Acta Universitatis Apulensis,

ISSN 1582-5329, 2011,

Special Issue on Understanding Complex Systems,

Eds. Barna lantovics, Ladislav Hluchy and Roumen Kountchev

MATHEMATICAL MODEL FOR TSPP DRUG-DELIVERY IN
NANOMEDICINE

RoDICA MARIANA ION, ADRIANA FiLIP,
SIMONA CLICHICI AND ADRIANA MURESAN

ABSTRACT. Helping improve humanity is one of the promises of nan-
otechnology and nanomedicine. This paper will highlight some of the re-
search findings in the nanomedicine area by creating a pharmacokinetic model
of 5,10,15,20-tetra-(4-sulfonatophenyl)porphyrin (T'SPP) used as sensitizer in
photodynamic therapy.
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1. INTRODUCTION

The efficiency of drug delivery to various parts of the body is directly
affected by particle size. Nanostructure mediated drug delivery, a key technol-
ogy for nanomedicine, has the potential to enhance drug bioavailability and
a reduced drug toxicity and more efficient drug distribution. Nanostructured
drug carriers help to penetrate or overcome these barriers to drug delivery.
Transcutaneous permeation occurs with particles around 100 nm and 50 nm
in size, respectively. Advantages of nanostructure-mediated drug delivery in-
clude the ability to deliver drug molecules directly into cells [2] and the capacity
to target tumors within healthy tissue. For example, DNA and RNA that is
packaged within a nanoscale delivery system can be transported into the cell to
fix genetic mutations or alter gene expression profiles. Nanoscale drug delivery
architectures are able to penetrate tumors due to the discontinuous, nature of
the tumor microvasculature, which typically contains pores ranging from 100
to 1000 nm in diameter. The tumor tissue types can be selectively targeted by
creating drug delivery nanostructures greater than the intercellular gap of the
healthy tissue but smaller than the pores found within the tumor vasculature.

For a precise control of the drug carrier architecture, the release of the drug
can be tuned to achieve a desired kinetic profile. Three of the most common
kinetic profiles are zero order, first order, and Higuchi; these are expressed
mathematically in Eq. 1, 2, 3. The ideal release profile for most drugs would
follow a steady release rate so that the drug levels in the body remain constant
while the drug is being administered. More recent transdermal drug delivery
mechanisms follow the Higuchi model [3].

Zero order : Dy = Dy + Kot (1)
First order : InDy = InDy — K1t (2)
Higuchi order : Dy = Dy = Kyt'/? (3)

Where:

e D, is the amount of drug released at time t;

e [y is the initial amount of drug released, result of initial rapid release;
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e [y is the zero-order release constant;
e L is the first-order release constant,
e ky is the Higuchi release constant

Photodynamic therapy (PDT) is a promising method for treating malignant
tumors combining the action of a special dye - photosensitizer (PS), oxygen,
and radiation on biological tissues. Treatment consists of several sequential
stages: injection of the PS (intravenous or local), leaving it for up to 24 h,
and irradiation for 15-20 min. In general, any coherent or incoherent light
source with a proper spectrum can be used for therapy. The most widely used
devices are continuous nonionizing lasers with a power density of up to 250
W/em?. The wavelength is, as a rule, within the limits of the ”therapeutic
window” of 600-1200 nm. In this case, the light penetrates deeper into the
tissue compared to the remaining part of the visible spectrum. PDT is based on
the photodynamic action (PA) affecting living structures, which was discovered
at the end of the 19th to the beginning of the 20th centuries. At the molecular
level destruction of cancer cells by PDT occurs through the formation of singlet
oxygen (reaction of the second kind) - a very active oxidizer.

This paper will highlight some of the research findings in the nanomedicine
area and a pharmacokinetic model of 5,10,15,20-tetra-(4-sulfonatophenyl)porphyrin
(TSPP) used as sensitizer in photodynamic therapy.

2. MATERIALS AND METHODS

5,10,15,20-tetra-(4-sulfonatophenyl)porphyrin (TSPP), Figure 1, was syn-
thesized and purified in the laboratory after the literature methods [4]. It
was solubilized in water at 10-4 M concentration. All the stock solutions were
stored at 4°C' in the dark and used in the 14 days interval.

3. RESULTS AND DISCUSSION
3.1. PDT PrOTOCOL

50 male Wistar rats, weighting 200+20g were used for this study. They were
anesthetized (90 mg kg~! ketamine, 10 mg kg~' xylazine, i.p) and grafted on
the shaved right thigh with small fragments of Walker tumor. Ten rats with
Walker carcinosarcoma represented the control group; the others underwent
PDT with TSPP. Once the tumor reached 1 em? it was treated with PDT.
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Figure 1: The chemical structure of TSPP

3.2. TSPP CONCENTRATION IN TUMOR HOMOGENATE

The tumor was homogenised with a solution containing 80% sucrose 0,25
M and 20% NaOH 0,1 N. In the supernatant obtained after centrifugation
TSPP was determined fluorimetrically using a Perkin-Elmer spectrofluorimeter
(excitation 412 nm and emission 643 nm), using a calibrating curve.

3.3. A PHARMACOKINETIC MODEL OF TSPP

TSPP is intravenously injected at 2 mg/kg over a period of five minutes,
and it attains a high saturation level from 24 to 36 hours after injection. The 12
hour period between the 24 th and 36th hour is called the treatment window,
and at some time within this period a physician focuses a 630nm light on the
targeted area. Different tissues absorb and expel substances from the blood
at different rates, and hence the concentration of TSPP varies from tissue to
tissue [5,6]. Results show that maximum tumor TSPP concentration levels
were achieved at approximately 24 hours after administration. We model C
with the following first order, linear differential equation:

— = —— k(4 (4)
Where:
e (' is the plasma concentration during injection;

e [ is the rate of elimination;
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e ko is the rate of infusion;

e 1/ is the volume of distribution.

_ ko

Vg

Ol []. - th] (5)

So, assuming that the infusion ends at time v = 0.083~7%, or 5 minutes,
we have that

dCy/dt = —kCy (6)

from which we conclude that:

Ca = Ci(7)M = ko[l — €] =) (7)
Where C'4 is the plasma concentration after infusion.
In(2
=2 (®)

The infusion rate ko is based on the fact that the drug is injected at 2mg/kg
over a period of 5 minutes. Under such conditions, we have that 0.4 mg/mouse
of TSPP are delivered in 5 minutes, and thus ky is 4.8 mg/h. The rate of
elimination, k, is calculated by solving:

where the half-life for TSPP is ¢, 5= 336 hours. Hence, k= 0.00206 h~t.

A computational reaction framework was used to model drug release in
the tumor, and intracellular uptake and binding [7,8]. Numerical simulations
suggest that zero-order drug release is the most applicable in this case, the
slow phase corresponds to a plateau drug concentration that is proportional
to the ratio of drug release from the tumor.

4. CONCLUSIONS

This paper will highlight some of the research findings in the nanomedicine
area by creating a mathematical model for pharmacokinetic activity of TSPP
used as sensitizer in photodynamic therapy. Results show that maximum tu-
mor TSPP concentration levels were achieved at approximately 24 hours after
administration.
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Figure 2: Dynamic curve of TSPP tissue concentration within the tumor
(Points represent absolute median TSPP concentration levels)
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