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% The Sinulation of the Influence of Two-Conpartnent Model
% Parameters on the Plasma Drug Concentration and Drug Effect

% Part 1 | Influence on Plasma Drug Concentration

clc;
cl earvars;
close all;

Tabled Values

Vc = 961; % Vol une of the central conportament [mi]
CL = 75; % cl earance [L.h"1]
K12 = 0.126; %transfer rate constant fromthe central conpartnent

%to the peripheral conpartnent [h”-1]
K21 = 0.062; %transfer rate constant fromthe peripheral conpartnment

to
% the central conpartnment[h”-1]
E max = 37.7; % max drug effect (no units)
C E50 = 3.2; %concentration of the drug that produces half of the

% maxi mum ef f ect [ ng. mL"1]
F = 0.75; % bi oavai l ability (% of DO)

Studie 1 - Changes in C with Ka

This study aims to simulate the changes in the concentration of the drug, in time, with changing values of
Ka (absortion rate), while fixing the elimination rate (K10) and the oral dose (DO)

% setting initial variables

K10 = CL/ \c; %fixing elimnation rate
Ka = 0.1:0.1:5; % absortion rate varies fromO0.1h”-1 to 5h*-1 with a
step




% of 0.1h"-1

% definition of the hybrid constants using the function f _r
[al pha_1, alpha_2] = f_r(-1, KIO+K21+K12, - K10*K21);

al pha = max(al pha_1, al pha_2);

beta = K10+K21+K12- al pha;

% a) sinmulation using C(t)
%t = 1/365; % enporal step
dt = 0.1;

t = 0:dt:12; % ine vector

%initiation of the concentration vector
C = zeros(length(t),length(Ka));
c(1,:) =0

% definition of the oral dose vector
DO = zeros(1,length(t));

Do(1) = 0;

DO(2: 1 ength(t)) = 40;

%initiation of the L, Mand N vectors

L = zeros(1,length(Ka));
M = zeros(1,length(Ka));
N = zeros(1,length(Ka));

% cal cul ation, using a for |loop, of the concentration values with
fixed
% oral dose and elimnation rate
for i=1:length(t)
for j= 1:1ength(Ka)

L(j) = (K21-al pha)/((beta-al pha)*(Ka(j)-al pha));
Mj) = (K21l-beta)/((al pha-beta)*(Ka(j)-beta));
N(j) = (K21-Ka(j))/((beta-Ka(j))*(al pha-Ka(j))):;

Cli,j) = (DO(i)*F*Ka(j)*1e3)/Vc*(L(j)*exp(-al pha*(i*dt))+...
. M) *exp(-beta*(i*dt))+N(j)*exp(-Ka(j)*(i*dt)));
en
end

% plotting the values of the values of C(t,Ka), t and Ka in a 3D nesh
figure(l)

mesh (Ka,t,C); set(gca, Ydir', reverse')

title (' Rel acdo entre a concentracdo do conpartinento central e K a')
x| abel (' Constante de absorcao k_a (1/h)")

yl abel (" Tempo (h)");

zl abel (* Concentracao (ng/niL)");

% b) Sinmulation using dC/ dt and the Eul er method
% nitiation of the concentration vector

dt = 1/365; %using a smaller step tine

t = 0:dt:12;

%initiation of the concentration vector




C = zeros(length(t),length(Ka));
c(1,:) =0;

d_C = zeros(length(t),length(Ka));
% definition of the oral dose vector
DO = zeros(1,length(t));

DO(1) = O;

DO(2: 1 ength(t)) = 40;

%initiation of the L, Mand N vectors

L = zeros(1,length(Ka));
M = zeros(1,length(Ka));
N = zeros(1,length(Ka));

% usi ng Eul er nethod we cal culate the values of C(t) with respect to
time
% and Ka in order to conpare to the previous sinulation
for i=1l:length(t)-1
for j= 1:1ength(Ka)

L(j) = (K21-al pha)/((beta-al pha)*(Ka(j)-al pha));
Mj) = (K21l-beta)/((al pha-beta)*(Ka(j)-beta));
N(j) = (K21-Ka(j))/((beta-Ka(j))*(al pha-Ka(j))):;

d_C(i,j)=((Do(i)*F*Ka(j)*1e3)/Vc)*(L(j)*(-al pha)*exp(-
al pha*i *dt) +. .
M) *(-beta)*exp(-beta*i*dt)+ N(j)*(-Ka(j))*exp(-
Ka(j)*i*dt));
C(i+1,j)=C(i,j)+d_C(i,j)*dt;

end
end

% plotting the values of the values of C(t,Ka), t and Ka in a 3D nesh

figure (2)

mesh (Ka,t,C); set(gca, Ydir', reverse')

title (' Rel acdo entre a concentracdo do conpartinento central e K a
(usando Euler)")

x| abel (' Constante de absorcao k_a (1/h)")

yl abel (' Tempo (h)");

zl abel (' Concentracao (ng/niL)");
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Studie 2 - Changes in C with K10

This study aims to simulate the changes in the concentration of the drug, in time, with changing values of
K10 (elimination rate), while fixing the absortion rate (Ka) and the oral dose (DO)

% setting initial variables
Ka = 2.6;
K10 = 0.01:0.01:1.5;

al pha = zeros(1, | ength(K10));
beta = zeros(1,!ength(K10));

% a) sinmulation using C(t)

dt = 0.1;
t = 0:dt:12;
C = zeros(length(t), !l ength(K10));

% Definition of the oral dose vector
DO = zeros(1,length(t));

DO(1) = O;

DO(2: 1 ength(t)) = 40;

%initiation of the L, Mand N vectors

L = zeros(1,length(t));
M = zeros(1,length(t));
N = zeros(1,length(t));

% cal cul ation, using a for |oop, of the concentration values with
fixed
% oral dose and absortion rate
for i=1l:length(t)
for j= 1:1ength(K10)

[al pha_1, alpha 2] = f _r(-1, KL0(j)+K21+K12, - K10(j)*K21);
al pha(j) = max(al pha_1, al pha_2);

beta(j) = K10(j)+K21+K12-al pha(j);

L(i,j) = (K21-alpha(j))/((beta(j)-alpha(j))*(Ka-alpha(j)));
Mi,j) = (K21-beta(j))/((al pha(j)-beta(j))*(Ka-beta(j)));
N(i,j) = (K21-Ka)/ ((beta(j)-Ka)*(al pha(j)-Ka));

C(i,j) = (DO(i)*F*Ka*1e3)/Vc*(L(i,j)*exp(-alpha(j)*(i*dt))+...

Mi,j)*exp(-beta(j)*(i*dt))+N(i,j)*exp(-Ka*(i*dt)));
end
end

% plotting the values of the values of C(t,K10), t and K10 in a 3D
nmesh

figure(3)

mesh (K10,t, Q)

set(gca, ' Ydir','reverse')




title (' Rel acdo entre a concentracdo do conpartinento central e
K {10}")

x| abel (' Constante de elimnacdo k_{10} (1/h)")

yl abel (' Temrpo (h)");

zl abel (' Concentracao (ng/niL)");

% b) simulation using dC(t)/t and Eul er method
dt = 1/ 365;
t = 0:dt:12;

%initiation of the concentration vector
C = zeros(length(t), | ength(K10));

c(1,:) =0

d_C = zeros(length(t), | ength(K10));

% Definition of the oral dose vector
DO = zeros(1,length(t));

Do(1) = 0;

DO(2: 1 ength(t)) = 40;

%initiation of the L, Mand N vectors

L = zeros(1,!|ength(K10));
M = zeros(1,I|ength(K10));
N = zeros(1,I|ength(K10));

% usi ng Eul er nethod we cal culate the values of C(t) with respect to
time
% and K10 in order to conpare to the previous simulation
for i=1l:length(t)-1
for j= 1:1ength(K10)

[al pha_1, alpha_2] = f_r(-1, K10(j)+K21+K12, - K10(j ) *K21);
al pha(j) = max(al pha_1, al pha_2);

beta(j) = K10(j)+K21+K12-al pha(j);
(K21-al pha(j))/((beta(j)-alpha(j))*(Ka-alpha(j)));

(K21-beta(j))/((al pha(j)-beta(j))*(Ka-beta(j))):;
(K21-Ka)/ ((beta(j)-Ka)*(al pha(j)-Ka));

-
nono

J
J
j

d_C(i,j)=((D0(i)*F*Ka*1e3)/Ve)*(L(j)*(-al pha(j))*exp(-
al pha(j)*i*dt)+. .
Mj)*(-beta(j))*exp(-beta(j)*i*dt)+ N(j)*(-Ka)*exp(-
Ka*i*dt));

Cli+1,j)=C(i,j)+d_C(i,j)*dt;
end
end

% plotting the values of the values of C(t,K10), t and K10 in a 3D
nmesh

figure(4)

mesh (K10,t, Q)

set(gca, Ydir', 'reverse')




title (' Relacdo entre a concentracao do conpartinento central e K {10}
(usando Euler)')

x| abel (' Constante de elimnagdo k_{10} (1/h)")
yl abel (' Tempo (h)');
zl abel (' Concentracédo (ng/nL)");
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Relacao entre a concentracao do compartimento central e K 10 (usando Euler)
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Studie 3 - Changes in C with DO

This study aims to simulate the changes in the concentration of the drug, in time, with changing values of
DO (oral dose), while fixing the absortion rate (Ka) and the elimination rate (K10)

% setting initial val ues
Ka = 2.6;
K10 = CL/ Vc;

% Definition of the hybrid constants using the function f _r
[al pha_1, alpha_2] = f_r(-1, KIO+K21+K12, - K10*K21);

al pha = max(al pha_1, al pha_2);

beta = K10+K21+K12- al pha;

% a) sinmulation using C(t)

dt = 0.1;

t = 0:dt: 12;

C = zeros(length(t),length(Ka));

% Definition of the oral dose vector
d 0 = 0:1:50;

D0 = zeros(length(d_0),length(t));
DO(:,1) = 0;

%initiation of the L, Mand N vectors




zeros(1,length(t));
zeros(1,length(t));

L
M
N = zeros(1,length(t));

% cal cul ation, using a for |oop, of the concentration values with
fixed
% absortion and elimnation rates
for i=1:length(t)
for j= 1:1ength(d_O0)

DO(j,2:1ength(t)) = d_0(j);

L(i,j) = (K21-al pha)/ ((beta-al pha)*(Ka-al pha));
Mi,j) = (K21-beta)/((al pha-beta)*(Ka-beta));
N(i,j) = (K21-Ka)/ ((beta-Ka)*(al pha-Ka));
C(i,j) = (DO(j,i)*F*Ka*1e3)/Vc*(L(i,])*exp(-al pha*(i*dt))+...
Mi,j)*exp(-beta*(i*dt))+N(i,]j)*exp(-Ka*(i*dt)));
end
end

% plotting the values of the values of C(t,D0), t and DO in a 3D nesh
figure(5)

mesh (d_0,t, Q)

set(gca, ' Ydir','reverse')

title (' Rel acdo entre a concentracdo do conpartinento central e D 0")
x|l abel (' Dose D O (ng)"')

yl abel (' Tempo (h)");

zl abel (' Concentracao (ng/niL)");

% b) sinmulation using dC(t)/t and Eul er method

dt = 1/ 365;

t = 0:dt:12;

d 0 = 0:1:50;

DO = zeros(length(t),length(d_0));

DO(1,:) = O;

C = zeros(length(t),length(d_0));

c(1,:) =0

L = (K21-al pha)/ ((beta-al pha)*(Ka-al pha));
M = (K21-beta)/((al pha-beta)*(Ka-beta));
N = (K21-Ka)/ ((bet a-Ka)*(al pha-Ka));

% cal cul ation of the values of C(t) using Euler's nmethod and fi xing
% elimnation and absortion rate
for i=1l:length(t)-1

for j= 1:1ength(d_O0)

DO(2:length(t),j) = d_0(j):

d_C(i,j)=((DO(i,j)*F*Ka*1e3)/Vc)*(L*(-al pha)*exp(-
al pha*i *dt). ..




in a 3D nesh
e DO

t and DO

")

(i, j)+d_C(i,j)*dt;

+M (- bet a) *exp(-beta*i*dt)+ N*(-Ka)*exp(-Ka*i*dt));

i+1,])

end

(usando Euler)")
x| abel (' Dose D 0 (ng)')

title (' Relacdo entre a concentracao do conpartinmento central
yl abel (' Tempo (h)');

% plotting the val ues of the values of C(t, DO),
figure(6)

nesh (d_0,t, C

set(gca, ' Ydir', 'reverse')

z| abel (' Concentracao (ng/nlL)

end
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Relacao entre a concentracao do compartimento central e D(J (usando Euler)
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