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Abstract— In the present paper we consider mathematical
model in term of a differential equation in field of pharmacy.
Pharmacokinetic model is the one in which drugs in the body
are in a dynamic state. Calculus is a significant mathematics
tool for investigating drug movement quantitatively. Our
Differential equation with in two compartments is used to
relate the absorptions of drugs in various body organs over
time. Integrated equations are regularly used to model the
cumulative therapeutic or toxic reactions of medicine within
the body. Differential calculus involves finding the rate at
which a variable measure is changing. Solve this mathematical
model with the help of Kamal transformation.

Keywords— Derivatives, Differential Kamal
Transform, Inverse Kamal Transform.
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Introduction

Drug concentration analysis in various biological
compartments is performed using the pharmacokinetic
models [9-11]. (plasma compartment, tissue compartment,
deep-tissue compartment, and mammillary compartment).
For the analysis of drug distribution in the biological body
[12-14] one among them, the mammillary compartment
model is usually used. According to the distribution of the
drug in the body, this compartment model can be divided
into one, two, three, four, etc. compartment models [15].
Pharmacokinetic — parameters are required in the
compartment model to predict drug disposition and
biological half-life in order to study and comprehend
distinct compartment models. The distribution and
elimination processes are predicted by the pharmacokinetic
parameters and biological half-life. To generate a
pharmacological reaction, the drug must be present in the
body at an effective concentration. There is no
pharmacological response to treat the disease if the drug's
plasma concentration declines below the effective
concentration [16]. Moreover, a higher plasma drug
concentration results in toxic effects. Therefore, while
administering a drug to patients, the dose and dose interval
are significant parameters. The pharmacokinetic factors are
related to the dosage regimen (dose and dose interval)
(absorption rate constant, elimination rate constant and
biological half-life). The mammillary compartment model
[17-18] states that when a drug is administered
intravenously as a bolus dosage, all of the drugs are initially
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present in the plasma compartment (central
compartment). However, as time passes and drugs are
transported to the peripheral compartment, the concentration
of drugs in the central compartment steadily decreases.

Complex rate expressions can be solved with easily using
standard algebraic procedures according to the Laplace
transform. Considering a one-compartment body model, it is
accurate. If the two-compartment body model is involved, as
we can see in [3], the anti-Laplace of the resulting
convoluted transformations may only be obtained in a
comprehensive table of Laplace transforms. Using a two-
compartment pharmacokinetic model as well as the Kamal
Transformation, this method for solving linear differential
equations of the first order is illustrated.

We can take set A me function is defined Kamal Transform
t
A= [f: If(t)l < Qen if te (—1). [0,e0],j = 1,2;(Q,ny,m, = 0)
Where Q is constant and M1+ 1z can be finite or infinite [7].
The integral equation
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Kamal transform of the derivatives of the function
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Pharmacokinetics describes the rate and extent of a drug's di
stribution to various tissues and, consequently, the rate of th

e drug's elimination.Pharmacokinetics can be reduced to mat
hematical equations that describe how a drug is distributed a
Il through the body, maintaining a net steady state as it move
s from absorption and distribution through metabolism and-

excretion.

I. TWO-COMPARTMENTAL MODEL EQUATION

See [3] for information on a medication that enters the body
by an unique first order absorption process (hormally via the
oral or intramuscular routes) and distributes throughout the
body using a two compartment model. The body was
divided into central and peripheral compartments using the
pharmacokinetic 2-compartment model. The plasma and
tissues make up the central compartment (compartment 1),
where the drug is distributed almost instantly. Wherever the
drug supply is slower, as seen in [2], a tissue is present in
the peripheral compartment (compartment 2).
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Two Compartment Model
The differential equations below are used in a two-
compartment model equation to determine how a drug is
distributed and eliminated from the body

dy, _

E =En¥: —Kyaw — Koy o 1)
dy,

== =Ki»n —Kuny - (2)
dt < i

Taking kamal transform of (1) and (2) both the sides,
can be transformed into linear equation
K‘[}"rl} =K K(v) — K Ky ) — KoK ()

1
;}’1 - M (0) = Ky K(y: ) — Ky K(wy) — KoK (v )

1
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Applying Crammer’s Rule to solve equation (3) and (4)

—t+Knp+Kpy —Kn 1
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Ky +K
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A= 1 =(— K, ] , (0
1 0 o p+ 71 .‘H.':j
P
- ©
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{%"‘ Ky + Hm) {i"‘ K:l) — K3 Ky

put K+ K, + Ky =a+band K K, =ab

Ay p U+ pKy )y (0)
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By using partial fraction method, we can write,

_ (Hz — a)y, (0) (b — Kz,)y, (0)

" bla—8)(1 +ap)  bla — B +ap)

Now by applying inverse Kamal transform, we have
y, (£) = Ae~ %t 4 BeB"

[Kgy-a)y 0] B = [B-Kz4]y4 (0]
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Fig 3.1
Fig 3.1 Y4 (t) is the drug dose on a particular day is in mg.
This figure depicts the dose over time graph.

1. COMPARTMENT MODEL EQUATION

The body was separated into a central compartment and two
peripheral compartments using the pharmacokinetic three-
compartment model. The plasma and tissues constitute up
the central compartment (compartment 1), where the drug is
essentially distributed instantly. Wherever the drug supply is

— Blovier than in compartment 1, tissues are located in the
peripheral compartments (numbers 2 and 3).

Bolus dose of drug

Central

Compartment
s Vi =]
eq::i?lll’:'al:lng %’ \‘ Slowly
ilibrati
compaimert| [ [~ [y
V2 Vs

i Ko

| Elimination/metabolism

In a 3- compartment model equations distribution and
elimination of drug in the body is given by the differential
equations as shown below

dy,
E =Kuw, —Kuys — Koy —Kpon (6)
dy,
dt =Ky — Koy (7
¥
Fra Kiayy — Ky v (8]
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Taking Kamal transform of (1) and (2) both the sides, can be
transformed into linear equation

Kly'} = K3y K(3:) — Kau K O3) — KK () — Ko K ()
1
;h —3.(0) = K2y s — K313 — Kioyy — Kuoy

1
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Applying Crammer’s Rule to solve equation (9), (10) and
(11) to find the value of ¥1
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By using partial fraction method, we can write,
o (K - 0)(a - Kyy) 1 (0) s (Kyy = B)(b - Kyy) 1,0) s (Kyy = €)(c = Kyy) 3, (0)
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Now by applying inverse Kamal transform, we have
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Fig 3.1 Y(0) and Y,(t) are the drug dose initially and on a
particular day respectively and are in mg. This figure depicts
the dose over time graph.
Application to derive pharmacokinetic equations
After the intravenous injection of a drug to a patient, it
distributing in the body and also eliminates in the body as
first order kinetics is set into the differential.

Z =y =—kv,
Where Y is the total amount of drug in the body of a patient
intime t
Taking Kamal transform of both sides

1
-V —¥(0) = —k¥
P

1
;F+ k¥ = v(0)
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Where v (0) amount of drug given to the patient when time
is zero.
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Fig 3.2
Fig 3.2 Y(0) and Y(t) are the drug dose initially and on a
particular day respectively and are in mg. This figure depicts
the dose over time graph.

CONCLUSION

In this work, we have discussed two systems of two
compartments and three compartments pharmacokinetic
models of these models solve with the help of Kamal
transform. Both models are represented in term of first order
differential equation. Kamal transform is powerful tool to
solve the differential equations. These models can be
extensively used for any type of drug diffusion problems
which are arising in pharmacokinetic studies. This study has
a good number of applications in drug control drug dosage
and other related problems.
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