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Fallure of early diagnosis of biliary atresia results in the development of cirrhosis
and death. Commonly used hepatobiliary agents are not ideal for follow-up studies
because of their unfavorable physical properties or short half-life. The excellent
physical properties of Ru-97 should overcome these limitations. Therefore, Ru-97
PIPIDA (N,a-(p-isopropyl acetanilide) iminoacetic acid) is being investigated as
a potential hepatobiliary agent that would allow an improved diagnosis of the dis-
ease. Ruthenium-97 PIPIDA and Tc-99m PIPIDA showed similar blood clearance
rates in dogs. Ru-97 PIPIDA scintigrams in dogs showed early uptake in liver and
gallbladder and slow excretion through the gastrointestinal tract. Biodistribution
studies were performed in normal rats and rats with biliary obstruction. The find-
ings suggest that Ru-97 PIPIDA should be useful for delayed studies (1-3 days) of

the biliary tract.
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The study of the biliary tract using radionuclides
started almost 25 years ago when Taplin et al. labeled
rosc bengal with I-131 (7). 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-131 (high 3 energy, long half-life,
relatively high radiation dose), the permissible activity
is lower than is needed for quality imaging. Further re-
search brought about the development of new com-
pounds labeled with technetium-99m (2-5). Although
the relatively short half-life, low energy, low radiation
dose, and excellent imaging properties scemed 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 v abundance 85%, and 324 keV with abun-
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dance 11%, Ty;> = 2.9 d) suggest that Ru-97-labeled
hepatobiliary agents should be useful in such cases (6).
Therefore, investigations were carried out using Ru-97
PIPIDA (N,a-(p-isopropyl acetanilide) iminoacetic
acid) as a potential hepatobiliary agent that would
provide improved diagnostic capabilities in such dis-
eascs.

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-
haven Linac Isotope Producer from proton spallation of
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, ~15 hr). After evapo-
rating the solution to near dryness, radiochemical sep-

THE JOURNAL OF NUCLEAR MEDICINE



aration of Ru-97 was achieved by distillation of RuO4
from a sulfuric acid medium in the presence of per-
manganate. The distillate was collected in ice-cold eth-
anol-hydrochloric 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 (IIT) 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 HCl was added to
1-5 ml of the ligand solution. The pH was adjusted to
4.0. This solution was then heated for 30 min at 90°C in
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-um Millipore filter preparatory
to calibration and injection.

Tc-99m PIPIDA was prepared using a kit* that con-
tained 20 mg PIPIDA and 0.2 mg SnCl,-2H,0 per
kit.

Biodistribution studies. Several analytical methods
were evaluated for establishing the radiochemical purity
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of the Ru-labeled PIPIDA. Polyamide thin layer chro-
matography (TLC) in methanol, gel filtration using
Biogel P-2 or Sephadex G-15, and cellulose acetate
electrophoresis in borate/KCl 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 + 25 g
were injected i.v. with 15 uCi of 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 1 day before radio-
pharmaceutical administration. Normal animals were
killed at 15, 20, 60, 120 min, 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 + 2.3 kg. The animals were anes-
thetized with sodium pentobarbital and injected with 500
uCi of Ru-97 PIPIDA or Tc-99m PIPIDA. Blood
samples were obtained at fixed intervals. Aliquots of
blood were measured in a Nal(Tl) well scintillation
counter. Images were obtained with a scintillation
camera after 7, 20, 110, and 150 min, 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-103
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-

TABLE 1. TLC (POLYAMIDE; 100% METHANOL) OF Ru-LABELED PIPIDA

front.

Final % ruthenium activity

ligand 10 min 24 hr 30 min 60 min
conc. incubation, incubation, heating, heating,

mg/ml R¢* 25° 25° 90° 90°

5 0 80 54 9 6

1.0 20 46 91 94

10 0 71 40 7 4

1.0 29 60 93 96

15 0 62 35 4 2

1.0 38 65 96 98

* Unbound ruthenium (ionic or hydrolyzed) stays at the point of origin in this system. Complexed ruthenium moves with the solvent
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TABLE 2. COMPARATIVE BIODISTRIBUTION OF Ru-103 PIPIDA AND Tc-99m PIPIDA AT VARIOUS
TIMES AFTER DOSE
Control rats (n = 6)
Ru-103 PIPIDA Tc-99m PIPIDA
Organ % dose/organ % dose/g % dose/organ % dose/g
15 min
Blood 6.55+ 0.27 0.37 + 0.02 551+ 0.19 0.29 + 0.09
Liver 547+ 0.88 0.46 + 0.07 5.09+ 0.82 0.42 £+ 0.04
Kidneys 0.53+ 0.03 0.27 + 0.01 1.71+ 0.04 0.81+ 0.01
G.l. tract 28.47 £ 9.40 4.21 + 0.55 53.80 + 17.39 2.44 + 1.32
30 min
Blood 244+ 034 0.14 + 0.02 2.08+ 0.12 0.12 £ 0.01
Liver 3.69+ 0.21 0.41 £ 0.07 3.42+ 057 0.38 £ 0.14
Kidneys 0.56 + 0.08 0.34 £+ 0.02 1.34+ 0.06 1.16 + 0.36
G.l. tract 58.8 + 2.46 3.52 + 0.23 5230+ 1.36 4.67 + 2.51
60 min
Blood 1.73+ 0.35 0.09 + 0.02 1.50 + 0.42 0.10 + 0.03
Liver 281+ 0.99 0.31+0.12 258+ 094 0.31 + 0.09
Kidneys 0.45+ 0.07 0.24 £ 0.02 0.81+ 0.08 0.46 + 0.04
G.l. tract 55.00 + 12.4 3.89 + 1.50 4486+ 7.35 2.98 + 0.42
120 min
Blood 137+ 0.21 0.08 + 0.01 0.58+ 0.06 0.04 £+ 0.01
Liver 1.70+ 0.26 0.18 £ 0.03 0.61+ 0.06 0.07 £+ 0.001
Kidneys 033+ 0.07 0.16 £+ 0.03 0.84+ 0.10 0.49 + 0.04
G.l. tract 46.90 + 12.80 2.83 + 1.08 60.30 £ 7.51 3.66 + 1.55

nent of both compounds represented more than 90% of
the administered doses. Figure 2 shows the scintigrams
of a normal dog after an i.v. dose of 500 uCi of Ru-97
PIPIDA. The scan after 7 min showed the image of the
liver and the lack of activity through the biliary tree and
gallbladder. After 20 min the gallbladder concentrates

the tracer. The scintigrams at 110 and 150 min showed
the excretion of Ru-97 PIPIDA into the gastrointestinal
tract. The lower large intestine was well visualized after
24, 48, and 72 hr.

Table 3 shows a 24-hr distribution of Ru-103 PIPIDA
in normal rats and others with biliary obstruction. Blood,
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FIG. 1. Blood clearances of Ru-97 PIPIDA and Tc-99m PIPIDA in dogs.
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97Ru-PIPIDA SCANS IN A NORMAL DOG

11O min 150 min

48 hrs
POST INJECTION
FIG. 2. Scintiphotos, at times indicated, of normal dog given Ru-97
PIPIDA. At 20 min, gallbladder was well visualized; intestines ap-
peared after 150 min and were seen up to 72 hr.

72 hrs

24 hrs

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-131 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:

1. Three component blood clearance curves;

A(t) = 93.8¢70.045t 4 4,93¢—0.056t 4 | 25¢=0.01t

(half-lives of 1.53, 12.38, and 69.3 min; from dog
data)
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2. Biological T; for clearance from liver = 1.5 hr
(rat data).

3. Irreversible catenary. (Blood — liver — SI — ULI
— 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 1.5 hr; 75% goes
to SI in 3 hr; rest after 9 hr. Absorbed dose = liver dose
from penetrating radiations + '/, dose from nonpene-
trating radiations, + ! gallbladder content dose (9).

Assumptions for I-131 rose bengal were similar except
that the blood removal curve had two components (90%
with T2 = 4 min. and 10% with T,/ = 90 min.). Values
for I-131 rose bengal are similar to those given by
Freeman et 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-
cluding neonatal hepatitis, biliary atresia, choledochal
cyst, toxoplasmosis, herpes simplex, Coxsackie virus,
syphilis, drug-induced cholestasis, and a number of
congenital syndromes (Gilbert, Crigler-Najjar, partial
deficiency of glucoronyl-transferase, Dubin-Johnson,
and Rotor). The most common cause of jaundice (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, the early and accurate diagnosis
of the cause of jaundice is imperative.

TABLE 3. COMPARATIVE BIODISTRIBUTION OF Ru-103 PIPIDA IN CONTROLS AND RATS WITH
BILIARY OBSTRUCTION

24 hr (n = 6)
Control Biliary obstruction
Organ % dose/organ % dose/g % dose/organ % dose/g
Blood 1.25 £ 0.03 0.07 £ 0.002 7.02+ 2.17 0.50 £ 0.15
Liver 1.30 + 0.40 0.09 £+ 0.01 4.30 + 0.63 0.65 £ 0.05
_ Kidneys 0.21 + 0.03 0.03 + 0.01 4.02 + 0.45 2.20 £ 0.27
G.l. 1.89 £ 0.29 0.17 £ 0.06 9.22 + 2.85 1.38 + 0.87
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TABLE 4. RADIATION ABSORBED DOSE OF I-131 ROSE BENGAL, Ru-97 PIPIDA, AND Tc-99m PIPIDA
Absorbed dose* (rads per mCi)
Organ 1-131 Rose Bengal Ru-97 PIPIDA Tc-99m PIPIDA
Whole Body 0.39 0.15 0.026
Blood 0.41 0.15 0.026
Gall Bladder 1.1 0.32 0.20
Liver 0.86 0.24 0.10
Small intestine (SI) 3.6 1.1 0.34
Upper large intestine (ULI) 149 2.2 0.64
Lower large intestine (LLI) 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 LLI were r = 13, and 24 hr, respectively.

Over the years, many tests have been developed in the
attempt to differentiate biliary atresia from neonatal
hepatitis, in addition to serial bilirubin and enzyme es-
timations. These include the I-131 rose bengal test (/3,
14), 1-131 rose bengal sequential scans (/5), red blood
cell peroxidase test (16), RBC lipid profile (/7), serum
S’-nucleotidase level (18), lipoprotein-X determination
(19), serum-alpha-fetoprotein (20), needle biopsy of the
liver (21), and exploratory laparotomy (22). The last two
procedures are often necessary to make a correct diag-
nosis. However, invasive procedures often contribute to
the development of other complications, resulting in a
worsened prognosis. For example, needle biopsy and
laparotomy involve the use of general anesthesia, which
may result in increased incidence of biochemical ab-
normalities, development of cirrhosis, and mortality
(23,24). Also the I-131 rose bengal test poses technical
difficulties, since it requires separate urine and uncon-
taminated stool collections. In series of eight neonates
with jaundice, Tc-99m p-butyl IDA failed to detect ex-
trahepatic biliary tract activity in three out of five cases
of hepatitis (25). Therefore, to date, I-131 rose bengal
is still an agent of choice in neonatal hepatobiliary
scintigraphy. However, the relatively high radiation dose
from I-131 (because of its beta emissions and long
half-life) limits it use (Table 4). Furthermore, the
imaging characteristics of Ru-97 are more favorable
because of its lower-energy photons, which permit im-
ages containing greater information density.

In biliary atresia the stools are, of course, acholic from
the beginning. When the jaundice becomes severe, the
stools may show a trace of bile on the surface because of
some of the abundant bile pigment in the blood is ex-
creted by the intestinal mucosa (26). This might explain
the GI activity of Ru-103 PIPIDA observed in the rats
with biliary obstruction (Table 3). In addition, the high
blood activity at 24 hr in the obstructed animals may
account in part for the elevated GI activity by excessive
blood in the bowel wall.

Because an early correct diagnosis of biliary atresia
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or neonatal hepatitis is of critical importance, we believe
that the development of improved hepatobiliary agents
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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