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Abstract

In this study, we have introduced a novel approach to cancer treatment involving the deactivation of metalloenzymes through the
utilization of radioisotopes. The concept of leveraging radioisotopes to interact with metalloenzymes represents a groundbreaking
theoretical advancement. Through simulations utilizing the MIRD code and based on the consistent concentration of stable Mg within
stage 24 cancerous tissue, we have quantified the potential success rates.

To conduct these simulations, we employed 0.1 nanograms (ng) of stable Mg, which corresponds to an activity of 19.7 MBq of Mg-28
radioisotope. This data was input into the MIRD calculations to estimate the absorbed doses within various organs, employing diverse
methods of radioisotope administration into the body. Remarkably, even with a mere 0.1% probability of effectively reaching the intended
cancerous tissues, this quantity of Mg-28 demonstrates the capability to render billions of Mg-containing metalloenzymes inactive.

The remarkable efficiency achieved through precise radioisotope targeting underscores the promise of this methodology. Nevertheless,
the findings underscore the necessity of undertaking both in vitro and in vivo research initiatives prior to embarking on clinical trials.

Keywords: Metalloenzyme, Cofactor Enzyme, Mg-28 Radioisotope, DNA Polymerase, RNA Polymerase, Hexokinase, MIRD calc.

1. Overview

Enzyme inactivation methods have found utility in biotechnology
and cancer chemotherapy [1-5]. These techniques often involve
the use of natural or artificial complexes to hinder pure protein
enzymes or apoenzymes within metalloenzymes or coenzymes.
However, the quest for suitable inhibitors capable of complete
enzyme inactivation without inducing adverse effects remains a
formidable challenge. Thus far, no single compound, complex, or
combination of inhibitors has delivered the anticipated outcomes.
A solution to this intricate problem might lie in a simpler and
more effective approach—specifically, the notion of utilizing
radioisotope isotopes to inactivate metalloenzymes.

Metalloenzymes comprise two integral constituents: the
apoenzyme and the pivotal metal ion cofactor, wherein the latter
exerts a critical influence on the enzyme's catalytic attributes and
functions. Both constituents exhibit robust stability with regard to
complex formation and binding. In terms of biochemical bonding,
cofactors exhibit a distinctive nature that resists replacement by
alternative metal ions via conventional chemical methodologies.
Perturbations to these cofactor ions or complexes lead to the

inactivation of metalloenzymes. While substituting the apoenzyme
proves ineffective, as mentioned earlier, a novel strategy involves
the substitution of metal ions as a means of inactivation. This
approach hinges on answering two fundamental questions: i) Can
the current metal ions be substituted with alternate metal ions? and
ii) If so, what strategies can effectuate this substitution? Addressing
these inquiries holds the potential to definitively resolve the
conundrum of metalloenzyme inactivation.

The spectrum of metalloenzymes in Homo sapiens is extensive,
and several of these enzymes are integral to DNA replication,
protein synthesis, and ATP metabolism—critical processes in
cellular cycles. This study is centered on three such enzymes:
Hexokinase, DNA polymerase (DNA-pol), and RNA polymerase
(RNA-pol) [6]. Hexokinase propels the ATP — ADP reaction,
yielding energy, and operates within the cell's cytoplasm. DNA-
pol spearheads DNA replication and is situated within the cell
nucleus amidst chromosomes [7, 8]. RNA-pol catalyzes processes
involved in diverse protein creation [9]. Each of these enzymes
relies on Mg2+ ions as cofactors. Inactivating these enzymes
becomes conceivable by replacing the Mg ions. Such a strategy
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could extend to cofactors housing distinct metal ions.

Magnesium (Mg) assumes vital roles within the body, serving not
only as a protein constituent but also as a cofactor for a myriad
of enzymes, numbering over 300 distinct types [10-12]. In its
natural state, magnesium exhibits three stable isotopes: Mg-24
(0.79%), Mg-25 (0.10%), and Mg-26 (0.11%) [13]. Intriguingly,
neither natural nor synthetic compounds can distinguish between
Mg-24, Mg-25, or Mg-26 isotopes when bearing Mg2+ ions. This
characteristic presents the possibility of substituting stable Mg ions
with specific radioisotope isotopes of magnesium, while retaining
the chemical attributes of these compounds.

Upon the decay of a radioisotope isotope of magnesium, it
metamorphoses into an element either directly preceding or
following magnesium within the periodic table. The viability
of this transformation depends on the mode of decay. Mg-28,
possessing a half-life of roughly 21 hours, emerges as an optimal
candidate for replacing stable Mg ions within enzymes. Its
prolonged decay period facilitates both experimental and medical
procedures. Mg-28 experiences beta (electron) decay, generating
Al-28, which subsequently undergoes further beta decay to attain
stable Si. Notably, neither Al3+ nor Si4+ ions serve as cofactors
for the mentioned enzymes, leading to their instantaneous
inactivation [14-17]. However, the essential cellular metabolic
processes dependent on these enzymes necessitate continuity. To
address the absence of catalyzers for biochemical reactions, cells
promptly initiate the production of new enzymes to substitute
the inactivated ones. This pattern persists as the freshly formed
enzymes similarly succumb to inactivation, compelling cells to
perpetuate enzyme regeneration. This cycle ceases only upon the
full decay of the radioisotope isotopes of Mg-28 or their scarcity
relative to the omnipresent stable Mg ions, which consistently
sustain cellular nourishment through the circulatory system.
When this mechanism is solely targeted at cancer cells, it emerges
as a novel cancer treatment approach, leveraging the exclusive
inactivation of metalloenzymes through the radioisotope isotope
Mg-28. However, a challenge arises in that this method not only
incapacitates enzymes in cancerous cells but also impinges on
those in healthy cells. Concurrently, the radiation effect manifests.

Radiation's impact on tissue cells directly impairs DNA molecules
and other proteins within the targeted cells. Additionally, radiation
engenders a cascade of free radicals along its trajectory. The
phenomenon produces ions such as Mg, Al, and Si through nuclear
decay reactions, these ions either recoiling or forming. Subsequent
collisions with protein molecules in the intracellular fluid are
feasible, with the recoiling energy deemed sufficient for severing
chemical bonds in their path. In terms of physics, the application
of this method in cancer treatment demands the consideration
of an effective safe radiation dosage. Through utilization of the
Mg-28 isotope's Sv/Bq conversion factor in ICRP 119, along with
mass and tissue weighting factors elucidated in ICRP 53, dose
calculation formulations outlined in ICRP 103, and guided by

MIRD calc algorithms underpinned by nuclear data from ICRP
107, computations will ascertain the effective whole-body dose
and tissue-specific doses stemming from 19.7 MBq (0.53 mCi)—
equivalent to 0.1 ng of Mg-28. Further analysis will unveil dose
distributions contingent upon the route of Mg-28 incorporation
into the body [18-22].

The Mg-28 isotope exhibits a maximum beta radiation energy
capable of penetrating water to a depth of 0.36 cm [23]. Given that
our bodies consist of approximately 70%-75% water, this range
can be interpreted as the utmost distance beta radiation can traverse
within tissue. Should radioactive isotopes be situated at the tumor
mass periphery, the effective radius of action will mimic this shape,
enveloping the tumor mass with dimensions equivalent to the
sum of the tumor's size and an additional 0.36 cm. However, this
scenario yields an undesirable outcome by affecting neighboring
normal tissues surrounding the cancerous mass. The total energy
of beta particles emitted from the Mg-28 isotope is QB=1830.77
KeV [23], and with a maximum range of 0.36 cm, the calculation
yields an average linear energy transfer (LET) of beta particles
from Mg-28 at 0.508 KeV/um or 0.508 eV/nm.

Mg-28 has been employed since its discovery in 1953 for metabolic
investigations in plants [24-26]. Followed by analogous studies on
animals' physiology and metabolism for several decades [27-38].
The intrigue surrounding Mg-28's application for studying Mg's
pathology, absorption, excretion, and metabolic dynamics within
the human body has also captured researchers' attention [39-47].
However, to date, no explorations have scrutinized Mg's role
within enzymatic cofactors using the radioactive Mg-28 isotope.
Furthermore, no inquiries have tackled the inactivation of these
enzymatic cofactors using Mg28.

In the context of crucial Mg-containing enzymatic cofactors like
DNA pol and RNA pol, numerous investigations have ventured into
the connection between Mg and carcinogens, explored DNA pol y
and DNA pol =, and probed the interaction of Mg with enzymes
[48-57]. However, these inquiries have refrained from utilizing the
radioactive tracer form of Mg-28 and have not ventured into the
inactivation of these enzymes via Mg-28.

Historically, cancer treatment methods encompass surgery,
chemotherapy, radiotherapy, immune modulation, thermal laser,
and tumor vascular targeting [58, 59]. The National Cancer
Institute (NCI), a branch of the NIH, as well as Dr. M.R.A. Pillai's
doctoral thesis, comprehensively elucidate these methods. Mention
is made of targeted cancer therapy utilizing small molecules to
effectively access and infiltrate cancer cells for damage infliction
[60, 61]. While the medical applications of radioactive isotopes
for diagnosis and therapy are well-established, our knowledge
suggests a paucity of investigations into the use of the radioactive
tracer form of Mg-28 for targeted cancer therapy.

The technique of enzyme inactivation using radioactive isotopes,
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though presently lacking empirical data, harbors the potential
to deliver radioactive isotopes directly to the enzyme molecules
engaged in metabolic activities. Essentially, radiation would be
brought to the target site and subsequently decay. In effect, this
approach accomplishes two pivotal objectives in cancer treatment:
1) impeding vital metabolic processes within cancerous cells,
notably those governing energy provision, DNA replication, and
the synthesis of characteristic proteins throughout the cellular
cycle, and ii) exterminating cancer cells by means of ionizing
radiation at low dosages while ensuring an unequivocal target
strike probability of 100% [62, 63].

The merit of this method resides in the fusion of classical strategies
like chemotherapy to suppress essential metabolic functions and
the precision of targeted radiation therapy, thereby refining and
augmenting their efficacy.

Nevertheless, further investigation is imperative to address the
logistical aspect of delivering radioactive isotopes as cofactors to
the tumor site, as well as to understand the competitive interplay
between radioactive ions and stable ions within the enzymes
they serve as cofactors. This scenario mirrors the case of I-131's
competition with stable iodine within the thyroid gland structure
during thyroid cancer treatment [64].

2. Research Method

2.1. Theoretical Basis

Metalloenzymes have a structure consisting of a Protein + metal
ion.

We denote the Protein as P, the metal ion as M, and M* as the
radioactive isotope of the metal [14]. The symbols (s) correspond to

the stable state, (i) represents the inhibited state, and (d) represents
the decay state of the radioactive isotope. We have the following
possible states of the metalloenzyme:

Thus, to prevent the metabolic process within the cell through the
metalloenzyme, we have three approaches:

a) Inhibit the Protein.

b) Replace the metal ion with its radioactive isotope.

¢) Both inhibit the Protein and use the radioactive isotope as a
substitution for the metal ion.

We choose the second approach (b), replacing the stable metal
ion with its appropriate radioactive isotope. This method has been
elucidated in previous studies [14,15].

2.2. Analysis of Mg Content in Cancerous and Healthy Tissue
Samples

Numerous methods for elemental analysis possess the requisite
sensitivity to determine magnesium (Mg) content in biological
samples, especially those of medical significance [64, 65]. Among
these methods, atomic absorption spectroscopy has been chosen
[66]. The acquisition and examination of medical samples adhere
to stringent standards, necessitating approval from the medical
ethics council. The Oncology Hospital of Ho Chi Minh City
Medical Council granted approval for the utilization of cervical and
colorectal cancer tissues. Table 2 provides the sample weights and
codes. Employing farafin packaging, the samples were dispatched
to the Dalat Nuclear Research Institute for Mg analysis via atomic
absorption spectroscopy. The findings of this analysis are tabulated
in Table 1. To enhance clarity, the results are presented in the unit
of 10%g/g (parts per million, ppm).

No. Protein Metal lon Metalloenzyme Status of enzymes
1 P M Metalloenzyme Active
2 P; M Non Metalloenzyme Inhibition
3 Ps M’y Non Metalloenzyme Inactivate
4 P My Non Metalloenzyme Damage

Table 1: States of metalloenzyme.

For calculations pertaining to the 2A stage tumor, it is postulated that the tumor possesses dimensions of 2x3x5 e¢m. This assumption
aids in evaluating the aggregate Mg content within it. Notably, the overall Mg content within the 2A stage tumor ranges from 0.36 ng
to 1.72 ng. Utilizing 0.1 ng of Mg as a basis, the formula:

m 0.1xe~°
n=—XNa=
A 28

X 6.022 x e?3 = 2,15 x e'? (particles) (1)

is employed, where m signifies the Mg amount (0.1 ng), A represents the atomic weight of Mg-28 (28), Na denotes Avogadro's number,
and n symbolizes the number of Mg ion particles. Assuming all these ions are Mg-28 isotopes and considering a 1%o likelihood of
interaction with the tumor, the outcome is an estimated 2.15 x 10° enzymes that can be inactivated. This translates to an activity of 19.7
MBq (0.53 mCi). The calculation for activity is expressed by:

A=Axn=22 x p=25815 » 915 % e!? = 19,7 MBq (0,53 mCi) (2)

TY T 21x3600
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Here, /4 signifies the decay constant of Mg-28, n represents the
particle count calculated in equation (1), and T1/2 denotes the half-
life of Mg-28, which stands at 21 hours. Thus, the value of 0.1 ng
of Mg-28 serves as the basis for subsequent calculations using the
MIRD program [21].

2.3. Calculation of Mg-28 Absorbed Dose. Calculation Methods
using MIRD

MIRD [21] is an acronym that stands for "Medical Internal
Radiation Dose." It represents a mathematical framework employed
for estimating the radiation dose absorbed by organs and tissues
within the human body due to internal sources of radioactivity. This
model finds extensive use in nuclear medicine with the primary
goal of optimizing the benefits of a particular radiation source for
diagnostic or therapeutic purposes while minimizing any potential
unintended side effects. The foundation of the MIRD model rests
on several fundamental assumptions. These encompass anatomical
and kinetic models of the absorption, distribution, metabolism,
and excretion of radioactive isotopes within the body. This, in turn,
incorporates nuclear properties intrinsic to the radiation source,
including its type, energy, and half-life.

MIRD undertakes calculations to determine absorbed dose and

Sample Code Tissue Sample Name

DV (22) 4199 A Breast Cancer

DV (22) 4199 A Breast Cancer
DV (22) 4194 A Breast Cancer
DV (22) 4194 A Breast Cancer

DV (22) 4199-U

DV (22) 4199-L

DV (22) 4161-21A’
DV (22) 4161-21A
DV (22) 4648 -LNC’
DV (22) 4648-LNC
DV (22) 4648-ANC’
DV (22) 4648-ANC

Healthy Breast Tissue
Healthy Breast Tissue
Cervix Uteri

Cervix Uteri

Healthy Colon
Healthy Colon

Colon Cancer

Colon Cancer

Result (mg/kg)

effective dose, shaping radiation therapy protocols, evaluating
the risks tied to radiation exposure, and gauging the safety and
effectiveness of novel radiopharmaceuticals. Essentially, the
MIRD model constitutes a pivotal tool in optimizing the judicious
utilization of radiation in medical applications, and its continuous
refinement and updates bolster its significance.

The application of this method involves computing the effective
dose for various isotopes, encompassing I-131, Y-90, Lu-177, and
with particular emphasis, Mg-28—representing the central focus of
this study. Distinct input data scenarios, encompassing intravenous
injection, oral ingestion, and inhalation, were simulated to discern
the absorbed dose corresponding to 19.7 MBq (0.53 mCi)
associated with 0.1 ng of Mg-28. These calculations took into
account different source and target tissues, notably including tumor
masses (designated as tissues 1-5). The comprehensive outcome of
these computations is presented in tables 3 through 6.

3. Results and Discussion

3.1. Results

The findings stemming from the analysis of magnesium content
within both cancerous and healthy tissue samples of the same type
are meticulously presented in Table 2.

Mg content in
stage 2a (ng)

Equivalent activity
of Mg-28 (MBq)

16,11 +1,21 0,11+0,01 22,22 +0,32
14,52 +1,12 0,10+ 0,01 19,72 £ 0,51
14,31+1,32 0,09 +0,01 17,73 £0,22
11,81 +1,04 0,08 +£0,01 15,73 +£0,23
16,92 +£1,51 0,12 +0,04 23,62 +0,31

7,62 + 3,52 0,05+0,01 9,82 +0,54
54,53 + 3,81 0,38 £0,05 78,42+0,72
50,94 + 3,52 0,35+0,03 68,92 + 0,64
38,62 +3,03 0,27 +0,02 53,14 +0,52
43,03 +3,31 0,30+0,03 59,14+0,43
41,72 £ 4,23 0,29+ 0,04 57,15+0,61
55,71+5,13 0,39+0,04 74,82 0,72

Table 2: Magnesium ion content in the analyzed samples, magnesium content in stage 2A samples, and the equivalent activity of

Mg-28 for effective dose calculation in tissues.

Within this table, we have meticulously computed magnesium content and the corresponding activity of Mg-28 within hypothesized
stage 2a cancer tissue samples, each of a size < 7cc. Table 3 is dedicated to showcasing simulated absorbed dose values linked to various
radioactive isotopes frequently employed in cancer treatment—namely Lu-177, Y90, I-131—alongside Mg-28. These
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Table 3: MIRD calculations results for oral ingestion through the stomach with isotopes Lu-177 (3a), Mg28 (3b), Y-90 (3c), and I-131
(3d) on the same phantom subject and at the same activity level of 19.7 MBq, with retention over 21 hours.

calculations encompass the gastrointestinal route (via stomach, small intestine) as well as the respiratory route (inhalation), all at an
identical activity level of 19.7 MBq. These discernments are concisely summarized in Table 4.
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Lu-177 (T1/2=6,7d) Mg-28 (T1/2=21h) Y-90 (T1/2=2,67 d) 1-131 (T1/2=8,06d)
Stomach 2,64 E+02 2,93 E+02 4,06 E+02 2,85 E+02
Muscle 7,51 E+01 9,33 E+01 2,74 E+02 9,72 E+01
Tongue 2,41 E+01 3,63 E+01 1,17 E+02 3,36 E+01

Table 4: Absorbed dose per unit activity (mGy/MBgq) for oral ingestion into the stomach of the four isotopes Lu-177, Mg-28, Y-90,

and I-131.

Please note that the absorbed dose values in mGy/MBgq are given for each tissue/organ and for each isotope. The values provided are in
scientific notation format (E+02 represents 10°, E+01 represents 10/, etc.).

Table 5 is dedicated to simulated absorbed dose values for 0.1 ng
of Mg-28, presenting distinct avenues of entry into the body. On
the other hand, Table 6 furnishes calculated absorbed dose values
for 0.1 ng of Mg-28 following intravenous injection across various
organs and tumor masses of varying dimensions, subsequent to a
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Table 5: Pathways of administering 19.7 MBq of Mg-28 into the body with a retention time of one half-life (21 hours).
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6a) Absorbed dose of Mg-28 in the circulatory system:

3.76 E+1 (mGy/MBq)

6b) Absorbed dose in adipose tissue: 3.76 E+1
(mGy/MBgq), in muscle tissue: 3.16 E+1 (mGy/MBq)
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6¢c) Absorbed dose in different tumor masses after 21
hours: T1:3.21 E+5 (mGy/MBgq), T2: 3.2 E+4 (mGy/MBg),
T3: 3.02E+3 (mGy/MBgq), T4: 3.18E+2 (mGy/MBgq), T5:
5.34 (mGy/MBgq)

6d) Absorbed dose of Mg-28 in tumor T1 after 21
hours: 3.21 E+05 (mGy/MBgq)
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6e) Absorbed dose of Mg-28 in tumor T2: 3.1 E+04
(mGy/MBq)

6f) Absorbed dose of Mg-28 in tumor T3: 3.02 E+03
(mGy/MBq)
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6g). Absorbed dose of Mg-28 in tumor T4: 3,18 E+02
(mGy/MBq)

6h) Absorbed dose in tumor T5 when directly
administering Mg-28 into the tumor: 5.34 (mGy/MBq)
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6i) Absorbed dose in tumor T5 when intravenously
injecting Mg-28: 5.34 (mGy/MBgq)

6k) Absorbed dose in tumor T5 when intravenously
injecting Mg-28 with additional bladder dose: 5.34

(mGy/MBq)

Table 6: Absorbed dose of Mg-28 via intravenous injection in different tissues and U masses after 21 hours.
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intravenous injection of Mg-28 without a concurrent tumor mass
leads to widespread distribution across diverse organs, akin
to scenario (5d). This scenario assumes the delivery of Mg-28
to organs via the circulatory system (6a), retention within the
residual body portion (6b), and dose dispersion across varying
tumor masses (6¢), (6d), (6¢e), (6f), (6g), (6h). Notably, figures (61)
and (6k) provide a visualization of dose distribution within tumor
mass T5, incorporating intravenous injection, with consideration
for bladder retention and the residual body portion. Of particular
significance, figure (6h) postulates a scenario where Mg-28 is
directly introduced into tumor mass T5.

3.2. Discussion

Observing the data in column 3 of Table 2, it becomes evident
that the magnesium content in tumor masses and healthy tissues
shows minimal variance, aligning within the range of 7.62 to
16.92 ppm in breast tissue and 38.62 to 55.71 ppm in colon tissue.
These values adhere consistently to established references [67-73].
Meanwhile, column 4 of the same table details the magnesium
quantities in stage 2A tumors, and column 5 computes the
corresponding Mg-28 activity. Hence, the magnesium ion content
within the three categories of stage 2A tumors spans from 0.1
to 0.4 nanograms. Notably, assuming that 0.1 ng of Mg-28 can
engage in competition with magnesium within cancer cells at an
exceedingly low probability (1%o), it could potentially deactivate
2.15 x 10"9 enzymes reliant on magnesium ions as cofactors. It's
worth mentioning that highlighted values belonging to healthy
tissues within the table can be disregarded. Additionally, the value
of 0.1 ng of Mg-28, corresponding to 19.7 MBq or 0.53 mCi
of radiation as deduced from equation (2), yields effective dose
values suitable even for substantial tumor masses, while inflicting
minimal impact on critical healthy tissues such as the heart, lungs,
uterus, liver, kidneys, and spleen (as reflected in Tables 5 and 6).

A careful examination of Table 3 reveals the disposition of
radioactive substances—Lu-177 (3a), Mg-28 (3b), Y-90 (3c),
and I-131 (3d)—following oral administration after 21 hours
(spanning a half-life of Mg-28 for comparison). These substances
predominantly accumulate within the stomach. Disparities emerge
solely in terms of dosage (MBgq/mGy), with Y-90 displaying
elevated doses in the stomach, muscle, and tongue compared to
the remaining three isotopes. Corresponding reference values are
outlined in Table 4.

Upon consulting Table 5, it's evident that the distribution of Mg-28
activity within the body after 21 hours significantly varies based
on the chosen administration pathways. Orally or inhalationally
introduced Mg-28 primarily concentrates its radiation impact
on tissues such as the stomach, small intestine, and lungs. This
phenomenon is attributed mainly to beta radiation, with gamma
radiation exerting minimal influence (scenarios 5a, 5b, and 5¢). In
contrast, the distribution pattern shifts

when Mg-28 is introduced intravenously, leading to its relatively
widespread distribution across diverse organs. The absorbed dose

calculation encompasses contributions from both beta and gamma
radiation (scenario 5d). Consequently, for tumors located within
the digestive and respiratory organs, oral ingestion or inhalation
could be the preferred administration routes. Conversely, for
tumors in other internal organs, intravenous injection might be a
more suitable choice.

Further insight can be gleaned from the scenario where Mg-28 is
solely administered intravenously after 21 hours. In this instance,
blood serves as the medium for transporting and dispersing Mg-28
to various organs, as demonstrated in Figure 6a. This distribution
proves relatively comprehensive, with the absorbed dose being
relatively modest, approximately 12 mGy per injection per organ.
In scenarios where the residual body portion retains Mg-28, the
distribution pattern aligns with Figure 6b, concentrating within
adipose and muscle tissues. Here, the absorbed dose is even smaller,
approximating 800 mGy per injection. As fat and muscle tissues
constitute roughly 50-60% of body weight and boast a widespread
presence, the concentration of Mg-28 within these tissues incurs
minimal impact on crucial organs. Hence, this dose could be
deemed safe for the body. Consequently, administering 0.1 ng of
Mg-28 aligns with radiation exposure safety considerations.

Analyzing the absorbed dose distribution of Mg-28 within various
tumor masses underscores its stability and a direct correlation with
tumor size. The absorbed dose values are delineated as follows:
Ul: 3.21 x 10° mGy, U2: 3.2 x 10* mGy, U3: 3.02 x 10° mGy,
U4: 3.18 x 10”2 mGy, US: 5.34 mGy/MBgq. Evidently, the smaller
the tumor mass, the higher the absorbed dose, owing to the mass
reduction.

Absorbed dose, as defined, is the radiation energy absorbed per
unit mass of the material it traverses.

dD=dQB/dm (3) Here:

dD is the absorbed dose calculated in Gy and has the dimension J/
kg (Joules per Kilogram).

dQ, is the radiation energy of a decay, measured in eV or multiples
of eV such as keV, MeV, or GeV. In the case of isotopes located
inside, the energy loss from the body due to highly penetrating
gamma or X-rays is negligible compared to the portion absorbed
by high-energy charged particles. Therefore, dQr can be considered
as the radiation energy absorbed. It should be noted that 1 eV =
1.6 x 10 J. - dm is the mass of the material through which the
radiation passes, measured in kg.

Hence, it becomes evident that the smaller the tumor mass, the
higher the absorbed dose, yielding a more pronounced interaction
between radiation and the tumor mass. In the case of U5, direct
delivery of Mg-28 to the tumor mass without intravenous injection
sustains the absorbed dose at 5.34 mGy/MBq, mirroring the outcome
of intravenous injection. However, notable differences arise in
other organs such as adipose tissue, muscle tissue, and the bladder,
where radiation retention is absent. This point underscores a crucial
consideration: if a means of directly delivering Mg-28 to the tumor
mass can be devised, potential side effects could be minimized.
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Shifting focus to tumor masses T1 through T4, the absorbed dose

of Mg-28 showcases considerable elevation, holding the potential
to eliminate cancer cells with a single injection. The absorbed dose
values per injection are outlined as follows: T4: 6000 mGy/0.1
ng Mg-28; T3: 60000 mGy/0.1 ng Mg-28; T2: 600000 mGy/0.1
ng Mg-28; and T1: 6000000 mGy/0.1 ng Mg-28. This signifies
a delivery of concentrated radiation, rendering it possible to
effectively eradicate cancer cells. This advantage of Mg-28 can
be attributed to its identity as the Mg+2 ion, which serves as a
cofactor in nearly 300 types of enzymes within cells. Given the
rapid proliferation of cancer cells, their increased demand for
magnesium ions in comparison to normal cells underscores the
potential efficacy of this approach.

Further analysis reveals that the absorbed dose primarily results
from the emission of beta particles. These particles exhibit a
limited range of impact, spanning less than 3.6 mm in water. As a
result, the surrounding healthy tissues adjacent to the tumor mass
receive effective protection. This aspect highlights yet another
remarkable advantage offered by Mg-28. Thus, enzymes reliant
on magnesium ions as cofactors emerge as the prime targets for
Mg-28 radioisotopes. Conversely, upon reaching their intended
destination, these isotopes transform into agents capable of
dismantling these very enzymes.

For stage 2A tumors, conforming to our previous assumption, they
fall within the category of T4 tumor masses. Consequently, the
utilization of Mg-28 can yield an impressively high absorbed dose,
approximating 6000 mGy for a mere 0.1 ng of Mg-28. This dosage
proves sufficiently potent to obliterate the entire cancerous mass.
Even for larger tumors surpassing the confines of stage 2A, an
option is to amplify the Mg-28 dosage by a factor of 10, resulting
in an approximate value of 5.3 mCi or 197 MBq. This step is taken
with the expectation of yielding improved outcomes. Nonetheless,
it's crucial to underscore that this viewpoint necessitates empirical
validation through experiments.

4. Conclusion and Recommendations

The utilization of Mg-28, a radioisotope of the element magnesium,
for the inactivation of magnesium-containing metalloenzymes
stands as an innovative and well-founded concept. This approach
underscores the potential application of nuclear transformation to
disable metalloenzymes. Remarkably, metalloenzymes serve as
precise targets for radioisotopes, which subsequently inactivate
and irradiate them. The effectiveness of both actions holds the
potential to inflict damage on tumor cells, should this method find
application in cancer treatment research.

Radioactive Mg-28 ions possess the capability to displace stable
Mg ions through competitive binding during metalloenzyme
formation. With a competitive probability of 1%, a mere 0.1
ng of Mg-28 can render approximately 2.5 billion magnesium-
dependent metalloenzymes inactive. These cofactors play pivotal
roles in numerous cellular metabolic processes, including DNA

replication during the synthesis phase, RNA transcription across
the GO, G1, and G2 phases, energy and glucose metabolism,
as well as the initiation of cell cycle transitions. This strategy
essentially serves as a form of chemotherapy, halting metabolic
processes within tumor cells. The distinctiveness of this method
lies in its reliance on a solitary radioisotope agent, Mg-28, which
possesses the capacity to simultaneously or separately deactivate
multiple magnesium-dependent metalloenzymes. This can be
attributed to the fact that the decay of Mg-28 yields Al-28 (Al+3
ion) and subsequently Si-28 (Si+4 ion). Neither Al+3 nor Si+4
ions function as cofactors for magnesium-dependent enzymes.
Consequently, their immediate inactivation leads to the disruption
or hindrance of metabolic processes, profoundly affecting the cell
cycle of cancer cells.

Armed with a mere 0.1 ng of Mg-28, its decay can generate
remarkably high absorbed doses, ranging from 6000 to 6000000
mGy, specifically tailored for early-stage tumor masses with
volumes < 5 cc. This dose potency proves sufficient for the total
elimination of the cancerous mass, while vital body tissues remain
unscathed, as corroborated by MIRD calc simulations. The pivotal
challenge lies in devising a means to transport Mg-28 to the tumor
mass, minimizing the potential adverse effects on essential organs
and neighboring healthy cells, either through radiation exposure or
inactivation by Mg-28.

Hence, magnesium-dependent metalloenzymes find themselves as
prime targets for Mg-28 radioisotopes. Conversely, the decay of
this isotope results in the deactivation of these cofactors, all while
concurrently delivering a robust radiation impact to the target with
an exceptionally high probability and a substantial effective dose.
This represents an advantage hitherto unparalleled by prior cancer
treatment methods.

However, it's crucial to acknowledge that this novel approach is
currently presented in the form of hypothetical calculations and
illustrative simulations. Validation through in vitro and in vivo
experiments by scientists is imperative before embarking on
clinical trials [74-76].
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