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ABSTRACT

Purpose: To recognize affective factors in delivering X-ray contrast agents (which have high
atomic number) via gallium carrier to liver or lymphatic neoplasm cells.

Materials and Methods: Since uptake of gallium by liver has been reported in numerous
researches, it was bonded with a contrast media (metrizoate). X-ray imaging was done to
determine geometric features of liver.

Results: Radiographic image was obtained. Maximum contrast in radiographic image was
observed 72 hours after injection. In addition, increase of effective tumor atomic number caused
by metrizoate helped the tumor to be treated by a smart radiotherapy method (i.e. photoelectron
therapy). It increased photoelectron therapy efficiency up to two thousand percentages.
Conclusion: A new method of killing cancer cells can be developed using contrast agents. Also,

metrizoate-labeled gallium is recommended for marking animals.
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INTRODUCTION

Radiation therapy is the medical use of ionizing
radiation to control or kill malignant cells. It has had a
very important role in cancer treatment in recent decades.
Radiation therapy can be curative if radiation beam is
aimed exactly at the tumor. So, in order to reduce normal
cell damage during treatment, tumor location must be
exactly determined. Unavailability of tumor geometric
features leads to less treatment precision and more normal
tissue damage, causing unforeseen side effects.!?

Recent researches have shown that drug carriers used
in chemotherapy have improved the cancer prognosis
up to 45%.* So, drug carriers are served to improve
delivery and effectiveness of drugs. On the whole,
as pharmaceutical complex with high atomic number
have significant potential to efficiently detect tumors,
Synthesizing them seems reasonable.

So far, gallium has been used as a pharmaceutical
carrier in nuclear medicine to deliver radioisotope into
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the lymphatic tumor to deliver actinomycin (an activator
of cancer treatment). Since gallium uptake in neoplasm
cells is about 40% more than the other cells, using this
complex increased treatment efficiency up to 45%.* In
this regard, some limitations exist for either material
used for treatment or diagnosis. One of them is drug
systemic distribution and the permitted dosage. In order
to treat specific cells with a drug, distribution must be
selective. So extensive studies have been done to find
materials that can be distributed selectively with special
properties in the body.’

Another limitation for drugs administration is
accumulation mechanism. When some drugs accumulate
on target organ based on its physiological characteristics,
it is called physical accumulation. For example, iodine
accumulation in thyroid and calcium accumulation
in bones. Another accumulation mechanism is active
biochemical accumulation. In this case, living units such
as antibodies are involved. Accumulation percentage and
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effective concentration are other limitations of drug
administration. For instance, 80% of iodine accumulates
in thyroid gland. Since accumulation percentage is a
major issue, obtaining the highest percentage of drug
accumulation is considered.®!!

Both chemical substances need several properties to
be used as a carrier.!?"!¢ There are some other limitations
too. Such as shelf life and effective half-life.!” Despite
of massive efforts, delivery of a specific drug for cancer
treatment or drug activators remains a problem that
severely restrict the applied lethal dosage for a tumor.

Also, binding X-ray contrast agents with pharmaceutical
carriers have not been reported yet, because it was not
applied till photoelectron therapy was proposed as a new
method for tumor treating. Increasing effective atomic
number ratio in target cells compared to the other cells is
critical to providing reliable condition for photoelectron
therapy or diagnostic purpose.

In this paper, gallium was used as a drug carrier to
deliver effective drugs in photoelectron therapy treatment.
The proposed complex was a contrast agent containing
iodine with atomic number 53 which was bonded with
gallium. The goal was to recognize contributory factors
in delivering X-ray contrast agents (which have high
atomic number) via gallium carrier to liver or lymphatic
neoplasm cells.

MATERIALS AND METHODS

The pharmaceutical complex was synthesized and
its uptake by liver for treatment via smart radiotherapy
method (photoelectron therapy) was studied. Gallium
was used as a pharmaceutical carrier which had bonded
to metrizoate as an X-ray contrast media with high
atomic number. Because of the tendency of gallium in
accumulating in the liver, liver was identified as the most
suitable organ to be detected in mice.'3?!

Metrizoate complex and gallium 69 were prepared
with 50%, 60% and 75% concentrations in deionized
water. Metrizoate complex was injected to mice weighing
approximately 150 g in volume of 0.125%. Injections
were performed via the mice tail vein and none of the
mice were injured. The purpose was to determine the
time of maximum accumulation of complex in condition
of in vivo. Then radiography was done on the mice 4,
24,48 and 72 hours after injection. Radiographic density
showed the path and accumulation, plus half-life of drug
stopping in the animal body with acceptable definition.
Since gallium tends to accumulate in the liver, the mice
liver was determined as a suitable organ for detecting
gallium, especially since their liver was observable in

X-ray images regarding its size.

RESULTS

Radiographic images at 4, 24, 48 and 72 hours after
injection are shown in Figures 1 to 4. The liver can be
seen just 4 hours after injection (Figure 1). Radiographic
image of rat liver 24 hours after injection is shown in
Figure 2. Although it was expected to obtain sharper
image of the liver in this figure compared to Figure 1,
unfortunately the image of the liver was disappearing.
However, radiographic image of rat liver was followed-
up. Figure 3 shows the radiographic image of rat liver
48 hours after injection. Fortunately, optimum density
and also desirable accumulation of gallium in liver, was
observed in this figure.

Figure 1. Radiographic image of rat liver 4 hours after injection.
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Figure 2. Radiographic image of rat liver 24 hours after injection.

The maximum density difference of mice liver
compared to surrounding soft tissues was obtained
when radiographic images were prepared from 60 to 72
hours after injection (Figure 4). Since, the comparison
of radiographic images may not be accurate enough,
optical densitometry was also done. The results confirm
radiographic results (Table 1). Since radiographic images
are negative, lower optical density indicates higher uptake
of contrast media. Optical density of mice liver 4, 24, 48
and 72 hours after injection was 0.582, 0.593, 0.514 and
0.431, respectively. Thus, maximum optical density of
the liver was observed 72 hours after injection and the
minimum 24 hours after injection. The cell experiment

Figure 3. Radiographic image of rat liver 48 hours after injection.

results showed that physiochemical properties of
metrizoate complex bonded to gallium were similar to
gallium alone.

Table 1. Optical density of mice liver.

Number of Figures of Mice Optical Density

Figure 1. Radiographic image of rat liver 4 0.582
hours after injection.

Figure 2. Radiographic image of rat liver 24 0.593
hours after injection.

Figure 3. Radiographic image of rat liver 48 0.514
hours after injection.

Figure 4. Radiographic image of rat liver 72 0.431

hours after injection.
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Figure 4. Radiographic image of rat liver 72 hours after injection.

DISCUSSION

Since gallium is the most common carrier used for
studying the liver tumors, transmission of metrizoate (as
a radiological contrast media) into the liver was studied
using gallium as a carrier in the present study.’>?* The
liver can be imaged just four hours after injection,
indicating different accumulation of gallium in it. In
the other words, the minimum time required for X-ray
imaging of the liver was four hours. Although many
investigations on the liver are performed by gallium
scan, X-ray imaging of liver using gallium has not been
reported yet. Since the maximum density difference of
mice liver compared to surrounding soft tissues is very

important in X-ray imaging, comparing the results of the
gallium scan of the liver in the case of minimum time
required for X-ray imaging does not make any sense.

Increasing the interval time between injection and
X-ray imaging caused a significant decrease in optical
density, except in Figure 2. Increasing of optical density
in Figure 2 seemed undesirable because of low uptake
or uptake pausing. Since uptake was followed for a
long time it did not disrupt the results. The maximum
density difference of mice liver compared to surrounding
soft tissues was 0.165 or approximately 16.5%. It was
observed when radiographic images were prepared from
60 to 72 hours after injection (Figure 4). However,
in some studies the maximum uptake of gallium was
observed 4-12 hours after injection.?** So it may seem
that uptake of gallium-metrizoate complex is not as fast
as gallium alone. This process may be caused by slow
delivery of marker, its excretion from surrounding tissues
and remaining in the target cells longer compared to
surrounding tissues.

As mentioned above, maximum uptake of metrizoate
complex was observed 60-72 hours after injection. This
was not because of prolonged uptake of radio generator
in liver cells, but due to rapid excreting of complex in
surrounding cells compared to liver cells. Actually, it
takes maximum four hours to uptake gallium when it is
in the vicinity of the cells. Also, radiographic contrast
increased due to delay in gallium accumulation in the
liver of mice which happened because of different
rate of gallium delivery to target organ compared to
surrounding tissues. The results showed that different
concentrations of metrizoate-gallium complex had no
significant effect on its uptake, but more concentrations
increase effective atomic number. Also maximum uptake
of metrizoate-gallium complex was 15% in liver cells
compared to surrounding cells and was observed 72 hours
after injection. Thus, effective atomic number of liver
cells was 15% more than others. These results showed
that using metrizoate-gallium complex is possible in
photoelectron therapy which was the goal of this study.

Indeed, as cellular tests showed, uptake time is not more
than two hours. But the important point is the difference
or ratio of accumulation. If accumulation rate in the tumor
and surrounding tissue is 30% and 20% respectively, the
ratio will be 1.5. However, if accumulation rate in the
tumor and surrounding tissue is 20% and 5% respectively,
the mentioned ratio will be 4. Thus, considerable uptake
difference will be achieved, which provides desirable
implementation of new treatment planning. Gallium
accumulation in lymphatic neoplasm cells is nearly 10%
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more than the liver cells,?0%’

percentage in liver via radiographic density is a suitable
index. Also, since the metrizoate-gallium complex can
enhance radiologic tissue contrast with increased effective
atomic number, the presented study on the metrizoate-
gallium complex may be applied in mapping tumors. It
also may have applications in the cancer treatment by
photoelectron therapy as a smart method.

so measuring accumulation

CONCLUSION

This paper confirms the advantages of metrizoate-
gallium complex in increasing photoelectron therapy
efficiency up to two thousand percentage, which separates
presented study from other researches.

Specific accumulation of X-ray opaque material in
neoplasm cells either in form of accumulation on target
tissues or accumulation in tumor space leads to exact
performance in new radiotherapy treatment methods.
As metrizoate-gallium complex uptake in tumor cells
increases twenty times (compared to its uptake in normal
tissue), all three-dimensional geometrical characteristics
for treatment planning and precise calculations can be
achieved. In addition, delivering X-ray opaque agents
to neoplasm cell increases efficiency of therapeutic
method, so the number of treatment sessions can be
reduced by half in many cases. Also, the simplicity of
the procedure separates it from other techniques such
as direct catheterization and since Metrizoate-Gallium
complex can be injected, therefore time can be saved.
After all, replacement of catheterization as an invasive
technique by injection reduces the pain and stress of the
patient. Hence, it is expected that selective delivery of
X-ray opaque material can be done using other carriers.
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