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Complexation and
protein binding

Dr. Nizar Al-Zoubi

Complexation and protein binding

Introduction

asils ComPound .= pl.e® Complexes are compounds that result from donor—acceptor
2c= Vxn Yoo g5 oo mechanisms or Lewis acid-base reaction between two or more

JMO’—‘&: v . .
" C hemeo), Chemical species.
a.ooo—bo\se 27

* Complexes can be divided broadly into three classes depending the
type of the acceptor substance:

1. Metal ion complexes

2. Organic molecular complexes
3. Inclusion complexes
* Intermolecular forces involved in the formation of complexes:
1. Van der Waals forces
2. Hydrogen bonds (important in molecular complexes)
3. Coordinate covalence (important in metal complexes)
4. Charge transfer
5, Hydrophobic interaction
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Complexation

Physical and chemical properties altered by complexation:
* Solubility

— enhanced aqueous solubility — e.g., theophylline complexation
{with ethylenediamine {o form aminophylline (making it more
suitable for intravenous administration.)

— optimization of delivery systems (e.g., ion-exchange resins), can
help control the release rate of drugs, improving their solubility
and bioavailability. This method is used in formulations like

| cholestyramine resinjcomplexes to improve drug delivery.
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« Stability (e.g., inclusion complexes of labile drugs
with cyclodextrins)

<) cloyfoplobion @) _nbivd «— Labile drugs, which are prone to degradation, can form inclusion complexes
2 with cyclodextrins. This complexation shields the drug from environmental
shabliby ) (@24 O\,‘w:,\ Q@ efactors like hiﬂ)t, Ee)_at, and moisture, thereby enhancing its stability. %
PR+ Cyclodextrins are widely used to stabilize compounds rostaglan%s
and Vole%flse oils. Shabiy D igiwsy (@) Cvmplequm_,\b erM v

* Partitioning
—. Complexation can significantly influence the partition coefficient of a drug. By
altering the lipophilicity through complex formation, the distribution of the drug e c)ﬂiﬂ RV VS
between aqueous and lipid phases can be optimized. This can enhance drug absorption Conpletakipn > Duibion
and reduce t0>.<1c1ty. (/}f;‘cf-: Er{ffiffﬁ i‘:_’.l, h, "j CortPlog. ) 70 s - L&
+ Example: CyclodetMNG comleration 31 S e
B ) * Cyclodextrins reduce toxicity of NSAIDs by limiting direct mucosal contact.
A e ' el R & et EDTA binds heavy metals (like lead), reducing metal-induced toxicity. L

dess FOTA b I Vobes . . . o . )
ey D A ::flfi ) wn s::l)}:[‘ N The complexation of hydrophobic drugs with hydrophilic carriers can increase
= = s °0" their bioavailability by improving their partitioning into biological membranes.
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o <4 e=sh 1 is <= Energy absorption and emission of the drug iy i3 2k w2 )
trefapylic — Complex formgtion can alter t'he’ electron.ic' structure of a drug Loy compouel 0 Sixs iz Matpubic I (o

molecule, leading to changes in its UV-Visible absorption spectra,
fluorescence, and phosphorescence properties. These changes can be 01’_‘9 Jicies & Conpleration\el) pes
utilized in analytical chemistry for drug identification and eleckont shrchue Y alber s 2 mel J)
quantification. LWV Cabsorphion 31 08 Lo o alad Sty Lad obing I

F Example: The complexation of drugs with metal ions often results in a phespho eeence ;l@P[uoresanw ol
shift in absorption maxima (A_max) and can enhance or quench a5 3z Complerabion i (a<l Lo ) 50 i
fluorescence emission, which is useful in studying drug interactions OO

and stability.
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Metal ion Complexes

. > iy doond Vg @ 7\
* Metal ion complex (coordination complex) consists of a
w5 B/ 855 Q’ff «transition-metal 1on (e.g. cobalt, iron, copper, nickel and%
| ) . . . . .
o)) \_jb—‘} ><_—w zinc) linked or coordinated w1t@or@ counter lons

=) 0 )
or molecules to form a complex. "’””m}t\?ﬁqﬂ);ﬁ\p
. By Cha, el i
¢ The ions or molecules (e.g.(Cl, NH;, H,0, Br,I", CN", 8-, ., PR

etc.) directly bound with the metal are called ligands. legands ol >
* The interaction between the metal and the ligand represents

a Lewis acid-base reaction in which the metal ion (Lewis

acid) combines with a ligand (Lewis base) by accepting a

pair of electrons from the ligand to form the coordinate

covalent or electrostatic forces:

Co’* +6 (:NH;) > [Co(NH,)®]**
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*Lanthanides
*“*Actinides

Metal ion Complexes

e The mllmb-er of ligands bounq to jthe NH3 3 | oot nenber )t <o £
metal ion is defined as coordination P NFi Amera ey B15 @5 b
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* The coordination number of cobalt |y 3N/ \NH s
is six, since it complexed with six
NH, groups. _ _

* Compound (e.g. NH;) which has a
single pair of electrons for bonding
with the metal ion, 1s called
unidentate ligand.

one Coordnut bdltﬂ_} Co ka 53,5 V¥
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Metal ion Complexes

« Citric acid forms a complex with Fe3* attachment (the three
carboxylic acid groups bond with Fe*") and is called

b0 4 tgend \ ~gridentate.
> Coordingd wond e FePda 3 Coorlined vand de> Cilric qeid D
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Citricacid, .. .
a hydroxy polycarboxylic acid Citric acid-Fe complex

Metal ion Complexes

 Ethylenediaminetetraacetic acid (EDTA) has six points for attachment
(two nitrogen and four oxygen donor groups) and is called
hexadentate.
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EDTA EDTA complex
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* | Formulated iron supplementg often contain iron
in the form of ferrous citrate, providing a stable
——>) s, p and bioavailable iron source. This prevents iron from

I AW recipitating or oxidizing (turnin 1nt0 ferric Fe3*, which
T o) >uw\uex o precipitating or oxidizing g

is less soluble). %05 Fe® N R wsm gy
less soluble
* Ferrous citrate = ferrous iron + citric acid

</ Stays soluble.

LAMBERTS
</ Absorbs better. | bt
</ Less irritation in the stomach compared
to some other iron salts. rem s

Metal ion Complexes

Chelates
Onidenar M« Chelation is the formation of two or more coordinate bondj QUIAS /QJI o
¢ Neolute vsv Lo between a multidentate ligand (organic compound called SE
chelating agent) and a single cent.ral .meta.l atom. C 0 o,latf@_ ¥
Coorhete's 4 Aoe The bonds in the chelate may be ionic, primary covalent, or -
coordinate type. T

 Important in biological systems, examples:
(Olron in hemoglobin — Cheledion Tu. s, comp oy 5 gon

G}iﬂ: in alcohol dehydrogenase (ADH)
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Inclusion Complexes

) Qao Dok t° An inclusion compound is a complex in which one

sollig )1 & Comp da chemical compound (the ‘host’) forms a cavity in which

=le s o= 2o molecules of a second compound () are entrapped
(e.g. Cyclodextrins with drugs). Sha el Bi\s

TRV These complexes generally do not have any adhesive forces
ey 2 bod | Working between their molecules and are therefore also

e 10C) w8l comp A1
own as no-bond complexes.

MesT O o ys gy J/fj 3 el

Drug Drug-CD complex

Inclusion Complexes
Monomolecular Inclusion Compounds: Cyclodextrins
» Monomolecular inclusion complex involves the entrapment
of guest molecules into the cage-like structure formed from
a single host molecule.  “—=e) o+ ot ~on Ly ls;::f(::\
( Cyclodextrins are a family of compounds made up of sugar
molecules bound together in a ring (cyclic oligosaccharides)

» They consist of 6, 7, and 8 units of glucose referred to as a,
B, and y cyclodextrins, respectively.

. Glucose Internal -
Cyclodextrin type units diameter J}\Aqueous solubility USP name
Coclo Joirin ! é)93 a-cyclodextrins 6 47-53A7%> 1459g/100mL  Alfadex
(~4 7
‘j+ Yaps @_ g B-cyclodextrins 7 6.0-6.5 A 1.85 g/100 mL Betadex
o - y-cyclodextrins 8 75-83A 23.2 g/100 mL Gammadex
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Monomolecular Inclusion Compounds: Cyclodextrins
» Cyclodextrons have truncated cone structure with a
hydrophobic interior cavity because of the CH, groups, and

a hydrophilic exterior due to the presence of hydroxyl
group. g SIE iy Ds50m
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Inclusion Complexes
Monomolecular Inclusion Conllpounds: Cyclodextrins

* Molecules of approp?ﬁfe size and stereochemistry get
entrapped in the cyclodextrin cavity by hydrophobic
interaction by squeezing out water from the cavity.

S (@ conty >« B-CD and y-CD are the most useful for pharmaceutical
technology owing to their larger cavity size.

| C—\\/
R S
CcD Drug 1:1 drug-CD complex
B = X
& B ( / 0 /
.\\,,4 ) I (
) [ —
Lot p o=l o \L\\_/ \\_/,-
a0l c:/—‘),U S,;] c})\ CD Drug 1:2 drug-CD complex
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Inclusion Complexes
Monomolecular Inclusion Compounds: Cyclodextrins
In general, there are four energetically favourable

interactions that help shift the equilibrium to form the
inclusion complex:

sl 09 Cycledertrm V] The displacement of polar water molecules from the
Y ol Ve 0oy ! Qasdls . .
(por )90 3 b apelar @polar cyclodextrin cavity
bpoy Lok waste 2. The increased number of hydrogen bonds formed as the

dz ot Les ‘j;‘j%’;f displaced water returns to the larger pool.

91 3 1icks olrag 1 bamt L) 3. A reduction of the repulsive interactions between the

Bz CQytledeimadch o ssinmg ofl . )
e e D22 hydrophobic guest and the aqueous environment.

o) <= 3ol s 4 An increase in the hydrophobic interactions as the guest

wlet e dls < Leo . o . . .
repuls o 3wy » < inserts itself into the apolar cyclodextrin cavity.
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Inclusion Complexes
Monomolecular Inclusion Compounds: Cyclodextrins
D siy Sl e Cyclodextrins can enhance the solubility and bioavailability

byl philic <l \& Coclo dextng £ hydrophobic compounds due to the large number of

Aes(@H) Lo o ane w0
Obsarphion Wlioct (6% 2 hydroxyl groups on the CDs.

 Although B-CD contains a high number of hydroxyl groups,

B-CD solubility is the lowest compared to the a-CD or vy-
CD Pt by Suged ANeo 5 A b S

.' . Ogueous o> & D ewvalble WCJO/K,I &P 2 Jo & o¥

» This is due to the formation of an internal hydrogen bond

network between the secondary hydroxyl groups.



Inclusion Complexes

O Monomolecular Inclusion Compounds: Cyclodextrins
(

Derivatives of the natural CDs have been developed to improve
aqueous solubility and avoid toxicity.

* Partial alkylation of some of the OH groups in CD reduces the
intramolecular hydrogen bonding, leaving some OH groups free to
interact with water, thus increasing the aqueous solubility of CD.

OH gt e
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Inclusion Complexes
Monomolecular Inclusion Compounds: Cyclodextrins

D ded) o (24 In addition to hydrophilic derivatives, hydrophobic forms of
c{}w mere hydopibe BCD have been used as sustained release drug carriers.

C_’BKJ 2 a)j-a(’-— acq eghon Table 3 d(,jl a)rel) C \’\-LOR
Swkind Zeleate Y ouom b,
T\« L R
Some physicochemical properties of acylated B-CDs Re " oR o /7 ew'\“‘b Ay JQM
Sos NT 2y Selubily s
Compound R Solubility” sugaingd Y QouiTw) 03 2
(mg/dl) leleare
B-CD H 119.0 A
TA-; peracetyl-3-CD COCH, 823.0
TP-; perpropionyl--CD COC,H, 423.5
TB-; perbutyryl--CD COC,H, 219.8
TV-; pervaleryl--CD COC H, 283.0
TH-; perhexanoyl--CD COC.H,, 3.7
TO-; peroctanoyl-3-CD COC,H,. -
TD-; perdecanoyl-B-CD COC,H,, -°
TL-; perlauroyl--CD COC, H,, -°

*In chloroform at 25°C; "In 80% (v/v) ethanol-water at 25°C; “Oily substance; “In water;
“Could not be determined because of the low solubility.
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Cyclo dextri~ S| Monomolecular Inclusion Compounds: Cyclodextrins
P T D R L WIS

Property Drug Examples

Enhanced aqueous solubility Prostaglandins; ketoprofen and other nonsteroidal anti-inflammatory drugs
(NSAIDs); digoxin and digitoxin; progesterone, testosterone, and other steroid
hormones; barbiturates; taxanes; chloramphenicol; sulfonamides; phenytoin;
benzodiazepines; coumarin anticoagulants; some diuretics

Improved stability Hydrolysis (aspirin, atropine, procaine, digoxin, and prostaglandins), oxidation
(chlorpromazine and epinephrine), photodecomposition (phenothiazines, some
antibiotics, and vitamins), dehydration (prostaglandin E)

Enhanced absorption and bioavailability Aspirin, phenytoin, digoxin, ketoprofen and other NSAIDS, barbiturates, sulfon-
amides, and some diuretics

Change from liquid to solid Oil-soluble vitamins (A, D, K), phenols, clofibrate, nitroglycerine, methyl salicylate,
and essential oils

Decreased volatility lodine, camphor, menthol, salicylic acid, and chlorobutanol

Improved taste and odor Chloral hydrate, prostaglandins, NSAIDS, thymol, and chloramphenicol

Decreased stomach irritation Aspirin, indomethacin, and other NSAIDS

Inhibit red blood cell lysis Phenothiazines and other basic drugs, fluphenamic acid and other acidic drugs,

antibiotics, and menandione

Prevention of incompatibilities Vitamins

s - .s Complexes: Methods of analysis

(@Rt

Ccm )‘ P . . . . . .
P Lz”él”’) * A determination of the (1) stoichiometric ratio of
Comp IO v sl

5 ligand to metal (or donor to acceptor) and the (2)
” stability constant for complex formation are
important in the study and application of complexes.

°@@@E/’@@ for estimation of these parameters
have been developed such as:
@Method of continuous variation
(2 pH Titration method —» s 2 1 i
@Eistribution Method
SAbilly OV ¢ WEsg 3 olr_qj D' ey
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Inclusion Complexes
Monomolecular Inclusion Compounds: Cyclodextrins
* In addition to improving the solubility of
compounds, complexation with cyclodextrin has
been used to:

— Improve the stability of many drugs by inclusion of the
compound and protecting certain functional groups from
degradation.

—2 Mask the bitter taste of certain drugs such as femoxetine.
— Fixation of very volatile substances
— Reduction of drug induced irritation
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