


INTRODUCTION TO PHARMACOKINETICS AND - sctive space —
PHARMACODYNAMICS

Phormacokinetics :
* Study of movement ot drugs in the bod5 ofter intake khroagh ony route.

thcodgnmnics :
* Drug induced chcmge inthe bodﬂ.

Course of drug through the body 00:04:20
T pharmacokinetics
- taken orally B Pharmacodynamics
W,L_ﬁ Distribution . -
Absorption —_— = Adipose Drugs reaching adipose tissue :
_l - some drugs : Redistribution  tissue * Very short acting.
* T Lipid solubilitu.
sﬂs’cem'\c circulodion T P ' &5
* Crosses 8RB,
* &g nnaes’chetics.
i - Propotol.
6480850fee3[%8§¢&1m5& Thop i
J Breakdown - SR
| of bond
Remainins drug
most drugs bind reVersibl}j

ey

Liver ; metabolism most drugs Systemic

— Kidney,
- Breakdown —> Makes drug circulotion }&xcretion
water soluble [: : : Y -

\
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General Pharmacology

PHARMACOKINETICS : ABSORPTION - PART 1

Absorption 00:00:25
g, TR ]
6'|o|03ical membrane ~ —
B> orug
Intestinal Blood vessel
lumen lumen
> .‘
b A Fa C)bi‘ Filtrotion :
v AD porins &g ¢ Insulin (subcutaneous) B
ATP not
4 A Along cone. o o Pr.\ "
> - — P o Sog Simple / Passive difSusion (/e | require
D gradient
A A = : et _J
AA iil. Focilioked ditSusion :
F\long cone.

> N €9 ¢ GLuUT recep’cors.
(6LUT absorption based on gradient)

A A p
J | Sradien’c
\ndependen‘c
A

.

of conc.

Smd'\ent

> A M Active transport : ATP required
gg: SELT receptors

SGLT | — On small intestine.

SELT & — On renal tubules.

Active transport : P - glycoprotein pump (pgp)/
MDR, pump

00:09:00

m/ctgpeoil%Cptmp

I
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Pharmacokinetics : Absorption - Part 1

Function :
Small intestine/liver

> most druss

A r-\|on8
AA the conc.
Srad'\en‘c

AYN
Akhanirfa 39 i
P—g\gcoprofein
pump

ithelial cell Blood systemic circulation.
vessel

Significance
£g : Digoxin dosage is caleulated based on amount being lost d/+ drug'eflux

elood erain Barrier @eR) :

€g * Loperamide (opio'\d) * MDR, pumps are present in 826,
- used in Rx : Diarrhoea. * Loperamide connot eross 62e.
- Acts on GIT. '

P 00

Note : Another cause of drugs not Crossing BRe — Woker solubil‘rtﬂ.

Plocenta : Certain dru.ss cannot cross $rom motermal circulation 4o $etal circulation
d/t presence of MDR pumps in placenta.

Bile acid excretion : O/t presence of MDR, pumps on hepatocytes.

In Bacterio. / Tumor cell :

de\/elops
cel\ —————— Pgp pump Orug efSlux Resistance.
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> Some drugs efflux ¢ First pass metalbolism.
- drug excreted before reach‘\ng
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General Pharmacology

Pharmacological signi%cance :

¢ v ¥
Substrote : Inducers : Inhibitors :
undergoes eflux T no. of pump | ro. 0% pumps
by pump (Couses drug failure) (Couses drug toxicity
* Loperomide =~ gnzyme inducers * Veropomil
* Cyclosporine * Rifampicin * Amiodarone
* Digoxin . Pheng‘co‘\n * Quinidine
* Phenobarbitol * Cyclosporine
* Kraconazole
* Neradinib
* erythromyein/
effects of blockade : Clersirirongem
Drug blodﬁins PSP efflect
* Rifampicin Digoxin failure
. darﬂhromgcin Digoxin failure
* Cyclosporine | Cholestadic joundice
* Verapamil Used in reversal of drug resistance
(Cancer, bocterio) ;
* Quinidine Loperamide induced central S/

Passive Diffusion

00:27:35

Lipid

Intestinal lumen

Repelled
Polar/ionised/ chargec:>

- woder soluble : excreted !

Proteing rged

Proteins 9

Lipid,
Blood vessel lumen

Not absorbed
(Lipid insoluble/ water soluble)

\ _ Absorbed

Non polar/unionised/neutral <

\J

" (ipid soluble)

Passive DifSusion
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PHARMACOKINETICS : ABSORPTION PART 2

Ionization of drugs ; 00:00:10
cRiTeRIA
Absorption | exeretion
Solubility Lipid Wader
lonizadion unionised lonised
Relation of pH of " -
e
medium quod HaE
Polarity Non polar © Polar
mMnemonic * LUNA mMnemonic : WIPE
UNIONIZATION , khanirfan0392@gmail.com

* Acidic drug — Acidic medium : Stomach.
° pasic dms Basic medium * 5mod\ Intestine.
gg ¢ Aspirin (Acidic drug) is unionized in stomach.

But Max absorption of unionized drug @oth Acidic § Basic) happens in Small m’teshne;g %

pduodenum O/t large surfoce areo.

Note : Short bowel sljndrome
* Resection of small intestine —» | Absorption of drug,
e mx: 1 posage of drug or change route.

IONIZATION (EXCRETION)
* pH of dmg ond pH 0% medium are ditSerent.

Clinical Appl'\cofcion :

* Acidic drug toxicity > Moke wrine Basic
- Aspirin - > By bicarbonate : Urine Alkalinizer.
- Phenobarbital. '
- Methotrexate.
* Basic drug ’cox‘\c'\’cg > Make urine Acidic
- Amphe{'am'\ne > By Ammonium chioride : Urine Acidifier.

rfo’ce Other examp\es for urine acidiflers are Vit C, Cranberry Juice.

\
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6 - General Pharmacology

---- Active space =---- Henderson - Hasselbach Equation 00:13:28

Quantification of lonization.

* Acidic drug — log Cunionized] = pria. — pH (OF mediurmy.
Clonized]

* Basic drug — los Clonized] = pra. — pH
Cunionized]

* &g lonization of acidic drug with pria. = 4 in stomach (pH =3a).
[&)]

log J—ED‘] =a—> t_*.‘,: 10%—> ‘LA‘= 100 } 99% unionized § 1% ionized,

* pra.: pH of the medium ok which SO% drug is ionized § SO is Unionised

Absorption of oral drugs 00:21:30
1. Delayed absorption of Oral drugs :
Tablet /capsule |
\Z Y A
IR : Immediote eR: ‘E:X’cendecfl Releose
reease R : Suskimed Releose CR: Q’«o\\ed Release
AKA 2zero order CR
A A A
Plamsa. Plamsa .
Plamsa. R conc. SR conc. khanir®R0392@gmail.com
Cone, Shorter peak
! > ; 0‘! oction _ >
" 4 Time o ) ¥ ° ) il
Dose Dose pose e Dose
Mechanism : Frequent dosing * * Better compliance. * Polymer coating of pores.
| Compliance. * Polymer coating present. ¢ CR 2olpidem.
gxample * Indomethacin TID. * 3R indomethacin,
' i
Pharmacology + v1.0 « Marrow 8.0 - 2024 Page 2/4

- i <




3. Drugs bBPQSS\r\S the stomach :

Pharmacokinetics : Absorption Part 2

.

Delmjeol release :
* Release of drug in S
instead in stomach,
* eg Sulfasolazine —
For wlceradive colitis.

Rate and Extent of Absorption

v

enteric cooked :
g9 PPl —> Protect
from Sas’cric HClL

00:31:00

BI0AVAILABILITY (®

Froction of dms reaches s5stem'\c cireulodion uncha‘nged,

Factors de’cenn‘\nirg g

v

* |100% of drug — Intestinal absorption

}

exeretion of o Froction

. ” © ‘E: Drug b5passes liver.

T Absorption occurs.

P\qsma concentration :

!

IV mox

RSP Areo. under the curve

v

sgstemic circulodion

648c85cfee3b03a74e182fab

Fraction undergoes first pass metabolism 5

Area. under the curve Orod : AUC

o)
Orol Time

Concentrotion Time Curve

\ \

] Feédback

610&)/&]\&5\\'\{3 : guco‘, . X100

/ UCy,
extent of drug Absorpﬂon —

Only route With 100% BV : Vv
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General Pharmacology

Route of administradion Bicovailobility
Y |
IM/sC 0.75-1.0
Oral 0.50-1.0

Note : § does not indicate rote of drug absorption.

RATE OF DRUSG ABSORPTION

PC A :
* C.mox : Maximum plo.srna

cone achieved b5 o drug
* T.mox : Marker of rate of
drug o.bsorpﬁon.

T mox [ Time

Bioeguivalence in drug industry :

648c85cfee3b03a74e182fab
* Biocequivalence : Two pharmaceutically equivalent compound with similar rote

(Tmox) and, extent (AUCD of absorption =
* @randed drug : One which is invented, pakented for a0 Heo.rs
* Generic drug : Legal copy of a.new drug (Done ofter potent expires).
- Benefit of a generic drug : Cheoper.
- For generic drug approval : ANDA (Abbreviated New Drug Applicatior.
* Criteria for approval :
Generic drug = Bicequivalent o Branded drug * 30%.
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PHARMACOKINETICS : DISTRIBUTION S —

Apparent Volume of Distribution (AVd) 00:00:20

DEFINITION
* Hypothetical volume of plasma. in litres necessary to account for the total
amount of drug (intravaseularly and ex’croo/aswlarlg) in the patient’s body,
* Drug with t Avd — Mostly in extravascular compartment/Tissue.
* Drug with | Avd — Mostly in Intravascular compartment/Systemic,

CALCULATION
Avd = Dose) o ¢ = Loading dose :
Co
l Avd XC. i
bl
Initial plama. concentration Tt j
° §: Bioavailability ; Target plasma. concentrodion
e L=1ini ' (conston®)
§ = 1'in intravenous route I P

- ®Avdofadrugis T, Dose is
increased o maintain C.

FACTORS DETERMINING APPARENT VOLUME OF DISTRIBUTION
Obesity : 1 volume of distribution (vd)

* Fat content Athletes : | vd vd
sex : F(} Fok content) > m
* Lipia. Soluble (Pkav.

Albumin binding (Plasma. proten binding) o _1_
* Tissue binding. vd
; khanirfan0392@gmail.com
Eg H
* Distribution of Digoxin —» Skeletal muscle > Heart
@/ f mass)  (Target orgar)

- Hence loadinS dose is determined b5 |eqn ‘ood5 moss
(Not total body Moss) '

signi“cance in ’co>(|ci’c3 :

1 exdrovascular concentrakion

¥ Tt va }Dialgsis is inefSective
2 | intravoscular concentroion
Hel
T Antidotes are given in 4co><tci’c5.
9
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Drugs with 1 vd:
mMnemonic * BADDOC.
Drugs not cleared by dialygsis Antidotes
@enzodiazepines Flumozenil
Beta blockers (Blocks GPCR) &lucagon (1 cAmp)
Amphetamines ‘ Ammonium Chloride
Digoxin Digibind
Opoids Naloxone
Orgonophosphates Atropine
Caleium channel blockers Calcium gluconate

Plasma protein binding

00:22:13

\mpor’can{- plasma proteins :
* Albumin — Binds +o Acidic drugs (m/c).
* Oloacid 3l3c0pro’cein : Bosic dmgs.

Albumin QU acid glycoprotein

. ﬂn’c\psgcho’cics

* Antidepressants * Trieyclic antidepressants

* Antiepileptics * Opioids ‘

* Antibiotics : Sulfonamides * Antiarrythmic
brugs bound |« anticoagulont : Wwarforin Increase each < Biblocier

* Aspirin others plasma. conc. - SRS

it used together 4 Lndspsie
Teleeding
¢ Albumin 1 o<1 glycoprotien
efect on drugs T Free drug ' Freia drug
T Risk of toxicity | effect
khanirfan0392@gmail.com ol :
{ Albumin : Ialgp
_ * Inflammadory :
- Nephrotic sgndrome d s
_ - Rheumatoid arthritis
Clinical Application | - CKHD :
- \nQ\ammo.’corB bowel
' - Liver Cirrhosis
disease
- Diabetes mellitus ) .
*_Myocardial infarction
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PHARMACOKINETICS : METABOLISM eee ACtiVe SPaCE ~--n-

Phase | Phose a
I
[ | -
Drug + Functional group
Pro dmg most dmgs —— COQJusa:Ee
(nactive) (Active) e -
l <~—— Drug broken ——> l Drug + ional group e charg
Activated down Inactivoted .+ i
co e
Functinal group /—“l “\1‘3‘1
Drug + Functional
lonized § woker soluble
group
Prodrugs : gasily excreted
. Prosuzm‘\l.

* Ramipril § other ACEi (Except Captopril, LisinopriD.

* Oxcorbazepine , Omeprazole.
* Depivetrine, Levodopo.

* Rocecoadotril.

* S- Fluorourocil.

* gemcitobine.

Reactions of Drugs in the Phases

Note : Placebo does not

contain any dmg

00:06:20

Phose | Reactions :
mMnemonic : ORCHID |
* Oxidodion (M/e).’
e eduction. khanirfan0392@gmail.com
s C,Bdizodr'\on.
* Hydrolysis.
4 HBdroBsis.
* Aliphatic h}jdroxglodcion.
* Aromoadic h}jdroxgla‘clon.
* Deamination.

Phase |\ Reaction
Named ofter the conjugote :
* glucuronidation (M/C) : Microsomal.
* Glycinadion. )
* glutothionation. _
* Aeetylotion. > Non microsomal reactions.
- methylation.
Sulfadion.

=

Phase | reactions are enabled bﬂ microsomal CYP4ASO enzymes.

[ Feedback
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CYyPASHERIZIPR R tupn
* Y (Cytochrome) : Heme protein that binds oxygen — Facilitates metabolism.
* P4SO: enzymes discovered in plant pigment, absorbs light of 4sonm
wavelength.
. 85 ' CYPIRA
| = Derotes the family, A — Subtamily, a — geneisoform number.

DRUGS METABOLISED IN PHASE | (BY CYP4ASO TYPES)

CYPIRA ¢ CYP3BG ¢
* Paracetamol. * b-mer urine.
* Togerine. ’ o me’chgldopa
. Theophgl\ine.

©YPaC9 : Phenytoin, Warfarin.

:
cYPati9 :

® Metabolises Omeprazo\e. Competitive Inhibitors (& substrotes, | en25me) d
. L\c’civdces‘(‘,lopidogrel.

Omeprazole decreases the effect of clopidogyrel.
CYPADL:
* metabolizes : &
- Psychiadric drugs (Antidepressant, Antipsychotics).
- Opioids.
- PB-blockers.
* Activates : Tamoxifen.

cyrag! : _ _
* ethonol EriBe Sonsumphion > CYPAE uPresulcx’c'\on
* Paracetamol : —TNAPQ) —i Hepatotoxicity
(Paracetamol metobolised by CYPael >> CYPaea)
cyePzad (m/c) :

Metabolises >S0% of drugs (88 : mifepristone).

Pharmacology - v1.0 - Marrow 8.0 - 2024 Page 2/4
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Glucuronidation :

o as’cmgen :

Antibiotics
l L =]
648c85cfmmmpaﬁc
circulotion of estrogen

v

l'Tllal
{

ocP failure

Acekgloec'\on :

mnemonic : HIPS Dance.

. Hﬂdmlo\z‘\ne.f“
* |soniozid,

DRUGS METABOLISED IN PHASE 1)

Couse

* ptazanavir BntiviraD
* Irinotecan (Anticancer) —> Toxicity,

Pharmacokinetics : Metabolism

Both drugs are ¢/ in

Steven Johnson Sfjndrome. }
Crgler qujar sgndmme.

gstrogen
'

Liver :
* Phase | with CYP3R4
* Phase 1) : glucuronidodion

}

8s’crogen + Glucuronic agid enterchepatic
(m’rgr soluble) Circuloion : &xtension
v of normal T,
Small intestine

v

Glucuronidose action bﬁ Su_’c bocterio

}

Es{rosen brokken down + l‘npid soluble

* Procainamide > Con couse drug induced SLe,

* Sulfanomide.

® Dapsone‘ .

\

[ Feedback
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14 - General Pharmacology
----- Active space - DTUg Interactions 00:27:00
/% microsomal enzymes induction or Inhibition.
gnzyme inducers enzyme Inhibitors
1 eneyme | ereyme
1 metabolism ymetabolism
effect ‘
Plasma. concentration | 1 Plasma. concentration
Drug Lailure Drug Toxicity
. . * Acute oleohol consumption
* griseotulvin * Quinidine
|+ Rifampicin * Isoniozid
1 * fleohol Chronic) * Cimetidine
¢ &enzopyrene . cipro%oxac'm
&xample
S * Phenocbarbitol * Ketoconazole
* (‘,arbamzepine * Volproote
o gk John's wart (Flant used to . arzj{’nromgcin/ Clarithromucin
“ 4reok depression) * Grapefruit juice
‘ ! B Die’chglcarbamine
In cose of OCP failure d/t
Qi"r’o.mpicin :
* Change the method of . _85%(::":?6:0—.».
e contraception (UD or condoms) P ey
Clinical Significance o . v Arrhytimio, V Rbrillation)
* Avoid enzyme inducers & 0qrgqromﬂcin RS
' ’coxncrtB.
or
¢ fThe dose of drugs
(8q, Phenytoin § Retigakine)

. Pharmacology - v1.0 - Marrow 8.0 + 2024 Page 4/4
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PHARMACOKINETICS : EXCRETION

* lonised / water soluble / polar drug
* The major orgons of excretion.

{ | }

Kidneys m/c organ for excretion) Liver

khanirfan0392@gmail.com

{ ¥

m/c organ involved in metabolism

Fittrokion (30%) Tubular secretion (80%)
Uunbound drug g -
Plasma. protein =
(negotive charge) (d/% -ve charge of +
bound drug basement membrane)

* Some drugs are excreted through saliva. § sweat.
Note ¢ Filtrotion is dependent on &FR — Constant rote of excretion.

Rate of drug elimination (RDE)

15

Note :

Liver

00:06:45

* Amount of drug eliminated per hour from the bodg.

* RDE= p\a5ma concentrodion X Clearance

(mg/ o (ms/ mD mi/hr)

- Plasmo. cone : Conc oF drug present in each mi of plasma. —- mS/ ml.
- Drug clearance : Amount ot plasma. being cleared of the drugs per hour.

DRUG DOSING
o. Continuous IV infusion.
b. Intermittent dos'\ng.

El Feedback
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Infusion rote / Dosing rote :
* AKA load‘mg dose.

|+ Slowly rising stoke (nfusion.
A \E S’ceadg stote plasma concentrotion.
W : Declining state (eliminadior.
Plasma Absorption > |n¥u.!sion rote =
Cone. exeretion (v Roke of drug elimination
1\
3 -
| 1}
: D
&xgre&ion > nbsorp’don
0 o :

Time 1
Coneentration Time curve '

* Infusion rate = Plosma. coneentraion X cleqran¢gnsez@gmail.com
* 4-S TI/3 are required +o attain steady state plasma. concentration.
_* Depends on Volume of distribution.

Intermittent dosing :
* AKA maintenance dose.
* Dose given after o certain period of time to maintain plq_s;ﬁ\a concentrodion in
steadﬁ stote.
* Depends on Clearance.

Maintenance Dose= PC x cL X Time C§: 6ioavailabi\\+5]
o §=1in IV routes

Hol® life (T1/8)
* Time taken bﬂ o drug ‘o decrease bﬂ SO% in p\osma.
* T/a ¢ volume of distribution (V) - —=  T1/a = 0693 x 'Vd

Clearonce (€D o
‘ 0.692

el

* gliminakion constont (hep = )
vd

Pharmacology - v1.0 - Marrow 8.0 + 2024 Page 2/3
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Pharmacokinetics : Excretion

648c85cfee3b03a74e182fab

Kinetics of Drug elimination 00:31:40
2.ero order Kineties First order Kinetics
Constant amount of dr Y Congtant proportion 0%
glimination ot “ype prope
“hour drug per hour
ree = (PO" x ¢l n=0 n=1
Dose is constant
RDE = constant RDE X PC
(Cl i constant)
T/a ] ‘ Constant
1 dose CL I Constant
increases Disproportionate (risk of
Tinec Sprop j Proportionate
foxicity)
Lote soturodion of
Seen in drugs with | garrly saturation of eliminodion e
, eliminodion
Lower doses : ‘
. . ] Higher doses :
exception to the rule | * Follow first order Kineties
* Follows zero order
ok until Soturodion .
: : ofter Soturodion
* Hence aka pseudozero order
* pleohol Grue 2ero order)
* Theophylline, Tolbutamide
b Phén\lj’cion
exomples most drugs
* Heparin =
* methanol
* Worfarin
x ' |
O
(40}
o)+
o
-~ @
)
L
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General Pharmacology

PHARMACODYNAMICS : POTENCY, EFFICACY AND

DOSE RESPONSE CURVE
- Affinity, Efficacy and Potency 00:00:37
| @inds Jfo} Tendency o bind : AFSinity,
Target
¢ Produces [~ Moximum e%& produced : Efficacy — Clinically most important.
gffect
Potency :

Relative dose of a. drug requured %o produce parhwlar effect (Lesser the dose +o
br“"S obout eﬁ‘wcﬁlamrfan%3g?égmg‘l&om

Dose Response Curve (DRC) 00:11:50
QUANTAL DRC: A
y 100 |-
* Response : Binary (Present/Absent) A
gg + Sedodives, Fertility drugs. Response
o Studi . . in% populoedon
ied in o populahon. .
| Dose at which SO% of the
e ; marker of
populodion experiences
ED_ Therapeutic effects Potency B
TO_ Toxic effects 0
‘ TO)('\CRI.j
LO_ Lethol efects on Animoals
Therapeutic Index (TD : Therapeutic window/range :
mMeosurement of the soé}etlj of o drus.
Toxieity . )
Colculodions ¢ 1S mEq/L o - minimum toxic
| concentration
L. Humans * TD_ /2D_, Plasmo. L
a. Animols: LD_/e0_, conc. of 4 nd' e
Lithium Uq' o
Significance : 0lo MEQ/L [=mmmmm=mmmmmmsmsmsmmooooooeoo 5. Minimum effective
. y concentration
* Low T1: Drug sofe onlg in oL NArrow u }
dosage range. "b[‘me& j
T chance of %oxickt}j (&5 : likhium). ik ‘ i
— e
Time

\

. H'\Sh T :Drug is safe in wide dosage
mnge. i
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Pharmacodynamics : Potency, Efficacy and Dose Response Curve 19
GRADED DRC ----- Active space -----
* &raded response (Quantified response) &g : Drugs modifying &F, HR § blood
Slucbse levels.
* Studied in an individual.
8 Determined in a :
Description araph vie (‘,omparahvelg
g Determined by more the height
E.Sﬂhcanlj ) &6>A>C
response —> 1 efficacy
lesser dose for the
Potency | same elect —»kfa" rfarl¥gyRaighidelat P>P P
—> 1 Potency a7 e Te
Potency )
-‘ more to the left
| eempembiebeneen (—»ann:g RSB i
Log o) ——» A?—‘lmkg drugs of the same only comparable par alled
! MDA between parallel
lines)
Drug Receptor Interactions 00:38:22
TYPES :
Full agonists Partial agonists rkogonists ‘ verse agf)hist/
Antagonists
o . Subamoximal No effect posite to the noture of
f%ect upon binding o receptor | Maximum efSect ® ofSect @ © op e,
Net effect in the body With . mild antagonism | moderate S ——
endogenous full agonists) (Opposite effect) | antagonism & omagen
Intrinsic efficacy
| be-hl)e |
mMathemadical representation of : s 9 I
efficocy
A Note : Antagonist are
moximal —B m/c used.
T Submaximal
Action
No efSect
on :
%‘_) receptor
8 Opposi&e
8 - effect
o 3 i B -
L .
D Dose —>
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