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Abstract: Statistical analysis compared two spectroscopic methods for determining olanzapine in
its pure form, revealing similar results. The first method utilized the area under the peak within the
wavelength range of 272-308 nm, demonstrating linearity within the range of 0.1-3 ug/ml. Results
showed a recovery percentage of 96.05-102.93% and coefficient of variation percentage of 0.007-
0.063%. Conversely, the second method employed a multi-wavelength technique at specific wave-
lengths (276, 284, 292, and 300 nm), with linearity within the range of 0.3-2 pg/ml. Results showed
a recovery percentage of 98.6-100.97% and coefficient of variation percentage of 0.009-0.119%. Both
methods exhibited sensitivity and accuracy, suggesting their applicability for the precise estimation
of olanzapine in laboratory settings focused on quantitative drug analysis.

Keywords: multi-wavelengths; Quantitative determination; olanzapine; analytical comparison;
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1. Introduction

Olanzapine, a medication known for its ability to elevate serotonin levels within cells,
holds therapeutic significance in the treatment of depression, schizophrenia, and psy-
chotic syndromes. Chemically classified as 2-methyl-4-(4-methyl-1-piperazinyl)-10H-
thieno [2,3-b][1,5]benzodiazepine (see Figure 1), this compound's multifaceted pharmaco-
logical properties make it a cornerstone in the management of various mental health dis-
orders [1-3].
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Figure 1. Chemical Composition of Olanzapine drug.

In pharmaceutical or pure formulations, various techniques are utilized for the de-
termination of olanzapine. These include color methods such as ion pair [4], charge trans-
fer complexes [5] and derivative of spectral ratio [6,7], capillary zone electrophoresis [8-
10], gas chromatography-mass spectrometry [11,12], cyclic voltammetry [13], high-perfor-
mance thin-layer chromatography (HPTLC) [14], and high-performance liquid chroma-
tography coupled with mass spectrometry (HPLC-MS) [15,16] or ultraviolet detection
(HPLC-UV) [17-23].

2. Materials and Methods
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2.1. Devices

. UV-Visible Spectrophotometer: Spectra for Olanzapine were recorded using a
UV-Visible spectrophotometer manufactured by Shimadzu Company, model 1650. Cu-
vettes with a width of 1 cm were utilized for sample containment.

. Sensitive Balance: A Sartorius BL 210 S sensitive balance, manufactured in Ger-
many, was employed for precise weighing.

The spectra were recorded within the wavelength range of 190-380 nm, utilizing a
fast-scanning speed with a rate of change of 0.1 nm and a bandwidth of 2 nm.

2.2. Solutions

The raw materials were sourced from the State Company for the Pharmaceutical In-
dustry and Medical Devices (SDI) - Samarra, Iraq.

. Olanzapine Standard Solution: A 1000 pg/ml Olanzapine standard solution
was prepared by dissolving 0.05 g of Olanzapine in ethanol:water (1:9) within a 50 ml
volumetric flask.

The wavelength ranges of 272-308 nm and 276-300 nm were selected based on the
absorption characteristics of olanzapine, as it exhibits strong absorption within these
ranges, allowing for accurate spectral signals to determine concentration. These ranges
correspond to the wavelengths where the absorption of the compound is most prominent,
minimizing interference from other compounds and ensuring more precise results. The
272-308 nm range shows a strong response for olanzapine absorption, making it suitable
for constructing an accurate calibration curve. The 276-300 nm range was chosen to en-
hance measurement accuracy and reduce interference from other substances in the sam-
ple.

2.3. The procedure

1- multi-wavelengths

L The solvent chosen for the experiment was ethanol:water (1:9) ratio.

. Different concentrations of Olanzapine were prepared ranging from 0.1 to 30
pg/ml.

. Absorption spectra were recorded for each concentration.

. Four wavelengths close to each other were selected for analysis: 276 nm, 284
nm, 292 nm, and 300 nm.

. Calibration curves were constructed for each wavelength.

. It was observed that the linearity of the calibration curves complied with the
Beer-Lambert law within the concentration range of 0.3-2 pg/ml.

. The equations of the straight lines were algebraically summed to derive a sin-

gle straight-line equation for subsequent analysis.

2- area under-curve

A series of concentrations ranging from 1.0 to 300 pg/ml of Olanzapine standard so-
lution was prepared in 10 ml volumetric flasks and adjusted to the mark with a solvent
composed of ethanol and water.

Absorption spectra were recorded across wavelengths ranging from 190 to 380 nm.
After conducting several experiments on peak areas within the wavelength range of 250-
325 nm, it was determined that the optimal area for constructing the calibration curve was
between wavelengths 272-308 nm.

Linearity within this wavelength range was found to be between 0.1 and 3 ug/ml,
making it suitable for conducting the study on the drug using the proposed method.

Linearity Range Differences:

The difference in linearity ranges (0.1-3 pg/ml vs. 0.3-2 pg/ml) reflects the impact of
practical conditions on choosing the appropriate method.

0.1-3 ug/ml range (Area Under the Curve method):

Suitable for measurements requiring accurate determination of low to medium con-
centrations. This method provides better sensitivity for ensuring precise results at low
concentrations, making it ideal for samples with small amounts of the active compound.

0.3-2 ug/ml range (Multi-wavelength method):
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Better suited for samples containing higher concentrations of the active substance.
This method is more effective when the quantities are higher, as it reduces spectral inter-
ference and achieves greater accuracy.

Practical Application:

The differences in linearity range influence the choice of method based on sample
type and analytical needs. For situations requiring precise measurement of very low con-
centrations, the Area Under the Curve method is ideal for accurate determination within
a broader measurement range. In contrast, the Multi-wavelength method is more suitable
when dealing with higher concentrations or complex spectral interference.

3. Results

3.1. Absorption Spectraz
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Figure 2: Olanzapine absorption spectrum (1pg/ml™?)

The absorption spectrum of olanzapine was recorded using a spectrophotometer
within the wavelength range of 190-380 nm. Figure 2 illustrates the absorption spectrum
of olanzapine at a concentration of 1 pg/ml.

3.2. Multi-Wavelengths method

When observing the spectrum of olanzapine, its wide peak makes accurate distinc-
tion challenging. Therefore, we employed the multi-wavelength method to mitigate this
issue [24-28].

To proceed with this approach, four specific wavelengths were selected as previously
described. Calibration curves were then constructed for each wavelength, yielding indi-
vidual linear equations. These equations were algebraically combined to derive a single
straight-line equation for analysis. Figure 3 depicts the selected wavelengths of the drug
along with a series of concentrations.

34



Abs

2.000

1.500

1.000

0.500

2.000 T T T T

S 1.000

T

350.00 380.00

Figure 3: The chosen wavelengths for a series of conc.

3.3. area under-curve

The area under the curve was determined at wavelengths ranging from 272 to 308
nm using the UVProbe program for each concentration. It was observed that the area was
directly proportional to the increase in drug concentrations within the method's range of
(0.1-3 pg/ml).

After plotting the calibration curve between the concentrations and the correspond-
ing area under the curve, Figure 4 illustrates the selected area for different concentrations
of the drug.
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Figure 4: the selected area at 272-308nm.

3.3. Calculations & Calibration Curves

1.multi-wavelenths method

After determining the optimal solvent, calibration curves were constructed, revealing
concentrations that adhered to Beer-Lambert's law. Concentrations within the range of
0.3-2 pg/ml demonstrated linearity for all wavelengths, with correlation coefficient values
ranging from 0.9985 to 0.9989 for olanzapine. Figures 5-8 display the calibration curves of
olanzapine at each wavelength.
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By summing the equations of the individual straight lines, a single equation was de-
rived (y = 3.3513x - 0.3512). This combined equation was utilized for further statistical
analysis to demonstrate the sensitivity and accuracy of the method. The limit of detection
(LOD) was calculated to be 0.0906, while the recovery percentage (Rec%) ranged from 98.6
to 100.97, with coefficients of variation (CV%) between 0.009 and 0.119.
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2.area under peak method

A series of concentrations ranging from 0.1 to 30 pg/ml was prepared, as previously
described. Upon plotting the curve between the area under the peak and the concentra-
tions, it was determined that the method exhibited linearity within the range of 0.1-3
ug/ml. Figure 9 illustrates the calibration curve obtained.

The limit of detection (LOD) was calculated to be 0.0693. The recovery percentage
(Rec%) fell within the range of 96.05-102.93, with coefficients of variation (CV%) ranging
from 0.007 to 0.063.
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Figure 9: Calibration curve by area under peak.

3.4. The precision & accuracy of the proposed methods

From the straight-line equation resulting from the combination in the first method,
three concentrations (0.4, 1.5, and 2 ug/ml) were selected to assess the accuracy and pre-
cision of the method. The recovery percentages (Rec%) ranged from 98.06 to 100.97, with
coefficients of variation (CV%) ranging from 0.009 to 0.119.

For the second method, concentrations ranging from 0.3 to 3 pug/ml were chosen. The
recovery percentages (Rec%) fell within the range of 96.05 to 102.93, with coefficients of

3.5

variation (CV%) ranging from 0.007 to 0.063, as summarized in Table 1.

Table 1: precision & accuracy of the work methods

Taken Conc. Found Conc.

Method g/l g/l

0.4 0.395

Multi-wavelengths 1.5 1.479
2 2.019

0.3 0.309

Area under peak 1 0.961
3 3.012

Table 2 shows the t-test results indicate that the t-value of -0.185, along with a P-value
greater than 0.05, suggests that there is no statistically significant difference between the
two methods in terms of recovery percentages. This implies that both methods yield sim-

Recovery%o

98.68
98.60
100.97
102.93
96.05

100.39

CV%

0.119

0.088

0.009

0.063

0.021

0.007

ilar results with respect to accuracy in estimating the drug concentration.

Furthermore, the F-value of 1.02 indicates that the variances between the two meth-
ods are close, supporting the idea that either method can be used with equal confidence
in practical applications, as both demonstrate comparable precision and reliability.
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Table 2: T-test calculation

Area
. Mean
. Multi-Wavelength | Under . Standard t- P- F-
Variable Differ- o
Method Peak Deviation | value | value | value
ence
Method
102.93,
98.68, 98.60, -
Recovery% 96.05, -0.37 3.50 >0.05 | 1.02
100.97 0.185
100.39

Accuracy was assessed through recovery experiments conducted at three different con-
centrations (0.4, 1.5, 2 pug/ml). The results showed recovery percentages ranging from
96.05% to 102.93%, which aligns with the ICH Q2(R1) guidelines, confirming the reliability
of the method. While samples were analyzed three times per concentration on the same
day (Intra-day). The analysis was repeated on a different day (Inter-day). The coefficient
of variation (CV%) was calculated, and it was found to be below 2% for each method,
indicating excellent repeatability according to USP and ICH standards. The linearity of
the data was assessed using the correlation coefficient (R? > 0.998). The limits of detection
(LOD) and quantitation (LOQ) were measured to ensure the methods' sensitivity.

4. Comparison of the results of the proposed methods

The statistical results obtained under the working conditions, along with the com-
parison of the proposed methods, indicate that the methods are statistically similar and
excel in various aspects, including cost-effectiveness, accuracy, and precision. Table 2 pro-
vides a comparison demonstrating the close similarity between the methods.

These findings suggest that these methods hold potential for utilization in laborato-
ries focused on the estimation of medicinal drugs.

Table 2: Comparison of the results of the proposed methods

Methods Multi-wavelengths” Area under peak”

Statistical opera-

tions
Linearity 0.3-2 0.1-3
rrelation coeffi-
c0 eat.o coe 0.9989 0.9996
clent
Rec% 100.97 100.39
LOD pg.ml* 0.0906 0.0693
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N

10.

11.

12.

LOQ pg.ml* 0.2719 0.2081

CV% 0.009 0.007

*Proposed method

The multi-wavelength method offers higher accuracy and reduced spectral interfer-
ence by utilizing data from multiple wavelengths, which improves concentration deter-
mination and enhances quantitative analysis, especially for substances with strong spec-
tral overlaps. In comparison, the Area Under the Curve (AUC) method, while useful, may
be less accurate when interferences occur within the same spectral range. The multi-wave-
length approach provides more detailed spectral information, allowing for more precise
compound identification and reducing errors associated with peak-area-based methods
[29, 30].

The choice of solvent significantly impacts the absorption response of the studied
compound. Using solvents that are incompatible with the active substance can lead to
skewed results due to solvent absorption or interactions with the compound. Therefore,
selecting an appropriate solvent, such as ethanol or water, ensures accurate results. Simi-
larly, sample concentration plays a crucial role; both extremely high and low concentra-
tions can negatively affect measurement accuracy. At low concentrations, weak spectral
signals can reduce precision, while at high concentrations, spectral interference may oc-
cur. It is essential to maintain concentration within the linearity range for accurate deter-
mination. The sensitivity of the spectrophotometric instrument also directly influences the
system's ability to accurately measure low concentrations, with highly sensitive instru-
ments providing more precise recovery measurements, particularly for small concentra-
tions. Finally, experimental errors, whether due to environmental conditions or variability
in laboratory equipment, can lead to variations in results. Reducing such errors requires
conducting multiple trials and utilizing tools that minimize discrepancies between meas-
urements.
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