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Abstract Minoxidil is an anti-hypertensive agent and
Tofacitinib citrate is a Janus-kinase inhibitor but there are
various articles proving their efficacy in the treatment of
Alopecia. An effort is made in order to formulate gel for
topical use containing Minoxidil and Tofacitinib citrate for
the treatment of Alopecia areata. Objective: The aim of
study is to establish and validate a sensitive, selective and
precise, method capable of accurately detecting Minoxidil
and Tofacitinib citrate in both their raw form and
pharmaceutical formulations, adhering strictly to the
guidelines outlined by the International Council for
Harmonisation (ICH). Method: A UV-spectrophotometric
method was devised to simultaneously determine the
concentrations of Minoxidil and Tofacitinib citrate. The
method underwent validation across various parameters
including Linearity, Accuracy, Precision, Repeatability,
LOD, LOQ, Robustness, and Ruggedness. A double-beam
UV-spectrophotometric  technique was developed to
simultaneous estimation of the levels of Minoxidil and
Tofacitinib citrate. This method was then rigorously
validated using various parameters including linearity,
accuracy, precision, repeatability, detection limit (LOD),

quantification limit (LOQ), robustness, and ruggedness.
Results: In the Methanol solvent, Minoxidil exhibits its
peak absorbance at 258nm, while Tofacitinib citrate

displays its maximum absorbance at 290nm. The
concentration range of 2-10pg/mL for both analytes
adheres to Beer's law, indicating their reliable

guantification potential. For Minoxidil, the Limits of
Detection (LOD) and Limits of Quantification (LOQ) stand
at 0.537pg/mL and 1.628g/mL, respectively. Tofacitinib
citrate, on the other hand, exhibits LOD and LOQ values of
0.427g/mL  and  1.294pg/mL, respectively. In the
assessment of their presence in a topical gel formulation,
recovery rates ranging from 50.00% to 150.00% were
observed for both Minoxidil and Tofacitinib citrate.
Conclusion: The method proposed demonstrates
selectivity, specificity, precision, accuracy, ruggedness,
and robustness, rendering it suitable for routine analysis of
Minoxidil and Tofacitinib citrate in both bulk form and
pharmaceutical dosage formulations.

Keywords  Minoxidil, Tofacitinib Citrate, Anti-
hypertensive, Janus Kinase Inhibitor, ICH Guidelines, UV-
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Spectrophotometric

1. Introduction

Minoxidil is an antihypertensive agent which upon
vasodilation decreases the elevated blood pressure and
nowadays it is used in the treatment of alopecia due to its
one of the side effect of hirsutism [1]. The chemical
formula of Minoxidil is shown in Fig. 1, with the molecular
formula CgHisNso and the molecular weight is 209.25
mg/mol. Minoxidil has an active metabolite that activates
the ATP-modulated potassium channel that causes K*
efflux, hyperpolarisation and relaxation of smooth muscle
[2]. When applied topically Minoxidil induces vasodilation
thus stimulating hair growth along with local increasing
local irrigation and blood flow [3]. Tofacitinib citrate is a
BCS class 11l compound which is a Janus kinase (JAK)
inhibitor used to treat rheumatoid arthritis, psoriatic
arthritis and ulcerative colitis [4]. The chemical formula of
Tofacitinib citrate is shown in Fig. 2, with the molecular
formula C2H2sNeo and molecular weight 504.4931 mg/mol,
it has serious immunologic and hematologic adverse effect
including nausea and headache [5]. JAK inhibitors most
importantly block the tyrosine kinases and can be
administered by oral and topical routes [6]. Recent studies
have demonstrated that JAK inhibitors show promise as a
treatment for alopecia by preventing the phosphorylation
and activation of signal transducer and activator of
transcription proteins (STATS). Since the JAK-STAT
pathway plays a role in immune cell function, the inhibition
of this pathway by JAK inhibitors leads to a reduction in
the inflammatory response, offering potential relief for
individuals with alopecia[7].
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Figure 1. Structure of Minoxidil

It is seen that when minoxidil is used alone there are
chances of relapse of disease Alopecia areata (AA)
therefore a combined treatment for the treatment of AA is
advised. According to a research finding when Minoxidil
and Tofacitinib are used in combination it gives a
synergistic effect [8]. An effort is made to formulate gel for
topical use containing Minoxidil and Tofacitinib citrate.
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Figure 2. Structure of Tofacitinib citrate

In this study, a UV-spectrophotometric method was
devised to simultaneously determine the concentrations of
Minoxidil and Tofacitinib citrate in bulk and gel
formulation. UV spectroscopy, fluorescence spectroscopy
and Raman spectroscopy have their advantages and
limitations when it comes to simultaneous estimation of
compounds like minoxidil and tofacitinib:UV spectroscopy,
fluorescence spectroscopy and Raman spectroscopy are
powerful analytical techniques, each with its own
advantages. Here are some advantages of UV spectroscopy
over Raman spectroscopy [14].

1. Sensitivity: UV spectroscopy tends to be more
sensitive than Raman spectroscopy, particularly for
analyzing molecules with strong UV absorption
characteristics.

2.  Quantitative Analysis: UV spectroscopy is often more
straightforward for quantitative analysis because it
relies on Beer-Lambert law, which correlates
absorbance with concentration, whereas Raman
spectroscopy can be more complex for quantitative
measurements.

3. Sample Compatibility: UV spectroscopy is suitable
for analyzing samples in solution, which is often
convenient for biological and chemical analyses.
Raman spectroscopy, on the other hand, can be
challenging to use with aqueous samples due to
water's strong Raman signal.
Molecular Information: While Raman spectroscopy
provides detailed molecular information, UV
spectroscopy primarily gives information about
electronic transitions, making it more suitable for
studying electronic structure and transitions in
molecules.

5. Sample Preparation: UV spectroscopy generally
requires less sample preparation compared to Raman
spectroscopy, which may require additional steps like
drying or solvent removal to obtain accurate results.

6. Instrumentation Cost: UV spectroscopy instruments
tend to be more affordable and accessible compared
to fluorescence spectroscopy instruments. This makes
UV spectroscopy a more economical choice for
laboratories with budget constraints or those
conducting routine analyses.

&
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These advantages make UV spectroscopy a preferred
choice in many analytical laboratories, particularly for
quantitative analysis and studies involving solution-phase
samples with strong UV absorption characteristics.

In the context of simultaneous estimation of minoxidil
and tofacitinib, UV spectroscopy might be preferred for its
quantitative accuracy and sensitivity, especially if the
compounds have distinct UV absorbance spectra. However,
Raman spectroscopy could offer advantages in terms of
chemical specificity and non-destructive analysis, which
might be beneficial if there are potential interferences or if
detailed structural information is required. It is worth
noting that fluorescence spectroscopy also offers its own
set of advantages, such as high sensitivity to trace amounts
of analytes and the ability to provide additional structural
and dynamic information about molecules.

Ultimately, the choice between these techniques would
depend on factors such as the specific requirements of the
analysis, the nature of the samples, and the instrumentation
available [14].

2. Materials and Methods: [3] [5] [9]
[10]

Drug samples: Minoxidil and Tofacitinib were received
as complimentary samples from Maruti Futuristic Pharma
Pvt. Ltd., Bangalore and Unichem Laboratories Ltd, Goa

Reagents and chemicals: All chemicals employed in
the experiment were of analytical grade. Methanol was
procured from Molychem, Mumbai, whereas HPLC Grade
Methanol was sourced from S D Fine-Chem Limited.

Instrument and apparatus: The determination of
Minoxidil and Tofacitinib citrate was carried out using a
Shimadzu UV-1900 UV-Spectrophotometer equipped with
Lab solutions software, as well as a Shimadzu UV-1800
UV-Spectrophotometer with UV probe.

2.1. Method Development [9]

The UV-Spectrophotometric method development
encompassed determining the optimal wavelengths (Amax)
for Minoxidil and Tofacitinib citrate using different
solvents. Among several solvents tested, methanol was
chosen since it allowed for the individual estimation of
Minoxidil and Tofacitinib citrate without interference.
Samples containing both compounds were scanned
individually as well as in combination within the
wavelength range of 800 to 200nm. It was found that
Minoxidil exhibited maximum absorbance at 258nm, while
Tofacitinib citrate exhibited maximum absorbance at
290nm.

Preparation of Standard Stock Solution: [3] [5] [9]

10mg of Minoxidil was precisely weighed and
transferred to a 10ml volumetric flask, similarly, 10mg of

Tofacitinib citrate was accurately weighed and transferred
to a separate 10ml volumetric flask. The volume was
adjusted to the mark using methanol to achieve a
concentration of 1mg/ml, creating the primary stock
solutions. From these primary stock solutions, 1ml of
Minoxidil and 1ml of Tofacitinib citrate were each taken
and transferred to separate 10ml volumetric flasks.
Methanol was added to each flask to reach the mark,
resulting in a concentration of 100g/ml for the secondary
stock solutions.

Method Validation: [3] [5] [9] [10]

In adherence to International Council for Harmonisation
guidelines, validation of the newer developed UV-
Spectroscopic method for Minoxidil and Tofacitinib citrate
was conducted to demonstrate the method's
appropriateness, utilizing optimized parameters.

Specificity and Selectivity: UV spectra of pure
methanol solvent and solutions containing Minoxidil
and Tofacitinib citrate were scanned over the
wavelength range of 200nm to 800nm. This step was
conducted to confirm the absence of any interference
at the maximum absorbance wavelength for each
analyte.

2. Linear range response: Linearity assessment was
conducted utilizing the aforementioned stock solutions.
Serial ~ dilutions were prepared to achieve
concentrations of Minoxidil at 2, 4, 6, 8, and 10pg/mL,
and Tofacitinib citrate at 2, 4, 6, 8, and 10pg/mL.
These samples were analyzed in triplicate, and
readings were recorded at 258nm and 290nm,
respectively. A calibration curve was constructed and
a linear regression equation was derived. Detection
and Quantification limit of analyte: The LOD and
LOQ were determined from the linear curve using
statistical calculations based on the following formulas.

3.3 X standard deviation of y — intercept
LOD =

Slope of the calibrtion curve

10 X standard deviation of y — intercept
LOQ =

Slope of the calibrtion curve

2.2. Precision

Precision analysis was conducted through both intraday
and interday assessments.

System Precision

Three sets of solutions comprising 2, 6, and 10g/ml
concentrations of Minoxidil and Tofacitinib citrate were
prepared from the provided stock solution. The absorbance
of each solution was then measured at 258nm and 290nm,
respectively. Subsequently, the percentage relative
standard deviation (%RSD) was calculated. The deviation
measurement known as % RSD indicates how the various
numbers within a given data set are distributed around the
mean. This formula displays the data distribution as a
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percentage.

Intraday Precision

Three sets of solutions comprising 2, 6, and 10pg/ml
concentrations of Minoxidil and Tofacitinib citrate were
prepared from the provided stock solutions. These
solutions were then analyzed, and the percentage relative
standard deviation (%RSD) was calculated at various time
intervals in a day.

Interday Precision

Three sets of solutions comprising 2, 6, and 10pg/ml
concentrations of Minoxidil and Tofacitinib citrate were
prepared from the provided stock solutions. These
solutions were analyzed, and the percentage relative
standard deviation was calculated over 3 consecutive days.

2.3. Accuracy: [8] [10] [11]

Accuracy was evaluated through recovery experiments,
where the % mean recovery of samples was determined
using the percentage method at three different levels: 50%,
100%, and 150% of the sample solutions. These solutions
were prepared using a topical gel formulation containing
Minoxidil and Tofacitinib citrate for AA. For the analysis,
Minoxidil was present at concentrations of 2, 4, and
6lg/mL, while Tofacitinib citrate was present at
concentrations of 2, 4, and 6pg/mL, respectively. Each
level underwent analysis in triplicate, and the mean
percentage recovery was computed. The accepted recovery
limits were established at 98% to 102%, and all observed
data fell within this range, demonstrating satisfactory
recovery values and affirming the accuracy of the
developed method.

2.4. Ruggedness: [10] [12]

The ruggedness of the method was assessed through two

variations: altering the analyst and changing the instrument.

Three sets of solutions containing concentrations of 2, 6,
and 10pg/ml for both analytes, Minoxidil and Tofacitinib
citrate, were prepared, and the absorbance of each solution
was measured by different analysts. Furthermore, a distinct
instrument (UV Spectrophotometer: UV-1800) was
employed. Each concentration level of Minoxidil and
Tofacitinib citrate was prepared in triplicate, analyzed, and
the percentage relative standard deviation (%RSD) was
computed.

2.5. Robustness: [10] [13]

Robustness was proved by using two changes i.e. change
in wavelength and change in solvent. Three replicates each
of 2, 6 and 10pg/ml containing Minoxidil and Tofacitinib
citrate were prepared and absorbance was found at 257nm
and 259nm for Minoxidil and 289nm and 291nm for
Tofacitinib citrate. Likewise, three replicates each of 2, 6

and 10pg/ml containing both the analytes were prepared by
changing the solvent from laboratory grade methanol to
HPLC grade methanol and analyzed and %RSD was
calculated.

2.6. Solvent and Std Stock Solution Stability: [12] [13]

The stability of the solvent and standard stock solution
was verified by preparing fresh stock solutions. These fresh
stock solutions were then utilized to prepare dilutions
containing 2, 6, and 10pg/ml concentrations of both
analytes. Subsequently, these dilutions were analyzed, and
their absorbance values were compared with those of the
old stock dilutions. The percentage relative standard
deviation (%RSD) was calculated to assess any variations.

3. Result and Discussion

Method Development

Both analytes must exhibit solubility in a single solvent
for simultaneous estimation to be carried out. Laboratory
grade methanol was selected as the solvent for this method
as both analytes i.e. Minoxidil and Tofacitinib are
completely soluble in methanol. As well as the solution of
both the analytes scanned in UV-spectrophotometer
between 800-200nm and maximum absorbance shown by
Minoxidil was found to be at 258nm and that of Tofacitinib
was found to be at 290nm. Method development
parameters are illustrated in Table 1.

Table 1. Method development parameters

Sr. No. Parameters Specifications

1 Analytes Minoxidil and
Tofacitinib citrate
2 Solvent Methanol
3 Maximum absorbance of 258nm
Minoxidil
4 Maximum absorbance of 290nm
Tofacitinib citrate
Method Validation

1. Specificity and Selectivity:

*  When the solvent was run alone, the spectrum of
the solvent did not show any interference of
absorbance for both the analytes i.e. represented
in Fig. 3. Minoxidil showed maximum
absorbance at 258nm and Tofacitinib citrate
showed maximum absorbance at 290nm, the
UV-spectrum of both analytes is represented in
Fig. 4.

2. Linear range response:

e Linearity of a particular analyte is obtained by
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plotting a graph of conc. against absorbance.
Minoxidil demonstrated a linear absorbance
range within concentrations ranging from 2 to
10pg/ml, yielding a regression coefficient of
0.9985. Similarly, Tofacitinib citrate exhibited a
linear absorbance range within concentrations
ranging from 2 to 10pg/ml, with a regression
coefficient of 0.999. The linearity data is
illustrated in Table 2. Std calibration curve of
Minoxidil and Tofacitinib citrate are shown in
Fig.5 and Fig. 6 respectively.

Detection and Quantification limit of analyte:

The limit of detection (LOD) for Minoxidil was
determined to be 0.537g/ml, and for Tofacitinib
citrate, it was found to be 0.427pg/ml.
Additionally, the limit of quantification (LOQ)
for Minoxidil was measured at 1.628pg/ml,
while for Tofacitinib citrate, it was determined to
be 1.294g/ml.

Precision:

The method was found to be precise as
the %RSD for both the analytes calculated after
each Precision level namely system precision,
intraday and interday precision was found to be
within limits i.e. less than 2%. The precision data
are illustrated in Tables 3, 4 and 5.

Accuracy:

Three replicates of each level were performed.
Percentage recovery data was calculated at three
levels of 50%, 100% and 150% which are

illustrated in Table 6 and 7. All the observed data
was found to be within the accepted limits which
are 98%-102% indicating good recovery values
and hence proving that the method developed
was accurate. According to the ICH guideline
Q2(R2) the result for accuracy was found to be
from 100.04 to 101.35% which shows that it is
significant and within the accepted range. The
conventional true value or an acceptable
reference value is what determines an analytical
procedure's accuracy.

6. Ruggedness:

e The method was found to be rugged as
the %RSD for both the analytes after change in
analyst and change in instrument was found to be
less than 2%. The ruggedness data is illustrated
in Table 8.

7. Robustness:

e The method was found to be robust as the %RSD
for both the analytes after change in wavelength
and change in solvent make as found to be less
than 2%. The robustness data is illustrated in
Table 9 and 10.

8.  Solvent and std stock solution stability:

*  The solvent and the standard stock solution were
found to be stable even after 10 days as
the %RSD for both the analytes after 10 days of
keeping the standard stock solution and the fresh
stock solution were found to be less than 2%. The
solution stability data are illustrated in Table 11.

Abs.

424 - .
2.00}- i
0.00
-1.00 ' '
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nm

Figure 3.  UV-spectrum of solvent (Methanol)
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Figure 4. UV-spectrum of Minoxidil and Tofacitinib citrate
Table 2. Linearity data of Minoxidil and Tofacitinib
Sr. No. Minoxidil (258nm) Tofacitinib citrate (290nm)
R? 0.9985 0.999
Slope 0.0637 0.091
LOD 0.537g/ml 0.427g/ml
LOQ 1.628g/ml 1.294pg/ml
0.7 y =0.0637x + 0.0114
2 _
. BB s R? = 0.9985
£ /
E 05
]
<zt 0.4
=) 0.3 abs
: == ’
2 0.2 / Linear (abs)
< Ba

0

0

s 4 6 8
CONCENTRATION (pg)
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Figure 5. Standard calibration curve of Minoxidil
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Figure 6. Standard calibration curve of Tofacitinib citrate

Table 3. System precision

Concentration (pg/ml)

Minoxidil (258nm)

Tofacitinib citrate (290nm)

absorbance absorbance
2 0.151 0.212
2 0.155 0.219
2 0.153 0.216
%RSD 1.307% 1.628%
6 0.417 0.568
6 0.419 0.574
6 0.413 0.576
%RSD 0.733% 0.727%
10 0.655 0.932
10 0.667 0.921
10 0.653 0.927
%RSD 1.150% 0.594%

43
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Table 4. Intraday precision (Initial Hour, First Hour and Fifth Hour)

Concentration Minoxidil Tofacitinib Minoxidil Tofacitinib Minoxidil Tofacitinib
(g/ml) (258nm) citrate (290nm) (258nm) citrate (290nm) (258nm) citrate (290nm)
Initial Hour First Hour Fifth hour
absorbance absorbance absorbance absorbance absorbance absorbance
2 0.148 0.216 0.149 0.214 0.152 0.223
2 0.145 0.211 0.147 0.219 0.153 0.219
2 0.147 0.218 0.151 0.222 0.148 0.218
%RSD 1.041% 1.677% 1.342% 1.851% 1.752% 1.202%
6 0.414 0.573 0.426 0.571 0.429 0.577
6 0.425 0.571 0.417 0.572 0.433 0.577
6 0.418 0.569 0.417 0.578 0.435 0.568
%RSD 1.328% 0.358% 1.237% 0.659% 0.706% 0.905%
10 0.649 0.926 0.667 0.935 0.674 0.938
10 0.656 0.918 0.671 0.929 0.683 0.935
10 0.646 0.919 0.679 0.927 0.687 0.945
%RSD 0.789% 0.473% 0.908% 0.447% 0.977% 0.546%

Table 5. Interday precision

Concentration Minoxidil Tofacitinib Minoxidil Tofacitinib Minoxidil Tofacitinib
(g/ml) (258nm) citrate (290nm) (258nm) citrate (290nm) (258nm) citrate (290nm)
Day 1 Day 2 Day 3
absorbance absorbance absorbance absorbance absorbance absorbance
2 0.147 0.213 0.152 0.218 0.153 0.225
2 0.146 0.216 0.154 0.223 0.152 0.219
2 0.149 0.219 0.149 0.219 0.156 0.221
%RSD 1.036% 1.388% 1.659% 1.202% 1.354% 1.378%
6 0.425 0.578 0.415 0.585 0.432 0.584
6 0.413 0.584 0.424 0.576 0.424 0.589
6 0.422 0.586 0.421 0.587 0.426 0.575
%RSD 1.486% 0.714% 1.091% 1.005% 0.974% 1.217%
10 0.642 0.919 0.649 0.923 0.653 0.929
10 0.654 0.921 0.661 0.926 0.667 0.935
10 0.647 0.929 0.653 0.937 0.666 0.926
%RSD 0.930% 0.573% 0.933% 0.793% 1.179% 0.492%
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Table 6. Accuracy (Minoxidil at 258nm)

Levels (%) Absorbance % Recovery Mean Recovery

50% 0.143 98.6%

50% 0.145 101.3% 100.4%
50% 0.145 101.3%

100% 0.281 101.9%

100% 0.279 100.9% 100.77%
100% 0.276 99.53%

150% 0.405 101.18%

150% 0.407 101.8% 101.16%
150% 0.403 100.5%

Table 7. Accuracy (Tofacitinib citrate at 290nm)

Levels (%) Absorbance % Recovery Mean Recovery
50% 0212 101.9%
50% 0.209 99% 100.6%
50% 0211 100.9%
100% 0.392 101.36%
100% 0.393 101.73% 101.26%
100% 0.390 100.7%
150% 0.563 100.64%
150% 0.569 101.92% 101.35%
150% 0.567 101.5%

Table 8. Ruggedness (Change in Analyst and Change in Instrument)

Concentration Minoxidil (258nm) Tofacitinib citrate (290nm) Minoxidil (258nm) | Tofacitinib citrate (290nm)
(ko/mb) Change in Analyst Change in Instrument
Absorbance Absorbance Absorbance Absorbance

2 0.151 0.222 0.141 0.209

2 0.147 0.215 0.146 0.207

2 0.149 0.219 0.145 0.206
%RSD 1.342% 1.606% 1.837% 0.736%

6 0.415 0.578 0.395 0.552

6 0.412 0.573 0.396 0.561

6 0.409 0.577 0.399 0.558
%RSD 0.728% 0.459% 0.524% 0.822%

10 0.655 0.934 0.637 0.912

10 0.648 0.932 0.641 0.921

10 0.658 0.928 0.647 0.918
%RSD 0.785% 0.328% 0.784% 0.499%
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Table 9. Robustness (Change in Wavelength)

Concentration (pg/ml) | Minoxidil (257nm) Minoxidil (259nm) | Tofacitinib citrate (289nm) | Tofacitinib citrate (291nm)
Absorbance Absorbance Absorbance Absorbance

2 0.143 0.155 0.194 0.215

2 0.147 0.153 0.199 0.211

2 0.148 0.15 0.196 0.213
%RSD 1.812% 1.648% 1.281% 0.938%

6 0.388 0.409 0.544 0.574

6 0.393 0.413 0.553 0.573

6 0.397 0.415 0.545 0.575
%RSD 1.148% 0.740% 0.901% 0.174%

10 0.641 0.663 0.918 0.926

10 0.635 0.671 0.923 0.931

10 0.632 0.675 0.911 0.929
%RSD 0.720% 0.912% 0.657% 0.270%

Table 10. Robustness (Change in Solvent-make)

Concentration (g/ml)

Minoxidil (258nm)

Tofacitinib citrate (290nm)

Absorbance Absorbance
2 0.157 0.221
2 0.158 0.216
2 0.153 0.223
%RSD 1.695% 1.638%
6 0.411 0.572
6 0.417 0.569
6 0.424 0.568
%RSD 1.559% 0.365%
10 0.661 0.935
10 0.659 0.931
10 0.669 0.929
%RSD 0.798% 0.327%
Table 11. Solution stability
Concentration Minoxidil (258nm) Tofacitinib citrate (290nm)
(g/mi) Fresh old Fresh old
Absorbance Absorbance Absorbance Absorbance
2 0.148 0.153 0.218 0.224
2 0.148 0.155 0.219 0.228
2 0.151 0.153 0.219 0.226
%RSD 1.899% 1.901%
6 0.408 0.423 0.568 0.584
6 0.411 0.419 0.572 0.589
6 0.407 0.426 0.573 0.591
%RSD 1.946% 1.679%
10 0.653 0.673 0.931 0.954
10 0.659 0.679 0.927 0.959
10 0.654 0.682 0.934 0.959
%RSD 1.936% 1.576%
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4. Conclusions

The UV-spectrometric method was used for validation and was found to be selective and specific in nature. This newly
developed UV-spectrophotometric technique has been determined to possess linearity, precision, accuracy, ruggedness,
and robustness for the simultaneous assessment of Minoxidil and Tofacitinib citrate in both bulk and topical gel
formulations. The summary of validation parameters is illustrated in Table 12.

Table 12. Summary of validation parameters

Sr. No. Validation parameters Minoxidil (258nm) Tofacitinib citrate (290nm)

1 Linearity 2-10pg/ml 2-10pg/ml
2 Precision System Precision 2g/ml 1.307% 2g/ml 1.628%
6pg/ml 0.733% 6pg/ml 0.727%
10g/ml 1.150% 10pg/ml 0.594%
Interday Day-1 2g/ml 1.036% 2g/ml 1.388%
6pg/ml 1.486% 6g/ml 0.714%
10pg/ml 0.930% 10g/ml 0.573%
Interday Day-2 2pg/ml 1.659% 2pg/ml 1.202%
6pg/ml 1.091% 6pg/ml 1.005%
10pg/ml 0.933% 10g/ml 0.793%
Interday Day-3 2pg/ml 1.354% 2pg/ml 1.378%
6pg/ml 0.974% 6pg/ml 1.217%
10pg/ml 1.179% 10pg/ml 0.492%
Intraday Initial hour 2g/ml 1.041% 2g/ml 1.677%
61g/ml 1.328% 6g/ml 0.358%
10pg/ml 0.789% 10pg/ml 0.473%
Intraday First hour 2pg/ml 1.342% 2pg/ml 1.851%
6pg/ml 1.237% 6g/ml 0.659%
10pg/ml 0.908% 10pg/ml 0.447%
Intraday Fifth hour 2pg/ml 1.752% 2pg/ml 1.202%
6pg/ml 0.706% 6g/ml 0.905%
10pg/ml 0.977% 10g/ml 0.546%

3 Accuracy 50% 100.4% 100.6%
100% 100.77% 101.26%
150% 101.16% 101.355

4 Ruggedness Change in Analyst 2g/ml 1.342% 2g/ml 1.606%
6g/ml 0.728% 6g/ml 0.459%
10g/ml 0.785% 10pg/ml 0.328%
Change in Instrument 2pg/ml 1.837% 2g/ml 0.736%
6g/ml 0.524% 6pg/ml 0.822%
10pg/ml 0.784% 10pg/ml 0.499%
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Table 12 continued

5 Robustness Change in wavelength 21g/ml 1.812% 21g/ml 1.218%
(257nm and 289nm)
61g/ml 1.148% 6pg/ml 0.901%
10pg/ml 0.720% 10pg/ml 0.657%
Change in wavelength 2g/ml 1.648% 2g/ml 0.938%
(259nm and 291nm)
6pg/ml 0.740% 6pg/ml 0.174%
10pg/ml 0.912% 10g/ml 0.270%
Change in solvent-make 2g/ml 1.695% 2g/ml 1.638%
6g/ml 1.559% 6g/ml 0.365%
10pg/ml 0.798% 10g/ml 0.327%
6 Solution stability 10 days at room 2pg/ml 1.899% 2pg/ml 1.901%
temperature
6g/ml 1.946% 6pg/ml 1.679%
10pg/ml 1.936% 10g/ml 1.576%
7 LOD 0.537pg/ml 0.427g/ml
8 LOQ 1.628g/ml 1.294g/ml
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