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Abstract:
The excipients induced instability in protein and peptide drug may follow the physical and chemical degradation of
native protein. Serratiopeptidase (SRP) was used as a model peptide. SRP was studied for in-vitro degradation
characteristics with enteric polymeric excipients such as eudragit S-100. Assessment and type of degradation was
analysed by Spectrophotometry, kinetic mode UV spectroscopy and sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE). The above investigation reveals that the model protein follows degradation with
eudragit S-100 in SIF with no new fragments. Therefore it may be concluded that when such peptides are
formulated with enteric excipients the aggregation follows with adsorption on enteric polymers in simulated
intestinal fluid.
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Introduction
Protein and peptides are important class of potent therapeutic drugs. However their susceptibility to chemical and
physical degradation makes formulation and development more challenging than conventional drugs. This is in
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part due to incompabilities with excipient and unique physicochemical and biological properties of proteins and
peptide drugs1, 2.
The excipient induced instability in protein and peptide drug may follow the physical and chemical
degradation of native protein. These incompabilities may consequently induce the change in conformation and
structures of proteins. To preserve the formulation from hydrolysis and enzymatic degradation they are mostly
formulated with the enteric excipients. As the proteins are very sensitive to their environment, these
incompabilities may be provoked when the formulation is subjected dissolution in intestinal fluid. It is prerequisite
for these drugs to be absorbed and transported in native conformation and structures for the physiological activity.
Furthermore when they are formulated in combination, the stability profiles in such fluid need to be elaborated for
the predication of physiological activity at target site2, 3.
The activity of proteins depends on the three-dimensional molecular structure. The dosage form
development of proteins may expose the proteins to harsh conditions that may alter their structure. When these
incompabilities proceed with excipient they will have implications in the efficacy and immunogenic response. The
excipient induced incompability and consequent physical degradation involves modification of the native structure
of a protein to a higher-order structure, which may be a result of adsorption, aggregation, unfolding, or
precipitation. Sometimes these incompabilities may induce chemical degradation which usually involves bond
cleavage and leads to the formation of a new product. Chemical degradation is preceded by a physical process such
as unfolding, which exposes the hidden residues to chemical reactions. The processes involved in chemical
degradation are deamidation, oxidation, disulfide exchange, and hydrolysis. Proteins must be characterized for
change in conformation, size, shape, surface properties, and bioactivity upon formulation processing. Further the
excipients induced change in pH may also alter the isoelectric points of native proteins and subsequently the
solubility of proteins may be affected3, 4.
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The present study is design to investigate the stability profile of peptide drugs subjected to the oral
administration and formulated with enteric coated tabled excipient. The stability of peptides is investigated in
simulated intestinal fluid with their co-manufactured enteric excipients4, 5.
Materials and Methods:
Commercial SRP enteric film coated tablets (10 mg, molecular weight 52 kDa; Biosuganril*10, Piramal
healthcare) and Eudragit S100 (Zim laboratories, Nagpur). Sodium dodecyl sulphates (SDS), monobasic potassium
phosphate, sodium hydroxide (NaOH) were obtained from pharmaceutics laboratory, Gurunanak college of
pharmacy, Nagpur. Low molecular weight markers for protein analysis were provided by Hislop college, Nagpur.
The SDS-PAGE analysis was performed at Hislop college, Nagpur. The spectrophotometric analysis was done on
shimazdu A-1700, incubator used is orbital mechanical shaker and incubator (REMI).
Preparation of simulated intestinal fluid:
Accurately weight quantity of monobasic potassium phosphate (6.8g) in 250 ml of water was mix and
dissolved. Sodium hydroxide (0.2 N, 77ml) was then added with 500 ml of water. To the above solution pancreatin
(10g) was added and mixed properly. The resulting solution was adjusted to the pH 6.8±0.1with 0.2 N NaOH or
0.2 N HCl and volume was made to 1000ml.
In-Vitro degradation of peptide enteric coated film coated tablets:
Group Ia-Enteric coated peptide in simulated intestinal fluid (SIF) with Incubation:
The enteric tablet samples were placed in simulated intestinal fluid (SIF) prepared from the procedure as given
in section 3. They were incubated in orbital shaker incubator at 37ºC. They were retained in separate tubes for 8
hours. The samples were removed every hour and analysed for degradation if any by spectrophotometry and
electrophoresis.
Group Ib-STD peptide in with Incubation: The STD peptide was dissolved in DW to access the change if any
occurred through the contact of water only. They were incubated in orbital shaker and incubator at 37ºC. They
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were retained in separate tubes for 8 hours. The samples were removed every hour and analysed for degradation if
any by spectrophotometry and electrophoresis.
Group IIa-Enteric coated peptide in SIF without incubation:
The samples of given enteric tablets were placed in SIF (prepared as given in section 3) at room temperature,
without incubation. The samples were removed every hour and analysed for degradation if any by
spectrophotometry and electrophoresis.
Group IIb-STD peptide without Incubation:
The STD peptide was placed in DW at room temperature, without incubation. The samples were removed
every hour and analysed for degradation if any by spectrophotometry and electrophoresis.
Determination of protein structural integrity with enteric excipient by SDS-PAGE:
The raw samples were obtained from given group with released protein and associated enteric excipient. The
excipient may interfere with protein integrity analysis, as both are high molecular weight component. The protein
was extracted from given sample with removed excipient and then analysed for SDS-PAGE.
Preparation of samples for electrophoresis:
The raw samples as collected from given group Ia, Ib, IIa, IIb, were centrifuged. The supernatant were
separated and SDS- PAGE sample buffer was added. The samples were then resuspended in 0.25 ml of 5% w/v
SDS solution. A mixture of dichloromethane 0.5ml (DCM) and acetone 0.5 ml was added to dissolve the enteric
polymer. The organic phase was removed and samples were subjected to SDS-PAGE analysis.
Preparation of solutions for SDS-PAGE:
1. Solution A was prepared by accurately weighing 30g of acrylamide and 0.8g of bisacrylamide and was
dissolved in 100ml of water. Solution B is prepared by accurately weighing 18.66g tris-HCl and dissolved in
100ml distilled water, pH 8.8. Solution C was prepared by accurately weighing 6.55g tris-HCl in 100ml of distilled
water, pH 6.8. 10% SDS, 10g is dissolved in 100 ml distilled water. 10% 2-mercaptoethanol solution was prepared
and 1 ml of this solution is diluted up to 10ml distilled water.
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2. Tracking dye was prepared by mixing 2ml of above solution C with 1.5ml 10% SDS. 2ml of glycerol is added
to it. Further 1ml 2-mercaptoethanol was mixed and 25mg bromophenol blue was dissolved with it.
3. Tracking buffer was prepared as 0.5g tris buffer with 14.4g glycine was mixed with 1g SDS in 1ml distilled
water, pH-8.3.
4. Coomassie blue 0.2% w/v in methanol:acetic acid:water in the ratio 4:1:5, The above solution was filtered and
store in dark bottle.
5. De-staining solution comprise of methanol:acetic acid:water in ration 4:1:5.
Processing of prepared samples by SDS-PAGE:
Sodium dodecyl sulphate is a detergent that readily binds to proteins. At pH-7 in the presence of 1% w/v SDS
and 2-mercaptoethanol, proteins dissociate into their subunits and bind about 1.4g of SDS per gram of protein
which completely masks the natural charge of the protein giving a constant charge to mass ratio. The larger the
molecule therefore the greater the charge so the electrophoretic mobility of the complex depends on the size (mol.
wt.) of the protein and a plot of log mol wt. against relative mobility gives a straight line. The molecular wt. of a
protein is determined by comparing its mobility with a series of protein standards. The sieving effect of the
polyacrylamide is important in this technique and the range of molecular wt that can be separated on a particular
gel depends on the pore size of the gel. The amount of crosslinking and hence pore size in a gel can be varied by
simply altering the amount of acrylamide to make 5% or10%.
The protein (52 kDa) extracted with procedure as given in section 5-I and molecular weight markers
solubilised with sample buffer were loaded onto a vertical slab gel and subjected to electrophoresis at 50 V till the
tracking dye reached the boundary of stacking and running gel. As the tracking dye entered running gel, the
voltage was increased to 100 volts and when it reached 3/4 of the gel, electrophoresis was stopped. The gel was
carefully removed from the glass slabs and proteins were visualised by staining overnight with coomassie brilliant
blue
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water:methanol:aceticacid(4:5:1).
Determination of protein degradation with enteric excipient by spectrophotometry.
The raw samples as collected from given group Ia, Ib, IIa, IIb, were centrifuged. The supernant were separated
and then resuspended in a mixture of DCM (0.5ml) and acetone (0.5 ml) to dissolve the enteric polymer. The
above solution was then filtered and subjected UV-analysis.
Spectral analysis of protein associated with enteric excipient.
The shift in absorption maxima and change in spectral (area) movement was studied for all the samples from given
group Ia, Ib, IIa, IIb. All the samples were pre-treated as mentioned earlier. The shimazdu A-1700
spectrophotomer was used analysed the above samples in spectrum mode.
Stability analysis of protein associated with enteric excipient in kinetic mode:
The stability of given protein samples with enteric excipients were studied. The samples were removed at 2, 4,
6, 8 hour interval and pre-treated as given in section 6. All the samples of known concentration (10mg) associated
with enteric excipient were subjected to two hour kinetic mode analysis in shimazdu A-1700 spectrophotometer.
The changes in absorbance were recorded for above samples from all the groups.
Results and Discussions
Spectral analysis Kinetic mode UV spectroscopy:
The spectral study shown that the above STD peptide shows two absorption peaks. In part the first peak is of
SRP having absorption maximum at 229.5 nm. The absorption maximum at 265 nm was may be due to the peptide
linkage of the model peptide. Following incubation of given protein with enteric excipient it has been observed
that peak at 265 nm gets broaden edifying the change in protein component of sample. The change is found to be
progressive with the incubation (fig.1). SRP is quite stable compared to other peptide usually given parenterally.
The STD peptide in distilled water shows that there is no change in spectral characteristic of the peptide at both
absorption maxima either incubated or not (fig: 2 & 3). Therefore, it may be interpreted that incubation and STD
peptide in distilled water would not have any impact on the stability of peptide.
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Fig: 1 Spectral analysis of Peptide with excipients (A) and STD peptide (B).

Fig: 2 STD peptide without incubation.
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Fig: 3 STD peptide with incubation.

Fig: 4 Kinetic mode Spectroscopy of peptide with enteric excipients.

When it is incubated in SIF with enteric excipient it shows definite change in the spectral characteristic of
peptide component (Fig.1). There may be possibility that some aggregation is initiated due to which the peak at
265 nm gets broaden.
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The stability study was carried out for two hour in kinetic mode of the Shimazdu UV A-1700
spectrophotometer. The data obtained is shown in fig 4. The observation revealed that the absorbance is decreasing
of native peptide with proceeding time. From fig.4, the degradation is initiated after initial 500 second. Therefore
the peptide coated in enteric polymers may proceeds degradation SIF.
Electrophoresis studies:
Following the electrophoresis using SDS-PAGE it has been observed that no single lane diverted from the
normal. The lanes travel the same distance (52kDa) for all the groups signifying that there is no molecular weight
variation. Therefore there may be no new substances are form. Even traces of other component are not found with
all applied procedure for STD peptide in DW and peptide with excipients in SIF and DW (Fig 5).
The peptides drug generally have primary, secondary and tertiary structures, unlike conventional drugs and
in solution may adopt several different conformations depending upon their size. It is prime requisite to preserve
the pharmacologically active conformation during the process of formulation6, 7. But still for physiological action it
should not also change conformation in gastric/intestinal fluid. Even, when they are incorporated with enteric
excipient which allows the drug to release at pH-7, necessitates the through studies on the ionization of peptide
and isoelectric point characteristics7, 8 and9.
Fig: 5 Sodium dodecyl sulphate- polyacrylamide gel electrophoresis analysis.

Lane I to V: Group Ia, Ib, IIa, IIb, STD peptide
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At isoelectric point the aqueous solubility of peptide is minimal where the drug is neutral or has no net charge.
Excipient like reducing sugars can react with protein amino group to form Schiff’s base10,

11, and 12

. When the

enteric excipients are incorporated the pH induced unfolding leads to state of lower electrostatic free energy13, 14and
15.

When protein possesses both positive and negative charges, anisotropic charge distribution leads to dipole. In

this case, repulsive protein-protein interaction could make assembly processes such as aggregation energetically
favourable. This may be the rationale why degradation was proceeds in this case without any new component
formed. It may also be possibility that peptide would be absorbed on the eudragit S-100 when it was place in DW
and released during incubation period (fig: 1). These studies are important when the dosage form is allowed to
remain in intestinal tract for longer duration of time eg. Sustained delivery of biotechnologically derived product.
The conformation of protein should remain the same throughout the absorption and transit time.
Conclusion
When increase gastric residence of dosage form is required (eg. Sustained oral delivery) the stability studies are
essential in bio-phase environment to target the site with native peptide structure and specificity. The above
investigation reveals that the model protein follows degradation with eudragit S-100 in SIF with no new
fragments. Therefore it may be concluded that when such peptides are formulated with enteric excipients the
aggregation follows with adsorption on enteric polymers in simulated intestinal fluid. The compatibility studies
with the excipient should be carried in biological fluids out for such biotechnologically derived product for
efficient delivery at target site.
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