-626, 2025

validation is defined as the process of establishing
documented proof that provides a high degree of assurance
regarding the ability of a selected activity to consistently
yield the intended outcome or a product that meets its
predetermined specifications and quality characteristics.
The following factors were evaluated to validate the
method being used.

2.3.3. Specificity and Selectivity

Specificity and selectivity of standard solution 10pg/mL
Siam were observed between the range of 800-200nm.
Spectrum of water was obtained as blank and analyzed for
any interference at maximum wavelength of absorbance.

2.3.4. Linearity and Range

While executing the study for linearity, 10mg of siam
was weighed and transferred into 10ml of volumetric flask
and volume was accustomed to the mark using water to
obtain 1000pug/mL solution of siam. From this standard
stock the working stock was prepared which consist of 1ml
of standard stock which was taken and placed in another 10
mL volumetric flask covering water and volume was made
up to the mark to 10mL, later further serial dilutions were
made to prepare 0.2, 0.4, 0.6, 0.8 and 1 pg/mL solutions of
siam. Solutions were analyzed in triplicates and
absorbance was measured at 21 1nm for water.

2.3.5. Limit of Detection and Limit of Quantification

As per the ICH recommendations, to compute the drug's
LOD and LOQ, the signal-to-noise ratio (S/N) 3.3 for LOD
and 10 for LOQ was used. They were calculated using the
formulas:

LOD=33xD/S
LOQ=10xD/S

Where,
D= standard deviation of regression;
S= Slope

2.3.6. Precision

Precision studies were carried out to estimate the
reliability of the estimated analytical process. Triplicates of
the higher, middle, and lower concentrations (0.2, 0.6,
1nug/ml) of aqueous siam were used to check precision. The
absorbance was monitored throughout the day viz.,
intra-day ~ (morning, afternoon, evening). Same
concentrations were treated on three distinct day’s viz.,
inter-day and absorbance were measured and % RSD was
calculated.

2.3.7. Ruggedness & Robustness

To determine the ruggedness normally 0.2, 0.6, and 1
pg/ml concentration solutions containing aqueous siam
were prepared and absorbance of each was measured by
using different instrument and %RSD as calculated for
absorbance.
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Robustness was measured using two completely distinct
wavelengths, 210nm and 211nm for aqueous extract, to
analyze concentration solutions in water using 0.2, 0.6, and
1 pg/ml concentrations. %RSD was calculated.

2.3.8. Solution and Standard Stock Solution Stability

In order to check solution stability and obtained stability,
fresh stock was prepared and dilutions were made using
fresh solvent; absorbance’s of each dilutions containing
aqueous CO was compared with that of old stock dilutions
and % RSD for absorbance’s was calculated.

3. Results and Discussion

3.1. Optimization and Validation

Validation is conducted to ensure that the analytical
methods are accurate, specific, reproducible, and resistant
to the analyte range to be analyzed. The method was
validated for many parameters like specificity, linearity
and range, precision, ruggedness, robustness, limit of
detection (LOD), and limit of quantification (LOQ) with
ICH guidelines [15]. Solvent development step involves
the use of water in which siam showed spectrum with
maximum absorbance (A max) at 21 1nm for aqueous siam.
Developed method parameters are tabulated in Table 1.

Table 1. Linearity and Range
Sr. No. Concentration | Absorbance at 211nm
1 0.2 pg/ml 0.028
2 0.4 pg/ml 0.063
3 0.6 pg/ml 0.101
4 0.8 pg/ml 0.134
5 1 pg/ml 0.169

Regression Equation y=0.1716x - 0.0033

R? 0.9987
Slope 0.1716
LOD 1.07 pg/mL
LOQ 3.25 pg/mL

3.2. Specificity and Selectivity

By accomplishing water spectrum there was no
interference of absorbance at 211 nm which highlighted the
specificity and method selectivity. The UV spectrum of
Siam is represented in (Figure 2).

3.3. Linearity and Range

Linearity is conveyed in terms of variance around the
direction of the regression line, which is calculated based
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on mathematical equations of data obtained from the test
results of analytes in samples with various series of
concentration of 0.2, 0.4, 0.6, 0.8 and lpug/mL. The
parameter used in linearity testing is the correlation
coefficient (r) in linear regression analysis. The value of
the correlation-coefficient (R?) confirmed the calibration
curve's linearity [16]. As seen in Table 1, the linear
regression line equation obtained is y = 0.1716x - 0.0033
with a correlation coefficient (R?) 0.9987 for aqueous siam
presented in (Figure 3). Overlay graph of linearity of
aqueous siam is shown in (Figure 4).

3.4. LOD and LOQ

Limit of Detection is the smallest number of analytes in
the sample, which still gives a significant response
compared to others. It is a limit test parameter. Meanwhile,
the limit of Quantification can be interpreted as the
smallest quantity of analytes in a sample that had fulfilled
the criteria of precision and accuracy. The LOD and LOQ
were calculated statistically based on the standard
deviation response and the standard slope (S) curve. For
aqueous siam, the results showed the LOD and LOQ were,
1.07 ug/mL and 3.25 pg/mL respectively [17,18].
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Figure 4. Overlay graph of C. odorata at various concentrations (0.2, 0.4, 0.6, 0.8, 1 pg/ml)
Table 2. Interday Precision
Day 1 Day 2 Day 3
Conc. Conc. Conc.
pg/mL Abs. % RSD pg/mL Abs. % RSD pg/mL Abs. % RSD

0.2a 0.037 0.2a 0.037 0.2a 0.038
0.2b 0.037 1.53 0.2b 0.036 1.57 0.2b 0.039 1.50
0.2¢c 0.038 0.2¢ 0.037 0.2¢c 0.039
0.6a 0.099 0.6a 0.086 0.6a 0.077
0.6b 0.099 1.15 0.6b 0.086 1.32 0.6b 0.077 1.48
0.6¢c 0.101 0.6¢c 0.088 0.6¢c 0.079

la 0.157 la 0.148 la 0.143

1b 0.158 0.63 1b 0.149 0.38 1b 0.144 0.40

lc 0.159 Ic 0.149 lc 0.143

3.5. Precision

Precision was measured as a standard deviation or
coefficient of variation. The intraday & interday were
conducted on completely different days with few
differences between them. The outcome demonstrates that
the suggested methodology is reliable. The results of
precision are shown in Table 2 and Table 3 [19-23].

3.6. Robustness and Ruggedness

Table 4 presents the outcomes from the robustness
investigation. There are two distinct wavelengths in the
parameters- 210 nm and 211 nm. Moreover, table 4
displays the results of the statistical analysis.

The % RSD values calculated for aqueous siam was

found to be less than 2% which indicates that the method
was robust with slight change in the % composition of
solvent system and reproducible as %RSD obtained for
absorbance’s of each replicate of solutions was within the
acceptance by change in the instrument. Ruggedness data
is tabulated in Table 5.

3.7. Solution Stability

The solution stability for aqueous CO was determined
by the %RSD or absorbance was calculated from prepared
fresh solution and old solution. Results analyzed were
found to be within the acceptance and data obtained
revealed the standard stock solution. Solution stability
study was done and data have been displayed in Table 6.
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Table 3. Intraday Precision

Concentration (ng/mL) Absorbance %RSD
09:00 am 02:00 pm 05:00 pm 09:00 am 02:00 pm 05:00 pm 09:00 am 02:00 pm 05:00 pm
0.2a 0.2a 0.2a 0.037 0.037 0.037
0.2b 0.2b 0.2b 0.038 0.037 0.038 1.53 1.57 1.53
0.2¢ 0.2¢c 0.2¢ 0.038 0.038 0.037
0.6a 0.6a 0.6a 0.099 0.105 0.062
0.6b 0.6b 0.6b 0.099 0.105 0.062 1.15 1.63 1.84
0.6¢c 0.6¢c 0.6¢ 0.101 0.108 0.064
la la la 0.157 0.142 0.129
1b 1b 1b 0.158 0.142 0.129 0.63 0.84 0.89
Ic Ic Ic 0.159 0.142 0.131
Table 4. Robustness
Concentration pg/mL Absorbance at 210nm % RSD Concertation pg/mL Absorbance at 211nm % RSD
0.2a 0.064 0.2a 0.061
0.2b 0.062 1.82 0.2b 0.061 1.87
0.2¢ 0.064 0.2¢ 0.063
0.6a 0.109 0.6a 0.106
0.6b 0.110 0.90 0.6b 0.108 1.08
0.6¢c 0.111 0.6¢ 0.106
la 0.180 la 0.177
1b 0.181 0.55 1b 0.175 0.65
lc 0.182 lc 0.177
Table 5. Ruggedness
Conc. Absorbance Conc. Absorbance Conc. Absorbance
0.2 pg/mL 0.034 0.6 pg/mL 0.084 1 pg/mL 0.144
0.2 pg/mL 0.035 0.6 pg/mL 0.086 1 pg/mL 0.142
0.2 pg/mL 0.035 0.6 pg/mL 0.087 1 pg/mL 0.144
0.2 pg/mL 0.034 0.6 pg/mL 0.086 1 pg/mL 0.143
0.2 pg/mL 0.034 0.6 pg/mL 0.085 1 pg/mL 0.145
0.2 pg/mL 0.035 0.6 pg/mL 0.087 1 pg/mL 0.142
%RSD 1.58% %RSD 1.36% %RSD 0.84%
Table 6. Solution stability
Solution stability Fresh stock Old stock
Replicates Conc. Absorbance Absorbance
1 0.2 pg/mL 0.05 0.037
2 0.2 pg/mL 0.052 0.038
3 0.2 pg/mL 0.052 0.038
4 0.2 pg/mL 0.051 0.039
5 0.2 pg/mL 0.052 0.038
6 0.2 pg/mL 0.052 0.037
% RSD 1.62% 1.98%
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4. Conclusions

In conclusion, the development and validation of a
UV-visible spectrophotometric method for the estimation
of aqueous Chromolaena odorata extracts demonstrate a
promising approach for routine quality control analysis.
Despite the inherent challenges associated with aqueous
extracts, such as interference from water-soluble
compounds and variability in extract composition, the
method offers a simple, cost-effective, and efficient means
of analysis when adequately optimized. By addressing
issues related to specificity, sensitivity, and stability, the
method can be refined to ensure accurate and reliable
results. The validation according to ICH Q2 (RI)
guidelines confirms that the method meets the necessary
acceptance criteria, making it suitable for the routine
analysis of Chromolaena odorata. With careful
consideration of the limitations and appropriate corrective
measures, this UV-visible spectrophotometric method can
serve as a valuable tool for researchers and quality control
laboratories in the assessment of Chromolaena odorata in
aqueous form.

5. Limitations

Developing and validating a UV-visible
spectrophotometric method for the estimation of aqueous
Chromolaena odorata extracts comes with several
limitations. The aqueous nature of the extract adds
complexity to the analysis due to the presence of
water-soluble compounds that can interfere with the
measurement. These compounds may lead to overlapping
spectra, making it difficult to accurately isolate the
absorbance of the target analyte. The lack of specificity is a
significant limitation, as the method may struggle to
differentiate between the compound of interest and other
water-soluble substances present in the extract.

The variability in the composition of aqueous extracts
can also pose a challenge, as differences in plant material,
environmental conditions, and extraction methods can lead
to inconsistent results. This wvariability affects the
reproducibility and reliability of the method. Additionally,
the matrix effects of the aqueous extract can alter the
baseline or the shape of the absorption spectrum,
complicating data interpretation and requiring additional
correction steps.

Sensitivity issues can arise, as the presence of water can
dilute the concentration of the target analyte, necessitating
higher concentrations for detection and potentially
introducing errors through dilution or concentration steps.
Stability concerns are also prevalent, as aqueous extracts
may be prone to microbial growth or chemical degradation,
impacting the stability and reliability of measurements
over time. Ensuring stability may require additional
handling, preservation, or storage precautions.

Furthermore, establishing a reliable calibration curve
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can be difficult due to the complex nature of the aqueous
extract. Standardizing the method across different batches
can be challenging without purification steps to reduce
variability. These limitations often necessitate additional
steps, such as purification of the extract, optimization of
extraction conditions, or the use of complementary
analytical techniques to ensure accurate and reliable
results.
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