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INTRODUCTION 

Since 1000 BC., Ayurveda has been used as a traditional 
medical system in India. In addition, it is used all around the world 
as a supplemental and alternative medical system. The Ayurvedic 
industry has grown considerably in recent periods. According 
to recent WHO research, it is estimated that almost 80% of the 
world’s population utilizes medications derived from natural and 
herbal sources. Ayurveda is presently steadily gaining relevance 
as a result of the problems with modern healthcare technologies 
and procedures seen globally. Even though Ayurveda has been 
refined over centuries, there are still issues with the lack of 

clarity surrounding high-quality medications. The international 
acceptance of genuine, high-quality Ayurvedic medicines will 
increase if these problems are resolved [1]. 

The concept of standardization of Ayurvedic and 
herbal preparations has recently gained a lot of relevance to 
deliver high-quality medications as per various national and 
international regulatory criteria. The choice of raw materials, 
extraction techniques, process variables, packaging mechanism, 
and most important storage conditions all play a part in the 
quality of medications [2]. Evaluating the chemical stability of 
these categories of Ayurvedic formulations becomes essential 
to quality control because they are prone to instability under 
specific storage circumstances. The evaluation of stability 
becomes challenging owing to the complex nature of a wide 
variety of chemistry in a polyherbal formulation. According 
to the reports, the stability investigations involving a specific 
secondary metabolite with a well-documented history of 
medicinal efficacy and its degradation products have received 
the majority of attention thus far. The conclusions drawn from 
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that has been validated, and an expiration date is established 
based on stability data from the date of production when the 
medicine exhibits no more than 10% degradation. These 
recommendations may be used in Ayurvedic medicines where 
percentage deterioration may be measured after being exposed 
to various humidity and temperature conditions. Ayurvedic or 
modern medicine’s notion of stability is unchanged, but the 
criteria used to evaluate it differ between pharmaceuticals and 
Ayurvedic formulations [6,7]. 

Ayurvedic Kushmanda Rasayanam is a multiherbal 
remedy that can be used to cure a variety of illnesses. The 
primary component of this mixture is Benincasa hispida, 
also referred to as Kushmanda in Sanskrit [8,9]. Amino acids, 
mucins, mineral salts, starch, calcium, and vitamins B and C 
are all present in Khushmanda. Cough, dyspnea, chest wound, 
phthisis, persistent fever, bleeding disease, emesis, thirst, semen 
shortage, weakness, emaciation, and hoarseness are among the 
conditions it is used to treat. Astilbin (6%), catechin (5.15%), 
and naringenin (3.95%) are the major flavonol components 
present in the extract of the fruit [10–14].

MATERIALS AND METHODS 

Materials
Ultrapure water (Merck Milli Q), ACN and MeOH  

high performance liquid chromatography (HPLC) grade 
(FINAR Chemicals), Catechin, and Piperine 99% purity 
(Sigma–Aldrich). Khushmanda Rasayana was obtained from a 
local good manufacturing practices (GMPs).

Preparation of stock and working standard solution
Catechin and Piperine 10 mg were weighed, and 

methanol was used to dilute the mixture to 10 ml. Therefore, 
1,000 μg/ml of stock standard solution was produced. This 
solution was further diluted with methanol, and the result 
was a working standard with a concentration of 10 μg/ml that 
contained a combination of Catechin and Piperine.

HPLC method development and validation
Shimadzu HPLC (Make: Kyoto JAPAN) was used 

for separation, equipped with an LC-10 ADVP quaternary 
pump, SIL-10 ADVP auto-injector, and an SPD M-10A VP 
photodiode array detector (PDA) detection system. Installed 
with liquid chromatography solution software. The column 
used for separation was C18 (250 cm × 4.6 mm, 5 μ) from 
Phenomenex HyperClone  Base Deactivated Silica (BDS). A 
gradient program developed for elution.

Validation of analytical method

Specificity
The analytical method’s capacity to evaluate the 

marker in the presence of matrix ingredients that interfere. The 
composition of the herbal formulation having a complex matrix 
combined with matrices, degradants, and contaminants affects 
the determination of markers. Hence, a working standard solution 
mixture of 10 µg/ml concentration of Catechin and Piperine was 
used for determination. A system suitability solution of Catechin 
and Piperine was evaluated for its peak purity index.

these stability statistics do not always correspond to the stability 
of the other ingredients in the formulation [3]. Since additional 
constituents can influence the product’s stability, determining 
the constituents with recognized therapeutic activity is typically 
insufficient. Chemical, analytical, and active markers are three 
different types of components (markers) that can be found in 
herbal products for various determinations. Chemical indicators, 
which are of relevance for quality control purposes whether or 
not they have therapeutic efficacy, are typically characterized 
chemically as constituents or groupings of constituents of a 
herbal medical product. A chemical marker’s concentration 
could be a sign of a herbal medicine’s potency. To assess product 
quality and stability over time and establish the appropriate 
shelf life, chemical markers may be used. The components 
or collection of components used exclusively for analysis are 
known as analytical markers. The components or collection of 
components recognized to have pharmacological activity that 
contributes to efficacy are known as active markers. If properly 
stored, a product’s shelf life is the amount of time during which 
its chemical, physical, and microbiological stability stays within 
acceptable limits. The product typically has an expiration date 
to indicate when its shelf life has ended [4]. 

The topic of stability and shelf life assessment is such 
an important one that the Ayurvedic formulations lack a specific 
and organized method. The 1940 Drugs and Cosmetics Act’s 
Rule No. 161-B was updated by AYUSH on August 12, 2016, 
and it states that the shelf life must be specified and substantiated 
by scientific data. According to the amendment, the shelf life of 
Ayurvedic medications must be founded on scientific evidence 
and evaluated by real-time stability studies of drugs prescribed in 
Part I, Volume III of the Ayurvedic Pharmacopeia of India. The 
concurrent substances included in the polyherbal formulation may 
have an impact on the formulation’s overall stability. A variety of 
contemporary analytical techniques and methods must be used 
to measure the stability of Ayurvedic formulations that are solid, 
liquid, and semisolid to gain an understanding of the factors that 
affect their stability. This will provide a concise overview of the 
stability of the Ayurvedic formulations [4,5].

Although the AYUSH notification, which the 
Government of India issued on August 12, 2016, advises 
specifying the shelf life of Ayurvedic formulations based on 
scientific evidence, it is now necessary to provide a detailed 
justification of the scientific evidence due to improvements in 
process technology, packaging, and storage techniques. The 
reason behind the expiry of the mentioned class of Ayurvedic 
preparations is lacking. There is no scientific justification 
to support the revised shelf life of the classical Ayurvedic 
preparations. A validated analytical method and a stability 
testing module will open up avenues regarding monitoring 
the chemical stability of the Ayurvedic formulations. A 
validated protocol for performing the stability studies of 
Ayurvedic preparations must be designed. The protocol must 
include information such as the selection a batch and defined 
sampling plan, testing parameters, modern analytical methods, 
acceptance criteria and limits, storage period and conditions, 
testing frequency, container closure system, and appropriate 
stability testing methods must be considered. Pharmaceuticals 
are often tested using a stability-indicating analytical technique 
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Acid hydrolysis
At both heated and room temperature, hydrolysis was 

performed for Catechin and Piperine in an acidic medium. At 
room temperature, 0.1 M HCl was used to conduct the study’s 
initial phase. Studies were carried out at a high temperature 
since the deterioration that was discovered was quite nominal—
around 10%. 5 mg of each of Catechin and Piperine, both 
accurately weighed, were added to a 50 ml round bottom flask, 
and 50 ml of 0.1 M HCl was used to accomplish the reaction. 
Furthermore, serial dilution using MeOH was done from stock 
standard to yield a working standard solution. The solution was 
neutralized using 0.1 M sodium hydroxide, to attain a pH 7. A 
working standard solution mixture of 10 µg/ml of Catechin and 
Piperine was used for analysis.

Alkaline hydrolysis
Markers were subjected at both heated and room 

temperature, hydrolysis was performed for Catechin and 
Piperine using 0.1 M sodium hydroxide for alkaline hydrolysis. 
Furthermore, serial dilution using MeOH was done from stock 
standard to yield a working standard solution and the resultant 
solution was neutralized to pH 7 with 0.1 M HCl. A working 
standard solution mixture of 10 µg/ml of Catechin and Piperine 
was used for analysis.

Oxidative degradation
Catechin and Piperine mixture solution and varying 

concentrations of peroxide solution (H2O2) were used to 
hydrolyze the mixture. 24-hour period of the investigation 
was spent using 3% and 5% v/v solutions of H2O2 in ambient 
conditions. Using a 30% v/v hydrogen peroxide solution, the 
trials were continued for up to 24 hours because there had been 
no indication of probable degradation for 24 hours. Catechin 
and Piperine final solution (10 μg/ml) was employed for the 
measurement.

Photolytic degradation
Accurately weighed 10 mg each of Catechin and 

Piperine on Petri plates and were exposed to the sun for 24 
hours. A standard stock solution of Catechin and Piperine was 
prepared by weighing and dissolving 5 mg of each marker in 
MeOH. Furthermore, a working standard solution mixture of 
Catechin and Piperine (10 µg/ml) was injected into the HPLC 
system for analysis.

Thermal degradation
Accurately weighed 15 mg each of Catechin and 

Piperine on Petri plates. It was further subjected to storage at 
80ºC for 24 hours. This working standard solution mixture 
of Catechin and Piperine (10 µg/ml) was employed for the 
measurement.

Sampling of products for stability studies 
Khushmanda Rasayana was procured from a local 

manufacturer. Three batches were selected for the determination 
of the stability profile. The mean and standard deviation were 
used as a measure of the dispersion of data.

System suitability
A mixture of Catechin and Piperine in a standard 

solution of a 10 µg/ml concentration was injected. Peak 
parameters including peak area, tailing factor, resolution, 
retention time, and theoretical plates were observed.

Linearity
A range of standard solutions for linearity containing 

a combination of Catechin and Piperine were prepared in the 
range of 0.05–3.1 µg/ml.

Limit of detection (LOD)
The lowest concentration of a marker that can be found 

in a sample using analytical methods that are only capable of 
detection and not quantification.

Limit of quantitation (LOQ)
The lowest concentration of a marker that can 

be found in a sample that can be accurately and precisely 
determined. LOQ is determined in assays, for the identification 
and quantification of impurities or degradants.

Accuracy
The similarity between the value found and a standard 

value serves as a measure of accuracy. A specified quantity 
of the marker was added to the standard samples of known 
concentration and the recovery of the marker was predicted. 
This method is known as the traditional spiking approach. 
The concentration levels at which accuracy was assessed for 
Catechin and Piperine, were 0.8, 1, and 1.2 μg/ml.

Precision
Repeatability, intermediate precision, and 

reproducibility are the three criteria that are typically used to 
evaluate the precision. To determine the intraday and interday 
precision, a series of six injections of standard solution were 
injected into the system. The retention time and peak area were 
examined. A set of measurement values were expressed as 
mean, SD, and relative SD.

Recovery of marketed formulation
Using a mortar and pestle, 5 g of Kushmanda 

Rasayana was crushed into a fine powder. A 50 ml volumetric 
flask containing 5 g of powder was filled with methanol and 
subjected to 45 minutes of sonication with regular shaking every 
5 minutes. A sample of 2 ml of the solution was centrifuged at 
1,000 rpm for 10 minutes. For analysis, 1 ml of the supernatant 
solution was taken, and the percentage of recovery was 
calculated.

Stress studies
To ascertain the existence of degradation products, 

stress tests were carried out using the standard solution mixture 
with a concentration of 10 µg/ml for Catechin and Piperine. The 
samples were examined using PDA detectors and optimized 
chromatographic conditions to determine the peak purity. 
The peak purity of the marker is calculated in the presence of 
degradant peaks to check for any potential degradation products.
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residue after cooling. Using the initial weight, the amount of 
acid-insoluble ash was calculated.

Determination of alcohol soluble extractive
5 g of the coarsely powdered formulation was 

macerated with 100 ml of methanol for a total of 24 hours, with 
frequent shaking occurring during the first 6 hours. The mixture 
was then left to stand for 18 hours. 25 ml of the filtrate were 
filtered, evaporated in a tared dish to dryness, and then dried 
at 105ºC. Concerning the starting weight, the percentage of 
extractive that is soluble in alcohol was calculated.

Determination of water soluble extractive
The method was performed as directed for the 

determination of alcohol-soluble extractive, using chloroform 
water instead of ethanol.

Thin layer chromatography (TLC)
5 g of the sample was extracted for 30 minutes using 

reflux and a water bath with 75 ml of ethyl acetate. Thin layer 
chromatography was performed after the filtrate had been 
filtered and concentrated to 10 ml. 20 μl of the extract was 
applied to TLC plates, and using toluene: ethyl acetate (7: 3) 
as the mobile phase, the plates were developed to a distance of 

Evaluation of stability data

Determination of total ash
In a tared silica dish, 2 g of precisely weighed 

formulation were incinerated at a temperature of 200ºC. 
Furthermore, it was cooled and weighed. The cycle was 
repeated until the weight remained consistent. The percentage 
of ash was calculated regarding the initial weight. 

Determination of acid-insoluble ash
To the complete ash-containing crucible, 25 ml of 

diluted hydrochloric acid was added. Collected the insoluble 
material on Whatman 41 filter paper and washed it with hot 
water. The insoluble material was transferred to the crucible on 
filter paper, dried, and ignited. 30 minutes later, weighed the 

Table 1. RP-HPLC parameters.

Column C18 Phenomenex HyperClone BDS (250 cm × 
4.6 mm, 5 μ)

Mobile phase A: MeOH: 10 mM pH4.5 Ammonium acetate 
buffer (40:60)

B: ACN: 10 mM pH4.5 Ammonium acetate 
buffer (50:50)

Mode of flow Catechin: mobile phase A: MeOH: 10 mM pH 
5.5 ammonium acetate buffer (40:60)

Piperine: mobile phase B: ACN: 10 mM pH 5.5 
ammonium acetate buffer (50:50)

Gradient program:

Mobile phase A-0-7 minute-100%

Mobile Phase B-7-30 minute-100%

Flow rate 1 ml/minute

Column temperature (°C) 25

Autosampler 
temperature (°C)

25

Injection volume (μl) 20

Detection wavelength 
(ʎmax)

Catechin: 276 nm

Piperine: 340 nm

Retention time (minutes) Catechin (4.1 minutes) and Piperine (14.1 
minutes)

Figure 1. Chromatogram of the optimised condition for simultaneous separation 
of Catechin (Rt 4.1 minutes) and Piperine (Rt 14.1 minutes).

Table 2. A summarized report of RP-HPLC validation.

Parameter Acceptance 
criterion Catechin Piperine Inference

Specificity Peak purity 
index (>0.999)

Active 
marker  
peaks are 
well resolved

Active 
marker  
peaks are well 
resolved

Passes

Linearity Correlation 
Coefficient 
(r2 > 0.99)

5–50 μg/ml 
(r2 = 0.996)

2–10 μg/ml 
(r2 = 0.997)

Passes

Accuracy 
(95.0% to 
105.0%)

80% 
100% 
120%

97.98 
98.24 
100.24

99.39 
99.59 
100.87 Passes

Precision RSD (<2%)

i)Intra-day

ii)Inter-day

1.16%

1.24%

0.90%

0.83%

Passes

LOD - 0.74 μg/ml 0.007 μg/ml -

LOQ - 1.25 μg/ml 0.86 μg/ml -

System  
suitability

RSD (<2%) 0.81% 0.98% Passes

Table 3. Mean recovery in Khushmanda Rasayana.

SL. no. Catechin Piperine

1. 101.65% 101.78%

2. 101.30% 99.70%

3. 101.16% 100.08%

Mean 101.37% 100.52%

S.D (±) 0.002 0.009
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method demonstrates preciseness because the peak purity 
index for Catechin and Piperine, respectively, was 0.999 and 
0.997, which is indicative of both being considerably below 
the threshold (>0.99). Blank determination was performed, 
where the active peak and diluents were monitored. There 
was no interference observed. In the forced degradation 
studies, the retention time was monitored for active peak 
and degradant peak. There was no evidence of interference 
from other components at their respective retention times. 
The system suitability parameters were evaluated to see 
whether the analytical method was suitable to the desired 

10 cm. After development, plates were dried under air before 
checking them under ultraviolet and visible light.

pH determination 
The pH value of the aqueous solution of the formulation 

was measured.

HPLC analyses stability samples
The analyses employed the developed and validated 

reverse phase (RP)-HPLC method for the samples. The stability 
analysis involved the determination in triplicate. For the 
accelerated condition 40ºC 2ºC/75% relative humidity (RH) 5% 
RH, at periods of 0, 1, 3, and 6 months. The long-term condition 
involved storage for time intervals of 6, 9, and 12 months at 
30ºC, 2ºC, 65% RH, and 5% RH.

Shelf-life estimation
The marker content analyses utilized the developed 

and validated methodologies. According to International 
Council for Harmonisation (ICH), stability studies were carried 
out. The formulation was subjected to storage at accelerated 
temperature conditions of 40ºC ± 2ºC and humidity of 5% RH 
± 5% RH for time points of 0, 1, 3, and 6 months. Long-term 
conditions involved storage at a temperature of 30ºC ± 2ºC and 
humidity of 65% RH ± 5% RH for time points 6, 9, and 12 
months. Samples were kept in a stability chamber (Thermolab 
Scientific, India) for the investigations. To estimate the shelf 
life of the formulation, Systat SigmaPlot version 15.0 (www.
systatsoftware.com) was utilized, using the Arrhenius equation 
for extrapolation.

RESULTS AND DISCUSSION
A gradient elution program was developed using the 

RP-HPLC method. The final chromatographic condition for RP-
HPLC is represented in below Table 1. Also, Figure 1 represents 
the chromatogram of the optimized RP-HPLC condition. A 
fingerprint profile is quite helpful in setting up standards and 
thus keeping a check on adulteration. In a study involving the 
evaluation of Catechin and Piperine in ultraviolet and visible 
spectroscopy using HPTLC in the analysis of various polyherbal 
preparations, between 287 to 550 nm were the peaks of highest 
responses [15]. 

Certain reports have evaluated the analytical 
responses of quercetin and rutin in B. hispida as analytical 
markers. The response of analytical markers can be explored 
futuristically. The amounts of β-sitosterol present in the B. 
hispida seeds extracts were obtained at 254 nm and were 
found to be 36% [16,17]. These reports demonstrate an array 
of markers that needs to be studied. Catechin and Piperine 
were chosen as active markers based on their evidence 
of being known as an active marker and their significant 
concentration [10–14]. Considering the availability, 
feasibility, and active concentration of markers present in 
Khushmanda Rasayana, Catechin and Piperine were chosen 
for the HPLC profile. 

The results of method validation demonstrate the 
preciseness, accuracy, and reliability of the analytical method. 
Validation was performed as per the ICH guidelines [18]. The 

Figure 2. Chromatogram of Khushmanda Rasayana depicting Catechin (Rt 4.2 
minutes) and Piperine (Rt 13.9 minutes).

Table 4. Stress testing.

Sr. 
no. 

Forced degradation 
conditions

% Degradation 
observed Peak purity 

index
Catechin Piperine

1. Acid hydrolysis (0.1 M 
hydrochloric acid) 25.31% 16.37% Passes

2. Alkali hydrolysis (0.1 M 
sodium hydroxide) 35.14% 26.31% Passes

3. Oxidative degradation 
(30% v/v H2O2)

28.36% 18.27% Passes

4. Thermal degradation 
(80ºC in hot air oven) 40.28% 18.65% Passes

5.
Photolytic degradation 
(exposure to direct 
sunlight)

38.63% 20.14% Passes

Table 5. Mean content of markers with time.

Condition Time Catechin Piperine

Mean 
content (%) SD (±) Mean 

content (%) SD (±)

Initial 0 93.21 0.37 101.57 1.21

Accelerated 
condition

1 83.45 0.27 100.82 0.78

3 78.21 1.66 100.35 0.95

6 72.64 0.54 100.24 0.69

Long-term 
condition

6 90.36 0.99 100.94 0.75

9 87.64 1.26 99.76 0.72

12 83.21 0.59 99.14 0.31
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for Piperine. After determining the response standard deviation 
and slope, the LOD and LOQ were determined based on the 
signal-to-noise ratio. Catechin has concentrations of 0.74 and 
1.25 μg/ml, while Piperine has concentrations of 0.007 and 
0.86 μg/ml. Accuracy was determined by standard spiking 
method. It was assessed at three concentration levels such as 
80%, 100%, and 120% of the standard marker. For Catechin 
and Piperine, the three concentration levels were 0.8, 1, and 
1.2 µg/ml. The accuracy of the method was established at all 
three levels which were found within the range of 95%–105%. 
A typical combination solution of Piperine and Catechin was 
injected into the system for six injections. There were tests 
for repeatability as well as intermediate or between-day 
precision. The peak area and retention time of the markers 
were examined. Mean, SD, and relative SD were computed 
using the markers’ retention time and peak area. RSD was 
discovered to be within the bounds. The validation report’s 
executive summary is listed in Table 2 below.

Catechin and Piperine recovered at rates of 101.37% 
and 100.52%, respectively. This shows that the analytical method 
for quantifying Catechin and Piperine in Khushmanda Rasayana 
is suitable and reliable. Table 3 shows the average recovery in 
Khushmanda Rasayana. Figure 2 depicts a chromatogram of 
Catechin and Piperine in Khushmanda Rasayana.

There is a potential that degradant peaks and marker 
peaks will co-elute during forced degradation investigations. 
This indicates that degradant peaks elute at the same 
marker retention time. As a result, the purity of the peak is 
demonstrated using a PDA detector. Spectral homogeneity 
of the marker is indicated at the ʎmax of Catechin (276 nm) 

chromatographic parameters, and the results demonstrated 
acceptable standards for chromatographic separation. 
Since the correlation constants for Catechin and Piperine 
were determined to be 0.996 and 0.997, respectively, the 
linearity findings showed that the method was linear over a 
concentration range of 5–50 g/ml for catechin and 2–10 g/ml 

Figure 3. Shelf life of Khushmanda Rasayana (48.1 months) considering the 
marker content analysis of Piperine. 

Figure 4. Chromatogram of Catechin and Piperine in Khushmanda Rasayana 
in initial (T0) time point.

Figure 5. Chromatogram of Catechin and Piperine in Khushmanda Rasayana 
in accelerated condition at 1 month time point.

Figure 6. Chromatogram of Catechin and Piperine in Khushmanda Rasayana 
in accelerated condition at 3 months time point.

Figure 7. Chromatogram of Catechin and Piperine in Khushmanda Rasayana in 
accelerated condition at 6 months time point.
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and Piperine (340 nm). The outcomes obtained at various 
stress levels supported the absence of other co-eluting peaks, 
degradants, and contaminants. The method indicates to be 
specific for the simultaneous measurement of Catechin and 
Piperine in the presence of any degradant since no such 
interference with the marker peak was found. The percentage 
degradation is calculated using the area normalization 
approach. The percentage degradation observed for the 
markers is demonstrated in Table 4.

The changes in marker content over time are shown in 
Table 5. The SD stands for the triple-taken mean’s SD. Figures 
4–10 depict the chromatogram of Catechin and Piperine under 
accelerated and long-term conditions at different time points. 
With variations in the marker contents examined against time 
and storage conditions, shelf life was projected. The software 
Systat SigmaPlot and the marker content analyses were used 
to estimate shelf life. According to Figure 3, the shelf life for 
Khushmanda Rasayana was calculated using Piperine to be 
48.1 months. The percentage content of Catechin does not suit 
the curve fitting for shelf life estimation since it does not meet 
the internal criteria of 90%–110%. The choice of raw materials, 
extraction techniques, process parameters, container sealing 
mechanism, and most crucially, storage conditions all play a 
part in the quality aspect of Ayurveda [2]. 

Tables 6 and 7 represent the stability data of 
Khushmanda Rasayana at accelerated and long-term conditions 
at different time points. There is an increase in the pH values 
of the formulation over a period of time. This is suspected 
due to the absorption of moisture attributed to the container 
closure system. There is a gradual decrease in the assay value 
of Catechin. Figures 4–7 represent the separation of Catechin 
and Piperine at different time points. The TLC plates were 
observed with major spots at Rf 0.24 (Piperine) when observed 
at 366 nm. This indicates no presence of degradation products 
and impurities.

Investigation and root cause analysis were performed 
at our end to rule out the possibility of analytical errors. The pH 
of the formulation was checked at long-term conditions at 18 M 
which was found to be 5.9 and 5.3, respectively, which is beyond 
the pharmacopeia limit: 4.0 to 4.5. Catechin is temperature 

Figure 8. Chromatogram of Catechin and Piperine in Khushmanda Rasayana 
in long term condition at 6 months time point.

Figure 9. Chromatogram of Catechin and Piperine in Khushmanda Rasayana in 
long term condition at 9 months time point.

Figure 10. Chromatogram of Catechin and Piperine in Khushmanda Rasayana 
in in long term condition at 12 months time point.

Table  6. Stability data of Khushmanda Rasayana at accelerated condition.

Accelerated condition (40ºC ± 2ºC/75%RH ± 5%)

Sr no. Parameter Initial 1 M 3 M 6 M Limits Inference

1 Appearance Off white coloured granules

2 TLC  0.12,0.25 0.11,0.23 0.10,0.25 0.24 0.24 (Piperine) Pass 

3 Total ash (%) 0.5 ± 0.58 0.6 ± 0.23 0.4 ± 0.35 0.5 ± 0.55 NMT 1.0 Pass

4 Acid insoluble ash (%) 0.2 ± 0.09 0.1 ± 0.12 0.2 ± 0.59 0.2 ± 0.82 NMT 0.2 Pass

5 Alcohol soluble extractive (%) 49 ± 0.21 48 ± 0.29  47 ± 0.08 46 ± 0.23 NLT 45 Pass

6 Water soluble extractive (%) 77 ± 0.69 78 ± 0.58  80 ± 0.61 79 ± 0.28 NLT 75 Pass

7 pH (10%) aqueous solution 4.5 ± 0.05 4.8 ± 0.02  4.9 ± 0.03 4.9 ± 0.01 4.0–4.5 Fail

8 Assay (%) Catechin 93.21 ± 0.55 83.45 ± 0.39 78.21 ± 0.68 72.64 ± 0.68 % Change 
from initial 
NMT 5% 

Fail

PassPiperine 101.57 ± 0.02 100.82 ± 0.01 100.35 ± 0.09 100.24 ± 0.05

SD* computed for triplicate responses.
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Pharmacopoeia of India. Small-scale manufacturers state their 
compliance to GMPs as per schedule T requirements of the 
Drugs and Cosmetics Act, for Ayurvedic, Siddha Unani drugs. 
But specify the shelf life in formulations by the guidelines 
set forth by the Indian Ayurvedic Pharmacopoeia. Without any 
supporting scientific evidence, the formulation’s stated shelf 
life is presented. Only the historical data serves the purpose of 
the evidence of the safety and efficacy of these formulations. 
The shelf life can be extended from 36 to 48 months with 
the relevant scientific evidence on chemical stability. 
Based on scientific data, the shelf life of certain Ayurvedic 
preparations requires immediate attention to be mentioned. 
Establishing acceptable standards for shelf life assessment 
becomes crucial when taking into account the various classes 
of phytoconstituents included in Ayurvedic formulations. 
Although Catechin and Piperine were chemical markers in 
our study, other active markers may be used in more research. 
Thus, a fingerprinting profile to assess the quality and stability 
inclusive of active markers, chemical markers, and general 
markers will prove substantial in estimating shelf life. To 
assess the quality and stability of Khushmanda Rasayana, 
various manufacturing procedures, container closure 
systems, and other stability-indicating characteristics must 
be investigated. The formulation’s established expiration date 
was restricted to the randomly chosen batches for research. 
The shelf life of Khushmanda Rasayana was estimated in the 
study and was computed based on a 12-month study that can 
be extrapolated further for 3 years. A real-time commercial 
study taking into account the complete shelf life should be 
conducted to assess the shelf life of Khushmanda Rasayana 
considering polyherbal constituents. The study would be a 
crucial quality control tool for monitoring the quality of the 
formulation throughout the shelf life.
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sensitive. This can be attributed to the decrease in peak area 
during the thermal degradation studies performed as a part of 
stress studies. Owing to this reason Catechin was unsuitable for 
curve fitting for shelf life evaluation. The content of Piperine 
is stable in all the temperature and humidity conditions. The 
estimated shelf life was 48.1 months based on the marker content 
of Piperine. The expiry of Rasayana preparation is 36 months as 
mentioned by AYUSH. The shelf-life can be extended based on 
real-time studies. Corrective and preventive action suggested 
to the local manufacturer to obtain a certificate of analysis for 
the containers and closures from the vendor (wall thickness and 
diameter). Determination of moisture vapor transmission rate for 
the container closure system. It was observed that there is a lack 
of storage instructions on the label. Hence, a suggestion based 
on the scientific data was given to mention storage instructions 
on the label to store the formulation in a cool and dry place. The 
concomitant substances included in the polyherbal formulation 
may have an impact on the formulation’s overall stability. A set 
of modern analytical techniques and methods must be used to 
measure the stability of Ayurvedic formulations that are solid, 
liquid, and semisolid to gain an understanding of the factors that 
affect their stability. This will provide a concise overview of the 
stability of the Ayurvedic formulations [3].

CONCLUSION
Ayurvedic formulations must be stable under 

certain conditions to be of high quality. Estimating shelf 
life becomes crucial to quality as a result. It is extremely 
difficult to set quality benchmarks and limit characteristic 
ranges due to the complexity of these phytoconstituents. The 
AYUSH ministry issued a regulation on August 12, 2016, 
that requires AYUSH items to include a shelf-life statement 
based on scientific evidence. Real-time stability assessments 
of drugs should be used to identify a drug’s expiration date, 
according to the Ayurvedic Pharmacopoeia of India. Small-
scale industries prescribe the expiry date in the formulations 
as per the Ayurvedic Pharmacopoeia of India. The shelf life 
for Khushmanda Rasayana based on Catechin and Piperine 
was found to be 48.1 months. The mentioned shelf life of 
Khushmanda Rasayana is 3 years (36 months) as per Ayurvedic 

Table 7. Stability data of Khushmanda Rasayana at long term condition.

Long term condition (30ºC ± 2ºC/65%RH ± 5%)

Sr no. Parameter Initial 6 M 9 M 12 M Limits Inference

1 Appearance Off white coloured granules

2 TLC  0.12,0.25 0.11,0.23 0.10,0.25 0.24 0.24 (Piperine) Pass 

3 Total ash (%) 0.5 ± 0.69 0.6 ± 0.36 0.4 ± 0.05 0.4 ± 0.29 NMT 1.0 Pass

4 Acid insoluble ash (%) 0.2 ± 0.86 0.1 ± 0.79 0.2 ± 0.05 0.2 ± 0.34 NMT 0.2 Pass

5 Alcohol soluble extractive (%) 49 ± 0.38 48 ± 0.88  47 ± 0.83 49 ± 0.68 NLT 45 Pass

6 Water soluble extractive (%) 77 ± 0.97  78 ± 0.69  80 ± 0.62 83 ± 0.47 NLT 75 Pass

7 pH (10%) aqueous solution 4.5 ± 0.37 4.8 ± 0.074  4.9 ± 0.87 5.0 ± 0.28 4.0–4.5 Fail

8 Assay (%) Catechin  93.21 ± 0.04 90.36 ± 0.09 87.64 ± 0.63 83.21 ± 0.67 %Change 
from initial 
NMT 5%

Pass

Piperine 101.57 ± 0.05 100.94 ± 0.36 99.76 ± 0.05 99.14 ± 0.05

SD* computed for triplicate responses.
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