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3. Permeation by partitioning (major)
The 3rd route of absorption

* Permeation is to cross the membrane by dissolvingir

. . the phospholipid bilayer —in-——a process —called
7 2 < qpartitioning.
; qjl';djjc,')j s1clfaa drug has optimal hydroph.ili.c/hy.drophobic
24w ., Properties, then the drug can partition itself and
2291 , dissolve in both phases (water and oil) to certain limit.
2lo 5is. After dissolving in water outside the cell it starts to

S

O X partition in both phases, and then after saturating the
Balanced U< Oil phase (phospholipid bilayer)

Hydw philick it starts to partition toward the other water phase

Fropeu‘fslwb;c inside the cell.
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3. Permeation by partitioning (major)

In order for partitioning to occur, 2 conditions must exist:

Jyup) P If it was ionized: the +vely charged drug will be adsorbed to the -vely
charged phospholipid bilayer heads: while repulsion between -vely charged
drugs and the —vely charged phospholipid bilayer heads. Also the charge
will make the drug hydrophilic therefore insoluble in the lipid bilayer.

b. The drug must have optimal [Hyg_[gphl lic/Hydrophobic properties]

In order to get partitioned between water and fatty layers.
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Acid drug in acidic environment : non ionised [HA] = absorbed
Acid drug in basic environment :ionised [A-] = cleared

Base drug in acidic environment : ionised [BH+] = cleared
Base drug in basic envioronment : nonionised [B] = absorbed
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°* Drug iohization

* We can classify the drugs found in ‘
pharmacopeia according to ionization to 3

classes: TN e o B et (ST /W) lpmuiho K
N . 5 .
* 1. Strong acids and bases. —» s
(o) ; |
2. Weak acids and bases. _, AT
: . oJ » -
e 3 Intermediate acids and basgd¥ " C’:—; “‘“"“"&_d-”z;-’ T
| ‘ s %D, > o, 8]l &5
2 ﬁac4°’5 aﬁfcc,% —H«% ioV\' Zos'f'\‘om O ﬂ ACAO‘ — - JJLQ] J:,‘
(,2.’) PH OI*’\«*— YV\Qd.IO\ o l BO\SC':. Jl..:i.'_l é,‘ EJ_)\.; os A
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* Strong acids and bases
* Strong acids... 3

* TheirpKais 2 orless, and the stomach pH=_1-3"while intestine pH= Z-¥
/-8; the pH through all the GIT is higher than the pKa which
represents basic conditions for this strong acid shifting the
equilibrium toward A- side, therefore it will be ionized through all
the GIT and its ionization accounts for high hydrophilicity making it

~unavailable for absorption through oral route.

* EXAMPLES

* Sulfonic acid group pKa<1 so it's always ionized and we expect the
drug carrying sulfonic acid group to be totally ionized through the

GIT therefore orally unavailable.
PO i S e e
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expected to be orally not available
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Salicylic acid is the active form o Aspirinl (acetylsalicylic acid), salicylic acid

is ab.s?rbe.fd through the GIT: if Icwant to treat a I@l inflammatory
condition in the GIT such as Crohn's disease or 'ulcerative colitisw

attach a sulfonic acid group to salicylic acid forming sulfosalicylic acid

‘& . A
which is not absorbed orally and treat inflammation of the GIT in a Iocal)ﬁ%l
sense minimizing side effects. r(’, I

O SUI‘F°C.Y'!'C, aCh C{
[ e L
R—S—OH R——-“——O"

|
O ‘ O
Sulfonic acid

Sulfosalicylic acid

O OH
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Electronegativity

we most concern about this part of the
periodic table: CNOF

i ele e vl l
S1.:P-. S C1E emlit OV W\ »jj)aquP

higher electronegative Br | oleckinenstiay p
atoms tend to attract Sl e e S Aadts
the electrons more. ' (F) Jt o5 L
Ex. O withdraw electrons

~from S in sulfonic acid.
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° Another group is sulfonamids which is persay 5,0 x

an intermediate acid pKa=7, but if we attach S;f—’ov\?gaﬂ

an extra carbonyl to its nitrogen it becomes acid s
strong acid pKa=1-2.

Cl) ﬁ Sulfonamides
WAL Bg S (pK@_ Intermediate e}c1ds
~ |l TNH I
Sl e
- \/,SI
O J\ O alp 1)) O Uy pSUl e
Sulfonamides with carbonyl at N ¢ O " cw bl Il DobpS

wisp H/N JI

+ ' e

2 W velbel wp Ll
Sj“ﬂ’yjﬁ"' T _
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. sulfonamide with the carbonyl at the' N IS
nearly as strong as the sulfonic acid with a
pKa=1-2; therefore, its orally unavailable.

An example is Saccharine

produced as  Na-Saccharine - Saccharine —
which is a diabetic sweetening o
agent; diabetic patient can feel \\S/

its sweetness without concerning \N_
about elevating blood sugar

levels because it's eliminated

through the fecal system without A o
being ab.sorbed. O L)Ly e Sacdrarinn 3| x

Lol olal = Lwle 7!
4})_;. S g uuw S -

( <L Lo o\ f...d La ) CMA
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Another example on strong acidic groups

which if found in drugs they make them orally
unavailable is phosphoric acid:.

Phosphoric acid
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Another example on strong acidic
Wﬂ colll Cavboxyhe 31 K grou pS

acid
Intermedienk acidl _p Cs 99

° Carboxylic acid is another group to discuss,

even though it's solely intermediate acid with
- PKa=3-4.5 but if it was conjugated to an

electron withdrawing group like carbonyl it

will become a strong acid.
(‘{r"\»‘-";&\ 9}\ P(’.;/\;C‘t\\ivs _)\ %:._L; JUk 9 S+Von3<, ,_5 7,4‘_,»1 c_é.-\;o__J.U e

‘*f—?‘ ; A\ d
to an eleckron with  e— Conjucated 615 151 S
Olmwﬁ Group
L—?MPSJH/O )\Ojopf},cg.‘}lﬁ_!a_r,b_“ |
Stronaer | HW Oles mpo JCIL
bt bl B Jo- ! H P o g ol ™
. ik ' T -
- Redavicw BB gt
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£, 0 bi’P'Q*Hl/ T oviced

threus) e o1 o OLFONE Bases...

aC

° Strong bases have highspKa12; in GIT

° (pH=1-8) the conditions are continuously
~acidic and the reaction-is shifted towardBH,
- as previously said, in order for a compound to
be absorbed it has to be unionized but strong
bases are permanently +vely ionized through
GIT.
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Absorptlon of strong bases
‘LJL;:

Stomach sk obe oz
SRR S

BH "« H +B

Strong bases (pH<pKa))
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° There are some functional groups if found in a
chemical structure they indicate that this
structure is permanently +vely charged during
passage of GIT; most important ones are:

. Guanidine and Amidine both with|pKa 12.1 =722
Stronge)i G s c:‘

NH NH BC‘SC/ — 005 s la
)k > | sibcel L:CLC
R | ' : 2 o
2N - NH | peu /s
N N : i unchoved elechron s
o U i System —» Crie K

VLot e L=

Cl, & NH JI LJ
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: in a chemica
" S, oth Suanidita ¥ Amidinhe 1:|Jf 'fl?iiy :;/furftlf?: ni(:js ";;ermanentlyi A s
structure we can conclude tha gt .therefore shcgpiendin:

cationic (+vely-charged) through ok BUT that's not the case,

: c_‘JQL«:_r. them to be not available for absorption C e
e R -  bioavailability, unlike strong acids

2Ll e v are of boor bioavai > SLro!
« Strong bases actually are of poor bioa . .
g y lable for absorption This_poor

\

2“_)-)’ éﬁ)_) : TRIRY.C R R, R - '
ox= 11. Which varemcompletely not T aval ke == ——— “<
e R . : -'9
etfn ™= bivavailability of strongrbasesuis) due to the presence of| Mucin) = Zf’
g duced by GIT cells bearing a -ve “°¢_

-2 - which is a hydrophobic protein pro : By
e g charge on its interior while its exterior is hydrophobic therefore It's

e i able to form complexes with the +vely charged bases forming ion-

C:-:-—~&.> ks . . h :
GSa 5 o=, PAIF complexes protecting them from water and theyre
“Uucin g hydrophobic enough to cross the GIT cellular membrane.
O i - ,L}D |
=V
_,E;o);-\? LR ‘.\'hlciu iog pair complex '
What applies to strong bases applies Lol Lo )
P ’;'”,\ for quaternary ammonium salts; S’h’ogc Roses Ji LD
i they're permanently ionized however Lepp Liaza o=
Metformiay)” because of the presence of mucin we 200 Gl oS,
{Z':o’—’ w+r do have some bioavailability however \ H < {ov EP I M
(Plisl o2 doZ s not more thah 40%.) f HRROphilic .
‘ mterior

Hydrophobic exterior
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* EXAMPLES

bty Metformin (diabetic medication) Its trade name is
“7 7" —# Glucophage ® : it has biguanide groups in its
structure so it's a strong base with pKa 12 vet it's
administered orally! '

° It is géven In high doses and the physician needs
>+ - time adjusting the dose for a particular pati
ofese—amea J g P patient due

=15 &, o Its erratic bioavailability as the presence of

=1,4 biguanide groups make it permanently ionized and
Mucin j) permanently +vely charged as well as variation in

<> the amount of mucin among individuals

2_96\07\'.

-

Metformin - The proton in strong bases rotate

(biguanide) among the basic groups and so
called tautomerism which is

/INC )'\JIH\ . best dravwn as below structure:
NH
| H by - ” R ’)' H
: _ G 27 S

N *NH

e oo
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N Weak acids
,/ g T .
/ . C:)\s?tpka IS 12 or more, which means in the GIT (pH= 1-8) the
there'f;orns dr€ constantly acidic shifting equilibrium toward HA,
: thev'y € V;/ealg acids are permanently unionized across GIT so
yve well bioavailability not necessarily excellent but they're

better candidate to be absorbed orally because there are other

'mportant factors controlling bioavailability we mentioned, and
we'll discuss in more details later.

such as optimal hydrophilic/hydrophobic properties represented by
‘ (we will discuss it later)

L R T R TR T RS R AR WL g Ll L

° For example, if the compound is unionized and highly insoluble in
water for some reason it won't be bioavailable, therefore we should

r keep in mind to check on all the factors to judge bioavailability.
2) 0 wr e () 950 ¥ L8> (50457 0 ' . '
Hydveo plilic /pPhobic prop . atlon Rl —- e, C:j\‘O\. OJ:V
Propl) doud e, ) 0,15 b b o s AN] esl= wly> I\ ep s
¢ . + / = W Tonized P Lo s
Ispmls.k\::C E_A,su.)l PSR & i .
. | yule of (ive el H o 7)) 12 H @ 5SS cole o
Tinet on han Byl _, i MBD RS NS
Dand dopérs —* ko S Sl

ﬂ&" O - i 7 ‘
@ Melt. - & {O < AC Ceptols —»c)"M(}B‘
@ moleculor weighWt ¥ < oo gL

[4) legp > 5

N~ - g
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Weak acids

,u_sz; L
T:J‘itzt |< O\Ccd /bqgm

Sy © JAMIdES

’ uy\idancd

by looking at their conjugate base,
f ~ they contain an electron withdrawing carbonyl
‘weik oman building up a -ve charge on N, yet N isn't
f 'Opu 5, i % STTONg electronegative enough to stabilize -ve
sears of  charge efficiently therefore considered_a weak

unShared

 “elechons  acids; their|pKaisii2"ormore, ATHIGE
BC\S& °_)""9".) @;{Eg-g)
' o
. R/“\»?
- peas _ /
=
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J | '
cdic a5t even though they contain 2 electron withdrawing
carbonyl which can further stabilize -ve charge on

’ N; their pKa=8-10 so imides are stronger acids
than amides but still considered fairly weak acids.

ol wo\e ) AIGEhOIS are very weak acids with pKa= 25 and
s iz IU'S impossible to be ionized under normal

uﬂfj ) J | e

-5 J»3 physiological conditions; Phenels instead are—

2 e i considered weak acids because the -ve charge on

Dhcnal
LP—A_‘}" the O is stabilized by the conjugated benzene ring

cvomat . FE€SONance; their pKa=10

Y R
- DL_;.;&; o H lygple 5 5 |
e VU o %JLJ\ A\ /\/ .;',//o
uﬁmﬁ O\/qmﬂ') c J | | & | | '
50 i L K i R /Carbonyl

PLW\OX\ Jc 23 ()’L*J
lm'o(ve.s

2P0"r$ o f )
U shaved e\ic-*/n

ol QJ'-**UC) 2-Ca¢bom{ls Ost- 9

| e 70 H OL%9 - o’ | ‘
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- Phenoxidé anion is'stable by resonance. This means that
phenol can give stable anion upon donating its proton
“They act as an acid”

)S Stable bl/ Y€ SoNance 1

It el e on- acid
OH
T
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IES as examp Ies on functlonal groups which
represent weak acnds. Also, Alcoholsm Yy -weak
aclas I"' S no“’ evenn own 0\(\4

_ Therefore if found in a chemical structure, it's
~expected to be unionized through GIT.

> o
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