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A Numerical method for plasma concentration of drugs obeying parallel first order and M ichaelis-M enten
clearance kinetics by intravenous infusion adm inistration based on Runge-Kutta algorithm and M icrosoft

Excel software

SU Y in-fa(Depa rtment o f Phammacy, The Second People's Hospital o fWenzhou, Wenzhou 325000, China)

ABSTRACT: OBJECTIVE To obtain a numerical method for the plasma concentration of drugs obeying parallel first and M ichae lis-
Menten clearance kinetics by intravenous infusion adm inistration. METHOD  Microsoft Excel was used to writt a Microsoft Excel
spreadsheet based on four stage Runge-Kutta algoritim. RESULTS  After inputting the phamacokinetic parameters( Vm.Km. Vd.
ke), the Excel table displayed plasma concentration at m ini-interval after the adm inistration. CONCLUSION The four stage Runge-
Kutta algorithm is a reliable numerical method of plasma concentration of drugs obeying parallel first order and Michaelis-Menten clear
ance kinetics by intravenous infusion adm inistration.
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1.2.2 Runge-Kutta Excel B3 ~
B9 Km, Vm, Vd, k, d, T
H. C3 , C4 =B$9+C3, 13
D4 =13

E4=1F(C4< =B$8, $B$7/$B$8/$B$5,0) - $BS$6
* D4- $B$4* D4/( $B$3 +D4)

FA=IF(C3 < =B$8, $B$7/$B$8/$B$5,0) - $B$G6
* (D4 +(C4- C3) /2% E4) - $B$4* (D4 +(C4- C3)/2
* E4) /( $B$3 +D4 +(C4- C3) /2% E4)
G4=1F(C3<=B$8, $B$7/$B$8/$B$50) - $BS$6
* (D4 +(C4-C3) /2% F4) - $B$4* (D4 +(C4-C3)/2
* F4) /( $B$3 +D4+(C4-C3) /2 F4)
H4=TF(C3<=B$8, $B$7/$B$8/$B$50) - $BS6
* (D4+(C4-C3)* G4) - $B$4* (D4 +(C4=C3)*
G4) /( $B$3 +D4+(C4-C3)* Gd)
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(k=0)

Tab 1 A numerical method for the plasma concentration of drugs obeying parallel first order and m ichaelis-Menten clearance kinetics

after intravenous infusion adm inistration (k =0)

t/h Runge-Kutta /mg. L'
Km /mg L' 6.8 0 0

Vm /mg L°' . h! 0.52 0.1 0.00000 16.66667 16.60514 16.60534 16.55696 1.66074
Vd/L. kg'1 0.6 0.2 1.66074 16.55695 16.51790 16.51798 16.48578 3.31265
K /mg L' 0 0.3 3.31265 16.48577 16.45876 16.45880 16.43580 4.95860
KO /mg. kg. h 10 0.4 4.95860 16.43580 16.41598 16.41600 16.39875 6.60024
T/h 1 0.5 6.60024 16.39875 16.38358 16.38360 16.37016 8.23863
/h 0.1 0.6 8.23863 16.37016 16.35818 16.35819 16.34743 9.87446
0.7 9.87446 16.34743 16.33772 16.33773 16.32892 11.50825
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t/h Runge-Kutta /mg. L'

0.8 11.50825 16.32892 16.32089 16.32090 16.31355 13.14035
0.9 13.14035 16.31355 16.30680 16.30680 16.30058 14.77104
2.1.3 1 Excel Runge-Kutta
s 2, T G T, G T G
9 9 ) 0 0 0 0 0 0
0.1 1.66074 0.1 1.66074 0.1000352 1.66132
1 ] 0.2 3.31265 0.2  3.31265 0.2001029 3.31435
sk =1.2h"", Km =9.86ug® mL™", Vm =3.96ug* 0.3  4.95860 0.3  4.95859 0.3001596 4.96122
mL'e h''. 200mg, T, =2h,V, =10L, 0.4 6.60024 0.4 6.60024 0.4002258 6. 60394
. 3. 0.5 8.23863 0.5 8.23862 0.5 8.23862
2 Runge-Kutta Excel 0.6 9.87446 0.6 9.87446 0. 6005946 9.88418
(k=0) 0.7 11.50825 0.7 11.50825  0.7004395 11.51543
0.8 13.14035 0.8 13.14035  0.8005019 13.14854
Tab 2 Comparison of three calculated results from Runge-Kutta 0.9 14.77104 0.9 14.77104 09005627 14.78021

algorithm with programm ing solution and single variable solution
(k=0)
3 (k>0)
Tab 3 Numerical method for the plasma concentration of drugs obeying parallel first order and M ichael-Menten clearance kinetics after

intravenous infusion adm inistration ( k >0)

t/h Runge-Kutta /mg. L™
Km /mg* L! 9.86 1.5 2.89677 0. 62464 0.57969 0.58292 0.54077 2.9549521
Vm/mge L' . h"' 3.96 1.6 2.95495 0.54094 0.50206 0.50486 0. 46840 3.0053382
Vd/L 10 1.7 3.00534 0.46854 0.43491 0.43732 0.40578 3.0489847
K/mge® L! 1.2 1.8 3.04898 0.40590 0.37680 0.37889 0.35158 3.086799
K, /mg* kg* h 100 1.9 3.08680 0.35169 0.32650 0.32830 0.30467 3.119565
/h 2 2 3.11957 - 4.69524 0.64189 0.25883 0.26771 3.0757966
/h 0.1 2.1 3.07580 - 4.63254 - 4.29956 - 4.32356 - 4.01222 2.6442801
2.2 2.64428 - 4.01056 -3.71903 - 3.74028 -3.46799 2.2709939
2.3 2.27099 - 3.46653 -3.21188 - 3.23063 - 2.99304 1.9485839
2.4 1.94858 -2.99176 - 2.76983 - 2.78633 - 2.57947 1.6705249
Runge-Kutta Excel 3
4, , Runge-Kutta ,
4 Runge-Kutta Excel , Runge-Kutta
(k>0) R R H 1
. . = >
Tab 4 Comparison of three calculated results from Runge-Kutta 2, 4 k=0 k>0, 0.1
algorithm with programm ing solution and single variable solution ’
(k>0) ° >
, k>0 t
Runge-Kutta
c s ; Runge-Kutta
T] CI TZ CZ T3 c3 k _ 0 k > 0 ,
2.1 2.706812  2.0999999 2.7068101 2.1001088 2.7063636
2.2 2.325093  2.1999999 2.3250902 2.2001014 2.3247303 A (0) =
2.3 1.995317 2.2999999 1.9953134 2.3001158 1.9949587 0, t>0,c(]) >0 N
2.4 1.710805 2.3999999 1.710834 2.4001027 1.7105627 C3 3 B s
2.5 1.4657159 2.4999999 1.4657691 2.5001078 1.4655241 °
s Excel
2.6 1.2548568 2.5999999 1.2549274 2.6001087 1.2547148 ?
G (0) =C, (D G (0) CG(D
2.7 1.0736588 2.6999999 1.0737411 2.700115 1.073548 ” ’ ” ’
( ). Excel Office
2.8 0.9181142 2.7999999 0.9182037 2.8001026 0.9180559
2.9 0.7847182 2.8999998 0.7848113 2.9001065 0.7846798
3 0.6704142 2.9999998 0.6705081 3.0001046 0.6703974
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