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Head-column field-amplified sample stacking
in capillary electrophoresis for the determination
of cimetidine, famotidine, nizatidine, and
ranitidine-HCl in plasma

In this study, low concentrations of histamine2-receptor (H2-)antagonists were effected
across a water plug, with separation taking place in a binary buffer comprising ethylene
glycol and NaH2PO4 (pH 5.0), and detection at 214 nm. Liquid-liquid extraction with
ethyl acetate – isopropanol is shown to provide extracts that are sufficiently clean.
The calibration curves were linear over a concentration range of 0.1–2.00 �g/mL cime-
tidine, 0.2–5.0 �g/mL ranitidine-HCl, 0.3–5.0 �g/mL nizatidine, and 0.1–3.0 �g/mL
famotidine. Mean recoveries were � 82%, while the intra- and interday relative stan-
dard deviations (RSDs) and relative errors (REs) were all � 13%. The method is sensi-
tive with a detection limit of 3 ng/mL cimetidine, 30 ng/mL ranitidine HCl, 50 ng/mL
nizatidine and 10 ng/mL famotidine (S/N = 3, electric-driven injection 90 s). This newly
developed capillary electrophoresis (CE) method was applied for the determination of
analytes extracted from plasma taken from a volunteer dosing a cimetidine, ranitidine,
and nizatidine tablet simultaneously. These three H2-antagonists can be detected in
real samples by this method, excluding the low dosing of famotidine tablet.
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1 Introduction

The most common modes of sample injection in CE is
generally classified into two categories, hydrodynamic
injection and electrokinetic injection. For relatively low
detection limits of CE, a large volume of injection fluid
is required for samples at low concentration by hydro-
dynamic injection. However, when the injection volume
is in excess, broadening of the migration peaks affects
the separation adversely. Among various approaches
based upon electrokinetic sample concentration de-
scribed in the literature, head-column field-amplified
sample stacking (HCFASS) has been shown to provide
the greatest sensitivity enhancement [1–4]. No special
exclusive devices or regulation mechanisms are required
for HCFASS. This sample stacking is based upon the
presence of a short (approximately mm length) zone of
low conductivity (water is usually used and the zone is
referred to as a water plug) at the capillary inlet and across

which an electric field up to several hundred times higher
than that employed in normal CE is established and
enables charged analytes to be injected at high velocity.
During this process, analytes are condensed at the inter-
face between the low-conductivity zone and the running
buffer [4]. The literature reveals only few published CE
methods by electrokinetic injection [5, 6].

The histamine2-receptor antagonists (H2-antagonists)
such as cimetidine (CIM), ranitidine-HCl (RAN), famoti-
dine (FAM), and nizatidine (NIZ) inhibit gastric acid secre-
tion by competitively blocking the H2-receptors located
on parietal cells [7]. Several HPLC methods are de-
scribed for the biological analysis of CIM [8–14], RAN
[10, 15–17], FAM [18–19]. Few CE methods for the ana-
lysis of CIM [20–23] and FAM [24] are published. Not
to mention on-line concentration, even no available CE
method can be used for the simultaneous determination
of H2-antagonists. Recently, we have developed the CE
methods for H2-antagonists in commercial products [25],
but it can not afford the sensitivity for biological analysis.
In this work, we describe the application of HCFASS
to develop CE approach to H2-antagonists in microliter
volumes of body fluids. Comparing the detection limit
of CIM between these two CE methods (10.0 �M and
11.9 nM, respectively), HCFASS can provide a sensitivity
enhancement of about three orders of magnitude and is
feasible to the application of subject dosing H2-antago-
nist tablets.
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2 Materials and methods

2.1 CZE system

A Beckman P/ACE System 2200 (Fullerton, CA, USA),
equipped with a filter UV detector and a liquid-cooling
device, was used. CZE was performed in an uncoated
fused-silica capillary (Polymicro Technologies, Phoenix,
AZ, USA) of 27 cm (effective length 20 cm)�50 �m ID.
The detector was set at 214 nm. The run buffer was com-
posed of 50% v/v ethylene glycol and NaH2PO4 (125 mM;
pH 5.0). Capillary conditioning between runs was affected
by rinsing with 0.1 N NaOH (3 min) and run buffer (3.5 min),
under positive pressure applied at the injection end. The
capillary tip was dipped for 3 s into a vial containing water.
Additionally, a water plug (application of 0.5 psi for 6 s)
was introduced into the capillary. Injection of sample
occurred using a voltage of 1 kV (anode at the injection
end) for 90 s, the current was about 1 �A. The separation
voltage was 20 kV (anode at the injection end). Due to
the low conductivity of the sample zone, the current
gradually increased from about 0 to 50 �A within the first
10 s of power application. All operations and electro-
pherograms were computer-controlled using GOLD soft-
ware Version 7.1.

2.2 Chemicals and reagents

CIM, RAN, NIZ (Sigma, St. Louis, MO, USA), FAM (Yama-
nouchi, Japan), Tagamet (China Chemical, Taiwan),
Zantac (GlaxoWellcome, Taiwan), Tazac (Lilly, Taiwan),
NaH2PO4 � 2H2O, doxylamine, ethylene glycol, ethyl ace-
tate, isopropanol, NaOH, and H3PO4 (85%) (Merck,
Darmstadt, Germany), and blood bags (Terumo, Tokyo,
Japan) were used without further treatment. Milli-Q (Milli-
pore, Bedford, MA, USA) water was used for the pre-
paration of buffer and related aqueous solutions. Solu-
tions of various phosphate buffers at different pHs were
prepared by neutralizing the related NaH2PO4 solution
with H3PO4. Stock solutions of four H2-antagonists at
0.1 mg/mL were prepared in water and suitably diluted
as reference solutions.

2.3 Sample preparation

A 15 �L aliquot of human plasma spiked with four
H2-antagonists and 0.3 mL of extraction solvent (ethyl
acetate: isopropanol, 96 : 4 v/v) containing the internal
standard (IS) doxylamine (0.5 �g/mL) were vortex-mixed
for 30 s in a plastic vial and centrifuged at 10 000�g
for 20 min prior to transferred into a 0.1-mL minivial
that could be placed into the autosampler of the CE
apparatus.

2.4 Method validation parameters

For calculation, corrected areas were used (analyte area
divided by its migration time). Calibration curves were
prepared by simultaneously adding known levels of
amounts of CIM (0.1, 0.5, 1.0, 1.5, and 2.0 �g/mL), RAN
(0.2, 1.0, 3.0, 4.0, and 5.0 �g/mL), NIZ (0.3, 1.0, 3.0,
4.0, and 5.0 �g/mL), and FAM (0.1, 1.0, 2.0, 2.5, and
3.00 �g/mL) into 15 �L drug-free plasma. Following the
procedure of Section 2.3, the calibration graphs were
established with the corrected peak-area ratio of CIM,
RAN, NIZ, or FAM to IS as ordinate (y) versus the con-
centration of these drugs in �g/mL as abscissa (x). Intra-
day precision was tested by analyzing five identically
spiked plasma samples for three concentrations: 0.3,
0.8, 1.8 �g/mL for CIM; 0.5, 2.5, 4.5 �g/mL for RAN, and
NIZ; 0.5, 1.5, 2.8 �g/mL for FAM. Interday precision was
calculated from repeated analysis of identically spiked
plasma samples on five successive days for these three
concentrations of four H2 antagonists. The recoveries of
these H2 antagonists from the plasma matrix were deter-
mined by comparing drug/IS peak-area ratios with and
without extraction. The limits of detection were deter-
mined by spiking plasma with decreasing concentration
of each H2-antagonist until the signal-to-noise ratio
equaled 3 (S/N = 3).

2.5 Application

We investigated the in vivo pharmacokinetics of one
healthy male using this developed CE method. The volun-
teer was treated simultaneously with an oral Tagamet
(200 mg), Zantac (300 mg), and Tazac (150 mg) at morning
time (09:00 a.m.). Venous blood samples were collected
in heparinized tubes during the 0–8-h time interval after
administration. The plasma collected before dosing was
employed as a blank. All blood samples were centrifuged
immediately, the plasma separated and stored at –72�C
until analysis.

3 Results and discussion

From the data in our previous research [25], the wave-
length 214 nm was chosen for the simultaneous de-
termination of H2-antagonists. Figure 1 presents an elec-
tropherogram of the HCFASS-CZE separation of four
H2-antagonists spiked in plasma. This HCFASS was pro-
ceeded as following: the capillary was dipped into water
before insertion of a 6-s water plug from a different vial.
Then electrokinetic injection (1 kV, 90 s) of standard solu-
tions or extracted plasma followed. The capillary was
27 cm long, 50 �m ID, and was operated at a separation
voltage of 20 kV. The background buffer was 50% v/v
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Figure 1. Electropherograms of (A) plasma blank and
(B) H2-antagonists spiked in plasma. Peaks: 0, 1, 2, 3,
and 4 for doxylamine, CIM, RAN, NIZ, and FAM, respec-
tively. Conditions: 50% ethylene glycol in 125 mM phos-
phate buffer, pH 5.0; applied voltage, 20 kV (detector
at cathode side); uncoated fused-silica capillary, 20 cm
(effective length)�50 �m ID; sample size, 90 s by electro-
kinetic injection; dip, 3 s; water plug, 6 s; wavelength,
214 nm.

ethylene glycol and 125 mM phosphate buffer (pH 5.0).
Baseline separation of these drugs was achieved in
6 min. In order to determine the optimal separation condi-
tions, parameters affecting the HCFASS-CZE were stud-
ied. Different voltages were tested; 20 kV can provide
suitable separation and better efficiency. Too high vol-
tages in our instrument would induce some current
problems.

3.1 Water plug on sensitivity

The injection time of the water plug was optimized for the
highest absorbance of reasonable peak width. The results
in Fig. 2 show that 6 s injection time provided the highest
absorbance. Comparing the difference between with and
without water plug, we can gain higher reproducibility
when using water plug.

3.2 Voltage and time for electrokinetic injection

Electrokinetic sample injection was used with solutes dis-
solved in water, the injection voltages (1, 3, 6, and 10 kV)
were tested with the injection time at 90 s. There were
no differences between these voltages, so the optimal
voltage was set at 1 kV. The injection times (10–90 s)
were tested with the injection voltage at 1 kV. The results
(Fig. 3) indicate that there is no linearity between injection

Figure 2. Effects of injection time of water plug on the
absorbance of H2-antagonists each at 0.2 �g/mL.

time and absorbance. This means, the injection time has
to be set for calibration curves. The optimal injection time
was set at 90 s to obtain the best sensitivity.

3.3 Concentration of phosphate buffer

HCFASS-CZE of the drugs using 50% ethylene glycol
and phosphate buffer (pH 5.0) at different concentrations
was studied. The results in Fig. 1 indicate that baseline
resolution of the drugs is obtainable at phosphate buffer
concentrations � 100 mM. At higher concentrations, the
Joule heat increases. The optimal phosphate buffer con-
centration is set at 125 mM. Based on the pKa values of
CIM at 6.8, RAN at 2.7 and 8.2, FAM at 6.45, and NIZ at
2.1 and 6.8 [27], these four drugs can be fully protonated
in pH � 5 buffers. Ethylene glycol and phosphate buffer

Figure 3. Effects of injection time on the absorbance of
H2-antagonists each at 0.2 �g/mL. Conditions as in Fig. 1.
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Table 1. Regression analysis for determination of CIM, RAN, NIZ, and FAM in plasma

Concentration
range (�g/mL)

Regression equation Correlation
coefficient (r)

Intradaya)

CIM (0.1–2.0) Y = (1.133 � 0.088) X � (0.062 � 0.043) 0.996
RAN (0.2–5.0) Y = (0.480 � 0.036) X � (–0.009 � 0.035) 0.998
NIZ (0.3–5.0) Y = (0.298 � 0.039) X � (0.026 � 0.025) 0.992
FAM (0.1–3.0) Y = (0.530 � 0.058) X � (–0.005 � 0.021) 0.995

Interdayb)

CIM (0.1–2.0) Y = (1.158 � 0.111) X � (–0.014 � 0.063) 0.986
RAN (0.2–5.0) Y = (0.468 � 0.035) X � (0.045 � 0.133) 0.991
NIZ (0.3–5.0) Y = (0.297 � 0.017) X � (–0.007 � 0.103) 0.992
FAM (0.1–3.0) Y = (0.747 � 0.056) X � (–0.048 � 0.074) 0.988

a) Regression equations of intraday analysis were calculated from the assay values of
prepared standards on a single day (n = 5)

b) Regression equations of interday analysis were calculated from the assay values of
prepared standards on five different days (n = 5)

Figure 4. Effects of buffer pH on the migration time of
H2-antagonists each at 0.2 �g/mL.

(50% v/v, 125 mM) at different pHs were studied. The
results in Fig. 4 indicate that a baseline resolution and
shortest time were obtained at pH 5.0.

3.4 Concentration of ethylene glycol

The effects of ethylene glycol at a concentration range
of 30–60% v/v in 125 mM phosphate buffer (pH 5.0)
on the separation are discussed. The results indicate
that electrophoresis of the drugs in the ethylene glycol
concentration less than 40% v/v results in no baseline
resolution. The more viscous buffer needs a longer

separation time. The optimal ethylene glycol concentra-
tion is set at 50%, which can effectively retain and
separate the drugs.

3.5 Validation of H2-antagonists spiked
in plasma

The linear regression equations are listed in Table 1. The
mean correlation coefficients for the calibration curves
obtained from five separate experiments ranged from
0 986–0.998. The data indicate good linearity of this
method for the intra- and interday assay. The precision
(relative standard deviation, RSD) of the proposed
method for spiked samples was studied. The results
(Table 2) show that the intra- and interday variances at
the concentrations were all below 12.19%. The relative
recoveries of the method in spiked plasma from three
different subjects were all greater than 82%. The detec-
tion limits (S/N = 3, electrokinetic injection 1 kV, 90 s)
were found to be 3 ng/mL (11.89 nM) for CIM, 30 ng/mL
(95.41 nM) for RAN, 50 ng/mL (150 nM) for NIZ, and
10 ng/mL (29.63 nM) for FAM, respectively.

3.6 Plasma profile from a subject dosing
with H2-antagonists

The peak concentration (Cmax) range and the time to peak
concentration (tpeak) range with oral tablets of H2-antago-
nists are listed in Table 3 [26]. Unfortunately, this method
can not afford enough sensitivity for the assay of FAM in
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Table 2. Precision and accuracy for determination of
CIM, RAN, NIZ, and FAM in plasma

Concentration
range (�g/mL)

Concentration found
(�g/mL)

RSD
(%)

RE
(%)

Intraday (n = 5)
CIM 0.30 0.28 � 0.02 7.48 – 5.45

0.80 0.71 � 0.04 5.06 –11.33
1.80 1.90 � 0.06 3.13 5.63

RAN 0.50 0.49 � 0.02 3.23 – 0.83
2.50 2.51 � 0.05 1.81 0.37
4.50 4.56 � 0.30 6.59 1.32

NIZ 0.50 0.49 � 0.02 4.48 – 1.77
2.50 2.32 � 0.04 1.58 – 7.16
4.50 4.71 � 0.56 11.91 4.66

FAM 0.50 0.46 � 0.03 6.86 – 7.6
1.50 1.50 � 0.02 1.09 0.04
2.80 2.88 � 0.05 1.65 3.12

Interday (n = 5)
CIM 0.30 0.29 � 0.02 9.40 – 2.16

0.80 0.79 � 0.92 11.75 – 1.76
1.80 1.87 � 0.14 7.57 4.12

RAN 0.50 0.50 � 0.04 8.42 – 0.94
2.50 2.53 � 0.13 5.33 1.01
4.50 4.44 � 0.27 6.03 – 1.44

NIZ 0.50 0.50 � 0.06 12.19 0.00
2.50 2.48 � 0.26 10.38 – 0.87
4.50 4.58 � 0.30 6.44 1.70

FAM 0.50 0.50 � 0.06 11.38 0.47
1.50 1.54 � 0.15 10.02 2.71
2.80 2.84 � 0.15 5.38 1.4

Figure 5. Electropherograms of (A) plasma blank and
(B) CIM (1.1 �g/mL), RAN (0.27 �g/mL), and NIZ
(1.48 �g/mL) extracted from the plasma of a volunteer
dosing Tagamet, Zantac, and Tazac simultaneously. Con-
ditions as in Fig. 1. Peaks: 0, 1, 2, 3 for doxylamine, CIM,
RAN, and NIZ, respectively.

Table 3. Pharmacokinetics of H2-antagonists

H2
–

antagonist
Dose
(mg)

Cmax

(�g/mL)
tpeak

(min)

CIM 200 0.36 –1.50 45– 90
RAN 300 0.87 –0.98 30–120
NIZ 150 0.72 –1.16 60–180
FAM 20 0.029–0.033 60–210

Figure 6. Plasma CIM, RAN and NIZ concentration ver-
sus time curve in a single oral dose (Tagamet 200 mg,
Zantac 300 mg, and Tazac 150 mg) to a healthy volunteer
(male, 25 years, 70 kg).

real biosample. This developed method is sensitive and
selective for the determination of CIM, RAN, and NIZ
from one subject dosing one Tagamet, one Zantac, and
one Tazac simultaneously. Fifteen �L of plasma is enough
for this biological assay. The electropherograms resulting
from the analysis of the real plasma sample are shown in
Fig. 5. There is no interference existing in real plasma
sample. The plasma concentration-time-profile of CIM ,
RAN, and NIZ following single oral dose of each tablet to
a healthy volunteer is shown in Fig. 6. The Cmax and tpeak

of H2 antagonists were 1.48 �g/mL and 90 min for NIZ,
1.10 �g/mL and 90 min for CIM, and 0.29 �g/mL and
105 min for RAN, respectively. The application of this
method to clinical study is feasible.
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