Class 1 High High Bioavailability problem is not expected
for immediate release drug products

Class 2 Low High Bioavailability is controlled by the dosage
form and rate of release of the drug
substance.

Class 3 High Low Drug is permeability limited

Bioavailability may be incomplete if the
drug is not released and dissolved within
absorption window.

Class 4 Low Low Difficulty in formulating a drug product
that will deliver consistent drug
bioavailability. An alternate route of
administration may be needed.



10/2/2023 7:25 PM

Q;J;.,u.//?_iy.},uaf/ iialll jilS
Pillars of the BCS




BIOPHARMACEUTICS CLASSIFICATION
SYSTEM (BCS)

Drug Substance

[
\

Drug Product
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Solubility Ifé%{ll

Permeability Il:ll)gvc
Very Rapid

" Dissolution Rapid

Slow




FDA BCS-BIOWAIVER GUIDANCE
Dissolution

» Very rapidly dissolving = 85% within 15 min

» Rapidly dissolving = 85% within 30 min

»  Slowly dissolving — more than 30 min for 85%
dissolution

10/2/2023 7:25 PM



EMA BIOEQUIVALENCE GUIDELINE - 2010
solubility drug substance

e The pH-solubllity profile of the drug substance
should be determined and discussed.

e The drug substance is considered highly soluble
if the highest single dose administered as
iImmediate release formulation(s) is completely
dissolved in 250 ml of buffers within the range of
pH1-6.8at37+1°C.

This demonstration requires the investigation in
at least three buffers within this pH range
(preferably at pH 1.2, 4.5 and 6.8)
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BIOPHARMACEUTICS CLASSIFICATION
SYSTEM (BCS)

¢ The successful development of medicinal
products for oral use requires identification of the
rate limiting step(s) of the intestinal absorption
process of the active substance

¢ 3 major factors govern drug absorption:
- Aqueous solubillity active substance
- Intestinal permeability active substance
- Dissolution oral formulation

10/2/2023 7:25 PM
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Biopharmaceutics Classification System

| Class I: HS/HP |
RLS: Gastric emptying
IVIVG: No

When dissolution rate > gastric emptying,
dissolution is not likely to be rate limiting

Examples: Verapamil, Propranolol,
Metoprojol

| Class Ii: LS/HP |
RLS: Dissolution
WIVC: Yes

Examples: Ketoprofen, Naproxen
Carbamazepine

| Class HI: HS/ILP |
RLS: Permeability

il Class IV: LSILP |

RLS: Various factors
In vitro dissolution may not be reliable

IVIVC: No VIVC: May be.
Exampies: Ranitidine, Cimetidine Examples: Furosemide, Hydrochlorothiazide
Atenolol :
0 10 100 250 1000 10,000 mi

Volume of aqueous buffer needed to dissolve the highest unit dose, pH 1-8 arrange.

RLS: Rate limiting Step.



BIOPHARMACEUTICS CLASSIFICATION
SYSTEM (BCS)

solubility, dissolution and permeability are the 3 major
factors controlling the oral absorption of drug substances
from IR oral medicinal products

DRUG IN DEUG IN GRANULES DRUG IN

TABLET (AGGREGATES) SMALL PARTICLES
Ezjmsmmurmw , 27,5050 DISINTEGRATION .
— O pdit ,
- Permeability
/ e e i transcellular
VERY umina . . e
LIMITED | ; A assive diffusion
oy IMITED  (SOLUTION  DISSOLUTION metabolism A, = e Ay P

A, paracellular
pore pathway

P'EP Efﬂux A | —

epithelial Ay -

metabolism ~-m= A active transport
DRUG IN SOLUTION :

Solubility

Ag transcytosis
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BIOPHARMACEUTICS CLASSIFICATION SYSTEM

Alprazolam Class | Clarithromycin Nimesulide Class 1T
Amlodipine Class I Doxazocin Class I Nitrofurantoin Class IV
Ascorbic Acid  Class III Flurbiprofen Class 1T Penicilamine Class 11
Atorvastatin Class II Folic Acid Class IV*  Simvastatin Class II
Azithromycin LS - Class II  Glipizide Class II*  Terazocin Class 111
Celecoxib Class II Ibuprofen Class II Terbinafine Class I
Cetirizine Class | Montelukast Class I Valsartan Class II
Levocetirizine Class | Lomefloxacin  Class | Lidocaine Class I
Minocycline  Class | Niacin Class III  Pravastatin sodium Class I

10/2/2023 7:25 PM
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FDA BCS-BIOWAIVER GUIDANCE
Dissolution

« FDA criteria for BCS-based biowaiver:
- BCS class I drug substances
- Oral IR solid dosage form
- Rapid in vitro dissolution and similar to
REFERENCE product
- Wide therapeutic window
- Excipients should be FDA approved for IR solid
dosage forms

10/2/2023 7:25 PM
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Dissolution Profile Comparison

% Dissolution % Dissalution

A
100 100 A
B B
Are These
0 0
Profiles Time Time
Similar?
% Dissolution g % Dissoiution
100 100
A
0 0
Time Time




Dissolution Profile Comparison

f={2_"IR-T,|V[X_"R,1}*100
f,= 50¢log {[1+(1/n)> _," (R, - T))? I°° » 100}

* R and T, are the cumulative % dissolved at each of the
selected n time points

* { is proportional to the average difference between the
two profiles (difference factor)

¢ f is inversely proportional to the average squared
difference between the two profiles and measures the
closeness between the two profiles (similarity factor).

F1 between (0-15)
F2 between (50 — 100)



Similarity Factor 4Ll Jale

£, =50 log {[1+(/n)E_ (R =T )% 5100}

[

n = 4xie ) Jaladl) dae

Rt= x i 31 Adaiill i gam yall pmaiceall (ye Al 3y siall dassl
Tt= x Aie 3 Adaiill die s yall joaniosall (pe Al &y siall Al
JE) e Ay Ll B0

Cp panindll e aa g 12 e Jeall axn 12

O3 %85 (S Jsasll azy Jadd aal 5 (8

RSD:<20% at early time point & < 10% at higher time points

YV VYV
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USP General Chapter <711> Dissolution
Wl Apparatus 1 and 2

Wl Apparatus 3
USP Drug Release Calibrator for Apparatus 3:

Wl Apparatus 4

Wl Apparatus 5,6 and 7

8 Feb. 2010












USP Chapters <711>, <724>

USP apparatus

Apparatus 1
Apparatus 2

Apparatus 3
Apparatus 4

Apparatus 5
Apparatus 6
Apparatus 7

Rotating
bottles

Rotating Basket
Paddle

Reciprocating
cylinder
Flow cell

Paddle over disk
Cylinder
Reciprocating disk
(Non-USP-NF)

Diffusion Cells (Non-USP-NF)

(Franz)

Capsules,Tablets

Tablets, Capsules, modified drug
products, suspensions
Extended release drug products

Drug products containing low-water-
soluble drugs
Transdermal drug products

Transdermal drug products
Extended release drug products
Extended release drug products (beads)

Ointments, Creams, transdermal drug
products



USP apparatus

Solid Oral
- Dosage Forms

Various
- Dosage Forms

Topical
- Dosage Forms




APPARATUS 3




APPARATUS 4

hrough cel

t

flow-

AN

ﬁ:ﬂ

f—

4 __,.L.“_ﬁwkN

.u ___.f




APPARATUS 4

flow-through




Apparatus 5

 The Transdermal Patch Retainer is a simple economic
device which is used with any standard Dissolution Test

Station.

* The patch dosage form is placed against the glass disc
(delivery side up) and retained with the 17 mesh Teflon

screen.
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Apparatus 5

Jﬂi?ﬂ Hiﬂq I

Modified Apparatus 5

iﬂltlﬂl L L % I

- - - —
[ i

USP Apparatus 5



The Apparatus 6 Rotating Cylinder is used for testing
Transdermal Patches in any standard

Dissolution Test Station. The optional extension is used for
larger patches. The extension

easily connects to the cylinder with a precision frictional fit.
The Rotating Cylinder is

serialized. The extension is also serialized with a serial number







USP724 Apparatus 6

Transdermal Rotating.Cylinder

32 8 Feb. 2010



Apparatus 7

It is for testing transdermal product

A motor drive assembly is used to reciprocate the
system vertically.

Samples are placed on disc-shaped holders using
cuprophan supports.

The test is carried out at 32 °C.




Apparatus 7

INENNENNENEE

heal™ sysiem = Dy hem™ sysien

Figure 1. USP Apparatus 7 and the temperature controlier { VK
7500 Heater/Circulator) made by Vankel/Varian.

Figure 2. USP Apparatus 7 and the temperature controler made
by Logan Instruments.



* Franz cells is used to characterize the in vitro
drug release and drug permeation kinetics
from a topical drug product (Ointment,

Cream, Patches, ...)

* The source of the skin is may be human
cadaver skm or animal skin halrlessmouse







Dissolution time (hours)
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Figure 14-10. An example of correlation between
time required for a given amount of drug to be
absorbed and time required for the same amount of
drug to be dissolved in vitro for three sustained-release
aspirin products.

(From Wood, 1966, with permission.)



Absorbed at time T (percent)

100

20 40 60 80
T- log time
2

Dissolved at fime t (percent) (t=

)

Figure 14-11. An example of continuous in-vivo—

in-vitro correlation of aspirin.
(From Levy et al, 1965, with permission.)




Figure 14-12. [In-vitro-in-vivo correlation between
Cmax and percent drug dissolved. Top, 30 min
(slope = 0.06, r=0.902, p< 0.001). Bottom, 60 min
(slope = 0.10, r= 0.940, p< 0.001.) (Letters on graph
indicate different products.)

(From Shah et al, 1983, with permission.)

Maximum concentration (ug/ml)
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Time to peak (hours)
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Dissolved (percent)

Figure 14-13. In-vitro-in-vivo correlation between
lmax and percent drug dissolved in 30 minutes by
basket method. Letters on graph indicate different
products.

(From Shah et al, 1983, with permission.)



Serum level (ug/mlL)
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Figure 14-14. Example of in-vivo—in-vitro two-
point correlation between 10-minute serum level
and percent dissolved at 1.2 minutes (O) and the
20-minute serum level and percent dissolved 4.2
minutes (@).

(From Wood, 1966, with permission.)
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Figure 14-15. Dissolution profile of two quinidine gluconate sustained release products in different
dissolution media. Each data point is the mean of 12 tablets. (® = product BE, O = product BO-1.)
[From Prasad et al. 1983. with permission. |



Figure 14-16. Dose-response curve to isoproterenol

by various routes in dogs.

(From Gillette and Mitchell, 1975, with permission.)

Increase in heart rate (percent)

160

Intravenous
120
» Tracheal
80
p* Rectal
40 Intestinal
0 //// | | | |
0.1 10 100 1000
Dose (ug/kg)



Example

Ciprofloxacin: two batches of same product

Product Manufacturer | Batch Nr | Expiry date Status
Cipro 500 ABC Ltd XXX 06/2007 Test
Cipro 500 ABC Ltd 777 07/2007 Reference

Apparatus paddle at 50 rpm

Medium 1: simulated gastric fluid without pepsin (SGF) (900 ml)
Medium 2: acetate buffer pH 4.5 (900 ml)

Medium 3: phosphate buffer pH 6.8 (900 ml)

Temp.: 37°C £ 0.5°C (start, middle, end)

Units: Twelve tablets per medium, each batch

Sampling: Manual, through in-line filter (0.45 um PVDF unit)

Analysis:

10/2/2023 7:25 PM

at 10, 15, 20, 30 and 45 minutes
HPLC analysis for ciprofloxacin




Example .Cont....

Ciprofloxacin: two batches of same product

Medium » SGF, pH 1.16 Bufter pH 4.5 Buffer pH 6.8
% dissolved % dissolved % dissolved
Time (min) | b/nxxx | b/nzzz | b/nxxx | bmzzz | b/nxxx | b/nzzz

10 83 80 93 96 28 31

15 95 92 97 99 34 36

20 99 97 99 100 38 39

30 102 101 100 100 39 40

45 102 102 102 101 39 41

similarity ?

n= ?

Conclusion: The profiles in all three media can be regarded
similar / not similar.
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Example .Cont....

Ciprofloxacin: two batches of same product

SGF without pepsin, pH 1.16

Dissolution (%)

120

—
o
o

[0}
o

[e2]
o

N
o

N
o

ACTIVE INGREDIENT: CIPROFLOXACIN
MEDIUM: SGF WITHOUT PEPSIN pH 1.16

—

/ -~ BATCH NO: zzz

-+ BATCH NO: xxx

0 5 10 15 20 25 30 35 40 45 50
WITHDRAWAL TIME IN MINUTES

Acetate buffer pH 4.5
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Dissolution (%)

120

100

o]
o

D
o

N
o

N
o

ACTIVE INGREDIENT: CIPROFLOXACIN
MEDIUM: ACETATE BUFFER pH 4.5

—

/ -~ BATCH NO: zzz

=+ BATCH NO: xxx

5 10 15 20 25 30 35 40 45
WITHDRAWAL TIME IN MINUTES

50
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BATCH NO:  zzz

BATCH NO:  xxx

WITHDRAWAL TIME IN MINUTES

Dissolution (%)

ACTIVE INGREDIENT:  CIPROFLOXACIN
MEDIUM:  ACETATE BUFFER pH 4.5
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93
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				BATCH NO:  zzz		BATCH NO:  xxx
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BATCH NO:  zzz

BATCH NO:  xxx

WITHDRAWAL TIME IN MINUTES

Dissolution (%)

ACTIVE INGREDIENT:  CIPROFLOXACIN
MEDIUM:  ACETATE BUFFER pH 4.5
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BATCH NO:  zzz

BATCH NO:  xxx

WITHDRAWAL TIME IN MINUTES

Dissolution (%)

ACTIVE INGREDIENT:  CIPROFLOXACIN
MEDIUM:  SGF WITHOUT PEPSIN pH 1.16
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				BATCH NO:  zzz		BATCH NO:  xxx
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BATCH NO:  zzz

BATCH NO:  xxx

WITHDRAWAL TIME IN MINUTES

Dissolution (%)

ACTIVE INGREDIENT:  CIPROFLOXACIN
MEDIUM:  SMF WITHOUT PEPSIN pH 1.16
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Study the kinetics of drug after
single intravenous dose
One compartment open model



Compartment model

_¢-‘j.ﬂ‘

Compartment is group of tissues having the same blood flow and the same affinity
to drug.
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The concept of First-order disappearance and half-life
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One compartment open model

Central compartment

K: elimination rate constant
Vd: apparent volume of distribution




Cp (mg/L)

o NN A~ OO O

10-

Dose = 100 mg; V=125L. kel=0.15hr

6 12 18
Time (hr)

1

24



Zero-order

.- -5 - -

100% 80% 60% 40% 20%

First-order

N’ - -

100% 0% 81% 72% 64%




[ 1 mg/L

K
Determining Elimination Rate Constant

mu</ So why did we use logarithms?
AN If a patient with a volume of 10 L
- LY is administered a bolus dose of
10 \\\\ 1000 mg, a plot of concentration

10

——+———————— yg, time would produce this graph.
Hours C — Coe-Kt

100 mg/L v : :
N sl cs Note: The nitial concentration 1s 100 mg/L.
\ However, if we convert each
100

g concentration to a common
logarithm, the same

———+——+—+——+—~ concentration-time plot would
Hours now lOOk like liﬂear.



_dC 10- Dose = 100 mg; V = 12.5 L; kel = 0.15 hr”!
¢ = kC 8
dt o6 4
(@) 1l — _
* By integration ] InC =1InCo - Kt
O r
t —dC =
¢ — 0 ' . :
0 dt 0 6 12 18 24
Time (hr)
C = Coe Kt

mg/L Concentration of drug at time t:C ¢
mg/L Concentration of drug at time 0 :Co °

elimination rat constant :K ¢

timet :te



Cp (mg/L)

Dose =100mg; V=125L;kel=0.15hr

1

6 12
Time (hr)

18

24

s odal) i e W ) sl J g

K
Log C= log Co — 5t

A straight line equation

From the slope u can calculate K

logC, — log C;
t — 4

slope =
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Semilog paper




Biological half life ¢lsall a2dl ,asl
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Biological half life ¢yl s2dl ;ud
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Vd Limited to Central Compartment

100% of drug
is in 3L of plasma
(100 mg/3L)
% 100 mg
Dose given

plasma
sample

%

33 mg/L E
(100mg/3L)

“Apparent” Vd:

Vd (L) = Dose (g)
[Drug] (/L)

Vd= 100mg =30L
33mg/L




Total Body Clearance

Drugs can be cleared from the body by many
different mechanisms, pathways, or organs, including
hepatic biotransformation and renal and biliary
excretion. Total body clearance of a drug is the sum of

all the clearances by various mechanisms.



Total Body Clearance Clr )yl /S0 2402
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Area Under the Curve AUC sl 5131 gouis of 1Ll

) Co
d/l-wcl“ AUC;O — 7
Jafls iS4

10-
Dose = 100 mg; V = 12,5 L; kel = 0.15 hr”!
8
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The following data obtained after giving 300 mg intravenously to

patient :

18 12 6 3 1 0.5 0.25| Time hr
04 1.11 3.09 515 7.23 7.87 8.21 Conc
(Mg/L

Calcuate K?




Calculating K:

log Cz—lOQ C1

e slope =
P to— 1ty
log0.4 —log 1.11
slope = 18— 12
slope = ;—3

K=0.173 L.



Calculating apparent volume of distribution ?Vd

0.173
X1
2.3

Log 7.23 = log Co —

C0=8.4 mg/L

Vy= =2=3571L



Biological half life?

t1/ _ 0.693
27 K
K=0.173"..

t1/2=4- L



If this antibiotic losing its activity at concentration
2Ug/ml so calculate the duration of activity

0.173
2.3

log2 = log8.4 — t

t=8.29 L.



How long it takes for 99.9% of the drug
eliminated?

avall 8o sall 30 9%0.1 Bu ) % 99.9 7 ky S

0173
log00084 ~ log84 ~ —5t

t=39.9 L.



What about the duration of activity if the
dose doubled?

el X @Co dad Cacliati de jall Lise L 13
ade s /il 16.8 = 2 x 8.4
saaall e ) 5 48 s
0.173

1092 = 1016.8 X t
0gs =0 23

t=12.3 L




s it possible to use Urine data

to calculate K?

13) S Azl
Significant amount of unchanged drug is excreted in urine 1
Specific analytical method for the drug p)
Frequent sampling 3
7 t1/2 should be waited 4



* The elimination rate constant k may be calculated from urinary
excretion data.

* |n this calculation the excretion rate of the drug is assumed to be first

order.
dD w J J
= k,,DH Where:
dt Ik, is the renal excretion rate constant.
dD o % ‘D, is the amount of drug excreted in
“=k,Dpe™ the urine.
drt e 'y &
dD —kt
log s~ +logk, D,

Y Nk
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dDu K

log —~ = logeD ~ >3t
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log rate of drug excretion versust on | | Semilog graph of rate of drug

regular paper. excretion versus time



Example

* A single IV dose of an antibiotic was given to a 50-kg woman at a
dose level of 20 mg/kg. Urine and blood samples were removed
periodically and assayed for parent drug. The following data were
obtained:

Time (hours) C, (ng/mL) D,(mg)
0.25 4.2 160
050 35 140
1.0 2.5 200
2.0 1.25 250
4.0 0.31 188

6.0 0.08 46 Caculatek and t,,, ?



Solution

Solution
Set up the following table:

R m Y (SRR MR VR W
0.25 160 160/0.25 640 0125
0.50 140 140/0.25 560 0.375
1.0 200 200/0.5 400 0.750
2.0 250 2501 250 1.50
4.0 188 188/2 94 3.0
6.0 46 46/2 23 50

Here t* = midpoint of collection period and £ = time interval for collection
of urine sample.



Solution

* Slope = k/2.303

* K=0,68 hr!

* t,,, = 0.693/k
=1.01 hr

05

1 = -0.295X + 2.84
R2 = 0.999
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Example .Cont....

Ciprofloxacin: two batches of same product

Phosphate buffer pH 6.8

Dissolution (%)

60

1N
o

N
o

ACTIVE INGREDIENT: CIPROFLOXACIN
MEDIUM: PHOSPHATE BUFFER pH 6.8

- BATCH NO: zzz

=+ BATCH NO: xxx

WITHDRAWAL TIME IN MINUTES




Chart1

		0		0		0

		10		10		10

		15		15		15

		20		20		20

		30		30		30

		45		45



BATCH NO: zzz

BATCH NO:  xxx

WATER!#REF!

WITHDRAWAL TIME IN MINUTES

Dissolution (%)

ACTIVE INGREDIENT:  CIPROFLOXACIN
MEDIUM:  PHOSPHATE BUFFER pH 6.8

0

0

1

31

28

36

34

39

38

40

39

41

39



WATER

		

				BATCH NO: zzz		BATCH NO:  xxx

		0		0		0

		10		31		28

		15		36		34

		20		39		38

		30		40		39

		45		41		39





WATER

						1



FILE NAME:[CIPRO-MERK-PHOS]

BATCH NO: zzz

BATCH NO:  xxx

WATER!#REF!

WITHDRAWAL TIME IN MINUTES

Dissolution (%)

ACTIVE INGREDIENT:  CIPROFLOXACIN
MEDIUM:  PHOSPHATE BUFFER pH 6.8
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Kinetics of drug after single oral dose

One compartment open model
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First-Order Absorption Model

« The maximum plasma concentration after
oral dosing is , and the time needed to
reach maximum concentration is

* The Is independent of dose and is
dependent on the rate constants for
absorption (k,) and elimination (k).

« At ,  sometimes  called
, the rate of drug absorbed is
equal to the rate of drug eliminated.




. Elimination

- — ;--DE

Absorption
DG' ka

Source: Shargel L, Wu-Pang 5, Yu ABC: Applied Biopharmaceultics & Pharmacokinetics,
ath Edition: www.accesspharmacy.com

Copyright © The McGraw-Hill Companiles, Inc. All rights reserved.



First-Order Absorption Model

« A typical plot of the concentration of drug
ey 58 0 Crmax in the body after a single oral dose is
i i present | =

=Bae¥) 38 5l J s sll (10 STmax

Lol (8 o) gall 38 5 Asiall Jiag

A g 4y gal Aoy 22y



Time Course of Drug Action (Oral)

Threshold far Toss: Efects
__________________________ o=
Plasma
DFU Therapeutic
[ E] wiand o
{ng/mi)
pAimimal Therapeurtic Effect

Cwuraticn af
therapeutic effect

Lag due ta Time
abrooption
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First-Order Absorption Model

« The value of F may vary from 1 for a fully
absorbed drug to 0 for a drug that is completely
unabsorbed.

« This equation can be integrated to give the
general oral absorption equation for calculation
of the drug concentration (C,) in the plasma at
any tim Fk D

y a™0 )(e—h_e—kar)

vk -k




First-Order Absorption Model

- At C,.,, the rate of concentration change
can be obtained by:
eV 58 5l I Jga gl ey s dalas
. _Ink,—Ink _ In(k, /k)
n k —k k —k
& 2.310g(kﬂ /k)
X kﬂ —k




First-Order Absorption Model

» The first-order elimination rate constant
may be determined from the elimination
phase of the plasma level-time curve.

- At later time intervals, when drug
absorption has been completed, ie, ekat=
0, Equation L
C,=——2"-¢™" e U bl aaiis k Cla JaY
Vplk, k) SRY1 sk G el
REENE Ibe Fk Dy — kt &4 uaY‘.?fAf— uSJ—*—’ i s S5 Dse s
SEUAPIETER Rl
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First-Order Absorption Model

Concentration [ug/mL)

Plasma drug concentration versus

plotting log C, versus time will yield a
straight line with a slope of —k/2.3

= 100}
-
< F kD,
% intercept = ——
- "-l-‘ K= L
5 10
-
g
5 1}
5
B
g
o
0.1 | | 1 | 1 01 'l 1 | | 1
0 3 10 15 20 23 0 5 10 15 20 25
Timea !hwra:l Time (howrs)

Rate of urinary drug excretion versus
time

time

ZBY) sk b Gty S ah e o) ASlall Ak Jan 3l

zlobY sk



First-Order Absorption Model

Aasmao dnug concentration, C, (jug/mi)
: =
Raie of drug excrefion, o /df (mg,/hr)

| |
0 5 10 15 20 25 Da 5 IE- 15 20 25

Time (howrs) Time [hours)

Plasma drug concentration versus Rate of uri nary erIQ excretion versus

time time
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First-Order Absorption Model

» urinary drug excretion data may also be used for
calculation of the first-order elimination rate

constant.
dDu/dt Jsl 4 el sl ) 4hil Ja2a o The rate of d= ;= ~~ustio= ~#-~ ~ ~i=~I~ grg| dose of
drug iS given dDu - Fk{ikf‘Dﬂ' (e—ki‘ _E—kﬂr)
(&e) 4= 2l Do dt k —k

« After drug absorption is virtually complete, —e <
approaches : gy fr k. p, S0
P S o e e
dt k,—k




First-Order Absorption Model

» Taking the natural logarithm of previous eq.
dDu/dt Jsill 4 o) sl 71 shail Joea

ol ios Al oo Bk k. D, \ kt
(&) 220~ Do dr ¥ & |23

 When log (dD//dl) is plotted against time, a graph

of a straight line is obtained with a slope of —k/2.3.

« Because the rate of urinary drug excretion, dD /dt,
cannot be determined directly for any given time
point, an average rate of urinary drug excretion is
obtained, and this value is plotted against the
midpoint of the collection period for each urine



padaalll 3 (ala) sl b dalaiall o) sall 2uaS

First-Order Absorption Model

» To obtain the cumulative drug excretion in the urine

p _ Fkk.D, e\ |, Fk.D,
Du SN TR 8 k k

i}

* A plot of D, versus time will give the urinary drug

excretion curve o_ ,«,

SG9 7200
150
100
50

Cumulative dr
excretion

D 1
0O 5 10 15 20 25
Time (hours)

Cumulative urinary drug excretion versus

time single oral dose.



First-Order Absorption Model

* When all of the drug has been excreted, at = .
Equ. reduces to:

¢) sl daaS D
iahidl dyalie Yl e - kDo
(&) dsall 2 N k

where: D “, is the maximum amount of active or parent drug
excreted.




Determination of Absorption Rate
Constants from Oral Absorption Data

Method of Residuals

« When this is the case, drug absorption is
virtually comn'ata:

Fk,D
e KDy _-u
VD(ka_k)
* The intercept of the yaxis: 4 _ Fk,D,

VD (ka _k)
« Where A is a constant. Thus, Equ. Becomes:

This equation represents first-order drug elimination,




Method of Residuals

« The value of k, is obtained by the following
1. PE9&EQHEC drug  concentration

versus time on semilog paper.

2. Obtain the slope of the

terminal phase (line BC, ) by
extrapolation.

3. Take any points on the upper

part of llwe¥WBE€ (e, By, x5, x5,

. .) and drop vertically to

obtain corresponding points

on the curve (eg, x |, X 5, X 3,.)




Method of Residuals

4. Read the concentration values at x ; and x,, x,
and x',, x 5 and x'5, and so on. Plot the values
of the differences at the corresponding time
points A, A,, A,, . . . . A straight line will be
obtained wi |




Method of Residuals

» When using the method of residuals, a minimum
of three points should be used to define the
straight line.

+ Data points occurring shortly after ¢, may not
be accurate, because drug absorption is still
continuing at that time. Because this portion of
the curve represents the postabsorption phase,
only data points from the elimination phase
should be used to define the rate of drug
absorption as a first-order process.




Method of Residuals

« If drug absorption begins immediately after
oral administration, the residual lines obtained
will intersect on the y axis at point A.

 The value of this y intercept, A, represents a
hybrid constant composed of k., k, V, and FD,.
The value of A has no direct physiologic
meaning.

J Fk D,

» —kt A =
CP B Ae Vﬂ(ka _k)




Lag Time

* In some individuals, absorption of drug after a
single oral dose does not start immediately, due
to such physiologic factors as stomach-emptying

|
&

time and intestinal motility.

Y

The time delay prior to the
commencement of first-order
drug absorption is known as
lag time.

Plasma level
T 1 1 '|'|T|||




Lag Time

* The lag time for a drug may be observed if the two
residual lines obtained by feathering the oral
absorption plasma level-time curve intersect at a
point greater than t = 0 on the x ¢

« The time at the point of intersecti [
on the x axis is the lag time.

The , Iy represents the
beginning of drug absorption and
should not be confused with the
pharmacologic term , which

Mawma level

represents latency, eg, the time required
for the drug to reach minimum effective
concentration.




Flip-Flop of k, and k

* In a few cases, the elimination rate constant k
obtained from oral absorption data does not
agree with that obtained after intravenous bolus
injection.

« For example, the k obtained after an intravenous
bolus injection of a bronchodilator was 1.72 hr,
whereas the k calculated after oral
administration was 0.7 hr'. When k, was
obtained by the method of residuals, the rather
surprising result was that the k, was 1.72 hr'.




Flip-Flop of k, and k

log C,

k=07h"

kyu172h"

| Ti
A. Incorrect TiRg B, Correct ¥,

Flip-flop of k , and k. Because k> K



Flip-Flop of k, and k

Most of the drugs observed to have flip-flop
characteristics are drugs with fast elimination (ie, k >
k).

For drugs that have a large elimination rate constant (k
> 0.69 hr-'), the chance for flip-flop of k, and k is much
greater.

Drugs with a large k are usually considered to be
unsuitable for an oral drug product due to their large
elimination rate constant, corresponding to a very short
elimination half-life.

An extended-release drug product may slow the



 If the values for k, and k are reversed, then the
same t_ . is obtained, but the C_ ., and AUC are
different.

« If the is kept at 0.1 hr-!
and the k, changes from 0.2 to 0.6 hr-! (absorption
rate increases), then the t,,, becomes shorter (from
6.93 to 3.58 hr), the C,,. increases (from 5.00 to

T 1 (100 pg

Effect of a change in the

[ I % n i

k,, on the plasma drug

|

concentration-versus-time

Concentration (ug/mL)

Dose of drugis 100 mg, V ,is 10L,
Time (hours) and k is 0.1 hr'.



Effect of k, andkon C, ., t..,, and

AUC

Changes in k, and k may affect ¢ ., C. .., and AUC as

Aoswiytion Rate Elimination Rate L C ox AUC

Constant k, (hr Constant k (hr) (hr) (ng/mL) (ug hrimL)
')
0.1 0.2 6.93 2.50 50
0.2 0.1 6.93 5.00 100
0.3 0.1 5.49 5.77 100
0.4 0.1 4.62 6.29 100
0.5 0.1 4.02 6.69 100
0.6 0.1 3.58 6.99 100
0.3 0.1 5.49 5.77 100
0.3 0.2 4.05 4.44 50
0.3 0.3 3.33 3.68 33.3
0.3 0.4 2.88 3.16 25
(I nA& 2 KRR 279 2n




K=0.2 hr-1

Effect of ka
kel=02 hr-1; ¥V =20L;
F-DOSE =600 mg

30

- —m— ka =3 hr-1;t (peak)= 1 hr

—20 _

- , —@— ka = 0.6 hr-1;t (peak) = 2.75 hr
EE" , —r— ka = 0.125 hr-1; t{peak) = 6.25 hr
810

* N\ ¢ \'mm/S 1o 24
Time (hour)

Notice that with higher values of ka the peak plasma
concentrations are higher and earlier.



Effect of k, and k on C.,, trax
and AUC

* In contrast, when the absorption rate constant is
kept at 0.3 hr' and k changes from 0.1 to 0.5 hr
( ), then the ¢,
decreases (from 5.49 to 255 hr), the (.,
decreases (from 5.77 to 2.79 pg/mL), and the

3 hr/mL).

Effect of a change in the
elimination rate constant, k.

on the plasma drug
concentration-versus-time

Concerirafion (ug/ml)

Dose of drug is 100 mg, V ;15 10 L,
Time (hours) andk _is 0.1 hr 1.



Bioavailability and Bioequivalence

Bioavailability is a measurement of the rate and
extent of the active drug which reaches the
general circulation.

1-Absolute bioavailability

2-Relative bioavailability



Absolute Bioavailability

|4 UC]pO +dose

Absolute bioavailability=F= [4UC],,

+dose,,




* F is the absolute bioavailability and also it is the fraction of
the dose absorbed.

 After IV administration F is equal to unity or 100%.

 After oral administration of the drug F may vary from a
value of F=0 to F=1.



Concentration (mg/L)

B Intravenous bolus injection
{assume 100% bicavailable)

B Oral Administration

Aucnml
AUC;,

Time



Methods of Assessing Bioequivalence
*1-Plasma data

T max,

*Comax

*« AUC

lAaucC|” I Cp.dt



2-Urine Data

o0

- D;
,_dD,
dt

-t



3-Acute Pharmacological Effect

Effect on pupil diameter

Heart rate

Blood pressure

Can be useful as an index of drug bioavailability.

Measurements of the pharmacological effect should be made with
sufficient frequency to permit a reasonable estimate of the area
under the curve for a time period at least three times the half life
of drug.



The Use Of Human Volunteers in Bioavailability
Studies

The Helsenki declaration has set certain scientific standards for
the selection and treatment of the participating volunteers, which
are intended to protect their safety.

1-the number of participants should be kept to the minimum
required for carrying out a reliable, well designed study.

2-preliminary information from prior animal studies and in vitro
dissolution and permeability tests.



3-the prior consent of each participating
volunteer should be obtained in writing
and each one must be informed of the
scope of the experiment, the dangers
involved and the conditions to be
maintained during the study.

4-children and pregnant or breast-
feeding women must not be included in
the study.

5-indiviual with certain enzyme deficiency

or abnormal metabolism should be
avoided.



* 6-The study protocol has to define the
range of age, weight, and the clinical

parameters that should characterize a
normal healthy adult.



* The guidelines for Biopharmaceutical Studies in Man,
published by the APhS, Academy of Pharmaceutical
Science recommends that the test volunteers should be
normal healthy adult males, except where not applicable,
such as in case of antifertility drugs where female
volunteers have to be used.



* Generally , the test volunteers range in
age from 20-40 year and in weight from
140-200Ib, preferably, they should be
within a narrow range=10% of their ideal
weight and of similar height .






No smoking
No alcoholic drinking

No medicines (a week before) specially those who have
enzyme inducing effect (a month prior the study)

NO sever excercises
Fasting all over the night
Standard breakfast after 4 hours.



Cross over Design

Period

Sequence . .
| Period 1 Period 2

Group 1: AB Treatment A Treatment b

Gruup 11: BA lreatment b lreatment A




Study
participants

\

—

Period 1

Treatment A

—"l RandomizationJ

/

Treatment B

Washout
period

Period 2

Treatment B

Treatment A




Factors Influence Drug
Bioavailability



The systemic absorption of most
pharmaceutical products consist of
sequences process:

1- disintegration
2- dissolution

3-absorption through cell membranes to
circulation systems.



Rate limiting step

The rate of which drug reaching circulation
system is determined by the process
owing the slower rate in the sequence:

disintegrationr——dissolution
absorption

Drug with low solubility: the rate limiting step
IS dissolution rate.

Drug with high solubility : the rate limiting
step is absorption rate.




a4 N

Factors influence
drug bioavailabllity

\ .
7). N
2-Pharmaceutical
factors

< 4




1-Physiological factors related to drug
absorption

Passage of drug across cell membrane:

To reach site action the drug must cross the cell membrane
a- Cell membrane is lipoprotein and works as semi
permeable

lipid membrane, so lipophilicity or lipid solubility is the main
factor in allowing the drug crossing.




b-Drugs act as weak electrolytes like acids
and bases, the degree of ionization is
influencing drug crossing.

The degree of ionization for weak
electrolytes depends on drug’'s pKa and
medium’s pH in which the drug in contact
with.




Handessen Hasselbalch:

For weak acids:

Ratio=

i lo(pH—pKa)

HA



For weak bases:

| RNH , |
[RNH |

— 10(PH —pPka)

The pH of the plasma is7.4 and pKa of
salicylic acid is 3, so salicylic acid would

be available in its ionized or soluble form
because:



The pH of the plasma is7.4 and pKa of salicylic acid is 3, so salicylic
acid would be available in its ionized or soluble form because:

[A]
[AH ]
4]
[AH ]

0(7.4—3)

log = log1

—=2.5X10°




c- the small molecule size like urea, small
ions Na+, K+, Li+ as if the membrane
having pores.

Drugs bind to plasma proteins act like big
molecules and don’t cross cell membrane.



e- physiological phenomenon

Besides the physiochemical properties of
the drug ,there are number of
physiological phenomena infleunce the
drug crossing through the membrane:

1- passive difusion: the passive difusion is
concentration gradient

dOQ DAK
RPN (Cgl - Cp)
dt h




According to Fick’s law in diffusion: the
diffusion of the molecules from high
concentration to low concentration.

Cg>>Cp

1-K the partition coefficient of drug in oil and
walter.

2-Absorption area A :the duodenal is the
area for rapid absorption because of the
its anatomic structure (villi and micro villi)



3-The thickness h of particular absorption
site.

Is constant, in brain the blood vessels bind
densely with glial cells, as if thick lipid
membrane is present which make the
diffusion of drug slow, and the expression
blood brain barrier is used to describe the
weak diffusion for water soluble drugs
across brain blood vessels membranes.



4-The diffusion coefficient D is the number
of moles diffuse across area unit of
membrane during time unit when the
concentration gradient is one.

Since D,K,A are constants under normal
conditions, so it is called P the
permeability coefficient,




a9 _
o P(Cgl)

Cp is very small when compared with Cgl so
it is neglected.
It is the process of first order kinetics.

Because the big difference between Cgl and
Cp so the absorption rate is very much
bigger than excretion rate.



Active transport:
Carriers for drug and energy consuming process.
The carrier with high selectivity process.

Drugs with similar chemical structure compete in
the same carrier number of carriers is limit.

If the drug concentration is high so all the
adsorption sites on the carrier would saturated.
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Example: Determine the clearance of drug if
the elimination half life is 3hr and the
volume of distribution 100ml/kg.

Solution : determine k

K=0.693 =0.231 hr
3
Cl =0.231 X 100 ml/kg
Cl =23.1 ml/kg. hr



The calculated clearance is called Total
Body Clearance and it is the all clearing
ways in the body including liver and
kKidneys, it may expressed for each Kg of
body weight like volume of distribution,
both (Cl; and Vd) parameters are constant
under normal conditions.
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Homework Aaks

« Plasma samples from a
patient were collected after

an oral bolus dose of 10 mg (ng/ml)

. k - 0.25 2.85

of a new benzodiazepine e ha
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Intravenous Infusion
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The plasma drug concentration-versus time curve of a
drug given by constant IV infusion is shown in the right . Because Siacbsiote level
no drug was present in the body at zero time, drug level

rises from zero drug concentration and gradually

becomes constant when a plateau or steady-state drug
concentration is reached. At steady state, the rate of

drug leaving the body is equal to the rate of drug(infusion rate) ente
ring the body. L

Therefore, at steady state, the rate of change in the plasma drug Source: Shargel 5, W-Pong 3, ¥ ABC: Appled Biopharmacestics &
concentration, dCp/dt = 0, and:

Plasma level

Copyright @ The McGraw-Hill Companies, Inc All rights reserved.

Plasma level-time curve for constant IV infusion.

Rate of drug input = rate of drug output
(1infusion rate) (elimination rate)



One-Compartment Model Drugs

FIThe pharmacokinetics of a drug given by constant IV
infusion follows a zero-order input process in which the
drug is infused directly into the systemic blood
circulation. Equation (5.2) gives the plasma drug
concentration at any time during the IV infusion, where t
is the time for infusion. For most drugs, elimination of
drug from the plasma is a first-order process. Therefore,
in this one-compartment model, the infused drug follows
zero-order input and first-order output. The change in the
amount of drug in the body at any time (dDs/dt) during
the infusion is the rate of input minus the rate of output.



dDy
praia (5.1)

where D g is the amount of drug in the body, R is the infusion rate (zero order), and k is the elimination rate
constant (first order).

Integration of Equation 5.1 and substitution of D = C /', gives
G =—(1-¢™) (5.2)

As the drug is infused, the value for time (¢) increases in Equation 5.2, At infinite time, ¢ = », e ~ k* approaches
zero, and Equation 5.2 reduces to Equation 5.4.

R 0
Cp=m(1——e ) (5.3)

_i 54
T Wik 4
=i=£ {5_5}



Steady-State Drug Concentration (Css)and Time Needed to Reach Css

As stated earlier, the rate of drug leaving the body is
equal to the rate of drug entering the body (infusion rate)
at steady state. In other words, there is no net change

in the amount of drug in the body, Ds, as a function of
time during steady state.

Drug elimination occur according to first - order elimination rate.
Whenever the infusion stops either at steady state or before steady
state is reached, the log drug concentration declines according to first-
order kinetics with the slope of the elimination curve equal to -k/2.3.

If the infusion is stopped before steady state is reached, the slope of the
elimination curve remains the same .



Plasma drug level
= =

[ ]
—

0 |
0 4 81216202428 32 36
Time (hours)

Source: Shargel , Wu-Pong §, Yu ABC: Applied Biopharmaceutics &
Fharmacokinetics, Sth Edition: http://www, accesspharmacy.com

Copyright @ The McGraw-Hill Companies, Inc, All rights reserved,

Plasma drug concentrations versus time profiles after IV infusion. IV infusion is stopped at steady state (4) or prior to
steady state (8), In both cases, plasma drug concentrations decline exponentially (first order) according to a similar slope.




Mathematically, the time to reach true steady-
state drug concentration, CSS,

would take an infinite time.

The time required to reach the steady-state drug
concentration in the plasma is dependent

on the elimination rate constant of the drug.

In clinical practice, the activity of the drug will be

observed when the drug concentrationis close to the
desired plasma drug concentration, which is usually the
target or desired steady-state drug concentration. The time
to reach 90%, 95%, and 99% of the steady-state drug
concentration, Css, may be calculated ().



In clinical practice, the activity of the drug will observed when the drug concentration is close to the
desired plasma drug concentration, which is usually the target or desired steady-state drug concentration.
The time to reach 90%, 95%, and 99% of the steady-state drug concentration, Css, may be calculated .

Table 5.1 Number of ¢ 172 to Reach a Fraction of C SS
Percent of C ss Reached?® Number of Half-Lives

ap 3.32

95 4.32

=1= 6.65

Thus, the time for a drug whose t 1/2 is 6 hours to reachat least 95% of the steady-state plasma drug
concentration will be 5t 1/2, or 5 x 6 hours = 30 hours.



HALF-LIFE

* Doubling the infusion rate doubles the Css.

« But increasing the infusion rate does not influence
the time required to reach C,..

Plasma Drug Concentration

53

Time



An increase in the infusion rate will not shorten the time to reach the steady-state drug
concentration. If the drug is given at a more rapid infusion rate, a higher steady-state drug
level will be obtained, but the time to reach steady state is the same . This equation may

also be obtained with the following approach. At steady state, the rate of infusion equals the rate
of elimination. Therefore, the rate of change in the plasma drug concentration is equal to zero.

Figure 5-3.

2R

Plasma level

Source: Shargel &, Wu-Pong S, Wu ABC: Appied Sicpharmacevtics
Fharmacokineticy, 3th Editien: hibp /S vew, accesspharmacy com

Capyright & The MeGraw-Hill Companies, Ine All rights rezerved.

Flasma leval=time curve for IV infusions qiven at rates of 8 and 28, re spechvely.



dCP

= O
di
dC‘P I~
= —— — RC = 0
it Vo e
(Rate;,) — (rateq,) — O
I~
—_ = k(__.'P
o
=
Css =



G =T (Asfe (5.2)
D
Since
s = i
VK

Substituting into Equation 5.2;
G, = GCs (1—&%)

Rearranging and taking the log on both sides,

Css—Cp) kt —2.3 (Css Co )
———=)=—— and k= log
&y 2.3

log



An antibiotic has an elimination half-life of 3- 6 hours in the general population.
A patient was given an |V infusion of an antibiotic at an infusion rate of 15 mg/hr.
Blood samples were taken at 8 and at 24 hours and plasma drug

concentrations were 5.5 and 6.5 mg/L,respectively.
Estimate the elimination half-life of the drug in this patient.

| 6.5 — H.h f{(H)
oo i
5\" 65 2.3

0.234 hr!

—
Il




The loading dose, O |, or initial bolus dose of 3 drug, is used to abtain desired concentrations as rapidly as
possible. The concentration of drug in the body for a one-compartment model after an IV bolus dose 15 described
by

D

Cl i Cof'l” i _Lr-h (5.9}
VD

and concentration by infusion at the rate R is

G, = %= (1=c®) (510

Assume that an [V bolus dose 0 L of the drug is given and that an IV infusion is started at the same time, The
total concentration ¢ : at ¢ hours after the start of infusion is ¢ (+C,, due to the sum contributions of bolus and

nfusion, or

G=0tG






Let the loading dose (0 ,) equal the amount of drug in the body at steady state:
D, = Gl

From Equation 5.4, Ceal o ® Rk, Therefore,

R
h=r Bl



If the loading dose given is larger than R/k, the
plasma drug concentration takes longer to
decline to the concentration desired at steady
state (curve a).

If the loading dose is lower than R/k,

the plasma drug concentrations will

increase slowly to desired drug levels (curve c).
Curve b shows the blood level after a single
loading dose of R/k plus infusion from which the

concentration desired at steady state is obtained.

Plasma level
|
N

Source: Shargel §, Wu-Pong §, Yu ABG: Applied Biopharmaceutics &
Pharmacokinetics, Sth Edition: http://www. accesspharmacy com

Copyright @ The McGraw-Hill Cornpanies, Inc All rights reserved.

Intravenous infusion with loading doses &, b, and ¢. Curve d represents an IV infusion without a loading dose.



-
E
E IV infusion plus loading dose combined
E Steady-
stake
E IV infusion level
S
£
g IV bolus loading dose
3
Time (hours)

Source: Shargel §, Wu-Pong §, Yu ABC: Applied Biopharmaceutics &
Pharmacokinetics, Sth Edition: http://www. accesspharmacy.com

Copyright ® The McGraw-Hill Cormpanies, Inc All rights reserved.

IV Infusion with loading dose O I_.The loading dose is given by IV bolus injection at the start of the infusion. Plasma drug
concentrations decline exponentially after 0 | whereas they increase exponentially during the infusion. The resulting plasma

drug concentration-versus-time curve is a straight line due to the summation of the two curves.
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where 3 and b are hybrd rate constants and R 15 the rate of infusion, At steady state (ie, = «), Equation 5.22
reduces to

. b.23
oy O

By rearranqing this equation, the infusion rate for a desired steady-state plasma drug concentration may be
calculated,

R=Gglk (24



1. An antibiotic has a volume of distribution of 10 L and a k of 0.2 hr1. A steady-
state plasma concentration of 10g/mL is desired. The infusion rate needed
to maintain this concentration can be determined as follows.

2. An infinitely long period of time is needed to reach steady-state drug
levels. However, in practice it is quite acceptable to reach 99% C SS
(ie, 99%steady-state level). Calculate the time required to reach 99% CSS.

3. A patient was given an antibiotic (t 1/2 =6 hr) by constant IV infusion at a
rate of 2mg/hr. At the end of 2 days, the serum

drug concentration was 10 mg/L. Calculate

the total body clearance CI T for this antibiotic.



Multiple-Dosage Regimens

After single-dose drug
administration, the plasma drug
level rises above and then falls

below the minimum eftective
concentration (MEC), resulting in

FPack concsnhobion

IIIIIIII

a decline in therapeutic etfect.

.....

* To maintain prolonged therapeutic activity, many
drugs are given in a multiple-dosage regimen.



Multiple-Dosage Regimens

* The plasma levels of drugs given in multiple doses
must be maintained within the narrow limits of
the therapeutic window ( C, above the MEC and

below the MTC) to achieve optimal clinical
effectiveness.

* Dosage regimen is established for drug to provide
the correct plasma level without excessive
fluctuation and drug accumulation outside the
therapeutic window.



MSC = Maximum Safety Concentration
MEC = Minimum Effective Concentration

TOXICITY
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Multiple-Dosage Regimens

Criteria for optimum dosage regimen:

The plasma levels of drug given must be
maintained within the therapeutic window.

= Ex. The therapeutic range of theophylline is 10-20pg/L.
So, the best is to maintain the Cp around 15ug/L.

Should be convenient to the patient

= It is difficult to take I.V. injection every %2 hour or one
tablet every 2 hour, this lead to poor compliance.




Multiple-Dosage Regimens

Factors affecting the design of dosage regimen:

(1) The size of the drug dose.

(2) The frequency of drug administration (t) (i.e.,
the time interval between doses).




* The superposition principle can be used when all the
PK processes are linear.

» That is when distribution, metabolism, and excretion
(DME) processes are linear or first order.

® Thus, concentrations after multiple doses can be
calculated by adding together the concentrations from
each dose. Also, doubling the dose will result in the
concentrations at each time doubling.



Drug Accumulation

* If intake occurs before the preceding dose has been
eliminated completely, the next dose will add on to
the residual amount still present in the body, i.e., the
drug accumulates.

® The shorter the dosing interval relative to the
elimination half-life, the larger will be the residual
amount of drug to which the next dose is added and
the more extensively will the drug accumulate in the
body.



Drug Accumulation

* At a given dosing frequency, the drug does not
accumulate infinitely and a steady state (Css) or
accumulation equilibrium is eventually
reached.

* This is so because the activity of elimination
processes is concentration dependent.

* The higher the drug concentration rises, the
greater is the amount eliminated per unit of time.
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Time course of drug concentration in blood during regular intake
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Drug Accumulation

if two successive doses are omitted, the plasma level will
drop below the therapeutic range and a longer period
will be required to regain the desired plasma level.

-

Desired
therapeutic
level

b4 4 4 2 2 4 4 4 44 4N Timeh

Drug concentration

Time course of drug concentration with irregular intake



Drug Accumulation

* When the daily dose is given in several divided doses,
the mean plasma level shows little fluctuation.

g 3
= =2
8 g
="
2 B
et — o dally 50 mg 1?’.:
=4 —_— 2 x daily 100 mg =
= —_— 1 X daily 200 mg
j — Single 50 mg
— —
S
T T T T T 1 T T T T T
P ) G 12 18 2 L= 12 18 Pl ] L 12
4 4 4 . 5 4 : 5 4 4+ 4 4 4
] ] 1 1 ] |
L 3 : 3 : 3

Accumulation: dose, dose interval, and fluctuation of plasma level




Drug Accumulation

* The time required to reach steady state accumulation
during multiple constant dosing depends on the rate
of elimination.

* The steady-state plasma level declines to a new value
corresponding to the new rate of elimination.

* When elimination is impaired (e.g., in progressive
renal insufficiency), the mean plasma level of renally
eliminated drugs rises and may enter a toxic
concentration range.
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Drug Accumulation

* The 2nd dose is taken before the 1st dose is
eliminated.

» Subsequent doses are then taken following the
identical interval (7).

» Accumulation of the drug up to a steady-state is
seen where drug intake = drug elimination.

» If dose (D) and t are properly selected, blood levels
will rise and fall between peak (C,,) and (C.;.)
within the therapeutic range (TR):



Drug Accumulation

log Eh-

-*E55 Therapeutic Range

...... B W N SR SR R gl o ] . Minimum Effective Level

Eas = mean concentration
at steady-state

Dose: 100 mg every t,,



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.

- —kt
D, =Dye

* If T is equal to the dosage interval, then the amount
of drug remaining in the body after several hours can
be determined with: .

D,=D,e™




Repetitive Intravenous Injections

* The fraction (f) of the dose remaining in the body
is related to the elimination constant (k) and the
dosage interval (1) as follows:

DB :E—kr
Dﬂ

f =

o If t is large, f will be smaller because Dy (the
amount of drug remaining in the body) is smaller.




Repetitive Intravenous Injections

¢ If the dose D_= 100mg is given by rapid injection
every t,, ,thent=t,,.

o W
o After the 1*' t,;, the D= 50mg. i | g
o After the 2" dose the Dy= 150mg. E 200+ .
o After the 2" t,,, the Dg=75mg. - ~‘“‘\\ \_\
o After the 3" t,, the Dg=175mg, E "W\ - 4
and so on. |
0 , TR
you will reach equilibrium at which: ¢ * 2 & 4

Time in Hall-lives
D, . =200mg and D_, =100mg

Note that: D;:ﬂ —D:::m =D,



0 15 188 1% 197
mg Drug in Body t P 1

after Each Dose

mg Drug in Body
after each t,, as

well as Mg Drug
Eliminated per t,,

Thus, the absolute amount of drug eliminated per
unit time increases with increasing body load, which
is exactly what characterizes a 1st order process.
This is the sole reason why a steady-state is
reached, i.e. Drug Going Out = Drug Coming In.




Example

* A patient receives 1000 mg every 6 hours by
repetitive IV injection of an antibiotic with an
elimination half-life of 3 hours. Assume the drug is
distributed according to a one-compartment model
and

a. Find the maximum and minimum amount of drug in
the body.

b. Determine the maximum and minimum plasma
concentration of the drug.



solution

» We must first find the value of k from the ¢ e
g 0.693 _ 0.693 0731k

e 3
* The time interval(t) is equal to 6 hours:

f = E—{{}.Efﬂ][fﬂ = 0.25

* In this example, 1000 mg of drug is given intravenously, so the

amount of drug in the body is immediately increased by 1000
mg.

» At the end of the dosage interval (ie, before the next dose), the
amount of drug remaining in the body is 25% of the amount of
drug present just after the previous dose, because f = 0.25.



solution

e if the value of f is known, a table can be
constructed relating the fraction of the dose in the
body before and after rapid IV injection.

Table  Fraction of the Dose In the Body before and after Intravenous
Injections of a 1000-mg Dose

:Amuunt of Drug in Body

Number of Doses 'Before Dose -Aﬁer Dose
1 \\ga ...EI i w _._lEIE“-IJ_
2 1250 1250
3 1312 1314
4 .3E§ 13??
E Jp2 0

333 1333
7 193 1333




Repetitive Intravenous Injections

* The maximum amount of drug in the body is 1333 mg.
» The minimum amount of drug in the body is 333 mg.
* The difference between the maximum and minimum values,

D, will always equal the injected dose.
Dmux 1 Dmin B D{}
1333 —333 =1000mg

» D”  can also be calculated directly by:

max
W &}

Dm"ut =
= L84y =1333mg
. 1-0.25

D>, =1333—-1000 =333mg

min




Repetitive Intravenous Injections

» The average amount of drug in the body at steady state:

o FDJ
fav kr
e _ FDy1.441,,

%
» Any equations can be used for repetitive dosing at constant

time intervals and for any route of administration as long as
elimination occurs from the central compartment
D - DANOIADG)

av

» Since the drug in the body declines exponentially (ie, first-
order drug elimination), the value D*_, is not the arithmetic

meanofD=___and D =

max min*




Repetitive Intravenous Injections

* To determine the concentration of drug in the body
after multiple doses:

DI o
Cr::ax = Or C:'I-:ux A CP—k
v, l—e ™
. a _—ki
Chin = % Or C, = CPE—;:
v, l—e™"
G Ca g c5=T2
vV, V,.kv
» For this example, the values for C*__ C*_. and

C =, are 66.7,16.7, and 36.1 pug/mL, respectively.




Repetitive Intravenous Injections

* The C =, is equal to the AUC for a dosage interval
at steady state divided by the dosage interval .

AUC|?
o _lauct

T
[avcl: = FPo _ FDy
NGl 7V,




Repetitive Intravenous Injections

* To know the plasma drug concentration at any time
after the administration of n doses of drug:

11— e—nkr ! Where: n is the number of doses given.
CP =_0 el t is the time after the nth dose.

= 1
* At steady state, ek approaches zero and equation

reduces to: D |
—k
C,=—" e

V,\1-e™"

where Cp™ 1s the steady-state drug concentration at time t after the dose.




Example

* The patient in the previous example received 1000 mg of
an antibiotic every 6 hours by repetitive IV injection.
The drug has an apparent volume of distribution of 20 L
and elimination half-life of 3 hours. Calculate:

a) The plasma drug concentration C, at 3 hours after the
second dose.

) The steady-state plasma drug concentration C*, at 3
hours after the last dose

(ecal

C max
(noa]

C min



a. The C, at 3 hours after the second dose (n=2,t=3hrs)

b. The C=, at 3 hours after the last dose. Because steady
state is reached:




Solution Z S

d.

The C*,;, may be estimated as the drug concentration
after the dosage interval , or just before the next dose.

The Cg is estimated by:

Because the drug is given by IV bolus injections, F=1

C=,, is represented as Cgg in some references.



Multiple Oral Dose Administration

* To start the plasma concentration achieved
following a single oral dose can be given by:

Fk D,

[ )(e'“ L e_"“f)

" vk, —k

* This can be converted to an equation describing
plasma concentration at any time following:

_ Pk, Dy ([l=e™ | | 1me™ ]
l_e—kr 1_€—kﬂr

AN Vﬂ(ka _k)




Multiple Oral Dose Administration

* The plasma concentration versus time curve described by
this equation is similar to the IV curve in that there is
accumulation of the drug in the body to some plateau
level and the plasma concentrations fluctuate between a
minimum and a maximum value.

CPmin

ma
n
1

(]
=]
1

-
L]
|

tpﬂ ak

Plot of Cp Versus Time
for Multiple Oral Doses

Concentration (mg/L)
—

(=]
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12 18 24
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Multiple Oral Dose Administration

* The Cp,,,, value could be calculated at the time t =

tpeak after many doses, but it is complicated by the

need to determine the value for t,,.

* However Cp, ;, can be more easily determined:

C-T = k”FD” [ l Jﬁ,_kr
miin Vu(ka —k) i_ﬁ_—kr




F - ™

| Multiple Oral Dose Administration (

* if we assume that the subsequent doses are given after
the plasma concentration has peaked and e** is close
to zero. That is the next dose is given after the
absorption phase is complete.

20
Plot Cp Versus Time after a Single Dose
showing Possible Time of Second Dose

Concentration (mg/L)

—
5]

* Cppin then becomes:

c o FkDy e
oy (k= k)| 1-e

= o]

/

=]
—

L] L
-] 12 18 24

Time (hr)

(=]




Multiple Oral Dose Administration

* if we assume that ka >> k then (ka - k) is approximately
equal to kaand ka/(ka - k) is approximately equal to one.

FD,| e*
CPmin = -kt
Vi, || I—e€

» Equation above is an even more extreme simplification.

» It can be very useful if we don't know the ka value but we
can assume that absorption is reasonably fast.

It will tend to give concentrations that are lower than those
obtained with the full equation (previous eq.). Thus any
estimated fluctuation between Cp,,;, and Cp,,,, will be
overestimated using the simplified equation.



Multiple Oral Dose

Administration
) -D,: : x_FDn
e - FDD( 1 Je_k,P el e TR
max VD 1_€—kr
k FD 1 :
C:in — a 0 ( — )E—Ar
Vylk, —k)\1—e™**
. 2.5 - k,
"X (=K =
1 k. (et
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Multiple Oral Dose Administration

» C=, ( Cp) is the average plasma concentration during the
dosing interval at steady state.

* This term is defined as the area under the plasma
concentration versus time curve during the dosing interval at
steady state divided by the dosing interval.

Cp= ALC
: Plot of Cp versus Time after

Multiple Oral Administration
showing AUC at Steady State

Concentration (mg/fL)




Multiple Oral Dose Administration

. lauc]:
av — T
[AUCT: = FE\ D,
g e \ &,
&\ FD,
av = Fﬂr

* Note that the AUC during one dosing interval at
steady state is the same as the AUC from zero to
infinity after one single dose.




* Since extravascular doses require time for absorption into
the plasma to occur, therapeutic effects are delayed until
sufficient plasma concentrations are achieved.

* To reduce the onset time of the drug a loading or initial dose
of drug is given.

* The main objective of the loading dose is to achieve desired
plasma concentrations, C*,,, as quickly as possible.

* A maintenance dose is given to maintain C*,, and steady
state so that the therapeutic effect is also maintained.
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* The time required for the drug to accumulate to a
steady-state plasma level is dependent mainly on its
elimination half-life.

¢ The time needed to reach 9o% of C%,, is
approximately 3.3 half-lives, and the time required to
reach 99% of C>_, is equal to approximately 6.6 half-
lives.

* For a drug with a half-life of 4 hours, it will take
approximately 13 and 26 hours to reach 90% and 99%
of C > ,,, respectively.



Elimination T,,, determines accumulation and
fluctuation in blood concentration at steady-state

400+
o 300 ‘ \ |
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life (1 Tyovs. 05Ty5)

Repeating amount or
conc -time profiles
reached at steady-state;
average level (—, —)
proportional to dosing rate

Longer dosing interval
leads 1o greater fluctuation
during steady-state




Loading doses

|/ -
3 WITINNANNSS

Maintenance doses

time

e.g. Tetracycline t,, = 8 hours

500mg loading dose followed by 250mg every 8 hours

\



Elimination T,,, determines accumulation and
fluctuation in blood concentration at steady-state
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conc -time profiles
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average level (—, —)
proportional to dosing rate

Longer dosing interval
leads 1o greater fluctuation
during steady-state







MultiPle Oral Dose Administration

®* The relationship between loading dose and
maintenance dose and thus drug accumulation
during multiple dose administration can be
studied by looking at the ratio between the
minimum concentration at steady state and the
concentration one dosing interval, t, after the first
dose. [Assuming e’*" T is close to zero].

FD, | ™
C Vy(k,—k)| 1-e™ ol Sl LY ;!

Pmin _ = =
C Bk P s L
Pl €
VD (ka _k)




Multiple Oral Dose Administration

* The plasma concentration versus time curve described by
this equation is similar to the IV curve in that there is
accumulation of the drug in the body to some plateau
level and the plasma concentrations fluctuate between a
minimum and a maximum value.
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Multiple Oral Dose Administratiqn

* This turns out to be the same equation as for the
IV bolus. Therefore we can calculate a loading dose
just as we did for an IV multiple dose regimen.

Mamtenanc e Dose

Loading Dose=
=%

* This equation holds if each dose is given after
the absorption phase of the previous dose is
complete.




ExamPle

* With F =1.0; V=30 liter; t,, = 6 hoursork, = 0.693/6 =
0.116 hr?, calculate the dose given every 12 hours that will
achieve an average plasma concentration of 15 mg/L.

Solution
W o D
AV
AN €l _15x0.116 x30x12 _ & rof

F 1.0



Multiple Oral Dose Administration

* We could now calculate the loading dose
fEe" =588l 0.25

Maintenanc e Dose 624
1-f 1-0.25

Loading Dose = =832mg




*To get some idea of the fluctuations in plasma
concentration we could calculate the C;, value.

* Assuming that ka >> k and that e™** --> o, using
Equation:

-kT 0 x ;

| - or 2 624><[ i i|=6.93mg/L

Vol | 1—e 30 =02
Therefore the plasma # Gp= AC i
concentration would probably .. -
fluctuate between 7 and 23 mg/L ~EN &
(very approximate) with an £ o
average concentration of about 15 E“'v AUC
mg/L. 5

T
[

"
]
0

12 : i
Timeih) —» T +—



* Calculate drug concentration at 24 hours after the first
dose of 200 mg. The second dose of 300 mg was given
at 6 hours and the third dose of 100 mg at 18 hours.
The apparent volume of distribution is 15 L and the
elimination rate constant is 0.15 hr.



200
Cp' = i e~ 1% = 0,364 mg/L at 24 In

300
Cp’ = T e~ 015%(t=6) — 1 344 mg/LL

100
15

Cpd = — 0 e M 5X-1) = 9710 mg/L
Cp=Cp' +Cp* 4+ Cp* = 442 mg/L

* This method involved calculating the contribution
from each dose at 24 hours after the first dose.



S Superposition Principle

* This result is shown graphically in in the following

figure: Fop —t
- Dogse 2
- 0 mg —— Dose 3

=== Cp (mglL)

N
=]
=
=
@

4]

Curtenimtinn (mgil)

=]

'l'T'T"?'T"I‘T_"-_m
8 10 12 14 16 18 20 22 24

Time (hr)

Drug Concentration after Three IV Bolus Doses

[ =]
i =
-
-
o




on-uniform dosing intervals

* The calculations we have looked at consider that the
dosing intervals are quite wuniform, however,
commonly this ideal situation is not adhered to
completely.

* Dosing three times a day may be interpreted as with
meals, the plasma concentration may then look like
the plot in Figure:



10
—_
=
B3
c 6
2
w5 e THIE : -
s, Cp versus Time during Dosing at
& 8 am, 1 pm, and 7 pm
E 3
8 2
1
B e
0 6 12 18 24
Time (hr)
8 am 1pm 7 pm 8 am

Oral Doses: 200 mg at 8 am, 1 pm, and 7 pm:
kel=0.18 hr';ka=2hr'; V=30L

* The ratio between Cp,,,, and Cp,;, 1S seven fold (8.2/1.1 = 7.45) in
this example.

+ This regimen may be acceptable if :
1) The drug has a wide therapeutic index
2) There 1s no therapeutic disadvantage to low overnight plasma
concentrations, €.g., analgesic of patient stays asleep.
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* An adult male patient (46 years old, 81 kg) was given
orally 250 mg of tetracycline hydrochloride every 8 hours
for 2 weeks. From the literature, tetracycline
hydrochloride is about 75% bioavailable and has an
apparent volume of distribution of 1.5 L/kg. The
elimination half-life is about 10 hours. The absorption rate
constant is 0.9 hr . From this information, calculate:

a) C,.,,afterthe first dose.

b)  C.,, after the first dose.

c¢) Plasmadrug concentration C,at 4 hours after the 7th dose.
d) Maximum plasma drug concentration at steady-state C*_ .
e)  Minimum plasma drug concentration at steady-state C*_
f) Average plasma drug concentration at steady-state C*,.



Multi Compartment Model



Two compartment open model




Two-compartment maodels
, 4 A _ W SN
» Multicompartment models were developed to explain and
predict plasma and tissue concentrations for the behavior

of these drugs.

» In this model, the drug distributes into two
compartments:

= CENTRAL COMPARTMENT,
These highly perfused tissues, extracellular fluid, and blood
with rapid and uniform drug distribution.

° PERIPHERAL COMPARTMENTS.
composed of groups of tissues with lower blood perfusion
and different affinity for the drug with slow drug distribution.




Two-compartment maodels

» A drug that follows the pharmacokinetics of
a two-compartment model does not
equilibrate rapidly throughout the body, as
is assumed for a one-comnartment model

o

Plasma level-time curve for the
two-compartment open model

Plasma level
Ln

(single IV dose)
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» Equations  describe the change in drug
concentration in the blood and in the tissue with
respect to time:

- Dg(lﬁl - ﬂg_ﬂ_l_ kﬂl 1 _5,)

e

b— a g—9%
0 Where:
D k = dose given intravenously.
q = 2 kli P 12 e = time after administration
Vt b— a oW of dose.
and are constants that
il g depend on k5, k., and &
ky—a _ .k — b _ 2
RS BT
b— & a— b
k k
12 . 1 il
D, = D‘;( e+ —
b— a a— b

’I|\



Two-compartment models

» Many drugs given in a single intravenous
bolus dose demonstrate a plasma level-time
curve that does not decline as a single
exponential (first-order) process.

» The plasma level-time curve for a drug that
follows a two-compartment model shows
that the plasma drug concentration declines
biexponentially as the sum of two first-
order processes - distribution and
elimination.




« The rate constants for the transfer of drug between
compartments are referred to as microcanstants or
transfer constants, and relate the amount of drug
being transferred per unit time from one
compartment to the other,

* The constants o and & are hybrid first-order rate

constants for the distribution phase and elimination
phase, respactvely.

e+ b=k, + k, +Fk
ah = k, k



Two-compartment models

iy & 4 1 . -
» A drug will concentrate in a tissue in
accordance with the affinity of the drug for
that particular tissue.

> For example, lipid-soluble drugs tend to accumulate
in fat tissues.

- Drugs that bind plasma proteins may be more
concentrated in the plasma, because protein-bound
drugs do not diffuse easily into the tissues.

» Tissue sampling is invasive, and the drug
concentration in the tissue sample may not
represent the drug concentration in the entire




Multicompartment models provide
answers

» (1) How much of a dose is eliminated?

» (2) How much drug remains in the plasma
compartment at any given time?

» (3) How much drug accumulates in the tissue
compartment?

» The latter information is particularly useful for drug
safety since the amount of drug in a deep tissue
.ompartment may be harder to eliminate by renal
T by dialysis after drug overdose.




» a multicompartment model assumes that all
transfer rate processes for the passage of drug
into or out of individual compartments are first-
order processes.

TABLE5-2 General Grouping of Tissues According to Blood Supply?

Blood Supply Tissue Group Percent Body Weight
Highly perfused Heart, brain, hepatic-portal system, kidney, and endocrine glands 9

Skin and muscle 50

Adipose (fat) tissue and marmow 19
Slowly perfused Bone, ligaments, tendons, cartilage, teeth, and hair 2

» Tissue uptake will also depend on such factors as
t solubility, degree of ionization, partitioning,
ain binding of the drug.




TABLE5-1 Blood Flow to Human Tissues

Tissue Body Welght Cardiac Output (mL/100 g tissue per min)
Adrenals 002 1 550
Kidneys 04 4 450
Thyroud 0.04 2 400
Liver
Hepatic 20 5 20
Portal 20 75
Portal-drained viscera 20 20 75
Heart (basal) 04 4 70
Bram 15 55
Skin 70 5 5
400 15 3



Two-compartment models

» There are several possible two-compartment

models:

Two-compartment
open models,

intravenous

Model A .
Central compartment f——2.! Tissue compariment
D, V. G *k_ DViG
21
ki 01
Model B L
Central compartment L | Tissue compartment
Bl / 17 DG
21
k?Dl
Model C A
Central compartment | Tissue compariment
D.V,C, A DV, G

]

km_l



Two-compartment models\J
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» Model A is used most often and describes the
plasma level-time curve.

» By convention, compartment 1 is the central
compartment and compartment 2 is the
tissue compartment.

oy




Two-compartment models‘J

» Drug elimination is presumed to occur from the
central compartment, because the major sites
of drug elimination (renal excretion and hepatic
drug metabolism) occur in organs, such as the
kidney and liver, which are highly perfused with
blood.

» The plasma level-time curve for a drug that
follows a two-compartment model may be
divided into two parts, (i) a distribution phase
and (ii) an elimination phase.




Two-compartment models

» After an IV bolus injection, drug equilibrates
rapidly in the central compartment.

» The dis f1a5e of the curve represents
the initial, more rapid decline of drug from the
central compartment into the tissue
compartment (line a).

» Although drug elimination and distribution
occur concurrently during the distribution
phase, there is a net transfer of drug from the
central compartment to the tissue
npasigpent.




Two-compartment maodels
‘ 4 A . . ,

» Relationship between tissue and plasma drug
concentrations for a two-compartment open

model.

2 8 83

Drug conceniration
n O

Tirre

» The maximum tissue drug concentration may
be greater or less than the plasma drug

concentration.

oy




Two-compartment models

» The fraction of drug in the tissue compartment is
now in equilibrium (distribution equilibrium) with
the fraction of drug in the central compartment.

» The drug concentrations in both the central and
tissue compartments decline in parallel and more
slowly compared to the distribution phase. This
declme is a first-order process and is called the
- ) or the beta (B) phase ( line b).

» At this point, drug kinetics appear to follow a
one-compartment model in which drug
ali matlon is a first-order process described by b



Two-compartment models

» Tissue drug concentrations are theoretical
only.

» The drug concentration in the tissue
compartment represents the average drug
concentration in a group of tissues rather than
any real anatomic tissue drug concentration.

» In reality, drug concentrations may vary among
different tissues and possibly within an
individual tissue. These varying tissue drug

oncentrations are due to differences in the

- . of drug into the tissues




» In the model depicted above, & ,, and k,, are first-
order rate constants that govern the rate of drug
change in and out of :

» The relationship be ug in
each compartment and the concentration of drug in
that compartment is shown by Equations:

where :
£, = amount of drug in the central compartment.
D, = amount of drug in the tissue compartment.

V¥, = volume of drug in the tral compartment.

¥, = volume of drug in the tissue compartment.




» In the model depicted above, & ,, and k,, are first-
order rate constants that govern the rate of drug
change in and out of :

» The relationship be ug in
each compartment and the concentration of drug in
that compartment is shown by Equations:

where :
£, = amount of drug in the central compartment.
D, = amount of drug in the tissue compartment.

V¥, = volume of drug in the tral compartment.

¥, = volume of drug in the tissue compartment.




Two-compartment models

» The rate constants for the transfer of drug between
compartments are referred to as microconstants or
transfer constants, and relate the amount of drug
being transferred per unit time from one
compartment to the other.

» The values for these microconstants cannot be
determined by direct measurement but can be
estimated by a graphic method.

S, Where:
a +b - klz +k21 +k and [ are rate constants for
ab =k, k

the distribution phase and
elimination phase, respectively.




Two-compartment models

¢.=Aef+Be™”

» The constants a and b are rate constants for the
distribution phase and elimination phase,
respectively.

» The constants A and £ are intercepts on the y axis
for each exponential segment of the curve.

» These values may be obtained graphically by the
athod of residuals or by computer.




Method of Residuals

» For example, 100 mg of a PRI} Plasma
drug was administered by Concentration
rapid IV injection to a 70-kg, (mcg/mL)
healthy adult male. Blood 0.25 43.00
samples were taken 0.5 32.00
periodically after the 1.0 20.00
administration of drug, and 1.5 14.00
the plasma fraction of each 2.0 11.00
sample was assayed for 4.0 6.50
drug. The following data ]32*% fgg
were obtained: 6.0 o5

oy



Method of Residuals

» When these data are plotted on
semilogarithmic graph paper, a curved line
is observed.

» The curved-line relationship between the
logarithm of the plasma concentration and
time indicates that the drug is distributed in
more than one compartment.




Two-compartment models

A=45 Cp = 45 9 4 | 5e-0211
B=”l_ﬂ
% sk slope=-b/2.303
= ®
£ b
2k
0.5 E_ slope=-ar2.303
0.1 Ao o b s s o b o a2 1 2 o al
0 4 8 12 16

Time (hours)

Plasma level-time curve for a two-compartment open model.

-i constants and intercepts were calculated by the




Two-compartment models

» the decline in the initial distribution phase
is more rapid than the elimination phase.

» The rapid distribution phase is confirmed
with the constant a being larger than the
rate constant b.

» At later time:

—uif

Ae “approachzero




Two-compartment models

bk

In the sample case considered here, b was found to
be 0.21 hr'.

From this information the regression line for the
terminal exponential or 6 phase is extrapolated to
the y axis; the y intercept is equal to B, or 15

Mg/ mL.

Values from the extrapolated line are then
subtracted from the original experimental data
points and a straight line is obtained. This line
represents the rapidly distributed « phase.




'TII'HIE (hr) € 2 Observed Plasma Level G'p Extrapolated Plasma Concentration L‘p.c’pﬂnsidlul Plasma Concentration|
0.25 430 145 285

03 320 135 185

L0 200 123 7.7

L3 140 110 3.0

20 110 100 1.0

4.0 6.3

8.0 28

120 1.2

!lﬁ.l] 0.52

’I|x\



Two-compartment models

» The new line obtained by graphing the

logarithm of the residual plasma
concentration (C, - C) against time
represents the a pﬁase.

» The value for ais 1.8 hr1, and the yintercept
is 45 pg/mL.

» The elimination ¢ ,, is computed from b by
use of equation and has the value
Q3.8 ht: ~ 0.693

Lyjap = b




Two-compartment mogrels\J

» A number of pharmacokinetic parameters
may be derived by proper substitution of
rate constants a and b and y intercepts A
and Binto the following equations:

ab(A + B)
~ " Ab+ Ba
AB(b — EI)E
DT 4+ BY AV A

_ Ab + Ba
- = TAT B




Apparent Volumes of Distribution \J
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» the apparent V ;5 is a useful parameter that
relates plasma concentration to the amount of
drug in the body.

»In the two-compartment model, several
volumes of distribution can be calculated.

o« The apparent volume of the Central Compartment
(Vp).
- The apparent volume of the tissue compartment (V,).

oy




The apparent volume of the Central
Compartment (V)

» The volume of the central compartment is
useful for  determining the drug
concentration directly after an IV injection
into the body.

» This volume is also referred to as or the
initial volume of distribution as the drug
distributes within the plasma and other
accessible body fluids.




The apparent volume of the Central
Compartment (/,)

» This volume is gejnerihlly smaller than the
terminal volume of distribution after drug
distribution to tissue is completed.

» The volume of the central compartment is
generally greater than 3L, which is the volume
of the plasma fluid for an average adult.

» For many polar drugs, an initial volume of 7-

10L may be interpreted as rapid drug
distribution within the plasma and some
extracellular fluids.
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The apparent Volume of the Tissue
ompartment (V) . ..

» The apparent volume of the tissue compartment
(V) is a conceptual volume only and does not
represent true anatomic volumes. The V. may be
calculated from knowledge of the transfer rate

constants and l/p: -

» Tissue compartment drug concentration is an
average estimate of the tissue pool and does not
mean that all tissues have this concentration.

oy




The apparent Volume of the Tissue
Compartment (V) . .. .

» The pharmacodynamic activity may correlate
better with the tissue drug concentration-time
curve.

» To calculate the amount of drug in the tissue
compartment 0O, the following expression is
used:




Elimination Rate Constant

»In the two-compartment model (IV
administration), the elimination rate constant,
k, represents the elimination of drug from the
central compartment.

» whereas b represents drug elimination during
the beta or elimination phase, when
distribution is mostly complete.

» Because of redistribution of drug out of the
tissue compartment, the plasma-drug level
curve declines more slowly in the 6 phase.




Elimination Rate Constant

» Hence b is smaller than k& thus k is a true
elimination constant, whereas b is a hybrid
elimination rate constant that is influenced
by the rate of transfer of drug in and out of
the tissue compartment.

» When it is impractical to determine &, b is
calculated from the b slope.

» The &, is often used to calculate the drug




TABLE 5-8

Comparison of Beta Half-Life and

Distributional Half-Life of Selected Drugs

Drug Half-Life Half-Life
Lidocaine 1.8 hours 8 minutes
Cocaine 1 hours 18 minutes
Theophylline 4.33 hours 7.2 minutes
Ergometrine 2 hours 11 minutes
Hydromorphone 3 hours 14.7 minutes
Milrinone 3.6 hours 4.6 minutes
Procainamide 2.5-4.7 hours 6 minutes
6-8 hours 7 minutes
21.39 hours 5 hours
1.6 days 35 minutes
1 day 60 minutes
9.6 days 6.7 hours

Irmsrs e o



	Biopharmaceutical Classification System
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Enhancing dissolution profile�تحسين مرتسم الانحلال
	 تشكيل معقدات مع مشتقات السيكلوديكسترين�Complexation with cyclodextrin derivatives
	Slide Number 11
	Biowaiver الاعفاء الحيوي 
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	USP General Chapter <711> Dissolution
	Slide Number 19
	Slide Number 20
	Slide Number 21
	USP Chapters <711>, <724>
	USP Chapters <711>, <724>
	Slide Number 24
	APPARATUS 4 �flow-through cell
	Slide Number 26
	USP 724 Apparatus 5�Transdermal Patch Retainer (Hanson Style)
	Slide Number 28
	Apparatus 5
	USP 724 Apparatus 6�Transdermal Rotating Cylinder
	USP method 6 �compliant rotating cylinder for transdermal testing
	USP 724 Apparatus 6�Transdermal Rotating Cylinder
	Apparatus 7
	Apparatus 7
	Diffusion Cells (Franz)
	Diffusion Cells (Franz)
	Because it is easier to correlate the absorption time with the dissolution time �
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Choosing suitable dissolution medium
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	
	Study the kinetics of drug after single intravenous dose�One compartment open model �
	Compartment model
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	مفهوم الانطراح من الرتبة الأولى ونصف عمر الدواء�The concept of First-order disappearance and half-life
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Total Body Clearance 
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Calculating K:
	Calculating apparent volume of distribution ?Vd�
	Biological half life?
	If this antibiotic losing its activity at concentration 2Ug/ml so calculate the duration of activity
	How long it takes for 99.9% of the drug eliminated?
	What about the duration of activity if the dose doubled?
	Is it possible to use Urine data� to calculate K?
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39

	
	دراسة حرائك الدواء بعد جرعة فموية وحيدة
	حرائك امتصاص الدواء 
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	هل يمكن اعتماد البيانات البولية لأجل حساب ثابتة سرعة الاطراح K؟ 
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33

	
	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	3-Acute Pharmacological Effect
	The Use Of Human Volunteers in Bioavailability Studies
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Cross over Design
	Slide Number 16

	
	Factors Influence Drug Bioavailability 
	Slide Number 2
	Rate limiting step
	Slide Number 4
	1-Physiological factors related to drug absorption
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	e- physiological phenomenon
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16

	
	تصفية الدواء Drug Clearance
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	التصفية الكلوية
	Slide Number 9
	1- الترشيحي الكبيبي Glomerular filtration
	Slide Number 11
	2-الإفراز النبيبي الفعال:
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	جدول تأثير pH البول وpKa الدواء على نسبة الدواءالمتشرد الأدوية
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	آلية الانطراح الكلوي المحتملة

	
	الاطراح الكبدي للأدوية
	Slide Number 2
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	تفاعلات النقل الحيوي للدواء�Drug Biotransfromation Reactions
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30

	
	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20

	
	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57

	تعديل
	تعديل نظام الجرعات في الحالات المرضية
	تأثير العمر على حركية الدواء
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	تأثير الحالة المرضية على حركية الدواء
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	تعيين تصفية الكرياتينين
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	 طريقة كوكروفت وغولت
	طريقة شوارتز للأطفال

	
	النظام المتعدد الحجرات
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40


