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Abstract

The determination of drug—protein binding and free drug concentration in plasma applying the equilibrium sampling through membrane (EST
technique has been studied using supported liquid membrane extraction in a single hollow fibre without any membrane carrier. In the extrac
setup, the donor phase (plasma or buffer) was placed in the vial, into which was immersed the hollow fibre with the acceptor phase situate
the lumen. This proposed technique was applied to study the drug—protein binding of five local anaesthetics and two antidepressants as n
substances, and the influence of the total drug concentration on the drug—protein binding was investigated. The brief theoretical backgrounc
determination of the drug—protein binding under equilibrium conditions is described. The developed method shows a new, improved and sim
procedure for determination of free drug concentration in plasma and extent of drug—protein binding.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction in reduced drug—protein binding ratio due to saturation of the
protein. In view of the high variation in the free fraction of dif-
Drug—protein binding is the reversible interaction of drugsferent proteins and drug concentration, it is of interest from a
with proteins in plasma. The binding of a drug to a protein bind-pharmacological point of view to measure the free drug con-
ing site is a saturable process and it can be expressed by the ratientration, since the pharmacological effect is considered to be
of free to total drug concentration (the free fraction) or by theproportional to the free drug concentrat{@h. There are clinical
ratio of bound drug amount to the total amount (drug—proteirsituations where monitoring free drug concentrations provide the
binding ratio)[1]. The extent to which binding occurs varies and clinician with information and insights into a patient’s pharma-
depends on the physico-chemical nature of the drug, the affinitgologic status. For those drugs that are highly bound (>80%) to
between the drug and protein, the drug and protein concentrglasma proteins, a relatively small change in the degree of bind-
tions and the presence of other substances which either compéig may have a significant effect on the free fraction. Some drugs
with the drug for binding sites or displace it through the allostericalso exhibit a concentration-dependent (saturable) protein bind-
effects[1,2]. There are several proteins in plasma, includinging within their therapeutic range so that higher concentrations
serum albumings-acid glycoprotein (AAG) and lipoproteins are associated with lower drug—protein binding rafigsAAG
that contribute to plasma protein binding of a drug. Increasedinds most of the basic drugs and some hormones. It is an acute-
concentration of the binding protein results in a decreased freghase reactant which has one binding site selective for basic
drug concentration, and increased drug concentration resultsugs such as disopyramide and lidocaine. The plasma concen-
tration of AAG increases in the presence of stress, inflammation,
malignancy, myocardial infarction and various haematologi-
cal disorders. This AAG increase causes more bhinding sites to
become available thus causing a decrease in free drug4gvel
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Several methods have been used for determination of fregH value not much lower than th&p (for basic compounds),
drug concentration in plasma as well as drug—protein bindinghe system can reach equilibriumd( = 0) in a reasonable time
ratio. These include affinity chromatograplsy, ultrafiltration  period. This is in contrast to other applications of membrane
[6], ultracentrifugatiorj3], equilibrium dialysig7], microdial-  extraction[17,18]intending to perform a more or less exhaus-
ysis [8], capillary electrophoresif®] solvent microextraction tive extraction, where acceptor pH at least 3.3 units lower than
[10] and supported liquid membrane extract[@d,12] These pKjis used leading taa ~ 0. This ascertains high enrichment
methods differ in their speed, data quality and comple)di].  factors, so that a true equilibrium is not reached within the exper-
Experimental artefacts associated with these techniques affeichent time. This mode of extraction is not further considered
the drug equilibrium and have led to erroneous values. Suchere.
artefacts include: non-specific binding of the drug to the plastic The maximum concentration enrichment factor is reached at
housing and ultrafiltration membrane, non-physiological con-equilibrium and can be expressed by:
ditions (pH, presence of organic solvents), low concentration
of free drug (even under the detection limit), long periods OfEe(max)Z (CA) _ apKp @)
analysis, etc[14]. Cl Jmax aaKa

Supported liguid membrane (SLM) equilibrium extraction . . ) .

(equilibrium sampling through microporous membrane) with aWhen plasmais spiked with a weakly basic drug (all local anaes-

flat membrane has recently been demonstrated as a new metHfi§tics and antidepressants investigated in the work reported
for in vitro determination of drug—protein binding under physi- herein are weakly basic amines), two equilibria are established:

ological conditions without disturbing the equilibrium between the equilibrium between charged (unextractable) and uncharged
a drug and protein in plasnjas]. When the extraction is per- (extra.ctable) drug molecules.(.|.e.. the dissociation equ!hbnum,
formed with a very low enrichment factor (equilibrium extrac- d€scribed by ), and the equilibrium between the protein drug

tion with incomplete trapping), only the free (unbound) fractionCoMPlex and the free drug in plasma. Both equilibria depend on
of the drug is removed from the aqueous donor phase, so that th&! Of the donor solution. If the extraction is performed under
binding equilibrium is not significantly perturbét0,15] With equilibrium condltlops ano! '_[he_ total f:oncentratlo_n of the drug in
these conditions met, the free concentration of the drug can H8€ Plasma sample in equilibrium with the organic and acceptor
determined directly as well as the drug—protein binding ratio. Ph@se does not change significantly during the extraction, then
The aim of the present study was to develop an improved©n€ of these equilibria will be influenced during the extraction.

and simple method based on the equilibrium sampling througﬂ'herefore, it is possible to determine the true free concentration

a microporous membrane with a single hollow fibre for deter-Cf the drug in plasma as well as the extent of the drug—protein

mination of drug—protein binding and free drug concentration irpindi_ng. _

plasma. The single hollow fibre extraction device was developed 1S necessary thatthe volume of a sample is large enough or
in our laboratory and previously applied to environmental samthat the en_rlch.ment factor is very I(_)W, so that the total anal)_/te

pling for the determination of freely dissolved concentration ofconcentration in the sample is not influenced by the extraction
chlorophenol pollutantiL6]. Simple sample preparation, short (depleting of the analyte in the donor phase should not be more

separation time and physiological conditions were anticipated1an 5%)19]. When extraction is performed in a flow system as
when the study started. in [15], the extraction equilibrium condition in the donor repre-

sents the situation in the original sample; any equilibrium within
the sample in which the analyte participates is undisturbed, in
2. Theoretical background static systems it is important to ascertain that the depletion is
) ) ) o negligible.
Since in our previous paper, the theory for determination of Considering equilibrium between all phases in the plasma
drug—protein binding using SLM extraction under equilibrium g ple the fraction of analyte in the extractable form in the
conditions was described in detib], here is only given abrief - qonqr o has to be modified in order to include the effects of

description of the theory. the protein binding:
In the SLM extraction in a single hollow fibre, an agueous
donor (sample) solution containing the analyte (local anaesthetigy = apapg (3)

or antidepressant in this study) is placed outside a microporous
hollow fibre. The drug is extracted in a three-phase systerwhereap is the fraction of free drug, angpq is the uncharged
through an organic solvent immobilized in the pores into arfraction of the non-bound drug due to the dissociation equi-
agueous acceptor solution inside the lumen of the hollow fibréibrium. Then the maximum enrichment factor for equilibrium
[16,17] The rate of the mass transfer from the donor to the accepextraction from spiked plasma sample is:
tor is proportional to the concentration differened;, over the
membrane, which can be written [dS8]: EP _ OtPOthKB )
e(max) —
apKa

AC = apCpKp —apaCaKa Q)

Taking into account the experimentally determined equilibrium
where the symbols are defined in the List of Symbols. If thevalues of Ca and calculated values efy and apq [20] and
extraction conditions are set so that> 0, i.e. with an acceptor using Eq.(4), it is possible to calculate the fraction of free drug
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Table 1 light. Aqueous working solutions were prepared daily from the
The main characteristics of studied local anaesthetics and antidepressants stock solution.

Name/abbreviation Ka LogP PB (%) The donor solution contained 0.25-10.0 mgdhof a single
Prilocaine/Pri. 8.0 79 > 73 e drug in the buffer solution (0._067 mol dr phos?_gate buffer at
Ropivacaine/Rop. 8% 8.1¢ _ od pH 7.53). The acceptor solution was 0.067 mo rphosphate_
Lidocaine/Lid. 8.3 7.8 3.4¢ 40-6C buffer at pH ranging from 7.0 to 7.4 depending on the studied
Bupivacaine/Bup. 8% 8.I° 4.08' 95 drug. Di-hexyl ether with 5% tri-octylphosphine oxide (TOPO)
Mesocaine/Mes. 8% -

‘ - 50-7¢  was used as an organic phase.
EE?/Z’;Z:E'I:ZEED 9?;3 - g:é; %h Blank plasma was obtained from the blood center, Lund
University Hospital (Lund, Sweden) and kept frozen at
@ Calculated by the program ACDKp DB (Advanced Chemistry Develop- —20°C. According to information from the blood center, the
ment nc., Toronto, Canada; REL5,21} plasma contained 0.01 mol dr citrate acid, 0.07 mol dm®

b

c 22;: Eg sodium citrate, 0.01 moldn? sodium dihydrogenphosphate

d Ref.[24]. and 0.08 mol dm? glucose. The plasma was thawed and kept at
‘: Ref.[25]. room temperature during the day of analysis. The spiked plasma
. E::i-rfai]e-d T Anvidsson, personal communication solutions were obtained by adding the appropriate amounts of
h Ref.[27]. T ’ ‘ the stock solution to the blank plasma.

I Ref.[28].

3.2. HPLC analysis

ap, as well as to estimate the drug—protein binding ratio. This The HPLC system consisted of a pump (Varian 9012),
additionally requires either the assumption thigt= K oran @ column (250 mnx 4.6 mm, 3um, Ace 3 Gg, Advanced
experimental determination &fa andKp. Chromatography Technologies, Scotland), a LC-detector (Spec-
In our previous papdi.5], a simplified method for determi- troflow 755 ABI Analytical Kratos Division) at 210 nm for
nation of protein binding was described that used the experimefbe local anaesthetics and at 230nm for the antidepres-
tally obtained values afx after the equilibrium extraction with  Sants. A mobile phase consisting of 30% methanol and 70%
the same total drug concentrations from both plasafg and ~ 0-025mol dn13 phosphate buffer at pH 2.5 with a flow rate of

buffer (Ca). From Eqs(2) and (4) ap can then be calculated: ~ 1-0cn? min~* was applied for the analysis of the local anaes-
thetics. Thirty-five percent acetonitrile and 65% 0.01 motdm

triethylamine aqueous solution, adjusted to pH 2.90 by phospho-
ric acid, with flow rate of 1.0 cthmin—! was used for analysis of
the antidepressants. The chromatographic data were evaluated

whereapq refers to the plasma sample, aag refers to tge using a PeakSimple Model 203 Single Channel Data System
buffer solution. Then, assuming thab =opg and Kp = Kp (SRI Instruments, Torrance, CA, USA).
under the experimental conditions, a simple relation for protein

binding is obtained:

_ CKOCDKD

ap =
CaapdKp

()

3.3. Procedure of SLM extraction in a single hollow fibre

CP
= FA (6) The microporous polypropylene hollow fibre membrane
A (ACCUREL, Type PP 50/280, Membrane GmbH Wuppertal,
The assumptions leading to E@) require that the buffer has Germany) was used in the study. The inner diameter of the hol-

ap

the same pH and ionic strength as the plaghsg low fibre was 28Qum, the thickness of the wall was p@n and
the length of the hollow fibre was 150 mm. The effective volume
3. Experimental was calculated after extraction for each hollow fibre separately.
The lumen of a single hollow fibre membrane was filled with
3.1. Chemicals and materials acceptor solution using a 0.5 érsyringe with 0.3 mm needle

(BD Micro-Fine Syringe, BD Consumer Healthcare, NJ, USA).

The local anesthetics studied (prilocaine, lidocaine, ropivaThe membrane was impregnated by soaking in the organic phase
caine and bupivacaine) were obtained as hydrochloride salfsr 5s, which was followed by washing in water in order to
from Astra Pharmaceutical Productiondgrélje, Sweden). remove excess of the organic phase. Then, the lumen of the hol-
Mesocaine was synthesized at Astra Pain Controtésélje, low fibre was washed with the acceptor buffer and the ends of
Sweden). The antidepressants: reboxetine methane-sulfondtes hollow fibre were sealed to prevent leakage. This was made
and fluvoxamine maleate were obtained from Solvay pharmaby bending the fibre ends over and fixing with a piece of Al-foil
ceuticals (Weesp, the Netherlands) and Pharmacia & Upjohand a 5QuL limited volume vial (Alltech). The membrane was
S.p.A (Milano, Italy), respectively. The main characteristics ofplaced in the donor solution (spiked buffer or plasma) present
the studied compounds are giverTiable 1 in a 10cn? vial (seeFig. 1). During the extraction, the sam-

Stock solutions (200 mg dnf) were prepared in water and ple vials were shaken at 100 rpm using a shaker (INFORS AG,
were stable for months when stored &Cland protected from Bottmingen, Switzerland). The final collection of the acceptor
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Table 2

The influence of the acceptor pH on the total concentration of the analyte in the
donor phase under the equilibrium conditions expressed as a percentage of drug
depletion in the donor phase

pH Drug depletion in donor phase (%)
Rop. Pri. Lid. Bup. Mes. Reb. Flu.
/’ o _ BN 7.0 10.0 25 6.5 20 8.7 3.6 4.2
' ) 7.1 6.3 1.0 5.1 17 3.5 — -
\ / 7.2 20 - 3.0 14 - - -
7.3 - - - 11 - - -
74 - - - 8 - - -

w

equal to 7.5 in all of the experiments. This condition was the
same as in our previous wofk5].

1 2 4.1.2. Acceptor pH
The selection of the acceptor pH is less straightforward. On
‘ one side, a low pl{ leads to a higher enrichment factors, and
| thus a more sensitive determination of low drug concentrations,
but this is not crucial in this application. High enrichment factors
could lead to depletion of the donor causing changes in the drug
protein binding equilibrium. Because of this, the influence of the
acceptor pH on depleting the analyte concentration in the donor
phase was investigated for each drug separately. These results
Fig. 1. Schematic of SLM extraction in a single microporous hollow fibre. 1: &r€ given infable 2 Depleting partly depends on hydrophobicity
donor aqueous phase; 2: microporous hollow fibre with organic phase place@f the drug, as a hydrophobic drug tends to accumulate in the
into membrane pores and the acceptor phase in the lumen of hollow fibre; Srganic phase inthe membrane. More hydrophobic drugs (higher
S0p.L limited volume vial (Alltech); 4: Al-foil. log P) are more depleted from the donor phase. For example,
lidocaine has higher log (3.4)[24] than prilocaine (2.73) (both

) ) i _of these drugs have low protein binding), thus the pH of the
;olutlon was gcco.mphshed by pressing the content_s pf tr_\e f|br§CCeptor phase should be higher for lidocaine (pH 7.2) than
into a 50uL vial with a 0.5 cn? syringe, followed by injection ¢, prilocaine (pH 7.0) in order to reach equilibrium without
into the HFfL(;. Similar experimental devices were described 'Q:hanging in the total drug concentration in the donor phase.
more details irf16]. Also, in the case of extraction of bupivacaine which is the most
hydrophobic of the investigated local anaestheticsFledt.05),
depleting of the drug in the donor phase is more than 5%, when

, . , , the acceptor pH 7.4.
The main characteristics of the investigated local anaesthet-

ics and antidepressants are givenTable 1 All these drugs  4.7.3. Time 1o attain equilibrium
are weakly basic amines. For some drugs, two different values The time required to obtain results in biomedical studies is
of pK, are given: both calculated using the computer prograngften considered to limit the usefulness of the metHed. 2
ACD/pKaDB (Advanced Chemistry DevelopmentInc., Toronto, shows the time variation of the enrichment factor for ropiva-
Canada) and obtained from the literature. The value€gfiom  caine and lidocaine. These drugs are extracted separately from
the literature are specified at 3¢ [23]. the buffer solution and plasma. The total concentration in donor
phase was 5mgdnt, the donor volume was 2 chand the
membrane length was 150 mm. It is evident from this figure
that the time required for the establishment of the equilibrium
4.1.1. Donor pH conditions is no longer than 25 min. It means that the total time
The pH of the sample has a large influence on the equilibriunfior determination of drug—protein binding is 30-40 min depend-
between protein-bound and free drug in plad2@. The free  ing on the retention time of the drugs in HPLC analysis. This
concentration of dissociable drugs is strongly affected by the pldompares favorably with the application of dialysis and micro-
ofthe plasma. As an example, whenthe pHwas raised from 7.2 t@ialysis for determination of drug—protein binding where very
7.6, the free fraction of ropivacaine and bupivacaine (which ar¢ong experiments time is needed (at least 1[80).
basic drugs) decreased by a factor of {&p In the view of this
and in order to be able to study the drug—protein binding at native. 1.4. Phase volumes
conditions, the pH of the donor solution, i.e. the buffer solution The volumes of biological material are highly limited. In
of the drug or plasma spiked with drug, was kept constant anthe majority of membrane extraction studies reported on human

4. Results and discussion

4.1. Optimization of the extraction procedure
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25 : ' : — ! : ' 5. Drug—protein binding determination

The drug—protein binding was determined for five local
L anaesthetics and two antidepressants, all weakly basic amines
and dominantly bounding taxi-acid glycoprotein (AAG).
Although the affinity of local anaesthetics to HSA is less than
to AAG, the enormous binding capacity of HSA renders this
protein importantin the binding equilibrium process: when bind-
ing to AAG is saturated, HSA continues to bind these drugs
[23].
The same amount of a single drug was extracted both from the
buffer solution and from spiked plasmain triplicate. After 60 min
of SLM extraction, the hollow fibre was removed from the donor
05 —— T phase and the acceptor phase was collected from the lumen of the
0 30 100 150 200 250 hollow fibre. The acceptor concentration of the drug was deter-
Time, min mined using HPLC, both after extraction from buffer and from
Fig. 2. The time variation of the enrichment factor for ropivacaine and lidocaine Plasma solutionstig. 3shows HPLC chromatograms obtained
The total concentrations of drug in donor phase (buffer or spiked plasma) waafter the extraction of reboxetine and fluvoxamine from buffer
5mgdm 3. (O) lidocaine in phosphate buffer® lidocaine in blood plasma;  and spiked plasma. It is clear that the peak area after extraction
(0) ropivacaine in phosphate buffeM] ropivacaine in blood plasma. Acceptor ot the drug from plasma is significantly smaller than the peak
was phosphate buffer p.00. area after extraction of the drug from the buffer. The fraction of
the free drug in plasma is calculated from E8). using experi-

. . mentally obtained values @fa andCK. The obtained values of
plasmg{11,31-33fextractions were accomplished from a 4%m rotein binding, PB, (in percent) for the local anaesthetics are

i 3
sample, and in many cases, smaller plasma volumes (0.592 ¢ iven inFig. 4andTable 4 (PB =100 (1— ap).

were dllu_ted with th? bufferio give a total d_ono_rvo_lume of 4_13cm The influence of total drug concentration on protein binding
Dilution is not advisable for drug—protein binding studies as

S X . was investigated in this study. In most cases, drug concentrations
the equilibrium could be shifted. Therefore, the influence of the 9 y g

: . ) ; at therapeutic doses are well below those of the binding protein
donor volume on the extraction was investigated. Three different
sample volumes: 1, 2 and 4 émwere used for SLM extrac-
tion of ropivacaine €| = 2 mg dnt3) from the buffer solution, Tapie 4

while the acceptor pH was 7.0. Also, two different hollow fibre The obtained values of protein binding (PB) of local anaesthetics calculated on
lengths were investigated in these experiments. The obtainebk bases of experimental results of SLM extraction under equilibrium conditions
results are given iable 3 The enrichment factor is slightly in a single hollow fibre at different total drug concentrations

higher in the extraction with the longer hollow fibre (150 mm) Drug C(mgdnT3) PB (%)

than in _the extrac_tiqn with the smaller length (100 mm) of the Hollow  Flat membrane Literature (cf.
hollow fibre but this is within the measurement errors. Also, the fibre [15] Table )
enrichment factor was higher when the drug was extracted from

g
o
1

n
L

Enrichment factor,Ee

o
1

S . 5.1 12 (4
2 and 4 cri than from 1 crd of the donor solution, i.e. depletion - 1 24; 10
might occur at 1 crhsample volume. There is no significant dif- Prilocaine 1.0 45(5) 36 55
ference in enrichment between SLM extraction from 2 and# cm 0.5 49(7) 35
donor volumes (the difference is within the measurement error). 10.7 60(4) -
Therefore, in the following experiments, 2 2rdonor volume 5.4 68(4) -
and hollow fibres of 150 mm were used. Ropivacaine 2.6 70(5) 70 90
11 73(4) 73
0.6 74(6) 68
Table 3 6.6 11 (5) -
The dependence of the enrichment factor on donor volume and length of hoIIow,d . 2.9 31(5) - 0-60
fibre (LuF) Lidocaine 15 220G - 40-
Donor volume (crf) Enrichment factorKe) 05 56 (7) a4
10.7 6433 -
Lye=100mm Lyp=150mm . . 5.6 69 (5) _
Bupivacaine 95
1 1.9 (2.8) 2.1(4.8) 3.0 30 -
2 2.2(5.1) 2.4 (4.8) 12 74(6) 58
4 2.1(34) 23(3.2) 10.0 54(5) -
Ropivacaine | =2 mg dn13) was extracted from buffer solution pH7.5 and Mesocaine ‘212 ;g E% ;0 50-70

pHa 7.0. The time of extraction was 60 min. The values of relative standard
deviation for five replicates are given in brackets. The values of relative standard deviation for three replicates are givenin brackets.
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(ii)

150

Reb. 3,850

100 4

50 A

A

A

(i)
150 i
[ag]
=
&
100
e
=
[t /a ﬂ
50 +
Aa,
\
b
LA
0 2 4 6
Minutes

0 4

0 2 4 6 8

Minutes

Fig. 3. HPLC chromatogram of the acceptor phase after SLM extraction in a single hollow fibre. (i) a: Extraction of reboxetine and fluvoxamine (0*5fnogrdm
buffer solution; b: extraction of reboxetine from plasma spiked with 0.5 mgdof reboxetine; c: blank after enrichment from blood plasma. (ii) a: Extraction of
reboxetine and fluvoxamine (0.5 mg dR) from buffer solution; d: extraction of fluvoxamine from plasma spiked with 0.5 mgtai fluvoxamine.

and the fraction unbound is constant across the therapeutic rangianding for local anaesthetics with low protein-binding (about

of the drug concentration. However, the concentratiom-atid

50%). For example, in the cases of prilocaine, with the

glycoprotein is relatively low, and saturation of the bindingincreasing of total drug concentration in plasma from 0.25 to
sites can occur in the therapeutic range. Therapeutic plasntamg dnt3, drug—protein binding decreases from 49 to 12%.
concentrations of local anaesthetics are usually in the range dfowever, local anaesthetics with high drug—protein binding

2-5mgdnt3 [34]. It is clear fromFig. 4 that there is highly

such as bupivacaine and ropivacaine do not show any significant

significant influence of total drug concentration on drug—proteirdependence of drug—protein binding on the total drug con-

Protein binding, %
82 82 &5 8 3 2 g
| | 1 1 1 1 1

5
|

(=}

0 1

Fig. 4. The influence of the total drug concentration on protein binding of local
anaestheticsH) lidocaine; @) ropivacaine; &) prilocaine; () bupivacaine;

and @) mesocaine.

2

3 4 5 6 7 8 9

Total drug concentration, mg-dm™

10

11

12

centration in the concentration range from 0.5 to 10 mgém
The values of drug—protein binding of the local anaesthetics
obtained in the work reported herein are in good agreement with
previously published values obtained using equilibrium SLM
extraction with the flat membrane in a flow mode operaftidyj.

The protein binding for two antidepressants (reboxetine and
fluvoxamine) is determined and given Ifig. 5 and Table 5
Also here, a clear dependence of protein binding on the total
drug concentration was observed.

The obtained maximum values of drug protein binding are
lower than the literature values, but the comparison is uncer-
tain, as there is usually no information in literature about which
plasma drug concentration the given protein binding refers to.
Also, the literature values are mainly obtained using the ultra-
filtration technique, which can be suspected to have a tendency
to provide systematically high protein binding values, either by
shifting the protein—drug equilibrium during the ultrafiltration
procedure or by absorption of the drug to the filter. Therefore, the
values obtained here could be more accurate as they are based
on a true equilibrium and would be insensitive to absorption in
the membrane.
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90 —_t Kp partition coefficient between donor phase and organic
] I phase
80 - . ..
| Ka dissociation constant of the analyte
70 4 L PB drug—protein binding, expressed in percent
S
& 60+ - Greek letters
2 an fraction of analyte in extractable formin acceptor phase
£ 50 - . . .
= | op fraction of analyte in extractable form in donor phase
““é 40 4 L ap fraction of analyte not bound to plasma proteins
Qo
=
‘E 30 4 3 Subscript and superscript
» 1 I P denotes the conditions in the plasma solution
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