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Determination and pharmacokinetics of ergometrine maleate in rabbit
blood with on line microdialysis sampling and fluorescence detection
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Abstract

The study describes a flow injection on-line microdialysis system for in vivo monitoring of ergometrine maleate in rabbit blood with
fluorescence detection. A flow-through microdialysis probe was used for intravenous sampling by pumping of the blood from the tested
rabbit through the flow-through microdialysis probe located outside the living system at a flow rate of 15�l min−1. The perfusion rate is
5�l min−1. The ergometrine maleate in the dialysate was detected on-line with a flow injection fluorescence system after the ergometrine
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aleate administration (0.2 mg kg, i.v.). The dialysate sample volume was about 15�l. The system was linearly related to the concentra
f ergometrine maleate in the range 1–140 ng ml−1 (r = 0.9989) with a detection limit 0.3 ng ml−1 (3σ). The pharmacokinetic parameters
rgometrine maleate were calculated utilizing the pharmacokinetic software ‘NDST-21’ by a one-compartmental open model.
2004 Elsevier B.V. All rights reserved.
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. Introduction

In recent years, microdialysis sampling has become a well-
nown technique for in vivo monitoring of biochemical con-
titutes in the extracellular fluid (ECF) of virtually any tissue,
rgan or biological fluid[1]. While microdialysis sampling
as originally developed mainly to monitor neurotransmitter

elease in the brain[2], over the past decade the technique has
een employed extensively for in vivo analysis at other sites
f living systems, such as muscle[3], liver [4,5], bile[6], skin

7,8], tumor[9], blood and brain[10–13]. Furthermore, the
pplication of microdialysis sampling has been extended to
any other fields including toxicology[4], bioprocess mon-

toring [14] and pharmacokinetics[11–13].
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The flow-through microdialysis probe, originally intr
duced by Fang et al.[15], enables the monitoring of the co
centration of glucose in the blood of rabbit by pumping
the blood from the tested rabbit through the microdial
probe located outside the living system. A diagram of
flow-through microdialyzer is shown inFig. 2. If the micro-
dialysis probe is implanted in a blood stream, the disad
tages of microdialysis system are obvious. The variatio
blood flow always somewhat affect analyte transfer thro
dialysis membranes[16], furthermore, irreproducible parti
obstruction of membrane surface of a dialysis probe by
vein walls during implantation and/or during the monitor
processes cannot be completely avoided[15]. However, thos
disadvantages can be avoided by the flow-through micro
ysis probe. In recent years, flow-injection analysis (FIA
a widely used methodology to perform the automatio
analytical progress in many fields so several works de
with FIA combined with microdialysis have appeared in
literatures[15,17–19].

Ergometrine maleate ((8s)-9,10-didehydro-N-[(s)-2-hyd-
roxy-1-methylethyl]-6-methylergoline-8-carboxamide m
731-7085/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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Fig. 1. Structure of ergometrine.

omaleate) is a naturally occurring amino ergot alkaloid, used
as an orally active obstetric drug and it has a direct stimu-
lating action on the vascular smooth muscle. Several meth-
ods have been reported for the determination of ergometrine
maleate such as HPLC[20], spectrophotometry[21], im-
munoassay[22,23], amperometry[24], and chemilumines-
cence[25]. Fluorescent detection is widely used in quantita-
tive analysis because of its great sensitivity and good selectiv-
ity as well as its relatively low cost. Ergometrine (Fig. 1) has a
property of fluorescence[26], however, few reports describe
the microdialysis sampling method coupled with fluorescent
detection for determination of ergometrine maleate.

Therefore, in the present study we use an in vivo on-line
microdialysis sampling method coupled with flow-injection
analysis fluorescence detection for the measurement of er-
gometrine maleate in the rabbit blood. Furthermore, the phar-
macokinetic analysis of results were obtained utilizing soft-
ware ‘NDST-21’.

2. Experimental

2.1. Reagents and standard solutions

All chemicals were of analytical reagent grade, and dou-
b so-
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Fig. 2. Schematic diagram of flow system for in vivo on-line determination
of ergometrine maleate in awake rabbit by microdialysis sampling. C: carrier
flow (H2O); MP: micropump and its controller system; FD: flow-through
microdialysis probe; P1: variable-speed peristaltic pump (�l min−1); P2:
three channel peristaltic pump (ml min−1); V: valve; F: flow cell; D: detector
of F-4500 fluorescence spectrophotometer; PC: personal computer.

Fluorescence intensity was measured on the Hitachi
F-4500 fluorescence spectrophotometer (Hitachi, Japan)
equipped with a xenon-pulsed (10 s half-width, 50 Hz) ex-
citation source. The excitation and emission slits were set
at 2.5 and 5.0 nm, respectively. A conventional Perkin-Emer
L2251247 flow-cell (25�l volume) was used. A three chan-
nel peristaltic pump (Wenzhou, China) and an eight-channel
injector valve (Wenzhou, China) were used to construct the
FI system.

2.3. Fabrication of flow-through microdialyser

The preparation procedure of the flow-through microdia-
lyzer was similar to that proposed by Fang et al.[15]. Two
apertures (i.d. 0.6 mm) with a distance of 3.8 mm were made
by needle through the wall of a micro-Line tubing (0.8 mm
i.d., 1.2 mm o.d., 6.5 mm long, Thermoplastics, Chengdu
Medical Appliance Corporation, China). A linear microdialy-
sis probe (MF-7051) from Bioanalytical System (BAS) (West
Lafayette, IN, USA) was then threaded into the micro-line
tubing from one aperture and out from another aperture, and
ensured that the dialysis membrane of probe completely be
in the micro-line tubing. The connections between the linear
microdialysis probe and the micro-line tubing were sealed
with epoxy.

2

were
u libra-
t ugh
m en-
t used
a
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ly distilled water was used throughout. The Ringer’s
ution containing 148 mM NaCl, 4.0 mM KCl and 2.3 m
aCl2 used as perfusion medium was prepared by disso
.65 g of NaCl and 0.30 g of KCl and 0.26 g of CaCl2 in 1 l
f water. Ergometrine maleate was purchased from Ha
harmaceutical Corporation (Shanghai, China). Aqueou
ometrine maleate standards were prepared by sequen

ution of a stock solution containing 10�g ml−1 ergometrine
aleate with perfusion solution.

.2. Instrumentation

Microdialysis sampling was performed using a KH-1
rodialysis syringe pump controller (Institute of Chemis
cademy of Sciences, China) coupled to a flow-through
rodialysis probe. A microdialysis syringe pump (1000�l
olume) was used for delivery of perfusate. A variable p
taltic pump (Xi’an Ruimai Instrumental Factory, Xi’a
hina) was used for pumping the blood from the tested ra
TFE tubing of (0.25 mm i.d., 0.8 mm o.d.) was used fo
onnections. The microdialysis manifold is shown inFig. 2.
.4. In vitro experiments

In these experiments, aqueous standard solutions
sed instead of real samples from tested rabbit. The ca

ion of the measurement was performed by a flow-thro
icrodialyzer in the Ringer’s solution with variable conc

rations of ergometrine maleate. The perfusion rate was
t 5�l min−1, and the sample flow rate was 15�l min−1. A
ifferent concentration of ergometrine maleate solution
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Fig. 3. Fluorescence excitation spectra (λ = 315.6 nm) and emission spectra
(λ = 432.6 nm) of ergometrine maleate (0.1�g ml−1) in the Ringer’s solution
(148 mM NaCl, 4.0 mM KCl and 2.3 mM CaCl2).

chosen randomly. After an equilibration time of 30 min, dial-
ysis sample were collected every 3 min (170 s loading time
and 10 s injection time). Perfusate (15�l) in sample loop was
injected into the carrier stream, and then a fluorescence signal
was detected and recorded.

2.5. In vivo experiments

Experiments were carried out in female rabbits with body
weight about 2.5 kg and age not less than 12 months. Move-
ment of the test animal was limited by fixing it on a wooden
dissecting plate (Huzhong Material Works, Henan, China).
The body temperature of the rabbit was maintained at 37◦C
with a heat pad. About 15 min before the experiments, the
rabbit was given an intravenous injection of 5000 IU of hep-
arin sodium injection via the edge of the test animal’s ear to
avoid clogging by blood coagulation during the experiments.
A sterilized heparin-treated stainless-steel needle (0.6 i.d.,
0.8 mm o.d., 20 mm long) was inserted into the edge vein of
the test rabbit’s ear. The outer end of the needle was connected
to the flow-through microdialysis probe by a PTFE tubing
(0.8 i.d., 2.0 o.d.), and the microdialysis sampling was per-
formed by drawing out the blood of the test rabbit at a pump
rate of 15�l min−1), while the perfusion rate was 5�l min−1.
After 0.5 mg ergometrine maleate (0.2 mg kg−1, i.v.) was ad-
m nce
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p
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These excitation and emission wavelengths were selected for
the following assays to measure the fluorescence intensity.

3.2. Effect of sample flow rate on the fluorescence
intensity

The effects of sample flow rate on analyte fluorescence
intensity were studied for the flow-through microdialysis
probe. The results indicate that the fluorescence intensity in-
creased steeply with increasing of sample flow rates from 0
to 15�l min−1, above the sample flow rate of 15�l min−1, it
remained almost constant. Then, 15�l min−1 was the opti-
mal sample rate for the system. This is in accordance with the
result reported by Fang et al.[15]. Therefore, a flow rate of
15�l min−1 was employed in in vivo experiments for achiev-
ing sufficient sensitivity without significantly disturbing the
fluid balance of the test rabbit, even under extended periods
of observation.

3.3. Effect of perfusion rate on the recovery

Various factors such as the perfusion rate, membrane
length, temperature and type of analyte can affect the re-
covery of the microdialyzer. The perfusion rate is an impor-
t yzer
a dia-
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inistrated, further operations dealing for FI-fluoresce
easurements were followed as described in the in vitr
eriment section.

. Results and discussion

.1. The fluorescence of ergometrine maleate

Fig. 3 shows the excitation and emission spectra
inger’s solution of ergometrine maleate. A maximum
15.6 nm can be clearly observed in the excitation s

rum, the emission spectrum shows its maximum at 432.6
ant factor that defines the performance of a microdial
nd has direct influence on the recovery of the micro

yzer. The effect of perfusion rate (from 2 to 10�l min−1)
n ergometrine maleate recovery of the flow-through
rodialyzer used in this study was investigated emplo
he MD FI-fluorescence system with the sample flow ra
5�l min−1. The dialysate was loaded directly into the s
le loop (about 40�l) of the FI system. The loading tim

or each perfusion rate studied was long enough to en
omplete filling of the sample loop. The results are sh
n Table 1. It can be seen that the recovery increases
ecreasing the perfusion rate. A low rate of perfusion
id through the microdialyzer gives a higher recovery,
fewer injections could be made during a given time

iod and at high flow rates low concentration of ergomet
aleate reached the detection system. Considering the

itivity and analysis efficiency, 5.0�l min−1 was selected a
he perfusion rate.

able 1
ecovery of ergometrine maleate at different perfusion rate (sample

ate: 15�l min−1)

erfusion rate (�l min−1) Recovery (%

2 54.7
3 41.5
5 32.2
7 11.2
0 7.6
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Fig. 4. The concentration of ergometrine maleate in test rabbit blood after administration (0.2 mg kg−1 bodyweight i.v., weight of the tested rabbit: 2.5 kg).

3.4. Performance of the on-line MD FI-fluorescence
system

3.4.1. In vitro experiments
According to the method proposed by Fang et al.[15] that

the sample loop was only partially filled in order to adapt the
conventional injector with the lowest volume sample loop
(15�l) to couple with the microdialysis system, a perfusion
rate of 5�l min−1 and loading/injection time of 170/10 s were
selected. Calibration graph of fluorescence intensity versus
ergometrine maleate concentration was linear in the range
of 1–140 ng ml−1, and the detection limit was 0.3 ng ml−1

(3σ). The regression equation was�F= 51.5C+ 10.4 (n= 9,
r = 0.9989,�F: the fluorescence intensity,C: the ergometrine
maleate concentration in ng ml−1).

3.4.2. In vivo experiments
Under the system inFig. 2, the in vivo determination of er-

gometrine maleate in the blood of rabbit was carried out. The
rabbit was administrated ergometrine maleate (0.2 mg kg−1,
i.v.), then the ergometrine maleate concentration in the blood
was monitored by continuous sampling. Compensation for
variation of sensitivity during in vivo monitoring was per-
formed by the equation proposed by Fang et al.[15]:

C
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m

3.5. Pharmacokinetic studies

Fig. 4 shows the relationship of measured concentra-
tions versus time for ergometrine maleate in rabbit blood
after ergometrine maleate administration (0.2 mg kg−1, i.v.).
Based on these microdialysis sampling data, the pharma-
cokinetics of ergometrine maleate in the rabbit blood were
performed utilizing the pharmacokinetic calculation soft-
ware ‘NDST-21’ (China Pharmaceutical University, China).
The results show that the concentration–time curve fitted
to one-compartmental open model, and therefore the one-
compartmental open model was chosen for calculation of
pharmacokinetic parameters. Generally, the following equa-
tion can apply to a one-compartmental pharmacokinetic
model[27]:

C = Ae−at

whereA is the concentration (C) intercept for fast or slow
disposition phase, anda is the disposition rate constant for
the disposition phase. Analysis of data after i.v. administra-
tion of ergometrine maleate (0.2 mg kg−1) yielded the next

Table 2
Pharmacokinetic parameters of ergometrine maleate (0.2 mg kg−1 body-
w

P d

A
a
A
C
T

A
p curve;
C

x = kIxIs1

Is2

hereCx is the ergometrine maleate concentration in s
le x, k the slope of the calibration curve expressed in
oncentration per unit peak height,Ix the peak height of sam
le x, andIs1 andIs2 are the peak heights of the sensitiv
heck standard at the beginning of the monitoring when
alibration curve was constructed and immediately afte
inistrating samplex, respectively.
eight i.v.) in rabbit blood

arameters Estimate

(ng ml−1) 192
(min−1) 0.0263
UC (min ng ml−1) 5808
l (ml kg−1 min−1) 34.4

1/2 (min) 26.5

: the concentration intercept for fast or slow disposition phase;a: the dis-
osition rate constant; AUC: the area under the concentration–time
l: the body clearance;T1/2: elimination half time.
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equation:

C = 192e−0.0263t

The pharmacokinetic parameters of ergometrine maleate are
shown inTable 2.

4. Conclusion

The FI on-line microdialysis fluorescence system devel-
oped in this work was applied to monitor ergometrine maleate
in rabbit blood. The concentration of ergometrine maleate in
rabbit blood versus time was obtained after the administra-
tion (0.2 mg kg−1, i.v.). The results indicate that the pharma-
cokinetics of ergometrine maleate in rabbit blood conform to
a one-compartmental open model. Moreover this FI on-line
fluorescence system can be used to other fluorescent analytes.
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