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Rhodamine B, 9-(2-carboxyphenyl)-3,6-bis(diethylamino }xanthylium
chloride, is widely used as a fabric dye, a colouring agent in drug and cosmetic
preparations, an analytical reagent for metals, a tracing agent in water pollu-
tion studies and as a colour marker in herbicide sprays [1]. Animal studies
have shown that rhodamine B may induce growth retardation and liver damage
[2], erythrocyte haemolysis [3] and the suppression of the immune response
in isolated spleen cells [4]. The dye has also been recognised as possibly mu-
tagenic [5-9] and carcinogenic [10,11]. Apart from the work of Webb and
Hansen [12,13], who have studied the metabolism of rhodamine B in the dog,
rat and rabbit, there is little information available on the pharmacokinetics of
rhodamine B in either experimental animals or in man. We report here the
development of a high-performance liquid chromatographic (HPLC) method
for the quantitation of rhodamine B in rabbit and human plasma. The method
is tested by the analysis of plasma following the treatment of rabbits with
rhodamine B.

EXPERIMENTAL

Chemicals and reagents
A commercial preparation of thodamine B (rhodamine B500 powder) was
provided by ICI New Zealand (Wellington, New Zealand). Analytical-grade
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rhodamine B was supplied by Solmedia (London, U.K.). Acetonitrile (HPLC
grade) was obtained from J.T. Baker or May and Baker (Dagenham, U.K.)
and orthophosphoric acid (Aristar grade) from BDH (Poole, U.K.). Distilled,
deionised water was obtained using the Millipore Q system, whilst all other
reagents were of analytical grade.

Analytical procedures

The detection parameters for rhodamine B were established following the
determination of the fluorescence spectrum of the dye in aqueous solution us-
ing a Shimadzu DR-3 spectrofluorimeter. Analyses were carried out at room
temperature (18 +2°C) using a yBondapak CN column (25 mm X 4.6 mm)
with a Waters 6000A pump, a UGK injector and a Schoeffel FS 970 fluorimetric
detector. The mobile phase consisted of acetonitrile-water (35:65 or 40:60)
containing 0.1% orthophosphoric acid at a flow-rate of 1.8 ml/min. Chroma-
tograms were recorded with a chart-speed of 2.5 mm/min. Samples of plasma
(0.5 ml, diluted with 0.5 ml of 0.05 M potassium dihydrogenphosphate buffer,
pH 5.5) were extracted with 5 ml of ethyl acetate, the organic phase (4 ml)
was evaporated to dryness, the residue dissolved in 250 gl of the mobile phase
and a small volume (5-50 ul) of this solution injected into the liquid chroma-
tograph. Standard calibration curves were obtained by analysing plasma con-
taining known amounts of rhodamine B. Validation experiments were carried
out to define the linearity of the relationship between peak height and concen-
tration and to determine the extraction efficiency and reproducibility of the
analytical procedure.

Pharmacokinetics of rhodamine B in the rabbit

Adult female New Zealand White rabbits (3-4 kg) were given rhodamine
B500 (1 mg/kg) by intravenous injection into the ear vein. Blood samples (1
ml) were collected from the central artery of the opposite ear at various times
up to 300 min following the administration of rhodamine B500. The plasma
was analysed as described above and the rhodamine B concentration calcu-
lated by comparing the observed peak height with that obtained from a stan-
dard solution containing a known amount of rhodamine B.

RESULTS AND DISCUSSION

Rhodamine B was strongly fluorescent, giving excitation and emission max-
ima in aqueous solution at 261 and 575 nm, respectively. Thus, an excitation
wavelength of 260 nm together with an emission filter at 580 nm were chosen
as appropriate detection parameters. The assay provided a good separation of
rhodamine B from several other fluorescent compounds which were present in
the plasma of rhodamine B500-treated rabbits but were absent from the plasma
of untreated rabbits (Fig. 1). The chromatographic conditions of the assay
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Fig. 1. HPLC profiles of plasma extracts before treatment and 2 h after treatment of a female
rabbit with 1 mg/kg rhodamine B500 intravenously. Peaks: RB =rhodamine B; I-IV = metabolites
I-IV, respectively.

were chosen to optimise the analysis of rhodamine B at the expense of its
metabolites. Under the conditions of the assay, four main fluorescent compo-
nents were resolved with retention times of 7.6 min (metabolite I), 6.0 min
(metabolite I1), 4.5 min (metabolite III) and 3.7 min (metabolite IV). The
retention time of rhodamine B was 9.7 min and the total analysis time approx-
imately 12 min. The elution of the solute components may be assumed to have
occurred in order of decreasing polarity and water solubility. Thus the results
of Fig. 1, which show that the fluorescent metabolites chromatographed with
faster retention times than the parent compound, are consistent with the ob-
servations of Webb and Hansen [12], who demonstrated that in the dog, rat
and rabbit rhodamine B is metabolised by step-wise de-ethylation to N,N’-
diethyl-3,6-diaminofluoran, the monoethyl analogue and 3,6-diaminofluoran,
with each compound being more water-soluble than its precursor.

Fluorescein, fluorosceinamine, fluoroscein diacetate, tetraiodofluoroescein,
tetrabromofluoroscein, diiododimethylfluoroscein, anthraquinone-2-sul-
phonic acid and phyloxine were tested as possible internal standards for the
analysis but none of these compounds were suitable because their retention
times coincided with those of the metabolite peaks.

Calibration curves for rhodamine B in rabbit plasma were linear at concen-
trations ranging from 25 to 500 ng/ml. A typical analysis gave a correlation
coefficient (r) of 0.9947 (n=6) with recoveries and coefficients of variation
(C.V.) of 98 +5% (mean+*S.D., n=5) and 5.3%, respectively, at the highest
concentration and 87 +10% and 11%, respectively, at the lowest concentra-
tion. The calibration curve for rhodamine B in human plasma was also linear
over the same range of concentrations. A typical standard curve (r=0.9995,
n==86) gave an overall recovery of 106 +9% (n=5) and a C.V. of 10.8% at the
lowest concentration and 3.6% at the highest concentration. The detection
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Fig. 2. Plasma concentration of rhodamine B as a function of time following the intravenous
administration of 1 mg/kg rhodamine B500 to a female rabbit.

limit was at least 2 ng of rhodamine B, corresponding to a plasma concentra-
tion of 25 ng/ml, at a signal-to-noise ratio of 4:1.

The stability of rhodamine B in whole blood was assessed by treating a rabbit
with rhodamine B, obtaining a blood sample after 3 h and then analysing the
plasma immediately and after storage of the blood at room temperature for 1
h. During this period, the plasma concentration of rhodamine B remained
constant.

The analytical method was tested in rabbits by analysing plasma following
the intravenous administration of rhodamine B (Fig. 2). A representative
plasma concentration-time curve obtained from one of the animals indicates
that the proposed method is applicable in vivo. It is important to note the rapid
decrease in the plasma concentration of rhodamine B (Fig. 2) and the rapid
appearance of its metabolites in the plasma (Fig. 1). The significance of these
observations and the role of the metabolites in the pharmacokinetics of rho-
damine B require to be elucidated. Application of the present method to a study
of the pharmacokinetics and genotoxicity of rhodamine B and its metabolites
will be reported elsewhere.
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