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ABSTRACT

DEVELOPMENT OF HPLC METHODS FOR PHARMACEUTICALLY
RELEVANT MOLECULES;
METHOD TRANSFER TO UPLC:

COMPARING METHODS STATISTICALLY FOR EQUIVALENCE

SATYA GANTI
DOCTOR OF PHILOSOPHY

TEMPLE UNIVERSITY 2011

High Pressure Liquid Chromatography (HPLC) is a well-known and widely used
analytical technique which is prevalent throughout the pharmaceutical industry as a
research tool. Despite its prominence HPLC possesses some disadvantages, most notably
slow analysis time and large consumption of organic solvents. Ultra Pressure Liquid
Chromatography (UPLC) is a relatively new technique which offers the same separation
capabilities of HPLC with the added benefits of reduced run time and lower solvent
consumption. One of the key developments which facilitate the new UPLC technology is
sub 2-pm particles used as column packing material. These particles allow for higher
operating pressures and increased flow rates while still providing strong separation.

Although UPLC technology has been available since early 2000, few laboratories have



embraced the new technology as an alternative to HPLC. Besides the resistance to
investing in new capital, another major roadblock is converting existing HPLC
methodology to UPLC without disruption. This research provides a framework for
converting existing HPLC methods to UPLC.

An existing HPLC method for analysis of Galantamine hydrobromide was
converted to UPLC and validated according to ICH guidelines. A series of statistical
evaluations on the validation data were performed to prove the equivalency between the
original HPLC and the new UPLC method. This research presents this novel statistical

strategy which can be applied to any two methodologies to determine parity.
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CHAPTER 1

1.1 Introduction

The work presented in this thesis involves transfer of stability-indicating assay
methods from HPLC to a much faster, efficient and sensitive technique of UPLC.
There is tremendous pressure for improvement of HPLC methods in terms of
resolution, time, solvent consumption both in industrial and research institutes. In this
work an method has been developed to facilitate transfer of HPLC methods to UPLC.
The molecule Galantamine has pharmacological importance. For an analytical
research chemist, this molecule is important because of the fact that it is accompanied
by various impurities both inherent and also via degradation.

A stability-indicating assay has been developed for all the impurities and validated
using conventional HPLC as part of the thesis. Due to the presence of an epimer in the
material, two HPLC methods had to be developed to successfully quantitate all the
components. These methods were an industry standard until UPLC offered the
possibility of better chromatography. There was room for improvement to combine
these two methods and assess them in a much shorter time and thus saving time,
solvent thus taking advantage of the new technology. A UPLC method has been
successfully developed and validated. One single method has replaced the existing two
methods.

With a new method been developed, there comes the question “how do we know if the
new and the old methods can be used interchangeably?” This is a very common

question which arises in clinical chemistry, where one method is often replaced by



another one and the method equivalency is determined by statistical analysis. These
analyses have never been developed for analytical methods, nor has a protocol for

method comparison been proposed. That has led to the objective of this research.

1.2 Aims and Objectives

There is no statistical model which gives guidelines as what test need to performed
before declaring that two methods can be considered as equivalent for the purpose
used. There is no set criteria for determining what pairs of methods can be used
interchangeably. Now that more and more methods are being transferred to UPLC
from HPLC there is a need to have a statistical model which will decide if the
methods are considered equal. As a part of this research, a group of statistical tests
have been designed, applied and the results have been discussed, which has led to a
complete statistical model which serves the above purpose. The questions that have

been addressed in order to reach the goal are:

Are the averages of recoveries from both the methods significantly different or are
they within the window of experimental errors?

° Is one method less error prone that the other?

[¢]

Which of these methods result in a value closer to the true value?

° s there a bias in recovery values between the two methods?

[¢]

If there are any differences in the two methods, are the relevant with respect to
the purpose of the method?

These questions have been addressed as a part of this research.



CHAPTER 2

2.1 Theory of Chromatography and Instrumentation

HPLC is a widespread technique used in most analytical laboratories both in
commercial and research for the past 30 years. Over the last several years
improvement has been seen in the technology in terms of column and pump design to
give more efficient separations. The basic theory of separation is described by Van
Deemter equation which is an empirical formula describing the relationship between

linear velocity and height equivalent theoretical plates (HETP) or plate height.

Plate count is a (theoretical) measure of the efficiency of a column. In
chromatography there's an equilibrium between the stationary phase and the mobile
phase; during elution there's a transfer of molecules from the mobile phase to the
stationary phase and back to the mobile phase, and so on back and forth down the
length of the column—which results in separation of various components. The
distance along the column that it takes to make one of these transfers between phases
and re-equilibrate is called the "theoretical plate height." If it takes less distance, that
means the plates are narrow and there are more of them in the column, which means
more transfers between phases can take place, which makes the column more

efficient. That of course means better resolution and a better peak separation.
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H=A4A+—+ Cu
u (1)

Where

A = Eddy diffusion

B = Longitudinal diffusion

C = Mass transfer of analyte between mobile and stationary phase

u = Linear velocity (flow rate)

Eddy Diffusion is a peak broadening effect due to molecules travelling along various
paths during the stationary phase, therefore depends on the particle size and geometry of
the packing. This is also called the multipath term.* All the analyte molecules do not
follow the same paths through the column packing and these different flow paths cause
peak broadening as some molecules travel more slowly than others which results in the
lag end of the peak curve while other molecules travel faster and are in the front end of
the peak curve. This would result in the slight differences in the retention on the
stationary phase. This A term is known to be effected by the homogeneity of the packed
stationary phase. The differential path lengths will be more in a poorly packed bed. Eddy
diffusion plays a bigger role in columns with internal diameters of 2-5 mm. If the column
of this size is packed regularly with small, spherical particles with small dispersion in

particle size, the contribution from eddy diffusion will be minimal. *

Longitudinal diffusion (B-term in the equation above) refers to the diffusion of individual
solute molecules in the mobile phase irrespective of the eluent flow. This kind of

diffusion contributes to peak broadening at very low flow rates. Some molecules move



faster compared to others relative to the average velocity, which results in peak
broadening. This effect will be more evident at long residence times in the column which
will be the case at low flow rates. As the flow increases, this effect will contribute less to
the total peak broadening. As a result optimal flow rate has to be chosen to keep the
effect due to longitudinal diffusion minimal. This can be illustrated in the form of a
Figure 1. The longer the solute band remains in the column, the greater will be the extent
of diffusion. The time the solute remains in the column is inversely proportional to the
mobile phase velocity, so, the dispersion will also be inversely proportional to the mobile

phase velocity. *

Figure 1 Relationship between the times spent in the column and peak shape due to

longitudinal diffusion
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The C term (also sometimes called as mass transfer term) consists of a Cm term which
describes peak broadening in the mobile phase and a Cs term which describes peak
broadening in the stationary phase. The sample molecules are introduced into the mobile
phase and interact with the stationary phase as the mobile phase is flowing along the
column. Partition equilibrium will be maintained since some analyte molecules will
return to mobile phase and some molecules move to stationary phase. This will result in
continuous mass transfer happening between the flowing mobile phase and the stagnant
stationary phase during the whole process of separation. Resistance to mass transfer is
dependent on the speed with which partition equilibrium is achieved. Since the resistance
to mass transfer is not the same for all molecules, this will result in peak broadening of

the analyte in the column.

In the case of packed columns which are used for liquid chromatography, A and C terms
will have more effect on the peak dispersion than the B term. Further more, the mass
transfer in the stationary phase (Cs) is minimal when working with bonded or thin
stationary phase films in liquid chromatographic separations. Therefore the dispersion in
packed columns primarily results from Eddy diffusion and mass transfer resistance in the
mobile phase (Cm). The equation below explains this phenomenon in a mathematical

form.
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Where, L = length of the column (cm)

N = number of theoretical plates

dp = diameter of the packing material (um)

A =empirical constant which depends on column packing

y = obstruction factor (>>0.6 for packed columns)

Dm = diffusion coefficient of the analyte in the mobile phase (cm?%/s)
k = retention factor of the analyte

di? = effective film thickness of the stationary phase (um)

D; = diffusion coefficient of the analyte in the stationary phase (cm?/s)

The equation (2) makes it clear that the Cm and A terms depend on the diameter of the
packing material. Therefore this proves the concept that small uniform packing particles
reduce the peak dispersion and enhance the efficiency of the column. This is shown in

Figure 2 which illustrates the typical values of HETP with respect to the particle sizes.



Figure 2: Plate height vs. linear velocity for different particle sizes

(Reprinted from Ref ? Copyright (2005), with permission from Elsevier)
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Fast and efficient separations can therefore be obtained using smaller packing

particles (equation 3).

, (1 +RLd,
Dy v 3)

Where t = analysis time (s)
v =reduced velocity (cm/s)
When working with small particle sizes, very high pressure is required to push the
mobile phase through a column, however the linear velocity needs to be
maintained. This can result in a significant pressure drop (AP) across the column

which is explained by the equation 4 described below 2
_ @nul

AP 3
dp 4

AP = pressure drop (dyne/cmz)

L =length of the column (cm)

¢ is the dimensionless flow resistance parameter

n and p are the viscosity (g/s cm) and the velocity (cm/s) of the mobile phase
respectively.

The optimum linear velocity (Uop) according to the reduced parameter analysis is

inversely proportional to the particle size ®. It is given by equation 5:

< (5)
The conclusion that can be derived from equations (2) to (5) is that smaller
particle size decreases peak dispersion thus enhancing column efficiency and

reducing analysis time with an increase in the pressure.



The van Deemter equation when graphically expressed in terms of H and u curve

results in a plot of plate height as a function of the mobile phase velocity. This H-

u curve shows that *

o

The A term is independent of u and does not contribute to the value of H,
which reports in the separation efficiency.

The contribution of the B-term is negligible at normal operating conditions
since the molecular diffusion is very small in liquid.

The C-term increases linearly with mobile phase velocity and does
contribute significantly to the shape of the curve. A small C-term leads to
a flat ascending portion of the curve at high mobile phase velocities. This
means separations can be carried out higher mobile phase velocities

without sacrificing the resolution.
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Figure 3 Van Deemter equation illustrated graphically®
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The above H-u curve is useful to determine the optimal velocity of mobile phase
at which highest column efficiency will be attained. Below the optimal velocity,
column efficiency with decrease rapidly and above the optimal velocity there is

only a slight decrease in efficiency.

2.2 Importance of Particle Size

The main factors or “gross” features of the van Deemter equation do not directly give
insight into the chromatographic performance affected by particle size. The large number
samples in the industrial laboratories in the case of drug discovery, drug development,
QC, QA etc and the availability of affordable, easy to use mass spectrometers have led to
the need for greater speed in analysis particularly in chromatographic separation of
smaller particles. Smaller columns along with faster flow rates have been used to
decrease the run time of analysis. Elevated temperature has also been used to lower the
viscosity of the mobile phase and increase mass transfer by increasing diffusivity of
analytes. Using conventional particle sizes and pressures requires compromises to be

made which result in trading resolution for time. >°

As the particle size decreases to less than 2.5um, there can be a significant increase in
efficiency, which is sustained at increased flow rates. By using smaller particles of this
order, speed and peak capacity can be extended to new limits using Ultra Performance
Liquid Chromatography (UPLC™). The possibilities of van Deemter equation is satisfied
by using particles smaller than the particle used traditional HPLC. The evolution of sub
2um particles was a major milestone in the field of chromatography. Commercially

available non-porous 1.5um particles are very efficient; however they have their own
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disadvantages. Due to low surface area of the particles, low retention is one of the
disadvantages, while poor loading capacity is also a result of the low surface area. In
order to maintain retention and capacity of HPLC, new porous particles are used which
can withstand high pressure. The silica particles which are used in HPLC columns have
great mechanical strength, at the same time suffer from limited pH range and causes
tailing for basic analytes. Another option is polymeric stationary phases, which have

wider pH ranges, but low capacities and efficiencies.

Taking advantage of silica columns and polymeric columns, in 2000, the first generation
hybrid chemistry evolved. They are produced using classical sol-gel synthesis which
incorporates carbon as a methyl group, which makes these columns mechanically strong,
has high efficiency and operate over a wide pH range.® Further in order to provide the
kind of mechanical strength that is required for UPLC, a second generation bridged
ethane hybrid (BEH) technology was developed. These 1.7um particles get their
mechanical strength by bridging methyl groups in the silica matrix. The challenge of
packing 1.7um particles into reproducible and rugged columns had to be overcome. A
smoother interior surface of the column was required. Redesigning the end frits to retain
the small particles and to resist clogging was necessary. Uniform bed packing was also
critical when shorter columns were used to maintain resolution while working in faster

separations.®

At high pressures, frictional heating of mobile phase can get very high which can pose a

problem. With typical column diameters used in HPLC (about 3.0 to 4.6 mm) and due to

13



frictional heating, loss in performance would result in nonuniform flow. In order to
minimize this effect smaller diameter columns are used typically for UPLC. Instrument
technology also has been improved to take complete advantage of increased speed, better

resolution and sensitivity which are offered by smaller particles.

2.3 Need for Faster Chromatography: Available Choices

In today’s world, time is of utmost importance in both the pharmaceutical industry and
academic institution when it comes to research. Currently, much HPLC method
development is being driven by the need for faster analysis times resulting in higher
productivity. This trend toward faster analysis is reflected in the configuration of HPLC
columns currently used for method development. Whereas ten years ago, a 250mm length
column packed with 5um particles was standard, today's methods often involve 3um
particles packed in lengths of 50mm and shorter. In addition, contemporary HPLC
column technology is focused on even smaller particles (< 2um) delivering higher
theoretical plate counts and with the capability of running at very fast flow rates. The
high throughput separations thus obtained are highly dependent on column efficiency. If
sufficient resolution is obtained on a "standard column”, the use of smaller particles,
higher flow rates and optimized instrumentation, will make the separation faster. There is
no question that the use of "micro particle” column technology can achieve drastically
reduced analysis times and much lower detection limits. These improvements, however,
require greatly increased operating pressures and often require specialized detectors and

pumps available only in non-standard HPLC instrumentation.®
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Another choice for faster chromatography is Super Critical Fluid Chromatography (SFC).
Supercritical fluid chromatography (SFC) is a relatively recent chromatographic
technique, having been commercially available since only about 1982. As a result there is
a large amount of research currently underway both in SFC method development and in
hardware development. What differentiates SFC from other chromatographic techniques
(gas chromatography (GC) and high performance liquid chromatography (HPLC)) is the
use of a supercritical fluid as the mobile phase.” Supercritical fluid chromatography has
several main advantages over other conventional chromatographic techniques (GC and
HPLC). Compared with HPLC, SFC provides rapid separations without the use of
organic solvents. With the desire for environmentally conscious technology, the use of
organic chemicals as used in HPLC could be reduced with the use of SFC. Because SFC
generally uses carbon dioxide collected as a byproduct of other chemical reactions or is
collected directly from the atmosphere, it contributes no new chemicals to the
environment. In addition, SFC separations can be done faster than HPLC separations
because the diffusion of solutes in supercritical fluids is about ten times greater than that
in liquids (and about three times less than in gases). This results in a decrease in
resistance to mass transfer in the column and allows for fast high resolution separations.
Compared with GC, capillary SFC can provide high resolution chromatography at much
lower temperatures. This allows fast analysis of thermo labile compounds. SFC is a
relatively recent technique and there is a large amount of research currently in the

industry underway both in SFC method development and in hardware development.
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As a part of my research project, small particle chemistry is being taken advantage of to
do faster analysis of pharmaceutical components. Ultra Performance Liquid

Chromatography (UPLC) is used.
2.4 Requirements for UPLC Instrument Usage

2.4.1 UPLC Instrumentation: Contrasting HPLC to UPLC

As discussed earlier, Waters has designed a new technology in chromatography. By
introducing Bridged ethane hybrid (BEH) columns for UPLC a new class of columns that
are mechanically stable under immense pressure are now available in the industry which

was not possible with conventional HPLC.

Another important factor in UPLC is sample introduction. The automatic or manual
injection valves that are used in HPLC would not be able to withstand the pressure of
UPLC. Further there is also a requirement for a fast pulse free injection cycle in order to
protect the column from pressure fluctuations and to maintain the speed that UPLC
technology offers.® In order to have low volume injections and minimal carryover on the
columns and to maintain sensitivity, a static split injection technique is used in UPLC.*"
12 However this technique has some disadvantages which include large sample volumes
and irreproducible long injections. As a result a pressure balance injection technique is
being used. Tthis is more efficient, reproducible, and uses much less sample as compared
to the split injection technique. This injection process is only 1-3 seconds long.

The detectors that are couple with UPLC have a very fast sampling rate to obtain

sufficient number of data points of the analyte peak.® In UPLC detectors the analyte peak
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is accurately integrated and using large number of data points thus taking complete

advantage of the small particle chemistry.

Th UHPLC system which was used for this research was developed by Waters
Corporation and is called as the ACQUITY UPLC™ system. Xtreme LC (Jasco
Corporation Inc) and Rapid resolution (Agilent Technologies) are two of the UHPLC

systems apart from ACQUITY UPLC™ currently in the market.

2.5 Factors to be considered when transferring methods from HPLC to UPLC.

As the columns that will be used are packed with smaller particles, a special
chromatographic instrument is required. This instrument should be able to handle the
high back pressure created due to smaller particles in the columns. For this reason, UPLC
instruments offer a higher range of pressure capability. Pumping capacity and the sample
introduction device are designed in a way to successfully handle the ultra-high pressures.
The UPLC system must be adapted to work in fast mode with reduced volumes. The
smaller diameter of the columns would control frictional heating and will also reduce

organic solvent consumption. °

To get efficient separations, tubing volume has to be reduced to as low as possible.
Tubing length needs to be reduced and diameter has to be selected keeping in mind the
back pressure that would be created and the low volume which would result from this.

The injection volume has to be selected to agree with the column dimensions. A general

rule of thumb will be to have injected volume about 1-5% of the column dead volume. A
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fast injection cycle time is very necessary to accommodate fast analysis time. Fast data
acquisition needs exceptional signal to noise to minimize smoothing. Since smaller
column volumes are used, UPLC columns produce small volume peaks, which will be
narrow in time. To avoid band spreading cell volumes are maintained smaller. This is
achieved by either small path length or small cross sectional area. The problem which
arises due to low cell volume is less sensitivity. Small cross sectional area will result in

increase in baseline noise.

The sensitivity of the detector cannot be compromised as compared to the traditional
HPLC. For this reason, a special flow cell is designed for UPLC which is called light
guided flow cell. This special design will facilitate the possibility of reduced sensitivity
and increased baseline noise due to low cell volume. These cells are low volume with
optimal path length and light throughput. These cells are made of optical fiber whose
core material is a fluid with Teflon AF boundary. Light rays entering the liquid core of
the flow cell are internally reflected when they strike the Teflon AF boundary. Thus light
rays are transmitted without any loss other than that caused due to the sample. The

detector time constant has to be small. °

As a part of the method transfer in this project Acquity UPLC columns have been used.
They are the most technologically advanced LC columns to date and are the only
columns designed and tested to withstand high pressures encountered in UPLC
methodology. These columns are based on highly efficient 1.7um Bridged Ethyl Hybrid

(BEH) particles which are first ones of their kind that allow separation scientists to
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achieve maximum speed, sensitivity and resolution without compromise. ° The particles
in Acquity UPLC columns have been designed to offer ideal combination of ultra-
performance efficiencies, wide pH range and complementary selectivity.

So UPLC is related to HPLC but the instrument design starting from injector to detector
is fundamentally different. Thus it is important to assess how those differences affect the

analyst with the analysis.

19



CHAPTER 3

3.1 Method Transfer from HPLC to UPLC: Practical Considerations

A new class of separation science has been developed based on chromatography columns
with very small particles and instruments designed to take advantage of these small
particles. The obvious results from this new class are improved resolution, speed and
sensitivity. This can be used to either develop new methods or to improve existing
methods. Various HPLC methods can be converted to UPLC to get faster results with
more resolution resulting in more information, robust methods. This will give us better
situational response time in research and more samples analyzed per system and scientist

in the industry.

3.1.1 Consideration for method development

The new method which will be developed must preserve complete resolution of all
relevant analytes, peak purity and homogeneity. Certainty of peak identification and

quantitative accuracy and precision must be maintained in the new method.

3.2 Steps in a successful migration

There are various steps which need to be considered when a method is being transferred
to UHPLC. In order to have a smooth migration and to make advantage of the UHPLC

technology, few parameters have to be properly considered.
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3.2.1 Column Chemistry and Dimensions

Column chemistry has to be of primary concern. Columns packing materials are
primarily of two types: porous and nonporous silica particles. The advantages and
disadvantages of both has been discussed and compared by Wu etal. * According to this
discussion, nonporous particles have the advantage of withstanding higher pressures and
cause less mass transfer resistances and do have higher efficiency than the porous
particles. The advantages of the porous particles offer larger surface area and high sample
loading capacity. These porous particles are known to provide better separation of early
eluting peaks while the nonporous particles are known to provide better separation of late
eluting peaks. There is another newly developed stationary phase superficially porous or
fused core silica particles which has been discussed by the same group. The new
stationary phase is formed by fusing a 0.5um porous silica layer onto solid 1.7um core.
The particles thus formed would enable us to use high flow rated with a reduced axial
diffusion as compared to the porous particles. * Few researchers have studied these
mentioned particles and have compared their performances. It was found that the
performance of fused core particles is much more efficient when compared to the
traditional porous particles. ** Comparison of reduced plate height (plate height divided
by particle diameter) of columns with total porous particles and the columns with fused
core particles has been made. The reduced plate height was found to be around 1.5 for the
column with the fused core particles (2.7um) as compared to 2 for the totally porous
particles (3.5um and 3um). The increase in efficiency in fused core particles was
attributed to the narrow particle size distribution of the material. It was found that the

standard deviation of the particle size distribution for fused core particles was around 5-
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6% while it is around 19% for totally porous particles. One more advantage will be that
the fused core particle operated at much lower back pressure as compared to the other

particles.

Various manufacturers have designed columns which have small particle sizes and can
withstand high pressures. These columns are made to offer great efficiency, ruggedness
and throughput. These columns are available in various combinations. Depending on the
manufacturer, these columns are known as BEH columns, Blue Orchid Columns, or
Pinnacle DB columns Pinnacle DB for example are available in variety of combinations,
for example Pinnacle DB C18, Pinnacle DB C8, Pinnacle DB phenyl are a few to
mention. Internal diameter of the columns has to be selected based on the purpose of the
analysis. In general, 2.1mm diameter columns are preferred. Very limited amount of
sample will be the reason when smaller diameter of columns is preferred. Length of the
column is another criterion that needs to be addressed. If the main reason for using UPLC
is speed of the analysis, 50mm long columns will be preferred.. However if the resolution

is the objective of using UPLC, starting with 200 mm column is ideal.*

3.2.2 Column Capacity

The internal diameter (ID) of a column is a very important parameter which affects the
sensitivity and separation selectivity in a HPLC or UPLC analysis. It also determines the
amount of analyte that can be loaded on to the column. The columns with smaller ID do
provide sensitivity and lower solvent consumption at the expense of loading capacity. 3

e Larger ID columns (over 10 mm) are used to purify usable amounts of material

because of their large loading capacity.
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e Analytical scale columns (4.6 mm) have been the most common type of columns,
though smaller columns are rapidly gaining in popularity. They are used in
traditional quantitative analysis of samples and often use a UV-VIS absorbance
detector.

e Narrow-bore columns (1-2 mm) are used for applications when more sensitivity
is desired either with special UV-Vis detectors, fluorescence detection or with
other detection methods like liquid chromatography-mass spectrometry

e Capillary columns (under 0.3 mm) are used almost exclusively with alternative
detection means such as mass spectrometry. They are usually made from fused

silica capillaries, rather than the stainless steel tubing that larger columns employ.

3.2.3 Injection Volume

The injection volumes must be selected keeping in mind the column dimensions. A
general rule of thumb is to have injection volume between 1 to 5 % of the column dead
volume. If a 50 x 2.1mm column is used for UPLC analysis which is a very common
choice, column dead volume comes down to 120uL. As a result the injection volume
should be between 1 to 5 pL to limit band broadening. For this reason injection volume
has to be geometrically scaled down when transferring a HPLC method to UPLC. As
mentioned earlier the columns capacity is proportional to the surface area and internal
solvent volume. On UPLC instruments, suggested minimum injection volume is 0.5to 1
ML. If the calculated volume results in very small volume for injection, the sample should
be diluted 5-10 times with initial strength of mobile phase.

Consider an example

23



Target Column Volume
Original Column Volume

(6)

Target injection volume = Original injection volume x

For example scaling a 10 pL injection on 4.6 x 15.mm to 2.1 x 50mm column will be as

follows:

3.14x1.2%> x50 0.19
104 X - 10 x 2 Z 104 x 0076 = 0.8 7
M= 3 14x% 2.3 x150 #7549 # a 7

3.2.4 Flow Rate

In order to have smooth migration, flow rate of the mobile phase has to be adjusted to fit
for UPLC. First flow rate has to be adjusted proportional to the columns diameter squared
for constant linear velocity. Second adjustment of the gradient table to maintain the same
number of column volumes of solvent through the target column. Finally, in order to
maintain linear velocity for smaller particles, flow rate is adjusted. An example is as

follows:

Scaling a 1.5mL/min flow rate on a 4.6 x 150 mm column to 2.1 x 50 mm column

7 X r?of Target
7 x r? of Original

(8)

Target flow rate= Original flow rate x

This reduces to

2

d
Target flow rate=  Original flow rate x ——%—  (9)

Original

2

So 1.5mL/min x 2.1

o

= 0.31mL/min (10)
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All the above calculation is made based on the assumption that particles are the same in

all the columns, which is not the case .

3.3 Gradient Profile converting HPLC to UPLC

The original gradient profile needs to be adjusted to fit in the UPLC analysis. The
gradient can be expressed in terms of percentage change per column volume (cv) units.
Each segment is calculated as a number of column volumes. Then the time required for
deliver the same number of column volumes to the target column volume is calculated at
the chosen flow rate.

Consider this example of HPLC gradient

Table 1 Gradient profile
Gradient Step Time Flow rate % A % B Curve
Initial 0 1.5 95 5 8
3 15 1.5 5 95 6
3 20 1.5 5 95 1
4 30 1.5 95 5 1

In order to understand the curve of the gradient profile, let us look in to the following

example. **
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Figure 4 Demonstrating linear curve?
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Linear Curve 6 is generated when the rate of change of solvent B is linear over time.
Convex curve (2-5) is generated when the final solvent composition is approached
rapidly. Concave curve (7-10) results in the delayed onset of the final composition.

For 15 minutes, at 1.5mL/min on a 4.6 x 150 mm column, this becomes,

Gradient Volume = Flow rate x Time =1.5mL/min x 15min =22.5mL (11)
Column Volume = 7 xr?xL =3.14x0.23*x15.0=2.49 mL (12)

Gradient Duration (cv) = Gradient Volume

Column Volume (13)
Gradient Duration (cv) = 22.5mlL =9.03¢cv
mli (14)

Using this Gradient duration (cv) value, gradient profile for UPLC can be calculated

which will provide a initial profile to start with for the UPLC analysis.

Table 2 Example of gradient profile

Step | Time |Flowrate | %A | % B | Curve | Segment Segment
Duration (min) | Duration (cv)

Initial | O 1.5 95 5 * 0 0

2 15 1.5 5 95 6 15 9.03

3 20 1.5 5 95 1 5 3.01

4 30 1.5 95 5 1 10 6.02
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Original Step 2 is 15minutes at 1.5mL/min with duration of 9.03 cv. Using this we can
calculate target Step 2 keeping the duration at 9.03cv.

Column Volume = 7 xr?xL =3.14x0.105°x5.0=0.17 mL (15)

Gradient Step Volume = Duration (cv) x Target VVolume
=9.03cv x0.17 mL=1.54 mL (16)

Gradinet Step Time = Gradient Step Volume / Flow Rate
=1.54mL /0.31mL/min =5min (17)

Using this Gradient duration (cv) value, gradient profile for UPLC is now calculated and

the scaled gradient profile is below:

Table 3 Gradient profile

Step | Time |Flowrate | %A | % B | Curve | Segment Segment
Duration (min) | Duration (cv)

Initial | O 0.31 95 5 * 0 0

2 5 0.31 5 95 6 5.0 9.03

3 6.67 0.31 5 95 1 1.67 3.01

4 10 0.31 95 5 1 3.33 6.02

All the above theoretical calculations are made based on the assumption that particle
sizes are the same in both HPLC and UPLC columns. Now that we consider the fact that
we have 1.7um particle in UPLC columns instead of 5um particle in a routine HPLC

column, further adjustments have to be made to the flow rate. Temperature and viscosity
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of mobile phase also play a role in this conversion. After making theoretical calculations,
the actual method will be further adjusted experimentally because of differences in the
size of the molecules and various other parameters which cannot be included as part of

our calculations.

3.4 Detection Considerations

3.4.1 PDA Detection

PDA detection is used on a normal basis to determine the peak identity and purity.
Modern PDA detectors have hardware which can achieve resolution of 1.2nm and can
yield spectral fine structure which can reveal differences between the compounds with
similar structures. With the advent of high speed UPLC techniques, new detector
technology has to be developed to keep up with the pace. Traditional PDA detectors do
suffer from lack of sensitivity and increased band spreading which reduces the resolution.
As a result a new detector cell which does not contribute to the band spreading is being
used in UPLC instruments. =3
a. Flow cell technology: Absorbance based optical detectors are concentration
sensitive detectors. Since small bore Acquity UPLC™ columns produce small
volume peaks, the UPLC detector flow cell volume must be correspondingly low.
However smaller volume also reduces the path length, which reduces signal
strength as per Beer’s law, and a reduction in cross section would result in
reduction of light path and transmission which increases the noise. So
conventional HPLC flow cell would accommodate the sensitivity of UPLC. To
avoid increasing band spreading and to maintain concentration and sensitivity a

small volume light guiding flow cell was developed. This is essentially an optical
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fiber whose core fiber is fluid and designed for optimum path length and high
light throughput. This cell used Teflon AF® an internally reflective surface to
improve light transmission by eliminating internal absorption. With this design
light is efficiently transferred down the flow cell and maintains a 10mm flow cell
path length with a volume of 500nL.

For high sensitivity work, a second cell is available with a longer path length
(25mm) without any additional noise. So a combination of low noise, wide linear
range and excellent spectral resolution at both high and low signal level is

provided by UPLC detectors for high sensitivity trace analysis.

3.5 Representative Examples

In early 2004, the first commercially available UPLC which had features required to
transfer methods from HPLC was described. This was used for the separation of
various pharmaceutical related small organic molecules, proteins and peptides. The
instrument is called the Acquity UPLC™ System. It became possible to run
separations using shorter columns with higher flow rates for faster analysis, increased
resolution and sensitivity, thus making complete advantage of UPLC. A few simple
cases are cited in literature are as follows.

Comparison of HPLC and UPLC for the separation of ginger root extract is a very
good example where speed, resolution as well as sensitivity have been increased.
DryLab Software was used to model and redevelop he separation and transfer it to the
Acquity UPLC system and BEH Chemistry. HPLC Conditions: Column 2.1 X
100mm, 5.0pum prototype BEH at 28°C. A 25-96% linear gradient over 10 minutes, at

a flow rate of 1.0 ml/min was used. The mobile phase A was water, B was
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Acetonitrile, UV detection at 230nm and 10pL injection. UPLC condition: Column
2.1 x 100mm, 1.7um ACQUITY BEH C18 at 28°C. A 50-100% B linear gradient
from 1.4 to 3.7 minutes, followed by a hold until 6.0 minutes, at a flow rate of
0.3ml/min was used. Mobile phase A was water, B was Acetonitrile. UV detection

was at 230nm with 5pL injection.

Faster separations can lead to higher throughput and time savings when running
multiple samples.. Some methods are very easy to be transferred to UPLC. One such
example from literature is as illustrated here. *® UPLC separation of Seven Coumarins
illustrating fast method development. Column: 2.1x 30mm 1.7um ACQUITY UPLC
BEH C18 at 35°C. A 20-40% linear gradient over 1.0 minute, at a flow rate of 0.86
ml/min was used. Mobile phase A was 0.1% formic acid, B was Acetonitrile. UV
detection was at 254nm and 40pts/sec. This is a method to separate several closely
related coumarins and a metabolite that was developed in under an hour, including
scouting runs for gradient optimization, and individual runs for elution order
identification. These runs were performed in a fraction of time that would be
necessary for conventional HPLC, thus saving significant time in method

development.

Jorgenson et al. have shown ° that higher chromatographic efficiency, resulting from
the use of UPLC, translates into better resolution and higher peak capacity, which is
particularly important for analysis of peptides and proteins. The increased resolving

power made the resulting data easier to interpret, since more of the MS peaks
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consisted of single compound and up to a 20-fold improvement in the quality of
spectral information was obtained.

Lee et al. Y

also used MS detection for the analysis of low molecular weight
compounds similar to those that might compromise a combinatorial library. It was
shown that in order to address the very narrow peaks produced by UPLC, it is
necessary to use a very high data capture rate MS such as a TOF or quadrupole with
fast scan rates. They also pointed out that in some cases, related compounds of the

same molecular weights and similar structures could not be differentiated by MS,

necessitating chromatographic resolution on the UPLC time scale.

Plumb et al. have investigated the use of UPLC/MS for the analysis of metabolites, *°
and as a tool for differential metabolic pathway profiling in functional genomic
studies. Their data illustrates the benefit obtained from the extra resolution of UPLC,
both in terms of specificity and spectral quality, revealing new information and
reducing the risk of not detecting potentially important metabolites. This is a
challenging separation due to the high concentration of bile salts that can interfere,
and the presence of bilirubin that can cause ion pairing. The resolution is dramatically

improved, and the number of discreet peaks has more than doubled.

3.6 Advantages

The very obvious advantages of using UPLC over HPLC are listed as below:
* Decreased run time and increased sensitivity

« Improved selectivity, sensitivity in LC analysis
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* UPLC'’s fast resolving power helps quantify both related and unrelated compounds
in a very short time through use of novel separation material with fine particle
size.

* Operation cost is drastically reduced

* Less solvent consumption; this is of utmost importance these days due to shortage
of solvents.

* Reduces process cycle times, so that more product can be produced with existing
resources

* Increases sample throughput and enables manufacturers to produce more material
that consistently meet or exceeds the product specifications, potentially
eliminating variability, failed batches, or the need to re-work material

* Delivers real-time analysis in step with manufacturing processes

* Assures end-product quality, including final release testing

3.7 Disadvantages

Due to increased pressure, extended maintenance is required. This reduces the life of
the columns with fine particles. In some cases there was a problem with not a very
good peak area repeatability values in UPLC analysis. This can be due to small
injection volumes or using “partial loop injection: mode, which is theoretically a bit
less precise as compared to full loop mode. Higher sample dilution and comparison of
these injection modes could give conformation of this presumption. On the same lines
100MPa could be unimaginably too much for a conservative HPLC user. Thus far
negative effects connected with these high pressures have not been observed. It is too

early to evaluate the system drawbacks. **
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CHAPTER 4

4.1 Necessity of method comparisons

Method comparison is performed on a regular basis in clinical chemistry laboratories to
evaluate the agreement between two analytical methods. Method comparison is
performed whenever a new method is considered for replacing a current one. Method
comparison is usually recommended when a new analytical method is started. It is also
useful to resort to method comparison in routine work either to troubleshoot an analytical
issue or to check any agreement between the two analyzers within a laboratory or
between two laboratories. Interchanging methods can be done for various reasons. It can
be definitive if the new method has better qualities to offer. It can be temporary if the
new method is only an alternative method if the existing one fails for some reason. It can
be cyclic when both the methods need to be used at different times. It can also be

continuous when they have to be used simultaneously may be in different laboratories. *®

4.2 Criterion for Comparison
An analytical method can be changed to another one only if they agree very closely. Any
two analytical methods can be equivalent, commutable or incompatible.
e Methods are equivalent if they give equal results within inherent uncertainty.
Such methods can be interchanged without any loss in accuracy.
e Methods are commutable if they give equal results within tolerance interval. They
might not be completely equivalent but can however be interchanged without any

significant loss.
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e Incompatible methods which give results with difference greater than the

tolerance interval.

4.3 Approaches to Method Comparison

As a part of this research a completely validated HPLC is being compared to a validated
UPLC method. The validation results from both the methods are being compared to make
a decision if the methods are equivalent, commutable or incompatible.

There are more than one ways to compare methods. The most commonly used methods

are the Scatter Plot and the Difference plot.

4.3.1 Scatter Plot

The recovered concentration values of the new method are plotted against the
corresponding values of the existing method. The mathematical relation between the
methods is estimated based on the regression lime. The disagreement between the

methods is measured by departure of the regression line from the identity line. 2°

4.3.2 Difference Plot

The differences in the recovered concentrations between the results from both the
methods are plotted against the means of each pair. The disagreement between the
18, 20

methods is measured by the deviation of the points from the horizontal nil-bias line.

Both the methods have pros and cons and they provide complementary information.
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Figure 5 Difference plot
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Before comparing two methods, any method has to be checked to make sure it is free
from systematic errors and the random error has to be measured too. It is important to
compare the standard deviations of the results from both the methods. The scatter plot is a
tool to search for differences of calibration. The difference- plot is a tool to search for
aberrant pairs. Various statistical tests are performed to evaluate the relationship between
the two methods that are to be compared. In the following sections few such tests are
described, which have been applied to the data of interest. The history and details of the
tests, the results from the same tests, and the interpretation of the results are discussed

here under.

4.4 Statistical Software

Various statistical softwares packages are available which can be utilized to do statistical
analysis. SPSS, XLSTAT, MedCalc, Analyse-it® are a few to mention on those lines. All
of these have been tried to apply to our data of interest. However the final studies have
been performed using Medcalc, since it offered the Box whisker plot analysis, Deming

Regression and Bland Altman analysis in one single package.

4.5 Strategy of Comparison

441 F-Test

F-test can be used to test the equality of two population variances. Suppose a researcher
wants to test whether or not two independent samples have been drawn from normal
populations with the same variability. In this case, the researcher uses the F-test to do this

study. The F-test can also be used to know whether there is any homogeneity between the
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two independent estimates of the population variance. ** The formula for F —test is given
below.
g2
F="L ,S:>S, (18)
SZ

The F-test is designed to test if two population variances are equal. It is done by
comparing the ratio of two variances. So, if the variances are equal, the ratio of the
variances will be 1. All hypothesis testing is done under the assumption that null
hypothesis is true. An F-test % is used to test if the standard deviations of two populations
are equal. This test can be a two-tailed test or a one-tailed test. The two-tailed version
tests against the alternative that the standard deviations are not equal. The one-tailed
version only tests in one direction that is the standard deviation from the first population
is either greater than or less than (but not both) the second population standard deviation.
The choice is determined by the problem. For example, if we are testing a new process,
we may only be interested in knowing if the new process is less variable than the old
process. 2
The F-test can be used to answer the following questions:

1. Do two samples come from populations with equal standard deviations?

2. Does a new process, treatment, or test reduce the variability of the current

process?

If the two standard deviations are not significantly different, then their ratio will be close
to 1. In statistical hypothesis testing the P-value is the probability of obtaining a T

calculated value as close as possible to the one that was actually observed, which shows
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that the assumption made for the null hypothesis is true. P value is calculated either by
looking up in the F-table or by any of the statistical software packages that are available
The calculated F value is used as the numerator and the degrees of freedom is used as
denominator and compared on the F test table. When the calculated P value is less than
0.05 (P<0.05), the conclusion is that the two standard deviations are statistically
significant different?® One often rejects a null hypothesis if the P-value is less than 0.05
or 0.01, corresponding to a 5% or 1% chance respectively of an outcome at least that

extreme, given the null hypothesis.”*

As part of this research validation parameters have been compared and subjected to F-
test. The percentage accuracy values at different concentrations for both the methods are
compared. The standard deviations from the two methods are compared and once we get
conclusion from F-test the dispersion in the data is displayed in a visual format which is

described below.

4.4.2 Box Whisker Plot

A convenient way of graphically showing numerical data which can explain differences
in two methods has been adapted as a next step which is called Box whisker diagram or
plot in descriptive statistics. This diagram displays the similarities and differences
without making any assumptions of statistical distribution. ***?* This is a very convenient

way of looking at the data both qualitatively and quantitatively.

The box-and-whisker plot ?* displays a statistical summary of a variable: median,

quartiles, range and possibly extreme values. In the Box-and-whisker plot, the central box
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represents the values from the lower to upper quartile (25 to 75 percentile). The middle
line represents the median. The horizontal line (whisker) extends from the minimum to
the maximum value, excluding outside and far out values which are displayed as separate
points. An outside value is defined as a value that is smaller than the lower quartile minus
1.5 times the interquartile range, or larger than the upper quartile plus 1.5 times the
interquartile range (inner fences). A far out value is defined as a value that is smaller than
the lower quartile minus 3 times the interquartile range, or larger than the upper quartile
plus 3 times the interquartile range (outer fences). This particular model is very helpful
with respect to our research. As mentioned earlier, standard deviations of the percentage
recovery from both the methods are compared. The same comparison when displayed as

a Box-whisker diagram helps us see the distribution of the numbers in a single glance.

As an option in MedCalc, you may select to plot all individual data points. This enables
you to obtain a diagram representing a statistical summary of the data without the
disadvantage of concealing the real data. A representative Box-Whisker plot looks like

below: 2
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Figure 7 Representative Box Whisker Plot
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This is just a representation of statistical data in an illustration. To summarize, F-test
gives information about the variance of data and Box-whisker plot demonstrates the
distribution of the data. Based on the results from F-test it can be determined if two
methods are equivalent. If the variances are almost the same then the methods are

considered equivalent.

Another way in which the results of a new analytical method may be tested is by
comparing them with those obtained by second method which is known as T-test. Now
we have two sample means and the null hypothesis will be that both methods give same
results. #* If the two samples have standard deviations which are not significantly
different then the first version of T-test will be applied. If the standard deviations are

significantly different then the second version of T-test (two tailed) will be applied.
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Figure 8
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443 T-Test

4.4.4 Student T-test

This test is used for comparing the means of two samples (or treatments), even if they
have different numbers of replicates. In simple terms, the t-test compares the actual
difference between two means in relation to the variation in the data (expressed as the

standard deviation of the difference between the means) %

First an F-test is performed. If the P-value is low (P<0.05) the variances of the two
samples cannot be assumed to be equal and the t-test with a correction for unequal
variances should be used. The independent samples t-test is used to test the hypothesis
that the difference between the means of two samples is equal to 0 (this hypothesis is
therefore called the null hypothesis). The program MedCalc was used as part of this
study. The software is used to look in to the difference between the two means, and the
95% Confidence Interval (ClI) of this difference. The test statistic t, Degrees of Freedom
(DF) and the two-tailed probability P are also evaluated as part of this test. When the P-
value is less than the conventional 0.05, the null hypothesis is rejected and the conclusion

is that the two means do indeed differ significantly. %

445 Paired T-test

This test is used as an alternative to the student t-test, for cases where data can be paired
to reduce incidental variation- i.e. variation that you expect to be present but that is

irrelevant to the hypothesis you want to test. As background, let us consider exactly what
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we do in a conventional t-test to compare two samples. We compare the size of the
difference between two means in relation to the amount of inherent variability (the
random error, not related to treatment differences) in the data. If the random error is large
then we are unlikely to find a significant difference between means unless this difference
is also very large 2

The typical output displays the summary statistics of the two samples followed by the
mean of the differences between the paired observations, and the standard deviation of
these differences, followed by a 95% confidence interval for the mean. Note that the
sample size will always be equal (only cases are included with data available for the two
variables). Next the result of the null hypothesis test is displayed. If the calculated P-
value is less than 0.05, the conclusion is that the mean difference between the paired

observations is statistically significantly different from 0.

4.4.6 Regression Analysis

If a new analytical method is developed for determination of a particular analyte the
method must be validated. The main aim of such a comparison will be identification of
systematic errors and to decide if the new method gives results that are significantly
higher or lower than the established procedure. In cases where an analysis is repeated
several times over a very limited concentration range, such a comparison can be made
using the T-test as mentioned earlier. Such procedures however will not be appropriate in
instrumental analyses which are often used over large concentration ranges, %

When two methods are to be compared at different analyte concentrations the normally
adopted process is called regression analysis. One axis of regression graph is used for the

results obtained by the new method and the other axis for the results obtained by applying
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the reference method to the same samples. Each point on the graph thus represents a
single sample analyzed by two separate methods. The methods are then used to calculate
the slope, intercept and the product-moment correlation coefficient of the regression line.
If each sample yields identical results with both analytical methods the regression line
will have a zero intercept and a slope and correlation coefficient of 1. Deviations from the
‘ideal’ situation can occur in a number of ways; firstly it is possible that the regression
line will have a slope of 1 but a non-zero intercept. One method may yield in a higher or
lower result than the other by a fixed amount. A second possibility is that the slope of
regression lines is > 1 or < 1, indicating systematic error may be occurring in the slope of
the individual calibration points. In practice, the analyst commonly tests for an intercept
differing from zero and a slope differing from one. Such tests are performed by
determining the confidence limits for each of them generally at 95% significance level. %
Despite their use for many years, there is a lot of ignorance about the validity as well as

the advantages and disadvantages of regression and correlation techniques. Ordinary

4.4.7 Ordinary Linear Regression (OLR)

OLR is a method used to describe the relationship between two variables and to predict
one variable from another (if you know one variable, then how well can you predict a
second variable). Whereas for correlation the two variables need to have a Normal
distribution, in regression analysis only the dependent variable Y should have a Normal
distribution. The variable X (reference method which is HPLC method) does not need to
be a random sample with a Normal distribution (the values for X can be chosen by the
experimenter). However, the variability of Y (new method which is UPLC method)

should be the same for each value of X.
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Normal regression or OLR is calculated on the assumption that the errors in the x-values
are negligible and all errors as assumed to occur in the y-direction. There is also an

assumption that the errors in the y-values are constant.

To see if there is a relationship between the two methods, the points are plotted on a
scatter diagram. The results from one method are plotted on x-axis against the
corresponding results from the other method on the y-axis in a two dimensional diagram.
As both methods are used to measure same results, the relationship is often a linear one
i.e., a straight line drawn through the middle of the points. This line is called the
regression line for the data and takes the form y = mx + ¢ where m is the slope or

gradient of the estimated line and C is the y-intercept of the estimated line.

The correlation coefficient, r, measures the closeness of the observations to the regression
line and measures the amount of linear association between the two variables. MedCalc
software has been used for this study and the following results are displayed.

Coefficient of determination R this is the proportion of the variation in the dependent
variable explained by the regression model, and is a measure of the goodness of fit of the

model. It can range from 0 to 1, and is calculated as follows:

r2 _ Explained variation _ D (Vegy -V
totalvariation E Y- E

(19)
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where Y are the observed values for the dependent variable, Yis the average of the
observed values and Y, are predicted values for the dependent variable (the predicted

values are calculated using the regression equation) %

Residual standard deviation is sometimes called the Standard error of estimate. The
standard deviation of the residuals (residuals = differences between observed and

predicted values) is calculated as follows:

/Z(Y -Y.)
Sl‘es = P —
n-z2 (20)

The equation of the regression curve is given. The selected equation with the calculated

values for a and b (and for a parabola a third coefficientc). E.g. Y =a+b X

Next, the standard errors are given for the intercept (a) and the slope (b), followed by the
t-value and the P-value for the hypothesis that these coefficients are equal to 0. If the P-
values are low (e.g. less than 0.05), then you can conclude that the coefficients are

different from 0.

Note that when you use the regression equation for prediction, you may only apply it to
values in the range of the actual observations. E.g. when you have calculated the
regression equation for height and weight for school children, this equation cannot be

applied to adults.

Analysis of variance is also studied as part of data analysis. The analysis of variance table

divides the total variation in the dependent variable into two components, one which can
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be attributed to the regression model (labeled Regression) and one which cannot (labeled
Residual). If the significance level for the F-test is small (less than 0.05), then the

hypothesis that there is no (linear) relationship can be rejected.

If the analysis shows that the relationship between the two variables is too weak to be of

practical help, then there is little point in quoting the equation of the fitted line or curve.

The accompanying scatter diagram should include the fitted regression line when this is
appropriate. This figure can also include the 95% confidence interval, or the 95%
prediction interval, which can be more informative, or both. The legend of the figure

must clearly identify the interval that is represented.

4.4.8 Presentation of Results

Initially, the slope and intercept can be compared to 1.0 and 0.0 respectively. Graphically
the regression line and line of equality (x=y) can be added to scatter plot to improve this
assessment. Such methods are sometimes not good enough as resolution of the scatter

plot can be poor at low concentrations.

Next step is to look at the slope and intercept with their respective 95% limits of
agreement. If the 95% limits of agreement for slope include 1.0, then the regression line
slope is not significantly different from the line of equality. Similarly if the 95% limits of
agreement for intercept include 0.0, then the regression line intercept is not statistically

different from the intercept in the line of equality. However the interpretation of data is
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more than simply looking at intercept and slope. The data has to be compared to see the
data spread with the data error that is allowable. The methods can have poor agreement
despite the slope of 1.0 and intercept of 0.0. In order to take care of this, mathematical

comparison of either residuals or the differences for each result is calculated.®! %

e Standard deviation of residuals is represented as Sy and is calculated by the

software by parametric regression methods.

e Total analytical precision S, i is calculated by adding the standard deviation of

residuals of both the methods separately.

In linear regression, proportional bias is represented by slope, constant bias by the y
intercept and the degree of total random error including sample related effects, total
analytical precision (S, 1), drift or shift, and non-linearity between the two methods by
Syx. While Sy indicated the magnitude of total random error like the correlation
coefficient r, it is independent of the data range and is more likely to have a bigger
change with increasing error. When Syx >> S, 11, then sample related effects might play a

role.

In most of the cases both the methods contribute to Sy, however without comparing the
standard deviations of both methods, it will not be possible to decide which method

contributes more to Syx or 95% limits of agreement. %

4.4.9 Deming Regression

The linear regression is calculated in Ordinary Linear Regression OLR by minimizing the

squared residuals in the y direction leading to its other name of least squares regression.
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Figure 9 A representation of the Ordinary Linear Regression (OLR) method.
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It assumes that the variable x is error free (no constant error, no proportional or random
error) which is not practically possible. Any differences which because of this effect
decrease as the range of data points increase but the false-positive error may still be
high.®" Usually OLR assumed constant imprecision in the x variable and if that’s not true,
weighted forms can be taken into account. There are mixed views on using weighted

against unweighted forms.

Another issue with OLR is effect of outliers which result in large squared residuals which
shifts the regression line in a wrong direction. Another concept related to this is
measuring Cook’s distance 2" The larger the residual, the larger the Cook’s distance and
so more likely this point has more effect on the linear regression. The Cook’s distance is
suggested to be used when regression analysis is performed to indentify points that

influence the regression line.

At this point Deming Regression (DR) becomes important. In statistics the Classical
errors —in-variable model or Deming Regression is a method of linear regression the finds
best fit for set of related data. It differs from OLR in that it accounts for error in the
observation on both the x- and y-axis. OLR assumed that comparative method values are
without random error and that test method random error is constant throughout the range
of data. Although these assumptions are not strictly justified, results of OLR are of
acceptable accuracy and precision when the random error of the comparative method is
small compared with the range of the data. Deming Regression is the term used to refer

linear regression analysis in which random error of both the comparative and test
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methods is taken into account ?® Deming’s linear regression minimizes the distances of
the data points orthogonal to the regression line as opposed to OLR which does so in the
y axis. ¥ The disadvantage with Deming Regression is that it is mathematically more
complex to do. Doing calculation on paper or using a spreadsheet will be more difficult.

However we have software which does this job for us.

Figure 10 An illustration to demonstrate the differences between OLR and DR

Regression hine

\

This line mimimizes the perpendicular
distance between line and
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Using MedCalc, for Deming Regression, a scatter diagram with regression line and
residuals plot is plotted. Mean and Coefficient of Variation (%) for both methods are
shown in the results. Variance ratio which is the ratio of the measurement errors of X and
Y is listed. The regression equation is displayed with Intercept and Slope with 95%
confidence interval. The Intercept and Slope are calculated according to * The standard

errors and confidence intervals are estimated using the jackknife method *%).

The 95% confidence interval for the intercept can be used to test the hypothesis that C=0.
This hypothesis is accepted if the confidence interval for A contains the value 0. If the
hypothesis is rejected, then it is concluded that A is significant different from 0 and both

methods differ at least by a constant amount.

The 95% confidence interval for the Slope can be used to test the hypothesis that m=1.
This hypothesis is accepted if the confidence interval for B contains the value 1. If the
hypothesis is rejected, then it is concluded that B is significant different from 1 and there

is at least a proportional difference between the two methods.

Few general recommendations have been made in literature regarding linear regression
analysis. 2* Present the data graphically and visually inspect them for adequacy of range

and for outliers.

Inspect the data for linearity:

» Use a residual plot and investigate the sign sequence of the residuals.
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* If x and y are linearly related, perform correlation analysis.

* [f x and y are not linearly related, perform nonlinear regression.
Correlation analysis:

* Ifris 0.99 or 0.975, perform outlier investigation.

* When r increases satisfactorily, perform linear regression.

» When r does not increase satisfactorily, perform OLR to obtain Sy and compare Sy

With. Saytot
(@) If Syx = Saytor, reduce Syt (€.9., by performing replicates).

(b) If Syx >> Sator, there is substantial analytical difference between the methods

because of sample-related effects.
Linear regression:
* For estimation of slope and intercept, use OLR or DR
* For estimation of Sy, use OLR.
Interpretation:

* For analytical interpretation, take into account the uncertainty of slope and intercept and

compare Sy With S, 1t (See above). Apply proposed specifications wherever possible.

* Decide on data relevance when the slope differs considerably from 1, the intercept from

0, and Syx > Sa ot

Finally various experiences show that the analytical data have more effect on the
reliability of the linear regression than any particular model that has been applied. If

when OLR in combination with correlation analysis gives poor regression estimated, it
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has been suggested that the analytical reason needs to be investigated instead of trying

some other linear regression procedure.

4.4.10 Bland — Altman Study

Having looked into various regression analyses using the scatter plot, now we want to
look at a scatter plot which will measure the agreement between two methods. Regression
analyses would decide if the methods are statistically the same and if there is any
correlation between two methods. Irrespective of the results we have to determine if the
methods are in agreement with each other or not. Bland Altman study is a deemed
approach, a method of data plotting. This study determines agreement vs correlation
between two methods. It makes a point that any methods that are designed to measure the
same parameter with have a good correlation when set of samples chosen are such that
the property to be determined vary a lot between them. A high correlation for any two
methods designed to measure the same property is a sign that widespread sample has
been chosen. However a good correlation does not imply that the methods are in good

agreement with each other.?®

The Bland & Altman plot ? % is a statistical method to compare two measurements
techniques. In this graphical method the differences (or alternatively the ratios) between
the two techniques are plotted against the averages of the two techniques. Horizontal
lines are drawn at the mean difference, and at the limits of agreement, which are defined
as the mean difference plus and minus 1.96 times the standard deviation of the

differences.
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One of the following three variations of the Bland & Altman plot can be selected

depending on the requirement in MedCalc:

= Plot differences: This is the default option corresponding to the methodology of

Bland & Altman.®

= Plot differences as % of averages: When selecting this option the differences will
be expressed as percentage of the averages. This option is useful when there is an
increase in variability of the differences as the magnitude of the measurement

increases.

= Plot ratios: When this option is selected then the ratios of the measurements will
be plotted instead of the differences (avoiding the need for log transformation).
This option as well is useful when there is an increase in variability of the
differences as the magnitude of the measurement increases. However, the
program will give a warning when either one of the two techniques includes zero

values.

The Bland & Altman plot is useful to reveal a relationship between the differences and
the averages, to look for any systematic bias and to identify possible outliers. If there is a
consistent bias, it can be adjusted for by subtracting the mean difference from the new
method. If the differences within mean £ 1.96 SD are not important, the two methods
may be used interchangeably. Some typical examples are shown in the MedCalc

software.
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Figure 11: Example 1 case of a proportional error.
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Figure 12 Example 2: case where the variation of at least one method depends

strongly on the magnitude of measurements.

1 [ | +1.96 SD
[
f . .
|

a [ |
— LI [ Mean
[ ] - - u -
[ " = [

s -1.86 8D

Figure 13: Example 3 case of an absolute systematic error.
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4.4.11 Repeatability

The Bland and Altman plot may also be used to assess the repeatability of a method by
comparing repeated measurements using one single method on a series of subjects. The
graph can then also be used to check whether the variability or precision of a method is

related to the size of the characteristic being measured.

Since for the repeated measurements the same method is used, the mean difference
should be zero. Therefore the Coefficient of Repeatability (CR) can be calculated as 1.96
(or 2) times the standard deviations of the differences between the two measurements (d2

and di):

CR =196 % M
n-1 (21)

This coefficient can be read from the Bland & Altman plot. %
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CHAPTER 5

In this chapter a prototype of protocol is established by taking an example of a simple
molecule with a simple HPLC method to assay all the related compounds of the
molecule. The method has been transferred to UPLC and the comparison strategy has

been applied to both the methods.

5.1 Compounds of Interest

Aspirin, butalbital, and caffeine, are used together in an oral preparation to treat pain,
specifically headaches. Aspirin is a non-narcotic analgesic for pain and headache relief.
Butalbital is a barbiturate used for its sedative effects. Caffeine is found in many
analgesic formulations and may be beneficial in migraine and vascular headaches. This
combination might cause fewer adverse reactions than do equianalgesic doses of either

agent alone.®

5.2 Clinical Pharmacology

Pharmacologically, Butalbital, Aspirin, and Caffeine Tablets combine the analgesic
properties of aspirin with the anxiolytic and muscle relaxant properties of butalbital. The
clinical effectiveness of a product containing butalbital, aspirin, and caffeine in tension
headache has been established in double-blind, placebo-controlled, multiclinic trials. A
factorial design study compared the combination product with each of its major
components. This study demonstrated that each component contributes to the efficacy of
the combination product in the treatment of the target symptoms of tension headache
(headache pain, psychic tension, and muscle contraction in the head, neck, and shoulder

region). For each symptom and the symptom complex as a whole, the product containing
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butalbital, aspirin, and caffeine was shown to have significantly superior clinical effects

to either of the major components alone. *

5.3 Comparison Strategy

There are many ways to compare two methods. There are many statistical tests which can
be applied to set of analytical data. The purpose of the comparison determines which tests
to perform. The purpose of this research is to come up with a method comparison strategy
which can be applied when methods are transferred from HPLC to UPLC. Here is our
proposal to do the following test in the following order. See chapter 4 for details of the
following strategy.

e F test is performed on linearity study to see if the methods have equivalent
variance.

e T test is performed on linearity study to see if the means of the methods are
significantly different and to decide if methods are commutable.

e Ordinary Linear regression analysis is performed to see if there is any relationship
between the two methods and if the methods are compatible (assuming there is no
random error associated with the reference method).

e Deming Regression is performed to see if there is any relationship between the
two methods considering random error in both the methods. This will also decide
the commutability between the methods.

e A Bland Altman study is performed to see if the methods can be used

interchangeably and to see if the new method can replace the old one.
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5.4 Results

MedCalc for Windows software for statistics for biomedical research (demo version) is
used for all the calculations which are done below.

Microsoft Excel is also used for some of the analysis.

54.1 F-Test

It is important to compare the standard deviations, i.e., random errors of the two sets of
data. This comparison can be done in two ways. A one-sided F-test is done to test
whether method A is more precise than Method B or a two-sided F test is performed to
test whether methods A and B differ in their precision. * To test whether two standard
deviations differ significantly before applying a t-test, a two-sided f-test is performed in
our case. In order to test whether the difference between the two variances is significant,
statistic F is calculated.

S

F=c
S% (22)

Where S; > S,
The null hypothesis is that the difference between the two sample variances is significant,

which if true the n the variance ratio should be close to 1.
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5.4.1 Results from F-Test for Butalbital

Table 4 F-test results for Butalbital
Sample 1
Variable HPLC
Sample 2
Variable UPLC

Sample 1
Sample size 8
Arithmetic mean 98.1625
95% CI for the mean 96.4863 to 99.8387
Variance 4.0198
Standard deviation 2.0049

Standard error of the mean | 0.7089
Variance ratio 8.0511

Significance level P =0.013

Sample 2
8
99.7250

99.1343 to 100.3157

0.4993
0.7066

0.2498

Figure 14 Box whisker plot for Butalbital
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5.4.2 Results from F-Test for Imp-B

Table 5 F-test results for Imp-B
Sample 1
Variable HPLC
Sample 2
Variable UPLC

Sample 1
Sample size 8
Arithmetic mean 99.8125
95% CI for the mean 98.3491 to 101.2759
Variance 3.0641
Standard deviation 1.7505

Standard error of the mean | 0.6189
Variance ratio 4.7296

Significance level P =0.058

Sample 2
8
99.6750

99.0021 to 100.3479

0.6479
0.8049

0.2846

Figure 15 Box whisker plot for Imp-B
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CHAPTER 6

Having established a prototype in previous chapter, the same strategy was applied to a
more complicated molecule which is of interest both pharmacologically and analytically.
Galantamine hydrobromide is a molecule which was used for rest of the study. The
molecule has multiple closely related compounds which were assayed using both HPLC

and UPLC methodologies.

6.1 Molecule of Interest
Galantamine *® (Nivalin, Razadyne, Razadyne ER, Reminyl) is used for the treatment of
mild to moderate Alzheimer’s disease and various other memory impairments,

particularly those of vascular origin.

Figure 16 Molecular structure of Galantamine

« Molecular Formula of Galantamine is C;7H2;NO3sHBr.
« [UPAC name is (4aS,6R,8aS)- 5,6,9,10,11,12- hexahydro- 3-methoxy- 11-methyl-
4aH- [1]benzofuro[3a,3,2-ef] [2] benzazepin- 6-ol

« Molecular Mass : 368.3
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e Therapeutic Category: Cholinesterase inhibitor

Galantamine is an important therapeutic drug. It is an Acetyl choline esterase inhibitor.
The chemical compound acetylcholine (often abbreviated ACh) is a neurotransmitter in
both the peripheral nervous system (PNS) and central nervous system(CNS) in many
organisms including humans. Acetylcholine is one of many neurotransmitters in the
autonomic nervous system (ANS) and the only neurotransmitter used in the motor
division of the somatic nervous system. Acetylcholine has functions both in the
peripheral nervous system (PNS) and in the central nervous system (CNS) as a
neuromodulator ' In the peripheral nervous system, acetylcholine activates muscles, and
IS @ major neurotransmitter in the autonomic nervous system. In the central nervous
system, acetylcholine and the associated neurons form a neurotransmitter system, the

cholinergic system, which tends to cause excitatory actions.

Acetylcholinesterase, also known as AChE, is an enzyme that degrades (through its
hydrolytic activity) the neurotransmitter acetylcholine, producing choline and an acetate
group ! It is mainly found at neuromuscular junctions and cholinergic synapses in the
central nervous system, where its activity serves to terminate synaptic transmission.
AChE has a very high catalytic activity, each molecule of AChE degrades about 25000
molecules of acetylcholine per second. The choline produced by the action of AChE is
recycled , it is transported, through reuptake, back into nerve terminals where it is used to
synthesize new acetylcholine molecules * Acetylcholinesterase is encoded by the single
AChE gene. Acetylcholinesterase is the target of many Alzheimer's Dementia drugs and

nerve gases, which often used organophosphates (e.g Sarin) and insecticides (e.g.
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carbaryl). These agents known as cholinesterase inhibitors block the function of
acetylcholinesterase and thus cause excessive acetylcholine to accumulate in the synaptic
cleft. The excess acetylcholine causes neuromuscular paralysis (i.e. interminable muscle
contractions) throughout the entire body, leading to death by asphyxiation ** An
acetylcholinesterase inhibitor (often abbreviated AChEI) or anti-cholinesterase is a
chemical that inhibits the cholinesterase enzyme from breaking down acetylcholine,

increasing both the level and duration of action of the neurotransmitter acetylcholine.

6.2 Pharmacological Profile

Galantamine hydrobromide is a reversible, competitive acetylcholinesterase inhibitor 3"
Galantamine hydrobromide is a white to almost white powder and is sparingly soluble in
water. Although the etiology of cognitive impairment in Alzheimer's disease (AD) is not
fully understood, it has been reported that acetylcholine-producing neurons degenerate in
the brains of patients with Alzheimer's disease. The degree of this cholinergic loss has
been correlated with degree of cognitive impairment and density of amyloid plaques (a

neuro pathological hallmark of Alzheimer's disease).

Galantamine, a tertiary alkaloid, is a competitive and reversible inhibitor of
acetylcholinesterase. While the precise mechanism of Galantamine's action is unknown,
it is postulated to exert its therapeutic effect by enhancing cholinergic function ** This is
accomplished by increasing the concentration of acetylcholine through reversible
inhibition of its hydrolysis by cholinesterase. If this mechanism is correct, Galantamine's

effect may lessen as the disease process advances and fewer cholinergic neurons remain
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functionally intact. There is no evidence that Galantamine alters the course of the

underlying dementing process.

Galantamine is an allosteric potentiator of neuronal nicotinic receptors for acetylcholine
(nAChR), a modulator of neurotransmitter release, and an agent causing neuro protection
through an antiapoptotic action. Three clear features are patent in areas such as the
parietal and temporal cortices, the hippocampus, the entorhinal cortex, and the amygdala
in the brain of AD patients, that is, amyloid plaques, neurofibrillary tangles, and a loss of
cholinergic neurons. Amyloid plaques are composed of f-amyloid (AP) fragments; AB1-
40 and AB1-42 peptides are neurotoxic and are probably responsible for the loss of brain
cholinergic neurons and ACh in the cholinergic nucleus, leading to a loss of the
cholinergic innervation of the cerebral cortex ***° In addition, there is a severe loss of
nAChRs, which correlates with the severity of the disease at the time of death *® These
observations have been the basis for the development of cholinomimetic drugs during the

last 10 years.

Tacrine and physostigmine were members of the first generation of AChE inhibitors,
which blocked with similar potency both AChE and BuChE ** However, they exhibited a
high incidence of adverse effects such as hepatotoxicity, and their use in the treatment of
AD has been approved for treatment of AD patients. Donepezil and galantamine
selectively and reversibly inhibit AChE “** whereas Rivastigmine inhibits both AChE and
BuChE42 in a pseudo-irreversible mode. Furthermore, galantamine is an allosteric

modulator of nicotinic acetylcholine receptors (NAChRs) “** Recently, donepezil was
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reported to inhibit NAChRs with a parallel desensitization effect of the receptor *

Moreover, the noncompetitive and low-to-moderate-affinity N-methyl-D-aspartate
(NMDA) antagonist memantine “° is currently approved for the treatment of moderate to
severe dementia of the Alzheimer’s type. NMDA receptors have an important
physiological role in learning and memory. However, NMDA receptor over activation,
after increased glutamate release, leads to excessive calcium influx, triggering neuronal
death *" *® Due to the rapid unblocking kinetics of memantine, it blocks the pathological
but not the physiological activation of NMDA receptors. Regarding the previous

properties, Moriguchi ** *°

and collaborators demonstrated that galantamine and
donepezil act on NMDA receptors of rat cortical neurons potentiating their activity, and
this action together with cholinesterase inhibition would contribute to improvement of

learning, memory, and cognition in Alzheimer’s patients.

Mashkovskii ** first noted that Galantamine reversed tubocurare-induced muscle
paralysis. Later studies proved that this effect was due to AChE inhibition >* These
authors estimated that Galantamine was more potent than pyridostigmine and less
effective than neostigmine in canine muscle homogenates. It has been noted that
physostigmine was the most effective in the brain, followed by donepezil and tacrine and,
last, by galantamine. Galantamine was also the least potent AChE inhibitor in the rat vas

deferens % 53

compared with other compounds currently used for Alzheimers Disease
(AD) treatment. Thus, galantamine seems to be only a modest AChE inhibitor.
It was expected that with promotion of cholinergic neurotransmission through the APL

effect of Galantamine an improvement of neurotransmitter release could emerge at
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certain brain synapses. Thus, galantamine has been shown to enhance y-aminobutyric
acid (GABA) and glutamate release in hippocampus slices ** as well as purinergic
neurotransmission > In addition, galantamine has been recently proven to enhance the
NMDA receptor whole-cell current in cortical neurons *® Galantamine also enhances the
release of dopamine in mouse striatal slices®” These Galantamine effects may be the basis
for the improvement of behavior in AD patients, since dopamine and serotonin, rather
than ACh, are involved in these behavioral symptoms. In various studies which were
carried out on different species, Galantamine and its analoges are known to be excreted in

urine.

6.3 Structural Importance

The molecule of interest was selected since it is structurally complicated molecule, with
many related substances both the process related when synthetically prepared and also
degradants when exposed to extreme conditions. Considering all these molecules
developing a HPLC / UHPLC method to successfully quantitate all of them will be a

challenge worth taking for a chromatographer.

6.4 Synthesis

Galantamine is a white powder extracted from Galanthus nivalis. Since, the amount
extracted from the natural source is very little to meet the demands of the industry, it is
usually synthesized chemically. There are various pathways described illustrating various
ways of synthesizing Galantamine. Few examples are illustrated in °*°%, The most

common and generic version is shown as a flow diagram below in Scheme 1.
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Galantamine is synthesized from the racemic starting material (dl) - Narwedine (Figure
1). There are naturally occurring related compounds in the starting material which are
Dihydrogalantamine hydrobromide (Figure 3) and Lycorine hydrobromide (Figure 4).

The other known degradants are listed below:
e Galantamine N-Oxide (Figure 22)
e O-Norgalantamine hydrobromide (Figure 23)
¢ N-Norgalantamine hydromromide (Figure 24)

e Epigalantamine hydrobromide (Figure 25)
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Figure 17 Scheme for synthesis of Galantamine hydrobromide

Narwedine
[4a,5,9,10,11,12-hexahydro-3-methoxy-11-methyl-6H-
benzofuro[3a,3,2-ef][2]benzazepin-6-one]

() Galantamine Hydrobromide
(GLN-1)

(-) Galantamine Tartrate
(GLN-2)

Galantamine Hydrobromide
(Crude) (GLN-3)

Galantamine Hydrobromide
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Figure 18 Molecular structure of Narwedine (dl)

Figure 19 Molecular structure of (-) Galantamine hydrobromide

OCH;

Figure 20: Molecular structure of Dihydrogalantamine hydrobromide
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Figure 21: Molecular structure of Lycorine Hydrobromide

. HBr

Figure 22: Molecular structure of Galantamine N-Oxide

Figure 23: Molecular structure of O-Norgalantamine hydrobromide

- HBr
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Figure 24: Molecular structure of N- Norgalantamine hydrobromide
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Figure 25:  Molecular structure of Epigalantamine hydrobromide
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Various stress conditions result in some of the above known degradants and some of the
conditions which result in some degradants have been identified. Galantamine N-Oxide is
formed in case of acidic hydrolysis, basic hydrolysis, oxidation with hydrogen peroxide
and under elevated temperature conditions. N-Norgalantamine results due to acidic
hydrolysis, basic hydrolysis and oxidation with hydrogen peroxide. Other than being the
starting material, Narwedine is also formed when Galantamine is subjected to acidic,

basic hydrolysis and elevated temperature.

6.5 Conclusion

Galantamine is an alkaloid which has attracted the interest of both organic chemists and
pharmacologists so far in a collaborative effort aimed at designing, preparing and
evaluating novel biologically active compounds for AD treatment. Now that both organic
chemists and pharmacologists have proven that Galantamine is very important biological
molecule. It can be very effectively prepared in a few steps in racemic or enantiomeric
pure form, and is not a mere AChE inhibitor, has surprising clinically relevant neuro-
protectant effects which cannot be explained only based on the enzyme inhibition
activity. Having seen the importance of this molecule, it becomes very necessary to
identify and quantify impurities and related compounds which are carried through from
the starting material during synthesis. There is a need to identify and quantify degradants.
There is a need to demonstrate drug stability through development of stability indicating

assay method.
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CHAPTER 7

7.1 HPLC Method

Galantamine hydrobromide with its inherent related compounds and possible degradants
is in dire need of a stability indicating assay method where all the related compounds are
well separated from the active. All the known related compounds need to be well
separated from each other so that they can be qunatitated effectively. Like any other
product in the pharmaceutical industry, the very first thing is to see if Galantamine
hydrobromide is listed in any of the compendial methods. Galantamine hydrobromide is
listed in United Stated Pharmacopeia. The method to quantitate related substances was

evaluated and adapted to our requirements and needs.

7.2 Problem with existing USP Method

USP has a gradient flow for the HPLC method which is used to quantitate all the related
compounds which are listed in chapter 6. However use of a gradient method is not a very
acceptable practice in a medium size pharmaceutical industry laboratory since the
reproducibility from one HPLC to another does not meet the requirements. This can be
due to constant usage of HPLC and handling by many chemists with varied level of
expertise. Due to the fact that results might not be reproduced on every HPLC with
similar accuracy, a gradient flow is usually avoided and an isocratic flow in a HPLC
method is highly preferred. For that reason, the USP method for Galantamine
hydrobromide is modified to make it more adaptable to the pharmaceutical quality

control laboratory.
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In a process to modify the USP method two separate methods have been developed to
separate all the known related compounds. First method can successfully quantitate all
the related compounds except for Epigalantamine. For this reason a separate method is

developed and validated to quantitate this particular compound.

7.3 HPLC Related Substances (Method 1)

A HPLC method was developed and validated to determine the assay of following related

compounds of Galantamine.

Table 6 List of related components

Name of the compound Relation to Galantamine
Galantamine N-Oxide Degradant
N-Norgalantamine (Desmethyl Galantamine) Degradant
O-Norgalantamine Degradant

Narwedine (5,6-dihydro Galantamine) Degradant

Lycorine HBr Process Related
Dihydro galantamine Process Related
Unidentified compound A Degradant

Unspecified impurities Degrdants

As per ICH, ICH Harmonised Tripartite Guideline Impurities in New Drug Substances
Q3A(R2) Guidances *° specifications for related compounds in drug substances will be

assigned based on the total daily intake of the drug.

78



Table 7 Justification for specifications

Thresholds Reporting Identification Qualification Threshold
Maximum Daily | Threshold Threshold

Dose

<2g/day 0.05% 0.10% or 1.0 mg per day | 0.15% or 1.0 mg per day

intake  (whichever is | intake (whichever is lower)

lower)

> 2g/day 0.03% 0.05% 0.05%

For any specified impurity, the specification limit will be set at not more than (NMT)
0.15%, unless a toxicity study has been performed for that particular impurity and proven
that it is safe at that level. Any unspecified impurity will have a specification limit set for
NMT 0.1% above which it has to be identified. In case of our method, most of the
specifications are set based on ICH guidances, however the isomer Epigalantamine has a

separate specification since it is an isomer and not an impurity.

7.4 Materials and Methods

7.4.1 Chemicals and Reagents

Galantamine and all the related compounds used in the following study were obtained
from the Medichem Inc., Spain. Acetonitrile used for analysis is HPLC grade and was

obtained from Fisher. Potassium phosphate monobasic and potassium phosphate dibasic
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were obtained from Fisher. Milli-Q water was used to prepare all the buffers and standard

and sample solutions, which meet Unites States Pharmacopoeia requirements.

7.4.2 Experimental

UPLC analyses were performed on Waters Acquity Ultra Performance Liquid
Chromatographic system (Waters, Prague, Czech Republic) with PDA detector, cooling

auto sampler and column oven enabling temperature control of analytical column. Data
were collected and processed by chromatographic software Empower. HPLC analyses

were performed on Waters

HPLC equipped with PDA 2996 detector and data were collected and processed by

chromatographic software Empower.

7.4.3 Chromatographic Conditions

Special Waters Acquity UPLC® BEH C18 100 x 2.1mm column, 1.7um was used as a
stationary phase. All samples were injected on UPLC with mobile phase flowing at
0.25ml/min. Complete analysis was performed maintaining the column at 40°C. 6uL was
used as injection volume was used by partial loop with needle overfill mode with a 10 pL
loop for sample injection. UV absorbance data was collected at 232nm with bandwidth of
1.2.

Phenomenex Luna Cig column was used as for the HPLC analysis. All samples were

injected on HPLC with mobile phase flowing at 1.0ml/min. Complete analysis was
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performed maintaining the column at 40°C. 20uL was used as injection volume for

sample injection. UV absorbance data was collected at 232nm with bandwidth of 1.2.

Table 8: HPLC parameters for method |
HPLC equipped with a pump, auto sampler, variable
HPLC System
wavelength detector and a suitable data acquisition system
Column Phenomenex Luna Cyg (2) 250 X 4.6 mm, 5pum
Detection 232 nm
Flow Rate About 1.0 ml/minute
Injection Volume 20 pL
Column Temperature | 40°C

Run Time

Standard Solutions : 25 minutes

Sample Solutions : 120 minutes

Mobile Phase

Phosphate buffer : Acetonitrile (83 : 17)

7.4.4 Mobile Phase

About 1.0g of Monobasic Potassium phosphate and 4.0g of dibasic potassium phosphate

are dissolved in 1000mL of water, filtered and used as Phosphate buffer solution. A

mixture of phosphate buffer and Acetonitrile are prepared in 83:17 proportions, mixed

well and degassed. This is used a Mobile phase.

7.45 Diluent

A mixture of methanol and water in 50:50 proportions is used as Diluent.
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7.4.6 Standard Solution

Galantamine HBr reference standard is prepared to get a concentration of approximately
1ug/mL. This was achieved by weighing accurately about 12.5mg of Galantamine HBr
into a 250-mL volumetric flask. The standard was dissolved and diluted to volume using
diluent. Further dilution was made by transferring 2.5 mL of Stock Standard Solution into

a 100-mL volumetric flask to get the desired concentration.

7.4.7 Sample Solution

About 64mg of Galantamine HBr drug substance was accurately weighed and
quantitatively transferred to a 50-mL volumetric flask. This is dissolved and diluted with

diluent.

7.4.8 Procedure

20uL of working standard solution is injected into chromatograph and the chromatogram
is recorded and peak area responses are measured. The tailing factor for Galantamine
peak is NMT 2.0; the theoretical plates are NLT 7000 and the capacity factor is 7.2. The
relative standard deviation in percentage for six consecutive injections of working

standard solution is NMT 5.0%.
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7.5 Related Substances (Method I1)

This is a method only for determination of Epigalantamine only. Refer to Related

Substances Method | for Phosphate buffer solution preparation, Diluent preparation,

Working Standard Solution preparation and Sample Solution preparation.

Table 9 HPLC parameters for method Il
HPLC equipped with a pump, auto sampler, variable wavelength
HPLC System
detector and a suitable data acquisition system
Column Phenomenex Luna Cysg (2) 250 x 4.6 mm, 5pum
Detection 232 nm
Flow Rate About 1.0 ml/minute
Injection
20 pL
Volume
Column
40°C
Temperature
Standard Solutions : 10 minutes
Run Time Resolution Solution: 35 minutes
Sample Solutions : 35 minutes
Mobile Phase Phosphate buffer : Acetonitrile (70 : 30)
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7.5.1 Mobile Phase Preparation

A mixture of phosphate buffer and Acetonitrile in the ratio of 70:30 is combined, mixed

well and degassed.

7.5.2 Resolution Solution

A Stock solution of Epi-galantamine solution is prepared by weighing 2mg of Epi-
Galantamine into a 200-mL volumetric flask. Diluent is used to dissolve and dilute the
solution. Resolution solution is prepared by weighing about 32mg of Galantamine HBr
into 25-mL volumetric flask. Diluent is added to half the volume, about 10-mL of Epi-
galantamine stock solution is added to the same flask and diluted to volume. This
solution contains about 1.0 mg/mL of Galantamine base and about 4pg/mL of Epi-

Galantamine impurity.

7.5.3 Procedure

20puL of resolution solution and working standard solutions are injected into
chromatograph and the chromatogram is recorded and peak area responses are measured.
The resolution between Galantamine and Epi-Galantamine peaks is NLT 1.5. The tailing
factor for Galantamine peak is NMT 2.0; the theoretical plates are NLT 10000. The
relative standard deviation in percentage for six consecutive injections of working

standard solution is NMT 5.0%.
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7.6 Validation Criteria

Validation was executed as per ICH guidelines. The sequence of steps that are

followed are summarized below:

7.6.1 Specificity
o Impurity profile was injected.
o None of the potential impurity peaks interfered with the Galantamine peak

o Relative retention time for each impurity is calculated.

7.6.2 Linearity and Range

o Linear regression analysis is performed to determine the best fit line from
at least five consecutive levels and the correlation coefficient R and y-
intercept are determined. The correlation coefficient is NLT 0.995.

o Response factor and relative response factor for each injection is
calculated and a plot for relative response factors versus concentration is
constructed.

o Mean relative response factors are within 90.0 -110.0% relative to
response factor of the 100% linearity solution.

o The relative response factors for each known impurity is calculated as
ratio of each impurity slope to that of Galantamine from the regression
obtained at the level of 10% to 400%.

o A minimum of five consecutive linearity levels did pass all acceptance

criteria making linearity study valid.
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7.6.3 Accuracy by spiked Recovery

o Covers a minimum level of 50% -150% of the concentration). This is
performed for both specified and unspecified impurities.
o Mean recovery from the matrix at each concentration level is 90.0 -

110.0% Three samples are prepared at each concentration level.

7.6.4 Precision Study

o Six sample determinations are prepared and the amount of impurities as

expressed in percentage of the content of Galantamine is calculated.

7.6.5 Linear Limit of Quantitation and Limit of Detection

o LLOQ: The lowest concentration that passes the linearity for respective
compounds.

o LOD: Signal to noise ratio if about 3:1 for each compound.

7.6.6 Standard and Sample Solution Stability

o A period is established when the standard solution has a relative recovery
of 95.0 -105.0% as compared to the freshly prepared standard.
o The sample solution is considered stable if the results show no significant

changes in the level of impurities.

7.7 Validation Results

7.7.1 Specificity

Diluent, Impurity profile did not show any interference at the retention time of either

Galantamine peak or any of the known peaks.
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Figure 26 Representative chromatogram of impurity profile using HPLC method |
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7.7.2 Linearity and Range

Linearity results can be summarized as below:

Table 10 Summary of accuracy by direct determination using HPLC

Concentration

LQL Level | LOD
Peak Name Rr RRF range

(Hg/mL) (ng/mL)

(Mg/mL)
Galantamine HBr 1.0 1.0 0.521-12.526 0.521956 208
Galantamine N-Oxide 0.23 0.92 0.255-4.081 0.255084 255

N-Norgalantamine 0.30 1.02 0.235-3.762 0.253146 253
O-Norgalantamine 0.39 0.98 0.139-2.235 0.139706 139
Lycorine HBr 0.56 0.37 0.193-7.742 0.193567 193
Dihydrogalantamine- HBr | 0.66 0.78 0.471-11.326 0.471926 188
Narwedine 2.23 1.88 0.247-3.963 0.247741 247
Epigalantamine 0.91* |1.0* 0.513-10.268 0.513429 256

*Using HPLC Method 1

Both the HPLC methods were found to be linear in the concentration ranges mentioned in

the table. The relative retention time of each of the components with reference to

Galantamine is reported. The relative response factor of each of the components is

calculated by calculating the ratio of slopes of linear regression line of each component

and of Galantamine. The individual linearity study results are described in detail

hereunder.
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Table 11 Regression analysis for Galantamie hydrobromide using HPLC

Concentration Mean of RRF
Linearity level Average area | % RSD

(Hg/mL) (%)
L1-10% 0.208782 1479 9.2 106.9
L2-25% 0.521956 3628 3.6 105.0
L3-50% 1.043912 7177 1.5 103.8
L4-100% 2.087824 13826 1.1 100.0
L5-200% 4.175648 28136 1.0 101.7
L6-400% 8.351297 55961 0.2 101.2
L7-600% 12.526940 84165 0.2 101.5
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Figure 28 Area versus concentration plot for Galantamine hydrobromide
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Figure 29 Relative response factor versus concentration for Galantamine

hydrobromide

Relative Response Factor versus Concentration

115.0
110.0 {o
10501 ~ A

100.0 2 - r o

RRFA(%)

95.0 1
90.0 A

85.0 T T T T T T
0.000000 2.000000 4.000000 6.000000 8.000000 10.000000 12.000000 14.000000

Concentration(ug/ml)

90



Table 12 Regression analysis for Dihydrogalantamine hydrobromide using HPLC
Concentration Mean of RRF
Linearity level Average area | % RSD
(Hg/mL) (%)
L1-10% 0.18877 2605 8.0 96.9
L2-25% 0.471926 6961 4.0 103.6
L3-50% 0.943851 13411 0.7 99.8
L4-100% 1.887703 26884 0.9 100.0
L5-200% 3.775406 53823 0.6 100.1
L6-400% 7.550812 10711 0.1 100.2
L7-600% 11.32622 161385 0.4 100.0

91




Figure 30 Area versus concentration plot for Dihydrogalantamine hydrobromide
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Figure 31 Relative response factors versus concentration for Dihydrogalantamine
hydrobromide
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Table 13

Regression analysis for Galantamie N-Oxide using HPLC

Concentration Mean of RRF
Linearity level Average area | % RSD

(Hg/mL) (%)
L1-25% 0.255084 7488 11 100.7
L2-50% 0.510169 14954 1.3 100.6
L3-100% 1.020338 29739 0.4 100.0
L4-200% 2.040675 59207 0.4 99.5
L5-400% 4.08135 120750 0.1 101.5
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Figure 32 Area versus concentration plot for Galantamine N-Oxide
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Figure 33

Relative response factors versus concentration for Galantamine N-oxide
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Table 14

Regression analysis for Lycorine Hydrobromide using HPLC

Concentration Mean of RRF
Linearity level Average area | % RSD

(Hg/mL) (%)
L1-10% 0.193567 3586 1.5 103.5
L2-25% 0.483919 8514 2.1 98.3
L3-50% 0.967837 17583 2.2 101.5
L4-100% 1.935675 34656 0.8 100.0
L5-200% 3.87135 70011 0.1 101.0
L6-400% 7.742699 139676 0.3 100.8
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Figure 34 Area versus concentration plot for Lycorine hydrobromide
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Figure 35 Relative response factors versus concentration for Lycorine hydrobromide
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Table 15

Regression analysis for N-Norgalantamine using HPLC

Concentration Mean of RRF
Linearity level Average area % RSD

(Hg/mL) (%)
L1-25% 0.235146 7323 0.6 99.0
L2-50% 0.470291 14537 1.0 98.3
L3-100% 0.940583 29574 0.4 100.0
L4-200% 1.88165 59622 0.3 100.8
L5-400% 3.76233 119581 0.0 101.1
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Figure 36 Area versus concentration plot for N-Norgalantamine
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Figure 37 Relative response factors versus concentration for N-Norgalantamine
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Table 16

Regression analysis for O-Norgalantamine using HPLC

Concentration Mean of RRF
Linearity level Average area % RSD

(Hg/mL) (%)
L1-25% 0.139706 3608 4.0 96.5
L2-50% 0.279413 7322 2.1 97.9
L3-100% 0.558826 14952 0.1 100.0
L4-200% 1.117651 29642 0.9 99.1
L5-400% 2.235302 59520 0.8 99.5
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Figure 38 Area versus concentration plot for O-Norgalantamine
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Figure 39 Relative response factors versus concentration for O-Norgalantamine
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Table 17 Regression analysis for Narwedine using HPLC

Concentration Mean of RRF
Linearity level Average area | % RSD

(Hg/mL) (%)
L1-25% 0.247741 14035 2.0 91.5
L2-50% 0.495482 30138 1.4 98.2
L3-100% 0.990963 61367 0.6 100.0
L4-200% 1.981926 124350 0.3 101.3
L5-400% 3.963852 249828 0.1 101.8
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Figure 40 Area versus concentration plot for Narwedine
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Figure 41 Relative response factor versus concentration for Narwedine
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Table 18 Regression analysis for Epi-galantamine using HPLC (Method I1)
Concentration Mean of RRF
Linearity level Average area % RSD
(Hg/mL) (%)
L1-25% 0.256715 7243 5.3 91.1
L2-50% 0.513429 15471 1.6 97.3
L3-100% 1.026858 31792 0.2 100.0
L4-200% 2.053716 64347 0.4 101.2
L5-400% 4.107432 129736 0.2 102.0
L6-500% 5.13429 162902 0.2 102.5
L7-800% 8.214864 260274 0.1 102.3
L8-1000% 10.26858 326394 0.2 102.7
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Figure 42 Area versus concentration plot for Epi-galantamine (Method I1)
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Figure 43 Relative response factor versus concentration for Epi-galantamine

(Method 1)
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7.7.3 Accuracy by spiked Recovery

Results are summarized for each of the impurities which have been spiked and the the
given nominal concentrations, and the percentage recovered is calculated. Galantamine
HBr is also subjected to a similar study which represents the accuracy by spiked recovery
for all unknown impurities as their relative response factor is considered 1.0. Three

samples are prepared in each concentration level. These results are all from the HPLC

methods.
Table 19 Results for accuracy by spiked recovery of Galantamine HBr

Recovery Solution | Nominal Concentration | % Recovery % RSD

R1 12.5 85.7 2.6

R2 25 103.1 2.4

R3 50 103.8 1.0

R4 100 104.2 1.8

R5 300 104.7 0.7
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Table 20 Results for accuracy by spiked recovery of Dihydrogalantamine HBr

Nominal
Recovery Solution % Recovery % RSD
Concentration
R1 25 105.5 0.73
R2 50 106.4 291
R3 100 106.4 2.72
R4 200 100.2 0.99
RS 600 101.9 0.36
Table 21 Results for accuracy by spiked recovery of Galantamine N-Oxide
Nominal
Recovery Solution % Recovery % RSD
Concentration
R1 25 104.1 3.5
R2 50 107.5 1.8
R3 100 104.5 1.1
R4 200 102.4 0.3
R5 400 104.4 0.2
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Table 22 Results for accuracy by spiked recovery of Lycorine HBr

Nominal
Recovery Solution % Recovery % RSD
Concentration
R1 25 101.0 1.97
R2 50 102.1 0.24
R3 100 102.4 0.21
R4 200 101.1 0.54
R5 600 101.0 0.09
Table 23 Results for accuracy by spiked recovery of N-Norgalantamine
Nominal
Recovery Solution % Recovery % RSD

Concentration

R1 25 90.4 4.9
R2 50 99.5 5.1
R3 100 98.8 1.1
R4 200 101.2 0.5
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Table 24 Results for accuracy by spiked recovery of O-Norgalantamine

Nominal

Recovery Solution % Recovery % RSD
Concentration

R1 25 90.9 35

R2 50 95.7 2.2

R3 100 100.2 0.3

R4 200 102.4 0.0

R5 600 100.8 0.3

Table 25 Results for accuracy by spiked recovery of Narwedine

Nominal

Recovery Solution % Recovery % RSD
Concentration

R1 25 94.7 4.5

R2 50 97.6 2.5

R3 100 99.4 1.3

R4 200 104.8 0.02

RS 400 102.2 0.2

108




Table 26 Results for accuracy by spiked recovery of Epi-galantamine HBr

Nominal
Recovery Solution % Recovery % RSD
Concentration
R1 25 126.5 2.8
R2 50 103.8 5.0
R3 100 97.5 0.4
R4 200 98.7 0.4
RS 400 104.1 0.1
R6 500 103.5 0.3
R7 800 103.1 0.2
R8 1000 102.7 0.0
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7.7.4 Precision Study Results

Six related substances determinations are performed on one lot of drug substance
following same sample preparation. The results are summarized below. The known
impurity Lycorine HBr was not present in all of the six samples. The known impurity
dihydrogalantamine HBr and unknown impurities were present in the range between
0.1965% to 0.2032% and 0.0695% to 0.0797% respectively. The amount of total known
and unknown impurities expresses in percentage label claim of Galantamine ranged from
0.4076% to 0.4395%. All the results show reasonable agreement between each other.

Table 27 Precision results from HPLC method |

Percent Impurity

Precision Known Impurity Individual
Total

sample # highest

% A % B impurities (%)

unknown
1 ND 0.1981 0.0797 0.4221
2 ND 0.2032 0.0796 0.4395
3 ND 0.1965 0.0731 0.4356
4 ND 0.2006 0.0695 0.4076
5 ND 0.2001 0.0767 0.4287
6 ND 0.1987 0.0776 0.4278
ND: Not detected; A: Lycorine Hydrobromide; B: Dihydrogalantamine

hydrobromide
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7.8 Method Development for transfer to UPLC

In order to transfer the existing HPLC methods to UPLC, one thing was changed at a
time to begin with. The mobile phase was not changed. Temperature of the column was
kept unchanged. The column was however changed to a BEH C18 column which takes
advantage of the UPLC instrument technology. In order to accommodate both the HPLC
methods, isocratic flow condition was changed to a very slow gradient which would
allow separation of Epigalantamine in the same method which separated all other
components of interest from the Galantamine peak.

As a result of this method transfer by making very small changes to the HPLC method
solvent consumption is reduced by about 12 times, and sample loading is reduced about 3

times. The final conditions of the UPLC method are summarized in the table below.
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Table 28: UPLC parameters

UPLC equipped with a pump, auto sampler, variable wavelength

HPLC System

detector and a suitable data acquisition system
Column Acquity™ BEH C18 100 x 2.1mm, 1.7pm
Detection 232 nm
Flow Rate About 0.25 ml/minute

Injection Volume

6uL (Partial loop with needle overfill)

Column
40°C
Temperature
Standard Solutions : 25 minutes
Run Time
Sample Solutions : 120 minutes
7mM potassium phosphate monobasic + 23mM Potassium
Mobile Phase
phosphate dibasic (pH 7.2) : Acetonitrile
Time % A
0 87
5.20 87
5.21 90
Gradient
10.00 90
10.01 80
15.00 80
15.0 87
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7.8.1 Mobile Phase

About 1.0g of Monobasic Potassium phosphate and 4.0g of dibasic potassium phosphate
are dissolved in 1000mL of water, filtered and used as Phosphate buffer solution. A
mixture of phosphate buffer and Acetonitrile are prepared in 83:17 proportions, mixed

well and degassed. This is used a Mobile phase.

7.8.2 Diluent

A mixture of methanol and water in 50:50 proportions is used as Diluent.

7.8.3 Standard Solution

Galantamine HBr reference standard is prepared to get a concentration of approximately
lug/mL. This was achieved by weighing accurately about 12.5mg of Galantamine HBr
into a 250-mL volumetric flask. The standard was dissolved and diluted to volume using
diluent. Further dilution was made by transferring 2.5 mL of Stock Standard Solution into

a 100-mL volumetric flask to get the desired concentration.

7.8.4 Sample Solution

About 64mg of Galantamine HBr drug substance was accurately weighed and
quantitatively transferred to a 50-mL volumetric flask. This is dissolved and diluted with

diluent.

7.8.5 Procedure

6uL of working standard solution is injected into chromatograph and the chromatogram

is recorded and peak area responses are measured. The tailing factor for Galantamine
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peak is NMT 2.0, the theoretical plates is NLT 15000, and the capacity factor is about
6.5. The relative standard deviation in percentage for six consecutive injections of

working standard solution is NMT 5.0%.

Figure 44 Representative chromatogram of impurity profile using UPLC method

7.8.6 Summary of Results from both the methods

Table 29 Comparison of Results
Parameter for Galantamine | HPLC UPLC
Retention time 18.2 6.7
Theoretical plates 9000 15000
USP Tailing 0.95 11
Capacity Factor 7.2 6.5

7.9 UPLC Validation results

Validation has been performed for using the same parameters as for HPLC method. The

results are summarized below:
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7.9.1 Specificity

Diluent, Impurity profile did not show any interference at the retention time of either

Galantamine peak or any of the known peaks.
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7.9.2 Linearity and Range

Linearity study is performed as per the criteria described in Section 7.6.2 The relative
retention time Rr of each of the components with reference to Galantamine is reported.
The relative response factor (RRF) of each of the components is calculated by calculating
the ratio of slopes of linear regression line of each component and of Galantamine. The
linear Quantitation Limit (LQL) and Limit of Detection (LOD) are also listed in the table
below.

Linearity results can be summarized as below:

Table 30 Summary of results from accuracy by direct determination by UPLC
LQL Level LOD
Peak Name Rr RRF
(Hg/mL) (ng/mL)
Galantamine HBr 1.0 1.0 0.3952 112
Galantamine N-Oxide 0.22 0.92 0.5131 29
N-Norgalantamine 0.27 1.02 0.3699 33
O-Norgalantamine 0.37 0.98 0.4016 81
Lycorine HBr 0.57 0.37 0.4035 153
Dihydrogalantamine 81
0.66 0.78 0.4075
HBr
Narwedine 2.82 1.88 0.4075 28
Epigalantamine 1.1 1.0 1.2365 155
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The individual linearity study results are described in detail hereunder

Table 31 Regression analysis for Galantamie hydrobromide using UPLC
Concentration | Average Mean of RRF
Linearity level % RSD
(ng/mL) area (%)
L1-10% 0.3952 11432 1.3 92.4
L2-30% 0.4743 14530 3.6 97.9
L3-40% 0.6324 19916 2.3 100.6
L4-50% 0.7905 24811 2.8 100.3
L5-80% 1.2648 40020 2.0 101.1
L6-100% 1.5180 49483 3.1 100.0
L7-120% 1.8972 60876 0.5 102.5
L8-160% 2.5296 82518 1.7 104.2
L9-180% 2.8458 98405 0.5 110.5
L10-200% 3.1620 105933 3.7 107.0
L11-220% 3.4782 117776 1.6 108..2
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Figure 45 Area versus concentration plot for Galantamine hydrobromide
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Figure 46 Relative response factors versus concentration for Galantamine
hydrobromide
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Table 32 Regression analysis for Dihydrogalantamine hydrobromide using UPLC

Concentration Mean of RRF
Linearity level Average area | % RSD

(Hg/mL) (%)
L1-25% 0.5131 11750 1.1 94.2
L2-30 0.6158 14334 2.7 95.8
L3-40% 0.8211 19334 1.2 96.9
L4-50 1.0263 23707 1.7 95.1
L5-80% 1.6422 39639 2.1 99.3
L6-100% 2.0527 49873 0.4 100.0
L7-120 2.4633 60598 1.1 101.2
L8-160% 3.2844 79737 0.7 99.9
L9-180% 3.6949 91539 0.3 102.0
L10-200% 4.1055 101453 1.7 101.7
L11-220% 4.5160 11459 0.4 101.6
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Figure 47 Area versus concentration plot for Dihydrogalantamine hydrobromide

Area versus CYricefd7ids27x - 1307.6146
120000 R?=00qqaR

100000 -
80000 -
60000 -
40000 -
20000 -

0 T T T T
0.0000 1.0000 2.0000 3.0000 4.0000 5.0000

Area

Concentration (ug/ml)

Figure 48 Relative response factors versus concentration for Dihydrogalantamine

hydrobromide
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Table 33

Regression analysis for Galantamine N-Oxide using UPLC

Concentration Mean of RRF
Linearity level Average area % RSD

(Hg/mL) (%)

L1-25% 0.3699 14407 2.8 99.0
L2-30 0.4439 17403 0.7 99.7
L3-40% 0.5919 23354 1.5 100.3
L4-50 0.7398 29312 0.7 100.7
L5-80% 1.1838 46652 1.2 100.2
L6-100% 1.4797 58198 0.8 100.0
L7-120 1.7757 70343 1.0 100.7
L8-160% 2.3676 91864 1.6 98.7
L9-180% 2.6676 106230 1.2 101.4
L10-200% 2.9595 119648 1.2 102.8
L11-220% 3.2554 130190 0.8 101.7
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Figure 49 Area versus concentration plot for Galantamine N-Oxide
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Figure 50 Relative response factor versus concentration for Galantamine N-Oxide
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Table 34

Regression analysis for Lycorine hydrobromide using UPLC

Linearity | Concentration Mean of RRF
Average area % RSD
level (ng/mL) (%)
L1-25% 0.4016 4691 3.5 83.3
L2-30 0.4819 6059 5.0 89.7
L3-40% 0.6426 8464 3.5 93.9
L4-50 0.8032 10442 2.0 92.7
L5-80% 1.2852 17439 14 96.8
L6-100% 1.6065 22526 5.0 100.0
L7-120 1.9278 26935 3.2 99.6
L8-160% 2.5704 36424 2.5 101.1
L9-180% 2.8917 42542 1.2 104.9
L10-200% 3.2130 46593 0.5 103.4
L11-220% 3.5343 49768 2.4 100.4
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Figure 51 Area versus concentration plot for Lycorine hydrobromide
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Figure 52 Relative response factors versus concentration for Lycorine hydrobromide
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Table 35

Regression analysis for N-Norgalantamine using UPLC

Linearity | Concentration Mean of RRF
Average area % RSD
level (ng/mL) (%)
L1-10% 0.4035 14803 1.3 100.7
L2-30 0.4842 17557 1.1 99.6
L3-4% 0.6457 23493 1.1 99.9
L4-50 0.8071 29663 0.8 100.9
L5-8% 1.2914 47914 0.5 101.9
L6-10% 1.6142 58784 0.4 100.0
L7-120 1.9371 71883 0.3 101.9
L8-160% 2.5828 94006 0.6 99.9
L9-180% 2.9056 107627 1.5 101.7
L10-200% 3.2285 119789 0.3 101.9
L11-220% 3.5513 131945 0.3 102.0
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Figure 53 Area versus concentration plot for N-Norgalantamine
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Figure 54 Relative response factor versus concentration for N-Norgalantamine
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Table 36 Regression analysis for O-Norgalantamine using UPLC

Linearity | Concentration Mean of RRF
Average area % RSD
level (ng/mL) (%)
L1-25% 0.4075 7036 1.2 93.0
L2-30 0.4890 8656 0.2 95.4
L3-40% 0.6521 11629 9.5 9.1
L4-50 0.8151 14655 1.0 96.9
L5-80% 1.3042 24312 0.3 100.5
L6-100% 1.6302 30252 0.6 100.0
L7-120 1.9563 36797 0.7 101.4
L8-160% 2.6084 50319 0.6 104.0
L9-180% 2.9344 56897 0.9 104.5
L10-200% 3.2605 62283 0.5 102.9
L11-220% 3.5865 68826 0.2 103.4
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Figure 55 Area versus concentration plot for o-Norgalantamine
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Figure 56 Relative response factor versus concentration for O-Norgalantamine
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Table 37 Regression analysis for Narweinde using UPLC

Linearity Concentration Mean of RRF
Average area % RSD
level (ng/mL) (%)
L1-25% 0.4075 29382 0.9 100.9
L2-30 0.4890 35020 0.3 100.3
L3-40% 0.6521 46999 0.4 100.9
L4-50 0.8151 59373 05 102.0
L5-80% 1.3042 94440 1.2 101.4
L6-100% 1.6305 116423 0.6 100.0
L7-120 1.9563 139471 1.4 99.8
L8-160% 2.6084 187469 1.0 100.6
L9-180% 2.9344 211745 0.6 101.0
L10-200% 3.2605 229896 0.1 98.7
L11-220% 3.5865 253164 0.2 98.8

129




Figure 57 Area versus concentration plot for Narwedine
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Figure 58 Relative response factor versus concentration for Narwedine
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Table 38 Regression analysis for Epi-galantamine hydrobromide using UPLC
Linearity Concentration Mean of RRF
Average area % RSD
level (ng/mL) (%)
L1-25% 1.2365 43327 1.4 88.4
L2-30 1.4838 53104 0.2 90.3
L3-40% 1.9784 75043 2.5 95.7
L4-50 2.4730 92944 0.8 94.9
L5-80% 3.9568 154278 35 98.4
L6-100% 4.9460 195938 0.9 100.0
L7-120 5.9352 232245 2.7 98.8
L8-160% 7.9136 313068 1.2 99.9
L9-180% 8.9028 360428 1.0 102.2
L10-200% 9.8920 398162 0.3 101.6
L11-220% 10.8812 432102 0.7 100.2
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Figure 59 Area versus concentration plot for Epi-galantamine hydrobromide
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Figure 60 Relative response factor versus concentration for Epi-galantamine

hydrobromide
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7.9.3 Accuracy by spiked Recovery

Results are summarized for each of the impurities which have been spiked and the the
given nominal concentrations, and the percentage recovered is calculated. Galantamine
HBr is also subjected to a similar study which represents the accuracy by spiked recovery
for all unknown impurities as their relative response factor is considered 1.0. Three
samples are prepared in each concentration level.

Table 39

Results for accuracy by spiked recovery of Galantamine HBr

Nominal
Recovery Solution % Recovery

Concentration

R1 50 92.5
R2 100 100.0
R3 150 105.8

Results for accuracy by spiked recovery of Dihydrogalantamine HBr

Recovery Solution

Nominal

Concentration

% Recovery

R1 50 101.6
R2 100 106.8
R3 150 109.6
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Table 41

Results for accuracy by spiked recovery of Galantamine N-Oxide

Recovery Solution

Nominal

Concentration

% Recovery

R1 50 99.0
R2 100 100.0
R3 150 102.8

Table 42

Results for accuracy by spiked recovery of Lycorine HBr

Recovery Solution

Nominal

Concentration

% Recovery

R1 50 98.0
R2 100 100.8
R3 150 104.6
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Table 43

Results for accuracy by spiked recovery of N-Norgalantamine

Recovery Solution

Nominal

Concentration

% Recovery

R1 50 100.7
R2 100 100.0
R3 150 101.9

Table 44

Results for accuracy by spiked recovery of O-Norgalantamine

Recovery Solution

Nominal

Concentration

% Recovery

R1 50 97.6
R2 100 105.1
R3 150 108.1
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Table 45

Results for accuracy by spiked recovery of Narwedine

Recovery Solution

Nominal

Concentration

% Recovery

R1 50 100.9
R2 100 100.0
R3 150 98.7

Table 46

Results for accuracy by spiked recovery of Epi-galantamine HBr

Recovery Solution

Nominal

Concentration

% Recovery

R1 50 95.0
R2 100 100.0
R3 150 100.3

7.9.4 Precision Study Results

Six related substances determinations are performed on one lot of drug substance
following same sample preparation. The results are summarized below. The known
impurity Lycorine HBr was not present in any of the six samples. The known impurity
dihydrogalantamine HBr and unknown impurities were present in the range between
0.2012% to 0.2036% and 0.0702% to 0.0786% respectively. The amount of total known
and unknown impurities expresses in percentage label claim of Galantamine ranged from

0.4085% to 0.4429%. All the results show reasonable agreement between each other.
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Table 47 Precision results from UPLC method |

Percent Impurity

Precision Known Impurity Individual

Total
sample # highest
% A % B impurities (%)

unknown
1 ND 0.2035 0.0772 0.4429
2 ND 0.2028 0.0786 0.4151
3 ND 0.2020 0.0725 0.4235
4 ND 0.2036 0.0747 0.4085
5 ND 0.2012 0.0752 0.4158
6 ND 0.2031 0.0768 0.4269

ND: Not detected;

A: Lycorine Hydrobromide; B: Dihydrogalantamine hydrobromide
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CHAPTER 8

In this chapter both the methods are discussed and compared with respect to the
methodologies. Their advantages and disadvantages are also discussed. The strategy
developed earlier in the thesis was applied to both the methods, the results are

summarized and the analysis has been performed to compare the methods.

8.1 Fundamental Differences

8.1.1 Conditions

This can be explained with reference to both stationary and mobile phase. One of
the main advantages of methods using UPLC is the less use of solvent. In today’s
world when we are very concerned about the use and recycling of organic
solvents, UPLC comes in very handy where the solvent use is reduced to almost
as low as 10 times in some cases. This would also aid the situations such as recent
worldwide shortage of acetonitrile all over the world.

The differences in the stationary phase has been discussed in Chapter 3 which
describes the various advantages of the small particle chemistry. However when it
comes down to the practical usage of these columns, the UPLC columns are not
as rugged and everlasting as compared to the HPLC columns. More development
can be expected in this field as there is more demand for these columns, however
since these columns are subjected to such high pressure, not much can be

predicted until we actually use these columns.
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8.1.2 Efficiency

8.1.3

When it comes to talking about the advantages of UPLC over HPLC, the first and
foremost that comes to mind is about the low sample volume required in UPLC.
The chances of encountering the problem of limited sample would be almost nil
in case of UPLC. This is a big advantage during developmental stages or even
validation of analytes which are in limited supply. When time is of primary
concern, UPLC is superior. We have seen methods which are cut to down to
almost as less as 15 times as compared to the corresponding HPLC methods. For
example, in about 8 hours, 96 analyses can be run (using 5 minute UPLC
methods) as against 14 analyses (35 minute HPLC method).

Considering our own example, two separate methods which need about 55
minutes just to inject standard in both the methods, is combined into one method

that can be used on UPLC with a run time of 20 minutes.

Figures of Merit

The UPLC method is very convenient with a number of advantages. The key
advantages are speed, resolution and sensitivity. There are additional advantages
which can be attributed to instrument performance. Injection repeatability,
gradient repeatability, instrument stability, column to column repeatability,
instrument versatility leading to solvent reduction and waste minimization are
some of these additional advantages. *

Based on the current example of our molecule of interest, Galantamine, these

numbers look very clear when demonstrated in a tabulated form as below:
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Table 48 Contrast of HPLC and UPLC parameters

HPLC UPLC

7 mM potassium phosphate monobasic + 23 mM potassium

Mobile phase
phosphate dibasic (pH 7.2) : Acetonitrile
Flow rate 1.0 mL/min 0.25 mL/min
6 pL (Partial loop with needle
Injection volume 20 pL

overfill)

45 minutes (Method I)
Run time 22 minutes
10 minutes (Method I1)

Solvent consumption 60 mL 5.5 mL

Sample loading 30 ng 9ng

As is evident from the table above, the solvent consumption is cut down by about

10 times. The sample loading is reduced significantly by about 3 times.
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Table 49

Limit of detection values

LOD by HPLC LOD by UPLC
Analyte

(Mg/mL) (ng/mL)
Galantamine HBr 208 112
Galantamine N-Oxide 255 29
N-Norgalantamine 235 33
O-Norgalantamine 140 81
Lycorine HBr 193 153
Dihydrogalantamine HBr 472 81
Narwedine 247 28
Epigalantamine 256 155

As we can see, the limit of detection has been reduced significantly for each of the
analytes of interest by detecting on UPLC. As a result methods can be developed
faster; samples can be analyzed faster with a great turnaround of information in a
research environment, data quality is considered is rugged and reliable.
Verification of results can be performed without great loss of time. The whole
approach to problem solving changes with the advent of UPLC.

After seeing the obvious advantages of UPLC methods, research and academic
institutions have taken up looking to developing methods on UPLC instead of
traditional HPLC. However the problem of working with a few lengthy HPLC
methods would still exist. This poses a need for transferring those laborious

HPLC methods on to faster more efficient UPLC methods. By experience, some
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methods can be transferred easily, wherein only column and instrument need to be
changed. Mobile phase and gradient flow does not need to be changed. On the
other hand there are some methods, which need so many changes, a new method

must be developed from the scratch.

8.2 Need for Comparison Of Methods

When there are two measurement techniques, both of which have certain amount of
measurement error, we need to know if they are comparable and if we can use them
interchangeably. The meaning of “comparable” will vary according to the particular
application. For a clinician, it might mean that diagnoses and prescriptions would not
change according to a particular technique which generated a particular value. For a
researcher, “comparable” might mean being indifferent to the technique used to make a
particular measurement. *

As long as there is change, there will be a need to compare the old and the new. Changes
in analytical methods may at times produce true changes in the results. A comparison of
the two methods may show them to be in equivalent. Other analytical method changes
may not be so dramatic. The results obtained before and after the analytical method
changes may be expected to be essentially the same. Under these circumstances, one will
probably need to assess the equivalency of the results produced by the two methods.
Equivalency testing offers advantages over performing validation alone, because
validation criteria are set to determine the soundness of a single method, not the

equivalency of two independent methods. %
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8.3 Comparison Strategy

Comparison strategy has been discussed in detail in Section 4.2. The same strategy has

been applied to the analytes of interest and the results are discussed hereunder.

8.4 Results

MedCalc for Windows software for statistics for biomedical research (demo version) is
used for all the calculations which are performed below. Microsoft Excel is also used for

some of the analysis.

8.4.1 F-Test

The standard deviations of the two sets of data generated from HPLC and UPLC have
been compared for each of the analytes. The details of the test have been discussed in
Section 4.4.1 in detail.

The null hypothesis is that difference between the two sample variances is significant,
which if true the n the variance ratio should be close to 1. If the calculated value of F

exceeds a certain value then the null hypothesis is rejected.
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8.4.1.1 Results for F-test for Galantamine

Table 50 Table for two-sided F test
Sample 1
Variable HPLC
Sample 2
Variable UPLC
Sample 1 Sample 2
Sample size 12 36
Arithmetic mean 103.8917 102.9417

95% CI for the mean

102.9199 to 104.8634

101.0444 to 104.8390

Variance 2.3390 31.4442
Standard deviation 1.5294 5.6075
Standard error of the mean 0.4415 0.9346

Variance ratio

13.4434

Significance level

P <0.001
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Table 51

Results for F-test for Dihydrogalantamine

Sample 1
Variable HPLC
Sample 2
Variable UPLC
Sample 1 Sample 2
Sample size 15 33
Arithmetic mean 104.0780 106.6285

95% CI for the mean

102.3433 to 105.8127

105.4797 to 107.7772

Variance 9.8126 10.4959
Standard deviation 3.1325 3.2397
Standard error of the mean 0.8088 0.5640

Variance ratio

1.0696

Significance level

P =0.931
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Figure 62 Box-Whisker plot for Dihydrogalantamine
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Table 52

Results for F-test for Galantamine N-Oxide

Sample 1
Variable HPLC
Sample 2
Variable UPLC
Sample 1 Sample 2
Sample size 15 36
Arithmetic mean 104.5093 108.4797

95% CI for the mean

103.2098 to 105.8089

107.7993 to 109.1600

Variance 5.5067 4.0432
Standard deviation 2.3466 2.0108
Standard error of the mean 0.6059 0.3351

Variance ratio

1.3620

Significance level

P =0.446
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Figure 63 Box-Whisker plot for Galantamine N-Oxide
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Table 53

Results for F-test for Lycorine HBr

Sample 1
Variable HPLC
Sample 2
Variable UPLC
Sample 1 Sample 2
Sample size 15 33
Arithmetic mean 101.5273 103.0206

95% CI for the mean

100.9701 to 102.0845

101.0225 to 105.0187

Variance 1.0124 31.7550
Standard deviation 1.0062 5.6352
Standard error of the mean 0.2598 0.9810

Variance ratio

31.3667

Significance level

P <0.001
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Figure 64 Box-Whisker plot for Lycorine HBr
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Table 54

Results for F-test for N-Norgalantamine

Sample 1
Variable HPLC
Sample 2
Variable UPLC
Sample 1 Sample 2
Sample size 12 31
Arithmetic mean 974817 108.7607
95% CI for the mean 94.1300t0 100.8334 108.2866 to 109.2347
Variance 27.8275 - 1.6702
Standard deviation 52752 1.2924
Standard error of the mean 1.5228 """"""""""""""""""" 02321
Variance ratio 16.6610
Significance level P <0.001
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Figure 65 Box-Whisker plot for N-Norgalantamine
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Table 55 Results for F-test for O-Norgalantamine

Sample 1
Variable HPLC
Sample 2
Variable UPLC
Sample 1 Sample 2
Sample size 15 33
Arithmetic mean 980093 1048547
95% CI for the mean 95.4800 to 100.5387 . 103.3456 t0 106.3638
Variance 20.8617 - 181133
Standard deviation 45675 4250
Standard error of the mean 1.1793 """"""""""""""""""" 0.7409
Variance ratio 1.1517
Significance level P=0.711
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Figure 66 Box-Whisker plot for O-Norgalantamine
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Table 56

Results for F-test for Narwedine

Sample 1
Variable HPLC
Sample 1 Sample 2
Sample size 15 12
Arithmetic mean 99.7400 100.8583

95% CI for the mean

97.4633 to 102.0167

96.3358 to 105.3808

Variance 16.9025 50.6645

Standard deviation 41113 7.1179

Standard error of the mean 1.0615 2.0548
''''''''''''''''''''''''''''''''''''''''''''''''' Sample 2

UPLC

Variance ratio

Significance level
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Figure 67 Box-Whisker plot for Narwedine
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Table 57

Variable

Variable

Sample size

Arithmetic mean
95% CI for the mean

Variance
Standard deviation

Standard error of the mean

Variance ratio

Significance level

Results for F-test for Epi-galantamine

Sample 1
HPLC
Sample 2

UPLC

Sample 1
21
101.9205

100.5394 to 103.3015

9.2051
3.0340

0.6621

5.5039

P =0.001
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Sample 2
12
100.8583

96.3358 to 105.3808

50.6645
7.1179

2.0548



Figure 68 Box- Whisker plot for Epi-galantamine
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8.4.1.2 Summary of F-test for all the compounds

Table 58 P values for all the components
Compound P value
Galantamine <0.001

Galantamine N- Oxide 0.931

N-Norgalantamine 0.446
O-Norgalantamine <0.001
|[Lycorine <0.001

Dihydrogalantamine 0.711

Narwedine 0.057

Epigalantamine 0.001
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Table 59

Summary Of Fca|cu|ated ValUES

Compound \VVariance Ratio ariance Ratio
[Ftaple = 19.00 II\:/table =3.44
Spiked recovery Direct Determination

Galantamine 66.36 4.32

Galantamine N- Oxide  |3.12 2.46

N-Norgalantamine 34.83 1.34

O-Norgalantamine 1.27 7.73

|[Lycorine 17.98 5.61

Dihydrogalantamine 1.46 2.19

Narwedine 20.88 16.77

Epigalantamine 1.26 3.12
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8.4.1.3 Conclusion from F-Test

The data has been used to generate the summary statistics and the variances of the two
samples. The results of variance ration test and the F-statistic is given which is the ratio
of larger variance over the smaller with its associated P value. If the P-value is less than
the conventional 0.05, the null hypothesis is rejected and the conclusion is that the two
variances differ significantly.

From the table summarized above, it can be seen that Galantamine, O-Norgalantamine,
Lycorine and Epigalantamine have a P value of less than 0.05. Narwedine has a P value
of 0.05.

As it is evident from the data, the variances from both methods are significantly different
(almost different) for five of the eight analytes. The same conclusion is also evident from
the scatter as seen in the Box-whisker plots of both analytes. Since the null hypothesis is

rejected, the two methods cannot be considered equivalent just by this data.
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8.4.2 T-Test

The details of the T-test, what goes into the data and what is generated as part of the
results are discussed in detail in Chapter 4.4.3. The results for each of the analytes are
displayed hereunder.

Accuracy has been studied by two methods. The first method was determining accuracy
by direct determination to a standard, which is a preferred technique for an analyte which
is not in a complex matrix. Accuracy determination has been carried out with a minimum
of nine determinations using at least three concentrations. All the determined values are
averaged and used for final accuracy determination. The results from these measurements
are then compared to the values obtained from other methods.

The second method used was measuring any analyte in a complex sample matrix. In our
case even though there is no placebo involved, presence of other impurities may interfere
with the separation and detection or accurate quantitation of the analytes of interest. ® In
this approach, all components are equally spiked at their respective levels using a blank

matrix where none of the components which need to be analyzed are present.
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8.4.2.1 Results from T-test for Galantamine HBr

Sample 1

Variable HPLC
Sample 2

Variable UPLC
Sample size

Arithmetic mean
95% CI for the mean

Variance

Standard deviation
Standard error of the mean
F-test for equal variances
Difference

Standard Error

95% ClI of difference

Test statistic t
Degrees of Freedom (DF)

Two-tailed probability

Table 60

Sample 1
7
102.8714

100.6087 to 105.1341

5.9857
2.4466
0.9247

P =0.087
-0.6260
2.0749

-5.0245 to0 3.7726

-0.302
16

P =0.7668
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By direct determination

Sample 2
11
102.2455

98.8281 to 105.6628

25.8747
5.0867

1.5337



Table 61 T-Test results for Galantamine hydrobromide by spiked recovery

Sample 1

Variable HPLC
Sample 2

Variable UPLC
Sample size

Arithmetic mean

95% CI for the mean

Variance

Standard deviation
Standard error of the mean
F-test for equal variances
Difference

Standard Error

95% CI of difference
Test statistic t
Degrees of Freedom (DF)

Two-tailed probability

Sample 1
3
103.9667

101.9588 to 105.9746

0.6533
0.8083
0.4667
P =0.029
-4.5333
3.8780

-15.3004 to 6.2337

-1.169
4

P =0.3073
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Sample 2
3
99.4333

82.8689 to 115.9978

44.4633
6.6681

3.8498



8.4.2.2 Results from T-test for DihydroGalantamine HBr

Table 62 By direct determination

Sample 1
Variable HPLC
Sample 2
Variable UPLC

Sample 1 Sample 2
Sample size 7 11
Arithmetic mean 100.0857 98.8818

95% CI for the mean

98.2904 to 101.8810

96.9518 to 100.8119

8.2536

Variance 3.7681
Standard deviation 1.9412 - 2.8729
Standard error of the mean | 0.7337 ; 0.8662
F-test for equal variances P =0.350
Difference -1.2039
Standard Error 1.2394

95% CI of difference

-3.8314 to0 1.4236

Test statistic t -0.971
Degrees of Freedom (DF) 16
Two-tailed probability P =0.3458
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Table 63 By spiked recovery

Sample 1
Variable HPLC
Sample 2
Variable UPLC

Sample 1 Sample 2
Sample size 3 3
Arithmetic mean 104.0333

¢ 106.0000

95% CI for the mean

95.7112 to 112.3555

- 95.9155 to 116.0845

Variance 11.2233 16.4800
Standard deviation 3.3501 4.0596
Standard error of the mean | 1.9342 2.3438
F-test for equal variances P =0.810

Difference 1.9667

Standard Error 3.0388

95% CI of difference

-6.4705 to 10.4038

Test statistic t 0.647
Degrees of Freedom (DF) 4
Two-tailed probability P =0.5528
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8.4.2.3 Results from T-test for Galantamine N-Oxide

Table 64 By direct determination
Sample 1
Variable HPLC
Sample 2
Variable UPLC

Sample 1 Sample 2

Sample size 5 11
Arithmetic mean 100.4600

100.4727

95% CI for the mean

99.5201 to 101.3999

99.6744 to 101.2711

Variance 0.5730 1.4122
Standard deviation 0.7570 1.1884
Standard error of the mean | 0.3385 : 0.3583
F-test for equal variances P =0.399

Difference 0.01273

Standard Error 0.5840

95% CI of difference

-1.2398 to 1.2653

Test statistic t 0.0218
Degrees of Freedom (DF) 14
Two-tailed probability P =0.9829
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Table 65 By spiked recovery

Sample 1
Variable HPLC
Sample 2
Variable UPLC

Sample 1 Sample 2
Sample size 3 3
Arithmetic mean 103.6667 100.6000
95% ClI for the mean 1008967 t0 106.4366 95706810 105.4932
Variance 12433 3800
Standard deviation ‘11150 19698
Standard error of the mean | 0.6438 11372
F-test for equal variances ‘P=048
Difference -3.0667
Standard Error 13068
95% Cl of difference | -6.6950t0 05616
Test statistic t 2347
Degrees of Freedom (DF) 4
Two-tailed probability ‘p=o0o0O788
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8.4.2.4 Results from T-test for Lycorine HBr

Table 66 By direct determination
Sample 1
Variable HPLC
Sample 2
Variable UPLC

Sample 1 Sample 2

Sample size 6 9
Arithmetic mean 100.8500 : 99.2000

95% CI for the mean

99.0509 to 102.6491

96.0767 to 102.3233

16,5100

Variance 2.9390

Standard deviation 1.7144 4.0632
Standard error of the mean | 0.6999 : 1.3544
F-test for equal variances P =0.073

Difference -1.6500

Standard Error 1.7709

95% CI of difference

-5.4759 t0 2.1759

Test statistic t -0.932
Degrees of Freedom (DF) 13
Two-tailed probability P =0.3685
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Table 67 By spiked recovery

Sample 1
Variable HPLC
Sample 2
Variable UPLC

Sample 1 Sample 2
Sample size 3 3
Arithmetic mean 101.4000

£ 101.1333

95% CI for the mean

99.8890 to 102.9110

92,9044 to 109.3623

Variance 0.3700 10.9733
Standard deviation 0.6083 3.3126
Standard error of the mean | 0.3512 1.9125
F-test for equal variances P =0.065

Difference -0.2667

Standard Error 1.9445

95% CI of difference

-5.6655 to0 5.1322

Test statistic t -0.137
Degrees of Freedom (DF) 4
Two-tailed probability P =0.8975
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8.4.2.5 Results from T-test for N-Norgalantamine

Table 68 By direct determination
Sample 1
Variable HPLC
Sample 2
Variable UPLC

Sample 1 Sample 2

Sample size 5 11
Arithmetic mean 99.8400 "100.9455

95% CI for the mean

98.3693 to 101.3107

Variance 1.4030 0.9367

Standard deviation 1.1845 ‘09678
Standard error of the mean | 0.5297 02018
F-test for equal variances P=0550
Difference 1.1055

Standard Error 0.5579

95% CI of difference

-0.09113 to 2.3020

Test statistic t 1.981
Degrees of Freedom (DF) 14
Two-tailed probability P =0.0675
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Table 69 By spiked recovery

Sample 1
Variable HPLC
Sample 2
Variable UPLC
Sample 1 Sample 2
Sample size 3 3
Arithmetic mean 968000 .~ 100.8667
95% CI for the mean ' 82.7125t0110.8875 98.4797 to 103.2537
Variance 321600 0.9233
Standard deviation 56710 0.9609
Standard error of the mean | 32741 0.5548
F-test for equal variances P=0056
Difference 40667
Standard Error 33208
95% ClI of difference -5.1534t013.2867
Test statistic t 1225
Degrees of Freedom (DF) | 4
Two-tailed probability P=02879
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8.4.2.6 Results from T-test for O-Norgalantamine

Table 70 By direct determination

Sample 1
Variable HPLC
Sample 2
Variable UPLC

Sample 1 Sample 2
Sample size 5 11
Arithmetic mean 98.6000 99.8273

95% CI for the mean

96.8528 to 100.3472

97.1988 to 102.4558

Variance 1.9800 15.3082
Standard deviation 1.4071 3.9126
Standard error of the mean | 0.6293 | 1.1797
F-test for equal variances P =0.064

Difference 1.2273

Standard Error 1.8291

95% CI of difference

-2.6957 to 5.1502

Test statistic t 0.671
Degrees of Freedom (DF) 14
Two-tailed probability P =0.5132
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Table 71 By spiked recovery

Sample 1
Variable HPLC
Sample 2
Variable UPLC

Sample 1 Sample 2
Sample size 3 3
Arithmetic mean 97.8333

¢ 103.6000

95% CI for the mean

82.6692 to 112.9974

- 90.1650 to 117.0350

Variance 37.2633 29.2500
Standard deviation 6.1044 5.4083
Standard error of the mean | 3.5244 3.1225
F-test for equal variances P =0.880

Difference 5.7667

Standard Error 4.7086

95% CI of difference

-7.3066 to 18.8399

Test statistic t 1.225
Degrees of Freedom (DF) 4
Two-tailed probability P =0.2879
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8.4.2.7 Results from T-test for Narwedine

Table 72 By direct determination
Sample 1
Variable HPLC
Sample 2
Variable UPLC

Sample 1 Sample 2

Sample size 5 11
Arithmetic mean 98.5600

100.4000

95% CI for the mean

93.3638 to 103.7562

99.7136 to 101.0864

Variance 17.5130 1.0440
Standard deviation 4.1849 1.0218
Standard error of the mean | 1.8715 : 0.3081
F-test for equal variances P <0.001

Difference 1.8400

Standard Error 1.8967

95% CI of difference

-3.4261 to 7.1061

Test statistic t(d) 0.970
Degrees of Freedom (DF) 4.2
Two-tailed probability P =0.3869
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Table 73

By spiked recovery

Sample 1
Variable HPLC
Sample 2
Variable UPLC

Sample 1 Sample 2
Sample size 3 3
Arithmetic mean 99.6333 99.8667

95% CI for the mean

87.0784 t0 112.1883

97.1191 to 102.6142

Variance 25.5433 1.2233
Standard deviation 5.0540 1.1060
Standard error of the mean | 2.9180 0.6386
F-test for equal variances P =0.091

Difference 0.2333

Standard Error 2.9870

95% CI of difference

-8.0599 to 8.5266

Test statistic t 0.0781
Degrees of Freedom (DF) 4
Two-tailed probability P =0.9415
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8.4.2.8 Results from T-test for Epi-galantamine

Table 74 By direct determination

Sample 1
Variable HPLC
Sample 2
Variable UPLC

Sample 1 Sample 2
Sample size 8 10
Arithmetic mean 99.8875 98.2000
95% CI| for the mean 96.5633 to0 103.2117 95.6137 to 100.7863
Variance 15.8098 13.0711
Standard deviation 3.9762 3.6154
Standard error of the mean | 1.4058 1.1433
F-test for equal variances P=0.772
Difference -1.6875
Standard Error 1.7918
95% CI of difference -5.4860 t0 2.1110
Test statistic t -0.942

Degrees of Freedom (DF) 16

Two-tailed probability P =0.3603
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Table 75

By spiked recovery

Sample 1
Variable HPLC
Sample 2
Variable UPLC

Sample 1 Sample 2
Sample size 3 3
Arithmetic mean 103.6667 100.6000

95% CI for the mean

100.8967 to 106.4366

95.7068 to 105.4932

Variance 1.2433 3.8800
Standard deviation 1.1150 1.9698
Standard error of the mean | 0.6438 1.1372
F-test for equal variances P =0.485

Difference -3.0667

Standard Error 1.3068

95% CI of difference

-6.6950 to 0.5616

Test statistic t -2.347
Degrees of Freedom (DF) 4
Two-tailed probability P =0.0788
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8.4.2.9 Summary of T-Test results

A significance level of P< 0.05 shows that the means are significantly different

Table 76 Accuracy by direct determination
Compound Difference [95% CI Significance P
Galantamine -0.62 -5.0245 t0 3.7726 0.7688
[Dihydro galantamine  |-1.20 -3.8314 to 1.4236 0.3458
Galantamine N Oxide 0.01 -1.2398 to 1.2653 0.9829
Lycorine -1.65 -5.4759 to 2.1759 0.3685
N-Norgalantamine 1.10 -0.0911 to 2.3020 0.0675
O-Norgalantamine 1.22 -2.6957 to0 5.1502 0.5132
Narwedine 1.84 -3.4261 to 7.1061 0.3869
Epigalantamine -1.68 -5.4860 t0 2.1110 0.3603
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Table 77

Accuracy by spiked recovery

Compound Difference [95% ClI Significance P
Galantamine -4.53 -15.3004 t0 6.2337  [0.3073
[Dihydro galantamine  [1.96 -6.4705 to 10.4038  [0.5528
Galantamine N Oxide  |-3.06 -6.6950 to 0.5616  [0.0788
Lycorine -0.26 -5.6655 t0 5.1322  0.8975
N-Norgalantamine 4.06 -5.1534 to 13.2867  [0.2879
O-Norgalantamine 5.76 -7.3066 to 18.8399  [0.2879
Narwedine 0.23 -8.0599 t0 8.5266 09415
Epigalantamine -3.06 -6.6950 to 0.5616  [0.0788
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8.4.2.10 Conclusion from T-Test

Based on T-test results for both methods of accuracy determination, P values are not less
than the accepted value of 0.05. This suggests that with 95% Confidence Interval, the
means of recovery values do not differ significantly for all the components. Having said
this, P-values should not be interpreted too strictly.> Although a significance level of 5%
is generally accepted as a cut-off point for a significant versus a non-significant result, it
would be a mistake to interpret a shift of P-value from e.g. 0.045 to 0.055 as a change
from significance to non-significance. Therefore the real P-values are preferably reported,
P=0.045 or P=0.055, instead of P<0.05 or P>0.05, so the analyst can make his own
interpretation. With regards to the interpretation of P-values as significant versus not-
significant, is has been recommended to select a smaller significance level of for example
0.01 when it is necessary to be quite certain that a difference exists before accepting it.
For our purpose, the fact that they do not differ significantly within 95% CI is good to

proceed to next step.
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8.4.3 Linear regression analysis

The details of linear regression analysis are discussed in detail in Chapter 4.4.6. The

results for each of the analytes of interest are summarized hereunder.

8.4.3.1 OLR results for Galantamine

Table 78
Dependent Y UPLC
Independent X HPLC
Sample size 12

Coefficient of determination R2 | 0.9994

Residual standard deviation 0.01849

y =-0.002159 + 0.9883 x

Parameter Coefficient Std. Error 95% CI

Intercept -0.002159 0.009145 -0.02254 to0 0.01822
Slope 0.9883 0.007870 0.9708 to 1.0058
Source DF Sum of Squares

Regression 1 5.3928

Residual 10 0.003420

F-ratio 15770.0434

Significance level

P<0.001
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Regression analysis from direct determination

t P

-0.2361 0.8181

125.5788 <0.0001

Mean Square

5.3928

0.0003420



Figure 69 Regression line from direct determination
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Table 79

Dependent Y UPLC

Independent X HPLC

Sample size

Coefficient of determination R?

Residual standard deviation

y =0.01017 +0.9882 x

Parameter Coefficient
Intercept 0.01017

Slope 0.9882

Source DF
Regression 1
Residual 4
F-ratio 285.1449

Significance level P<0.001

Regression analysis from spiked recovery

6
0.9862

0.03602

Std. Error 95% ClI

0.04625 -0.1183 to 0.1386

0.05852 0.8257 to 1.1507

Sum of Squares

0.3700

0.005191
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t P

0.2198 0.8368

16.8862 0.0001

Mean Square

0.3700

0.001298



Figure 71 Regression line from spiked recovery
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As it is evident from the plots above, there are only two effective concentration levels
which could be used for performing the linear regression curve. This is because of the
fact that the HPLC analysis did not meet the validity criteria for spiked recovery for more
than two concentration levels. The recovery by direct determination however, did meet
the criteria for validity successfully at all the intended concentration levels. For this
reason, the above data would not be considered as a valid curve as we do not have
minimum number of points. The data however ,would still be included in the thesis for

information purposes only.
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8.4.3.2 OLR results for Dihydrogalantamine

Table 80 Regression analysis from direct determination

Dependent Y UPLC

Independent X HPLC

Sample size 9
Coefficient of determination R* | 0.9996

Residual standard deviation 0.01493

y =-0.03958 + 1.0362 x

Parameter Coefficient Std. Error 95% CI

Intercept -0.03958 0.01054 -0.06450 to -0.01466
Slope 1.0362 0.007960 1.0174 to 1.0550
Source DF Sum of Squares

Regression 1 3.7753

Residual 7 0.001560

F-ratio 16944.8248

Significance level P<0.001
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-3.7557

130.1723

Mean Square

3.7753

0.0002228

P

0.0071

<0.0001



Figure 73 Regression line from direct determination
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Table 81

Dependent Y UPLC

Independent X HPLC

Sample size
Coefficient of determination R?

Residual standard deviation

y =-0.07065 +1.1020 x

Regression analysis from spiked recovery

12

0.9970

0.04168

Parameter Coefficient Std. Error 959% CI

Intercept -0.07065 0.02127 -0.1180 to -0.02325
Slope 1.1020 0.01920 1.0592 to 1.1448
Source DF Sum of Squares

Regression 1 5.7229

Residual 10 0.01737

F-ratio 3293.8759

Significance level P<0.001
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-3.3209

57.3923

Mean Square

5.7229

0.001737

P

0.0077

<0.0001



Figure 75 Regression line from spiked recovery
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8.4.3.3 OLR results for Galantamine N-Oxide

Table 82 Regression analysis from direct determination

Dependent Y UPLC

Independent X HPLC

Sample size 12
Coefficient of determination R* | 0.9994

Residual standard deviation 0.01912

y =-0.02207 + 1.0402 x

Parameter Coefficient Std. Error 95% ClI

Intercept -0.02207 0.009527 -0.04329 to -0.0008397
Slope 1.0402 0.008295 1.0217 to 1.0587
Source DF Sum of Squares

Regression 1 5.7502

Residual 10 0.003656

F-ratio 15725.9779

Significance level P<0.001
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-2.3163

125.4033

Mean Square

5.7502

0.0003656

P

0.0430

<0.0001



Figure 77 Regression line from direct determination
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Table 83 Regression analysis from spiked recovery

Dependent Y UPLC

Independent X HPLC

Sample size 9
Coefficient of determination R* | 0.9970

Residual standard deviation 0.04026

y =-0.01748 +1.0525 Xx

Parameter Coefficient Std. Error 95% CI

Intercept -0.01748 0.02837 -0.08457 to 0.04960
Slope 1.0525 0.02185 1.0008 to 1.1041
Source DF Sum of Squares

Regression 1 3.7594

Residual 7 0.01135

F-ratio 2319.3325

Significance level P<0.001
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-0.6162

48.1594

Mean Square

3.7594

0.001621

P

0.5573

<0.0001



Figure 79
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8.4.3.4 OLR results for Lycorine HBr

Table 84 Regression analysis from direct determination

Dependent Y UPLC

Independent X HPLC

Sample size 12
Coefficient of determination R* | 0.9979

Residual standard deviation 0.03546

y =-0.03279 +1.0348 X

Parameter Coefficient Std. Error 95% ClI t P
Intercept -0.03279 0.01768 -0.07218 to 0.006588 -1.8554 0.0932
Slope 1.0348 0.01517 1.0010 to 1.0686 68.2033 <0.0001
Source DF Sum of Squares Mean Square
Regression 1 5.8506 5.8506

Residual 10 0.01258 0.001258

F-ratio 4651.6956

Significance level P<0.001
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Figure 81 Regression line from direct determination
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Table 85 Regression analysis from dpiked recovery

Dependent Y UPLC

Independent X HPLC
Sample size 9
Coefficient of determination R* | 0.9985

Residual standard deviation 0.02900

y =-0.08257 +1.0878 x

Parameter Coefficient Std. Error 95% ClI t P
Intercept -0.08257 0.02066 -0.1314 to -0.03372 -3.9971 0.0052
Slope 1.0878 0.01577 1.0506 to 1.1251 68.9903 <0.0001
Source DF Sum of Squares Mean Square
Regression 1 4.0018 4.0018

Residual 7 0.005885 0.0008408

F-ratio 4759.6647

Significance level P<0.001
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Figure 83 Regression line from spiked recovery
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8.4.3.5 OLR results for N-Norgalantamine

Table 86 Regression analysis from direct determination

Dependent Y UPLC

Independent X HPLC

Sample size 9
Coefficient of determination R* | 0.9998

Residual standard deviation 0.01068

y =-0.02812 +1.0431 x

Parameter Coefficient Std. Error 959% CI t P
Intercept -0.02812 0.007473 -0.04579 to -0.01045 -3.7628 0.0070
Slope 1.0431 0.005612 1.0299 to 1.0564 185.8653 <0.0001
Source DF Sum of Squares Mean Square
Regression 1 3.9432 3.9432

Residual 7 0.0007990 0.0001141

F-ratio 34545.9040

Significance level P<0.001
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Figure 85 Regression line from direct determination
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Table 87

Dependent Y UPLC
Independent X HPLC
Sample size

Coefficient of determination R?

Residual standard deviation

y =-0.01056 +1.0128 x

Parameter Coefficient
Intercept -0.01056
Slope 1.0128

Source DF
Regression 1
Residual 4
F-ratio 870.3592

Significance level P<0.001

Regression analysis from spiked recovery

6

0.9954

0.04299

Std. Error 95% ClI

0.05474 -0.1625 to 0.1414
0.03433 0.9175to 1.1081

Sum of Squares

1.6086

0.007393
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-0.1930

29.5018

Mean Square

1.6086

0.001848

P

0.8564

<0.0001



Figure 87
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8.4.3.6 OLR results for O-Norgalantamine

Table 88 Regression analysis from direct determination

Dependent Y UPLC

Independent X HPLC

Sample size 12
Coefficient of determination R* | 0.9996

Residual standard deviation 0.01541

y =-0.03056 + 1.0512 x

Parameter Coefficient Std. Error 95% CI

Intercept -0.03056 0.007623 -0.04755 to -0.01358
Slope 1.0512 0.006675 1.0363 to 1.0660
Source DF Sum of Squares

Regression 1 5.8894

Residual 10 0.002375

F-ratio 24796.4404

Significance level P<0.001
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-4.0094

157.4689

Mean Square

5.8894

0.0002375

P

0.0025

<0.0001



Figure 89 Regression line from direct determination
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Table 89

Dependent Y UPLC

Independent X HPLC

Sample size
Coefficient of determination R?

Residual standard deviation

y =0.03048 + 0.9665 x

Regression analysis from spiked recovery

9

0.9996

0.01432

Parameter Coefficient Std. Error 95% CI

Intercept 0.03048 0.009647 0.007671 to 0.05329
Slope 0.9665 0.007040 0.9499 to 0.9832
Source DF Sum of Squares

Regression 1 3.8656

F-ratio 18847.1168

Significance level P<0.001
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t P

3.1598 0.0159

137.2848 <0.0001

Mean Square

3.8656



Figure 91 Regression line from spiked recovery
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8.4.3.7 OLR results for Narwedine

Table 90 Regression analysis from direct determination

Dependent Y UPLC

Independent X HPLC

Sample size 9
Coefficient of determination R* | 0.9999

Residual standard deviation 0.006955

y =0.04375 +0.9531 x

Parameter Coefficient Std. Error 95% ClI t P
Intercept 0.04375 0.004847 0.03229 to 0.05521 9.0252 <0.0001
Slope 0.9531 0.003629 0.9445 t0 0.9616 262.6240 <0.0001
Source DF Sum of Squares Mean Square
Regression 1 3.3363 3.3363

Residual 7 0.0003386 0.00004837

F-ratio 68971.3626

Significance level P<0.001

207



Figure 93 Regression line from direct determination
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Table 91 Regression analysis from spiked recovery

Dependent Y UPLC

Independent X HPLC
Sample size 9
Coefficient of determination R* | 0.9994

Residual standard deviation 0.01758

y =0.1024 +0.8765 x

Parameter Coefficient Std. Error 95% CI t P
Intercept 0.1024 0.01176 0.07454 to 0.1302 8.7005 0.0001
Slope 0.8765 0.008440 0.8566 to 0.8965 103.8595 <0.0001
Source DF Sum of Squares Mean Square
Regression 1 3.3344 3.3344

Residual 7 0.002164 0.0003091

F-ratio 10786.8037

Significance level P<0.001
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8.4.3.8 OLR results for Epi-Galantamine

Table 92 Regression analysis from direct determination

Dependent Y UPLC

Independent X HPLC

Sample size

Coefficient of determination R?

Residual standard deviation

y =-0.01588 + 1.0123 x

9

0.9998

0.01051

Parameter Coefficient Std. Error 95% CI

Intercept -0.01588 0.007306 -0.03316 to 0.001396
Slope 1.0123 0.005479 0.9994 to 1.0253
Source DF Sum of Squares

Regression 1 3.7676

Residual 7 0.0007727

F-ratio 34133.0439

Significance level P<0.001
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-2.1736

184.7513

Mean Square

3.7676

0.0001104

P

0.0663

<0.0001



Figure 97 Regression line from direct determination
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Table 93

Dependent Y UPLC

Independent X HPLC

Regression analysis from spiked recovery

Sample size 9

Coefficient of determination R* | 0.9994

Residual standard deviation 0.02057

y =-0.02430 +1.0014 x

Parameter Coefficient Std. Error 95% ClI t P
Intercept -0.02430 0.01270 -0.05432 to 0.005725 -1.9137 0.0972
Slope 1.0014 0.009508 0.9789 to 1.0239 105.3183 <0.0001
Source DF Sum of Squares Mean Square
Regression 1 4.6953 4.6953

Residual 7 0.002963 0.0004233

F-ratio 11091.9342

Significance level P<0.001
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Figure 99 Regression line from spiked recovery

2.2;
Q 16
S 10}
0-451 1 | 1 | 1
00 05 10 15 20 25
HPLC
Figure 100 Residuals from spiked recovery
2 0.04; .
L 0.02 | °
Q 1.738E-018 | - :
% -0.02;81 o
0.0 1.0 2.0
HPLC

8.4.3.9 Standard deviation of Residuals

Theoretical values of the square root of squares of standard deviation of residuals
from both the methods are calculated using MS Excel. They are tabulated along with
the actual S, 1. The details of the calculation are described in detail in Chapter 4.4.8.

The values are compared to make conclusions.
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Table 94

For accuracy by direct determination

Statot) Statot)
Analyte S @) Staty)

Calculated Actual
Galantamine 0.1007 1.3480 1.35 0.02
Dihydrogalantamine | 0.1167 0.4086 0.42 0.01
Galantamine N-Oxide | 0.2676 0.5868 0.64 0.02
Lycorine HBr 0.1310 0.3369 0.36 0.04
N-Norgalantamine 0.2662 0.3013 0.40 0.01
O-Norgalantamine 0.6296 0.1628 0.65 0.02
Narweidine 0.3685 0.2604 0.45 0.001
Epi- Galantamine 0.1781 0.2661 0.32 0.01
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Table 95 For accuracy by spiked recovery

Statot) Statot)
Analyte S @) Staty)

Calculated Actual
Galantamine 0.0328 1.3480 1.35 0.03
Dihydrogalantamine 0.2247 0.4086 0.47 0.04
Galantamine N-Oxide 0.1001 0.5868 0.60 0.04
Lycorine HBr 0.2353 0.3615 0.43 0.03
N-Norgalantamine 0.0563 0.3013 0.31 0.0.4
O-Norgalantamine 0.0660 0.1628 0.18 0.01
Narweidine 0.0308 0.2604 0.26 0.02
Epi- Galantamine 0.7080 0.2661 0.76 0.02
8.4.3.10 Conclusions

There are some regression lines where the 95% CI does not include 1 and the 95% CI for
intercept does not include 0. However the fact that the observed standard deviation of
residuals is lower than the estimated and the correlation coefficient is reasonably higher
>0.99; the HPLC and UHPLC methods can be confidently considered not to differ
significantly and suggests the total random errors in the methods are comparable and the

methods are commutable.

216



8.4.4 Deming regression

Details of Deming Regression analysis, the theory and the assumptions are discussed in
detail in Section 4.4.9. The results of Deming Regression analysis are discussed below

for each of the analytes of interest.

8.4.4.1 Results from Deming Regression for Galantamine HBr

Table 96 Deming regression for Galantamine by direct determination
Method X HPLC
Method Y UPLC
Method Mean Coefficient of Variation (%)
X 0.9435 2.12
Y 0.9303 1.29
Sample size 12
Variance ratio 2.7875

y =-0.002591 + 0.9888 x

Parameter Coefficient Std. Error 95% CI
Intercept -0.002591 0.007721 -0.01959 to 0.01440
Slope 0.9888 0.006169 0.9752 to 1.0023
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Table 97 Deming regression for Galantamine by spiked recovery

Method X HPLC

Method Y UPLC

Method Mean Coefficient of Variation (%)
X 0.7494 1.01

Y 0.7507 2.77

Sample size 6

Variance ratio 0.1329

y =0.008971 + 0.9898 x

Parameter Coefficient Std. Error 95% CI
Intercept 0.008971 0.03727 -0.08684 to 0.1048
Slope 0.9898 0.06302 0.8278 t0 1.1518
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8.4.4.2 Results from Deming Regression for Dihydrogalantamine HBr

Table 98 Deming regression for Dihydrogalantamine HBr by direct determination
Method X HPLC
Method Y UPLC
Method Mean Coefficient of Variation (%)
X 1.5012 0.74
Y 1.5170 1.67
Sample size 6
Variance ratio 0.1940

y =-0.03271 +1.0323 x

Parameter Coefficient Std. Error 95% CI
Intercept -0.03271 0.01829 -0.07973 to 0.01430
Slope 1.0323 0.01691 0.9888 to 1.0758
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Table 99

Method X

Method Y

Method

Sample size

Variance ratio

Deming regression for Dihydrogalantamine HBr by spiked recovery

HPLC

UPLC

Mean

0.9137

0.9362

12

10.9966

y =-0.07349 +1.1051 x

Parameter

Intercept

Slope

Coefficient

-0.07349

1.1051

Coefficient of Variation (%)

3.86

1.14

Std. Error

0.02136

0.02922
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95% ClI

-0.1205 to -0.02647

1.0408 to 1.1694



8.4.4.3 Results from Deming Regression for Galantamine N-Oxide

Table 100 Deming regression for Galantamine N-Oxide by direct determination

Method X HPLC
Method Y UPLC
Method Mean

X 1.1642

Y 1.1863
Sample size 9
Variance ratio 0.1494

y =-0.03198 + 1.0465 x

Parameter Coefficient
Intercept -0.03198
Slope 1.0465

Coefficient of Variation (%)
1.09

2.77

Std. Error 95% ClI

0.01434 -0.06505 to 0.001084

0.01559 1.0105 to 1.0824
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Table 101 Deming regression for Galantamine N-Oxide by spiked recovery

Method X HPLC

Method Y UPLC

Method Mean Coefficient of Variation (%)
X 1.1438 3.73

Y 1.1863 0.69

Sample size 9

Variance ratio 27.3973

y =-0.02100 + 1.0555 x

Parameter Coefficient Std. Error 9595 CI
Intercept -0.02100 0.02853 -0.08678 to 0.04479
Slope 1.0555 0.02538 0.9970 to 1.1140
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8.4.4.4 Results from Deming Regression for Lycorine HBr

Table 102 Deming regression for Lycorine HBr by direct determination

Method X HPLC

Method Y UPLC

Method Mean Coefficient of Variation (%)
X 1.1792 3.57

Y 1.1769 5.02

Sample size 9

Variance ratio 0.5057

y =-0.07258 + 1.0596 x

Parameter Coefficient Std. Error 95% CI
Intercept -0.07258 0.01709 -0.1120 to -0.03318
Slope 1.0596 0.01533 1.0243 to 1.0950
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Table 103

Method X

Method Y

Method

Sample size

Variance ratio

HPLC

UPLC

Mean

1.1578

1.1769

9

0.01518

y =-0.08260 + 1.0879 x

Parameter

Intercept

Slope

Coefficient

-0.08260

1.0879

Deming regression for Lycorine HBr by spiked recovery

Coefficient of Variation (%)

0.25

1.96

Std. Error

0.01510

0.01145
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95% ClI

-0.1174 to -0.04777

1.06151t0 1.1143



8.4.4.5 Results from Deming Regression for N-Norgalantamine

Table 104 Deming regression for N-Norgalantamine by direct determination

Method X HPLC

Method Y UPLC

Method Mean Coefficient of Variation (%)
X 1.5098 1.02

Y 1.5448 0.95

Sample size 6

Variance ratio 1.1049

y =-0.04263 + 1.0514 x

Parameter Coefficient Std. Error 95% CI

Intercept -0.04263 0.01409 -0.07885 to -0.006422

Slope 1.0514 0.01090 1.0234 to 1.0794
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Table 105 Deming regression for N-Norgalantamine by spiked recovery

Method X HPLC

Method Y UPLC

Method Mean Coefficient of Variation (%)
X 1.5103 5.49

Y 1.5191 0.42

Sample size 6

Variance ratio 172.9895

y =-0.01756 +1.0174 X

Parameter Coefficient Std. Error 95% CI
Intercept -0.01756 0.07018 -0.1980 to 0.1628
Slope 1.0174 0.03849 0.9185t0 1.1164

226



8.4.4.6 Results from Deming Rergession for O-Norgalantamine

Table 106 Deming regression for O-Norgalantamine by direct determination

Method X HPLC

Method Y UPLC

Method Mean Coefficient of Variation (%)
X 1.1560 4.04

Y 1.1813 1.24

Sample size 9

Variance ratio 10.0988

y =-0.04343 + 1.0594 x

Parameter Coefficient Std. Error 95% CI
Intercept -0.04343 0.01257 -0.07242 to -0.01444
Slope 1.0594 0.008215 1.0405to0 1.0784
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Table 107 Deming regression for O-Norgalantamine by spiked recovery

Method X HPLC

Method Y UPLC

Method Mean Coefficient of Variation (%)
X 1.1907 3.45

Y 1.1813 0.92

Sample size 9

Variance ratio 14.4857

y =0.03008 + 0.9668 x

Parameter Coefficient Std. Error 95% CI
Intercept 0.03008 0.009260 0.008730 to 0.05144
Slope 0.9668 0.007601 0.9493 to 0.9844
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8.4.4.7 Results from Deming Rergession for Narwedine

Table 108 Deming regression for Narwedine by direct determination

Method X HPLC

Method Y UPLC

Method Mean Coefficient of Variation (%)
X 1.5139 1.42

Y 1.4876 0.54

Sample size 6

Variance ratio 7.2013

y =0.05030 + 0.9494 x

Parameter Coefficient Std. Error 95% CI
Intercept 0.05030 0.006526 0.03353 to 0.06708
Slope 0.9494 0.005484 0.9353 to 0.9635
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Table 109 Deming regression for Narwedine by spiked recovery

Method X HPLC

Method Y UPLC

Method Mean Coefficient of Variation (%)
X 1.2086 2.71

Y 1.1617 0.54

Sample size 9

Variance ratio 27.5434

y =0.1017 +0.8771 x

Parameter Coefficient Std. Error 95% CI
Intercept 0.1017 0.01306 0.07158 t0 0.1318
Slope 0.8771 0.007117 0.8607 to 0.8935
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8.4.4.8 Results from Deming Rergession for Epi-galantamine

Table 110 Deming regression for Epi-galantamine by direct determination

Method X HPLC

Method Y UPLC

Method Mean Coefficient of Variation (%)
X 1.5121 1.61

Y 1.5161 0.82

Sample size 6

Variance ratio 3.8257

y =-0.008077 + 1.0080 x

Parameter Coefficient Std. Error 950, ClI
Intercept -0.008077 0.01564 -0.04828 to0 0.03213
Slope 1.0080 0.009897 0.9825t0 1.0334
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Table 111 Deming regression for Epi-galantamine by spiked recovery

Method X HPLC

Method Y UPLC

Method Mean Coefficient of Variation (%)
X 1.1238 3.11

Y 1.1011 0.23

Sample size 9

Variance ratio 189.3089

y =-0.02500 + 1.0020 x

Parameter Coefficient Std. Error 95% ClI
Intercept -0.02500 0.01261 -0.05409 to 0.004078
Slope 1.0020 0.008665 0.9820 to 1.0220
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8.4.4.9 Conclusions

« If 95% CI of slope does not include 1 which is the case in a few analytes, it
suggests that there is a proportional difference between the two methods

« If 95% CI of intercept does not include which is also present in few analytes, it
suggests that there is a constant difference between the methods.

After looking at the results it becomes critical to determine if these differences are

relevant for the purpose of the method. The result which we are interested in is to

check if these two methods can be used interchangeably. Do the above differences

above make any significant changes? Are those changes insignificant if the purpose

of comparison of methods is to use one method instead of other? In order to answer

these questions, the Bland Altman Study is used.

8.4.5 Bland Altman Study

The Bland & Altman plot or study is a statistical method to compare two
measurements techniques. In this graphical method the differences (or alternatively
the ratios) between the two techniques are plotted against the averages of the two
techniques. Horizontal lines are drawn at the mean difference, and at the limits of
agreement, which are defined as the mean difference plus and minus 1.96 times the
standard deviation of the differences.

The recovery values are compared for both the methods are the results are plotted and

are shown below.
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8.4.1.4 Results
Figure 101  Bland Altman plot for Galantamine HBr
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Figure 102  Bland Altman plot for Dihydrogalantamine

Bland Altman for Dihydrogalantamine
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HPLC - UPLC

Figure 103  Bland Altman plot for Galantamine N-Oxide

Bland Altman of Galantamine N-Oxide
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HPLC - UPLC
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Figure 104  Bland Altman plot for Lycorine HBr
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HPLC - UPLC

Figure 105

Bland Altman plot for N-Norgalantamine
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HPLC - UPLC

Figure 106  Bland Altman plot for O-Norgalantamine
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HPLC - UPLC

Figure 107  Bland Altman plot for Narwedine
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Figure 108  Bland Altman plot for Epi-galantamine

Bland Altman for Epigalantamine
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8.4.1.5 Conclusion from Bland Altman Plots

Bland and Altman expressed this in terms essentially determines by how much a new
method is likely to differ from the old. Can we replace the old method by the new one or
use the two interchangeably? The tolerance in methof difference depends on the
application. Visual interpretation of plot easily allows one to conclude that the routine
method satisfies the limits of systematic and total error™® Since all the compounds have
all the points on the plot within the allowed 95% CI, the two methods can be comfortably

used interchangeably.
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CHAPTER 9

9.1 Contributions to the field

Achievements of this research work can be divided into two categories.

9.1.1 Chromatographic methods

Firstly the research work involved transferring a stability indicating method for
Galantamine and its related compounds using HPLC to a much faster, efficient UPLC
method. This was achieved with full success which means the HPLC method was
transferred to a UPLC method which saves analysis time, solvent and resources, gives
better sensitivity and resolution between peaks of interest. The method has been validated

as per ICH guidelines.

9.1.2 Statistical Comparison protocol

With two validated methods in hand, an attempt has been made to propose a statistical
model has been proposed to compare the two methods and to make a decision if the
methods are equivalent, commutable or incompatible. A detailed multistep statistical
model has been proposed which includes a series of simple statistical tests. It is the order
in which the tests are applied to the data and the conclusions that are made from the
results which is novel to the model proposed.

On applying this model to the validation data of HPLC and UPLC methods, it is
concluded that both the methods are commutable and can be interchanged without any
significant loss in data. Thus a UPLC method which saves time, energy, solvent etc can

be used instead of HPLC method.
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9.2 Contributions to the industry:

Statistics is an often used tool in clinical chemistry, where results need to be assigned as
medically significant or not. For many years statistics has been very helpful in clinical
chemistry. However the same criterion is not normally applied in analytical chemistry. A
relevant statistical model is not offered in literature which can be applied to group of
analytical data which helps in concluding the relation between the data. As a part of this
research a statistical group of tests is proposed which when applied to the data, helps us
make decision if the two methods are equivalent or not. This can be used comfortably
when methods are transferred from one form of chromatography to another for example
GC to HPLC, UV to HPLC, and HPLC to UPLC, etc, which are seen very often in the

industry.

243



REFERENCES

1.

10.

11.

Van Deemter, J.J., Zuiderweg, F.J., & Klinkenberg, A. (1956). Chemical
Engineering Science, 5, 271-289.

Novakova, L., Matysova, L., & Solich, P. (2006).Talanta, 68, 908-918.

Wu, N., Lippert, J.A., & Leea, M.L. (2001). Journal of Chromatograohy A, 911,
1-12.

Tolley, L., Jorgenson, J.W., & Moseley, M.A. (2001).Analytical Chemistry, 73,
2985-2991.

Giddings, J.C. (1991). Plate height and optimization in chromatography in unified
separation sciences. US: Wiley Interscience Publication.

Swartz, M.E. (2005). Journal of liquid chromatography & related technologies,
28(7), 1253-1263.

O' Leary, K. (1997). Supercritical fluid chromatography. Informally published
manuscript, Department of Chemistry, Virginia Tech University, VA. Retrieved
from http://www.cee.vt.edu/ewr/environmental/teach/smprimer/sfc/sfc.html
MacNair, J.E., Lewis, K.C., & Jorgenson, J.W. (1997).Analytical Chemistry, 69,
983-989.

MacNair, J.E., Patel, K.D., & Jorgenson, JW. (1999).Analytical Chemistry,
71(3), 700-708.

(n.d.). Retrieved from www.waters.com

O'Brien, Z., Post, N., Brown, M., Madan, A., & Coon, T. (2009). Journal Of

Chromatograohy B, 877(29), 3515-3521.

244



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Cudjoe, E., & Pawliszyn, Janusz. (2009). Journal of Pharmaceutical and
Biomedical Analysis, 50(4), 556-562.

Guillarme, D., & Veuthey, J. (n.d.). Requirements for UHPLC instruments,
method development in UHPLC and method transfer from regular HPLC to
UHPLC share experience in HPLC-to-UHPLC method transfer to improve.
Informally published manuscript, Department of Chemistry, University of
Lausanne, Geneva, Switzerland.

Majors, R.E. (2006). Fast and ultrafast HPLC on sub-2 pum porous particles —
where do we go from here?.LC-GC Europe, (June 2006)

Ahuja, S., & Rasmussen, H. HPLC method development for pharmaceuticals.
NY: Elsevier Science.

Plumb, R.S., Castro-Perez, J., Granger, J.H., Beattle, I., & Joncour, K. (2004).
Rapid Communications in Mass Spectrometry, 18, 2331.

Lippert, J.A., Xin, B., Wun, N., & Lee, M.L. (1997).Journal of microcolumn
separation, 11, 631.

Tibshirani, R. Journal of the Royal Statistical Society Series B, 58(1), 267-288.
Altman, D.G., & Bland, J.M. Statistician , 32, 307-317.

Snedecor, G.W., & Cochran, W.G. (1989). Statistical methods. lowa: lowa State
University Press.

MedCalc Manual

Massarta, J., Smeyers-Verbeke, X., Schlersierb, K., & Schlersierb, C. (2005). LC-
GC Europe, 18(4), 215-218.

Tukey, J. (1997). Exploratory data analysis. Reading, MA: Addison-Wesley.

245



24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Miller, James N., & Miller, Jane C. (2000). Statistics and chemometrics for
analytical chemistry. UK: Prentice Hall.

Altman, D.G. (1980). British Medical Journal, 281, 1473-1475.

Twomey, P.J., & Kroll, M.H. (2008). International Journal of Clinical Practice,
62(4), 529-538.

Linnet, K. (1993). Clinical Chemistry, 39, 424-432.

Deming, E.R. (1943). Statistical adjustment of data. NY: Wiley.

Henderson, A.R. (2006). Clinical Chemistry, 52, 1848-1850.

Combleet, P.J., & Gochman, N. (1979). Clinical Chemistry, 25, 432-438.
Armitage, P., Berry, G., & Matthews, J.N.S. (2002).Statistical methods in medical
research. Oxford: Blackwell Science.

Dietmar, S., Dewitte, K., & Thienpont, L.M. (1998).Clinical Chemistry, 44(11),
2340-2346.

Westgard, J.O., & Hunt, M.R. (1973). Clinical Chemistry, 19, 49-57.

Drager, N.R., & Smith, H. (1966). Applied regression analysis. NY: John Wiley
& Sons.

Payne, J.R. (1997). Clinical investigation and statistics in laboratory medicine.
London Associates of Clinical Biochemists,

Aziz, N., Irwin, M.R., Dickerson, S.S., & Butch, A.W. (2004). Clinical

Chemistry, 50(11), 2216-2218

Maskovsky, M.D., & Kruglikova-Lvova, R.P. (1951).Famakologia Toxicologia,
14, 27-30.
Jones, B.E. (2005). Trends in Pharmacological Science,26(11), 578-586.

246



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

Silman, I., & Futerman, A.H. (1987). European Journal of Biochemistry, 170(1-
2), 11-12 Purves, D., Augustine, G.J., Fitzpatrick, D., Hall, W.C., LaMantia, S,
McNamara J.O & White L.E. (2008). Neuroscience. Sinauer Associates.
Marco-Contelles, J.M., Carreiras, M., Rodrigues, C., Villarroya, M., & Garcia,
A.G. (2006). Chemical Reviews, 106(1), 116-133.

Perry, E.K., Haroutunian, K.L., Davis, K.L., Levy, R., Lantos, P, Eagger, S.,
Hinavar, M., Dean, A., Griffiths, M. & McKeith, I.G. (1994). Neuroreport, 21,
747,

Davies, P., & Maloney, L.A. (1976). Lancet, 2, 1403.

Davis, K.L., Mohs, R.C., Marin, D., Purohit, D.P., & Perl, D.P>. (1999). Journal
of American Medical Association, 281, 1401.

Wilcock, G.K., Lilienfeld, S., & Gaens, E. (2000).British Medical Journal, 321,
1445.

Summers, W.K., Majovski, L.V., Marsh, G.M., Tachiki, K., & Kling, A. (1986).
New England Journal of Medicine, 315, 1241.

Stern, Y., Sano, M., & Mayeux, R. (1987). Annals of Neurology, 22, 306

Jann, M.W., Shirley, K.L., & Small, G.W. (2002).Clinical Pharmacokinetics, 41,
39.

Bores, G.M., Huger, F.P., Petko, W., Mutilb, A.E., & Camacho, F. (1996).Journal
of pharmacologocal and experimental therapeutics, 277, 728.

Schrattenholz, A., Pereira, E.F., Roth, U., Weber, K.H, & Albuquerque, E.X.
(1996). Molecular Pharmacology, 49, 1.

Coyle, J., & Kershaw, P. (2001). Biological Psychiatry,49, 289.

247



51.

52.

53.

54.

55.

56.

S7.

58.

59.

60.

61.

Parsons, C.G., Danysz, W., & Quack, G. (1999).Neuropharmacology, 38, 735.

Di Angekabtonio, S., Bernardi, G., & Mercuri, N.B. (2004). Journal of
Pharmacology, 141, 644.

Kemp, J.A., & McKernal, R.M. (2002). Nature: Neuroscience, 5, 1039.
Moriguchi, S., Marsalec, W., Zhao, X., & Yeh, Z. (2004).Journal of
pharmacological and experimental therapeutics, 310, 933.

Maskovsky, M.D. (1995). Journal of pharmacological and toxicological methods,
18, 18-21.

Irwin, R.L, and H.J Smith. Biochemical pharmacology. 3. (1960): 147.
Caricati-Neto, A., Abech-Dangelo, L.C., Reuter, H., Jurkiewicz, N.H., & Garcia,

A.G. (2004). European Journal of pharmacology, 503, 191.

Zhang, L., Zhou, F.M., & Dani, J.A. (2004). Molecular Pharmacology, 66, 538-
544,
International Conference on Harmonization, "Q3A”

Alexander, J. The benefits of using UPLC in analytical chemistry; online posting
to chromatography forum of Delaware valley poster session [Online Forum
Comment]

Cazes, J., & Scott, R.P.W. (2002). Rate theory equations: in chromatography

theory. NY: Marcel-Dekker Inc.

248



