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Abstract
Title: Comparing Monolithic and Fused Core HPLC Columns for Fast Chromatographic
Analysis of Fat Soluble Vitamins.
Background: Columns with advanced technology as monolithic and fused core HPLC
columns can be used to achieve separation similar to that of UPLC instruments in
efficiency and time of analysis with much less backpressure so it can be attached to
conventional HPLC instruments. Fat soluble vitamins (FSV) are a real mixture found in
different dosage forms and can be used as a model for mixture separation in different
columns.
Aim: To develop new methods for the separation and quantitation of four fat soluble
vitamins using four new columns that have not been applied before for this purpose and
so to compare between them in term of separation efficiency, speed and precision as an
evaluation of new column technologies of HILIC fused core and reversed phase
monolithic silica.
Methodology: A mixture of four FSV (Menadione, Cholecalciferol, Tocopheryl acetate
and Retinyl palmitate) is separated on four different columns; two belongs to monolithic
columns; Chromolith® performance RP-18e and Chromolith® High Resolution RP-18e,
and two belongs to HILIC fused core columns F5 and ES-Cyano Ascentis express®. The
four methods are validated and compared regarding resolution, number of theoretical
plates, pressure, efficiency, symmetry, precision, sensitivity, selectivity, mobile phase
consumption and time of analysis, then these methods were applied on two dosage forms
brand 1 (dl-α-tocopheryl acetate capsule 400mg) and brand 2 (cholecalciferol
(0.1mg/ml) and retinyl palmitate (5.5mg/ml) pediatric drops), SPSS and Excel programs
were used to analyze the obtained data.
Results: Four HPLC isocratic methods were developed for these columns that differ in
flow rate and mobile phase composition to provide efficient and fast analysis of FSV
that didn‘t exceed five minutes with RSD values below 2%. Monolithic columns gave
better peak shape and less backpressure while fused core columns showed less organic
solvent consumption, these methods were used successfully to separate and quantify
FSV in dosage forms.
Conclusion: Monolithic and HILIC fused core columns showed good resolution,
separation efficiency and short time of analysis of FSV that have been not achieved
before. Monolithic columns had better results; however the developed methods were
simple, specific, rapid and provide good precision and linearity.
Keyword: Monolithic column, Chromolith® performance RP-18e, Chromolith ® High
Resolution RP-18e, fused core column, Ascentis® Express F5, Ascentis® Express ESCyano, Fat soluble vitamins, comparison study.
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الملخص العربي
العنوان :اٌّماسٔت ب ٓ١أػّذة اٌّ١ٌٛٔٛث اٌّساِ١ت ٚاألػّذة راث إٌٛاة إٌّصٙشة
اٌىشِٚاحٛغشاف ٟاٌسائً اٌسش٠غ ٌٍف١خإِ١اث اٌمابٍت ٌٍزٚباْ ف ٟاٌذ٘.ْٛ

ٌٍخسًٍ١

الخلفية :األػّذة راث اٌخىٌٕٛٛخ١ا اٌّخمذِت وأػّذة اٌّ١ٌٛٔٛث اٌّساِ١ت ٚاألػّذة راث إٌٛاة
إٌّصٙشة اٌّسخخذِت ف ٟأخٙضة وشِٚاحٛغشاف١ا اٌسٛائً ػاٌ١ت األداء ّ٠ىٓ اسخخذاِٙا ٌٍٛصٛي إٌٝ
ػٍّ١ت فصً ِشابٙت ألخٙضة وشِٚاحٛغشاف١ا اٌسٛائً فائمت األداء ِٓ ز١ث وفاءة اٌفصً ِ ٚذة
اٌخسٍ ً١ػٍّا بأْ اٌضغظ إٌاحح ػٓ ٘زٖ األػّذة ألً بىث١ش ٌٚزٌه ّ٠ىٓ اسخخذاِٙا ف ٟأخٙضة
وشِٚاحٛغشاف١ا اٌسٛائً ػاٌ١ت األداء .اٌف١خإِ١اث اٌزائبت ف ٟاٌذ٘ ٟ٘ ْٛخٍ١ظ زم١م٠ ٟخٛاخذ ف ٟوث١ش
ِٓ اٌّسخسضشاث اٌص١ذالٔ١ت ّ٠ٚىٓ اسخخذاِٙا وّٕٛرج ٌفصً اٌخٍ١ظ ف ٟاألػّذة اٌّخخٍفت.
الهدف :حط٠ٛش طشق خذ٠ذة ٌٍفصً ٚاٌخسٍ ً١اٌىّ ٟألسبغ ف١خإِ١اث رائبت ف ٟاٌذ٘ ْٛبإسخخذاَ
أسبؼت أػّذة زذ٠ثت ٌُ ٠خُ اسخخذاِٙا ِٓ لبً ٌٙزا اٌغشض ٚاٌّماسٔت بٕٙ١ا ِٓ ز١ث وفاءة اٌفصً
ٚسشػخٗ ٚدلت إٌخائح وخمٌ ُ١١خىٌٕٛٛخ١ا األػّذة اٌسذ٠ثت وأػّذة إٌٛاة إٌّصٙشة راث اٌطبمت اٌّسبت
ٌٍّاء  ٚأػّذة اٌّ١ٌٛٔٛث اٌّخشاصت راث اٌطبمت اٌّسبت ٌٍذ٘.ْٛ
منهجية العمل :خٍ١ظ ِٓ أسبؼت ف١خإِ١اث ((ِٕ١اد( ْٛ٠ن ,)3و١ٌٛىاٌس١ف١شٚي (دٍِ,)3ر األس١خاث
ِٓ حٛوٛف١شٚي (ف١خاِ٘ ٓ١اء) ٍِٚر اٌباٌّ١خاث ِٓ اٌش٠خٕٛي (ف١خاِ ٓ١أ)) حُ إخخباس فصٍٙا باسخخذاَ
أسبؼت أػّذة فصً ِخخٍفت؛ إثٕاْ ٕ٠خّ١اْ اٌٛٔ ٝع أػّذة اٌّ١ٌٛٔٛث اٌّساِ١ت اٌد ً١األٚي ٚاٌثأ,ٟ
ٚإثٕاْ ٕ٠خّ١اْ اٌ ٝأػّذة إٌٛاة إٌّصٙشة راث اٌطبمت اٌّسبت ٌٍّاء ِٕٙا خّاس ٟفٍٛس ٚفً١ٕ١
بشٚبأ ً١اٌس١ٍ١ىا  ٚثٕائ ٟاأل٠ضٚبشٚبأ ً١س١أ ٛبشٚبأ ً١اٌس١ٍ١ىا٘ ,زٖ اٌطشق األسبؼت حُ حمّٙ١١ا
 ِٓٚثُ اٌّماسٔت بٕٙ١ا ِٓ ز١ث اٌضغظ إٌاحح ٚوفاءة اٌؼًّ ٚخٛدة اٌفصً ب ٓ١اٌّشوباث ٚدلخٗ,
ٚوّ١ت اٌسٛائً اٌّسخٍٙىت ِٚذة اٌخسٍ ,ً١ثُ بؼذ رٌه حُ حطب١ك ٘زٖ اٌطشق ػٍٛٔ ٝػِٓ ٓ١
اٌّسخسضشاث اٌص١ذالٔ١ت (ػالِت حداس٠ت  ٟ٘ٚ )1وبسٛالث ف١خاِ٘ ٓ١اء ِ444دُ( ٚ ,ػالِت
حداس٠تٔ ٟ٘ٚ )2مظ ٌالطفاي حسخ ٞٛف١خاِ ٓ١د 3بخشو١ض ِ4.1دُٚ ًِ/ف١خاِ ٓ١أ بخشو١ض 5.5
ِدُٚ ,ًِ/أخ١شا لّٕا باسخخذاَ بشٔاِح اٌخسٍ ً١اإلزصائٚ ٟبشٔاِح إوسً ٌخسٍ ً١اٌب١أاث اٌٍخ٠ ٟخُ
اٌسصٛي ػٍٙ١ا.
النتائج :حُ حط٠ٛش أسبغ طشق خذ٠ذة بّسخ ٜٛثابج ٌسائً اٌفصً اٌّسخخذَ ف ٟوً طش٠مت خالي
اٌخسٍ ً١باسخخذاَ ٘زٖ األػّذة ز١ث حخخٍف اٌطشق فِ ٟؼذي حذفك سائً اٌفصً ِٚسخ ٜٛخٍ١ظ سائً
اٌفصً ٌخٕخح حسٍ ً١سش٠غ ر ٚوفاءة خ١ذة ف ٟفصً اٌف١خإِ١اث اٌزائبت ف ٟاٌذ٘ ْٛبس١ث ال حخؼذِ ٜذة
اٌخسٍ ً١اٌخّس دلائك بّؼذي إٔسشاف ِؼ١اس ٞال ٠خداٚص  ٚ ,%2باسخخذاَ أػّذة اٌّ١ٌٛٔٛث
اٌّساِ١ت لذ حُ اٌسصٛي ػٍٔ ٝخائح أفضً ِٓ ز١ث شىً اٌمّت  ٚاٌضغظ إٌاحح ٠ى ْٛألً ف ٟزٓ١
األػّذة راث إٌٛاة إٌّصٙشة حسخٍٙه وّ١اث ألً ِٓ اٌسٛائً اٌؼض٠ٛت٘ ,زٖ اٌطشق حُ حطب١مٙا
بٕداذ ف ٟفصً ٚحسذ٠ذ وّ١اث اٌف١خإِ١اث اٌزائبت ف ٟاٌذ٘ ْٛف ٟاٌّسخسضشاث اٌص١ذالٔ١ت.
االستنتاج :حظٙش أػّذة اٌّ١ٌٛٔٛث  ٚأػّذة إٌٛاة إٌّصٙشة راث اٌطبمت اٌّسبت ٌٍّاء وفاءة فصً
خ١ذة ٚفخشة صِٕ١ت لص١شة ف ٟحسٍ ً١اٌف١خإِ١اث اٌزائبت ف ٟاٌذ٘ ٌُ ْٛحخسمك ِٓ لبًٚ .لذ أػطج
أػّذة اٌّ١ٌٛٔٛث اٌّساِ١ت ٔخائح أفضً؛ ػٍ ٝأ ٞزاي فإْ اٌطشق األسبؼت اٌّطٛسة ف٘ ٟزٖ اٌذساست
٘ ٟطشق بس١طت ِٚسذدة ٚسش٠ؼت ٚحؼطٔ ٟخائح راث دلت ػاٌ١ت ٚػاللت خط١ت خ١ذة.
الكلمات المفتاحية :أػّذة اٌّ١ٌٛٔٛث اٌّخشاصت  ,أػّذة اٌىش١ٌِٛٚث اٌد ً١األٚي ,أػّذة
اٌىش١ٌِٛٚث ػاٌ١ت اٌذلت اٌد ً١اٌثأ ,ٟاألػّذة راث إٌٛاة إٌّصٙشة ,أػّذة خّاس ٟفٍٛس ٚفً١ٕ١
اٌبشٚبأ ,ً١أػّذة ثٕائ ٟاأل٠ضٚبشٚبأ ً١س١أ ٛاٌبشٚبأ ,ً١اٌف١خإِ١اث اٌزائبت ف ٟاٌذ٘ ,ْٛدساست
ِماسٔت.
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Chapter 1
Introduction

1.1 Improvement in chromatographic analysis
There is an increasing demand for chromatographic approaches suitable for routine
analysis with shorter time and lower cost. High Performance Liquid Chromatography
(HPLC) is still the main instrumental technique used widely for drug analysis. There is an
enormous need for highly efficient and selective columns to provide faster, easier and more
precise analysis especially for large scale samples in research laboratories and
pharmaceutical industry.
Three new approaches were introduced recently to achieve fast chromatographic analysis:
(Kučerová et al., 2013)
 Ultra Performance Liquid Chromatography (UPLC)
 Monolithic columns
 Fused core columns
1.2 Ultra Performance Liquid Chromatography
Ultra performance liquid chromatography (UPLC) involves the use of short columns with
sub-2µm particles, within instrument designed to resist pressure up to 1500 bar. The
reduction of the particle diameter resulted in an increase of efficiency, resolution and
speed; on the other hand it resists the back pressure that exceeds the pressure limits of
conventional HPLC instrumentation (El Deeb, 2011).

However the application of this approach requires changing the conventional HPLC
instrument with a new UPLC instrument which is usually costly and unfavorable by users.
In 2004, the first UPLC system resistant to high pressure up to 1000 bar was developed by
Waters (Milford, USA), it has high sensitivity estimated to be two to three times higher
than with HPLC separations. Since that; many UPLC systems have been introduced by
leading manufacturers (Kučerová et al., 2013).
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1.3 Monolithic silica columns
Monolithic columns are made of a continuous piece of porous silica, utilizing a sol-gel
process leading to rod columns that possess a defined bimodal pore structure with
macro- and mesopores in the micro- and nanometer range (Fig. 1.1).
High permeability and porosity of the silica skeleton and the resulting low backpressure
allow for more flexible flow rates compared to particulate columns and enable high
throughput analysis without loss of separation efficiency and peak capacity (Merck
Millipore, 2014a).

Figure 1. 1 Bimodal pore structure of Monolithic column (McIlwrick, 2006)

1.3.1 First generation Chromolith® performance RP-18e
Designed with bimodal pore structure that provides a unique combination of macropores
and mesopores; the mesopores form the fine porous structure (average pore size 13 nm)
and create the large uniform surface area (300 m2/g) on which adsorption takes place,
thereby enabling high performance chromatographic separation, while macropores
(average size 2 μm) allow rapid flow of the mobile phase at low pressure (Kučerová et al.,
2013).
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1.3.2 Second generation Chromolith® High Resolution RP-18e
In 2011, the second generation of monolithic columns, Chromolith® High Resolution RP
18e, 100 × 4.6 mm was introduced by Merck into the market, it differs from the 1st
generation monolith in the size of pores; the macropore size is smaller (1.15 μm) that
improve the peak shape (Kučerová et al., 2013).
The mesopore size is 15 nm, the specific surface area is 250 m2/g, and the separation
efficiency can reach up to 200 000 theoretical plates/meter .
The porous silica structure of Chromolith High Resolution (HR) is much more
homogeneous than that of the first generation; Chromolith (HR) columns are much
improved regarding homogeneity, which is reason for the higher separation efficiency
(Kučerová et al., 2013).

1.4 Fused Core Columns
Fused core columns are characterized by a solid nonporous core 1.7 μm coated with a
porous layer 0.5 μm with a shell volume typically 60–75% of the particle volume (Fig. 1.2)
and particle size distribution narrower than that of standard fully porous particles
(Kučerová et al., 2013).

Figure 1. 2 Graphical illustration of the structure of the fused-core particle (Kamour et al.,
2013).
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Ascentis Express fused core column technology offer different types of stationary phases
such as reversed phase, normal phase and HILIC (Hydrophilic Interaction Liquid
Chromatography) that can be used for separation of non-polar and basic, acidic or neutral
polar compounds.
Fused core HILIC columns are particularly important; there are four applications of HILIC
phases that have advantages as fused core particles:
1. OH5: Pentahydroxy phase
2. F5: Pentafluoro phenyl propyl stationary phase
3. ES-Cyano: Cyano linked by a propyl chain
4. HILIC (Si): Bare silica (Sigma-Aldrich, 2012)
This study will focus on the use of F5 and ES-Cyano fused core HILIC columns in
comparison with monolithic columns which will be used as a reversed phase columns by
controlling the organic phase concentration of mobile phase.

1.4.1 Hydrophilic interaction liquid chromatography (HILIC)
An alternative high-performance liquid chromatography (HPLC) mode for separating polar
compounds. It has been reported that HILIC is a variant of normal phase liquid
chromatography (NP-LC), but the separation mechanism used in HILIC is more
complicated than that in NP-LC. Like NP-LC, HILIC employs traditional polar stationary
phases such as silica, amino or cyano, but the mobile phase used is similar to those
employed in the RP-LC mode. HILIC also allows the analysis of charged substances, as in
ion chromatography (IC); and so it had extended the range of separation options
(Buszewski and Noga, 2012).

1.4.2 Ascentis® Express F5 column
HILIC fused core column (10cm×4.6mm, 2.7µm) in which stationary phase is composed
of pentafluoro phenyl propyl (PFP) that provides a stable and reversed phase packing with
electron-deficient phenyl rings due to the presence of electronegative fluorines, so it acts
like a lewis acid or electron acceptor; π-π interaction can occur with solutes that are rich in
electrons (lewis bases) (Sigma-Aldrich, 2014a).
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1.4.3 Ascentis®Express ES-Cyano column
HILIC fused core column (10cm×4.6mm, 2.7µm) in which stationary phase is composed
of sterically protected, extensively endcapped diisopropyl cyano propyl silane stationary
phase of Ascentis® Express ES-Cyano provides a stable and reversed phase packing that
can be used for basic, acidic or neutral compounds (Sigma-Aldrich, 2014c).

1.5 Fat soluble vitamins (FSV)
FSV are selected to be the applied model for the comparative study between fused core and
monolithic technologies for fast chromatographic analysis, FSV are organic molecules that
are nutritionally essential to the human body, lack of vitamins can lead to serious diseases
such as night blindness (vitamin A), rickets and weakening of bones (vitamin D), rupturing
of blood cells and cancer (vitamin E) and blood coagulation diseases (vitamin K).
However, over consumption of vitamins can also be dangerous, these factors have resulted
in strict regulations for vitamin use in food nutrition, requiring the need for efficient
analysis of pharmaceutical preparations (Tumer, King and Mathiasson, 2001).
The four used vitamins in this study are Retinyl palmitate, DL-α-Tocopheryl acetate,
Cholecalciferol (Vitamin D3) and Menadione (vitamin K3).

1.6 Justification of the study
There is a need to develop methods for analyzing fat soluble vitamins with high precision,
low cost and short time of analysis.
Applying monolithic and fused core columns technology should offer good alternative as
approaches for fast analysis being advantageous over UPLC by avoiding the need for
purchasing expensive new instruments, and so many universities, factories, research
laboratories and pharmaceutical companies can get use of their available HPLC
instruments and save costs by using fused core (ES-Cyano and F5) and monolithic (RP-18
and HR RP-18) columns which can be fixed to the classical conventional HPLC
instruments, thereby higher sample throughput may decrease the time to market, an
important driving force in today‘s pharmaceutical industry.
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The study will compare the separation parameters of fat soluble vitamins among these four
columns in order to evaluate it and find the differences and provide a wide choice for
researchers in the future.

1.7 Problem Statement:
Nowadays, there is a high need to apply and update faster, more precise and lower cost
methods for the analysis of pharmaceutical products, as multivitamin supplements that had
undergone counterfeiting in the last years as a good profitable business.
HILIC fused core and monolithic columns are new good options that have not been applied
before to separate and quantitate the four fat soluble vitamins Retinyl palmitate, DL- αTocopheryl acetate, Cholecalciferol and Menadione as an alternate to UPLC.
This is the first study that compare between HILIC fused core and monolithic
columns using fat soluble vitamins as a model of comparison.

1.8 Aims:
The aim of this study is to develop new methods for the separation and quantitation of four
fat soluble vitamins using four new columns that have not been applied before for this
purpose and so to compare between them in term of separation efficiency, speed and
precision as an evaluation of new column technologies of HILIC fused core and reversed
phase monolithic silica.

1.9 Objectives:


To develop suitable separation methods for the four fat soluble vitamins Retinyl
palmitate, DL-α-Tocopheryl acetate, Cholecalciferol and Menadione on each of the
four used columns (ES-Cyano, F5 fused core, RP-18 and HR monolithic).



To optimize mobile phase concentration and flow rate for each column.



To evaluate the separation efficiency of each of the four columns by determining
separation parameters (resolution factor and No. of theoretical plates).



To compare the four columns in term of precision.



To compare the speed of analysis offered by each column.



To compare the selectivity of different column chemistry.



To apply the developed methods on pharmaceutical dosage forms of vitamins.
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Chapter 2
Literature Review
2.1 Monolithic Columns
Silica monolithic columns were first prepared and developed in the 1990s; In 1996 Nobuo
Tanaka at the Kyoto Institute of Technology, prepared silica monoliths using
a colloidal suspension synthesis (aka ―sol-gel‖) developed by a colleague, silica monoliths
are created in a mold, undergo a significant amount of shrinkage, and are then clad in a
polymeric shrink tubing like PEEK (poly ether ether ketone) to reduce wall effects. This
method limits the size of columns that can be produced to less than 15 cm long, and though
standard analytical inner diameters are readily achieved (Tanaka et al., 2000)
Monoliths, in chromatographic terms, are porous rod structures characterized
by mesopores and macropores, these pores provide monoliths with high permeability, a
large number of channels, and a high surface area available for reactivity. The backbone of
a monolithic column is composed of either an organic or inorganic substrate, and can
easily be chemically altered for specific applications; their unique structure gives them
several physico-mechanical properties that enable them to perform competitively against
traditionally packed columns (Unger, Skudas and Schulte, 2008).

Monoliths have no interstitial voids, they have very short diffusion distances and multiple
pathways are available for solute dispersion. Packed particle columns have pore
connectivity values of about 1.5, while monoliths have values ranging from 6 to greater
than 10, this means that in a particulate column; a given analyte may diffuse into and out of
the same pore, or enter through one pore and exit through a connected pore. By contrast, an
analyte in a monolith is able to enter one channel and exit through any of 6 or more
different venues. Very little of the surface area in a monolith is inaccessible to compounds
in the mobile phase, the high degree of interconnectivity in monoliths confers an advantage
seen in the low backpressures and readily achievable high flow rates (Hahn et al., 2002).
Unlike particulate packing's, no shear forces or eddying effects are apparent in monolith
columns, high interconnectivity of the mesopores allows for multiple avenues of
convective flow through the column; and mass transport of solutes through the column is
relatively unaffected by flow rate. In the contrast to traditional particulate packing's;
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whereby eddy effects and shear forces contribute greatly to the loss of resolution and
capacity (Hahn et al., 2002).
Silica monoliths have only been commercially available since 2001, when Merck began
their Chromolith campaign, the Chromolith technology was licensed from Tanaka‘s group
at Kyoto Institute of Technology, the new product won the PittCon Editors‘ Gold Award
for Best New Product in 2001 (scientistlive, 2013).

2.1.1 Chromolith® performance RP-18e
First generation Chromolith® RP-18, provide excellent separations in a short time less
than that of standard particulate column, as they are made from highly porous monolithic
rods of silica with bimodal pore structure (Fig. 2.1) with macropores and mesopores (Tab
2.1), in which macropores dramatically reduce the column backpressure and allow the use
of faster flow rates, and so reducing the analysis time, on the other hand mesopores form
the fine porous structure that provide the very large active surface area for high efficiency
separations (AZ Chrom, 2010).

Figure 2. 1 Scanning electron microscopy (SEM) of a cross section of a monolithic silica
rod (McIlwrick, 2006)
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Table 2. 1 Specification of Chromolith® RP-18e endcapped (McIlwrick, 2006), (Merck
Millipore, 2014b)

Silica type

High-purity

Particle size

Monolithic

Macropore size

1.5 μm (2 mm i.d. columns) 2 μm (25, 10,
4.6 and 3 mm i.d. columns)

Mesopore size

13 nm (130 Å)

Pore volume

1 ml/g

Total porosity

> 80%

Surface area

300 m2/g

Surface modification

RP-18 endcapped

Carbon content

18%

Chromolith® RP-18 has selectivity comparable to high quality C18 endcapped packed
reversed phase columns thus enabling the chromatographer to use the standard methods
when developing a new protocol, chromolith® columns for reversed phase chromatography
are based on high purity silica, to reduce the negative effect of trace metals, its chemically
modified with n-alkyl chains with a high ligand density and then fully endcapped in order
to reduce the effect of unmodified silanol groups (Merck Millipore, 2014b).
Chromolith® RP-18 endcapped has many benefits in which it offer the possibility of flow
gradients, separations two times faster at half the column backpressure compared to 5μm
columns, higher sample throughput and can achieve separations up to 9 times faster if
required at high flow rates with the best overall column quality and fast column reequilibration between analysis (AZ Chrom, 2010), also it is characterized by a rigid
monolithic structure for a longer lifetime and lower matrix sensitivity (Merck Millipore,
2014b), so matrix rich samples should be analyzed with Chromolith® performance as this
type of column has a longer lifetime, in addition; a lower back pressure enables the
coupling of even more columns if necessary (Merck Millipore, 2014a).
Their main limitation was the radial structure heterogeneity of the silica rod that yields a
poor eddy diffusion term, the research and development of new silica monolithic columns
concerned then in preparing radially homogeneous structures (Gritti, 2012).
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It is found that retention properties and selectivity of neutral organic compounds on the
monolithic column are similar to those of conventional octadecylsiloxane-bonded silica
particle-packed columns using water-acetonitrile and water-methanol mobile phase
compositions from 10 to 70% (v/v) organic solvent (Chu and Poole, 2003).
In 2006, a fast method was developed for the simultaneous separation and determination of
glimepiride, glibenclamide and two related substances by RP LC, performed on a
Chromolith Performance (RP-18e, 100 mm x 4.6 mm) column with total chromatographic
run time 80 s; this was achieved using a flow program from 5 to 9.9 ml/min, this method
showed good linearity and recovery with short analysis time makes it very valuable for
quality control and stability testing of drugs and their pharmaceutical preparations (El
Deeb, Schepers and Wätzig, 2006a).
In 2007, a method transfer study was performed in order to transfer methods developed for
pilocarpine, propranolol, glibenclamide, glimepiride, insulin and their respective
degradation products or related compounds from the conventional Superspher 100 RP-18e
column to Chromolith Performance RP-18e columns, results were found to be equal or
slightly better on Chromolith Performance with RSD% <1.1% in all cases; monolithic
batch to batch repeatability of both retention time and peak area is compared for
monolithic columns from different batches gave an RSD% of less than 1.3%, the
separation was investigated on monolithic columns at flow rates from 1 to 9 ml/min and
superior resolution was always obtained using monolithic over conventional columns at the
same flow rate (El Deeb, Preu and Wätzig, 2007).
Pilocarpine hydrochloride is determined in the presence of its degradation products
isopilocarpine, pilocarpic acid and isopilocarpic acid, the method was validated using a set
of six monolithic columns with a total run time of 9 min compared to 13.5 min for the
conventional C18 column with Comparable resolution but with better peak symmetry to
that obtained in the C18 column (El Deeb, Schepers and Wätzig, 2006b).
RP-HPLC fluorescence method was developed for the determination of the mycotoxins
fumonisin B1 and fumonisin B2 using Chromolith® RP-18e column (100 mm × 4.6 mm)
with a mobile phase of methanol and phosphate buffer pH 3.35 (78:22, v/v) at a flow rate
of 1.0 ml/min, separation was achieved in 4 min compared to approximately 20 min by
using a C18 particle packed column (Khayoon et al., 2010).
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The assay of eight benzodiazepines amongst the most frequently encountered in forensic
toxicology: clonazepam, desalkylflurazepam, diazepam, flunitrazepam, lorazepam,
midazolam, nordiazepam and oxazepam in blood samples was carried out using a
Chromolith Performance (RP-18e 100 x 4.6 mm) column and mobile phase composed of a
phosphate buffer (35 mM, pH 2.1) and acetonitrile (70:30, v/v) and flow rate 2 ml/min
with analysis time less than 4 min, the results of validation, including linearity, precision,
recovery and limit of quantification were satisfactory
(Bugey and Staub, 2004).
In 2006 a rapid, sensitive and reproducible HPLC method was developed and validated for
the analysis of haloperidol and its three main metabolites in human plasma carried out on a
monolithic silica column Chromolith Performance (RP-18e, 100 x 4.6 mm) and mobile
phase consisted of sodium phosphate (0.1 mM, pH 3.5): acetonitrile (80:20, v/v) at a flow
rate of 2.0 mL/min with resolution factor range from 1.00 to 5.37 (Aboul-Enein, Ali and
Hoenen, 2006).
Rapid determination of lipophilicity of the two sets of newly synthesized potential
antituberculotic agents

is carried out using monolithic stationary phase to verify the

predictive power of chemical programs by experimental method, the analysis utilized the
mixture of methanol and phosphate buffer (pH 7.4) as a mobile phase and a flow rate of
4 ml/min, monolithic stationary phase enabled to significantly reduce the time of analysis,
achieve appropriate peak shapes for all tested compounds as well as the separation of
positional isomers (Mrkvičková et al., 2008).
Acyclovir and its major impurity guanine are determined rapidly by monolithic column
(100 mm × 4.6 mm i.d., Merck) with simple flow gradient using 0.2% CH3COOH (pH 3.1)
as the mobile phase, the accuracy and within- and day to day precision of the method were
validated, and the limits of detection and quantitation of both analytes were determined.
The proposed method was successfully applied to the quality control of acyclovir raw
material and the quality and stability control of acyclovir-containing pharmaceutical
creams (Tzanavaras and Themelis, 2007a).
In 2006 gliclazide in human plasma was determined using Chromolith Performance (RP18e, 100 mm × 4.6 mm) column with an isocratic mobile phase consisting of 0.01 M
disodium hydrogen phosphate buffer-acetonitrile (52:48, v/v) adjusted to pH 4.0, with a
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minimum quantification limit of 10 ng/ml and coefficients of variation less than 6.0%
(Foroutan et al., 2006).
Chromolith Performance column was used in many other applications for various drugs in
biological fluids such as determination of famotidine in human plasma (Zarghi et al.,
2005), determination of amoxicillin and clavulanic acid in human plasma (Foroutan et al.,
2007), determination of paraben preservatives in saliva and toothpaste (Zotou, Sakla and
Tzanavaras, 2010) and determination of acetaminophen, caffeine and butalbital in human
serum (Pistos and Stewart, 2004).

Other applications were for dissolutions tests, stability indicating tests and impurities
separation in pharmaceutical dosage forms such as determination of ambroxol
hydrochloride, methylparaben and benzoic acid in pharmaceutical preparations (Šatínský et
al., 2006), validation of a dissolution test for selegiline hydrochloride tablets (Tzanavaras
et al., 2008), simultaneous determination of ezetimibe and simvastatin from their
combination drug products (Hefnawy, Al-Omar and Julkhuf, 2009), assay of nimesulide
for dissolution studies (Tzanavaras and Themelis, 2007b), determination of rifampicin and
related compounds in pharmaceuticals (Liu et al., 2008) and separation and stability
indicating methods of bacitracin (Bc) and bacitracin zinc (BcZn) which are complex
mixture of several related polypeptides (Pavli and Kmetec, 2004).

2.1.2 Chromolith® High Resolution RP-18e
The second generation monolithic column, introduced in to market by Merk in 2011,
Column performance corresponds to sub 3 µm particle packed columns and is at least 50%
higher efficiency compared with standard Chromolith® columns (Tab 2.2) (Merck
Millipore, 2014c), also it can achieve similar results to a 2.6µm ID core shell particle
column, with significantly less back-pressure (Select science, 2014).
The peak capacity is improved, even though the back pressure is at least half that of any
particulate packed column of the same size, it offers higher efficiency, improved peak
shape and excellent peak symmetry with more than 30% longer lifetime compared to
particulate columns (Merck Millipore, 2014c), two Chromolith® High Resolution columns
can easily be coupled in order to achieve even higher resolution (Select science, 2014).
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Table 2. 2 Specification of Chromolith® High Resolution RP-18e endcapped (Merck
Millipore, 2014c)

Silica type:

High-purity

Particle size:

Monolithic

Macropore size:

1.15 micrometer

Mesopore size:

15 nm (150 Angström)

Pore volume:

1 ml/g

Total pore volume:

2.9 ml/g

Surface area:

250 m2/g

Surface modification:

RP-18 endcapped

Carbon content:

18 %

EMD Millipore performed numerous applications on Chromolith® High Resolution; in
2011 seven beta-blockers are baseline separated in four minutes at 2 mL/min flow rate with
just 76 bar backpressure, even short columns have sufficient resolution to separate five
drugs in less than three minutes, both separations possess high efficiency and high peak
symmetry (Cabrera and Machtejevas, 2011).
In 2013, Bisphenol A (BPA) in Milk Powder is determined in EMD Millipore application
note using Chromolith® High Resolution with mobile phase acetonitrile: water 25:75 and
flow programing in 8 minutes, it is considered as rapid and inexpensive method that
provide quantitative analysis of BPA above 1 ppb and recovery varied between 85–91%
(Xiamuxiding and Appelblad, 2013).
Other applications done by EMD Millipore were listed in Applications Note Book
including Anti-epileptic drugs, Basic substances, Catecholamine's, Preservatives
(parabens) , Beta-blockers, Bioflavonoids, Doping drugs , Antihistamines , Acidic drugs,
Alkylphenone, Tetracycline's, Tocopheroles, Peptides, Proteins and steroids (EMD
Millipore, n.d.).
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2.2 Fused Core columns
Fused core technology was originally introduced in the 1990s (Desmet, 2013); the steps of
forming the solid core and adhering the porous shell into it are described in details by
Kirkland et al. (2000).
Core shell or fused core particles are characterized by a solid nonporous core coated with a
porous layer with a shell volume typically 60–75% of the particle volume (Fig. 2.2) and a
distribution of particle sizes much narrower than that of standard fully porous particles
(Kučerová et al., 2013).
The high separation efficiency of core shell particles is a result of a faster analyte mass
transfer from the mobile phase into and out of the porous layer of the particle, this
technology became commercially available in 2007 under various trademarks: Halo from
Advanced Materials Technology (Wilmington, USA), Ascentis from Supelco (Bellefonte,
USA), and Kinetex from Phenomenex (Torrance, USA) and many others (Kučerová et al.,
2013).
In this research we will focus on Ascentis Express fused core columns in comparison with
chromolith columns from Merck.

Table 2. 3 Specification of Ascentis® Express fused core columns (Kirkland, Langlois and
DeStefano, 2007)

Silica type:

Highly purified Type B silica

overall diameter:

2.7μm

solid core:

1.7μm

porous outer shell:

0.5 μm thick

pores in porous shell:

9nm

Surface area:

~150 m2/g

Pressure:

to at least 600 bar

Columns of these new particles exhibit unusual efficiency with reduced plate heights of 1.5
for small molecules under optimum conditions (> 200,000 plates/meter), this high level of
efficiency is believed to be a result of the very narrow particles size distribution (5%, 1sigma from the average) and higher particle density because of the solid core (Tab 2.3).
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One of the Key Benefits of fused core is to double the efficiency of 3 µm columns, give the
same efficiency of sub 2 µm columns at half of the backpressure and offer rugged design
capable of ultra-high pressure operation (Fig 2.3) (Kirkland, Langlois and DeStefano,
2008, p. 3).

Figure 2. 2 Fused core structure of Ascentis Express (supelco-HPLC-column, p. 108).

Figure 2. 3 (a) Fused core particle, (b) traditional porous particle (Kirkland, Langlois and
DeStefano, 2008, p. 3)

The innovative manufacturing process for Fused Core particles produces a very narrow
particle size distribution (Fig. 2.4), which allows for the use of large porosity frits that
resist clogging, resulting in a more rugged column, while traditional porous particles are
not manufactured in a way to yield extremely narrow particle size distributions.
15

Figure 2. 4 Particle size distribution in (a) fused core particle, (b) traditional porous particle
(Sigma-Aldrich, 2014b)

The efficiency of a column is measured by theoretical plates number Nth, and can be
normalized with the length of the column to give the height equivalent theoretical plate
called HETP or H. The Van Deemter equation describes the various factors influencing H,
and is divided into eddy diffusion, longitudinal diffusion and mass transfer terms. The
relative importance of these factors varies with mobile phase velocity; particle size and
morphology contribute to H, along with a variety of other factors (McNair, 2014).
HETP= A+

+ C. u

Where


HETP = height equivalent to a theoretical plate, a measure of the resolving power of the
column [m]



A = Eddy-diffusion parameter, related to channeling through a non-ideal packing [m]



B = diffusion coefficient of the eluting particles in the longitudinal direction, resulting
in dispersion [m2 s-1]



C = Resistance to mass transfer coefficient of the analyte between mobile and stationary
phase [s]



u = Linear Velocity [m s-1]. (Gritti and Guiochon, 2013)
The "A" term in the van Deemter equation accounts for the effects of inhomogeneities in
the packed bed of an HPLC column, narrow particle size distributions form a more
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consistent packed bed and a consistent path length, minimizing analyte diffusion through
the column, thus eddy diffusion is effectively independent of mobile phase velocity (Fig.
2.5).

Figure 2. 5 Eddy- diffusion in (a) fused core particles, (b) traditional porous particles
(Sigma-Aldrich, 2014b)

The short diffusion path of the Fused Core particle results in reduced resistance and a
faster analyte mass transfer from the mobile phase into and out of the porous layer of the
particles (Salisbury, 2008), thereby the minimized resistance to mass transfer ―C‖ term in
the van deemter equation of the fused core particle provides sharper peaks than traditional
porous particles, the short diffusion path also permits the use of higher flow rates without
peak broadening (Fig. 2.6).

Figure 2. 6 Diffusion path of (a) fused core particle, (b) traditional porous particles (SigmaAldrich, 2014b)
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Alexander and Ma (2009) described the applicability of fused-core columns for 2-D LC for
pharmaceutical analysis of similarly co-eluted samples, the samples were separated by
using two independent flow rates, gradient profiles and mobile phase compositions, this
technique showed to be very simple and elegant, but the appropriate sensitivity of the
method was limited by base-line noise.
The possibility of using the fused-core column with conventional HPLC was studied and
approved to progressively decrease Extra-column dispersion ECD with simultaneous
decrease in extra-column volume ECV (Alexander et al., 2011).
DeGarsse, S., DeGrasse, J. and Reuter (2011) developed a fast method for analyzing
shellfish toxins using fused core column technology in which resolution was enhanced and
reproducible retention times and peak areas were obtained, thereby faster elution times
suggest the possibility for using this method for routine paralytic shellfish toxins (PST)
monitoring.
Wagner et al. (2012) studied particle size, pore size and shell thickness of fused core to
obtain optimum parameters for biomacromolecules separation; particles with this porous
shell structures showed to have better mass transfer kinetics compared to conventional
porous particles.
LC-MS method was developed by Yang et al. (2011) for DNA analysis with run time less
than 1 min with good efficiency and reproducibility along with good sensitivity (low LOD
values), a stability indicating HPLC method for routine analysis of β-artemether and
lumefantrine combination anti-malarial products was developed recently using fused core /
reversed

phase

amide

stationary

phase

with

an

isocratic

mobile

phase

(acetonitrile/phosphate buffer, pH 3) to achieve short run time of 4 min, accurate and
precise method making it suitable for quality control of these compounds in the presence of
their related degradation products (Suleman et al., 2013).

Different types of stationary phases of Ascentis express fused core columns were
introduced to market such as reversed phase, normal phase and HILIC (Hydrophilic
Interaction Liquid Chromatography) that can be used for separation of non-polar and basic,
acidic or neutral polar compounds.
There are four applications of HILIC phases OH5, F5, ES-Cyano and HILIC (Si) fused
core columns; retention mechanisms in HILIC is complex; including partitioning between
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a layer of water held on the surface and the bulk organic enriched mobile phase, specific
adsorption of polar functional groups on HILIC phase, ionic retention on ionized groups or
on ionized silanols of the base silica and reversed phase retention on the hydrophobic
portions of bonded ligands (Sigma-Aldrich, 2012).

2.2.1 Hydrophilic interaction liquid chromatography (HILIC)
An alternative high-performance liquid chromatography (HPLC) mode for separating polar
compounds. HILIC is a variant of normal phase liquid chromatography (NP-LC), but the
separation mechanism used in HILIC is more complicated than that in NP-LC. While the
acronym HILIC was first suggested by Alpert in 1990, the number of publications on
HILIC has increased substantially since 2003. Like NP-LC, HILIC employs traditional
polar stationary phases such as silica, amino or cyano, but the mobile phase used is similar
to those employed in the RP-LC mode. HILIC has many specific advantages over
conventional NP-LC and RP-LC. For example, it is suitable for analyzing compounds in
complex systems that always elute near the void in reserved-phase chromatography. Polar
samples always show good solubility in the aqueous mobile phase used in HILIC, which
overcomes the drawbacks of the poor solubility often encountered in NP-LC. Expensive
ion pair reagents are not required in HILIC, and it can be conveniently coupled to mass
spectrometry (MS), especially in the electrospray ionization (ESI) mode. In contrast to RPLC, gradient elution HILIC begins with a low-polarity organic solvent and elutes polar
analytes by increasing the polar aqueous content. A desirable mobile phase would contain
high organic content for better sensitivity and also show good on-column retention for
polar ionic compounds. Hydrophilic interaction liquid chromatography has established
itself as the separation mode of choice for uncharged highly hydrophilic and amphiphilic
compounds that are too polar to be well retained in RP-LC but have insufficient charge to
allow effective electrostatic retention in ion-exchange chromatography. HILIC separation
is currently attracting a lot of interest since it solves many previously difficult separation
problems, such as the separation of small organic acids, basic drugs, and many other
neutral and charged substances. It has been successfully applied to the analysis of
carbohydrates, peptides and polar pharmaceuticals. The separation mechanism can depend
on many factors, such as the physicochemical properties of the stationary phase and
hydroorganic mobile phase, and the structures of the samples investigated. Typical HILIC
stationary phases consist of classical bare silica or silica gels modified with many polar
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functional groups such as (–NH2, –CN, –Ph, –C8, –C18) bonded to the support. Polymerbased stationary phases can also be used. HILIC separations are performed either in
isocratic mode with a high percentage of organic solvent or with gradients starting with a
high percentage of organic solvent and ending with a high proportion of aqueous solvent. It
is commonly believed that in HILIC, the mobile phase forms a water-rich layer on the
surface of the polar stationary phase vs. the water-deficient mobile phase, creating a liquid/
liquid extraction system. The analyte is distributed between these two layers (Buszewski
and Noga, 2012).

2.2.2 Ascentis® Express F5 column
Fused core column with pentafluoro phenyl propyl (PFP) stationary phase, it possesses
multiple types of interactions as dispersive, dipole-dipole, H-bonding, π-π and chargetransfer, it provides unique reversed phase selectivity compared to C18 and C8 and brings
together the highly efficient, robust 2.7 μm fused core (Tab. 2.4) particle technology with
PFP chemistry for the successful separation of polar and non-polar organic compounds
(Sigma-Aldrich, 2014a).
PFP bonded phase exhibits strong dipole potential (polar interaction) from the carbonfluorine bonds (Fig. 2.7), π-π interaction potential and the ability to interact via chargetransfer interactions due to the electronegativity of the fluorine atoms, the relative rigidity
of the bonded phase is also believed to provide enhanced shape selectivity of analytes
differing in size and spatial attributes (Bell and Santasania, 2010).

Figure 2. 7 Pentafluoro phenyl propyl stationary phase of F5 column (Henry et al., 2010)
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As a result of having both polar and non-polar character, PFP phases can show dual-mode
retention behavior, sometimes producing a ―U-shaped‖ retention as a function of
acetonitrile content of the mobile phase (Henry and Bell, 2010), with retention increasing
at both low and high concentrations of ACN (reversed phase and HILIC retention modes),
so Ascentis Express F5 can be used for basic, acidic or neutral compounds with alternate
selectivity from C18 (Sigma-Aldrich, 2014a).
Evidence for the importance of π-π interactions between phenyl columns and aromatic
solutes based on comparisons of retention for different solutes on phenyl versus C8
columns, it was found that retention on phenyl columns tends to increase in the order
aliphatics < substituted benzenes < PAHs≈ nitro-substituted aromatics, which is the order
of increasing π-π activity of the solute, the preferential retention of PAH‘s and nitrosubstituted aromatics on phenyl columns is also significantly greater when MeOH is used
as B-solvent, compared to the use of ACN; it is plausible to attribute the reduced retention
of aromatics with ACN as B-solvent to π-π interactions of ACN with either aromatic solute
in the mobile phase or phenyl groups in the stationary phase (Croes et al., 2005).

Table 2. 4 Specification of Ascentis® Express F5 column (Sigma-Aldrich, 2014a)

Feature

Endcapped

Matrix

Fused-Core particle platform

Bonded phase description

Pentafluoro phenyl propyl

Particle composition

Type B silica gel

particle size

2.7 μm

L × I.D.

10 cm × 4.6 mm

Impurities

<5 ppm metals

pore size

90 Å pore size

Limit:
operating pH range

C temp. range
1–9

There are several applications on fluorinated columns; piroxicam has a potential synthetic
impurity 2-aminopyridine (2-AMP) that is relatively polar (log P = 0.53±0.27) and thus
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difficult to retain on a conventional alkyl column, 2-AMP and piroxicam were separated
using Ascentis Express F5 (10 cm x 4.6 mm, 2.7 µm), 2-AMP is well retained and
separated from the parent molecule using 10 mM ammonium formate: acetonitrile (75:25)
mobile phase with 0.8 ml/min. flow rate, the retention of 2-AMP demonstrates the
availability and utility of the polar and ionic interactions the PFP phase exhibits (Bell and
Santasania, 2010).
Przybyciel and Santangelo (2003) have studied the retention behaviour of monosubstituted
and disubstituted nitronaphthalenes on the PFP phase, PFP column retain every
nitronaphthalene component of the mixture longer than either the C18 or phenyl column;
the retention behaviour of the PFP phase for separation of the nitronaphthalenes might
suggest some π–π interactions as well as other interactions such as possible charge transfer
or electrostatic modes.
Gentamicin sulfate and its related substances in a pharmaceutical cream have been
determined in a developed and validated RP-HPLC method using a short (5 cm × 4.6 mm)
pentafluoro phenyl HPLC column and a Charged Aerosol Detector with mobile phase
consisting of heptafluoro butyric acid : water : acetonitrile (0.025:95:5, v/v/v) and trifluoro
acetic acid : water : acetonitrile (1:95:5, v/v/v), this method can separate all the analogues
of gentamicin including all known and unknown related substances of the API (Joseph and
Rustum, 2010).

Mixture of ephedrine alkaloids were separated on Fluorinated Stationary Phase (Discovery
HS F5, 15cm x 4.6mm, 5μm) using Mobile Phase 2 or 4 or 10 mM ammonium acetate in
(90:10) acetonitrile : water with UV and MS detection in order to perform ionic strength
and temperature studies (Bell, Cramer and Jones, 2005).
While in 2008 the same stationary phase was applied to the fast and reliable qualitative and
quantitative analysis of ephedrine alkaloids in Ephedra plant material and derivatives in
which a Discovery HS F5 column (15 cm × 4.6 mm, 5 μm) was used, with an isocratic
mobile phase composed of ammonium acetate 7 mM in acetonitrile: water (90:10, v/v), at a
flow rate of 1.0 ml/min with total analysis time of 16 min, the validation parameters such
as linearity, sensitivity, accuracy, precision and specificity were found to be highly
satisfactory (Pellati and Benvenuti, 2008).
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The first reversed phase liquid chromatographic method for the baseline separation and
quantification of all eight tocopherols and tocotrienols is developed and validated in which
analytes were extracted from human plasma or mouse liver and separated on a a solid core
Phenomenex Kinetex PFP column (2.6 μm, 15 cm × 4.6 mm) by elution with methanol:
water (85:15, v/v) at a flow rate of 0.8 ml/min, to achieve baseline separation of all eight
vitamin E congeners within 15 min at a backpressure of 23 MPa, which is suitable for most
conventional HPLC systems (Grebenstein and Frank, 2012).

Sigma aldrich provides analytical method that can accurately quantitate both of the 25hydroxyvitamin D analytes in the presence of 3-epi analogs for the diagnosis and
monitoring of patients with vitamin D disorders using Ascentis Express F5 column with
mobile phase water: methanol (28:78, v/v) and run time less than 10 minutes (Aurand and
Bell, 2011).
The application note of sigma Aldrich include various applications on Ascentis® Express
F5 with different drugs and natural extracts; yohimbe Alkaloids were analyzed on
Ascentis® Express F5 (3cm x 3.0 mm, 2.7 μm), in HILIC Mode using mobile phase 2 mM
ammonium acetate in (10:90) water: acetonitrile and 0.5ml/min flow rate to achieve good
separation and peak shape in 5 minutes (Sigma-Aldrich, G005905), another application
was on Water-Soluble B-Vitamins, they also were analyzed in 4 minutes using Ascentis®
Express F5 (5 cm x 3.0 mm, 2.7 μm) with mobile phase 20 mM potassium phosphate,
dibasic, pH 6.2 and acetonitrile in a gradient run with 1.5ml/min flow rate (Sigma-Aldrich,
G005624), more than ten drugs of abuse were analysed using Ascentis® Express F5 (10
cm x 2.1 mm, 2.7 μm) with mobile phase 5 mM ammonium formate and 5 mM ammonium
formate in 95:5 (v/v) acetonitrile:water in agradient run with 0.3ml/min flow rate in 10
minutes with good resolution and high sensitivity (Sigma-Aldrich, G005634), also
Withania Extract is subjected to application on Ascentis® Express F5 (10 cm x 2.1 mm,
2.7 μm) in which seven compoundes were separated in 5 minutes using mobile phase
composed of water and acetonitrile in agradient run with 0.3ml/min flow rate (SigmaAldrich, G005613), and many other applications.
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2.2.3 Ascentis® Express ES Cyano column
Fused core column with diisopropyl cyano propyl silane stationary phase (Tab. 2.6), it
possess strong dipole with a polarized triple bond (Fig. 2.8), attracts and separates polar
molecules. Cyano is weakly hydrophobic with nonpolar retention similar to a C3 alkyl
group, so solute retention can be dominated by either nonpolar or polar forces (multimode) (Bell, 2011). According to Euerby protocol (Tab. 2.5); Cyano stationary phase had
very low hydrophobic retention, high shape selectivity, moderate hydrogen bonding
capacity and high ion-exchange capacity (Euerby and Petersson, 2003).

Isopropyl

Isopropyl

Figure 2. 8 Diisopropyl cyano propyl silane stationary phase of ES-Cyano column (Henry
et al., 2010)

Table 2. 5 Column classification based on Euerby protocol (Euerby and Petersson, 2003)
Hydrogen

Ion-

Ion-

Hydrophobic

Shape

Bond

Exchange

Exchange

Selectivity

Selectivity

Capacity

capacity –

capacity –

PH 7.6

PH 2.7

Phase
Hydrophobicity

Ascentis Express® C18

5.29

1.53

1.42

0.39

0.29

0.08

Ascentis Express®
peptide ES C18
Ascentis Express® C8

2.79

1.46

1.21

0.72

0.79

0.14

2.34

1.41

0.94

0.29

0.27

0.08

Ascentis Express®
Phenyl Hexyl

2.04

1.37

1.18

0.85

0.42

0.08
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Ascentis Express® RPAmide
Ascentis Express® F5

1.76

1.42

1.79

0.22

0.25

0.07

1.43

1.26

2.50

0.68

1.66

0.61

Ascentis Express®
Cyano

0.58

1.20

2.23

0.56

0.94

0.13

As well, Cyano stationary phase works very well in both reversed phase and normal phase
modes; extremely useful in HILIC mode; designed for high RP retention and long lifetime;
very compatible with LC/MS (Henry et al., 2010).
One of the major uses of Cyano stationary phase is to separate highly hydrophobic
compounds that are retained in C18 for long time, or to separate mixture of compounds
that differ greatly in hydrophobicity, so Cyano stationary phase elute them faster in the
same window efficiently (Bell, 2011).

Table 2. 6 Specification of Ascentis® Express ES-Cyano column (Sigma-Aldrich, 2014c)
Feature

Endcapped

Matrix

Fused-Core particle platform

Bonded phase description

Di isopropyl cyano propyl

Particle composition

Type B silica gel

particle size

2.7 μm

L × I.D.

10 cm × 4.6 mm

Impurities

<5 ppm metals

pore size

90 Å pore size

Limit

≤8 °C temp. range

operating pH range

1–8

The retention of aromatic and other unsaturated solutes on Cyano columns is based on the
preferential retention of aromatic versus aliphatic solutes on Cyano columns versus C18
columns and a decrease in this preferential retention when using mobile phases that contain
increasing amounts of ACN, compared to mobile phase containing MeOH. The suppressed
25

retention of aromatics with ACN as B-solvent can be attributed to competitive π-π
interactions between ACN and the solute molecule in the mobile phase and with stationary
phase Cyano groups (Croes, 2005).
In 1991, an efficient separation of Taxol from closely related analog cephalomannine has
been achieved by normal phase HPLC on a cyanopropyl column (Cardellina, 1991).
Sugar-free sachets of cough-cold products containing acetaminophen, phenylephrine
hydrochloride and chlorpheniramine maleate were analysed using two cyanopropyl
stationary phases; the Discovery cyanopropyl (Supelco) column and Agilent Zorbax SBCN column; the Discovery cyanopropyl permitted the separation of the three actives,
maleate and excipients (mainly saccharine and orange flavour) with a constant proportion
of phosohate buffer: acetonitrile (95:5, v/v) and a pH gradient from 7.5 to 2 with run time
14 min, on the other hand, the Agilent Zorbax SB-CN column with a different retention
profile had permitted to separate not only the three actives and the excipients but also the
three known related compounds: 4-aminophenol, 4-chloracetanilide and 4-nitrophenol in
an isocratic method using mobile phase phosphate buffer: acetonitrile (96:4, v/v) with a run
time less than 30 min, this method was validated following ICH guidelines and validation
parameters showed that it could be employed as stability-indicating method for this
pharmaceutical form (Olmo et al., 2005).
Sigma Aldrich analytical application note had included recently the analysis of
Carbamazepine on Ascentis® Express 2.7 μm ES-Cyano (10 cm x 4.6 mm I.D., 2.7 μm) in
14 minutes using mobile phase combination of water: methanol: tetrahydrofuran (85:12:3);
formic acid and triethylamine in 1.25 ml/min flow rate (Sigma-Aldrich, G006190).

2.3 Fat soluble vitamins
Vitamins are essential micronutrients that we need in small amounts for various roles
throughout the human body, vitamins are divided into two groups: water soluble (Bcomplex vitamins and vitamin C) and fat soluble vitamins (A, D, E and K). Fat soluble
vitamins possess other characteristics in common besides solubility. They are usually
associated with the lipids in foods and are absorbed from the intestine with these dietary
lipids. Other than vitamin K, the fat-soluble vitamins are stored in the liver and fatty
tissues and are eliminated much more slowly than water soluble vitamins. On the other
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hand; water soluble vitamins storage is usually not significant and need regular
replacement in the body (Deimling, Faruk Khan and Ortega, 2011).
Fat soluble vitamins A, D, E and K are stored in the body for long periods of time and
generally pose a greater risk for toxicity when consumed in excess than water soluble
vitamins, eating a normal and well-balanced diet will not lead to toxicity in healthy
individuals; taking vitamin supplements that contain megadoses of vitamins A, D, E and K
may lead to toxicity; as well body only needs small amounts of any vitamin (Bellows and
Moore, 2012), (Nollet and Toldra, 2012)
Multivitamin supplements were developed in order to prevent and cure deficiencies of
individuals being at risk for hypovitaminoses due to absorption failures, pregnancy, stress,
bad food habits and acute or chronic diseases (Dabre et al., 2011).

2.3.1 Vitamin A
Vitamin A belongs to a class of compounds referred to as the retinoids, which consist of
four isoprenoid units joined in a head-to-tail manner. All double bonds in the isoprenoid
units are implied to be in the E (trans) configuration unless stated otherwise. Currently, the
term retinoid is applied to retinol and its naturally occurring derivatives plus synthetic
analogs, which need not have vitamin A activity. Vitamin A is currently used as a generic
descriptor for all retinoids that exhibit the biological activity of retinol, the original
substance identified as vitamin A. The term vitamin A1 and all-trans retinol have been
used to refer to retinol whereas vitamin A2 was used to refer to 3,4-dehydroretinol.
Retinoate analogs are used to refer to ―compounds that control epithelial differentiation
and prevent metaplasia, without possessing the full range of activities of vitamin A.‖
Retinal (formerly all-trans retinal), the form of vitamin A that takes part in the visual cycle,
and retinoic acid (formerly all-trans retinoic acid), the form that takes part in cell

ᵦ

differentiation, are the two active forms of vitamin A. About 60 -carotenes, out of 700
carotenoids that have been identified, exhibit vitamin A activity in the body and are termed
the provitamin As or provitamin A carotenoids. The important carotenoids regarded as the

ᵧ

provitamin As are α-, ᵦ-, and -carotenes and cryptoxanthin.

ᵦ-Carotene

is the most

important provitamin A carotenoid. The conjugated double-bond systems found in vitamin
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A and ᵦ-carotene, as well as the attached ring in the form of ᵦ-ionone or dehydro- ᵦ-ionone
found in 3,4-dehydroretinol, are essential for activity. When any of these is saturated,
activity is lost. The ester and methyl ethers of vitamin A have a biological activity on a
molar basis equal to that of vitamin A. Retinoic acid (vitamin A acid) is biologically active
but is not stored in the liver (Deimling, Faruk Khan and Ortega, 2011).
Vitamin A, available in supplement dosage form as retinol or retinyl esters acetate and
palmitate, has many functions in the body. In addition to helping the eyes adjust to light
changes; vitamin A plays an important role in bone growth, tooth development,
reproduction, cell division, gene expression and regulation of the immune system. The
skin, eyes and mucous membranes of the mouth, nose, throat and lungs depend on vitamin
A to remain moist; Vitamin A is also an important antioxidant that may play a role in the
prevention of certain cancers (Bellows and Moore, 2012).
Eating a wide variety of foods is the best way to ensure that the body gets enough vitamin
A. The retinol, retinal and retinoic acid forms of vitamin A are supplied primarily by foods
of animal origin such as dairy products, fish and liver. Some foods of plant origin contain
the antioxidant beta-carotene, which the body converts to vitamin A, Beta-carotene, comes
from fruits and vegetables, especially those that are orange or dark green in color. Vitamin
A sources also include carrots, pumpkin, winter squash, dark green leafy vegetables and
apricots, all of which are rich in beta-carotene (Bellows and Moore, 2012).
The recommendation for vitamin A intake is expressed as micrograms (µg) of retinol
activity equivalents (RAE) that account for the fact that the body converts only a portion of
beta-carotene to retinol, one RAE equals 1 µg of retinol or 12 µg of beta-carotene, the
Recommended Dietary Allowance (RDA) for vitamin A is 900 µg / day for adult males
and 700 µg /day for adult females.
Recent studies indicate that vitamin A requirements may be increased due to
hyperthyroidism, fever, infection, cold and exposure to excessive amounts of sunlight,
those that consume excess alcohol or have renal disease should also increase intake of
vitamin A (Bellows and Moore, 2012).
Vitamin A deficiency is rare, but the disease that results is known as xerophthalmia, it
most commonly occurs in developing nations usually due to malnutrition, since vitamin A
is stored in the liver, it may take up to 2 years for signs of deficiency to appear; night
blindness and very dry rough skin may indicate a lack of vitamin A. Other signs of
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possible vitamin A deficiency include decreased resistance to infections, faulty tooth
development and slower bone growth (Bellows and Moore, 2012).
Vitamin A deficiency in pregnancy is known to result in night blindness, has been shown
to increase the risk of maternal mortality and is associated with premature birth,
intrauterine growth retardation, low birth weight and antepartum hemorrhage due to
abruptio placenta, vitamin A deficiency reduces leukocyte numbers, lymphoid tissue
weights, complement, T cell functions, tumor resistance, natural killer cell numbers and
antigen-specific immunoglobulins G and E (Ladipo, 2000).

Toxic or excess levels of vitamin A are more of a concern than deficiencies; the Tolerable
Upper Intake Level (UL) for adults is 3,000 µg RAE, it would be difficult to reach this
level consuming food alone, but some multivitamin supplements contain high doses of
vitamin A, symptoms of vitamin A toxicity include dry, itchy skin, headache, nausea and
loss of appetite, signs of severe overuse over a short period of time include dizziness,
blurred vision and slowed growth, vitamin A toxicity also can cause severe birth defects
and may increase the risk for hip fractures (Bellows and Moore, 2012).

2.3.1.1 Retinyl Palmitate

Retinyl palmitate is the ester form of retinol and palmitic acid (Fig. 2.9), it is the major
ester of retinol located in the retina, liver and intestine of many vertebrates. Retinyl esters
including Retinyl palmitate facilitate vitamin A absorption, storage and function, they are
considered as the molecular storage form for retinol in the liver extrahepatic tissues and
retinal pigment epithelium (Schreiber et al., 2012).

It can be found in multivitamin dosage form as oral, parenteral for IM injection and topical
in skin care products e.g. cream, ointment and sunscreen, it has been approved by the FDA
as a food additive, as an over the counter (OTC) drug and a prescription drug (Tab. 2.7),
(Drugbank, 2005a), (Daily med, 2012).

Retinyl palmitate is one of the primary antioxidants found naturally in skin, sunscreen
contains retinyl palmitate a gentler form of Vitamin A which provides powerful
29

antioxidant properties, it can boost the production of both collagen and elastin; it has been
shown in UVB exposure studies to offer sun protection all by itself (Carlotti, Rossatto and
Gallarate, 2002).

Table 2. 7 Chemical and physical characteristics of Retinyl palmitate (Sigma, 1996a),
(Drugbank, 2005a)

Appearance:

Clear to hazy yellow to orange viscous
liquid or semisolid.

Molecular formula:
Log P:
Molecular weight:

C36H60O2
11.62
524.86

Melting Point:

Approx. 28°-29°C

λ max:

325 nm

Solubility:

Insoluble in water but soluble in
chloroform, ether and vegetable oil
i.e., corn oil, retinyl palmitate is
slightly soluble in alcohol.

Figure 2. 9 Retinyl Palmitate chemical structure (PubChem, 2005)

2.3.2 Vitamin D
Vitamin D is a group of fat-soluble broken-open steroids referred to as secosteroids, the
term vitamin D is currently applied to all steroids possessing biological activity like that of
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cholecalciferol. Irradiation of yeast ergosterol yields a 1:1 mixture of ergocalciferol and
lumisterol known as vitamin D1. Because all the activities reside in the ergocalciferol, the
term vitamin D1 is no longer used. The photoconversion yields ergocalciferol (ercalciol,
previously calciferol, vitamin D2) from ergosterol. Cholecalciferol (calciol, previously
vitamin D3) is the form produced in vivo from the action of sunlight on 7dehydrocholesterol in the skin. 22, 23-Dihydroergocalciferol was known as Vitamin D4.
(24S)-Ethylcalciol (formerly sitocalciferol), made from 7- dehydrositosterol, was known as
vitamin D5 (Deimling, Faruk Khan and Ortega, 2011).
In humans, the most important compounds in this group are vitamin D3 (also known as
cholecalciferol) and vitamin D2 (ergocalciferol). Cholecalciferol and ergocalciferol can be
ingested from the diet and from supplements (Holick, 2006). Very few foods contain
vitamin D; synthesis of vitamin D (specifically cholecalciferol) in the skin is the major
natural sources of the vitamin. Dermal synthesis of vitamin D from cholesterol is
dependent on sun exposure (specifically UV-B radiation). Vitamin D from the diet or
dermal synthesis from sunlight is biologically inactive; activation requires enzymatic
conversion (hydroxylation) in the liver and kidney (Holick, 2006), (Calvo et al., 2005),
(Norman, 2008).
Vitamin D plays a critical role in the body‘s use of calcium and phosphorous, it works by
increasing the amount of calcium absorbed from the small intestine, helping to form and
maintain bones, vitamin D benefits the body by playing a role in immunity and controlling
cell growth, children especially need adequate amounts of vitamin D to develop strong
bones and healthy teeth, the primary food sources of vitamin D are milk and other dairy
products fortified with vitamin D, it is also found in oily fish (e.g., herring, salmon and
sardines) as well as in cod liver oil, in addition to the vitamin D provided by food, we
obtain vitamin D through our skin which produces vitamin D in response to sunlight, the
Recommended Dietary Allowance (RDA) for vitamin D appears as micrograms of
cholecalciferol (vitamin D3), from 12 months to age fifty the RDA is set at 15 µg. Twenty
µg of cholecalciferol equals 800 International Units (IU), which is the recommendation for
maintenance of healthy bone for adults over fifty. There are some populations at risk of
vitamin D deficiency may require extra vitamin D in the form of supplements or fortified
foods; exclusively breast-fed infants in which Human milk only provides 25 IU of vitamin
D per liter and so all breast-fed and partially breast-fed infants should be given a vitamin D
supplement of 400 IU/day, elderly has a reduced ability to synthesize vitamin D upon
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exposure to sunlight, certain disease as Fat mal absorption syndromes, inflammatory bowel
disease (IBD) and obesity are all known to result in a decreased ability to absorb and/or use
vitamin D in fat stores. High doses of vitamin D supplements coupled with large amounts
of fortified foods may cause accumulations in the liver and produce signs of poisoning,
toxicity include excess calcium in the blood, slowed mental and physical growth,
decreased appetite, nausea and vomiting

(Goyal, 2014), it is especially important that

infants and young children do not consume excess amounts of vitamin D regularly due to
their small body size (Bellows and Moore, 2012).
Symptoms of vitamin D deficiency in growing children include rickets (long, soft bowed
legs) and flattening of the back of the skull, vitamin D deficiency in adults may result in
osteomalacia (muscle and bone weakness), and osteoporosis (loss of bone mass) (Bellows
and Moore, 2012).
In general, vitamin D functions to activate the innate and dampen the adaptive immune
systems (Hewison, 2011), vitamin D deficiency has been linked to increased risk of viral
infections, including HIV and influenza (Beard, Bearden and Striker, 2011), (Spector,
2011), (Cannell et al., 2006), another study show that low levels of vitamin D appear to be
a risk factor for tuberculosis (Nnoaham and Clarke, 2008).

2.3.2.1 Cholecalciferol

Cholecalciferol is a form of vitamin D called vitamin D3, Known as toxiferol or sunshine
vitamin (Tab 2.8), it is structurally similar to steroids such as testosterone, cholesterol and
cortisol (Fig. 2.10), though vitamin D3 itself is a secosteroid (JCBN, 1981).
One gram is (40x106) IU, equivalently 1 IU is 0.025 µg (sigma, 1996b), cholecalciferol
had many indications as the treatment of vitamin D deficiency or insufficiency, refractory
rickets (vitamin D resistant rickets), familial hypophosphatemia and hypoparathyroidism
and in the management of hypocalcemia and renal osteodystrophy in patients with chronic
renal failure undergoing dialysis, also used in conjunction with calcium in the management
and prevention of primary or corticosteroid-induced osteoporosis (drugbank, 2005b).

In 2008 a study was published in Cancer Research has shown that the addition of vitamin
D3 (along with calcium) to the diet of some mice fed a regimen similar in nutritional
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content to a new Western diet with 1000 IU cholecaliferol per day prevented colon cancer
development (Yang et al., 2008), but in humans with 400 IU daily, there was no effect
(Wactawski-Wende et al., 2006).
Trivedi, Doll and Khaw (2003) studied the effect of cholecalciferol supplementation on
fractures and mortality in men and women and found that four monthly supplementation
with 100 000 IU oral vitamin D may prevent fractures without adverse effects.
Preparations of cholecalciferol include tablets, injection and oral drops (drugbank, 2005b).

Table 2. 8 Chemical and physical charateristics of Cholecalciferol (Sigma, 1996b),
(drugbank, 2005b), (Nollet, 2000)

Appearance:
Molecular formula:
Log P:
Molecular weight:

White to white with a yellow cast
powder.
C27H44O
7.5
384.63

Melting Point:

84.5 °C

λ max:

254, 265 nm

Solubility:

Soluble in ethanol, acetone, ether,
chloroform; insoluble in water.

Figure 2. 10 Cholecalciferol chemical structure (CHEBI, 2014)
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2.3.3 Vitamin E
Vitamin E refers to a group of eight fat soluble compounds "tocols" that include
both tocopherols and tocotrienols (Brigelius-Flohé and Traber, 1999).
These tocols possess two important structural components, the chromanol ring and the side
chain, and differ by the methylation patterns of the chromanol ring (α-,

ᵦ-, ᵧ-, and ᵟ-) and

presence or absence of double bonds in the side chain (no double bond in tocopherols
whereas three double bonds in tocotrienols) (Deimling, Faruk Khan and Ortega, 2011).
The best-known tocopherol is α-tocopherol, which has the greatest biological activity. The
base structure shows that the tocopherols are methyl-substituted tocol derivatives: α tocopherol is 5,7,8-trimethyltocol;

ᵦ -tocopherol is 5,8-dimethyltocol; the ᵧ -compound is

7,8- dimethyltocol; and ᵟ-tocopherol is 8-methyltocol. The tocotrienols have similar
substituents. Vitamin E is a generic descriptor for all tocol and tocotrienol derivatives that
have biological activity similar to α-tocopherol (Deimling, Faruk Khan and Ortega, 2011).
Vitamin E benefits the body by acting as an antioxidant and protecting vitamins A and C,
red blood cells and essential fatty acids from destruction. Research from decades ago
suggested that taking antioxidant supplements, vitamin E in particular might help prevent
heart disease and cancer, however; newer findings indicate that people who take
antioxidant and vitamin E supplements are not better protected against heart disease and
cancer than non-supplement users, many studies show a link between regularly eating an
antioxidant rich diet full of fruits and vegetables and a lower risk for heart disease (Tribble,
1999), cancer and several other diseases (Lippman et al., 2009).
About 60 percent of vitamin E in the diet comes from vegetable oil (soybean, corn,
cottonseed and safflower), this also includes products made with vegetable oil (margarine
and salad dressing), vitamin E sources also include fruits and vegetables, grains, nuts
(almonds and hazelnuts), seeds (sunflower) and fortified cereals.
The Recommended Dietary Allowance (RDA) for vitamin E is based on the most active
and usable form called alpha-tocopherol, food and supplement labels list alpha-tocopherol
as the unit International units (IU) not in milligrams (mg), one milligram of alphatocopherol equals to 1.5 International Units (IU), while One mg of DL-α-tocopherol
acetate is equivalent to1.00 (IU).
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RDA guidelines state that males and females over the age of 14 should receive 15 µg of
alpha-tocopherol per day; consuming vitamin E in excess of the RDA does not result in
any added benefits. Cases of vitamin E deficiency usually only occur in premature infants
and in those unable to absorb fats, since vegetable oils are good sources of vitamin E;
people who excessively reduce their total dietary fat may not get enough vitamin E.
Vitamin E obtained from food usually does not pose a risk for toxicity, mega doses of
supplemental vitamin E may pose a hazard to people taking blood-thinning medications
such as Coumadin (known as warfarin) and those on statin drugs (Bellows and Moore,
2012)
Vitamin E supplementation is not needed in pregnancy because most diets containing plant
oils, fruit and vegetables should provide an adequate supply, especially because pregnancy
has no additional vitamin E requirements (Ladipo, 2000).
2.3.3.1 DL-α-Tocopheryl acetate

DL-α-Tocopheryl acetate is a semi-synthetic acetate ester of naturally occuring αtocopherol, known as vitamin E acetate (Fig. 2.11), a common vitamin supplement that is
the ester of acetic acid and tocopherol, D-α-tocopherol is the predominant form of vitamin
E in plasma and tissues (Tab. 2.9).
Tocopheryl acetate is used as an alternative to tocopherol itself because the phenolic
hydroxyl group is blocked, providing a less acidic product with a longer shelf life,
tocopheryl acetate is not oxidized and can penetrate through the skin to the living cells,
where about 5% is converted to free tocopherol and provides beneficial antioxidant effects.
α-Tocopherol is carried with LDL and shields LDL from oxidation by free radicals, this
protection leads to a decrease in LDL oxidation, which is a major cause in triggering artery
stenosis, artery blockage is due to immune cells engulfing oxidized LDL, which causes
swelling and accumulation of fatty masses within the artery walls (Bowry and Ingold,
1999).
In 2014 a study was performed on patients with mild to moderate Alzheimer's disease
given either a daily dose of vitamin E, memantine, both vitamin E and memantine, or a
placebo, those given vitamin E had slower cognitive decline than those given the placebo.
Although the study suggests that vitamin E supplementation may slow the progression of
dementia, the dosage was very high and may be unsafe in the long term use (Dysken et al.,
2014).
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A 2012 Cochrane Review examined the potential effectiveness of antioxidant vitamin
supplementation in preventing and slowing the progression of age-related cataract, the
included studies involved supplementation of vitamin E, along with β-carotene and vitamin
C, either dosed independently or in combination, and compared to the placebo, the
systematic review showed that vitamin E supplementation had no protective effect on
reducing the risk of cataract, cataract extraction, progression of cataract, and slowing the
loss of visual acuity (Mathew et al., 2012).
It does not improve blood sugar control in an unselected group of people with diabetes
mellitus (Abner et al., 2011), or decrease the risk of stroke (Bin et al., 2011). Daily
supplementation of vitamin E does not decrease the risk of prostate cancer and may
increase it (Haederle, 2011).
Tocopheryl acetate 20% spray was investigated for elimination of head louse infestation
compared with 1% permethrin creme rinse, tocopheryl acetate spray was significantly
more effective than the permethrin product and cosmetically acceptable and not affected by
current problems with resistance (Burgess, Burgess and Brunton, 2013).
Preparations of tocopheryl acetate include Capsule, Cream, Liquid, Ointment, Powder and
Tablet (drugbank, 2005c).

Table 2. 9 Chemical and physical characteristic of Tocopheryl acetate (drugbank, 2005c),
(Sigma-Aldrich, 1996c).

Appearance:

Clear, viscous, yellow liquid.

Molecular formula:
Log P:
Molecular weight:

C31H52O3
10.42
472.74

Boiling Point:

>200 °C

λmax:

284nm

Solubility:

Insoluble in water, soluble in alcohol,
miscible with ether or acetone.
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Figure 2. 11 Tocopheryl acetate chemical structure (drugbank, 2005c).

2.3.4 Vitamin K
Vitamin Ks are 2-methyl 1, 4-naphthoquinone derivatives containing variable aliphatic
side chains at C3. Phylloquinone invariably contains a phytyl side chain. Menaquinones
are a series of compounds that have a longer side chain with more unsaturation. This side
chain may be composed of 1 to 13 prenyl (isoprenyl) units. Many other closely related
compounds possess vitamin K activity; menadione (2-methyl-1, 4-naphthoquinone;
vitamin K3) and menadiol (2-methylnaphthalene-1, 4-diol; vitamin K4). Menadione
contains the naphthoquinone ring without any attached prenyls and can be thought of as
MK-0. Menadiol is menadione with the two keto groups reduced to hydroxyls. Both
compounds are bioactivated to the active form through alkylation (Deimling, Faruk Khan
and Ortega, 2011).
Vitamin K is naturally produced by the bacteria in the intestines, and plays an essential role
in normal blood clotting, promoting bone health, and aids in proteins production for blood,
bones and kidneys. Good food sources of vitamin K are green, leafy-vegetables such as
turnip greens, spinach, cauliflower, cabbage and broccoli and certain vegetables oils
including soybean oil, cottonseed oil, canola oil and olive oil, animal foods in general
contain limited amounts of vitamin K (Bellows and Moore, 2012).
To help ensure people receive sufficient amounts of vitamin K, an Adequate Intake (AI)
has been established for each age group as follows: infants 0-6 months, 2 µg; infants 6-12
months, 2.5 µg; children 1-3 years, 30 µg; children 4-8 years, 55 µg mcg; children 9-13
years, 60 µg; adolescents 14-18 years (including those who are pregnant or breast-feeding),
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75 µg; men over 19 years, 120 µg; women over 19 years (including those who are pregnant
and breast-feeding), 90 µg.
Without sufficient amounts of vitamin K, hemorrhaging can occur, vitamin K deficiency
may appear in infants or in people who take anticoagulants, such as Coumadin (warfarin),
or antibiotic drugs, newborn babies lack the intestinal bacteria to produce vitamin K and
need a supplement for the first week, those on anticoagulant drugs (blood thinners) may
become vitamin K deficient, but should not change their vitamin K intake without
consulting a physician, people taking antibiotics may lack vitamin K temporarily because
intestinal bacteria are sometimes killed as a result of long-term use of antibiotics, also
people with chronic diarrhea may have problems absorbing sufficient amounts of vitamin
K through the intestine and should consult their physician to determine if supplementation
is necessary (Bellows and Moore, 2012).
Although no Tolerable Upper Intake Level (UL) has been established for vitamin K,
excessive amounts can cause the breakdown of red blood cells and liver damage, people
taking blood-thinning drugs or anticoagulants should moderate their intake of foods with
vitamin K, because excess vitamin K can alter blood clotting times, large doses of vitamin
K are not advised (Bellows and Moore, 2012).

2.3.4.1Menadione

It is an analog of 1,4-naphthoquinone with a methyl group in the 2-position, called vitamin
K3 (Fig. 2.12), Menadione belongs to the Vitamin K class of compounds (Tab. 2.10),
which are necessary for the biosynthesis of prothrombin and other blood clotting factors
(Daines, 2003).
Menadione has been shown to affect gap-junctional intercellular communication by
mediation of tyrosine phosphorylation (Klotz et al., 2002).
Menadione has demonstrated cytotoxic activity against a variety of cell culture lines
(Okayasu, 2001), and can induce apoptosis of cultured cells, such as osteoclasts and
osteoblasts, via elevation of peroxide and superoxide radical levels (Sakagami et al., 2000).
Recently, menadione in combination with vitamin C is being studied as a potential
treatment for prostate cancer (Jamison et al., 2001), (Tareen et al., 2008).
A menadione topical lotion was recently developed to reduce side effects of epidermal
growth factor receptor inhibitor, by the prevention of skin toxicities that result from
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inhibition of protein kinases by drugs such as erlotinib [Tarcev] and cetuximab [Erbitux]
(Perez-Soler at al., 2008), (Li and Perez-Soler, 2009).

Table 2. 10 Chemical and physical characteristics of Menadione (Drugbank, 2005d),
(Sigma-Aldrich, 2002).
Appearance:

Bright yellow crystals

Molecular formula:
Log P:
Molecular weight:

C11H8O2
2.20
172.2

Melting Point:

107°C

λmax:

250nm

Solubility:

Insoluble in water, soluble in di methyl
sulfoxide {DMSO} (1 mg/ml),
chloroform (100 mg/ml), and in ethanol
(16 mg/ml)

Figure 2. 12 Menadione chemical structure (Drugbank, 2005d)
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2.4 Fat soluble vitamin analysis
Vitamins can be used as industrial feed additives and can be sold as pharmaceutical dosage
form, and so it constitute an essential element of wholesome nutrition that contribute to the
health of consumers and animals, therefore these products are potential items for
inspection and control, and so there is a need to rapid and specific methods for routine
vitamin analysis with low cost.
Vitamins can be analyzed in traditional methods to give a quantitative measurement; these
are recommended for use particularly for clinically useful vitamins, these methods include
colorimetric, spectrophotometric assays (Collins and Blum, 2005), (USAID /INCAP,
1996), Immunoassays (ELISA, RIA and FIA) (Campbell-Platt, 2009), Fluorometric assay
(Bates, 2006) and Amperometric assay (Akyilmaz, Yaşa and Dinçkaya, 2006).
Other methods indirectly measure vitamins by measuring activity of enzyme under their
influence, these methods are comparatively cheaper and could be semi-quantitative or
qualitative, including Metabolite loading test and Bioassays (in-vivo & in-vitro)
(Mossalam et al., 2013).
HPLC is a reference method most commonly used to analyze any type of vitamin, also
used to determine iso-forms of the vitamins; it is regarded as being direct, quantitative
precise, accurate, sensitive, specific, automated and high throughput method (Ciulla and
Lehman, 2009).
Individual vitamins can be chromatographed isocratically, as well as certain combinations
of two or more vitamins; the simultaneous chromatography of more complicated mixtures
may require a gradient elution.
Determination can be carried out by normal phase, ion exchange chromatography and
reversed phase chromatography which is the most common used method.
In 1991, Agilent Technologies published a paper that describes the analysis of selected
vitamins with HPLC and Electrochemical Detection in multivitamin supplement using
Lichrospher RP-18, 5 μm for FSV analysis (Gratzfeld-Hüsgen, Schuster and Haecker,
1991).
Genestar and Grases (1995) developed a very simple HPLC method for determination of
Vitamin A in pharmaceutical preparations without the need for saponification using
reversed phase (Nova-Pack C18, 4 μm) column with a mobile phase of acetonitriletetrahydrofuran-water (55 : 37 : 8) and a flow rate of 1.5 ml/min.
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Doughty, Herwehe and Yearick (1996) analyzed several mixtures of FSV using
SUPELCOSIL LC-NH2 column that was used under normal phase HPLC conditions for
separating Retinol palmitate and Tocopherol Isomers (α, β, γ, δ) mixture, and
SUPELCOSIL LC-18 reversed phase column for various forms of FSV using a wavelength
switching technique with excellent resolution and peak shape with 1.5ml/min flow rate at
accepted pressure.
Huber (1998) used 4.6 x 75 mm Zorbax Eclipse XDB-C18 column in the separation of the
three FSV retinol, cholecalciferol and α-tocopherol using gradient analysis on a reversed
phase column and UV detection.
Various mixtures of FSV as A, D and E groups were studied through separation by
reversed phase HPLC using Discovery columns (Discovery C18, 15cm x 4.6mm, 5μm)
and (Discovery C8, 15cm x 4.6mm, 5μm), these columns yielded excellent resolution and
unique selectivity at flow rate 2ml/min (Sigma-Aldrich, 1999).
NMKL (Nordic Committee on Food Analysis) prepared Collaborative Study of a method
for the determination of cholecalciferol in foods in which 6 different matrixes were
analyzed for cholecalciferol content: milk, liquid infant formula (gruel), cooking oil,
margarine and fish oil, the fraction that contains vitamin D2/D3 is separated by preparative
normal phase liquid chromatography (LC), and the analytes are determined by reversed
phase LC with UV detection at 265 nm (Staffas and Nyman, 2003).
Basic guidance for using HPLC in analysis of WSV and FSV is provided by a review
article that summarizes selected methods developed for quantification of FSV in
pharmaceutical preparations, food supplements and biological samples (Jedlička and
Klimeš, 2005).
Collins and Blum (2005) in FEFANA prepared together a publication that gives an
overview of ‗tried and tested‘ analytical methods for vitamins currently used in the
industry, including chemical assay, UV and HPLC analysis.
Shimadzu applied the Analysis of Various Vitamins in Multivitamin tablets on Luna NH2
100A (150 mm x 4.6 mm, 3 μm) column that show different selectivity than C18 columns,
in which the most lipophilic vitamin retinyl palmitate elutes first (Shimadzu, 2007).
Dennis Eriksen had updated the method of Vitamin A determination by HPLC using C18
column (Eriksen, 2008).
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In 2009, Dionex performed simultaneous determination of water and fat soluble vitamins
in three consumer products by HPLC in which the Acclaim® PAII column was used to
separate vitamin C, B-complex vitamins and FSV in a single injection within 25 minutes
(Hurum et al., 2009).
Vazquez et.al (2009) used Zorbax C18 column for Simultaneous quantification of water
soluble and fat soluble vitamins in parenteral nutrition admixtures by HPLC-UV-MS/MS
in a single run by gradient elution with mobile phase consisting of buffer and methanol.
The plasmatic profile of FSV and micronutrients (all-trans-retinol, α-tocopherol, coenzyme
Q10) was assayed of diabetic and obese patients using a specific method for their
simultaneous quantification, using HPLC with a Chromsep-Inertsil 5 OSD2, (250x4.6mm)
column using UV detection (Gruia et al., 2009).
In 2010, Dionex Corporation published a study that performs a simultaneous determination
of 21 water and fat soluble vitamins in one sequence using the column switching mode,
including valve-switching and a second injection, reversed phase HPLC columns -Acclaim
PA, PA2, and C18 were used for the separations with an aqueous mobile phase (phosphate
buffer-CH3CN) for water soluble vitamins and a nonaqueous mobile phase (CH3OHCH3CN-methyl tert-butyl ether) for fat soluble vitamins (Dionex, 2010).
In another study for Agilent technologies, a method was developed for the Agilent
ZORBAX Rapid Resolution HT Eclipse PAH column for FSV analysis; this polymeric
C18 phase column provides baseline separation of vitamins D2 and D3, with a short
analysis time of only three minutes in contrary to Agilent ZORBAX Rapid Resolution HT
Eclipse Plus (Rongjie, 2010).
Also, Shimadzu‘s LC-2010 is examined for the separation of FSV using Shimadzu Premier
C-18 column (3 µm, 4.6 mm x 150 mm) with wavelength programing that resulted in good
separation and longtime of analysis (Shimadzu, 2010).
The use of Cholesteryl group bonded stationary phase (COSMOSIL Cholester 2.5 μm) was
demonstrated for the determination of 9 FSV compared to the most commonly used sub-2
μm UHPLC C18 stationary phase and 2.6 μm core shell column, COSMOSIL Cholester
had shown greater shape selectivity and better resolution for analogs with subtly different
structures (Ono, Hirose and Kimata, n.d.).
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Wako Pure Chemical Industries investigated the use of Wakopak® Navi C30-5 column in
the analysis of FSV, carotenoids and vitamin E forms, in which it gave a good separation
but took long time of analysis (Wako, n.d.).
Almost similar results obtained by Hitachi High-Tech in which simultaneous analysis of
FSV is applied on the HITACHI LaChrom C18 (5 μm) (Hitachi High-Tech, n.d.).
Group of variable columns for Imtakt Corporation including Cadenza CD-C18 and Unison
UK-Silica was examined for the separation of many groups of water and fat soluble
vitamins (Verette, n.d.).
Mixed-mode reversed phase weak anion exchange (RP-WAX) stationary phase was used
in the separation of ten vitamins within a single run, seven water soluble and three fat
soluble vitamins, using three different chromatographic modes: some positively charged
vitamins are eluted in ion exclusion and ion repulsion modes whereas the negatively
charged molecules are eluted in the ion exchange mechanism, the non-charged molecules
are eluted in a classical reversed phase mode, regarding their polarities (Dabre et al., 2011).
Marc Plante et.al in Dionex Company proposed a simple RP-HPLC method using Halo®
C8 (150 × 4.6 mm, 2.7 μm) column with charged-aerosol-detection method for the
measurement of 11 FSVs and fat soluble antioxidants (FSAs) in commercially available
supplements including: vitamins A (trans-retinol, retinyl acetate, and palmitate), E (α-,δ-,γtocopherols and succinate), D and K1 (phylloquinone); lycopene; lutein and CoQ10, in
which analysis was completed in 20 min (Plante et al., 2011).
A simple and fast HPLC method with rapid separation was developed on Chromolith
Performance RP-18e column (100×4.6 mm) at a flow rate of 2 ml/ min for quantitative
determination of vitamin E acetate in dietary supplements in 3.5 min (Brabcová et al.,
2013).
Sigma-Aldrich had introduced a set of analytical applications that applied the analysis of
FSV on Ascentis® Express new columns as RP-Amide (G005862, G005860, G005698) in
12 minutes run with good resolution using ACN as mobile phase with 1.5 ml/min flow
rate, and C18 (G005861) in 18 minutes run with MeOH as mobile phase with 1.5 ml/min
flow rate in a reversed phase mode and Ascentis® Si (15 cm × 4.6 mm, 5 μm) Column
(G003693, G003727) and (25 cm x 4.6 mm, 5 μm) column (G005697) using hexane and
ethyl acetate as gradient mobile phase as normal phase mode in 10 min run time for
cholecalciferol.
43

2.5 Comparative studies between columns
Comparative studies in HPLC performance include comparing columns that differ in
stationary phase or dimensions in the separation of certain mixtures, or comparing different
modes of mobile phases with different flow rates. These studies are somewhat useful to
determine which method can be suitable to use. It presents wide choice for researcher and
manufacturer. Also comparative studies can show strength and weakness points in each
method and open up new prospects for research and further studies.

In 1999, six alcohols and related chlorinated hydrocarbons were analyzed and separated
via reversed phase liquid chromatography with UV absorbance and flame ionization
detection using a 100% water mobile phase and (25 cm×4.6 mm,5 μm) column with the
cyano propyl stationary phase and compared to a separation of the same compounds by
traditional RP-LC using octadecylsilane (ODS), C18 bound to silica and an aqueous
mobile phase modified with acetonitrile; nearly identical analysis time was achieved, the
retention mechanism is found to be consistent with a RP-LC mechanism coupled with an
additional retention effect due to residual hydroxyl groups on the cyano propyl stationary
phase (Quigleyet al., 1999).

A study carried out by Gritti, Piatkowski and Guiochon (2002) to compare adsorption
isotherm of some low-molecular weight compounds on RP-HPLC using a monolithic and
classical packed column. The findings indicated closeness of adsorption energies using the
two columns. However, adsorption capacities of the monolithic column were slightly better
than packed column. This can be explained by the fact that accessibility to surface area of
monolithic column is greater than that of the packed column which is related to the high
connectivity between large macropores and mesopores of the monolithic column
structures.
Spoof and Meriluoto (2002) had compared monolithic C18-bonded silica rod column
(Merck Chromolith) to particle-based C18 and amide C16 sorbents in the HPLC separation
of eight microcystins and nodularin-R with two gradient mobile phases of aqueous
trifluoroacetic acid modified with acetonitrile or methanol. Different flow rates and
different gradient lengths, chromolith column allowed a shortening of the total analysis
time to 4.3 min with a flow rate 4 ml/min.
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Nováková et al. (2004) had compared the performance of C18 monolithic rod columns
with conventional C18 particle packed columns in liquid chromatographic determination
for two topical preparations Estrogel and Ketoprofen gel, using Chromolith Flash RP-18e
monolith column, Chromolith Speed ROD RP-18e, Chromolith Performance RP-18e in
comparison to C18 columns Discovery with different mobile phases and flow rates. It was
proved that monolith columns due to their porosity and low back-pressure; can save
analysis time by about a factor of three with sufficient separation efficiency, thus 11 min
long analysis can be performed in 4 min with comparable results.

The analysis of three immunosuppressant's tacrolimus, sirolimus and cyclosporin A is
investigated on a cyano column and compared to the more widely used C18 column.
Cyano column showed comparable retention for all three compounds, whereas the C18
column showed stronger retention, especially for cyclosporin A. The efficiencies at 50 °C
were up to 12 times higher on the cyano column, and so a baseline separation was achieved
in less than three minutes with the cyano column, using an isocratic mobile phase of 52/48
(v/v) acetonitrile/water at 0.45 ml/min (Hatsis and Volmer, 2004).
Cledera, Santos and Izquierdo (2005) had compared the performance of isocratic
separations of 11 pollutant phenols (PP) using Chromolith RP-18e and conventional
reversed-phase 5 µm (Luna and Purospher C18) and 4 µm (Synergi C12) particulate size
columns. All phenols were separated in less than 23 min for all columns tested, Chromolith
column had lower flow resistance and analysis time, and better efficiency and asymmetry
factors, PPs separation was achieved in 3 min.
In 2007 a comparison study of the chromatographic behavior of tricyclic neuroleptics was
performed on calixarene-bonded, monolithic and conventional RP-HPLC columns. The
study had shown that mobile phase conditions had different effects on the retention
behavior, order of elution and geometric isomers separation. Under identical conditions
a calixarene - bonded phase was the best for this separation. A monolithic phase gave
comparable results and the conventional RP-column was the least effective. Concerning
the geometric isomers separation; the Chromolith Performance RP-18e was superior
(Hashem and Jira, 2007).
An experiment carried out by DeStefano, Langlois and Kirkland (2008) comparing the
performance of fused-core column with sub-2 μm particle column. It was found that these
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columns perform at high efficiencies that are comparable to that of sub-2 μm particle
columns but with much lower back pressure. In addition; they demonstrated a very fast
separation of mixtures of pesticides in less than one minute, and explosives in less than 4
min. The study also approved that these columns reduce plate height up to 1.2 compared to
2 for totally porous silica columns with lowest pressure value patterns as mobile phase
velocity increased.
Song et al. (2009) compared fused core C18 column (2.7 μm, 2.1 mm × 30 mm) and
conventional analytical C18 column (5 μm, 2.0 mm × 30 mm) at the same operating
conditions for the analysis of two antidepressants imipramine and desipramine regarding
retention time, column efficiency, pressure drop, resolution and loading capacity. The
fused core column showed a reduction in separation time and up to 3-folds increase in
efficiency compared to the conventional column.
Brice, Zhang and Colón (2009) have made comparative evaluation of monolith, fused core
and sub-2 µm columns, comparing van Deemter plots, speed of analysis, back pressure and
mobile phase consumption. Very high linear velocities were achieved with monolithic
column using modest pressure at the expense of high mobile phase consumption with
minimum plate height similar to that of a 3 µm particle packed column, while 2.7µm fused
core packing material yielded efficiencies closer to the sub-2 µm material than to the 3 µm
particle with pressure below 620 bar.
Pous-Torres et al. (2009), examined the chromatographic performance of Chromolith RP18e in the isocratic separation of ten beta-blockers, using ACN-water mobile phases, and
compared with the performance of three microparticulate RP columns manufactured with
different types of silica: Spherisorb ODS-2, Kromasil C18 and XTerra MS C18.
Chromolith column showed good performance for the analysis of beta-blockers with
regard to the packed columns. In terms of selectivity and analysis time, the greatest
similarity was found between the Chromolith and XTerra columns. The addition of a
silanol blocking agent (0.1% triethylamine) to both Chromolith and Spherisorb columns
yielded a similar blocking degree of the silanol groups (based on the similar peak shapes),
and gave rise to similar selectivity.
Another comparison was made by Záková et al. (2009) for determination of indomethacin
and its degradation products using conventional particle-based Zorbax SB-Phenyl (75x4.6
mm; 3.5 μm) and three different lengths of Chromolith columns RP-18e (25x4.6 mm,
50x4.6 mm and 100x3 mm), in which the developed methods were used to determine
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indomethacin and its degradation products in a pharmaceutical formulation (Indobene gel).
The analysis time was shortened using Chromolith columns, retention times were lowered
by a factor of two. Moreover, the repeatability of peak areas and retention times obtained
with a 50 mm monolithic column was greatly improved with RSD lower than 0.40%.
Can and Arli (2010) developed a RP-HPLC method for determination of levetiracetam in
pharmaceutical tablets. The separation and quantification of levetiracetam and caffeine
(internal standard) were performed using a single analytical procedure with two different
types of stationary phases, conventional Phenomenex Gemini C18 (100 x 4.6 mm, 5µm)
and Chromolith Performance RP18e (100 x 4.6 mm), using water : acetonitrile (90:10, v/v)
mobile phase pumped at the rate of 1 ml/min. Levetiracetam and caffeine were detected in
about 7 min using the conventional column, whereas less than 5 min was required when
the monolithic column was used.
In 2010 a new method has been developed for the separation and LC-MS/MS analysis of
thirty Perfluorinated compounds (PFCs) in twelve minutes, two phases were compared; a
classical reversed phase chemistry and a perfluorinated phase. On the basis of the same
elution gradient, fewer coelutions were observed with the perfluorinated phase. The
selectivity of this phase can be explained by the wider range of interactions, only small
selectivity and sensitivity differences were observed between the separations of isomers on
the two columns (Kadar et al., 2010).
Abrahim et al. (2010) compared efficiency of fused core to that of sub-2 μm columns in
terms of retention, selectivity and loading capacity. Also they used impurities profiling to
assess fast separation without loss of efficiency, the retention time results of fused core
were comparable to those of the sub-2 μm particles, these similarities were previously
reported by Cunliffe and Maloney (2007).
Both C18 and F5 stationary phase are used to compare separation of Hydrocortisone and
prednisolone which differ by a single double bond and have very similar solubilities. By
using prednisone as internal standard (IS) and mobile phase water /methanol (50:50, v/v),
the fluorinated phase is shown to provide better separation of these closely related
compounds due to the enhanced shape selectivity (Bell and Santasania, 2010).
In 2011; Agilent technologies published paper that compare between Agilent 1260 Infinity
and Agilent 1290 Infinity using poroshell column in the analysis of FSV from food matrix
for nutrition labeling. The study had described an approximately 15 min long, sensitive and
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robust HPLC method for simultaneous determination of nine FSV with UV detection, then
transferred to a 3.5 min UHPLC method for customers where short analytical times are
critical requirement (Joseph, 2011).
A novel reversed-phase HPLC method for the determination of cefprozil (CPZ) in tablets
was described by Can (2011). The separation of CPZ diastereoisomers and caffeine
(internal standard) was carried out on two stationary phases, which have different surface
chemistries. The columns used in the study were Chromolith Performance RP-18e and
conventional C18 silica Phenomenex Synergi Hydro RP columns, using water-acetonitrile
(90:10, v/v) as mobile phase and flow rate 1ml/min. CPZ diastereoisomers and caffeine
were measured within 13min using the C18 column, whereas <5min was required for the
monolithic one, value of a monolithic column for the assay of diastereoisomers in
pharmaceutical tablets was evaluated for the first time and found as a powerful alternative
to highly efficient C18 columns.
Hillbeck and Meadows (2012) demonstrated the use of the solid core particles Accucore™
XL C18 (4μm, 150 x 4.6 mm) HPLC column for the analysis of FSV in comparison to
Fully porous C18 (5μm, 150 x 4.6 mm) in which the first gave resolution of greater than
2.5 for all compounds. Resolution of the critical pair (vitamin D2 and D3) increased by
30% to 2.5 for the Accucore XL C18 (4μm) compared to 1.92 for the 5μm fully porous
C18 column.
Dioszegi and Raynie (2012) have extensively studied a comparison of kinetic properties of
monolithic and fused core capillary C18 columns using heptanophone as the test
compound. Although results were comparable for both columns, the results for monolithic
column were better than the fused core column for <100,000 plates.
Kučerová et al. (2013) had compared the analysis of retinol and α-tocopherol in human
serum and breast milk on a new high-resolution monolithic column with core-shell and
fully porous columns by UHPLC in order to find a new and economical option of
separation of liposoluble vitamins for routine practice. Core-shell and chromolith highresolution columns had achieved very good results and provided comparable mobile phase
consumption, time of analysis and tailing factor, but monolithic column achieved a better
separation efficiency, especially for retinol.
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Chapter 3
Methodology
3.1 Study design
Experimental study includes the development of four isocratic HPLC methods for FSV
analysis, then validation was examined for these methods. Precision was made in which
repeated HPLC measurements were taken through a specified range of concentrations of
each standard on each column to collect data for each run and then undergo statistical
analysis to establish correlations, linearity equations and deviations that enable researcher
to perform comparisons between the four developed methods from different points.

3.2 Ethical consideration
Trade name of pharmaceutical dosage forms is not mentioned in this study and designated
as brand 1 and brand 2, but columns and instrument companies' trade names are identified
in this study for scientific purposes.
Since the study does not deal with human, ethical consideration is not required.

3.3 Limitation of the study
1. The limited resources such as books and journals.
2. Lack of fund and the high cost of materials and equipments.
3. Israeli siege on Gaza Strip which lead to delay or unavailability of chemicals and
instruments.

3.4 Instruments and materials
3.4.1 Instruments
1. An Agilent 1260 Infinity Quaternary LC system " at the Islamic University of
Gaza- Chemisrty department" consisting of


Agilent 1260Infinity Quaternary Pump



Vacuum degasser (G1311B).



Diode Array Detector (G4212B).
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50µl injection stainless steel loop



50µl syringe.



Software is Agilent ChemStation B.04.02.

2. Ascentis® Express F5 (2.7 μm, 10 cm × 4.6 mm) column from SUPELCO.
3. Ascentis® Express ES-Cyano (2.7 μm, 10 cm × 4.6 mm) column from SUPELCO.
4. Chromolith® performance RP-18e (100-3mm) column from Merck KGaA.
5. Chromolith® High Resolution RP-18e (100-4.6mm) column from Merck KGaA.
6. Thermo Scientific GENESYS 10S UV-Vis spectrophotometer "high-intensity
xenon lamp and dual-beam optical geometry to deliver unsurpassed data quality".

3.4.2 Material


Acetonitrile and Methanol HPLC grade were obtained from LAB-Scan
(sowinskiego 11, Poland).



Distilled water was produced by GFL 2012 (Water Still, 12 l/h with reservoir).



Standard of menadione from Sigma- Aldrich (china).



Standard of cholecalciferol from Sigma- Aldrich (Poland).



Standard of Retinyl palmitate from Sigma- Aldrich (Switzerland).



Standard of DL-α- Tocopherol Acetate from Sigma- Aldrich (Switzerland).



Pediatric Drops (cholecalciferol and Retinyl palmitate) and vitamin E capsules
(DL-α- Tocopherol Acetate) used in this study for application were purchased
locally.

3.4.3 Glassware


Quartz cuvette.



Beakers.



Graduated pipette.



Micropipette.



Separatory funnel.



Graduated cylinder.



Syringe 1ml



Volumetric flasks of different sizes (10, 25, 50,100, 250 ml).
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3.5 Data analysis
Data was analyzed by using statistical package of social science (SPSS) program version
16 and Microsoft Excel program to estimate validation parameters, as follows:
1. Data coding and entry.
2. Statistical calculation of mean, standard deviation, % of standard deviation and
linear regression.
3. Constructing calibration curves and RSD% plots.

3.6 Analytical procedure
3.6.1 Selection of wavelength λ max


Wavelength scanning of Menadione, Cholecalciferol, Tocopheryl acetate and
Retinyl palmitate at (10, 5, 50 and 5 µg/ml) concentration subsequently in ACN:
MeOH as a diluent (60:40) was performed using GENESYS™ 10S UV-Vis
Spectrophotometer.

3.6.2 Fat soluble vitamin standard solution
Vitamin standards of FSV were prepared in ACN: MeOH (60:40) as diluent as the
following


A quantity of 10 mg of Menadione standard was weighed accurately into 250 ml
volumetric flask and diluted to volume, the concentration of the end solution was
(0.04mg/ml).



A quantity of 10 mg of cholecalciferol standard was weighed accurately into 100
ml volumetric flask and diluted to volume; the concentration of the end solution
was (0.1mg/ml).



A quantity of 50 mg of dl-α-tocopheryl acetate standard was weighed accurately
into 50 ml volumetric flask and diluted to volume; the concentration of the end
solution was (1mg/ml).



A quantity of 25 mg of Retinyl palmitate standard was weighed accurately into 50
ml volumetric flask and diluted to volume, the concentration of the end solution
was (0.5mg/ml).
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Sonication was used when required, FSV stock solution were wrapped with
aluminum foil and stored in refrigerator at 4.0 C.

3.6.3 Mixed standard solution and linearity level


About 1.5 ml Menadione, 1.5 ml of Cholecalciferol, 3ml of dl-α-Tochopheryl
acetate and 1 ml of Retinyl palmitate standard solution were mixed and diluted up
to 50 ml with ACN: MeOH (60:40) diluent to get the final concentrations (1.2, 3,
60, 10µg/ml) subsequently.



Linearity levels were prepared by subsequent dilution for each standard using the
same diluent up to 5 levels (Tab 3.1) for each vitamin as follows
 Menadione standard solution (0.04mg/ml) was used to prepare series of
different solutions to estimate the calibration curve; 10, 5, 2.5 and 0.2 ml of
the menadione standard solution were diluted with the same solvent in 25ml volumetric flask, the resulting concentrations were 16, 8, 4, 0.32 µg/ml.
 Cholecalciferol standard solution (0.1mg/ml) was used to prepare series of
different solutions to estimate the calibration curve; 12.5, 2, 1 and 0.2 ml of
the cholecalciferol standard solution were diluted with the same solvent in
25-ml volumetric flask, the resulting concentrations were 50, 8, 4, 0.8
µg/ml.
 Dl-α-tocopheryl acetate standard solution (1mg/ml) was used to prepare
series of different solutions to estimate the calibration curve; 10, 5, 2 and 1
ml of the dl-α-tocopheryl acetate standard solution were diluted with the
same solvent in 25-ml volumetric flask, the resulting concentrations were
400, 200, 80, 40 µg/ml.
 Retinyl palmitate standard solution (0.5mg/ml) was used to prepare series of
different solutions to estimate the calibration curve; 7.5, 1 ml, 200, 100 and
20 µl of the retinyl palmitate standard solution were diluted with the same
solvent in 25-ml volumetric flask, the resulting concentrations were 150, 20,
4, 2, 0.4 µg/ml.
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Table 3.1 linearity concentrations used in calibration curve on the four columns
Vitamin

Level 1

Level 2

Level 3

Level 4

Level 5

Menadione

40 µg/ml

16 µg/ml

8 µg/ml

4 µg/ml

0.32 µg/ml

Cholecalciferol 100 µg/ml

50 µg/ml

8 µg/ml

4 µg/ml

0.8 µg/ml

Tocopheryl
acetate
Retinyl
palmitate

1000 µg/ml

400 µg/ml

200 µg/ml

80 µg/ml

40 µg/ml

150 µg/ml

20 µg/ml

4 µg/ml

2 µg/ml

0.4 µg/ml

3.6.4 Sample preparation for dosage form analysis
Two different types of samples; vitamin E capsules and pediatric drops (Vitamin D and A)
were used for the application of the four new developed methods.
Vitamin E capsule 400mg contains dl-α- tocopheryl acetate was extracted with ethanol 50
ml by sonication for (5 min) then centrifugation and dilution of 1 ml with ACN: MeOH
(60:40) diluent up to 25 ml to get 320μg/ml concentration.
Pediatric drops contain cholecalciferol (0.1mg/ml) and retinyl palmitate (5.5mg/ml),
sample prepared by dilution of 1 ml with ACN: MeOH (60:40) diluent and spiking with 2
ml of vitamin D3 standard solution (1mg/ml) in 50 ml volumetric flask to get 110μg/ml of
retinyl palmitate and 42μg/ml of cholecalciferol.

3.6.5 Method development
The development of new method is designed according to the nature of analyte and column
type used.


Fisrt analysis was carried out using acetonitrile in 100% to examine the elution pattern of
FSV which are lipophilic compounds.



Then a gradually increasing 10% increment of methanol was mixed with acetonitrile in
order to achieve sufficient separation with accepted resolution and good peak shape.



In fused core columns (HILIC type) very small increment of water was added to mobile
phase combination ranging from (1-10%) to achieve better separation.



When an accepted separation was obtained, the flow rate was manuipulated to get short
time of analysis with keeping appropriate backpressure that not exceed the upper limit of
instrument.
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Wavelength programming was used for each column as descriped in section 3.7.

3.6.6 Validation
The validation of the method was carried out by establishing precision, limit of detection,
limit of quantitation, linearity and range (ICH, 1996).

3.6.6.1 Precision



Each vitamin (5 levels) was run with 3 replicates on the four columns attached to
HPLC instrument (Repeatability).



Each run for the (5 levels) of each vitamin was repeated on each column for 3 days
(Intermediate Precision).



Calculate RSD% for area and retention time (tR) for each vitamin on each level.



Plot RSD% for area and tR against the four vitamins K3 (4μg/ml), D3 (4μg/ml),
tocopheryl acetate (40μg/ml) and retinyl palmitate (4μg/ml) on each column to
produce four graphs.

3.6.6.2 Limit of detection (LOD)

The analyte concentration that provide a signal to noise ratio (S/N) of (3:1) that can be
detected but not necessarily be quantitated (Huber, 2010).

3.6.6.3 Limit of Quantitation (LOQ)

The analyte concentration that provide a signal to noise ratio (S/N) of (10:1) that gives
precise measurments (Huber, 2010).

3.6.6.4 Linearity



Five concentration levels were injected in 3 replicates for each vitamin on the four
columns using area response and concentration values to set calibration curves for
each vitamin on each column.
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Regression coefficient, y-intercept and slope were calculated for each vitamin on
each column.

3.6.6.5 Range

The interval between the upper and lower concentration of analyte that have been
determined with precision and linearity using the method.

3.7 Chromatographic conditions
3.7.1 Ascentis® Express ES-Cyano column

Mobile phase: ACN: MeOH: H2O (10: 80: 10).
Flow rate: 1.8ml/min.
Injection Volume: 50 μl.
Programming of λ: 250nm: 0-1.2 min
265nm: 1.2-1.6 min
284nm: 1.6-2.2 min
325nm: 2.2-5 min
Temperature: Room temperature.

3.7.2 Ascentis® Express F5 column

Mobile phase: ACN: MeOH: H2O (10: 80: 10).
Flow rate: 1.8ml/min.
Injection Volume: 50 μl.
Programming of λ: 250nm: 0-0.9 min
265nm: 0.9-2 min
284nm: 2-3.2 min
325nm: 3.2-5 min
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Temperature: Room temperature.

3.7.3 Chromolith® performance RP-18e column

Mobile phase: ACN: MeOH (35:65).
Flow rate: 1.5ml/min.
Injection Volume: 50 μl.
Programming of λ: 250nm: 0-1 min
265nm: 1-1.45 min
284nm: 1.45-3 min
325nm: 3- 5 min
Temperature: Room temperature.

3.7.4 Chromolith® High Resolution RP-18e column

Mobile phase: ACN: MeOH (25:75).
Flow rate: 4ml/min.
Injection Volume: 50 μl.
Programming of λ: 250nm: 0-0.8 min
265nm: 0.8-1.2 min
284nm: 1.2-2 min
325nm: 2-4min
Temperature: Room temperature.



This experiment was done in winter through December to April (Method
development and Validation), and Dosage form Analysis was done in May as
temperature elevated obviously which required minor modulation on λ
programming, that‘s due to lack of temperature control system in the available
HPLC instrument.
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In each run the chemstation software provide user with chromatogram, total
analysis time, pressure and retention time, also it provide the area, height, width
and symmetry for each peak.

3.8 Parameters calculations
Using programs mentioned in section 3.5, the recorded data was used to calculate the
mean, standard deviation, relative standard deviation and regression coefficient.
 Mean can be calculated according to the following equation:

∑

̅

=

………………………………. (1)

 Standard deviation (SD) can be calculated according to the following equation:
√∑

̅̅̅

SD=

…………………………….(2)

 Relative Standard deviation RSD% can be calculated according to the following
equation:

RSD% = (

̅

)100………………………..…(3)

Where n = total number of measurements.
= measurement made for the ith trial.

̅

= mean result for the data sample (Levin, 2010).

 Theoretical plates (N), resolution (Rs) and peak asymmetry (AS) can be calculated according
to the following equations:


Chromatographic efficiency, expressed as the number of theoretical plates (N) and
resolution (Rs), number of theoretical plates can be calculated as follows:

N = 2ᴨ (

) ………………………..…….. (4)

Where N = number of theoretical plates, tR = retention time, w = peak width at the base.
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Resolution was calculated using the equation

RS = 1.18(tR2 − tR1)/(W1,h/2 + W2,h/2)…………..(5)
In which tR is the retention time and W0.5 is the width of the peak at half hieght.



ASymmetry Factor (AS) was automatically calculated through chemstation; but also it can
be calculated using the equation

AS= ( )………………………………..…… (6)
Where B is distance from the central line to the front slope at 10% of full peak height, and
A is the distance from the central line to the back slope at 10% of full peak height (USP,
2011).
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Chapter 4
Results
4. 1 Analytical procedure
4.1.1 Selection of wavelength λ max
As shown in Fig. (4.1- 4.4) the wavelength λ scanning for each vitamin menadione (vit K3,
250nm), Cholecalciferol (vit D3, 265nm), dl-α- Tochopheryl acetate (vit E, 284nm) and
Retinyl palmitate (vit A, 325nm) in ACN: MeOH (60:40) diluent.

Figure 4. 1 UV spectrum of Menadione at (10 µg/ml) concentration.

Figure 4. 2 UV spectrum of Cholecalciferol at (5 µg/ml) concentration.
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Figure 4. 3 UV spectrum of dl-α-Tochopheryl acetate at (50 µg/ml) concentration.

Figure 4. 4 UV spectrum of Retinyl palmitate at (5 µg/ml) concentration.
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4.1.2 Method development
4.1.2.1 Fused core columns


Using acetonitrile mobile phase in 100% in fused core columns resulted in coeluted
peaks in less than 2 minutes.



Addition of methanol to mobile phase up to 80% resulted in an improved
separation but peaks were still overlapped.



Using methanol alone in mobile phase had resulted in broad peaks that are highly
overlapped.



Addition of water to mobile phase consisting of acetonitrile and methanol had
achieved good separation in 10% water: 80% methanol: 10% acetonitrile.



Slight manupuilation of flow rate up to 1.8 ml/min. had shortened time of analysis
with an accepted resolution.



Setting wavelength programming for each vitamin peak had obtained
chromatograms with good peak shape for both Ascentis® Express ES-Cyano and
Ascentis® Express F5 fused core columns.

4.1.2.2 Monolithic columns



Using acetonitrile alone in 100% as mobile phase had resulted in an overlapped
peaks.



Insertion of methanol in agradual increments to acetonitrile mobile phase had
achieved good separated peaks.



In Chromolith® performance RP-18e column the best mobile phase used was 35%
acetonitrile: 65% methanol, while in Chromolith® High Resolution RP-18e column
the best mobile phase used was 25% acetonitrile: 75% methanol.



Flow rate was modulated for both columns in order to shorten time of analysis
without affecting separation efficiency.



The flow rate obtained for Chromolith® performance RP-18e column was 1.5 ml/
min while for Chromolith® High Resolution RP-18e column was 4 ml/min.



Setting wavelength programming for FSV on each column to obtain accepted
chromatograms.
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4.1 3 Chromatographic separation
Separation of four FSV on the four columns is shown in Fig. (4.5- 4.8); retention time,
peak area, width and symmetry for each peak on each column are shown in Tab (4.1- 4.4).

4

3

1
2

Figure 4. 5 Chromatographic separation of four FSV on Ascentis® Express ES-Cyano
column (2.7 μm, 10 cm × 4.6 mm), mobile phase [ACN: MeOH: H2O] (10: 80: 10), flow
rate: 1.8ml/min using wavelength programming (250 nm: 0-1.2 min, 265 nm: 1.2-1.6 min,
284 nm: 1.6-2.2 min, 325 nm: 2.2-5 min), (1) Menadione [K3], (2) Cholecalciferol [D3], (3)
Tocopheryl Acetate [E], (4) Retinyl Palmitate [A].

Table 4.1 Separation parameters on Ascentis® Express ES-Cyano column
Vitamin

tR

Area

Hieght

Width

Symmetry

(wh/2)
K3

0.824

193.1

36.2

0.0763

0.713

D3

1.446

160.3

24.2

0.0972

0.537

E

1.841

269.4

33.7

0.1193

0.585

A

3.113

884.1

66

0.1923

0.461
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Figure 4. 6 Chromatographic separation of four FSV on Ascentis® Express F5 column (2.7
μm, 10 cm × 4.6 mm), mobile phase [ACN: MeOH: H2O] (10: 80: 10), flow rate:
1.8ml/min using wavelength programming (250 nm: 0-0.9 min, 265 nm: 0.9-2 min, 284
nm: 2-3.2 min, 325 nm: 3.2-5 min), (1) Menadione [K3], (2) Cholecalciferol [D3], (3)
Tocopheryl Acetate [E], (4) Retinyl Palmitate [A].

Table 4.2 Separation parameters on Ascentis® Express F5 column

Vitamin

tR

Area

Hieght

Width

Symmetry

(wh/2)
K3

0.72

169.6

47.2

0.0539

1.342

D3

1.147

171.9

33.5

0.0779

1.371

E

2.838

293.2

35.7

0.1337

1.286

A

3.675

916.3

81.8

0.1846

1.633
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Figure 4. 7 Chromatographic separation of four FSV on Chromolith® performance RP-18e
column (100-3mm), mobile phase [ACN: MeOH] (35:65), flow rate: 1.5ml/min using
wavelength programming (250 nm: 0-1 min, 265 nm: 1-1.45 min, 284 nm: 1.45-3 min, 325
nm: 3- 5 min), (1) Menadione [K3], (2) Cholecalciferol [D3], (3) Tocopheryl Acetate [E],
(4) Retinyl Palmitate [A].
Table 4.3 Separation parameters on Chromolith® performance RP-18e column.

Vitamin

tR

Area

Hieght

Width

Symmetry

(wh/2)
K3

0.445

220.6

84

0.0426

0.917

D3

1.29

197.1

50.3

0.0597

1.315

E

1.623

331.5

77.4

0.064

1.284

A

4.501

1065.8

102.8

0.153

1.523
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Figure 4. 8 chromatographic separation of four FSV on Chromolith® High Resolution RP18e (100-4.6mm), mobile phase [ACN: MeOH] (25:75), flow rate: 4ml/min using
wavelength programming (250 nm: 0-0.8 min, 265 nm: 0.8-1.2 min, 284 nm: 1.2-2 min,
325 nm: 2-4 min), (1) Menadione [K3], (2) Cholecalciferol [D3], (3) Tocopheryl Acetate
[E], (4) Retinyl Palmitate [A].
Table 4.4 Separation parameters on Chromolith® High Resolution RP-18e column.

Vitamin

tR

Area

Hieght

Width

Symmetry

(wh/2)
K3

0.405

67.6

28.3

0.0379

0.774

D3

1.072

74.2

26.7

0.0444

0.985

E

1.332

131.9

44.4

0.0466

0.945

A

3.374

402.1

65.7

0.0934

0.819

4.1.4 Precision
Precision (Repeatability) was examined within-day by analyzing FSV on the four
columns three times per concentration, and between day precision (intermediate
precision) for each concentration was examined for three successive days, the precision
data are listed in Tab. (1-16) in the appendix, RSD values for retention time (tR) and area
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of the four vitamins Menadione (K3, 4μg/ml), Cholecalciferol (D3, 4μg/ml), Tocopheryl
acetate (E, 40μg/ml) and Retinyl palmitate (A, 4μg/ml) on the four columns were
graphed and shown in fig (4.9- 4.12).

Figure 4. 9 RSD % of peak area (AUC) and retention time (tR) of FSV on Ascentis®
Express ES-Cyano column, K3: menadione, D3: cholecalciferol, E: tocopheryl acetate, A:
retinyl palmitate.

Figure 4. 10 RSD% of peak area (AUC) and retention time (tR) of FSV on Ascentis®
Express F5 column, K3: menadione, D3: cholecalciferol, E: tocopheryl acetate, A:
retinyl palmitate.
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Figure 4. 11 RSD% of peak area (AUC) and retention time (tR) of FSV on Chromolith®
performance RP-18e column, K3: menadione, D3: cholecalciferol, E: tocopheryl acetate,
A: retinyl palmitate.

Figure 4. 12 RSD% of peak area (AUC) and retention time (tR) of FSV on Chromolith®
High Resolution RP-18e column, K3: menadione, D3: cholecalciferol, E: tocopheryl
acetate, A: retinyl palmitate.
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4.1.5 LOD and LOQ
Calculated as described in section 3.6.5.2 and 3.6.5.3, values of LOD and LOQ for FSV on
the four columns are shown in Tab. (4.5-4.8).
4.1.6 Linearity and Range
Calibration curves for each vitamin on the four columns are constructed with regression
coefficient and linearity equations upon linearity range are shown in Tab. (4.5-4.8).

Table 4.5 LOD, LOQ and linearity results of FSV on Ascentis® Express ES-Cyano column
(2.7 μm, 10 cm × 4.6 mm), mobile phase [ACN: MeOH: H2O] (10: 80: 10), flow rate:
1.8ml/min using wavelength programming (250 nm: 0-1.2 min, 265 nm: 1.2-1.6 min, 284
nm: 1.6-2.2 min, 325 nm: 2.2-5 min).

Vitamin

LOD

LOQ

Linearity
range on
column

R2
Value

Total
levels,
replicates
=3
5

Linearity
equation

K3

23.4ng/
ml

78ng/ml

0.078-40
µg/ml

0.9996

D3

6ng/ml

21ng/ml

0.021-100
µg/ml

1

5

E

3.5µg/ml

12µg/ml

12-1000
µg/ml

0.9991

5

Y=0.0066X64.993

A

3.4ng/ml

11ng/ml

0.011-150
µg/ml

1

5

Y=0.133X+9.98
84
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Y=0.1926X+50.
243
Y=0.0743X4.4798

Table 4.6 LOD, LOQ and linearity results of FSV on Ascentis® Express F5 column (2.7
μm, 10 cm × 4.6 mm), mobile phase [ACN: MeOH: H2O] (10: 80: 10), flow rate:
1.8ml/min using wavelength programming (250 nm: 0-0.9 min, 265 nm: 0.9-2 min, 284
nm: 2-3.2 min, 325 nm: 3.2-5 min).

LOD

LOQ

Linearity
range on
column

R2
value

K3

20ng/m
l

68ng/ml

0.068-40
µg/ml

1

D3

6ng/ml

20ng/ml

0.02-100
µg/ml

0.9987

5

Y=0.0815X+72.499

E

3.4µg/
ml

11µg/ml

11-1000
µg/ml

0.9994

5

Y=0.0075X-46.383

A

3ng/ml

10ng/ml

0.01-150
µg/ml

1

5

Y=0.132X+32.427

Vitamin

Total
levels,
replicates
=3
5

Linearity equation

Y=0.2109X+14.105

Table 4.7 LOD, LOQ and linearity results of FSV on Chromolith® performance RP-18e
column (100-3mm), mobile phase [ACN: MeOH] (35:65), flow rate: 1.5ml/min using
wavelength programming (250 nm: 0-1 min, 265 nm: 1-1.45 min, 284 nm: 1.45-3 min, 325
nm: 3- 5 min).

LOD

LOQ

Linearity
range on
column

R2
value

K3

14.4ng/
ml

48ng/ml

0.048-40
µg/ml

0.999
4

D3

5.4ng/ml

18ng/ml 0.018-100 0.999
µg/ml
8

5

Y=0.093X-5.3438

E

2.8µg/ml

9µg/ml

0.9-1000
µg/ml

5

Y=0.0082X+1.8091

A

2.7ng/ml

9ng/ml

0.009-150 1
µg/ml

5

Y=0.1729X+11.39

Vitamin

0.998
7
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Total
levels,
replicates
=3
5

Linearity equation

Y=0.2465X+127.42

Table 4.8 LOD, LOQ and linearity results of FSV on Chromolith High® Resolution RP18e column (100-4.6mm), mobile phase [ACN: MeOH] (25:75), flow rate: 4ml/min using
wavelength programming (250 nm: 0-0.8 min, 265 nm: 0.8-1.2 min, 284 nm: 1.2-2 min,
325 nm: 2-4 min).

Linearity
range on
column

R2
value

94ng/ml

0.094-40
µg/ml

0.999
7

6ng/ml

20ng/ml

0.02-100
µg/ml

0.999
6

5

Y=0.0335X+23.479

E

3.3µg/
ml

11µg/ml

11-1000
µg/ml

0.999
9

5

Y=0.0032X+13.763

A

3.4ng/
ml

11.3ng/ml

0.011-150
µg/ml

1

5

Y=0.0627X+0.9085

Vitamin

LOD

LOQ

K3

28ng/
ml

D3

Total
levels,
replicates
=3
5

Linearity equation

Y=0.0874X+25.077

4.2 Dosage form analysis
Vitamin E capsules (Tocopheryl acetate, brand 1) and pediatric drops (Cholecalciferol and
Retinyl palmitate, brand 2) were analysed successfully as an application of the four new
developed methods, results of analysis are shown in (Tab 4. 9) and Fig. (4.13-4.20).

It's worth noting that retention time had changed slightly due to the abscence of
temperature thermostate in the used HPLC instrument. Dosage form analysis was done in
May at which temperature was elevated. This had led to earlier elution of peaks that appear
remarkably in retinyl palmitate and slightly in cholecalciferol and tocopheryl acetate.
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Table 4.9 Results of dosage form analysis on the four columns

Product

Brand 1

Vitamin

dl-αtocopheryl
acetate

Cholecalciferol

Brand2

Retinyl
palmitate

Label
conc.

Column
Ascentis®
Express ESCyano
Ascentis®
Express F5
Chromolith®
performance
RP-18e
Chromolith ®
High
Resolution
RP-18e.
Ascentis®
Express ESCyano
Ascentis®
Express F5
Chromolith®
performance
RP-18e
Chromolith ®
High
Resolution
RP-18e.
Ascentis®
Express ESCyano
Ascentis®
Express F5
Chromolith®
performance
RP-18e
Chromolith ®
High
Resolution
RP-18e.
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400mg

measured
conc.
345.132
mg

86.28%

345.3625
mg

86.3%

344.825
mg

86.2%

344.12
mg

2100µg

5500µg

% of content

86%

2089.038
µg

99.478%

2089.15
µg

99.48%

2089.45
µg

99.49%

2089.05
µg

99.47%

5464.49
µg

99.35%

5465 µg

99.36%

5463 µg

99.33%

5464.5
µg

99.35%

Figure 4. 13 Chromatogram of tocopheryl acetate [E] (brand 1) analysis on Ascentis®
Express ES-Cyano column (2.7 μm, 10 cm × 4.6 mm), mobile phase [ACN: MeOH: H2O]
(10: 80: 10), flow rate: 1.8ml/min, tR [E]=1.646 min.

Figure 4. 14 Chromatogram of Cholecalciferol [D3] and Retinyl palmitate [A] (brand 2)
analysis on Ascentis® Express ES-Cyano column (2.7 μm, 10 cm × 4.6 mm), mobile phase
[ACN: MeOH: H2O] (10: 80: 10), flow rate: 1.8ml/min, tR [D3]=1.352 min, tR[A]= 2.671
min.
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Figure 4. 15 Chromatogram of Tocopheryl acetate [E] (brand 1) analysis on Ascentis®
Express F5 column (2.7 μm, 10 cm × 4.6 mm), mobile phase [ACN: MeOH: H2O] (10: 80:
10), flow rate: 1.8ml/min, tR [E]=2.442 min.

Figure 4. 16 Chromatogram of Cholecalciferol [D3] and Retinyl palmitate [A] (brand 2)
analysis on Ascentis® Express F5 column (2.7 μm, 10 cm × 4.6 mm), mobile phase [ACN:
MeOH: H2O] (10: 80: 10), flow rate: 1.8ml/min, tR [D3]=1.083 min, tR[A]= 3.171min.
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Figure 4. 17 Chromatogram of Tocopheryl acetate [E] (brand 1) analysis on Chromolith®
performance RP-18e column (100-3mm), mobile phase [ACN: MeOH] (35:65), flow rate:
1.5ml/min, tR [E]=1.447 min.

Figure 4. 18 Chromatogram of Cholecalciferol [D3] and Retinyl palmitate [A] (brand 2)
analysis on Chromolith® performance RP-18e column (100-3mm), mobile phase [ACN:
MeOH] (35:65), flow rate: 1.5ml/min, tR [D3]=1.199 min, tR[A]= 3.736 min.
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Figure 4. 19 Chromatogram of Tocopheryl acetate [E] (brand 1) analysis on Chromolith®
High Resolution RP-18e column (100-4.6mm), mobile phase [ACN: MeOH] (25:75), flow
rate: 4ml/min, tR [E]=1.146 min.

Figure 4. 20 Chromatogram of Cholecalciferol [D3] and Retinyl palmitate [A] (brand 2)
analysis on Chromolith® High Resolution RP-18e column (100-4.6mm), mobile phase
[ACN: MeOH] (25:75), flow rate: 4ml/min, tR [D3]=0.946 min, tR[A]= 2.670 min.
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4.3 Comparison between four columns
Chromatographic separation of the four columns Ascentis® Express ES-Cyano,
Ascentis®Express F5, Chromolith® performance RP-18e and Chromolith® High
Resolution RP-18e is compared (Tab 4.10, 4.11) using four FSV menadione [K3],
cholecalciferol [D3], tocopheryl acetate [E], retinyl palmitate [A], in which resolution [Rs]
and number of theoretical plates [N] are calculated manually using equation (1) and (2) as
shown below, while pressure and time of analysis were shown through chromatographic
run and asymmetry factor (AS) was automatically calculated through chemstation
(equation 3).
N = 2ᴨ (

) ………………………..…….. (1)

Where N = number of theoretical plates, tR = retention time, w = peak width at the base.
RS = 1.18(tR2 − tR1)/(W1,h/2 + W2,h/2)…………..(2)
In which tR is the retention time and W0.5 is the width of the peak at half hieght.
AS= ( )……………………….………..……… (3) (USP, 2011).
Where B is distance from the central line to the front slope at 10% of full peak height, and
A is the distance from the central line to the back slope at 10% of full peak height.

Table 4. 10 Comparing chromatographic parameters of FSV analysis

Parameter

TA

Ascentis®Express
ES-Cyano column
4 min
215 Bar

Ascentis®Express
F5 column

Chromolith®
performance RP18e column

Chromolith ®
High Resolution
RP-18e column

4 min

5 min

4 min

255 Bar

34.5 Bar

110 Bar

Pressure

Order of
elution

K3, D3, E and A

K3, D3, E and A

(TA): Time of analysis.
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K3, D3, E and A

K3, D3, E and A

Chromolith®
performance RP18e column

Chromolith ® High
Resolution RP-18e
column

Rs(K3,D3)= 3.82
Rs(E,A)= 3.1

Rs(D3,E)= 3.176

Rs(D3,E)= 3.37

A

K3

D3

E

K3

A

D3

K3

E

D3

A

E

6874.4

0.461

E

A

4547.44

0.585

D3

E

3365.78

0.537

K3

D3

650.23

A

K3

4263.19

E

A

3248.13

1077.9
D3

E

2451.45

539.74
K3

D3

649.4

K3

2434.6

A

908.19

E

1221.59

D3

0.713

K3

2700.9

Rs(D,E)=2.15

Rs

N

Ascentis®Express
F5 column

1130.17

Ascentis®Express
ES-Cyano column

1199.65

Parameter

Table 4. 11 Performance parameters for analysis of FSV

A

(Rs): Resolution, (N): Number of theoretical plates, (AS): Asymmetry factor.
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0.819

0.94

0.98

0.77

1.5

1.28

1.31

0.91

1.63

1.28

1.37

1.34

AS

Chapter 5
Discussion
FSV were analysed extensively using HPLC and UPLC in several researches in an attempt
to get the simplest and most precise method especially for large scale analysis. Using
UPLC get the shortest possible time with excellent results but is limited by the lack of
instrument and its high price. Recently introduced columns with different technology
enable the use of available HPLC instrument to give results similar to UPLC with much
less pressure. Chromolithic and fused core columns are introduced in the last few years and
have different structure and mechanism of separation; these columns have not been used to
separate the four fat soluble vitamins K, D, E and A simultaneously. Chromolith 1st
generation and 2ed generation and fused core F5 and ES-Cyano columns are used to
develop new methods of separation and analysis of FSV and compare between the four
columns in separation efficiency, time of analysis, precision, solvent consumption and
pressure.
ES-Cyano and F5 are HILIC columns that can be used as reverse, normal and HILIC phase
(Sigma-Aldrich, 2012) according to mobile phase composition. HILIC is an alternative
HPLC mode for separating polar compounds, the acronym HILIC was first suggested by
Alpert in (1990), it has been reported that HILIC is a variant of normal phase liquid
chromatography, but the separation mechanism used in HILIC is more complicated than
that in NP-LC. HILIC employs traditional polar stationary phases such as silica, amino or
cyano, but the mobile phase used is similar to those employed in the RP-LC mode, a
typical mobile phase for HILIC chromatography includes water-miscible polar organic
solvents such as acetonitrile with a small amount of water, however, any aprotic solvent
that is miscible with water (e.g., tetrahydrofuran, THF, and/or dioxane) can be used.
Alcohols can also be adopted, although a higher concentration is needed to achieve the
same degree of retention of the analyte relative to an aprotic solvent–water combination
(Buszewski and Noga, 2012).
There are essentially three possible ways to model the separation mechanism. The first is
analyte partitioning between the mobile and stationary phases. The second is the
adsorption of the analyte on the surface of the adsorbent. The third assumes the preferential
adsorption of the organic mobile phase modifier onto the adsorbent surface, followed by
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the partitioning of this analyte into the adsorbed layer. The retention phenomenon in HPLC
simultaneously depends on various types of intermolecular interactions between the solute
and the stationary phase, the solute and the mobile phase and the stationary and mobile
phases, when the concentration of water in the mobile phase is lower than 20%, water
adsorption can be multilayer in nature, HILIC is more than just simple partitioning and
includes hydrogen donor interactions between neutral polar species, as well as weak
electrostatic mechanisms under the high organic solvent conditions used for retention.
There are studies that point towards a more multimodal separation mechanism; it's
considered that dipole–dipole interactions and hydrogen bonds may also contribute to
partitioning into the stationary phase layer (Buszewski and Noga, 2012).

5.1 Method development
This study presents four new methods of FSV separation using monolithic and fused core
columns. Optimization of mobile phase and flow rate for each column aims to have the
best separation with accepted resolution and shortest time of analysis.
5.1.1 Fused core columns
In method development of fused core columns ES-Cyano and F5 it was noticed that the
four FSV are coeluted together in less than 3 minutes using ACN mobile phase alone due
to its competitive π-π interaction with solutes and stationary phase (Croes et al., 2005) that
facilitate elution of analytes, so the best proportion of ACN in the mobile phase was 10%,
while MeOH occupies 80% of the mobile phase as it participate in H- bonding with
stationary phase and analytes. Water was used to delay elution as possible and obtain
resolution between peaks to an accepted range. The best suitable proportion of water was
10% of mobile phase, without water incorporation in mobile phase it wouldn't be possible
to separate peaks even with using MeOH alone so its presence was necessary.

The mobile phase used seems to be HILIC as it composed of water to organic phase 10:90
but we notice that ACN proportion in the mobile phase was just 10% as mentioned above,
on the other hand the order of elution using HILIC mobile phase was unpredictable, it was
the same order as reversed phase columns (menadione, cholecalciferol, tocopheryl acetate,
retinyl palmitate), which make us to reject the idea that separation mechanism in this
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method relays only on retention of analytes on the adsorbed water layer, rather; the
analytes are retained in the di-isopropyl cyanopropyl and pentaflouro phenyl propyl
stationary phases by H-bonding, π-π interaction, dipole- dipole and charge transfer
interaction. The adsorbed layer surface area of water or acetonitrile to stationary phase is
proportional to its proportion in mobile phase, and hence the main elution occurs through
the protic solvent methanol which forms H-bonds with analytes and stationary phase. Also
it is found that retention time increases with hydrophobic (non-polar) surface area,
branched chain compounds elute more rapidly than their corresponding linear isomers
because the overall surface area is decreased (Malik, V., Jain and Malik, p., 2013), and so
the mostly polar analyte menadione that have two ketone groups elute first then
cholecalciferol that is characterized by hydroxyl group and branching structure, then
tocopheryl acetate that have ether and ester function groups within a heterocycle and at last
retinyl palmitate that have ester group attached to long aliphatic side chain of palmitic acid.
It's noticeable that this order of elution is concise with ascending order of molecular weight
and partition coefficient. It was demonstrated that polar compounds have the inverse order
of elution using HILIC stationary phase compared with reversed phase (Buszewski
and Noga, 2012), but here in FSV that are considered as non-polar compounds have the
same elution order in both fused core HILIC columns and chromolithic RP-18 columns,
and this present unique use of HILIC columns for separation of non-polar compounds to
achieve good separation in very short time.
Despite the fused core technology benefits of reduced resistance to mass transfer and short
diffusion path, it is not enough to get short time of analysis since ascentis® express RPAmide and C18 columns which are of the same dimensions and non HILIC; used to
separate cholecalciferol in not less than 12 min using organic mobile phase (SigmaAldrich, G005862), (Sigma-Aldrich, G005861), while HILIC columns in this study can
separate cholecalciferol in less than 2 min.
To sum up, separation in HILIC fused core columns is multifactorial that combine the
reversed phase, fused core technology with chemistry of stationary phase which contribute
to separation in various degrees depending on the particular conditions employed
(Buszewski and Noga, 2012).
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5.1.2 Monolithic columns
Method development in monolithic columns was easier than that of fused core columns. In
this study binary mobile phase was used composed of ACN and MeOH in which the best
proportion of ACN was 25% in chromolith® HR RP-18 and 35% in chromolith®
performance RP-18. The elution order as mentioned above from the highest polarity to the
lowest polarity according to partition coefficient values. Mechanism of separation in
monolithic columns relays mainly on hydrophobic interactions of analytes with alkyl
chains in stationary phase, the binding of the analyte to the stationary phase is proportional
to the contact surface area around the non-polar segment of the analyte molecule upon
association with the ligand on the stationary phase, the retention can be decreased by using
a less polar solvents (methanol, acetonitrile) into the mobile phase (Malik, V., Jain and
Malik, p., 2013). Highly porous structure of monolithic column provides very large surface
area that is 300m2/g in chromolith® performance RP-18 (Merck Millipore, 2014b) and
250m2/g in chromolith® HR-RP 18 (Merck Millipore, 2014c) compared to 150m2/g in
fused core columns (Kirkland, Langolis and Destefano, 2007).

5.2 Pressure
Monolithic columns are shown to have more than two times lower back pressure in which
chromolith® performance RP-18 operating at 1.5 ml/min flow rate with 34.5 bar and
chromolith® HR RP-18 operating at 4 ml/min flow rate with 110 bar while fused core
columns operating at 1.8 ml/min flow rate with 215 bar for ascentis® express ES-Cyano
and 255 bar for ascentis® express F5 columns.
The lower pressure expressed by monolithic columns can be explained by the large
macropore size in chromolith® performance RP-18 (1.5µm), followed by chromolith® HR
RP-18 (1.15µm), and then fused core columns that have (9nm) pore size, another reason is
the mobile phase composition in which viscosity of mobile phase is proportional to
pressure (Watanabee et al., 2014), and so we find that mobile phase that include water in
its composition and low percent of acetonitrile would have higher pressure than other
mobile phases that are entirely organic with larger percent of acetonitrile, on the other hand
fused core columns have the advantage of less consumption of organic mobile phase.
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5.3 Peak shape and symmetry
In the real world of practical chromatography, perfectly symmetric peaks are very rare,
more common are peaks that show some degree of tailing, peak tailing is often measured
by the peak asymmetry factor (As), most column manufacturers consider asymmetry
factors of 0.9–1.2 acceptable for test compounds, peak tailing can often be minimized by
using the newer Type B silica columns or mobile-phase additives, but it is rarely possible
to eliminate peak tailing completely (Dolan, 2002), the worst asymmetry factor results
among the four columns was for ascentis® express ES-Cyano that showed obvious
fronting. Fronting may occur due to presence of voids or channels in column (Morrison
and Dolan , 2005). Also fronting may develop because ES-Cyano had low hydrophobicity
that is similar to C3 alkyl group that reflect non-specific interaction, while ascentis®
express F5 and 1st generation monolithic columns show a slight peak tailing values in the
symmetry factor with good peak shape while the 2ed generation monolithic column shows
accepted symmetry values with sharper peaks. However; Center for Drug Evaluation and
Research (CDER, 1994) states that tailing factor equal to or less 2 is accepted.

5.4 Method sensitivity
Detection sensitivity is a function of detection conditions as column type, mobile phase,
flow rate and column dimensions (Snyder, Kirkland and Glajch, 1997).
Regarding LOD and LOQ it was noticed that FSV had better and higher sensitivity in
chromolith® performance RP-18 for low concentrations, this is can be attributed to its
lowest operating flow rate and its smaller diameter (3mm) than other columns (4.6mm).
When column internal diameter is decreased an increase in sensitivity (2-3 fold) can be
expected when injecting the same analyte mass, this is due to there being an increased
analyte concentration in the mobile phase (Klink, 2013).
The rest of columns show comparable values, however; chromolith® HR RP-18, Ascentis®
express F5 and Ascentis® express ES-Cyano still have good sensitivity and accepted LOD
and LOQ.
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5.5 Column efficiency
Column efficiency is expressed in resolution factor (Rs) for critical peak pairs and number
of theoretical plates (N).
Resolution is the ability of chromatographic column to separate peaks; it is usually
expressed in terms of the separation between two adjacent peaks. A value of 1 is
considered to be the minimum resolution value for a significant separation to occur, values
of 1.7 or larger are generally desirable (Snyder, Kirkland and Glajch, 1997).
In this study resolution is very good in the four columns, the resolution values for critical
peak pairs was for cholecalciferol and tocopheryl acetate in Ascentis ® express ES-Cyano
(3.649), chromolith® performance RP-18 (5.3839) and chromolith® HR RP-18 that
achieved the highest resolution (5.7143), while Ascentis® express F5 column had different
two critical peak pairs menadione and cholecalciferol (6.479) and tocopheryl acetate and
retinyl palmitate (5.259).
Theoretical plate's number is a measurement of efficiency for a chromatographic column.
It is first described by "Martin and synge" it relates chromatographic separation to the
theory of distillation; hence the term (N) is used to measure a column efficiency in terms of
"plates" (IUPAC, 1993). The theoretical plate number depends on elution time but in
general should be > 2000 (CDER, 1994).
Chromolith® HR RP-18 had the highest number of theoretical plates for cholecalciferol,
tocopheryl acetate and retinyl palmitate despite high flow rate used, then chromolith®
performance RP-18 then Ascentis® express F5 and at last Ascentis® express ES-Cyano
column.
The analysis time is similar in chromolith® HR RP-18, Ascentis® express F5 and Ascentis®
express ES-Cyano (4 min) but slightly better than chromolith® performance RP-18 column
(5 min).

5.6 Precision
It Can be defined as the degree of agreement among individual test results when the
procedure is applied repeatedly to multiple samplings of a homogeneous sample. A more
comprehensive definition proposed by the international conference on harmonization
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(ICH) divides precision into three types: repeatability, intermediate precision and
reproducibility.
Repeatability is the precision of a method under the same operating conditions over a short
period of time. This is measured by the sequential repetitive injection of the same
homogenous sample, followed by the averaging of the peak area or peak height values and
determination of the relative standard deviation (RSD) of all injections. Minimum of 9
determinations covering the specified range for the procedure are needed (ICH, 1996).
Intermediate precision is the agreement of complete measurements when the same method
applied many times within the same laboratory among different days, instruments or
analysts. Reproducibility examines the precision between laboratories and is often
determined in collaborative studies or method transfer experiments and so it wasn‘t
performed in this study.
For an HPLC assay of a major component, methods with RSD of 1 to 2 % may be required
(Snyder, Kirkland and Glajch, 1997).
The four columns in this study have shown good precision with RSD% below 1% and
repeatability with RSD% below 2%, but chromolith® HR RP-18 had the best precision and
stability with RSD% below 0.5% that may be attributed to high separation efficiency.
It is worth noting that chromolith columns are easier in cleaning than fused core columns
between consecutive runs, and this may be a reason for better precision.

5.7 Changes in temperature
An increase in column temperature by 1C will usually decrease retention factor by 1 to 2%,
so temperature can be regulated by means of HPLC controller, which facilitate manual
method development and enable automated method development based on changes in
temperature. Tell now temperature has not been widely used for controlling band spacing,
because of certain considerations such as that HPLC equipment is not equipped with a
column thermostat, also many HPLC columns are not stable at higher temperatures
(Snyder, Kirkland and Glajch, 1997).
In this study the Agilent HPLC instrument lack temperature thermostat that had resulted in
slight change in retention time in dosage form analysis that performed in May in which the
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temperature had elevated, while method development and validation was done through
January to April. This had led to earlier elution in retinyl palmitate peak remarkably in
dosage form analysis on the four columns but the other vitamins had slight earlier elution
less than retinyl palmitate. However this change in temperature doesn‘t affect resolution or
method selectivity, earlier elution can be explained by change in solvent viscosity and
vapor pressure due to elevated temperature.

5.8 Dosage form analysis
Vitamin E capsules (brand 1) and pediatric drops (brand 2) were analysed successfully as
an application of the four new developed methods. Chromatogram of dosage form analysis
on chromolith columns had sharper and better peak shape with easier and more accurate
peak area integration, then F5 fused core and at last ES-Cyano fused core columns.
Results of analysis are close on the four columns, which show that pediatric drops are
higher than 99% while vitamin E capsules concentration lies in 86% range. These results
were expected since pediatric drops are manufactured in a local company in Palestine,
while vitamin E capsules are brought to Gaza through tunnels from Egypt which had led to
obvious degradation and decrease in content, however its concentration still in the range of
75-125%. This complies for uniformity of content and accepted in USP (2007) as a drug,
but in British pharmacopeia (2013) uniformity of content is not required for multivitamins.
In the U.S a supplement may include vitamins, minerals, herbs, amino acids and any
substance that is historically used as a diet supplement (Rehnquist, 2003).
Dietary supplements are eaten or taken by mouth, and are regulated in United States law as
a type of food rather than a type of drug. Like food and unlike drugs, no government
approval is required to make or sell dietary supplements; the manufacturer checks the
safety of dietary supplements but the government does not (DSHEA, 1994).
FDA states that all supplement must in the U.S. include on the label statement that all
claims by the seller " have not been evaluated by the food and drug administration" and the
product is "not intended to diagnose, treat, cure or prevent any disease", however
supplement maker are permitted to claim their product supports the structure or function of
the body (Rehnquist, 2003).
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The European Union's Food Supplement Directive of 2002 requires that supplements be
demonstrated to be safe, both in dosage and purity (European Parliament and of the
Council, 2002). Only those supplements that have been proven to be safe may be sold in
the block without prescription. As a category of food; food supplement cannot be labeled
with drug claims but can bear health claims and nutrition claims (Committee on the Food
Chain and Animal Health, 2007).
In Gaza strip multivitamins are highly prone to degradation due to unsuitable storage
conditions and transport facilities. Locally manufactured products may give better results
than others that have to wait for long periods of time at the crossings in unsuitable
conditions of temperature and humidity. In spite of Imported drugs quality; such conditions
are capable to induce their degradation as vitamins that are sensitive to light, heat and
humidity (Clark et al., 2004), (Ihara et al., 2004), (FDA, 2004), (Frias and Vidal-Valverde,
2001) and (Nhan and Hoa, 2013).

5.9 comparing monolithic and fused core columns with UPLC instrument in FSV
analysis
In this study Cholecalciferol retention time using Ascentis® express ES-Cyano (1.44) min,
Ascentis® express F5 column (1.14) min, Chromolith® performance RP-18e (1.29) min,
Chromolith® High Resolution RP-18e (1.072) min, while in UPLC FSV analysis study the
cholecalciferol retention time was (2.2) min (Joseph, 2011). Note that flow rate in fused
core columns was 1.8 ml/min. while in Chromolith® performance RP-18e was 1.5 ml/min.
and Chromolith® High Resolution RP-18e was 4 ml/min. In UPLC study the flow rate was
0.9 ml/min. So it's found that using advanced column technology in HPLC had comparable
results with that on UPLC. The main difference is that the developed isocratic simple
methods in this study can be performed using conventional HPLC instruments with an
accepted pressure. Wheres methods applied on UPLC instruments require gradient mobile
phase and short columns that yield high pressure which can only be withstanded using
UPLC instruments.
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Chapter 6
Conclusion
 Four columns Ascentis® Express F5, Ascentis® Express ES-Cyano, Chromolith®
performance RP-18e and Chromolith

®

High Resolution RP-18e were used to compare

between fused core and monolithic technologies using FSV as a model for a real
mixture available in dosage forms.
 Four HPLC isocratic methods were developed for these columns that differ in flow rate
and mobile phase composition to provide good, efficient and fast analysis of FSV that
didn't exceed five minutes with RSD values below 2%, these methods were used
successfully to separate and quantify FSV as menadione, cholecalciferol, dl-αtocopheryl acetate and retinyl palmitate.
 The linear range for the four methods can accommodate the various concentrations in
drug dosage forms and food matrices.
 The developed methods are simple, specific, rapid and provide good precision and
linearity.
 As an application; the developed methods were used efficiently to separate and
quantify two dosage forms containing cholecalciferol, dl-α-tocopheryl acetate and
retinyl palmitate.

87

Chapter7
Recommendation
 Multivitamin products and drugs in Gaza strip should not only pass the tests asked by
ministry of health in the analysis certificate but also uniformity of content and purity
tests should be performed using HPLC to avoid marketing of highly degraded products
and prevent adulteration.
 Quality control analysis of multivitamins must be continued after being dispensed to
the pharmacies for marketing.
 Good conditions of storage and transport must be asked and controlled regularly from
responding authorities.
 Extend this study to multivitamin degradation products and stress conditions
investigation.
 Extend this study to water soluble vitamins to develop new methods with similar short
analysis time and good resolution.
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Appendix
Table 1 Repeatability and intermediate precision of menadione on Ascentis® Express ESCyano column

Menadione
concentration
(µg/ml)
0.32
4
8
16
40

Within – day
Mean

Between – day

SD

RSD%

Mean

SD

RSD%

tR

0.827

0.001633 0.19746

0.829778 0.00247

0.297618

Area
tR
Area
tR
Area
tR
Area
tR
Area

69
0.827667
869.9667
0.827333
1647.4
0.827367
3054.443
0.827
7770.567

0.355903
0.002867
5.263923
0.001247
8.841191
0.002017
5.939227
0.002449
36.86709

68.86667
0.829778
879.0306
0.828889
1656.933
0.828456
3053.988
0.827333
7807.322

0.724425
0.539288
0.738483
0.267425
0.592696
0.309932
0.330414
0.346588
0.520016

0.515801
0.346449
0.605072
0.150752
0.536675
0.243803
0.194445
0.29619
0.474445

0.498888
0.004475
6.49149
0.002217
7.354062
0.002568
2.762275
0.002867
40.59941

Table 2 Repeatability and intermediate precision of Cholecalciferol on Ascentis® Express
ES-Cyano column
Within – day

cholecalciferol
concentration
(µg/ml)
Mean
0.8
4
8
50
100

tR
Area
tR
Area
tR
Area
tR
Area
tR
Area

1.419667
63.43333
1.419667
287.5
1.418333
591
1.418667
3700.5
1.418
7428.467

Between – day

SD

RSD

0.000471
0.169967
0.001247
0.734847
0.002357
2.94392
0.000471
9.055753
0.000816
5.936516

0.033205
0.267946
0.087853
0.255599
0.166183
0.498125
0.033229
0.244717
0.057581
0.079916
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Mean
1.418889
63.44444
1.417989
286.6
1.416378
590.9
1.418222
3708.6
1.416333
7429.256

SD

RSD %

0.000685
0.204275
0.001464
1.003328
0.003101
3.144307
0.000875
8.295782
0.003091
7.736031

0.048273
0.321975
0.103225
0.350079
0.218968
0.532122
0.061689
0.22369
0.218254
0.104129

Table 3 Repeatability and intermediate precision of tochopheryl acetate on Ascentis®
Express ES-Cyano column

DL-αtochopheryl
acetate
concentration
(µg/ml)
40
80
200
400
1000

tR
Area
tR
Area
tR
Area
tR
Area
tR
Area

Within – day

Mean
1.764
246.5333
1.752333
506.4333
1.758333
1248.767
1.759667
2442.367
1.757667
6586.3

SD
0.002449
1.759419
0.000943
2.900958
0.002625
6.758862
0.002625
5.765607
0.000943
8.904306

Between – day

RSD%
0.13886
0.713664
0.053803
0.572821
0.14927
0.541243
0.149157
0.236066
0.05364
0.135194

Mean
1.767778
246.9444
1.752111
509.8444
1.760111
1256.889
1.762222
2442.556
1.755889
6591.067

SD
0.004909
2.507224
0.000831
3.526023
0.004272
7.469956
0.002726
6.059846
0.001499
12.8997

RSD%
0.277696
1.015299
0.047456
0.691588
0.242692
0.594321
0.154702
0.248094
0.085368
0.195715

Table 4 Repeatability and intermediate precision of Retinyl palmitate on Ascentis® Express
ES-Cyano column

Retinyl
palmitate
concentration
(µg/ml)
0.4
2
4
20
150

tR
Area
tR
Area
tR
Area
tR
Area
tR
Area

Within – day

Mean
2.979667
51.93333
2.972667
265.1
2.974667
559.7667
2.96
2674.267
2.977667
19952.93

SD
0.003682
0.579272
0.003682
2.616614
0.004497
2.503775
0.008165
7.412752
0.008807
42.44764

Between – day

RSD%
0.123564
1.115414
0.123855
0.987029
0.152197
0.447289
0.275843
0.277188
0.295754
0.212739
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Mean
2.984889
52.47778
2.960889
264.6667
2.970556
560.0889
2.97
2678.089
2.965889
19959.68

SD
0.003715
0.65565
0.014811
3.402287
0.00535
3.314651
0.01
7.983192
0.011663
49.37189

RSD%
0.124466
1.249385
0.500213
1.285499
0.180085
0.591808
0.3367
0.298093
0.393237
0.247358

Table 5 Repeatability and intermediate precision of Menadione on Ascentis® Express F5
column

Menadione
concentration
(µg/ml)
0.32
4
8
16
40

Within – day
Mean

Between – day

SD

RSD%

Mean

SD

RSD%

tR

0.726667

0.001247

0.171636

0.724922

0.001234

0.170251

Area
tR
Area
tR
Area
tR
Area
tR
Area

68
0.725667
861.7333
0.726333
1702.733
0.725967
3401.567
0.724933
8442.167

0.326599
0.001247
4.858212
0.001247
5.557777
0.000776
5.965084
0.000736
13.49181

0.480292
0.171872
0.563772
0.171714
0.326403
0.106896
0.175363
0.101576
0.159815

68.1
0.725656
868.6111
0.724978
1706.044
0.724656
3409.356
0.724044
8441.556

0.535413
0.001347
5.790819
0.002108
6.100961
0.001878
6.509613
0.001305
14.66248

0.786215
0.185659
0.666676
0.290825
0.357609
0.259131
0.190934
0.180169
0.173694

Table 6 Repeatability and intermediate precision of Cholecalciferol on Ascentis® Express
F5 column
Within – day

cholecalciferol
concentration
(µg/ml)
Mean
0.8
4
8
50
100

tR
Area
tR
Area
tR
Area
tR
Area
tR
Area

1.148733
69.13333
1.146333
349
1.133333
736.4
1.1336
4357.6
1.134
8120.6

SD
0.000377
0.169967
0.000471
0.787401
0.000943
2.56645
0.000432
5.355994
0.000816
4.650448

Between – day

RSD%
0.03283
0.245854
0.041123
0.225616
0.083189
0.348513
0.038113
0.122912
0.072001
0.057267
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Mean
1.148144
69.41111
1.145111
348.9333
1.135111
738.3
1.133867
4358.3
1.136
8122.567

SD
0.000434
0.231474
0.000956
1.062492
0.001499
3.269047
0.000838
5.452217
0.001633
9.451749

RSD%
0.037804
0.333483
0.083469
0.304497
0.132055
0.44278
0.073905
0.1251
0.143749
0.116364

Table 7 Repeatability and intermediate precision of Tocopheryl acetate on Ascentis®
Express F5 column

DL-αtochopheryl
acetate
concentration
(µg/ml)
40
tR
Area
80
tR
Area
200
tR
Area
400
tR
Area
1000
tR
Area

Within – day

Mean
2.836
302.8
2.789667
591.4667
2.838667
1442.367
2.72
2833.567
2.767667
7501.267

Between – day

SD
0.003559
0.962635
0.000471
1.677962
0.003399
3.934746
0.003559
6.61379
0.001247
8.122944

RSD%
0.125495
0.317911
0.016898
0.283695
0.119752
0.272798
0.130847
0.233409
0.045064
0.108288

Mean
2.837
305.1333
2.788556
591.6444
2.835556
1442.456
2.714111
2834.156
2.756889
7499.456

SD

RSD%

0.005354
2.439034
0.001812
1.919941
0.003938
4.736097
0.003715
6.667463
0.002266
11.1374

0.188725
0.799334
0.064986
0.324509
0.138872
0.328336
0.136883
0.235254
0.082202
0.148509

Table 8 Repeatability and intermediate precision of Retinyl palmitate on Ascentis® Express
F5 column

Retinyl
palmitate
concentration
(µg/ml)
0.4
2
4
20
150

tR
Area
tR
Area
tR
Area
tR
Area
tR
Area

Within – day

Mean
3.547667
56.23333
3.535667
273.7667
3.502333
610.7667
3.516333
2673.7
3.506
19823.7

SD
0.004028
0.329983
0.004028
2.106076
0.005558
1.579733
0.007587
6.521247
0.009933
41.64345

Between – day

RSD%
0.11353
0.586811
0.113916
0.769296
0.158688
0.258648
0.215751
0.243903
0.283317
0.210069
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Mean
3.552556
56.27778
3.541556
273.4556
3.501778
608.9889
3.516444
2674.267
3.505333
19823.9

SD
0.00535
0.409456
0.006124
1.971901
0.006951
1.812985
0.010207
7.481681
0.012257
45.72403

RSD%
0.150582
0.727563
0.172925
0.721105
0.198509
0.297704
0.290251
0.279766
0.349653
0.230651

Table 9 Repeatability and intermediate precision of Menadione on Chromolith®
performance RP-18e column
Within – day

Menadione
concentration
(µg/ml)
Mean
0.32
4
8
16
40

tR
Area
tR
Area
tR
Area
tR
Area
tR
Area

0.452667
91.807
0.448667
1212.733
0.448667
2055.067
0.448333
4171.863
0.449367
9948.533

SD

Between – day

RSD%

0.000471
0.350092
0.000471
5.127919
0.000471
4.42518
0.000471
6.264579
0.00045
14.632

0.104139
0.381335
0.105068
0.42284
0.105068
0.21533
0.105146
0.150163
0.100072
0.147077

Mean
0.452489
91.38667
0.447889
1210.244
0.447956
2056.089
0.448178
4172.254
0.448956
9948.528

SD
0.000506
0.45597
0.000685
5.668976
0.0006
5.59903
0.000582
7.231285
0.000678
16.22787

RSD%
0.111775
0.498945
0.152925
0.468416
0.13385
0.272315
0.129867
0.173318
0.150988
0.163118

Table 10 Repeatability and intermediate precision of Cholecalciferol on Chromolith®
performance RP-18e column
Within – day

cholecalciferol
concentration
(µg/ml)
Mean
0.8
4
8
50
100

tR
Area
tR
Area
tR
Area
tR
Area
tR
Area

1.2623
90.26667
1.261667
349.9667
1.260333
775.4333
1.2595
4563.867
1.257
9327.367

SD
0.000497
0.20548
0.000471
0.659966
0.000943
1.995551
0.00108
3.963444
0
6.097176

Between – day

RSD%
0.039345
0.227637
0.037364
0.18858
0.074806
0.257347
0.085758
0.086844
0
0.065369
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Mean
1.2627
90.22222
1.261889
350.4556
1.260444
776.1444
1.2595
4564.289
1.256667
9337.222

SD
0.000566
0.246957
0.000831
1.038993
0.001227
2.982086
0.001225
3.767732
0.000471
10.51892

RSD%
0.0448
0.273721
0.065892
0.296469
0.097367
0.384218
0.097241
0.082548
0.037512
0.112656

Table 11 Repeatability and intermediate precision of Tocopheryl acetate on Chromolith®
performance RP-18e column
Within – day

DL-αtochopheryl
acetate
concentration
(µg/ml)
40
80
200
400
1000

tR
Area
tR
Area
tR
Area
tR
Area
tR
Area

Mean
1.589667
326.4333
1.581333
701.6333
1.583333
1760.067
1.568667
3104.6
1.549667
8305.5

SD

Between – day

RSD%

0.0017
0.758654
0.000471
1.880307
0.001247
3.812552
0.0017
6.557947
0.0017
8.72506

0.10692
0.232407
0.029811
0.26799
0.078772
0.216614
0.108351
0.211233
0.10968
0.105052

Mean

SD

1.589889
325.5111
1.581333
700.7078
1.583444
1762.356
1.568889
3103.933
1.549889
8304.833

0.001641
1.496745
1.581
2.100875
0.001227
4.543806
0.001641
8.260078
0.001641
9.238446

RSD%
0.103186
0.459814
1.582
0.299822
0.077506
0.257826
0.104567
0.266116
0.105849
0.111242

Table 12 Repeatability and intermediate precision of Retinyl palmitate on Chromolith®
performance RP-18e column
Within – day

Retinyl palmitate
concentration
(µg/ml)
Mean
0.4
2
4
20
150

tR
Area
tR
Area
tR
Area
tR
Area
tR
Area

4.420667
69.43333
4.426867
359.9333
4.424333
724.5
4.41
3454.4
4.417
25944.98

SD
0.00665
0.249444
0.003457
1.569147
0.003859
1.930458
0.007789
5.354126
0.005888
49.1019

Between – day

RSD%
0.150429
0.359257
0.078085
0.435955
0.087213
0.266454
0.176619
0.154994
0.1333
0.189254
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Mean
4.420889
69.21111
4.425122
360.1778
4.423444
723.1
4.410333
3456.4
4.414667
25945.89

SD
0.004901
0.514482
0.003992
2.211307
0.003326
2.19545
0.008576
7.483315
0.006342
53.99051

RSD%
0.110871
0.743351
0.090214
0.613949
0.075188
0.303616
0.194463
0.216506
0.14366
0.208089

Table 13 Repeatability and intermediate precision of Menadione on Chromolith® High
Resolution RP-18e column
Within – day

Menadione
concentration
(µg/ml)
Mean
0.32
4
8
16
40

tR
Area
tR
Area
tR
Area
tR
Area
tR
Area

0.414333
30.06667
0.401333
363.2667
0.401
742.6333
0.401
1453.15
0.4011
3505.467

Between – day

SD
0.000471
0.04714
0.000471
0.793025
0
1.55206
0
1.290349
0.000141
4.812715

RSD%

Mean

0.113774
0.156786
0.11746
0.218304
0
0.208994
0
0.088797
0.035258
0.137292

0.414444
30.12222
0.401444
363.1889
0.401
742.6111
0.401
1453.867
0.401167
3505.622

SD
0.000416
0.056656
0.000416
0.777619
0
1.551423
0
2.162689
0.00017
6.451261

RSD%
0.100313
0.188086
0.103561
0.214109
0
0.208915
0
0.148754
0.042368
0.184026

Table 14 Repeatability and intermediate precision of Cholecalciferol on Chromolith® High
Resolution RP-18e column

Within – day

cholecalciferol
concentration
(µg/ml)
Mean
0.8
4
8
50
100

tR
Area
tR
Area
tR
Area
tR
Area
tR
Area

0.994467
35.08333
0.9934
141.2
0.9931
301.4667
0.993033
1744.667
0.993667
3355.733

SD
0.000411
0.044969
0.00049
0.216025
0.000294
0.449691
0.000818
1.359739
0.000471
3.125522

Between – day

RSD%

Mean

0.041325
0.128178
0.049315
0.152992
0.029644
0.149168
0.082359
0.077937
0.047441
0.09314

0.993856
35.09778
0.9938
140.9667
0.9933
300.8222
0.993011
1743.889
0.993556
3356.111
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SD
0.000623
0.062083
0.000864
0.402768
0.000356
0.611818
0.000817
1.493029
0.000416
4.66169

RSD%
0.062707
0.176886
0.086949
0.285719
0.03583
0.203382
0.08224
0.085615
0.041844
0.138902

Table 15 Repeatability and intermediate precision of Tocopheryl acetate on Chromolith®
High Resolution RP-18e column

DL-αtochopheryl
acetate
concentration
(µg/ml)
40
80
200
400
1000

tR
Area
tR
Area
tR
Area
tR
Area
tR
Area

Within – day

Mean
1.281333
134.0333
1.275433
258.7333
1.272067
680.3667
1.275667
1287.067
1.270667
3211.6

SD
0.000471
0.169967
0.000419
0.329983
0.000899
1.381625
0.000943
2.495774
0.000471
3.395095

Between – day

RSD%

Mean

0.03679
0.12681
0.032851
0.127538
0.070702
0.203071
0.073907
0.193912
0.037099
0.105713

1.281444
134.5778
1.275244
259.2111
1.272356
680.4889
1.274556
1287.811
1.270556
3212.367

SD
0.000416
0.435748
0.000391
0.442496
0.001242
1.839149
0.001133
2.967644
0.000416
6.26968

RSD%
0.032443
0.323789
0.030657
0.170709
0.097588
0.270269
0.088903
0.230441
0.032721
0.195173

Table 16 Repeatability and intermediate precision of Retinyl palmitate on Chromolith®
High Resolution RP-18e column

Retinyl
palmitate
concentration
(µg/ml)
0.4
2
4
20
150

tR
Area
tR
Area
tR
Area
tR
Area
tR
Area

Within – day

Mean
3.093
25.06667
3.065
124.3667
3.053667
255.3333
3.049333
1254.1
3.056667
9405.897

SD
0.002449
0.082192
0.00216
0.46428
0.002494
0.618241
0.002867
1.267544
0.001247
10.66345

Between – day

RSD%
0.079195
0.327894
0.070481
0.373315
0.081687
0.242131
0.094035
0.101072
0.040803
0.11337
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Mean
3.094333
25.02222
3.066
124.5222
3.053889
256.1778
3.051111
1254.067
3.054489
9417.062

SD
0.002625
0.087489
0.00216
0.582036
0.002455
0.680595
0.0035
2.898659
0.002019
17.30061

RSD%
0.084822
0.349645
0.070458
0.467415
0.080374
0.265673
0.114698
0.231141
0.066113
0.183716

