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Determination of Free Indomethacin in Human
Plasma Using HPLC with UV Detection
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Department of Chromatographic Methods, Faculty of Chemistry,
Maria Curie-Sklodowska University, Lublin, Poland

Abstract: Determination of free indomethacin concentration in human plasma is
an issue of great importance for the drug safety monitoring and the efficiency of
the drug therapy, especially in the case of patent ductus arteriosus treatment
(PDA) in neonates. The presented study describes a simple and sensitive method
of free indomethacin analysis in plasma samples using high performance liquid
chromatography (HPLC) combined with ultraviolet (UV) detection. In the devel-
oped method the unbound drug separation was performed by means of the ultra-
filtration method on Amicon MPS units, utilizing the YM-10 membranes of
10 kDa molecular mass cutoff. The sample preparation step involved
liquid–liquid extraction with ethyl acetate, providing very good absolute recovery
of the analyte (ca. 97%, n¼ 7). Chromatographic separation was achieved on a
C18 column using 63% acetonitrile and 37% water (pH¼ 2.0, adjusted with
0.2% orthophosphoric acid) as the mobile phase. The external standard calibra-
tion curves showed good linearity (R2> 0.9995) in the concentration range from
10 to 5000 ng=mL (total drug determination) and from 10 to 200 ng=mL (free
drug determination). The intra-day and inter-day precision and accuracy were
satisfactory, with relative standard deviations not exceeding 10%. The limit of
detection (LOD) and the limit of quantitation (LOQ) were 3 ng=mL and
10 ng=mL, respectively. The presented analytical approach constitutes substantial
improvement over previously reported methods for indomethacin analysis and
thus seems to be the method of choice for determination of free indomethacin
in plasma.
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INTRODUCTION

Indomethacin, 1-(p-chlorobenzoyl)-5-methoxy-2-methylindole-3-acetic acid
is an indole derivative belonging to the group of nonsteroidal anti-
inflammatory drugs (NSAIDs), which is used in the treatment of rheumatoid
arthritis for antipyretic and analgesic effects. Indomethacin is also regarded
as the drug of choice for the closure of patent ducts arteriosus in newborns.[1]

According to the literature, the indomethacin pharmacokinetics is
characterized by high inter-individual variability.[2–4] Therefore, it would
be desirable to adjust individual indomethacin dosages according to the
plasma indomethacin concentration during the drug administration.
Inability to maintain indomethacin at a therapeutic plasma concentration
causes failure in the treatment of premature neonates.[1]

It should be emphasized that the pharmacologic effect of a drug is in
fact exerted by its free fraction i.e., drug molecules not bound to plasma
proteins.[5]

The degree of drug protein binding may be influenced by several
factors such as disease states,[6–8] age,[9] and total drug concentration.[10]

In the case of highly protein bound drugs (above 70%) even slight changes
of drug binding may significantly affect their therapeutic efficacy.[5]

Indomethacin is known to bind strongly to human serum albumin (about
97%).[8,11] Such a high degree of protein binding results in high interpatient
variation in the fraction of the unboundNSAID.[12] For these reasons, reli-
able determination of free indomethacin concentration in human plasma is
particularly important for the drug safety monitoring and the effectiveness
of the drug therapy. It is worthmentioning that the issue of free indometha-
cin determination in plasma is still not fully recognized. Estimation of a free
drug concentration requires the development of a efficient technique of
unbound drug isolation as well as elaboration of a highly sensitive analyti-
cal method. Presently, the membrane separation techniques (i.e., ultrafil-
tration and equilibrium dialysis) are recognized as the most adequate
ones for free drug isolation from a complex biological matrix.[13]

Several HPLC methods have been reported for the analysis of total
indomethacin concentration in biological fluids, especially in plasma.[14–19]

Recently, HPLC techniques coupled with protein precipitation were
developed.[12,20] These methods, though relatively fast, simple, and of the
lowest LOD value (5ng=mL), seem not to be applicable for free drug ana-
lysis in plasma ultrafiltrate, due to sample dilution during the preparation
procedure. Very low free indomethacin concentration in the ultrafiltrate
demands application of an analytical procedure allowing for analyte
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preconcentration. Therefore, the extraction technique seems to be the
method of choice for the free drug analysis in plasma samples.

There are few analytical approaches described in literature involving
liquid–liquid extraction for indomethacin analysis.[21–23] These methods
suffer either from low recovery (not exceeding 81%)[21,22] or poor sensitiv-
ity (LOD of 250 ng=mL).[21]

The presented paper describes the analytical procedure of HPLC
indomethacin determination in human plasma involving liquid–liquid
extraction of the analyte and UV detection. The method is characterized
by high yield (recovery about 97%) and detection limit 3 ng=mL, which is
so far one of the lowest values reported for HPLC method. Due to this
fact, the proposed analytical approach is the method of choice for deter-
mination of free (unbound) indomethacin concentration in plasma.

EXPERIMENTAL

Materials

Indomethacin (purity min. 99% TLC) was purchased from Sigma Aldrich,
Inc. (St. Louis, USA). Acetonitrile and ethyl acetate (both HPLC grade)
were purchased from POCH (Gliwice, Poland) and Merck (Germany),
respectively. Water for chromatography was obtained by means of a
Milli-Q (Millipore, USA) water purification system. All other chemicals
were reagent grade. Pooled blank plasma was obtained from 20 healthy
volunteer donors.

Chromatographic Conditions

A Gilson liquid chromatograph (Gilson, USA, controlled by UniPoint
2.10 System) consisting of a dual high pressure pump (Model 322),
integrated with a manometric module and a dynamic mixer was employed
for HPLC analysis. Indomethacin in plasma or in plasma ultrafiltrate was
detected with an UV=VIS 155 detector (Gilson, France) working at
k¼ 270 nm. Chromatographic separations were carried out by using a
150mmx4.6mm i.d. C18 silica gel column (Prodigy RP C18, 5 mm,
Phenomenex, USA) equipped with 0.5mm prefilter (Upchurch Scientific,
USA) and a guard column ODS C18 (Phenomenex, USA). All analyses
were performed at room temperature (20�C� 2�C). The samples (50 mL)
were injected into the column by a Model 7125 injection valve from
Rheodyne (Cotati, CA, USA). The mobile phase consisting of acetonitrile
(63%) and water (37%) containing 0.2% orthophosphoric acid (Merck,
Germany) was applied (pH¼ 2), with flow rate 0.8mL=min and
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backpressure 65 atmospheres. The assay of free indomethacin concentra-
tion can be treated as trace analysis. For this reason, peak height was
assumed as an appropriate measure for indomethacin quantification.

Standard Calibration Curve for Total Indomethacin Determination

A primary stock solution of indomethacin (10mg=mL) was prepared by
dissolving 1000mg of indomethacin in 100mL of ethanol (96% v=v).
Further working solutions were obtained by serial dilutions of the stock
solution with ethanol=water mixtures to give 1, 50, 200, and 1000mg=mL
indomethacin concentration. A nine-point external standard calibration
curve was prepared by adding these solutions to centrifuged blank plasma
to obtain the following concentrations: 10, 25, 50, 100, 200, 500, 1000, 2000,
and 5000ng=mL. The ethanol concentration in the prepared standards did
not exceed 1% (v=v). The indomethacin stock solution was stored at� 20�C
and its stability period (6 months) was established experimentally.

Standard Calibration Curve for Free Indomethacin Determination

During this step of the experimental procedure, only one of previously
mentioned working solutions of indomethacin (1 mg=mL) was applied.
A six-point external standard calibration curve was prepared by adding
this solution to Ringer’s solution so as to obtain the following drug
concentrations: 10, 15, 25, 50, 100, 200, ng=mL. The Ringer’s solution
was used as the imitation of plasma ultrafiltrate, which contains no
plasma proteins but abounds with inorganic ions.

Sample Preparation Procedures

Sample Preparation for the Analysis of Total
Indomethacin Concentration

The plasma samples were stored in the freezer at� 20�C and allowed to
thaw at room temperature prior to the extraction procedure. To each
plasma sample (400 mL), phosphate buffer (100 mL of 0.5M NaH2PO4þ
H3PO4, pH 3.5) and ethyl acetate (2mL) were added. The mixtures were
vigorously shaken for 10 minutes at 200 rpm. The organic layer (1.5mL)
was then transferred to a clean vial and the solvent was evaporated to
dryness in a gentle stream of nitrogen at room temperature. The remaining
residue was dissolved in 200 mL mobile phase and an aliquot of 50 mL was
injected into the HPLC system.
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Sample Preparation for the Analysis of Free Indomethacin
Concentration

This part of the experiment required the unbound indomethacin isolation
from the plasma sample. For this purpose, we applied the ultrafiltration tech-
nique, performed onAmiconMPS (Millipore, Bedford,MA,USA) units, uti-
lizing the YM-10 membranes (product no. 40424, Millipore, Bedford, MA,
USA) of 10kDa molecular mass cut-off. The ultrafiltration proceeded in a
thermostated centrifuge (MPW-350-RH, MPW Med. Instruments, Poland)
at the temperature of the human body (37�C). Of each solution, 1mL was
put into a sample compartment of the ultrafiltration unit. After the attach-
ment of an ultrafiltrate collection container, the unit was centrifuged at
800� g till 400mLof ultrafiltrate was obtained (usually for about 20minutes).

In order to avoid analytical errors resulting from possible drug
adsorption on the ultrafiltration membrane,[24,25] preliminary membrane
saturation with the analyzed drug was performed. The saturation
involved ultrafiltration of a few portions of analyzed sample, i.e., plasma
spiked with indomethacin, until the free drug concentration in the ultra-
filtrate was established at a constant level.

The extraction procedure of plasma ultrafiltrate was performed ana-
logously, as in the case of the total drug concentration analysis. The
slightly larger aliquot of organic layer (1.7mL) transferred after the
extraction process was the only difference.

RESULTS AND DISCUSSION

Determination of Total Indomethacin Concentration in Plasma

Figure 1 presents chromatograms of blank plasma (Figure 1a) and
plasma spiked with indomethacin corresponding to a concentration of
100 ng=mL (Figure 1b). The retention time of the analyzed drug was
6.27min with the total run time about 10min. According to Figure 1,
the applied chromatographic conditions allow for sufficient resolution
of indomethacin from endogenous plasma peaks.

Figure 2 illustrates the calibration plot for indomethacin, performed
in the concentration range 10� 5000 ng=mL with a regression coefficient
R2¼ 0.9999, indicating very good linearity.

The imprecision and inaccuracy of the assay are exhibited in Table 1,
which contains both the results of the intra- and inter-day precision and
accuracy studies.

LOD (3 ng=mL) and LOQ (10 ng=mL) of the method were defined as
the analyte concentration producing signal to noise ratio equal to 3:1 and
10:1, respectively.
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The mean extraction efficiency of indomethacin from plasma at
concentrations 10, 200, and 5000ng=mL were 96.59, 96.92, and 98.11%,
respectively. Each sample was analyzed in seven replicates and the results
were compared with those obtained by analyzing standard samples contain-
ing the same concentrations of the analyte dissolved in the mobile phase.

As it was mentioned in the Introduction, several methods of indo-
methacin determination in plasma have been reported in literature. In
the most recently described procedures applying protein precipitation,
the LOD values were 10[12] or 5 ng=mL.[20] The latter value seems to be

Figure 1. HPLC chromatograms from a) blank plasma and b) plasma spiked
with indomethacin (100 ng=mL); (EPP) – an endogenous plasma peak.
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questionable due to the fact that, according to the authors, the limit of
detection is equated to the analyte amount of 350 ng introduced on the
column in the form of a 100 mL sample. Moreover, the cited LOD
was obtained at 8-fold dilution of the plasma sample. It should be
additionally stressed, that the LOD value of 10 ng=mL reported by Boon
et al.[12] was gained by using a similar sample preparation method
considering 2-fold sample dilution.

The method described in the presented paper is characterized by LOD
of 3 ng=mL. This value is comparable with the one obtained by the
precipitation method developed by Al Za’abi et al.[20] and considerably
better than the one reported by Boon et al.[12] Such high sensitivity of
our approach was achieved by injecting twice as low a sample volume
(50 mL), which was possible thanks to the analyte preconcentration during

Table 1. Statistic parameters and absolute analyte recovery calculated for the
assay of total indomethacin in human plasma (n¼ 7)

Nominal

concentration

(ng=mL)

Calculated

concentration

(ng=mL,

mean� SD)

Inaccuracy

(%)a

Intra-day

imprecision

(RSD %)b

Inter-day

imprecision

(RSD %)b

Absolute

recovery

(%) (mean

�SD)

10 10.92� 1.10 þ9.24 5.51 5.76 96.59� 4.22

200 205.03� 7.82 þ2.51 3.77 3.91 96.92� 2.97

5000 5011.36� 53.7 þ0.23 1.11 1.88 98.11� 3.98

aInaccuracy is defined as the error % estimated as [(calculated concentration –
nominal concentration)=nominal concentration]� 100%.
bRSD %¼ (SD=mean)� 100%.

Figure 2. Linearity of the external standard calibration curve for determination
of total indomethacin concentration in plasma samples.

2692 A. L. Dawidowicz et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
4
9
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



the sample preparation. In consequence, the method seems to be applic-
able for the determination of free indomethacin concentration in plasma.

Determination of Free Indomethacin Concentration in Plasma

Chromatograms of the blank plasma ultrafiltrate and the ultrafiltrate of
plasma spiked with indomethacin (3000 ng=mL) are presented in

Figure 3. HPLC chromatograms from a) blank plasma ultrafiltrate and b) ultra-
filtrate of plasma spiked with indomethacin (the total drug concentration in the
spiked plasma was 3000 ng=mL). The obtained peak corresponds with free indo-
methacin concentration 96ng=mL (about 3% of total drug concentration in plasma).
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Figures 3a and Figure 3b, respectively. The chromatographic assay of
free drug concentration was identical with the one applied for total drug
determination. Hence, the retention time of the analyte and the total run
time correspond with those presented in Figures 1a and b. As it can be
seen in the Figure 3, both chromatograms display a lower number of
interfering plasma peaks thanks to the ultrafiltration process applied
for sample preparation.

The calibration curve for indomethacin performed in the concentra-
tion range of 10� 200 ng=mL is presented in Figure 4. The plot is
characterized with a very good linearity with a regression coefficient
(R2) of 0.9996.

Figure 4. Linearity of the external standard calibration curve for determination
of free indomethacin concentration in plasma.

Figure 5. The effect of the number of ultrafiltrate membrane saturation steps on
indomethacin concentration in the obtained ultrafiltrates.
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The analytical procedure of free drug concentration in plasma requires
separation of the free analyte from drug protein complex. As it was
described in Experimental, an ultrafiltration technique was applied for this
purpose in the developed approach. This type of separation method may
produce analytical errors due to uncontrolled drug adsorption on the
ultrafiltration membrane.[24,25] Primary saturation of the applied mem-
brane is the simplest and the most efficient way of avoiding drug loss in
an ultrafiltration process. Figure 5 shows the number of saturation steps
required for the complete membrane saturation with indomethacin. As
the results from the picture show, only two saturation steps are necessary
for the saturation of the used membrane. After that, the free drug concen-
tration in the obtained ultrafiltrate is settled at the constant level. The
percentage of free indomethacin calculated by means of ultrafiltration is
about 3%, which is consistent with the data reported in literature.[8]

Table 2 shows the data concerning intra- and inter-day imprecision
and inaccuracy of the assay, as well as the analyte recovery of the overall
sample preparation procedure. Imprecision expressed as RSD% was in
the range of 1.91–5.38 and inaccuracy expressed as error % did not exceed
10%. These data indicate the highly satisfactory parameters characteriz-
ing the quality of the analytical approach.

CONCLUSION

The problem of free indomethacin determination in plasma is an impor-
tant, yet not extensively studied issue in the field of clinical analysis. This
fact results from difficulties in development of an analytical method
sensitive enough to determine the free indomethacin concentration, which
is known to constitute only about 3% of total drug concentration.[8]

The analytical approaches recently described in literature, involving
plasma protein precipitation, are successful in the determination of total

Table 2. Statistic parameters and absolute analyte recovery calculated for the
assay of free indomethacin in plasma (n¼ 7)

Nominal

concentration

(ng=mL)

Calculated

concentration

(ng=mL,

mean�SD)

Inaccuracy

(%)a

Intra-day

imprecision

(RSD %)b

Inter-day

imprecision

(RSD %)b

Absolute

recovery

(%) (mean

� SD)

10 9.02� 1.22 �9.79 3.91 5.00 99.60� 2.62

50 51.75� 4.18 þ3.50 3.83 5.38 96.72� 3.48

200 198.92� 8.76 �0.54 1.91 2.09 96.48� 4.28

aInaccuracy is defined as the error % estimated as [(calculated concentration –
nominal concentration)=nominal concentration]� 100%.
bRSD %¼ (SD=mean)� 100%.
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indomethacin concentration. However, they seem not to be applicable for
the free drug estimation as they do not provide enrichment of the analyte
(sample undergoes dilution during the preparation procedure).

Following the above, the extraction technique seems to be the
method of choice for the free drug analysis in plasma samples. So far,
the analytical approaches involving liquid–liquid extraction have not
provided indomethacin recovery and detection limit sufficient for the
determination of free drug concentration. The analytical method
described in this paper is characterized by very high indomethacin recov-
ery (ca. 97%) and very low LOD value (3 ng=mL), comparable with the
lowest value reported in literature obtained by the precipitation
method.[20] Such high sensitivity justifies the application of the presented
method for the analysis of free indomethacin.

It should be emphasized that the research on drug pharmacokinetics
frequently requires not only the evaluation of free drug concentration but
also its protein binding degree. For this purpose, the reliable method of
total drug concentration analysis is necessary.

As results from the paper prove, the presented method can also be
successfully applied for the determination of total indomethacin concen-
tration in plasma. Liquid–liquid extraction procedure is more selective
and allows for better sample cleanup in comparison to the one involving
protein precipitation. Moreover, that way of sample preparation reduces
the risk of analytical error, which may possibly occur due to drug copre-
cipitation with plasma proteins.[26] Inaccurate estimation of total drug
concentration results in erroneous calculation of unbound drug fraction.
Therefore, the extraction technique seems to be preferred to the precipita-
tion procedure, especially in the cases when total drug concentration is
going to be applied for evaluation of drug protein binding degree.

The paper presents a sensitive, accurate, and reproducible HPLC-UV
detection method for the determination of free indomethacin concen-
tration in human plasma. High recovery and selectivity of the plasma
sample preparation procedure, as well as the very low limit of detection
recommend the described approach for its application for the pharmaco-
kinetic studies of indomethacin.
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