


Intravenous Bolus Administration:
Monitoring Drug in Urine
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Introduction

Pharmacokinetic parameters such as the elimination rate
constant k may be calculated from urinary excretion data.

The following points should be noted.

Urine collection is a non-invasive technique. :
It is, perhaps, a more convenient method of sample v ~
collectlon and sample size is generally not a problem B
The samphng time, however, reflects drug in urine
collected over a perlod of time, rather than a drug
concentration at a discrete time.

Urinary data allow direct measurement of

2283 50 27

bioavailability, both absolute and relative, without the
need of fitting the data to a mathematical model
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It is determined for
the same drug in
various formulations.

Example - Comparative
study of biovailability of
a drug given through
oral route and 1V route.

It is determined for the
various drugs.

Example - Generic
formulation is compared
with a standard
formulation of same
drug in same dosage
form.

Absolute bioavailability

For the same dose
(IV vs. Oral), the
bioavailability is given
by:
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Criteria for obtaining valid urinary excretion data: g

A significant amount of drug must be excreted unchanged in the urine (at least 10%).

The analytical method must be specific for the unchanged drug; metabolites should not
interfere.

Water-loading should be done by taking 400 ml of water after fasting overnight, to promote
diuresis and enable collection of sufficient urine samples.

Before administration of drug, the bladder must be emptied completely after 1 hour from water
loading and the urine sample taken as blank; the drug should be then administered with 200 ml
of water and should be followed by 200 ml of given at hourly intervals for the next 4 hours.
Volunteers must be instructed to completely empty their bladder while collecting urine samples.
Frequent sampling should be done in order to obtain a good curve.

During sampling, the exact time and volume of urine excreted should be noted.

An individual collection period should not exceed one biological half-life of the drug and ideally
should be considerably less.

Urine samples must be collected for at least 7 biological half-lives in order to ensure collection of

é efemensdioy Yena| conStowity 2 TP s (J"“J/ Voluwme )|, & = ot R . s .
more than 99% of excreted drug. EeTes P Z cemprtmeab D\ S5 7, 565 155 s 5)

. . - . . K Kyl OV CTI8 1< 2
Changes in urine Ph and urine volume may alter the urinary excretion rate. _ . B~ ~hed
K nen e Sweah'mb,.}cm.._ o eRYedon ) ’q:,\g O/‘Pg.»‘_\) L e O eﬂuahm)\o‘w.sfgfes

— fewn

Kk .
K= Kexc venal™ Keae monnnt ' mekabelism



] | | \L N v_ totally s | sall ala 43l o yas Ul 43) (i i)
totally exclusively €l lSay San _ PRVIANAN L ¢l lis metabolism in the liver
S A 7 \4 — fC\/\‘A zJ o 1 Vi

Jlu, s+ Jl, Ve (Sayin renal @) qeal e i urine Jb4ie o) Y1
(s 5 - 5 25354 5% ke 152l 43Y yrine J ¢ conc

g2l 1o s y3 cn da y ol e urine Jl
.. . _ Z - SR B (e e Gy (s Urine o
Renal and Non-renal elimination pathways [<= Kemﬁﬁm* Km..x,.,r.w

excretion by urine 4l ey 152l 43) 43, k)
U'uﬂ & :m 10%

Renal drug elimination
(Drug appear
unchanged in the urine)

Kr

(Pose D) = x

Kes Non-Renal drug
elimination (e.g. hepatic
metabolism)

A scheme of one compartment model for a drug
that is elitminated exclusively by urinmary
excretion:

Dose ——— 2 e —— X

INn such case the excretion rate constant (K|)) equals the elimination rate
constant (K)
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Computing PK Parameters From Urinary Data metabolite J!

It is assumed that the rate of the drug appearance
in the urine (dX,/dt) is a kinetic process occurring
in a first order fashion.

It is important to note that (dX u/dt) cannot be
determined experimentally for any given instant.
Therefore, the average rate of urinary drug
excretion, X/t is plotted against the average time

as shown in the following slides " :
“Time m%-ml cSais Spasitic Time Cxsle



Methods to compute PK parameters from urinary data

1.the “amount remaining to be excreted”
method (ARE); also known as the sigma-
minus method

2.The rate of excretion method.



Sigma-Minus Method

Amount of unchanged or excreted drug in urine (X)

IS glven bY; fxfwu(vuml on dm‘;}kp\p J
S0 dimnatin o) )Lp V15| 0r Sz
th"bé 0[.1&’5,/,’ / Ifc,r J‘D‘

}mr;u//'/_lu.xk v K
T Xu= ‘IL{XO(I— e Ky = X (1)

where K is the elimination rate constant, K, or
sometimes referred to as K, is the renal elimination
(or excretion) constant and X, is the dose, X" is the

cumulative amount of drug excreted in the urine at t
= OO



Sigma-Minus Method o gt
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Att=0; ekt =
then X,°= Dose [1-1] =0 ="
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K= x[1-0]1 = Xu K

Re-aranging the above equation yields:
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F.is the fraction of excreted drug, the maximum value
for the fractions is 1 and this is when all the drug is
eliminated unchanged in the urine
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When all the drug is eliminated unchanged in the
urine then X,;© =X,

(Xu):=Xo*(1- e'Kt)

Where K=Ku



Plot of Cumulative Amount Excreted Versus Time Comparing Plasma Data vs. Urinary

Excretion Data
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Cont,
Sigma-Minus Method

j<Xu —XTA—e K
'())‘9“
5 u)(l Xu = Xu — Xooe_Kt
s S e
A Xu™ — Xu = Xu@e M P

K J e > ) x
tog(u” — ) = log X~ ~ KL
Avonnd- vmw\\"\m to be %CVQ*‘QA [ARE\\

where “Xu.™ — Xu 7 is the amount of the drug
remaining to be excreted
Remember when the drug is excreted 100%

renally then Ku=K and Xu=Xo0; otherwise Xxu™

XO*Ku

K
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Sigma-Minus Method (Example)&lﬁr),\"
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An intravenous bolus dose of 120 mg of a drug %
was administered. The drug is one that is
partlally eliminated by urinary excretion of
unchanged drug following one-compartment
model distribution and first-order elimination.

The following Table provides the urinary data
in a tabulated form.



Cont,
Sigma-Minus Method

1.8 -
1.6 -
Amount 1.4 -
remaining 1.2 y=-0.301x + 1.9031
to be or R?=1
eliminated & ;|
(ARE) L 0.6 -
(z\’uOC —Xu) 0.4 -
0.2 -
o] .
(o] 1 7

time (
log(Xu™ — Xu) —@@5

Intercept Slope



Cont,
Sigma-Minus Method (Example)

Time -
r interval Volume Concentration
o2 99
mbL mg/mL
Y (h) ( ) (mg )
wwmne
Bleoel 2 0-1 200 0.200
({,;}\le)l
speabic 1-2 50 0.400
Hime
Hime Sl
indevual-fp 2-3 50 0.200
3-4 100 0.050
4-5 25 0.100
5-6 125 0.010
6-12 250 0.005
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Sigma-Minus Method :

1- Calculate amount of drug eliminated

Lo
el c JL
& e qldl,

. Time Volume Concentration | PTYg amount in Amount = volume*conc
interval (mL) (mg/mL) the urine , P
(h) (mg) - S
yr v L) Rloo d
0-1 200 ¥ 0.200 1 40 7% fﬁj JV?
SANANL »
1-2 50 3 0.400 + 20 Amount ov (enc C:J‘”"S
2-3 50 + 0.200 + 10 ( ) Ametont 3 (),\\:bwpcrﬁ'
- = Y
3-4 100 :l 0.050 5 ";dl:s cwlS velume oo
a5 25 > 0.100 =+ 2.5 o -
(g_g(/.y UJBM Vo'luh\(J| W\,—‘
5-6 125 x 0.010 = 1.25 -

Amoh“\l’ W"\“ -'-o l:)( excchr;l'ca(
6-12 250 i 0.005 - 1.25




Cont,
Sigma-Minus Method

2- Calculate cumulative amount of drug eliminated
E20) Iz Amonat N 25

Time D Cumulative
R Volume Concentration rug am(:_’unt i amount in the
interval the urine N
(mL) (mg/mL) urine )
(h) (mg) A A
W (mg) AW
0-1 200 0.200 40 40
T
1-2 50 0.400 20 | 4 “/ 60
2-3 50 0.200 10 70
3-4 100 0.050 5 / _ 75
"
4-5 25 0.100 2.5 Z._ 77.5
5-6 125 0.010 1.25 I/ 78.75
6-12 250 0.005 125 L7 """""""
partialy lovy

ac A o] remal€X Calole Ipdy oo o Wi2e 3= (W ine J‘sfw 0~ 120090\ S
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Sigma-Minus Method

x““ X‘Bq})
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3- Calculate amount remaining to oA ts

excreted (ARE)

§A ’ Cumulative Xu

Time . Drug amo:'xnt in Cumula.tlve ARE w
. Volume Concentration i amount in the /
interval the urine N X2 — X))
" (h) (mL) (mg/mL) (mg) urine )
'7-\;\ (mg) (mg) 30- X4
7 S
(/ N . D) 200 0.200 40 40 40
A\
A3
\d"A 10 50 0.400 20 60 20
W=
bt;" 26) 50 0.200 10 70 10
(
&}/ 3-4) 100 0.050 5 75 5
a-6) 25 0.100 2.5 77.5 2.5
5@ 125 0.010 1.25 78.75 1.25
6-@ 250 0.005 1.25 80 Xu” 0

~

—_cment-cpe (5 \- V) 0o

P7 conbn AL S Sl
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Sigma-Minus Method :

- < ez ol
4- Plot time (end of interval) vs. log(ARE) — b:)«v
ARE | . e
Time =7 v
wmy | —xu)| 1e I
(mg) 1.4 4 v
1.2 4 y=-0.301x+1.9031
1 40 [Ty R%*=1 !
o 1 - .
S os i g8
2 20 g "= U 7 OV
= 0.6 - = oY .
3 10 0.4 Qs d1t”
o.z - by O
4 5 * T »
o 1 2 3 = S 1<) 7
5 25 time
o0 o0
6 1.25 log(le »-\\:,,&l)) _— OgXll
(o
12 ) N3 rad N
Intercept Slope

R A
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Sigma-Minus Method :
5- Estimate PK parameters from the values of the slope and
the intercept " ek

Slopé— — &
O - — 5 503

=-0.301

— K =0.301%2.303=0.693hr ! KCXC
N N Y2 %

K
@ Intercept=log Xu™ = log(?u-XOJ =1.9031
krey\d

K 1O ntercept 0.693 109931 — 0462 hr !
N AINNANAN

=K, =——-
X, 120I< |
= Frenal + R nonrem
@ "How about Knr? K:{%g: 6.462. + Kk

_l
Knarvenal = 6231 hr
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Limitations of the Sigma-Minus Method

Urine samples must be collected until such time
that, practically, no additional drug appears in
the urine (i.e.5-7 half-1ife) i cpymg j2 ok
No urine samples can be lost, or urine from any
samples used in the determination of Xu (the
exact volume of urine at each time interval
must be known)
This is a time-consuming method for a drug
with a long elimination half life (t1/2) kb
<z’
There is a cumulative/build up of erro% ol e o
Az s Gass 7o g TS



Rate method

The rate method

AXu
The rate of urinary excretion ( A7 is given by:
Uy at k2
g AXu 5
e p\* u)l-\ulla _ . - . . )—Kt
B -f%aw\ u =K, - X =Ku-Xo-e
A0 TV 70 At
BN S /’\

Previous equation can be represented as:

Axie G Kt

log R lcg/gKuXo = a0s




Cont,

The rate method

A straight line is obtained by
plotting the previous
equation

Therefore, if X©? is known, the

renal excretion rate

Time

constant (k,,) can be

L log k, X"

obtained log -
dt 2.303




example

The rate method (Example)

An intravenous bolus dose of 120 mg of a drug
was administered. The drug is one that is
partially eliminated by urinary excretion of
unchanged drug following one-compartment
model distribution and first-order elimination.

The following Table provides the urinary data
in a tabulated form.



Cont,
The rate method (Example)

Time "
interval Volume Concentration
(h) (mL) (mg/mL)
0-1 200 0.200
1-2 50 0.400
2-3 50 0.200
3-4 100 0.050
4-5 25 0.100
5-6 125 0.010
6-12 250 0.005




cont,

The rate method:
1- Calculate amount of drug eliminated

Ti .
R 'me Volume Concentration Drug amo-unt n
interval (mL) (mg/mL) the urine
(h) o (mg)
0-1 200 0.200 40
1-2 50 0.400 20
2-3 50 0.200 10
3-4 100 0.050 5
4-5 25 0.100 2.5
5-6 125 0.010 1.25
6-12 250 0.005 1.25

Amount = volume®*conc
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The rate method:

2- Calculate the change in time J‘rr‘r,

i AR Volume Concentration Drug amo.unt s At

interval (mL) (mg/mL) the urine (hr)
(h) . (mg)
0-1 200 0.200 40 1
1-2 50 0.400 20 1
2-3 50 0.200 10 1
3-4 100 0.050 5 1
4-5 25 0.100 2.5 1
5-6 125 0.010 1.25 1
6-12 250 0.005 1.25 (5}
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The rate method:

3- Calculate the rate of urinary excretion

« 6-12
|

imoreay | Votume | oncontration | Prus amountin the at (]
) (mL) (mg/mL) (ma) (hr) . m‘:I:\ Y
0-1 200 0.200 40 ! 1-0=1 40
1-2 50 0.400 20 2-1=1 20
2-3 50 0.200 10 : 1 10
3-4 100 0.050 5 E 1 5
4-5 25 0.100 2.5 : 1 25
5-6 125 0.010 1.25 : 1 1.25
250 0.005 1.25 ; 6 0.21
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The rate method:
4- Plot time (mid of interval) vs. log(dXu/dt)

Time (A;\;u)
(h)
(mg/hr)
0.5 40
1.5 20
2.5 10
3.5 5
4.5 2.5
55 1.25
9 0.21

1.8
1.6
1.4
1.2

1
0.8
0.6
0.4
0.2

0

y=-0.301x + 1.9031

y =-0.301x + 1.7526
RZ=1

logAf—tu =(log KuXo %5
AN

Intercept

Slope
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The rate method:
5- Estimate PK parameters from the values of the slope and the
intercept

Slope= __K =-0.301

2.303
— K =0.301%2.303=0.693hr" |

Intercept=log KuXo =1.7526

s K“ — XL . lolnlet‘(’ep( — I;O
0

.10'7526 _ 9,471 py !



Cont,

General commment on rate method

The method tends to give overestimate of
intercept. The overestimation can be minimized
by collecting urine samples more frequently
(which is not always easy from practical
consideration)

Fluctuations in the rate of drug elimination and
experimental errors including incomplete
bladder emptying for a collection period cause
appreciable departure from linearity using the
rate method, whereas the accuracy of the sigma-
minus method is less affected
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Practice question 1
@

Xu (Cumulative) BX“
(mg)

190 140 =1
325 = 325 -)90 =135 615
385 »385-825=60 30
433 5433 - 386= 43 14

The following cumulative
amounts of the drug in the urine
were obtained after intravenous =
bolus injection of 500 mg of the 4 2-4
drug which is exclusively 6 “4-6
eliminated by urinary excretion. 8 6-¢
Determine the following using 10 8-|o 60 Yso —433:= 21 155
the rate method: 12 10-12 M 474 U7y-ue=14 +
DD fine Volume, cone & fate cws U e

a) The elimination half-life = .o amonnt , N T ‘
b) The cumulative amount of the| Tne l«* (JQ«.@ P

drug eliminated on the urine

following 7 hrs fol}cs)‘yylng 500 /
mg dose C Q *[Jty11 /

J
,//

I T
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= 26

Practice question 1

Time (h) Cumulati Dxu/dt T (mid)
ve Xu (hr)
(mg)

2 190 190 2 95 1

4 325 325- 2 67.5 3

190=135

6 385 60 2 30 5

8 433 48 2 24 7

10 460 27 2 13.5 9

12 474 14 2 7 11
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Practice question 1

-K=2.303"slope
K=0.26 hr
a) Half life= 2.7 hrs dXu/dt

b) The cumulative .
amount of the drug e
eliminated in the

urine following 7 hrs

following 500 mg s — Y=0.1122X+2.1134
dose ’

dxufdt (mg/hr)

e e dXufdt

* ——— Linear (dXu/dt)

o 5 10 15

(XLl)t = Xo* (1 — (e_K’t ) Time {hr)

S
Xu at 7 hrs =420 mg wine b Now Pl D\
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Practice question 2
Lo ek tY )ludx kT

Utilizing urinary data (sugmnus method) the
following curve was obtained was obtained for
an antibiotic. Calculate the fraction of the drug te«
excreted unchanged in the urine assuming that
the patient received 500 mg of the antibiotic.
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Practice question 2

2.5

y=-0.1217x + 2.3238
R? = 0.9996

LOG ARE (mg)

0.5

0 S Timleo(hr) 15 20

A~

— v 5

Intercept=log Xu™ =2 3238
so X ©=102323%8
u

w1 =210.3778

Xy _Ku _
Xo K

Je

fe=21 0.3778/500=0.4207"100=42.1%

So how much
was Fm or
fraction of drug v..-7_ £,

metabolized? .- 100 — 2.1 = 574



