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ABSTRACT 

Objective: Present study aimed to develop and validate a novel, unique, simple, quick, cost-effective, sensitive, specific, accurate, precise, rugged, 
and robust bioanalytical method for the quantification of gallic acid in rat plasma by reverse phase high-performance liquid chromatography (RP-
HPLC) using gradient elution technique.  

Methods: The stationary phase was a Zorbax SB C18 5 µ (4.6*150) mm column, with the mobile phase being water with 0.1 percent formic acid (A): 
acetonitrile (ACN) with 0.08 percent formic acid (B). Gradient chromatographic method was used throughout this experiment from the point of 
view of the estimation of gallic acid from herbal formulations when present along with other phytoconstituents. So at the gradient method, all the 
present phytoconstituents has cleared off from the column and no any strongly adsorption of phytoconstituents occurred. The experiment was 
carried out at a flow rate of 1.0 ml/min at 30 °C utilising PDA detectors at 271 nm. The proposed method was validated for different parameters.  

Results: The approach was found to be linear in the concentration range of 0.5-100 µg/ml, with a r2 of 0.9998. There was not observed any interference 
of co-eluting peaks of endogenous compounds from the biological matrix at the same retention time (Rt) of gallic acid. The RSD (%) of intra and interday 
precision was found to be within acceptable limit. The overall % mean recovery was found to be 99.97%. LOD and LOQ were found to be 0.1 and 0.5 
μg/ml, respectively. In terms of fluctuation in essential parameters and operating settings, the devised bioanalytical approach was shown to be rugged 
and resilient. Short-term, long-term, autosampler, bench-top, and freeze-thaw stability experiments revealed that gallic acid is stable.  

Conclusion: The developed method described in this report was found to be well within an acceptable range. Hence, in the future, this method can 
be used successfully for the estimation of gallic acid alone or in combination with another analyte or marker present in bulk or an extract containing 
various phytoconstituents in pharmacokinetic, bioequivalence, and therapeutic drug monitoring studies in clinical laboratories. 
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INTRODUCTION 

Gallic acid is a phenolic acidic plant metabolite that can be found all 
over the world. Gallic acid is a benzoic acid that has been 
hydroxylated three times. In the chemical formula of gallic acid 
(C6H2 (OH)3 CO2 H), hydroxy groups are found at positions 3, 4, and 
5. Gallic acid crystals have a molar mass of 170.12 g/mol and are 
white, yellowish-white, or pale fawn in colour. It is soluble in alcohol, 
ether, glycerol, and acetone; benzene, chloroform, and petroleum 
ether are insoluble [1]. Gallic acid is used in a variety of industries, 
including pharmaceuticals, cosmetics, food, printing, and 
manufacturing [2]. Gallic acid is a preservative that keeps fats and 
oils from going rancid and rotting in a variety of foods such as 
sauces, confectionary, beverages, and baked goods [3]. Gallic acid 
also stopped melanogenesis, allowing cells to lose pigment and 
protect themselves from UV-B and ionising radiation. For this 
reason, gallic acid is employed as a major gradient in a variety of 
cosmetics [4, 5]. Anti-allergy, antioxidant, antibacterial and anti-
inflammatory are only a few of the medical uses for gallic acid [6-9]. 
Gallic acid has been shown to protect neurons in a variety of cellular 
and animal models, both in vitro and in vivo. Gallic acid reduced 
neuronal death and improved learning and passive avoidance in 
memory through modulating antioxidants [10]. 

Only a few UV Spectrophotometric and HPLC [11-15] methods for 
detecting gallic acid alone or in combination with other drugs in 
tablet, extract, and other herbal formulation forms have been 
published, according to a literature study. The creation of a 
bioanalytical method for quantifying gallic acid in rat plasma has yet 
to be published. As a result, a simple, accurate, and sensitive 
bioanalytical RP-HPLC approach is required. 

The goal of this research was to develop and test a new bioanalytical 
HPLC method for measuring gallic acid in rat plasma that was 

simple, cost-effective, accurate, precise, sensitive, rugged, and long-
lasting. 

MATERIALS AND METHODS 

Reagents and chemicals 

Standard gallic acid was provided by Bangalore-based Sigma-
Aldrich. Merk in Mumbai, India provided HPLC-grade formic acid, 
methanol, and acetonitrile (ACN). The remaining chemicals were all 
of analytical quality. 

Preparation of plasma  

The Institutional Animal Ethical Committee sanctioned the 
experimental protocol at Crystal Biological Solutions, pune 
(Approval No. CRY/2122/070). The selected animals were housed in 
groups in stainless steel grill-top polypropylene cages with access to 
feeding stations. In the cages where the animals were being kept, 
there was a cycle of light and dark that lasted for 12 h, and the 
temperature was maintained at 22.3 °C with 55.5% relative 
humidity. A Wistar rat's blood was drawn and deposited in a 
centrifuge tube containing a 5% EDTA solution. The blood sample 
was vortex agitated for one minute before centrifugation at 4 °C at 
10,000 rpm for ten minutes. The clear supernatant was separated 
and stored at-80 °C until it was required. 

Preparation of a gallic acid standard stock solution 

Weighing 100 mg of pure gallic acid and pouring it into a volumetric 
flask with a 50 ml capacity yielded a standard gallic acid stock 
solution. The mixture was then sonicated for 5 min with 25 ml 
methanol added. To bring the volume to 50 ml, methanol was 
utilised. The prepared solution was filtered using Whatman No. 41 
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filter paper [16]. The typical stock solution was 2000 µg/ml in 
concentration. 

Preparation of gallic acid working standard solutions 

Pipette 0.0625, 0.125, 0.25, 0.625, 1.25, 3.125, 6.25, and 12.5 ml of 
the standard stock solution (2000 µg/ml) into a separate series of 25 
ml capacity volumetric flasks and dilute up to the mark with 
methanol to produce concentrations of 5, 10, 20, 50, 100, 250, 500, 
and 1000 µg/ml [17]. 

Sample preparation for linearity and quality control 

Linearity and quality control (QC) samples were made by mixing 0.9 
ml blank plasma with 0.1 ml working standing solutions. 0.1 ml of 
the working standard solution for each concentration was 
transferred to separate 2 ml eppendorf tubes, and 0.9 ml of blank 
plasma was spiked in each working standard solution in eppendorf 
tubes. The extracting reagent, 1 ml of methanol, was then poured to 
each eppendorf tube and agitated for 1 min with a vortex shaker. 
Each solution was maintained in a centrifuge machine and 
centrifuged for 15 min at 4 °C at 10000 rpm (Remi, Mumbai). Each 
solution's clear supernatant (1 ml) was separated and transferred to 
new eppendorf tubes. Before being injected into the HPLC 
equipment in a consecutive manner, the clear supernatant was 
filtered using 0.42 membrane filter paper. At concentrations of 0.5, 
1, 2, 5, 10, 25, 50, and 100 µg/ml, the final linearity and quality 
control samples were made [18, 19]. 

Optimised chromatographic conditions 

The quantity of gallic acid in plasma was measured using HPLC 
(Model: Waters 2695 alliance). The bioanalytical technique 
development experiment used a Zorbax SB C18 5µ (4.6*150) mm 
column. A Millipore 0.45 μ filter was used to filter the prepared 
mobile phase. The column temperature was preserved at 30 °C. The 
mobile phase flow rate was fixed at 1.0 ml/min. A PDA type detector 
was used at 271 nm. A gradient chromatographic method was used 
throughout the experiment. The mobile phase consisted of water 
containing 0.1 percent formic acid (A) and acetonitrile (ACN) 
containing 0.08 percent formic acid (B). The flow rate was kept 
constant while the mobile phase's components were altered. 

Validation 

Linearity 

The method's linearity refers to its capacity to produce test findings 
that are proportionate to the analyte concentration in samples. A set 
of eight linearity and quality control samples was prepared by 
mixing 0.9 ml of blank rat plasma with varying amounts of working 
standard solutions. The solutions were agitated for 1 min using a 
vortex shaker before centrifugation. The clear supernatant solution 
was collected and put into eppendorf tubes. Gallic acid 
concentrations in the linearity and quality control samples ranged 
from 0.5 µg/ml to 100 µg/ml. The curve of linearity was produced by 
graphing peak area vs concentration in three replicates for each 
concentration sample. The regression equation developed was 
utilised to calculate the analyte concentration in each concentration 
sample. If all of the linearity solutions had less than 15 % RSD, the 
linearity curve was confirmed to be legitimate. A correlation 
coefficient of greater than 0.96 is preferable, as is a gallic acid LLOQ 
response that is at least 3 times that of blank plasma [20, 21]. 

Specificity or selectivity 

It refers to a method's capacity to reliably quantify analyte 
concentrations in the presence of all other interfering sample 
components. If specificity isn't guaranteed, the precision, accuracy, 
and linearity of the procedure are all jeopardised. To create and 
validate an effective approach, the first step is to ensure its 
specificity. The recommended approach can be considered specific if 
there is no interference between co-eluting endogenous component 
peaks and analyte peaks. The chromatogram of blank Wistar rat 
plasma without gallic acid was analysed in three duplicates to 
determine the specificity and selectivity of the described method. 
Further plasma samples were spiked with gallic acid and evaluated 
in the chromatogram of rat plasma for the interference of co-eluting 

peaks. The retention period of a chromatographic peak of gallic acid 
was investigated. Changing the settings of the HPLC method was 
used to investigate the method's specificity. (Different gradient 
slopes) and looked for interference in the chromatogram from 
endogenous substances co-eluting peaks [22]. 

Accuracy and precision 

When a process is repeated on a homogeneous sample, precision 
refers to the degree of agreement among individual test outcomes. 
Five replicates were tested for intraday (on the same day at different 
times) and interday (two consecutive days) precision and accuracy 
at four different QC levels: 100 µg/ml (HQC), 50 µg/ml (MQC), 10 
µg/ml (LQC), and 0.5 µg/ml (LLOQ). A regression equation was used 
to compute the amount of plasma retrieved. Precision was measured 
as a percentage of the RSD, while accuracy was measured as a 
percentage of the recovery [23]. 

Recovery study 

A recovery study was conducted to ensure the proposed method's 
reliability and appropriateness. It refers to how closely the 
measured value resembles the true value. The efficacy of gallic acid 
extraction in rat plasma samples as well as the effect of matrix was 
investigated in recovery research. A recovery study was conducted 
at three different QC concentrations: 100 µg/ml (HQC), 50 µg/ml 
(MQC), and 10 µg/ml (LQC). First, gallic acid was spiked in blank 
plasma at three QC concentration levels, and the concentration was 
assessed using the established HPLC bioanalytical method's 
chromatogram. Without the biomatrix, the same three standard 
concentration solutions were created. The ratio of gallic acid 
concentration with and without biomatrix was used to determine 
the extraction efficiency of gallic acid. According to FDA guidelines, 
drug recovery does not have to be perfect, but it should be 
consistent, accurate, and repeatable [24, 25]. 

Limit of detection 

It comprises determining the analyte concentration in a sample with 
the least amount of analyte, however, it is rarely quantified. The LOD 
is related to the system's signal-to-noise ratio. To identify the 
smallest amount of analyte, the signal to noise ratio (S/N) of the 
analyte should be 3:1. The LOD was determined by injecting 0.1 
µg/ml gallic acid three times into a plasma sample and comparing 
the chromatograms to blank plasma [26]. 

Limit of quantification 

A sample's lowest analyte concentration must be calculated 
precisely and properly. The peak area of a blank plasma sample 
(three triplicates) was compared to spiked gallic acid in plasma at 
the LLOQ level (three triplicates) [27]. 

Ruggedness 

It refers to the reproducibility of outcomes when the method is used 
in real-world situations. Three followings conditions were examined. 
The developed method was assessed for two different operators in 
the same lab, two different columns of the same type and 
manufacturer and changing sources of reagent and solvent. Gallic 
acid was spiked in rat plasma at one quality control concentration 
level only (HQC-100 µg/ml) for ruggedness research [26-28]. 

Robustness 

The potential to stay unaffected by tiny but deliberate variations in 
technique parameters is measured by robustness. Important 
parameters in the method were changed systematically and 
measured their effect on the peak retention time and concentration 
through peak area. The parameters such as organic mobile phase 
composition of±5 %, temperature of±10 % and flow rate of±10 % 
were varied systematically and their chromatogram compared to the 
normal chromatographic method conditions. Gallic acid was spiked 
in rat plasma at two quality control concentration levels (HQC-100 
µg/ml and LQC-10 µg/ml) to test robustness [29]. 

Stability study of gallic acid in rat plasma 

The short-term stability of LQC and HQC samples was investigated 
by storing them at room temperature (25 °C) for 6 h prior to 
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analysis. The LQC and HQC samples were evaluated for long-term 
stability after 10 d of storage at room temperature (25 °C). The auto 
sampler's stability was evaluated by storing LQC and HQC samples 
for 24 h at 5 °C in the autosampler tray. The stability of LQC and HQC 
on the benchtop was tested by keeping samples at room 
temperature. These samples' LQC and HQC concentrations were 
compared to LQC and HQC concentrations made from scratch. LQC 
and HQC samples were taken out of the deep freezer at regular 
intervals, thawed at ambient temperature, and stored outside for 1 h 
as part of the freeze-thaw experiment. The samples were frozen for 
threefreeze–thaw cycles before being assessed at-30 °C. At LQC and 
HQC levels, gallic acid plasma stability was assessed and compared 
to the typical gallic acid content [28-29]. 

Statistical analysis 

GraphPad Prism 8.0.1 was used to validate the results during 
statistical analysis. 

RESULTS AND DISCUSSION 

Linearity  

Fig. 1, 2, 3, 4, 5 and 6 show rat plasma chromatograms, LQC, MQC, 
HQC, linearity overlay spectra, and a calibration curve for gallic acid 
in rat plasma, respectively. Tables 2 and 3 illustrate the linearity 
results in further depth. The gallic acid linearity curve was found to 
be linear using HPLC equipment for the concentration range of 0.5–
100 µg/ml. 0.9998 was found to be the linearity correlation 
coefficient. In plasma, the linearity equation was found to be Y = 
67057.54 X–39807. Gallic acid in plasma calibration curves 
demonstrated full linearity and a high correlation value. With the 
use of the calibration equation, each linearity and quality control 
sample was quantified, and the formed standard deviation was 
discovered to be less than 15%. The percent RSD was determined to 
be less than 7%, and the accuracy was found to be between 96 and 
112 percent. 

 

 

Fig. 1: Chromatogram of extracted blank rat plasma (Rt = 3.42 min) 
 

 

Fig. 2: Chromatogram of standard gallic acid at LQC level (10 µg/ml) spiked in rat plasma. (Rt = 3.42 min) 
 

 

Fig. 3: Chromatogram of standard gallic acid at MQC level (50 µg/ml) spiked in rat plasma. (Rt = 3.42 min) 
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Fig. 4: Chromatogram of standard gallic acid at HQC level (100 µg/ml) spiked in rat plasma (Rt = 3.42 min) 
 

 

Fig. 5: Gallic acid spectra in rat plasma with linearity overlay 
 

 

Fig. 6: Gallic acid linearity curve in rat plasma 
 

Table 1: Optimised chromatographic conditions 

Parameters Optimized parameters 
Chromatograph Waters 2695 alliance 
Chromatographic system Gradient chromatographic method 
Column Zorbax SB C18 5µ (4.6*150)mm 
Flow rate 1.0 ml/min 
Temperature 30 °C 
Type of detector W2996 PDA 
Detection wavelength 271.0 nm 
Injection volume 30.00 µl 
Mobile phase Water with 0.1% formic acid: acetonitrile (ACN) with 0.08 % formic acid. 
Run time 15 min 
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Table 2: Various constants for calibration curve of gallic acid in rat plasma 

Parameter Value 
Beer’s Low Limit 0.5–100 µg/ml 
Correlation coefficient* 0.9998 
 Intercept* -39807 
Slop* 67057.54 
Regression Equation Y = 67057.54 X–-39807 
Retention time 3.42 min 

*Average of three determinations 

 

Table 3: Gallic acid linearity in rat plasma 

Spiked plasma concentration (µg/ml) Peak area Measured concentration (n=3) (µg/ml) (mean±SD RSD (%) Accuracy (%) 
0.5 23860 0.48±0.03 6.41 96 
1 53061 1.12±0.02 1.79 112 
2 104908 2.15±0.05 2.33 107.5 
5 286136 5.13±0.17 3.42 102.6 
10 573726 9.96±0.33 3.34 99.6 
25 1592046 24.92±0.29 1.18 99.68 
50 3368523 48.13±0.31 0.63 96.26 
100 6654917 98.33±3.51 3.57 98.33 

(Number of an experiment, n= 3) 

 

Specificity or selectivity 

The specificity and selectivity of the new bioanalytical RP-HPLC 
technology were tested by comparing the chromatograms of blank rat 
plasma and gallic acid spiked plasma samples. Fig. 1, 2, 3, and 4 
showed blank plasma and gallic acid-treated plasma at three QC levels. 
After comparing the peaks, it was discovered that there were no 
distracting peaks at the gallic acid retention time (Rt= 3.42 min). The 
specificity of gallic acid was investigated by adjusting the gradient slop 
of the mobile phase composition in the HPLC method, and no 
interference of co-eluting peaks of endogenous chemicals from the 
biological matrix was seen during the retention period of gallic acid. It 
can be deduced from the aforementioned observation and 
chromatogram that there is no interference of the co-eluting peak from 

rat plasma with gallic acid. As a result, the approach devised proved 
specific for detecting and analysing gallic acid in plasma [30]. 

Precision and accuracy 

Tables 4 and 5 present the results of intraday and interday precision 
and accuracy tests of gallic acid in rat plasma using the suggested 
bioanalytical method at four QC levels. The intraday percent RSD 
was determined to be less than 4 %, with accuracy ranging from 95 
% to 98.7 %. The difference in percent RSD between days was less 
than 6 %, and the accuracy ranged from 92 percent to 98.7 %. The 
results, which were within the acceptable range for intraday and 
interday precision, revealed that the proposed bioanalytical 
approach is accurate, precise, reproducible, and dependable [31]. 

 

Table 4: Gallic acid in rat plasma: intraday precision and accuracy data 

Spiked plasma concentration (µg/ml) Measured concentration (µg/ml) (n=5) (mean±SD) RSD (%) Accuracy (%) 
Morning 
0.5 (LLOQ) 0.49±0.005 0.998 96 
10 (LQC) 9.87±0.14 1.428 98.7 
50 (MQC) 48.44±1.40 2.889 96.88 
100 (HQC) 97.06±1.32 1.356 97.06 
Afternoon 
0.5 (LLOQ) 0.48±0.01 2.035 96 
10 (LQC) 9.54±0.12 1.254 95.4 
50 (MQC) 47.50±1.78 3.742 95 
100 (HQC) 97.04±2.19 2.251 97.04 

All values are mean±SD values (Number of experiment, n= 5) 

 

Table 5: Interday accuracy and precision data of gallic acid in rat plasma 

Spiked plasma concentration (µg/ml) Measured concentration (µg/ml) (n=5) (mean±SD) RSD (%) Accuracy (%) 
First Day 
0.5 (LLOQ) 0.49±0.005 0.998 96 
10 (LQC) 9.87±0.14 1.428 98.7 
50 (MQC) 48.44±1.40 2.889 96.88 
100 (HQC) 97.06±1.32 1.356 97.06 
Second Day 
0.5 (LLOQ) 0.46±0.01 2.286 92 
10 (LQC) 9.47±0.11 1.196 94.7 
50 (MQC) 46.41±2.37 5.113 92.82 
100 (HQC) 95.33±1.74 1.827 95.33 

(Number of experiment, n= 5) 
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Recovery study 

Gallic acid's peak areas with biomatrix (plasma) and without 
biomatrix were compared to compute gallic acid recovery (solvent). 
Table 6 shows the findings of the recovery study. Gallic acid 
recovery was tested in three replicates at three distinct quality 
control concentrations: 100 µg/ml (HQC), 50 µg/ml (MQC), and 10 

µg/ml (LQC), with results of 98.19 %, 97.90 %, and 103.81 %, 
respectively. The overall gallic acid recovery rate was found to be 
99.97 %. 3.33 % was found to be the total percent RSD. The presence 
of endogenous compounds in biomatrix can obstruct drug analysis 
in biological samples in general. The collected findings were 
analysed, and it was discovered that the matrix peak had no effect on 
the gallic acid present in the plasma sample [30-31]. 

 

Table 6: Recovery study data of gallic acid with and without biomatrix 

Replicate number LQC (Area) LQC (Area) MQC (Area) MQC (Area) HQC (Area) HQC (Area) 
Unextracted Extracted Unextracted Extracted Unextracted Extracted 

 552317 573726 3440220 3368523 6654917 6534805 
 552619 573913 3440602 3368230 6653115 6533209 
 552832 573345 3440919 3368915 6654208 6534407 
Mean 552589 573661 3440580 3368556 6654080 6534140 
SD 258.8 289.5 350 343.7 907.8 830.7 
% RSD 0.04683 0.05046 0.01017 0.01020 0.01364 0.01271 
% Mean recovery 103.81 97.90 98.19 
Overall % Mean recovery 99.97 
Overall SD 3.332 
Overall % RSD 3.333% 

(Number of experiment, n= 3) 

 

Limit of detection  

0.1 µg/ml was found to be the LOD. The new bioanalytical HPLC 
approach is sensitive enough to detect the presence of gallic acid in 
rat plasma at low concentrations. 

Limit of quantification  

The Limit of quantification was calculated with a signal-to-noise 
ratio (S/N) of 10:1. The LOQ of the new bioanalytical approach was 
found to be 0.5 µg/ml. As a result, we were able to identify even low 
quantities of gallic acid in rat plasma using our method. 

Ruggedness 

Table 7 displays the findings of the gallic acid ruggedness study data 
in rat plasma. At the HQC concentration level, ruggedness was tested 
to examine how varied operating conditions affected retention time 
and concentration through peak area. At various operating 
circumstances, the chromatograms of spiking standard gallic acid at 
the HQC concentration level in rat plasma were investigated. There 
was no discernible difference in retention time or measured 
concentrations. The percent RSD was discovered to be less than 2 %. 
As a result, the devised method can withstand chromatographic 
operating conditions such as changes in operators, columns, and 
reagent and chemical sources [32]. 

Robustness 

Table 8 displays the robustness of gallic acid in rat plasma. It was 
carried out by adjusting the parameters and determining the effect 
on retention duration and concentration by measuring the area. The 

retention duration was found to be somewhat shorter when the flow 
rate and temperature were increased by 10 %. When the organic 
mobile phase was held at+5 %, there was no discernible difference 
in retention time. With a flow rate of-10 %, the retention time was 
extended slightly from 3.42 to 3.97 min. When the temperature and 
organic mobile phase were held at-10 % and-5 %, there was no 
discernible difference in retention time. At all parameter variations, 
the percent RSD was found to be less than 5 %. When compared to 
conventional chromatographic technique parameters, the measured 
concentrations from acquired peak areas at+10 % of flow rate and 
temperature were slightly lower. When chromatographic settings 
were adjusted up to a particular percentage level, no substantial 
influence on retention and concentration was detected. As a result, it 
can be concluded that the established bioanalytical approach is 
reliable in terms of the aforementioned key criteria. As a result, it 
can be employed in ordinary laboratory settings [33]. 

Gallic acid stability in rat plasma  

Table 9 shows the results of stability analysis of gallic acid in rat 
plasma throughout short, long, auto sampler, bench top, and freeze-
thaw periods. The percent RSD ranged from 0.61 % (long-term 
stability) to 1.98 % (Bench top stability). In all types of stability 
studies, the percent RSD was determined to be less than 2 % of the 
real value. Even after three freeze-thaw cycles (4 h at-30 °C), a 24-
h storage period at 5 °C in the auto sample tray, and a 10-day 
storage period at 25 °C, no substantial degradation of gallic acid 
was found. According to the findings of stability research, gallic 
acid in rat plasma was found to be stable under varied storage 
conditions [34-38]. 

 

Table 7: Ruggedness study data of gallic acid in rat plasma 

Chromatographic operating 
condition 

Spiked plasma 
concentration 
(µg/ml) 

Retention time (min) 
(n=3) (mean±SD 

RSD 
(%) 

Measured concentration 
(µg/ml)(n=3)(mean±SD) 

RSD 
(%) 

Accuracy 
(%) 

Operator-1 100 3.432±0.01 0.349 97.41±1.097 1.127 97.41 
Operator-2 100 3.390±0.02 0.590 97.01±1.629 1.680 97.01 
Column-1 100 3.410±0.02 0.525 99.49±0.974 0.979 99.49 
Column-2 100 3.359±0.03 0.895 99.08±1.89 1.904 99.08 
Source of reagent and chemicals 
(Merk, Mumbai) 

100 3.440±0.03 0.769 97.84±1.53 1.563 97.84 

Source of reagent and chemicals 
(Qualigens Fine Chemicals, Mumbai) 

100 3.417±0.05 1.473 97.38±0.80 0.822 97.38 

Number of experiment, n= 3 
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Table 8: Robustness study data of gallic acid in rat plasma 

Chromatographic 
parameter 

Spiked plasma 
concentration (µg/ml) 

Retention time (min) 
(n=3) (mean±SD 

RSD 
(%) 

Measured concentration 
(µg/ml) (n=3)(mean±SD) 

RSD 
(%) 

Accuracy 
(%) 

Flow rate (-10 %) 10 3.96±0.18 4.425 10.31±0.04 0.392 103.1 
100 3.97±0.11 2.806 102.1±0.29 0.281 102.1 

Flow rate (+10 %) 10 3.17±0.08 2.477 8.93±0.25 2.817 89.3 
100 3.17±0.04 1.110 95.16±0.58 0.612 95.16 

Temperature (-10 %) 10 3.49±0.04 1.007 9.70±0.17 1.797 97 
100 3.48±0.03 0.923 97.23±1.45 1.494 97.23 

Temperature (+10 %) 10 3.24±0.04 1.170 9.45±0.08 0.847 94.5 
100 3.26±0.05 1.542 93.39±0.82 0.874 93.39 

Organic mobile phase (-5 %) 10 3.47±0.03 0.927 9.88±0.03 0.268 98.8 
100 3.46±0.04 1.016 98.73±0.35 0.356 98.73 

Organic mobile phase (+5 %) 10 3.40±0.01 0.294 9.56±0.08 0.856 95.6 
100 3.41±0.03 0.738 96.87±0.60 0.622 96.87 

Number of experiment, n= 3 
 

Table 9: Stability study of gallic acid in rat plasma 

Type of stability Spiked plasma concentration (µg/ml) Measured concentration (µg/ml) (n=3) 
(mean±SD) 

RSD (%) Accuracy (%) 

Short term stability 
(6 h at 25 °C) 

10 10.01±0.08 0.75 100.1 
100 95.33±1.53 1.60 95.33 

Long term stability 
(10 d at 25 °C) 

10 9.37±0.15 1.63 93.7 
100 95±0.58 0.61 95 

Auto sampler stability 
(24 h at 5 °C) 

10 9.3±0.1 1.08 93 
100 94.4±0.96 1.02 94.4 

Bench top stability 
(Old solution) 

10 9.58±0.19 1.98 95.8 
100 94.6±0.99 1.05 94.6 

Bench top stability 
(Fresh solution) 

10 9.75±0.1 1.03 97.5 
100 96.6±0.66 0.68 96.6 

Freeze-thaw stability 
(cycle 3, 4 h at-30 °C) 

10 9.58±0.16 1.68 95.8 
100 95.22±0.86 0.90 95.22 

Number of experiment, n= 3 
 

CONCLUSION  

This work attempted to design and test a bioanalytical RP-HPLC 
method for measuring gallic acid in rat plasma. The new 
bioanalytical RP-HPLC method was shown to be buffer-free, 
straightforward, precise, accurate, sensitive, rugged, durable, and 
highly repeatable. The proposed approach was validated for 
different parameters, and the results were deemed to be acceptable. 
The new developed bioanalytical method is particularly suitable and 
applicable for the estimation of gallic acid in pharmacokinetics, 
bioequivalence, and therapeutic drug monitoring studies due to its 
smaller plasma volume, the lower limit of quantification level and 
detection, accuracy (SD and percent RSD found within acceptable 
range), cost-effectiveness, and simple preparation method. This 
gradient elution chromatographic method can be successfully used 
to determine gallic acid from complex pharmacokinetic samples 
containing various interfering proteins as well as extracts containing 
various phytoconstituents with a retention time of fewer than 20 
min and without the interference of late eluted peaks. 
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