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INTRODUCTION
Orlistat (C

29
H

53
NO

5
, (S)-((S)-1-((2S,3S)-3-

Hexyl-4-oxooxetan-2-yl) tridecan-2-yl) 2-formamido-4-

methylpentanoate, Molecular wt. 495.745 g/mol) (Fig. 1), a 

lipase inhibitor, reduces fat absorption by inhibiting pancreatic 

lipase activity. Clinical trials affirm its efficacy in promoting 

weight loss and improving metabolic parameters. Orlistat has 

been shown to exert beneficial effects on cardiovascular risk 

factors, such as dyslipidemia and hypertension, making it a 

valuable adjunctive therapy in the management of obesity-

related comorbidities [1].

Orlistat, a lipase inhibitor, acts by selectively targeting 

the pancreatic lipase enzymes within the gastrointestinal 

tract, thereby impairing the hydrolysis of dietary triglycerides 

into absorbable free fatty acids and monoacylglycerols. 

Consequently, Orlistat reduces the absorption of dietary fats 

by approximately 30%, leading to a decrease in caloric intake 

and subsequent weight loss [2–3]. The therapeutic efficacy 

and safety profile of Orlistat has been extensively evaluated 

in numerous clinical trials and observational studies. These 

investigations have demonstrated its effectiveness in promoting 

weight loss, improving metabolic parameters, and reducing 

the risk of obesity-related complications. Furthermore, Orlistat 

has been shown to exert beneficial effects on cardiovascular 

risk factors, such as dyslipidemia and hypertension, making it 

a valuable adjunctive therapy in the management of obesity-

related comorbidities [4].

The extensive literature on Orlistat highlights 

various analytical methods for its estimation, encompassing 
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ABSTRACT
The primary objective of this study was to develop a sensitive tandem mass spectrometric technique for the quantitative 

determination of Orlistat in biological matrices by combining electrospray ionization with liquid chromatography. To 

accomplish chromatographic elution at a flow rate of 0.80 ml/minute, a stationary Phenomenex-C18 column (2.1 mm 

× 50 mm, 5µ) was utilized. A mobile phasic system consisting of methanol, acetonitrile, and 0.1% formic acid was 

used for isocratic elution in a ratio of 65:20:15 V/V/V. A 5 ml of ethyl acetate was used as a solvent for the liquid-

liquid extraction that separated the drug and internal standard. On repeated reaction monitoring, the Orlistat’s parent 

and product ions were observed at m/z 496.4/142.08, while the Orlistat-D5 internal standard was detected at m/z 

501.3/147.07. Rectilinearity and a r2 value of 0.9999 were seen in the drug’s linearity graph at doses ranging from 1.2 

to 392.0 ng/ml. Values for the relative standard deviation of accuracy % between batches varied from 2.84 to 5.32. 

Results for the lower quality control (LQC) sample were 103.62%, the medium quality control (MQC) sample was 

96.14%, and the high-quality control (HQC) sample was 95.73%. The recoveries from this strategy were outstanding. 

Stability studies were conducted under various conditions, and the results showed stability values between 93.19% 

and 103.47%. Orlistat remains more stable under different stability settings for a longer period, and the method was 

found to be useful for routinely analyzing Orlistat in biological materials.
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(MRM) mode on the mass spectrometer. The flow rates of the 

drying gas and sheath gas were kept at 15.0 and 4.0 l/minute, 

respectively, while a capillary voltage of 2.5 kV was applied. 

Every transition was given a dwell duration of 200 milliseconds. 

The impact energy and fragment voltage for both Orlistat and 

Orlistat-D5 were configured to 25 eV and 90 V, respectively. 

The pressure of the nebulizer was consistently maintained at 

25.0 psi. Both analytes were subjected to an optimized collision 

energy voltage of 25 V, while the source temperature was set at 

500°C. The most prevalent product ions detected were at m/z 

142.08, originating from the precursor’s ion at m/z 496.4 for 

Orlistat, and at m/z 147.07, originating from the precursor’s ion 

at m/z 501.3 for Orlistat-D5. 

Linearity standards
Dissolving 100 mg of Orlistat in 100 ml mobile phase 

produced a 1mg/ml stock solution. Orlistat standard solution 

was spiked into blank plasma to establish calibration standards 

at 1.2, 5.6, 27.0, 75.0, 145.0, 221.0, 305.0, and 392.0 ng/ml.

Quality standards
The calibration standard solutions set the lowest 

(LQC), medium (MQC), and highest (HQC) quality control 

standards. These quality control (QC) samples were calibrated 

to 6.0, 196.0, and 290.0 ng/ml for LQC, MQC, and HQC. The 

prepared solutions were kept at −20°C until the completion of 

analysis.

Sample preparation
To prepare the sample solution, 250 µl plasma 

and 100 µl Internal Standard (IS) (1 µg/ml) were mixed and 

vortexed for 2 minutes. Orlistat and IS were extracted in 5.0 

ml ethyl acetate. The solution was centrifuged for 30 minutes 

at 4,500 rpm/minute. Lyophilizers dried the organic phase after 

centrifugation. The final product was solubilized in 250 µl 

of mobile phase and placed in pre-labeled vials. In the auto-

sampler, the vials were infused into the LC-MS/MS.

Design of experiments
The current investigation employs a design of 

experiments (DOEs) framework to formulate a simple and 

robust LC-MS/MS methodology for the precise quantification 

of Orlistat within biological matrices. The selection of the 

Box-Behnken experimental design for method development is 

predicated upon its notable merits encompassing optimal resource 

utilization, equilibrium of factor levels, heightened resilience 

to extraneous influences, and proficiency in the discernment 

of quadratic effects. This design facilitates the comprehensive 

exploration of factor permutations, concomitantly mitigating 

procedural variance, thus accommodating the constraints 

inherent in a restricted experimental domain. The application 

of response surface modeling inherent to this design furnishes 

predictive insights into response patterns, thereby affording 

the identification of paramount parameter configurations that 

optimize the methodology. 

Within this paradigm, four pivotal experimental 

variables emerged as determinative, thereby being established 

as autonomous factors: specifically, capillary voltage (A), 

HPTLC [5], thin layer chromatography [6], RP-HPLC [7,8], 

HPLC/MS [9], and LC-MS/MS [10–21]. However, despite 

the availability of numerous LC-MS/MS methods, none have 

employed the design of experiments (DOEs) approach for 

both method development and optimization in quantifying 

Orlistat in human plasma. In this study, we introduce a 

novel LC-MS/MS method for the precise quantification of 

Orlistat in human plasma, leveraging the DOE approach. 

By systematically varying multiple factors simultaneously, 

the DOE method allows for the efficient exploration of 

the interaction effects between parameters, resulting in an 

optimized analytical method with enhanced robustness and 

accuracy. This innovative approach fills a significant gap in 

the existing literature and offers a robust and efficient method 

for Orlistat quantification, ensuring its reliable application in 

clinical and pharmaceutical research. 

MATERIALS AND METHODS

Reagent and chemicals
Jigs Chemical Limited, Ahmedabad, India, provided 

the Orlistat and Orlistat-D
5
. Formic acid, methanol, and 

acetonitrile are of analytical grade and purchased from SD 

Fine Chem Ltd, Hyderabad, India. The built-in water supply of 

the Milli-Q
®
 RO system was utilized for preparing the mobile 

phase as well as washing solvents.

LC-MS/MS instrumentation
This study used an Agilent 1260 series HPLC system 

(Agilent Technologies, Santa Clara, CA, USA) and an API 3,200 

mass spectrometer (AB SCIEX, Framingham, MA, USA) with 

a turbo electrospray interface. Orlistat and Orlistat-D5 were 

quantified using the mass spectrometer in MRM mode with 

positive electrospray ionization (ESI+). Orlistat and Orlistat-D5 

were separated using a reversed-phase Phenomenex-C18 

column (2.1 mm × 50 mm, 5 µ) and an isocratic solvent solution 

(methanol, acetonitrile, 0.1% formic acid, 65:20:15 (V/V/V) 

at 0.8 ml/minute). The autosampler was kept at 10°C during 

analysis. Instrument control and data analysis were done with 

Analyst 1.5.2 (Applied Biosystems, Foster City, CA, USA).

Mass instrument parameters
Both Orlistat and Orlistat-D5 underwent positive 

ionization mode utilizing the multiple reaction monitoring 

Figure 1. Chemical structure of Orlistat.
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cone voltage (B), desolvation temperature (C), and collision 

energy (D). The establishment of the operational scope of these 

variables was undertaken by anchoring them within empirically 

derived minimum and maximum levels. Specifically, Capillary 

Voltage was delimited within the range of 1.5 kV to 4.5 kV, Cone 

Voltage spanned from 10 V to 35 V. Desolvation temperature 

encompassed the interval of 350°C–550°C, and the Collision 

energy was confined within 10 eV–20 eV. 

Given the paramount significance of analyte 

quantification within the ambit of bioanalytical methodology 

employing Mass spectrometric detection, the present 

investigation adopts the response area of orlistat (R1) and the IS 

(R2) as pivotal response variables meriting optimization efforts. 

A total of 29 different experiments were conducted according 

to the Box–Behnken design. The data table containing the 

factors at different levels and their measured responses after the 

experimental runs were enumerated in Table 1.

Method validation
The developed methodology was validated by 

assessing its selectivity, stability, specificity, linearity, matrix 

effect, precision, recovery, and accuracy (FDA, 2001; EMEA, 

2011).

RESULTS

Optimization of LC-MS/MS method
We employed the MRM in positive mode with 

Orlistat to improve the mass determination sensitivity 

and specificity. Since ESI was likely the main source of 

ionization for LC-MS/MS, standard solutions were injected 

into the mass instrument with the help of a syringe pump 

to determine precursor and product ions. The detection 

ions, Orlistat, and IS’s product ions have mass spectra at 

m/z 142.08 and 147.07. To increase mass response, mass 

Table 1. Summary of factors at different levels and their measured response.

Run
Factor 1 Factor 2 Factor 3 Factor 4 Response 1 Response 2

A: Capillary 
voltage (kV)

B: Cone voltage 
(V)

C: Desolvation 
temperature (oC)

D: Collision 
energy (eV)

Response area of 
Orlistat

Response area 
of IS

1 3 10 450 20 97,247 99,215

2 3 10 350 15 105,678 107,780

3 3 10 550 15 99,656 101,651

4 4.5 22.5 350 15 203,658 207,701

5 1.5 22.5 550 15 99,315 101,315

6 3 22.5 350 10 183,258 186,903

7 3 22.5 450 15 268,651 274,024

8 4.5 35 450 15 169,874 173,289

9 4.5 22.5 550 15 179,742 183,363

10 3 22.5 450 15 240,057 244,859

11 3 35 450 10 144,782 147,670

12 3 22.5 550 10 147,856 150,789

13 3 35 450 20 146,328 149,251

14 1.5 35 450 15 107,536 109,696

15 1.5 10 450 15 883,24 90,087

16 3 22.5 450 15 233,039 237,699

17 3 22.5 450 15 248,653 253,626

18 4.5 10 450 15 168,549 171,909

19 3 35 350 15 188,967 192,759

20 3 22.5 450 15 239,854 244,657

21 1.5 22.5 450 20 69,845 71,240

22 3 35 550 15 159,873 163,060

23 3 22.5 550 20 133,416 136,085

24 1.5 22.5 450 10 100,278 102,274

25 4.5 22.5 450 20 115,874 118,191

26 4.5 22.5 450 10 148,974 151,953

27 3 10 450 10 119,695 122,088

28 3 22.5 350 20 142,351 145,198

29 1.5 22.5 350 15 72,364 73,811
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spectrum surrounding factors such as ion-spray voltage, 

temperature, capillary voltage, heater gas, collision gas, 

curtain gas, and nebulizer gas were set.

Selection of IS
In this investigation, Orlistat-D5 was selected as the 

IS because, as shown in the method validation data, no clear 

interferences were seen at the analyte and IS retention durations. 

Its chromatographic behavior, ionization, extraction efficacy, 

and retention action were comparable to Orlistat’s.

Design of experiments

Response of Orlistat (R1)
The quadratic model created for the response variable 

-R1 is deemed significant, as evidenced by the F-value of 

26.09. In the present model, it was seen that the variables 

A, B, A
2
, B

2
, C

2
, and D

2
 exhibited statistical significance, as 

indicated by their respective p-values being less than 0.005. 

The mathematical model suggests that the variables Capillary 

Voltage (A) and Cone Voltage (B) have a significant impact 

on the reaction of Orlistat (R1). There is a strong correlation 

between the observed values of R1 and the projected values. 

The model’s signal-to-noise ratio (S/N) of 22.62 suggests that 

the signal is sufficient. The impact of an individual variable 

on R1 is visualized through the utilization of a perturbation 

plot, contour plot, and 3D surface plot, as illustrated in Figure 

2a. The examination of the response plots and regression 

equation reveals a clear indication that variables A and B exert 

a positive influence on R1. At elevated levels, all four factors 

have demonstrated a statistically significant quadratic impact 

on R1.

Response area of IS (R2)
The significance of the quadratic model developed 

for the response variable -R2 is indicated by the F-value of 

26.09. In the current model, the variables A, B, A
2
, B

2
, C

2
, 

and D
2
 were statistically significant, as indicated by p-values 

less than 0.005. The mathematical model shows that the 

variables Capillary Voltage (A) and Cone Voltage (B) have 

a significant effect on the Ion Source’s (R2) reaction. There 

exists a substantial correlation between the observed and 

predicted values of R2. The signal-to-noise ratio (S/N) of 

22.63 indicates that the signal strength is adequate. Figure 

2b illustrates the effect of a single variable on the coefficient 

of determination (R2) through the use of the Perturbation 

plot, Contour plot, and 3D Surface plot. Upon inspection 

of the response diagrams and regression equation, it is 

evident that variables A and B have a positive effect on the 

coefficient of determination (R2). All four variables have 

statistically significant quadratic effects on the coefficient 

of determination (R2) at elevated levels. Figure 3 depicts 

the overlay diagram illustrating the analysis of the study’s 

responses.

Method validation

Specificity
Blank plasma samples from six human plasma batches 

were spiked with Orlistat at lower limit of quantification 

Figure 2. (a) Perturbation plot, contour plot, and 3D surface plots of response area of Orlistat. (b) Perturbation plot, contour plot, and 3D surface 

plots of response area of internal standard. 
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Linearity and sensitivity
The Orlistat linearity method was developed and 

showed good linearity from 1.2 to 392.0 ng/ml (Table 2). 

Linearity graphs were created using Orlistat peak area ratios 

(LLOQ) and IS to test specificity. Figure 4 shows IS and Orlistat 

retention times of 2.93 minutes. Orlistat analysis showed no 

matrix material or IS interference, and all interfering peaks 

were less than 20% of LLOQ samples [10,11].

Figure 3. Overlay plot of the responses. 

Figure 4. (A) Blank plasma (B) LLOQ sample chromatograms. 
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to IS vs concentrations (x) using the 1/C2 weighting factor. 

Figure 5 shows the calibration graphs’ technique linearity 

equation, y = 0.003546 x – 0.004133, with a r2
 value of 0.9999. 

Orlistat could be accurately quantified in plasma samples using 

its LLOQ of 1.2 ng/ml (signal-to-noise ratio > 10) [12,13,14].

Accuracy and precision
Six plasma samples spiked with Orlistat at HOQ, MQC, 

LQC, and LLQC levels were examined in one batch and three 

consecutive batches to determine intra- and inter-batch precision 

and accuracy. Table 3 enumerates the precision and accuracy of 

Orlistat quantification. The accuracy % RSD values for inter- and 

intra-batch analyses ranged from 2.84% to 5.32% [15,16].

Extraction recovery
Effective pretreatment was performed on biological 

material before evaluation. The peak area ratio of HQC, 

medium quality control (MQC), and low-quality control (LQC) 

level Orlistat solutions (n = 6) to extracted spiking samples 

at corresponding concentration levels were used to measure 

extraction recovery. Comparing the peak area ratio of quality 

control plasma sample solutions (n = 6) to spiked human plasma 

sample solutions at different concentrations indicated the IS 

extraction recovery. The mean extraction recovery of Orlistat 

was 103.62% at low QC, 96.14% at medium, and 95.73% at 

high. At 175 ng/ml, IS extraction recoveries averaged 99.05%. 

The findings are displayed in Figures 6–8 and Table 4 [15].

Matrix effect
Since co-eluting matrix constituents have the potential 

to either decrease or boost the ionization process in the mass 

Table 2. Linearity standard solutions for Orlistat.

LS-ID Concentration 
(ng/ml)

Average 
response IS response Analyte/IS 

response

LS -1 1.2 915 215,034 0.004255

LS -2 5.6 4,081 215,282 0.018957

LS -3 27 18,845 215,815 0.08732

LS -4 75 55,147 215,538 0.255857

LS -5 145 108,473 215,327 0.503759

LS -6 221 167,912 215,190 0.780296

LS -7 305 233,039 215,347 1.082156

LS -8 392 298,785 215,634 1.385612

CS: Calibration standard.

Figure 5. Linearity of Orlistat. 

Table 3. Orlistat precision and accuracy for Inter-batch and intra-batch.

Concentration 
level

Nominal 
concentration  

(ng/ml)

Intra-batch Inter-batch

Amount 
found  

(ng/ml)
%Accuracy %RSD

Amount 
found  

(ng/ml)
%Accuracy %RSD

LLOQ 1.2 1.14 95.27 2.84 1.16 96.84 5.32

LQC 6 5.78 96.34 3.85 5.65 94.21 3.69

MQC 196 184.59 94.18 2.99 186.87 95.34 4.17

HQC 290 281.94 97.22 4.01 295.66 101.95 4.06

Figure 6. Orlistat chromatogram at LQC standard. 
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system, it is possible that the blank matrix will not exhibit any 

discernible responses. As a consequence, the IS normalized 

matrix factor was calculated in eight different sources of 

human plasma. These sources included two batches that were 

hemolytic and two batches that were lipemic. Table 5 presented 

the findings, which showed that the average IS normalized 

matrix factor for all the analytes that were present fell within 

the range of 0.94–1.09, with a % RSD that was lower than 4.38 

on average [12].

Table 4. Orlistat and IS extraction recoveries.

Concentration 
level A B % 

Recovery
% Mean 
recovery %RSD

LQC 4,575 4,740 103.62

98.49 3.68

MQC 149,450 143,681 96.14

HQC 221,125 211,683 95.73

IS 215,478 213,409 99.04

A: unextracted peak area response; B: extracted peak area response.

Table 5. Orlistat findings for matrix effect.

Orlistat

LQC level HQC level

Analyte 
MF

IS 
MF

IS 
normalized 

MF

Analyte 
MF

IS 
MF

IS 
normalized 

MF

B-1 1.06 1.05 1.01 1.03 1.09 0.95

B -2 1.08 1.03 1.05 1.08 1.02 1.06

B -3 1.09 1.12 0.97 1.02 1.09 0.94

B -4 1.1 1.04 1.06 1.08 1.12 0.96

B -5
x

1.08 1.01 1.07 1.07 1.11 0.96

B -6
x

1.02 1.07 0.95 1.09 1.11 0.98

B -7
y

1.09 1.03 1.06 1.01 1.03 0.98

B -8
y

1.11 1.02 1.09 1.04 1.09 0.95

Mean 1.03 0.97

SD 0.05 0.036

%RSD 4.38 3.67

X, Hemolyzed lot; MF, matrix factor; y, Lipemic lot; RSD, Relative standard 

deviation.

Figure 7. Orlistat chromatogram at MQC standard.

Figure 8. Orlistat chromatogram at HQC standard.
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substantial correlation with Capillary Voltage and Cone Voltage, 

with all factors exhibiting statistically significant quadratic effects.

Specificity assessments revealed the absence of matrix 

material or IS interference, with interfering peaks registering 

below 20% of the LLOQ samples. The linearity of the method, 

covering a concentration range of 1.2–392.0 ng/ml, exhibited a 

high correlation coefficient (r2) of 0.9999. Values of the relative 

standard deviation for accuracy and precision tests ranged from 

2.84% to 5.32%, indicating favorable results both within and 

between batches. The validated method demonstrated excellent 

accuracy and precision, which makes it a good fit for clinical 

and forensic pharmacokinetic and toxicokinetic studies of 

Orlistat in different biological matrices. 

Extraction recovery assessments and matrix effect 

evaluations further supported the method’s accuracy, with 

satisfactory results obtained for both Orlistat and the IS. 

Stability studies under various conditions showcased the 

method’s robustness over time and different environmental 

factors. The method’s success is emphasized by its adherence 

to ICH guidelines and its potential applicability in routine 

examination of Orlistat in biological samples.

CONCLUSION
In this study, a sensitive and precise LC-MS/MS 

method was developed and validated to measure Orlistat in 

human plasma. This method had great specificity, linearity, 

accuracy, precision, and stability. The linearity equation and 

correlation coefficient (r2) were y = 0.003546 x – 0.004133 

and 0.9999. The developed technique’s intra- and inter-day 

precision RSD varied from 2.84 to 5.32 percent for QC samples 

(1.2, 6.0, 196.0, and 290.0 ng/ml). Stability experiments under 

varied settings showed values between 93.19% and 103.47%. 

Thus, the validated method can be utilized to study Orlistat’s 

pharmacokinetics and toxico-kinetics in various biological 

matrices for clinical and forensic purposes.
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Stability
Orlistat’s stability was tested in matrix- and aqueous-

based samples. Orlistat and IS were unaffected at 1°C–10°C 

for 70 days and stock solutions in diluent for 48 hours. Matrix 

stability was tested at −70 and −20 °C for 60 days. The matrix’s 

stability was tested with a new spiking linear standard. Table 6 

displays stability statistics. [12,13,14] After six freeze-thaw 

cycles below 10°C, the drug sustained for 20 hours. Sample 

solutions in the auto-sampler lasted 72 hours at 10°C.

Dilution integrity
An experiment was performed to determine Orlistat’s 

ULOQ (upper limit of quantification) at a concentration twice 

that of the dilution integrity [13]. Dilution-tested samples had 

an average back-computed drug content of 85%–115% of the 

nominal quantity after 1:4 dilutions, with a percent RSD of 4.03.

DISCUSSION
To measure Orlistat in biological matrices, this study 

set out to develop a sensitive tandem mass spectrometric 

technique that utilized electrospray ionization and liquid 

chromatography. Employing a Phenomenex-C18 column and 

liquid–liquid extraction, the chromatographic elution achieved 

isocratic separation with a flow rate of 0.80 ml/minute using 

methanol, acetonitrile, and 0.1% formic acid (65:20:15 V/V/V) 

as the mobile phase. The selected reaction monitoring revealed 

parent and product ions at m/z 496.4/142.08 for Orlistat and 

m/z 501.3/147.07 for Orlistat-D5 IS. The established method 

exhibited a high linearity (r2 = 0.9999) over the concentration 

range of 1.2–392.0 ng/ml, with inter- and intra-batch accuracy 

% relative standard deviation values ranging from 2.84 to 5.32.

The method demonstrated robustness through its 

exceptional recovery rates of 103.62%, 96.14%, and 95.73% for 

lower, medium, and higher quality control samples, respectively. 

The experiment’s DOEs framework, specifically employing 

a Box–Behnken design, facilitated optimization efforts, with 

factors such as Capillary Voltage and Cone Voltage significantly 

impacting Orlistat response (R1). The IS (R2) also showed a 

Table 6. Orlistat stability findings.

Parameter QC level P Q %RSD %Stability

Freeze and thaw stability LQC 6 5.82 4.37 97.02

HQC 290 277.46 3.94 95.68

Stability in refrigerator (1–10°C for 48 hours) LQC 6 5.66 3.17 94.39

HQC 290 276.31 4.31 95.28

Bench-top stability (at <10°C for 20 hours) LQC 6 6.21 2.93 103.47

HQC 290 270.24 2.47 93.19

Long-term stability (60 days at −20°C) LQC 6 5.76 3.84 95.98

HQC 290 288.51 4.97 99.49

In-injector stability (at 10°C for 72 hours) LQC 6 5.74 3.25 95.70

HQC 290 284.65 2.64 98.16

Long-term stability (60 days at −70°C) LQC 6 5.68 3.74 94.75

HQC 290 283.6 4.38 97.79

Q, mean concentrations (ng/ml); P, nominal concentration (ng/ml) of analytes.
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