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Drug Clearance by the Kidney

1.Glomerular filtration:
( free D cleared by ???)
1 .Proximal tubular secretion:

(WAS & WB S ) Passive -Dl—st—al—
1 .Distal tubular reabsorption. olipd-soluble ;
(lipid soluble Ds) wsteen | [cotecuns

that the intra-

luminal concen- ! |
tration is greater

than thatin the
perivascular space

lonized, lipid-
insoluble drug
into urine



Role of Drug Metabolism




Clearance (continuation)

> (Clearance by other Routes

cL,,=CL,,.+CL__+CL . +CL,_

hepata © — —renal | Tpulimonary

> Total Body Clearance

where CL__ , +CL __, are typically the most important.

> Clinical Situations Resulting in Changes in t,,




Note: A faster rate of
infusion does not change
the time needed to achieve
steady state. Only the
steady-state concentration
changes.

M
w
w

Steady-state

region—\

e

of infusion

High rate _7

(2 times R, mg/min)

Low rate
of infusion

(Ro mg/min)

Plasma concentration
of drug

0
tStart of Time

infusion

Design & Optimization of
Dosage Regimen

Steady State Condition (Css)

Css is directly proportional to rate of
infusion

Css is inversely proportional to CL




Time to Reach Steady State Concentration

— Start of Drug infusion
drug infusion stopped; wash-out
begins
Steady-statedrug Y
concentration = Csg = 100 The wash-out of the
drugis exponential with
920 the same time constant
as that during drug

c 75 infusion. For example,

2 drug concentration

- declines to 50%

£ o t of the steady-state

g -

vE 50 1/2 levelint,,.

:

[}

a

% : : : ! 0
Fifty percent of ; | Time
the steady-state. 1/ p— i E Ninety percent of
drug concentration 2t,, i ! the steady-state
Is achleved int, . I i drug concentration
3'3tll—' isachievedin 3.3t”2.



w

Plasma concentration of drug in body

o

N

—

Injection of two Injection of one
units of drug unit of drug
“once daily twice daily

o

Continuous infusion of

two units of drug per day

|
:

|
:

l
:

|
:

1
:
|
:

3

M M

—
1 2

o

Days

t = Rapid injection of drug

Fixed Dose / Fixed Time Interval :



r 2P ARY
REPEATED FIXED DOSE ° o ° . |
Repeated oral administration of a 0 ptimization of Dose ‘*3
drug results in oscillations in plasma

concentrations that are Influenced
by both the rate of drug absorption

and the rate of drug elimination.

7/ Maintenance dose:
N
g |~
s 2.0 | (Target Cplasma) (CL)
> Dosing rate = F '
5 15
B
2 10|
:
3 99 Loading Dose :
g 0 30 T —vo Loading Dose = (V ;)x (desired Css)/F

// L/ Time (hrs) For [T

SINGLE FIXED DOSE Loading Dose =(V ;)x (desired Css)

A single dose of drug given

orally results In a single peak

in plasma concentration followed
by a continuous decline in drug
level.




With loading dose

©

£

: \

: )

-

=

£

o

g Without loading dose

2

Q | l l I I I

Time

Elimination t,;

Dosing started



Routes of administration

enzymes pls=7

— :
Motility of gut ﬂ

Focd In su.oméach

Intravenous injection
avoids absorption A

barriere

Factors affecting : Velume of distribution Vp
drug abscrption -
Oral_mos® commeon : Intra- Lioid-acluble drage erter
Formulat. on Sublingual-vena | cellular cells (¢.9. etrandl)
.. . For example a Arem buccal cavity water Highly iorized drugs are contined
Stability to acid and | woak base (B) avold llver I %0 the extracell ar Hiid
|

(£.4. Lubncuraring)

Drugs that are highly proteir-
bound or high molecila- velght
(heparin) are retained

in circulazion

Cuccal cavity

Degree ot tral-pass

metabolism Stomaach
Lipid solubility l 3 Few drugs
-
Intestine =G Zer, /
N absarption ~ O’Vc;- /
Depend> a lot or “Most mcleculee g 4
the pK of drug and onized S -K, ¢
Ayt A | [ S Cp=Coo™ @
vH of znvironment. ket H' - B ]
o , ecule :
Uniunicee druy i e : o] Mcst drugs
g unionized Eheaesdaa
muzh more lipid = | / Firet order
suluble Chan & [[ha !
ionzed 4rug . Zenal Time (L)
Y 1 .
tubule Ke t
] . | »
Lygi . =loal, - o=
| ke relative X [ P ° 2303
o _ e ) X Much unionized ( Most ionized l{‘
pronortions are given v . drug reaveorbed drug 1 Log C, =4
by (for a wezk base): Biiary duct” Firot-pass | oxcroted S Slope = 555
Bl metaboliom l '
by —=— =pRs —PH | e

: sion | 1 [pavbon]  surer
Time (t)
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Drug-Receptor Interactions and
Pharmacodynamics



D-R Interact.ions and Pharmacodynamics

> Pharmacodynamics
Describes the actions of drugs on the body and the influence of drug
concentration on the magnitude of the response

>Signal Transduction
v Ligands

Y Second Messenger
Drug-Receptor Complex

Drug + Receptor —— )rug-Receptor Complex Biologic Effect




Receptor with bound agonist is
Unoccupied recepto' does not a activated. It has altered physical

influence intracellular processes. and chemical properties, which
leads to interaction with cellular

molecules to cause a biologic
response.

(a ) (8 ) (8> A¥i=Aan Biologic
» ) ctivate
¢ ) L receptor e b
f’, {v; ¥ \\ (‘,fi 4 \\
5 p= l,f %o Signal
.—’ e
| Receptor \ transduction
7

Drug A tinds to receptor
Drug B cannot b nd to receptor



Receptor States
*R (inactive) <= R *(active)
* Agonist 2?7

e Antagonist ???
* Partial agonist ???



Receptor Families

ALY

&

Ligand-gated ion G protein—coupled Enzyme-linked Intracellular
channels receptors receptors receptors
Example: Example: Example: Example:
Cholinergic nicotinic a and B adrenoceptors Insulin receptors Steroid receptors
receptors 1 J 1

LR RARIARN
M NI

U

Changes iinlme:nb:ane
potential or ionic
NN

concentration within cell

N

| 15 ,'i .,i:| \ m |

Protein phosphorylation

N

I\
]
|

\@'

RN
VLD ) )

R, R-PO,

L

T || I
0 '
l ||

Protein and receptor
phosphorylation

INTRACELLULAR EFFECTS

ARSI

" "I ‘ l|| ‘l
‘ |
]
[ | 'lll |

o

[

¥

Protein phosphorylation
and altered
gene expression

1) ” ! i.Ji | ’
T “ ¥ 'l |



0-Helicas forming gate

Schematic illustration of
ACh receptors

Pure 0.7 nm (\ y,/
\ a \ o /
\ @ /
\ ;V., /

Schematic lllustration of a GABA, Receptor, with Its Binding Sites

Chloride

GABASte  cpoooo

Piercionir \
sits

Steroic
sile

EniRate Benzodiazepine

<D

\




Transmembrane G protein-coupled receptors

Y EC domain
Y IC domain interacvts with G ptn or effector
molecule

Y Many kinds of G ptns (Gs, Gi, Gq)
Y All composed of a, B & y subunits

Y The responses lasts for several seconds to minutes




I'ransmembrane G protein-coupled receptors (cont.)

Resting state
Receptor /
£ \‘
Target Target
1
e |7
Inactive GDP Inactive
GTP hydrolysed
A—
Target . Target
1 2
' W

—

\ Receptor occupied by agonist

Target l Target
1 .
Inactive Inactlve
Target proteins
activated
' A—
Ta:get Tarzget
— o 17
. GTP

Acn:/ ACtNe

®



Transmembrane G protein-coupled receptors (cont.)

Unoccupied receptor does

Occupied receptor changes
not interact with G, protein.

shape and interacts with
Gs protein. Gs protein releases

Extra- GDP and binds GTP.
cellular ) Hormone or neuro-
space ,// transmitter O

Cell membrane 2 oF e

i

- 7 .
"'“hﬁ !ﬁ‘ll.: lér

i Receptor i

Inactive
adenylyl
cyclase

G¢ protein
Inactive
with bound adenylyl

Cytosol GDP cyclase




When hormone is no longer
present, the receptor reverts

to its resting state. GTP on the

a subunit is hydrolyzed to GDP,
and adenylyl cyclase is deactivated.

A Subunit of G, protein
dissociates and activates
adenylyl cyclase.

adenylyl C Inactive
cyclase . adenylyl
cyclase

cAMP + PP,



G proteins

A- B-

G Adenylyl
S cyclase Phospholipase C



B ™%,
0 l:-bs‘il J
Insuli:l Ppe: ' =
receptor
(mc':lve) ﬂ B
ot | LJ
Tyrosine
Tyrosine

intracellular domain of the §
subunit of the Insulin receptor.

- Insulin binding activates receptor
tyrosine Kinase activity In the

Enzyme-linked receptors
(Insulin Receptors)

Receptor tyrosine kinase
phosphorylates other
proteins, for example,
insulin receptor
substrates (IRS).

* Dimers or multisubunits
* Lasts min to hrs
* Ex., epidermal growth factor(EGF),

2%

[Activation of multiple ]

signaling pathways

platelet-derived growth factor

Phosphorylated IRSs promote
activation of other protein
kinases and phosphatases,
leading to biologicactions

of insulin.

LI

Biologic effects
of insulin

(PDGF), atrial natriuretic peptide

B\ N (ANP), insulin & others

| = )
s o
o—'lyroain;r ' ,-/ \‘.
i | |
(Tyrosine’ oy, )

o 11

Tyresine residues of

the [isubunit are auto-

l phoaphorylated.
11




Intracellular receptors

* Takes hours to days to give response
* Examples: steroid H, structural pts, Es, RNA &
ribosomes




