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Study of Protein Binding of Levofloxacin in
Human Beings
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Levofloxacin is a quinolone antimicrobial which acts through the inhibition of

bacterial topoisomerases that has been developed mostly for clinical use in

human medicine. Its protein binding was investigated in human beings under

indigenous conditions. Drug concentration of 1, 2, 3, 4 and Sug/ml were added

to the plasma and binding of levofloxacin was determined by ultrafiltration and

its concentration in ultrafiltrates was determined by microbiological assay. The
A Ahmad binding of levofloxacin showed positive correlation between drug concentration
and percentage bound drug and maximum binding was observed at 5 ug/ml
and 59% in human beings. The pH of plasma also affected the binding, being
highest at 7.4 in human beings, and it was 53%. /n vitro binding of
levofloxacin was maximum at normal level of blood protein.
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Introduction

In systemic circulation and tissues, some concentrations of the
drug may bindwith plasma and tissue proteins. Plasma protein
and tmay significantly affects the distribution, biedisposition
clearance and action of the drug (Lindup, 1878B). Forces
inwvolved in the binding of drugs include ion-ion interactions,
hydrogen bonding, dipole-dipole interactions and vander wvaal
forces (Ladu, 197Z2) Marmy drugs are bound to plasma protein,
meosthy  acidic drugs to plasma albumin and basic drugs to
F-acid glycoproteins, binding to other plasma proteins
generally ooour to much smaller extent (Gillman, 1288). There
is a dynamic equilibrium between the bound and free drug.
When free drug leave the circulation, bound drug is released
to restore the balance and bound drug can be regarded as
storage depot (Brander st af, 1281).

The difference in gecnetics make the difference in proteins
concentration and type between indigenous and exogenous
populations. These  genetic factors affects  the
pharmacokinetics and pharmacodynamics of the drugs.
Levoflexacin is a fleureguinelone antibiotic, hawing brosd
spectrum of Jn witre activity against gram-pesitive and
gram-negative bacteria. Lewvofloxacin like other
flourequinelenes, exerts its antibacterial effects through
inhibition of decxyribonucleic acid (DMA) gyrase, a type of
I topoisomerase. Levofloxacin is widely distributed in body
wiith & mean volume of distribution 1. 1L/Ag (Fish and Chewy,
1987]. S, proetein binding of levofloxacin in human beings
wwas investigated to see the effect of drug concentration,
plasma protein concentration, and plasma pH on the protein
binding, under indigenous conditions.

Materials and Methods

Plasma protein binding of levofloxacin was determined by
using blood samples of human beings. Human blood was
obtained from the blood bank of Allied Hospital, Faisalabad
an d Chiniot Dialysis Center, Faisalabad. The blood samples
wyere collected in test tubes containing heparin at the rate of
one drop per 10 ml of the blood sample. Blood samples were
centrifuged at 3000 rpm for 10-20 min. and plasma wvas
separated for protein binding studies. Pure levofloxacin was
obtained from Hilton Pharma Pwt. Ltd., Karachi. The stock
solution of 100mgf100ml vwas prepared in deionized vwater .
The protein binding of levofloxacin was determined by
ult rafiltration through a cellophane membrane of pore siz e
20-80°4A . The pores would permit the molecules upto 5000
molecular wweight to pass through the membrane (Poulson,
1888). The influence of drug concentration, plasma pH and
protein concentrations, biuret reaction [Gornall et al, 1945)
wvas determined. The concentration of levofloxacin in standard
solutions and ultrafiltrates was estimated by microbiologicl
assay according to disc agar diffusion method [Arret et &/,
18711 using Staphylopooous aureus as test organism.

Results and Discussion

Influence of drug concentration on binding: In hurman beings,
binding of lewvofloxacin has increased with increasing drug
concentration. At leg/ml, binding was 38% or 3Bpg/ml to
plasma proteins, as drug concentration increased from 1 1o
2 pofml, binding was increased and becorme 48 % of the total
drug. At 3, 4, and & gg/ml binding was B2, B4 and 59%
respectively. Binding wwas highest at Segdml (Table 1) With
increase in drug concentration (meles) the % bound of the
drug wvas alsoincreased (Fig. 1). Under normal condition with
increase in drug concentration, binding also increased but after
saturation, no further increase is found. Loww drug
concentration, used in this study are much lower than the
saturation peoints. At B pg/ml the binding of levofloxacin
studied (Fish and Chows, 1997) was 24-38%. The difference
may be due to genetic factors.
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Effect of plasm a pH on binding: The binding of lewvofloxacin in
human being maximum at pH 7.4 153 %) which is the normal
pH of human plasma. AtpH 7.2, 7.3, 7.5 and 7.8 binding of
Levofloxacin was 37, 48, 41 and 349% as represented by
Fig.2 and Table 3. The pH below 7.3 leads to acidesis and
abowve 7.5 leads to alkalosis (Chatterjea and Shinde, 1883).
Howeewer, in animals a pH range of 7.00 to 7.80 hawe been
stated a5 compatible with life range (Pitts, 1988) and animals
tolerate wariations (Nawwaz and Shah, 1888). The indigenous
cowws, goats and sheep showed even longer variation and
higher walues of blood pH (Mawwaz et &/, 1388). The M
change in plasma can change the ionization characteristics of
both drug and protein. In any particular interactions, either
ionized or non-ionized groups of both drug and protein
involved in the reactions and wery complex pH effects can
result (Curry, 1377). Theoretically all changed sites of albumin
acts as binding sites and change in pH, change these binding
sites and hence binding of the drugs. The % wvalues of protein
bhdings is 35, 32% at 10 and 20% dilution and 41, 45% at
10 and 20% concentration respectively as shown in Table 3
and Fig.3.

Effect of plasma protein concentration on binding: A graphic
representation of protein binding of levofloxacin at various
protein concentrations is shown in Fig. 4. Curry (1877 was
investigated that most organic compounds used as drugs
interact wwith albumin and neot bound to a significant amount

M

804

ot
e
e
£+ e
..'_'-
- TS _r:.-’
E 40 o
-
o
& 0
20
|
[
0+ T, 1
0 i 4 [ 8 10 12 q 18
Concentration (M)
Fig. 11  Curve showing the effecto fo drug concentration

on in vitro plasma protein binding of lewvofloxacin in
hurman begins

to other plasma protein and any change in plasma protein
effect the binding of drugs to the proteins. Amount and type
of plasma protein wary in different species and ewen m
individuals (Kaneko, 1380). The effect on protein binding
becomes important when drug binding capacity of albumin
molecules or concentration is abrnormally low (MclLaren,
12382). The lowy level of albumin in human has exhibited poor
protein binding of tetracyclines in blood, so rapid elimination
and clearance of drug from the body [Raghuan and
Krshnaswamy, 1981). Inwiro protein binding of levofloxacin
was inocreased by increasing protein concentration because
more binding  sites  awailable and binding decreased when
protein concentration  loww  because of decreased binding
sites. These wvariations may be attributed to the change in the
micro environment of binding sites resulting differences in
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Table 1: Sbowwing molar concentration of levofloxacin and its binding with plasma protein in homan

Total

Total Free EBound % Glalb r 1r 1id riDy
drug Il MID) it bound Il
gl
1 2.7x107°% 1.7x107"% 1.0%107"% = 5.Gdx 107 ? 1681077  B.96x10° 5.88:10°  9.88x107
2 5.4x107% 2.8Bx107¢ 2.6x107% 48 5.54x 1074 4.37x1077 2.28x 102 3b57x10°  1B.60x107
3 B.1x107% 3.5x107¢ 4.2x107% b2 5 5dx 1074 FOF1077 141102 Z2BEx10°  1B12x107
4 10.8x1078 5.0x107¢ 5.8x107¢ b 5.5dx 1074 5781073 1.02x102 2.00:10%  1852x102
53 123.5x107° 5.6x10"° 70x107° 59 5.odx10r® 1320:107° 0752107 1.78:10° 23732107
M = Maoles of drug; r= Moles of drug bound per moles of albumin; D = free moles of drug
Table 2. Influence of pH on binding of levofloxacin 284
e Total Free Bound Free Bound
drug ugfml  drug drug % %
7.2 3 1.878 1.122 53 37 . i
7.3 3 1.680 1.4B0 52 48 =7 __*—'-1__‘_
7.4 3 1.410 1.8590 47 53 |
7.5 3 1.770 1.230 [5i=] 41 | N —
7.6 3 1.990 1.010 [&] 34 o el
E "1
Table 3: Influence of protein concentration on binding levofloxacin g
Protein gfdl Free drug  Bound  drug  Free % Bound % E
20% dil. 5.75g 2.04 055 9 32 v 1
10% dil. 5.4465 1.97 1.03 [a5] < 5]
Mormal F.248 1.41 1.69 47 b3
10% conc. 85110 1.78 1.22 == 41 05 A
20% conc. 8.585 1.565 1.34 55 45
254
] - T ™ —_—
70 80 B0 100 110 120 1%
24 . Plasma proteins
. o
= M - o Fig. 4: Curve showing the effect of plasma protein
g 154 ""——______ - concentration o wire plasma protein binding &
? 3 lewofloxacin in human beings
o
uE_ 1 binding. It should be needed to determine the protein binding
of drugs underindigencus conditions to evaluate the drugs.
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