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INTRODUCTION TO PHARMACOKINETICS AND ----- Active space -----
PHARMACODYNAMICS

Phormocokinetics :

. S’cudﬂ of movement of drugs in the bodg ofter intake ‘chmugh ony route.

Pharmacodgnomics :
e Drug induced chcmge in the bodg.

Course of drug through the body 00:04:20

Phormacokinetics
Pharmacodgnamics

- token orod\g

Digtribution -

Absorption > Adipose Drugs reaching adipose tissue :
| Lome drugs : Redictribution  tissue o Verg <hort acﬁng_
¢ ® Lipid solubilitu,

Sﬂs’cem\c circulation T 7 Jfﬂ
° Crosses bp.
° 2g: Anoesthetics.
Containing ~ Propofol.
- Th'\open’cone.
Breakdown
v of bond
Qemocm'mg dmg
\ nMost drugs bind re\/ersib\_g
Liver : metobolism most drugs 555"9”“0 . H\dneg.
—  Breokdown —»= Moakes d\”ua circulodion }EXCX‘GHOH
water soluble e G,
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General Pharmacology

PHARMACOKINETICS : ABSORPTION - PART 1

Absorption 00:00:25
N
— Coxrier
eio\ogicod membrane \
D Drug
Intestinal Blood vessel
lumen lumen
i >
A Fa) o5 - Filkrodion : ~
v A D poring gg ¢ Insulin (subcutaneous)
ATP no
4 A F\\ong cone. T
D> ii. Simple / Passive difSusion (m/c) | required
A mp
D 8rad'\er\%
A A N _J
AA ili. Foaciliated difSusion :
_ A F\long cone.
Courier = ' QLUT receptors.
& J rodient b 3
medioted e (6LuT absorption based on gradient)
transport = Independent 3 p V- Active transport : ATP required
- of conc. €9 : SELT receptors
grad'\en’c SGLT | —= On small intestine.
SELT & —= On renal tubules.
Active transport : P - glycoprotein pump (pgp)/
MDR, pump 00:09:00
m/c type of PeC pump
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Pharmacokinetics : Absorption - Part 1

Function :
Small intestine/liver

e
A Along > most drugs
AL the conc.
A A gradient
> Some drugs efflux : First pass metabolism.
A pa - - Drug exereted before reaching
A gpithelial cell &lood, systemic cireulodion.
P-glycoprotein el
|
Punwp umen
Significance

gg * Digoxin dosage is caleuloted based on amount being lost d/t drug eflux

Blood Brain Barrier (@BR) :

€9 : Loperamide (opioidD * MDR, pumps are present in BRe.
- used in Rx : Diaxrrhoeo. . Lopemmide connot cross Bs.
- Acts on GIT.

MDR, N T

pump P e

Note : Another couse of dmgs not Crossing BPB —» Woder so\ubih‘cb.

Placenta : Certain drugs connot eross from mokermnal circulotion o fetal circulotion
d/t presence of MDR, pumps in placenta.

Bile acid excretion : D/t presence of MDR, pumps on hepa’cocg’ces.
In Bocterio. / Tumor cell :

develops
cel\ —————» PSP pump

Drug efllux ~ Resistance.
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General Pharmacology

Pharmaco\ogical sign'\%cance :

i

(

v

}

Subs:roece : Inducers : Inhibitors :
undergoes efSlux T no. of pump | no. of pumps
by pump (Causes drug failure) (Couses drug toxicity)
* Loperamide =~ gnzyme inducers * Verapomil
* Cyclosporine * Rifampicin * Amiodarone
* Digoxin s Phenﬂ’co‘m ° Quinidine
* Phenobarbitol . C,Bclospor'me
° troconozole
° neratinib
° arﬂ’chromgcin/
e8Sects of blockade Clarithromucin
Drug blocking P&P eflect
* Rifampicin Digoxin failure
& C/lar'\’chromSCm Digoxin ‘cox'\c'\’cij
® Cyclosporine Cholestatic joundice
* Verapamil used in reversal of drug resistance
(Cancer, bacterio)
Loperamide induced central S/

° Quinidine

Passive Diffusion

00:27:35

Lipid

Intestinal lumen

pepelled | |
: Proteins 9%
Polar/ionised/ charged

- woter soluble : excreted

1
Non polax/unionised/neudral (

\—/

Proteing 9%

Lipid

Blood vessel lumen

Not absorbed
(Lipid insoluble/ woter soluble)

\ N Absorbed

\_’_/

L (Lipid soluble)

Passive DifSusion
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PHARMACOKINETICS : ABSORPTION PART 2

Ionization of drugs

CRITERIA
Absorption exeretion
Solubility Lipid Woker
lonizadion Unionised lonised
Relofion of pH of
medium gqual unequal
Polavity Non polar Poloxr
nMnemonic * LUNA nmnemonic * WiPe
UNIONIZATION

° Acidic drug - Acidic medium : Stomach.

° Bosic drug - Bosic medium : Small Intestine.
&g ASpirin (Acidic drug} i unionized in stomoch.

But Moax absorption of unionized drug (Both Acidic § Basic) happens in Small intestine

duodenum ©/t large surface areo).

Note @ Short bowel sﬂndrome

* Resection of small intestine —» |, Absorption of drug,

* mx: | Dosage of drug or change route.

{ONIZATION (EXCRETION)

* pH of drug ond pH of medium are difSerent.

Clinical ﬂpp\'\coec'\on :

» MokKe urine Bosic

° Acidic drug ’cox'\c'\’cﬂ

- ﬂgp'\r\n

- Phenobarbital.
- methotrexote.
° posic drug ’coxic\’cﬂ

- Amphetamine

> 65 bicarbonate : Urine Alkalinizer.

> Moke urine Acidic
> BY Ammonium chloride : urine Bcidifier.

Note : Other examples for Urine acidifiers are Vit C, Cronberry Juice.

</
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General Pharmacology
_____ Active space -——- Henderson - Hasselbach Equation 00:13:28
Quantification of lonizodion.
* Acidic drug — log Lunionized] = ptia. - pH (OF medium.
Clonized]
* posic dmg — log Clonized] = pra - pH
Cunionized]
* 2.9 lonizodion of acidic drug with pra. = 4 in stomach (pH = .
Q]
log E\L]\] =a— \LA‘ = 10°—> t.*_‘ = 100 99% unionized 5 1% ionized.
* prio: pH of the medium at which S0% drug is ionized § SO is Unionised
Absorption of oral drugs 00:21:30
. Delayed absorption of Oral drugs ¢
Tablet /Capsule |
¥ v
2 : Immedioke €R : extended Release
!
releose ¥ N
<R : Sustained Release  CR ' Controlled Release
AXA 2exo order CR
Plamsa Plamsa.
Plamsa. | \Q .......... Cone. = cone. cR
Cone. Shorter peak
> of action
) A Time O e A Time
Dose Dose Dose Time Dose
mMechanism : Frequent dosing * Better complionce. * Polymer cooding of pores.
J,Comphcmce. Y Polgmer coo&ing present. ¢ CR Zolpidem.
Examp\e : Indomethacin TID. * SR Indomethacin.

Pharmacology * v1.0 - Marrow 8.0 - 2024



a. Drugs bﬂpass‘mg the stomoch :

Pharmacokinetics : Absorption Part 2

¥
Delaﬂed releose :
* Release of drug in Sl
instead in stomach.
* &g sulfasalazine —»
For uwlcerative colitis.

Rate and Extent of Absorption

y

enteric cooted :
8.8 : PPl —» Protect
Srom Sas’cric HCl.

00:31:00

BIOAVAILRABILITY (B

Froction of o\rug reaches sgs’cem‘\c circulodion unchanged,

Foctors de%erm'\n'mg £

'

°* 100% o% drug —» Intestinal absorption

I

exeretion of a fraction

. ﬁ o __[: DmS bﬂpasses liver.

T Absorption occurs.

Plasmao. concentrodion :

———> fAreo under the curve

IV mox |

Concentrodion Time Curve

¥

» Liver —» Froction thot reaches

Sﬂs’cem'\c circulodion

Fraction undergoes first pass metabolism

Areo. under the curve Orod : AUC

Bioavailability : AUC - x 100

AuC,,

extent of drug Absorption —
Only route with 100% &V : /v

Pharmacology * v1.0 « Marrow 8.0 » 2024



General Pharmacology

Route of administraion Bioavailability
Y |
Im/sc 0.75-1.0
Oral - 0.50-1.0

Note : § does not indicate roke of drug absorption.

RATE OF DRUG RBSORPTION

ST
® C.mox @ MNoxKimum p\asma

cone ochieved bﬂ o drug.
* T.mox : Moxker of rote of

o"mg o) bsovpﬁon.

Bioequivalence in drug industry :
° Bicequivalence : Two pharmaceutically equivalent compound with similar rote
(Tmas0 and extent (AUC of albsorption.
* eranded drug : One which is invented, patented for 30 years.
® generic drug * Legal copy of a new drug (Done ofter potent expires).
- eenefit of a generic drug : Cheaper.
- For generic drug approval : ANDA (Abbrevioted New Drug ﬂpp\'\ca’c'\or\).
* Criterio for approval :
Generic drug = Bioequivalent to Branded drug + 30%.

Pharmacology - v1.0 - Marrow 8.0 « 2024



PHARMACOKINETICS : DISTRIBUTION

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

DEFINITION
* Hypotheticol volume of plasma. in litres necessary o account for the total
amount of drug (intravaseularly and ex’crowascwarlﬂ) in the patient’s body,.
* Drug with 1 Avd —» Mostly in extravascular compartment/ Tissue.
* Drug with | Avd —» Mostly in Intravaseular compartment/Systemic.

CALCULATION
Avd = D—(dgzi@— x ¥ = Load'\r\g dose :
Avd XC
Jf D= e
Initiol P\asrﬁa concentrodion - [
o §: eioa\/m\ab'\\‘\’cﬁ Tourge’c plasmo. concentration
* £ = in introvenous route (constant)

o |D x Avd/?
- ®avd ot adrugis 1, bose is

increased o maintain C,

FACTORS DETERMINING APPARENT vOLUME OF DISTRIBUTION
Obesity : T volume of distribution (veD

Fat content Athletes : | vd xvd

sex : F(] Fok content) > m _
Lipid Soluble (PkeD.

* Albumin binding (Plasma. proten binding) & I
vd

* Tissue b'\nd'mg.

&8 3
° Digtribution of Digoxin —> gkeletal muscle > Heart

©/t § mase)  (Target orgary

- Hence loading dose is determined bﬂ lean bod5 MossS
(Not total body MOSS)

S'\sn'\%cance in ’coxici’c}j :

1 extrovoscular concentrodion

* 11 vd } Dialysis is inefSective

 Introvascular concentrakion
® Antidotes are 3'\\/en n ’cox\c\’rg.
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10

General Pharmacology

Drugs with | vd:
nMnemonic : 5ADDOC.

Drugs not cleared by dialysis Antidotes
Benzodiozepines Flumazenil
Beta blockers @locks GPCR) glucagon (1 cAmP)
Amphetamines Ammonium Chloride
Digoxin Digibind
Opoids Naloxone
Orgonophosphotes Atropine
Colcium channel blockers Colcium gluconate

Plasma protein binding

00:22:13

\mpor’com’c p\asma pro’ce'ms :
* Albumin —» Binds to Acidic drugs /o).
° QU ocid 8|5wpro+ein ! Bosic drugs.

Albumin

QU acid glycoprotein

. An’c'\p%cho’dcs
s nn’cidepressan%s

e ﬂn’c\epi\ep’dcs
* Antibiotics : Sulfonamides

o Tricgc\ic anhdepressan’cs
L OP'\o'\ds
o An’darrhg’chmic

Prugs bound | ¢ pnticoagulant : WarSarin Increase each _ Bblocker
* Pspirin others plasma conce. I ———
iff used ’coge’cher ) _
- Lidocaine
T&\eed'\nq
{ Albumin 1 <1 glycoprotien
effect on drugs T Free drug | Free drug
1 Risk of foxicity | e%%ect
ol op:
} albumin : t ar
. \n%amma’corg :
- Mephro’c‘\c SBndrome . i
- Rheumotoid arthritis
Clinical ﬂpphcoec\on - CHD

- Liver Cirrhosis
- Diabetes mellitus

- \n%ammodcorg bowel
disease
* myocardial infarction
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PHARMACOKINETICS : METABOLISM

Phose |

[

Phase &

Drug + Functional group

| Pro drug _ most drugs —
) ) Corl)uga’ce
(nactive) (Active) Bt ( A
l' Drug broken ——— J! Drug + functional group -Ve charge
+
Activoked down Inactivoted ot
conjuaote
Functinal group /—\“i “ig
Drug + Functional
lonized § woter soluble
group
Prodrugs easily excreted
e Proguom'\\.

* Ramipril § other ACei (except Captopril, LisinopriD.

* Oxcarbazepine , Omeprozole.
* Dipivefrine, Levodopo.

* Rocecadotril.

* S- Fluorourocil.

° gemcitabine.

Reactions of Drugs in the Phases

Note : Plocebo does not
contain any drug.

00:06:20

Phase | Reoctions :
mnemonic @ ORCHAD

* Oxidation (m/o).

* Reduction.

e Cgc\iza’don.

* Hﬂdrogs‘\s.

. Hgdrolgsis.

* Aliphatic hﬂdroxwa’cion.

° Aromadic hﬂdroxwoedon.

° Deaminodion.

Phase 1\ Reaction :
Named after the conjugate :

°* Glucuronidation (M/C) : microsomal.
. G\ﬂcina‘dor\. )
° glutathionodion.
. ﬂce{g\a’don.
me’rhgla’cior\.

Sulfation.

> Non microsomal reactions.

Phase | reactions are enobled bﬂ microsomaol CYP4ASO enzymes.
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General Pharmacology

CYPASO eNZyYyme GROUP
s (%Jcochrome) : Heme protein that binds oxygen —» Facilitotes metabolism.
* P4S0: enzymes discovered in plont pigment, absorbs light of 4S0Nnm

wa\/e\eng’ch.
e 88 1 CYPIRA
| — Denotes the ?—am'\hj. A—» Sub?o\m'\‘lﬂ. a —» Geneisoform number.

DRUGS METABOLISED IN PHASE | (BY CYPASO TYPES)

CYPIRS CYPABG ¢
° Paracetamol. * b-mercoptopurine.
° Tocerine. - me’chgldopa.
. Theophg\\'\ne.

CYPACY : Phenutoin, warfarin,

CYPALI9 ¢

¥ gieislEee Dmeaile; Competitive Inhibitors (& substrates, | en25m9> .
® Activotes Clopidogrel. '

Omeprozole decreases the effect of clopidogrel.
CYPADG ¢
* metabolizes :
- Psychiaric drugs (Antidepressant, Anﬁp%cho’dcs).
- Opioids.
- P-blockers.

* Activotes : Tamoxifen.

cyPael:

Chronic cons 0
¥ Eie) i ! ump‘h n

» CYPagl upregula{c'\on

'

* Parocetamol o PO =i Hepatotoxicity
(Paracetamol metabolised by CyPael >> CYP3ER)

cvyezpa (m/o)
metabolises >S0% of drugs (&g mifepristone).
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Pharmacokinetics : Metabolism 13

DRUGS METABOLISED IN PHASE 1)

Glucuronidation :

* ptazanavic (Bntiviral) WCCL,SQ> Steven Johnson Sﬂndrome. )
Both drugs are c/lin
* |rinotecan (Anticancer) —* Toxicity, _ B
Crxg\er Noy jjor sgndrome.

e &s‘crogen :
&smjgen
Liver : \
° Phase | with CYP204
’ fhase I\ : glucuronidodion
&s‘crogen + Glucuronic acid enterohepatic
(woker soluble) Circulodion : extension
. of normoal T .
Antibiotics Small intestine
| v
| enterchepatic &lucuronidase action by gut bacteria.
cireulodion of estrogen ‘
-‘L gstrogen broken down + lipid soluble
A
'
OCP Failure
nce’c\jm’don :
mMnemonic : HIPS Dance.
* Hydralazine.. )
° soniazid.
* Procainamide > Can cause drug induced SLE.
* Sulfanomide.

o Dapsone. .
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14 General Pharmacology

Drug Interactions 00:27:00

/% microsomal enzymes induction or Inhibition.

* Phenobarbital
& Carbamazep'me
e <t John's wart (Plant used to

enzyme inducefs gnzyme \nhibi’cofs
T enzyme | enzyme
1 metabolism J metabolism
hhect Plosmo. concentradion | 1 Plosmo. concentration
orug Lailure Drug Toxic‘rtﬂ
® Acute aleohol consumption
° griseofulvin * Quinidine
L Q'\?ampic'\n ° lsoniazid
* gleohol (Chronic) * Cimetidine
* eenzopyrene * Ciprofioxacin
Examples

® retoconazole
. vmproo@ce
° 'aerhromljc'\n/ Clarithromyein

Clinical Signi%cance

freot depression) * Grapefruit juice
® Die’chg\carbamazine
In case of ocP failure d/t
Q'\?rampicm :

y

* Change the method o%
contraception (UD or condoms)
or
° Avoid enzyme inducers
or
* fThe dose of drugs
(29, Phenytoin § Retigabine)

I. &‘:rﬁ‘rhromgcin —
Theophg\\ir\ ’cox‘\cihj
v Arrhythmia, v Rbrilladion)
a. C/lari’thromgc'\n —» Stodin

‘cox‘\ci’cﬂ.
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