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ABSTRACT

Objectives: Rutin and quercetin are widely present flavonoids in many herbal extracts, with potential therapeutic benefits in various diseases. Their 
pharmacokinetic interactions and combined effects on bioavailability have not been extensively studied. This research aims to develop and validate a 
bioanalytical method for studying the pharmacokinetic interactions between rutin and quercetin in rats and to estimate their plasma concentration 
when administered alone and in combination.

Methods: In this study, a bioanalytical method was developed and validated for interflavonoid combination. Pharmacokinetic interactions of rutin and 
quercetin were estimated using six rats, and divided into three groups for a pharmacokinetic interaction study between R (100 mg/kg) and Q (40 mg/ kg), 
administered alone as well as in combination. The total plasma concentration of rutin and quercetin was determined by the high-performance liquid 
chromatography method. The estimation method was developed and validated using international council for harmonization guidelines.

Results: The outcomes of these studies show characteristic differences in the pharmacokinetics of rutin and quercetin. The bioavailability of quercetin 
increased compared to the bioavailability of rutin. The maximum plasma concentration of Q in combination was 736.3058621 μg/mL×h, whereas 
it was 675.0596359 μg/mL×h when given alone. In the case of rutin, the maximum plasma concentration was 323.585 μg/mL×h in combination, 
and 319.1925 μg/mL×h when administered alone. From the outcomes, it was proven and estimated that there is an interflavonoid interaction 
between rutin and quercetin. The possible interaction between the two flavone constituents with hydrolyzing enzymes in their combination enhances 
bioavailability.

Conclusion: It is concluded that if both drugs are used in combination, they may produce a beneficial effect in the treatment of neuropathic pain

Keywords: Rutin, Quercetin, Bioanalytical method, Reversed-phase-high-performance liquid chromatography, Fourier transform infrared, Rat plasma.

INTRODUCTION

Flavonoids are a type of polyphenolic substance found in numerous 
plants and vegetables, especially onions, apples, and tea. Several 
plants with flavonoids have been frequently utilized in conventional 
treatments for a variety of diseases [1,2]. On a typical diet, people 
consume 1–2  g of flavonoids per day. Humans commonly ingest the 
secondary metabolites produced by plants known as flavones and 
flavonols [3,4]. The average daily intake, which is primarily quercetin 
(60–75%), has been estimated to range between 3 and 70  mg, 
depending on the country or eating habits. The primary sources, which 
vary widely between nations, are not just berries, tea, wine, onions, 
or apples but also fruits and green vegetables generally contribute 
significantly as well [5,6]. Plants get protection from flavonoids 
from herbivores such as insects and mammals, as well as ultraviolet 
radiation, pathogens, and bacterial infections. Numerous human 
ailments, such as cancer and cardiovascular disorders, are helped by 
these substances. In addition, its anti-oxidant, anti-inflammatory, anti-
tumoral, and antiviral capabilities have also been highlighted [7,8]. 
Rutin and quercetin are secondary metabolic byproducts of plants 
termed flavonoids. Both of those composites are the most naturally 
distributed flavonoids in herbs and plant-based diets, and these are 
chemically identical due to rutin is a very-very prevalent quercetin 
glycoside. Flavones are ingested by humans since they are found in 

food and medicinal plants. Their primary sources include fruits, 
vegetables, tea, and wine [9,10]. To comprehend the mechanism of 
action of natural products as well as conventional drugs, it is crucial 
to understand the pharmacokinetics of the active components. 
With the growing use of extracts of plants for use as medication 
as an alternative, there are increasing numbers of clinical cases 
involving herb-drug interactions that are being researched [11,12]. 
The natural action of flavonoids is attributed to their antioxidant 
properties, but they can also influence cellular activity by binding 
to a large variety of protein adenosine triphosphate-binding sites 
or by specifically interfering with different protein kinase and lipid 
kinase signaling pathways [13]. Previous research has focused on the 
physical combinations of two or more pure substances or individual 
pure compounds. Subsequent investigations have demonstrated 
that quercetin appears to be eliminated at a relatively low rate, but 
rutin absorption occurs more slowly than quercetin [14]. Quercetin 
(3, 3’, 4’, 5, 7-pentahydroxyflavone) (Q) is one of the most frequently 
studied polyphenolic group constituents due to its eventuality to 
reduce inflammation, oxidative damage, platelet aggregation, and 
capillary permeability. Moreover, quercetin demonstrates protective 
activity in cardiovascular, hepatoprotective, neuroprotective, 
antiviral, anti-inflammatory, anticancer, and anti-obesity exertion 
with antidepressant effects. Another well-understood flavonoid 
is rutin (R), also commonly called quercetin-3-O-rutinoside or 3’, 
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4’, 5, 7-tetrahydroxy-flavone-3-rutinoside. It has been exhibited to 
possess anti-inflammatory, antiplatelet, vasoactive, antihypertensive, 
antiallergic, antispasmodic, hypolipidemic, cytoprotective, antitumor, 
antiprotozoal, antibacterial, and antiviral properties. It may similarly 
be able to inhibit the vital proteins severe acute respiratory syndrome 
coronavirus 2 [15,16].

Hence, there is a need and importance to investigate when both are 
given simultaneously, whether there is any interaction between them, 
and the effect on their bioavailability. In the current work, using in vivo 

Table 2: Peaks for functional groups

Standard 
wavelength

Functional 
group

Sample A 
(rutin)

Sample B 
(quercetin)

Sample C  
(rutin+ 
quercetin)

3400–3600 ‑OH 3660 3689 3650
3000–3100 ‑C=C‑H 2881,2828 3014,2883 3014,2883
1600–1662 ‑C=C‑ 1649 1665 1662

Table 1: Chromatographic conditions

S. No. Parameters Conditions
1 Column 4.6 mm×250 mm, 5‑μm 

Shim‑Pack solar (C18)
2 Column temperature 37°C
3 Detector Photo‑diode array
4 Flow rate 1.0 mL/min
5 Pump mode Isocratic
6 Injection volume 20 µL
7 Run time 20 min
8 Mobile phase Methanol: Water: Formic 

acid (65:33:02)

Fig. 1: (a) Spectra of rutin, (b) quercetin, (c) combination of both, and (d) overlay of both

pharmacokinetics in rats, we estimated the pharmacokinetic behavior 
of both quercetin as well as rutin with their co-administration. In 
the present examination, we simultaneously determined the two 
active constituents, quercetin and rutin, in rat plasma following oral 
treatment utilizing a safe reversed-phase high-performance liquid 
chromatography (RP-HPLC) technology. Rutin and quercetin’s plasma 
pharmacokinetics were calculated [17].

MATERIALS AND METHODS

Materials
Drugs and chemicals
From Yucca Enterprises, WADALA (E), MUMBAI 400  037, INDIA, 
received Quercetin (QU, 99) and Rutin (RU, 99). For HPLC analysis, 
methanol (HPLC grade - Merck Co., India) and formic acid (Merck Co., 
India) were utilized.

Experimental animals
Wistar rats (180–270  g) were used and their housing took place in 
the central animal house facility, Ashokrao Mane College of Pharmacy, 
Peth-Vadgoan, Maharashtra, India, accompanied for 12-h light/
dark cycle and a constant temperature of 25–2°C. The committee 
for the control and supervision of experiments on animals (CCSEA) 
granted its approval for this study under protocol number IAEC/
AMCP/01/2022–2023, and every step of the process was followed 
exactly as per CCSEA.

Methods
Spectrophotometric analyses using the Fourier transform infrared (FTIR)
The FTIR spectra of extracts for rutin, quercetin, and combination were 
recorded by ATR FTIR technology of the BRUKER spectrometer and 
analyzed within the range 400–4000 cm.

a

c d

b
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Table 3: Results of the linearity study, rutin and quercetin

Calibration curve

Conc. Rutin Quercetin
0 0 0
20 1716789 4812942
40 2868056 9705562
60 5343140 13518087
80 7532792 20660383
120 11305706 29060437
Equation y=99307×‑602375 y=246482×‑223386

R2=0.9932 R2=0.9929

Table 5: Results of precision study rutin and quercetin

Precision Rutin Quercetin

Interday 1 Interday 2 Analyst 1 Analyst 2 Interday 1 Interday 2 Analyst 1 Analyst 2

MQC 100 
Microgram/mL

MQC 100 
Microgram/mL

MQC 100 
Microgram/mL

MQC 100  
Microgram/mL

100 100 100 100 100 100 100 100
12185261 10899565 12185261 10899565 19201058 17998946 19201058 17998946
12089512 10807085 12089512 10807085 19201060 17859383 19201060 17859383
12164148 10829622 12164148 10829622 19206598 17729712 19206598 17729712
12147044 10850182 12147044 10850182 19201012 17859390 19201012 17859390
12111235 10823010 12111235 10823010 19045919 17871539 19045919 17871539
12217794 10868277 12666666 10868277 19201112 17859987 19201112 17859987

Average 12152499 10846290.17 12152499 10846290.17 19176127 17863159.5 19176126.5 17863159.5
STDEV 47270.12113 33744.96735 47270.12113 33744.96735 63826.84 85270.11282 63826.84044 85270.11282
Percentage 
RSD

0.388974491 0.311119902 0.388974491 0.311119902 0.332845 0.477351797 0.332845324 0.477351797

STDEV: Standard deviation, RSD: Relative standard deviation, STDEV: Standard deviation, MQC: Middle quality control

Method development and chromatographic conditions
For the determination, rutin and quercetin powder modified HPLC 
method was applied, Shimadzu, Prominence modular (Japan), an 
Inertsil C18 column (150 mm×4.6 mm, 5 μm) with an auto-injector was 
utilized. Methanol water formic acid 65 33 2(v/v/v) was determined 
as the mobile phase [18]. ICH guidelines were followed, and validation 
studies were conducted [19]. (ICH1995)([R1] and 2005) [20,21]. 
Chromatographic conditions are illustrated in Table 1.

Preparation of mobile phase
Methanol, water, and formic acid were combined for the production of 
the mobile phase in the proportion of 65:33:02, respectively, which is 
then ultrasonically reprocessed as long as for up to 10 min.

Preparation of standard stock solution (pure extract rutin and quercetin)
To produce a stock solution, 10 mg of dry powder, or precisely weighed 
quantities of quercetin and rutin (5 mg each), were dissolved in 100 mL 
of a methanol-filled volumetric flask. The solution was carried out at 
100 µg/mL or 0.1 mg/mL of quercetin and rutin. The final concentration 
was kept at 10 µg/mL by pipetting off 1 mL of the stock solution and 
dissolving it once again in 10 mL of methanol.

Preparation of sample (stock) solution
The final concentration of rutin and quercetin in the methanol solvent 
was maintained at 10 µg/mL.

Pharmacokinetic study
For the pharmacokinetic study, 18 rats were used and divided into 
three groups of six rats each. Quercetin 40  g/kg, 100  mg/kg of 
rutin, and a combination of the two medicines were employed in 
the oral dose. Group 1 rats were given 100 mg/kg of rutin, Group 2 
rats were given 40 mg/kg of quercetin, and Group 3 rats were given 
a combination of both medications. Blood samples (0.2  mL) were 
taken from the first four rats in each group for 0  h, 0.5  h, 1  h, and 
2 h, and from the following four rats in each group at 5 h, 10 h, 18 h, 
and 24  h. The vials containing potassium oxalate were used for 
anticoagulant actions at these times. Then, samples of blood were 
carefully combined and centrifuged for 15  min at 35,000  g. After 
that, the plasma was removed into 5-mL vials, which were then safely 
closed and processed following the guidelines provided. The PK solver 

Table 4: Results of the accuracy study of rutin and quercetin

Calculation 
parameters

Rutin Quercetin

LQC MQC HQC LQC MQC HQC
80 100 120 80 100 120
7532792 10742075 11632747 20264856 23490592 34400437
7588322 10762066 11647224 20397564 23405259 34402080
7537066 10791067 11632747 20344209 23522059 34295600
7508687 10804067 11604079 20309996 23554040 34251578
7545460 10712025 11605706 20280580 23594229 34403868
7519726 10722067 11734553 20280490 23415259 34184650

Average 7538676 10755561 11642843 20312949 23496906 34323036
STDEV 27591.32 37026.82 47990.79 50119.62 75463.91 93576.01
% RSD 0.365997 0.344257 0.412191 0.246737 0.321165 0.272633
Actual concentration 80 100 120 80 100 120
Percentage recovery 100 100 100 100 100 100
CON: Concentration, SD: Standard deviation, RSD: Relative standard deviation, LQC: Lower quality control, MQC: Middle quality control, HQC: Higher quality control, 
STDEV: Standard deviation



201

Asian J Pharm Clin Res, Vol 18, Issue 8, 2025, 198-204
	 Kumbhar et al.

2.0 software was used to assist with the area under the curve (AUC) 
(AUC0- t and AUC0-) calculations, [22,23].

FTIR spectrophotometry
FTIR analyses of rutin, quercetin, and the combination were 
carried out to look at the changes in the distinguishing signals of 
spectra by ATR FTIR technology of the BRUKER spectrometer and 
interpreted.

Method validation
Linearity
A linearity study was performed by preparing six different dilution 
concentrations of rutin and quercetin, namely, 0, 20, 40, 60, 80, and 
120 μg/mL. Dilutions are further diluted and injected into the HPLC 
column with an injection volume of 20 μL. From the linearity study, it 
was found that the regression coefficient of rutin and quercetin was 
0.9929 and 0.9956, respectively [24].

Fig. 3: (a) Calibration curve of rutin and, (b) quercetin

Fig. 2: (a) Chromatogram of standard (I) rutin and (II) 
quercetin (alone) and (b) chromatogram of rutin and quercetin 
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Table 7: Result of LOD and LOQ

Rutin Quercetin

Analytical 
Parameters

Concentration Concentration

LOD 1 µg/mL 1 µg/mL
LOQ 10.51523/µg/mL 1.565902 µg/mL
LOD: Limit of detection, LOQ: Limit of quantification

b

a

a b



202

Asian J Pharm Clin Res, Vol 18, Issue 8, 2025, 198-204
	 Kumbhar et al.

Accuracy
Accuracy is a measurement of how closely test findings that were 
achieved using a procedure matched the actual value. By conducting the 
recovery studies at three different amounts of standard stock solution 
applied to the samples, the method’s accuracy was evaluated. Accuracy 
is the proximity of the result. The percentage recovery for rutin and 
quercetin was calculated and reported [25,26].

Precision
Studying repeatability and intermediate accuracy allowed for the 
determination of precision, which is a metric for the reproducibility of 
the entire analytical procedure. The results obtained for precision for 
interday 1, analyst 1, intraday 1, and intraday 2 [27,28].

Robustness
Robustness is the analytical process that remains unaffected by small, 
deliberate changes in system parameters. The robustness was carried 
out at different flow rates, that is, 0.8 mL/min, 1m L/ min, and 1.2 mL/
min. 249 and 254 nm was selected for detection of rutin and quercetin 
respectively[24,27].

Ruggedness
The capability to reproduce an analytical method in various 
laboratories or environments without the emergence of unanticipated 
variations in the acquired results is typically referred to ruggedness of 
the analytical method [29].

RESULTS AND DISCUSSION

Results of FTIR
Studies showed that sample A rutin got a peak at 3660  nm for the 
functional group -OH,28281,2828 for the functional group -C=C-H and 
1649 for the functional group -C=C-. Sample B quercetin got a peak at 
3689  nm for the functional group  -OH,3014,2883 for the functional 
group -C=C-H and 1665 for the functional group -C=C- (Fig. 1). When 
both drugs were analyzed at a time, there were no extra peaks in 
combination, so it indicates no interaction between Samples A and B 
(Table 2) [30,31].

Method development
The method of RP-HPLC was developed and validated for the 
qualitative estimation of rutin and quercetin from the pure drug, 
that is, dry powder of rutin and quercetin, and the method was found 
to be the most accurate, specific, and stable, indicating at different 
validation parameters. The different combinations of mobile phase of 
methanol, water, and formic acid at different ratios such as in blank 
65:35:05, rutin (65:35, 70:30, 75:25,65:30:05,65:33:02), quercetin 
(65:35, 70:30, 75:25, 65:30:05, and 65:33:02), and rutin and 
quercetin in combination 65:33:02, these different ratios were tried, 
and finally, it was optimized at 65:33:02. Results of these trials given 
idea about shape and retention time of rutin and quercetin based on 
these data; we finalized the mobile phase and wavelength in which 
both drugs eluted with good resolution, that is, distance between two 
phases is more than 2  min as it shows satisfactory separation and 
well resolved peak at 3.737 min and 5.858 min for standard or pure 
rutin and quercetin; similarly, it shows 3.731 min and 5.865 min of 
retention time for formulation of rutin and quercetin, respectively 
(Fig. 2).

Method validation
Linearity
A linearity study was performed by preparing six different dilution 
concentrations of rutin and quercetin, namely, 0, 20, 40, 60, 80, and 
120 µg/mL. Dilutions are further diluted and injected into an HPLC 
column with an injection volume of 20 µL. From the linearity study, it 
was found that the regression coefficient of rutin and quercetin was 
0.9929 and 0.9956, respectively, as shown in Fig. 3 and Table 3.

Accuracy
Accuracy is a measurement of how closely test findings that were 
achieved using a procedure match the actual value. By conducting 
the recovery studies at three different amounts of standard 
stock solution applied to the samples, the method’s accuracy 
was evaluated. Accuracy is the proximity of the result. Rutin and 
quercetin’s percentage recovery has been calculated and reported 
in Table 4.

Precision
Studying repeatability and intermediate accuracy allowed for the 
determination of precision, which is a metric for the reproducibility of 
the entire analytical procedure. The following results were obtained for 
precision, as shown in Table 5.

Robustness
The use of robustness is the analytical procedure that is not impacted 
by slight, deliberate alterations in robustness results parameters. The 
robustness was completed at distinct flow rates, that is, 0.8  mL/min, 
1 mL/min, and 1.2 mL/min for rutin as well as quercetin, and at different 
wavelengths 249 nm, 254 nm, and 259 nm (Table 6).

Limit of detection (LOD) and limit of quantification (LOQ) (LOD and LOQ 
studies)
In HPLC analyses, the linearity range of R and Q was 10–120 μg 
mL-1, and the regression equation was y=602375×–99.307 for R, 
and y=246482×–223386 for Q. Correlation coefficient (r2) of R was 
0.9932±0.0009 and for Q r2=0.9929±0.0001. LOD and lower LOQ 
(LLOQ) were calculated based on the “Standard Deviation of the 
Response and the Slope” approach. LOD and LLOQ values for R and Q 
were found to be 1 μg.mL-, 10.51 μg.mL-1, and 1 μg mL-1, 1.56 μg.mL-1, 
respectively. Recovery of the method was 98–100%. With RSD values 
of <5%, the method for R and Q was regarded as precise due to 
repeatability and intermediate precision (Table 7).

Pharmacokinetic parameters
Bioavailability studies were performed using a method developed 
and using the PK2Solver computer software; the pharmacokinetic 
parameters derived from the plasma concentration-time-  time curve 
are shown in Table 8.
Since quercetin must be digested by the cecal microbiota, but the 
small intestine absorbs rutin. It was absorbed moreover slowly than 
quercetin. Quercetin can be absorbed and digested in both the large 
and small intestines. As a conclusion, it seems that there are more 
opportunities for this quercetin to be absorbed than there are for rutin. 
It is very important to note that rutin increases the concentarion of 

Table 8: Pharmacokinetic parameters of rutin and quercetin alone and in combination

Parameter Unit Quercetin Rutin Quercetin in combination Rutin in combination
t1/2 h 4.82831389 5.982220791 5.440383735 6.351784074
Tmax h 5 5 2 5
Cmax μg/mL 49.6 26.67 57 28.78
AUC0‑t μg/mL×h 675.0596359 319.1925 736.3058621 323.585
AUC0‑∞ μg/mL×h 691.3595716 343.0990411 717.9396359 348.9684141
AUC: Area under the curve



203

Asian J Pharm Clin Res, Vol 18, Issue 8, 2025, 198-204
	 Kumbhar et al.

quercetin. Similar impact we have also observed in the treatment of 
neuropathic pain when these two drugs are given in combination to the 
rats against alcohol induced neuropathy.

Validation studies were performed according to the international 
council for harmonisation (ICH) guidelines, and the analysis results 
fulfill the ICH requirements.

CONCLUSION

The current investigation demonstrated that when rutin and quercetin 
are administered orally, their combination accelerated the oral 
bioavailability of quercetin and rutin compared to single administration. 
Thus, it may be concluded that the oral dosage of combined extracts 
may have a remarkable biopharmaceutical advantage over the single 
drug. As a result, the interaction between flavonoids of quercetin 
and rutin was clarified in plasma. There are no extra peaks in the 
combination study of IR, so it indicates no interaction between rutin and 
quercetin. Hence, the established technique can be applied to various 
pharmaceutical studies to investigate the drug’s pharmacokinetics and 
biodistribution, and if these two drugs are used in combination my 
produce a synergistic effect.
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