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Abstract

Two peptides, atrial natriuretic peptide (ANP) and salmon calcitonin (sCT) were conjugated with a fluorescent, amine-reactive probe !
(and 6-)carboxytetramethylrhodamine,-succinimidylester (5-(6)-TAMRA-SE). The labelling reaction was followed by HPLC and found to
be complete after 2 h. The labelled peptides were purified by gel filtration chromatography and characterisgdMR [ UV/VIS and
fluorescence spectroscopy. NMR-spectra confirmed the conjugation of dye to the peptides. Two absorption maxima between 500 and
nm were recorded in the UV/VIS-spectra. The fluorescence spectra were found to be pH-dependent, which allowed the measurement of
in aqueous solution. The labelled peptides were encapsulated into poly(lactic acid) (PLA) microspheres using a double emulsion techniq
Probe attachment permitted location of the peptides in the polyméQ98 Elsevier Science B.V.
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1. Introduction changes inside the microspheres, for example, could have
a destructive effect on the structural integrity of the biomo-
The therapeutic use of peptides in pharmaceutical formu- lecules. Another problem can be the adsorption of peptides
lations faces certain obstacles such as delicate stability orand proteins at the surface of microparticles instead of
low bioavailability due to enzymatic degradation in body encapsulation inside [7], which results in unfavourable
fluids [1]. To improve the ability to deliver peptide and release profiles.
protein drugs, many research groups incorporate these Many of these problems could be solved if proteins and
drugs into degradable polymers [2—4]. The resulting peptides could be located more easily after encapsulation.
micro- or nanoparticulate systems ensure therapeutic Peptides and proteins have no natural colour and their self-
plasma levels by protecting peptides from inactivation [5] fluorescence in the UV-range depends on the presence of
and by releasing them over a designated period of time [6]. aromatic amino acids (phenylalanine, tyrosine and trypto-
Surprisingly, only a few peptide microsphere preparations phane) as well as on the structure of the polypeptide chain
have been introduced to the market thus far. One of the [8], but they can be attached to compounds with character-
reasons could be the interaction of polymer degradation istic properties. Among the most frequently used labelling
and erosion products with the encapsulated drugs. pH- methods are the coupling of radionucleotides [9] or fluor-
escent probes [10] to peptides or proteins. Radiolabelling
Tresponding author. Department of Pharmaceutical Technology, Uni- need; Spe,CIaI equipment and tralnnjg, WhICh may ,no'[, be
versity of Regensburg, 93040 Regensburg, Germany. Tel.. +49 941 readily available. Fluorescence labelling, in contrast, is sim-
9434842; fax: +49 941 9434807. ple and can be performed using standard equipment.
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Conjugates of peptides or proteins with fluorescent dyes with a magnetic stirrer at room temperature. For kinetic
have the following advantages: studies, samples of 50 were taken out of the reaction
mixture at regular times and the reaction was quenched by

The labelled drug becomes visible and can be located adding 5041 of 1 M acetic acid.

during the manufacturing of microspheres and in all
studies thereafter by fluorescence microscopy [11]. 2.3. HPLC analysis of dye and peptides
Drug release can be followed more precisely since
fluorescent assays have a sensitivity that is three to
four orders of magnitude higher than that of standard
UV/VIS-methods [12].

Dye, peptides and bioconjugates were analysed by
reversed phase HPLC using a 24® mm Vydac RP-18
column (218TP54) with 5um pore size from Sigma. The
set-up consisted of an ISS-200 autosampler, a series 200
pump, and a 235 C diode-array detector, controlled by
Turbochrom software from Perkin Elmer igerlingen,
'Germany). Alternate detection was from a UV/VIS-de-
tector 430 from Kontron (Neufahrn, Germany) and a
RF-1501 spectrofluorophotometer from Shimadzu (Kyoto,

Although the labelling of proteins and peptides can be Japan). The kinetic samples obtained from the label-
achieved with well-established chemical reactions [13], ling reaction were diluted to 1 ml with distilled water.
little information on the application of fluorescent labelled 100 ul were injected and analysed for the different com-
peptides and proteins for incorporation into biodegrad- ponents involved in the reaction. The linear gradient used
able polymers is available in the literature. The intention for ANP was 41-70% phase B in phase A (A: 0.19% TFA
of this work was to use an efficient labelling procedure in water; B: 0.1% TFA in water/acetonitritle 1:1) over
and to develop suitable purification protocols. The final 25 min. For sCT the linear gradient employed was
goal was to characterise the obtained peptide-dye conju-80—20% phase A in phase B (A: 0.1% TFA in water; B:
gates and to incorporate them into biodegradable micro- 0.1% TFA in acetonitrile) over 25 min. The flow rate was
spheres. 1.5 ml/min. Peaks were detected at 210 and 255 nm using
the diode-array detector, at 550 nm using the UV/VIS-
detector and at 576 nm using fluorescence detection after

Internal changes in the chemical environment inside
microspheres during erosion, such as changes in pH
could be detected if the fluorescent label was pH-sen-
sitive.

2. Materials and methods excitation (Ex) at 550 nm. UV/VIS-spectra of detected
peaks were recorded in the range of 200 to 360 nm using
2.1. Materials the diode-array detector.

Atrial natriuretic peptide ¢-hANP; lot 3692101) 2.4. Purification of conjugates
was obtained from Suntory BioPharma Tech Center
(Gunma, Japan) and salmon calcitonin (sCT; lot 39060) Excess dye and other low molecular weight compounds
was from Sandoz (Basel, Switzerland). 5- (and 6-)Carboxy were separated from the labelled peptide by gel filtration
tetramethylrhodamine,-succinimidylester (5-(6)-TAMRA- chromatography. Sephadex G-10 with a fractionation range
SE) and its single isomers, were purchased from Molecu- aboveM, 700 was used as a stationary phase on a>606
lar Probes (Oregon, USA). Polyf-lactic acid) (PLA, mm i.d. Superformande column from Merck (Darmstadt,
Resomerl 202) from Boehringer Ingelheim (Ingelheim, Germany). A mixture of 1 M acetic acid/acetonitri#e9:1
Germany) was used as a model polymer for encapsulationwas used as a mobile phase. The flow rate of 0.4 ml/min was
studies. HPLC grade acetonitrile from Roth (Karlsruhe, adjusted with a constaMetric 3000 pump from Milton Roy
Germany) and trifluoroacetic acid (TFA) from Sigma (Dei- (Florida, USA). The fractions were detected at 550 nm using
senhofen, Germany) were used as HPLC solvents. Fora UV/VIS-detector 430 from Kontron (Neufahrn, Ger-
encapsulation studies 98% hydrolysed poly(vinyl alcohol) many). The conjugate fraction was collected and freeze-
(averageM, 13 000—23 000) from Aldrich (Milwaukee, WI,  dried with a freeze-drier Delta 1—24 KD from Martin Christ
USA) was used as a surfactant. Sephadex G-10 and all(Osterode, Germany).
other chemicals in analytical grade were purchased from
Sigma. 2.5. Nuclear magnetic resonance (NMR) measurements

2.2. Peptide labelling with amine-reactive fluorescent dyes Fluorescent dyes and labelled peptides were charac-
terised by {H]NMR. Spectra were obtained from 1% solu-
Five milligrams of peptide was dissolved together with tions in DMSO using a BZH 360/52 FT-NMR spectrometer
150 mg urea in 0.5 ml 0.1 M sodium bicarbonate solution from Bruker (Rheinstetten, Germany) at 360.14 MHz. Tet-
(pH 8.5). Ten milligrams of 5-(6)-TAMRA-SE in 0.75 ml  ramethylsilane was used as the internal standard.5All
acetonitrile was added to the peptide solution and stirred values are given in ppm.
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Fig. 1. (A) 5- (and 6-)Carboxytetramethylrhodamine-succinimidylester. (B) Reaction of a primary amine with a succinimidylEstarARRA,
R? = peptide).

2.6. Characterisation of labelled peptides by UV/VIS and conjugates in 1 M acetic acid. The pH-dependent spectra

fluorescence spectroscopy of labelled peptides were taken from 0.5 mg/ml and 0.05
mg/ml solutions in citrate-phosphate buffer in the range of

Absorption spectra of 5-(6)-TAMRA-SE, ANP, sCT and pH 2.2 to 8.

dye-peptide conjugates were recorded in the range of 200 to

800 nm with a Uvikon 810 UV/VIS spectrophotometer from 2.7. Microsphere preparation

Kontron (Neufahrn, Germany). Fluorescence emission (Em)

spectra were taken on an RF-1501 spectrofluorophotometer PLA microspheres were prepared by solvent evaporation

from Shimadzu after excitation at 530 nm. The dye was using a double emulsion technique [14]. In brief: labelled

dissolved in methanol, the peptides and the peptide-dyepeptide was dissolved in 1 M acetic acid to give a concen-
tration of 0.5 mg/ml. 20Qul of the peptide solution were

dispersed in a solution of 300 mg ResoMe202 in 1 ml
100 . K . .
= methylenchloride. This water/oil (w/0) emulsion was homo-
T god genised for 90 s with a Branson Sonifier B-12 (Branson,
‘®
S
O 60- Table 1
o Components of reaction mixture determined with HPLC
Z 1
< 40 ANP Labelled Reactive Unreactive
b= ANP dye dye
o 204 ] .
o Retention time 13.23 14.36 23.30; 27.24 17.63-20.53
(0] (min)
o T T T T T T T T T T T
0 20 40 . 60 . 80 100 120 sCT Labelled Reactive Unreactive
time [ min ] sCT dye dye

Retention time  19.65 21.66-23.45 14.50; 16.26  9.29-12.86

Fig. 2. Reaction kinetics of ANP labelling determined with HPLC at 210 (min)

nm.
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Fig. 3. (A) HPLC chromatogram of labelling mixture after 0.5 min reaction
time (255 nm). Peaks 1 to 6: fluorescent dye; peaks 4 and 6: reactive
components. (B) HPLC chromatogram of labelling mixture after 20 min
reaction time (255 nm). Peaks 1 to 6: fluorescent dye; peaks 4 and 6:
reactive components; peak 5: hydrolysation product.

Carouge-Gehee, Switzerland). After adding of 2 ml 0.3%
aqueous poly(vinyl alcohol) solution under vortex mixing a
multiple emulsion formed spontaneously and was poured
into a 0.1% poly(vinyl alcohol) solution. The organic sol-
vent was evaporated for 2 h. The resulting microspheres
were collected by centrifugation at 1500 rpm (Centrikon
T-42 K, Kontron), washed with distilled water and freeze
dried. Photographs were taken during all preparation steps

Table 2

Components of 5- (and 6-)TAMRA-SE in acetonitrile/water determined
with HPLC (Ex 530 nm, Em 576 nm)

Peak no. Retention Percent of total Assignment  Reactive
time (min)  amount injected

1 9.19 4.5 5-isomer No

2 10.22 12.5 6-isomer No

3 11.69 4.1 5-isomer No

4 12.95 15.2 5-isomer No

5 14.49 24.6 6-isomer Yes

6 16.26 39.1 5-isomer Yes

HPLC conditions were the same as for sCT.
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with a fluorescence microscope. The microscope set-up
comprised a BH2-RFCA microscope, a BH2-RFL-T3 bur-
ner and a SC35 Type 12 camera from Olympus Optical Co.
(Tokyo, Japan), and an HBO 100W/2 mercury short arc
lamp from Osram (Berlin-Maochen, Germany).

3. Results and discussion

The conjugation of amines with activated esters is an
established method to form neamidebonds. In the same
way tetramethylrhodamine, a fluorescent dye, can be
attached to proteins and peptides, if it has been activated
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Fig. 4. (A) HPLC chromatogram of 5-(6)-TAMRA-SE (Ex 530 nm, Em
576 nm). (B) HPLC chromatogram of 5-TAMRA-SE (Ex 530 nm, Em 576
nm). (c) HPLC chromatogram of 6-TAMRA-SE (Ex 530 nm, Em 576 nm).
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represent unreactive components. In addition 5-(6)-
TAMRA-SE may contain the free, unreactive dye. To clar-
ify this, 5-(6)-TAMRA-SE was investigated by HPLC. In
fact both UV/VIS detection and fluorescence detection (Fig.
4A-C) of the dye in an acetonitrile/water solution revealed
more than the expected number of dye compounds. Since
activated esters with acylating groups such as succinimidyl
esters are prone to degradation in water [15], the additional
2 3 peaks were suspected to be hydrolysis products. To identify
the peaks, 5-TAMRA-SE and 6-TAMRA-SE were also
L /—\/\ investigated by HPLC. By comparison with fluorescence
chromatograms of the single isomers (Fig. 4B and C), the
200 400 600 800 1000 1200 different peaks of 5-(6)-TAMRA-SE were assigned to either
time [min] the 5- or 6-isomer. Each isomer contributes two major com-
pounds; components 1 and 3 appeared to be impurities of 5-
TAMRA. The fluorescence chromatograms showed a large
amount of small peaks, which are probably impurities. This
by an acylating substituent, e.g a succinimidylester (Fig. is in agreement with findings by other authors, who have
1A). By reacting with primary aliphatic amines such as described a high heterogeneity of tetramethylrhodamine
from the terminal amino group or side chain amino acids, derivatives [20]. Considering these facts, the two reactive
the dye then is covalently bound to the peptide (Fig. 1B). compounds belonging to the succinimidyl-isomers could be
Succinimidyl esters are ideal reagents for the activation of identified beyond a reasonable doubt, but it appears impos-
dyes, since they require only a mildly basic pH of 8.5 to sible to identify all the peaks or to distinguish between
react with the unprotonated amines and to form stable amideimpurities and possible hydrolysis products. Table 2 gives
bonds [15]. The reaction mechanism is well established [16] an overview of HPLC data for 5-(6)-TAMRA-SE.
and consists of the nucleophilic amine component attacking Excess dye and low-weight impurities were removed
the carboxylic C-atom of 5-(6)-TAMRA-SE by forming a from the bioconjugate by gel filtration chromatography.
hydrogen-bonded transition state, wherein the amine com-The reaction mixture yields three fractions, the first distinct
ponent is fixed to a favourable reaction position. The sub- one being the dye-peptide conjugate. Labelled ANP could
sequent rapid cleavage of water solublhydroxy- be collected after 2.5 h (Fig. 5) from the exclusion volume,
succinimide is related to its electron-attracting effect and labelled sCT after 1.5 h, respectively (Fig. 6). They were
the peptide-dye product is left. Special attention had to be followed by two rather broad peaks. These peaks represent
paid to the low solubility of the peptides [17,18], since the unconjugated, unhydrolysed (peak 2) and unconjugated,
labelling reaction required slightly basic media close to their hydrolysed dye (peak 3). The amount of hydrolysed and
isoelectric point. An intermediate pH between the optimal unhydrolysed dye in the reaction mixture of ANP were
pH for the labelling reaction and the pH for peptide solubi- roughly the same. The amount of hydrolysed dye in the
lity had to be found. To improve the solubility of the two sCT reaction mixture is approximately 3-times larger than
model peptides, urea was used as a solubilizer. Concentratedhe unhydrolysed one.
solutions of urea are solvents, in which polypeptide chains NMR-spectroscopy confirmed the conjugation of dye to
are as close to the unperturbed state as possible and there-
fore mostly soluble [19]. 1

To determine the end point of the reaction, the kinetics
were investigated. The peptide disappeared from the reac-
tion mixture in an exponential way (Fig. 2). More than 50%
of peptide was labelled after 20 min, and after 1 h the reac-
tion was complete. The retention times of the peaks in the
HPLC chromatograms obtained from the reaction mixtures
of both peptides are shown in Table 1.

The chromatogram of ANP was found to contain seven
different components immediately after the reaction was
initiated (Fig. 3A). After 20 min the number of components
increased to eight (Fig. 3B). Two peaks represent ANP and . 1 . : . L . 1
its bioconjugate, the other six stem from the fluorescent dye. 200 40 600 800
Only two of the dye peaks decreased during the reaction, time [min]
therefore one can conclude that these represent the tWokig 6. Gel-filtration chromatogram of labelled sCT. 1, labelled sCT; 2,
reactive isomers of 5-(6)-TAMRA-SE. The other peaks unhydrolysed dye; 3, hydrolysed dye.

Fig. 5. Gel-filtration chromatogram of labelled ANP. 1, labelled ANP; 2,
unhydrolysed dye; 3, hydrolysed dye.
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Fig. 7. FHINMR spectra of ANP (arrow indicates the signal from the primary amino groups).

the peptides (Figs. 7 and 8). The signal at 5.33 ppm, which peak splitting, which is different from the value that was
may be assigned to the primary amino group, disappearedfound for the free dye in methanol, is a typical phenomenon
after the labelling reaction, which indicates that the dye is for tetramethylrhodamine labelled proteins [21]. It arises
attached to the N-terminal amino group. It cannot, however, from the varying degree of substitution of dye per bio-
be excluded that dye molecules are also attached elsewherenolecule and complicates the determination of dye/peptide
[10]. At pH 8.5 phenolic hydroxyl groups such as the 4- level.
hydroxy group of tyrosine, for example, are unprotonated One of the major goals for the manufacture of peptide-
and could react with 5-(6)-TAMRA-SE as well. To inves- dye conjugates was to facilitate the location of the peptides
tigate this possibility, dissociable protons were removed inside microspheres after encapsulation. 5-(6)-TAMRA-SE
from the peptides by adding deuterated water. Thus, only was chosen as fluorescent label, because it shows less photo-
the undissociable protons of the aromatic compounds bleaching than other fluorescent derivatives such as fluor-
remained. The NMR spectra of ANP displayed two distinct escein, for example [22]. Rapid fading of the dye would
signals after this proton exchange, which resulted from the complicate fluorescence microscopy. Furthermore, photo-
amino acids tyrosine and phenylalanine. After labelling degradation is not desirable for quantitative measurements
with 5-(6)-TAMRA-SE the signal splitting of tyrosine dis-  during release studies. Although 5-(6)-TAMRA-SE fluores-
appeared and the coupling constant was different, which cence is pH-insensitive according to the literature [20,21],
indicates that at least a part of the tyrosine groups in the the fluorescence of peptide-dye conjugates was critically
ANP molecule were modified. examined for its spectral properties in citrate-phosphate buf-
To further prove that the labelling reaction was suc- fer solutions of pH 2.2 to 8 (Fig. 10). A clear pH-depen-
cessful, absorption spectra were recorded. At first, dye dence of fluorescence intensity was observed, which was
and peptides were investigated. Both peptides showednot shown in the corresponding absorption spectra. It can
maximal absorption between 200 and 220 nm. In contrast be concluded that in contrast to the parent dye, the resulting
to the spectra of the unconjugated peptides, two peaks inbioconjugates are sensitive to variations of pH. This phe-
the visible range appeared at 522 and 558 nm for labelled nomenon could be related to changes in dye properties after
sCT and at 523 and 558 nm for labelled ANP (Fig. 9). The the reaction or to conformational changes of the peptide
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Fig. 8. FHINMR spectra of labelled ANP (arrow indicates that the signal from primary amino groups has disappeared).
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backbone. At physiological pH-values th& pf 5-(6)- covalently fixed to the drug. This would be a major advan-
TAMRA-SE'’s tertiary amino group is too high for an ioni- tage over other approaches, in which the pH-probe is inde-
sation change, but progressive fluorescence quenching withpendent from the peptide and can move away freely.
decreasing pH has been reported [23]. On the other hand However, many problems have still to be solved prior to
structural fluctuations of the peptide induced by environ- the use of the conjugates as pH-sensitive probes. The system
mental conditions, such as pH, may also be involved [24]. has to be calibrated, and a measuring technique has to be
The pH-dependent fluorescence of the conjugates could beused that allows to eliminate the impact of light-scattering
of great value for studying pH-changes inside eroding on the results.

microspheres made of biodegradable polymers. Changes In order to follow the fate of the drug throughout all
could be detected directly at the peptide, as the label is preparation steps, the labelled peptides were encapsulated

pH8,0 Ex=530 nm
400
sCT labelled s
ANP labelled ‘B
el 8 300
o £
()
[3)
= 8
© & 200
0 Q
o
3 g 100
Qa
®© &
0
. ) L ) 700
450 500 550 600 650 wawvelength [ nm]
wavelength [ nm ] , . o
Fig. 10. Fluorescence emission spectra of labelled ANP in citrate-phos-

Fig. 9. Absorption spectra of labelled ANP and sCT. phate buffer of different pH.
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Fig. 11. Picture of the w/o-emulsion containing labelled ANP taken with a fluorescence microscope.

Fig. 12. Picture of microspheres containing labelled ANP taken with a fluorescence microscope.




A. Brunner et al. / European Journal of Pharmaceutics and Biopharmaceutics 45 (1998) 265-273 273

into PLA microspheres and located by fluorescence micro- block structure, containing hydrophobic poly(lactide-co-glycolide)
scopy. Peptide sites in the w/o-emulsion of aqueous peptide A blocks and hydrophilic poly(ethylene oxide) B blocks, J. Control.

. . . Release 39 (1996) 315-326.
and organic polymer solution (Flg' 11) could be seen [4] J. Kreuter, Nanopatrticles, in: J. Kreuter (Ed.), Colloidal Drug Deliv-

clearly. The drug gathered in the fast coalescing water dro- ery Systems, Marcel Dekker, New York, pp. 219—342.
plets, which were dispersed in the polymer matrix. After [5] S.P. Schwendeman, H.R. Costantino, R.K. Gupta, R. Langer, Pro-
encapsulation the labelled peptides were distributed all gress and challenges for peptide, protein and vaccine delivery from
over the microspheres in a pattern similar to the one implantable polymeric systems, in: K. Pa_rk (Ed.), C;ontrollgd Drug
observed in the w/o-emulsion (Fig. 12)_ It became evident Delivery: The Next Generation, ACS series, Wa_shlngton, in press.
) ] . [6] Y. Tabata, S. Gutta, R. Langer, Controlled delivery systems for
that particles had a blister-like surface, as long as the poly- proteins using polyanhydride microspheres, Pharm. Res. 10 (1993)
mer matrix was not completely hardened. Afterwards fluor- 487-496.

escence became more bright and the microsphere shapel7] S. Calis, R. Jeyanthi, T. Tsai, R. Mehta, P. DeLuca, Adsorption of
could be seen distinctly. The labelled compounds proved salmon calcitonin to PLGA microspheres, Pharm. Res. 12 (1995)

. : : . 1072-1076.
to be excellent materials to investigate the fate of peptides [8] H. Welfle, Optische Spektroskopie, in: M. Holtzhauer (Ed.), Metho-

durmg m'croencapSU|at'on- den in der Proteinanalytik, Springer, Berlin, 1996, pp. 123-140.

[9] N. Willmott, T. Murry, R. Carlton, Y. Chen, H. Logan, G. McCur-
rach, R. Bessent, J. Goldberg, J. Anderson, J. McKillop, Develop-
ment of radiolabelled albumin microspheres: a comparison of
gamma-emitting isotopes of iodiné*() and Indium ¢*4n/***Mn),

. . . Int. J. Appl. Instrum. 18 (1991) 687—-694.

The proposed method for labelling peptides with fluores- [10] P.Brandtzaeg, Rhodamine conjugates: Specific and nonspecific bind-
cent dyes and the subsequent purification by gel filtration ing properties in immunohistochemistry, Ann. N. Y. Acad. Sci. 254
proved to be simple, quick and efficient. Bioconjugates (1975) 35-64.
could be identified by their characteristic absorption and [11] L. Cutts, S. Hibberd, J. Adler, M. Davies, C. Melia, Characterising

. drug release processes within controlled release dosage forms using
fluorescence spectra. The fluorescence emission of pep the confocal laser scanning microscope, J. Control. Release 42

tide-dye conjugates proved to be pH-dependent. With the (1996) 115-124.
help of labelled peptides, drug sites throughout formulation [12] G. Schwedt, Fluorimetrische Analyse, Verlag Chemie, Weinheim,
and in the resulting drug delivery systems could be detected 1981.
with great specificity. [13] M. Brinkley, A brief survey of methods for preparing protein con-
jugates with dyes, haptens and cross-linking reagents, Biocon;.
Chem. 3 (1992) 2-13.
[14] Y. Ogawa, M. Yamamoto, H. Okada, T. Yashiki, T. Shimamoto, A
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