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Multiple – Dosage Regimens 

•After single – dose drug administration, the plasma drug level rises above and 

then falls below the MEC, resulting in a decline in therapeutic effect. To treat 

chronic disease, multiple dosage or IV infusion regimens are used to maintain 

the plasma drug levels within the narrow limits of the therapeutic window, i.e.; 

plasma drug concentrations above the MEC but below the MTC to achieve 

optimal clinical effectiveness.  

 

•There are two main parameters that can be adjusted in developing a dosage 

regimen: |1| the size of the drug dose and |2| τ, the frequency of drug 

administration (i.e.; the time interval between doses). 

 



Drug Accumulation: - 

•For calculation of multiple-dose regimens, the principle of superposition 

assumes that early doses of drug do not affect the pharmacokinetics of 

subsequent doses. Therefore, the blood levels after the second, third, or nth 

dose will overlay or superimpose the blood level attained after the (n – 1)th 

dose. In addition, the AUC =             for the first dose is equal to the steady-

state area between doses, i.e.;               as shown in figure 1.   

 



•At steady state, the plasma drug levels fluctuate between C∞
max and C∞

min. 

Once steady state is obtained, C∞
max and C∞

min  are constant and remain 

unchanged from dose to dose. In addition, the AUC between            is constant 

during a dosing interval at steady state.  

 

•If a drug produces the same C ∞ max at steady state, compared with the (Cn 

=1)max after the first dose, then there is no drug accumulation. If C∞
max is much 

larger than (Cn = 1)max, then there is significant accumulation during the 

multiple dose regimen. 

 

•Accumulation is affected by the elimination half-life of the drug and the 

dosing interval. The index for measuring drug accumulation R is:                                        

…..(Eq. 1). 

• Substituting for Cmax after the first dose and at steady state yields: 

 



•Equation 2 shows that drug accumulation measured 

with the R index depends on the elimination constant 

(Ke) and the dosing interval (τ) and is independent of 

the dose (D0). For a drug given in repetitive oral doses, 

the time required to reach steady state is dependent on 

the elimination half-life (t0.5) of the drug and is 

independent of the size of the dose, the length of the 

dosing interval, and the number of doses. 
•If the drug is given at the same dosing rate but as an infusion, 

e.g.; 25 mg/hr the average plasma drug concentrations (C ∞
av ) 

will be the same but the fluctuations between C ∞
max and C ∞

min 

will vary, figure 3. 



Figure 3: simulated plasma drug concentration –time curves after IV infusion 

and oral multiple  doses for a drug with an elimination half-life of  4 hours and 

apparent VD of 10 L. IV infusion  given at a rate of 25 mg/hr, oral multiple 

doses  are 200 mg every 8 hours, 300 mg every 12  hours, and 600 mg every 

24 hours. 

 

 



•For IV administration, ka is very rapid (approaches ∞); ke is very small in 

comparison to ka and can be omitted in the denominator of equation 3 and 

reduces to: 

…..(Eq. 4) 

 

•Because ka/ka = 1 and log 1 = 0, the accumulation t1/2 of a drug administered 

intravenously is the elimination t1/2 of the drug. From this relationship, the time 

to reach 50% steady-state drug concentrations is dependent on the elimination 

t1/2 and not on the dose or dosage interval. 

 

•If the drug is given at a dosage interval equal to the half-life of the drug, then 

6.6 doses are required to reach 99% of the theoretical steady-state plasma drug 

concentration. 

 



Repetitive Intravenous Injections: - 

•The maximum amount of drug in the body following a single rapid IV 

injection is equal to the dose of the drug. For a one-compartment open model, 

the drug will be eliminated according to first-order kinetics: 

•                          …..(Eq. 5). 

•If τ is equal to the dosage interval (ie, the time between the first dose and the 

next dose), then the amount of drug remaining in the body after several hours 

can be determined with:                    …..(Eq. 6). 

 

•The fraction (f ) of the dose remaining in the body is related to the elimination 

constant (k) and the dosage interval (τ) as follows:                      …..(Eq. 7).   

 



Intermittent Intravenous Infusion: - 

•Intermittent IV infusion is a method of successive short IV drug infusions in 

which the drug is given by IV infusion for a short period of time followed by a 

drug elimination period, then followed by another short IV infusion 

Figure 4: Plasma drug concentration after  two doses by IV infusion 

 

 
 
 
 

•In drug regimens involving short IV infusion, the drug may not reach steady 

state. The rationale for intermittent IV infusion is to prevent transient high 

drug concentrations and accompanying side effects. Many drugs are better 

tolerated when infused slowly over time compared to IV bolus dosing. 

 



Multiple – Oral – Dose Regimen: - 

 
•Figures 1 and 2 present typical cumulation curves for the concentration of 

drug in the body after multiple oral doses given at a constant dosage interval. 

The plasma concentration at any time during an oral or extravascular multiple-

dose regimen, assuming a one-compartment model and constant doses and 

dose interval, can be determined as follows:                                                                       

…..(Eq. 16), 

 

where n = number of doses, τ = dosage interval, F = fraction of dose absorbed, 

and t = time after administration of n doses.  

 

•The mean plasma level at steady state, C∞
av, is determined by a similar 

method to that employed for repeat IV injections. Equation 17 can be used for 

finding C∞
av for any route of administration:                   …..(Eq. 17). 

•Because proper evaluation of F and VD requires IV data, the AUC of a dosing 

interval at steady state may be substituted in equation 17 to obtain: 

•                                            (Eq. 18) 

 

 

 



 


