T. 89, Ne 2 JKYPHAJ IPUKJIATHOM COHEKTPOCKOIINU MAPT — AIIPEJIb 2022
V.89,N2 JOURNAL OF APPLIED SPECTROSCOPY MARCH — APRIL 2022

DEVELOPMENT AND VALIDATION OF A UV SPECTROPHOTOMETRIC METHOD
FOR THE ESTIMATION OF THE SYNTHESIZED LENTINAN-CONGO RED COMPLEX"*

S. Trivedi ", V. Belgamwar !, K. Wadher 2, M. Umekar ?

! Department of Pharmaceutical Sciences,

Rashtrasant Tukadoji Maharaj Nagpur University Campus, Nagpur,
Maharashtra, India; e-mail: sagartrivedi2000@gmail.com

2 Department of Pharmaceutics, Smt. Kishoritai Bhoyar College of Pharmacy,
Kamptee Nagpur, Maharashtra, India

Lentinan, a therapeutic bioactive molecule obtained from Lentinus edodes (Shitake mushrooms), pos-
sesses various pharmacological activities. A literature survey reveals that no simple UV-visible technique
for the estimation of lentinan has yet been established; hence, there is a pressing need for a simple, yet pre-
cise and robust analytical method. We have developed a UV-visible spectrophotometric method for the esti-
mation of lentinan in complex with Congo red azo dye in different concentrations of alkaline solutions. Len-
tinan was found to be freely soluble in deionized water, and the absorption maximum (Amay) was found to be
486 nm. The validation of the developed method gave satisfactory results, the lentinan—Congo red solution
complex gave acceptable linearity within the concentration range 2—10 ug/mL and the correlation coeffi-
cient (*) was found to be >0.99. The developed method was found to be accurate because the mean recovery
value at various concentrations gave higher results than 90%. LOD and LOQ for lentinan were reported
and found to be 0.014 and 0.0431 ug/mL, respectively. The developed method was found to be simple, specif-
ic, economic, reliable, accurate, precise, reproducible, and it could be used as a quality control tool for the
analysis of pure lentinan and lentinan in formulations.
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Paspaboman npocmoii Y @-cnexmpoghomomempuueckuti memoo onpeoenenuust CO0epHCAnUs TeHMUHANA
6 KOMHIEKCe C a30Kpacumenem KOH2O KPACHBIM NpU PA3TUYHBIX KOHYEHMPAYUAX Wel0UHbIX PACHEOpOs.
ObHapysiceno, 4mo JeHMUHAH Je2KO PACMEOPAEMCs 8 OeUOHUSUPOBAHHOU 800€ C MAKCUMYMOM NO2LOUWEHUs]
npu 486 um. B pezyrbmame npogepki Memood 8biA6leHo, YMo pacmeop KOMIAEKCa JeHMUHAH—KOH20 Kpac-
HbLLL UMeem npuemiemyio JUHeUHOCmb 8 ouanasone Konyenmpayuti 2—10 mxe/mn ¢ Kosgguyuenmom xoppe-
aayuu ¥ > 0.99, cpednee 3nauenue uzsiedenus npu paziuunvlx Konyenmpayuax >90 %, Ona neHmuHana
LOD = 0.014 mxe/mn u LOQ = 0.0431 mxe/ma. Pazpabomanmviti MEMOO MOHCEM UCNOTb308AMbCS OJisl KOH-
MpOJis Kauecmea npu anaiu3e IeHmuHana YUCmozo U 6 1eKapcmeeHHbIX npenapamax.

Knrwouesvle cnoea: nemmunan, KoHeO KpAcHulll, Komniekcoobpazoeamue, eanuoayus, YD-cnexmpo-
cKonus.
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Introduction. Lentinan is a bioactive molecule mainly isolated from Lentinus edodes (Shitake mush-
rooms) [1] and chemically composed of B-(1—6) branched p-(1—3)-glucan
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arranged in a repetitive sequence along with seven glucose molecules in a series, which gives the molecular
formula C4,H7,036 and molecular mass 1152 Da [1]. Lentinan is reported to possess cytotoxic, anticancer,
antiviral, anticoagulant, and immunological effects [2]. Lentinan is freely soluble in solvents such as alkaline
solution and formic acid. It is slightly soluble in hot water and insoluble in cold water, acid solution, and or-
ganic solvents such as alcohol, ether, chloroform, pyridine, and hexamethylphosphoramide [3, 4]. A consid-
erable number of high-performance liquid chromatography (HPLC) and liquid chromatography mass spec-
troscopic techniques are reported for the estimation of lentinan, but the literature survey has revealed that no
simple ultra-visible spectroscopic method exists [5, 6]. Owing to the therapeutic importance of lentinan, the
development of a simple and robust UV-Vis spectrophotometric analytical method for its estimation is of
prime importance. The method for the estimation of lentinan was developed and optimized by complexing it
with Congo red azo dye in different concentrations of alkaline solutions of NaOH.

Methods. Lentinan was received as a gift sample from Xi’an Pincredit Bio-tech Co., Ltd. (Xi’An,
China), Congo red was purchased from Sigma-Aldrich Corporation (Mumbai, India). All other chemicals
used were of analytical grade. A double beam UV-visible spectrophotometer (JASCO V-630) was used.

The standard lentinan (5 mg) was accurately weighed to make three standard stock solutions of
1000 pg/mL in a 5-mL volumetric flask containing 0.1 mL of Congo red azo dye of a concentration not ex-
ceeding more than 1.25x10° M in dilute alkaline solutions of NaOH (sodium hydroxide) of concentrations
0.1, 0.12, and 0.15 M. The lentinan and Congo red solutions of different concentrations in subsequent volu-
metric flasks were properly mixed and dissolved with a minimal quantity of deionized water and kept aside
for 15 min, and the final volume was made up to mark with the same mobile phase, i.e., deionized water [7].
Further, a working solution of lentinan—Congo red dye (100 pg/mL) was prepared by diluting 1 mL of the
above standard stock solution to 10 mL with deionized water for all concentrations. The prepared working
stock solutions were further diluted with deionized water to get the 10 pg/mL concentration (1 to 10 mL).
All three solutions were scanned in the wavelength regions from 200 to 500 nm against deionized water as
a blank. The UV spectra of three concentrations are shown in Fig. 1 and Table 1. The alkaline solution
of Congo red having a concentration of 0.15 M shows a characteristic absorption maximum at 486 nm and
an ideal curve. The other concentrations have comparatively flat curves and higher absorption curves and ab-
sorbance. After acquiring the spectrum, Amax at 486 was identified and this particular concentration was se-
lected for the validation of the analytical method [8].

The calibration curve was prepared using a working stock solution with diverse calibration standards
representing a series within the concentration range 2—10 pg/mL by further dilution of the stock solution
with deionized water. The absorbance of every calibration standard was estimated at Amax = 486 nm using the
fixed wavelength measurement mode. The calibration curves representing the concentration versus absorb-
ance values were plotted using Microsoft Excel 2016 [9].

The validation of the analytical method plays a vital role in authenticating the estimation method.
Hence, the validation was done as per the ICH protocols. For this, different concentrations of the series of
solutions ranging from 2 to 10 pg/mL were prepared and further subjected to linearity, accuracy, precision,
limit of detection (LOD), and limit of quantification (LOQ) studies [3].
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Fig. 1. UV-Vis spectra of dilute alkaline solutions of lentinan—Congo red complexes.

TABLE 1. Summary of the Estimation of the Maximum Absorbance

Alkaline Congo red | Lentinan concentration, Amax, NM Absorbance
solution, M ng/mL
0.1 10 491 0.621
0.12 10 483 .4 0.548
0.15 10 486 0.771
A, a.u.
L2+ 1124
0.958
*
08 F 0.653
0,508 y=0.1156x — 0.0069
* R*=0.9916
04
0.18
0 1 1 1 1 |
2 4 6 8 10 C, pg/mL

Fig. 2. Calibration curve of lentinan at 486 nm.

The linearity for the above developed method was justified by analyzing various concentrations of the
prepared lentinan—Congo red complex between 2 and 10 ug/mL at 486 nm. The absorbance v/s concentra-
tion plot for lentinan was found to be linear in Fig. 2. Although considering linearity and range as an im-
portant parameter for the validation for the proposed method development, the R square value plays a vital
role. To establish an acceptable linearity and range value, the interval between the upper and lower concen-
tration of the test solution under analysis must be assessed [3].
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The repeatability (intra-day) and intermediate precision (inter-day) are the parameters that help in defin-
ing the precision of the developed method. The intra-day precision was done by evaluating the lentinan—
Congo red complex solution having a concentration of 10 pg/mL at three different time points within a single
day. The inter-day precision was performed in a similar manner with the same concentration of the sample but
instead sampling was done at three different points for 3 days and the average %RSD was calculated [3].

The closeness of the obtained results to the true value is the main aim behind assessing the accuracy of
the developed method. Generally, the validation of accuracy is performed by spiking recovery studies; the
pre-analyzed sample solution of lentinan—Congo red was spiked at three different concentrations of 8, 10,
and 12 pg/mL and the % recovery was computed [3].

Limit of detection is mostly determined to assess the nethermost concentration of the analyte in the
sample that can be differentially measured from the background levels, whereas LOQ helps in defining the
lowest concentration for calibration at which acceptable accuracy and precision can be obtained. For the val-
idation of the developed method LOQ and LOD were resolute with the help of Eq. (1) and the standard devi-
ation of the response and slope of the calibration curve:

LOD = 3.3 §/M, LOQ =10 S/M, (1)

where S is the standard deviation of the absorbance of the sample and M is the slope of the calibration curve [5].
Results and discussion. Lentinan was found to be freely soluble in deionized water, and the absorption
maximum (Amax) Was found to be 486 nm, as shown in Fig. 1. The absence of the chromophore group in len-
tinan leads to no absorption in the UV spectrum, which ultimately demands conjugation of lentinan with a
chromophore adding agent. Electrostatic interaction is the possible mechanism lying behind the complex
formation between the azo dye Congo red and polysaccharide (lentinan) in dilute alkaline solution and leav-
ing the side chain alpha and beta glucan in the charged state. The basic aqueous solutions of Congo red bring
conformational transitions in the uncharged molecules; these structural changes occurring in polysaccharide
lead to absorption spectra and a sharp peak in the visible UV spectrum region at 486 nm [10]. The formation
of a complex between lentinan and Congo red in dilute alkaline solutions (0.1, 0.12, and 0.15 M sodium hy-
droxide) gave conclusive results that as the alkalinity of the formed complex decreases in the solution, it di-
rectly reduces the average number of glucose residues accommodating at the binding site of a single dye
molecule. The absorption maximum (Amax) curves were found to be ideal at the maximum concentration of
Congo red alkaline solutions being tested. When lentinan was exposed to the dilute alkaline solution of sodi-
um hydroxide comparatively higher than 0.15 M containing Congo red azo, it caused conformational transi-
tions leading to a random coiled arrangement in the narrow range from 0.12 to 0.15 M. This conformational
transition occurred at a high rate when exposed to higher concentrations of alkaline solution. The random
coiled ordered structure of lentinan in complex with 0.1 M aqueous NaOH solution of Congo red offers a
spectral red shift because of the presence of a glucan ring in the lentinan core structure [4]. Figure 1c gives
suggestive results that the maximum absorption of the lentinan—Congo red complex solution (486 nm) shift-
ed towards a longer wavelength up to 491 nm upon successive additions. The maximum absorption of the
lentinan—Congo red complex solution (486 nm) was observed because of the equilibrium achieved by the
sum of the free dye and the complexed dye. It was observed when a single moiety of the Congo red com-
bined with a glucan segment of lentinan, which led to the occurrence of this reversible reaction in the solu-
tion. The validation of the developed method gave satisfactory results: the lentinan—Congo red solution
complex gave acceptable linearity within the concentration range 2—10 pg/mL. The correlation coefficient
(*) was found to be >0.99. At the maximum absorption of 486 nm the linearity curves gave the regression
equation y = 0.1156x — 0.0069. Table 2 shows the precision data for intra-day and inter-day having good re-

TABLE 2. Results of Intra- and Inter-day Precision at Amax = 486 nm

Lentinan-CR Intra-day Inter-day
complex (0.1M), Absorbance Relative Absorbance Relative
pg/mL +SD standard de- +SD standard de-
viation, viation,
%RSD,n=16 %RSD,n=6
10 0.771£0.0002 0.771£0.0002
10 0.791+0.0005 0.0875 0.831+0.0012 0.1241
10 0.811+0.0014 0.925+0.0004
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TABLE 3. Recovery Study of Lentinan at Amax = 486 nm

Level of recovery, | Amount spiked | Amount recovered, | Recovery, | Mean recovery,
% recovery, pug/mL pg/mL % %
80 8 7.32 91.5 93.8
100 10 9.21 92.1
120 12 11.74 97.8

TABLE 4. Validation Parameters

Ainax, NM 486
Beer’s law range, pg/mL 2-10
Correlation coefficient () 0.9916
Slope, m 0.1156
Intercept, ¢ 0.0069
Accuracy 93.8
Precision (%RSD)

Intra-day 0.0875

Inter-day 0.1241
LOD, pg/mL 0.014
LOQ, pg/mL 0.0431

N o t e. RSD: Relative standard deviation, LOD: Limit of detection, LOQ: Limit of quantification.

producibility with %RSD lower than 2.0%, which assures that the developed method is precise. The devel-
oped method was found to be accurate because the mean recovery value (Table 3) at various concentrations
gave higher results than 90%. LOD and LOQ for lentinan were reported (Table 4) and found to be 0.014 and
0.0431 pg/mL [10-12].

Conclusions. The developed method was found to be simple, specific, economic, reliable, accurate,
precise, and reproducible. It could be used as a quality control tool for the analysis of pure lentinan and len-
tinan in formulations.
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