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Abstract

We validated the application of the surface plasmon resonance (SPR) technique to reliably determine adhesion of drugs to the intestinal
wall using heparin-DOCA conjugates, developed to enhance the oral absorption of poorly absorbed heparin. In this study, heparin conjugates,
or deoxycholyl-heparin (H-DOCA) and bisdeoxycholyl-heparin (H-bis-DOCA), were synthesized by covalently coupling the synthesized
succinimido deoxycholate (DOCA-NHS) or succinimido bis-deoxycholgsine (DOCA-bis-NHS) to amine groups of heparin, and their
physicochemical and biological properties were evaluated. To mimic the duodenal and ileal surfaces, duodenal and ileal brush border membrane
(BBM) vesicles isolated from Sprauge—Dawley (SD) rats were immobilized onto a biosensor chip composed of dextran derivatives with
modified lipophilic residues. The adhesion of heparin conjugates on the BBM surface was evaluated by measuring the SPR response signal.
The adhesion of heparin conjugates was significantly dependent on the conjugated DOCA molecules: that is, they showed higher adhesion
signal on the ileal BBM surface than that on the duodenal BBM surface. In particular, the solubilized heparin conjugates in DMSO solution
presented significantly increased adhesion affinity on the ileal BBM surface. The adhesion of heparin conjugates on the intestinal surfaces
was successfully assayed using the surface plasmon resonance technique with the sensor chip on which BBM vesicles were immobilized.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction not absorbed in the gastrointestinal (Gl) tract because of its
large molecular weight and negatively charged structure. The
Heparin, one of the most potent anticoagulants, is widely hydrophilic property of heparin also makes it difficultto pene-
used for the treatment and prevention of deep vein thrombosistrate through the epithelial cells because of the low permeabil-
(DVT) and pulmonary embolism (PE)-3]. The maindisad- ity and repulsion forces of the polar head groups of the epithe-
vantage of heparin treatment, however, is that it can be admin-lial membrane. To facilitate heparin absorption in the Gl
istered only by parenteral administratiph-6]. Heparin is tract, researchers have developed various formulations, such
as liposome, complexes of heparin with hydrophobic organic
bases, enteric coating, and aerosol formulation. There have
* Corresponding author. Tel.: +82 62 970 2312; fax: +82 62 970 2304, &S0 been attempts to evaluate the enhancing effect of EDTA,
E-mail address: yrbyun@gist.ac.kr (Y. Byun). acidic buffer, or sulfated surfactants on heparin absorption in
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the Gl trac{7—-10]. Arecent study has reported sodinix|8- (THF), anhydrousV,N-dimethylformamide (DMF), triethy-
(2-hydroxybenzoyl)amino]caprylate (SNAC) and sodiiim lamine (TEA), ethyl acetate (EtOAc), dimethyl sulfoxide
[10-(2-hydroxybenzoyl)amino]decanoate (SNAD) as potent (DMSO) and absolute ethanol (EtOH) were purchased from
promoters of heparin absorption in the GI trfict,12] Sigma—Aldrich Co. (St. Louis, MO). The Coatest Factor Xa

We have also developed new amphiphilic heparin con- assay kit was purchased from Chromogenix (Milano, Italy).
jugates for oral formulation by coupling deoxycholic acid All reagents and organic solvents used were at least of ACS
(DOCA) molecules to heparifii3—15}] DOCA, as one of grade.
the bile acids, is a natural compound consisting of a facially
amphiphilic steroid nucleus with a hydropholfieside and 2.2. Preparation of DOCA derivatives
a hydrophilica-side[16]. In in vivo animal test, we found
that bile acid-modified heparins were highly absorbed inthe  Succinimido  deoxycholate (DOCA-NHS). DOCA
intestine without damaging the tissue structure of the mucous(200 mg, 0.5mmol) and NHS (76 mg, 0.67 mmol) were
membrang15]. Considering the fact that bile acid conju- dissolved in anhydrous THF (20mL). DCC (136 mg,
gated prodrugs could preserve some of the properties of bile0.67 mmol) was added and stirred atGl for 6 h. After
acids, such as amphiphilicity, capacity of self-assembling, urea derivatives produced as a side product were filtered,
high chemical stability and binding ability to bile acid trans- the filtrate was poured into cold n-hexane (120mL) and
porters in the intestin 7,18], our study proposes two possi- the precipitate was dried in vacuum. The synthesized
ble approaches regarding the enhancement of oral adsorptiorsuccinimido deoxycholate was obtained as white powdter.
of heparin conjugates in the Gl tract; one is that of imparting NMR, 350 MHz, CDC4: 0.59 (s, 3H, 18-CH); 0.86 (s, 3H,
lipophilic property by the conjugated DOCA, and the other, 19-CH); 0.91 (d, 3H, 21-CH); 1.03—-2.50 (25H, steroidal
utilizing the interaction between the conjugated DOCA and H); 2.81 (s, 4H, CHCHy); 3.78 (m, 1H, 3-H); 4.06 (br, s,
bile acid transporters in the ileum. 1H, 12-H).

We previously studied a new surface plasmon resonance  Succinimido bisdeoxycholyl-L-lysine (bis-DOCA-NHS).
(SPR) system to evaluate drug adhesion on the intestinalA suspension of-lysine ethyl ester HCI (50 mg, 0.24 mmol)
surface using biosensor chips on which BBM vesicles were in anhydrous DMF (15mL) containing TEA (144,
immobilized[20,21] Surface plasmon resonance technique 1 mmol) was stirred at room temperature for 30 min,
has beenin use recently for an in-real time assay that allows afollowed by adding DOCA (190 mg, 0.48 mmol) and NHS
direct analysis of drug adhesion on the phospholipid surfaces(71 mg, 0.62 mmol). DCC (129 mg, 0.62 mmol), dissolved in
immobilized on biosensor chips in a continuous flow system anhydrous DMF (5 mL), was added drop-wise to the mixture
[22,23] BBM vesicles, isolated from the intestine, possess and then stirred at room temperature for 12 h. The mixture
similar structural and functional characteristics to those of was filtered and the filtrate was diluted with EtOAc (40 mL).
the actual intestinal membrafh,26] These studiesdemon-  The organic mixture was washed with 15 mL of 0.5N HCI,
strated that the BBM immobilized SPR system can be useddistilled water, 0.5N NaOH and distilled water, in the order
to evaluate the calcium channels and bile acid transporters agust described. The dried products were dissolved in EtOH
well as in-real time permeability assays of orally absorbed (10 mL) containing saturated NaOH, followed by refluxing
drugs. Also, this SPR technique has been credited with var-at 60°C for 6 h. After filtrating at room temperature, the
ious advantages as it provides a real-time high throughputfiltrate was added drop-wise to a cold acid solution (pH 3).
drug screening method without labeling requirements, and The precipitate was filtered, washed and dried in vacuum.
can be reused for various drugs. Finally, bisdeoxycholyk-lysine was obtained as white

In this study, we have validated the application of the SPR powder. The carboxylic group of bisdeoxycholylysine
technique to reliably determine binding patterns of heparin- was activated by NHS as described above to obtain suc-
DOCA conjugates to the intestine surface. These experimentscinimido  bisdeoxycholyk-lysine. *H NMR, 350 MHz,
also examined the absorption of heparin-DOCA conjugates CDCl3-CD30OD: 0.58 (s, 6H, 2 18-CHg); 0.84 (s, 6H,
on the BBM surfaces according to varying BBM composi- 2 x 19-CHg); 0.92 (d, 6H, 2x 21-CHg); 1.05-2.40 (56H,
tions and DMSO concentrations. steroidal 50H, 3< CHyp); 2.75 (s, 4H, CHCH,); 2.98

(m, 2H, CH-NHCO); 3.61 (m, 2H, X 3-H); 4.16 (br s,
1H, 2x 12-H); 4.47 (s, 1H, CH-NHCO); 7.73 (br s, 1H,

2. Materials and methods CH2-NHCO); 7.96 (br s, 1H, CH-NHCO).
2.1. Materials 2.3. Preparation of heparin-DOCA conjugates
Low molecular weight heparin (LMWH, Fraxipafi, Heparin-deoxycholate (H-DOCA) and heparin-bis-

whose average molecular weight is about 4500 Da, wasdeoxycholate (H-bis-DOCA) were synthesized by chemical
obtained from Sanofi-Synthelabo Co. (Gentilly, France). coupling of heparin with DOCA-NHS and bis-DOCA-NHS,
Deoxycholic acid (DOCA)N,N'-dicyclohexylcarbodiimide respectively, as shown iRig. L Heparin (100 mg, 2.2M)
(DCC), N-hydroxysuccinimide (NHS), tetrahydrofuran was dissolved in DMF/LO (5 mL, 1/1, v/v, pH 9.5) at room
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Fig. 1. Synthetic scheme for bile acid-modified heparin conjugates.

temperature. DOCA-NHS or bis-DOCA-NHS (441) was determined by bile acid assay, as reported in a previ-
was dissolved in anhydrous DMF (1 mL) and added to the ous study27,28] 3-a-Hydroxyl group of DOCA molecule
heparin solution. After 5h, the solution was quenched by is specifically converted to the 3-keto derivatives in the pres-
adding distilled water and pH was adjusted to 2 with 1IN ence of NAD and 3e-hydroxysteroid dehydrogenase, and
HCI. After mixtures were precipitated in an excess of cold its product, NADH, reacts with nitrotetrazolium blue under
acetone, the precipitate was washed three times with acetonghe catalytic influence of diphorase to give blue formazan
to remove excess DOCA and bis-DOCA, followed by drying derivative. The absorbance of the blue formazan derivative
in vacuum. The dried heparin conjugate was dissolved in formed by DOCA was measured at 550 nm. Thus, DS of
water and it was lyophilized to give white powder. The the conjugated DOCA or bis-DOCA per heparin molecule
presence of H-DOCA and bis-DOCA in heparin conjugate was determined from the standard curve of each DOCA and
was confirmed by the characteristic peaks of bile acid bis-DOCA, respectively. The chemical structures of heparin
appearing at 0.65-2.3 ppm.The new amide linkages betweerconjugates were analyzed using FT-IR spectrophotometer
heparin and DOCA in heparin appeared at 8.04, inltde (1725x, Perkin-Elmer) andH NMR (JEOL JNM-LA 300

NMR spectra. WB FT-NMR, Tokyo, Japan).
Anti-coagulantactivities of heparin conjugates were deter-
2.4. Characterizations of heparin-DOCA conjugates mined with a kinetic method using an anti-FXa chromogenic

assay kit with a chromogenic substrate sensitive to factor Xa
The degree of substitution (DS), defined as the number of (S 2222). The mean diameter and the zeta potential of aggre-
conjugated DOCA or bis-DOCA per one heparin molecule, gatesformed by heparin conjugates in buffer were determined
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using dynamic light scattering (Lexel Laser Model 95) and an SPR response for each sample was obtained from five dif-

ELS-800® electrophoretic light scattering spectrophotome-
ter (Otsuka, Electronics Co. Ltd., Japan), respectively.

2.5. Immobilization BBM vesicles on the biosensor chip

ferent measurements. After the analysis of each drug, the L1
chip® was readily regenerated by an injection of 100 mM
HCl/isopropanol (50/50, viv, %) solution at a flow rate of
20pL/min for 2 min. All data were double-referenced to cor-
rect for bulk refractive index changes, systematic artifacts

Duodenal and ileal BBM vesicles were prepared by the observed between BBM surfaces as well as the reference

C&* precipitation method, as described previoglg,23]

flow cell. All data were analyzed using the BIA evaluation

Duodenum and ileum segments, obtained from the small software (Biacore AB, Uppsala, Sweden).

intestines of SD rats (200-220 g, fasted overnight), were use
for the preparation of small intestinal BBM vesicles. The

d

purity of BBM vesicles was determined by the established 3. Results and discussion

procedure of an activity assay for alkaline phosphaf2sg
and N&K™* ATPase[30]. The prepared BBM vesicles were

3.1. Characterizations of heparin-DOCA conjugates

used for the SPR experiments within 6 h without any loss

of their carrier proteins and enzymatic activity. After all the
SPR experiments, we evaluated the bioactivity of BBM vesi-

We coupled succinyl ester of two kinds of DOCA deriva-
tives to the amine groups of hepariRig. 1), since other

cles to confirm whether BBM vesicles maintained the same functional groups, such as sulfonyl, carboxyl, and hydroxyl

property during the SPR experiments.

groups of heparin, are active sites of heparin as an anticoagu-

Prior to use, the biosensor chip surface was washedlant drug[32]. The synthesized heparin conjugates presented

with an injection of 40mM 3-[(3-cholamidopropyl)
dimethylammonio]-1-propanesulfonate at a flow rate of
5uL/min for 4 min, followed by washing with a running
buffer at a flow rate of p.L/min for 4 min. Then, each BBM
vesicle solution (2.5 mg/mL) was injected at the flow rate of
2 pL/min and the running buffer was allowed to elute continu-
ously to remove any slightly absorbed BBM vesicles. Finally,
the response level according to the immobilized BBM vesi-
cles was equilibrated within 10 min.

2.6. SPR experiments

the amide linkages between heparin and DOCA derivatives at
the wavelength of 1665 cnt in the FT-IR spectra. The pres-
ence of DOCA derivatives in heparin was also confirmed by
the characteristic peaks of DOCA appearing at 0.65-2.3 ppm
[33] and the new amide linkages between heparin and DOCA
derivatives appeared at 8.04 ppm in theNMR spectra (data
not shown)34].

The degree of substitution of DOCA derivatives to hep-
arin was calculated by measuring the remaining carboxylic
groups in heparin conjugates using the bile acid assay kit
(Table 1. The results indicated that the DS of H-DOCA and
H-bis-DOCA was 1.3 and 1.5, respectively. But the weight

Each sample, whose concentration ranged from 12.5 tofraction of DOCA molecules in H-bis-DOCA was about two

200pM, was dissolved in HEPES-buffered saline (10 mM
HEPES, 150 mM NacCl, pH 7.4) containing 0, 0.5 and 1%
(v/v) DMSO, respectively. A BIAcore 3000 (Biacore AB,

times higher than that of H-DOCA, because the bis-DOCA
molecule contained two DOCA molecules. These heparin
conjugates still presented a high anticoagulant activity of

Uppsala, Sweden) was used with a biosensor chip, whichabout 86.6—-91.7%.

is composed of dextran derivatives with modified lipophilic
residues (L1 chip, Biacore AB). In order to perform a reli-

The mean size of self-aggregates (1 mg/mL in HEPES-
buffered saline), determined by dynamic light scattering, was

able screening assay, each sample concentration was repeated the range of 600-820 nm, as shownTable 1 Since
five times and the order of injection was randomized, as the conjugated hydrophobic DOCA promoted intramolecu-

replicate experiments are known to provide an independentlar or intermolecular association in the aqueous solution, the
assessment of the total experimental noise in the SPR experheparin conjugates formed self-assembled nano-aggregates.
iments and that randomizing the samples is essential forMoreover, the zeta-potential of the aggregates was found to
removing any propensity in the resuf81]. The average  be very negative, about51 to —54 mV (Table 1), which

Table 1

Characterizations of heparin conjugates

Sample Molecular weight (B3] WF (%)° BA (%)° D (nm)yd £ (mV)e
H-DOCA 4950 1.33 9.09 91.7 820 —54
H-bis-DOCA 5508 1.50 18.3 86.7 600 -51

a DS, degree of substitution of H-DOCA and H-bis-DOCA.

b WEF, weight fraction of heparin conjugates.

¢ BA, bioactivity of heparin conjugates.

d D, diameter of heparin conjugates which was measured using dynamic light scattering.
€ Theé& potential of the heparin conjugates.
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indicates that negatively charged heparin molecules covered 60000
the surface of the aggregates. These results imply that, in the I [ H-DOCA
aqueous phase, their hydrophobic cores of DOCA derivatives B - -bis -DOCA
- . . 50000 |-
are surrounded by a hydrophilic and negative charged heparin
shell.
The solubility of heparin-DOCA conjugates differed 40000 -
according to the concentration of DMSO in buffé&id. 2).
When the DMSO concentration increased to 1% (v/v) in 30000 L

buffer, the light scattering intensity was decreased about
50%, compared to the heparin conjugates in buffer; this is
because DMSO is a good solvent for DOCA derivatives. On
the other hand, the light scattering intensity was nearly zero

20000
in 5% DMSO solution, indicating that the heparin-DOCA |
. - . . 10000 |-
conjugates were completely solubilized without forming any
1 '_I_
0.5 1 5

Light scattering intensity (a.u)

aggregates.

3.2. Immobilization of BBM vesicles on the L1 chip® 10

DMSO concent ration (v/v%)
BBM surface was prepared by immobilizing BBM vesi-

cles on the L1 chiB, as previously describg@3]. Briefly,
BBM vesicles, isolated from duodenum or ileum segment,
were immobilized on a single flow cell of L1 cifipby face fully covers the L1 chip surface at this optimized
injecting 5u.L of BBM vesicle solution at the elution rate of ~ condition and that this BBM surface prevents non-specific
2 uL/min. The resonance response of BBM surfaces becomebinding of samples to the bare L1 cRiurface[22—23]
stabilized to 4260 resonance unit (RU) within 5min. We Since H-DOCA or H-bis-DOCA was randomly adsorbed on
already confirmed in our previous studies that the BBM sur- the BBM surface immobilized onto the biosensor chip by

I

ig. 2. Effect of DMSO on scattering intensity of heparin conjugates.
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Fig. 3. The complete cycle of a sensorgram of the assay of BBM surfaces/heparin conjugates containing (a) BBM capturing, (b) drug binding, and (c)
regeneration, respectively.
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7000 produced. However, when the DMSO concentration was

oSO increased above 5% in a running buffer, BBM vesicles were

6000 - — 0.5% DMSO dissociated and the RU value was significantly decreased

---1%DMSO (data not shown). Thus, the maximum DMSQO concentration

5000 in buffer was set up at 1% for the SPR assay of heparin con-
jugates.

4000

3000 3.3. Absorption of DOCA salt to BBM surfaces

Response (RU)

To evaluate the role of DOCA as a promoter for oral
absorption, we examined the absorption of DOCA to the
BBM surface, in which duodenal and ileal BBM vesicles
were each loaded onto different sensor channels. The results
indicated that SPR signals of DOCA salt rapidly increased
P T S S TR T in both ileal and duodenal surfaces due to the presence of
0 200 400 600 80O 1000 1200 bound DOCA, which were then rapidly dissociated when

Time (sec) the solution was replaced with the running buffeig( 5).
The sensorgram ifrig. 5is quite different from a typical
SPR sensorgram, which is shownHig. 4. The sensorgram
was obtained at a high flow rate of gl/min, which is 10
both non-specific and specific binding, the binding affinity times higher than that used in BBM vesicle immobilization
of the heparin conjugates were evaluated by the amount ofin Fig. 4. It is known that this sensorgram with a fast steady-
bound heparin conjugates rather than association rate constate binding level is useful for assaying the binding level of
stant[22,24] In order to remove any free BBM vesicles and orally absorbed drugs onthe lipid-based SPR sy§t&m23]
slightly absorbed BBM vesicles on the L1 cRighe chip was In the case of duodenal BBM surface, the SPR signals might
washed with the running buffer for 30 min. Then, the reso- have resulted from non-specific physical interactions, such as
nance signal of BBM surfaces were stabilized at 4235RU lipophilicity, hydrogen bonding and ionic strength, because
with a drift of 0.5 RU/min. Each sample was injected into the the bile acid transporters are absent in the duodenum. It is
BBM surface at the rate of 20L/min for 2min. After the important to note that DOCA presented increased SPR sig-
sample screening, the BBM surface was completely strippednal (about 65%) onthe ileal BBM surface, compared to that of
off with a 40p.L injection of a 50/50 (v/v, %) mixture of ~ duodenalsurfaces. This result explicitly suggests that DOCA
100 mM HCl/isopropanol. The entire assay procedure was molecules specifically interact with bile acid transporters in
automated to repeat the immobilization of BBM vesicles, the ileal BBM vesicles.
the sample assay, and the BBM surface regeneration over 50
times for each flow cell of the 1% chip. The complete sen-  3.4. Absorption of heparin-DOCA conjugates to BBM
sorgram obtained from a typical binding cycle is shown in surfaces
Fig. 3

As shown inFig. 4, the efficiency and reproducibility of Heparin showed low absorption rate (less than 100 RU) on
BBM vesicle immobilization were not altered in the range the duodenal and ileal BBM surfaces due to the high molecu-
of 0-1% DMSO in buffer, and a stable BBM surface was lar weight and strong negative charges of heparin molecules.

2000

1000

Fig. 4. Reproducibility and stability of BBM surfaces according to DMSO
concentration.
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It was also found that the binding response of heparin did up in the intestinal tissues. When 1% DMSO solution was
not depend on the DMSO concentration. However, heparin- used as the running buffer, the binding responses of H-DOCA
DOCA conjugates exhibited different absorption patterns and H-bis-DOCA on the duodenal BBM surface slightly
according to varying BBM compositions and DMSO con- increased. On the other hand, the binding reaction of heparin-
centrations. On the duodenal BBM surface, the SPR signal DOCA conjugates in the ileal BBM surface was higher than
was dependent on the lipophilicity of the heparin conjugates that in the duodenal BBM surfac&i). 7b). Furthermore,
and the DMSO concentratiokig. 6a). the number of the conjugated DOCA molecules and DMSO
The binding reaction of heparin-DOCA conjugates had more significant effects on the ileal BBM surface than
increased with the increase in the number of con- ontheduodenal BBM surface. Therefore, the highestbinding
jugated DOCA molecules; that is, H-bis-DOCA>H- responsewas obtainedfrom H-bis-DOCAin 1% DMSO solu-
DOCA > heparinFig. b and c). Asthe number of conjugated tion, and this SPR signal was about 8 times higher than that of
DOCA molecules increased, the lipophilicity of heparin- heparinin the running buffeF{g. 7c). Even though we could
DOCA conjugate was increased, thereby increasing its take-not obtain the SPR sensorgram in 5% DMSO/buffer solution
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Fig. 6. Relative SPR responses for heparin and heparin conjugates to duodenal BBM surfaces: (a) heparin, (b) H-DOCA, and (c) H-bis-DOCA. Each sample
was injected at 12.5, 25, 50, 100, and 200 in a HEPES-buffered solution or in a 1% (v/v) DMSO mixed HEPES-buffered solution, respectively.
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Fig. 7. Relative SPR responses for heparin and heparin conjugates to ileal BBM surfaces: (a) heparin, (b) H-DOCA, and (c) H-bis-DOCA. Each sample was
injected at 12.5, 25, 50, 100, and 2081 in a HEPES-buffered solution or in a 1% (v/v) DMSO mixed HEPES-buffered solution, respectively.

in which the BBM surface are dissolved, the effect of DMSO binding response by about 26 and 42% by adding 0.5 and 1%
onthe binding level of heparin-DOCA conjugatestothe BBM DMSO into the running buffer, respectivellif. 8).
surfaces was evaluated by increasing the DMSO concentra- The conjugated DOCA molecules could form hydropho-
tionfrom 0.5to0 1% DMSO in the buffer solution. Based onthe bic cores by hydrophobic interactions, and since they were
solubility data Fig. 2), the binding level of heparin-DOCA  covered with hydrophilic heparin shells, heparin-DOCA con-
conjugates in 5% DMSO/buffer solution may be expected to jugates could form self-assembled aggregates in the aqueous
increase further, because the heparin-DOCA nanoparticlescondition. Hence, the conjugated DOCA molecules could
are completely dissolved in the 5% DMSO/buffer solution. not be fully exposed to BBM surfaces, thereby reducing their
The effect of DMSO concentration on the binding level of roles as a promoter for enhancing drug absorption on the
heparin conjugates to BBM surfaces is summarizeedn8. intestinal surface. When the aggregates of heparin-DOCA
With the increase of the DMSO concentration from 0.5 to conjugates were solubilized in DMSO solution, the conju-
1% in the running buffer, the binding responses of heparin- gated DOCA molecules could more freely bind to the BBM
DOCA conjugates on duodenal BBM surfaces increased surface.
about 10-24%Kig. 8a). In particular, on the ileal BBM sur- Heparin-DOCA conjugates could be absorbed on the
faces, heparin-DOCA conjugates showed a highly increasedintestinal surfaces both by non-specific absorption and spe-
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1000 The binding patterns of heparin-DOCA conjugates were
[ JHBS - N buffer found to be closely related to the physicochemical properties

77771 HBS - N buffer with 0.5% DMSO of each BBM surface and the drug solubility. Heparin-DOCA
800 F  EBERIHBS - N buffer with 1% DMSO conjugates showed an increased level of binding on the ileal

BBM surface due to the presence of bile acid transporters. In
addition, the solubilized heparin-DOCA conjugate in DMSO
600 | solution further increased the SPR response because the con-
jugated DOCA molecules of solubilized heparin-DOCA con-
jugate interacted more effectively with bile acid transporters
on the ileal BBM surface. The binding between heparin-
DOCA conjugates and small intestinal surfaces was success-
fully assayed using the SPR technique.
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