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ABSTRACT

Serum albumin is the transport protein, which carries the drug and drug délivery systems through the blood stream
and the drug molecule is delivered at the required site of pathology. Serum albumin is the first biological system
which a drug formulation interacts, when an |.V. administered. Hence understanding the interaction between
protein and drug delivery system is essential. And also proteins are also being used as drug molecules. The
formulation of proteins are challenging owing to their denaturation under certain conditions. A pharmaceutical
excipient can be used to stabilize the proteins in their native state. In the present study, the association of bovine
serum albumin with a novel bile salt, sodium cholate is carried out. The focus of the study is to analyze the
suitability of NaC as a stabilizing agent for serum albumins.
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INTRODUCTION

When a drug is administered into the body, protéggsum albumin) are the biological systems whidmarily
associate with the drug delivery media, for th@esport of drugs [1,2]. When designing a particutecromolecule
as a drug delivery media, it is essential to urtdersthe interaction between these macromoleculépeoteins [3-
5]. One of the important biological aggregate usedharmaceutical formulation as drug delivery medihils salt
aggregates [6-9].

Bile salts are biological compounds that are sysitted from cholesterol in the liver. They are ¢gfly composed
of a steroidal backbone with one or more alphanteig hydroxyl groups unconjugated to an anionidrcha tail

[10]. Bile salts are widely used as solubilizatamd disaggregating agents in the pharmaceuticabtngl[11,12]. In
aqueous media, bile salts undergo spontaneousgadigne leading to primary and secondary aggregatedving a

step — wise aggregation model [13,14]. The prinzaggregates are formed due to hydrophobic interactesween
the steroidal back-bone. Secondary micelles ai thglether by hydrogen bond. In another casefottmeulation of
therapeutic proteins requires pharmaceutical eswtpi which can prevent protein aggregation, pitipn and
adsorption to surfaces [15-18]. Bile salt aggregdieing able to associate with proteins can beulsefthe

formulation of proteins. Thus a detailed analydigh@ir interaction with proteins is of immenseergst, which
leads to pre-formulation studies of therapeutidgins.

Bovine serum albumin (BSA) is used as the modetgmoin this study. Among the various bile saltsgdiam
cholate (NaC), a primary unconjugated bile salt whsesen for the study. Since the serum albumingagon
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tryptophan (Trp) moiety, which is fluorescent irture, fluorescence based spectroscopic analydiseoassociation
of BSA with NaC media is carried out.

MATERIALS AND METHODS

Bovine serum albumin was purchased from Sigma oted®)iUSA and sodium cholate was purchased fromoSis
Research Laboratories Private Limited (India). Bdtemicals were used without any further purificatiA 50 mM
sodium phosphate buffer of pH 7.4 was used for edperiments. A Horiba Jobin-Yvon Fluoromax-4
spectrofluorometer was used to record the fluormesespectra. Excitation and emission spectra we@snred with

2 nm band width. The steady state fluorescencefofy is defined as [19],

I -Gl

r$
Iy, + 2Gl,,,

Where,l\v andlyy are the fluorescence intensities and the subsicriitates the vertical (V) and horizontal (H)
orientations of the excitation and emission pokrit is the instrumental correction factor:

G: IHV

HH

Preparation of BSA - NaC solutions

The stock solutions of NaC were prepared in 50 ntddsphate buffer pH 7.4 at concentration highern ttie

critical micellar concentration (cmc) (NaC = 6-18/n A range of different concentrations of biletssblutions are
prepared by diluting these stock solutions usineowsolution. BSA concentration was maintained @M for all

the experiments. The range of concentration of sdlt varied is NaC = 4.8 — 43.2 mM. The solutionsre

incubated for 2 hrs to achieve equilibrium.

RESULTS AND DISCUSSION

Fluorescence emission Spectra of BSA in presenceMNdC

The association of BSA with the bile salts, nam¢fC was studied using the absorption and fluoresceroperty
of tryptophan (Trp) moiety, with an excitation &®nm and emission at 350 nm. With the initial &ddiof NaC,
the Trp fluorescence is quenched upto ~ 50 % (Eid)ff** and after that there is gradual, but small ineeéashe
fluorescence intensity of BSA is observed with @aging concentration of NaC.

Quenching of 50 % Trp fluorescence
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Figure 1. Emission spectra of BSAl, 290 nm) with NaC. pH =7.4, T=25°C

The quenching of Trp fluorescence clearly indicdtest the association of bile salts with the prrotisi at a close
proximity to the Trp moiety. There is a slight blskift of Trp fluorescence with increasing concatitm of bile
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salts. This indicates that the environment of Trpiety is becoming more hydrophobic with the additaf bile
salts. The data also reveals that the Trp fluoreseguenched with initial addition of bile salt anith increasing
bile salt concentration, Trp fluorescence intengityreases gradually (Figure 2A). The interpretatid the data
reveals that the change in Trp fluorescence dfteirtitial addition of BSA is small and it can b@posed that NaC
molecules favor the stabilization of serum albumins
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Figure 2. Plot of variation of Trp fluorescence inensity (ex290 nm; Aem 350 NM) with increasing concentration of NaC. (AjNaC] =0 —
43.2 mM and (B) [NaC] =4.82-43.2mM. pH =7.4,¥25°C

Even though there is increase in Trp fluorescemtensity, the change is minimal, but not negligibldhe
fluorescence emission property of Trp moiety liésser to the NaC aggregates and this enhancemeftpof
emission follows the aggregation pattern of biléssaiz primary dimers are formed initially and then the secondary
larger aggregates, with the cmc range at 6 — 16 forMNaC. The study shows that Trp fluorescenceoisamly
effective in understanding the association of BSighwiNaC, but also capable of sensing the micellirabf bile
salts. The hydrophobic nature of BSA — NaC is ¢tjemdicated by the Trp emission intensity enhaneetrwith
increasing concentration of NaC.

Steady state fluorescence anisotropy of BSA-NaC sgm
Figure 3 gives the steady state fluorescence aomp(rs) of BSA in presence of increasing concentratioNat.
The fluorescence anisotropy of Trp shows a slightdase from 0.09 to 0.11 with increasing concéptraf NaC.
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The slight increase in fluorescence anisotropygairaan indicative of stabilization of BSA in theiative state by
NaC media.
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Figure 3. Plot of variation of fluorescence anisotpy of Trp (290 nm; kem 350 Nm) with increasing concentration of NaC. [Naf= 0 —
43.2mM.pH=74,T=25°C

Also figure 3 gives a clear analysis of the Trpofiescence following the aggregation pattern of Madlecules.
Further the & values suggest that the association of BSA with $alts is hydrophobic in nature.

Association of BSA with NaC aggregates

The Trp fluorescence emission and fluorescenceotrnfsy studies of the association of BSA with Nd@©@w that
the initial addition of NaC molecule quenches thp fluorescence of about 50 %. A similar effect waserved in
literature, where the quenching was observed indier concentrations of NaC [20,21]. This indicatee NaC
being incorporated into protein macromolecule, wittlose proximity to the Trp moiety. BSA has twip Toieties
viz. Trp 212, found in the hydrophobic core of #eum albumin with the sub-domain IIA and Trp 184hie sub-
domain IA, which is exposed to solvent. Furtheritaolid of NaC increases the Trp fluorescence to alkextent.
Even though the increase is smaller, it followsdggregation pattern of NaC media through its camge viz. 6 to

16 mM (figure 2). The steady state fluorescencearopy study of Trp fluorescence is in collabamativith the
fluorescence emission of BSA in NaC media. Bothghalies clearly indicate that association of BSigthviNaC

media is hydrophobic in nature and also that kale media can be used as stabilizing agent for BSpAreserve
them in their native state.

CONCLUSION

The association of serum albumin, BSA with the kidt, NaC was studied through the Trp fluorescesmission

and fluorescence anisotropy. A quenching of Trpriiscence is observed with the initial additiorNaiC to BSA

and further small increase in Trp fluorescenceenswith increasing concentration of NaC. The datadicative of

NaC being incorporated within the BSA at a closaxpnity to the Trp moiety and that NaC media betagable of
stabilizing protein in their native state. A simizbservation is made from the fluorescence arupgtstudies. Thus
it can be concluded that the nature of interachetween BSA and NaC moieties is hydrophobic and Ne@ia

can be used as a pharmaceutical excipient to igialle BSA in their native state.
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