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First-Pass Effect

• Drugs absorbed from the GIT must pass 
through the gut wall and portal vein to the 
liver before reaching the systemic 
circulation.

• The drug may be metabolized in the gut wall, 
portal vein, and the liver prior to entry to the 
systemic circulation.

• Or, it may get excreted by the liver through 
bile.
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passgeobetweenthelumen ofintestineandthesystemiccirculat
So whathappens to thedrugpassingthrough

them

whichcausesincompletedelivery
of the
drug

metabolismofthedrugprecirculationoccursby
mainlybytheliver
significantly forsomedrugs bythesmallintestine
Sometimesbyendothelialcellsof theportalcirculation






Anatomy of the first pass
ive

TheCirculation thatcarries thedrug between thegutandandliver is
called portal circulation mediatedby theportal vein

Theportal vein doesn'tdrain directly into thesystemic circulation itpass

through the liver anddrains into the hepatic vein then into
inferiorvena

Cava thatdrainsinto theheart whichpumps thedrug to be
distributed

to all parts of the body

So Anatomically thefirstpass is
between the smallintestine

and the systemic circulation through the portal
vein liver

hepatic vein I v e wheremetabolism of thedrugalso occurs



First-Pass Effect

• This will lead to incomplete delivery of the 
dose given to the systemic circulation.

• This process is called “first-pass effect” or 
“first-pass metabolism” or “pre-systemic 
elimination”.
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metabolism of thedrugbeforereachingtheactionsite in thefirstpass causes
eliminationof someofthedrugdose meaningthat y

eliminationbeforereachingsystemic
circulation

Anotherthing may
happen in thefirstpassandcauseselimination

t some of thedrug incompletedelivery prior excretion by the
liver



First-Pass Effect

• Therapeutic blood concentration may still be 
reached by using larger dose. Therefore, the 
oral dose is usually higher than intravenous 
dose for such drugs.

• Also the concentration of drug metabolites 
after oral administration will be higher than 
after intravenous administration.
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othefirstpatheffect is important clinically predictingtheamount ofthe
dose lost

n thefirstpass help us choose therightdosegiven to thepatientorally

taking intoconsideration thepersentaye
of eliminationprecirculation

assume that the firstpasseffectreducethedose to thehalf then
youneed to double thedoseto achievethetherapeuticdoseandeffect

he 1
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smallintestine drugs are
absorbedmainly intheuppersmallintestine

Colondoesn'tcarryabsorption ofdrugs

partof the
intestine
intestinal
liningcells
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Summary
of the Journey of the drug in thefirstpass

small intestines portal vein liver hepaticvein ive

heart cystemicciralation

But as we mentionedearlier thefull doseof thedrug

doesnt reach thesystemic circulation

Instead it may
M
completely

1 Be not absorbed by thesmall intestine why
is thatpossible

taking intoaccountlipidandwatersolubility
thedrugmaybe

notlipid soluble too lipidsoluble not water
soluble onlywgotemble

Anyways in thecaseof notabsorbed drugby
intestine

thedrug will beeliminated to fecesand some of

it will bemetabolised by microbial flora Bacteria in thecolon
andthegutwall

2 metabolised in the liver OR biliary
excretedby theliver

first pass effect



First-Pass Effect

• If the patient is having liver cirrhosis and 
there is shunting of blood by-passing the 
portal circulation, giving a larger dose orally 
will lead to substantial increases in 
concentration of the drug and drug toxicity.
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Bioavailability

• It is the fraction of the unchanged active drug 
reaching the systemic circulation, following 
drug administration; irrespective of the 
route.

• It is equal to “1” or 100% following 
intravenous drug administration.

• After oral administration, bioavailability may 
be less than 1, because of:

40

Theportion that is delieverd to thesystemiccirculation is the
Bioavailablepart of thedose

percentage

the value of bioavailability Morethan zerot OR betweenO dyportion
Example Thebioavailabilityof thedrug is 301 OR 0 3



Bioavailability

1. First-pass effect.
2. Incomplete absorption.
3. Incomplete disintegration and dissolution.
4. Destruction of drug within GIT lumen by 

gastric acid, bacteria, ..etc.
5. Faulty manufacturing of the dosage form.
6. Enterhepatic cycling.
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Bioavailability

• The area under the blood concentration 
versus time curve (AUC) is a common 
measure of the extent of bioavailability.

• Causes of reduction of the extent of 
absorption:
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quantitationof bioavailability extentof bioavailability
measuredbyconc time carve

The rate of bioavailability relatedtospeed of absorption

Both are equally important



Bioavailability

1. The drug may be too hydrophilic (atenolol), or 
too lipophilic (acyclovir), to be absorbed 
easily.

• Too hydrophilic drugs can NOT cross lipid 
membranes easily.

• Too lipophilic drugs are NOT water soluble 
enough to reach the membrane (to cross the 
water layer adjacent to the cell).
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Bioavailability

2. Drugs may NOT be absorbed because of the 
presence of a reverse transporter (P-
glycoprotein) that pumps the drug out of 
the gut wall cells back into the gut lumen.
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Bioavailability

• Inhibition of the reverse transporter by the 
use of some drugs and grapefruit juice, may 
be associated with substantial increase in 
drug absorption and thus bioavailability.

• Grapefruit juice also inhibits presystemic 
elimination of some drugs, and thus, 
increases their bioavailability.
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peakconc of thedrug
hereabsorption elimination

rate rate

as doctorsaid so

absorption

still there'seliminationinthisphase

time topeakconc Theareaunderthis curve
is theextentof bioavailabig
Howmuchthedrugis

absorbed
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concentration of
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minimumconcentration

onsettime terminationofactiontime
herewegivetheseconddosetime before

onset timecalledlaytime
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administrationandtheonsetofaction



Effect of First-Pass Effect on 
bioavailability

• The effect of first-pass hepatic elimination on 
bioavailability is expressed as the extraction 
ratio (ER):

• ER = Clearanceliver/ Blood flow to the liver (90 
L/hour in a healthy 70 Kg man).

ER = Clliver/Q
• Bioavailability (F) can be predicted from the 

extent of absorption (f) and ER. 
F = (f) . (1 - ER)

48

S

For later



Effect of First-Pass Effect on 
bioavailability

• A drug like morphine is completely absorbed 
but its ER is 0.67, so its bioavailability is 33%.

• Drugs with high extraction ratio exhibit 
interindividual differences in bioavailability 
and drug concentration, because of 
differences among individuals in hepatic 
blood flow and hepatic drug metabolism.
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Bioequivalence

• This term is used to compare the rate and 
extent of absorption of different formulations 
of the same active drug.

• The extent of absorption is measured by AUC, 
and the rate is assessed by Cmax (peak 
concentration) and Tmax (time to peak 
concentration).
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Comparing twodrugs thataremadein two differentplaces is the
second

one equivalentto theoriginal one in theextentandrate of bioavailability



Rate of B is also 
less than that of 
A
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