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Abstract
Novel Self-Micro Emulsifying Drug Delivery System (SMEDDS) of 

Sertraline hydrochloride was developed. SMEDD System of Sertraline 
hydrochloride consists of Capmul MCM C8 EP as oily phase, Cremophore RH 
40 as surfactant and Labrafil M 2125 as co surfactant. These self-emulsifying 
additives interfere significantly with the estimation of Sertraline hydrochloride by 
UV spectrophotometry method. In the present study “Zero crossing” first-order 
derivative spectroscopy method was developed and validated to estimate the 
Sertraline hydrochloride in presence of self emulsifying additives and compared 
with simple UV-Visible spectrophotometry method. The obtained results 
noticeably recommended that, in comparison with the UV-spectrophotometry 
method; the first-order derivative UV-spectrophotometry is a simple method 
to estimate Sertraline hydrochloride with sufficient accuracy, specificity and 
precision. The proposed methods were applied successfully to estimate the 
drug content and in vitro drug release of newly formulated Self emulsifying drug 
delivery system of Sertraline hydrochloride.

Keywords: Sertraline hydrochloride; Self Emulsifying Drug Delivery; First 
order derivative spectrophotometry

to GIT fluids to form oil in water microemulsion with droplet size, in 
the range of 20–200 nm [12].

A novel Self micro emulsifying drug delivery system (SMEDDS) 
of Sertraline hydrochloride was successfully developed to enhance the 
water solubility and dissolution profile. Based on solubility profile of 
drug, study of emulsification efficiency and ternary phase diagram 
SMEDDS of Sertraline hydrochloride was produced. An optimized 
SMEDD System of Sertraline hydrochloride consists of Capmul 
MCM C8 EP as oily phase, Cremophore RH 40 as surfactant and 
Labrafil M 2125 as co surfactant. The optimized formulation was 
thermodynamically stable; efficiently produce fine microemulsion on 

Abbreviations
SRT: Sertraline Hydrochloride; SMEDDS: Self-microemulsifying 

Drug Delivery System; RSD: Relative Standard Deviation; LOD: 
Limit of Detection; LOQ: Limit of Quantitation; SAB: 0.05 M Sodium 
Acetate Buffer, pH 4.5; SGF: Simulated Gastric Fluid; 0.1 N HCl; SIF: 
Simulated Intestinal Fluid; Phosphate Buffer pH 6.8

Introduction
Sertraline hydrochloride; (1-S, cis)-4-(3, 4-dichloroph-enyl)-

1,2,3,4-tetrahydro-N-methyl-1-naphthalene amine (Figure 1), is a 
antidepressant of the selective serotonin reuptake inhibitor (SSRI). 
Sertraline hydrochloride has become one of the most commonly 
used medications for the treatment of depression, generalized anxiety 
disorder, social anxiety disorder, panic disorder, obsessive compulsive 
disorder and posttraumatic stress disorder [1] .

The absolute bioavailability of Sertraline hydrochloride is only 
approximately 44% due to poor solubility (3.6 mg/ml) and extensive 
hepatic metabolism [2]. In recent years, much attention has focused on 
lipid-based formulations to improve the oral bioavailability of poorly 
water-soluble drug compounds [3]. The most popular approach is the 
incorporation of the drug compound into inert lipid vehicles such 
as oils and surfactant dispersions [4], self-emulsifying formulations 
[5–7], emulsions [8] and liposomes [9] with particular emphasis on 
self-microemulsifying drug delivery systems (SMEDDS) [10,11]. The 
Self Micro emulsifying Drug Delivery systems (SMEDDS) comprise 
isotropic mixtures of natural or synthetic oils with surfactants and 
co-surfactants. These systems spontaneously emulsify when exposed 
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Figure 1: Structure of Sertraline hydrochloride (STR).
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aqueous dilution with globule size of 62.19 nm and Zeta potential of 
+13.12 mV.

However, it was observed that these Self emulsifying additives 
exhibit considerable absorbance at the wavelength of maximum 
absorbance (λ max-273nm) of Sertraline hydrochloride, UV-
spectrophotometry method cannot be used to estimate Sertraline 
hydrochloride accurately in their presence.

Many researchers worked on SMEDDS formulation developed 
HPLC method for estimation of drug [13-15], even though the 
Chromatography method is accurate enough to estimate the drugs 
in such formulation but it is time consuming and non-economical 
method. While researchers reported the use of UV-Spectrophotometry 
method for estimating the drug release in dissolution study of 
SMEDDS formulation by using placebo SMEDDS as an appropriate 
blank [16] but the detailed explanation about preparation of 
appropriate blank at different time interval of dissolution study was 
not mentioned precisely.

Derivative spectra can be used to enhance differences among 
spectra, to resolve overlapping bands in qualitative analysis and most 
importantly, to reduce the effects of interference from scattering, 
matrix or other absorbing compounds in quantitative analysis [17].

Biswanath Sa, reported the successful development of First-
Order derivative UV-Spectrophotometry method for estimation 
of Diazepam in presence UV absorption interfering excipients 
like Surfactant: Tween-80 and co-surfactant: propylene glycol in 
micro emulsion formulation [18]. Furthermore, no literature was 
found mentioning the application and use of First order derivative 
spectrophotometric method for estimation of drugs in presence of 
self emulsifying additives [19].

The objective of the work was to develop simple, accurate, precise 
and economic First order derivative Spectroscopic method and 
comparing it with Zero order UV spectroscopic method to estimate 
the Sertraline hydrochloride in presence of self-emulsifying additives.

Materials and Methods
Materials

Sertraline hydrochloride was obtained as gift sample from Cadila 
pharmaceuticals, Gujarat, India. Capmul MCM C8 EP was obtained 
as gift sample from Abitech USA, Cremophore RH 40 Was generous 
gift sample from BASF, Mumbai, India and Labrafil M 2125 was 
obtained as gift sample from Gattefosse, India , Methanol AR and 
all other reagents were obtained commercially and used as received. 
Distilled water was used to prepare 0.05 M Sodium acetate buffer pH 
4.5 (SAB), standard solution of drug and other reagents.

Apparatus

Spectrophotometric measurements were performed on a 
Shimadzu UV-1800 Spectrophotometer under the following 
optimized working settings-scan range, 200 to 400 nm; slit width, 1.0 
nm; average time interval, 0.5 s; data interval, 0.2 nm; scan speed, 
Fast. Derivative spectra were obtained mathematically from the 
absorbance spectrum with UV Probe, Version 2.34.

Methods
Preparation of Sertraline hydrochloride SMEDDS and Placebo 

SMEDDS formulation

A novel optimized SMEDDS formulation of Sertraline 
hydrochloride was prepared by dissolving 28 mg of Sertraline 
hydrochloride (Equivalent to 25 mg of Sertraline) in 350 mg of 
isotropic SMEDDS mixture consisting of Capmul MCM C8 EP, 
Cremophore RH 40 and Labrafil M 2125 by heating the mixture 
at 50-60OC for 5-10 min. Vortex mixer was used to facilitate the 
solubilization. Placebo formulation was prepared with the same 
excipients and method without the addition of drug.

Construction of absorbance spectrum of Sertraline hydrochloride 
(SRT) in 0.05 M Sodium acetate buffer pH 4.5 (SAB)

Accurately weighed 50 mg Sertraline hydrochloride (SRT) was 
dissolved in 10 ml methanol and 1 ml of this solution was diluted 
to 100 ml with 0.05 M Sodium acetate buffer pH 4.5 (SAB) to get a 
stock solution having concentration of 50μg/ml. Aliquots from this 
stock solution were further diluted to 10 ml with SAB to get working 
standard solutions having concentrations from 5 to 50μg/ml. Each 
of these solutions was scanned from 200 to 400 nm against SAB as 
blank. Working standard solutions were prepared three times a day 
from the same stock solution (50μg/ml) and subsequently scanned 
in the range of 200 nm to 400 nm against SAB as blank to get the 
absorbance value (A) at 0.2-nm interval. The entire experiment was 
replicated for three consecutive days.

Construction of first-order derivative spectrum of SRT in SAB

The absorbance values (A) at various wavelengths (λ; ranging 
from 200 to 400 nm) of each standard solution was used to calculate 
the slope of the tangent at each data point and plot of  dA/dλ  against 
λ, generated the corresponding first-order derivative spectra [18].

Construction of absorbance spectrum of placebo SMEDDS in SAB

Accurately weighed 350 mg Placebo SMEDDS was dissolved in 
900 ml SAB to get a placebo matrix stock solution, mimicking the 
final concentration of self-emulsifying components in an in vitro 
dissolution basket. This solution was scanned 3 times a day from 
200 to 400 nm against SAB as blank to get the absorbance value (A) 
at 0.2-nm interval. The entire experiment was replicated for three 
consecutive days.

Construction of first-order derivative spectrum of placebo 
SMEDDS in SAB

The absorbance values (A) at various wavelengths (λ; ranging 
from 200 to 400 nm) of placebo microemulsion was used to calculate 
the slope of the tangent at each data point and plot of dA/dλ against λ, 
generated the corresponding first-order derivative spectra [18].

“Zero-crossing” first derivative spectrophotometry

Because the derivative spectrophotometric technique enhances 
the detectability of the minor features of the UV absorption 
spectrum, the first derivative spectra of both Sertraline hydrochloride 
and self-emulsifying additives (Figure 4) displays features which may 
permit more specific and selective determination of the Sertraline 
hydrochloride in the presence of self-emulsifying additives. The 
zero-crossing method is the most common procedure for conducting 
analytical calibration in derivative spectrophotometry, so Sertraline 
hydrochloride was determined by measurement of its first derivative 
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amplitude at the zero-crossing of self-emulsifying additives at 
276.4 nm. Figure 5 shows the first derivative spectra of Sertraline 
hydrochloride in concentration range of 5-50 μg/ml in presence of 
self-emulsifying additives.

Construction of calibration graphs

Calibration curves were constructed by linear regression analysis, 
using the method of least square. Eight working standards solutions 
of Sertraline hydrochloride were used to construct the calibration 
curves. The absorbance values (A) were measured at 273 nm and 
the absolute values dA/dλ was measured at 276.4 nm for UV-
spectrophotometry and first-order derivative UV-spectrophotometry 
methods, respectively.

Recovery analysis

2ml, 3ml and 4ml of the stock solution of SRT were transferred 
in separate 100ml volumetric flasks and diluted with stock solution 
of placebo matrix to give 100ml. The nominal concentration of SRT 
in the resulting solution was 20 µg/ml, 30 µg/ml and 40µg/ml. Each 
solution was scanned in the range of 200 to 400 nm. The absorbance 
values (A) at 273 nm and dA/dλ  values at 276.4 nm were used to 
calculate the concentration of Sertraline hydrochloride in presence 
of Self emulsifying components from the respective calibration 
curves. The recovery analysis was done in triplicate each day for three 
consecutive days. The experimentally found concentrations of SRT 
were compared with the nominal values of 20µg/ml, 30µg/ml and 
40µg/ml. % recovery was calculated as follows

% Recovery = (Concentration found/Nominal concentration) 
X 100

The % recovery was taken as indicative of the accuracy of the 
methods.

Further, at each concentration level, the standard deviation of the 
experimentally found values was calculated. The % relative standard 
deviation calculated as

%RSD = (Standard deviation/Mean) X 100,

The % RSD was taken as measure of the precision.

Linearity and range

Acceptable accuracy and precision at 20µg/ml, 30µg/ml and 
40µg/ml was used as indicative of range of the method. 1ml, 2ml, 3ml 
and 4ml of stock solution of SRT were diluted to 100ml with stock 
solution of blank matrix and resulting solution were analyzed for 
content of SRT. The experimentally obtained concentrations were 
plotted in Y axis against nominal concentrations of SRT on X axis and 
subjected to linear regression analysis. Slope close to 1 and intercept 
close to zero was taken as indicative of linearity of the method.

Limit of detection (LOD) and limit of quantitation (LOQ)

The limit of quantitation (LOQ) was determined by establishing 
the lowest concentration that can be measured according to ICH 
Q2) R1) recommendation [20] below which the calibration graph 
is nonlinear while the limit of detection (LOD) was determined by 
evaluating the lowest concentration of the analyte that can be readily 
detected. 

The results are shown in Table 1. LOQ and LOD were calculated 
according to the following equations [21]:

Parameter

Values

UV Spectroscopic Method First-order Derivative Spectroscopic Method

Lambda maximum (λ Max.) 273 nm 276.4 nm

Regression Equation Absorbance[A] = 0.006 * Concentration(µg/ml)
+ 0.002

D1 = -0.0007 * Concentration(µg/ml)
-0.0003

Intercept (a) 0.002 -0.0003

Slope (b) 0.006 -0.0007

Standard deviation of intercept (Sa) 0.006843 0.001201

Standard deviation of slope (Sb) 0.0000242 0.0000425

Correlation coefficient (R2) 0.999 0.999

99% Confidence interval of intercept (± t Sa ) -0.014092 to 0.029291 -0.0053 to 0.005827

99% Confidence interval of slope  (± t Sb ) 0.0020315 to 0.003568 0.0001188 to 0.0002064

Standard error of correlation coefficient (S y.x) 0.001498529 0.000371999

Residual Sum of Squares (RSQ) 0.0004104 0.0000187

L O D 2.782 (µg/ml) 1.754 (µg/ml)

L O Q 8.446 (µg/ml) 5.314 (µg/ml)

Table 1: Comparative spectral data of Sertraline Hydrochloride in SAB.

LOD: Limit of Detection; LOQ: Limit of Quantification
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  LOQ = 10 Sa/b and LOD = 3.3 Sa/b

Where Sa is the standard deviation of the intercept of regression 
line, and b is the slope of the calibration curve.

Development of the method in alternate dissolution media

The USP recommends 0.05 M sodium acetate buffer pH 4.5 
(SAB) as a dissolution medium for SRT. But since any oral dosage 
form would be first exposed to acidic conditions followed by 
alkaline pH in GI tract [22], therefore, the in vitro release of SRT 
is required to assessed in 0.1N HCl [Simulated gastric fluid (SGF)] 
and in Phosphate buffer pH 6.8 [Simulated intestinal fluid (SIF)] to 
examine the effect of pH on drug release. The proposed first order 
derivative spectrophotometric method was also developed in another 
two different dissolution media differencing in pH i.e. SGF and SIF, 
by following the same procedure mentioned above and replacing the 
SAB by SGF and SIF as the dilution media.

Results and Discussion
When 5 µg/ml, 10 µg/ml, 15 µg/ml, 20 µg/ml, 25 µg/ml, 30 µg/

ml, 40 µg/ml and 50µg/ml solutions of SRT and placebo SMEDDS 
matrix in SAB were scanned from 200nm to 400nm, it was found 
that although SRT has substantial absorbance in this range, the other 
components of SMEDDS also absorbed significantly throughout 
the UV region. Figure 2 is a representative spectrum of different 
concentrations SRT and stock solution of placebo SMEDDS matrix 
(Self emulsifying additives) in SAB. The wavelength of maximum 
absorbance (λ max) of Sertraline hydrochloride in SAB was found 
to be 273 nm (Figure 2). Presence of SMEDDS components in 
standard solution of SRT (10 μg/ml) shows no change in λ max but 
the absorbance value was increased by 274.76% Such interference 
was observed throughout the total range of drug concentration 
studied, although the level of interference decreased with increase in 
drug concentration (Figure 3). Thus, a specific wavelength for SRT 
could not be identified. Further, since it was observed that, though 
the SMEDDS components absorbed throughout the UV region, the 
absorptivity remained constant displaying no change in slope of 
the absorption spectrum over the range. SRT, however, displayed 
substantial changes in slope i.e. dA/dλ in this region. Thus, it was felt 
necessary to evaluate the first order derivative spectra for SRT and 
SMEDDS blank matrix in the three buffers.

The first order derivative spectra of SRT consist of three instance 
positive peaks at 263.8, 271.6 nm and 280nm and three negative peaks 
at 268 nm, 275.2 nm and 283.8nm (Figure 4). While the first order 
derivative spectrum of placebo SMEDDS had several zero crossing 
points i.e. wavelengths at which the slope of the absorption curve 
or dA/dλ was zero. At these wavelengths, the first order derivative 
spectrum of SRT, however, showed appreciable positive or negative 
slope i.e. dA/dλ. Any of these wavelengths, thus would be capable 
of giving analytical variable dA/dλ for SRT without interference 
from the blank SMEDDS matrix. Figure 5 is a representative first 
order derivative spectrum for stock solution of placebo SMEDDS 
matrix and varying concentrations of SRT in SAB. At one of the zero 
crossing wavelengths, 276.4nm, SRT exhibits a strong negative slope 
which changes appreciably with concentration, due to which the first 
order derivative spectrum of Sertraline hydrochloride in the presence 
and absence of self-emulsifying additives were superimposed at 276.4 

nm (Figure 4); hence 276.4nm was selected as analytical wavelength. 
Different concentrations of Self-emulsifying components in SAB were 
scanned in the wavelength range from 200 to 400 nm and its zero and 
first order derivative spectra were obtained, the significant difference 
in A value at 273 nm was observed as increase in the concentration of 
self-emulsifying components, while dA/dλ value at 276.4 nm was near 
to zero at various concentration of self-emulsifying components; this 
result indicate that solutions shows zero crossing and no interference 
in dA/dλ value at 276.4 nm irrespective of the concentration of 
self-emulsifying components which is likely to be happened while 
estimating the drug concentration in dissolution study.

In presence and absence of Self-emulsifying components, the 
change in  dA/dλ  values of Sertraline hydrochloride at 276.4 nm 
was negligible than the corresponding change in A value at 273 
nm, for example dA/dλ values at 276.4 nm of 30 μg/ml Sertraline 
hydrochloride solution was increased by about 2.7 % due to presence 
of Self emulsifying components (Figure 4). This deviation (2.7 %) was 

Figure 2: Absorbance spectra of 8 standard solution of Sertraline 
hydrochloride (STR) and placebo Self-emulsifying components in SAB. The 
legends for different concentrations of Sertraline hydrochloride and placebo 
Self-emulsifying components were shown as insert in the figure.

Figure 3: The effect of presence and absence of Self emulsifying components 
on the absorbance spectra of standard solution of SRT in SAB. The legends 
for absorbance spectrum of different standard solution of STR in the presence 
and absence of Self emulsifying additives are shown in insert.
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much less than that of absorbance value at 273 nm (83.47%) (Figure 
3).

In the zero-crossing derivative method it is necessary that zero-
crossing wavelengths do not change with changing the concentrations 
of the test analyte. To evaluate the condition, changes in the pre-
mentioned zero-crossing wavelengths for Self emulsifying additives 
was tested in the presence of different concentrations of Sertraline 
hydrochloride. According to the results given in Figures 5 no shift in 
the zero-crossing wavelengths was observed, hence the concentration 
of Sertraline hydrochloride was determined by measurement of its 
first derivative amplitude at the zero-crossing of self-emulsifying 
additives at 276.4 nm.

To establish linearity ICH guidelines provided some essential 
estimates like (1) correlation coefficient, (2) Y intercept, (3) slope 
of regression line, and (4) residual sum of squares. The statistical 
considerations for the calibration curves obtained by the two methods 
have been shown in Table 1. From the relative data, it was evident that 

Figure 4: The effect of Self emulsifying additives on the first-order derivative 
spectrum of 30 µg/ml solution of STR in SAB. The legends for absorbance 
spectrum of 30 µg/ml solutions STR in the presence and absence of self 
emulsifying additives are shown in insert.

Figure 5: First derivative spectra of different standard solution of STR 
and placebo self emulsifying additives in SAB. The legend of different 
concentration and Self emulsifying (SE) additives are shown as insert in the 
figure.

the first-order derivative UV-spectrophotometry method provided a 
calibration curve rectilinear over the concentration ranges 5-50 μg/
ml with high values of correlation coefficients (r) of the regression 
equations, small values of the standard deviations of residuals (Sy/x), 
of intercept (Sa), and of slope (Sb), and small values of percentage 
relative standard deviation (% RSD) and percentage relative error 
(Table 1). These data showed the linearity of the calibration graphs 
and the agreement of the results with Beer’s law. The residual sum of 
square of UV Spectrophotometry method was observed to be about 
22 times higher than that was obtained from first order derivative 
spectrophotometry method. Thus in the presence of Self-emulsifying 
additives, concentration of Sertraline hydrochloride in SGF was 
much better correlated linearly with dA/dλ value at 276.4 nm than 
the absorbance value at 273 nm.

The recovery analysis of Sertraline at four concentration 
levels in presence of Self emulsifying additives has been shown in 
Table 2. It was apparent that, while the range of recovery varied 
from 191% to 380 % with a bias of 91% to 280% by the UV-
spectrophotometry method, the same varied from 100.68% to 
109.85% with a bias of 0.68% to 9.85% by the first-order derivative 
UV-spectrophotometry method. This clearly indicates that the first-
order derivative UV-spectrophotometry method was more accurate 
than the UV-spectrophotometry method. The first-order derivative 
UV-spectrophotometry method was found to quantify Sertraline 
hydrochloride at 10 μg/ml concentrations in the presence of as much 
as 35 times Self emulsifying components with approximately 109.85 
% recovery (i.e., 9.85 % bias) and 0.58% relative standard deviation 
(RSD). While the percent RSD was 3.67 %, the bias was approximately 
279.62 % when quantification was done with UV-spectrophotometry 
method. This suggests that in comparison to UV-spectrophotometry 
method, first order derivative UV-spectrophotometry method is 
more specific to quantify Sertraline hydrochloride in presence of self-
emulsifying additives with acceptable limit of accuracy.

Additionally, the intermediate precision (ruggedness) of first-
order derivative UV-spectrophotometry method was higher as 
the inter-day percent RSD values (≤1) were less than that of UV-
spectrophotometry method (percent RSD ≤2). The intra-day relative 
standard deviation (percent RSD), representing the repeatability of 
the analytical methods, are shown in Table 3. A small value represents 
better repeatability. Hence, in comparison to UV-spectrophotometry 
method, the first-order derivative UV-spectrophotometry 
method had better repeatability. The LOD and LOQ for the UV-
spectrophotometry method were found to be 2.782μg/ml and 
8.446μg/ml respectively. The values of the same parameters for the 
first order derivative UV-spectrophotometry method were 1.754μg/
ml and 5.314μg/ml. Thus, in presence of Self-emulsifying additives, 
the first-order derivative UV-spectrophotometry method was found 
to detect and quantify Sertraline hydrochloride at much lower 
concentration than the UV-spectrophotometry method.

Conclusion
UV-spectrophotometry method appeared to be unsuitable 

for the estimation of Sertraline hydrochloride in presence of Self 
emulsifying components in formulated SMEDD formulation. 
However, the first-order derivative UV-spectrophotometry method 
can be used to measure Sertraline hydrochloride in the presence of 
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those additives with sufficient accuracy and precision. The proposed 
first-order derivative spectrophotometry method is simple, rapid, 
and economical for routine analysis of Sertraline hydrochloride in 
SMEDDS formulations.
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