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Abstract 

Background The RP-HPLC method has been established to simultaneous estimation of seven markers in polyherbal 
formulation JKC using the  C18 (25 × 0.46 cm, i.d,5 µm) column. The mobile phase consisted of methanol: water (80:20) 
at a flow rate of 1.0 mL/min and observed retention time at 2 to 11 min with sharp points. The marker compounds viz. 
Andrographolide (AG), Piperine (PP), Picroside-I (P-I), Picroside-II (P-II), α-Cyprone (AC), 6-Shogaol (6S), and 6-Gingerol 
(6G) were quantified in JKC formulations by HPLC method. Detection was performed at the wavelength (λ) of 229 nm 
for AG, 343 nm for PP, 279 nm for P-I, 264 nm for P-II, 254 nm for AC, and 280 nm for both 6S and 6G by HPLC–PDA 
detector.

Results The marker compounds in JKC formulations were observed in different retention times  (Rt) i.e. AG 
at 3.060 ± 0.01 min, PP at 5.460 ± 0.03 min, P-I at 2.789 ± 0.02 min, P-II at 2.553 ± 0.03 min, AC at 10.951 ± 0.02 min, 6S 
at 6.302 ± 0.03 min, and 6G at 4.111 ± 0.02 min respectively. The proposed method was validated with acceptable 
linearity  (r2 0.9995–0.9999), precision, robustness, ruggedness, and accuracy (RSD < 2%) under optimum conditions. 
The limit of detection and quantification of bioactive markers were as: AG (1.386; 4.200 ppm), PP (2.033; 6.161 ppm), 
P-I (2.822; 8.553 ppm), P-II (2.538; 7.691 ppm), AC (0.269; 0.815 ppm), 6G (0.158; 0.480 ppm), 6S (0.188; 0.569 ppm). The 
amount (mg/g) of bioactive markers detected and estimated in plants and formulation were as: AG (41.282 ± 0.48; 
10.06 ± 0.18), PP (53.81 ± 0.25, 13.82 ± 0.37 in PN, PL; 4.27 ± 0.07), P-I (15.97 ± 0.01; 0.48 ± 0.003), P-II (63.24 ± 0.35; 
2.31 ± 0.006), AC (0.42 ± 0.01; 0.36 ± 0.006), 6G (0.71 ± 0.03; 0.16 ± 0.001), and 6S (2.64 ± 0.09; 0.12 ± 0.004) respectively. 
Method was found to be rugged and robust. The results found for all the validation parameters were within the limits 
according to ICH guidelines.

Conclusion The proposed method is fast, precise, economic, and specific and used for the simultaneously quantifi-
able analysis of seven major bioactive markers in the ingredients (herbs) and the JKC formulations.
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Introduction
Fever is a very common problem as well burden to health 
system. There are various conditions for fever, but drugs 
are almost very common like paracetamol/ibuprofen/ 
aspirin etc. [1]. In Ayurveda, fever (Jwarahara) is well 
defined and there are various formulations, including 
common herbs are elaborated well from viral to dengue 
fever, and dengue to COVID-19 infection [2, 3]. During 
COVID-19, an herbal formulation (JKC) was well used 
in the Kerala region of India with significant control 
[2–4]. JKC polyherbal formulation renowned for its effi-
cacy in addressing chronic fever, cold, malaria, digestive 
enhancement, detoxification, immune system fortifica-
tion, and protection against bacterial infections [2–4]. 
The quality control of JKC formulation was not done yet, 
and Central Council for Research in Ayurvedic Sciences, 
Ministry of AYUSH, Government of India, took the ini-
tiative to ensure the quality, safety, and efficacy of the JKC 
formulation.

The formulation JKC is the combination of seven 
herbs viz. Cyperus rotundus L., Piper longum L., Piper 
nigrum L., Zingiber officinale Rosc., Hediotis corymbosa 
L., Andrographis paniculata Burm. F., Picrorhiza kurroa 
Royle ex. Benth (Table -1). As per Ayurvedic literature, 
all seven herbs having various pharmacological activities 
including the treatment of fever and COVID-19 [5–9]. 
Yadav et  al. [9] undertook a comprehensive systematic 
literature review focused on delineating the pharma-
cological activities inherent in various species of Piper. 
The findings of the study robustly affirm the scientifi-
cally validated anti-amebic, anthelminthic, anti-tumor, 
and anti-diabetic properties attributed to Piper spe-
cies. Nonetheless, in contrast to traditional assertions, 
the available scientific evidence is deemed inadequate 
to substantiate the efficacy of Piper species in the treat-
ment of conditions such as insomnia, dementia, epilepsy, 
rheumatoid arthritis, asthma, spleen disorders, puerperal 
fever, and leprosy. Nag et  al. [10] elucidated that Piper-
ine emerges as a promising therapeutic agent with the 
capacity to effectively inhibit the mutated spike protein 
(S), featuring 12 mutations distributed at distinct points, 
of the SARS-CoV-2 virus. Specifically, the amino acid 
residue ARG403 within Piperine demonstrates a bind-
ing affinity with the mutated S protein, thereby offering 
the potential to disrupt the intricate interaction between 
the spike protein and the human angiotensin-converting 
enzyme 2 (hACE2) complex, as represented by the Pro-
tein Data Bank identification 6M0J. Das et  al. [11] con-
ducted a comprehensive molecular docking analysis of 
Andrographolide (AG) with key components associated 
with the inflammatory pathogenesis of SARS-CoV-2, 
including furin, TMPRSS-2, ACE-2, Cathepsin L, TLR4-
MD2, and IL-6 cytokine. Remarkably, AG exhibited a 

high binding affinity to these inflammatory regulators, 
suggesting its potential to attenuate the pathogenic con-
sequences of the SARS-CoV-2-induced ‘cytokine storm.’ 
Furthermore, the results from pharmacokinetic and 
pharmacodynamic studies underscored the safety and 
efficacy of AG, positioning it as a promising herbal drug 
for the therapeutic management of COVID-19. Hayati 
et al. [12] reported that 6G has weak virucidal and signifi-
cant indirect antiviral activity against chikungunya virus 
(CHIKV) without showing cell cytotoxicity. The reported 
results exhibited that 6G inhibits CHIKV infection by 
suppressing viral replication. Rizvi et  al. [13] meticu-
lously assessed the effectiveness of Picrorhiza kurroa (P. 
kurroa) against COVID-19, employing a Syrian ham-
ster infection model. The data derived from the hamster 
challenge experiments compellingly demonstrated the 
substantial anti-viral and immunomodulatory capacities 
inherent in P. kurroa, thereby underscoring its potential 
as a promising intervention against COVID-19. Lashgari 
et  al. [14] elucidated that Zingiber officinale, commonly 
known as ginger, emerges as a formidable inhibitor tar-
geting critical signalling pathways including nuclear fac-
tor kappa B (NF-κB), signal transducer of activators of 
transcription (STATs), Nod-like receptor family proteins 
(NLRPs), toll-like receptors (TLRs), mitogen-activated 
protein kinase (MAPKs), and the mechanistic target of 
rapamycin (mTOR). Additionally, ginger demonstrated 
efficacy in suppressing various pro-inflammatory 
cytokines, collectively portraying its potent anti-inflam-
matory properties. Rampogu et al. [15] reported that 6S 
has antibacterial properties against antibiotic-resistant 
staphylococcus aureus bacteria. Arcusa et al. [16] findings 
suggest that Z. Officinale phytoconstituents 6G and 6S 
have antioxidant and anti-inflammatory properties that 
might reduce the inflammation and oxidative stress in 
neurodegenerative diseases. Angelopoulou et al. [17] also 
reported that 6G and 6S are promising candidates for 
preventing and treating Parkinson’s disease. Kumar et al. 
[18] conducted a molecular docking study on phytocon-
stituents present in Cyperus rotundus Linn and reported 
that β-amyrin and stigmasta-5,22-dien-3-ol could be 
screened as potential inhibitors of SARS-CoV-2 Mpro. 
Pundir et al. [19] identifies a potential anti-malarial com-
pound by performing a structure-based screening of 876 
phytocompounds derived from essential oils against the 
OBP4 by molecular docking. The study demonstrated 
that the two phytocompounds, α-Cyperone and Humu-
lene oxide, have antagonistic activity for the OBP4 
receptor. The result revealed that these compounds can 
minimize the treatment period and the side effects of 
currently available anti-malarial drugs.

Ensuring the high quality of a polyherbal formula-
tion mandates a meticulous verification of the presence 
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of each plant within the formulation. Employing a com-
prehensive strategy that involves both qualitative and 
quantitative assessment of the markers specific to each 
individual plant emerges as the optimal approach for the 
standardization of the polyherbal formulation. The exist-
ing challenge inherent in the study of multiple markers 
lies in the requirement to devise distinct methods for 
each individual marker. To alleviate the burden asso-
ciated with employing multiple methods, there arises 
a crucial need to establish a unified and simultaneous 
estimation method. Such a method should exhibit preci-
sion, accuracy, and cost-effectiveness, thereby facilitating 
the qualitative and quantitative assessment of multiple 
markers in a more streamlined and efficient manner. 
The innovation inherent in the presented research lies 
in its capability to concurrently estimate seven markers 
through a singular method within a single analytical run. 
The meticulously optimized mobile phase, consisting of 
methanol and water in an 80:20 (v/v) ratio, significantly 
enhances the resolution of all markers within a brief 
retention period. The primary goal of this study is to for-
mulate and validate a reversed-phase high-performance 
liquid chromatography (RP-HPLC) method, enabling the 
simultaneous estimation of key bioactive markers. This 
methodology aims to contribute to the standardization 
of polyherbal formulations by providing a robust and effi-
cient analytical approach. The RP-HPLC method devised 
in this study stands as a pioneering and distinctive ana-
lytical approach, offering expeditious, precise, and 
accurate simultaneous estimation of seven major bioac-
tive markers. These markers, namely Andrographolide 
(AG), Piperine (PP), Picroside-I (P-I), Picroside-II (P-II), 
α-Cyprone (AC), 6-Shogaol (6S), and 6-Gingerol (6G), 
can be efficiently quantified not only in plant samples but 
also in various formulations (Fig. 1). The method not only 
signifies innovation but also encompasses cost-effective-
ness, making it an invaluable tool for the comprehensive 
analysis of these bioactive compounds. The application 
of this method extends to the realm of quality control 
analysis for both individual plants and their commercially 
available polyherbal formulations. Manufacturers seeking 
to uphold the standards of Ayurvedic/JKC formulations 
can utilize this method as a robust tool for standardiza-
tion. Furthermore, this approach serves as a blueprint, 
paving the way for the development of analogous meth-
ods tailored to other markers, thereby facilitating the 
comprehensive standardization of a diverse array of poly-
herbal formulations.

Materials and methods
Plant materials and chemicals
The plant materials were sourced from their indigenous 
habitats and subjected to an authentication process 

under the expertise of a qualified Botanist at the Insti-
tute The plant materials were sourced from their indige-
nous habitats and subjected to an authentication process 
under the expertise of a qualified Botanist at the National 
Ayurveda Research Institute for Panchakarma (NARIP) 
in Kerala, India. The Jawarhara Kwath Churna (JKC) 
utilized in the study was acquired from the pharmacy of 
Institute. These rigorous procurement and authentica-
tion procedures ensure the integrity and authenticity of 
the plant materials and formulated products employed in 
the research. Authentic standards such as Piperine (PP), 
Andrographolide (AG), Picroside-I (P-I), Picroside-II 
(P-II), α-Cyprone (AC), 6 Shogaol (6S), and 6 Gingerol 
(6G) were procured from the Sigma-Aldrich (USA). The 
chemicals and solvents utilized throughout the experi-
mentation adhered to the highest quality standards, 
being of HPLC grade and sourced from Merck. These 
measures ensure the reliability and accuracy of the mate-
rials employed in the experimental procedures.

Qualitative and quantitative determination of bioactive 
markers by RP‑HPLC method
Preparation of test samples for RP‑HPLC
The extraction of plant materials and the JKC formulation 
was carried out using the sonication-assisted extraction 
(SAE) method. This meticulous process involved subject-
ing the materials to sonication at a frequency of 50  Hz 
for a duration of 15  min at a controlled temperature of 
40 °C. Two grams of coarse powder from each plant part, 
as detailed in Table 1, were extracted in 10 mL of metha-
nol. The resulting extracts underwent a filtration pro-
cess, initially through Whatman no. 41 filter paper and 
subsequently via 0.22  µ PTFE syringe filtration, ensur-
ing the removal of particulate matter and yielding puri-
fied extracts for further analysis. All prepared extracts 
were standardized by dilution with methanol, estab-
lishing a consistent concentration of 1  mg/mL for each 
Andrographis paniculata, Piper longum, Piper nigrum, 
and Picrorhiza kurroa plant parts coarse powder. How-
ever, Cyperus rotundus linn and Zingiber officinale were 
prepared at a concentration of 10 mg/mL for subsequent 
RP-HPLC analysis. Simultaneously, a 2  g portion of the 
JKC powdered sample underwent extraction in 10 mL of 
methanol. The resulting extract was further diluted with 
methanol, yielding solutions at concentrations of 10 mg/
mL and 50  mg/mL, both stored in a refrigerated envi-
ronment at 4  °C. These meticulously prepared solutions 
were reserved for subsequent phytochemical and HPLC 
analyses.

Preparation of stock solution
A comprehensive stock solution, with a concentration of 
1 mg/mL, was prepared for all bioactive markers, namely 
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Fig. 1 Bioactive markers present in JKC formulation and its retention time in HPLC chromatogram

Table 1 List of plants and their parts used in polyherbal formulation JKC

S. No Plant name Botanical name Part used Reference (API)

1 Musthakam Cyperus rotundus Linn Root tuber Part-I/Vol-III

2 Pipali Piper longum L Fruit Part-I Vol-IV

3 Maricha Piper nigrum L Fruit Part-I Vol-III

4 Shunti Zingiber officinale Rosc Rhizome Part-I Vol-I

5 Parpata Hediotis corymbosa L Whole plant In-house

6 Kalmegha Andrographis paniculata Burm.f Whole plant Part-I Vol-VIII

7 Katuku rohini Picrorhiza kurroa Royle ex.Benth Root/Rhizome Part-I Vol-II
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AG, PP, P-I, P-II, AC, 6S, and 6G, utilizing HPLC-grade 
methanol. This standardized solution forms the basis 
for subsequent analyses, ensuring uniformity and pre-
cision in the evaluation of these significant bioactive 
compounds.

Preparation of working standard mixture solution
Stock solutions of AG, PP, P-I, and P-II were diluted with 
methanol, resulting in the preparation of 1 mL solutions, 
each attaining a concentration of 700 ppm. In parallel, the 
stock solutions of AC, 6S, and 6G were similarly diluted 
with methanol, yielding 1  mL solutions, each standard-
ized at a concentration of 70  ppm for their respective 
bioactive markers. Subsequently, 1  mL of the prepared 
solution for each individual marker was methodically 
combined to achieve a homogenous mixture, resulting 
in a 7  mL working standard solution. In this compos-
ite solution, the final concentrations were harmonized 
to 100 ppm for AG, PP, P-I, and P-II, while AC, 6S, and 
6G attained a final concentration of 10  ppm each. This 
meticulous process ensures a consistent and well-defined 
working standard mixture for subsequent analytical 
procedures.

RP‑HPLC instrumentation
The experimental procedures were conducted using the 
Shimadzu I series RP-HPLC system, wherein a Photodi-
ode Array (PDA) Detector and a  C18 column featuring 
a 5 µm particle size and dimensions of 4.6 mm internal 
diameter × 250  mm length were employed. A gradient 
mode was utilized for all chromatographic runs. The LC 
lab solution software played a pivotal role in oversee-
ing equipment control, executing data acquisition, and 
ensuring seamless integration throughout the analytical 
processes. This advanced instrumentation and software 
integration contributed to the precision and reliability of 
the analytical outcomes.

Optimization of chromatographic conditions
Multiple iterations of experimental runs were carefully 
conducted, systematically altering the mobile phase 
composition by varying the methanol-to-water ratio 
to encompass (50:50, v/v), (70:30, v/v), and (80:20, v/v). 
Subsequent analysis discerned that the mobile phase fea-
turing methanol and water in an 80:20 (v/v) ratio offered 
optimal conditions for achieving superior separation, 
precise retention times, and peak purity. Employing this 
optimized mobile phase, a gradient mode was imple-
mented with a flow rate of 1  mL/min, an injection vol-
ume of 10 µL, a column oven temperature set at 35  °C 
for 15  min runtime, and detection carried out using an 
HPLC–PDA detector at specific wavelengths: 229  nm 
for AG, 343 nm for PP, 279 nm for P-I, 264 nm for P-II, 

254  nm for AC, 280  nm for 6S, and 6G. These meticu-
lously optimized conditions were designed to streamline 
the analytical procedure, ensuring optimal peak resolu-
tion, reduced run time, and cost-effectiveness.

Method validation
The validity of the present RP-HPLC method was sys-
tematically established in accordance with the stringent 
guidelines outlined by the International Council for Har-
monisation of Technical Requirements for Pharmaceuti-
cals for Human Use (ICH). The comprehensive validation 
process encompassed critical parameters, including lin-
earity, limit of detection and quantification, precision and 
accuracy, robustness, ruggedness, and specificity. This 
adherence to ICH guidelines ensures the reliability, accu-
racy, and robustness of the RP-HPLC method, under-
scoring its suitability for precise and replicable analytical 
applications [20–22]

Linearity range of bioactive markers
A precisely measured 10 µL of the standard marker mix-
ture, comprising AG, PP, P-I, P-II, AC, 6S, and 6G, was 
injected into the system and run for 15 min. Calibration 
curves were constructed within the concentration range 
of 10–100  ppm for AG, PP, P-I, and P-II, while AC, 6S, 
and 6G were calibrated in the range of 1–10  ppm, as 
detailed in Table 2. The ensuing chromatogram analysis 
was conducted for each standard, and the quantifica-
tion of the presence of PP, AG, P-I, P-II, AC, 6S, and 6G 
within the JKC formulation was accomplished through 
the utilization of the systematically developed calibration 
plots, illustrated in Supplementary Fig. 1. This approach 
ensures precise and accurate quantification of the tar-
geted bioactive markers in the tested formulation.

Specificity
The assessment of method specificity in this study 
involved a comprehensive analysis of the retention time 
 (Rt) values for both reference standards and test sam-
ples, encompassing plant samples and the JKC formula-
tion under identical chromatographic conditions (Fig. 2). 
This rigorous examination ensures the capability of the 
method to distinctly identify and quantify each bioactive 
marker. Additionally, the peak purity of AG, PP, P-I, P-II, 
AC, 6S, and 6G was meticulously evaluated by comparing 
the spectra at three critical levels: peak start, apex, and 
peak end of the respective spots, as visually represented 
in Fig. 3A–G. This multi-level assessment guarantees the 
specificity of the method in distinguishing and character-
izing individual peaks within the chromatogram, enhanc-
ing confidence in the reliability of the analytical results.
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Limits of detection and quantification
To ascertain the Limits of Detection (LOD) and Limits of 
Quantification (LOQ), diverse concentrations of AG, PP, 
P-I, P-II, AC, 6S, and 6G were systematically introduced 
alongside methanol as a blank reference. The LOD and 
LOQ were determined through the application of the 
response and slope standard deviation method, as out-
lined in Table  2. The LOD was established as 3.3 times 
the ratio of the standard deviation (SD) to the slope (S), 
while the LOQ was set at ten times the same ratio (SD/S). 

Here, S represents the slope of the calibration curve, and 
SD signifies the standard deviation associated with the 
Y-intercept of the regression line. This methodology pro-
vides a robust and reliable assessment of the sensitivity 
and precision of the analytical method for each bioactive 
marker [23, 24].

Precision‑ inter‑day and intra‑day variation
In assessing the precision of the analytical method, intra-
day precision pertains to the consistent application of 

Table 2 Method validation parameters for quantifying PP, AG, P-I, P-II, AC, 6G, and 6S

Parameters AG PP P‑I P‑II AC 6G 6S

Wavelength (nm) 229 343 279 264 254 280 280

Rt (min) 3.06 5.46 2.789 2.553 10.951 4.111 6.302

Correlation coefficient, r 0.9999 0.9998 0.9995 0.9996 0.9996 0.9998 0.9998

Calibration range (ppm) 10–100 10–100 10–100 10–100 1–10 1–10 1–10

Linear regression equa-
tion (y)

10783x − 3642.4 64077x − 37504 23454x + 4640.4 8714.5x − 765.78 2153.9x − 37.564 6351.3x − 311.99 7095x − 20.107

% Recovery 98.43 98.84 98.59 95.98 97.67 92.62 97.65

LOD (ppm) 1.386 2.033 2.822 2.5380 0.269 0.158 0.187

LOQ (ppm) 4.200 6.161 8.552 7.691 0.815 0.480 0.568

Fig. 2 HPLC Chromatogram of marker compounds mixture of polyherbal formulation JKC (A: Andrographolide, B: Piperine, C: Picroside-I, D: 
Picroside-II, E: α-Cyprone, F: 6-Gingerol, G: 6-Shagoal) @ 254 nm

Fig. 3 A HPLC Chromatogram of polyherbal formulation JKC with Andrographolide (A) and Andrographis paniculata (AP) @ 229 nm.B HPLC 
Chromatogram of polyherbal formulation JKC with Piperine (B), Piper nigrum (PN) and Piper longum (PL) @ 343 nm. 3 HPLC Chromatogram 
of polyherbal formulation JKC with Picroside-I (C), and Picrorhiza kurroa (PK) @ 279 nm.D HPLC Chromatogram of polyherbal formulation JKC 
with Picroside-II (D), and Picrorhiza kurroa (PK) @ 264 nm. E HPLC Chromatogram of of polyherbal formulation JKC with α-Cyprone (E), and Cyperus 
rotundus (CR) @ 254 nm. F HPLC Chromatogram of of polyherbal formulation JKC with 6-Gingerol (F), and Zingiber officinale (ZO) @ 280 nm. G HPLC 
Chromatogram of polyherbal formulation JKC with 6-Shogaol (G), and Zingiber officinale (ZO) @ 280 nm

(See figure on next page.)
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Fig. 3 (See legend on previous page.)
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Fig. 3 continued
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identical analytical procedures within a laboratory over 
a brief duration. On the other hand, inter-day preci-
sion involves evaluating variations in analyses when 
the method is applied on different days within the same 
laboratory. To verify instrument precision, a repeated 
application of the same concentration under compara-
ble conditions was conducted, with results expressed in 
terms of relative standard deviation (%RSD). The preci-
sion of the method was further scrutinized through the 
use of three replicates of concentrations, specifically 40, 
60, and 80 ppm for AG, PP, P-I, and P-II, as well as 4, 6, 
and 8 ppm for AC, 6S, and 6G. The method’s repeatability 
was assessed by executing intra-day and inter-day preci-
sion at three distinct concentration levels of the bioactive 
markers, as meticulously detailed in Tables 3 and 4.

Robustness and ruggedness
The ruggedness assessment of the current analytical 
method involved executing identical experiments under 
consistent laboratory and chromatographic condi-
tions with the participation of two different analysts, as 
detailed in Table 4. Meanwhile, the method’s robustness 
was gauged by measuring absorbance at ± 1  nm of the 
respective wavelengths of the bioactive markers, as out-
lined in Table 5. Both ruggedness and robustness evalu-
ations were quantified in terms of the %RSD, providing 
a comprehensive understanding of the method’s resil-
ience to variations in analysts and its robust performance 
under slight alterations in experimental conditions.

Accuracy
The assessment of analytical method accuracy involves 
evaluating the proximity of test results to the true value 

of the analyte. In the current study, accuracy was rigor-
ously determined through a recovery study wherein the 
pre-quantified sample solution (5000  ppm of JKC) was 
intentionally spiked with three distinct concentrations: 
50%, 100%, and 150% (equivalent to 10, 20, and 30 ppm 
for AG, PP, P-I, P-II, and 1, 2, and 3 ppm for AC, 6G, 6S 
of the standard marker mixture, as delineated in Table 6. 
This meticulous approach ensures a robust evaluation of 
the accuracy of the analytical method across a range of 
concentrations for each bioactive marker.

Qualitative and quantitative estimation of PP, AG, P‑I, P‑II, 
AC, 6S, and 6G in raw drugs and formulations
A carefully prepared solution of each plant sample, with 
a concentration of 1 mg/mL, was utilized for the purpose 
of detecting the bioactive markers, namely AG, PP, P-I, 
P-II, AC, 6G, and 6S. Conversely, for the JKC formula-
tion, a solution with a concentration of 10  mg/mL was 
employed to specifically detect the presence of AG, PP, 
P-II, and AC marker compounds. Subsequently, a solu-
tion with an elevated concentration of 50  mg/mL was 
meticulously prepared to detect the presence of P-I, 6G, 
and 6S markers. These distinct concentrations were cho-
sen with precision to ensure the optimal detection and 
quantification of each targeted bioactive marker within 
the diverse sample types.

Results
Optimization of mobile phase
The optimization of the mobile phase and flow rate is 
pivotal in the RP-HPLC method, influencing the efficacy 
of the separation process. To achieve the most favour-
able conditions, a systematic exploration of various 

Fig. 3 continued
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combinations of the mobile phase and flow rate was con-
ducted. This investigation revealed that methanol and 
water (80:20, v/v) and a flow rate of 1  mL/min yielded 
the optimal separation, characterized by excellent peak 
purity and resolution. In the current methodology, the 
chromatogram of the standard marker mixture exhib-
ited retention times  (Rt) at 3.060 ± 0.01, 5.460 ± 0.03, 
2.789 ± 0.02, 2.553 ± 0.03, 10.951 ± 0.02, 6.302 ± 0.03, 
and 4.111 ± 0.02  min for AG, PP, P-I, P-II, AC, 6G, and 
6S, respectively (Fig.  1). Notably, all markers were con-
sistently observed at the same retention times in the 
respective plant extracts and the JKC formulation, under-
scoring the reliability and reproducibility of the analytical 
method across diverse sample types (Fig. 2).

Method validation
Linearity
The linearity of an analytical method is a crucial indicator 
of its capacity, within a specified range, to produce test 
results that are directly proportional to analyte concen-
tration or can be mathematically transformed to exhibit 
proportionality. Remarkably, a robust linear relationship 
between peak area and quantity was established across 
the concentration range of 10–100 ppm for AG, PP, P-I, 

P-II, and 1–10 ppm for AC, 6G, and 6S. The linear regres-
sion data for the calibration plot, expressed as correlation 
coefficients  (r2), consistently fell within the impressive 
range of 0.9995–0.9999 for all bioactive markers, as com-
prehensively detailed in Table 2 and visually depicted in 
Supplementary Fig. 1. This compelling data attests to the 
exceptional linear relationship within the studied concen-
tration range, affirming the method’s adherence to Beer’s 
law. Such findings underscore the method’s suitability for 
the precise and reliable analysis of AG, PP, P-I, P-II, AC, 
6S, and 6G in the JKC formulation.

Specificity
Specificity, a critical attribute of an analytical method, 
gauges its capability to evaluate the analyte in the pres-
ence of a complex sample matrix. The determination of 
peak purity, as expressed through regression  (r2) values 
for the bioactive markers, is detailed in Table 2. To fur-
ther validate the method’s specificity, a comprehensive 
investigation was conducted by comparing the reten-
tion time  (Rt) values of the markers with those observed 
in the samples, as visually depicted in Figs. 2 and 3A–G. 
Remarkably, the  Rt values were found to be identical, 
confirming the method’s high specificity. Notably, the 

Table 3 Intra-day precision study of Marker compounds of polyherbal formulation JKC

Marker Conc.(ppm) Intra‑day/day 1/analyst‑I

Shift 1 Shift 2 Shift 3

Mean AUC (n = 3) SD %RSD Mean AUC (n = 3) SD %RSD Mean AUC (n = 3) SD %RSD

AG 40 418,899.667 996.474 0.238 434,636 279.378 0.0643 429,989 210.730 0.049

60 640,014.333 1300.166 0.203 651,787.333 1422.756 0.218 645,811 961.019 0.149

80 858,045.333 4007.662 0.467 861,714 1959.901 0.227 856,373.667 226.677 0.026

PP 40 2,479,865 2654.992 0.107 2,459,059.333 2449.756 0.099 2,454,725.333 1485.508 0.061

60 3,815,609 6794.3888 0.178 3,835,538 5729.252 0.149 3,807,503.667 2476.453 0.065

80 5,150,426.667 22,293.738 0.433 5,189,812 10,662.516 0.205 5,156,717.333 1054.652 0.020

P-I 40 956,478.333 5634.905 0.589 933,882.333 4801.365 0.514 937,504.667 2228.902 0.238

60 1,454,897 5542.338 0.381 1,474,185 13,945.791 0.946 1,446,134.333 12,798.144 0.885

80 1,960,468.667 2154.323 0.110 1,968,541 21,612.013 1.098 1,967,262.333 2606.330 0.132

P-II 40 342,167.333 3419.7856 0.999 345,126.333 3482.539 1.009 344,109 2574.283 0.748

60 523,929.333 3294.906 0.629 525,189.667 2469.930 0.470 524,780 3254.466 0.620

80 699,900.333 7569.680 1.082 705,007 2729.793 0.387 702,823.333 2661.044 0.379

AC 4 131,542.300 231.528 0.176 130,481.3 722.741 0.554 129,989.7 617.069 0.475

6 199,585.700 1830.432 0.917 201,119.3 1499.727 0.746 202,653.3 719.650 0.355

8 272,106.300 1094.469 0.402 274,044 559.452 0.204 274,302 569.260 0.207

6G 4 25,291.333 30.665 0.121 26,365.667 202.179 0.767 26,166.333 164.257 0.628

6 38,811.667 94.537 0.244 39,638.667 476.708 1.203 39,835.667 374.636 0.940

8 52,244 191.290 0.366 53,698.667 149.287 0.278 53,217 272.402 0.512

6S 4 27,131.330 356.608 1.314 28,607 325.231 1.137 29,092.670 106.049 0.365

6 41,709 26.851 0.064 43,979.670 239.678 0.545 43,711.670 240.092 0.549

8 56,599 190.518 0.337 58,758.670 192.899 0.328 58,254 26.851 0.046
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absence of degradation products or impurities coexisting 
with the marker peaks further affirms the method’s speci-
ficity. This observation underscores the method’s ability 
to discern and quantify the bioactive markers accurately 
in the presence of complex sample matrices, thereby 
enhancing confidence in its reliability and suitability for 
analytical applications.

Limit of detection and quantification
The limits of detection (LOD) and quantification (LOQ) 
for the bioactive markers are presented in Table  2, 
showcasing the remarkable sensitivity of the analyti-
cal method. Specifically, the LOD and LOQ values for 
each bioactive marker are as follows: AG with values of 
1.386 ppm and 4.200 ppm, PP with values of 2.033 ppm 
and 6.161  ppm, P-I with values of 2.822  ppm and 
8.553 ppm, P-II with values of 2.538 ppm and 7.691 ppm, 
AC with values of 0.269 ppm and 0.815 ppm, 6- 6G with 
values of 0.158 ppm and 0.480 ppm, and 6S with values 
of 0.188  ppm and 0.569  ppm. These low detection and 
quantification limits highlight the method’s capability to 
precisely identify and quantify minute concentrations of 
bioactive markers, demonstrating its suitability for rigor-
ous analytical applications.

Robustness and ruggedness
The %RSD of the Area Under the Curve (AUC) was deter-
mined and found to be consistently less than 2%, attest-
ing to the high precision and reliability of the developed 
RP-HPLC method. The method’s robustness was further 
established through a series of deliberately induced small 
changes, such as variations in wavelength by ± 1  nm, as 
detailed in Table  5. The consistently low %RSD values 
obtained under these conditions underscore the method’s 
robust nature. Moreover, the method’s ruggedness was 
affirmed by the lower %RSD values derived from experi-
ments conducted by two different analysts under con-
stant chromatographic conditions, as outlined in Table 4. 
This resilience of the developed RP-HPLC method 
against slight variations in wavelengths and the involve-
ment of different analysts demonstrates its suitability 
and reliability in routine use, ultimately emphasizing the 
robustness of the method for consistent and dependable 
analytical results.

Accuracy and precision
The validation of the developed method adheres to the 
guidelines set forth by the ICH. The %RSD values for 
accuracy and precision, comprehensively presented in 

Table 4 Inter-day precision, and ruggedness study of marker compounds of polyherbal formulation JKC

Marker Conc. (ppm) Inter‑day Ruggedness

Day 2/Analyst‑I Analyst‑II

Mean AUC (n = 3) SD %RSD Mean AUC (n = 3) SD %RSD

AG 40 426,605.667 7233.630 1.696 426,816.333 6255.295 1.466

60 641,971.333 1743.3170 0.272 638,282.333 7406.736 1.160

80 851,520.667 2264.506 0.266 852,981.333 2769.883 0.325

PP 40 2,460,900.333 14,225.86413 0.578 2,465,080 14,510.985 0.589

60 3,854,082.333 23,988.89265 0.622 3,824,663 66,853.234 1.748

80 5,124,826 24,745.67946 0.483 5,132,626.333 15,850.081 0.309

P-I 40 941,862.333 6524.344744 0.693 940,600.333 13,118.978 1.395

60 1,452,656.333 11,437.02502 0.787 1,448,779.667 4026.265 0.278

80 1,953,947 8582.742627 0.439 1,932,094.667 17,834.044 0.923

P-II 40 342,569.667 2002.053279 0.584 343,269 592.717 0.173

60 532,135.667 5747.8351 1.080 517,609.667 3457.834 0.668

80 704,215.667 2559.788338 0.363 710,958.333 8883.046 1.249

AC 4 131,427.3 844.3852 0.642 130,240.700 1000.595 0.768

6 202,901 1398.289 0.689 200,733.700 1534.867 0.765

8 270,604.3 3598.789 1.329 272,840.300 1361.431 0.499

6G 4 25,381.333 205.0398335 0.808 25,666 353.654 1.378

6 39,619.667 655.1429869 1.654 38,370.667 62.172 0.162

8 52,747 549.3423341 1.041 52,449.333 571.546 1.090

s 4 27,229 158.6537 0.583 27,506.670 430.361 1.565

6 41,670 205.9393 0.494 41,303.330 126.637 0.307

8 56,404.670 296.3399 0.525 56,089.670 531.068 0.947
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Table 5 Robustness study analysis data of mixture of marker compounds of polyherbal formulation JKC

Standard Marker Concentration ppm Deviation in nm/
Level

Wavelength (nm) Mean AUC SD RSD (%)

AG 60 − 1 228 6,44,857 1300 0.203

0 229 6,40,014 1467 0.227

+ 1 230 6,32,335 934 0.148

PP 60 − 1 342 38,22,264 6775 0.177

0 343 38,15,609 6794 0.178

+ 1 344 38,02,076 6782 0.178

P-I 60 − 1 278 14,47,338 5575 0.385

0 279 14,54,897 5542 0.381

+ 1 280 14,51,036 5545 0.382

P-II 60 − 1 263 5,25,638 3419 0.650

0 264 5,23,929 3295 0.629

+ 1 265 5,17,409 3205 0.619

AC 6 − 1 253 2,01,758 1873 0.928

0 254 1,99,586 1830 0.917

+ 1 255 1,97,184 1794 0.909

6G 6 − 1 279 38,779 81 0.208

0 280 38,812 95 0.243

+ 1 281 38,998 99 0.255

6S 6 − 1 279 41,698 34 0.082

0 280 41,709 27 0.064

+ 1 281 41,840 25 0.058

Table 6 Percent Recovery of marker compounds of polyherbal formulation JKC

Standard 
Marker

Amount of standard 
present in JKC sample 
(5kppm)

Amount of 
standard added 
(μg)

Theoretical 
added value

Amount of 
standard 
obtained

Recovery (%) Average 
Recovery 
(%)

SD RSD (%)

AG 48.2005 10.1415 57.248 58.342 98.12 98.4307 0.268053 0.272

48.2005 19.687 66.898 67.8875 98.54

48.2005 30.079 77.203 78.2795 98.62

PP 20.466 10.005 30.471 30.194 99.09 98.841 0.226783 0.229

20.466 19.7445 40.2105 39.667 98.65

20.466 30.262 50.728 50.111 98.78

P-I 2.0535 10.1615 12.215 11.851 97.02 98.59154 1.731454 1.756

2.0535 19.7405 21.794 21.425 98.30

2.0535 30.447 32.5005 32.646 100.45

P-II 10.907 10.2025 21.1095 20.086 95.15 95.97654 1.19944 1.249

10.907 19.4255 30.3325 28.945 95.43

10.907 29.81 40.717 39.639 97.35

AC 0.335 0.997 1.332 1.308 98.19 97.69658 0.434451 0.444

0.335 1.97 2.305 2.246 97.44

0.335 3.0195 3.3545 3.269 97.45

6G 1.073 1.0195 2.0925 1.936 92.52 92.62487 0.937163 1.011

1.073 1.9975 3.0705 2.817 91.74

1.073 2.98 4.053 3.794 93.60

6S 0.8785 1.005 1.8835 1.855 98.49 97.65317 0.757276 0.775

0.8785 1.979 2.8575 2.772 97.00

0.8785 3.0265 3.905 3.806 97.46
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Tables  3 and 4, underscore the robustness and reliabil-
ity of the method. The intra-day and inter-day experi-
mental studies consistently yielded %RSD values below 
2%, affirming the repeatability of the developed method 
for the precise estimation of bioactive markers in both 
plant samples and the JKC formulation. Furthermore, 
the average % recovery for each bioactive marker com-
pound at three different concentration levels demon-
strated remarkable accuracy: 98.43% for AG, 98.84% for 
PP, 98.59% for P-I, 95.57% for P-II, 97.69% for AC, 92.62% 
for 6G, and 97.65% for 6S. The proximity of % recovery to 
100% accentuates the high accuracy inherent in the cur-
rent analytical method, as detailed in Table 6.

Qualitative and quantitative estimation of PP, AG, P‑I, P‑II AC, 
6S, and 6G in raw drugs and formulations
The quantification of bioactive markers through 
RP-HPLC method revealed concentrations of 
41.28 ± 0.48  mg/g of AG in Andrographis paniculata, 
53.81 ± 0.25 mg/g of PP in Piper nigrum, 13.82 ± 0.37 mg/g 
of PP in Piper longum, 15.97 ± 0.01  mg/g of P-I, and 
63.24 ± 0.35  mg/g of P-II in Picrorhiza kurroa. Addi-
tionally, 0.417 ± 0.01  mg/g of AC in Cyperus rotun-
dus, 0.705 ± 0.03  mg/g of 6G, and 2.6356 ± 0.09  mg/g 
of 6S in Zingiber officinale were accurately estimated. 
The RP-HPLC analysis extended to the JKC formula-
tion, revealing the presence of AG (10.06 ± 0.18  mg/g), 
PP (4.27 ± 0.07  mg/g), P-I (0.48 ± 0.003  mg/g), P-II 
(2.31 ± 0.006  mg/g), AC (0.36 ± 0.006  mg/g), 6S 
(0.12 ± 0.004  mg/g), and 6G (0.16 ± 0.001  mg/g) across 
three batches (Table  7). The minimal deviation and % 
RSD observed among batch results underscores the 
batch-to-batch uniformity of the formulation. The preci-
sion and accuracy of the developed method are evident, 
making it suitable for determining content uniformity 
during bulk manufacturing of JKC formulations, thereby 
ensuring the consistent quality of the produced batches.

Discussions
Traditional medicines (TMs), encompassing Ayurve-
dic medicine (AM) and other classical preparations, are 
gaining increased recognition for clinical applications. 
Despite the rich historical prevalence of Herbal medicine 
as an ancient system for addressing clinical disorders, its 
widespread application has been hindered by a notable 
lack of standardization [23, 24]. The imperative need for 
robust standardization techniques becomes evident in 
ensuring the quality, quantity, and efficacy of traditional 
medicines [24, 25]. Implementing proper standardiza-
tion methodologies is pivotal to unlocking the full poten-
tial of these traditional remedies and enhancing their 
acceptance and utility in contemporary clinical practice 
[26]. In accordance with the guidelines set forth by the 
WHO, chromatographic analytical methods emerge as 
of paramount importance for the quality control and 
standardization of polyherbal formulations. This recog-
nition underscores the pivotal role that chromatography 
plays in ensuring the consistency, reliability, and adher-
ence to established quality standards in the manufactur-
ing and assessment of polyherbal formulations [27, 28]. 
JKC, a polyherbal Ayurvedic medicine renowned for its 
antimalarial and antipyretic properties in the region of 
Kerala, India, faces a challenge in terms of a discernible 
framework for quality control and standardization pro-
tocols. The comprehensive analysis of this formulation 
involves the identification of bio-marker compounds, 
including AG, PP, P-I, P-II, AC, 6S, and 6G, present in 
the plants detailed in Table 1, which constitute the fun-
damental components of the JKC formulation. The elu-
cidation of these bio-marker compounds is pivotal for 
establishing rigorous quality control measures and stand-
ardization protocols essential for the reproducibility and 
reliability of JKC, ensuring its effectiveness and safety in 
traditional Ayurvedic practice [28]. Hence, the current 
investigation was meticulously devised to conduct quali-
tative and quantitative analyses of the principal bioactive 

Table 7 Quantitative estimation of marker compounds of polyherbal formulation JKC (Result n = 3 ± SD)

S.No Plant Marker Marker Quantity 
in mg/g plant

Quantity in JKC formulation (mg/g) Average ± SD %RSD

B1 B2 B3

1 Andrographis paniculata AG 41.28 ± 0.48 10.27 ± 0.654 9.97 ± 1.955 9.95 ± 1.214 10.06 ± 0.18 1.79

2 Piper Nigrum PP 53.81 ± 0.25 4.34 ± 0.144 4.25 ± 0.163 4.22 ± 0.081 4.27 ± 0.07 1.53

3 Piper Longum PP 13.82 ± 0.37

4 Cyperus Rotundus AC 0.42 ± 0.01 0.37 ± 0.097 0.36 ± 0.083 0.36 ± 0.032 0.36 ± 0.006 1.89

5 Picrorhiza Kurroa P-I 15.97 ± 0.01 0.48 ± 0.516 0.48 ± 0.291 0.48 ± 0.676 0.48 ± 0.003 0.62

P-II 63.24 ± 0.35 2.51 ± 0.169 2.32 ± 0.118 2.32 ± 0.074 2.31 ± 0.006 0.25

6 Zingiber Officinalle 6G 0.71 ± 0.03 0.16 ± 0.349 0.16 ± 0.268 0.16 ± 0.069 0.16 ± 0.001 0.52

6S 2.64 ± 0.09 0.19 ± 0.111 0.19 ± 0.118 0.19 ± 0.589 0.12 ± 0.004 1.79
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compounds present in JKC. Within this study, a rigor-
ously validated RP-HPLC method has been innovatively 
developed and rigorously validated. This method serves 
the critical purpose of accurately estimating the con-
centrations of major bioactive markers, namely AG, PP, 
P-I, P-II, AC, 6S, and 6G within the JKC formulation. 
The application of this method ensures a robust and reli-
able analytical framework for the precise quantification 
of these key bioactive compounds, contributing to the 
advancement of quality control and standardization pro-
tocols for JKC.

The proposed methodology stands out as an uncompli-
cated, precise, specific, accurate, rapid, and cost-effective 
approach. Rigorous statistical analysis underscores the 
inevitability of this method for the comprehensive analy-
sis of AG, PP, P-I, P-II, AC, 6S, and 6G compounds. The 
developed RP-HPLC method, thus conceived, serves as a 
valuable tool for manufacturers, facilitating the standard-
ization and quality control processes for both raw mate-
rials and the JKC formulation. Polyherbal formulations 
are complex, combining various phyto-constituents. No 
single component is solely responsible for overall efficacy. 
This complexity poses a challenge to conventional qual-
ity control standards and standardization approaches 
[27, 28]. This predicament is further compounded by 
the multifaceted composition of herbal formulations. 
The estimation of major bioactive markers from all con-
stituent plants within the JKC formulation emerges as a 
more precise and accurate method for quality assessment 
compared to the estimation of only one or two markers 
[5, 6]. This holistic approach ensures a comprehensive 
and nuanced understanding of the formulation’s quality, 
reinforcing the significance of the proposed RP-HPLC 
method in advancing the field of herbal formulation anal-
ysis [26–29].

The devised methodology enables the simultane-
ous estimation of a spectrum of bioactive markers 
within JKC: AG sourced from Andrographis paniculata, 
AC derived from Cyperus rotundus linn, P-I and P-II 
obtained from Picrorhiza kurroa, 6S and 6G extracted 
from Zingiber officinale, while PP is commonly found 
in Piper longum and Piper nigrum. Notably, all seven of 
these bioactive markers are present in significant quan-
tities within the JKC formulation (Fig.  2). The retention 
time  (Rt) and absorption spectra of these seven markers 
not only mirror the observed characteristics of the plants 
and formulation but also exemplify the substantial speci-
ficity of the method (Fig. 3A–G). Beyond its quantitative 
applications, this method holds promise for qualitative 
assessments of bioactive markers in polyherbal formu-
lations. Akowuah et  al. [30] previously established an 
HPLC method to quantify Andrographolide in plant sam-
ples, reporting a retention time of approximately 5 min. 

In contrast, our developed method achieved a retention 
time of around 3 min for Andrographolide, demonstrat-
ing superior accuracy, precision, and sensitivity in the 
estimation of Andrographolide in both plant samples 
and formulations (Fig.  3A). Parab et  al. [31] developed 
an RP-HPLC method specifically tailored for the singu-
lar marker, Piperine. Their approach encompassed the 
optimization of experimental conditions, involving a 
mobile phase composition of Acetonitrile and Water with 
0.05% Acetic acid (in a ratio of 70:30), a flow rate set at 
1 mL/min, and detection at a wavelength of 342 nm. The 
reported retention time  (Rt) for Piperine was precisely 
documented at 5.5 min. The newly devised simultaneous 
analytical method extends its capabilities to encompass 
the concurrent estimation of Piperine, a significant bioac-
tive compound, at a wavelength of 343 nm. The observed 
retention time  (Rt) for Piperine is precisely delineated at 
5.46 min (Fig. 3B). This expanded functionality enhances 
the method’s versatility, providing a comprehensive ana-
lytical approach for the concurrent assessment of multi-
ple bioactive compounds, including the crucial marker, 
Piperine, contributing to a more holistic understanding 
of the analyzed samples. In the work conducted by Shan-
bhag et al. [32], a simultaneous method was introduced 
to quantify P-I and P-II, revealing that these compounds 
could be detected at a retention time  (Rt) falling in the 
range of 15–20 min. In contrast, the innovative method 
developed in this study demonstrates a significantly 
expedited detection, pinpointing P-I and P-II within a 
mere 3  min (Fig.  3C, D). This substantial reduction in 
retention time underscores the efficiency and prompt-
ness achieved by the proposed methodology in accu-
rately estimating P-I and P-II, showcasing its potential 
for streamlining and expediting the analytical process. It 
is imperative to note that previous studies have reported 
the notable presence of significant amounts of AC in 
Cyperus rotundus linn in plant samples, reinforcing the 
method’s capability to accurately identify and quantify 
specific phytoconstituents in complex herbal matrices 
[33]. Similarly, this method also detects AC in plant sam-
ple and formulation around 11 min (Fig. 3E). In their pio-
neering work, Anita et al. quantified 6G utilizing a mobile 
phase composed of acetonitrile: water: methanol (in a 
volumetric ratio of 70:20:10) with a flow rate set at 1 mL/
min, yielding a reported retention time  (Rt) around 4 min 
[34]. The developed simultaneous method, designed 
to encompass multiple bioactive compounds, also suc-
cessfully estimated 6G, exhibiting a retention time of 
approximately 4 min (Fig. 3F). Notably, the simultaneous 
method demonstrated similar accuracy in the estimation 
of 6G compared to the previously reported technique. In 
the investigation by Kajsongkram et al. [35] the detection 
of 6G and 6S was accomplished at considerable retention 
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times of 29 and 41 min, respectively. However, our devel-
oped methodology has remarkably improved this aspect, 
enabling the detection of 6G and 6S within significantly 
reduced times of 4 and 6  min, as shown in Fig.  3F and 
G respectively. This efficient identification signifies the 
absence of interference in the peaks, attesting to the 
method’s ability to mitigate interactions between the 
bioactive markers and other components within the 
formulation.

In medicinal plants and plant-based drugs, the quanti-
tative analysis of specific markers is not an easy job [21, 
22]. Plant based formulations contained complex matrix 
and there are various factors like climate, geographical 
conditions, soil conditions, stress etc. are responsible for 
the development of secondary metabolites in plants [36–
39]. To develop an herbal formulation, the collection time 
is an important factor, so in current study, the raw drugs 
were collected and authenticated by the experts. Moreo-
ver, good agricultural practices (GAP) and good manu-
facturing practices (GMP) are the two main pillars to 
develop an herbal formulation, those were fully adopted 
in current study [21–26]. All the raw ingredients of pol-
yherbal formulation JKC were collected as suggested in 
GAP, and formulation was prepared in GMP certified 
pharmacy. Moreover, storage of herbal formulation is an 
important issue with special concern of shelf life. In case 
of polyherbal formulation, if drug stored in proper condi-
tions, there is no chance of marker compounds variations 
till the expiry of formulation [21–24].

The developed multi-marker approach not only exhib-
its specificity, precision, and sensitivity but also surpasses 
the reported method in terms of these crucial analytical 
parameters. Furthermore, the simultaneous estimation 
method ensures that the sensitivity of one marker does 
not compromise the sensitivity of others, exemplifying its 
robustness and reliability in accurately assessing multiple 
bioactive components within the formulation.

Conclusion
In this study, the RP-HPLC method has been concep-
tualized and rigorously validated for the quantita-
tive determination of key bioactive markers present in 
major plant sources, as well as in the Central Council 
for Research in Ayurvedic Sciences (CCRAS)-coded 
formulation, JKC. The outcomes of this investigation 
unequivocally establish that the developed RP-HPLC 
analytical method possesses commendable attributes, 
including cost-effectiveness, expeditiousness, preci-
sion, specificity, robustness, and accuracy. This method 
proves to be exceptionally effective in quantifying AG, 
PP, P-I, P-II, AC, 6S, and 6G. Moreover, the versatility 
of the developed RP-HPLC method extends its utility 

for routine quality control analyses of all seven marker 
compounds, making it a valuable tool for ensuring the 
quality and consistency of herbal formulations within 
the Herbal industry.

The developed RP-HPLC method exhibits commend-
able efficacy, ensuring robust separation, repeatability, 
efficiency, and sharp resolution of active compounds. 
Rigorous validation, adhering to ICH guidelines, 
encompassed critical parameters such as linearity, 
accuracy, precision, selectivity, LOD, LOQ, specificity, 
and robustness. In light of these comprehensive advan-
tages, it is unequivocally concluded that the developed 
procedure stands as a robust and reliable approach for 
the simultaneous determination of the seven bioac-
tive markers. This holds significant implications for 
bolstering quality assurance practices in the realm of 
Polyherbal formulations. Moreover, the versatility of 
the RP-HPLC method extends its applicability, posi-
tioning it not only for laboratory testing but also for the 
characterization of bioactive markers in industrial bulk 
production, thereby fortifying its role in ensuring the 
quality and consistency of Polyherbal formulations.
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