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Aim:  

The objective of this work was to develop and validate a novel, high-performance thin-

layer chromatography (HPTLC) technique for the identification and quantification of 

the biomarker rutin in the methanolic leaf extract of Morus alba L., Morus nigra L. and 

Morus indica L (family: Moraceae).   

Method:  

The compounds were separated using, Merck, silica gel 60 F254 precoated HPTLC 

plates as stationary phase and solvent system containing, Ethyl acetate: Ethyl methyl 

ketone: Formic acid: Water (10: 6 :1 :2) v/v/v/v was optimized as the best mobile phase. 

At a wavelength of 363 nm in absorbance mode, densitometric scanning was performed, 

anisaldehyde sulphuric acid was used for derivatization. The International Conference 

of Harmonization (ICH) specifications for precision, accuracy, and reproducibility were 

complied with to ensure the accuracy of the procedure and method validation. 

Results:  

The system was found to give compact spot for rutin at RF= 0.099 ± 0.037. The linear 

calibration curve gave a polynomial equation showing a coefficient of correlation equal 

to; 0.992 ± 4.91% (R ± SD). The LOD; limit of detection for rutin was 0.00087 ng and 

LOQ; limit of quantification was found to be 0.0026 ng. The Average concentration of 

rutin was found to be 268.6 ng/mL with Concentration standard deviation, CV= 0.45 % 

in the methanolic leaf extract of Morus alba L., 59.69 ng/mL with Concentration 

standard deviation, CV= 1.05% in the methanolic leaf extract of Morus nigra L. and  

233.0 ng/mL with Concentration standard deviation, CV= 0.11 % in the methanolic leaf 

extract of Morus indica L  Regarding continual quality assurance and formulation of 

standardized products containing Morus alba L., Morus nigra L. and Morus indica L.  as 

well as the bioactive marker rutin, the present specified and validated HPTLC method 

can be implemented. 

Conclusion:  
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Conclusion 

This HPTLC approach is sensitive, determined, and accurate 

technique to quantify the concentration of rutin in Morus 

alba L. leaves. 

INTRODUCTION 

The growing popularity of natural compounds has 

led to a surge in demand for natural drugs. To 

ensure effectiveness, safety, and quality, 

phytochemical assessment is crucial. This includes 

marker compound analysis, chemo-profiling, and 

preliminary screening. High-performance thin-

layer chromatography (HPTLC) is a key technique 

for studying herbal medications and formulations. 

Natural bioactive phytochemicals in plants can be 

used as markers to identify plant species and 

varieties, ensuring safety and efficacy. Mulberry, 

a plant with medicinal properties, has been used by 

humans for over 5,000 years. It is the only food 

source for silkworms and is used in traditional 

medicine, culinary components, and health 

restoration due to rich vitamin and mineral 

content. [2] [3]. Morus alba L. leaves are used in 

Chinese medicine for detoxification, liver and lung 

cleansing, vision enhancement, and treating 

conditions like inflammation, diabetes, 

hyperglycemia, atherosclerosis, and arthritis.[4] 

Morus indica L. leaves contain bioactive 

compounds like flavonoids, iridoids, and 

anthraquinones, [5] while Morus nigra L. leaves 

treat fever, digestive issues, and skin problems. 

[6]. Mulberry leaves, known for their 

hypoglycemic and anti-diabetic properties, are 

utilized in herbal tea to reduce cholesterol, blood 

sugar, and blood pressure levels. [7] Phenolic 

compounds, the most common secondary 

metabolites in plants, have gained significant 

research interest due to their unique bioactivities. 

The majority of these are flavonoids, which are 

classified into various sub-classes.[8]. Mulberry 

leaves contain flavonoids, which have significant 

antioxidant properties. [9] The study aims to 

develop a simple, cost-effective, accurate, 

consistent, and reliable HPTLC methodology for 

estimating Rutin in mulberry leaf extracts. As 

reported by Sánchez-Salcedo et al. and 

Polumackanycz M. et.al. Rutin is a biomarker 

found in Morus alba L. leaves, which can be used 

to confirm the medicinal identity of the mulberry 

plant. [10] [11] The research aims to create an 

authentic fingerprint for confirming the medicinal 

identity of the mulberry plant. Rutin, also known 

as quercetin-3-O-rhamnoglucoside, (Figure 1) is a 

naturally occurring, low-molecular-weight 

flavonol that is found in a variety of plants. [12] 

High levels of antioxidant, antimicrobial, and 

radical scavenging activities have all been linked 

to rutin. [13] HPTLC is a widely used technique 

for the analysis of rutin and other compounds in 

mulberry leaves. It offers a relatively simple, fast, 

and cost-effective method for assessing the 

presence and quantity of rutin, which is one of the 

key bioactive compounds in mulberry leaves.  

 
Figure 1: Chemical structure of Rutin. [14] 

Rutin 

Synonyms:  

rutoside, Quercetin 3-rutinoside, Vitamin P etc. 

Chemical Formula: 

 C27H30O16 

Molecular weight:  

610.518 

Chemical class:  

Flavonoid 

MATERIAL AND METHODS 

Plant Material:  

Fresh, robust leaves of Morus alba L., Morus nigra 

L. and Morus indica L Morus alba L., Morus nigra 
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L., and Morus indica L., leaves were procured and 

verified by Central Sericulture Research and 

Training Institute, Galander, Pampore, Jammu and 

Kashmir, India. They were completely cleaned 

with deionized water to get rid of the sand and 

debris, allowed to air dry in the shade at room 

temperature, and then crushed into a fine powder 

using a mechanical grinder before being kept in 

airtight glass vials for subsequent investigation. 

Preparation of plant extract:  

The method of preparation of the plant extract was 

modified to be specific for extraction of rutin 

according to the Chinese Pharmacopeia in order to 

obtain accurate fingerprinting and to effectively 

extract the bio marker rutin. 5 gm each of Morus 

alba L., Morus nigra L. and Morus indica L leaf 

powder was dissolved in 60 ml of methanol and 

water (1:1) to which 1ml of HCl was added and the 

solution was heated under reflux for 2 hours and 

then filtered and extracted with ethyl acetate and 

used freshly prepared for HPTLC analysis. 

Preparation of standard solution:  

In a volumetric flask, 10 mg of rutin was dissolved 

in 10 mL of methanol to obtain rutin (1mg/mL) 

standard stock solution. It was then sonicated for 

10 minute. 

Instrumentation and Chromatographic set-up: 

0.2 mm thick silica gel 60 F254 (Merck) pre-

coated TLC aluminum plates (20 X 10 cm) were 

used for HPTLC. Standard solutions of Rutin 

(100-700 µg/ml) and Mulberry leaf extracts(10 μl) 

applied using a CAMAG Linomat V sample 

applicator, Application position Y: 8.0 mm, 

length: 8.0 mm, Band distance: 11.4 mm and 

Solvent front position: 70 mm. Mobile phase: 

Ethyl acetate: Ethyl methyl ketone: Formic acid: 

Water (10: 6: 1: 2) v/v/v/v. The plate was placed 

in the CAMAG twin trough developing chamber 

for 20 min at room temperature for saturation. The 

plate was developed, solvent system evaporated, 

using a drier, and then scanned at 363 nm using a 

CAMAG TLC Scanner IV connected to win 

CATS software. After development, the plates 

were examined in a CAMAG TLC visualizer (R 

254 and R 366 nm). 

Table 1: Chromatographic conditions for HPTLC 

studies 

Parameters Description 
Stationary 

phase 
Silica gel 60F254 precoated on 

aluminium sheet 

Mobile phase 
Ethyl acetate:Ethyl methyl 

ketone:Formic 

acid:Water(10:6:1:2)v/v/v/v 
Chamber 

saturation time 
20 min 

Band length 8 mm 
Developing 

distance 
70 mm 

Plate drying 5 mins 
Scanning 

wavelength 
363 nm 

Statistical Evaluation:  

Each experiment was conducted three times and 

the findings reported as the mean ± standard 

deviation. 

Method validation for quantification of Rutin 

by HPTLC analysis:  

Method validation for determination of Rutin was 

performed according to the International 

Conference on Harmonization (ICH) Guideline. 

The guideline describes several validation 

characteristics that should be considered during 

method validation by HPTLC. These 

characteristics include specificity, linearity range, 

accuracy, precision, detection limit, quantitation 

limit, and robustness. This ensures the reliability 

and accuracy of the analysis. 

Linearity range:  

To establish the linearity range of standard rutin, a 

set of 7 bands of varying volumes between 1.0 to 

7.0μL were placed on the HPTLC plate and a peak 

area vs. concentration per spot graph was 

generated.  

Precision and Accuracy: 

 The precision of the developed method was 

estimated by analyzing the extracts at three 

different time intervals on the same day for inter-
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day and on three different days for intraday and the 

results were determined as % RSD. 

Limits of detection (LOD) and quantitation 

(LOQ):  

The signal-to-noise ratio of blank methanol was 

calculated in order to determine the limits of 

detection (LOD) and quantitation (LOQ). LOD 

was interpreted as 3:1 and LOQ as 10:1. Using 

different concentrations of the rutin standard 

solution along with the control (methanol) until the 

average responses were around three or ten times 

the standard deviation of the responses for six 

duplicate determinations, LOD and LOQ were 

calculated. 

Specificity:  

By matching the RF values and spectra of the plant 

sample with the standard rutin, the specificity of 

the methodology was determined. 

Robustness:  

By altering the mobile phase volume, mobile 

phase composition, and mobile phase saturation 

time, the robustness of the method can be assessed. 

Recovery:  

By conducting recovery experiments using 

standard additions at three different tracks in 

triplicates, the efficacy of the method was 

established. 

RESULT AND DISCUSSION 

Identification 

Rutin was detected in all three samples by 

comparing the Rf value of the extracts with that of 

a standard rutin and noting a comparable 

migratory pattern, it was possible to confirm the 

presence of rutin in the extracts. The research 

yielded conclusive evidence of rutin's presence in 

the samples, confirming its constant prevalence in 

all three samples. 

Method development 

A specific, accurate and reliable HPTLC method 

has been developed for the detection and 

quantification of rutin in the methanolic leaf 

extract of Morus alba L., Morus nigra L. and 

Morus indica L. The developed methodology 

demonstrated strong peaks of standard rutin with 

the specified mobile phase when investigated at 

363 nm wavelength, demonstrating effectiveness 

in the separation of components contained in the 

leaf extract. The optimization of the mobile phase 

leads to the production of sharp, well-defined 

peaks with a consistent RF value of 0.099 ± 0.037 

which is crucial for the effective separation of 

phytoconstituents present in a specific sample. To 

find the most effective mobile phase, many mobile 

phases were investigated, among which Ethyl 

acetate: Ethyl methyl ketone: Formic acid: Water 

(10: 6: 1: 2) v/v/v/v was found to give the best 

separation of bands. 

Method validation 

Linearity 

The concentration of rutin was plotted against the 

average peak area to create the calibration curve, 

and its linearity varied between 0.5 to 5.5 ng/ml. 

(Figure 2). Data from linear regression was used to 

validate the plot's excellent linear interaction. The 

correlation coefficient of Rutin was determined to 

be R=0.992052. The linear regression of standard 

curve of rutin was calculated as 0.992052 ± 4.91% 

and the calibration function as Y=1.314 ×10^(-6) 

χ+8.588×10^(-4) 
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Figure: 2 The calibration curve of rutin 

Specificity 

By matching the RF values of the standard rutin 

with those of the plant sample, the specificity of 

the method has been established. At a wavelength 

of 363 nm, the peaks of standard as well as plant 

extract were discovered to have the same RF 

value, this confirmed the presence of rutin in the 

sample, the method was discovered to be 

extremely specific because the densitograms only 

exhibited the bands for track having the leaf 

extract and the track with standard rutin solution, 

and no bands were formed in the tracks with the 

solvent EA: MeOH (1:1) and the mobile phase 

(Ethyl acetate: Ethyl methyl ketone: Formic acid: 

Water (10: 6: 1: 2) v/v/v/v). (Figure 3) 

 
Figure: 3: Specificity chromatogram for Rutin (bands visible only for plant sample and rutin standard 

tracks) 

Precision 

To assess the method's accuracy, Intra-day and 

inter-day precision were evaluated and RSD% was 

determined to be less than 2%, demonstrating the 

new method's great precision and reproducibility. 

The mean of % RSD (n=3) in Intra-day and inter-

day precision and accuracy observations for rutin 

were calculated to be 1.32% and 0.79% 

respectively (Table 2 and 3). 
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Table 2: Intra-day Precision for Rutin 

Sr. 

No. 

Quantity 

of Rutin 
Morning Afternoon Evening 

1. 0.3 µL 0.00314 0.00309 0.00322 

2. 0.3 µL 0.00319 0.00323 0.00321 

3. 0.3 µL 0.00321 0.00310 0.00316 

4. 0.3 µL 0.00323 0.00322 0.00319 

5. 0.3 µL 0.00322 0.00313 0.00315 

6. 0.3 µL 0.00320 0.00307 0.00317 

7. 0.3 µL 0.00317 0.00313 0.00323 

% 

RSD 

 
0.9709% 2.0016% 0.9746% 

Mean 

% 

RSD 

 1.32% 

Table 3: Inter-day Precision for Rutin 

Sr. 

No. 

Quantity 

of Rutin 
Day 1 Day 2 Day 3 

1. 0.3 µL 0.00314 0.00605 0.00597 

2. 0.3 µL 0.00319 0.00601 0.00599 

3. 0.3 µL 0.00321 0.00594 0.00591 

4. 0.3 µL 0.00323 0.00595 0.00594 

5. 0.3 µL 0.00322 0.00598 0.00593 

6. 0.3 µL 0.00320 0.00602 0.00590 

7. 0.3 µL 0.00317 0.00604 0.00588 

% 

RSD 
 0.983% 0.7169% 0.6567% 

Mean 

% 

RSD 

 0.79% 

The limit of detection (LOD) and the limit of 

quantitation (LOQ) were calculated with a signal 

to noise ratio of 3:1 and 10:1 respectively. The 

LOD value for rutin was found to be 0.00087 ng 

whereas the LOQ value was estimated to be 

0.0026 ng. This demonstrated the instrument's 

sensitivity for quantifying the phytochemical, 

rutin. (Table 4). 

Table 4: Method validation of Rutin using HPTLC 

Parameters Results 
Linearity range 0.5-5.5 ng/ml 
Correlation coefficient (R2 ± SD) R= 0.992052 
Coefficient of variation CV= 4.91%  
Regression equation 𝑌 = 1.314 × 10−6𝜒 + 8.588 × 10−4 
RF 0.099 ± 0.037 
LOD 0.00087 ng 
LOQ 0.0026 ng 
Specificity Specific 

RSD (%) of Intraday precision (n = 3)  CV=1.32 %    

RSD (%) of Inter day precision (n = 3) CV=0.79 %    
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Recovery 

For the recovery study, Standard rutin solutions 

(1.2, 1.5 and 1.8 μL) were used to spike the 

mulberry leaf extracts at three different levels 

(80%, 100% and 120%), the readings were 

observed in triplicates and the mean recovery 

percentage for the biomarker rutin was determined 

to be 95%. (Table 5). 

HPTLC profile for recovery of Rutin in Morus alba L. Morus nigra L. and Morus indica L. leaf extract 

 
Table 5: Mean Recovery percentage for Rutin 

Track 

No. 
Area Average 

Expected 

Value 
Percentage 

Mean 

Percentage 

1 0.004 

0.004   

95% 

2 0.004 

3 0.004 

4 0.005 

0.006 0.006 100% 5 0.006 

6 0.006 

7 0.006 

0.006 0.007 86% 8 0.006 

9 0.006 

10 0.006 

0.007 0.007 100% 11 0.007 

12 0.007 

13 0.002 
0.002   

14 0.002 

15 0.003 
0.003   

16 0.003 

17 0.004 
0.004   

18 0.004 

Robustness 

To determine the robustness of the method the 

saturation time of the plate development was 

increased from 20 min to 30 min and there was no 

significant variation in the coefficient of 

correlation values which were determined to be 

R=0.992187 for 30 min saturation time and R= 

0.992052 for 20 min saturation time, thus 

confirming the robustness of the analysis. 

Quantification 

The concentration of rutin was determined to be 

268.6 ng/mL with Concentration standard 

deviation, CV= 0.45 % in the methanolic leaf 

extract of Morus alba L., 59.69 ng/mL with 

Concentration standard deviation, CV= 1.05% in 

the methanolic leaf extract of Morus nigra L. and  

233.0 ng/mL with Concentration standard 

deviation, CV= 0.11 % in the methanolic leaf 

extract of Morus indica L. (Table 6). The 

maximum concentration of rutin was found to be 

present in Morus alba L. leaf extract. 



Nikki Huria , Int. J. of Pharm. Sci., 2024, Vol 2, Issue 3, 565-577 |Research 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                   572 | P a g e  

Table 6: Quantification of Rutin 

Sr. 

No. 
Sample 

Application 

volume (µl) 

Amount of 

Rutin per 

spot (ng) 

RF Peak Area Mean 

1 Rutin 1 100 0.102 0.00190  

2 Rutin 2 200 0.098 0.00362  

3 Rutin 3 300 0.100 0.00506  

4 Rutin 4 400 0.100 0.00629  

5 Rutin 5 500 0.100 0.00714  

6 Rutin 6 600 0.100 0.00439  

7 Rutin 7 700 0.103 0.00392  

8 Morus alba L 10 269.1 0.106 0.00439 
268.6 ng 

CV=0.45 % 
9 Morus alba L 10 267.3 0.106 0.00437 

10 Morus alba L 10 269.6 0.108 0.00440 

11 Morus nigra L 20 60.41 0.106 0.00245 
59.69 ng 

CV=1.05 % 
12 Morus nigra L 20 59.44 0.108 0.00242 

13 Morus nigra L 20 59.23 0.108 0.00242 

14 Morus indica L 10 233.2 0.110 0.00392 233.0 ng 

CV=0.11 % 15 Morus indica L 10 232.8 0.110 0.00392 

Figure: 4 HPTLC Chromatogram of Rutin (in different concentrations) 

and Morus alba L. Morus nigra L. and Morus indica L. leaf extract (10 μL) 
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Figure 5: Densitogram of Rutin (in different concentrations) and Morus alba L. Morus nigra L. and 

Morus indica L. leaf extract (10 μL) 

 

Figure 6: Spectrum overlay of Rutin (in different concentrations) and Morus alba L. Morus nigra L. and 

Morus indica L. leaf extract (10 μL) 
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Figure: 7 HPTLC Densitogram for the standard Rutin, Vol- 5.0ml. 

 
Figure: 8 Densitogram of leaf extract of Morus alba L., Vol- 10 μL 

 
Figure: 9 Densitogram of leaf extract of Morus nigra L., Vol- 20 μL 
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Figure: 10 Densitogram of leaf extract of Morus indica L., Vol- 10 μL 

CONCLUSION: 

Present study is the first to report the simultaneous 

analysis and quantification of the biomarker 

flavonoid, Rutin in the methanolic leaf extracts of 

the three different species of Mulberry; Morus alba 

L., Morus nigra L., and Morus indica L. For the 

simultaneous quantitative determination of the 

flavonoid-Rutin in leaf extracts of Morus alba L., 

Morus nigra L., and Morus indica L. (family: 

Moraceae), densitometric assessment by HPTLC 

method was adopted. The best technique for 

evaluating the secondary metabolites found in 

plant products is densitometric HPTLC. [15] 

HPTLC method validated by the present study can 

therefore be used as an analytical tool for quality 

evaluation of plants and formulations containing 

Rutin as a biomarker. Due to the higher 

concentrations of flavonoids found in mulberry 

leaves, it is recommended to use these plants as an 

adjunct source of flavonoids and to benefit from 

their anti-oxidant, anti-tumor, anti-cancer and anti-

inflammatory potential. [16] The recommended 

technique can be utilized for regular monitoring of 

quality control of different Morus species because 

it is a basic, swift, reliable, accurate, specific and 

robust method to quantify rutin in crude herbal 

drugs. [17]  The resultant data obtained by HPTLC 

analysis for the presence of various bioactive 

phytochemicals in Mulberry species could be 

regarded as biomarkers. Future research on these 

bioactive substances could result in the production 

of model innovative drugs for the treatment of 

numerous ailments. 
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