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Pharmacokinetics
(Continued)

Dr. Alia Shatanawi

Distribution :
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Through circulation and interstetium

Drug Distribution: reversibly leaving the blood stream —> interstitium (ECF) —> cells



DiSt ri bUtion Variables

The delivery of drug from the systemic circulation
to tissues

(1) capillary permeability nexipage (req)

(2) blood flow-tissue mass ratio (i.e., perfusion rate),
(3) extent of plasma protein and specific organ binding
(4) regional differences in pH, nextpage (biue)

(5) transport mechanisms available . evodopa o< ransporter e
(6)

6) the permeability characteristics of specific tissue
membranes.



Capillary Permeability: depend on\two factors)
structure of capillary ;

Ex: in brain : the capillary is continuous and there is no slit junction , we have tight
junction , these are characteristic of BBB , which only allows only certain molecules
to enter , so protect the brain
active transporter zliss ¢ gleall Jany oay ¢l sall 13]
levodopa drug : J4s
For psychological disorder as Parkinson
amino acid transporter agen! ¢ & 53 GLie active transporter 4l 2
amino acid like tyrosine Jax
neurotransmitters in the brain J miail age G syl 43

Lhe liver or spleen in the other extreme
Large portions of basement membrane espoused (fenestratiin) discontinuous
capillaries
i Wl large plasma proteins J ) ssau
T kg = AL ddail) sl

@structure of the drug (chemically)
Hydrophobic (no net charge , equally distributed charge of electrons ) can pass
But hydrophilic can'’t
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Let's give an example
.S0 local anesthetics are actually weak bases
So we said for weak bases the drug will only be absorbed if
it's in the uncharged form or nonionized form
.So in an acidic environment most of the drug of the weak base will be ionized
So if we have an inflammation or an infection happening in a certain area, let's say we have a skin absess and
we
need to perform a procedure on that absess. So before we start with the procedure, we have to anesthetize the
.area with a local anesthetic and we said most local anesthetics are weak bases
So after the injection of this weak base because the environment of the absis is acidic :

most of the local anesthetic will be unfortunately in the ionized form.
Thus we will have limited or less anesthetization of that area as if we compare it to a normal non-pathological
area with where the pH is higher than an acidic pH.

N
Another thing now we know that local anesthetics work by inhibiting sodium channels in nerve axons.
Now once the local ansthetic enter into the inside of the cell or to the nerve axon it will be ionized
there because inside the cell we have a lower pH than outside of the cell. And this ionization can be
advantageous in this case because it will trap the local anesthetic inside the cell where it cannot
diffuse back to the different tissue and it can perform its action.



Drug distribution and Body water

Total body water

-

plasma volume
extracellular

plasma -
/ 3 liters
- (0)
interstitial L
volume

, interstitial volume
15 liters
25%
intracellular
volume  ~ .
intracellular .
12 liters

42 liters 20%
70%

Water composition in
60 Kg Body Weight

27 liters 45%



Distribution

The total volume of the fluid compartments of the body into which
drugs may be distributed is approximately 42 L in a 60-kg adult.

. . Sothed ill distribut t th diff t t t
These com partments ]nClUde° de?)en?jinrgugi \’:\flwle CSrtr;i:c?hzrrgcc);?egr?sticgsoef tr:eedr?ung ?r(l)c;?epcaurléni?sneﬁ‘.
ePlasma water
e The interstitial fluid

e The intracellular fluid

Q Plasma: slits (junction) J! »= ,2& ¥ 5 endothelial layer lining the inside of the blood vessels J) (» s 38 50 43y

Drug has very large molecular weight or bind extensively to the
plasma proteins. So the drug is effectively trapped with the plasma
(vascular) compartment.

In this case the drug will distribute in a volume that is about 6% of the

b d . ht Heperin is an anti-coagulant drug that is used for patients who have coagulation problems, like
O y We] g o cardiovascular conditions such as myocardial Infarction or deep vein thrombosis.

to prevent the reoccurrence of these events.

for example, in 60 kg individual, agents of this type, such as Heparin,
will distribute in 3 L of body fluids.

it is convenient (eias Ji&) aalle Jaidy o) (2 Ul AW 8 ¢ Slal oyl s Ul 1 ala Y Gy ¢ L3Ol Jumy 48 o 250 40 S5 #



Distribution

@ B.Extracellular: has low molecular weight but it is hydrophilic,
. Slit junctjon

it can move through the endothelial junctions but cannot
cross the membrane to inter the cells.

—~C. So drugs like aminoglycosides, will distribute into a volume

equal the sum of the plasma water and the interstitial
fluids. =ECF 25/

@C.Total body water: has low molecular weight and
hydrophobic, here the drug move through the membranes
into the cells. Here the drug will distribute into a volume of
about 60% of the body weight.

note: Some drugs, lipid soluble ones, stored in the fatty tissue
in an eqUilibrium W]th fl‘ee CirCUlating drugafﬁnity to specific tissue sxic ¢! 5l
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Volume of Distribution (Vd)

*A measure of the tendency of a drug to move
out of the blood plasma to some other site.

*Or A measure of extend of distribution

Peripheral volume £ Peripheral volume

Central
yolume

Central
volume

2 - - 1 - - " .
e T T T T T T T T T T T T T T T T T T T T T T T T T T




Volume of Distribution

svolumed) sl J3A g 55 7 5 ol gall il lall jelaw clia iy
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The apparent volumeJof distribution, Vd, is defined as
the fluid volume that is required to contain the entire
drug in the body at the same concentration measured in
the plasma. It is calculated by dividing the dose that
ultimately gets into the systemic circulation by the
plasma A

ielua alel 1 oyl

concentration at time zero (CO). 5 m S

_ Amount of drugin the body

V
d C,

Although Vd has no physiologic or physical basis, it can
be useful to compare the distribution of of a drug with

the volumes of the water compartments in the body.




Usually we perform an experiment where we inject a standard dose of the drug wich
initially will we injected through IV injection into the bloodstream and this dose will initially
be contained entirely in the vascular system.Now this drug will move (start to distribute)to
the different compartments of the body( outside of the plasma to the interstitium to the
cells) . So the plasma concentration of the drug will decrease with time.

Extrapolation to time
zero gives Cy, the
hypothetical drug
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We said how do we calculate the volume of
distribution? It is the amount of the drug in the

Distribution Elimination —J Now we're going to 4 conc.entragion body. Now we know this amount because we
phase phase assume that the drug predicted if the know exactly how much of the drug we have
— . e — —_| is not eliminated yet. 3 distribution had been injected and we gave it through IV .
: . administration. So the amount of the drug in
4 EYef‘ thQUQh - achieved mstantly. the body is going to be 100% equal to the
elimination ° amount of the drug that was injection injected.
—_ happened at the =
J same time, but just S Co=1
= 1 for the purpose of § ad G gl CO (ASad #6183 <
2 Most drugs show an calculation, we're E oS Cagly 5 el gall ddaci La Jg) Gy yall
o exponential decrease going to assume that & 0.5 vie Y A DS sl Ga ¢ S il
= in concentration with the drug is not = 04 . g - A
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The half-life (the time it takes to
reduce the plasma drug concentration
by half) is equal to 0.693 V4/CL.

B3 co

Aalaally (2 m = 5 0 (p2ee
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But how do we calculate CO or concentration zero? Now, can we immediately take a sample from the patient at the same time we're
injecting the drug? Actually, we cannot because the drug will not have started to be distributed all over the plasma. So, what we do?

After a drug enters the bloodstream with continued time. So we're going to plot a curve time versus serum concentration. We said we're
going to start to see distribution of the drug outside of the plasma to the different tissues. So the concentration of the drug will decrease
inside the | vascular compartment.So we're going to draw that curve. But still we don't have concentration zero because the drug has
not distributed in equilibrium in the plasma. So after the concentration of the drug reaches almost zero inside the vascular compartment,
we're going to plot that curve. It's going to be let's say linear. Then we can draw a line from our curve to intersect with the y axis. And the
intersection point between our curve and the y-axis is going to give us concentration zero.

So we're going to figure out what is the concentration at time zero by extrapolation of the curve of time versus serum concentration.After
that, we're going to plot that information and we're going to enter that information into the equation and then we can calculate the
volume of distribution.
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Distribution

Some areas of the body are not accessible to drugs
due to anatomic barriers,

The capillary membrane between the plasma and
brain cells is much less permeable than is the
membrane between plasma and another tissue.

Therefore the transfer of drugs into the brain is
regulated by what is called “blood brain barrier”

. it is only permeable to lipophilic agents
. impermeable to ionic hydrophilic agents
. Amino acids, glucose etc have specific uptake

systems



Ll 0o }m plasma. proteinsd. 1yl S . ~ Remember when we talked about the variable
Jshl e el J=s 5 depot of th? QFUQ ] n ] n g that control the distribution of drug from the
plasma proteins Jlasi e st 5 el sall 4l 3 4l plasma to the different parts of the body.
e Ul 5 ¢ active s &4 W 5 inactivate o5 dalall 5 jualadl)
cisll o balance

— Usually, after absorption, drugs bind
to proteins.

— Bound drugs are larger molecules,
and therefore can not distribute
well and considered as the depot
inactive forms of the drug.

— A balance is created between bound
(inactive) and unbound (active)
forms of the drug.

— Binding can cause drug interactions.



DRUG BINDING TO PLASMA ALBUMIN

Some drugs bind nonspecifically and reversible to
various plasma protein, albumin and globulins, in
which the bound and free drutg). reach equilibrium,
and only the free drug exerts a biological effect.

In general albumin binding reduces
pharmacological activity but prolongs duration of
action in a way dependent on affinity, binding
capacity and rate of dissociation continuous butsiow release of that

inactive drug

Drug interactions occur on albumin by the
displacement of one drug by another. Can raise
dose of some drugs to toxic [evels.

For example Anticoagulants (Warfarin) can be
displaced by the anti-inflammatory  agents
Phenylbutazone.

Now this depends on different variable.
1. The affinity of that drug to the plasma protein
2. the binding capacity of that plasma protein ( how much that plasma

protein can hold of the drug)
3. the rate of dissociation between protein and drug



Warfarin : is an anti-coagulant drug. Warfarin binds extensively
to albumin inside the circulation.Now this patient usually have
a chronic problem, a serious problem. we want to increase the
bleeding time in that patient because he have coagulation

drug-drug interactions @aic a7 ) 43 - Auls A (S e el sall ) 53w Ll binding J) Al
;as
(82 ) 5 i€ aall A3, 4l o LS Jay)) anticoagulant s» A warfarin 2L (s ye saie
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albumin J) ge Loy sam s AT 650 230 (i yall 15 (S
phenyl butazone (anti inflammatory) 4eu
albumin J) e ) gudlity ) gal) | g jla
(£ a2l i) active JwsS ) sall iy <— Ale ((3dasi 1 (i) U warfarind! 4S <
11 it could be fatal ic _juw alhay 7 5 2dl jsia 7 2 2 )30
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Protein-binding

Only unbound drug is capable of
crossing the placenta

Drugs with low protein binding
reach higher concentrations in
the fetus than mom



Protein binding

. not only affects the activity of the
drug (bound = inactive)

. But also can influence its
distribution from one compartment
to another.

. This is particularly true with respect

to glomerular filtration and passive

transport. v g
o % free drug J) s

Free + Protein < Bound
Drug Drug



Plasma protein

Extracellular water

drug

Tissue protein




Plasma Proteins

albumin

- primarily for acidic dru® a,;cé:%
ai-acid glycoprotein ¥

- for basic drugs
Lipoproteins

- for some dI’UQS Lipid soluble drugs

The fraction of total drug in plasma that is
bound is determined by
o the drug concentration,
o its affinity for the binding sites, and
o the number of binding sites. Capacity



Volume of Distribution (Vd)

How can we measure the extent of

diﬁtribution? e
pparent volume of distribution
(Vd) , 140L clawsay & il Ja
amount of drug in body 42 ~al ity
V, = : 25 ¢ aSai S ) sl
plasma drug concentration REP I
hypothetical
VOLUME OF DISTRIBUTION FOR SOME DRUGS volume
DRUG vd (L)
cocaine 140 ' = drug distribution J) el o5& U
clonazepam 210 43 agdiy amiodarone J! )
amitriptyline B i fsuns o ite completely
amiodarone ~9000 ot trapped inside the cell ’
very little of this drug is present in
the plasma

/




Volume of distribution

C=D/IV

V=DIC




Volume of distribution - an
exa m p I e That you might have in the exam

—~ T~ D=50mg
C =25 mg/L

@ V =D/C

= 50mgqg/2.5mg/L
v = 20 Litres




What is the volume of water in
the beaker?

amount
Volume = ,
concentration
=10 m
Volume = S _ 1L

10 mg/L B




.

water gets distributed or localized to other places in the beaker which are depicited in those little saucers that we
drew here. So water got distributed to the different parts of this beaker which represent the different places where
the drug is distributed in our body. So some of that water molecule got attached to the muscle, some of it to the
lipids, some of it got inside the cells. So the amount that can be detected of water inside the beaker or we
represented by that in the plasma is one molecule.

| hope this simple example can explain the concept of volume of distribution.

What is the volume of water in

the beaker?

amount
Volume =

10mg
Ilmg /L

So if | want to calculate the volume of water in the beaker now we know again that the volume equals the
amount divided by the concentration. skl 2Ll

Still the amount of water <tsll in the beaker is the same. We know we put 10 mg of water in that beaker. But
what about the concentration? If | take a sample of that beaker now, I'm going to get a concentration of

1 mg per liter because all the other water molecules got distributed elsewhere.

Volume = = IO{,

concentration

And this is not
the real volume
because we
still know that
this beaker has
a volume of
one liter. And
this is what we
mean by an
apparent
volume.




Volumes of distribution (Vd)
(In litres for average 70 Kg adult human)

So this is a characteristic in identifying parameter
for drugs in order for us to be able to conclude

where the drug is distributed in.

Warfarin 7
Gentamicin 16
Theophylline 35
Cimetidine 140
Digoxin 510
Mianserin 910
Quinacrine 50,000

Small vol. Mainly
stays In plasma
little in tissues.

Medium vol.
Similar concs In
plasma and tissues

Large vol. Mainly
In tissues, little In
plasma.




Volume of distribution
and body weight

Vd depends upon body size.
May be quoted as L/kg (Litres per kg body weight)

e.g. Theophylline vd =0.48 L/kg

For 60 kg adult, Vd =0.48 L/kg x 60 kg

So it's going to be different for each individual. — 28.8 | Standard is - Lit
— . anaara Is . Liter




Practice calculation

a3 5 =2 mixed units Jb 3_sdll

A dose of analgesic (50mg) is administered I.v.
and a blood sample is taken shortly afterwards.
The initial concentration of analgesic in the
blood sample is 0.85 yg.ml-1.

Calculate the volume of distribution of the
analgesic (in Litres).




Model solution

Mixed

el
V = D/CO / units!

=50 mg / 0.85 pyg.mi-

= 50,000 ug / 0.85 pug.mi-

= 58,824 ml
= 59 Litres




Metabolism - oo

Drugs can be broken

Changes the strugtyre o
down( metabolized) in the body by
various mechanisms...... .. . .oovos oo

(¢ 0a 3 s water soluble s 2 3¥ S22 in urine =

Metabolism usually results in """

compounds which can be excreted.

Metabolism can:

Inactivate the drug s commony nappens

e ACtivate the drug

Produce other active metabolites.



Metabolism

Liver is the major site for drug
metabolism, .....om

Also, the kidneys, the g.i.t, plasma,
o5 and lungs can metabolize drugs.

Metabolism can be affected by:

Disease state. ... .o puriornis iver i not inciioning

Blood flow. ...

Inducers and Inhibitors. .. i o o e s e oo
Genetic background of the patient.

rapid sexenis fast in metabolism ¢S5 Cilay i) puaiy agilin (il 8
TO le rance slow U=l ewiy <o slow enzymes Y1 ¢ sl 5| metabolisers

pharmacodynamics J! «_3 metaboliser
So choosing the proper drug and choosing

the correct dose of the drug for these patient will be different.




Metabolism

The liver is the major side of metabolism for many
drugs, but other organs, such as lungs and kidney
can also metabolize drugs. . drugd dss ol ¥l ix metabolismds Ul ias

o) Cargll s e Joany 138 () ae inactive form
conjugated so more polar ) 4l g=3 sa (ula¥) Cargd) W)

Many lipid soluble drugs are not readily eliminated
from the body and must be conjugated or
metabolized to compounds that are more polar and
less lipid soluble before being excreted.

Metabolism often, but not always, results in
inactivation of the compounds.

Some drugs are activated by metabolism, these
SUbStanceS Called prodrugs. a drug that's given in its form being inactive. It needs

to be metabolized in the body for it to become
activated and perform its activity.
But this is as we said a small percentage of drug and
most of the time metabolism results in inactivation of

the drug.



Phase | metabolism

Drug metabolism occur in two phases:

Phase | reactions function (e.g., oxidation,
reduction, hydrolysis) alter chemical reactivity and
TNcCrease Water SO ub] ]ty. phase one reactions function to convert lipopilic molecules

to a more polar molecule by introducing a polar functional
group suchOH or NH2.

Phase | reaction frequently catalysis by the
cytochrome P450 system (also called microsomal
mixed function oxidase).

Drug + Oz + NADPH + H* — Drugmodified + H20 + NADP*

To date, 12 unique isoforms of this enzymatic
s¥sten‘ (CYP 2D6, CYP3A4) have been identif\ied to

play a role in human drug metabolism._

So the oxidation proceeds by the drug binding to we have several isoforms of cytochrome P450 enzymes. To
the oxidized form of cytochrome P450. As you date we have12 unique isoforms of the enzymatic systems and
can see we need oxygen in the reaction and then these are called SIP , examples here: SIP 2D6 SIP 3 A4 which
we have a reductive step coupled to NADPH have the highest role in metabolizing drugs utilized by human.
cytochrome P450 oxoreductase.




Phase Il metabolism

If the metabolite from phase | is polar enough it will
excreted by the kidney, But if it is still lipophilic to
be retained in the kidney, a subequence Phase I
metabolism will take place.

Phase Il consist of conjugation reaction with
endogenous substances, such as, glucuronic acid,
sulfuric acid, or an amino acid.

Results in polar and usually more water soluble
compounds.



Cytochrome P450 system

Ll 1 578355 | drug drug interactions 4de jua) 43 1a age & guia 90 128
¢ L3 S) dd inhibitors and inducers e LSa

Cytochrome P450 system dependant enzymes are
important target for drug interaction because they
can be induced or inhibited by certain drugs.

Aeldl) dadiall 2,5l Anti biotic
é}ytochrome enzymes Inducers like Rifampin and

ntrall

e
Bamazepme are capable of increasing the

Qf cytochrome enzymes
synthesis of one or more of isoforms. For example,
Rifampin significantly decreases the plasma

concentration of HIV protease inhibitors. (Are metabolised by

- Sl AIDS HIV JI i e 0380 ol 5all 13 cytochrome p450 )

Cytochrome enzymes inhibitors, Omeprazole inhibits
three CYP isoforms that are respons1ble for Warfarin
metabolism, leading in an elevation in the Warfarin
concentration, and so greater inhibition of
coagulation, leading in to more risk of serious
bleeding reaction.
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This will result in decreasing the plasma concentration ofthe
(HIV protease inhibitor)which can lead to having a plasma
concentration that
IS lower than the effective minimum effective concentration
therapic effect. So the patient is taking a drug to treat a
serious condition and heal aids but the drug is being
metabolized in his body. So it's not performing its action. So
this is very important.




Omeprazole is a drug given to treat peptic ulcer
G |5l L 50 e over the counter Bz bale 44 jlay o 3aly (ull)
< heavy or oily meal JSI 5l JSYU Jsi asl MWia ¢ parally JSLia | galla uur_
Qeeﬁﬂ\y%cow\mj&usmc‘)udjc \j.ﬂ\ Y JA\AM\‘\J\AJJ)&J

Ma ¢ all bl dosedb ol aliial s canlall s warfarin 23 Sial eyl o S

Jl fany 7 (S CYP il pieassy A omeprazole AL Al o s Wl
—s warfarin J) (» g=lat 228 (ie auall s warfarin J) &8 metabolism

elevation of warfarin (@ xS sl juay i) et 58 ji anally (s
concentration in the plasma

& |t is very serious to miss up with the concentration of Warfarin in the body




Elimination

It is a process in which drugs are transferred fromr
the internal to the external environment.

Occur via a number of routes , the most important
being through the kidney into the urine.

Other routes include the bile, intestine, lung, or
milk in nursing mother.

kidney J! e Al
l §s eliminated through these routes tend to be
ipi

soluble and unionized.



elimination can happen through different rates depending on the kind of drugs. It can happen
through different kinetic process. We have zero order kinetics and first order kinetics as an
example.

Ellmlnatlon

~Zero order: constant rate of elimination irrespective

of plasma concentration:\".. e

~First order: rate of elimination proportional to plasma

concentration. Constant Fraction of drug eliminated
per unit time. <Y » sdistribution Ji 2 e)sall 58 5 a5 L (S

In zeroorder kinetics we have a concentrate of elimination
irrespective of plasma concentration.

So in this case if we have the drug elimination dependent
on certain transport mechanism that help the drug gets
from the circulation into the urine. We have certain
transport protein again these are saturable protein that will
only take a certain amount of drug to transport it. Now

. . . because it is a saturable process it will depend on the
Rate Of e l] ml nat]on °< Amou nt number of transporters available in the kidney but they will
not depend on the concentration of the drug. In this case

Rate Of elimination — K X Amount we have a zero order kinetics

Now first order kinetics : the rate of
elimination is proportional to the plasma
concentration which is the most common

route or that happens usually. So we have a

constant fraction of drug eliminated per unit

time depending on a certain constant called
K.



Elimination

Drugs can be eliminated through various routes
(kidney, lungs, sweat, feces).

Metabolism usually results in inactive
metabolites which are also water soluble and
therefore excretable by the kidneys.

Weak acids are excreted faster in alkaline urine.
Weak bases are excreted faster in acidic urine.
Elimination follows first-order kinetics of decay.



Time to decline conc. from 100 to 50 = 2 hr
So, t, of thisdrug is 2 hr

Other concepts that | want you to focus on in relation to drug elimination is the plasma halflife of the
drug. Plasma halflife of the drugs.
It's the time needed for the concentration of the drug to decrease by 50%.

So for a drug in this example, the time to decline from concentration 100 to concentration 50Twe look at
the X-axis is about 2 hours. So we say the halflife of this drug is 2 hours.

So this gives us an indication of how much the drug stays in our body and according to trEwe can
calculate what is the dozing interval of that drug and how many doses do | give for the patient
in the day in order to maintain a constant concentration of the plasma in

let's think about it. If | have a concentration of 100, | need one half life

for it to be 50. Two half lives for it to be 25. Three half lives for it to be

12.5. four half lives for it to be 6.25 and five half lives for it to be 3.125
which is let's saylvery similar to zero) So usually we needhalf
lives of each drug for it to almost get fully eliminated from the body.

Time Chowrs)




Clearance: pharmacokinetic measurement of the volume of

plasma from which a substance is completely removed per unit
time; the usual units are mL/min. The quantity reflects the rate of
drug elimination divided by plasma concentration. =% i fan he tele

clearance is the volume of plasma.

e ‘ Cl= Rate of elémmatnon /D

And it will depend on the rate of elimination of the drug and the
concentration of the drug.

Le 3 5iSa Of course, depending on which order kinetics the drug is
(il CSa —_—— eliminated by.
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