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Technetium-99m phytate colloids formed in vitro and in vivo were exam-
ined as radioindicators for estimation of the volume of third-space fluid
in an ovarian ascites model using C3HeB/Fe] mice. In double-label experi-
ments, the accuracy of the colloids for dilution analysis was found to be
equal or superior to that of 1-125 HSA. Sampling times 3-5 min after intra-
peritoneal administration were found to produce the best volume estimates.
Four needle-stopcock assemblies inserted sequentially into the quadrants of
the peritoneal cavity were used for administration and sampling of the
radioindicators. The stopcocks could be closed to prevent leakage of ascitic
fluid during the procedure. In contrast to radiolabeled albumin, Tc-99m
phytate colloids have clinical use for simultaneous imaging of radiotracer
migration to assess potential occlusion of diaphragmatic lymphatics by
neoplastic cells, and for dilution analysis to estimate volume of ascitic fluid.
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An increase in the production of peritoneal fluid,
with concomitant obstruction in the diaphragmatic
lymphatic nodes, can result in ascitic fluid collec-
tions (/), an occurrence and complication in the
natural history of a number of malignancies. It has
been suggested that the obstructive component in the
formation of ascites may be traced to tumor cells
that become lodged within the diaphragmatic lym-
phatics (2).

The existence of malignant ascites may have po-
tential complications in the therapy of the tumor
process. In ascitic patients who are receiving high
doses of Methotrexate (MTX), it has been shown
that the drug can penetrate this third space (3), and
can persist structurally unchanged when displaced
from enzymes or compounds for which it has an in
vivo affinity. This phenomenon has been observed
up to 26 days after administration (4). The bi-
directional transport of MTX can result in an in-
crease in serum half-time (5) and may lead to
toxicity when additional chemotherapeutic agent is
administered.

From the concentration of MTX within ascitic
fluid (6) and the volume of the third space, one can
calculate the amount of drug within peritoneal effu-
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sions, and by anticipating the transfer of drug from
effusion to plasma spaces (7), subsequent chemo-
therapy could be individualized so as to avoid
toxicity.

Dilutional analysis studies using concentrations of
tumor cells in the peritoneal fluid (8), and radio-
tracer estimation of ascitic fluid volumes using I-131
human serum albumin (HSA) in microcurie amounts,
have been performed (7). The use of millicurie
amounts of Tc-99m sulfur colloid to indicate ascitic-
fluid drainage patterns (/) suggested the use of this
radiolabel as a possible agent for both imaging and
volume estimations. A scintiphoto depicting uniform
distribution of radioactivity would provide an index
of confidence in the calculated volume.

Successful lymph-node imaging with Tc-99m an-
timony sulfide (9)—a colloid of less than 20 nm in
size (10)—suggested that the Tc-99m phytates could
have potential for both dilutional analysis and imag-
ing. The phytates in vitro and in vivo formed col-
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FIG. 1. Needle-stopcock assembly is shown positioned in lower
mid-abdomen during administration of radiotracer. Also illustrated
is arrangement of st ks for subsequent pling in remaining
three quadrants.

P

loids (11-13) smaller in size than sulfur colloid
(100-1,000 nm) (14) are significantly easier to pre-
pare since neither boiling nor acid-base addition is
needed.

MATERIALS AND METHODS

Animals. Five-month-old female C3HeB/FeJ mice
weighing 18-23 g were used.

Tumor. A spontaneous ovarian carcinoma that
originated in a C3H female mouse at the Jackson
Laboratories was maintained through serial trans-
plantation (15), and frozen cell samples were car-
ried through 15 intraperitoneal (i.p.) transplanta-

TABLE 1. CORRELATION BETWEEN AGENTS
AND MEAN PERCENTAGE ABSOLUTE ERROR
IN ESTIMATE OF ASCITIC-FLUID VOLUME

Mean
Mean Mean per-
fluid fluid cent-
vol- vol- age
No. of ume ume abso-
ani- meas- esti- lute
mals vred mated error
Tc-99m HSA 8 16.27 16.53 6.60
Tc-99m Phytate 1" 13.88 14.49 9.04
Tc-99m Phytate
with Ca** n 15.72 14.58 9.66
1-125 HSA 14 14.12 15.01 13.87
Tc-99m sulfur
colloid 15 18.50 15.99 15.77
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tions. Cells from the tenth to twelfth passages were
used for these experiments.

Ascites. Animals were administered 1 million tu-
mor cells i.p. and observed for 14 days before use*.

Radiolabeled particulates. Five radiotracers were
employed in the study: Tc-99m phytate, both as a
preformed colloid (/2) and as a colloid formed in
vivo; human serum albumin labeled with either Tc-
99m or I-125; and Tc-99m sulfur colloid.

Injection and sampling. Animals were lightly anes-
thetized with ether. Volumes of radiotracers of about
0.1 cc were administered, with total activities of
30-50 uCi (Tc-99m-labeled agents) and 1-5 wuCi
(I-125 HSA). In a subset of 11 animals, I-125 HSA
and either Tc-99m phytate or Tc-99m HSA were
administered simultaneously. Syringes containing ra-
diotracers were counted in a dose calibrator before
administration, and the empty syringe-and-stopcock
assembly was recounted following administration, to
determine the actual injected dose.

Injection and sampling were performed with a
26-gauge sterile disposable needle, Y2-in. in length,
which was part of a needle-stopcock assembly (Fig.
1). The initial introduction of the tracer was through
a stopcock located in the midline at the lower portion
of the peritoneal cavity. After introduction of tracer,
the remaining three quadrants were sampled at 3-5
min by means of additional needle-stopcock assem-
blies. Selected additional animals were sampled
again 30 min following radiotracer administration.
Following either radionuclide administration or sam-
ple withdrawal, the stopcock was closed, the syringe
removed, and the needle-stopcock assembly was left
in place.

At the termination of each study, the animal was
killed by ether overdose, the peritoneal cavity opened
and drained, and the total quantity of ascitic fluid
collected and measured.

Counting. Single-label samples of ascitic fluid were
counted in a Nal(Tl) well counter. Double-labeled
samples (I-125 and Tc-99m) were assayed by
counting the Tc-99m activity immediately following
death, reserving the sample for 72 hr, and then
counting on an I-125 channel, correcting the values
for physical decay. A calibration factor was used to
convert counts recorded on the well counter into
microcurie values as obtained from the dose cali-
brator.

RESULTS

Ascitic-fluid volumes measured at the time of
sacrifice ranged from 8.7 to 27.6 ml, with a mean
of 15.7 ml. The individual ascitic-fluid measurement
for each animal served as the “actual” volume in
the comparison with the tracer-estimated volume.
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TABLE 2. DOUBLE-LABEL EXPERIMENTS COMPARING Tc-99m-LABELED AGENTS FOR VOLUME ESTIMATION
IN 11 ASCITIC MICE
Actual X estimated volume % error
Agent Animal No. volume (ml) Te ] Te |

Tc-99m HSA and 1-125 HSA 1 15.16 15.02 18.31 —0.90 -+20.80
2 15.27 4.1 16.97 —7.60 +11.10
3 15.80 14.60 7.n —7.60 +8.30
Avg 1541 14.58 17.46 —5.37 +13.40
Tc-99m phytate 4 calcium 4 18.20 15.70 14.50 —13.74 —20.30
and 1-125 HSA 5 11.53 12.3 1071 +-6.81 -7.10
] 9.25 8.44 6.66 —8.83 —28.00
7 10.18 9.05 1.73 —11.10 +15.20
8 15.68 14.70 15.55 —6.25 —0.83
9 13.48 14.97 15.12 <+11.05 41207
Avg 13.05 12.53 12.38 +9.63 +13.93
1-125 HSA, and Tc-99m 10 14.30 15.64 16.27 +9.37 +13.78
phytate without calcium n 14.75 15.84 16.64 +7.39 +12.81
Avg 14.53 15.74 16.46 +8.38 +13.30

Technetium-99m HSA showed the lowest mean
percentage error in volume estimates. Technetium-
99m phytate, as either in vitro or in vivo formed
colloid, produced similar results with a slightly higher
error (Table 1).

Double-label experiments (Table 2) indicated that
volume determinations tended to be slightly over-
estimated when Tc-99m phytate was used as an in
vivo formed colloid, along with I-125 HSA. Also
the I-125 HSA showed greater variability in both
directions.

Volume estimations made on samples obtained at
30 min produced larger percentage errors.

DISCUSSION

The results of our study indicate that particulates
labeled with Tc-99m can be used to quantify the
volume of ascitic fluid, as well as simultaneously to
assess radiotracer migration into intrathoracic lymph
nodes. In no instance did mice with ovarian tumor
and ascites show uptake in intrathoracic lymph
nodes, whereas in normal, nonascitic mice, Tc-99m-
labeled particulates readily migrated to the medias-
tinal nodes (Fig. 2).

Data indicating the continuous transfer of radio-
labeled albumin from the intraperitoneal to the
vascular compartment (7) suggest that volume de-
terminations using particulates should be made soon
after intraperitoneal tracer instillation. In this study,
in addition to the initial 3—-5 min sampling, some
animals were sampled again 30 min following tracer
administration. When compared with values obtained
at 3—5 min, later sampling resulted in a greater per-
centage error and tended to overestimate the vol-
umes.
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These findings correlated with our data on recov-
ery of the percentage injected dose. When animals
were killed within 5 min of the administration of
radiotracer, recovery of the injected dose in ascitic
fluid approximated 96%; 90% of the counts were
associated with the supernatant and the remaining
10% were in the pellet. Beyond 30 min, approxi-
mately 90% of the injected dose could still be re-
covered in the ascitic fluid. Within this fluid, how-
ever, the distribution of radiotracer had changed
such that the pellet composed of 90% tumor cells,
with macrophages and cellular debris accounting for
8% and 2%, respectively, now accounted for about
a fifth of the counts. This finding is the most likely
explanation for the overestimated volume determi-
nations seen at later sampling times.

Although particles as large as 22.5 u have been
shown capable of passing from the peritoneal cavity
into the diaphragmatic lymphatics (16), different
transfer rates have been recorded when monitoring
the kinetics of I-131 HSA as compared with Cr-51-
labeled erythrocytes (7). In our study however, the

FIG. 2. Left: mouse with ascites secondary to ovarian tumor
shows radiotracer fined to abd | cavity. Right: a normal
mouse shows good visualization of mediastinal lymph nodes.
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similar results obtained with phytate colloids or
radiolabeled human serum albumin, suggest that par-
ticulate as contrasted with soluble material is not a
critical consideration in the selection of an agent for
volume determinations.

The validity and success of this model relate to
two factors: first, that it mimics the pattern of ma-
lignant ascitic fluid formation seen in humans, with
obliteration of diaphragmatic lymphatic channels
(4); and, second, that an arrangement of stopcocks
remains in place throughout the experiment, thereby
preventing leakage of ascitic fluid from the distended
and tense abdomen. Failure to maintain a seal in
the sampling puncture sites results in continuous loss
of both peritoneal fluid and radiotracer, producing
considerable errors in volume determinations.

With I-125 HSA as the standard for a comparative
analysis of agents, our results suggest that either of
two substances, each tagged with Tc-99m, can be
used routinely to estimate ascitic volumes: phytate
—either as a preformed colloid or as one formed
in vivo—and HSA. These agents give results equal
or superior to those obtained with I-125 HSA. When
patients harboring ascitic fluid collections require
concomitant imaging of radiotracer migration to as-
sess potential alteration of peritoneal drainage, we
suggest that Tc-99m-phytate can be substituted for
radioiodinated compounds. Although a particle size
of about 8 nm has recently been found for Tc-99m
stannous phytate (G. N. Ege, A. Warbick, unpub-
lished data), upon injection this material reacts with
calcium to form in vivo particles whose size is still
unknown.

FOOTNOTE

* Animals were kindly supplied by Robert C. Knapp,
M.D., Chief, Gynecologic Oncology, Beth Israel Hospital,
Boston Hospital for Women, and Sidney Farber Cancer In-
stitute, Boston, Mass.
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