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The study of the biliary tract using radionuclides
startedalmost25 yearsagowhenTaplin et al. labeled
rose bengal with I- I 3 1 (1 ). This tracer has been used in
different situations where the determination of function
of the biliary tract is required. As a result of the poor
physical properties of I- I 3 1 (high f3energy, long half-life,
relatively high radiation dose), the permissible activity
is lower than is needed for quality imaging. Further re
searchbroughtabout the developmentof new corn
poundslabeledwith technetium-99m (2â€”5).Although
the relatively short half-life, low energy, low radiation
dose, and excellent imaging properties seemed to make
Tc-99m-labeled compounds the agents of choice, there
are situations where delayed studies are required, e.g.,
severe hepatitis, neonatal hepatitis, choledochal cyst,
biliary atresia, etc., where the short half-life of Tc-99m
does not permit adequately delayed studies. The excel
lent physical properties of Ru-97 (primary energy of 216
keV, with @yabundance 85%, and 324 keV with abun
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dance 11%,T112 2.9 d) suggestthat Ru-97-labeled
hepatobiliary agents should be useful in such cases (6).
Therefore, investigations were carried out using Ru-97
P1P1DA (N,a-(p-isopropyl acetanilide) iminoacetic
acid) as a potential hepatobiliary agent that would
provide improved diagnostic capabilities in such dis
eases.

MATERIALS AND METHODS

Radiopharmaceutical preparation. Most initial in
vestigations were carried out using Ru-103, due to its
convenient 39.6-day half-life. Carrier-free Ru-103
chloride was obtained from the Oak Ridge National
Laboratory as a solution in 3.5 N hydrochloric acid.
Ruthenium-97 was prepared as needed at the Brook
havenLinacIsotopeProducerfromprotonspallationof
high-purity (>99.9%) rhodium foil (7). The target was
bombarded with 200-MeV protons from the Linac. After
the bombardment, the target was transferred to a pro
cessing hot cell and dissolved by ac electrolysis in 6 N
hydrochloric acid (0.3 A/cm2, â€˜â€”15hr). After evapo
rating the solution to neardryness,radiochemical sep
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Failureofearlydiagnosisofbiliaryatreslaresultsinthe developmentofcirrhosis
anddeath.Commonlyusedhepatobiliaryagentsare not ideal for follow-upstudies
becauseof their unfavorablephysicalpropertiesor short half-life Theexcellent
physicalpropertiesofRu-97shouldovercometheselimitations.Therefore,Ru-97
PIPIDA (N,a-(p-isopropyl acetanilide) iminoacetic acid) is being investigated as
a potentialhepatobiiiaryagentthat wouldallow an improveddiagnosisof the dis
ease. Ruthenium-97PIPIDA and Tc-99m PIPIDAshowedsimilarbloodclearance
rates in dogs.Ru-97 PIPIDAscintigramsin dogsshowedearly uptake in liver and
gallbladderand slow excretion throughthe gastrointestinaltract. Blodistrlbutlon
studieswere performedIn normalrats and rats with biilary obstruction.The find
ingssuggestthat Ru-97 PIPIDAshouldbe usefulfor delayedstudies(1-3 days) of
the biliarytract.
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aration of Ru-97 was achieved by distillation of Ru04
from a sulfuric acid medium in the presence of per
manganate.Thedistillatewascollectedin ice-coldeth
anol-hydrochioric acid (1:1). Recovery of the Ru-97
from the target was almost quantitative.

Analysis of ruthenium-103 chloride, by paper chro
matography in methyl ethyl ketone/conc. HCI (70:30
v/v) (8), indicated the presence of ruthenium (III) and
ruthenium (IV) species in the hydrochloric acid solution.
Conversion of the ruthenium (IV) to ruthenium (III) was
effected when desired by refluxing the mixture in ethanol
overnight. No significant difference (in vitro or in vivo)
was observed in the behavior of the PIPIDA complex
when prepared with either of the two ruthenium species,
perhaps due to the eventual predominance of ruthenium
(III) in the final product. Further work will be necessary
in order to define the oxidation state of ruthenium in the
Ru-PIPIDA complex.

Because of the findings with Ru-103, no effort was
made to ensure the absence of ruthenium (IV) in the
Ru-97 chloride solutions, even though on occasion
30-50% ruthenium in these solutions was found to be
tetravalent.

Various parameters for a successful labeling of PIP
IDA with Ru-97 were studied in order to obtain a
product that showed in vivo behavior similar to that of
Tc-99m PIPIDA. The ligand was dissolved in normal
saline ( 10- 15 mg/ml) and the pH adjusted to 7.5. Then
the desired amount of Ru-97 in 3.5 N HC1 was added to
I -5 ml of the ligand solution. The pH was adjusted to
4.0. This solution was then heated for 30 mm at 90Â°Cin
a boiling-water bath and cooled to room temperature.
The final pH was adjusted to 6.5. This product was then
passed through a 0.22-@zm Millipore filter preparatory
to calibration and injection.

Tc-99m PIPIDA was prepared using a kit* that con
tamed 20 mg PIPIDA and 0.2 mg SnCl2-2H20 per
kit.

Biodistribution studies. Several analytical methods
were evaluated for establishing the radiochemical purity

of the Ru-labeled PIPIDA. Polyamide thin layer chro
matography (TLC) in methanol, gel filtration using
Biogel P-2 or Sephadex G-1 5, and cellulose acetate
electrophoresis in borate/KC1 buffer (pH 8), all provided
good separation of the bound from unbound activity.
Tc-99m PIPIDA preparations were also analyzed by the
above methods.

Female Sprague-Dawley rats weighing 250 Â±25 g
were injected i.v. with 15 @Ciof Ru- 103 PIPIDA or
Tc-99m PIPIDA. For convenience in tissue distribution
studies that did not involve imaging, the 39.4-day Ru
103 was used instead of Ru-97. Surgical ligation of the
common bile duct was performed I day before radio
pharmaceutical administration. Normal animals were
killed at 15, 20, 60, 120 mm, and 24 hr after injection
while the rats with the obstructed common bile duct were
studied at 24 hr.

Blood clearance studies were performed in mongrel
dogs weighing 18.2 Â±2.3 kg. The animals were anes
thetized with sodium pentobarbital and injected with 500

@Ciof Ru-97 PIPIDA or Tc-99m PIPIDA. Blood
samples were obtained at fixed intervals. Aliquots of
blood were measured in a NaI(Tl) well scintillation
counter. Images were obtained with a scintillation
camera after 7, 20, 110, and 150 mm, and 24, 48, and 72
hr.

RESULTS

Table 1 shows typical TLC results for Ru-PIPIDA.
TLC also showed that in our Tc-99m PIPIDA 95% of
the Tc-99m is bound.

Table 2 shows comparative biodistribution of Ru-l03
PIPIDA and Tc-99m PIPIDA in normal rats. Ru-103
PIPIDA showed distribution similar to that of Tc-99m
PIPIDA, except that for the former blood activity was
slightly higher and kidney activity lower.

Figure 1 plots the blood clearances of Ru-97 PIPIDA
and Tc-99m PIPIDA. The two are closely comparable,
as shown by the figures on the graphs. The first compo

TABLE1. TLC (POLYAMIDE;100% METHANOL)OF Ru-LABELEDP1PIDA
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Ru-103PIPIDA
Organ % dose/organControl

rats(n = 6)Tc-99m
PIPIDA%
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co20 40 60 80 60 80

TIME (mm) TIME (mm)
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15mmBlood6.55
Â± 0.270.37 Â±0.025.51 Â±0.190.29 Â±0.09Liver5.47
Â± 0.880.46 Â±0.075.09 Â±0.820.42 Â±0.04Kidneys0.53
Â± 0.030.27 Â±0.011.71 Â±0.040.81 Â±0.01G.I.

tract28.47 Â± 9.404.21 Â±0.55
30 mm53.80

Â±17.392.44 Â±1.32Blood2.44Â±

0.340.14Â±0.022.08Â±0.120.12Â±0.01Liver3.69
Â± 0.210.41 Â±0.073.42 Â±0.570.38 Â±0.14Kidneys0.56
Â± 0.080.34 Â±0.021.34 Â±0.061.16 Â±0.36G.l.

tract58.8 Â± 2.463.52 Â±0.23
60 mm52.30

Â±1.364.67 Â±2.51Blood1.73

Â± 0.350.09 Â±0.021.50 Â±0.420.10 Â±0.03Liver2.81
Â± 0.990.31 Â±0.122.58 Â±0.940.31 Â±0.09Kidneys0.45
Â± 0.070.24 Â±0.020.81 Â±0.080.46 Â±0.04G.l.

tract55.00 Â±12.43.89 Â±1.50
120mm44.86

Â±7.352.98 Â±0.42Blood1.37

Â± 0.210.08 Â±0.010.58 Â±0.060.04 Â±0.01Liver1.70
Â± 0.260.18 Â±0.030.61 Â±0.060.07 Â±0.001Kidneys0.33
Â± 0.070.16 Â±0.030.84 Â±0.100.49 Â±0.04G.I.

tract46.90 Â±12.802.83 Â±1.0860.30 Â±7.513.66 Â±1.55

nentof bothcompoundsrepresentedmorethan90%of
the administered doses. Figure 2 shows the scintigrams
of a normal dog after an i.v. dose of 500 MCi of Ru-97
PIPIDA. The scan after 7 mm showed the image of the
liver and the lack of activity through the biliary tree and
gallbladder. After 20 mm the gallbladder concentrates

the tracer. The scintigrams at 110 and 150 mm showed
the excretion of Ru-97 PIPIDA into the gastrointestinal
tract.The lowerlargeintestinewaswellvisualizedafter
24,48,and 72 hr.

Table 3 shows a 24-hr distribution of Ru-l03 PIPIDA
in normal rats and others with biliary obstruction. Blood,

w
Â§

FIG.1. BloodclearancesofRu-97PIPIDAandTc-99mPIPIDAindogs.
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TABLE 2. COMPARATIVE BIODISTRIBUTIONOF Ru-103 PIPIDA AND Tc-99m PIPIDA AT VARIOUS
TiMESAFTERDOSE



TABLE3. COMPARATIVEBIOD1STRIBUT1ONOF Ru-103 PIPIDAIN CONTROLSAND RATSWITH
BILIARY OBSTRUCTION

24hr(n= 6)
Control Billary obstruction

Organ % dose/organ % dose/g % dose/organ % dose/g

BlOOd 1.25 Â±0.03 0.07 Â±0.002 7.02 Â±2.17 0.50 Â±0.15

Liver 1.30Â±0.40 0.09Â±0.01 4.30Â±0.63 0.65Â±0.05
. Kidneys 0.21 Â±0.03 0.03 Â±0.01 4.02 Â±0.45 2.20 Â±0.27

G.m. 1.89Â±0.29 0.17Â±0.06 9.22Â±2.85 1.38Â±0.87
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97RU-PIPIDA SCANS IN A NORMAL DOG

48 hrs
POST INJECTION

FIG. 2. Scintiphotos, at times Indicated, of normal dog given Ru-97
PIPIDA.At 20 mm, gallbladderwas well visualized; Intestinesap
pearedafter 150 mm and were seen up to 72 hr.

kidneys, liver, and gastrointestinal activity was much
higher than normal in rats with obstruction.

Dosimetry for Ru-97 and Tc-99m PIPIDA is com
pared with I- 13 1 rose bengal (Table 4). The general
method for calculation followed the MIRD technique.
Specific assumptions for Ru-97 and Tc-99m PIPIDA
are outlined below:

I . Three component blood clearance curves;
A(t) = 93.8e@O45t+ 4.93e0056t+ 1.25e@OIt

(half-lives of 1.53, 12.38, and 69.3 mm; from dog
data)

2. Biological 11/2 for clearance from liver = 1.5 hr
(rat data).

3. Irreversible catenary. (Blood â€”kliver â€”@SI â€”kULI
.-+ LLI) with one bypass, the gallbladder.

4. Mean residence time in gut = 4, 13, and 24 hr for
the SI, ULI, and LLI, respectively (9).

5. Gallbladder. Assume 10% of activity appears in
gallbladder with biological half-time of I .5 hr; 75% goes
toSI in 3 hr;restafter9 hr.Absorbeddose= liverdose
from penetrating radiations + 1/2dose from nonpene
trating radiations, + â€˜/2gallbladder content dose (9).

Assumptions for I-i 31 rose bengal were similar except
thatthebloodremovalcurvehadtwocomponents(90%
with 11/2 4 mm. and 10% with 11/2 = 90 mm.). Values
for 1-131 rose bengal are similar to those given by
Freeman Ct al (9).

DISCUSSION

Persistent obstructive jaundice in the first months of
life continues to present a perplexing diagnostic problem.
Almost 15% of all infants with prolonged jaundice may
need surgical treatment. Cholestasis appearing in the
first months of life may be caused by many factors, in
eluding neonatal hepatitis, biliary atresia, choledochal
cyst,toxoplasmosis,herpessimplex,Coxsackievirus,
syphilis, drug-induced cholestasis, and a number of
congenital syndromes (Gilbert, Criglerâ€”Najjar, partial
deficiency of glucoronyl-transferase, Dubin-Johnson,
and Rotor). The most common cause ofjaundice (85%)
is neonatal hepatitis (10).

The differential diagnosis between neonatal hepatitis
and biliary atresia is often difficult. In biliary atresia,
irreversible liver damage often occurs during the first 2
mo of life and death eventually occurs within 2 yr
(11).

To avoid irreversible damage, a permanent and ef
fective drainage needs to be established surgically be
tween the biliary ductal system and the gastrointestinal
tract (12). Therefore,theearlyandaccuratediagnosis
of the cause ofjaundice is imperative.
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TABLE 4. RADIATiON ABSORBED DOSEOF1-131ROSEBENGAL, Ru-97PIPIDA,ANDTc-99mP1PIDAOrganAbsorbed

dose (rads permCi)1-131
RoseBengalRu-97 PIPIDATc-99m PIPIDA

SCHACHNER, GIL, ATKINS, SOM, SRIvAsTAvA, BADIA, SACKER, FAIRCHILD, AND RICHARDS

WholeBody 0.39 0.15 0.026
Blood 0.41 0.15 0.026
GallBladder 1.1 0.32 0.20
Liver 0.86 0.24 0.10
SmallIntestine(SI) 3.6 1.1 0.34
Upper large Intestine (ULI) 14.9 2.2 0.64
Lowerlargemntestmne(LU) 41.0 4.1 0.26
Ovaries 1.8 0.98 0.11

Testes 0.16 0.07 0.005

. Retention times in SI, ULI, and W were r 13, and 24 hr. respectively.

or neonatal hepatitis is of critical importance, we believe
thatthedevelopmentofimprovedhepatobiliaryagents
labeled with radionuclides, such as Ru-97 with inter
mediate half-life and favorable physical characteristics
for scanning, will provide physicians with an important
diagnostic tool that should lead to improved therapy for
children considered to have a poor prognosis.

FOOTNOTE

* Diagnostic Isotope, Inc., Bloomfield, NJ.
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