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A bstract: Papain is used as an ingredient in various enzymatic debridement preparations. Those 
paste-like preparations are based on water solution and usually are sterilized by radiation. As a 
consequence, there is a major decrease in papain activity. Papain containing preparations are used in 
chronic wounds treatment in order to clean and remove the necrotic tissue. However FDA (2008) is 
taking an action against such products due to severe adverse events reported in patients which were 
submitted to papain treatments. Thus, the main goal of this proposal is to develop encapsulated papain 
containing membranes based on hydrogels and silicone rubber in an attempt to achieve a controllable 
distribution of size and delivery profile, a toxicity reduction and provide stability towards radiation 
processing through nanoencapsulation with cyclodextrins, which may also provide protection to the 
enzyme against radiation induced radiolysis.

1. INTRODUCTION

Papain is a proteolytic enzyme obtained from the Carica papaya  L. and its mechanism 
o f action occurs through a caused protein molecules dissociation resulting in chemical 
debridement. Its catalytic centre is formed by a triad composed by amino acid residues known 
as Cis 25, His 159 e Asn 175 and the interaction among these compounds is responsible for its 
catalytic mechanism over the substrate (Sangeetha and Abraham, 2006).

Its usage dates a long time in the past for wound healing purposes. The enzyme therapeutic 
value is recognized in difficult recovery wound treatments, where a wide area has been 
affected and a quick debridement is required (Alvarez et al., 2002). It’s relevant to note that 
the application o f products at these specific sites require effective sterilizing methods.

The enzyme safety use was confirmed using human keratinocytes and in vitro stratum 
corneum. Its effectiveness was proven by the analysis of the human stratum corneum 
components disarray through biophysical methods (Lopes et al., 2008).'

Recently, the Department of Health and Human Services of the Food and Drug 
Administration (FDA) imposed restrictions to papain applications once several adverse effects 
related to topical papain products were reported raising serious safety concernments regarding 
these products. Cases o f anaphylaxis, anaphylactic shock and hypersensitivity were reported 
and now such products require an approval of this organization prior to their 
commertialization (FDA, 2008).

Such restrictions have raised the importance o f finding new alternatives to solve these 
concernments and therefore obtain an adequate product or reduce the undesirable reactions of 
the commercially available papain containing formulations. Among other biophysical 
methods, radiation may not only represent an effective sterilizing method but an alternative to

33

Working Document



Working Document

enhance biomolecules intrinsic characteristics and reduce their toxicity, once previous studies 
pointed out the irradiation technology ability in reducing the allergenicity o f certain foods 
(Byun et al., 2002).

Ionizing radiation is known as the best method to destruct pathogens and deteriorating 
microorganisms (WHO, 1999) and its usage is increasing gradually worldwide. Gamma 
radiation is capable o f sterilizing a product once the substance is exposed to gamma rays, 
through a 60Co radioactive source. Such rays induce the covalent bonds cleavage due to a 
direct impact over the molecules and after reaching the water molecules, it is also capable of 
disrupting them leading to a free radicals release which may be harmful to other molecules 
(Eagle, et al., 2005). Ionizing radiation has also been proposed to control the clusters size, 
which may reduce the aggregates formation, leading to an enhanced enzymatic activity and 
also conferring a longer stability. In such way, the complex formation between cyclodextrins 
and papain may be explored at a nanotechnological level, which would hold more activity and 
less toxicity due to the low concentrations.

However, such technique may not only lead to benefits to the exposed molecules once bond 
cleavages and conformational changes are frequently observed as a result o f the radiation 
impact, which could decrease the bioactivity o f the assayed compounds (Lee et al., 1999).

2. M ETHODOLOGY

Pow der sam ples

Papain samples o f 1 g were weighted in an analytical scale Acculab ATILON model 
ATL-124-I, and conditioned, being protected from sun light and excessive moist.

A queous m edium

An aqueous solution was prepared containing 0.8% (w/v) papain, 0.16% (w/v) cistein 
and 0.2% (w/v) EDTA solubilized in distilled water under light agitation.

P hosphate  bu ffer

The enzyme was diluted in phosphate buffer (pH 6) containing cistein and EDTA, in 
order to obtain a 0.8% (w/v) papain phosphate buffer solution.

R adiation  exposition

The samples were exposed to gamma radiation, using 60Co as a radioactive source in a 
gammacell 220 Irradiator from Atomic Energy o f Canada Limited (AECL), Ottawa Canada, 
at the Radiation Technology Center (CTR), IPEN CNEN/SP using the respective doses o f 5, 
15 e 25 kGy. During the exposition period the samples were maintained at 8°C.

Activity Assay

The activity experiment was performed using the Na-Benzoyl-DL-arginine p- 
nitroanilide hydrochloride (BAPA) as a specific substrate. A  papain catalyzed triple 
hydrolysis o f such substrate releases the p-nitroaniline, a yellow substance able to be 
estimated colorimetrically, proportional to the active papain present. The substrate was 
solubilized in DMSO and diluted in phosphate buffer to obtain a concentration o f 1 x 10- M. 
Aliquots o f 120 ^L were used. The samples were diluted in phosphate buffer (pH 6.0)

34

Working Document



Working Document

containing cistein in order to reach a final concentration o f 240 ^g/mL and aliquots o f 100 ^L 
were used for the experiment. The enzyme was activated for at least 20 minutes in such 
solution prior to the beginning o f the experiments.

The samples and the substrate solution were added to a 96 well microplate and 
submitted to incubation in a MARCONI® Model MA 159BB water bath at 40°C for 45 
minutes. A t 0, 15, 30 and 45 minutes a 30% acetic acid (50 ^L) solution was added to the 
respective well in order to cease the hydrolysis. The p-nitroaniline amount released was 
estimated at 405 nm using a LGC® model LM-LGC microplates reader. All experiments 
were performed in triplicate.

W o rk  P lan  for 3 Y ears - G eneral Goals

- To develop a papain and cyclodextrin complex to investigate the radyolitic stability and 
toxicity;

- Evaluate the effects o f the media over the complex stability exposed to ionizing radiation.

- To confer stability towards radiation processing by nanoencapsulation with CDs;

- To control de size o f protein/Cd complexes

- To develop membranes based on hydrogels to achieve a major reduction in toxicity.

- To control pore size in order to improve the release profile;

- Evaluate the radiation effect over the papain aggregates size;

- Evaluate the aggregates particle size in the papain release from the complex.

Specific Goals

-iTo establish the methodology for assessing papain stability;

- To determine the stability o f papain in aqueous, gel and dry formulations;

- Evaluate the effect o f media over papain stability

- To determine the stability o f the papain gel, aqueous solution and dry formulations exposed 
to ionizing radiation;

- To determine the stability o f the papain/CD complex in aqueous, gel and dry formulations.

- To determine the stability o f the complex exposed to ionizing radiation;

- To prepare the gel containing the CD/papain complex;

- Control the papain aggregates particle size using radiation;

- Control the gel porous size by radiation exposition.
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Expected O utpu ts

- Development o f methodologies to prepare and characterize nanogels based on papain 
complexed with CD;

- Demonstration o f the application o f such complex for topical use on the treatment o f wounds 
from bed sores;

- Publication o f the results under the IAEA Radiation technology series.

P re lim inary  Results 

Phosphate  bu ffer

The activity values that correspond to the papain containing phosphate buffer solutions 
are described in table 1. Activity losses of 10.46%, 16.49% and 20.51% were observed after 
exposition to radiation doses o f 5, 10 and 25 kGy (Fig. 1), respectively, if  compared to the 
control sample, which presented an increase in the enzymatic activity o f 17.96% over the 
experiment period (Fig. 2).

Fig. 1: Percentage of the relative enzymatic activity loss of each medium after exposition to the selected
radiation doses.

Pow der sam ples

After the radiation exposition the activity measurements revealed that the tested 
samples presented similar values as the control sample (Table 1). No significant activity loss 
was observed at the tested radiation doses.

36

Working Document



Working Document

Radiation dose (kGy)

Fig. 2: Percentage of relative enzymatic activity values of each medium during the experiment.

A queous solution

The papain aqueous solutions suffered an activity loss o f 29.5% at 5 kGy, 76.15% at 
10 kGy and 82.18% kGy (Fig. 1). A  decrease o f 9.79% of papain activity was observed for 
the control sample. The activity values are expressed in table 1.

TABLE 1 RELATIVE ENZYMATIC ACTIVITY VALUES (USP/ML-1) OF EACH MEDIUM DURING THE
ASSAYED CONDITIONS

Sample 0 kGy 5 kGy 15 kGy 25 kGy

Powder 240 240 240 240

Aqueous sol. 216.5 169.2 57.24 42.76

Phosphate buffer 283.1 258 243.5 233.8

Gel 255.12 241.5 226.1 201

3. DISCUSSION

Papain holds a remarkable role in wound care due to its debridement properties 
(Pieper and Caliri, 2003), which induce the granulation tissue formation, decrease the 
exudates as well as reduce the bacterial burden (Falanga, 2002). However, such effects rely 
directly on the enzyme activity.

Protein formulation requires a careful planning, once these bioactive molecules undergo 
different degradation processes which may take place with ease under unusual conditions. Not 
only the media and excipients play an important role in such process, but all the stages 
involved form production to final product storage, once they are able to cease or induce the 
degradation pathways (POLIZZI et al., 2007).
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For wound care purposes, the medium must not only facilitate the maintenance o f the 
biological activity, essential to the final product efficacy, but provide an adequate 
applicability and acceptance by the consumers.

Among other factors, the radiation effects on proteins are also known to cause a deep impact 
on protein stability, which in general lead to total or partial inactivation. Such effects are a 
result o f  their contact w ith residual compounds generated by the radiation process that may 
lead to specific degradation processes according to the respective product formed, once these 
molecules present less sensitivity to its direct effects (CADOT et al., 1999).

The powder samples presented an extra advantage against the radiation exposition undesirable 
effects over the other pharmaceutical forms tested, mainly due to its low water content, which 
decreases the irradiation products formation such as free radical, which are known to cause a 
deep impact on the enzyme stability (DAVIES et al., 1987). Thus no changes in the activity 
profile were observed under the tested conditions. Such information is important once some 
preformulations may not tolerate radiation exposition, so they can be manufactured 
aseptically and the papain can be irradiated prior to its addition to the formula without 
affecting the final product integrity.

As observed in figure 1, the media with high water content presented a decrease in activity i f  
compared to the powder sample. The main reason for this fact is that proteins in aqueous 
mediums are more likely to undergo degradations pathways, once the radiation effects on the 
water molecules often produce compounds, such as oxygen radicals, that in solution interact 
with these biomolecules and lead to oxidation (DAVIES et al., 1987).

This information not only corroborates the results obtained but it also clarifies why activity 
loss is dose dependant. As the radiation dose increases, a longer exposition period is required 
to reach such dosage, increasing extending the compound formation and their contact time, 
leading to activity loss. Considering such information all samples were assayed at the end o f  
the last radiation dose.

The papain aqueous solution offered the lowest protection o f  the tested mediums (Figure 2) 
due to several limitations. The pH, essential to enzyme activity is not stable and a natural 
unfolding mechanism present in the enzyme that exposes its actives sites and leads to 
inactivation is favored in this specific medium (ZHUANG, et al., 1991). Therefore, this 
particular medium does not afford the sterilizing radiation.

Despite the fact that the phosphate buffer solution is an aqueous environment, such medium 
was able to significantly retain the enzymes activity if  compared to the other mediums (Table
1.). Several advantages were observed in this formulation, such as pH stability, combined 
with the EDTA metal kelant action and the high cistein content, essential to papain activation, 
which not only enhanced the activity o f  the enzyme but also offered an protection against 
oxidizing agents.

Under the assayed conditions and concentrations, the viability o f  the gamma radiation process 
was directly related to the medium. Therefore, an adequate medium selection seems to be 
essential for such process application. The phosphate buffer and powder samples did afford 
efficiently the sterilizing radiation side products, helping the maintenance o f  the enzymatic 
activity.
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