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New, simple, cost effective, accurate and reproducible UV-spectrophotometric methods were devel-
oped and validated for the estimation of sodium usnate in pharmaceutical preparations. Sodium usnate was 
estimated at 290 nm in water and phosphate buffer (pH 3):methanol (11:20 V/V). Beer’s law was obeyed 
in the concentration range of 0.1–5 µg·cm−3 (r = 0.997) in water and 1–12 µg·cm−3 (r = 0.999) in the phos-
phate buffer:methanol. The apparent molar absorptivity and Sandell’s sensitivity coefficient were found to 
be 3.16×104 dm3·mol−1·cm−1 and 11.58 ng·cm–2/0.001 A in water and 3.72×104 dm3·mol−1·cm−1 and 9.83 
ng·cm–2/0.001 A in phosphate buffer:methanol, respectively, indicating the high sensitivity of the proposed 
methods. These methods were tested and validated for various parameters according to ICH guidelines. The 
detection and quantitation limits were found to be 0.0721 and 0.2163 μg·cm–3 in water and 0.163, 0.489 
µg·cm−3 in phosphate buffer:methanol, respectively. The proposed methods were successfully applied for 
the determination of sodium usnate in pharmaceutical preparations. The results demonstrated that the pro-
cedure is accurate, precise and reproducible (R.S.D. < 2 %).
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НОВ, ЕДНОСТАВЕН И ВАЛИДИРАН UV-СПЕКТРОФОТОМЕТРИСКИ МЕТОД
 ЗА ОДРЕДУВАЊЕ НА НАТРИУМУСНАТ ВО ПРЕПАРАТИ

Развиен и валидиран е нов, едноставен, ефикасен, точен и повторлив UV-спектрофото­
метриска метод за определување на натриумуснат во фармацевтски препарати. Натриумуснат е 
одредуван на 290 nm во вода и фосфатен пуфер (pH = 3):метанол (11 : 20 V/V). Беровиот закон важи 
во опсег на концентрации од 0,1 до 5 µg cm−3 (r = 0,997) за вода и од 1 до 12 µg cm−3 (r = 0,999) 
за фосфатен пуфер:метанол. Вредноста на моларната апсорпција и Санделовиот коефициент на 
осетливост е 3,16×104 dm3·mol−1 cm−1 и 11,58 ng·cm–2/0,001 A за вода и 3,72×104 dm3·mol−1·cm−1 и 
9,83 ng·cm–2/0.001 A за фосфатен пуфер:метанол, соодветно, укажувајќи на висока осетливост на 
предложениот метод. Овие методи се тестирани и валидирани за различните параметри согласно со 
ICH регулативите. Добиените вредности на детекција и квантификација изнесуваат 0,0721 и 0,2163 
μg·cm–3 за вода и 0,163, 0,489 µg·cm−3 за фосфатен пуфер:метанол, соодветно. Предложените методи 
успешно се применети за одредување на натриумуснат во фармацевтски препарати. Резултатите 
покажуваат дека методот е точен, прецизен и репродуцибилен (R.S.D. < 2 %).
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1. INTRODUCTION

Sodium usnate or 2,6-diacetyl-7,9-dihy
droxy-8,9b-dimethyldibenzofuran-1,3(2H,9bH)-
dione, sodium salt, (boiling point 594.8 ºC at 
760 mmHg and flash point 219.1 ºC) coats mu-
cous membrane like a protective film and as a 
surface antibiotic selectively inhibits causes of 
infection (Figure 1). The formed film covers le-
sions caused by the infection or mechanical in-
jury and helps their healing, without damaging 
the healthy microflora of the mucous membrane. 
Sodium usnate is a compound isolated from li-
chen for its effective antibacterial properties. It 
is used in deodorants because it helps to reduce 
bacterial growth and its associated odour. Sodi-
um usnate has been successfully used by Ark et 
al. (1960), for the control of various fungal dis-
eases of plants in the green house [1]. The pro-
cedures of sodium usnate synthesis are described 
in detail in patent literature [2–7].

For routine analysis a simple, rapid and 
cost effective analytical method is preferred. A 
survey of literature has not revealed any simple 
UV-spectrophotometric method for estimation 
of sodium usnate in bulk drug and preparations. 
Various methods have been reported in litera-
ture for monitoring sability sodium usnate in 
cosmetic preparations (shampoos, lotions and 
deodorants) including HPLC [8] and isother-
mal method [9]. Development of simple and 

accurate UV-spectrophotometric methods can 
provide a very useful alternative for routine 
analysis of bulk drug and formulations.

The objective of the present study was 
to develop simple, precise, accurate and vali-
dated, economic analytical methods for the 
estimation of sodium usnate in pharmaceuti-
cal formulations. Two analytical methods have 
been developed in different media for estima-
tion of sodium usnate. Media used were water 
and phosphate buffer (pH 3):methanol. Sodium 
usnate showed absorption maxima at 290 nm in 
both media. The developed analytical methods 
were validated as per ICH guidelines and USP 
requirements [10, 11]. Statistical tests were per-
formed on validation data [12, 13].

2. EXPERIMENTAL

Samples. Sodium usnate was obtained as 
gift samples from Zdravlje-Actavis, Leskovac. 
Formulations containing sodium usnate: Fitosept 
classic tablets, labelled to contain 0.1 mg of sodi-
um usnate and 3 mg of menthol per tablet (������Zdrav-
lje-Actavis, Leskovac�����������������������������    ), Fitosept diet tablets, la-
belled to contain 0.1 mg of sodium usnate and 2 
mg of menthol (Zdravlje-Actavis, Leskovac) and 
Fiotosept kids tablets, labelled to contain 0.05 mg 
of sodium usnate (Zdravlje-Actavis, Leskovac). 
Fitosept classic contained D-glucose as a sweet-
ener, but Fitosept diet contained sorbitol. Fitosept 
kids did not contain menthol. All other chemicals 
and reagents used were of analytical grade.

Apparatus. A double-beam Varian Cary-
100 Conc. UV-VIS spectrophotometer, con-
nected to computer and loaded with Cary 
WinUV software was used. For intermediate 
precision study, a different Perkin Elmer Lamb-
da-16 UV–VIS spectrophotometer connected to 
computer with UV-PC software was used. Both 
the instruments have an automatic wavelength 
accuracy of 0.1 nm and matched quartz cells of 
10 mm (1.0 cm) cell path length.

Analytical method development. Differ-
ent media were investigated to develop a suitable 
UV spectrophotometric method for the analysis 

Fig. 1. Chemical structure of sodium usnate
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of sodium usnate in formulations. For selection 
of media the criteria employed were sensitiv-
ity of the method, ease of sample preparation, 
solubility of the drug, cost of solvents, applica-
bility and robustness of the method to various 
purposes. Absorbance of sodium usnate in the 
selected medium at respective wavelength was 
determined and apparent molar absorptivity and 
Sandell’s sensitivity coefficients were calculated 
according to the standard formulae (Table 1).

Procedure for calibration curve. Two dif-
ferent stock solutions of 100 µg·cm−3 of sodium 
usnate were prepared in water and phosphate 
buffer:methanol by dissolving 5 mg of sodium 
usnate in 50 cm3 of each media. For preparation 
of different concentrations, aliquots of stock so-
lutions were transferred into a series of 100 cm3 
standard volumetric flasks and volumes were 
made with the respective media. Five different 
concentrations were prepared in the range of 0.1–
5 µg·cm−3 of sodium usnate in water. In a similar 
way, five different concentrations were prepared 
in the range of 1–12 µg·cm−3 of sodium usnate in 
the phosphate buffer:methanol for standard curve. 
Sodium usnate was estimated at 290 nm.

Sample preparation. Fitosept classic and 
Fitosept diet tablets were powdered and ex-
tracted with phosphate buffer:methanol. The 
solutions were then filtered and suitably diluted 
to get final concentration of 5 µg·cm−3. Fitosept 
kids tablets were powdered and extracted with 
water and then suitably diluted to get final con-
centration of 5 µg·cm−3.

2. 1. Analytical method validation

Specificity and selectivity. Sodium usnate 
solutions (5 µg·cm−3) were prepared in both the 
selected media along with and without common 
excipients (PVP K-25, D-glucose, magnesium 
stearate, menthol) separately. All the solutions 
were scanned from 450 to 200 nm at a speed of 
400 nm·min–1 and checked for change in the ab-
sorbance at respective wavelengths. In a separate 
study, drug concentration of 5 µg·cm−3 was pre-
pared independently from pure drug stock solution 
in selected media and analyzed (n = 10). Paired t-
test at 95 % level of significance was performed to 
compare the means of absorbance (Table 1).

a tcal is calculated value and tcrit is theoretical value (at eight degrees of freedom) based on paired t-test at P = 0.05 level of significance.

T a b l e  1
Optical characteristics, statistical data of the regression equations and 

validation parameters for sodium usninate (n = 10)

Parameter Water Phosphate buffer
(pH=3) : methanol

Optical characteristics
Apparent molar absorptivity (dm3·mol−1·cm−1) 3.16×104 3.72×104

Sandell’s sensitivity (ng·cm−2/0.001 A) 11.58 9.83
Regression analysis
Slope 64.75 55.74
Intercept 0.048 0.041
Regression coefficient (r) 0.997 0.999
Validation parameters
Specificity and selectivity - tcal (tcrit)

a 1.29 (2.225) 1.10 (2.225)
Linearity (µg·cm–3) 0.1–5 1–12
Limit of detection (LOD) (µg·cm–3) 0.0721 0.2163
Limit of quantification (LOQ) (µg·cm–3) 0.163 0.489
Robustness (mean % recovery ± S.D.) 101.03 ± 1.29 100.51 ± 0.97
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Linearity. To establish linearity of the pro-
posed methods, nine separate series of solutions of 
sodium usnate (0.1–5 µg·cm−3 in water and 1–12 
µg·cm−3 in phosphate buffer:methanol) were pre-
pared from the stock solutions and analyzed. Least 
square regression analysis was done for the ob-
tained data (Table 1).

Accuracy. To determine the accuracy of the 
proposed methods, different levels of drug concen-
trations: lower concentration (LC), intermediate 
concentration (IC) and higher concentration (HC) 
(in both media) were prepared from independent 
stock solutions and analyzed (n = 10). Accuracy 
was assessed as the percentage relative error and 

mean %recovery (Table 2). To provide an addi-
tional support to the accuracy of the developed 
assay method, standard addition method was em-
ployed, which involved the addition of different 
concentrations of pure drug (1, 2, and 3 µg·cm−3 
in water and the phosphate buffer:methanol to a 
known pre-analyzed formulation sample and the 
total concentration was determined using the pro-
posed methods (n = 10) [11]. The % recovery of 
the added pure drug was calculated as, %������� ������recov-
ery = [(Ct −Cs)/Ca]×100, where Ct is the total drug 
concentration measured after standard addition; Cs 
drug concentration in the formulation sample; Ca 
drug concentration added to formulation (Table 3).

T a b l e  2 

Accuracy and method precision data for the developed method (n = 10)

Level
Predicted concentrationa (μg·cm–3)

                     Mean (±S.D)                    % R.S.D.
Mean recovery, %

Water
LC (0.4 μg·cm–3) 0.423 ± 0.33 0.81 100.57
IC (0.5 μg·cm–3) 0.502 ± 0.34 0.67 100.42
HC (0.6 μg·cm–3) 0.599 ± 0.32 0.53 99.87

Phosphate buffer:methanol
LC (8 μg·cm–3) 7.85 ± 0.137        0.683      99.25
IC (10 μg·cm–3) 10.21 ± 0.337 0.672 100.42
HC (12 μg·cm–3) 11.15 ± 0.179 0.303 98.58

a Predicted concentration of sodium usninate was calculated by linear regression equation.

Precision. The reproducibility was deter-
mined by using different levels of drug concentra-
tions (the same concentration levels taken in the 
accuracy study), prepared from independent stock 
solutions and analyzed (n = 10) (Table 4). Inter-
day, intra-day and inter-instrument variation were 
studied to determine the intermediate precision of 
the proposed analytical methods. Different levels 
of drug concentrations in triplicates were prepared 
three different times in a day and studied for intra-
day variation. The same procedure was followed 
for three different days in order to study the inter-
day variation (n = 10). One set of different levels 
of the concentrations was reanalyzed using another 
UV-VIS spectrophotometer, by proposed methods 
to study inter-instrument variation (n =10). The per-
cent relative standard deviation (% R.S.D.) of the 

predicted concentrations from the regression equa-
tion was taken as precision (Table 3). The precision 
studies were also carried out by using the real sam-
ples of sodium usnate in a similar way to a standard 
solution to prove the usefulness of method.

Limit of detection (LOD) and limit of 
quantification (LOQ).The LOD and LOQ of so-
dium usnate by the proposed methods were de-
terminated using calibration standards. LOD and 
LOQ were calculated as 3.3 s/S and 10 s/S, re-
spectively, where S is the slope of the calibration 
curve and s is the standard deviation of y-intercept 
of regresion equation (n = 10) (Table 1).

  Robustness. Robustness of the proposed 
method was determined by (a) changing pH of the 
phosphate buffer : menthol by ± 0.1 units and (b) 
stability of the sodium usnate in both the selected 
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media at room temperature for 24 h. Three differ-
ent concentrations (LC, IC and HC) were prepared 
in both the media with different pH and mean 
% recovery was determined (Table 1).

Estimation from formulations (Tablets). 
Twenty tablets each preparations were weighed 
and pulverized. Amount of the powder equiva-
lent to 10 mg of sodium usnate was taken and 
extracted with both media separately for 30 min. 
These solutions were diluted suitably to pre-
pare a 100 µg cm−3 concentration in respective 
media. Finally solutions were filtered through 
Whatman filter paper number 40 and the filtrate 
was suitably diluted to prepare a 5 µg·cm−3 con-
centration in both the media separately and the 
samples were analyzed using proposed analyti-
cal methods (Table 5). The calculated Student's 
t-values did not exceed the tabulated values in-
dicating no significant difference between the 
methods, as far as accuracy and precision are 
concerned.

T a b l e   4
System precision study (n = 10)

Concentration 
(μg·cm–3)

Estimated concentration
Intra-day reproducibility % R.S.D., n = 10

Intra-instrument 
reproducibility

% R.S.D., n = 10Day 1 Day 2 Day 3
Water

0.4 0.423 (0.81) 0.399 (0.67) 0.404 (0.51) 0.389 (0.89)
0.5 0.502 (0.67) 0.503 (0.21) 0.498 (0.08) 0.503 (1.41)
0.6 0.599 (0.53) 0.605 (0.84) 0.601 (0.08) 0.603 (1.55)

Phosphate buffer : methanol
8 7.851 (0.68) 8.070 (0.45) 7.92 (0.71) 7.56 (1.23)
10 10.21 (0.67) 9.87 (0.56) 9.92 (0.34) 10.34 (1.07)
12 11.15 (0.30) 11.86 (0.73) 12.08 (0.84) 11.56 (0.78)

T a b l e   3
Standard addition method for accuracy (n = 10)

Method Concentration 
(μg·cm−3)

Pure drug added 
(μg·cm−3)

Total drug found 
(μg·cm−3) (±S.D) % recovery (±R.S.D)

Water

0.5 0 0.502 ± 0.34 100.42 ± 0.67
0.5 1 1.499 ± 0.32 99.87 ± 0.58
0.5 2 2.503 ± 0.45 100.50 ± 0.64
0.5 3 3.498 ± 0.42 99.94 ± 0.53

Phosphate buffer 
(pH=3) :menthol

8 0 7.85 ± 0.137 99.25 ± 0.683
8 1 9.01 ± 0.075 100.12 ± 0.719
8 2 10.007 ± 0.037 100.07 ± 0.375
8 3 11.05 ± 0.061 100.45 ± 0.539

Ta b l e  5

Application of spectrophotometric method to 
the determination of sodium usninate 

from pharmaceutical preparations (n = 10) 

Commercial formulations Amount foundb % assay
Water

Fitosept kids (5 μg·cm–3)
100.37 ± 0.38Mean ± S.D. (μg·cm–3) 5.02 ± 0.02

ta 1.75 (2.225)
Phosphate buffer : methanol

Fitosept classic (5 μg·cm–3)
Mean ± S.D. (μg·cm–3) 4.985 ± 2.44 99.70 ± 0.61
ta 1.21 (2.225)
Fitosept diet (5 μg·cm–3)
Mean ± S.D. (μg·cm–3) 5.03 ± 1.69

100.55 ± 0.53
ta 1.74 (2.225)
a The values in parenthesis are the tabulated values of t   	
   at P = 0.05.
b Amount found is represented as average ± S.D.
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3. RESULTS AND DISCUSSION

For media optimization various aqueous 
media like acetate buffers (pH 3.6–5.8), phos-
phate buffers (pH 2.5–10.2) and 0.1 mol·dm–3 
sodium hydroxide were investigated. Almost 
pH-independent UV absorption spectra of so-
dium usnate were observed for the determina-
tion of sodium usnate in the proposed analytical 
media (Figure 2). Addition of varying amounts 
of the methanol to various aqueous media did 
improve the sensitivity of the methods and the 
final decision of using water and phosphate 
buffer (pH 3) as a media was based on the cri-
teria like: sensitivity of the method, cost of sol-
vents, ease of preparation and applicability of 
the method to dissolution samples. The spectra 
of sodium usnate in water and the phosphate 
buffer:methanol are shown in Figure 2. The λmax 
of sodium usnate in water and phosphate buffer 
: methanol were found to be 290 nm. Overlaied 
absorption spectra of sodium usnate at 0 and 24 
h time intervals were recorded in both media 
(Figure 3). Apparent molar absorptivity of the 
drug was found to be 3.16×104 dm3·mol−1·cm−1 
in water; and 3.72×104 dm3·mol−1·cm−1 in the 
mixture of phosphate buffer:methanol, respec-
tively. Sandell’s index represents the number of 
micrograms or nanograms of the determinant 
per millilitre of a solution having an absorbance 
of 0.001 for the cell path length of 1 cm and is a 
suitable parameter for expressing and compar-
ing the sensitivities of developed UV-spectro-
photometric methods [14]. Sandell’s sensitivity 
coefficient of sodium usnate was found to be 
11.58 and 9.83 ng·cm−2 /0.001 A in water and 
mixture of phosphate buffer and methanol,���� ���re-
spectively (Table 1).

Calibration curve. In water, the linear 
regression equation obtained was: A290 nm = 
[64.75×concentration (µg·cm−3) + 0.048]; with 
a regression coefficient of 0.997. In phosphate 
buffer:methanol, the linear regression equation 
obtained was: A290 nm = [55.74×concentration 
(µg·cm−3) + 0.041]; with a regression coeffi-
cient of 0.999.

3. 1. Analytical validation

Specificity and selectivity. The UV-spec-
trum of sodium usnate was not changed in the 
presence of common excipients used in the for-
mulation of various Fitosept tablets, in both the 
selected media. Absorption spectrum of pure drug 
sample was matching with the formulation sam-
ples in both the selected media (Figure 2). The 
calculated t-values were found to be less than that 
of the tabulated t-values, indicating that statisti-
cally there was no significant difference between 
the mean absorbance of solutions prepared from 
pure drug sample and the formulation samples 
(Table 1). Therefore proposed analytical methods 
are specific and selective for the drug.

Linearity. The linearity range for sodium 
usnate estimation was found to be 0.1–5 µg·cm−3 
(r = 0.997) and 1–12 µg·cm−3 (r = 0.999) in water 
and phosphate buffer medium, respectively (Ta-
ble 1). Goodness of fit of the regression equations 
was supported by high regression coefficient val-
ues and lower calculated F-values (Table 1).

Accuracy. The accuracy of the method 
was checked by determining recovery values. 
Series of solution were made containing 80, 100 
and 120  % of sodium ������������������������   usnate������������������    regarding the de-
clared content. The accuracy ranged from 0.4 to 

Fig. 2. UV-absorption spectra of 5 μg·cm–3 concentration 
of sodium usnate (bulk form and formulation) in water 

and phosphate buffer (pH 3) : methanol
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0.6 μg·cm–3 in water and from 8 to 12 μg·cm–3 in 
phosphate buffer:methanol (Table 3). The excel-
lent mean % recovery values, close to 100%, and 
their low standard deviation values (SD  <  1.0) 
represent high accuracy of the analytical methods. 
The validity and reliability of the proposed meth-
ods was further assessed by recovery studies via 
standard addition method. The mean % recover-
ies (% RSD) for concentration of 0.5 μg·cm–3 in 
water and 8 μg cm–3 in phosphate buffer:menthol 
showed in Table 3. These results revealed that any 
small change in the drug concentration in the so-
lutions could be accurately determined by the pro-
posed analytical methods.

Precision. Precision was determined by 
studying the repeatability and the intermedia-
precision. The repeatability results indicated the 
precision under the same operating conditions 
over a short interval of time and the inter-assay 
precision. The intermediate precision expresses 
within-laboratory variations in different days 
and in different instruments. In the intermediate 
precision study, % RSD values were not more 
than 2.0 % in all the cases (Table 4). RSD val-
ues found for the proposed analytical method 
were well within the acceptable range indicat-
ing that the method have excellent repeatability 
and the intermediate precision.

LOQ and LOD. In water, LOD and LOQ 
were found to be 0.0721 and 0.2163 μg·cm–3 in 
water and 0.163, 0.489 µg cm−3 in phosphate buf-
fer: methanol, respectively for sodium usnate.

Robustness. Variation of pH of the selected 
media by ±0.1 did not have any significant effect 
on the absorbance value of the sodium usnate. 
The mean %recovery (±S.D.) values were found 
to be 101.03 (±1.29) and 100.51 (±0.97) in water 
and phosphate buffer:methanol respectively (Ta-
ble 1). The sodium usnate solution in selected me-
dia exhibited no spectrophotometric changes over 
a period of 24 h, when kept at room temperature 
(Figure 3).

Estimation of formulations. In water, 
the assay values of sodium usninate for Fito-
sept kids from 100.37 % with standard devia-
tion from 0.38 %. In phosphate buffer medium 
the assay values of sodium usnate for different 

preparations (Fitosept classic and Fitosept diet) 
ranged from 99.70  % to 100.55  % with stan-
dard deviation not more than 0.61 %. Assay 
values of preparations were same as mentioned 
in the label claim indicating that the interfer-
ence of excipient matrix is insignificant in es-
timation of sodium usnate by proposed analyti-
cal methods. The estimated drug content with 
low values of standard deviation established the 
precision of the proposed methods. The results 
obtained from the two analytical methods were 
compared statistically (Table 5). The calculated 
Student’s t-values did not exceed the tabulated 
values indicating no significant difference be-
tween the methods, as far as accuracy and pre-
cision are concerned.

4. CONCLUSION

The proposed analytical methods are sim-
ple, rapid, accurate, precise and inexpensive and 
hence can be used for the routine analysis of so-
dium usnate in bulk and pharmaceutical prepara-
tions. The sample recoveries from all preparations 
were in good agreement with their respective la-
bel claims, which suggested non-interference of 
formulations excipients in the estimation.

Fig. 3. UV-absorption spectra of 10 μg·cm–3 
concentration of sodium usnate in water and phosphate 

buffer (pH 3) : methanol at 0 and 24 h time interval
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