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Synopsis
1- A new sensitive and reproducible kinetic spectrophotometric method has been developed for the
determination of gallium (III) at trace level. The method is based on the catalytic decomposition of
Ponceau S. The reaction is monitored spectrophotometrically at 518 nm in acidic medium after 1.50
minute from the addition of oxidant. Effect of concentration of ponceau S, potassium bromate and
sulphuric acid have been investigated on catalysed and uncatalysed rections. The interfering effect of
different cations is decreased by addition of EDTA as a masking agent. At optimized conditions the
method indicates a linear calibration range of 0.5 to 2.5 µg/ml of gallium (III). The method has been
examined for the analysis of test solutions of gallium with relative % error within ± 4%. The
reproducibility for the analysis of 1.5 µg/ml (n=5) was observed with relative standard deviation
within 2.5%. A sample of drug containing gallium was analysed for gallium and results correlated
with independent spectrophotometric method. The proposed method was also successfully applied for
the determination of gallium (III) from semiconductor.
2- A HPLC method has been developed to determine -keto acids from biological samples using an
inexpensive chemical 4-nitro-1,2-phenylenediamine (NPD) as derivatizing reagent from the blood
and urine samples. Nine α-keto acids (1) glyoxylic acid (GA), (2) pyruvic acid (PYR), (3) 2oxobutyric acid (KB), (4) 3-methyl-2-oxobutyric acid (MKBA), (5) 3-methyl-2-oxovaleric acid
(K3MVA), (6) 2-oxoglutaric acid (KG), (7) 4-methyl-2-oxovaleric acid (K4MVA),

(8) 2-

oxohexanoic acid (KHA),(9) phenyl pyruvic acid (PPY) were derivatized with (NPD) at pH 3 and
separated from HPLC column Zorbax C–18, and the UV detection was carried out by photodiode
array at 255 nm. The isocratic elution was with methanol-water-acetonitrile (42:56:2V/V/V) with
flow rate 0.9 ml/min.
The elution and separation of nine keto acids was rapid within 14 min. The method was
repeatable with relative standard deviation (RSD) within 0.1-2.9% for each of the α-keto acids. The
limits of detection (LoD) and limits of quantitation (LoQ) were obtained within the range 0.05-0.26
µg/ml and 0.15-0.8 µg/ml respectively. The method was applied for determination of α-keto acids
from a pharmaceutical preparation, human serum and urine samples of healthy volunteers and
diabetic patients. The results were further confirmed by standard addition technique. The method
reports the separation and determination of α-keto acids for possible clinical analysis from the blood
and urine samples.
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3- Reversed phase HPLC method has been developed for the determination of α- oxoaldehydes: glyoxal
(Go) and methylglyoxal (MGo), and

α-oxoacids:

3-methyl-2-oxovaleric acid (K3MVA), 2-

oxoglutaric acid (KG), 4-methyl-2-oxovaleric acid (K4MVA) and phenylpyruvic acid (PPY) using 4nitro-1,2-phenylenediamine(NPD) as derivatizing reagent. HPLC was carried out on a Zorbax C-18
column with isocratic elution using methanol – water- acetonitrile (46:52:2 v/v/v) as mobile phase at
a flow rate of 0.9 ml / min. UV detection was carried out by photodiode array at 255 nm. Calibration
curves were linear in the rage of 0.2-100 µg/ml and limit of detections were from 0.045-2.5 µg/ml.
The method was applied for the determination of

α-oxoaldehydes and α-oxoacids from the serum of

diabetic and uremic patients. The results obtained were compared with healthy volunteers. Higher
concentration of oxoaldehydes and oxoacids were observed in the diabetic patients. The result
obtained indicated relative standard deviation (RSD) within 1.1-2.2%. The interfering effect of
additives and some amino acids on the determination of

α-

oxoaldehydes and

α-oxoacids

were

examined. The compound lactose, fructose, glucose, glactose, sodium chloride, sodium lacuryl
sulphate and methyl hydroxypropyl cellulose, methylparabin, propylparabin, gum acacia, manitol
were added at least twice the concentration of α-keto acids, did not interfere the separation and
average peak height (n=4). The results obtained were compared with α-keto acids standards the
relative error was observed within ± 0.92-2.0%.
This method was also applied for the determination of Go, MGo and DMGo from food products
(Juices, tea, coffee and yoghurt), beverages beers and wines by HPLC using NPD as derivatizing
reagent. The linearity of the calibration curves were obtained with 0.2 - 2.0 µg/ml with limit of
detection (LOD) within 41-75 ng/ml for each of the compound. The results were obtained with
relative standard deviation (RSD) within 0.6-2.5 %. Selectivity of the analytical procedure was
examined for the possible application for the determination of Go, MGo and DMGo in food products.
The analytical procedure was adequately validated for the reliability and accuracy of the analytical
procedure.
4. A simple and quick isocratic HPLC procedure has been developed for the separation and
determination of seven α-keto acids (1) glyoxylic acid (GA), (2) pyruvic acid (PYR), (3) 2-oxobutyric
acid (KB), (4) 3-methyl-2-oxobutyric acid (MKBA), (5) 2-oxoglutaric acid (KG), (6) 2-oxohexanoic
acid (KHA) and (7) Phenylpyruvic acid (PPY) using meso Silbenediamine (SDA) as derivatizing
reagent for possible clinical analysis from the blood and urine samples. HPLC elution was from
column Zorbax C–18 column and the detection was by photodiode array at 255 nm. The isocratic
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elution was with methanol-water-acetonitrile-tetrahydrofuran (38.4:60:1:0.6 V/V/V/V) with flow rate
1 ml/min. Linear calibration curves were obtained with 0.2 to 100 µg/ml. The limits of detection and
quantitation were obtained within the range 0.07-0.2 µg/ml and 0.21-0.6 µg/ml respectively. The
derivatization, separation and quantitation were repeatable (n=5) with relative standard deviation
(RSD) within 3.0 %. The method was applied for determination of α-keto acids from human serum
and urine of uremic and diabetic patients before hamodialysis, after hamodialysis and healthy
volunteers (control). The results were obtained with relative standard deviation (RSD) 0.3- 3.0 %.
The results were further confirmed by standard addition technique.
5- An analytical procedure has been developed for the determination of α-keto acids from blood samples
by HPLC after derivatization with 2, 3-dimethyl-2, 3-diaminobutane (DDB). The derivatization
reaction was carried out with addition of reagent solution at pH 3.2. The calibration curves for α-keto
acids PYR, KB, MKBA, K3MVA, KG, K4MVA, and PPY, were linear within the range of 0.1-10,
0.2-21, 0.2-50, 0.4-60, 0.5-60, 0.5-60 and 0.3-60 µg/mL with detection limit of 0.04, 0.06, 0.09,
0.098, 0.13, 0.1 and 0.07 µg/mL, and limit of quantification within 0.12, 0.18, 0.27, 0.294, 0.39, 0.3,
and 0.21 µg/mL respectively. The derivatives of PYR, KB, MKBA, K3MVA, KG, K4MVA, and
PPY eluted and separated with total run time 13 min with flow rate of 1 ml/min. The method was
applied to determine PYR, KB, MKBA, K3MVA, KG, K4MVA, and PPY from serum of diabetics
and healthy volunteers. The amounts of PYR, KB, MKBA, K3MVA, KG, K4MVA, and PPY from
serum of diabetic patients were obtained within the range of 6.12 - 7.63, 4.33 - 5.72, 3.25-6.32, 3.836.49, 5.53-7.78, 4.46-7.38 and 9.08-9.71 µg/mL with RSD of 1.1 - 1.9, 1.2- 1.8, 1.4-1.9, 1.1-2.4, 1.33.0 and 1.3 - 2.8 %, respectively. The amounts of PYR, KB, MKBA, K3MVA, KG, K4MVA, and
PPY from serum of healthy volunteers were observed within 0.11-0.24, 0.15-0.26, 0.11-0.38, 0.1190.157, 0.12-0.34, 0.22-0.39 and 0.82-1.30 µg/mL and RSD was within 0.6 - 1.3, 1.0-1.9, 1.2-2.1, 0.91.5, 1.0-2.6 and 1.5-3.1 %, respectively.
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Chapter-1
Catalytic Decompostion of Ponceau S for the Kinetic
Spectrophotometric Determination of Gallium (III).
1.1.

Introduction of Chemical Kinetics
Chemical Kinetics is that branch of chemistry which deals with the study of the rate of

chemical reactions and mechanism by which they occur. In other words, they deal with how fast
and through what mechanism a particular reaction occurs [1-3].
Kinetics is relevant to analytical chemistry in at least four respects (a) it allows the
elucidation of the physical, chemical and physico chemical mechanisms on which analytical
processes are based and hence their optimization, (b) facilitates the development of new
analytical methods and techniques that are otherwise unattainable considering the dynamic
aspects alone, (c) forms the foundation for reaction rate methods and (d) it contributes to the
improvement of significant analytical parameters such as sensitivity and precision.
The role of kinetics in analytical chemistry is very important especially in trace metal
analysis. Kinetics play a major role in the overall context of Analytical Chemistry. The growing
interest in application of kinetics in analytical chemistry is signified by the conferences held on
the subject of Kinetics in Analytical Chemistry [4, 6].
Kinetic methods are often easy to use and require simple apparatus, easily available in a
chemical laboratory. Determination often requires very little time. These methods can be easily
automated, hence they are very useful and convenient to use when a large number of samples are
to be analyzed routinely. e.g. industry, hospital.
Advantages of kinetic methods are that they permit a large number of chemical reactions
to be used analytically. Kinetic based techniques offer the further advantage of a much greater
potential for trace analysis then most equilibrium techniques.
Kinetic methods make use of reactions involving catalysis, inhibition or chain reactions.
Kinetic methods of analysis provide new, extremely sensitive technique of chemical analysis of
cations, anions and organic species present in samples in trace amounts.
Kinetic methods can also be employed for the determination of mixtures of compounds.
1

By careful selection of conditions the reaction rate of any particular species in a mixture
may be made sufficiently different from rate of reaction of the others and can be used for its
quantitative determination. Reactions which are unreasonably slow under ordinary conditions
can usually be made to proceed at a satisfactory rate by adjusting the temperature or by adding a
catalyst to lower the activation energy barriers.
These methods are based on the measurement of rates of reaction. The rate of chemical
reaction is proportional to the concentration of the reactants or to the concentration of the
catalyst used.

1.2.

Rate of reaction
Rate of chemical reaction is the change in concentration of either reactants or product per

unit time. Reaction velocity is different at different intervals of time and hence it cannot be
determined by dividing the amount of the substance transformed by time. It is, however, defined
as, the rate at which the concentration of a reactant changes with time.
All chemical reactions take place at some finite rate which is dependent on conditions
such as temperature, pressure, concentration of reacting species and presence of catalysts or
inhibitors [7-9]. Some reactions such as neutralization of strong acid with a strong base are so
rapid that they appear to reach equilibrium instantaneously. While other reactions, although
equally or even more favorable thermodynamically are so slow that no reaction can be detected
even over a long period of time.

1.3.

Effect of different parameters on the rate of reaction
Rate of reaction is influenced by a number of factors, such as

Nature of the reactant, Concentration of the reactant, Surface area of the reactant,
Temperature, Nature of catalyst, if present and pH
1.3.1. Nature of the reactant
Rate of reaction is dependent on the nature of reactants. For example reactions between
polar ionic molecules such as double displacement and neutralization reactions are rapid.
Ag+ + Cl - ----------------> AgCl (s)
2

1.3.2. Concentration of the reactant
We are familar that raising the concentration of reactants increases the reaction rate.
For a general reaction
A---------------> Product
Rate gets doubled with doubling the concentration of A. The increase in the
concentration of the reactant increases the number of particles in a given volume, thereby
increasing the effective collision rate of the molecules. The higher frequency of collisions
results in a higher rate of reaction.
1.3.3. Surface area of the reactants.
In a heterogeneous reaction the rate of reaction depends on the area of contact
between the phases. The rate of reaction is proportional to the surface area. If the particle
size of the reactant is decreased, the surface area increases. Hence the rate of reaction
increases.
1.3.4. Temperature.
It is observed that the reaction rate increases with rise in temperature. For all those
reactions which are exothermic, rate of reaction decreases. However with increase is
temperature the rate of endothermic reaction increases.
1.3.5. Catalyst.
The presence of catalysts affects the rate of a reaction by providing an alternative
path for the chemical reaction [10].
1.3.6. pH
In the kinetic methods the adjustment of pH to optimum conditions is very important
and necessary as this has a marked effect on the rate of the reaction. Thus by controlling the
3

pH we can select optimum conditions for the rate of reaction used in kinetic analysis. The
organic solvent also plays an interesting role in catalytic reactions [11-18].

1.4.

Reaction mechanism associated with kinetic methods
The study of chemical kinetics helps in discovering the mechanism of reaction. The

mechanism of a reaction tells us how the reactant molecules, are converted in to products.
It refers to the step or series of steps by which the initial reactants interact in the
process of forming the products.
It is now generally known that most chemical reactions occur by a sequence of steps
rather than by a single step. Each one of the steps is called an elementary process; the
slowest elementary process in a sequence is called the rate determining step.
Bontchev [19] has discussed a number of different types of catalytic mechanisms
that would help in the development of new improved analytical procedures.

1.5.

Application of kinetics in trace analysis

The application of Kinetics in trace analysis is divided into four parts.
Kinetic methods (Non catalytic)
Kinetic methods (catalytic)
Enzymatic methods of analysis
Differential reaction rate method
1.5.1. Kinetic methods (Non catalytic)
The use of uncatalysed reaction for determination of single species in solution is
difficult and has lower accuracy. Initial reaction rate are found to be useful [20] for
following the rate of uncatalysed reactions.
Several inorganic anions have been determined by uncatalysed reactions
method [21].
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1.5.2. Kinetic methods (catalytic)
Catalytic reactions have been found extremely useful for the determination of single
species in solution and a large number of methods have been developed for determination
of metal ions at trace level.
The reaction proceeds simultaneously in two separate mixtures, one· containing a
standard amount of catalyst. The difference in signals between the two systems can be
related to the concentration of catalyst in the unknown solution.
1.5.3. Enzymatic method of analysis.
Numerous organic reactions are taking place in animals and plants to maintain the
life process. Some of these reactions are specifically catalysed by compounds known as enzymes.
Enzymes are protein molecules which act as catalysts to speed up organic reactions
in living cells. The catalysis brought about by enzymes is known as enzyme catalysis.
Each enzyme catalysis is a specific reaction. Many enzymes have been identified and
obtained in pure crystalline state from the cells to which they belong. However enzymes
can be prepared by synthesis, the first was reported in 1969 [22-23]. Enzymes act as good
analytical reagents for their detection.
Guildqult and Das [24] developed some of the enzymatic methods for the
immobilization of cholinesterase and urease in starch and poly acrylamide. Various
parameters affecting the immobilization were discussed and the stability of the solubilized
enzymes in storage and in use was reported. Both cholinesterase and urease were stable in
polyacrylamide gels for months.
1.5.4. Differential reaction rate methods
Differential reaction rate methods have been reproted for the simultaneous analysis
of mixtures of compounds with closely related chemical properties [25]. The same
approach was utilized by Quintero et al [26] for the determination of Zinc ethlene bis
(dithiocarbamate). The determination was based on the addition of a solution of Zinc and
was on the difference in kinetics of Zn and Mn complexation with the common reagent.
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1.6.

Scope of Chemical Kinetics
An increase in the interest in the chemical kinetics has been observed and a series of

papers have appeared [27]. The Chemical Kinetics deals with the rates of chemical reactions and
the reaction rates are dependent on factors such as concentration and temperature. The studies
are important in providing essential evidence as to the mechanisms of chemical processes.
Kinetics studies cover a very wide range, from several points of view. The half life of the
reactant to be consumed can range from a small fraction of the micro second to a several hours.
For example, a stoichiometric mixture of hydrogen and oxygen gases at room temperature react
slowly that no change could be detected. It is impossible to measure such a rate, but from reliable
kinetic data it can be estimated that the half life is greater than 1025 years. However, if a flame or
a spark is applied to the mixture an explosion occurs with a half life of less than10-6 seconds.
Chemical reactions occur in the gas phase, solution at gas-solid and other interfaces, in the liquid
state and in the solid state. Most rate measurements are made on systems that are in thermal
equilibrium, where energy distributed among the molecules takes place according to the
Boltzmann distribution.
Some branches of science to which kinetics is relevant.
Branch

Application of kinetics

Biology

Physiological processes (eg. digestion and metabolis) bacterial growth.

kinetics

Rate of chemical reaction

Chemical engineering

Reactor design

Electrochemistry

Electrode processes

Geology

Flow processes

In-organic chemistry

Reaction mechanism

Mechincal engineering

Physical metallurgy, Crystal dislocation mobility

Ogangic chemistry

Reaction mechanism

Pharmacology

Drug action

Physics

Viscosity, Diffusion, nuclear processes

Psychology

Subjective time, memory
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Kinetic studies provide very valuable information about reaction mechanisms, especially when
work has been done over a wide range of conditions. Measurements can be carried out at various
concentrations, temperatures, and hydrostatic pressures, and can be made in a variety of solvents
[28-37].

1.7.

Ponceau S
A Ponceau S reagent has high stability and slight response to pH changes, presence of

organic solvents or detergents. Ponceau S, is a sodium salt of a diazo dye that may be used to
prepare a stain for rapid reversible detection of protein bands on nitrocellulose membrane [38].

OH
O

S

O

O
N

S
OH

N

OH

O

O
S

N

OH
O

N
O
S
HO
O

Fig 1.1

3-hydroxy-4-[2-sulfo-4-(4-sulfophenylazo)phenylazo]-2,7-naphthalenedisulfonic acid
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1.8.

Introduction of Gallium
Gallium is considered as one of the rare element, Solid gallium is a blue-gray metal with

orthorhombic crystalline structure; very pure gallium has a stunning silvery color. Gallium
attacks most other metals by diffusing into their metal lattice. Gallium metal easily form, alloys
with many metals, and was used in small quantities in the core of the first atomic bomb to help
stabilize the plutonium crystal structure. It does not occur in free form in nature.

1.6(a)

1.6(b)

Fig. 1.2 (a & b) Elemental silvery white images of gallium [41]
When solid, the metal fractures conchoidally, similarly to glass. It expands by 3.1 percent
when solidified. The low melting point of 29.78°C allows the metal to melt in one's hand.
1.8.1. Sources of Gallium
It does not occur in free form in nature. No high gallium minerals exist as a primary
source of extraction. It is extracted from bauxite, coal, diaspore, germanite and sphalerite. The
free metal may be obtained by electrolysis of its hydroxide in a KOH solution [39-42].
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1.9.

Applications
It is a low order toxic element and its citrate and its nitrate salts are used in medicine as

tumor scanning and antitumeral agent respectively. The role of gallium in pharmacokinetics and
its toxicity have been investigated thoroughly [43, 44]. It is used as a semiconductor and in the
preparation of high temperature thermometers.
Gallium can be used in a low temperature liquid eutectic alloy that is used in fever
thermometers. Gallium salts are used as radiopharmaceutical agents in nuclear medicine
imaging. The body concentrates levels of the gallium in areas of inflammation [45-47].

1.10. Health Effects of Gallium
Pure gallium is not a harmful substance for humans to touch. However, it is known to
leave a stain on hands. Even the gallium radioactive compound, gallium [67Ga] citrate, can be
injected into the body and is used for gallium scanning without harmful effects, However Some
gallium compounds can be very dangerous, for example, acute exposure to gallium (III) chloride
can cause throat irritation, difficulty in breathing, chest pain, and its fumes can cause even very
serious conditions such as pulmonary edema and partial paralysis. Gallium is also found in the
body, but it occurs in a very small amount. For example, in a person with a mass of seventy
kilograms, there are 0.7 milligrams of gallium in the body. It has no proven benefit towards the
function of the body, and is only present due to small traces in the natural environment, in water,
and in residue on vegetables and fruits. [48]. Thus there is a need for selective determination of
gallium in environmental and biological samples.
Various instrumental methods, such as spectrophotometery [49], x-ray fluorescence
fluorimetry [50, 51], atomic absorption spectrometry [52], inductively coupled plasma atomic
emission spectroscopy and inductively coupled plasma mass spectrometry have been used to
determine gallium in rocks, ores, metals and other inorganic materials [53, 54].
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1.11. Review of Literature for the Determination of Gallium
Narinder et al [55] developed spectrophotometric method for the simultaneous
determination of gallium and indium using 2-(5-bromo-2-pyridylazo)-5-diethylaminophenol in a
cationic miceller medium. Molar absorptivities of 1:1 Ga and In complexes at λmax 553 nm and
558 nm were 7.22x104 L.mol-1 cm-1 and 5.85 x104 L.mol-1 cm-1 with sandell’s sensitivity of 0.96
ngml-1 and 1.96 ngml-1, respectively. Linear calibration curves were 0.023-0.700 μgml-1 for
gallium and 0.076-1.52 μgml-1 for indium, detection limit was 0.012 and 0.035 ngml-1
respectively.
Singh et al [56] proposed spectrophotometric method for the simultaneous determination
of gallium (III) and Indium (III) using 1-(2-pyridylazo)-2-naphthol in cationic micellar medium,
Beer’s Law was obeyed between 0.280-3.63 and 0.460 -9.20 μgml-1 concentration of Ga (III)
and In (III) at λ max 550 and 542 nm, respectively. The proposed method was applied for
determination of Gallium and Indium in standard reference materials and synthetic binary
mixtures with a relative error of ± 2.07 and ± 2.55% respectively.
Gao et al [57] determined gallium by spectrophotometry based on a fluorescence system
of Ga-ACBK (acid chrome blue K(ACBK), and β-cyclodextrin (B-CD). The maximum
excitation and emission wavelengths were at 565 nm and 609 nm. The linear calibration range
was 0-140 μgL-1, with detection limit of 1.5 μgL-1.
Anthemidis et al [58] developed a flow injection time-based method for online-preconcentration, separation and determination of gallium by flame atomic absorption spectrometry.
For 90 s pre-concentration time, a simple frequency of 28 h-1, an enhancement factor of 40,
detection limit of 6 μgL-1 and relative standard deviation of 3.3% (at 1.00 mgL-1) were achieved.
The calibration curve was linear over the concentration range 0.02-3.00 mgL-1. The accuracy of
the proposed method was evaluated by the analysis of silicon-aluminum alloy standard reference
material.
Langodegard and Wibetoe [59] developed a graphite furnace atomic absorption
spectrometric method for the determination of gallium in soils utilizing ultrasonic slurry
sampling. Calibration with aqueous standards and with slurries prepared from a certified soil
reference materials were both employed. Both methods of calibration gave acceptable accuracy
and precision. The reproducibility was ≤ 4.6 % (RSD) for both the methods. The intermediate
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precision for analyses performed on three different drugs was 3.7% and 4.8% using aqueous
standards and slurry standards respectively. The limit of detection for gallium was 3.0 μgL-1 in
soil slurry solution, equivalent to 0.08 μg g-1 in the soil samples.
Vartak and Shinde [60] developed a method for the extraction and individual separation
of trivalent gallium, indium and thallium from salicylate media using triphenylarsine oxide
(TPASO) in toluene as extractant. The extracted metal ions were stripped and estimated
spectrophotometrically following complexation with 4-(2-pyridylazo)resoreinol. The method
was applied for the analysis of alloy samples.
Rajas and Cano Pavon [61] proposed spectrofluorimetric method for the determination of
gallium using N-(3-hydroxy-2-pyridyl) salicylaldimine (3-OH-PSA) as complexing reagent.
Excitation was at 397 nm and maximum emission at 498 nm. The range of application was
determined 1-125 ng ml-1, with detection limit of 0.9 ng ml-1. The relative error of the method
was ± 1.6%.
Lucena et al [62] reported spectrophotometric method for the determination of gallium in
biological materials using 1-(phenyl-2-pyridyl)carbylidene-5-resorcylidene thiocarbohydrazone
(PPRT) and 1-(phenyl-2-pyridyl)carbylidene-5-salicylidene thiocarbohydrazone (PPST) as
derivatizing reagent which formed yellow 1:2 (gallium: reagent) complexes. Reactions were
done at pH 4.5-6.0 in a 52% DMF solution for PPST and at pH 4.0 -7.5 in a 48% ethanol
solution for PPRT with molar absorptivities values of 5.9x 104 and 6.5x 104 L mol-1 cm-1
respectively. Detection limits were described 8 ngml-1 for PPST and 5 ngml-1 for PPRT.
Hefez and Kenawy [63] proposed a spectrophotometric method for the determination of
gallium in minerals and ores using semimethylthymol blue (SMTB). A violet Ga (SMTB)
chelate was formed with logarithmic over all stability constant of 18.0 ± 0.1 with molar
absorptivity of 4.25x 104 L mol-1cm-1 at λ max 850 nm, in acetate buffer (4.5-5.0). Calibration
range was determined 0.14-1.25 μg ml-1. The interference of different cations, anions and organic
acids on gallium determination was also determined.
Filik et al [64] developed spectrophotometric method for the determination of gallium
(III) using carmic acid (CA) in the presence of cationic surfactant hexadecyl pyridinium chloride
(HDPC), which caused a bathochromic shift in the absorption and an increase in extinction. The
Ga (III): CA molar ratio was 1:4 in the presence of HDPC. The complex showed molar
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absorptivity 3.0 x 104 L mol-1cm-1 at 570 nm in an aqueous solution of pH 4.0. Beer’s law was
obeyed between 2.0 x 10-6 -2.0 x 10-5 M of Ga (III).
Gao et al [65] described spectrophotometric method for the determination of gallium in
alloy with calon carboxylic acid (CCA). The method was based on the formation of Ga (III)CCA complex. The emission of the fluorescent complex was measured at λ max 620 nm with
excitation at 584 nm. Linear calibration range was found 0.7- 280 ngml-1.
Filik et al [66] developed spectrophotometric method for the determination of gallium
(III) based on its reaction with rutin in ammonium acetate solution at pH 7.0 to form a chelate
which was solubilized with hexadecyl pyridinum chloride (HDPC). Absorbance was recorded at
430 nm without requiring extraction. Method was applied to determine gallium in sphalerite.
Li and Zhang [67] determined gallium by flow injection coupled chemiluminescence
reaction, based on the replacement of Fe (II) by Ga (III) from Fe (II)-EDTA complex and the
subsequent chemiluminescence reaction of Fe (III)-Lumnol-H202. The chemiluminescence
intensity was linear for gallium concentration in the range of 1.4x10-7 -1.4 x10-5 gml-1, with
detection limit of 3x10-8 gml-1. The RSD was 2.6% for 11 measurements of 5x10-6 gml-1 Ga
standard solution.
Mori et al [68] reported a selective spectrophotometric method for the determination of
gallium (III) with 2-(5-bromo-2-pyridylazo)-5diethylaminophenol (5 Br. PADAP) in the
presence of sodium dodecyl sulfate (SDS) as an anionic surfactant and Brij 35
((polyoxyethylene)dodecyl ether) as a nonionic surfactant. The calibration graph was linear at 0
– 9.0 μg 10 ml-1 of Ga (III), the absorbance was measured at 575 nm. The molar absorptivity was
reported 1.2x105 Lmol-1cm-1 with recovery of 99.1 -101.1% from artificial waste water
containing Ga (III).
Lucena et al [69] described spectrophotometric method for the determination of gallium
in biological materials using chromogenic reagents 1-(phenyl-2-pyridyl)carbylidene -5resorcylidenethio carbohydrazone (PPRT) and 1-(phenyl-2-pyridyl)carbylidene-5-salicylidene
thiocarbohydrazone (PPST) which forms yellow 1:2 (Ga: reagent) complexes. Reactions were
carried out at pH 4.0 -7.5 in 48% ethanol (v/v) for PPRT. Molar absorptivities were 5.9x104
L.mol-1cm-1 and 6.5x104 L.mol-1cm-1 with detection limits of 8 and 5 ng ml-1 for PPST and PPRT
respectively. The range of application was 20-800 ngml-1 of gallium. Method was applied for the
determination of gallium in spiked biological samples.
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Basargin et al [70] developed a spectrophotometric method for the determination of
aluminum, gallium and indium in steels, alloys and rocks after preliminary isolation with the
polymeric complexing sorbent poly{4-[-azo-3,4-dihydroxy-6-nitrophenyl]styrene}. The method
was tested by analyzing standard specimens of steels, alloys and rocks.
Huang et al [71] proposed a spectrophotometric method for the determination of gallium
with 4,5-dibromo-2-nitrophenyl fluorine. A complex was formed with the molar ratio 1: 4 by Ga
(III) and reagent at pH 4 HCl- KCl medium. The maximum absorbance was measured at 757
nm. The linear calibration range was 0-5 μg 25 ml-1 with molar absorptivity
1

8.2 x104 L.mol-

cm-1. The gallium was determined in ore samples with RSD 3.7 -4.4%.
Masi et al [72] developed X-ray fluorescence method for the determination of trace

amounts of gallium and indium in geological samples using chelating resins. The chelating resins
were obtained by sorption of the reagent 5-phenylazo-8-quinolinol (5-PHAQ) on macro porous
resins Amberlite XAD -4 and XAD-7. X-ray fluorescence intensities were measured on thin film
supported on a membrane filter and concentrations were determined using calibration curves.
The detection limits were 98 and 81 ngml-1 for Ga and In respectively.
Tang et al [73] developed a spectrophotometric method for the determination of trace
amount of gallium, using fluorescent reagent salicylaldehyde-5-bromosalicyloylhydrazone
(SABSH). Determination was carried out in EtOH –H2O (3+2 v/v) medium at pH 2.3. The
maximum excitation and emission of Ga (III)-SABSH complex was at 390 and 457 nm
respectively. The linear calibration range was 0.0-1x10-4 gL-1 and the detection limit was 4x10-7
g L-1, when standard addition method was used. The molar ratio of Ga-reagent was 1:1. Method
was applied for the determination of Ga in soil samples.
Buhl and Justyna [74] developed a spectrophotometric method for the determination of
scandium, gallium and vanadium in white cabbage leaves using Chromazurol S and Sterinol
thienyltrifluoroacetone. Solution in xylene was used for extraction of scandium, mesityl oxide
for vanadium and Bu acetate for gallium. Scandium, gallium and vanadium were determined in 6
independent samples of white cabbage after wet mineralization.
Shao and Kui [75] separated gallium from lead-tin alloy by using N235 extraction
column chromatography. The adsorbed Ga was recovered 99% in 6M HCl medium; almost no
lead and tin were adsorbed. Gallium was stripped with 0.25M H2SO4 and determined by
Rhodamine B spectrophotometry.
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Lin and Huang [76] proposed a spectrophotometric method for the determination of
gallium in coal gangue using 1,5-di-(2-hydroxy-5-sulfophenyl)-3-cyanoformazan disodium salt
(DSPCF), formed at pH 4. Calibration range was 0-1.8 mgL-1; maximum absorbance was
measured at 630 nm. The apparent molar absorptivity was 3.8x104 L.mol-1cm-1.
Kwapulinska [77] reported spectrophotometric method for the determination of gallium
(III). Gallium was determined as ternary complex of Chrome Azurol S and benzyldimethyl lauryl
ammonium bromide. Absorbance was recorded at λmax 487 nm with molar absorptivity 1.1x105
L.mol-1cm-1. The method was applied for the determination of Ga in aluminum metal in AlCl3
and in a therapeutic mud after preliminary separation of Ga by extraction with Bu acetate.
Deguchi et al [78] used 2-hydroxybenzaldehyde thiosemicarbazone (HBTS) for the
fluorometric determination of gallium. Ga (III) reacted with HBTS to form a fluorescent
complex in the presence of L-ascorbic acid and NH4OAc at pH 4.5. Maximum fluorescence
intensity was measured with excitation wavelength at 365 and emission at 440 nm. Gallium
0.0001% was determined in Al metal and Al alloys. Pd (II) (>2.0 μg), Ti (IV) (>1.0 μg) and
V(V) (>2.0 μg) interfered without the pre-extraction. Fe (III) and Ti (IV) could be masked with
L-ascorbic acid.
Deguchi et al [79] determined gallium using 2-hydroxy-4-methylbenzaldehyde
semicarbazone (HMBS) with fluorometric detection. Sample solution containing <5.0 μg of
gallium was added 0.1% NaF solution, 2 ml of HMBS solution in DMF and 2% NH4OAc. The
pH of the solution was adjusted to 3.2± 0.1 with HCl or NH4OH. The fluorescence intensity was
measured at 440 nm and excitation at 365 nm. The gallium was separated from interfering
elements by extraction with iso-propyl ether before determination.
Deguchi et al [80] developed a method for the fluorometric determination of gallium with
2,4-dihydroxybenzaldehyde semicarbazone. The fluorescence intensity of the 1:1 gallium
complex was measured in dil HCl solution. Maximum emission was at 425 nm when excited at
365 nm and showed the highest intensity at pH 2.4 – 2.5. The coefficient of variation (n=5) was
0.6% for 0.2 μg gallium. Al (III), Sc (III) and Ti (IV) interfered with the determination and they
were masked with NaF solution.
Asuero and Balairon [81] used biacetyl bis (4-phenyl-3-thiosemicarbazone) (BBPT) and
bipyridylglyoxal bis(4-phenyl-3-thiosemicarbazone) (BGPT) as spectrophotometric complexing
reagents and studied chelate formation between the reagents and Bi, Cd, Mn, Hg, Pb, Co, Ni, Fe
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and Ga. Maximum absorption wavelengths, molar absorptivities, optimum pH ranges and their
stability for BBPT complexes with Bi and Cd and BGPT complexes with Bi, Mn, Hg, Pd, Co, Ni
and Fe were studied.
In recent years various analytical techniques have been reported for the determination of
gallium such as; atomic absorption spectrometry (AAS)[58, 82-84], graphite furnace atomic
absorption spectrometry (GFAAS)[59, 85-90], flow injection (FI) [67], x-ray fluorescence
spectrometry (XRFS) [72- 91], fluorimetry [57, 92, 93], inductively coupled plasma mass
spectrometry (ICP-MS) [94-96], inductively coupled plasma atomic emission spectrometry (ICPAES) [97, 99] and spectrophotometry [55,62,66,70, 99-103].
GF-AAS, a sophisticated instrumental technique for trace gallium, requiring well-trained
operators, suffers from a lack of sensitivity, mainly ascribed to loss of vaporization of molecular
gallium species during the heating process [47]. ICP-MS and ETAAS are very capable for ultra
trace analysis; however, they are expensive, time consuming and not readily automated
technique, requiring high operator’s skill. On the other hand, spectrophotometry is available in
almost all analytical laboratories and is easily operatable, cheaper and less time consuming
technique. For the spectrophotometric determination of gallium, chromazurol S [104], 4-(2pyridylazo)resorcinol [105], 2-(2-pyridylazo)-5-monoethyl-amino-p-cresol [106], rhodamine B
[107],

N-p-chlorophenyl-2-furohydroxamic

acid

[108],

2-(2-(3,5-dibromopyridyl)azo)-5-

diethylaminobenzoic acid [109] and 2-(5-bromo-2-pyridylazo)-5-diethylaminophenol [55] have
been reported as chromogenic reagents for the determination of gallium.
The present work examines simple and sensitive kinetic spectrophotometric method using
ponceau S as an indicator for the determination of gallium.

1.12. EXPERIMENTAL
1.12.1. Reagents and Chemicals
Ponceau S (BDH Chemicals Ltd Poole England), gallium (III) chloride, potassium
bromate, aluminum (III) chloride, nickel (II) chloride, Zinc (II) chloride, sodium acetate, and
ammonium chloride (E-Merck Germany), sulphuric acid (98%) (Fisher Scientific), cadmium (II)
chloride, copper (II) chloride, chromium (III) chloride (Fluka, Switzerland), ferrous ammonium
sulphate (Acros scharlou), manganese (II) chloride (Merck Germnay), cobalt (II) chloride
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(Sigma, Switzerland), Potassium chloride, hydrochloric acid (37%) acetic acid (Fluka), sodium
bicarbonate (Acros Scharlou), were used.
Buffer solutions at unit interval between pH 1- 10 were prepared from the following:
hydrochloric acid (0.1 M), potassium chloride (1 M), acetic acid

(1 M), sodium acetate (1 M),

ammonium acetate (1 M), sodium bicarbonate (1 M), sodium carbonate (saturated), ammonium
chloride (1 M), and ammonia (1 M). Double distilled water from all glass was used through out
study.
1.12.2. Equipment
Spectrophotometric

studies

were

carried out on double beam Hitachi 220

spectrophotometer (Hitachi (Pvt.) Ltd, Tokyo, Japan) with dual 1 cm silica cant be used for the
purpose. pH measurement was made with Orion 420 A pH meter (Orion Research Inc. Boston,
USA) coupled with glass electrode and reference internal electrode.
1.13.1. Analytical Procedure.
1.4 ml of Ponceau S (4x10-4M), 0.5–2.5 ml of solution containing 5.0–50 µg gallium
(III), 2.5 ml of sulphuric acid (1 M) and 1.2 ml of potassium bromate, was transferred to 10 ml
volumetric flask and stop watch was started. The final volume was adjusted to the mark with
water quickly and contents were mixed well. The absorbance was measured at 518 nm after 1.5
min. The blank solution was also prepared simultaneously following above procedure, but the
addition of gallium (III) was omitted. The absorbance of the blank was also measured at 518 nm.
The difference in absorbance between blank (B) and with analyte (A) designated as B–A was
noted.
1.13.2. Effect of indicating reagent Ponceau S
To 10 ml volumetric flask were transferred Ponceau S (4x10-4M) between 1 to 2.4 ml at
an interval of 0.2 ml, 1ml of solution containing 20 µg gallium (III) and remaining procedure
was followed as 1.13.1. The plot was constructed by recoding B–A against amount of Ponceau S
added.
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1.13.3. Effect of pH
To 10 ml volumetric flask was added 1.4 ml Ponceau S (4x10-4M), 1ml (20 µg) gallium
(III), 2.5 ml of buffer solution between 1–10 at unit interval and remaining procedure was
followed as 1.13.1. Plot was made by recording B–A against pH.
1.13.4. Effect of Sulphuric acid
To 10 ml volumetric flask was added 1.4 ml Ponceau S (4x10-4M), 1 ml (20 µg) gallium
(III), and 0.5 to 3.5 ml of sulphuric acid (1M) at an interval of 0.5 ml and remaining procedure
was followed as 1.13.1.
1.13.5. Effect of Potassium bromate
To 10 ml volumetric flask were added 1.4 ml Ponceau S (4x10-4M), 1 ml (20 µg) gallium
(III), 2.5 ml sulphuric acid (1M), 0.6 to 2 ml potassium bromate (0.1M) at an interval of 0.2 ml
and remaining procedure was followed as 1.13.1.
1.13.6. Effect of Temperature
To 10 ml volumetric flask were added 1.4 ml Ponceau S (4x10-4M), 1 ml (20 µg), 2.5 ml
sulphuric acid (1M), and to another 10 ml flask was added 1.2 ml potassium bromate (0.1M).
Both the solutions were thermostated within the temperature 10 to 70oC at an interval of 10oC.
After addition of potassium bromate absorbance was measured after 1.5 min.
1.13.7. Spectrophotometric Procedure for the determination of Gallium (III) from
Medicinal drug
A medicinal (homeopathic) drug (Gallium A.P.Q) (10 ml) obtained from local market
Hyderabad was transferred to a crucible and was heated gently on a burner for 6–8 hr. The
residue was added aqua regia (5ml) and was heated gently. The solution was heated to near
dryness and the residue was dissolved in water and volume was adjusted to 10 ml. The solution
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(5 ml) was taken and analytical procedure 1.13.1 was followed. The quantification was made
from the calibration curve.
1.13.8. Spectrophotometric Procedure for the determination of Gallium (III) from Semiconductor
An integrated circuit (I.C) sample was purchased from the local market of Hyderabad;
2.23g was dissolved in aqua regia (HCl: HNO3 3:1) 5 ml, most of the acid was evaporated on hot
plate, 3 ml HCl was added and again heated near to dryness, residue was dissolved in 2 ml
double distilled (d.d) water and volume was adjusted to 25 ml with d.d water. Solution 2 ml was
taken and procedure was followed as 1.13.1.
1.13.9. Determination of Gallium (III) from Medicinal drug and Semiconductor by
Standard Addition Technique
2ml each from the solution of medicinal drug and the Semiconductor solution was taken
in duplicate. A solution from the each was added gallium 5 µg and both the solution were
processed as 1.13.7. The amount from medicinal drug and semiconductor was calculated from
the increase in the absorbance due to amount added.

1.14. Results and Discussion
Ponceau S is a red coloured dye and is used for the determination of Protein [37, 110].
Initially alkaline medium was examined for the oxidation of Ponceau S with gallium (III), but
any change in absorbance between catalysed and uncatalysed reactions was not observed.
However some decrease in absorbance of Ponceau S in acidic solution was noted when gallium
(III) was added. When potassium bromate was used instead of hydrogen peroxide as oxidant a
better response was observed and was selected. It was therefore catalysed and uncatalysed
reactions were systematically examined.
The absorbance of the catalysed and uncatalysed reactions were examined on
spectrophotometer within 700–350 nm and it was observed that uncatalysed reaction absorbed
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maximally at 518 nm and a decrease in absorbance was also observed at 518 nm in catalysed

Absorbance (B‐A)

reaction in the presence of gallium (III), due to the oxidation of Ponceau S.

Absorbance (B‐A)

Fig 1.3 Linear calibration curve of Ga by recording (B-A) against concentration

Fig 1.4 catalysed and uncatalysed reactions, Absorbance (B-A)
The effect of pH was examined within pH 1–10 at unit interval and some decrease in
absorbance was observed in catalytic reaction in acidic solution. It was therefore acid
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concentration was examined. Addition of hydrochloric acid (1M) or sulphuric acid (1M) was
considered, but sulphuric acid indicated higher value of (B–A) and was selected. The variation in
the addition of sulphuric acid (1M) between 0.5–3.5 ml was examined and optimal results were
obtained with 2.5 ml, and were selected (Fig 1.4). Effect of addition of indicating reagent
Ponceau S (4x10-4 M) was examined within 0.2–1.6 ml at an interval of 0.2 ml and an optimal
change in absorbance (B–A) was observed with 1.4 ml of 4x10-4 M and was selected. The
addition of potassium bromate (0.1 M) within 0.6 ml to 2.0 ml at an interval of 0.2 ml was
examined and maximum change in absorbance (B-A) was observed with 1.2 ml and was
selected. The effect of time of measurement after the addition of the oxidant potassium bromate
was examined and absorbance was measured after every 30 second over the period of 3 minutes.
The absorbance of the solution continuously decreased with time and absorbance was measured
after constant time of 1.5 minute to keep the absorbance of analyte and blank solution within
limits.
The effect of temperature on catalysed and uncatalysed reaction was examined within 10o

70 C at an interval of 10oC. It was observed that there was no significant effect of temperature on
uncatalysed reaction, but for catalytic reaction regular decrease in absorbance was observed from
10 to 70oC. The minimum value for (B-A) was recorded at 10oC and maximum 70oC, however
for ease of the operation, room temperature 300C was selected for proposed study. The effect of
concentration of the gallium (III) was examined and linear calibration curve was obtained by
plotting (B-A) against the concentration within 0.5 to 2.5 ug/ml with coefficient of the
determination (r2) 0.9992 and regrassion equation Y=0.302x-0.003 (Fig 1.3). The reproducibility
for the analysis of the gallium (III) (2 µg/ml) was checked (n=10) and coefficient of variation
(C.V) was obtained 4.5%. Test solution of the gallium (n=3) were analyzed to cover the
calibration and the relative % error was observed within ± 2.5%. The effect of interfering ions on
the catalysed reaction was examined at final concentration 2 ug/ml gallium (III). Different
cations were added at the final concentration of 2 and 20 µg/ml. The absorbance were recorded
and any change in the absorbance (B-A) more than 5% compared to catalysed reaction with
gallium (III) was considered as an indication of interference. Alumanium (III), palladium (II),
gold (III), ruthenium (III), telerium (III), manganese (II), cadmium (II), Iron (III), Iron (II),
copper (II), cobalt (II), zinc (II), nickel (II), bismuth (III), sodium (I), potassium (I), calcium (II),
magnesium (II), chloride-1, bromide-1 , sulphate-2 , acetate-1, carbonate-2 and phosaphate-3 were
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examined. The cations iron (III), cobalt (II), chromium (III), ruthenium (III), telerium (III),
interfered, when each metel ion added at a similar concentration as the gallium (III) (2 µg/ml)
and an increased in the rate of decomposition of the dye ponceau S. However the interfering
effect of Cu (II), Fe (II), Fe (III), Cr (III) and Cr (VI) were decreased by adding 1ml of 0.01 M
EDTA and relative % error was observed within 4.5%.
Table 1.1
Quantitative Spectrophotometric determination of Ga(III) from medicinal drug and
Integrated Circuit (IC).
Sample

Amount found by
spectrophotometer
(RSD)% (n=3)

Amount found by kinetic method
(RSD)% (n=3)

I.C semiconductor

0.166 mg g-1 (2.4)

0.168 mg g-1
(2.2)

Gallium drug
(AP.Q)

2.25 μg/10 ml (2.8)

2.26 μg/10 ml (2.6)

Finally the method was applied for the determination of gallium from the medicinal drug
(Gallium A.P.Q), homeopathic drug present in local market of Hyderabad, sold to increase the
baby feed and an (IC) (semiconductor). The drug and IC was analyzed after acid digestion. The
drug was also analyzed using independent spectophotometric method using 8- hydroxyquinoline
as complexing reagent [111]. The quantization was carried out from the calibration curve and
standard addition technique. The results are summarized in table 1.1. The result obtained by
spectrophotometric method agreed with kinetic procedure.
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1.15. Conclusion
The kinetic spectophotometric method has been proposed for the determination of gallium
(III) based on the oxidation of Ponceau S by using potassium bromate. The reaction was
monitored at 518 nm at constant time of 1.5 minute. The effect of concentration of the gallium
(III) was examined and linear calibration curve was obtained by plotting (B-A) against the
concentration within 0.5 to 2.5 ug/ml with coefficient of the determination (r2) 0.9992 and
regrassion equation Y=0.302x-0.003. The reproducibility of method was obtained with C.V
4.5%. Relative % errors for the analysis of test solutions were within ± 2.5%. The calibration
range was observed within 0.5- 2.5 µg/ml. The gallium (III) indicated highest sensitivity and was
applied for the determination of gallium from a drug and integrated circuit (IC) and RSD was
observed within 2.2- 2.8%.
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Chapter-2
GENERAL INTRODUCTION
2.1 Analytical Chemistry
2.1.1 Introduction
Analytical chemistry is a branch of chemistry which deals with study of methods, and
techniques used to determine the kind and quantity of various components in the given
substance. The analytical chemistry, include all techniques and methods for obtaining
information, regarding the composition, identity, purity, and constitution of samples. The
analytical chemistry has made great progress in determination of smaller and smaller amounts of
the substances found in materials. The increased interest in the quality of the environment and
concern over the effects of trace amounts of chemicals on life processes have led analytical
chemists to develop practical methods that allow detection and determination of components in
the part per million(ppm) and part per billion(ppb). Chemical analysis involves the separation,
the identification or the determination of a part or all the constituents of sample. Chemical
analysis provides information about the composition of the sample of matter. The word
“analysis” was introduced by Robert Boyle [112-113] to denote the determination of
composition of substance.
Chemical analysis can have two aspects;
Qualitative analysis
Qualitative analysis aims at identifying constituents of a given system, such as presence
of different compounds in the mixture or of different elements in a compound.
Quantitative analysis
Quantitative analysis is concerned with the determination of amount of different
constituents present in the system. Usually the given material is first analyzed qualitatively and
this is followed by quantitative analysis [114-116].
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The method employed for the quantitative measurements of the analyte depends upon the
amount of analyte and accuracy required. Many available techniques possess varying degree of
selectivity, sensitivity, accuracy, precision and rapidly. Analytical chemistry plays a vital role in
the pharmaceutical industry where, aside from quality assurance (QA), it is used in discovery of
new drug candidates and in clinical applications where understanding the interactions between
the drug and the patient are critical. Many instrumental methods are available based on the
measurement of an electrical property or absorption of electromagnetic radiation. They are more
sensitive than usual classical chemical analysis methods, and often possess a high degree of
selectivity and sensitivity. The detection of a compound present in blood that enhances the risk
of cancer would be a discovery that an analytical chemist might be interested.
2.1.2 History
Flame emissive spectrometry was the first instrumental procedure developed by Robert
Bunsen and Gustav Kirchhoff who discovered Rb and Cs in 1860 [114]. Since 1970's
instrumental methods are more commonly used for analysis of samples. Recently the analytical
chemistry is frequently used for the analysis of biological samples. Bioanalytical chemistry as
compared to most of the major developments in analytical chemistry took place after 1900. The
basic spectroscopic techniques were invited in the early 20th century and became well developed
in the late 20th century. Analytical chemistry expended extensively in 20th century and found
application in the field including forensic, environmental, industrial and medical questions [117118].

2.2.

Spectrophotometry
Spectrophotometry deals with visible light, near-ultraviolet, and near-infrared.

Spectrophotometry involves the use of a spectophotometer; a device for measuring light intensity
that can measure intensity.
2.2.1. Ultraviolet-Visible (UV/ VIS) Spectrophotometry
UV-Vis uses light in the visible and adjacent near ultraviolet (UV) and near infrared
(NIR) ranges. Highly conjugated the aromatic and conjugated organic compounds, absorb light
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in the UV or visible regions, water is used as solvents. For water soluble compounds, or ethanol
for organic-soluble compounds. Ethanol does not absorb at most wavelengths. Visible
wavelengths range covers 400 to 800 nm.
A UV/Vis spectrophotometer are also used as HPLC detector. The response of the
detector is proportional to the concentration [117-119].
The organic molecules absorb in UV region. In this region two types of electronic
transition may occurs (a) shared electrons that participated directly in bond formation of π or σ
bonding molecular orbital to the π* or σ* antibonding molecular orbital, most probably π to π*
transition. (b) The transition of unshared pair of electrons localized about such atoms as oxygen,
halogens, sulphur and nitrogen occurs to the σ* or π* antibonding molecular orbitals (n- π* or nσ*) transition [120].
The relative ease with which various transition can occur in the following order
σ to σ* <n to σ* < π to π* <n-π*
In case of saturated hydrocarbons the C-C are firmly held together therefore higher
energy radiations are required for the transition of (σ to σ*) electrons. They require the radiation
for the excitation of electrons in vacuum UV region (below 180 nm). Therefore the single bond
spectra have not been exploited for analytical purposes.
Organic compounds containing double and triple bonds possess π bonding which is weak
bonding as compared to σ bonding, therefore the transition of electron from (π to π*) requires
radiation in the UV region. Unsaturated hydrocarbons absorb in UV and visible region and are
termed as chromophores [121-124].

2.3.

Chromatography
The name of Chromatography (Greek χρώμα: chroma, colour and Graphy writing) means

colour writing. Essentially, the chromatography is based on the difference in the rate of
migration through Stationary phase under the influence of solvent or gas called moving phase.
2. 3.1. High Performance Liquid Chromatography (HPLC)
It has unique ability to separate complex mixture and provides accurate analysis of the
components. In this process a mixture of compounds is to pass through the bed of particles by
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liquid called mobile phase. The chromatography is physical process by which the components of
a mixture of chemical compounds are separated. The classical chromatography has changed into
HPLC. The term HPLC has been referred to as High Performance Liquid Chromatography, High
Pressure Liquid Chromatography and High Priced Liquid Chromatography.
2.3.2. Basic principle of Chromatography
When very small particles are packed in a tube (column) and liquid is forced through the
column by pump and the components are detected as they come out of the bed by a sensitive
detector, this process is called high performance liquid chromatography. Separation of
components occurs in HPLC by partitioning between the moving liquid phase (mobile phase)
and surface of particles (the stationary phase). Each component to be separated has certain
solubility in the mobile phase and certain attraction to the stationary phase. Thus while they
travel through column they are partitioned. Partitioning is defined as the division of each
component between the mobile phase and stationary phase,
The HPLC is particularly suitable for the separation or analysis of compounds, which are
not amenable to other chromatographic techniques. It can analyze and separate thermally labile
compounds at ambient temperature and highly polar compounds without any prior derivatization
[125-128].
2.3.4. The Advantages of HPLC
HPLC has both advantages and limitations.
1. The HPLC separation can be accomplished in a matter of minutes and in some cases,
even seconds. The primary requiremint for high-speed analysis are a high resolution
column and a high pressure pump, higher pumping pressures means faster flow rates and
faster analyses.
2. The HPLC column is used for a number of analyses without regeneration.
3. The time taken in analysis is much shorter
The technique is less dependent upon operator skill and the reproducibility factor is much
higher.
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4. Highly polar compounds can be chromatographed without prior derivatization and
polymeric samples can also be analyzed.
5.

Biological fluids can often be directly injected.

6.

High resolution, complex sample mixtures can be readily resolved in to individual
components, For example a raw urine sample has been resolved in to more than 200
individual components. This is a difficult sample to handle.

7.

HPLC methods also provide good quantitative information. Quantitative analyses are
easily and accurately performed and errors of less than one percent relative are common
to most HPLC methods.

8.

The detectors employed in HPLC provide good sensitivity. Depending upon the sample
type and the detector used, it is frequently possible to measure 10-9g or 1ng of sample,
with special detectors; analyses down to 10-12g (pg) have been reported.

9.

It can be applied to a wide variety of sample types including organic and inorganic
samples.

10. Molecular weight from as low as 18 up to 6 million have been handled by HPLC. The
sample types can be liquid or solid, ionic or covalent compounds.
11. HPLC has already made a significant impact in pharmaceutical, clinical, forensic and
environmental analysis.
To summarize, the advantages which HPLC can offer in the analyses of pharmaceutical
products, body fluids samples and environmental residue samples guarantee that the wide
interest generated by the technique over the last decade will be maintained.
The last major advantage involves the availability of automated system, There are
commercially available system that will automatically inject a sample perform the separation,
print out the individual peak retention time, integrate peak areas automatically regenerates the
initial conditions, and inject the next sample. By comparing retention times to memory values,
peaks are identified and named. Peak areas are used to calculate peak concentration by a variety
of calibration techniques. This automation is made possible by the use of built in
microprocessors.
HPLC have also advantage over GC, although the capital cost of HPLC are higher than
GC but there are large number of organic compounds which are unstable at higher temperature
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on GC they can only be separated and detected by HPLC. There is also a wide range of detectors
in case of HPLC some may be made selective for particular components [129-130].
2.3.5. Liquid Chromatography Modes
Separation is carried out with a liquid mobile phase and a solid stationary phase which
reversibly adsorbs the solute molecules. The stationary phase may be polar (e.g. silica gel,
porous glass beads or alumina) while the mobile phase may be relatively non-polar (e.g hexane
or chloroform). This is the oldest chromatographic method as liquid-solid chromatography
developed by Twsett as early as 1903.
There are four basic modes of Liquid Chromatography which are currently in use.
They are;
1. Adsorption (normal phase) Chromatography
2. Reverse phase (hydrophobic separation) Chromatography
3. Size exclusion (Gel filtration) Chromatography
4. Ion-exchange Chromatography
2. 3.6. Adsorption (Normal Phase) Chromatography
Liquid-solid or Adsorption or Normal phase Chromatography is probably one of the
oldest types of Chromatographic method. It utilizes a mobile liquid that is adsorbed on to the
outside of a solid phase. The equilibration between the mobile and stationary phase results in to
the separation of different solutes. The separations in the mode are primarily carried out on silica
gel and alumna column with organic solvent mobile phase e.g chloroform, 1,2- dichloroethane,
n-hexane and benzene etc. This mode contains polar-polar interaction. In adsorption mechanism
of silica gel polar compounds involve hydrogen bonding to active silanol groups on the surface
of the silica. More polar molecules are more strongly adsorbed and an increasingly polar eluent
lead to a more rapid elution of solutes from an adsorbent column. The samples that dissolve
sparingly in water and in water miscible organic solvents are often better separated by the
chromatography (LSC).
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2. 3.7. Reverse Phase (Hydrophobic Separation) Chromatography
This technique involves a non-polar stationary phase e.g. hydrocarbon and polar mobile
phase (this mode contain non-polar interaction).

The separation occurs by differential

hydrophobic functional groups attached to matrix. Polar molecules have little affinity for
hydrophobic support and are eluted relatively quickly by aqueous mobile phase, conversely very
hydrophobic molecules interact strongly with support and elute at later retention time. More
polar molecule elute first. This type of chromatography is referred to as reverse phase
chromatography.
In reverse phase commonly used solvent are water, acetonitrile, tetrahydrofuran methanol
and ethanol. As the water concentration increases it forces the components onto the column, as
the acetonitrile concentration increases, it displaces the component from packing because it is
less polar than water. In reverse phase chromatography the stationary phase based on porous
silica beads to which alkyl groups are covalently bonded such as octadecyl silyl (ODS),
octylsilyl, butylsilyl and less frequently used reverse phase include cyanopropyl, alkylphenyl,
diphenyl and aminopropyl. On reverse phase column most polar components have shorter
retention and less polar components have longest retention. Thus non-polar components have
higher affinity for non-polar packing like reverse phase.
2. 3.8. Size Exclusion Chromatography
Size exclusion chromatography is used for the separation of organic and inorganic
molecules in aqueous and non-aqueous systems; however this technique is predominantly used
for the analyses of high molecular mass compounds such as protein and polysaccharides.
It is newest of the (four liquid chromatographic modes and is used for the separation of
component according to their effective molecular size in solution.
There are two types of size exclusion chromatography
(1) Gel permeation chromatography
(2) Gel filtration chromatography
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2.3.9. Ion- Exchange Chromatography
Ion exchange (LC) is an alternative way of analyzing ionic compounds. Ion exchange
packing material for LC are based either on chemically modified silica gel or styrenedivinylbenzene copolymers, in which ionic side groups have been introduced e.g. sulponic
(strong) or carboxylic (weak) acid groups or tertiary(weak) or quaternary (strong) ammonium
groups.
Ion exchange chromatography is common in life sciences, because many compounds
found in organisms are ionized or ionizable. Ion exchange involves the substitution of one ionic
species for another. The stationary phase consists of raged matrix. The separation mechanism is
based on strength of interaction between sample ions and exchange site. Ions that interact only
weakly with exchange site will be poorly retained; because of their having low capacity factors
values. Ion exchangers are divided into weak or strong anion or cation exchangers, according to
nature of functional groups, bonded to support, which can be high molecular mass polymers.
Ion exchange chromatography is applied to wide range of separation of carboxylic acids,
aromatic sulphonates, sugars, vitamins, glycosides, peptides and protein [131-136].

2.4.

Basic Instrumental Components of HPLC system
HPLC instrumentation consisting of a pump, injector, column, detector and recorder or

data system, connected as shown in the figure below. The column is the main component where
separation occurs.
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Fig 2.1 High Performance Liquid Chromatography (HPLC) was carried out on Agilent model
1100–network HPLC System (Agilent Technology Inc, USA) 1100 series two quart pump
G1311A, degasser G1379A with diode array DAD G1315B detection system
2.4.1. High Pressure Pumping system
The pump is equipped with maximum discharge pressure of 400-kg/ml and flow rate of
0.1 to 9.9 ml/min. There are several types of pumping systems available in HPLC, such as direct
gas pressure, pneumatic (and hydraulic) intensifier pump, reciprocating and screw driven pumps.
But reciprocating pump is most popular in HPLC due to satisfactory performance. Reciprocating
pump has two types of modes, one in which Piston is indirect contact with liquid mobile phase
being pumped and other where piston action is transmitted to a flexible stainless steel membrane
via a hydraulic system also called diaphragm pumps. Reciprocating pumps for analytical
chromatography usually deliver up to 10 ml/min.
High Performance Liquid Chromatography (HPLC) was carried out on Agilent model
1100–network HPLC System (Agilent Technology Inc, USA) 1100 series two quart pump
G1311A, degasser G1379A with diode array DAD G1315B detection system
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2.4.2. Column
The heart of the chromatograph is the Column, where all types of chromatographic
separations are obtained. Columns are made of the stainless steel to hold high pressure. These
have smooth internal diameter throughout, and are available commercially in various sizes. An
efficiency of column depends on its bed structure, which is determined by several factors, such
as packing material and average particle diameter. Different types of the packing material are
available commercially. The good column packing materials are thermally stable and chemically
inert to solvent of mobile phase, contain large surface area and open structural surface, accessible
to mobile phase, uniform in dimension, consisting of solid core and porous adsorbed layer.
Material has to be packed uniformly and packing must be stable and not easily compressed by
high pressures or disturbed by high flow rates. In analytical application column of 2.1 mm, 3.2
mm 3.9 mm and 4.5 mm internal diameter are employed with varied lengths. For preparative
chromatography large column of up to 30 mm diameter are used. The most common types of
packing material used in modern chromatography come in 3µm, 5µm and 10µm particle size.
The smaller size of particles contains high efficiency for analytical separation, 3µm is
recommended for more demanding separation.
The column ZORBAX 300 SB-C18 5µm (4.6x150mm id) (Agilent Technology Inc, USA) was
used throughout the study.
2.4.3. Normal Phase Packing Material
In normal phase two types of column packing material silica and alumna are used.
Alumna shows the preferential adsorption of acidic compounds, unsaturated compounds and
compound containing halogens. In normal phase, components elute in order of increasing
polarity, because higher polar compounds are adsorbed more strongly to the packing material.
Silica, which can stand pressures and changes in the mobile phase, became the main stationary
phase for all modes of chromatography. It is available with appropriate pore and particle size,
Silica’s are prepared by reaction of sodium silicate and mineral acid such as hydrochloric acid.
Polymerization occurred forming polysilic acid which on dehydration produces stable porous
solid i.e. silica. At the surface of silica there are either silanol (SiOH) or silioxane (Si-O-Si)
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bands. The surface concentration of Silanol is between 7 and 8 µmol/m2. These groups are acidic
in nature and play important role in chromatography. The most acidic ones are located in
adjacent silica atoms, form intermolecular hydrogen bonding which often leads to undesirable
chromatographic effects. In order to deactivate stronger adsorption sites a polar modifier such as
water is added to the absorbent. The partially acidic silica’s allows retention of basic compounds
such as amines. Retention by silica gel or alumna is governed by interaction, which vary from
dispersion forces to electronic interactions, involving permanent dipoles or electron donoracceptor interaction, such as hydrogen bonding.
2.4.4. Reverse Phase Packing Material
The reverse phase packing materials are prepared by the reaction of silanol group on the
surface of silica gel with alkyl silanes eg: organo chloro silanes and organo alkoxysilanes. All
silanol groups do not react due to steric hindrance. Alkylsilanes containing one, two and three
functional groups, react with acidic silanol. When monochlorosilane is treated with silica, no
polymerization is observed but in di and tri-chlorosilane polymerization is obtained.
2.4.5. Mobile Phase
The compound containing less number of carbon atoms elute faster, because components
with larger carbon atom have more surface available for interaction with packing material, the
silica C8 and silica C2 packing materials contain less carbon chain then silica ODS (C-18), so
their ability to retain the sample decreases. These packing material offer great advantage and
samples can be eluted by a suitable mobile phase (methanol, water, acetonitrile mixtures). If
silica gels, which is strongly polar is employed as the stationary phase then disperse type of
solvent would he appropriate for the mobile phase. Normal paraffin’s such as n-hexane or nheptanes would constitute the more disperse types of mobile phase and would also be transparent
to UV light. In normal phase components elute in order of increasing polarity, because higher
polar components are adsorbed more strongly to the packing material. The reverse phase HPLC,
with silica ODS as non-polar stationary phase requires polar mobile phase, such as mixture of the
water, methanol, acetonitrile or tetrahydrofuran, to increase the magnitude of interaction in the
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mobile phase and thus help to elute the strongly retained solute in the mobile phase. Very
difficult separations may require suitable mixtures of the solvents with water to optimize the
separation. The elution time of sample depends upon the polarity of sample.
2.4.6. Sample Injector System
Often, limiting factor in the precision of liquid chromatography measurement is the
reproducibility with which sample can be introduced onto column packing. The volume used
must be minuscule a few tenths of a micro litre to perhaps 500 µL. It is convenient to be able to
introduce the sample without depressurizing the system.
Sampling Valves
Although syring injection finds general application because of its convenience, the most
widely used sampling device are sampling valves or loops, these devices are often an integral
part of liquid chromatographic equipment and have interchangeable loops providing a choise of
sample sizes from 5 to 500 µL. Sampling loops of this type permit the introduction of samples at
the pressure up to 7000 psi with precision of few tenths of percent relative.
A Rheodyne 7725 injector was connected with (Agilent Technology Inc, USA) 1100
series liquid chromatography with 6-port rotary valve (with injection port) the maximum
working pressure capacity of injector was 5000 PSI (350 kg/cm2) with stainless steel SUS.316,
special resin and ceramic pipe joints. The injector also comprises of 20µl loop. A hypodermic
type syringe 25 µL with needle 0.028 inch (0.71mm) was used throughout the study.
2.4.7. Selection of Column Diameter
The capacity of the column increases as the diameter increase, because of the increase in
the amount of stationary phase. As the column diameter decrease capacity decreases, but smaller
amounts of solvents can be used. The column resolution increases generally with the column
length but usually the separation is carried out on shorter column within 15-30 cm.

34

Column diameter of pre-packed column range from 1 mm to 8 mm id can be used but 4
mm is a general-purpose diameter useful in small-scale preparative work (few mg) and for
general analytical techniques.
2.4.8. Chromatogram
Information from the detectors is displaced on a chromatogram, which is obtained by
converting the detector signal followed by the recorder with the function of time after loading
the sample. When mixture of two components A and B are injected on the column and if A
travels faster than B the response of A will be recorded first followed by B with the function of
time.

2.5.

Physical Parameters of HPLC

2.5.1. Retention and Dead Time
The time required to spend in mobile and stationary phase by the compound is known as
retention time (tR) and the time a non-retained analyte spends in the mobile phase or in the
column is known as dead time (tM).

2.5.2. Adjusted Retention Time (tR')
It is the difference between retention time and dead time for an analyte.
tR’ = tR-tM
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2.5.3. Distribution Coefficient
The separation of components of a mixture in chromatography are due to the difference
in the distribution of the compounds between stationary and mobile phase. If Cs is the
concentration of a compound with stationary phase and Cm are the concentration of a component
in the mobile phase then the distribution coefficient k' is given below
k' = Cs/ Cm
migration of the component only occurs when it is with mobile phase therefore the rate of
migration of the component is inversely proportional to K. Another parameter which is
correlated distribution coefficient factor k'.
2.5.4. Capacity Factor (k')
The migration rate of an analyte on column is called capacity factor or retention factor k’.
k’ = tR – tM/tM
2.5.5. Selectivity (α)
The ratio of the capacity factors of two analytes or peaks is called selectivity. The value
of selectivity is always 1 or greater than 1. The two analytes cannot be separated if the value of
selectivity is equal to one. The higher value of the selectivity means more resolution between
two analytes.
α = kA/KB
2.5.6. Efficiency
The column efficiency refers to the number of analytes, which can be separated by the
column. The efficiency is reported as the number of theoretical plates or the height equivalent to
a theoretical plate (HETP). The more analytes can be separated by the column as HETP
decreases. The ability of column to separate analytes increases with the increasing of number of
theoretical plates.
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2.5.7. Resolution
It is the measure of how well analytes have been separated. The resolution of two
compunds, 1 and 2, can be defined as
R = 2[(tR)2 – (tR)1]/ W1 + W2
The tR1 and tR2 denote the retention time of components 1 and 2 respectively and W1 and
W2 denote the band width of the peak for components 1 and 2 respectively. tR and W should be
measured in same unit.
Baseline resolution is achieved when R = 1.5 less than1.5 the peaks are not quite
resolved.
2.5.8. Number of Theoretical Plates
The sharper the peak of the components that elutes from the column i.e. the smaller the
value of w, the better is the column. Therefore the greater the value of theoretical plates the
higher the column efficiency. The value of theoretical plates is itself dependent upon the type of
packing material in the column, the mobile phase used and sample to be analyzed [137-140].
(tR)2
N = 16 ——
W
Where;
N = number of theoretical plates
tR = is the retention time of peak
W = Peak width

2.6.

Detectors
In HPLC the important requirement is sensitive detector for continuous monitoring of the

column effluent. A variety of detectors have been developed for HPLC. The common detectors
used in HPLC are summarized in table with their sensitivity.
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___________________________________________________________
Detector

Full Scale Sensitivity Grams

---------------------------------------------------------------------------------------Atomic absorption

10-9

Electrochemical

10-12

Evaporative analyzer

10-3

Flame photometry

10-7

Fluorescence

10-10

Infrared

10-6

Refractive index

10-6

Thermal conductivity

10-8

Ultraviolet-visible

10-9

______________________________________________________________
The most widely detector used in HPLC is spectrophotometer ultraviolet (UV) due to
need of high sensitivity and low noise and drift in base line.
2.6.1. Spectrophotometric Ultraviolet Detector
It is most widely used detectors in HPLC. It is based on the absorbance of light in the
ultraviolet (UV) region of the spectrum. UV detectors are sensitive to sample concentration and
have the advantage not to destroy the sample. The continuous emission of the deuterium lamp
can be utilized in conjugation with monochromator to provide a variable wavelength detector.
The variable wavelength facility is an extremely useful way of gaining increased sensitivity in
different analysis. A sample can be monitored at its wavelengths of maximum absorption [141].
2.6.2. Photo-Diode Array detector
An array of semiconductor diodes is normally used to detect light that has been spread
into its components wave lengths. One small band of wave lengths falls on each detector.
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Photodiode array (PDA) is a linear array of discrete, Photodiodes on an integrated circuit (IC)
chip and is used for recording the full UV-VIS absorption spectra of samples passing through a
sample from cell, such as in an HPLC detector.
The Agilent 1100 Series multi wavelength detector allows a wide range of wavelengths
from low UV to the visible range. The diode array based dual lamp design provides high
sensitivity for trace-level quantification.
Optical System Overview
The optical system of the detector is mentioned in Figure 2.2. Source is a combination of
a deuterium lamp for the ultraviolet (UV) wavelength and a tungsten lamp for the visible (VIS).
The achromat (source lens) forms a single, focused beam of light through the flow cell. Each cell
room and lamp is separated by a quartz window which can be cleaned or replaced. In the
spectrograph, light is being dispersed onto the diode array by a holographic grating. This allows
simultaneous access to all wavelength information [142].

Fig 2.2 Photodiode array (PDA) detector parts.
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2.7.

Derivatization
The procedure, which is used to convert the analyte structure into another molecule by

chemical reaction with one or more reagents, is called derivatization. Derivatization, prior to
chromatographic analysis, is used chemical conversion of the samples for a faster, more
convenient, or more accurate final analysis. These goals may be served by forming a new
compound that is more readily extractable, more readily chromatographed, or more easily
separated from interfering component, during sample preparation or in the final chromatography
of prepared samples. Generally on improvement in solvent extraction or chromatography, is
achieved by the conversion to make suitable form for chromatography. Sometimes the
chromatographic behavior can be improved by reducing the polarity of a solute. Polarity of
amino, hydroxyl and thiol groups can be reduced by acylation. Acylation is based on the direct
reaction with acid anhydrides and acid chlorides such as acetyl chloride and acetic anhydride
[129, 135].
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Determination of α-Keto acids in Human Serum and Urine using 4Nitro-1, 2-phenylenediamine as Derivatizing Reagent.
2.8.

Introduction of Keto acids
Keto acids are organic acids containing a ketone functional group and carboxylic
acid group.
They are divided into three classes on the basis of position of ketone group
in a compound.

1. Alpha keto acids or 2-oxo acids: keto group is attached at adjacent to the carboxylic
acid group for example pyurvic acid, keto butyric acid etc.
2. Beta keto acids or 3-oxo acids: The ketone group is attached at the 2nd carbon from the
carboxylic group for example acetoacetic acid.
3. Gamma keto acids or 4-oxo acids: the ketone group is attached at the 3rd carbon from
the carboxylic group for example levulinic acid [143].
α-Keto acids are key intermediates in a number of major biochemical pathways including
glycolysis, amino acids and carbohydrate metabolism [144]. Each of the keto acid has its specific
function, pyruvic acid (PYR) is involved in biosynthesis of alanine and is used in diets causing
increase exercise endurance, fat loss and to protect DNA [145], which plays an essential role in
biochemical processes. The carboxylate anion of pyruvic acid is known as Pyruvate. Pyruvic
acid has an essential role in biological energy production [146]. Additionally, it is a biologically
important molecule involved in a variety of biochemical reactions in plants or animals. From
clinical point of view, pyruvic acid has cardiac, skeletal muscle and bariatric activity as well as
antioxidant characteristic; hence it serves as an aid for diagnosing various medical disorders.
Pyruvic acid also can promote a multitude of health benefits such as enhancing body weight loss,
increasing human body’s muscular endurance and boosting exercise performance [147-148].
Fortunately, pyruvic acid is widely found in several agricultural products and the average daily
intake of this substance is between about 100 milligrams and 1 to 2 grams. Although, certain
fruits and vegetables are rich sources for pyruvic acid, however dietary supplements of it are also
commercially available. In the food industry, assaying this compound provides an indication of
bacterial contaminations [149]. Moreover, the measurement of the enzymatically produced
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pyruvic acid is a very reliable indicator of flavor or pungency [150]. Actually, pyruvic acid is
formed as a stable primary compound from the enzymatic decomposition of each of the flavor
precursors. Measuring pyruvic acid level as an index of onion pungency has become a routine
procedure to ensure the quality of onion for both growers/shippers and consumers. Pyruvic acid
as a product of fermentation can be detected in large quantities in dark beers. This acid is also
found in wine, fruits (e.g. apple), and cheese. The salt form of this acid is present in various
dietary supplements used in the control of body weight. The concentration of pyruvic acid in
blood and urine is a useful marker for certain medical conditions.

2.9.

Carbohydrate Metabolism Markers
Urinary excretion abnormalities of pyruvate and lactate provide useful information to

basic metabolic factors due to their position in the energy production process. Pyruvate is the
anaerobic breakdown product of glucose, which is further converted to acetyl-CoA by pyruvate
dehydrogenase enzyme complex. Pyruvate dehydrogenase requires cofactors derived from
thiamin, riboflavin, niacin, lipoic acid, and pantothenic acid. Elevated levels of pyruvate may
reflect failure of the enzyme due to a functional need for increased B vitamins [151].
These α-keto acids are link between carbohydrates and protein metabolism. They are
intermediate products produced in a body during metabolism of carbohydrates and protein.
During aerobic metabolism, one glucose molecule is broken down into two molecules of
pyruvate (pyruvic acid).

Fig. 2.3 α-keto acids are link between carbohydrate metabolism
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α-Ketoglutaric acid is one of two ketone derivatives of glutaric acid. Its anion, αketoglutarate also called oxo-glutarate, is an important biological compound. It is the keto acid
produced by de-amination of glutamate, and is an intermediate in the Krebs cycle.
α-Ketoglutaric acid is also a key intermediate in the Krebs cycle, coming after isocitrate
and before succinyl CoA. Anaplerotic reactions can replenish the cycle at this juncture by
synthesizing α-ketoglutarate from transamination of glutamate, or through action of glutamate
dehydrogenase on glutamate.
Phenylpyruvic acid is an intermediary product produced when the normal pathway of
phenylalanine catabolism is blocked and excreted in the urine in phenylketonuria, a product of
the metabolism of phenylalanine. The presence of phenylpyruvic acid in the urine is indicative of
phenylketonuria, an intermediate product of the metabolism of phenylalanine in the body
C6H5CH2·CO·COOH. A product of the metabolism of phenylalanine. The concentration of
phenylpyruvic acidis increased in the serum of patients with heridiatary metabolic diseases
[152].
Branched chain keto acids: 3-methyl 2-oxovaleric acid (K3MVA) and 4-methyl-2oxovaleric acid (K4MVA) can regulate protein turn over [153-155]. Hence their determination is
of interest of pathological situation such as sepsis [156], burns [157] and heptic disorders [158].
A higher risk of infection diseases have been reported in elderly people, because of protein
malnutrition and decline in the immune system [159]. The determination of α-keto acids in
biological fluids is of considerable interest and relevance. It is used as a clinical marker for
maple syrup urine disease (MSUD). MSUD is caused by a deficiency of the branched-chain keto acid dehydrogenase complex, resulting in an accumulation of branched-chain amino acids
and the corresponding keto and hydroxy acids in blood, urine and cerebrospinal fluid causing
neurological damage and mental retardation. The subjects may improve on supplementation with
α-keto-acids [147-149].

2.10. Uses of α - ketoacids as drugs
α-Keto Acid can reduce nitrogen supply, decrease urea production, stimulate protein
synthesis, and suppress protein decomposition, while offering adequate essential amino acids for
body. Furthermore, α-Keto Acid and branched chain amino acids do not stimulate glucagon
secretion and glucagon-induced cyclic adenosine monophosphate (cAMP) secretion in liver, It
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has no stimulating effect on hyperfiltration, thus contribute to delaying the progress of
nephropathy. It is extensively accepted that limited intake of diet protein to reduce kidney
hyperfiltration and renal glomerulus internal pressure is effective in delaying the progress of
nephropathy. Adding compound α-Keto Acid tablet to low protein diet for patients can prevent
essential amino acid deficiency and ameliorate severity of metabolism disorder, thus prevent
malnutrition [160].
The keto acids are present in biological fluids and are determined with HPLC using
chemical ionization mass spectrometry. Due to biological importance of keto acids
Various analytical methods are reported and litrature review indicates:

2.11. Literature Review
Du [161] reported a technique to determine organic acids including keto acids (KAs) in
urine samples by HPLC-MS-MS system. Samples containing 50 different non-derivatized
organic acids including KAs were eluted from HPLC column and subjected into MS-MS system
to measure in a single mass spectrometric run.
Gao et al [162] reported the quantitation of pyruvic acid (PYR) in fermented broth by
reversed phase HPLC using column ODS-2 HYPERSIL C18 and ammonium dihydrogen
phosphate 0.05 mol/L as mobile phase. The sample was pretreated with diluted H2SO4, and then
directly loaded into HPLC column.
Zhu et al [163] assessed a method for the determination of ten organic acids such as oxalic,
pyurvic acids in beers samples by reverse phase HPLC. The total contents of acids were within
the range of 738.17 - 799.50 mg/L.
Ji et al [164] developed the derivatization of α-keto acids (α-KA) with phenylhydrazine.
The separation was performed by reversed-phase HPLC using Hypersil C18 column and a mobile
phase was 5 % methanol and 95 % potassium phosphate buffer. The detection was at 324 nm.
The limits of detections were within 0.119 and 0.913 with RSD less than 3.9 % and recovery was
about 100 %.
Yang et al [165] reported a method for determination pyruvic, malic, ketoglutaric, lactic,
acetic, citric, fumaric, oxalic and succinic acids in beer and wort by Nucleosil C-18 column with
UV detection at 215 nm. The separation was with 0.1 mol/L KH2PO4 with H3PO4 as mobile
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phase. % Recovery of most of organic acids was higher than 85 %. Coefficient of variation
(C.V) was observed within 5 %.
Yang and Zhang [166] proposed a procedure for the analysis of pyurvic acid (PA) from beer,
serum and urine samples by Mn(III) electrochemiluminescence detection system and HPLC with
C18 column using NH4H2PO4 as mobile phase. The linear calibration curve of pyruvate was
between 1.0 x 10-4 - 1.0 x 10-7 g/mL. The LoD was observed 3 x 10-8 g/mL with RSD 2.5 %.
Wang and Liao [167] compared capillary zone electrophoresis (CZE) procedure and ionpair chromatographic (IPC) procedure to determine pyruvic, uric, orotic, α-ketoglutaric, hippuric,
fumaric acids in biological material. Both methods were applied to determine organic acids in
urine by direct and standard addition analyses. CZE showed standard deviation (SD) less than 10
%. Both methods enabled to detect organic acids for biological analyses even with 50-fold
dilution.
Ewaschuk et al [168] reported the separation of enantiomer of lactic acid in calf feces,
rumen fluid and urine. The analysis of organic acids was performed on a sulfonated
polystyrenedivinyllbenzene column and the separation of enantiomers of lactic acid involved the
Cu (II)-containing solvents. Stereoselective ligand exchange chromatography was carried out a 3
μm ODS column.
Tormo and Izco [169] reported a method for determination of oxalic, pyruvic, malic,
ketoglutaric, lactic, acetic, citric, fumaric and succinic acids in dairy by reverse phase HPLC
with C18 column and gradient elution was with buffered solution of phosphate using acetonitrile
as mobile phase. Method showed linearity with coefficient of determination (r2) 0.999. %
recovery was observed close to 100 %.
Floridi et al [170] reported the determination of oxalic, pyruvic, malic, ketoglutaric, lactic,
acetic, citric, fumaric and succinic acids in beer by reversed-phase HPLC with refractive index
and UV absorbance at 210 nm. Samples were treated on Dowex 1 x 2 anion exchange resin
column. The separation was performed on C18 columns (250 x 4.6 mm) connected in series using
water- trichloroacetic acid-methanol as mobile phase.
Anthon and Barett [171] modified procedure for the analysis of pyurvic acid (PYR) in
onion by colorimetry, based on the derivatization with dinitrophenylhydrazine (DNPH). λmax
was observed at 515 nm. The (C.V) was 1.7 % with recovery of 98.5 ± 2 %.
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Zwiener et al [172] proposed a procedure for the analysis of carbonyl compound in
drinking water as well as keto acids (KAs), hydroxyketone and dicarbonyl compounds by
HPLC/MS/MS, method involved the solid-phase extraction and derivatization with 2, 4dinitrophenylhydrazine (DNPH).
Fu et al [173] developed a method for alpha keto acids by GC-MS for organic acidemia
screening. The method was based on derivatization reaction with oxime-timethylsilyl as
derivatizing reagent.
Mancini et al [174] assessed a method for the determination of organic acids in beer
samples. The determination of malic, pyruvic (PYR), lactic, acetic, citric, succinic, fumaric and
citramalic anions was by HPLC connected to UV and refractive index detection. UV detectors
were more sensitive as compare to refractive index detector. Acids were separated by isocratic
0.8 ml/min in 30 min.
Montanari et al [175] determined and characterized malic, pyruvic (PYR), lactic, acetic,
ketoglutaric, citric, succinic, citramalic and fumaric acid in beer by two different HPLC methods
i.e HPLC-ECD (amperometric electrochemical detection) and HPLC-DAD (photodiode array
detection).
Del Nozal et al [176] reported the determination of organic acids and keto acids (KAs)
from honey samples by 2 chromatography systems after removing components from samples
using solid-phase extraction by anion exchange cartridges. The determination was based on two
columns ODS-1 S5 in series for acid analyses using ammonium di-hydrogen phosphate as
mobile phase at pH 2.2 and detection was with UV detector at 210 nm.
Akalin et al [177] assessed a procedure to determine organic acids and keto acids in
cheeses by HPLC with UV detection at 214 nm. The separation involved the C18 column using
0.5 % (w/v) buffer (NH4)2HPO4 with H3PO4 and 0.4 % (v/v) acetonitrile as mobile phase.
Recoveries of all acids were more than 86.3 %.
Lee et al [178] reported to quantify formaldehyde glycolaldehyde, glyoxal,
methylglyoxal and pyruvic acid by HPLC. The method was based on the derivatization reaction
with 2, 4-dinitrophenylhydrazine. Samples were collected by liquid scrubbing in conjunction
with an auto-sampler. The (LoD) for carbonyl compounds were 0.01 - 0.02 ppb in the gas phase.
Fernandez and McGregor [179] determined citric, orotic, lactic, pyruvic, uric, acetic,
formic, propionic, hippuric and butyric acids from yogurt by HPLC. The method involved
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extraction with H2SO4 and acetonitrile and water. Recoveries of acids were satisfactory with
H2SO4 extraction procedure.
Buckberry et al [180] assessed a procedure for the determination of pyruvic acid (PYR)
by spectrophotometer using 1, 2-phenylenediamine as derivatizing reagent. It was observed that
the reported method was ten-fold more sensitive than the reported spectrophotometric methods.
Ok et al [181] proposed a procedure for the analysis of α-keto acids (KAs) in serum and
urine by HPLC using fluorescence detection (λemm = 445 nm, λexc = 364 nm). The method was
based on the derivatization reaction with 1,2-diamino-4,5-methylenedioxybenzene followed by
β-mercaptoethanol and sodium hydrogen sulfite. The limits of detections were observed at fmol
levels.
Stijntjes et al [182] described a procedure for the analysis of pyurvic acid (PYR) by
isocratic HPLC with fluorescence detection. The method was based on isocratic separation and
derivatization with o-phenylenediamine (OPD). Detection limit of PA was 7.5 pmol. The method
was used to determine rat renal cytosolic cysteine conjugate β-lyase.
Bouzas et al [183] developed a procedure for the determination of glucose, lactose,
galactose, citric, orotic, lactic, uric, pyruvic, formic, hippuric acetic, propionic and butyric acids
from cheese with isocratic HPLC procedure. The separation was performed by using column
Aminex HPX-87 in hydrogen ion form with UV and refractive index detectors in series.
Tsuchiya et al [184] worked on the separation α-keto acids (α-KA) (α-ketoglutaric,
pyruvic, α-ketobutyric, α -ketoisovaleric, α -ketoisocaproic, and α -keto-β-methylvaleric acids)
by HPLC with UV detection. KAs were converted to UV-absorbing derivatives and purified by
hydrazide gel column treatment.
Bevilacqua and Califano [185] reported the separation of organic acids such as
pyurvic acid from yogurt, raw milk, cheeses by HPLC and detection was at 214 nm. The
separation was carried out on a reversed-phase C-8 column using 0.5 % ammonium phosphate
buffer and methyl cyanide as mobile phase. Recoveries were more than 85.3 % for all acids.
Gey [186] worked on the determination of citric, isocitric, pyruvic, and αketoglutaric acids by HPLC of fermentation broth on the column 150 x 3.8 mm. The dose
volume was 20 μL and detection was at 210 mm. Elution was with 150 mL 0.1 M KH2PO4 and
water.
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Gey [187] assessed a HPLC procedure for the quantitative determination of citric
acid, pyruvic acid (PYR), isocitric acid and α-ketoglutaric acid in fermented solutions. The
chromatographic separations were carried out on 50 and 100 × 8 mm i.d.glass columns packed
with an anion-exchange resin based on polystyrene-divinylbenzene copolymer. Recoveries were
observed within the range of 94.4 and 107.7% for isocitric and PYR, respectively.
Wang et al [188] reported a procedure for the analysis of α-keto acids (α-KA) from
biological samples by HPLC using 1, 2-diamino-4, 5-methylenedioxybenzene as derivatizing
reagent with fluorescence detection. The separation was carried out isocratically by RP- HPLC
using TSK gel ODS-80TM column. Eight α-keto acids in human serum and eleven α-keto acids
in human urine were determined. The (LoD) were 6 - 44 fmol/ injection (5 μL).
Krishnamurti and Janssens [189] determined branched chain keto acids from sheep
plasma by reversed-phase HPLC based on the formation of quinoxalinols with ophenylenediamine di-HCl and using cation-exchange chromatography for sample preparation
.The elutes were monitored by fluorometric detection. The method was applied to determine αketo acids from biological fluids.
Iriyama et al [190] determined pyruvic acid (PYR), tyrosine, oxypurinol and lactic acid
from biological samples using an electrochemical glassy carbon electrode. The electrode
response was enhanced and stabilized due to the oxidation of compounds. The electrochemical
pretreatment was carried out in 0.2 M phosphate buffer (KH2PO4-KOH, pH 6.5) at 1900 mV vs.
Ag/AgCl for 2 min.
Qureshi [191] reported a method for the analysis of amino acids (AAs) and keto
analogs in plasma samples of healthy volunteers and patients with chronic renal disorders using
HPLC with fluorescence detection. The derivatization of amino acids and their keto analogs was
carried out with o-phthalaldehyde, 2-mercaptoethanol, and o-phenylenediamine sulfate. The
separations were from a reversed-phase column and a multi-step gradient system was used.
Haller and Lackner [192] developed a rapid method for the determination of αketoglutaric, malic, pyruvic acid citric, phosphoric, succinic, lactic, fumaric acids, glucose and
taurine. The samples were deproteinized with HClO4 and detection was by a refractive index or
with UV detector at 208 nm. The separation was performed on a cation-exchange column with
dilute H2SO4 as eluent.

48

Mentasti et al [193] analyzed aldehydes, ketones, and keto acids in urine samples by HPLC.
The method was based on precolumn derivatization with 2, 4-dinitrophenylhydrazine and indicated
better sensitivity for the determination of glyoxalic acid in urine samples. The separation was
performed on a C18 10 μm column using methylcynide-aqueous buffer mobile phase.
Nakamura et al [194] developed a HPLC method for the separation of α-keto acids
with 1,2-diamino-4,5-methylenedioxybenzene as best derivatizing reagent within 18 min by
reversed-phase HPLC with isocratic elution. The detection limits for the keto acids (KAs) were
obtained at fmol levels for an injection vol.of 10 µl.
Katrukha and Kukes [195] analyzed acetoacetic, pyruvic acids and propranolol in
plasma sample by HPLC with fluorescence detection based on derivatization reaction with 2, 4DNPH and chromatography was carried out on a silica gel column at 360 nm using CHCl3HCCOH as mobile phase. The propranol amino group was derivatized with dansyl chloride. The
analysis was carried out on column (Partisil PXS 5) using fluorescence detection.
Kieber and Mopper [196] developed a method for the determination of α-keto aicds (αKA) in seawater and marine sediments using 2,4-dinitrophenylhydrazine as the derivatizating
reagent. The derivatives were separated by reverse-phase HPLC and detected by absorption
spectrometry. The (LoD) was 1-5 pmol/injection (2μ L).
Panari [197] developed a method for the determination of succinic, lactic, formic,
acetic, propionic, pyruvic and pyroglutamic acid in cheeses by HPLC. The acids were passed
through an aminex-HPX 87 column connected with a UV detector set at 220 nm. The separation
was carried out at temperature 42 0 C, eluent, flow rate 0.6ml/min.
Tanabe et al [198] reported the determination of α-keto and hydroxy acids in human
blood spectrophotometrically based on the reaction with Fe (ClO4)3. The determination was
performed by HPLC using the post column derivatization. The determination of α-ketoglutaric,
pyruvic, lactic, oxalacetic, tartaric, citric, malic, β-hydroxybutyric and oxalic acids were
determined in the range of between 2 - 100 nmol/ injection at the sample size of (10 μL).
Hara et al [199] reported a highly sensitive fluorometric method for the analysis of α-keto
acids from biological samples. The derivatization was with 4,5-dimethoxy-1,2-diaminobenzene
in dilute HCl. The separation was achieved within 18 min by HPLC on a reversed-phase column
with isocratic elution. The (LoD) were observed within the range 9 - 780 fmol/ injection
(10 μL).
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Hara et al [200] reported a procedure for the determination of α-keto acids (α-KA) in
serum and urine samples by HPLC. α-keto acids were converted by reaction with 1, 2-diamino-4,
5-dimethoxybenzene

to highly fluorescent quinoxalinone derivatives.The separation was

performed with RP-HPLC on a Radial-Pak cartridge C18 column and detected fluorometrically.
The (LoD) were 10 - 300 fmol/injection (10 μL).
Steinberg et al [201] developed a method to determine α-keto acids (α-KA) and oxalic acid
from environmental samples. The method was based on the RP-HPLC of the quinoxilinol
derivatives of α-keto acids and the hydroxy-quinoxilinol of oxalic acid. The method detected
submicromolar amounts and measurements were reproducible to better than ±10%.
Gaffney and Cooke [202] reported the HPLC method with a Partisil 10 SAX column and
indirect UV detection was with potassium hydrogen phthalate. Lactate and pyruvic acid were
determined in blood serum by ion chromatography.
Takahiro et al [203] optimized an anion-exchange HPLC procedure for the analysis of
pyruvic, lactic, methylmalonic, and propionic acids in biological fluids from a Shodex Ionpak
KC-811 anion-exchange column using 0.1 % H3PO4 as mobile phase. The linear calibration
curves were ranging between 10 - 100 μg and method required 5 μL urine.
Vickers et al [204] reported HPLC procedure to determine pyruvate, acetoacetate, and
acetone using dinitrophenylhydrazones as derivatizing reagent in blood samples with
spectrophotometric detection at 365 nm. The separation was carried out on Bondapak C18.
Elution was carried out by a gradient of methanol in 0.01 M glycine buffer. Result was shown
for blood from an alloxan diabetic rat.
Koike and Koike [205] reported a procedure for the determination of phenyl pyruvic
acid, and oxalic acid from biological samples by reversed-phase HPLC using ophenylenediamine as derivatization reagent with fluorescence detection. The separation was
from Zorbax-ODS column. Elution was carried out with methanol-water (6:4, v/v). Linear
calibration range was in the range of 10 - 250 pmol. The data was obtained from the samples of
patients with chronic pyruvic academia and maple syrup urine disease.
Hiraki et al [206] reported the determination of pyruvic acid, total proteins, vitamin C,
amino acids (AAs), and lactic acid in the aqueous humor of albino rabbits by HPLC with UV
detection using 0.2 M Na2SO4 as mobile phase. The aqueous humor contained total protein,
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ascorbic acid, tyrosine, phenylalanine, tryptophan, histidine, lactic acid, and PA 416.4, 204.8,
22.6, 18.4, 5.15, 36.4, 1102.8 and 62.9 μg/mL respectively.
Schwenk et al [207] developed the method for the determination of amino acids, keto
acids, ketone bodies, fatty acids, urea, glycerol, lactate and pyruate by GC-MS using electronimpact ionization. The method involved the reaction of N-methyl-N-(t-butyldimethylsilyl)
trifluoroacetamide.
Rocchiccioli et al [208] reported a method to determine alpha keto acids from
biological fluids using GC with chemical ionization mass spectroscopy based on the separation
of keto acids as their O-(trimethylsilyl) quinoxalinol derivatives on capillary column. The LoDs
were less than 50 ng/mL.
Kieber and Mopper [209] developed a method to determine α-keto acids from biological
samples after derivatization reaction of keto acids with o-phenylenediamine to form highly
fluorescent quinoxalinol derivatives. The separation was performed by reversed-phase HPLC.
The LoD was in the range of the pmole-fmole /injection. Complete recoveries were obtained
≥98% at the µM level.
Katrukha et al [210] proposed a method for the determination of acetoacetic acid and
pyruvic acid in blood plasma by HPLC based on the reaction with 2, 4-dinitrophenylhydrazine.
The separation was carried out from column of silica gel Partisil PX S5 using CHCl3-HCO2H.
0.1 mL of sample was mixed with 2, 4-dinitrophenylhydrazine in 4 N HCl at pH 2-3. The
hydrazones were separated from the aqueous phase by centrifugation.The reproducibilty was 96
– 97 %.
Hayashi et al [211] developed a procedure for the determination of α-keto acids (α-KA)
from plasma by HPLC using fluorescence detector. The separation was carried out on a column
LiChrosorb RP-8 using 0.1 M methylcynide aqueous tetrapropylammonium bromide- sodium
phosphate (0.1 M) (pH 7.0)-water (1:2:10:7 v/v/v/v) as mobile phase. Only 50 μL of plasma was
needed for the determination of α-keto acids (α-KA).
Nakamura and Tamura [212] proposed a HPLC procedure for the analysis of PYR and αketoglutaric acid (α-KG) by anion–exchange chromatography. The analyte was reacted with
N-methylnicotinamide chloride in the presence of alkali,and heated after acidification with
formic acid to produce fluorophores. The method determined 15 pmol of PYR and 75 pmol of αKG with fluorometric detection.
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Tsuchiya et al [213] quantified α-keto acids (α-KAs) in human saliva by reversed-phase
ion-pair HPLC. The amount was observed 221 ± 142 for alpha-ketoglutaric acid, 7490 ± 5600
for pyruvic acid, 61 ± 23 for alpha-ketoisovaleric acid, 137 ± 79 for alpha-ketoisocaproic acid
and 41 ± 19 nmol/dL for alpha-keto-beta-methylvaleric acid. Their concentration in saliva
showed individual variation compared with those in blood
Hayashi et al [214] reported a simple quantitative method for the analysis of eight
different α-keto acids (α-KA) from biological samples after derivatization with ophenylenediamine.

The

derivatives

were

separated

using

reversed-phase

paired-ion

chromatography. The method was based on pre-purification of samples by a column of hydrazide
gel. KAs were extracted into ethyl acetate and the separation was performed on a 250 x 4 mm
column packed with LiChrosorb RP-8 (5 µm) using methylcynide (MeCN)-0.1 M aqueous
tetrapropylammonium bromide-0.1 M sodium phosphate-water (1:2:10:7, v/v/v/v) as mobile
phase.
Woolf et al [215] investigated a method for the determination of keto acids in biological
fluids

by

GC-MS.

The

method

was

based

on

derivatization

with

bis-

trimethylsilyltrifluoracetamide in acetonitrile. The separation of KAs was performed on a packed
column of trifluoropropyl silicone.
Kato et al [216] investigated the determination of pyruvic, lactic, HOAc and propionic
acids in corn silage by HPLC on a 500 x 8 mm column of Shodex Ionpak C-811 at 60 0C using
0.1 % H3PO4 as mobile phase, 100 g of sample was homogenized with H2O and filtered. 5 mL of
the filtrate were mixed with H2O-methylcynide (1:4, v/v), stirred and centrifuged at 3000 rpm.
Then 10 µL of the supernatant was used for HPLC analyses
Hayashi et al [217] reported a method to determine α-keto acids (α-KA) in urine by
reverse phase HPLC based on the derivatization with o-phenylenediamine. The sample after
extraction into chloroform was separated from a column LiChrosorb RP-8 (5 µm) and aqueous
methylcynide as the mobile phase.
Kozukue [218] developed a HPLC procedure for the separation and quantification of αketo acids (α-KA) from banana pulp and biological samples by UV spectrometry at 350 nm. KAs
were derivatized with dinitrophenylhydrazine (2, 4-DNPH) and separated on a column
LiChrosorb Si-60. The amount was found to be 347 μg/100 g for pyruvic acid, 225 μg/100 g for
α-ketoglutaric and 13 μg/100 g for oxaloacetic acid.
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Marasili et al [219] described the analysis of citric, orotic, pyruvic, lactic, uric, acetic,
propionic, formic, hippuric and butyric acids in dairy products by HPLC with UV detector
adjusted at 220 and 275 nm. The separation was with Aminex HPX-87 column. Recoveries were
obtained above 90 %, for all acids only butyric acid showed 86 %.
Hemming and Gubler [220] investigated a method for the determination of α-keto acids
(α-KAs) from biological samples using 2,4-dinitrophenylhydrazones as derivatizing reagent by
ion-pair, reverse-phase HPLC. Branched chain keto acids were also separated. The KAs were
detected at wavelength of 366 nm and LoD were at ng levels.
Cree et al [221] assessed a method for alpha keto acids from biological fluids using gas
liquid chromatography. The method involved deproteinization of samples with acetone and
cation-exchange chromatography on Dowex 50WX8 (H+). KAs determination was carried out as
their O-trimethylsilyl-quinoxalinol derivatives.
Kallio et al [222] determined 2-oxoglutaric, pyruvic, oxaloacetic, and glyoxylic acids
by GC-MS. The separation of methyl esters of the keto acid 2,4-dinitrophenylhydrazone was
carried out on OV-1-glass capillary column.
Langenbeck et al [223] assessed a method to determine alpha keto acids from urine by
GC-MS after derivatization with o-phenylenediamine and bis(trimethylsilyl)trifluoroacetamide).
Alpha-ketovaleric acid and alpha ketocaprylic acid were used as internal standard.
Liao et al [224] described a procedure for the determination of pyruvic (PYR) and αketoglutaric acids (α-KG) in urine. Samples were rapidly converted to quinoxalones by reaction
with o-phenylenediamine. The derivatives were separated by reversed-phase chromatography on
a 10 µm particles packed in a 30 cm long column. An aqueous solution of ammonium acetate
and methanol was used for linear gradient elution. The detection was by UV. The Urinary
excretion of PYR, α-KG was carried out for normal individuals, diabetic patients, and patients
with renal dysfunction.
Terada et al [225] worked on HPLC technique for the analysis of pyruvic (PYR) and αketoglutaric acids from serum with fluorescence detection. The derivatization was carried out
with 2,4-dinitrophenylhydrazine.
Sato et al [226] worked on the determination of keto acids by gas chromatography and
colorimetry. keto acids were extracted in xylene as derivatives of 2,4-dinitrophenylhydrazones
and determinations were carried out by colorimetry or GC.
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Mamer and Gibbs [227] reported a method to determine fatty acids, lactic, pyruvic and
β-hydroxybutyric acids in biological fluids by GC based on the elution of trimethylsilyl esters
from 2 m 3% methylphenylsilicon (OV-17) column.
Hoffman et al [228] developed a method to determine KAs from urine by GC-MS. The
method

involved

the

reaction

of

o-phenylenediamine

and

treated

with

bis(trimethylsilyl)trifluoroacetade after extraction. The separation was carried out on an OV-17
column using alkyl cyanide as an internal standard.
Dalgliesh et al [229] determined organic compounds from urine or tissue extracts by gas
liquid chromatography with FID detection and GC-MS. Compounds containing carbonyl groups
were determined as trimethylsilyl esters or methyl ester, phenolic, alcohol and potential enolic
groups were converted into trimethylsilyl ether derivatives. Hydroxy compounds were also
separated as propionyl derivatives.
Whitfield [230] identitified some oxo-acid as 2,4-dinitrophenylhydrazones using equal
quantity of aqueous solutions of NaNO2 (5 %, w/v) and sulfanilic acid (1%, w/v in 10 %, v/v
HCl). Characteristic colors were revealed for oxo-acid hydrazones when developed
chromatographic sheets were dipped and dried.
Mizutani et al [231] determined pyruvic acid (PYR) fluorometrically, based on
derivatization with 4-hydrazino-2-stilbazole. The fluorescence was measured at 546 mμ. Linear
calibration curve was obtained within the range of 0.0176 - 1.76 μg/mL PYR.
Pohloudek-Fabini and Papke [232] worked for the determination of α-keto acids (KAs)
from fresh plant material by electrophoresis and paper chromatography based on the
derivatization with 2,4-dinitrophenylhydrazine. Derivatives of KAs were then separated. The
amount of α-ketoglutaric acid and pyrurvic acid (PYR) were obtained with an error of ± 11 and ±
13% respectively.
Ronkainen [233] reported a method to convert 2, 4-dinitrophenylhydrazones of keto
monocarboxylic acids by diazomethane and ozone to their methyl esters. The GC analyses of
2,4-dinitrophenylhydrazones of pyruvic, α-oxobutyric, levulinic,α-oxoisovaleric, α-oxo-βmethylvaleric, and α-oxoisocaproic acids were performed on a column made up of stainless steel.
Brockelt and Pohloudek-Fabini [234] reported the indirect determination of α-keto acids
(KAs) by polarographically. α-keto acids were determined as quinoxalines derivatives. LoD were
within the range of 2.7 - 5.5 μg oxo-acids.
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Kawano

et

al

[235]

determined

(KAs)

by

spectrophotometry

as

2,

4-

dinitrophenylhydrazones derivatives of α-keto acids (glyoxylic, pyruvic,α-ketobutyric, αketovaleric, α-ketocaproic, α-ketoisocaproic, α-ketoisovaleric, α-keto-β-methylvaleric, α-keto-βdimethylbutyric, and α-ketoglutaric acids). A photometric analysis was carried out at the
wavelength of cis and trans isomers of intersect.
Ueno [236] reported the determination of organic acids including butyric (or isobutyric),
pyruvic, α-ketoglutaric, glycolic and α-ketobutyric in naturally brewed, and soy sauces with
silica gel chromatography and paper chromatography.
Dancis et al [237] reported a method to determine α-keto acids (KAs) in blood and
urine by thin-layer chromatography based on derivatization with dinitrophenylhydrazine.
Spectrophotometric analyses were also carried out for dinitrophenylhydrazones of pyruvic acid
and the branched-chain keto acids.
Kaser [238] separated keto acids in blood as derivatives of 2, 4-dinitrophenylhydrazones
using descending paper chromatography using amyl or isoamyl alcohol-ethanol-water (40:10:50,
v/v/v). The quantification was at 380 mμ for pyruvic, α-ketoglutaric, α-ketoisovaleric, αketoisocaproic and α-keto-β-methylvaleric acids.
Spikner and Towne [239] determined fluorimetrically KAs including α-ketoglutaric,
phenylpyruvic, α-ketobutyric, α-ketocaproic, α-ketoisocaproic, and α-ketovaleric acids by

the

reaction with o-phenylenediamine to form fluorescent quinoxalines.
Gruendig [240] separated and determined KAs pyruvic, ketoglutaric and oxalacetic acid
and amino acids in biological fluids. The method involved deproteinization of sample and
applied to small Al2O3 column after adjusting to pH 7.2. KAs and amino acids eluted from
column and were determined by paper chromatography. The KAs contents in normal blood
serum were 4.1 - 5.0 mg/100 mL PYR, 0.12 - 0.18 mg/100 mL ketoglutaric acid and 0.12 - 0.18
mg/100 mL oxalacetic acid.
Kawano et al [241] described the calorimetric determination of KAs including glyoxylic,
pyruvic, α-ketobutyric, α-ketovaleric, α-ketocaproic, α-ketoisocaproic, α-ketoisovaleric, α-ketoβ-methylvaleric, α-keto-β-dimethylbutyric, and a-ketoglutaric using 2,4-dinitrophenylhydrazine
as derivatizing reagent.
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Egashira [242] assessed a method for the determination of acids including 2-oxoglutaric,
pyruvic, by spectrophotometer. The method was based on reaction with cis-dichlorobis
(ethylenediamine) chromium (III) chloride and absorbance was measured at λmax at 543 mμ.
Schormuller and Langner [243] determined pyruvic, α-ketobutyric, α-ketoglutaric, and
oxalacetic acids in food. Method was based on the formation of 2,4-dinitrophenyl hydrazones
and detection was by circular filter-paper chromatography.
de Schepper et al [244] separated α-keto acids (KAs) in blood by the paper
chromatography. KAs determination was based on derivatization reaction with 2,4dinitrophenylhydrazines. Extinction of derivatives was measured in NaOH to determine their
concentrations. Method was applied to identify three new compounds including α-oxoisovaleric,
α-oxo-β-methylvaleric, and α-oxoisocaproic acids in blood.
Alfthan et al [245] estimated KAs in plants based on the formation of 2,4dinitrophenylhydrazones followed by reduction in ethanol to the corresponding amino acids with
Sn and gaseous HCl. Removal of Sn was achieved with H2S and purification of amino acids was
with an IR 120 resin column. Amino acids were identified with papergrams.
Tauber [246] described for the determination of α-oxoglutaric acid and pyruvic acid in
blood samples by filter paper electrophoresis after derivatization reaction with 2, 4dinitrophenylhydrazine. The extraction of separated bands of compounds was achieved with
NaOH followed by shaking and centrifuging. The color of derivatives was measured photo
electro colorimeter.
Isherwood et al [247] reported determination and separation of KAs based on conversion
to 2,4-dinitrophenylhydrazones derivatives in enzymic digests using 0.5 mL of 2,4dinitrophenylhydrazine reagent. Sample was centrifuged to remove denatured proteins and clear
solution was applied as a streak 2.5 cm. long on Whatman paper No. 3 at 200. % recovery was
about ±5 %.
Cavallini et al [248] reported the determination of keto acids (KAs) in biological samples
by paper-strip partition chromatography. Samples were extracted and treated with 2,4dinitrophenylhydrazine, derivatives were placed on the strips in phosphate buffers. Extraction of
mixture was performed with ether followed by evaporation to dryness and the residue was
partitioned between ammonium hydroxide and chloroform. % recovery of acids was more than
90 %.
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Drew et al [249] reported the separation of methiol-α-ketobutyric, α-ketobutyric, pyruvic,
oxalacetic, and α-ketoglutaric acids by adsorption on Solka-Floc BW100 and elution was with
butanol-decyl alcohol.
Walker et al [250] determined pyruvic acid (PYR), dimethylpyruvic acid, α-ketoglutaric
acid, by paper partition chromatography. The method was based on the derivatization reaction
with 2,4-dinitrophenyl-hydrazine.
Cavallini et al [251] reported the separation of α-ketoglutaric, glyoxylic, pyruvic,
acetoacetic, α-keto-γ-methiobutyric, α-ketobutyric, p-hydroxyphenylpyruvic, and phenylpyruvic
by parttition chromatography on filter paper as dinitrophenylhydrazones derivatives. Butanol as
solvent gave satisfactory results. 10 % Na2CO3 was used to extract yellow colored hydrazones,
treated with solution of NaOH and determined photometrically.
Fuchs et al [252] have reviewed Intracellular alpha-keto acid quantification by
fluorescence-HPLC. The main objection of the review was to examine the use of small sample
size, rapid non- damaging procedures as well as reproducible analytical technology.
A simple HPLC method for the determination of keto acids could be of value. A new
reagent NPD was investigated for sensitive HPLC determination of the keto acids from
biological samples.
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HPLC Determination of α-Keto acids in Human Serum and Urine
using 4-Nitro-1, 2-phenylenediamine as Derivatizing Reagent.
The present work proposed a new reagent 4-nitro-1, 2-phenylenediamine (NPD) with a
single stage derivatization procedure for the HPLC determination of α-keto acids from
pharmaceutical preparation (tablet) and biological samples.

2.12. Experimental
2.12.1. Reagents
Glyoxylic acid (GA), monohydrate, pyruvic acid (PYR), 2-oxobutyric acid (KB), 3methyl-2-oxobutyric acid (MKBA), 3-methyl-2-oxovaleric acid (K3MVA), 4-methyl-2oxovaleric acid (K4MVA) sodium salt, 2-oxoglutaric acid (KG) monosodium salt, (Fluka,
Switzerland), Phenyl pyruvic acid (PPY), 2-oxohexanoic acid (KHA), (sigma,USA) and NPD
(Fluka, Switzerland) were used. The standard solutions of α-Keto acids (1.0 mg/ml) were
prepared in 10 % acetic acid (w/v). Further solutions were prepared by appropriate dilution.
The NPD was recrystalized from n-heptane before use. Methanol (Fisher Scientific, HPLC grade
Leicestershire, UK), acetic acid, (Riedel-dehaen,Germany), hydrochloric acid (37%), potassium
chloride, sodium acetate, ammonium acetate, boric acid, sodium tetraborate,

sodium

bicarbonate, sodium carbonate, ammonium chloride and ammonia (25%) (E. Merck, Germany)
were used.
The Buffer solutions within pH 1-10 at unit interval were prepared from the following:
Hydrochloric acid (0.1 M) and potassium chloride (1 M) (pH 1-2), acetic acid (1 M) and sodium
acetate (1 M) (pH 3-6), ammonium acetate (1 M) (pH-7), boric acid (1 M) and sodium
tetraborate (1 M) (pH 8 ), sodium bicarbonate (1 M), sodium carbonate (saturated) (pH 9) and
ammonium chloride (1 M) and ammonia solution (1 M) (pH 10).
2.12.2. Equipment
High Performance Liquid Chromatography was carried out on Agilent model 1100–
network HPLC System (Agilent Technology Inc, USA) 1100 series, a syring loading sample
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injector (Rhedyne 7725) containing a 20 µL loop, two quart pump G1311A, Degasser G1379A
with diode array DAD G1315B detection system. The computer with Chemstation software
controlled the HPLC. The column ZORBAX 300 SB-C18 (4.6x150mm id) (Agilent Technology
Inc, USA) was used throughout the study.
Spectrophotometric study was carried out with a double-beam Hitachi 220
Spectrophotometer (Hitachi (Pvt) Ltd Tokyo, Japan) with dual 1 cm silica cant be used for the
purpose. pH measurement was made with an Orion 420 A pH meter (Orion Research inc,
Boston, U.S.A) with combined glass electrode and internal reference electrode.

2.13. Analytical Procedures
2.13.1. Spectrophotometric Procedure
The solution (1-2 ml) containing GA, PYR, KB, MKBA, KG, K3MVA, K4MVA, KHA,
and PPY was transferred to 10 ml volumetric flask separately with final concentration within 5100 µg/ml. Each of the solution was added NPD solution (1.5 mL, 1%, w/v in methanol), aceticacid sodium acetate buffer (pH 3) (1 ml) and contents were warmed on water bath at 80 0C for 30
minutes. The volume was adjusted with methanol and absorption spectrum was recorded within
400-250 nm against reagent blank. The reagent blank was prepared following the same
procedure, without the addition of α- keto acids.
2.13.2. HPLC Procedure
The solution (1ml) containing GA, PYR, MKBA, KB, KG, K3MVA, K4MVA, KHA,
and PPY of each within the concentration range as indicated in Table 2.2 was added NPD
reagent solution (1.5 ml, 1%, w/v in methanol) and acetic acid-sodium acetate buffer pH 3
(1 ml). The contents were warmed at 80 0C for 30 minutes and volume was adjusted with
methanol to 10 ml. The solution (20 µl) was injected on the column Zorbax C-18 (4.6x150 mmid) and eluted with methanol-water-acetonitrile (42:56:2V/V/V) with a flow rate 0.9 ml/min. The
detection was at 255 nm.
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2.14.1. Analysis of Pharmaceutical preparation
Five tablets Ketostril (Fresenius Kabi Bad Homburg, Germany) were ground to powder
and amount (0.802 g) corresponding to one tablet was dissolved in 10% acetic acid (20 ml). The
solution was filtered and volume adjusted to 100 ml. Well mixed solution 0.4 ml and 0.6 ml were
transferred to 10 ml volumetric flasks and analytical HPLC procedure 2.13.2 was followed. The
quantitation was carried out using external calibration curve.
2.14.2. Analysis of Pharmaceutical Preparation by Standard Addition
Five tablets of Ketostril were treated as 2.14.1. The solutions 0.4 ml and 0.6 ml were
taken in duplicate. A solution was processed as 2.13.2 and others were added MKBA 50 µg,
K3MVA 60 µg, and K4MVA 100 µg, PPY 40 µg, and again processed as 2.13.2. The
quantitation was carried out from external calibration curve and an increase in the response with
added standards.

2.15. Sample Collection and Pretreatment
The blood and urine samples of diabetic patients with verbal contents were obtained from
Liaquat University of Medicine and Health Sciences Hospital, Jamshoro. The blood samples
were collected by vein puncture with hypodermic syringe. Urine samples were collected in the
morning in clean plastic bottle. The blood glucose level of the patient was collected from the
record of the hospital of the patient on the day of sample collection. The data was collected with
permission of duty doctor and the patients. The blood samples of healthy volunteers with verbal
consent were collected from Dr. M. A. Kazi Institute of Chemistry and their blood glucose level
were determined by Micro-lab (E-Merck, Germany).
2.15.1. Determination of α-Keto Acids from Serum
The blood samples (5 ml) collected from healthy volunteers and diabetic patients were
allowed at room temperature for 1 h and were centrifuged at 3000 g for 20 min. The supernatant
layer was separated and added methanol twice in volume (5 ml). The contents were mixed well
and again centrifuged at 3000 g for 20 min. The supernatant layer was collected and procedure
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2.13.2 was followed. The final volume was adjusted to 5 ml. The quantitation was carried out
using external calibration curve.
2.15.2. Determination of α-Keto Acids from Serum using Linear Calibration Curve with
Spiked Sample
Blood sample (5 ml) collected from the diabetic patient was treated as 2.15.1. The serum
after deproteinization with methanol was divided in two equal parts. A part was treated as 2.13.2
and other was added PYR (3 µg), KB (8 µg), MKBA (6 µg), KGA (30 µg), K3MV (30 µg),
K4MVA (60 µg), PPY (40 µg), and procedure 2.13.2 was again followed the final volume was
adjusted to 5 ml. Quantitation was carried out using linear calibration and increase in the
response (average peak height / area) with added standard.
2.15.3. Determination of α-Keto acids from Urine
The urine (2 ml) collected from the diabetic patients in stoppard test tube (Quick fit) was
diluted with methanol (1 ml) and was centrifuged at 3000 g for 20 min. The clear solution was
transferred to volumetric flask and procedure 2.13.2 was followed. The final volume was
adjusted to 5 ml. The quantification was carried out by external calibration curve.
2.15.4. Determination of α-Keto acids from Urine by Standard Addition
The urine sample (2 ml) in duplicate from diabetic patient was treated as 2.15.3. A
sample was processed as 2.13.2 and other was added PYR (2 µg), KB (6 µg), MKBA (8 µg), KG
(30 µg), K3MVA (40 µg), K4MVA (70 µg) and PPY (60 µg), again processed as 2.13.2. The
final volume was adjusted to 5 ml. The quantitation was made by linear calibration and an
increase in the response with added standards.

2.16. Results and Discussion
α-keto acids react with NPD, to form nitroquinoxanol derivatives of GA, PYR, KB,
K3MVA, KG, K4MVA, KHA, MKBA, and PPY.
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Figure 2.4: Structure diagrams of derivatives with NPD (1) GA (2) PYR, (3) KB, (4)) K3MVA,
(5) MKBA, (6) K4MVA, (7) KHA (8) and (9) PPY.
The effect of reaction conditions in terms of pH, amount of reagent NPD added per
analysis, warming time and temperature were examined. The reactions were initially monitored
by spectrophotometer. The derivatives indicated maximum absorbance within 299-340 nm
against reagent blank and were used for monitoring of each reaction. The condition which gave
maximum absorbance was considered optimum. The effect of pH within 1 to 10 at unit interval
was examined and the reaction was observed maximum in acidic medium and acetate buffer pH
3 was selected. The reagent solution (1% w/v in methanol) was varied from 0.5-4.0 ml at an
interval of 0.5 ml. A similar response was observed with the addition of 1 ml and above and
addition of 1.5 ml was selected. The warming time at 80 0C was varied from 5-40 min at an
interval 5 min. Maximum absorbance was observed with warming time of 15 min and above and
warming time of 30 min was selected. Each of the derivatives at optimized conditions obeyed the
Beer’s law within 5-100 µg/ml and did not show any change in absorbance up to 24 hours.
Futher results were confirmed by HPLC.
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Figure 2.5: Effect of (a) pH (b) Heating time at 80 0C (c) Amount of reagent (1%, w/v) for the
derivative of 2-oxoaldehyde and 2-oxo acids with NPD (d) Effect of time.
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Conditions: column Zorbax C-18 (4.6 x 150 mm id) isocratic elution with
methanol – water – acetonitrile (42:56:2 v/v/v) with a flow rate of 0.9 ml /
min. UV detection by photodiode array at 255 nm
For the simultaneous determination of the α-keto acids HPLC was examined from Zorbax
C-18 column. Each of the derivatives eluted as single peak and separated from the derivatizing
reagent. The separation of the α-keto acids was next examined using different compositions of
eluting solvent system. An optimal separation between GA, PYR, KB, MKBA, KG, K3MVA,
K4MVA, KHA, and PPY was obtained when eluted isocratically with methanol-wateracetonitrile (42:56:2 v/v/v) with a flow rate of 0.9 ml/min. Complete and baseline separation was
obtained, but elution of excess of the derivatizing reagent affected the elution of glyoxylic acid
derivative. However for the determination of the GA the concentration of the derivatizing
reagent was decreased to 1.0 ml. The peak identification was made on the basis of retention time
and by spiking each of the α-keto acids in sequence. Repeatability of the separation (precision) in
terms of retention time and peak height was examined (n=5) and relative standard deviations
(RSD) were observed within 0.1-2.0% and 1.5-2.9% respectively. The derivatives absorb within
UV region due to -* transition within quinoxalinols rings and wave length at peak maximum
was examined with the diode array detector and wave length of the UV detector was fixed at 255
nm.
MAU
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Figure 2.6: HPLC separation of (1) Reagent, (2) GA, (3) PYR, (4) KB, (5) MKBA (6) KG,
(7) K3MVA, (8) K4MVA (9) KHA and (10) PPY.
67

Conditions: column Zorbax C-18 (4.6 x 150 mm id) isocratic elution with
methanol – water – acetonitrile (42:56:2 v/v/v) with a flow rate of 0.9 ml /
min. UV detection by photodiode array at 255 nm.
2.17.1. Quantitation and Validation
2.17.2. Linearity and limit of detection
Linear calibration curves were obtained by recording average peak height / peak area
(n=4) versus concentration with GA (0.2-5.0 µg/ml), PYR (0.2-20 µg/ml), KB (0.3-100 µg/ml),
MKBA (0.45-100 µg/ml), KG (0.5-100 µg/ml), K3MVA (0.6-100 µg/ml), K4MVA (0.6-100
µg/ml), and KHA (0.7-80 µg/ml) PPY (0.4-100 µg/ml) with coefficient of determination (r2)
0.9968, 0.9978, 0.9986, 0.998, 0.9988, 0.9976, 0.9983, 0.9953 and 0.9957 respectively.
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Figure 2.7: Linear calibration curves GA and PYR, HPLC Conditions as Fig 2.6.
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Figure 2.8: Linear calibration curves KB and MKBA, HPLC Conditions as Fig 2.6.
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Calibration of KG
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Figure 2.9: Linear calibration curves KG and K3MVA, HPLC Conditions as Fig 2.6.
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Calibration K4MVA
y = 0.2687x + 0.1739
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Figure 2.10: Linear calibration curves K4MVA and KHA, HPLC Conditions as Fig 2.6.
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Figure 2.11: Linear calibration curves PPY, HPLC Conditions as Fig 2.6.
The limits of detection (LoD) measured as three times the signal to noise ratio (3:1) were
obtained within the range 0.05-0.266 µg/ml and limit of quantitation (LoQ) measured as signal to
noise ratio (10:1) were within (0.15-0.8) µg/ml (Table 2.3). The analysis of test solutions (n=6)
of the mixture of the -keto acids indicated relative error within 0.1-2.9%.
2.17.3. Precision Recovery
The derivatization reaction and separation was repeatable and reproducible and variation
in the response (peak height / peak area) of each of the α-keto acid was examined intra and inter
day by the same operator under same conditions on the same day and different days (n=5) and
RSDs were observed within (0.3-2.8%) and (0.5-3.2%) respectively. The derivatives formed
were highly stable and did not show any change in response up to 48 h.
The pharmaceutical preparations additives methylparabin, propylparabin, gum acacia,
manitol, lactose, fructose, glucose, galactose, sodium chloride, sodium lacuryl sulphate and
methyl hydroxypropyl cellulose were added at least twice the concentration of α-keto acids and
analysis was carried out following analytical procedure. The results obtained were compared
with α-keto acids standards. The addition of additives did not affect the determination with
relative error within ±2.9%.
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2.17.4. Sample Analysis
A pharmaceutical preparation Ketostril tablet was analyzed for the contents of the -keto
acids and amounts of MKBA, K3MVA, K4MVA, and PPY found were 82.5 mg/tab, 64.8
mg/tab, 98 mg/tab 65.8 mg/tab with RSD 2.1%, 2.6%, 2.9% and 0.9% and correlated with the
labeled values of 86 mg/tab, 67 mg/tab 101 mg/tab and 68 mg/tab respectively. The analysis was
also carried out by standard addition by spiking the solutions of the drug with MKBA, K3MVA,
K4MVA and PPY. The amounts found again correlated with labeled value and % recovery was
observed 95.9%, 96.7%, 97.0% and 97% with RSD 0.91%, 1.2%, 1.8% 2.0% for MKBA,
K3MVA, K4MVA and PPY respectively.

Table 2.1
HPLC analytical results of -keto acids from Pharmaceutical preparation using 4-nitro-1,
2, Phenylenediamine as a derivatization reagent
Product

Tablet
Ketosteril
Bad Homburg,
V.D.H.Germany

Name of -

Amount

Amount

Relative

%

keto

reported

found

deviation

recovery

mg/tab

mg/tab

(RSD)

MKBA

86

82.5

2.1

95.9

K3MVA

67

64.8

2.6

96.7

K4MVA

101

98

2.9

97.0

68

65.8

0.9

97.0

PPY
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Table 2.2
By standard addition method, 20, 80, 30 &60 ppm
Product

Tablet
Ketosteril
Bad
Homburg,
V.D.H.
Germany

Name of -keto

Amount
reported
mg/tab

Amount
found
mg/tab

Relative
deviation
(RSD)

%
recov
ery

MKBA

86

82.0

2.2

94.6

K3MVA

67

64.9

1.9

96.0

K4MVA

101

98.6

2.0

95.0

PPY

68

65.2

1.2

98.2
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Figure 2.12: HPLC separation of (1) Reagent, (2) MKBA, (3) K3MVA, (4) K4MVA, (5)PPY
from Tablet sample.
Conditions: column Zorbax C-18 (4.6 x 150 mm id) isocratic elution with
methanol – water - acetonitrile (42:56:2 v/v/v) with a flow rate of
0.9 ml / min. UV detection by photodiode array at 255 nm.
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Figure 2.13: HPLC separation of (1) Reagent, (2) MKBA, (3) K3MVA, (4) K4MVA, (5)PPY by
standard addition method. Conditions as Fig 2.12.
The blood samples of healthy volunteers and diabetic patients were analyzed for the
contents of α-Keto acids. Five healthy volunteers within the age of 35-42 years with blood
glucose levels measured at the day of sample collection were within 120-140 mg /dl. GA, PYR,
KB, KG and K4MVA were detected within concentration ranges 0.234-0.246 µg/ml, 0.1660.233 µg/ml, 0.45-1.81 µg/ml, 0.58-1.20 µg/ml and 0.629-0.725 µg/ml respectively with relative
standard derivation (RSD) within 0.3-2.6% (Table 2.5).
The blood samples of two volunteers were spiked with GA, PYR, KB, KG and K4MVA
and amounts found corresponded with the values evaluated by calibration curve (Table: 2.5)
with average % recovery from the blood was 90%-93% with RSD 2.5%. The urine samples of
five healthy volunteers with blood glucose level 110-190 mg/dl were analyzed and the amounts
of GA, PYR, KB, KG, K3MVA, and K4MVA found were within the range 0.383- 0.389 µg/ml,
1.91-2.93 µg/ml, 1.51-1.82 µg/ml, 0.223- 1.62 µg/ml, 0.60-0.93 µg/ml, and 0.761- 0.868 µg/ml,
respectively with RSD within 1.0 -2.6 % (Table: 2.5). Two urine samples were spiked with αketo-acids and analyses were again carried out. The results obtained correlated with that of direct
calibration with recovery of α-keto acids from the urine calculated within 95%.
Similarly 10 diabetic patients with blood and urine glucose level within 310-450 mg/l on
the day of sample collection were analyzed and PYR, KB, MKBA, KG, K3MVA, K4MVA, and
PPY were found within 9.28- 11.65 µg/ml, 1.65-4.83 µg/ml, 6.08-7.86 µg/ml, 5.05-7.81 µg/ml,
6.15-8.25 µg/ml, 7.34-9.63 µg/ml and 7.72-11.54 µg/ml respectively with RSD within 0.19-3.2%
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(Table: 2.4) Among these, 2 blood samples were also analyzed by standard addition. The results
obtained correlated and indicated % recovery of 80%, 83%, 85%, 88%, 78%, 82%, and 90% for
PYR, KB, MKBA, KG, K3MVA, K4MVA, KHA, and PPY with

RSD within 1.0-2.8

respectively (Fig 2.14 A, 2.15 B). The urine samples of 10 diabetic patients with blood glucose
levels within 310-480 mg/dl indicated the α-keto acids PYR, KB, MKBA, KG, K3MVA,
K4MVA and PPY at the concentration levels 9.32-14.36 µg/ml, 6.08-6.75 µg/ml, 7.22-8.82
µg/ml, 6.09-10.84 µg/ml, 5.58-8.34 µg/ml, 11.45-12.94 µg/ml and 13.82-17.42 µg/ml,
respectively with RSD within 1.0-3.1% ( Table 2.4). Two samples were also analyzed by
standard addition and the amounts of α-keto acids found agreed with calibration procedure and
indicated recovery of PYR, KB, MKBA, KG, K3MVA, K4MVA and PPY 90.2%, 90%, 95%,
88.4%, 82.6%, 85.4%, 87%, respectively with RSD 0.9-1.9% respectively (Table 2.4). The
amount of -keto acids observed were higher in diabetic patients as compared healthy
volunteers. The amount of -keto acids in diabetic patients correlated positively with blood
glucose level with coefficient of determination (r2) with 0.9968, 0.9978, 0.9986, 0.998, 0.9988,
0.9976, 0.9983, 0.9953, and 0.9957 may be considered as markers for diabetic patients.
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Figure 2.14: HPLC separation of (1) Reagent (3) PYR, (4) KB, (5) MKBA (6) KG, (7) K3MVA,
(8) K4MVA and (10) PPY from diabetic sample.
Conditions: column Zorbax C-18 (4.6 x 150 mm id) isocratic elution with
methanol – water - acetonitrile (42:56:2 v/v/v) with a flow rate of 0.9 ml /
min. UV detection by photodiode array at 255 nm.
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Figure 2.15: HPLC separation of (1) Reagent (3) PYR, (4) KB, (5) MKBA (6) KG, (7)
K3MVA, (8) K4MVA and (10) PPY by standard addition method.
Conditions as Figure 2.14

S. No

Table 2.3
HPLC parameter for α-Keto acids using NPD as a derivatization reagent
Name of
Compound

Calibration
Range
(µg/mL)

Coefficient of
determination
(R2)

Least Square
Or Regression

Limit of
Detection
N ( LOD)
(µg/mL)
0.06

Limit of
Quantitation
(LOQ)

1

GA

(0.2-5)

0.9968

Y=5.0029x+0.0095

2

PYR

(0.2-20)

0.9978

Y=3.1505x+0.0286

0.05

0.15

3

KB

(0.3-100)

0.9986

Y=0.3676x+0.0381

0.13

0.39

4

MKBA

(0.45-100)

0.998

Y=0.4897x+0.0119

0.15

0.45

5

KG

(0.5-100)

0.9988

Y=0.1137x+0.0333

0.16

0.5

6

K3MVA

(0.6-100)

0.9976

Y=0.2584x+0.0286

0.266

0.8

7

K4MVA

(0.6-100)

0.9983

Y=0.148x+0.0333

0.2

0.6

8
9

KHA
PPY

0.9953
0.9957

Y=0.1265x+0.001
Y=0.1196x -0.0519

0.25
0.1

0.75
0.3

(0.7-80)
(0.4-100)
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0.2

Table 2.4
Quantitative analysis of α-Keto acids from Diabetic blood and Urine patients
KB
µg/ml
(n=6)
(RSD)

MKBA
µg/ml
(n=6)
(RSD)

KG
µg/ml
(n=6)
(RSD)

K3MVA
µg/ml
(n=6)
(RSD)

K4MVA
µg/ml
(n=6)
(RSD)

PPY
µg/ml
(n=6)
(RSD)

11.45
(1.4)
11.45
(0.19)*

4.83
(2.9)
4.83
(2.6)*

6.78
(2.1)
6.78
(2.8)*

7.81
(2.6)
7.81
(2.2)*

8.25
(2.0)
8.25
(1.6)*

8.71
(2.6)
8.71
(1.9)*

11.54
(2.6)
11.54
(1.6)*

Blood

11.33
(1.6)

4.78
(1.8)

7.25
(2.2)

7.76
(2.9)

7.86
(2.1)

9.63
(2.2)

10.82
(3.2)

Blood

10.62
(1.3)

4.67
(1.1)

7.12
(2.6)

5.55
(2.6)

6.92
(2.6)

8.55
(2.6)

9.32
(2.9)

Blood

10.12
(1.8)

4.54
(0.9)

7.36
(2.4)

5.89
(2.3)

6.45
(2.9)

8.89(2.3)

10.45(2.
6)

Blood

11.22
(1.6)

4.53
(2.1)

7.86
(1.9)

5.05
(2.2)

6.15
(2.6)

8.08
(2.2)

8.36
(2.1)

Blood

11.65
(0.9)

1.65
(0.9)

6.08
(2.6)

5.19
(2.3)

6.48
(2.1)

8.19
(2.9)

8.44
(2.9)

Blood

9.54
(1.1)

4.38
(1.3)

6.58
(2.9)

5.36
(2.5)

6.32
(2.2)

8.36
(2.5)

8.38
(2.2)

Blood

9.28
(1.0)
9.29
(1.1)*

4.65
(2.5)
4.66
( 2.8)*

6.36
(2.0)
6.36
( 2.4)*

5.84
(2.6)
5.84
(1.0)*

6.56
(2.9)
6.56
(1.8)*

7.84
(2.6)

8.62
(3.2)

Blood

9.73
(2.6)

3.43
(2.1)

6.28
(1.6)

5.95
(2.7)

6.56
(2.8)

7.63
(3.0)

7.78
(3.0)

Blood

9.71
(2.0)

4.11
(1.4)

6.45
(2.9)

5.35
(3.0)

6.45
(2.9)

7.34
(2.9)

7.72
(2.9)

S.NO

PYR
µg/ml
(n=6)
(RSD)

Age
M=
F=

Blood Glucose
level
mg/dl

Blood
&
Urine
Sample

1

M/50

450

Blood

2

M/45

450

3

M/45

430

4

M/40

420

5

M/35

410

6

M/40

360

7

M/35

310

8

F/45

410

9

F/40

360

10

F/42

340
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Urine

14.12
(1.6)
14.12
(1.1)*

6.62
(1.8)
6.62
(1.5)*

7.45
(2.2)
7.45
(1.2)*

10.44
(2.8)
10.44
(1.6)*

7.36
(3.0)
7.36
(1.6)*

12.84
(1.3)
12.85
(1.2)*

17.42
(2.9)
17.42
(3.1)*

Urine

12.88
(2.6)

6.75
(1.6)

7.22
(2.6)

10.84
(1.3)

7.15
(3.1)

12.94
(2.2)

15.82
(2.1)

10.92
(1.9)
10.91
(3.1)*

6.50
(1.3)
6.51
(1.6)*

8.52
(1.4)
8.53
(3.1)*

10.22
(1.8)
10.22
(1.9)*

7.23
(1.8)
7.24
(3.1)*

12.56
(1.6)
12.56
(0.9)*

15.86
(2.8)
15.86
(3.1)*

Urine

14.36
(2.3)

6.45
(1.7)

8.14
(1.5)

10.11
(1.3)

6.52
(1.6)

11.45
(1.6)

16.48
(2.1)

360

Urine

10.14
(2.6)

6.45
(1.7)

8.36
(2.2)

10.58
(1.1)

5.95
(2.2)

12.45
(2.5)

15.41
(2.8)

M/41

335

Urine

11.87
(1.6)

6.27
(1.8)

8.65
(1.6)

10.98
(1.6)

5.58
(1.1)

12.23
(2.0)

15.64
(3.0)

17

M/40

430

Urine

11.18
(1.9)

6.61
(1.6)

8.28
(2.6)

6.09
(1.8)

6.78
(1.8)

12.81
(2.6)

15.45
(2.8)

18

M/39

335

10.55
(3.0)

6.35
(1.0)

8.72
(1.2)

8.18
(2.0)

8.34
(1.6)

12.66
(1.8)

13.82
(2.9)

19

M/38

330

20

M/38

310

10.62
(2.5)
9.32
(2.9)

6.31
(1.3)
6.08
(1.1)

8.82
(3.1)
8.45
(2.6)

9.52
(1.9)
8.63
(1.6)

7.62
(1.1)
5.67
(1.5)

12.33
(1.6)
12.06
( 2.0)

13.52
(2.9)
13.39
(2.2)

11

M/48

430

12

M/46

410

13

M/45

400

14

M/43

480

15

M/42

16

Urine

Urine
Urine
Urine
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S.NO

Table 2.5
Quantitative analysis of α-Keto acids from Healthy blood and Urine person

Age
M=
F=

Blood
Glucose
and
level
Urine
mg/dl
Random/ Samples
fasting
Blood

1

M/42

140

Blood
2

M/40

130

3

M/35

120

Blood

4

F/40

135

Blood

5

F/35

120

Blood

6

F/30

190

Urine

7

F/35

170

Urine

GA
µg/ml
(n=6)
(RSD)

PYR
µg/ml
(n=6)
(RSD)

KB
µg/ml
(n=6)
(RSD)

KG
µg/ml
(n=6)
RSD

0.246
(1.3)
0.246
(1.4)*

0.233
(1.6)
0.233
(1.1)*

0.45
(1.3)
0.46
(1.6)*

0.88
(1.3)
0.89
(1.1)

0.234
(1.4)
0.234
(1.3)*

0.175
(1.4)
0.175
(1.8)*

0.61
(0.1)
0.61
(2.0)*

0.242
(1.0)

0.173
(1.6)

0.94
(0.3)

0.238
(2.0)

0.178
(1.3)

0.96
(0.3)

0.166
(1.1)

1.81
(0.6)

2.93
(1. 2)
2.94
(2.4)*

1.51
(1.3)
1.52
(1.2)

2.88
(1.1)

1.55
(1.8)

2.12
(2.2)
2.13
(2.0)*

0.243
(2.6)
0.389
(1.6)
0.390
(1.8)*
0.385
(1.3)
0.383
(1.2)
0.384
(1.6)*

K3MVA
µg/ml
(n=6)
(RSD)

Nil

K4MVA
µg/ml
(n=6)
(RSD)
0.725
(1.1)
0.7269
(2.0)*
0.629
(1.4)
0.628
(1.8)*

0.60
(1.2)
0.61
(1.4)
0.58
(2.6)

Nil

0.89
(2.1)

Nil

0.724
(1.2)

1.20
(2.3)
0.223
(1.1)
0.223
(1.6)

Nil

0.712
(1.2)

Nil
0.78
(1.1)
0.78
(1.4)*

0.761
(1.6)
0.762
(1.2)*

0.62
(0.9)

0.60
(1.3)

0.802
(1.0)

1.82
(1.4)
1.82
(1.3)*

1.62
(1.2) 1.62
(1.8)*

0.85
(1.0)
0.85
(1.3)*

Nil

0.73
(2.6)

0.778
(1.9)
0.778
(1.7)*

8

M/40

160

Urine

9

M/35

130

Urine

0.384
(2.0)

2.44
(1.3)

1.66
(1.1)

1.60
(2.0)

0.93
(1.8)

0.863 (2.2)

10 M/38

110

Urine

Nil

1.91
(1.9)

1.58
(1.6)

1.20
(2.3)

0.68
(2.0)

0.868
(2.1)
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Kieber and Mopper [196] have reported the separation of nine -keto acids within 24
min. using o-phenylenediamine as dervatizing reagent, with spectrofluorometric detection and
gradient elution for sample analysis, but the present method reports the separation of nine -keto
acids within 14 min with more commonly available spectrophotometric detection and isocratic
elution.

2.18. Conclusion
In conclusion we have developed a highly sensitive and specific method, applied for the
determination of -keto acids using NPD as derivatizing reagent. The elution and separation of
nine keto acids was rapid within 14 min. The method was repeatable with relative standard
deviation (RSD) within 0.1-2.9% for each of the α-keto acids. The limits of detection and
quantitation were obtained within the range 0.05-0.26 µg/ml and 0.15-0.8 µg/ml respectively.
Chromatographic separation of nine -keto acids is performed at a flow rate 0.9 ml/min at UV.
and detection at 255 nm with photodiode array detector, affording good separation of the peaks,
good recoveries and shorter retention times than other techniques. The Results of the analysis
using the developed method for four -keto acids agreed with the labeled values in
pharmaceutical preparation. -keto acids were detected and determined quantitatively from
blood serum and urine samples of diabetic patients (with metabolic disorders or suffering from
various diseases) with RSD within 2.9%. The blood and urine samples were also analyzed by
standard addition. Both the results agreed with each other and the amounts of -keto acids found
were higher in diabetic than healthy volunteers. The method reports quick and simple isocratic
HPLC elution method for the separation and determination of α-keto acids for possible clinical
analysis from the blood and urine samples.
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Chapter-3
HPLC Determination of α-oxoaldehydes α-oxo acids from Human
Serum of Diabetic and Uremic Patients using 4-nitro-1, 2phenylenediamine as Derivatizing Reagent.

3.1. Introduction
α-oxoaldehyde and α-oxoacids are biological active compounds and are playing an active
role in the pathogenesis of many chronic age related diseases as carbonyl stress [253-254]. αoxoaldehyde may accumulate in body fluids, due to accelerated oxidative stress, and modify
proteins and phospholipids to form biological active adducts such as advanced glycation end
products. Among oxoaldehydes, glyoxal (Go) and methylglyoxal (MGo) have attracted attention
because they are highly reactive. These highly reactive species, present in plasma or tissue, can
react with protein giving rise to functionally altered molecules as well as cross-links [255]. Their
production involves an oxidative phase, and they may consequently be validly considered as
glycoxidation markers [256]. Among these attention of researchers is focused on glyoxal (Go)
and methylglyoxal (MGo). These are present in all biological system, but their level is increased
in diabetic, and has been linked to diabetic late complications [257]. The kidneys usually excrete
them but, if accompanied by renal failure, they accumulate in plasma leading to worsening of
macroangiopathy, a typical complication of diabetes [258] and may exert various biological
effects [259-260]. Several dicarbonyl compounds are generated from the reaction of sugar with
protein, described by the Maillard reaction [261].
Go can be formed during a process called lipid peroxidation [262] by the degradation of
glucose caused by oxygen [263] and glycated products [264]. MGo is produced during the
enzymatic and non-enzymatic fragmentation of triose phosphate and glyceraldehyde-3phosphate [257], the metabolism of acetone [265] and the catabolism of 2-amino-3hydroxybutanoic acid. The glyoxate system is responsible to detoxify the MGo, which catalyzes
the conversion to D-lactose [266], follwed by reduced glutathione as a vital factor.
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α-oxo-acids are intermediates in the metabolism of glycolysis, amino acid and carbohydrate.
These can regulate protein turnover [267-268].
The concentration of oxo-acids 3-methyl-2-oxovalric acid (K3MVA) and 4-methyl-2oxovalric acid (K4MVA) may change significantly in diabetic mellitus [269]. Phenylpyruvic
acid (PPY) exhibits greatly increased level in plasma from patients with hereditary metabolic
diseases [270-271] and it inhibits renal gluconeogenesis [272]. 2-oxoglutarate (KG) can also
provide information about the cellular energy supply in metabolically super active cells as
neutrophils [273].
Oxoaldehyde and oxoacids may be present in the serum of diabetic and uremic patients.
An analytical method for separation and determination of oxoaldehydes and oxoacids
simultaneously could be of value to remove interfering effect of one on the other.
3.1.1. Glyoxal (C2H2O2)
Glyoxal (Go) is a liquid with molecular formula C2H2O2. The relative molecular mass of
Go is 58.04 g/mol. It is also known as ethanedial, diformyl, ethanedione, biformal, and oxal
containing two side by side C=O groups (dicarbonyl) as shown in figure 3.1. It exists between
the planer cis and trans isomers, where as trans-glyoxal is more stable than cis one. It is used as
an aqueous solution with pH 2.1-2.7 (contains 30 – 50 % Go) [274-275].

trans-glyoxal

cis-glyoxal

Figure 3.1: Structural diagrams of glyoxal
The glyoxal is also present in soil and hydrosphere and to a lesser extent in air. The
glyoxal is a by-product of an ozone disinfectant and has been detected at low (µg/L) level in
drinking water. Owing to microbial action glyoxal is often detected in fermented foods and
beverages. Glyoxal is also produced as a result of the metabolism and micrsomal oxidation of
83

other compounds such as glycoaldehyde, ethylene glycol, and β-hydroxy substituted Nnitrosamines.
Glyoxal is used as a chemical intermediate in the fabrication of pharmaceutical and
dystuffs, as a cross linking agent in the production of diversified polymers, as a biocide and as a
sterilizing agent. Its release to the environment is mostly of emanations to ambient air and water.
The concentration of glyoxal in human blood plasma has been reported to be 0.11µmol/L, with higher concentrations reported for patients with diabetes or renal failure. In
biological materials, less than 10 % of the glyoxal is present in unbound forms in aqueous
solution (free glyoxal and hydrates), as majority of the reactive carbonyl groups are reversibly
bound to cysteinyl, lysyl, and arginyl residues of proteins.
Glyoxal reacts with amino groups of nucleotides, proteins, and lipids and is considered as
an imperative intermediate in the creation of glycation end products (AGEs). AGE alteration
modifies protein function and stimulates enzymes, causing disturbance of impaired proteolysis,
cellular metabolism, and inhibition of cell propagation and preparation of protein. The toxic
effects of the highly reactive glyoxal are neutralized by a ubiquitous glutathione (GSH)
dependent glyoxalase system, which converts glyoxal to less reactive glycolate [276].
3.1.2. Methylglyoxal (C3H4O2)
Methylglyoxal (MGo) is a yellowish liquid with characteristic pungent odor it is also
called as pyrualdehyde, pyruvic aldehydes, 2-oxopropanal, 2-ketoroprio-aldehyde, acetylformaldehyde) with molecular formula C3H4O2. Its molecular weight is 72 g/mol.

Figure 3.2: Structural diagrame of methylglyoxal
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(a)

(b)
Figure 3.3: (a) Scheme of formation, detoxification, and protein and DNA adduct formation
of Go (b) MGo pathway
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3.1.3. Formation and Detoxification
In the formation of methylglyoxal numerous intracellular mechanisms are involved, most
important among these is the non–enzymatic degeneration of the glycolytic intermediates,
dihydroxyacetone phosphate (DHAP) and glyceraldehyde-3-phosphate (GAP) (Figure 3.3).
Under normal conditions, methylglyoxal is produced at a rate which is around 0.1-0.4 % of
glycolytic flux [277]. Methylglyoxal is also a natural intermediate of the Maillard reaction,
which may occur to a significant extent, if large pools of glucose accumulate [278]. Other
potential sources of methylglyoxal include catalyzed decomposition of acetone, and the
catabolism of threonine.
Detoxification of methylglyoxal also occurs through a number of pathways. The
glyoxalase pathway engrosses two enzymes glyoxalase-Ι (GLO-Ι) and glyoxalase-Π (GLO- Π),
which convert methylglyoxal to D-lactate. In this pathway, glutathione, an important antioxidant,
primarily attacks free methylglyoxal. The product is then transformed to S-D-lactoyl–glutathione
(CH3 CH (OH) CO-SG) by glyoxalase-І, which is further changed to D-Lactate by glyoxalaseΠ. The later reaction also regenerates glutathione. Methylglyoxal can also be detoxified through
alteration to pyruvate via betaine aldehyde dehydrogenase or conversion to amino acetone via
aldose reductase.
The major pathway for detoxification is reported to be the glyoxalase pathway, which
detoxifies 10-40 fold greater amounts than aldose reductase [279].
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Dominant pathways flow diagram

Figure.3.4 Formation of methylghyoxal through the non-enzymatic decomposition of
dihydroxy-acetone phosphate and glyceraldehyde-3-phosphate. The toxin is detoxified by the
glyoxalase system, with glutathione as co-factor
3.1.4 Reactivity
The foremost intricacy in studying methylglyoxal originates from its reactivity with
macromolecules. The compound is tremendously reactive with amino acid residues of arginine,
lysine and cysteine, under normal conditions; a majority of compounds is bound to protein [280282]. Assessment of the compound varies from enzymatic exchange using glyoxalase enzymes
to advanced chromatographic methods [283-286]. Methylglyoxal (MGo) bound reversibly and
irreversibly to macromolecule and limits the accuracy of these evaluations.
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The accuracy of even these assessments, however, is in question based on the
effectiveness in quantifying bound methylglyoxal (MGo).
Methylglyoxal (MGo), being extremely reactive, is difficult to measure and also
dangerous for cellular systems. It has the potential to deactivate metabolic enzymes [287].
Chaplen et al have reported a more advanced method to lock in bound methylglyoxal (MGo),
which may have otherwise gone undetected. Chaplen reports that many proteins affected in
glycolysis and indicating pathways contain active site arginine and lysine residues, making than
susceptible to methylglyoxal (MGo) mediated variation [288].
3.1.5. Presence in Diseases
Methylglyoxal (MGo) has been studied broadly due to its proposed impact in the
pathology of diabetes. Blood level of free methylglyoxal are significantly higher in diabetics. It
has been linked to the formation of advanced glycation end products (AGEs), which are
macromolecules whose structure and function have been changed by reaction with reducing
sugars such as glucose and its derivatives. These AGEs are considered to be significant in the
development of several diabetic complications including nephropathy, retinopathy, and
vasculopathy [289]. Methylglyoxal in particular is known to be forerunners to several AGEs,
which have been detected, in diabetic patients [290]. Advanced complications in diabetic
nephropathy have been linked to elevated methylglyoxal (MGo) level [291]. Many have thus
assigned a significant role to methylglyoxal (MGo) in difficulty associated with diabetic though
its mechanism which is not completely revealed.
The carbonyl stress hypothesis suggests that hyperglycemia causes an increase in
reactive carbonyl containing species (carbonyl stress) that leads to an increase in modification of
proteins oxidative stress and tissue damage [256].
3.1.6

Dimethylglyoxal
Its molecular weight is 86.09 g/mol with density 0.99 g/mL and is known as 2, 3-

butanedione; 2, 3–diketobutane and dimethyl diketone. DMGo contains two side-by-side C=O
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groups (dicarbonyl) as given below. Dimethylglyoxal (DMGo) is green-yellow liquid at room
temperature with molecular formula C4H6O2 (CH3COCOCH3) [292].

Figure 3.5: Structural diagram of dimethylglyoxal

Glyoxal, methylglyoxal and diacetyl are important dicarbonyl compounds. Commonly,
these enter in food product by fermentation processes, like wine, brandy, Yogurt, cheese, vinegar
or butter. Diacetyl is more important in food technology, because it has characteristic taste and
odor that can affect the organoleptic quality of foods. For instance in the brewing industry
diacetyl must be controlled during imperative parts of the production of beer for its unlikable
butter like taste. Methylglyoxal is a compound with biological relevance. Indeed, it is the
substrate of an enzyme system involving glyoxalase-I and glyoxalase-II, found wide spread in all
living forms but not yet well understood [293-296]. Due to the biological importance various
analytical methods are developed to determine Go, MGo and DMGo a review of recent literature
indicates as under:

3.2.

Literature Review
Barros, et al [297] developed a method for the determination of glyoxal, methylglyoxal,

and diacetyl in selected beer and wine, by HPLC with UV spectrophotometric detection, after
derivatization with o-phenylenediamine. The α-diketones were determined using a procedure
involving the use of C18 solid phase extraction columns to remove interferences and
derivatization of the compounds with o-phenylene diamine to form quinoxaline, which were
separated by HPLC and detected using UV spectrophotometric detection. Interferences were
more difficult to remove in the case of beer, due to the higher complexity of the matrix and
because the concentrations of the compounds were lower (higher for methylglyoxal and lower
for diacetyl), but all in the 10-7 M regions. The determination was easier to implement in the case
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of wine as the typical concentration of the compounds were about ten times higher, with
methylglyoxal being the more abundant compound found.
Cancho et al [298] proposed a procedure to determine the carbonyl compounds in
drinking water using GC with electron capture detection (ECD). The analysis involved the use
of O-(2, 3, 4, 5, 6-pentafluorobenzyl) hydroxylamine hydrochloride (PFBHA) and solid phase
microextraction (HS-SPME) with divinylbenzene-polydimethylsiloxane (DVB-PDMS) as
extracting phase. Limits of detection for carbonyls were observed at the level of 0.1 - 0.5 μg/L.
Akira et al [259] developed procedure for the determination of urinary glyoxal and
methylglyoxal by high performance liquid chromatography. The assay was based on the reaction
of these compounds with 1, 2-diamino-4, 5-dimethoxybenzene to fluorescent adducts, which was
separated by reverse-phase HPLC in a total run time 45 minutes. The quantification was
fluorimetrically-using 2, 3-pentanedione as an internal standard. Derivatization was performed
for diluted urine (100-120 mOsm/kg H2O) under acidic condition (pH 4.5) at 60 0C over a
prolonged time (15 h) to maximize the yields. The assay was specific and sensitive enough to
analyze urinary levels of glyoxal and methylglyoxal, within and between days with relative
standard deviation of less than 5 %.
Bloem et al [299] proposed a procedure in order to separate carbonyl compounds by thin
layer chromatography. Silica gel with 0.3 mm thick film and solution of 3 g Carbowax 4000 and
35 mg Tinopal WG in H2O-NaOH (3:1, v/v) were used to coat glass plates. After drying at 80 0C
for 30 min, 2, 4-dinitrophenylhydrazones were used to spot and dissolved in 1, 2-dichloroethane.
The plates were developed in 65 mL benzene and 35 mL heptane. The sensitivity of compounds
was observed at the level of μg levels.
Cobb et al [300] proposed a method for the analysis of vicinal dicarbonyls by thin layer
chromatography based on preparation of plates using SeaSorb 43-Silica Gel G (1:1, v/v) and
others with SeaSorb 43-Celite-CaSO4 (10: 8.5: 1.5, v/v/v). Two solvent systems were used i.e.
benzene-ethanolamine-methanol and chloroform-tetrahydrofuran-methanol. Go showed blue to
purple color, whereas Go, MGo, and diacetyl, traveled slower as compared to their homologous
series.
De Revel et al [301] determined levels of 2, 3-butanedione (diacetyl) and its reduction
products 3-hydroxy-2-butanone (acetoin) and 2, 3-butanediol and 2, 3-pentanedione, 1, 2-
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propanediol and 1-hydroxy-2-propane by gas chromatography. GC-MS was used for the
determination of 1-hydroxypentanone, 2, 3-pentanediol and methylglyoxal in wine.
Deng Yu [302] proposed a procedure for simultaneous determination of formaldehyde and
methylglyoxal in urine. A high-performance liquid chromatography (HPLC) procedure was
developed using 2, 4-dinitrophenylhydrazine (DNPH) as a derivatizing agent. The devised
DNPH method was sensitive enough to analyze aldehyde levels in urine. An increase in the
excretion of, formaldehyde, methylglyoxal, and malondialdehyde was confinned in
Streptozotocin induced diabetic rat. A good linear relationship between concentrations and
relative responses was obtained over the measured ranges from 10 to 200 pmol per injection. The
correlation coefficients for formaldehyde, acetaldehyde, methyl glyoxal, and malondialdehyde
were from 0.95 to 0.98. The coefficients of variation were found to be 9.8, 10.1, 5.8 and 11.9 % for formaldehyde, acetaldehyde, methylglyoxal, and malondialdehyde, respectively.
Bandow and Washida [303] reported the procedure for the analysis of MGo, Go and
biacetyl as product of photo oxidation of o-, m-, and p-xylenes using long-path FT-IR
spectroscopy. Go, MGo, and biacetyl were obtained as ring fragmentation product of o-xylene,
and Go and MGo were obtained in cases of m- and p-xylenes.
Bao et al [304] used solid-phase microextraction (SPME) and GC-ECD for quantification
of 23 carbonyl compound in water. The GC analysis involved the formation of derivatives using
O-(2, 3, 4, 5, 6-pentafluorobenzyl)-hydroxylamine hydrochloride (PFBHA). The limits of
detection for carbonyl compounds were observed within 0.006 - 0.2 μg/L.
Cobb et al [305] proposed a method for the analysis of the 2; 4-dinitrophenylosazones of
dicarbonyl compounds such as Go, MGo and 2-buten-1, 4-dial isolated from oxidized methyl
linoleate. The determination and separation of homologous series was carried out by thin layer
chromatography, characterization was by UV absorption and identification by Infrared
spectroscopy and measurement of melting point.
Chaplen et al [305] developed a HPLC method for determination of free intracellular and
extracellular methyl glyoxal in animal cells grown in culture. Methylglyoxal is present at low
levels in most cells as a by-product of glycolysis and a product of lipids and amino acids
catabolism. The method for measurement of methylglyoxal involved the derivatization of
methylglyoxal with 1, 2-diamino-benzene followed by quantification of the resulting quinoxaline
with HPLC. The concentration of free intracellular methylglyoxal in Chinese hamster ovary
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(CHO) cells grown inculture ranged from O.7±0.02 ~mole (mean±2 standard deviations; n=4),
several fold less than that found inside the cell.
Dwyer et al [307] determined Glyoxal, methylglyoxal, and 2, 3-butanedione in wine,
after derivatization with o-phenylenediamine. The analyses were carried out with HPLC and
quantifying quinoxaline derivatives. The results were confirmed by GC/MS. The results were
repeatable.
Brombacher et al [308] proposed a procedure in order to analyse carbonyl-2, 4dinitrophenylhydrazones in ambient air using HPLC equipped with ion-trap mass spectrometry.
The limit of detection for carbonyl and dicarbonyl from air samples (each of volume 750 L) was
found within the range of 1 and 15 ng/m-3. The limits of detection measured by HPLC-UV for
carbonyl compounds were found within the range of 9 - 18 ng/m3 with an RSD of less than 20 %.
Espinosa-Mansilla et al [309] proposed an analytical method for the analysis of Go and
MGo based on the reaction with 5, 6-diamino-2, 4-hydroxypyrimidine sulfate in basic medium to
form highly fluorescent lumazine derivative. The derivatives were separated by a C18 column.
The concentrations of Go and MGo were ranging between 0.63 ± 0.15 to 0.80 ± 0.37 and 0.49 ±
0.05 to 0.60 ± 0.22 μg/mg of creatinine, respectively.
Dumdei et al [310] reported the products of the photo oxidation of toluene using a triplequadrupole tandem mass spectrometry (MS/MS) operated in an atmospheric pressure ionization
mode. MGo, Go, benzaldehyde, methylbutenedial, hydroxymethylbutenedial, peroxyacetyl
nitrate, oxoheptadienal, AcOH, HCHO, hexadienal, and hydroxyoxoheptadienal were obtained
as ring fragmentation products. The total amount of ring fragmentation products was obtained at
the level of 60 %.
de Revel and Bertrand [311] used GC-MS for the determination of dimethylglyoxal and
its reduction products such as 3-hydroxy-2-butanone (acetoin) and 2, 3-butanediol and some
other compounds. The method was based on the reaction of O-(2, 3, 4, 5, 6-pentafluorobenzyl)
hydroxylamine with compounds containing carbonyl group.
Bednarski and Hammond [312] developed method for the selection of mutants and
determined the concentration of Go, MGo, and diacetyl produced by mutants and parents by
measuring the intensity of color using HPLC.
Glaze et al [313] proposed a procedure to analyse glyoxal (Go) from water samples using
GC-MS or GC with electron capture detector (ECD). The procedure involved the reaction of
92

analytes with O-(2,3,4,5,6-pentafluorobenzyl) hydroxylamine hydrochloride in aqueous medium
using n-hexane for extraction and the high resolution capillary GC for analysis. The limit of
detection for Go was obtained at the level of 7.7 µg/L levels.
Gilbert and Brandt [314] reported spectrometric determination of MGo by using an
ethanol-hydrochloric acid solution of 2,4-dinitrophenylhydrazine as derivatizing reagent. max
was measured at 432 nm. Linearity was observed in the range of 0 - 1.38 x 10-5 M. This method
was used to measure the yeast glyoxalase activity.
Garcia-Alonso et al [315] reported the determination of Go and MGo from atmospheric
particulate matter based on extraction and derivatization with 2,4-dinitrophenylhydrazine. Limits
of detection were observed by chromatographic analyses within the range of 0.24 ng/m3 for Go
and 0.95 ng/m3 for MGo.
Espinosa-Mansilla et al [316] reported the determination of Go, MGo and diacetyl in
urine samples. The method involved the derivatization reaction of these analytes with 6methylpterin and 6,7-dimethylpterin using HPLC with fluorometric detection. Limits of
detection for Go, MGo and diacetyl were 32, 11 and 99 pmol, respectively. The concentration of
Go and MGo were observed in normal urine sample at the level of 132 and 15 μM, respectively.
Fung and Grosjean [317] proposed a procedure to determine carbonyl compounds
including aliphatic, unsaturated, aromatic carbonyls, difunctional carbonyls and dicarbonyls. The
method involved the LC analysis of carbonyls as 2,4-dinitrophenylhydrazones and separated by
HPLC with UV detection. Limits of detection were observed for carbonyl compounds at ng
levels.
Fujioka et al [318] treated dietary oils –tuna, salmon, cod liver, soybean, olive and corn
oils with accelerated storage conditions (60 0C for 3 and 7 days) and a cooking conditions (200
0

C for 1hour). Genotoxic malonaldehyde (MA), Go, MGo formed in the oils were analyzed by

GC. The highest formation of Go was obtained from salmon oil heated at 60 0C for 3 days. More
Go was found from salmon and cod liver oils when heated from 3 days (12.8±1.10 and
7.07±0.19 ppm respectively) than for 7 days (6.70±0.08 and 5.94±0.38 ppm respectively).
Suggesting that Go underwent secondary reactions during a prolonged time. The amount of
methylglyoxal (MGo) formed ranged from 2.03±0.13 (cod liver oil to 2.89±0.11 ppm) tuna oil in
the fish oils heated at 60 0C for 7 days. Among vegetable oils, only olive oil yielded
methylglyoxal (MGo) 0.61±0.03 ppm) under accelerated storage conditions.
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Guerra et al [319] developed procedures in order to analyse diacetyl in yogurt using
spectrophotometry and fluorimetry. The diacetyl was treated with isoniazid followed by addition
of Zr(IV) to form a complex. % Recovery was observed 96.8 % for spectrophotometry and 99.1
% for fluorimetry with an RSD of 2.5 % and 1.0 %, respectively. The amount of diacetyl was
found in yogurt in the range of 0.79 - 2.77 μg/g.
Fujioka and Shibamoto [320] determined toxic carbonyl compounds (including
formaldehyde, malonaldehyde, and glyoxal) using GC connected with nitrogen phosphorus
detection (NPD) in cigarette smoke. The procedure involved the derivatization-solid phase
extraction. % recovered for the total carbonyl compounds from regular size cigarettes were in the
range of 1.92 - 3.14 mg/cigarette. The concentration of MGo and Go was found 13.4 - 59.6 and
1.93 - 6.98 μg/cigarette, respectively.
Hayashi and Shibamoto [321] analyzed trace quantities of mutagen methylglyoxal in
foods and beverages. Methylglyoxal was reacted with cystamine to give 2-acetyl thiozolidine in
a food or a beverage-sample at pH 6.2. Acetyl thiozolidine formed from methylglyoxal was
extracted with dichloroethane and subsequently analyzed by a gas chromatograph equipped with
fused silica capillary column and a thermionic detecter. A total of 17 commercial food items
were analyzed for methylglyoxal. The quantities of methylglyoxal in food ranged from 0.04
(orange juice) to 47 ppm (decaffeinated brewed coffee).
Hara et al [322] reported the reactivity of MGo and 1,2-diaminobenzene derivatives to
find fluorogenic reagents for -dicarbonyls. 1,2-diamino-4,5-methylenedioxybenzene was
treated with analytes in acidic medium to form the fluorescence products. The separation of
derivatives was performed by reversed-phase HPLC.

The detection limits were 65 - 280

fmol/injection (10 µL).
Ho and Yu [323] reported quantitative determination and identification of the carbonyls
formaldehyde, acetaldehyde, acrolein, 2-furfural, benzaldehyde, Go, and MGo. The method was
based on the collection of carbonyls onto a O-(2,3,4,5,6-pentafluorobenzyl)hydroxylamine
coated solid sorbent, followed by solvent extraction of the solid sorbent.. The GC-MS was used
to analyse the carbonyls and identified as formaldehyde, acetaldehyde, acrolein, 2-furfural,
benzaldehyde, Go, and MGo. The levels of the above carbonyls correlated with the intensity of
the incense-burning activities.
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Inahashi et al [324] developed a procedure for the analysis of carbonyls in alcoholic
beverages. The procedure involved the derivatization of compounds containing carbonyl group
with 2,4-dinitrophenylhydrazine. The analyses of the derivatives were carried out by HPLC. The
limits of detection were observed for carbonyls compound ranging between 0.05 mg/L. The %
recovery of 3-hydroxy-2-butanone and diacetyl was observed 99.5 % and 95.0 %, respectively in
beer samples.
Imai and Kawarmura [325] determined Go and MGo in rain aerosol samples collected in
Tokyo Japan and analyzed by using capillary gas chromatography and GC-Mass Spectrometry.
Kawata et al [326] reported the determination of Go from gaseous and liquid samples by
HPLC-UV detection. The method was based on the derivatization of Go either directly in
suspended samples or after extraction by using o-phenylenediamine as derivatizing reagent. The
limit of detection for Go was observed at the level of 0.02 mg/kg for sediment samples.
Khuhawar et al [327] proposed a method for the determination of glyoxal (Go) and
methylglyoxal (MGo) by liquid chromatography using stilbenediamine as complexing reagent.
Liquid chromatographic elution and separation was obtained from the column Kromasil 100 C18, 5 μm (15 × 0.46 mm i.d.) with acetonitrile:methanol:water (1:59:40, v/v/v) with a flow rate
of 1 ml/ min. and UV detection was at 254 nm. The calibration curves for Go and MGo were
0.97-4.86 μg/ml and 1.52-7.6 μg/ml with detection limits of 48 ng/ml and 76 ng/ml respectively.
The developed method was applied to determination Go and MGo from the sera of patients
suffering from diabetes and ketoses.
Kasai et al [328] identified the carbonyl compounds from an extract of ground roasted
coffee as 5-hydroxymethylfurfural, acetol, Go, MGo and diacetyl. MGo showed mutagenic
activity in coffee.
Kieber and Mopper [329] reported a method to determine carbonyl compounds such as
Go and MGo in natural waters. The method involved the analysis of carbonyls as 2,4dinitrophenylhydrazones using liquid chromatography. The limits of detection were observed 0.5
nM for aldehydes and 5 nM for ketones with an RSD of 7 %. % Recoveries were obtained within
95 - 105 %.
Loeffler et al [330] used FTIR-ATR for the detection of Go and MGo from common
secondary atmospheric pollutants formed from aromatic and terpene precursors.
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Li and Yu [331] modified a method for the determination of monocarboxylic acids,
dicarboxylic acids, α-oxo-carboxylic acids, pyruvic, pinonic acid and select aldehydes such as
Go, MGo, and nonanal in atmosphere particles using GC-MS. The method was based on
combined extraction and derivatization of analytes in one step. A mixture of hexane/butanol/BF3
was used for derivatization of polar functional group followed by extraction from the aerosol
filter substrates. Using this modified method the % recoveries were obtained more than 66 %.
Kandhro et al [332] developed a method for the determination of methylglyoxal from the
serum of diabetic patients & healthy volunteers by gas chromatography using stilbenediamine as
derivatizing reagent. The derivatization was carried out at pH 3. The linear calibration curves
were obtained within 0.076-0.76 μg/ml and the detection limit was 25 ng/ml. The amounts of
methylglyoxal detemined in the serum of healthy volunteers and diabetic patients were 0.0250.065 μg/ml and 0.115-0.228 μg/ml, with coefficient of variation 1.3-3.1 % and 1.4-3.3 %
respectively.
Lapolla et al [256] determined glyoxal and methylglyoxal levels in plasma. The method
was based on derivatization procedure with o- (2, 3, 4, 5, 6-pentaflurobenzyl)-hydroxylamine
hydrochloride followed by GC-mass spectrometry. Ten diabetic patients were evaluated before
and after improvement of glycemic control. The measurement of glyoxal and methylglyoxal may
be particularly important in the evaluation of the possible effect of oxidative stress.
Lee et al [333] proposed a procedure in order to analyse formaldehyde, glycolaldehyde,
Go, MGo, and pyruvic acid. The method procedure involved the derivatization of carbonyl
compounds with the help of 2,4-dinitrophenylhydrazine (2,4-DNPH). The limit of detection was
obtained 0.01- 0.02 ppb by using HPLC.
Lee and Zhou [334] proposed a procedure to determine HCHO, glycolaldehyde, Go, and
MGo using a Pyrex coil gas-liquid scrubber sampler with a HPLC equipped with a UV-visible
detector. Procedure involved the derivatization of compounds with the solution of 2,4dinitrophenylhydrazine. Limits of detection were observed 0.005 ppb for MGo, 0.01 ppb for Go
and 0.02 ppb for formaldehyde.
Musha et al [335] developed method for the determination of purity of Go based on the
polarographic behavior of Go using buffer solutions of various pH containing ophenylenediamine. The o-phenylenediamine easily condensed with Go and showed
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polarographic behavior. Linearity between the current of the condensation product and the
concentration of Go was observed at pH 7 - 10.
Mitsui and Miyatake [336] determined α,β-unsaturated, carbonyl and related compounds
based on the colorimetry with chromotropic acid, in the presence of H2SO4 and showed identical
absorbance spectra. The λmax was observed within the range of 396 – 460 mμ for acrolein,
methylacrolein,

α-ethylacrolein,

methylvinyl

ketone,

methyl

isopropenyl

ketone,

propiolaldehyde, furfural, MGo etc.
Lapolla et al [286] developed a method in order to determine MGo and Go levels in
plasma before and after improvement of glycemic control patients. The method was based on the
derivatization procedure and quantitative analyses of MGo and Go were carried out on GC-MS.
The developed method enabled to evaluate the contents of Go and MGo in plasma samples of
diabetic patients at ng levels.
Liu et al [337] had determined formaldehyde, MGo, methacrolein, Go, malonaldehyde,
acrolein, glycolaldehyde and other products as hazardous air pollutants using the o- (2,3,4,5,6pentafluorobenzyl)-hydroxylamine derivatizing method by GC/ion trap mass spectrometry (MS).
Mitchel et al [338] reported a method based on the reaction of aldehydes and ketone
containing

α-dicarbonyl

functional

groups

with

light

Girard-T

reagent

(trimethylaminoacetohydrazide chloride) to form derivatives, which absorb UV light. The λmax
for Go adduct was observed at 295 nm and an Emax of 2.73 x 104 at pH <6. The limit of detection
for Go was obtained at the 5 nmol levels. The calibration was observed linear in the range of 0 3500 nmol Go.
Matsunaga and Kawamura [339] reported capillary GC procedure for α - and β hydroxycarbonyls and dicarbonyls from snow/rain samples. The method was based on the
derivatization of carbonyl and hydroxyl groups with O-benzylhydroxylamine and trimethylsilyl
N-trimethylsilylacetamidate, respectively using GC-FID/GC-MS detection. The limits of
detection were observed at the levels of μg/L.
Malmberg [340] reported the determination of carbonyl compounds in hydrocarbon-air
flame. The method involved the GC analysis of carbonyls as 2,4-dinitrophenylhydrazones.
Reggie et al [341] determined methyl vinyl ketone, methacrolein, methylglyoxal,
glycolaldehyde and hydroxyacetone in air by sampling with impugners filled with an aqueous
solution of o- (2, 3, 4, 5, 6-pentaflurobenzyl) hydroxylamine and further reacting the derivatives
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of hydroxy-carbonyls with bis (trimethylsilyl)- trifluoroacetamide (BSTFA) and detecting the
derivative with GC/ion trap mass spectrometry. Pentflurobenzylalcohal was used as a chemical
ionization reagent.
Masatoshi Yamaguchi, et al [342] developed a method for determination of methylglyoxal in
mouse blood by liquid chromatography with fluorescence detection. A sensitive and specific LC
method using both o-phenylenediamine and trichloroacetic acid as fluorogenic reagents was
developed. The method was highly sensitive and rapid for the determination of methylglyoxal in
mouse blood, based on the precolunm conversion of methyl glyoxal to a highly fluorescent 3
methyl

6,7-methylenedioxyquinoxaline

by

reaction

with

1,2-diamino-4,

5-

methylenedioxylbenzene. The method was applied to the determination of methylglyoxal (0.1104 pmol) in 5 µl of blood. The linear relationship was observed between the peak height and
the amount of methylglyoxal (MGo) added to mouse blood up to 10 nmol per 5 µl. The
recoveries of methyl glyoxal (MGo) added to 5 µl of mouse blood in amounts of 100 pmol and
1.0 nmol were 90.3 ± 2.3% and 91.3 ± 1.8 %( mean ± s.d, n=I0, respectively. The detection limit
was 400 pmol ml-1 (corresponding to 100 fmol in a 10 µl injection) at a signal noise ratio 3.
Niyati Shirkhodae et al [343] determined Go, MGo, malonaldehyde, acrolein,
formaldehyde, acetaldehyde, and propanal formed from squalene, cod liver oil, ethyl esters of
fatty acids and volatile aldehyde upon UV irradiation after derivatization to nitrogen or sulfur
containing compounds. Derivatives were analyzed by a gas chromatograph equipped with a
nitrogen-phosphorous detector or a flame photometer detector. Max amounts of Go (9.6
nmol/mg) and MGo (14 nmol/mg) formed from squalene after 10h of UV irradiation. Cod liver
oil also produced glyoxal (27nmol/mg) and MGo (5.7nmol/mg). Go was formed at
concentrations of 10 nmol/mg from ethyl Linolenate 32 nmol/mg from ethyl linolenate and 50
nmol/mg from ethyl arachidonate. MGo was also formed from ethyl esters of fatty acids. Go &
MGo were produced form acetaldehyde, acrolein acid, and propanal in the range 2-9 nmol/mg.
Medonos et al [344] determined Go, glycol and diethylene glycol by a gas chromatograph
with a flame-ionization detector with column of 6 mm inner diameter and 1600 mm long, filled
with Chromatin N as solid support, 0.25-0.4 mm particle size, with 5 % Reoplex 400 as the
stationary phase. The temperature of thermostat was 140 0C; the N2 flow rate was 75 ml/min.
The compounds in question were converted to quinoxaline by reaction with o-phenylenediamine
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and then chromatographed. The chromatographed peaks were evaluated with the aid of a
calibration curve.
Mclellan et al [345] described a procedure for the assay of methylglyoxal in biological
systems by derivatization with 1, 2- diamino-4, 5-dimethoxybenzene. The determination was
performed with HPLC under acidic conditions to prevent the spontaneous formation of
methylglyoxal from glyceraldehyde-3-phospahate and dihydroxyacetone phosphate during the
assay. The limits of detection in the biological matrix were 45 pmol (absorbance detection) and
10 pmol (fluorometric detection). The recovery was 58 %, and the intra and inter batch
coefficients of variation were 7.7 and 30 %, respectively. The concentration of methylglyoxal in
whole blood from normal healthy human individuals was (mean±SD, nM) 256±92 (n=12) and
that form diabetic patients was 479±49 (n=55).
Nojima et al [346] reported procedure for the analysis of DMGo, Go, and MGo by GC
connected with electron capture detection (ECD). The method was based on the formation of 6chloroquinoxaline,

6-chloro-3-methylquinoxaline

and

6-chloro-2,3-dimethylquinoxaline

derivative using 4-chloro-o-phenylenediamine as derivatization reagent.
Neng et al [347] reported a procedure for Go and MGo determination in environmental and
biological matrices and involved the HPLC connected with diode array detection based on the
reaction with 2,3-diaminonaphthalene (DAN). Limits of detection (LOD) for adducts of Go and
MGo were 15 ng/L and 25 ng/L, respectively. Linear calibration graphs were ranging between
0.1 - 120.0 μg/L.
Nemet et al [348] developed the method for the quantification of methylglyoxal in human
plasma using reverse-phase HPLC with UV detection. The determinations were performed with
required protein precipitation with trifluoroacetic acid (TFA) and incubation of the supernatant
(2 h) with 1, 2-diamino-4, 5-dimethoxybenzene (DDB) to convert Methylglyoxal (MGo) into 6,
7- dimethoxy-2-methylquinoxaline (DMQ). Freeze-drying, and RP HPLC analysis using 6, 7dimethoxy-2, 3-dimethylquinoxaline (DMDQ) as an internal standard. Calibration curves were
linear in the range 200-1000 nM. The limit of detection was 30.6 and 45.9 pmol, at 215 and 352
nm, respectively.
Nernet et al [349] developed a method for methyl glyoxal by HPLC in 41 patients with
diabetes, and correlated with 9-points daily glucose profiles, fasting glucose level as well as early
(HbAlc) and advanced glycation products. The 24 hour glycemia variability was expressed as the
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M value and a quantitative index of diurnal glucose fluctuation was established. Methylglyoxal
was analyzed in the whole blood and the plasma and higher concentrations were measured in
plasma samples of both patients with diabetes (n=4l) (742±141 vs. 409±131 nmol/l; p=0.000001)
and normoglycemic controls (n=l0) (520±42 0vs.338±62 nmol/l; p=0.0002). Difference between
plasma and whole blood methylglyoxal (Delta MG) in the same individuals showed higher Delta
MG values in patients with diabetes (346±165 vs. 167±86 nmol/l; p=0.0027). Elevated methyl
glyoxal production was observed in patients with M values >20, yielding a significant correlation
between M values and methyl glyoxal levels. A significant negative correlation between
methylglyoxal and creatinine clearance was observed (r=0.38, p=O.O 19).
Odani et al. [350] reported the determination of Go from plasma samples. The
determination was based on the derivatization of Go in plasma samples with 2,3diaminonaphthalene followed by organic phase extraction. HPLC with electrospray
ionization/MS was used for the separation and quantitation of Go from plasma samples. The
concentration of Go in the plasma of healthy subjects was reported about 67 ng/mL.
Moree-Testa et al [351] determined diacetyl- (2, 3-pentanedione), Gol, pyruvic aldehyde,
and 2-oxobutanol in cigarette smoke after reaction with o-phenylenediamine and were identified
by gas chromatography-mass spectrometry as quinoxaline derivatives. The methods were
compared with HPLC. The levels of -dicarbonyl compounds in different types of cigarette were
determined and the formation of these compounds in cigarette smoke was discussed on the basis
of pyrolysis experiments.
Ho and Yu [352] reported a method for the determination of airbone carbonyls as well as
compared thermal desorption using HPLC and GC. The method was based on the collection of
carbonyls onto a 2,4-dinitrophenyl hydrazine (DNPH)-coated solid sorbent, followed by solvent
extraction of the solid sorbent. The analyses of the derivatives were carried out by high-pressure
liquid chromatography (HPLC). The other developed approach involved collecting the carbonyls
onto pentafluorophenyl hydrazine (PFPH)-coated solid sorbents, followed by thermal desorption.
The analyses of the derivatives were by GC-MS detection. The method detection limits were
obtained for carbonyl compunds at sub-nanomoles/sampling tube by GC-MS with better peak
separation as compared to HPLC method.
Mirza et al [353] reported a procedure in order to analyse Go, MGo, and DMGo by
MEKC using stilbenediamine (SD) derivatizing reagent. The analysis of Go, MGo and DMGo
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was carried out with photodiode array detection. Linear response was within 0.02 - 150 g/mL
with detection limits 3.5 - 5.8 ng/mL Go and MGo. The amount of Go and MGo was observed
for diabetic and healthy volunteers within 0.098 - 0.193 Go and 0.106 - 0.245 g/mL MGo with
RSD 1.6 - 3.5 and 1.7 - 3.4 %, respectively.
Naila Ahmed and Thornalley [354] observed that glycation of proteins led to formation
of a (AGEs) of diverse molecular structure and biological function. Serum albumin modified
minimal and high extents by methylglyoxal (MGo) and glucose in vitro were studied as model
AGE proteins. The AGE adducts contents of these proteins were investigated using 6aminoquinolyl N-hydroxysuccinimidyl-carbamate (AHC) using chromatographic assay of
enzymic hydrosylates.
Ojala

et

al

[355]

reported

the

GC

procedure

to

analyse

O-(2,3,4,5,6-

pentafluorobenzyl)hydroxylamine derivatives of ketone and aldehyde compounds in beer
samples using electron capture detection (ECD). The limits of detection for carbonyl compounds
in beer samples were observed ranging between 0.01 - 1.0 μg/dm3.
Ohmori, Shinji et al [356] developed a method for the determination of rnethylglyoxal as
2-methylquinoxaline by HPLC and its application to biological samples. It was reacted with ophenylenediamine to form 2-methylquinoxaline and then extracted with dichloromethane from
the biological material (e.g. liver) and analyzed by HPLC. Methylglyoxal added to rat liver at 11 0 µg/O.5 g was recovered at approximately 74 % with a relative standard deviation of 2.2-6.2
%. Recovery of methyl glyoxal added to bovine serum albumin was 92.9 %, thus the presence of
protein, which was removed with strong acid, did not interfere significantly.
Palamand et al [357] reported quantification of Go in brewing products and in beer. The
amount of Go was found in the beer at the level of less than 1 μg/mL.
Pacolay et al [358] proposed a GC-MS procedure for the quantification of MGo and Go
based on solid-phase micro-extraction (SPME) followed by reaction with O-(2,3,4,5,6pentafluorobenzyl)-hydroxylamine hydrochloride. The limit of detection for Go and MGo were
obtained at ppb levels.
Rosario et al [359] reported the determination of MGo from gaseous and liquid samples
by capillary zone electrophoresis with diode array detection. The method involved derivatization
with o-phenylenediamine. Linear response for MGo was within 0.1 - 3.6 mg/L with limit of
detection 7.2 µg/L. The method enabled to detect MGo from biological samples and water.
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Rodrigues et al [360] proposed a method in order to analyse diacetyl and other vicinal
diketones in beer and involved the derivatization with the help of o-phenylenediamine, the
resulting 2,3-dimethylquinoxaline was used as polarographic active compound to evaluate the
concentration of diacetyl.
Ruggiero-Lopez et al [361] proposed the method for the reaction of metformin with
dicarbonyl compounds. The method was based on the reaction of metformin with MGo and Go
at pH 7.4. The analysis was carried out by HPLC equipped to mass tandem spectrometry.
Otsuka and Ohmori [362] developed a method for simple and sensitive determination of 2,
3- butanediol after it was quantitatively oxidized into diacetyl by reaction with Mn04-1 at 20°C
for 30 min under neutral conditions. The reaction of diacetyl with 4, 5-dichloro-l, 2diaminobenzene afforded 6, 7-dichloro-2, 3-dimethyl- quinoxaJine (DCDMQ), which was
extracted with n-hexane and determined by gas chromatography. The detection limit of
(DCDMQ) or (2, 3-butanediol) was at least from 50 fmol/lmicrolitre to 150 pmol/microliters in
the extract. Recoveries from normal rat urine and rat liver-homogenate were· 97.8±3.4 %-and
98.4±2.9 %, respectively.
Randell et al (363) developed a method for the measurement of methylglyoxal in rat
tissues by electro spray ionization mass spectrometry and liquid chromatography. This method
involved the sample preparation of plasma, blood and tissue homogenates, solid phase extraction
of methylglyoxal and derivatization using o-phenylenediamine. Further. Purification of
derivatized products was by solid phase extraction and quantification by electro spray ionization
liquid chromatography mass spectrometry. Methylglyoxal was highest in aorta followed by
heart, liver, kidney and blood in Sprague-Daweg rats. Levels of methylglyoxal in plasma were
about an order of magnitude lower than that tissue but above the concentration used for the
lowest calibration standard. The high selectivity of this method offered an advantage over other
methods based on fluorescence. This method allowed the evaluation of methylglyoxal in
essential hypertension and type-2 diabetes.
Revel and Betrand [364] proposed a gas chromatographic mass spectroscopic (GC-MS) or
gas chromatographic-electron capture detector (GC-ECD) method to evaluate concentrations of
glyoxal and methyl glyoxal in wine as 0-(2, 3, 4, 5, 6 pentafluorobenzyl) hydroxylamine's
derivatives. Glyoxal and methylglyoxal were formed during fermentation by various microorganisms of the wine such as Saceharomyces cere visiae and teuconostoc aenos. The
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concentration of glyoxal and methyl glyoxal were found particularly in Sherry wines. .
Spaulding et al [365] proposed a procedure for the estimation of water soluble organic
compounds including Go, MGo, hydroxyacetone, glycolaldehyde in air with GC-MS. The
procedure

involved

the

formation

of

derivatives

with

the

help

of

O-(2,3,4,5,6-

pentafluorobenzyl)hydroxylamine. Limits of detection were 48 pptv for glycolaldehyde, 15 pptv
for hydroxyacetone and, 7.7 pptv for MGo and 2.7 pptv for Go.
Sin et al [366] determined dicarbonyl such as diacetyl, MGo, and triose reductone in their
mixed aqueous solution by gas chromatography after transformation into quinoxaline
derivatizing with o-phenylenediamine. The column was Celite 545 (80-100 mesh) coated with
silicone Gum SE –30 the column temperature 180oC.
Robert et al [367] developed a method for the spectrophotometric determination of
methylglyoxal using an ethanol-HCl solution of 2, 4-dinitrophenylhydrazaine (2, 4-DNPH).
Optimal condition include: 2x10-4 m 2, 4-DNPH in 12 ml of concentrated HCl per 100 ml of
ethanol, heated 40 min at 42± 1oC showed over 99 % reaction completion with methylglyoxal
when measured at the absorption maximum at 432nm.The system confirmed to Beer’s law up to
1.38x10-5M. A molar abosrptivity of 3.36x104 cm2/nmol was found.
Zhu et al [368] developed a method to determine Go, MGo, diacetyl and pentane-2,3dione from rat tissues and foods products. The method was based on the conversion of the
compounds to fluorescence derivatives using 1,2-diamino-4,5-methylenedioxybenzene in order
to analyse with liquid chromatography with fluorometric detection.. The limits of detection were
observed at the level of fmole/injection (10μL).
Steinberg and Kaplan [369] reported the HPLC and GC/MS as well as direct insertion
probe / MS determination and quantification of glyoxal in fog and mist samples. The method
involved the reaction of Go with the solution of 2,4-dinitrophenylhydrazine followed by
dichloromethane extraction.
Sin and Nam [370] reported the determination of dicarbonyls compounds, and triose
reductone. The procedure involved the reaction of dicorbonyl and triose reductone with ophenylenediamine in aqueous medium. The separation was carried out on Celite 545 (80-100
mesh) coated with 5 % Silicone Gum SE-30 connected with gas chromatograph.
Thornalley et al [371] reported the determination of Go from samples of whole-blood.
The determination was based on the derivatization of Go in whole-blood samples using 1,2103

diamino-4,5-dimethoxybenzene hydrochloride followed by solid-phase extraction. The resulting
product as quinoxaline obtained was monitored for HPLC determination with fluorometric
detection. The limit of detection was obtained at the level of 40 pmol with an RSD of 20 %. 99
% recovery was reported.
Vidal et al [372] proposed a procedure for the analysis of carbonyl compounds based on
the reaction with O-(2, 3, 4, 5, 6-pentafluorobenzyl) hydroxylamine using GC-MS detection. The
method detection limits were obtained for carbonyl compunds at the level of μg/L in spirit
samples.
Wasa and Musha [373] developed method for the determination of biacetyl and purity of
prepared MGo was based on the polarographic behavior of biacetyl and MGo using buffer
solutions of various pH containing o-phenylenediamine. Linearity between the current of the
condensation product and the concentration of MGo was observed at pH 3 - 10.
Wasa and Musha [374] proposed a procedure for the detection of biacetyl, Go and MGo
based on polarographic behaviors of these compounds. The hanging Hg drop electrode was used
in oreder to analyse the amounts of compounds.
Yamada and Somiya [375] used O-(2, 3, 4, 5, 6-pentafluorobenzyl) hydroxylamine
(PFBOA) for the derivatation in oreder to determine carbonyl compounds such as Go, MGo,
formaldehyde in ozonized water samples by GC-MS.
Yamaguchi et al [376] developed a procedure for the analysis of Go, MGo, diacetyl, and
pentane-2,3-dione in foods samples using HPLC. The procedure involved the formation of
fluorescent derivatives using 1, 2-diamino-4, 5-methylenedioxybenzene followed by extraction
in methanol. The detection limits for each compound was found in the range of 11.6 - 13.8
fmol/10 μL injections with an RSD < 4.0 %.
Literature review indicates that GC analytical procedures involving O-(2,3,4,5,6pentafluorobenzyl) hydroxylamine hydrochloride are sensitive but requires long reaction time
(1hr), measurement of response of two isomers, long elution time. The present work examines
the HPLC analysis of Go, MGo, DMGo, and KG, K3MVA, K4MVA, PPY using 4-nitro-1,2phenylenediamine (NPD) as derivatizing reagent from biological fluids as well as food products.
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HPLC Determination of α-oxoaldehydes α-oxo acids from Human
serum of Diabetic and Uremic Patients using 4-nitro-1, 2phenylenediamine as Derivatizing Reagent.

The present work was carried out in order to determine Go, MGo, KG, K3MVA,
K4MVA, and PPY in diabetic and uremic samples of patient suffering from chronic renal failure,
keto acidoses and diabetic using NPD as precolumn derivatizing reagent. A number of keto acids
present together in above samples could also form derivatives and eluted from the HPLC
column. These were also examined and eluted from the Zorbax C-18 column. The detection was
by Photodiode array detector (DAD).

3.3.

Experimental

3.3.1. Chemicals and Reagents
Go and DMGo (Across, New Jersey, USA), MGo (Fluka, Switzerland) All the chemicals
used were of reagent or pharmaceutical grade and Pure. All chemicals used for determination of
α-oxo acids and the preparation of buffer solution were same as described in section 2.4.1.
Freshly prepared double distilled water was used throughout the study.
3.5.2

Equipment. All Equipments were same as described in section 2.4.2.

3.4

Analytical Procedures.

3.4.1. Spectrophotometric procedure.
To the solution (0.1-1.0 ml) containing Go, MGo, DMGo, KG, K3MVA, K4MVA, and
PPY separately in seven 10 ml volumetric flask were added, 1.5 ml of NPD solution (1% w/v in
methanol) and 1 ml acetic acid–sodium acetate buffer (pH 3). The final concentration of each
compound was controlled in the range of 5-100 µg/ml. The contents were then warmed at 80 °C
for 30 min. The volume was adjusted with methanol and absorption spectrum was recorded
within 500-250 nm against reagent blank. The reagent blank was prepared following the same
procedure, without the addition of analyte.
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3.4.2. HPLC Procedure.
The solution (0.1-1.0 ml) of Go, MGo, DMGo, KG, K3MVA, K4MVA and PPY in
mixture was transferred in 10 ml volumetric flask. The final concentrations of each component
are listed in table 3.1. The contents were treated as 3.3.1. The solution (20 µl) was injected on the
column Zorbax C-18 and eluted with methanol –water –acetonitrile (42:56:2 v/v/v) with a flow
rate 0.9 ml/min. Detection was carried out by the photodiode array detector at 255 nm.
3.5.1. Determination of Oxoaldehyde and Oxo- acids from Serum.
The blood samples (5 ml) collected from healthy volunteers; diabetic and uremic patients
were allowed for 1h at room temperature (30 °C) and centrifuged at 3000g for 30 min. The
supernatant layer (2.5 ml) was collected, and methanol (5 ml) was added. The contents were
mixed well and centrifuged at 3000g for 20 min. The supernatant layer was collected and was
added DMGo (1.0 µg/ml) and procedure 3.3.2 was followed. Final volume was adjusted to 5 ml.
The quantitation was carried out by external calibration curve and ratio of the peaks with internal
standard (DMGo).
3.5.2

Determination of Oxoaldehyde and Oxoacids from Serum using Linear Calibration
curve and Spiked Sample.
Blood sample (5 ml) collected from diabetic or uremic patients was treated as 3.3.3. The

serum after deproteinization with methanol was divided in to two equal parts. A part was treated
as 2.3.2 and other was added Go (10 µg), MGo (5 µg), DMGo (1.0 µg/ml), KG (50 µg), k3MVA
(90 µg), K4MVA (60 µg), PPY (70 µg), and procedure 3.3.3 was again followed. Final volume
was adjusted to 5 ml. The quantitation was made by linear calibration and an increase in the
response with added standards.
The blood samples of diabetic and uremic patients were obtained (with verbal consent)
from Liaquat University of Medicines and Health Sciences Hospital, Jamshoro. The blood
samples were collected by vein puncture with hypodermic syringe. The samples were analyzed
as received. The blood glucose level of the patients was collected from the records of hospital on
the day of sample collection. The data was collected with permission of the duty doctor and the
106

patients. The blood samples of healthy volunteers with the verbal consent were collected from
Dr.M.A. Kazi Institute of Chemistry, University of Sindh and their glucose level was determined
by Micro lab (Merck).

3.6.

Results and Discussion.

3.6.1

Derivatization
2-oxoaldehyde (Go, MGo and DMGo) and 2-oxo acids (KG, K3MVA, K4MVA and

PPY) react with NPD to form corresponding derivatives as with o-phenylenediamine [285-286].
The reaction was initially monitored by spectrophotometer for each of the compound separately
to optimize the reaction conditions for the maximum formation of the derivatives. The effect of
pH, addition of the reagent NPD, warming time and temperature were examined. The absorbance
was measured against reagent blank prepared under the same condition except the addition of
analyte. The maximum absorbance of α-oxoacids and oxoaldehydes derivatives was measured
within 340-300 nm. The derivatives once formed were highly stable and did not show any
change in absorbance up to 48 hr. Each of the derivatives obeyed the Beers law at their - max
within 5- 100 µg/ml.
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Figure 3.6: Structural diagrams of reaction of Go, MGo, DMGo, KG, K3MVA, K4MVA and
PPY with NPD.
3.6.2

Chromatography
The compounds formed are highly stable and the solution of derivatives when injected on

the HPLC column Zorbax C-18 eluted as a single peak and separated from derivatizing reagent
and solvent. Methylglyoxal and oxoacids could give two peaks due to the possibility of the
formationof the structural isomers on the derivatization with NPD. However using the elution
conditions a peak was obtained for each compound and was used. It was therefore analytical
conditions were optimized, the effects of pH, the amount of the reagent NPD added and warming
time was examined. Each time constant volume (20 μL) was injected and average peak height
(n=4) was measured and the conditions, which gave maximum response were selected. The pH
effect was examined ranging between 1–10. It was observed that the maximum response was
obtained in acidic medium with pH 3-4 and pH 3 was selected (Fig 3.7a). The
CH3COOH/CH3COONa buffer pH 3 was used since it covered the pH range satisfactorily. The
concentration of reagent NPD (1%w/v) in methanol added 0.5-2.5 ml at an interval of 0.5 ml. It
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was observed that maximum response was obtained with 1.5 (1.0 %) and was selected. At a
room temperature the derivatization of 2-oxoaldehyde and 2-oxo acids with NPD was slow and
required 1 - 2 hrs to give maximum response. It was therefore content was warmed for
derivatization at 80 0C ranging between 5 - 35 min with difference of 5 min and same average
peak height (n=3) was measured. The maximum response was obtained within 25 - 30 min and
30 min was selected.
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Figure 3.7: Effect of (a) pH (b) Heating time at 80 0C (c) Amount of reagent (1%, w/v) for the
derivative of 2-oxoaldehyde and 2-oxo acids with NPD. HPLC conditions as fig 3.3

The derivatization reaction with oxoaldehyde and oxo-acids yields different nitro
quinoxaline and nitro quinoxalanol derivatives, and could be separated by HPLC. The
derivatives eluted from reverse phase C-18 column with methanol-water and separated from
derivatizing reagent. The derivatives absorbed within UV range and wave length for maximum
absorbance was scanned with photodiode array detector during elution within 300-200 nm. For
the simultaneous detection wave length of 255 nm was selected for peak maximum.

109

Chromatographic separation was examined from Zorbex C-18 column using isocratic
elution. Different mixtures of methanol –water including the addition of different buffers
comprising of sodium acetate, sodium phosphate, sodium carbonate and sodium tetraborate
buffers were examined. Ease of the separation was obtained with methanol-water-acetonitrile
(46:52:2 v/v/v) with a flow rate of 0.9 ml/min. Identification of each peak was based on the
comparison of retention time with that of standard and by spiking each of compound in sequence
with standard. Oxoaldehydes eluted before oxoacids. Complete separation was obtained between
seven component mixture of oxoaldehydes and oxo acids plus derivatizing reagent NPD, except
some overlapping of the peaks of NPD and Go was observed (Fig 3.8). However for the
separation of Go from NPD separately, the concentration of derivatizing reagent NPD was
reduced to 1 ml (1% w/v) and a complete separation was again observed. The separation was
repeatable (n=6) with relative standard deviation (RSD) of (0.2-0.81%) within retention time,
0.4-1.2%, within peak height/peak area.
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Figure 3.8: HPLC separation of (1) Reagent, (2) Go, (3) MGo, (4) DMGo, (5) KG, (6) K3MVA,
(7) K4MVA and (8) PPY.
Conditions: column Zorbax C-18 (4.6 x 150 mm id) isocratic elution with methanol –
water - acetonitrile (46:52:2 v/v/v) with a flow rate of 0.9 ml / min. UV detection by
photodiode array at 255 nm.
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3.6.3. Validation Quantitation
The linear calibration curves as derivative of NPD were observed by constructing average
peak height (n=4) against concentration of five standard solutions. The calibration curves were
obtained ranging between 0.2 – 2.0 µg/mL Go, 0.2 - 1.0 µg/mL MGo and 0.2 - 1.0 µg/mL
DMGo with coefficient of determination (R2) 0.9991, 0.9983 and 0.9995 and regression
equations Y=5.2468x + 0.0354, Y= 0.2122x + 0.2436 and Y= 0.5066x + 0.0229, respectively.
The limit of detection observed as signal to noise ratio (3:1) were 0.045 µg/mL Go, 0.071 µg/mL
MGo and 0.075 µg/mL DMGo, The inter and intra-day repeatability of the separation of
derivatives in terms of their peak height and retention time (n=5) was examined and an RSD was
obtained within 0.2 - 0.83 % within the retention time 0.4-1.2 %, respectively.
TABLE 3.1

S.NO

HPLC PARAMETER FOR Go, MGo, DMGo & - KETO ACIDS USING 4-NITRO-1, 2,
PHENYLENEDIAMINE AS A DERIVATION REAGENT
NAME OF
COMPOUND

CALIBRATI
ON RANGE
µg/ml

(0.2-2.0)

CO-efficient
of
Determination
R2

1

Go,

2

MGo

(0.2-1.0)

0.9983

3

DMGo

(0.2-1.0)

0.9995

LEAST
SQUARE
REGRESSION
EQUATION.

Y=5.2468x +
0.0354
Y=0.2122x +
0.2436
Y=0.5066x 0.0229

0.9991

DETECTION
LIMIT
(LOD)
µg/ml

LIMIT OF
QUANTITATIO
N(LOQ)

0.045

0.135

0.071

0.213

0.075

0.225

3.6.4. Analysis of Biological Samples (Serum).
The serum samples of diabetic, uremic patients and healthy volunteers were analyzed for
the contents of α -oxoaldehydes, α-oxoacids after deproternization with methanol, and the
analytes were identified by comparison of chromatographic retention times with those of
standards. The quantitation was carried out from regression equation y = ax +b. The average
amount of Go, MGo, KG, K3MVA, K4MVA and PPY from the serum of diabetic patients were
calculated 0.532 – 0.576, 0.71 – 1.12, 9.20 – 9.53, 6.62 – 7.72, 8.13 – 8.59 and 14.03 – 14.98
μg/ml with RSD 1.2 – 2.0, 1.2 – 2.0, 1.1-2.2, 1.2 – 3.1, 1.9-2.9, and 1.4 – 2.6 % (Table 3.2).
The amounts of Go, MGo, KG, K3MVA, K4MVA and PPY in uremic samples were 1.74 – 1.92,
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2.06 – 2.32, 8.60-10.83, 7.66 – 8.92, 6.75-6.96 and 15.52 – 19.77 μg/mL with RSD 0.9 – 2.6, 1.1
– 2.6, 1.3 – 2.2, 1.1-2.6, 0.9-2.2, and 1.4 – 2.8 % (Table 3.3). The amounts of Go, MGo, KG,
K3MVA, K4MVA and PPY in serum of healthy volunteers were 0.050 – 0.059, 0.082 – 0.092,
0.212 - 0.334, 0.303 – 0.419, 0.512 - 0.583 and 0.548 – 0.595 μg/mL with RSD 1.1 – 2.1, 1.6 –
2.3, 1.3-2.6, 1.2 – 2.0, 0.8-2.6, and 1.1 – 2.6 % (Table 3.4). A serum sample of diabetic patient
was spiked with Go (10 µg), MGo (5 µg), DMGo (1.0 µg/ml), KG (50 µg), k3MVA (90 µg),
K4MVA (60 µg), PPY (70 µg). The % recovery of Go, MGo, K3MVA, KG, K4MVA and PPY
from serum was calculated to 82, 97, 80, 85, 91 and 98 % with RSD 1.1 and 1.5 % respectively.
Now comparing the method with reported HPLC methods, the present method involve single
derivatization stage with shorter reaction time (15 min) shorter separation time (12 min) and
quantitation based on single peak response with the use of new derivatizing reagent NPD. The
procedure may be considered with an improvement on available HPLC method.
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Figure 3.9: HPLC separation of (1) Reagent, (2) Go, (3) MGo, (5) KG, (6) K3MVA, (7)
K4MVA and (8) PPY from blood sample of diabetic patients. HPLC conditions as Fig
3.8
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Figure 3.10: HPLC separation of (1) Reagent, (2) Go, (3) MGo, (5) KG, (6) K3MVA, (7)
K4MVA and (8) PPY, from blood sample of diabetic patients after spiking.
HPLC conditions as Fig 3.8

S. No

Table 3.2
QUANTITATIVE ANALYSIS OF Go, MGo, & α-KETO ACIDS FROM SAMPLES
SAMPLES OF DIABETIC PATIENTS
Blood
Glucose
Go
Age
level at
µg/ml
MGo
KG
K3MVA K4MVA
PPY
M=Male
time
(n=6)
µg/ml
µg/ml
µg/ml
µg/ml
Sµg/ml
F=Fema collection
(RSD
(n=6)
(n=6)
(n=6)
(n=6)
(n=6)
le
of Blood
(RSD)
(RSD)
(RSD)
(RSD)
(RSD)
samples
mg/dl.
M/60
7.43(2.2) 8.42(2.1) 14.22(2.2)
0.576(1.2) 0.71(1.9) 9.53(1.6)
478
1
*
*
*
0.578(1.4) 0.72(1.2) 9.54(1.1)
7.44(2.8)* 8.43(1.9)* 14.24(2.0)*
0.556
1.58
9.20
7.72
8.59
14.69
469
2
M/57
(1.6)
(1.9)
(1.2)
(2.3)
(2.6)
(2.4)
0.552
1.33
9.48
7.52
8.28
14.03
451
3
M/55
(1.3)
(1.6)
(1.9)
(2.6)
(2.4)
(1.4)
0.548
1.55
9.92
7.26
8.16
14.98
430
4
F/51
(2.0)
(1.4)
(2.0)
(2.4)
(2.6)
(2.4)
5

F/48

405

0.532(1.4) 1.12(2.0) 9.68(2.2)
0.533(1.6)* 1.13(1.9)* 9.67(1.3)*
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6.62 (1.2) 8.13(2.9) 14.86(2.6)
6.63 (3.1)* 8.14 (2.5)* 14.87(1.9)*

TABLE 3.3

S. No

QUANTITATIVE ANALYSIS OF Go, MGo & α-KETO ACIDS FROM BLOOD
SAMPLES OF UREMIC PATIENTS

Age
M=Mal
e
F=Fem
ale

Blood
Glucose
level at
time
collectio
n of
Blood
samples
mg/dl.

1

M/58

2

KG
µg/ml
(n=6)
(RSD)

K3MVA
µg/ml
(n=6)
(RSD)

K4MVA
µg/ml
(n=6)
(RSD)

PPY
µg/ml
(n=6)
(RSD)

2.32 (2.1)
2.32 (1.1)

10.83(1.1)
10.85(1.6)

8.92(2.0)
8.93(1.3)

6.96(1.2)
6.97(1.8)

19.77(1.4 )
19.76(1.2)

1.90
(1.6)

2.26
(2.2)

10.80
(1.6)

8.90
(2.1)

6.91
(2.2)

19.76
(2.4)

460

1.88
(2.8)

2.24
(2.6)

9.78
(2.0)

8.82
(2.2)

6.83
(1.4)

18.64
(2.6)

F/48

455

1.84
(1.9)

2.15
(2.4)

8.66
(2.4)

7.66
(1.9)

6.82
(1.6)

16.61
(2.8)

F/46

420

Go
µg/ml
(n=6)
(RSD

MGo
µg/ml
(n=6)
(RSD)

480

1.92(0.9)
1.93(1.6)

M/56

478

3

M/51

4

5

1.74(2.6) 2.06(2.2)
1.75(2.4)* 2.07(2.6)+

8.60(2.6) 7.52(1.6) 6.75(1.2)
8.62(1.6)* 7.53(1.1)* 6.75(0.9)*

* By standard addition
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15.52(1.9)
15.52(1.2)*

Table-3.4

S. No

QUANTITATIVE ANALYSIS OF Go,
MGo AND α-KETO ACIDS FROM BLOOD OF HEALTHY VOLUNTEERS

Age
M=Mal
e
F=Fema
le

Blood
Glucose
level at
time
collection
of Blood
samples
mg/dl.

1

F/42

140

2

F/38

138

3

M/40

4

M/44

5

M/51

MGo µg/ml
(n=6)
(RSD)

KG
µg/ml
(n=6)
(RSD)

K3MVA
µg/ml
(n=6)
(RSD)

K4MVA
µg/ml
(n=6)
(RSD)

PPY
µg/ml
(n=6)
(RSD)

0.092(1.4)
0.093(1.2)*

0.24(2.0)
0.24(1.6)*

0.303(1.2)
0.303(1.1)*

0.541(2.6)
0.541(1.4)*

0.548(2.6)
0.47(1.6)*

0.055
(1.2)

0.90
(1.6)

0.212
(26)

0.414
(1.9)

0.535
(0.8)

0.569
(2.4)

130

0.052
(1.6)

0.086(1.6)

0.306
(2.2)

0.419
(2.0)

0.512
(2.4)

0.574
(1.4)

120

0.050
(1..9)

0.082
(1.2)

0.334
(2.4)

0.406
(1.6)

0.538
(2.6)

0.567
(1.1)

110

0.053(2.0)
0.054(2.1)*

0.083(2.3)
0.082(2.0)*

0.322(1.9)
0.324(1.3)

0.412(1.2)
0.414(1.4)

0.583(1.9)
0.584(1.1)

0.595(1.6)
0.596(1.9)

Go
µg/ml
(n=6)
(RSD

0.059(1.1)
0.058(1.6)*

The chromatographs obtained from serum are similar to that of standard (Fig 3.10), and
indicate that sample matrix did not interfere with the compounds analyses. The results of
analyses are reported in (Table 3.2, 3.3, 3.4) for diabetic, uremic patients and healthy volunteers
respectively. The accuracy of the method was verified by analyzing serum samples spiked with
known amounts of oxoaldehyde and oxo-acids within the calibration range (Table 3.1), (Fig
3.10). The recovery of the compounds from the serum was calculated within 96 - 98% with RSD
2.1%. The amount of oxoaldehyde and oxo acids observed in serum of diabetic and uremic
patients were higher than healthy volunteers.
The pharmaceutical preparations addatives methylparabin, propylparabin, gum acacia,
manitol, lactose, fructose, glucose, glactose, sodium chloride, sodium lacuryl sulphate and
methyl hydroxypropyl cellulose were added at least twice the concentration of α-keto acids and
analysis was carried out following analytical procedure. The results obtained were compared
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with α-keto acids standards. The addition of additives did not affect the determination with
relative error within ±3.5%.
The inter (n=4) and intra (n=4) day variation was examined with 1-2 µg/ml of each αketo acids in terms of retention time and peak height and RSD did not exceed 3 %.

Table 3.5: Comparative Data for Analytical Procedures for Determination of Go, MGo
Sr.
No

Analyti
cal
method

1

Optimal
reaction
time
derivati
za-tion
2 hr

Retentio
n time

Detection

Ref.

6.3 min

UV

584

1.6
g/mL

1 hr

MS

549

0.1–
3.6
µg/mL

7.2ng/
mL

1 hr

31.79
min,
32.20
min
10 min

Photo
Diode
array

576

0.2–
2.0
µg/mL

0.0450.071
µg/mL

10 min

4 min

PDA

Present
method

Derivatizing
reagent

Calibr
ation
range

Limit
of
detecti
on

HPLC

1,2-diamino-4,5dimethyoxy-benzene

4.9
g/mL

2

GC/MS

O-(2,3,4,5,6
pentafluorobenzyl)
hydroxylamine

14.4–
72.0
ng/mL
5.5–
166
ng/mL

3

Capillar
y Zone
electrop
horesis
HPLC

O-phenylenediamine

4-nitro1,2phenylenediamine

4

3.7.

Quantitative Analysis of Glyoxal, Methylglyoxal and Dimethylglyoxal from Foods,
Beverages and Wines using HPLC and 4- Nitro-1, 2- Phenylenediamine as
Derivatizing Reagent.

3.7.1. Experimental
A simple HPLC method was examined to determine Go, MGo and DMGo from food
products using 4- Nitro-1, 2- Phenylenediamine as an inexpensive reagent for HPLC analysis.

116

3.7.2

Equipments and Reagents
All chemicals used for determination of oxoaldehydes α-oxoacids and the preparation of

buffer solution were same as described in section 3.3.1 and 2.12.1.

3.8.

Analytical Procedures.

3.8.1. Spectrophotometric procedure
The aqueous solution (0.1-1.0 ml) containing (5-100 µg) Go, MGo or DMGo was
transferred to 10 ml volumetric flask separately. Each of the solution was added NPD solution
(1.5 ml, 1% wlv in methanol), acetic acid-sodium acetate buffer pH 3 and contents were warmed
at 700C for 20 min,and cooled at room temperature. The volume was adjusted to the mark with
methanol and absorption spectra were recorded against reagent blank within 500 to 200 nm. The
reagent blank was prepared following the same procedure without the addition of α-diketone.
3.8.2

HPLC procedure.
The aqueous solution (1-2 ml) containing Go, MGo and DMGo (2-20 µg) of each was

treated as 3.9.1 and volume was adjusted to 10 ml with methanol. The solution (20 µl) was
injected on the column Zorbax C-18 (4.6 × 150 mm id) and eluted with methanol-wateracetonitrile (42:56: 2 V/V/V) with a flow rate 0.9 ml/min. The detection was at 255 nm.
3.9.1. Analyses of Foods, Beverages, Beers and Wines
Apple juice, lemon juice and orange juice (Nestle Pakistan Ltd, Karachi) was filtered
through Watmann filter paper 42 and juice (5 ml) from the each was treated as HPLC procedure
3.9.2. Green Tea (Tapal 0.53 gm), instant tea, instant coffee decaffeinated (Moccona Dovwe
Egberts Joure-Holland), Instant coffee 1 gm was added boiling water (100 ml) and was allowed
at 800C for 20-25 min. The solution was filtered and (5 ml) was processed as procedure 3.9.2.
Yoghurt (Nestle Pakistan, Ltd, Lahore) (2 g) was added methanol (4 ml) and contents were
centrifuged at 3000 g for 30 min. The supernatant layer was collected and treated as analytical
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procedure 3.9.2. Sample (5 ml) from each of the five samples of Beers and wines W1 = Whisky
(Four Aces Whisky, W2 = Superior whisky (Quetta Distillery, Ltd, (Pvt) Quetta, Pakistan), W3 =
Drygin (Club London, drygin (export quality), W4 = Beer (Murree beer brewed from barely,
malt, hops, and water (Murree Brewery Co Ltd, Rawalpindi, Pakistan) and W5= Beer (Murrees
classic lager brewed from malt hops), Murree, Brewery Co Ltd, Rawalpindi, Pakistan) was
processed as HPLC procedure 3.9.2. The quantitation was made by linear regression equation Y
= ax + b. The blank determination was also recorded for each of the sample. The blank sample
was prepared following same procedure but the addition of derivatization reagent NPD was
omitted.
3.9.2. Determination of Go, MGo and DMGo by Standard Addition.
5 ml of each Apple juice, Orange juice (Nestle, Pakistan, Ltd, Karachi) and Superior
whisky (Quetta Distillary, Ltd, (Pvt) Quetta, Pakistan) was transferred to 10 ml volumetric flask
in duplicate. A sample of each was added Go (0.3 µg), MGo (0.6 µg) and DMGo (0.4 µg) and
both of samples were treated as analytical procedure 3.9.2. The quantitation was made by linear
calibration curve and an increase in the response with added standards.

3.10. Results and Discussion.
The reagent 4-nitro-1, 2- phenlenediamine (NPD) reacts with α– diketone Go, MGo and
DMGo to form nitroquinoxalines (fig 3.6a). The formation of the derivative was checked and
confirmed on spectrophotometer, by measuring the absorbance of the solutions against reagent
blank. The absorbance of solutions also increased with an increase in the concentration of Go,
MGo and DMGo and obeyed the Beers law over the concentration range 1-10 µg/ml. The
derivatives once formed were highly stable and did not show any change in absorbance up to
24 h.
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3.10.1 Optimization of Derivatization and Separation.
Go, MGo and DMGo formed stable derivatives with NPD, for the simultaneous
determinations of Go, MGo and DMGo. HPLC separation from the column Zorbax C-18 was
examined. Isocratic elution was carried out with different mixtures of methanol-water and a
complete separation was obtained with mixture of methanol – water - acetonitrile (42:56:2 v/v/v)
with a flow of 0.9 ml / min. Peak identification was made on the basis of comparing the retention
time with that of standard and by spiking each of the α-diketone with standards in sequence. The
derivatives absorb within UV region due to -* transition within quinoxaline rings and wave
length at peak maximum was examined with the diode array detector and wave length of the UV
detector was fixed at 255 nm. The repeatability of the separation (precision) in terms of retention
time and peak height was examined (n=6) and relative standard deviations (RSD) were observed
within 0.15-2.0% and 1.5 -2.9 % respectively.
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Figure 3.11: HPLC separation of (1) Reagent, (2) Go, (3) MGo, (4) DMGo
conditions as Fig 3.8
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Figure 3.12: HPLC separation of (1) Reagent, (2) Go, (3) MGo, (4) DMGo from sample
from sample conditions as Fig 3.8
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Figure 3.13: HPLC separation of (1) Reagent, (2) Go, (3) MGo, (4) DMGo after spiking
conditions as Fig 3.8
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3.10.2 Quantitation and Validation
Linear calibration curves were obtained by recording average peak height/peak area
(n=4) versus concentrations of Go, MGo and DMGo within 0.2-1.0 µg/ml with coefficient of
determination (r2) 0.999, 0.998 and 0.999 respectively (Table 3.1). The limits of detection (LOD)
measured as three times the signal to noise ratio (3:1) were obtained Go 45 ng/ml, MGo 71 ng/ml
and DMGo 75 ng/ml. The limits of quantitation measured as signal to noise ratio (10:1) were
with Go 0.14 µg/ml, MGo 0.21 µg/ml and DMGo 0.22 µg/ml. The analysis of four test solutions
of the mixtures of Go, MGo and DMGo indicated relative error within ± 0.1-2.9%, The
derivatization reaction, separation and quantitation was repeatable and reproducible and the
variation in the response (peak height/peak area) for each of the α-diketones was examined intra
and inter day at the final concentration of 1 µg/ml each . The analysis was carried out by same
operator under same condition on the same day (n = 6) and different days (n = 5) and RSDs were
observed within 0.4 – 2.6 % and 0.6-3.2% respectively.

Calibration of Go, MGO & DMGo
y = 5.4843x 0.0371
R2 = 0.9991

y = 4.9586x + 0.0057
R2 = 0.9995
y = 9.9429x + 0.2286
R2 = 0.9983

12

Peak height (mAU)

10

8

Go

Mgo

DMGo

6

4

2

0
0

0.2
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0.6

0.8

1

Concentration (ug/m l)

Figure 3.14. HPLC Calibration of (1) Go, (2) MGo, (3) DMGo
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1.2

3.10.3 Samples Analyses.
The samples of juices (apples, lemon, and oranges), tea, coffee, yoghurt, beers and wines
were analyzed for the contents of Go, MGo and DMGo. The samples after derivatization were
recorded for analyses .The samples without derivatization were also run on the HPLC and
provided background signal. The results of analysis are summarized in table 5, and 6 .The results
indicated RSD within 0.6 – 2.5 %. The samples of orange apple juice and whisky were also
analyzed by standard addition and the results agreed with the amounts of Go, MGo and DMGo
calculated by linear external calibration and indicated recovery of Go 97%, MGo 90 % and
DMGo 95 % with RSD of 3.1%, 2.6% and 2.8% (Fig 3.14) respectively. Now comparing the
results of analysis with the reported values from foods, beverages and wines. Hayashi and
Shibamoto reported that one cup of instant coffee (1g/100 ml) and one cup of brewed coffee (8
g/100 ml) contained 12.6 and 42—78 µg of MGo respectively. They have also reported 0.26
µg/ml MGo in apple juice (321). Ferreira da Silva et al. work, they reported values ranged from
2.1—29.0 mg/L for Go, 0.4—15.6 mg/L MGo and 0.9-4.4 mg/L DMGo from the 15 wines
analyzed (321a). Esteve et al have reported concentration of DMGo 1.4±0.52 µg/g in yoghurt
and 0.1 µg/g in orange juice (321b). The reported values are within the range reported in the
developed HPLC.
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TABLE 3.6
QUANTITATIVE ANALYSIS OF Go, MGo AND DMGo IN FOOD PRODUCTS USING

S.NO

4-NITRO-1, 2, PHENYLENEDIAMINE AS A DERIVATION REAGENT.

NAME OF
Variety.

1

Apple juice

2
3

Apple juice
Orange juice Nestle Pakistan
Ltd

Go (RSD)
(n=6)
µg/10 ml
0.180(1.8)

MGo( RSD)
(n=6)
µg/10 ml
0.235(0.7)

DMGo(RSD)
(n=6)
µg/10 ml
0.290(2.0)

0.245(1.3)
0.052(0.6)

0.126(1.1)
0.056(1.8)

0.152(0.9)
0.112(1.1)

0.306(2.1)

0.448(2.5)

0.221(1.8)

Tapal

0.195(0.4)
0.056(1.6)

0.293(1.3)
0.114(2.0)

0.186(2.0)
0.145(1.9)

Instant
coffee

Nescafe

0.152(0.9)

0.104(0.9)

0.232(1.1)

Brewed
coffee

Nescafe

1.45
(1.8)

0.80
(1.2)

0.694
(1.9)

4

Yoghurt

5
6

Instant tea
Green tea

7

Brand
Nestle Pakistan
Ltd

Nestle Pakistan
Ltd

123

TABLE 3.7
QUANTITATIVE ANALYSIS OF Go, MGo AND DMGo IN WINE USING 4-NITRO-1, 2,

S.NO

PHENYLENEDIAMINE AS A DERIVATION REAGENT.

NAME OF

Brand

Variety.

Go

MGo

DMGo

(RSD)

( RSD)

( RSD)

(n=6)

(n=6)

(n=6)

µg/ml

µg/ml

µg/ml

1

W1

1.23(1.1)

0.0

0.0

2

W2

3.24(1.6)

1.38(0.9)

5.56(2.0)

3

W3

2.21(1.9)

0.0

0.0

4

W4

3.64(0.9)

8.07(1.8)

0.0

5

W5

5.59(1.3)

0.83(0.4)

1.0(0.9)

3.11. Conclusion
4-nitro-1, 2-phenylenediamine (NPD) has been examined as a useful precolumn
derivatizing reagent for the analysis of oxoaldehyde and oxo-acids in biological samples such as
serum of diabetic and uremic patients. The compounds indicated high sensitivity in UV region
and separated easily with isocratic elution with a simple mixture of methanol-water-acetonitrile
at pH 3. Repeatability (precision within runs) covering derivatization and chromatographic
separation was satisfactory. Inter (n=5) and intra (n=6) day variation was observed with RSD
within 0.1and 1.4% in retention times and 1.1 and 2.0% peak height /peak area. LODs measured
as three times signal to noise ratio were within 0.045-2.5 µg/ml. LOQs measured as ten times
signal to noise ratio were calculated within 0.35-7.5 µg/ml. Test solutions (n=4) containing
different amounts of oxoaldehyde and oxo acids within calibration range were analyzed and
relative error was obtained within ±1.1-2.9%.
Method was applied to determine Go, MGo, DMGo K3MVA, KG, K4MVA, and PPY
from serum of diabetic and uremic patients. The selectivity and reproducibility of the method can
allow determination of oxo- aldehyde and oxo- acids for diagnostic purposes in metabolic
diseases. The Go, MGo, DMGo K3MVA, KG, K4MVA, and PPY
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level from the serum of

diabetic patients was 0.532 - 0.576, 0.71 - 1.58, 7.26 - 7.62, 9.20 - 9.92, 8.13- 8.59 and 14.03 14.98 μg/mL and RSD was 1.2 – 2.9 %. It was found that serum of uremic patients contains Go,
MGo, DMGo K3MVA, KG, K4MVA, and PPY ranging between 1.74 - 1.92, 2.06 - 2.32, 7.52 8.92, 8.60 - 10.83, 6.75- 6.96 and 15.52 - 19.77 μg/mL and RSD was 1.1 – 2.8 %, (Table 3.2,
3.3) Respectively, calculated directly from linear calibration curve.
An analytical procedure has been developed for the determination of Go, MGo and
DMGo from foods berevages beers and wines by HPLC using NPA as derivatizing reagent.
Linear calibrations were obtained with 0.2- 2.0 µg/ml and LOD at 41-75 µg/ml.The method was
examined for the analysis of food, beverages and wines The results of analysis agreed with
corresponding samples reported.
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Chapter- 4
HPLC Determination of α-Keto acids in Human Serum using MesoStilbenediamine as Derivatizing Reagent.
4.1.

Introduction
α-Keto acids are important compound as intermediates between the biosynthesis of

amino acids, carboxylic acid and sugars. Their determination in biological samples have
remained of interest in biochemical and clinical research due to abnormalities observed in the
diseases such as phenylketonuria, tyrosinosis, pyruvatedehydrogenase deficiency and
hypermethioninaemia, where abnormal levels of certain α-keto acids are observed [270], 188,
[377- 378]. A significant variation in the concentration of the α-keto acids have been reported for
both starvation [379, 269] and diabetes mellitus [271]. An excess of phenylpyruvic acid in
children is reported to be toxic to central nerves system [380]. It is therefore the determination of
α-Keto acids in the biological fluids has remained of the analytical interest for investigation of
metabolism and diagnosis purposes. A number of analytical procedures are reported for α-Keto
acids [173, 381-383], but a simple, sensitive and selective procedure is still required. The
analytical procedures for the determination of α-Keto acids are based on high performance liquid
chromatography (HPLC) [188, 380, 173, 282-283] and gas chromatography GC (GC) [381, 384285]. The derivatizing reagents used for the sensitive HPLC determination are mainly 1, 2phenylenediamine

[383],

1,

2-diamino-4,

5-methylenedioxybenzene

[200],

4,

5-

diaminophthalhydrazide dihydrochloride [380] 2,4-dinitrophenylhydrazine [386] 4-hydrazino-2stilbanzole [387] and phenylhydrazine [173] using spectrophotometric, spectrofluorimetric or
chemiluminescence detection.
Meso-stilbenediamine [1, 2-diamino-1, 2-diphenylethane (SDA) has been used for
sensitive HPLC determination of catecholamine’s [252] and α-diketones (glyoxal and
methylglyoxal) [388, 327] from biological fluids. The present work examines the use of SDA for
the HPLC combined with photodiode array detection for the separation and determination of αKeto acids from biological fluids.
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4.2.

Experimental

4.2.1. Preparation of Stilbenediamine
Synthesis of 1, 2-Diamino 1, 2-diphenylethane.
The synthesis of amine has been reported by Lifschitz [389], Quebell [390], Williams
[391-392] and their coworkers. In the present work meso-stilbenediamine was prepared by the
method of Quebell [390].
4.2.2. Chemicals
Benzaldehyde, (Merck) was distilled before use, and ammonia, diethyleneglycol, acetic
anhydride and diethyl ether, (Merck Germany) were used without futher purification. Sodium
acetate (Merck) was fused before use. Benzene, hydrochloric acid (36%) Sulphuric acid (98%)
and sodium hydroxide, all commercially available from BDH U.K were used without
purification.
4.2.3. Preparation of Hydrobenzamide
A mixture of benzaldehyde and liquid ammonia, (2:3 moles) was allowed to stand with
occasional stirring for two to three days. The crude product obtained in fairly good yield was
recrystallised from cyclohexane. The white crystalline product obtained melted at 1000C.
4.2.4. Preparation of amarine (2, 4, 5 – triphenyl – 3 – imidazoline)
This was prepared by thermal isomerization of hydro-benzamide. A mixture of hydrobenzamide (300 g; 1.67 moles) and benezene 110 ml was refluxed for 5 hrs and the temperature
of solution maintained at 1300C. More benzene was added when necessary to maintain a constant
temperature. After cooling the the solution, pale yellow crystalline product was filtered and
washed with petroleum ether. Additional quantity of amarine was obtained by concentrating the
combined filtrates and adding enough benzene (about 100 ml) to make the solution
homogeneous and allowing it to cool. The amarine was obtained with M.P. 1280C. It was then
used without further purification.
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4.2.5. Preparation of N’- benzol – N’ – acetyl –meso-stilbenediamine.
A mixture of amarine (200 g, 0.7 moles), acetic anhydride 300 ml and fused sodium
acetate 5 g, was gently refluxed on an oil bath for 3 hrs. The product was cooled and treated
carefully with 200 ml of water. The content were again boiled for 2 hrs, and resulting white
precipitates filtered, dried by means of pump and boiled out with 200 ml of commercial ethanol.
The colorless solid obtained melted at 3150C and was dried at 100-1200C.
4.2.6. Preparation of Meso – stilbenediamine
The diamine was prepared by hydrolysis of N- benzol – N – acetyl –mesostilbenediamine with sulphuric acid water (1:1) mixtures under:
N- benzol – N – acetyl –meso-stilbenediamine (75 g, 0.2 moles) was heated with water
763 ml and conc. H2SO4 763 ml to boiling and current of steam passed to remove benzoic acid.
After three hours when hydrolysis was complete, the mixture was cooled and cautiously treated
with ammonia, the total volume being kept as small as possible. After the addition of 600 ml of
ammonia, the mixture was left over night, filtered through glass wool, and made alkaline in the
cold with excess of ammonia (pH, 9 – 10). The meso-stilbenediamine separated as colourless
leaflets, was filtered and recrystallized from hot water. The product had a melting point 1200C.
4.3.1. Chemicals and Reagent
(GA) monohydrate, (PYR), (KB), (KHA), sodium salt, (KG) monosodium salt, were
same as described 2.12.1. Analytical grade chemicals and ultra-pure water obtained from ELGA
labwater system (blucks, UK) was used throughout the experiment. All glassware and plastic
material used was previously treated for a 24h in 5M nitric acid and rinsed with double distilled
water and then with ultra-pure water. The standard solutions of α-Keto acids (1.0 mg/ml) were
prepared in 10 % acetic acid (w/v) and further solutions were prepared by appropriate dilution.
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4.3.2. Equipment
All equipment used for the analysis of α-Keto acids was the same as describe in section
2.12.2. Buffers solutions were prepared in the same was as described in section 2.12.1.

4.4.

Analytical Procedures

4.4.1. Spectrophotometric Procedure
The solution (1-2 ml) containing GA, PYR, KB, MKBA, KHA, KG and PPY was
transferred to 10 volumetric flask separately to adjacent the concentration within 5-50 µg/ml.
Each of the solution was added SDA solution (0.5 ml, 2% w/v in methanol), acetic acid- sodium
acetate buffer pH 3.2 (1ml) and contents were heated in boiling water for 30 min. The volume
was adjusted with methanol and absorption spectra were recorded within 500-250 nm against
reagent blank. The reagent blank was prepared following same procedure without addition of αketo acids.
4.4.2. HPLC Procedure
The solution (1ml) containing GA, PYR, KB, MKBA, KG, KHA, and PPY of each
within the calibration range (Table 4.1) was added reagents as 4.4.1. The contents were heated
at 95- 100 0C for 30 minutes and volume was adjusted with methanol to 10 ml. The solution (20
µl) was injected on the column Zorbax C-18 (4.6x150 mm-id) and eluted with methanol-wateracetonitrile-tetrahydrofuran (38.4:60:1:0.6 v/v/v/v) with a flow rate 1.0 ml/min. The detection
UV was at 255 nm.
4.4.3. Determination of α-Keto Acids from Human Serum
The blood samples (5 ml) collected from healthy volunteer’s, diabetic and uremic
patients before and after hamodialysis were allowed at room temperature (300C) for 1 h and were
centrifuged at 3000 g for 30 min. The supernatant layer was separated and added methanol (5
ml). The contents were mixed well and again centrifuged at 3000 g for 20 min. The supernatant
layer was collected and procedure 4.4.2 was followed. The final volume was adjusted to 5 ml.
The quantitation was carried out using external calibration curve obtained on least square method
Y = ax + b.
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4.4.4. Determination of α-Keto Acids from Serum using Linear Calibration Curve with
Spiked Sample
Blood sample (5 ml) collected from patient was treated as 4.4.3. The serum after
deproteinization with methanol was divided in two equal parts. A part was added, GA (2µg),
PYR (5 µg), KB (30 µg), MKBA (40 µg), KG (40 µg), KHA (60 µg) and PPY (80 µg) and both
the parts were treated as procedure 4.4.2. The final volume was adjusted to 5 ml. Quantitation
was carried out using linear calibration curve and an increase in the response (average peak
height /peak area) with added standard.
4.4.5. Determination of α-Keto acids from Urine
The urine (2 ml) collected from the uremic and diabetic patients in Stoppard test tube
(Quick fit) was diluted with methanol (1 ml) and was centrifuged at 3000 g for 20 min. The clear
solution was transferred to volumetric flask and procedure 4.4.2 was followed. The final volume
was adjusted to 5 ml. The quantification was carried out by external calibration curve.
The blood samples of diabetic and uremic patients were collected from male and female
within age of 25-55 years, admitted in the urology ward of Liaquat University of Medicine and
Health Sciences Hospital, Hyderabad. All patients were undergoing maintenance hemodialysis
for the previous 6-12 months. Ten healthy subjects who were receiving physical checkup were
recruited as the control group. We obtained consent verbally and provided information on the
study objectives, procedures, and implications to participants. The information obtained was
demographic characteristics, environmental and occupational data. Past or present history of
smoking, uremic, diabetic, hypertension, and duration of renal problem. The dialysis unit had
good water treatment devices. Blood samples were taken before hemodialysis (BHD) and after
hemodialysis (AHD) session, while urine samples were taken once BHD. The blood samples
were also taken from the patients for the biochemical parameters investigated in clinical
laboratories of Liaquat University of Medicine and Health Sciences Hospital.
Venous blood (5 ml) were sampled by using metal-free Safety Vacutainer blood
collecting tubes containing >1.5 mg K2EDTA obtained from Becton Dickinson, (BectonDickinson, Rutherford, New Jersey, USA). The samples were analyzed as received.
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Morning urine samples (spot test) were collected in an acid- washed, decontaminated 100
ml polyethylene tubes (Kartell 1, Milan, Italy) before dialysis.

4.5.

Results and Discussion

4.5.1

Optimization of Derivatization and Separation.
The α-keto acids react with meso-stilbenediamine to form different 5-hydroxy-5, 6-

diphenyl-5, 6-dihydropyrazine compounds (Fig 4.1), which could be separated, by reversed
phase HPLC.

(a) GA= R= H
(b) PYR= R= CH3
(c) KB= R= C2H5
(d) MKBA = R = CH (CH3)2
(e) KG= R= CH.CH2.COOH
(f) KHA= R= C4H9
(g) PPY= R= CH2C6H5
Figure 4.1: Structural diagrams of derivatives of SD with (a) GA (b) PYR (c) KB, (d) MKBA
(e) KHA, (f) KG, (g) PPY.
The effect of reaction conditions in terms of pH, amount of reagent SDA added per
analysis, warming time and temperature were examined. The reactions were initially monitored
by spectrophotometer. The derivatives indicated maximum absorbance within 299-340 nm
against reagent blank and were used for monitoring of each reaction. The condition which gave
maximum absorbance was considered optimum. Each of the derivatives at optimized conditions
obeyed the Beer’s law within 5-100 µg/ml and did not show any change in absorbance up to 24
hours.
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The derivatives formed were examined for elution from Zorbax C-18 column with
methanol-water. Each of the derivatives eluted as single peak and separated from the derivatizing
reagent. It was therefore experimental conditions for the dervatization were optimized. The effect
of pH, amount of reagent added per analysis, heating time and temperature on the derivatization
were examined. The condition which gave maximum response (average peak height/peak area)
was considered as optimum. The pH was varied between 1- 10 at unit interval, but the reaction
were observed within acidic medium with maximum at pH 3.2 using acetic acid –sodium acetate
buffer and was selected (Fig 4.2a). The addition of reagent SDA solution (2% w/v in methanol)
was varied from 0.2-0.8 ml at an interval of 0.1 ml. The addition of the derivatization reagent
was not critical as long excess was available and a similar response was observed with the
addition of 0.3-0.6 ml and addition of 0.5 ml per analysis was selected. The heating temperature
was varied between 70 to 1000C at an interval of 100C and heating time between 10 to 50 min at
an interval of 10 min. The reaction was slow at room temperature (300C) and required heating at
higher temperature. Maximum reaction acquired at 1000C and heating in boiling water was
selected for 30 min.
Effect of pH
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Fig 4.2(a) Effect of variation in pH on the HPLC response of α-Keto acids.
Conditions: HPLC elution from the column Zorbax C-18 (4.6 x 150 mm id) isocratic elution
with methanol-water-acetonitrile (38.4:60:1:0.6 v/v/v/v ) with a flow rate of 1 ml /
min. UV detection by photodiode array at 255 nm.
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Effect of Concentration
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Fig 4.2.(b) Effect of variation in the concentration% of reagent SDA on the HPLC response of
α-Keto acids. HPLC conditions as fig 4.2 (a)
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Fig 4.2(c) Effect of variation in the volume of reagent SDA 2% solution on the HPLC response
of α-Keto acids. The HPLC elution, conditions were as fig 4.2 (a)
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Effect of Temperature
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Fig 4.2(d) Effect of variation in temperature on the derivatization and HPLC elution of α-Keto
acids. HPLC conditions were as fig 4.2 (a)
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Figure 4.2:(e) Effect of time for the derivative of α-keto acids with SDA. Conditions as fig
4.2(a)
Separation of the seven α-keto acids GA, PYR, KB, MKBA, KHA, KG, and PPY was
examined from Zorbax C-18 column. The different solvents examined were water-methanol;
methanol-acetonitrile-water;acetonitrile-disodium

hydrogenphosphate

buffer;

methanol-

tetrahydrofuran-water and acetate buffer-acetonitrile-methanol, but better separation was
observed with methanol-water (40:60 V/V). For further improvement of separation addition of
acetonitrile and tetrahydrofuran was considered. The optimal separation was obtained using
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methanol–water-acetonitrile-tetrahydrofuran (38.4:60:1:0.6 v/v/v) with a flow rate of 1 ml/min
(Fig 4.3). The response of photodiode array detector at peak maximum was examined within
200-300 nm and better response was obtained at 255nm and was selected. The stability of the
derivatives was checked by measuring the peak height of the same derivative for 10 hrs with
difference of two hrs. It was observed that derivatives remained stable >10 hrs. The retention
time for each derivative was measured and it was observed that derivative of glyoxalic acid (GA)
eluted before the reagent SDA followed by PYR, KB, MKBA, KG, KH, PPY in sequence. At the
optimized condition the resolution factor (Rs) between two adjacent peaks was obtained within
1.6-8.1. The capacity factor (K’) for keto acids GA, PYR, KB, MKBA, KG, KHA and PPY was
calculated as 0.241, 1.47, 2.27, 3.18, 2.87, 4.64 and 5.56 respectively. The separation was
repeatable (n=5) with RSD within 0.1- 2.6% in terms of retention time.

2
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Peak height (mAU)

3
6
7.079

5
1

0

5

10

12

Ret. time (min)
Figure 4.3: HPLC separation of (1) GA (2), Reagent (3) PYR, (4) KB, (5)MKBA (6) KG
(7) KHA and (8) PPY.
Conditions: column Zorbax C-18 (4.6 x 150 mm id) isocratic elution with methanol– water –
acetonitrile- tetrahydrofuran (38.4:60:1:0.6 v/v/v/v ) with a flow rate of 1 ml / min. UV
detection by photodiode array at 255 nm.
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4.5.2

Quantitation and Validation
The relationship between peak height / peak area and the amount of individual α-keto

acids were linear from 0.2 to100 μg/ml. The precision was established by repeated determination
for seven α-keto acids (n=5) and RSD in terms of peak height did not exceed 3% for any acids.
The coefficient of determination (r2) for the keto acids was obtained 0.9988, 0.9959, 0.9944,
0.9992, 0.9936, 0.9984 and 0.9944. The limits of detection (LOD) and limit of quantitation
(LOQ) measured in terms of signal to noise ratio (S: N) (3:1) and (10:1) were observed within
0.07-0.20 and 0.21-0.60 µg/ml respectively (Table 4.1). The precision measured in terms of
inter and intraday assay (n=5) carried out by the same person with the same concentration of the
six keto acids on the same day and different days was examined, RSD were observed within the
range of 1.2-1.5 % and 0.9-2.6 % in terms of retention time and 0.1-1.2 % and 0.1-1.6% in terms
of peak height respectively. The accuracy of the analysis was checked by the analysis of test
solution (n=4) consisting of mixtures of seven keto acids within the calibration range. The
relative error observed was within ± 3%.
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Calibration of GA

Peak height (mAU)

30
y = 1.1146x + 0.3708
2
R = 0.9988

25
20
15
10
5
0
0

(a)

10

20

30

Concentration (ugml)

Calibraion of PYR

Peak height (mAU)

50
40
30
y = 1.3195x + 1.3122
R2 = 0.9959

20
10
0
0

(b)

10

20

30

40

Concentration (ug/ml)

Figure 4.4(a, b) Calibration curve of GA, PYR, HPLC conditions as Fig 4.3
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Figure 4.4(c, d) Calibration curve of KB, MKBA, HPLC conditions as Fig 4.3
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Figure 4.4 (e, f) Calibration curve of KG, KHA, HPLC conditions as Fig 4.3
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Figure 4.4: (g) Calibration curve of PPY, by HPLC conditions as Fig 4.3

Table 4.1

S. No

HPLC parameter for α-Keto acids using Stillbenediamine as a derivatization reagent
Name of
Calibration Coefficient of
Compound
Range
determination
(µg/mL)
(R2)

Least Square
Or
Regression

1

GA

(0.3-25)

0.9988

2

PYR

(0.2-30)

0.9959

3

KB

(0.4-100)

0.9944

4

MKBA

(0.45-100)

0.9992

Y=1.1146X+
0.3708
Y=1.3195X+
1.3122
Y=0.2849X+
1.6186
Y=0.2409X0.0993

6

KG

(0.5-100)

0.9936

7

KHA

(0.6-60)

0.9984

8

PPY

(0.5-100)

0.9944

Y=0.1164X+
0.8238
Y=0.2338X0.0176
Y=0.2555X+
1.5948
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Limit of
Limit of
Detection Quantitation
N ( LoD)
(LoQ)
(µg/mL)
0.07
0.21
0.08

0.24

0.1

0.3

0.13

0.39

0.15

0.45

0.2

0.6

0.09

0.27

The pharmaceutical preparations addatives: methylparabin, propylparabin, gum acacia,
manitol, lactose, fructose, glucose, glactose, sodium chloride, sodium lacuryl sulphate and
methyl hydroxypropyl cellulose were added at least twice the concentration of α-keto acids and
analysis was carried out following analytical procedure. The results obtained were compared
with α-keto acids standards. The addition of additives did not affect the determination with
relative error within ±3.5%.
The effect of other amino acids and amines on the determination of α-keto acids was
studied and gamma aminobutyric acid (GABA), dopamine, phenylalanine, histamine, histadine,
tyrosine, tryptophan, cystine, lysine, glysine, alanine, valine, octopamine and serotonin did not
interfere when these were present at the same concentration as

-keto acids.

4.5.3. Sample Analysis
Peak identification was made based on the comparison of retention times with that of
standards. The quantitation was made from external calibration based on least square regression
equation (Table 4.1). The results of analyses are summarized in Table 4.5 and RSD within 0.92.4%. The samples no 4 and 7 (Table 4.2) were also analyzed by standard addition method and
the results of analysis agreed with the observed values by calibration with recoveries within 8690%. The analysis agreed with the reported values for uremic patients.
The amount of GA, PYR, KB, MKBA, KG and PPY in serum of five uremic patients
with blood glucose level 410-480 mg/dl before dialysis was observed within 3.32 - 3.74 µg/mL,
2.57 - 3.49 µg/mL, 3.22 - 5.38 µg/mL, 2.54 - 3.71 µg/mL, 2.51 - 4.82 µg/mL, 4.12 - 5.65 µg/mL
with RSD within 0.9 – 2.9 %, 1.1 – 2.6 %, 0.9 – 2.2 %, 1.1 – 1.9 %, 1.1 – 1.6 %, 1.1 – 2.3%.
The analysis of α-Keto acids from serum of Uremic patients including male and female
after hamodialysis (AHD) using meso Stillbenediamine as derivatizng reagent with blood
glucose level 410- 440 mg/dl within the age of 42-55 indicated the amount of GA, PYR, KB,
MKBA, KG and PPY in serum within 1.22 - 1.72 µg/mL, 1.02 - 1.96 µg/mL, 1.21 - 1.56 µg/mL,
1.05 - 1.45 µg/mL, 1.26 - 1.65 µg/mL, 3.09 - 3.32 µg/mL with RSD within 1.1 – 2.2 %, 1.1 – 2.3
%, 1.4 – 2.4 %, 1.1 – 2.6 %, 1.3 – 2.4 %, 1.9 – 2.6%.
The determination of α-Keto acids from urine samples of seven male and female Uremic
patients before hamodialysis (BHD) were analysed with blood glucose level 410-460 mg/dl
within the age of 48-59. The amounts of GA, PYR, KB, MKBA, KG and PPY were observed
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within 2.42 - 3.82 µg/mL, 3.16 - 5.48 µg/mL, 4.41 - 5.65 µg/mL, 3.11 - 3.91 - µg/mL, 5.25 - 5.51
µg/mL, 6.05 - 6.87 µg/mL with RSD within 0.6 – 2.6 %, 1.1 – 2.3 %, 0.6 – 2.8 %, 1.3 – 2.9 %, 1.0
– 3.0 %, 1.6 – 2.6%.
α-Keto acids from seven healthy (control) were analysed with blood glucose level 110140 mg/dl within the age of 40-52. The amount of GA, PYR, KB, MKBA, KG and PPY in
serum were observed within 0.11 - 0.24 µg/mL, 0.208 - 0.362 µg/mL, 0.339 - 0.472 µg/mL, 0.317
- 0.436 µg/mL, 0.335 - 0.495 µg/mL 0.312 - 0.327 µg/mL with RSD within 1.1 – 2.9 %, 1.0 –
1.9%, 1.2– 2.2 %, 1.4 – 2.8 %, 1.2 – 2.8 %, 1.1 – 2.6%.
The α-Keto acids in uremic patients with high blood glucose level indicated high concentration
before hamodialysis their concentrations decreased somewhat after dialysis but still remained
higher than healthy volunteers (control).
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Figure 4.5: HPLC separation of (1) GA (2), Reagent (3) PYR, (4) KB, (5)MKBA (6) KG
and (8) PPY from uremic sample. Conditions as fig 4.3
4

5.528

3

4.180

6

7.064
8.222

50

5

40
1

30

8

1.261

Peak height (mAU)

60

7

11.04

mAU

9.542

2

20
10
0

0

5

10

12

Ret. time (min)

Figure 4.6: HPLC separation of (1) GA (2), Reagent (3) PYR, (4) KB, (5)MKBA (6) KG
(7) KHA and (8) PPY. Conditions as fig 4.3
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Table 4.2
Quantitative analysis of α-Keto acids from blood samples of Uremic patients
(BHD) using meso Stillbenediamine as derivatizng reagent.

1

2

3

Age
M=
F=

Glucose
level
mg/dl
fasting/Ra
ndom

M/58

460

M/52

440

M/50

420

GA
µg/ml
(n=6)
(RSD)

MKBA KG
PPY
µg/ml µg/ml
µg/ml
(n=6) (n=6)
(n=6)
(RSD (RSD
(RSD)
)

3.22
(1.1)

3.41
(2. 1)

4.35
(1.4)

3.43
(1.1)

4.18
(1.1)

5.65
(1.3)

Uremic

2.37
(2.1)

3.45
(1.3)

5.33
(1.2)

3.25
(1.6)

4.27
(1.6)

5.23
(2.3)

Uremic

2.53
(1.6)

3.12
(2.1)

5.38
(0.9)

3.13
(1.2)

4.52
(1.4)

5.13
(1.3)

Uremic

2.42
(0.9)
2.42
(1.1)*
3.74
(2.9)
2.67
(2.1)

3.49
(2.3)
3.48
(1.1)*
3.32
(2.6)
2.48
(2.2)

4.26
(1.6)
4.24
(1.3)*
4.07
(2.2)
3.03
(2.1)

3.48
(1.9)

4.12
(1.2)
4.13
(1.1)*
4.35
(2.6)
3.62
(1.9)

5.42
(1.6)
5.42
(1.9)*
5.09
(1.1)
4.12
(1.6)

2.32
(1.8)

2.57
(2.4)

4.25
(2.8)

2.51
(2.4)

4.33
(2.1)

2.76
(1.3)

3.08
(1.6)

3.25
(2.2)

3.33
(1.3)

4.82
(2.2)

4.67
(1.1)

2.44
(1.6)

3.28
(2.2)

3.41
(2.4)

3.71
(1.6)

4.15
(2.4)

5.34
(1.2)

2.35
(1.3)
2.36
(1.2)*

3.18
(1.6)
3.18
(1.5)*

3.22
(2.1)
3.22
(1.2)*

3.05
(1.2)

4.16
(1.7)
4.15
(1.6)*

5.44
(1.4)
5.45
(1.1)*

M/44

410

5

M/40

410

Uremic

6

M/54

450

Hypertension

M/44

440

Hypertension

M/42

430

8

KB
µg/ml
(n=6)
(RSD)

Uremic

4

7

PYR
µg/ml
(n=6)
(RSD)

Hypertension

2.54
(1.9)
2.28
(1.1)
2.49
(3.0)

Hypertension
9

F/36

440
Hypertension

10

F/34

420

144

S.NO

Table 4.3
Quantitative analysis of α-Keto acids from Uremic patients (AHD) using meso
Stillbenediamine as derivatizng reagent.

Age
M=
F=

1 M/55
2

3
4
5
6

M/54

Glucos
e level
mg/dl
fasting
/Rand
om

PYR
µg/ml
(n=6)
(RSD)

KB
µg/ml
(n=6)
(RSD)

450

1.72(1.3)

1.96
(2. 2)

1.56
(1.4)

440

1.14
(2.2)

1.58
(1.3)

1.21
(1.3)

1.22
(1.3)
1.22
(1.4)*
1.29
(1.6)
1.71
(1.1)
1.47
(1.4)

1.02
(2.1)
1.02
(1.4)*
1.26
(2.3)
1.38
(1.2)
1.28
(1.2)
1.12
(1.1)
1.13
(1.4)*

1.35
(1.6)
1.34
( 1.2)*
1.44
(1.6)
1.5 2
(2.4)
1.29
(1.4)
1.25
(1.9)
1.26
(1.2)*

M/53

440

M/44

430

M/42

420

F/45

420

7 F/42

GA
µg/ml
(n=6)
(RSD)

410

1.25(1.3)
1.26
(1.1)*
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MKBA
µg/ml
(n=6)
(RSD)

KG
µg/ml
(n=6)
(RSD)

PPY
µg/ml
(n=6)
(RSD)

1.12
(1.9)

1.26
(1.6)

3.32
(1.4)

1.65
(1.9)

3.22
(2.6)

1.28
(2.1)
1.28
(1.6)*
1.51
(2.4)
1.28
(1.3)
1.25
(1.6)
1.35
(1.4)
1.36
(1.6)*

3.15
(2.2)
3.14
(2.4)*
3.12
(1.6)
3.26
(1.3)
3.09
(1.9)
3.17
(1.6)
3.18
(1.9)*

1.14
(2.3)
1.34
(2.6)
1.05
(1.9)
1.41
(1.1)
1.07
(1.4)
1.45
(1.8)

S.NO

Table 4.4
Quantitative analysis of α-Keto acids from urine samples of Uremic patients (BHD) using
meso Stillbenediamine as derivatizng reagent.

Age
M=
F=

1 M/59
2
3
4
5
6

Glucos
e level
mg/dl
fasting
/Rand
om
460

M/57

450

M/55

430

M/54

420

M/50

410

F/55

455

7 F/48

410

GA
µg/ml
(n=6)
(RSD)

PYR
µg/ml
(n=6)
(RSD)

KB
µg/ml
(n=6)
(RSD)

MKBA
µg/ml
(n=6)
(RSD)

KG
µg/ml
(n=6)
(RSD)

PPY
µg/ml
(n=6)
(RSD)

3.8 2
(1.8)

3.16
(2. 2)

4.41
(1.9)

3.79
(1.3)

5.36
(1.1)

6.25
(1.9)

3.47
(2.6)
3.39
(1.9)

4.45
(1.3)
4.22
(2.1)
5.49
(2.3)
5.48
(1.2)*
4.33
(1.2)
5.28
(1.2)
5.12
(1.1)
5.13
(1.4)*

5.31
(1.6)
5.65
(0.6)
5.24
(1.1)
5.24
(1.6)*
4.85
(2.8)
4.89
(2.1)
4.45
(2.0)
4.46
(1.4)*

3.91
(1.9)
3.11
(1.6)
3.35
(2.4)

5.25
(3.0)
5.28
(2.2)
5.51
(2.8)
5.52
(1.6)*
5.48
(1.6)

6.10
(2.2)
6.05
(2.6)
6.82
(2.8)
6.82
(1.3)*
6.56
(3.0)

5.25 (1.9)

6.29 (1.6)

5.35
(1.0)
5.36
(1.9)*

6.87
(1.9)
6.88
(2.0)*

3.62 (0.6)
3.62
(1.8)*
3.78
(2.1)
2.57
(1.1)
2.45
(1.6)
2.46
(1.4)*
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3.45
(2.2)
3.21 (2.9)
3.48
(2.4)

S.NO

Table 4.5
Quantitative analysis of α-Keto acids from control samples using meso Stillbenediamine as
derivatizng reagent.

Age
M=
F=

3

4
5
6

GA
µg/ml
(n=6)
(RSD)

KB
µg/ml
(n=6)
(RSD)

PYR
µg/ml
(n=6)
(RSD)

140

0.22
(1.2)

0.356
(1. 0)

0.56
(1.2)

130

0.14 (2.9)

0.354
(1.4)

0.451
(1.4)

M/48

110

0.29
(1.2)
0.29 (1.4)*

0.362
(2.6)
0.362
(1.6)*

M/44

130

0.435
(1.3)
0.434
( 1.4)*
0.443
(1.9)

M/42

120

F/42

120

1 M/52
2

Glucos
e level
mg/dl
fasting
/Rand
om

M/50

7 M/40

110

0.241 (1.9)

0.229
(1.2)

0.234
(1.1)
0.247
(1.6)
0.227
(1.3)
0.226
(2.2)*

0.276
(1.9)
0.208
(1.6)
0.232
(1.8)
0.232
(1.9)*

0.472
(2.2)
0.339
(1.6)
0.455
(1.3)
0.455
(1.1)*

MKBA
µg/ml
(n=6)
(RSD)

KG
µg/ml
(n=6)
(RSD)

PPY
µg/ml
(n=6)
(RSD)

0.436
(1.4)

0.496
(1.4)

0.392
(1.2)

0.485
(1.2)

0.354
(2.6)

0.465
(2.2)
0.465
(1.3)*

0.351
(2.4)
0.342
(2.2)*

0.451
(2.8)

0.329
(1.9)

0.48
(1.9)
0.425
(1.6)
0.335
(1.3)
0.336
(1.4)*

0.346
(1.6)
0.339
(1.4)
0.327
(1.2)
0.328
(1.3)*

0.414
(2.4)
0.39
(1.2)
0.394
(2.8)
0.325
(1.3)
0.319
(1.4)
0.317
(1.9)
0.425
(1.6)

4.5.5. Conclusion
HPLC procedure has been developed for the determination of α-keto acids after
precolumn derivatization with stilbenediamine from the biological fluids. The method was
repeatable with RSD within 3%. The α-keto acids were observed higher in concentration in
serum of the diabetic and uremic patients than healthy volunteers.
The results of analysis with the calculated values by standard addition and indicated recoveries
within 86-90%.
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Chapter-5
HPLC Determination of α- Keto acids from Serum using 2, 3Diamino-2, 3-dimethyl butane and as Derivatization Reagents

5.1.

Introduction
The interest in the determination α-keto acids has increased due to their importance in

understanding metabolic and nutritional patho physiological disorders [393-403]. The α-keto
acids may also provide additional clinical information concerning malfunction of vital organ in
sever diseases (e.g burns, sepsis, and multiple organ failure) and possible interventions to
supplement routine care measures [404-411]. The monitoring the α-keto acids is of particular
interest because there are key intermediates in a number of major biochemical path ways
including glycolysis, amino acids and carbohydrates metabolism [412, 413]. Each of the α-keto
acids has specific function. Pyruvic acid (PYR) is involved in the biosynthesis of alamine [145].
while the concentration of phenylpyruvic acid (PPY) is increased in the plasma of patients with
heriditery metabolic disease [380] and it inhibits renal gluconeogenesis [399]. The branched
chain α-keto acids 3-methyle-2-oxovaleric acid (K3MVA) and 4-methyle-2-oxovaleric acid
(K4MVA) are involved in protein turn over [153-156].
The present work examines derivatization of α-Keto acids with 2, 3-diamino2, 3dimethybutane (DDB) for quantitative analaysis using HPLC.

5.2.

Experimental

5.2.1. Preparation of 2, 3-diamino2, 3-dimethybutane (DDB)
(a) 2, 3-dimethyl -2, 3-dinitrobutane was prepared from 2- nitropropane by half bromination
[414] as fallows
A mixture of 2-nitropropane (44.5 g) and 6 N sodium hydroxide (84 mL) stirrored and
was half brominated by drop wise addition of bromine solution (40 g). Ethanol (165 mL) was
then added and the solution was reflexed for three hrs. The slurry was cooled and poured into ice
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water (500 mL). The product 2, 3-dimethyl-2, 3-dinitrobutane was obtained as white crystallineproduct, mp = 230 0C

Figure 5.1: Preparation of 2, 3-dimethyl-2, 3-dinitrobutane
(b)

The diamine was prepared by reducing of 2, 3-dimethyl-2, 3-dinitrobutane as

reported [414]. Freshly prepared 2,3-dimethyl-2,3-dinitrobutane (17.6 g) was added to
concentrated hydrochloric acid (150 mL) at 50 - 60 0C with vigorous stirring. Granules of tin 20
mesh size (75 g) were then added slowely in portion. The mixture was refluxed for 15 min
cooled and made strongly alkaline by the addition of NaOH. The most of free diamine was
extracted from aqueous mixture with diethyl ether using repeated extractions. The extract 2, 3diamino2, 3-dimethybutane was dried over anhydrous sodium sulfate and then used for
experimental work.

Figure 5.2: Preparation of 2, 3-diamino2, 3-dimethybutane
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5.3.1. Chemicals and Reagent
The chemicals pyruvic acid (PYR), 2-oxobutyric acid (KB), 3-methyl-2-oxobutyric acid
(MKBA), 2-oxoglutaric acid (KG), 3-methyl-2-oxovaleric acid (K3MVA), 4-methyl-2oxovaleric acid (K4MVA), phenyl pyruvic acid (PPY) used were same as reported in section
2.12.1 and 2,3-diamino-2,3- dimethylbutane (DDB) was prepared as reported [414].
Buffer solutions in the pH range 1–10 at unit interval were prepared as described in
section (2.12.1).
5.3.2. Equipment
All equipments used were the same as described in the section 2.12.2.

5.4.

Analytical Procedure

5.4.1. HPLC- Analytical Procedure
To an aqueous solution (0.2-1.0 ml) containing PYR, KB, MKBA, KG,

K3MVA,

K4MVA, and PPY of each within the concentration range as indicated in Table 5.1, was added
1mL DDB and 1 mL acetic acid–sodium acetate buffer pH 3.2 in a well-stoppered test tube
(Quick fit). The contents were warmed at 80 0C for 20 min. The contents were mixed well and
allowed at room temperature (30 0C) for 15 min. The chloroform 1.0 ml was then added and the
contents were mixed well and layers were allowed to separate. An aliquot (20 µL) from the
separated organic layer (1ml) was transferred to screw cap vial. The solution (20 µl) was injected
on the column Zorbax C-18 and eluted with methanol–water–acetonitrile (40:58:2 v/v/v) with a
flow rate 1 ml/min. Detection was carried out by the photodiode array detector at 255 nm.
5.4.2. Sample Collection and Pretreatment
The blood samples of diabetic patients with verbal contents were obtained from Liaquat
University of Medicine and Health Sciences (LUMHS) Hospital, Jamshoro and Hyderabad. The
blood samples were collected by vein puncture with hypodermic syringe. The age, sex and blood
glucose level of the patient was collected from the record of the hospital of the patient on the day
of sample collection. The data was collected with permission of duty doctor and the patients. The
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blood samples of healthy volunteers were collected from Research Laboratory of Dr. M. A. Kazi
Institute of Chemistry, who had not taken any medicine at least during last one week. The blood
glucose level of healthy volunteers was determined by Micro-lab 300 (E-Merck, Germany).
5.4.3. Determination of PYR, KB, MKBA, KG, K3MVA, K4MVA, and PPY from
Blood samples
Blood samples (5 mL) of healthy volunteers and patients suffering from diabetes
collected and were incubated for 1 hr at (30 0C), followed by centrifugation at 3000 g for 30 min.
The supertnant liquid was collected and was added methanol twice in the volume. The mixed
contents were centrifuged at 3000 g for 20 min. The supernatant was transferred into a vial and
processed as HPLC procedure described in section 5.4.1. The quantitation was carried out using
external calibration curve and by comparing the ratio of the response of PYR, KB, MKBA, KG,
K3MVA, K4MVA, and PPY.
5.4.4. Determination of PYR, KB, MKBA, KG, K3MVA, K4MVA, and PPY from Blood
samples by Standard Addition Method
A blood sample (5ml) collected from diabetic patient was treated as above (5.4.3). The
serum after deproteinization with methanol was divided in two equal parts. A part was processed
as “HPLC Analytical procedure” (5.4.1) and other was added PYR 2 µg, KB 5 µg, MKBA 6 µg,
KG 10 µg, M3KVA 10 µg, M4KVA 20 µg and PPYR 12 µg and again processed as HPLC
Analytical procedure 5.4.1. The quantitation was carried out from the increases in the response
with added PYR, KB, MKBA, KG, K3MVA, K4MVA, and PPY and from external calibration
curves.

5.5.

Results and Discussions

5.5.1. Derivatization and separation
The keto acids contain a carbonyl group on adjacent carbon atom to carboxylic acid in
PYR, KB, MKBA, KG, K3MVA, K4MVA, and PPY and reacted with DDB to form cyclic ring
structure as substituted dihydro-pyrazine ring. The reaction was slow at room temperature, but
was fairly rapid by warming at 70-800C the derivatives were also extractable in chloroform and
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the chloroform extract of the derivative was examined for HPLC elution and separation of alpha
keto acids.

CH3
CH3
CH3

OCR

C  NH2

N

R

N

OH

CH3
CH3

+
C  NH2

CH3

OCR

CH3

CH3

(a) GA= R= H
(b) PYR= R= CH3
(c) KB= R= C2H5
(d) MKBA = R = CH (CH3)2
(e) KG= R= CH.CH2.COOH
(f) KHA= R= C4H9
(g) PPY= R= CH2C6H5
Figure 5.3: Structural diagrams of derivatives of SD with (a) GA, (b) PYR, (c) KB, (d)
MKBA, (e) KG, (f) KHA and (g) PPY.
Initially the derivatization conditions for the reaction of keto acids with DDB were
optimized. The derivatives formed were extracted in chloroform and eluted from HPLC column.
Each of the compound gave single peak and separated from derivatizing reagents. The conditions
which gave maximum response (average peak height/peak area) were considered as optimum.
The effect of pH, amount of derivatizing reagent (DDB) added and warming time and
temperature were examined. The pH was examined within the range 1-10 at unit operation and
the derivatization was observed in acidic solution within pH 2-5. The maximum response was
obtained at pH 3.5 and sodium acetate acetic acid buffer was selected. The warming temperature
between 50-900C at an interval of 100C and warming time between 5-25 min at an interval of 5
min were examined.
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Peak height (mAU)

Effect of pH
PYR
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KB
MKBA

10

KG
K3MVA

5

K4MVA
PPY

0
1

2

3

4

5

6

7

8

pH

Figure 5.4 Effect of variation in pH on the HPLC response of α-Keto acids
Conditions: column Zorbax C-18 (4.6 x 150 mm id) isocratic elution with
methanol – water - acetonitrile (40:58:2 v/v/v) with a flow rate of
1 ml / min. UV detection by photodiode array at 255 nm.

The Warming temperature of 800C for 20 min was selected. The addition of
derivatizating reagent DDB was not critical as long excesses of the reagent were available.
A solution (20 µl) from an aliquot of the chloroform extract was injected on HPLC
column. Each of the alpha keto acids were eluted and gave single peak. Attempt was made to
separate the keto acids, A complete and base line separation was obtained between PYR, KB,
MKBA, KG, K3MVA, K4MVA, and PPY when eluted with methanol-water-acetonitrile
(40:58:2V/V/V) with a flow rate of 1 ml/min. The detection was by photodiode array at 255 nm.
The resolution factor (Rs) between two adjacent peaks was > 1.5. The separation was repeatable
(n=6) with relative standard deviation (RSD) in terms of retention time within 1.6%. The
derivatives once formed were stable and did not show any change in response (average peak
height/peak area) up to 24 hrs.
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Peak height (mAU)

Effect of Temperature
15
PYR

10

KB

5

MKBA
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K3MVA

KG

50
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80

K4MVA

90

PPY
0

Temperature C

Fig 5.5 Effect of variation in temperature on the derivatization and HPLC elution of α-Keto
acids. HPLC conditions were as fig 5.4.)

Peak height (mAU)

Effect of Derivatization
PYR
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KB
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MKBA
KG

4

K3MVA

2

K4MVA
PPY

0
0.4

0.6

0.8

1

1.2

Concentration (ml)

Fig 5.6 Effect of variation in the volume of reagent DDB solution on the HPLC response
of α-Keto acids. The HPLC elution, conditions were as fig 5.4.
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Peak height (mAU)

Effect of Time
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10
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0

KB
MKBA
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K3MVA
K4MVA
PPY
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25
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Figure 5.7 Effect of time for the derivative of α-keto acids with DDB. Conditions as fig
5.4.

Peak height (mAU)

Calibration of PYR
y = 2.1548x + 0.0675
R2 = 0.9984
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Figure 5.8

Calibration curve of PYR, HPLC conditions as Fig 5.4.
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y = 1.2328x + 0.4966
R2 = 0.9944
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Figure 5.9

Calibration curve of KB, HPLC conditions as Fig 5.4.

Peak height (mAU)

Calibration of MKBA
y = 1.2563x + 0.0826
R2 = 0.9991
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Figure 5.10 Calibration curve of MKBA, HPLC conditions as Fig 5.4.
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Calibration of KG
y = 0.3807x + 0.2215
R2 = 0.9974
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Figure 5.11

Calibration curve of KG, HPLC conditions as Fig 5.4.
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Figure 5.12

Calibration curve of K3MVA, HPLC conditions as Fig 5.4.
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R2 = 0.9927
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Figure 5.13

Calibration curve of K4MVA, HPLC conditions as Fig 5.4.

Calibration of PPY
y = 0.3661x + 1.2033
R2 = 0.9912
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Figure 5.14

Calibration curve of PPY, HPLC conditions as Fig 5.4.
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Figure 5.15: HPLC separation of (1) Reagent, (2) PYR, (3) KB, (4) MKBA (5) KG (6) K3MVA,
(7) K4MVA and (8) PPY.
Conditions: column Zorbax C-18 (4.6 x 150 mm id) isocratic elution with
methanol – water - acetonitrile (40:58:2 v/v/v) with a flow rate of
1 ml / min. UV detection by photodiode array at 255 nm.
1
mAU

Peak height (mAU)

10
8
6
3
2

4

4

5

6

8

7

2
0
0

5
Ret. time (min)

10

14

Figure 5.16: HPLC response of (1) Reagent, (2) PYR, (3) KB, (4) MKBA (5) KG (6) K3MVA,
(7) K4MVA and (8) PPY from serum sample of diabetic
patients. Conditions as fig 5.15
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Figure 5.17: HPLC response of (1) Reagent, (2) PYR, (3) KB, (4) MKBA (5) KG (6) K3MVA,
(7) K4MVA and (8) PPY from serum sample of diabetic
patients by standard addition method. Conditions as fig 5.15

5.5.2. Quantitation and Validation
A linear relationship was observed between average peak height/peak area (n=3) and
amount of individual α-keto acids within 0.1-80. µg/ml using 20µl injected on the column. The
coefficient of determinations (R2) calculated from 5 to 8 calibrators were calculated to 0.9984,
0.9944, 0.9991, 0.9974, 0.9973, 0.9927 and 0.9912 for PYR, KB, MKBA, KG, K3MVA,
K4MVA, and PPY respectively.
Limits of detection (LOD) calculated as signal to noise ratio (3:1) were within 0.04-0.13
µg/ml. The limits of quantitation measured as signal to noise ratio (10:1) were found within 0.121.0.39 µg/ml (Table 5.1). The precision was established by repeated determination (n=6) using a
mixture of seven keto acids within 1-5 µg/ml and RSD did not exceed 2.9 % in terms of both
peak height or peak area. The analysis of test mixtures of keto acids (n=4) within the calibration
range were analysed and relative error was obtained within ± 2.1-3.0%.
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The pharmaceutical preparations addatives methylparabin, propylparabin, gum acacia,
manitol, lactose, fructose, glucose, glactose, sodium chloride, sodium lacuryl sulphate and
methyl hydroxypropyl cellulose were added at least twice the concentration of α-keto acids and
analysis was carried out following analytical procedure.. The results obtained were compared
with α-keto acids standards. The addition of additives did not affect the determination with
relative error within ±3.5%.
The inter (n=4) and intra (n=4) day variation was examined with 2-5 µg/ml of each αketo acids in terms of retention time and peak height and RSD did not exceed 3 %.
5.5.3. Sample Analysis
The blood samples of 7 diabetic patients within the age of 28-42 years with blood glucose
level of 430-458 mg/dl were collected and analyzed for the contents of α-keto acids after
deproteinization with methanol. The analysis was carried out using analytical procedure. The
quantitation was carried out from external calibration curve. The identification of the α-keto
acids was based on comparing the retention times with standards and spiking each of the α-keto
acid in sequence. The responses corresponding to six α-keto acids PYR, KB, MKBA, KG,
K3MVA, K4MVA, and PPY were observed. The results obtained are summarized in Table 5.2.
and were obtained with the concentration of μg/mL PYR 6.12 - 7.36, KB 4.33 - 5.72, MKBA
3.45-6.32, KG 3.83-6.49, K3MVA 5.53-7.78, K4MVA 4.46-7.38 and PPY 9.08-9.71 µg/mL
with RSD of 1.1 - 1.9, 1.2- 1.8, 1.4-1.9, 1.1-2.4, 1.3- 3.0 and 1.3 - 2.8 %, respectively.
The blood samples of the seven healthy volunteers who had not taken any medicine at
least during one preceding week within the age of 22-55 years with blood glucose level within
110-155 mg/dl on the day of sample collection were also analyzed for α-keto acids. The results
obtained for PYR, KB, MKBA, KG, K3MVA, K4MVA, and PPY are summarized in Table 5.3.
The results of the analysis indicate that amount of α-keto acids detected in diabetic patients were
higher than healthy volunteers.
Muhling et al [14] reported the separation of seven keto acids after precolumn
derivatization with ortho-phenylenediamine using gradient elution with fluorometric detection
within 28 min. The present procedure reports the separation of seven α-keto acids after
precolumn derivatization with DDB using isocratic elution with spectrophotometric detection
within fourteen minutes.
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Table-5.1 Quantitative HPLC Data of Keto acids using DDB as derivatizing Reagent
Sr.
No.

Name of Calibration
compound
range

R2

Regression equation

y=1.811x+1.0525

LOD
μg/mL

LOQ
μg/mL

0.04

0.12

1

PYR

0.1-10

0.9912

2

KB

0.2-21

0.9905

y = 1.0854x + 0.8542

0.06

0.18

3

MKBA

0.2-15

0.9923

y = 1.239x + 0.3127

0.09

0.27

4

KG

0.4-60

0.9905

y = 0.286x + 0.9373

0.098

0.294

5

K3MVA

0.5-60

0.9914

y = 0.3193x + 1.541

0.13

0.39

6

K4MVA

0.5-60

0.9927

y = 0.2985x + 0.877

0.1

0.3

7

PPY

0.3-60

0.9912

y = 0.3661x + 1.2033

0.07

0.21

Table-5.2 Quantitative analysis of α-Keto acids from Diabetic blood patients
KB
MKBA KG
K3MVA K3MVA PPY
Blood
PYR
S.
μg/mL μg/mL
μg/mL
μg/mL
μg/mL
μg/mL
glucose μg/mL
No.
level (RSD%) (RSD%) (RSD%) (RSD%) (RSD%) (RSD%) (RSD%)
(mg/dl)
1
Male/30
458
6.12
4.65
6.32
3.83
7.14
4.46
9.13
(1.3)
(1.1)
(1.6)
(1.6)
(1.1)
(1.6)
(1.2)
2
Male/38
452
7.36
4.83
3.25
5.45
6.82
7.38
9.71
(1.6)
(1.0)
(1.6)
(1.9)
(1.9)
(1.9)
(1.6)
3
Male/38
440
6.85
5.55
4.08
4.38
7.62
6.82
9.35
(1.1)
(1.9)
(1.8)
(1.4)
(1.9)
(1.9)
(1.8)
4
Male/40
445
6.66
4.33
4.78
6.49
7.18
5.28
9.08
(1.4)
(1.6)
(1.2)
(1.8)
(1.3)
(1.9)
(1.4)
5
Female/38
430
7.32
4.52
4.72
4.63
5.53
5.36
9.12
(1.6)
(1.7)
(1.8)
(1.9)
(1.7)
(1.5)
(1.6)
6
Male/28
440
6.38
5.72
3.45
5.13
7.28
5.56
9.36
(1.9)
(1.9)
(1.6)
(1.9)
(1.9)
(1.3)
(1.4)
7
Male/42
445
7.63
5.18
3.84
3.96
7.78
5.29
9.16
(1.9)
(1.9)
(1.4)
(1.9)
(1.9)
(1.6)
(1.3)
Sex/Age
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Table-5.3 HPLC analysis of PYR, KBA, MKBA, M3KVA, M4KVA and PPYR from serum
of healthy volunteers
S.No.

Blood
PYR
KB
MKBA
glucose μg/mL μg/mL μg/mL
level
(RSD (RSD (RSD
(mg/dl
%)
%)
%)
Female/30
120
0.16
0.21
0.25
(1.1)
(1.0)
(1.2)

KG
μg/mL
(RSD
%)
0.119
(1.4)

K3MVA
μg/mL
(RSD
%)
0.34
(1.1)

2

Male/35

140

0.14
(1.0)

0.22
(0.6)

0.38
(1.1)

0.232
(1.8)

0.29
(1.3)

0.39
(1.1)

1.15
(1.2)

3

Male/40

160

0.24
(2.0)

0.24
(0.9)

0.25
(1.5)

0.151
(1.2)

0.29
(1.5)

0.34
(1.5)

1.20
(1.5)

4

Male/45

165

0.21
(1.5)

0.26
(1.0)

0.21
(1.9)

0.145
(1.9)

0.33
(0.9)

0.36
(2.2)

0.97
(3.1)

5

Female/35

150

0.18
(1.1)

0.23
(0.9)

0.24
(1.5)

0.126
(1.4)

0.34
(1.5)

0.35
(1.5)

0.83
(2.6)

6

Male/25

150

0.19
(0.9)

0.19
(1.2)

0.11
(1.0)

0.138
(1.8)

0.12
(1.0)

0.22
(1.0)

0.82
(2.2)

7

Male/55

125

0.11)
(1.0)

0.15
(1.3)

0.17
(1.5)

0.157
(2.1)

0.14
(1.5)

0.24
(2.6)

1.30
(2.0)

1

Sex/Age

K4MVA PPY
μg/mL
μg/mL
(RSD
(RSD%)
%)
0.23
1.03
(1.2)
(1.9)

5.6. Conclusion
A HPLC procedure has been proposed sucessfuly for the analysis of α-keto acids from
blood samples based on precolumn derivatization with 2, 3-dimethyl-2, 3-diaminobutane (DDB)
at pH 3.2. The elution was carried out from a column ZORBAX 300 SB-C18 (4.6x150mm id).
The linear calibration curves were obtained for PYR, KB, MKBA, K3MVA, KG, K4MVA, and
PPY, within 0.1-10, 0.2-21, 0.2-50, 0.4-60, 0.5-80, 0.5-80 and 0.3-80 µg/mL with detection limit
of 0.04, 0.06, 0.09, 0.098, 0.13, 0.1 and 0.07 µg/mL, and limit of quantification within 0.12,
0.18, 0.27, 0.294, 0.39, 0.3, and 0.21 µg/mL respectively. The derivatives of PYR, KB, MKBA,
K3MVA, KG, K4MVA, and PPY eluted and separated with total run time 13 min with flow rate
of 1 ml/min. The method was applied to determine PYR, KB, MKBA, K3MVA, KG, K4MVA,
and PPY from serum of diabetics and healthy volunteers. The amounts of PYR, KB, MKBA,
K3MVA, KG, K4MVA, and PPY from serum of diabetic patients were 6.12 - 7.63, 4.33 - 5.72,
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3.45-6.32, 3.83-6.49, 5.53-7.78, 4.46-7.38 and 9.08-9.71 µg/mL with RSD of 1.1 - 1.9, 1.2- 1.8,
1.4-1.9, 1.1-2.4, 1.3- 3.0 and 1.3 - 2.8 %, respectively. The amounts of PYR, KB, MKBA,
K3MVA, KG, K4MVA, and PPY from serum of healthy volunteers were observed within 0.110.24, 0.15-0.26, 0.11-0.25, 0.119-0.147, 0.12-0.33, 0.23-0.36 and 0.82-1.30 µg/mL and RSD
was within 0.6 - 1.3, 1.0-1.9, 1.2-2.1, 0.9-1.5, 1.0-2.6 and 1.5-3.1 %, respectively.
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Chapter-6
6.1.

General Results and Discussions
New kinetic spectrophotometric method was developed for the determination of gallium

(III). The proposed method was successfully applied for the determination of gallium (III) from
semiconductor and medicinal drug. New analytical methods were developed for the selective and
sensitive High performance liquid chromatographic determinations of -keto acids and αoxoaldehyde from biological fluids. The procedures were applied for the determination -keto
acids from serum and urine of diabetic, uremic and healthy volunteers. Oxoaldehyde were
determined from food products. -keto acids were also determined from the pharmaceutical
preparations.
A new simple kinetic spectrophotometric method was developed for the determination of
gallium (III) at trace level and method was based on the catalytic decomposition of Ponceau S.
Ponceau S is a red coloured dye and is used for the determination of Protein. Aqueous solution of
Ponceau S indicated high colour intensity in the visible region with maximum absorbance at 416
nm with molar absorpitivity of 32500L.mol-1.cm-1. Initially alkaline medium was examined for
the oxidation of Ponceau S with gallium (III), but any change in absorbance between catalysed
and uncatalysed reactions was not observed. However some decrease in absorbance of Ponceau S
in acidic solution was noted when gallium (III) was added. When potassium bromate was used
instead of hydrogen peroxide as oxidant a better response was observed and was selected. It was
therefore catalysed and uncatalysed reactions were systematically examined. The absorbance of
the catalysed and uncatalysed reactions were examined on spectrophotometer within 700–350
nm and it was observed that uncatalysed reaction absorbed maximally at 518 nm and a decrease
in absorbance was also observed at 518 nm in catalysed reaction in the presence of gallium (III),
due to the oxidation of Ponceau S. The reproducibility of method was obtained with C.V 4.5%.
Relative % errors for the analysis of test solutions were within ± 2.5%. The calibration range was
observed within 0.5-2.5 µg/ml. The method was successfully applied for the determination of
gallium (III) from semiconductor and medicinal drug.
A HPLC method for the separation and determination of -keto acids from biological
samples has been developed using NPD (1.5 ml, 1%, w/v in methanol) as derivatizing reagent.
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The blood samples were deproteinized with methanol and the supernatant liquid was derivatized
with NPD at pH 3 by heating for 30 min at 800C. An optimal separation between GA, PYR, KB,
MKBA, K3MVA, KG, K4MVA, KHA, and PPY was obtained with the ZORBAX 300 SB-C18
(4.6x150mm id) column when eluted isocratically with methanol-water-acetonitrile (42:56:2
v/v/v) with a flow rate of 0.9 ml/min. Each of the derivatives eluted as single peak and separated
from the derivatizing reagent. The elution and separation of nine keto acids was rapid within 14
min. The derivatives absorbed within UV region due to -* transition within quinoxalinols
rings and wave length at peak maximum was examined with the diode array detector and wave
length of the UV detector was fixed at 255 nm.
The linear calibration curves were obtained by recording average peak height / peak area
(n=4) versus concentration with GA (0.2-5.0 µg/ml), PYR (0.2-20 µg/ml), KB (0.3-100 µg/ml),
MKBA (0.45-100 µg/ml), K3MVA (0.6-100 µg/ml), KG (0.5-100 µg/ml), K4MVA (0.6-100
µg/ml), and KHA (0.7-100 µg/ml) PPY (0.4-100 µg/ml). The limits of detection and quantitation
were obtained within the range 0.05-0.26 µg/ml and 0.15-0.8 µg/ml respectively. Repeatability
of the separation (precision) in terms of retention time and peak height was examined (n=5) and
relative standard deviations (RSD) were observed within 0.1-2.0% and 1.5-2.9% respectively.
A pharmaceutical preparation Ketostril tablet was analyzed for the contents of the -keto
acids and amounts of MKBA, K3MVA, K4MVA, and PPY found were 82.5 mg/tab, 64.8
mg/tab, 98 mg/tab 65.8 mg/tab with RSD 2.1%, 2.6%, 2.9% and 0.9% and correlated with the
labeled values of 86 mg/tab, 67 mg/tab 101 mg/tab and 68 mg/tab respectively. The amounts
found again correlated with labeled value and % recovery was observed 95.9%, 96.7%, 97.0%
and 97% with RSD 0.91%, 1.2%, 1.8% 2.0% for MKBA, K3MVA, K4MVA and PPY
respectively.
-keto acids were detected and determined quantitatively from blood serum of diabetic
patients were analyzed for PYR, KB, MKBA, K3MVA, KG, K4MVA, and PPY and were found
within 9.28- 11.65 µg/ml, 1.65-4.83 µg/ml, 6.08-7.86 µg/ml, 6.05-7.81 µg/ml, 6.15-8.25 µg/ml,
7.34-9.63 µg/ml and 7.72-11.54 µg/ml respectively with RSD within 0.19-3.2% and among
these, 2 blood samples were also analyzed by standard addition. The results obtained correlated
and indicated % recovery of 80%, 83%, 85%, 88%, 78%, 82%, and 90% for PYR, KB, MKBA,
K3MVA, KG, K4MVA, KHA, and PPY with RSD within 1.0-2.8 respectively. The urine
samples of 10 diabetic patients indicated the α-keto acids PYR, KB, MKBA, K3MVA, KG,
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K4MVA and PPY at the concentration levels 9.32-14.36 µg/ml, 6.08-6.75 µg/ml, 7.22-8.82
µg/ml, 6.09-10.44 µg/ml, 5.58-8.34 µg/ml, 11.45-12.94 µg/ml and 13.82-17.42 µg/ml,
respectively with RSD within 1.0-3.1% and two samples were also analyzed by standard
addition and the amounts of α-keto acids found agreed with calibration procedure and indicated
recovery of PYR, KB, MKBA, K3MVA, KG, K4MVA and PPY 90.2%, 90%, 95%, 88.4%,
82.6%, 85.4%, 87%, respectively with RSD 0.9-1.9% respectively.
The blood samples of healthy volunteers were analyzed for the contents of α-Keto acids.
GA, PYR, KB, KG and K4MVA were detected within concentration ranges 0.234-0.246 µg/ml,
0.166-0.233 µg/ml, 0.45-1.81 µg/ml, 0.58-1.20 µg/ml and 0.629-0.725 µg/ml respectively with
relative standard derivation (RSD) within 0.3-2.6%. The blood samples of two volunteers were
spiked with GA, PYR, KB, KG and K4MVA and amounts found corresponded with the values
evaluated by calibration curve with average % recovery from the blood was 90%-93% with
RSD 2.5%. The urine samples of five healthy volunteers were analyzed and the amounts of GA,
PYR, KB , KG, K3MVA, and k4MVA found were within the range 0.383- 0.389 µg/ml, 1.912.93 µg/ml, 1.51-1.82 µg/ml, 0.223-1.62 µg/ml, 0.60-0.93 µg/ml, and 0.761-0.868 µg/ml,
respectively with RSD within 1.0 -2.6 %. Two urine samples were spiked with α-keto-acids and
analyses were again carried out. The results obtained correlated with that of direct calibration
with recovery of α-keto acids from the urine calculated within 95%. The method was repeatable
with relative standard deviation (RSD) within 0.1-2.9% for each of the α-keto acids. The amount
of -keto acids observed were higher in diabetic patients as compared healthy volunteers.
Analytical HPLC method has been examined using derivatizing reagent NPD for the
analysis of oxoaldehyde and oxo-acids from serum of diabetic and uremic patients. The reagent
4-nitro-1, 2- phenlenediamine (NPD) reacts with α– diketone Go, MGo and DMGo to form
nitroquinoxalines. HPLC elution was from column Zorbax C–18 column and the detection was
by photodiode array at 255 nm. NPD solution (1% w/v in methanol) and 1 ml acetic acid–sodium
acetate buffer (pH 3) were added, and warmed at 80 0C for 30 min. The isocratic elution was
with methanol-water-acetonitrile (42:56:2 v/v/v) with flow rate 1 ml/min. The derivative of Go,
MGo, DMGo K3MVA, KG, K4MVA, and PPY eluted and separated with total run time 13 min.
Repeatability (precision within runs) covering derivatization and chromatographic separation
was satisfactory. Inter (n=5) and intra (n=6) day variation was observed with RSD within 0.1and
1.4% in retention times and 1.1 and 2.0% peak height /peak area. LODs measured as three times
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signal to noise ratio were within 0.045-2.5 µg/ml. LOQs measured as ten times signal to noise
ratio were calculated within 0.35-7.5 µg/ml. Test solutions (n=4) containing different amounts of
oxoaldehyde and oxo acids within calibration range were analyzed and relative error was
obtained within ±1.1-2.9%. Method was applied to determine Go, MGo, DMGo K3MVA, KG,
K4MVA, and PPY from serum of diabetic and uremic patients. The derivatization was carried
out after deproteinization of samples with methanol. The selectivity and reproducibility of the
method allowed determination of oxo - aldehyde and oxo- acids for diagnostic purposes. The Go,
MGo, K3MVA, KG, K4MVA, and PPY the level from the serum of diabetic patients was 0.532
- 0.576, 0.71-1.12, 9.20-9.53, 9.20 - 6.63, 8.13- 8.59 and 14.03-14.98 μg/mL and RSD was 1.2 –
2.9 %. It was found that serum of uremic patients contains Go, MGo, K3MVA, KG, K4MVA,
and PPY ranging between 1.74-1.92, 2.06-2.32, 8.60-10.83, 7.66-8.92, 6.75- 6.96 and 15.52 19.77 μg/mL and RSD was 1.1 – 2.8 %, respectively.
An analytical procedure has been developed for the determination of Go, MGo and
DMGo from foods, beverages, beers and wines by HPLC using NPD as derivatizing reagent. The
limits of detection (LOD) were obtained Go 45 ng/ml, MGo 71 ng/ml and DMGo 75 ng/ml. The
limits of quantitation were with Go 0.14 µg/ml, MGo 0.21 µg/ml and DMGo 0.22 µg/ml. The
solution (20 µl) was injected on the column Zorbax C-18 and eluted with methanol –water –
acetonitrile (42:56:2 v/v/v) with a flow rate 0.9 ml/min. Detection was carried out by the
photodiode array detector at 255 nm. All of three derivatives were eluted as a symmetrical single
peak separated completely from the solvent and derivatizing reagent and the capacity factors (k’)
was calculated as 1.3, 5.1 and 7.1 where as the resolution factor (Rs) between adjacent peaks was
more than 1.5.
The samples of juices (apples, lemon, and orange), tea, coffee, yoghurt, beers and wines
were analyzed for the contents of Go, MGo and DMGo
The amounts of Go, MGo, DMGo from Apple juice were 0.180-0.245, 0.235-0.126,
0.290-0.152 µg/mL with RSD within 1.8, 0.7 and 2.0 %, Orange juice were 0.052, 0.056, 0.112
RSD within 0.6, 1.8, 1.1% respectively.
While from Yoghurt, amount obtained were 0.306, 0.448, 0.221 RSD within 2.1, 2.5, 1.8 %,
The amounts of Go, MGo and DMGo were also calculated from Green tea were observed within
0.056, 0.114, and 0.145 and RSD was within 1.6, 2.0, 1.9%, from Instant coffee amount found
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was 0.152, 0.104, 0.232 RSD within 0.9, 0.9, 1.1 and Brewed coffee were within 1.45, 0.80,
0.694 RSD within 1.8, 1.2, 1.9% respectively.
The samples of beers and wines W1, W2, W3, W4, W5 were analyzed for the contents of
Go, MGo and DMGo.
Go, was detected only from W1 and W3 and was 1.23 µg/ml and 2.21 µg/ml with RSD
within 1.1 and 1.9 %. The amounts of Go, from W2, W4, W5 was observed 3.24, 3.64, 5.59
µg/ml with RSD 1.6, 0.9, 1.3%, MGo was obtained 1.38, 8.07, 0.83 µg/ml and RSD was within
0.9, 1.8, 0.4% and DMGo was found from W2, W4, W5 to be 5.56, 0.0, 1.0 and RSD was
within 2.0, 0.9, 0.9 %,
The derivative of Go, MGo and DMGo eluted and separated with total run time 4 min.
The samples of orange apple juice and whisky were also analyzed by standard addition and the
results agreed with the amounts of Go, MGo and DMGo calculated by linear external calibration
and indicated recovery of Go 97%, MGo 90 % and DMGo 95 % with RSD of 3.1%, 2.6% and
2.8%, respectively.
A HPLC procedure has been developed for the separation and determination of seven αketo acids GA, PYR, KB, MKBA, KG, KHA and PPY using meso Silbenediamine (SDA) as
derivatizing reagent at pH 3.2. HPLC elution was from column Zorbax C–18 column and the
detection was by photodiode array at 255 nm. The isocratic elution was with methanol-wateracetonitrile-tetrahydrofuran (38.4:60:1:0.6 V/V/V/V) with flow rate 1 ml/min. The Calibration
graphs were obtained by plotting change in average peak height against concentration. It was
observed that the calibration curves were linear for GA, PYR, KB, MKBA, KG, KHA and PPY
within the range of 0.3-25, 0.2-30, 0.4-100, 0.45-100, 0.5-100, 0.6-100, and 0.5-100 respectively.
The coefficient of determination (r2) was obtained 0.9988, 0.9959, 0.9944, 0.9992, 0.9936,
0.9984 and 0.9944 respectively.
The limits of detection (LOD) and limit of quantitation (LOQ) measured in terms of
signal to noise ratio (S: N) (3:1) and (10:1) were observed within 0.07-0.2 and 0.21-0.6 µg/ml
respectively. The precision measured in terms of inter and intraday assay (n=5) carried out by the
same person with the same concentration of the six keto acids examined, RSD were observed
within the range of 1.2-2.5 % and 0.9-2.6 % in terms of retention time and 0.1-1.2 % and 0.11.6% in terms of peak height respectively. The accuracy of the analysis was checked by the
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analysis of test solution (n=4) consisting of mixtures of seven keto acids within the calibration
range. The relative error observed was within ± 3%.
All of derivatives were eluted as a symmetrical single peak separated completely from
the solvent and derivatizing reagent. At the optimized condition the resolution factor (Rs)
between two adjacent peaks was obtained within 1.63-8.1. The capacity factor (K’) for keto acids
GA, PYR, KB, KHA, KG, and PPY was calculated as 0.241, 1.69, 2.1, 3.2, 5.5 and 7.4
respectively.
The method was applied for determination of α-keto acids from human serum samples of
uremic patients. The results were obtained with relative standard deviation (RSD) 0.3- 3.0 %.
Peak identification was made based on the comparison of retention times with that of
standards. Two samples were also analyzed by standard addition method and the results of
analysis agreed with the observed values by calibration with recoveries within 86-90%. The
blood serum of six keto acids from uremic and hypertension patients before hamodialysis with
blood glucose level 410- 460 mg/dl after deprotonization with methanol was examined for the
contents of keto acids. The amount of GA, PYR, KB, MKBA, KG and PPY in serum of five
uremic patients before dialysis was observed within 3.22 - 2.37 µg/mL, 3.49 - 3.12 µg/mL, 5.38 4.07 µg/mL, 3.13 - 2.54 µg/mL, 4.52 - 4.12 µg/mL, 5.65 - 5.09 µg/mL with RSD within 0.9 – 2.9
%, 1.1 – 2.6 %, 0.9 – 2.2 %, 1.1 – 1.9 %, 1.1 – 1.6 %, 1.1 – 2.3%.
The analysis of α-Keto acids from serum of Uremic patients including male and female
after hamodialysis (AHD) using meso Stillbenediamine as derivatizng reagent with blood
glucose level 410- 440 mg/dl within the age of 55-42 indicated the amount of GA, PYR, KB,
MKBA, KG and PPY in serum within 1.72 - 1.22 µg/mL, 1.96 - 1.02 µg/mL, 1.56 - 1.21 µg/mL,
1.45 - 1.05 µg/mL, 1.65 - 1.26 µg/mL, 3.32 - 3.09 µg/mL with RSD within 1.1 – 2.2 %, 1.1 – 2.3
%, 1.4 – 2.4 %, 1.1 – 2.6 %, 1.3 – 2.4 %, 1.9 – 2.6%.
The determination of α-Keto acids from urine samples of seven male and female Uremic
patients before hamodialysis (BHD) were analysed with blood glucose level 410-460 mg/dl
within the age of 59-48. The amounts of GA, PYR, KB, MKBA, KG and PPY were observed
within 3.82 - 3.39 µg/mL, 5.49 - 5.12 µg/mL, 5.65 - 4.41 µg/mL, 3.91 - 3.11 µg/mL, 5.51 - 5.25
µg/mL, 6.87 - 6.05 µg/mL with RSD within 0.6 – 2.6 %, 1.1 – 2.3 %, 0.6 – 2.8 %, 1.3 – 2.9 %, 1.0
– 3.0 %, 1.6 – 2.6%.
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α-Keto acids from seven healthy (control) were analysed with blood glucose level 140110 mg/dl within the age of 52-40. The amount of GA, PYR, KB, MKBA, KG and PPY in
serum were observed within 0.47 - 0.222 µg/mL, 0.362 - 0.208 µg/mL, 0.363 -0.339

µg/mL,

0.436 - 0.319 µg/mL, 0.495 - 0.335 µg/mL, 0.392 - 0.312 µg/mL with RSD within 1.1 – 2.9 %, 1.0
– 1.9%, 1.2– 2.2 %, 1.4 – 2.8 %, 1.2 – 2.8 %, 1.1 – 2.6%.
An analytical HPLC method has been developed for the separation and determination of
α-keto acids from blood samples based on precolumn derivatization with 2, 3-dimethyl-2, 3diaminobutane (DDB) at pH 3.2. The elution was carried out from a column ZORBAX 300 SBC18 (4.6x150mm id). The linear calibration curves were obtained for PYR, KB, MKBA,
K3MVA, KG, K4MVA, and PPY, within 0.1-10, 0.2-21, 0.2-50, 0.4-60, 0.5-80, 0.5-80 and 0.380 µg/mL. The detection limits recorded as signal to noise ratio (S/N) 3:1 were obtained within
0.04, 0.06, 0.09, 0.098, 0.13, 0.1 and 0.07 µg/mL, and limit of quantification within 0.12, 0.18,
0.27, 0.294, 0.39, 0.3, and 0.21 µg/mL respectively. The derivatives of PYR, KB, MKBA,
K3MVA, KG, K4MVA, and PPY eluted and separated with total run time 13 min with flow rate
of 1 ml/min. The method was applied to determine PYR, KB, MKBA, K3MVA, KG, K4MVA,
and PPY from serum of diabetics and healthy volunteers. The amounts of PYR, KB, MKBA,
K3MVA, KG, K4MVA, and PPY from serum of diabetic patients were 6.12 - 7.63, 4.33 - 5.72,
3.45-6.32, 3.83-6.49, 5.53-7.78, 4.46-7.38 and 9.08-9.71 µg/mL with RSD of 1.1 - 1.9, 1.2- 1.8,
1.4-1.9, 1.1-2.4, 1.3- 3.0 and 1.3 - 2.8 %, respectively. The amounts of PYR, KB, MKBA,
K3MVA, KG, K4MVA, and PPY from serum of healthy volunteers were observed within 0.110.24, 0.15-0.26, 0.11-0.25, 0.119-0.147, 0.12-0.33, 0.23-0.36 and 0.82-1.30 µg/mL and RSD
was within 0.6 - 1.3, 1.0-1.9, 1.2-2.1, 0.9-1.5, 1.0-2.6 and 1.5-3.1 %, respectively. Finally it is
concluded that 2, 3-dimethyl-2, 3-diaminobutane (DDB) is more sensitive reagent than 4-nitro1,2-phenylenediamine (NPD) and meso Silbenediamine (SDA).
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Chapter-7
7.1. Conclusions
The kinetic spectophotometric method has been proposed for the determination of
gallium (III) based on the oxidation of Ponceau S by using potassium bromate. The reaction was
monitored at 518 nm at constant time of 1.5 minute. The effect of concentration of the gallium
(III) was examined and linear calibration curve was obtained by plotting (B-A) against the
concentration within 0.5 to 2.5 ug/ml with coefficient of the determination (r2) 0.9992 and
regrassion equation Y=0.302x-0.003. The reproducibility of method was obtained with C.V
4.5%. Relative % errors for the analysis of test solutions were within ± 2.5%. The calibration
range was observed within 0.5- 2.5 µg/ml. The gallium (III) indicated highest sensitivity and was
applied for the determination of gallium from a drug and integrated circuit (IC) and RSD was
observed within 2.2- 2.8%.
In conclusion we have developed a highly sensitive and specific method, applied for the
determination of -keto acids using NPD as derivatizing reagent. The elution and separation of
nine keto acids was rapid within 14 min. The method was repeatable with relative standard
deviation (RSD) within 0.1-2.9% for each of the α-keto acids. The limits of detection and
quantitation were obtained within the range 0.05-0.26 µg/ml and 0.15-0.8 µg/ml respectively.
Chromatographic separation of nine -keto acids is performed at a flow rate 0.9 ml/min at UV.
and detection at 255 nm with photodiode array detector, affording good separation of the peaks,
good recoveries and shorter retention times than other techniques. The Results of the analysis
using the developed method for four -keto acids agreed with the labeled values in
pharmaceutical preparation. -keto acids were detected and determined quantitatively from
blood serum and urine samples of diabetic patients (with metabolic disorders or suffering from
various diseases) with RSD within 2.9%. The blood and urine samples were also analyzed by
standard addition. Both the results agreed with each other and the amounts of -keto acids found
were higher in diabetic than healthy volunteers. The method reports quick and simple isocratic
HPLC elution method for the separation and determination of α-keto acids for possible clinical
analysis from the blood and urine samples.
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4-nitro-1, 2-phenylenediamine (NPD) has been examined as a useful precolumn
derivatizing reagent for the analysis of oxoaldehyde and oxo-acids in biological samples such as
serum of diabetic and uremic patients. The compounds indicated high sensitivity in UV region
and separated easily with isocratic elution with a simple mixture of methanol-water-acetonitrile
at pH 3. Repeatability (precision within runs) covering derivatization and chromatographic
separation was satisfactory. Inter (n=5) and intra (n=6) day variation was observed with RSD
within 0.1and 1.4% in retention times and 1.1 and 2.0% peak height /peak area. LODs measured
as three times signal to noise ratio were within 0.045-2.5 µg/ml. LOQs measured as ten times
signal to noise ratio were calculated within 0.35-7.5 µg/ml. Test solutions (n=4) containing
different amounts of oxoaldehyde and oxo acids within calibration range were analyzed and
relative error was obtained within ±1.1-2.9%.
Method was applied to determine Go, MGo, DMGo K3MVA, KG, K4MVA, and PPY
from serum of diabetic and uremic patients. The selectivity and reproducibility of the method can
allow determination of oxo- aldehyde and oxo- acids for diagnostic purposes in metabolic
diseases. The Go, MGo, DMGo K3MVA, KG,

K4MVA, and PPY

level from the serum of

diabetic patients was 0.532-0.576, 0.71-1.12, 9.20- 9.53, 6.63-7.72, 8.13-8.59 and 14.03-14.98
μg/mL and RSD was 1.2 – 2.9 %. It was found that serum of uremic patients contains Go, MGo,
DMGo K3MVA, KG, K4MVA, and PPY ranging between 1.74-1.92, 2.06-2.32, 8.60-10.83,
7.66-8.92, 6.75-6.96 and 15.52-19.77 μg/mL and RSD was 1.1–2.8 %, (Table 3.2, 3.3.)
respectively, calculated directly from linear calibration curve.
An analytical procedure has been developed for the determination of Go, MGo and
DMGo from foods berevages beers and wines by HPLC using NPA as derivatizing reagent.
Linear calibrations were obtained with 0.2- 2.0 µg/ml and LOD at 41-75 µg/ml.The method was
examined for the analysis of food, beverages and wines The results of analysis agreed with
corresponding samples reported.
HPLC procedure has been developed for the determination of α-keto acids after
precolumn derivatization with stilbenediamine from the biological fluids. The method was
repeatable with RSD within 3%. The α-keto acids were observed higher in concentration in
serum of the diabetic and uremic patients than healthy volunteers.
The results of analysis with the calculated values by standard addition and indicated recoveries
within 86-90%.
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A HPLC procedure has been proposed sucessfuly for the analysis of α-keto acids from
blood samples based on precolumn derivatization with 2, 3-dimethyl-2, 3-diaminobutane (DDB)
at pH 3.2. The elution was carried out from a column ZORBAX 300 SB-C18 (4.6x150mm id).
The linear calibration curves were obtained for PYR, KB, MKBA, K3MVA, KG, K4MVA, and
PPY, within 0.1-10, 0.2-21, 0.2-50, 0.4-60, 0.5-80, 0.5-80 and 0.3-80 µg/mL with detection limit
of 0.04, 0.06, 0.09, 0.098, 0.13, 0.1 and 0.07 µg/mL, and limit of quantification within 0.12,
0.18, 0.27, 0.294, 0.39, 0.3, and 0.21 µg/mL respectively. The derivatives of PYR, KB, MKBA,
K3MVA, KG, K4MVA, and PPY eluted and separated with total run time 13 min with flow rate
of 1 ml/min. The method was applied to determine PYR, KB, MKBA, K3MVA, KG, K4MVA,
and PPY from serum of diabetics and healthy volunteers. The amounts of PYR, KB, MKBA,
K3MVA, KG, K4MVA, and PPY from serum of diabetic patients were 6.12 - 7.63, 4.33 - 5.72,
3.45-6.32, 3.83-6.49, 5.53-7.78, 4.46-7.38 and 9.08-9.71 µg/mL with RSD of 1.1 - 1.9, 1.2- 1.8,
1.4-1.9, 1.1-2.4, 1.3- 3.0 and 1.3 - 2.8 %, respectively. The amounts of PYR, KB, MKBA,
K3MVA, KG, K4MVA, and PPY from serum of healthy volunteers were observed within 0.110.24, 0.15-0.26, 0.11-0.25, 0.119-0.147, 0.12-0.33, 0.23-0.36 and 0.82-1.30 µg/mL and RSD
was within 0.6 - 1.3, 1.0-1.9, 1.2-2.1, 0.9-1.5, 1.0-2.6 and 1.5-3.1 %, respectively.
7.2.

Suggestions for Further Research Work
The work has enabled to developed analytical procedure for the determination of gallium

(III) from semiconductor and medicinal drug.
High Performance Liquid Chromatographic procedures have been developed for the
determination α-keto acids from the serum of diabetic, uremic and healthy volunteers.
The experienced gained during the work will enable for further extension of research
Project as follows.
(i)

A HPLC procedure developed for the determination of α-keto acids could also be
used for the analysis CSF samples. There is a need to extend the applications of the
method to different samples to evaluate the method critically.

(ii)

A HPLC procedure could also be developed for the determination of β-keto acids and
could ϒ -keto acids from the real samples which elute from HPLC column.

174

HPLC procedures could be developed for the determination of Go, MGo, DMGo and αketo acids from biological fluids and foods using propylenediamine as derivatizing reagents.
There is need to developed the methods for the diagnostics purposes for the staging of diabetic
patients. The short reaction time and elution time could be of value

7.3.

Socio-Economical Benefits
(i)

Six new analytical procedures have been developed for biological active
compounds some of them are also present in pharmaceutical preparations.

(ii)

The developed analytical procedure can be used for diagnostic purposes for
disorder of diabetic and uremic patients. The methods could be used in Clinical
analysis for staging of the patients

(iii)

All used reagent are inexpensive and frequently available in laboratories are
easily prepared from laboratory chemicals.

(iv)

The developed methods involved single stage derivatization processes required
with short analysis time.

(v)

The entire work is carried out on analytical equipment (HPLC Spectrophotometer
and pH meter).

(vi)

The analytical methods are sensitive and selective for quantitative determinations.
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