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The introduction of ultra-high performance liq-
uid chromatography (UPLC) has marked a radical
change by opening new doors for analyst to fetch
rapid analytical separation techniques without sacri-
ficing high-quality results obtained earlier by high
performance liquid chromatography (HPLC). Many
laboratory experts have acknowledged that UPLC
will ultimately supersede all the conventional HPLC
techniques (1). The immaculate separation method
of HPLC has many advantages like robustness, ease
of use, changeable sensitivity and selectivity but the
main limitation is lack of efficiency in comparison
to gas chromatography or capillary electrophoresis
(2, 3).

UPLC is a derivative of HPLC whose underly-
ing principle is that as column packing particle size
decreases, efficiency and thus resolution increases.
If we decrease particle size less than 2 µm, the effi-
ciency shows a significant gain and it doesnít dimin-
ish at increased linear velocities or flow rates
according to the common Van Deemter equation
(4). By making use of the smaller particles, the
speed of analysis and peak capacity i.e., number of
peaks resolved per unit time, can be prolonged to the
maximum values and these values are much better

than the values achieved earlier by HPLC.
Furthermore to improve the efficiency following
measures need to be performed:
1. Elevated temperature range should be employed,

which will allow high flow rate of mobile phase
by reducing its viscosity and thus it will signifi-
cantly reduce back pressure (5ñ9). 

2. Monolithic columns should be used, which con-
sist of one piece of solid that possesses intercon-
nected skeletons and interconnected flow paths
(through-pores). Earlier, monolithic columns
were introduced exclusively for organic-poly-
mer-based materials (10ñ12) including com-
pressed soft gels, while short columns (about 1
mm; monolithic disks) were introduced for rapid
separation of proteins. These columns have poly-
merized porous support structure that provides
lower flow resistance than conventional particle-
packed columns (13ñ18).

UPLC is a technique which comprizes the
above mentioned features and stands better than
HPLC in many ways as it shows better chromato-
graphic resolution, performs more sensitive analy-
sis, consumes less time, reduces solvent consump-
tion (19ñ23) and has high analysis speed (24ñ26).
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Contribution of small particles in UPLC

The small particle size (i.e., less than 2 µm) of
stationary phase is the basis of UPLC technique.
The basal principle of this technique is governed by
an empirical formula known as Van Deemter equa-
tion (27) that describes the relationship between lin-
ear velocity (flow rate) and plate height (HETP or
column efficiency). This equation shows that
enhancement of efficiency of UPLC technique can-
not be accomplished without using smaller particle
size than those used in conventional HPLC tech-
nique. In Figure 1, Van Deemter plot demonstrates
that as the particle size decreases less than 2 µm
there is a significant gain in the efficiency, and this
condition is well maintained even if there is an
increase in flow rate or linear velocities. This plot
indicates that the usable flow range which shows
good efficiency is much greater for smaller particles
as compared to the larger particles (28, 29). The Van
Deemter plot is governed by the equation: H = A +
B/v + Cv, where v is linear velocity and A, B and C
are constants. A is independent of velocity and rep-
resents the ìEddyî mixing and when column parti-
cles are uniformly small, the value of A is the low-
est. B is axial diffusion or the natural diffusion ten-
dency of molecules and this effect is diminished at
high flow rates, so this term is divided by v. C is due
to kinetic resistance to equilibrium in the separation
process. The design and development of required
1.7 µm particles was a challenging task, on the con-
trary, researchers have shown keen interest in the
development of these particles in order to capitalize
their advantages. Despite, the availability of high

efficiency non porous 1.5 µm particles in the market;
they were not employed in UPLC columns due to
their poor loading capacity and retention due to low
surface area. UPLC required porous particles, which
can withstand the high pressure in order to maintain
their retention and capacity similar to that of HPLC
(30, 31). Silica particles possess good mechanical
strength but their application was limited by narrow
pH application range and generally exhibit tailing
during analysis of basic analytes (32). However,
polymeric columns did not have any pH limitations
but found to have low efficiency. In 2000, the first
generation hybrid chemistry utilizes the classical
sol-gel synthesis method to create durable columns
that incorporated carbon in the form of methyl
groups (33, 34). These columns exhibit several
advantages such as mechanical strength, high effi-
ciency and are operative over an extended pH range.
However, they do not possess enough mechanical
stability necessitated by UPLC. Consequently, the
second generation bridged ethane hybrid (BEH)
technology was developed (35ñ37). This technology
increases the mechanical stability of 1.7 µm parti-
cles by bridging the methyl groups in the silica
matrix as shown in Figure 2 that lead to the produc-
tion of the columns which can withstand high pres-
sure and pH. These BEH columns are highly effi-
cient as efficiency of a column is directly propor-
tional to its length and is inversely proportional to
the particle size. The application of BEH columns
resulted in the detection of additional drug metabo-
lites, superior separation and improved spectral
quality (38, 39).

Figure 1.Van Deemter plot illustrating the evolution of particle sizes over the last three decades
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INSTRUMENTATION

The basic instrument in UPLC technique had
to keep its tempo up in order to take advantage of the
enhanced speed, superior resolution and greater sen-
sitivity provided by small particles. A design with
advanced technology in the pump, autosampler,
detector, data system, and service diagnostics was
required to fulfil the purpose. The basic instrumen-
tation of UPLC is discussed below.

Pumping devices

An ideal pump for UPLC has a capacity of
delivering solvent at higher pressure around 15000
psi for the optimum flow rate with maximum effi-

ciency across 15 cm long column packed with 1.7
µm particles (40, 41). UPLC uses two serial pumps
with pressure limit of 1000 bar (42, 43) and have
inbuilt solvent selector valves, which have the capa-
bility to choose the accurate solvent ratio from up to
four solvents (44).

Sample injector manager

The UPLC system with its flow through-needle
design sample manager addresses three design chal-
lenges for reliable performance: robust sealing of
the needle at higher pressure, minimizing the extra-
column band spread for narrow peaks and perform-
ing pulse free injection process to protect column
from extreme pressure fluctuations. When an injec-

Figure 2. Synthesis of 1.7 µm particles for UPLC by BEH technology
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Figure 3.The injection sequences of UPLC in both load and inject phase

Figure 4. UPLC column chemistries
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tion is initiated, the inject valve diverts flow from
the needle in order to collect sample from the vial as
shown in Figure 3. The needle is inserted into the
vial to withdraw the exact volume of the sample
required and then it returns to the injection port. The
needle is pushed against the internal sealing surface
of the port and the injection valve turns and the sam-
ple is pushed down to the injection port. Dispersion

of the sample can be minimized by keeping less dis-
tance between the injection port and the inject valve.
After injecting the sample, the needle is washed for
a specified amount of time to minimize sample car-
ryover. Beside this, there are also direct injections
for biological substances mentioned in the literature
(45, 46).

Table 1. Account of drug components separated by using UPLC technique

Mobile phase
No. 

Components Column
flow rate

Retention time
analyzed specifications

(mL/min)
(min)

1. Metoprolol (MT), Atorvastatin (AT) ZorbaxÆ XDB-C18 1.0 1.3, 2.1 and 2.6 for MT,
and Ramipril (RM) from capsules (4.6 ◊ 50) mm, AT and RM, respectively

dosage forms (49)

2. Aspirin (ASP), Clopidogrel bisulfate Acquity BEH C18 0.35 0.59, 1.04 and 2.89 for ASP,
(CLP) and Atorvastatin calcium (ATV) column (2.1 ◊ 50 mm, CLP and ATV, respectively

from capsule dosage form (50) 1.7 µm)

3. Fexofenadine in human plasma with Acquity BEH C18 0.25 9.58 and 4.69 for 
carbamazepine as internal standard (51) column (2.1 ◊ 100 mm, fexofenadine and carbama-

1.7 µm) zepine, respectively  

4. Secnidazole (SNZ), Fluconazole (FCZ) Acquity BEH Shield 0.3 3.7, 4.1 and 6.2 for SNZ,
and Azithromycin (AZTM) in tablet RP18 column (2.1 ◊ 100 FCZ and AZTM,

dosage forms (52) mm, 1.7 µm)  respectively

5. Narirutin, Hesperidin, Naringin, Acquity BEH C18 0.3 6.8, 8, 9, 10.1 and 11.6 for
Neohesperidin and Meranzin hydrate column (2.1 ◊ 100 mm, narirutin, hesperidin,

in Fructus aurantii-type 1.7 µm) naringin, neohesperidin, 
preparations (53) meranzin hydrate, 

respectively

6. Diclofenac (54) Acquity BEH C18 0.6 1.5 
column (2.1 ◊ 50 mm, 

1.7 µm) 

7. Fourteen different samples of Acquity BEH C18 0.4 In between 0ñ10 for all
Rheum palmatum L (55) column (2.1 ◊ 50 mm, 14 samples

1.7 µm)

8. Catechin, epicatechin, B2 and Acquity BEH C18 0.3 In between 0ñ3 for
B5 (epicatechin-4a-8-epicatechin), column (2.1 ◊ 50 mm, all six compound
C1 and tetramer D (epicatechin- 1.7 µm) 

4a-8-epicatechin-4a-8-epicatechin) 
in chocolates (56)

9. Hippurylñhistidylñleucine (HLL) Acquity BEH C18 0.4 1.12 and 1.37 for HA
and hippuric acid (HA) for and HHL, respectively

assaying angiotensin converting 
enzyme activity (57)

10. Seven steroids; dienogest, finasteride, Acquity BEH C18 0.55 Less than 2.5 for all 
gestodene, levonorgestrel, estradiol, column (2.1 ◊ 50 mm, seven steroids
ethinylestradiol and norethisterone 1.7 µm)

acetate (58)

11. Aspirin (AP) and Dipyridamole (59) Hypersil Gold C18, 0.5 0.83 and 1.62 for AP and 
column (1.9 µm, DL respectively.

100 mm ◊ 2.1 mm)

12. Raloxifene hydrochloride and Extended C18, 0.7 Retention time of different
its related impurities (60) 50 mm ◊ 3.0 mm ID impurities was 0.70, 

with 1.8 microns particles. 1.59, 2.46 and 6.05.
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Columns

The UPLC columns are made up of small par-
ticles having size less than 2 µm. The role played by
small particle size in UPLC technique has been
mentioned above. The particles are bonded in matrix
as the bonded stationary phase is required for pro-
viding both retention and selectivity. Four bonded
stationary phase (Fig. 4) columns manufactured by
ACQUITY are available in the market, which can be
used by UPLC technique (47, 48).
● BEH C18 and C8 columns ñ These are straight

alkyl chain, most preferred UPLC columns as
they can be used over wide pH range. The tri-
functional ligands produce low pH stability,
which is combined with high pH stability of 1.7
µm BEH particles to produce the widest usable
pH operating range.

● BEH Shield R18 columns ñ They provides selec-
tivity to UPLC as it complements C18 and C8
columns.

● BEH Phenyl columns ñ They has tri-functional
C6 alkyl ethyl between the phenyl rings and the
silyl functionality.

● BEH Amide columns ñ The combination of tri-
functionally bonded amide phase with BEH small
particles provides exceptional column life time.
They facilitate the use of a wide range of phase
pH i.e., from pH 2 to 11.

Detectors

Two tuneable UV-visible photodiode array
detectors namely ACQUITY PDA and ACQUITY
PDA eλ detectors are generally used for the routine
analysis and method development, which have the
power of detecting and quantifying trace impurities.
The data rates of these detectors are up to 80 Hz hav-
ing low noise specification i.e., 10 Au with wide
range of spectra analysis up to 500 nm (PDA detec-
tor) and 800 nm (eλ detector). To avoid band
spreading and concentration variance, low volume

light guiding flow cells are used comprising of
Teflon AF, which eliminates the internal absorption
by using total internal reflection principle to
enhance the light transmission efficiency.

Applications

This technique has been successfully applied to
pharmaceutical analysis of numerous drugs, a few of
them are enlisted in Table 1 (49ñ60), with the
improvement in the factors like retention time and
mobile phase consumption. Narasimham and
Barhate developed and validated UPLC method for
the simultaneous determination of β-blockers and
diuretic drugs in pharmaceutical formulations with
the objective of reducing analysis time and main-
taining good efficiency (61). The chromatographic
separations of all the drugs were achieved on a
Waters Acquity BEH C18, 50◊2.1 mm, 1.7 µm
UPLC column within a short runtime of 2.6 min.
The results obtained were compared with the previ-
ously developed HPLC methods (Table 2). The elu-
tion time of all the drug compounds in UPLC were
observed to be reduced by 10-fold. The higher peak
capacity, i.e., 1494 in UPLC as against in HPLC i.e.,
942, conforms the better gradient separation effi-
ciency and resolving power of UPLC system.
Furthermore, the applications of this technique are
discussed below:

Rapid analysis of products

Before the introduction of this technique, chro-
matographers were compromising with the factors
like low speed and resolution .Even in the case of
natural products more resolution was required to get
apt knowledge of the additional peaks. UPLC can be
extensively used in the analysis of natural products
and herbal medicines. In 2004, the first commercial-
ly available UPLC system was the ACQUITY
UPLC that fulfilled all the requirements needed for
the separation of various pharmaceutical products

Table2. Comparison of system performance of HPLC and UPLC.

Retention time Capacity factor USP tailing Resolution Peak capacity
Drug component

HPLC UPLC HPLC UPLC HPLC UPLC HPLC UPLC HPLC UPLC

Metoprolol 13.4 1.9 4.3 8.9 1.4 1.2 2.7 26.9

Amiloride 10.2 1.1 3.1 4.7 1.1 1.2 ñ ñ

Hydrochlorothiazide 12.8 1.3 4.1 5.4 1 1.1 13.9 5

Amlodipine 17.6 2.2 6 10.4 1.2 1.6 6.8 4.4
942 1494

Propranolol 16.4 2.1 5.6 9.8 1.2 1.3 15.5 6.4

Felodipine 24.3 2.6 8.7 11.9 0.9 1.5 41.2 2.9
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related small organic molecules, proteins and pep-
tides (62).

Identification of metabolites

When a new chemical entity (NCE) reaches the
development stage, identification of its metabolites
becomes a perpetual process. The detection of all
circulating metabolites of a candidate drug is neces-
sary. The identification of major metabolites is done
by performing in vitro discovery studies. The weak
spots of metabolites of drug candidate molecules are
recognized and hence protected by altering the com-
pound structure. Plumb et al. have explored the
application of UPLC-MS for analysis of metabolites
of candidate drug (63, 64). They also examined the
application of UPLC-MS in profiling metabolic
pathways for functional genomics studies (65).
Their studies revealed that higher resolution of
UPLC in terms of specificity and spectral quality
diminishes the risk of missing any detection of
potentially important metabolites.

Bioequivalence studies

The detection of drug in biological sample is
very important to study the pharmacokinetics, toxi-
city and bioequivalence of drug. Blood, plasma and
urine can be used as biological matrices which con-
sist of sample drug in them (66). Previously LC-MS
was used for detecting drug in these biological
matrices. But nowadays UPLC-MS is used as it has
some advantages over LC-MS such as:
● UPLC-MS provides unprecedented performance

and compliance support. 
● It has excellent chromatographic resolution and

sensitivity.

● UPLC can accommodate more number of sam-
ples than HPLC so sample throughput is
enhanced.

● It gives not only high quality results but also
ensures the safety of data by using security based
data collection software.

● Tolley et al. (67) in their studies have concluded
that higher efficiency, better resolution and high-
er peak capacity provided by UPLC technique is
particularly important for the analysis of proteins
and peptides. 

Detection of impurities

The detection of impurities in raw material as
well as in final product is the most vital phase of the
drug development process. Earlier studies have
accounted for excellent detection of impurities by
HPLC as it has sufficient resolution for the determi-
nation of the lowest level of impurities with good
reproducibility results, but due to the presence of
excipients, there is prolonged HPLC analysis so it
becomes necessary to perform several analytical
runs to get the required data. This curb can be over-
come by using UPLC technique as it offers exact
required data and is operational at alternate low and
high collision energies. The fast change of collision
energy produces both precursor and product ions of
all analytes present in the sample, which allows
rapid identification and profiling of impurities.
Lippert et al. (68) pointed that in some cases, the
impurity and compound are of the same molecular
weight and have similar structures so they could not
be differentiated by MS or LC/MS necessitating
higher chromatographic resolution which can be
provided by UPLC. 

Table 3. Comparative study of parameters used in HPLC and UPLC technique. 

No. PARAMETER HPLC UPLC INFERENCE 

1 Particle size 3ñ5 µm Less than 2 µm Reduction in analysis time

2 Mobile phase flow rate More Less Lesser mobile phase consumption

3 Injection volume
5 µL (Std. in 2 µL (Std. in Can deal with even small 

100% methanol) 100% methanol) traces of sample 

ALLTIMA C18, ACQUITY UPLC
Can withstand high pressures

4 Column
ZORBAX C8 BEH C18 and C8

and have high mechanical stability 
and efficiency

5 Column dimension 150 ◊ 3.2 mm 150 ◊ 2.1 mm Higher resolution

Increased selectivity, lower 
6 Column temperature 30OC 65OC solvent viscosity and increase 

mass transfer rate

7 Maximum back 
35ñ40 MPa 103.5 MPa Faster separationpressure 
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Dissolution testing

Dissolution testing is very important to control
the quality and release of drug. In sustained release
dosage formulations dissolution is the rate limiting
step so this becomes very important in such cases.
The dissolution profile of a drug signifies reliability
and batch to batch uniformity of API (Active
Pharmaceutical Ingredients) in the formulations.
Nowadays, newer and relatively high potent formu-
lations are coming in the market which requires
enhanced analytical sensitivity. This can be fulfilled
by UPLC which provides online sample acquisition.
By using UPLC, dissolution testing can be fully
automated as it can perform functions like data
acquisition, analysis of samples aliquots, manage-
ment of test results and distribution.

Besides the above mentioned applications,
there are some conditions in which UPLC can be
applied successfully, few of them are enlisted
below:
● Identification and authentication of purity of

newly synthesized pharmaceutical compound for
which chemists need to be sure that they have
synthesized the expected compound. The
throughput of UPLC systemís remote status mon-
itoring software along with the fast scanning MS
allows the chemist to obtain high quality compre-
hensive data regarding the candidate compound
in the shortest possible time.

● In performing the forced degradation studies or
stress testing which are carried out under
extreme conditions like peroxide oxidation, acid
and base hydrolysis, photo-stability etc. The
speed, resolution, and sensitivity of UPLC sepa-
rations, when combined with the high-speed
scan rates of UPLC-specific photodiode array
and MS detection, makes the identification of
degradation products more effective and time
required to develop stability-indicating method
is shortened.

● In performing highly accurate and well regulated,
quantitative analyses performed in QA and QC
laboratories in pharmaceutical industries.

UPLC ñ a real hope or just hype

UPLC brought new opportunities in pharma-
ceutical industries to get rapid analytical separation
results while retaining method accuracy and resolu-
tion quality. Some laboratory experts believe that
this technique will eventually replace all the con-
ventional HPLC methods and consider it as a
HOPE, while some critics says that UPLC cannot
deliver long term and cost effective benefits and
termed UPLC as a HYPE. This point of contradic-

tion can be well elucidated by comparing the merits
and demerits of the UPLC.

Merits

● There is a fivefold decrease in the analysis time for
many separations in comparison to analysis time
taken by other chromatographic techniques (69).

● Consumption of solvent is very low as run time is
reduced in UPLC.

● Resolution and sensitivity of UPLC is greater
than those of other conventional techniques.

● Sample output is enhanced so manufactures can
produce more products according to required
specification and hence there is reduction in fail-
ure of batches.

● Overall operation cost is reduced.
● Scope of multi residue methods is enhanced.
● Some parameters of UPLC which differ from

HPLC and will turn in favor of chromatographic
techniques are enlisted in Table 3.

Demerits

● UPLC operates at ultra high pressure up to 1000
bars so column requires more maintenance and
life of column is reduced (70).

● Phases 1.7 µm sized are non regenerable and thus
have limited use.

UPLC has better column technology, which
can work under extremely high pressure conditions,
have faster rate of detection and moreover, is based
on already established HPLC technique so there is a
hope that UPLC will increase the quality of pharma-
ceutical analyses and productivity of research scien-
tists. While it may take some years for UPLC to
become full time analytical technique, we remain
optimistic that this technique will live up to expec-
tations.

CONCLUSION

UPLC is based on much proven technology of
HPLC technique and it not only enhances but flour-
ishes the utility of conventional HPLC technique
when many scientists started experiencing separa-
tion obstacles with it. The information provided per
unit work by UPLC is much greater than HPLC as it
has higher speed, resolution and sensitivity. Also the
analysis time and solvent consumed in UPLC is less
than in all previously used chromatographic tech-
niques. On the contrary, in UPLC the factors like
resolution, tailing factors and peak area/peak reten-
tion time repeatability are similar to those of HPLC.
So, the transfer of an existing HPLC method to new
UHPLC method is preferable as well as profitable in
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the pharmaceutical industry and this has been suc-
cessfully demonstrated in the literature (71, 72).
Extraction of above data has revealed that UPLC
will prove to be an essential and crucial tool for
enhancing the quality of pharmaceutical analysis
and also the productivity of the research scientists.

REFERENCES 

1. Kofman J., Zhao Y., Maloney T., Baumgartner
T., Bujalski R.: Am. Pharm. Rev. 9, 88 (2006).

2. Zhang Y., Gong X., Zhang H., Larock R.C.,
Yeung E.S.: J. Comb. Chem. 2, 450 (2000).

3. Zhou C., Jin Y., Kenseth J.R, Stella M.,
Wehmeyer K.R, Heineman W.R.: J. Pharm. Sci.
94, 576 (2005).

4. Deemter J.J.V., Zuiderweg F.J., Klinkenberg
A.: Chem. Eng. Sci. 5, 271 (1956). 

5. Zhu C., Goodall D., Wren S.: LCGC 23, 54
(2005).

6. Greibrokk T., Andersen T.: J. Chromatogr. A
1000, 743 (2003).

7. Wang X., Barber W.E., Carr P.W.: J.
Chromatogr. A 1107, 139 (2006). 

8. Vanhoenacker G., Sandra P.: J. Sep. Sci. 29,
1822 (2006).

9. Lestremau F., Cooper A., Szucs R., David F.,
Sandra P.: J. Chromatogr. A 1109, 191 (2006).

10. Hjerten S., Liao J.L., Zhang R.: J. Chromatogr.
A 473, 273 (1989). 

11. Tennikova T.B., Svec F.: J. Chromatogr. A 646,
279 (1993).

12. Svec F., Frechet J.M.J.: Anal. Chem. 64, 820
(1992).

13. Gerber F., Krummen M., Potgeter H., Roth A.,
Siffrin C., Spoendlin C.: J. Chromatogr. A
1036, 127 (2004). 

14. Tanaka N., Kobayashi H., Nakanishi K.,
Minakuchi H., Ishizuka N.: Anal. Chem. 73,
420A (2001).

15. Wu N., Dempsey J., Yehi P.M., Dovletoglu A.,
Ellison D., Wyvratt J.: Anal. Chim. Acta 523,
149 (2004).

16. McCalley D.V.: J. Chromatogr. A 965, 51
(2002).

17. Tanaka N., Kobayasahi H., Ishiuka N.,
Minakuchi J.H., Nakanishi K., Hosoya K.,
Ikegami T.: J. Chromatogr. A 965, 35 (2002). 

18. Kele M., Guichon G.: J. Chromatogr. A 960, 19
(2002).

19. Jerkovich A.D., Mellors J.S., Jorgenson J.W.:
LCGC 21, 660 (2003).

20. Wu N., Lippert J.A., Lee M.L.: J. Chromatogr.
A 911, 1 (2001).

21. Unger K.K., Kumar D., Grun M., Buchel G.,
Ludtke S., Adam T., Schumacher K., Renker S.:
J. Chromatogr. A. 1036, 127 (2004).

22. Swartz M.E., Murphy B.: Lab Plus Int. 18, 6
(2004).

23. Swartz M.E., Murphy B.: Pharm. Formulation
and Quality 6, 40 (2004).

24. Zhang Y., Wu D.R., Wang I.D.B., Tymiak
A.A.: Drug Discov. Today 10, 571 (2005).

25. Workman P.: Curr. Pharm. Des. 9, 891 (2003).
26. Swartz M.E.: J. Liq. Chromatogr. Relat.

Technol. 28, 1253 (2005).
27. Swartz M.E.: LCGC Supplement 8 (2005).
28. Patel K.D., Jerkovich A.D., Link J.C.,

Jorgenson J.W.: Anal. Chem. 76, 5777 (2004).
29. MacNair J.E., Lewis K.C., Jorgenson J.W.:

Anal. Chem. 69, 983 (1997).
30. Scheidegger A.E.: Physics of Flow through

Porous Media, University of Toronto Press,
London 1960.

31. Stone M.A.: J. Liq. Chromatogr. Relat.
Technol. 5, 605 (2007).

32. Gritti F., Guiochon G.: J. Chromatogr. A 1028,
75 (2004).

33. Cheng Y.F., Walter T.H., Lu Z., Iraneta P.,
Alden B.A., Gendreau C., Neue U.D. et al.:
LCGC 18, 1162 (2000).

34. Neue U.D., Walter T.H., Alden B.A., Jiang Z.,
Fisk R.P., Cook J.T., Glose K.H. et al.: J. Am.
Lab. 31, 36 (1999).

35. Mellors J.S., Jorgenson J.W.: Anal. Chem. 76,
5441 (2004).

36. Alden B.A., Izzo G.S., Hudalla C.J., Iraneta
P.C.: Anal. Chem. 75, 6781 (2003).

37. Ding J., Hudalla C.J., Cook J.T., Walsh D.P.,
Boissel C.E., Iraneta P.C., OíGara J.E.: Chem.
Mater. 16, 670 (2004).

38. Jiang Z., Fisk R.P., OíGara J., Walter T.H.,
Wyndham K.D.: US Patent 6,686,035. (2004).

39. MacNair J.E., Patel K.D., Jorgenson J.W.: Anal.
Chem.71, 700 (1999).

40. Mazzeo J.R., Neue U.D., Kele M., Plumb R.S.:
Anal. Chem. 77, 460A (2005).

41. Wu N., Clausens A.: J. Sep. Sci. 30, 1167
(2007).

42. De Villiers A., Lestremau F., Szucs R., Gelebart
S., David F., Sandra P.: J. Chromatogr. A 1127,
60 (2006).

43. Thompson J.W., Mellors J.S., Eschelbach J.W.,
Jorgenson J.W.: LCGC North America 16, 18
(2006).

44. Reddy B.H., Chowdary C.A., Vardhani
M.V.N.R., Sahiti.: Journal of Innovative Trends
in Pharmaceutical Sciences 1, 115 (2010).



380 ASHOK KUMAR et al.

45. Lars Y., Honore H.S.: J. Chromatogr. A 1020,
59 (2003).

46. McLoughlin D.A., Olah T.V., Gilbert J.D.: J.
Pharm. Biomed. Anal. 15, 1893 (1997).

47. Colon L.A., Cintron J.M., Anspach J.A.,
Fermier A.M., Swinney K.A.: Analyst 129, 503
(2004).

48. Wu N., Collins D.C., Lippert J.A., Xiang Y.,
Lee M.L.: J. Microcolumn Sep. 12, 462 (2000).

49. Seshadri R.K., Desai M.M, Raghavaraju T.V.,
Krishnan D., Rao D.V., Chakravarthy I.E.: Sci.
Pharm. 78, 821 (2010).

50. Kaila H.O., Ambasana M.A., Shah A.K.: Int. J.
Chem. Tech. Res. 3, 459 (2011).

51. Jain D.K., Kumar A.M., Jain D.: Indian J.
Pharm. Educ. Res. 44, 295 (2010).

52. Yanamandra R., Chaudhary A., Bandaru S.R.,
Patro B., Murthy Y.L.N., Ramaiah P.A., Sastry
C.S.P.: E-J. Chem. 7, S363 (2010).

53. Huang W., Huang X., Xing Z., Qin F., Ren P.,
Liu W., Gan P. et al.: J. Med. Plants Res. 5, 99
(2011).

54. Novakova L., Solichova D., Solich P.: J. Sep.
Sci. 29, 2433 (2006).

55. Cheng J., Jiabo W., Huifang L., Qiang W.,
Haitao W., Xiaohe X.: J. US-China Med. Sci. 5,
52 (2008).

56. Cooper KA., Gimeanez EC., Alvarez D.J.N.,
Nagy K., Donovan J.L., Williamson G.: J.
Agric. Food Chem. 55, 2841 (2007).

57. Geng F., He Y., Yang L., Wang Z.: Biomed.
Chromatogr. 24, 312 (2010).

58. Feketea S., Feketeb J., Ganzler K.: J. Pharm.
Biomed. Anal. 49, 833 (2009).

59. Rajput A.P., Sonanis M.C.: Int. J. Pharm.
Pharm. Sci. 3, 156 (2011).

60. Srinivas G., Kanumula G.V., Madhavan P.,
Kumar K.K., Reddy Y.R.K., Priya M.V.,
Mukkanti K.: J. Chem. Pharm. Res., 3, 553
(2011).

61. Narasimham L.Y.S., Barhate V.D.: J. Chem.
Metrol. 4, 1 (2010).

62. Yang Y., Hodges C.C.: LCGC Europe 18, 28
(2005).

63. Plumb R., Castro P.J., Granger J., Beattie I.,
Joncour K., Wright A.: Rapid Commun. Mass
Spectrom. 18, 2331 (2004).

64. Castro P.J., Plumb R., Granger J.H., Beattie I.,
Joncour K., Wright A.: Rapid Commun. Mass
Spectrom. 19, 843 (2005).

65. Wilson I.D., Nicholson J.K., Castro P.J.,
Granger J.H., Johnson K.A., Smith B.W.,
Plumb R.S.: J. Proteome Res. 4, 591 (2005).

66. Goodwin L., White S.A., Spooner N.: J.
Chromatogr. Sci. 45, 298 (2007).

67. Tolley L., Jorgenson J.W., Moseley M.A.:
Anal. Chem. 73, 2985 (2001).

68. Lippert J.A., Xin B., Wu N., Lee M.L.: J.
Microcolumn Sep. 11, 631 (1999).

69. Cintron J.M., Colon L.A.: Analyst 127 ,701
(2002)

70. Martin M., Guiochon G.: J. Chromatogr. A
1090, 16 (2005).

71. Sun X., Wrisley L.A.: Am. Drug Discov. 2, 22
(2007).

72. Wren S.A.C., Tchelitcheff P.: J. Chromatogr. A
1119, 140 (2006).

Received: 18. 03. 2011



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


