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Abstract

It was found that the light emission produced by the oxidation of luminol by potassium ferricyanide in the basic medium was enhanced by
phentolamine, a drug recently used to treatment of male and female sexual dysfunction. The optimum conditions for this chemiluminescent
reaction were studied in detail by a flow-injection system. A new, simple and rapid method has been developed under the optimum conditions
for determination of phentolamine. This method has the advantages of high sensitivity, good reproducibility and low detection limit. On the
basis of investigation of chemiluminescent, fluorescent and UV spectra of phentolamine in basic solution containing potassium ferricyanide
and luminol, a possible mechanism of this reaction was proposed. In the optimum conditions, CL intensities are proportional to concentrations
of the phentolamine in the 0.01Bb/mL range. The limit of detection is 3.0 ng/mL for phentolamine. The method has been applied to the
determination of phentolamine in the commercial preparations, synthetical samples and biological fluids with satisfactory results.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction cology of phentolaming7]. Therefore, the safety of using
phentolamine to improve the sexual dysfunction has been
Phentolamine isKig. 1) ana-adrenergic blocking agent  noticed by medical scientists, and the biological research of
with a slight stimulating effect. Traditionally, it was used phentolamine is very significant in clinical medicine. The
to treat the hypertension and as a valuable research tool in thalevelopment of a rapid, sensitive and simple method for de-
study of adrenergic receptor-mediated processes. It has beetermination of phentolamine in biological samples is espe-
reported as a useful agent for therapy in congestive heartcially important. The monitoring of such drug is important
failure, myocardial infarction, arrhythmia, angina pectoris, for quality assurance in preparations and for obtaining opti-
shock and bronchial asthnfiz]. Recently, clinical research  mum therapeutic concentrations. For its measurement, sev-
has shown that phentolamine is an effective drug in the treat-eral methods have been reported, such as spectrophotome-
ment of male and female sexual dysfunct[@a7]. For ex- try [8], thin-layer chromatograpH$,10], spectrofluorimetry
ample, at oral doses of 40 and 80 mg, respectively, 55 and[11], gas chromatography (GC) with electron capture detec-
59% of men were able to achieve vaginal penetration, with tion [12], high-performance liquid chromatography (HPLC)
51 and 53% achieving penetration on 75% of attempts. Thewith UV [10,13,14] electrochemicall5,16] or mass spec-
correction of erectile dysfunction or improvement to a less trometric detectioffil0,17] However, most of them have one
severe category of dysfunction was experienced by 53% of or more drawbacks. Because of low sensitivity, spectropho-
men with the 80 mg dose and 40% with the 40 mg dose of tometry could not meet the need of trace analysis. Although
phentolaming4]. However, research also observed the ad- the low detection limits are generally provided by electro-
verse effects, which are consistent with the known pharma- chemical detection, one serious pitfall of this type of deter-
mination arises from the electrode fouling, which causes the
* Corresponding author. instability of signal detection. Also, many methods require
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3 Fig. 2. Schematic diagram of the flow system for the determination of phen-

tolamine: a, HO; b, 0.1 mmol/L potassium ferricyanide; c, pfhol/L lumi-
nol in 0.003 mol/L NaOH; S, sample; P1, P2, peristaltic pump; V, injection
valve; F, flow cell; W, waste liquid; D, PMT; PC, personal computer.

time-consuming sample preparation techniques, particularly
in the case of using GC and HPLC. Regarding the deter- connect all components in the flow system. The emitted CL
mination of phentolamine by chemiluminescence, however, was collected with a photomultiplier tube of the Type IFFL-
there are no literatures dealing with this issue to date. The D flow-injection chemiluminescence analyzer (Reike, Xi'an,
aim of the present study is to use a flow-injection analysis China). The signal was recorded by using an IBM-compatible
system with chemiluminescent detection for determination computer, equipped with a data acquisition interface. Data-
of phentolamine. The chemilumionescent behavior of phen- acquisition and treatment were performed with REMAX soft-
tolamine in basic potassium ferricyanide—luminol media has ware running under Windows 98. Chemiluminescence spec-
been investigated. It is discovered that a chemiluminescencetrum was monitored by using a RF-540 fluorescence spec-
increases when the phentolamine solution is injecting into trometer (Shimazhu, Japan). An F-4500 spectrofluorimeter
mixture of potassium ferricyanide and alkaline luminol. A (Hitachi, Japan) and a U-2000 spectrophotometer (Hitachi,
simple and rapid FIA-CL assay for phentolamine based on Japan) were used.
the above mentioned discovery was developed and it was ap-
plied to the determination of phentolamine in the commercial 2.3. Procedure
preparations, synthetical samples and biological fluids with
satisfactory results. To our knowledge, this is the first report 2.3.1. Procedure for calibration
on the chemiluminescent determination of phentolamine. Working standard solutions containing phentolamine in
the range of 0.01-lg/mL were prepared by dilution of
a concentrated fresh standard solution of phentolamine

Fig. 1. Molecular structure of phentolamine.

2. Experimental (500pg/mL). The CL signal was measured by injecting
100pL of working standard solution into the water carrier
2.1. Reagents stream, which then joined the reagent streams (a mixture of

0.1 mmol/L ferricyanide solution and $mol/L luminol in
All the reagents were of analytical-reagent grade un- 0.003 mol/L NaOH solution). The CL emission intensities
less specified otherwise; doubly distilled water was used versus phentolamine concentration were used for the cali-
for the preparation of solutions. Phentolamine (The Shang- bration.
hai Sixth Pharmaceutical Factory, Shanghai, China) solution
(500p.9/mL) was prepared. More diluted solutions were used 2.3.2. Procedure for the pharmaceutical preparations
immediately after preparation. Potassium ferricyanide and  Injection samples, each with a nominal content of 10 mg
sodium hydroxide were obtained from Chongging Chem- of phentolamine in 1 mL (Shanghai Xudong Haipu Pharma-
ical Reagent Company (Chongging, China). A 0.01 mol/L ceutical Company, Shanghai), were diluted to 100 mL with
luminol solution was prepared by dissolving 1.772 g of lumi- doubly distilled water and further diluted to the working range
nol which from Merck (Darmstadt, Germany) in 1000 mL of of the determination of phentolamine, then used for an anal-
0.001 mol/L NaOH. More diluted solutions were prepared in ysis.
0.003 mol/L NaOH and used immediately.
2.3.3. Procedure for synthetical sample
2.2. Apparatus A certain mount of phentolamine was put into a flask with
the volume of 100 mL, then different foreign substances were
The flow system employed in this work is shown in added and diluted with doubly distilled water for a quantita-
Fig. 2, which consisted of two peristaltic pumps P1 and P2 tive analysis.
(Longfang Instrument Factory, Wenzhou, China). P1 deliv-
ered all reagent streams at a flow rate of 3.6 mLThifper 2.3.4. Procedure for biological fluids
tube) and P2 delivered water carrier stream at a flow rate 2.3.4.1. Procedure for spiked plasmAdd an aliquot of
of 3.6 mLmim 1. PTFE tubing (0.8 mm i.d.) was used to standard aqueous solution of phentolamine (5§@nL) to
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Fig. 3. Effect of sodium hydroxide concentration. Error bars represent one

standard deviation for three measurements. Fig. 4. Effect of potassium ferricyanide concentration. Error bars represent

one standard deviation for three measurements.

5.0 mL of plasma. Add 1 mL of 6% (w/v) perchloric acid for
each mL of the plasma for deproteination. Blend on a vortex
mixer and centrifuge at 3000 rpm for 10 min.

Transfer 2.5mL of the protein-free supernatant into a

0.2 mmol/L. Itis found that both the signal intensity and the
background level increase with the concentration of potas-
sium ferricyanide concentration. However, the S/N ratio re-
50 mL of volumetric flask and dilute to volume with water. T&inS almost constant over the concentration ranges of inter-

Proceed as described above. A blank value was determineqest Flg' 4). Considering the senS|.t|V|ty aer thg background
) . . evel, finally, 0.1 mmol/L of potassium ferricyanide was used
by treating phentolamine-free plasma in the same way.

in the coming work.

2.3.4.2. Procedure for spiked urinéddd an aliquot of stan-
dard aqueous solution of phentolamine (p@@mL) to the
urine sample. Transfer 1.0 mL of this solution into a 100 mL
of volumetric flask and dilute to volume with water. Proceed
as described above. A blank value was determined by treating
phentolamine-free urine in the same way.

3.3. Effect of luminol concentration

The effect of luminol concentration on the S/N ratio was
investigated ranging from 5 to 1Q0nol/L. FromFig. 5, itcan
be seen that the highest S/N ratio is obtained atrs0I/L of
luminol concentration. So 50mol/L of luminol was selected
in the subsequent experiments.
3. Results and discussion 3.4. Performance of the proposed method for

3.1. Effect of sodium hydroxide concentration phentolamine measurements

Luminol reacts with potassium ferricyanide to produce . Underhthef selgct_ed gonditipns given art:ove,lthe_ calibra-
light emission in basic solution. Therefore, sodium hydrox- tion graph o el_rmssu_)n r|]nten5|ty v/ersus P ento_amlne con-
ide was added in a flow line to improve the sensitivity of centrationwas linear inthe 0.01p/mL range (1 =866.11

reaction. The concentration of sodium hydroxide versus sig- (phgnto:_amine);@g/mL) +/27.3;r = |0.9976,n :3) Véitg a .de.'
nal intensity was studied at different concentrations from tection limit (3r) of 3ng/mL. Relative standard deviation

1x 10~* to 3x 10~2mol/L. It was found that the signal in- (R.5.D.) 0=11) was 3.3% for xg/mL phentolamine. Five

tensity increases with the concentration of sodium hydroxide; replicate determinations at three conce'n'tration levels were
however, the background level also increases with the Con_carned out to test the accuracy and precision of the proposed
centration of sodium hydroxide. So the S/N (signal/noise)

ratio was used to evaluate the sodium hydroxide effect. As 8
can be seen fronkig. 3, the S/N ratio increases with the 1
concentration of sodium hydroxide up tox3L0~3 mol/L,
thereafter remains almost constant to 0.01 mol/L sodium hy-
droxide, above which the S/N ratio decreases. As a compro-
mise between the sensitivity and the background level, fi-
nally, 3x 103 mol/L of sodium hydroxide was selected for
the present work.

S/N ratio
n

1 1 1 1 1
0 20 40 60 80 100

Concentration of luminol (umol/L)

3.2. Effect of potassium ferricyanide concentration

The effect of potassium ferricyanide concentration on Fig. 5. Effect of luminol concentration. Error bars represent one standard
the signal intensity was examined ranging from 0.01 to deviation for three measurements.
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Table 1
Accuracy and precision data at three concentrations
Concentration Inter-day? Intra-day?
added f.g/mL) - -
Plasma Urine Plasma Urine
Found Error R.S.D. Found Error R.S.D. Found Error R.S.D. Found Error R.S.D.
(rg/mL) (%) (%) (rg/mL) (%) (%) (rg/mL) (%) (%) (rg/mL) (%) (%)
0.05 0.048 -4.0 4.5 0.051 D 4.8 0.048 -4.0 2.6 0.048 -4.0 4.7
0.1 0.097 -3.0 5.8 0.101 0 5.2 0.0997 -0.3 4.0 0.099 -1 4.8
0.5 0.519 3B 3.2 0.500 0 5.7 0.512 2 1.7 0.510 2 3.9

a Averages of five determinations. Determinations of precision and accuracy were performed between 5 days and five times in 1 day for intra-ddgyand inter-
respectively.

Table 2

Results of the determination of phentolamine in injections

Sample Amount (mg)

Label (mg/mL) Found (mg/mL) Added Recovery
(R.S.D.%,n=3) (mg/mL) (%) (R.S.D.%Nn=3)

Injection 1 10 10.04+ 0.30 5 99.24+ 1.13
10 104.0+ 1.57

Injection 2 10 9.82+ 2.01 5 101.6+ 1.65
10 95.8+ 2.62

Injection 3 10 9.56+ 1.44 5 103.0+ 0.39
10 92.0+ 1.29

Table 3

Results of the determination of phentolamine in synthetical samples

Sample (no.) Co-existing substancgg{mL) Added Found Recovery

(prg/mL) (rg/mL) (%+R.S.D.%,n=3)

1 Glucose (5), amylum (5) .0 0.10 97.8+ 3.1

2 Glucose (25), amylum (25) B 0.51 102.5+ 2.7

3 Glucose (50), amylum (50) 1 1.08 1a84.0

4 Glucose (10), amylum (10), urea (10), starch gum (5) 20 0.20 99.4+ 2.0

5 Amylum (20), EDTA (5), CaGl (20) 02 0.20 100.6+ 3.1

6 Glucose (10), amylum (10), KCI (20), Zng@10) 02 0.20 99.0+ 3.3

method for biological samples and the results listethinle 1 3.6. Sample analysis

As can be seen, R.S.D. (precision) of inter-day and intra-day
is less than 6%, and accuracy of inter-day and intra-day is 3.6.1. Analysis of phentolamine in injection samples and
satisfactory. synthetical samples

Following the procedure described under Sectothe

proposed method was applied to the determination of phen-
3.5. Interference study

The effect of foreign substances was tested by analyzing e 4

a standard solution of phentolamine (.g/mL) to which Results of the determination of phentolamine in spiked urine and plasma
increasing amounts of interfering substances were added - -0 Found (%) (R.S.D %0 =3)
The tolerable concentration ratios with respect to@nL added (g/mL) .
phentolamine for interference at 5% level were over 1000 for Urine Plasma
glucose, CaGlt 500 for KBr and furosemide (antihyperten- 0.01 94.8 (3.44) 80.92 (2.86)
sive drug); 200 for NaN@ KNOs, urea; 100 for zinc sul- 8-25 gg-g (g-gg) gs-i (g-g’z)
fate, NaCl, KCI, amylum; 20 for NaHC%) 10 for NgCOg, 0.2 937 51:51; 92:5§1:52;
(NH4)2S0Oy; 5 for CuSQ, Al(NO3)3; 3 for sodium nitrofer- 05 91.8 (1.16) 92.5 (1.42)
ricyanide (antihypertensive drug); 2 for tartrate EDTA; 1 for 0.6 105 (1.29) 104 (0.71)
maltose, FeGt 0.1 for Mré* (MnSQy); 0.05 for ascorbic 08 94.4 (1.70) 97.5(0.08)
1 96.8 (1.72) 98.2 (0.28)

acid; respectively.
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H A 0 H
KsFe(CN)s 20H +HO"
- . T

HO," — p H:0:+ O
O, + luminol —p. aminophthalate* + HO
aminophthalate*—p aminophthalate + light (425 nm)

where A being the remaining parts of phentolamine molecule besides the phenolic group.

Fig. 6. Schematic diagram of possible CL mechanism of reaction.

tolamine in injection samples. Also, a series of synthetical  The fluorescence spectra of luminoyfke(CN), phen-
samples were prepared to check the validation of the proposedolamine/kgFe(CN and of the mixture of luminol/
method. The results are listediables 2 and 3The recovery K3Fe(CN), phentolamine/KFe(CN) were studied. The re-
tests were carried out on the samples and the obtained recovsults showed that there was only one fluorescence peak at
eries were satisfactory. As illustrated Tables 2 and 3the 425 nm, which was the fluorescence peak of aminophthalate
proposed method can be satisfactorily applied to the determi-as reportedi18]. UV spectra taken from luminol and phento-
nation of phentolamine in injection samples and synthetical lamine alone and mixed did not reveal the appearance of any

samples. extra peak after mixing of both solutions. Hence, no complex
is formed between the species. It appears that the reaction

3.6.2. Analysis of phentolamine in spiked urine and product generating CL is to be attributed to aminophthalate

plasma samples ions (the oxidation product of luminol), and not to the phen-

The method presented here has a low detection limit and, tolamine analyte as such.
therefore, the proposed method allows the determination of I order to study the role of phentolamine, the chemi-
phentolamine in biological fluids. The linearity for plasma luminescence spectra of following systems were studied by
analysis was in the 0.01+lg/mL range A1 =873.59 (phen-  the RF-540 fluorimetry: (a) luminol/Fe(CN)/NaOH; (b)
tolamine) {.g/mL) +23.3;r =0.9971,n=9) with a limit of luminol/K3Fe(CN)/phentolamine. The results show that all
quantification (LOQ, which is given as the concentration for the above systems give one peak situating at about 425nm
which the analytical signal is 10 times higher than standard (same as the maximum emission spectra of aminophthalate),
deviation of blank intensity) of 0.06g/mL. Itwas alsointhe  indicating that the role of phentolamine is only an enhance-
0.01-1j.g/mL range for urine analysis\( = 850.06 (phen- ment reagent because there is no new emitter produced in the
tolamine) fug/mL)+8.0; r =0.9963,n=9) with a limit of reaction. Therefore, it can be concluded that phentolamine
quantification (LOQ) of 0.0g.g/mL. The mean peak serum does not change the mechanism of the chemiluminescent re-
concentrations of phentolamine after 40 mg dose were aboutaction. Phentolamine is a derivative of imidazolifreg( 1),
2.5x 10~8 g/mL [15]. Thus, the proposed method proved to which is a strong base. Beside the nitrogen atom in the imida-
be satisfactory for the routine estimation of phentolamine in zoline, phentolmaine contains another basic site and a pheno-
human urine and plasma. For plasma only a deproteination“c group, making this drug easily being oxidized in solution.
process was carried out using perchloric acid as a sample preBased on above discussion, the possible enhancement mech-
treatment, an extraction procedure was not necesEsie 4 anism of phentolamine on the CL reaction between potassium

shows the results of the recovery studies of phentolamine ferricyanide and luminol may be that phentolamine as reduc-
from spiked plasma and urine. ing agent is able to reduce oxidant in an alkaline solution to

a superoxide radicdlL9]. The produced superoxide radical
reacts with luminol, yielding an unstable endoperoxide and
then leading to an electronically excited aminophthalate. This
can be expressed as showifrig. 6although more evidences
are not available.

3.7. Possible mechanism of CL reaction

The determination of phentolamine proposed in this work
is based on its enhancing effect on the light emission pro-
duced by the oxidation of luminol by potassium ferricyanide
in the basic medium. In order to know more about the char-
acteristics of the reaction, chemiluminescence kinetic char- Acknowledgements
acteristics of the CL reaction were studied. It was found
that the rate of the CL reaction in solution was very fast;  This work is supported by the Natural Science Founda-
from the reagent mixing to the peak maximum only 1 s was tions of Chongqging and the Key Laboratory of the Three

needed and it took about 5's for the signal to reach baselineGorges Reservoir Region’s Eco-Environments (Southwest
again. Normal University), Ministry of Education.
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