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ABSTRACT

Many scholars nowadays have proposed numerous integral transformations. Most
often, integral transformations are used to solve systems, differential equations, and
integral-differential equations. Rachid and Patil introduced the Taki integral trans-
form in (2025). A set of differential equations with boundary conditions is present
in our health sciences medication absorption models. The Taki integral transform is
used in this study to solve the drug absorption model.
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1. Introduction

We always keep searching for new ways to make human life easier. Many problems
also come up, we try to find ways to solve them, many ways are also found, but it is
not necessary that that particular way is the best. We try to find the easiest ways.
Like problems like engineering, physical, social, psychological, health science, finan-
cial, management etc. we take the help of technology to solve them. Now a days many
problems related to human health are faced, diseases come, for their treatment we use
some medicines, which we eat or apply in blood, and how it spreads in the body, I have
done a lot of mathematical research on this problem In present, integral transforms are
one of the very valuable and humble mathematical technique for finding the solutions
of advance problems followed in many areas like, economics Engineering, commerce,
technology and science. To gives exact solution of problem without long calculations
is the significant feature of integral transforms.

In 2017, Khanday et al. introduced the two models shown below [1]. They use the
Laplace transform and the Eigen value approach to solve these models. The relation-
ship between medication intake and concentration at the target location across several
compartments in the biological approach is examined while models are being raised.
In 2022, D.P. Patil and colleagues used the General Integral Transform to solve the
same model [2] Bugami, et al. (2024) using El-zaki tansform to solve blood glucose
concentration model[4], A.K.Thakur and M. Kulmitra use Laplace Transform for solv-
ing the Partial Differential Equations of triple variables [5], Jaiswal, Yashawant, et al.
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solve singular pseudo-hyperbolic equation using decompositions method using Triple
generalized Sumudu Laplace transform [6], A.K. Thakur et al. to solve laplace trans-
form application through fractional differential equation [7], Saadeh et al. use to solve
cancer models through integral transform [9], A. K. Thakur and S. Panda study some
properties of triple Laplace transform [8]

This paper contents four sections, first section is introduction, here we give some in-
troduction abut over paper, second section is Preliminaries, here we say about some
basic concepts, third section is application part we use Taki integral transfor 3] to
solve drug absorption mode and we draw graph with using matlab and fourth section
is over conclusion.

2. Preliminaries

Presenting a comprehensive integral transform that includes most integral transforms
from the Laplace transform family is the aim of this section.

Definition 2.1. We consider functions of exponential order in the set B, defined by

B = {f(t)with|f(t)| <Ne%,if t € (=1)7 x [0,00)withj = 1,2 and N, 51,55 > 0},

(2.1)
For a given function in the set B, the constant A/ must be a finite number, while ¢
and g may be finite or infinite. The TIT denoted by the operator T'K(.), defined by
the integral equation:

TE{f(t)} = /0 TR, 0) [(Z0)dt, R(L,v) = v, (2.2)

where K (t,v) is kernel of transformation, with ¢ > 0,h; < v < hy, & € Z, B € Z* and
Z is a real number.The inverse of the TIT is denoted by TK~1(.) |3].

Definition 2.2. If TK|[f(t)] = F(v) then the inverse of the TIT defined as
TKF(v)] = f(t).

3]

2.1. TIT of Some functions and it’s properties
2.2. The linearity property of TIT
TK[f(t)] = F[v] and TK|[g(t)] = G[v] are two TIT, then

TK{ysf(t) +719)} = 3[F(v)] + 71G[v]

More over, the inverse TIT is linear.
If

TK™'[F(v)] = f(t)

TEYG(v)] = g(t)
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Then

TK ' [ysF (v) + 712G (v)] = 3TK ' F(v)] + uTK ' [G(v)]
=3f(t) +719(t)

2.3. TIT of some important function:
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The TIT [3] is necessary to satisfy the following condition ¢ > 0, we can writer it in

the following form

Table 1.: TIT of some function’s

s.no. | Functions f(t) TK(f(t)) —F(v)
=
1 1 N
v(l
2 t Zqﬂt?
2 2 v
3 t 2Z 3
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2.4. TIT of derivative

Let f(t) be a function derivable in R, the TIT of its derivative is written as follows:
Lf'(t) = TK[f'()]
2.07(0) — TRIF0] = (oPTRI0] - 2 % 10) - 2 £0)

' Nz Z Z Z

3.fM(t) = TK[f™(1)] = (

13]

3. Application

B

Z

'U'é [
= STRf0) - 5 10)

[e3

a n—1

v ’Uﬁ
J'TE[f()] = = > ()" ®(0)

Z
k=0

Z

medication absorption and circulation via the blood and gastrointestinal system using a two-
compartment model. The normal form of the two compartment model defining the rate of
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change in oral drug management is given as [1],

diy(8)
dt —maly(t) O — I () — 0 .
{dlzt(t) = mlll(t) - mglg(t)7 1( ) 0, 2( ) ( i )

Here 1 (t): Concentration of drug in stomach or gastrointestinal tract,
I5(t): Concentration of drug in bloodstream sections,

lp: Initial concentration of blood,

my: Rate constants from one compartment to another,

ma(> 0): Clearance constant.

apply Taki integral transform in euation (3.1)

TK[MO) = TR [—myly (1)] (32)
TK[30] = TK[m i () — mala(t)), '
{ngK[zl(t)} — 2204(0) = —m TK [ (1) (33)
%TK[lg(t)} — glz(O) = mlTK[ll(t)] — m2TK[l2(t>],

using initial conditions and simplifing equation (3.3),

’L)B — Ud
{[%]TK[ll(t)] =zl i (3.4)
[z + ma2] TK[l2(t)] — miTK[l1(t)] = %50

B

v
o - §—|—m1 BO
—-mi  F 4+ ma

(=224
= Z"Y|.
7=75"

Using cramer rule for solving equation (3.4),

2o ,
0 %—sz

ﬁl
=2 (3.5)
Z tm

§+m1 AO

B
—m U? + mo

vy
- _"M=z0 (3.6)

(% +m1)(% +ma)

B &
Ftm Flh
—m1 0

%‘le AO

—my % + me

now apply Inverse Taki integral transforn in equations (3.5) and (3.6),
Cay

TK-YTK[l(1)]} = TK*{A}

5
Z +m

ll(t) = loeimlt (37)

TK‘l{TK[lg(t)]}:TK_l{ _ magh )}
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Accordingly we have found I (%):
Absorption of drug in bloodstream sections.

Table 2.: Values of 4(t) at time ¢ for different combinations of constants m; and [

&

LI . SN 2R
2T (g ) (7 ma)
l
() = T3 [omie_ gomar]
mg — My
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(3.8)

concentration of drug in stomach or GI tract, l2(t):

t(hI‘) ll(t),lo =1
myp = 0.5 my = 1.5 myp = 2.0 myp = 2.5 myp = 3 my = 3.5 my = 4 my = 4.5 my = 5
0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1.0 0.61 0.22 0.14 00.08 0.05 0.03 0.02 0.01 0.006
2.0 0.37 0.05 0.018 0.0068 0.002 0.0009 0.0003 0.0001  0.00005
3.0 0.22 0.01 0.002 0.0005 0.0001  0.00002 0 0 0
4.0 0.14 0.002 0.0003 0.00004 0 0 0 0 0
9.0 0.08 0.0005 0.00004 0 0 0 0 0 0
Table 3.: Values of I1(t)at time ¢ for different combinations of constants my and I
t(hr) ll(t),ml =15
lp=10 =12 [p=14 lp=1.6 lo=18 [p=20 (=22 [p=24 [p=26
0 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6
1.0 0.22 0.27 0.31 0.35 0.40 0.44 0.49 0.53 0.58
2.0 0.05 0.06 0.069 0.07 0.089 0.09 0.10 0.11 0.129
3.0 0.01 0.013 0.015 0.017 0.019 0.022 0.024 0.026 0.028
4.0 0.002 0.003 0.003 0.0039 0.004 0.004 0.005 0.005 0.006
5.0 0.0005  0.0007  0.0007 0.00088 0.0009 0.001 0.001 0.0013  0.0014
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(a) For mj constant

(b) For a; constant

Figure 1.: Drug concentration pattern within the body as single compartment with
different rate constants.

In table 2 if we fix Iy and increase my by 0.5 - 5 then there is a decrease in the value of 14 (¢)
which is given as "a" in Fig.1. Similarly, In table 3, if we fix m at 1.5 and increase [y from 1
- 2.6, the value of I, (t) decreases which is visible in "b" of fig 1. If we compare both the figs
in Fig 1, the value of I (t) decreases more when we fix /o and increase m;.

Table 4.: Values of ly(t) at time ¢ for different combinations of constants ly, m; and

l()
¢ (hn) my =121y =10

mo = 1.3 mo = 1.5 mo = 2.0 mo = 2.5 mo = 3.0 mo = 3.5 mo = 4.0 mo = 4.5 mo = 5
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.0 3.43 3.12 24 2.02 1.67 1.41 1.21 1.05 0.92
2.0 1.97 1.63 1.08 0.77 0.58 0.46 0.38 0.32 0.28
3.0 0.84 0.64 0.37 0.24 0.18 0.14 0.11 0.09 0.08
4.0 0.32 0.23 0.11 0.075 0.05 0.04 0.03 0.029 0.02
5.0 0.11 0.077 0.03 0.022 0.01 0.01 0.01 0.009 0.007
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Table 5.: Values of I5(t) at time ¢ for different combinations of constants ly, my, and

lo(t)
+ (hr) my = 1.2,1’]’12 =9
lp=10 [lp =102 [y=104 [y, =10.6 lp =10.8 lo=11 lp=112 [p=114 [y =116
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.0 0.46 0.47 0.48 0.49 0.50 0.51 0.52 0.52 0.53
2.0 0.14 0.14 0.14 0.15 0.15 0.15 0.15 0.16 0.16
3.0 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.04
4.0 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
5.0 0.003 0.003 0.004 0.004 0.004 0.004 0.004 0.004 0.004
Table 6.: Values of I3(t) at time ¢ for different combinations of constants ly, m; and
m2
la(t)
¢ (hr) me = 9,lp =10

m =12 my =14 m =16 m; =138 my = 2.0 mp =22 m; =24 my = 2.6 my = 2.8
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.0 0.46 0.45 0.43 0.41 0.38 0.35 0.33 0.30 0.27
2.0 0.14 0.11 0.08 0.068 0.05 0.03 0.029 0.02 0.02
3.0 0.04 0.027 0.017 0.011 0.007 0.004 0.003 0.002 0.001
4.0 0.01 0.006 0.003 0.002 0.0009 0.0005 0.0002 0.0001 0.00006
5.0 0.003 0.0016 0.0007 0.0003 0.0001 0.00005  0.00002 9.18259 x 107%  3.75529 x 10~°




230 International Journal of Mathematics, Statistics and Operations Research

15
t-Time (h)

(a)

15
t-Time (h)

(b)

15
t-Time (h)

(¢)

Figure 2.: Drug distribution pattern in oral administration.

In table 4, when we increase mso by 1.3 - 5 by fixing m; at 1.2 and Iy at 10 then the value of
l5(t) increases at t = 1 and then decreases which is shown in ’a’ of Fig. 2.

In table 5, when we increase mq by 1.2 - 2.8 by fixing mso at 9 and [y at 10 then the value of
l5(t) increases and then decreases at ¢ = 2 which is shown in ’b’ of Fig. 2.

In table 6, when we fix m; at 1.2 and msy at 9 and increase [y from 10 - 11.6, then the value
of I5(t) is maximum at ¢ = 1 and then it keeps decreasing as is visible in ’¢’ of Fig. 2. If we
compare 'a’; 'b’ and ’c’ of Fig. 2, then by fixing m1 and m9 and changing [y, the result is good.
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4. Conclusion

In the health sciences, we effectively use the Taki integral transform for medication absorp-
tion models in the tissue medium and blood compartments. The outcomes of Taki’s inte-
gral transform are identical to those of Khanday et al. (2017) study [2] and P. Patil et al.’s
study, which employed the Eigen value approach, Laplace transform, and General Integral
Transform[1].Further research is needed to explore the full potential of the Taki transform in
medical sciences and to compare its performance with existing integral transforms in various
medical modeling scenarios.
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