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Experiment 1: One — compartment simulation experiment

Purpose

1. To learn the method for the simulation of one — compartment model.

2. To learn the methods for calculating pharmacokinetic parameters with the plasma drug
concentration and urinary excretion data.

Introduction

1. Plasma drug concentration

Given that the distribution process of a drug is consistent with the one — compartment mod-
el and the drug is eliminated with apparent first — order kinetics, the elimination rate constant

after intravenous administration can be expressed as follows :

dX _
dt ~

where X is the existing drug in the body at ¢ hour after injection, £ is the apparent first —

- kX (1)

order elimination rate constant.
Integration of equation (1) gives the following expression
X=Xpe ™™ (2)
where X; is the intravenously administrated dose.
After both sides are divided by the apparent volume of distribution, equation (2) is

expressed in the concentration form.

C=Cpe™ (3)
By transforming equation (3) into its corresponding logarithm form, equation (4) is ob-
tained -
kt
lgC =1gC, ~3303 (4)
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where C, is the plasma drug concentration at t =0 after administration. As shown by equa-
tion (4), there is a linear relationship between lgC and time, and the elimination rate constant

kt

k and C, can be calculated from the slope ( Z—fi()?;) and the intercept respectively. In addition,
the apparent volume of distribution can be calculated by equation (5) .
X,
V= c, (5)

2. Urinary excretion data

The apparent first — order elimination rate constant can also be determined from the urinary
excretion data, but it requires that at least a portion of the intact drug is excreted in the urine.
Generally, drugs may be eliminated via both renal route and non - renal routes, such as bio-
transformation and bile elimination.

If X, represents the accumulative excretion amount of the intact drug in urine; k_, &,
represent the apparent first — order elimination rate constant by renal route and non - renal

route, respectively, the elimination rate constant k can be calculated by ;

k =k + k, (6)
And the excretion rate of the intact drug in urine can be described as:
dA, =k X (7)
de

where X is the amount of drug in the body at ¢ hour.

By substituting equation (2) into equation (7), the following equation can be obtained ;

qu —kt
= k. Xge (8)
Taking logarithmic of both side of the equation,
dX, kt

Ig & =lgk X, - (9)

2.303

The experimentally determined excretion rate of the intact drug in urine isn’t the transient
rate (dX,/d¢), but is the mean rate ( AX,//At) during a short time interval. By substituting
AX,/ At for dX /dt in equation (9), the plot of Ig ( AX,/ At) versus t is a straight line, with
a slope equal to —£/2.303, which is the slope of the linear plot of the logarithm blood drug con-
centration versus time. Therefore, the apparent first — order elimination rate constant can be de-
termined not only from the plasma drug concentration but also the urinary excretion data. It is
important to note that when urinary excretion data used, the logarithm of the mean excretion rate
of intact drug in urine should be plotted against the midpoint of each collecting time interval.

Methods

The simulation apparatus of the one — compartment model is consisted of a conical flask
with two outlets (upper and lower outlets) , a peristaltic pump, and a magnetic stirring plate.
In this experimental set — up, the flask can be considered as the central compartment ( systemic

circulation, Figure 1) .

4 -
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A drug (use phenolsulfonphthalein in this experiment) is added to the flask, with the in-
flux of water via the peristaltic pump, the drug solution is flowing out from the two outlets grad-
ually. The amount of the drug exiting from the two outlets can be regarded as the amount elimi-

nated via the renal route (upper outlet) and non —renal route (lower outlet) , respectively.

Upper branch Tigwies
branch

Magnelic slir

Figure 1.  The simulation device of the one — compartment model

1. Procedures

(1) Add 250 ml of water into a conical flask and the magnetic stirring apparatus is turned
on with the magneitic stirring bar in the flask. Water is pumped into the flask by the peristaltic
pump at a rate of 6 ~8 ml/min for several minutes to make sure that the volume of influx water
is equal to the volume of outflux water. Using a rubber band or a clamp to make the water flow-
ing out of the upper outlet intermittently while the water flowing out of the lower outlet is con-
tinuous a rate of 3 ~4 ml/min. ( From the diagram, the lower outlet is clamped. )

(2) 10 ml of solution is withdrawn from the flask with a pipette, 10 ml of 0. 1% phenol-
sulfonphthalein solution is added to the flask, and the time is recorded. 0.5 ml of the solution
(representing the blood) is taken from the flask for assay every ten minutes, and the solution
flowed out from the upper outlet is collected at each interval (representing the urine sample)
for quantitation.

2. Quantitative method

To 0. 5ml of sample collected, 5 ml of 0. 2 M sodium hydroxide solution is added, the ab-
sorbance of phenolsulfonphthalein is determined at 555 nm and calculate the concentration u-
sing the calibration curve. A 0.2 M sodium hydroxide solution is used as the blank solution for
UV measurement.

3. Establishment of calibration curve

A 10 mg of phenolsulfonphthalein standard is accurately weighed, place into a 100 ml of
volumetric flask and diluted with 1% sodium carbonate ( Na,CO,) solution to 100 ml to give a
stock solution with a concentration of 100 wg/ml. Different volumes of the standard stock solu-
tions (0.5, 1.0, 0.5, 1.5, 2.0, 3.0 ml) are placed into 10 ml of volumetric flasks and add

“ 5
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distilled water to volume. Measure the absorbance of these standard solutions using the proce-
dures described above and constructs the calibration curve.

Results and Discussion
1. Please record the concentration of phenolsulfonphthalein in Table 1 and Table 2 repre-

senting the concentration of a drug in plasma and in urine.

Table 1. Concentration representing a drug in plasma

Sampling time 10" 20" 30’ 40’ 50° 60’ 70’

Absorbance

Concentration ( pg/ml)

Table 2. Concentration representing a drug in urine

Sampling time 107 20° 30° 40’ 50" 60’ 70’

V (ml)
Absorbance
AX, (pg)
At (min)

Ligate (min)

2. Construct PK plots and calculate the pharmacokinetic parameters using the data in Ta-

ble 1 and 2.
Questions

What are the key factors to be considered in conducting this experiment?
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ATERAE B BT
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Experiment 2 : In situ intestinal absorption experiment in rats

Purpose

1. To learn how to conduct the in situ intestinal absorption experiment in rats.

2. To learn how to calculate the first — order absorption rate constant (%,) and the absorp-
tion percentage per hour.

Introduction

Most drugs pass through biomembranes from the high concentration side to the low concen-
tration side via passive diffusion. Passive diffusion can be described by the Fick’ s Law ( Eq.
1), in which the diffusion rate (dC/dt) is proportional to the concentration difference between
the two sides of the cellular membrane.

-dC/dt =k, AC=k, (C-C,) (1)

where C is the concentration of drug in the gastrointestinal (GI) tract at ¢ hour, C, is the
concentration of drug in blood and k, is the absorption rate constant. The diffusion rate (dC/
dt) can be influenced by the diffusion coefficient of the drug, the membrane thickness and are-
a, and the drug membrane permeability.

Gastrointestinal absorption is a process where a drug diffuses from the gastrointestinal side

Qs
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(absorption site) to the blood side. Since the drug entering the blood will be quickly distribu-
ted throughout the body, the drug concentration in blood will be very low compared with that at
the absorption site. Therefore, the blood compartment can be considered to be under *sink
condition” after oral administration of most drugs. This has resulted in a large concentration
gradient across the Gl membrane during the entire absorption process. That is, C>C,, so
AC=C, and Equation (1) can be rewritten as;:
-dC/dt = k,C (2)
Equation (2) is consistent with the standard first — order kinetics. The absorption of most
drugs from the gastrointestinal tract follows first — order kinetics. On the other hand, the mem-
brane diffusion rate can be described as the reduction in the amount of drug at the absorption

site (dX,/dt) .

-dX,/dt =k X (3)
Integrating equation (3) and then transforming it into the corresponding logarithmic form:
InX, = InX, (0) -kt (4)

where X, is the amount of drug in the gastrointestinal tract at ¢t howr, X, (0) is the a-
mount of drug in the gastrointestinal tract at ¢ =0, k, is the drug absorption rate constant. Plot-
ting In X, versus ¢ gives a straight line with the slope equal to £,.

Methods

1. Apparatus

Peristaltic pump; UV spectrophotometer; infrared light source; surgical scissors hemostat ;
latex tubing; beaker; fixing plate; electrically heated thermostatically — controlled water bath.

2. Reagents

(1) 0. 1% NaNO, solution.

(2) 0.5% NH,SO;NH, solution.

(3) 0. 1% Naphthalene ethylenediamine dihydrochloride solution, ( these three reagents
should be stored in a refrigerator after preparation) .

(4) 1 M HCI, (5) 0.2 M NaOH.

(5) Physiological sodium chloride solution.

(6) Krebs — Ringer solution ( 1000 ml solution contains 7. 8 g NaCl, 0. 35 g KCI, 0.37 g
CaCl,, 1.37 g NaHCO,, 0.32 g NaH,PO,, 0.02 g MgCl,, and 1.4 g glucose) .

(7) Urethane (20% g/g, intra — peritoneal injection 0.4 ml per 100 g rat for anesthe-
sia) ,

(8) Sulfadiazine (SD) .

3. Procedures

(1) Add 100 ml of test solution ( containing SD 2 mg and phenol red 2 mg in 100 ml
Krebs — Ringer’ s solution) to the beaker of the circulation system (Figure 2 -1) .

(2) Male rats weighing about 200 g are fasted overnight ( about 18 hours) with free ac-

cess to water before the experiment. Rats are then anesthetized with an intraperitoneal injection

« 10 -



