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Validated UV-Visible Spectrophotometric Method for the Estimation of Aloe-emodin in Rhubarb Rhizomes


Abstract
Aim: To develop and validate a simple, cost-effective, accurate, and precise UV-Visible spectrophotometric method for the estimation of Aloe-emodin in rhizomes of Rhubarb 
Method: A UV-Visible spectrophotometric method for the estimation of Aloe-emodin was developed using a mixture of Methanol and water. The developed method was validated using ICH Q2 (R1) guidelines. Aloe-emodin solutions were scanned across the entire UV-visible range to identify the wavelength of maximum absorbance. The linearity of the method was established using the seven calibration standards over a concentration range of 0.1 μg/mL to 10 μg/mL. The accuracy in terms of percent difference and the precision in terms of percent relative standard deviation of the developed method was determined using three different quality control standard solutions (0.3, 5 & 9 μg/mL). Robustness of the proposed method was established by making slight changes in the co-solvent composition. The limit of detection (LOD) and the limit of quantification (LOQ) of the proposed method was calculated on the basis of slope and the standard deviation of the y-intercept of calibration curves. The Aloe-emodin content in the rhubarb rhizomes was estimated using the proposed method.  
Results: The Aloe-emodin, when dissolved in a mixture of methanol and water (40:60 v/v) and scanned over 200 to 800 nm, showed maximum absorbance at 256 nm. The seven different calibration standards of Aloe-emodin, viz. 0.1 μg/mL, 0.5 μg/mL, 1 μg/mL, 2 μg/mL, 4 μg/mL, 8 μg/mL, and 10 μg/mL when analyzed at 265 nm, showed excellent linearity in the absorbance values with a correlation coefficient (r²) of 0.9999. 
The intra-day accuracy of the developed UV-Visible spectrophotometric method in terms of % Difference was found to be in the range of -6.6638 and 0.3083, whereas the inter-day accuracy was in the range of -0.9986 and 1.0768. The intra-day precision of the developed UV-Visible spectrophotometric method in terms of %RSD was found to be between 0.22 to1.85, whereas the inter-day values are in between 0.54 to 1.98. The variation (%RSD) during the robustness studies of the proposed UV-Visible spectrophotometric method was found to be below 2 %. The limit of detection (LOD) and limit of quantitation (LOQ) of the developed UV-Visible spectrophotometric method were found to be 0.037 µg/mL & 0.11 µg/mL, respectively, ensuring adequate sensitivity for routine quality control analysis. The developed method was successfully used for the estimation of Aloe-emodin in rhubarb rhizomes.
Conclusion: A simple, cost-effective, precise, and accurate UV-visible spectrophotometric method was successfully developed for the estimation of Aloe-emodin. The method was developed using a co-solvent system with an economical percentage of the organic phase. The validated UV-visible method can be accurately used for the estimation of Aloe-emodin in rhubarb rhizomes.
Keywords: Cost-Effective Method, UV-Visible Spectrophotometry, Aloe Emodin.

1. Introduction:  
Aloe-emodin is a naturally occurring anthraquinone derivative which is present in Aloe vera leaves[1], Rhubarb rhizomes[2,3] and Frangula bark[4,5]  Chemically, Aloe-emodin is described as 1,8-dihydroxy-3-(hydroxymethyl)-anthraquinone[6]
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Figure 1: Chemical Structure of Aloe-emodin 

In the traditional system of medicine, aloe-emodin is considered to be an herbal laxative, skin conditioner, and an anti-sore throat agent [7]. It is evident that aloe-emodin possesses a variety of therapeutic activities, viz. anti-cancer[8], anti-virus[9,10], anti-inflammatory[11,12,13], antibacterial[14,15] antiparasitic[16,17], neuroprotective[18,19,20] and hepato-protective activities[21,22] It has been explored that aloe-emodin interrupts viral replication, hence proving itself to be one of the potential candidates for future integrated medicine[23,24] Recently, aloe-emodin is found to be a high-potential lead compound against type-2 diabetes and related aminoadipates[25]
In spite of diversified and immense therapeutic potential, there are limited analytical methods available for the routine estimation of aloe-emodin. Some of the methods require high-end instrumentation, whereas some methods involve the use of high percentages of organic solvents, which makes it non-feasible for routine use. 
Considering the above-mentioned disadvantages of existing analytical methods, it was envisaged that the development of a precise and cost-effective UV-Visible spectrophotometric method involving the lowest possible use of organic solvents for the estimation of aloe-emodin would be worth. 

2. Materials and Methods: 
2.1 Instrumentation:
The UV-visible spectrophotometer (V-530, Jasco) was used for the analytical method development. A matched pair of quartz cuvettes having a 1 cm path length was used for the spectral measurements. For accurate weighing, an analytical balance (Essae, Vibra HT) with an internal calibration facility was used. 

2.2 Material: 
Aloe-emodin was purchased from Yucca Enterprises, Mumbai and Maharashtra, India. Methanol (MeOH) and Dimethyl sulfoxide (DMSO) were purchased from Rankem, India. All the chemicals used were of HPLC grade for the study. Rhubarb rhizomes were purchased from Vedashri Aurved Bhandar, Nasik. 

2.3 Preparation of standard stock solution: 
Hundred mg of aloe-emodin was accurately weighed and transferred to a 100 mL capacity volumetric flask. DMSO was added to the flask, and the volume was made up to 100 mL (Stock-I). Stock-I was diluted suitably with a mixture of MeOH and water (40:60 v/v) so as to achieve the solution of strength 100 µg/mL (stock-II). Stock-II was diluted using the above-stated mixture of MeOH and water to achieve a solution of 20 µg/mL strength (Stock-III).  

2.4 Determination of wavelength of maximum absorbance (λmax):
For the determination of the wavelength of maximum absorbance (λmax), stock-III solution of aloe-emodin was used. The spectrophotometer was set in Spectrum Measurement mode, and the stock-III solution of Aloe-emodin was scanned over the wavelength range of 200 to 800 nm. Obtained spectra were analyzed for the identification of λmax by using the Spectra Manager software. The scanning process and the λmax identification procedure were repeated five times using a freshly prepared stock-III solution. 

2.5 Preparation of calibration curve: 
The Stock-II solution was appropriately diluted using a Methanol and water mixture (40:60 v/v) to achieve seven different calibration standards (CAL-STD), viz. CAL-STD-1 (0.1 μg/mL), CAL-STD-2 (0.5 μg/mL), CAL-STD-3 (1 μg/mL), CAL-STD-4 (2 μg/mL), CAL-STD-5 (4 μg/mL), CAL-STD-6 (8 μg/mL), and CAL-STD-7 (10 μg/mL).  The absorbance of each CAL-STD was measured at a pre-determined λmax of 256 nm using a spectrophotometer, which was set in Fixed Wavelength Measurement mode.  For the reproducible results, the procedure was repeated thrice. The results were expressed in terms of mean ± SD.

2.6 Method Validation:
The International Conference on Harmonization (ICH) Q2 (R2) guiding principles were used to validate the developed UV-Visible spectrophotometric method of Aloe-emodin[26,27]. The linearity, accuracy, precision, robustness, imit of detection (LOD), and limit of quantitation (LOQ) of the aforementioned method were evaluated.

2.6.1 Linearity and Range:
As mentioned earlier in the section “Preparation of Calibration Curve”, seven calibration standards were used to determine the linearity of the proposed UV-Visible spectrophotometric method. The calibration curves of concentration vs. absorbance were subjected to a linear least-squares regression analysis. The linearity of the proposed method was demonstrated on the basis of the r² value.  



2.6.2 Accuracy:
The accuracy of the proposed UV-Visible spectrophotometric method was established using three different quality control standards (QC-STD), viz. QC-STD-1 (0.3 μg/mL), QC-STD-2 (5 μg/mL), and QC-STD-3 (9 μg/mL). All three QC-STDs were analyzed for aloe-emodin content at three different time intervals of the day (intra-day accuracy). The process of analyzing the QC-STDs was repeated on three consecutive days (inter-day accuracy). The intra- and inter-day accuracy was calculated in terms of % Difference using the following formula 



             
2.6.3 Precision: 
The intra- and inter-day precision of the proposed UV-Visible spectrophotometer was established using three different QC-STDs. The QC-STDs were analyzed for its aloe-emodin content at three different time intervals of the day. The process of analyzing the QC-STDs was repeated on three consecutive days. The intra- and inter-day precision of the proposed method was expressed in terms of % RSD, which was calculated by using the following formula    



The % RSD values ≤ 2 were considered to be an indicator of the method’s precision. 

2.6.4 Robustness:  
Robustness of the proposed UV-Visible Spectrophotometric method was established by intentionally modifying the composition of the solvent mixture that was used for the preparation of standard aloe-emodin solutions. Pre-defined QC-STDs in triplicate were separately prepared in two different solvent mixtures, viz. 38:62 v/v and 42:58 v/v of MeOH: water. The QC-STDs were analyzed for their Aloe-emodin content, and the results were expressed in Mean ± % RSD. The % RSD values ≤ 2 were considered to be an indicator of the method’s robustness. 
   
2.6.5 Limit of Detection (LOD): 
The LOD of the developed UV method was calculated by using the following formula, 


2.6.6 Limit of Quantitation (LOQ):
The LOQ of the developed UV method was calculated by using the following formula,


Where, SD = Standard deviation of Y-intercepts
S = Slope of the Calibration curve

2.7 Estimation of Aloe-emodin in Rhizomes of Rhubarb: 
Rhubarb rhizomes were purchased from the Vedashri Ayurved Bhandar, Nasik and authenticated by the Department of Botany, Dr. Babasaheb Ambedkar Marathwada University, Chhatrapati Sambhajinagar. Rhizomes were crushed using an industrial-grade mixer (Devika Industries, Rajkot, Gujarat), and a fine powder was obtained. The said power was subjected to cold maceration for 24 hours using a solvent mixture of ethanol and water (50:50 v/v). For the cold maceration, solid to solvent ratio of 1:20 v/v was used. After maceration, the obtained extract was centrifuged (PR-24, Remi) and the supernatant was collected. From the supernatant, ethanol was removed using rotary vacuum evaporator (Laborota 4001, Heidolph), and the remaining aqueous portion was collected for further processing. To the aqueous portion, concentrated sulfuric acid was added in the ratio of 1:0.25 v/v, and said mixture was kept at 50 °C using a water bath shaker for the period of one hour. After acid hydrolysis of the aqueous portion, it was neutralized using 18 N sodium hydroxide solution, and the resultant neutral solution was filtered using Whatman filter paper number one. The residue collected was dried at 40oC using a vacuum oven (Meta Lab Scientific Industries, Mumbai). The dried residue was dissolved in chloroform using a 1:100 v/v ratio and filtered through Whatman filter paper number one. The chloroform portion was dried using a rotary vacuum evaporator. The hundred mg dried chloroform portion was accurately weighed and transferred to a hundred mL volumetric flask. The solvent mixture of methanol and water (40:60 v/v) was added to a volumetric flask, and a stock solution of 1 mg/mL was prepared. Said stock solution was suitably diluted and subjected to the estimation of aloe-emodin using a pre-validated UV-Visible spectrophotometric method. The aloe-emodin content of the rhubarb rhizomes was reported in terms of percent yield (mean ± SD).

3. Result and Discussion
3.1 Determination of the wavelength of maximum absorbance
The foremost requirement of quantitative UV analysis is the identification of the wavelength at which the absorbance is maximum. The stock-III (20 μg/mL) of aloe-emodin, when scanned over the entire UV-Visible range of 200 to 800 nm, showed the λmax at 256 nm (Figure 2).
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Figure 2: UV-Visible Spectra of Aloe-emodin

3.2 Preparation of Calibration Curve 
The calibration curve was constructed using seven calibration standards at concentrations of 0.1 μg/mL, 0.5 μg/mL, 1 μg/mL, 2 μg/mL, 4 μg/mL, 8 μg/mL, and 10 μg/mL. The seven calibration standards were analyzed in triplicate for its absorbance at 256 nm in the fixed wavelength mode. The Concentration range and the absorbance in terms of mean ± S.D. are shown in Table 1.  

Table 1: Details of Calibration Standards of aloe-emodin
	Concentration
(μg/mL)
	Absorbance
(Mean ± S.D.)

	0.1
	0.0141± 0.0029

	0.5
	0.0472± 0.0018

	1
	0.1040± 0.0043

	2
	0.2057± 0.0057

	4
	0.3983± 0.0046

	8
	0.7974± 0.0142

	10
	0.9942± 0.0100



3.3 Method validation  
After developing any analytical method, it becomes necessary to validate the developed method [28].Validation of analytical method ensures that the developed method would produce the accurate and reliable results [29]. Although, there are various guidelines available for the analytical method validation, ICH Q2 (R1) guidelines are one of the global standards available for the validation of analytical methods that are widely utilized by industry and academia [30]. The validation of the analytical approach has several parameters [31]. The established values and parameter limits, if found within the range during validation, prove that the aforementioned analytical method is reliable and authentic. Considering the necessity, the proposed UV-Visible spectrophotometric method for aloe-emodin was validated and the following parameters were used to demonstrate the proposed method’s reliability and authenticity. 

3.3.1 Linearity and Range:
The seven different calibration standards when analyzed for its Aloe-emodin content showed excellent linearity. The calibration standards and related mean absorbance values are displayed in Table No. 1. The three replicate calibration curves showed excellent linearity with r² values greater than 0.999 with consistent slopes and intercepts which confirmed the method’s linearity and range as depicted in the Figure 3 (A-C). According to linearity analysis and the obtained r² values, the developed UV method was found to be linear between the concentrations; 0.1 to 10 µg/ml. 


Fig 3 (A): Calibration Curve of aloe-emodin (Replicate 1)


Fig 3 (B): Calibration Curve of aloe-emodin (Replicate 2)


Fig 3 (C): Calibration Curve of aloe-emodin (Replicate 3)

3.3.2 Accuracy:
Accuracy is the degree to which the experimental value and the nominal value match with each other [32]. Accuracy must be guaranteed across the whole calibration range of the analytical method in order for the results to be reliable at every step of the determination process. Tables 2 and 3 depict the intra-day and inter-day percentage difference values, respectively. The intra-day accuracy of the proposed method was found to be in the range of -6.6638 and 0.3083, while the inter-day accuracy was found to be in the range of -0.9986 and 1.0768. Based on the narrow range of % Difference values, it was anticipated that the proposed UV-Visible spectrophotometric method for the estimation of aloe-emodin is accurate. 

Table 2: Intra-day accuracy data of the UV method for Aloe-emodin
	Concentration Level
	Nominal Concentration (μg/mL)
	Mean Measured Concentration (μg/mL)
	% Difference

	
LQC
	0.3
	0.2978
	-0.7161

	
	0.3
	0.3081
	-2.7309

	
	0.3
	0.2988
	0.3083

	
MQC
	5
	4.8619
	-2.7615

	
	5
	4.8634
	-2.7309

	
	5
	4.7720
	-4.5597

	
HQC
	9.5
	8.9018
	-6.2961

	
	9.5
	8.8699
	-6.6323

	
	9.5
	8.8669
	-6.6638




Table 3: Inter-day accuracy data of the UV method for Aloe-emodin
	Concentration Level
	Nominal Concentration (μg/mL)
	[bookmark: _Hlk207963917]Mean Measured Concentration (μg/mL)
	% Difference

	
LQC
	0.3
	0.2970
	-0.9986

	
	0.3
	0.3032
	1.0768

	
	0.3
	0.3045
	1.5284

	
MQC
	5
	4.8215
	-3.5683

	
	5
	4.8279
	-3.4403

	
	5
	4.8539
	-2.9208

	
HQC
	9.5
	8.9014
	-6.3009

	
	9.5
	8.8178
	-7.1809

	
	9.5
	8.9195
	-6.1104




3.3.3 Precision: 
Precision of an analytical method expresses the repeatability, Intermediate precision, and reproducibility. The developed UV method's intra-day and inter-day precision was determined at three different concentrations, viz. 0.3μg/mL, 5μg/mL, and 9.5μg/mL of aloe-emodin. The % RSD values of intra-day and inter-day precision are shown in Tables 4 and 5, respectively. Intra-day precision in terms of %RSD of the proposed UV Visible spectrophotometric method was found to be in the range 0.22 to 1.85, whereas inter-day precision of the proposed method was found to be in between 0.54 to 1.98. The lower values of % RSD demonstrated the precision of the proposed analytical method of Aloe Emodin.

Table 4: Intra-day precision data of the UV method for Aloe-emodin
	
	Morning
	Afternoon
	Evening

	Concentration
Range (μg/mL)
	Mean
	SD
	%RSD
	Mean
	SD
	%RSD
	Mean
	SD
	%RSD

	0.3
	0.29
	0.005
	1.85
	0.29
	0.004
	1.67
	0.3009
	0.004
	1.50

	5
	4.86
	0.035
	0.73
	4.86
	0.034
	0.70
	4.77
	0.05
	1.09

	9.5
	8.90
	0.078
	0.88
	8.86
	0.09
	1.01
	8.86
	0.02
	0.22




Table 5: Inter-day accuracy data of the UV method for Aloe-emodin
	
	Day 1
	Day 2
	Day 3

	Concentration
Range (μg/mL)
	Mean
	SD
	%RSD
	Mean
	SD
	%RSD
	Mean
	SD
	%RSD

	0.3
	0.30
	0.005
	1.76
	0.29
	0.004
	1.49
	0.30
	0.005
	1.98

	5
	4.82
	0.069
	1.44
	4.82
	0.062
	1.30
	4.85
	0.048
	1.009

	9.5
	8.90
	0.055
	0.62
	8.81
	0.048
	0.54
	8.91
	0.059
	0.66



3.3.4 Robustness: 
Robustness of an analytical method refers to ability of the method to stay unaffected by small, deliberate changes in the internal parameters of the method viz. solvent composition, solvent strength, wavelength of estimation and pH. It is necessary that the analytical method should be enough robust so that minor, unintentional changes to internal method parameters during routine use do not affect the final results. Robustness is the integral part of method validation and it is necessary to establish the same during analytical method validation. The proposed UV-Visible spectrophotometric method was found to be robust as the %RSD values of the results after intentional, minor modification in the solvent composition were found to be within acceptable limit of ≤ 2 (Table 6).   

Table 6: Robustness data of the UV method for aloe-emodin
	Concentration (ug/mL)
	Methanol: Water 
(V/V)
	Absorbance 
(Mean ± S.D.)
	%RSD

	0.3
	38:62
	0.2275±0.0005 
	0.23

	5
	38:62
	5.0272± 0.3087
	0.61

	9.5
	38:62
	9.4280± 0.0409
	0.43

	0.3
	42:58
	0.2840±0.0050 
	1.77

	5
	42:58
	4.9095±0.0744 
	1.51

	9.5
	42:58
	9.3826±0.0730 
	0.77



3.3.5 Limit of Detection (LOD) and Limit of Quantification (LOQ): 
The lowest concentration that can be determined with reasonable precision and accuracy is represented by LOQ. Table 7 displays the LOD and LOQ values of the proposed UV method, which were determined to be 0.037µg/mL & 0.11µg/mL respectively. 

Table 7: LOD & LOQ of UV method for aloe-emodin
	Parameters
	Values

	LOD
	0.037 µg/mL

	LOQ
	0.11 µg/mL



3.4 Estimation of aloe-emodin in Rhizomes of Rhubarb
Proposed UV-Visible spectrophotometric method was successfully used for the estimation of aloe-emodin content in the extract of rhizomes of rhubarb. The results are shown in Table No. 8. The obtained results are in good agreement of existing data as the reported aloe-emodin content in the official rhubarb varies from 0.4 to 1%.    

Table 8. Aloe-emodin Content in Rhubarb Plant
	Sr.
	Dry weight of Rhubarb Rhizomes (gm)
	% Aloe-emodin content 
(Mean ± SD)

	1.
	100
	0.7910 ± 0.0171



Conclusion:
An accurate, precise, robust yet sensitive UV-Visible spectrophotometric method for the estimation of aloe-emodin was developed and validated. Further it was demonstrated that the proposed UV-Visible spectrophotometric method is capable of being used as routine analytical method for the estimation of aloe-emodin in the rhubarb samples.   
[bookmark: _GoBack]
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