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ENCAPSULATION AND NANO-ENCAPSULATION OF PAPAIN ACTIVE SITES 

TO ENHANCE RADIOLITYC STABILITY AND DECREASE TOXICITY 
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Summary 
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 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 molecular encapsulation with β-cyclodextrin, which may also 

provide protection to the enzyme against radiation induced radiolysis.  

 

1. INTRODUCTION 

 

The use of medicinal products containing enzymes has increased due to their broad therapeutic 

potential. Currently such products are being used in the pharmaceutical and medicinal field for 

several applications, such as debridement and absorption enhancer agents. Papain (Carica papaya 

Linné) is a proteolytic enzyme isolated from the papaya latex, green fruit and leaves 

(SANGEETHA & ABRAHAM, 2006) which has been extensively used in wound healing and 

scars treatment. 

 

Enzymes in general, such as papain, require specific environments in order to maintain their 

bioactivity. Due to its molecular complexity this enzyme in particular may be easily inactivated by 

denaturation processes induced by high temperatures, the presence of denaturant agents as well as 

inorganic agents among other substances (POLIZZI et al., 2007).  

 

Papain in particular, is recognized in eschars and wound treatments, where a wide area has been 

affected and a quick debridement is required (ALVAREZ et al., 2002), and is commercially 

available in medicines and cosmetic products for peeling purposes.    

 

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. and 

now such products require an approval of this organization prior to their commercialization (FDA, 

2008).  

 

Such restrictions raised the importance of finding alternatives to solve these concernments and 

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 enhance biomolecules intrinsic 

characteristics and reduce their toxicity, once previous studies pointed out the irradiation 

technology ability in reducing the allergenicity of certain foods (BYUN et al., 2002).  
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Ionizing radiation is known as the best method to destruct pathogens and deteriorating 

microorganisms (WHO, 1999). Gamma radiation is capable of sterilizing a product once the 

substance is exposed to gamma rays, which 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. 

 

General Goals 

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

toxicity.  

- Establish the methodology for assessing papain activity 

 

Specific Goals 

- To establish the methodology for assessing papain activity under different radiation doses; 

- To synthesize PVP hydrogels, at different polymer concentrations, with/without agar. 

- Evaluate the synthesized hydrogels in terms of mechanical properties, swelling and gel fraction 

 

Expected Outputs 

- Development of methodologies to prepare and characterize nanogels based on papain complexed 

with CD; 

- Publication of the results under the IAEA Radiation technology series. 

 

2. EXPERIMENTAL PART 

 

Methods 

 

Enzymatic assay  

 

The prepared solutions were transferred to a 96 wells microplate and added to each corresponded 

well in the following order: substrate, papain (respective dilution) and acetic acid 30% (v/v) to stop 

the reaction. However at the beginning of the experiment (time 0), the acetic acid was added to 

prior to papain addition to avoid the reaction to take place. 

 

During the experiment preparation all solutions were kept on ice in order to control the beginning 

of the reaction, and covered with aluminum foil to avoid light exposure. The experiment was kept 

in a MARCONI® Model MA 159BB water bath at 40ºC for 45‘ minutes. The reaction was 

interrupted at every 15 minutes with acetic acid starting at time 0 and ending at 45 minutes.  The 

UV analyses were performed and a linear curve was constructed to determine the increase in 

absorbance depending on the concentration of papain over time. 

 

Microplate preparation  

 

The wells were filled with 120μL substrate solution, 100 μL papain dilution, 50μL acetic acid 30% 

v/v in the wells of the subsequent lines every 15 minutes in order to stop the reaction. 
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Validation of the analytical methodology 

Validation was performed following the parameters of US Pharmacopeia. The analytical 

characteristics analyzed were accuracy, precision, limit of quantification, limit of detection and 

linearity  

 

Linearity 

Linearity was determined by analysis of seven different papain concentrations in order to estimate 

the correlation coefficient (r) = 0.99. The correlation coefficient is calculated by the analytical 

curve or calibration curve. 

 

Precision 

Precision is expressed as relative standard deviation or coefficient of variation (CV%) by the EQ 1: 

RSD = SD.100/ACD 

RSD = relative standard deviation, DP = standard deviation, CMD = average concentration 

determined (average of 10 determinations) 

 

The precision evaluation was performed trough the coefficient of variation calculated according to 

the equation bellow based on ten absorbance determinations at 1777USP.mL-1 papain 

concentration.  

 

Accuracy  

The accuracy can be expressed by the EQ 2:  

A =EMC. 100/TC 

A = Accuracy, EMC = experimental mean concentration, TC = theoretical concentration  

A recovery test was established using a known enzyme concentration of 2666,6USP.mL-1 and  the 

amount of enzyme solution was quantified by the enzymatic assay (ERLANGER et al., 1961). 

 

Limit of detection 

The limit of detection (LOD) was established by the construction of 3 calibration curves with 

papain concentrations 444, 888, 1777, 2666, 3555,5, 4444 and 5333,3 USP.ml-1 and is expressed 

by the EQ 3: 

LOD = SDa.3/IC 

SDa = standard deviation of the intercept with y axis of the 3 calibration curves IC = slope of 

calibration curve  

 

Limit of quantification 

The limit of quantification (LOQ) was established by analyzing decreasing concentrations of 

papain. The respective concentrations were 444, 888, 1777, 2666, 3555,5, 4444, 5333,3USP.ml-1. 

Three calibration curves were built, and the results were applied according to the EQ 4:  

LOQ = SDa.10/IC 

SDa = standard deviation of the intercept with y axis of the 3 calibration curves, IC = slope of 

calibration curve 

 

Hydrogel – Formulation studies 

The hydrogels were prepared by mixing PVP, PEG, agar, and distilled water. The formulations 

were heated to provide complete dissolution of the components. Then, the solutions were put into 

plastic moulds, sealed and irradiated with γ radiation from a 
60

Co source. The dosage used applied 
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was 25 kGy in all cases at a dosage rate of 1,98kGy/h. The hydrogels were allowed to stabilize for 

7 days prior to the beginning of the experiments. 

 

Characterization  

Gel fraction 

The concentration of the cross-linked material, forming the insoluble fraction, was estimated based 

on the ASTM D 2765-01 with some modifications. The Hydrogels were packaged in stainless steel 

500 mesh porous bag. After dried in stove at 60°C until a constant weight was reached, the sample 

was submitted to extraction using a soxhlet and distilled water as solvent. After 40h the bags were 

dried and re-weighed until constant weight was reached. The gel fraction was calculated as Eq.(1), 

using the initial weight of the dry gel (Wi) and the weight of the extracted dry gel (Wd). The gel 

fraction estimated corresponded to the average of data of 3 analyzed specimens of each 

formulation.  

 

 

Swelling  

Reverse Osmosis Water was used for the investigation of swelling properties of the hydrogels at 

room temperature. At a given time, each specimen was removed from the water to be sieved where 

it was carefully wiped by filter papers and then weighted. This procedure was repeated several 

times up to 48h. The swelling percentage of hydrogels was calculated based on Eq. (2), which 

consists of the difference between the initial and the final weight of the sample divided by the 

initial weight. Where: Ws corresponds to the weight of the swollen gels and Wd to the gel weight 

before immersion. Tree samples of each formulation were analyzed in order to estimate the 

swelling capacity of the hydrogel.  

 

Mechanical properties 

A Stable Micro System, model TA.XT plus, texture analyzer equipped with a 50Kg load cell was 

used to measure the strain and stretched of the hydrogels. The tensile strength of hydrogels were 

evaluated according to the ASTM DD882, however the stress and strain (%) at break of hydrogels 

were measured using rectangular specimens measuring of 24 x 100mm. 

 

The stress was calculated based on the cross-section area of each sample and the strain based on its 

relative elongation in percentage from its original length (lo = 60mm). The matrices were stretched 

at a strain rate of 8.33mm.s –1 for the samples A, C and D. Sample B was stretched at a rate of 

4.16mm.s –1, as recommended by the currents standards. The pre-test speed adopted was 2.0mm.s–

1 and the trigger force was set to 5g.  

x100
Wi

Wd
Gel(%)   

  

(1) 

 

100 x 
Wd

 Wd- Ws
)Swelling(%   
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SEM Analysis 

The hydrogel Samples were immersed in liquid nitrogen and submitted to lyophilization in 24 

hours cycles. Gold Sputtering technique was applied to provide adequate contrast for the sample. 

The samples were fractured and analyzed using a Scanning Electron Microscopy. 

 

Preliminary Results 

On our previous report, we aimed to clarify and understand the influence of the radiation over 

papain activity in typical cosmetic and medicinal formulations, regarding different media, such as 

powder, aqueous and buffer solution, and gel-like formulation. We also evaluated the stability of 

the enzyme in each media. The main purpose of this part of the work was to contribute to a better 

understanding of the caused biological changes in the enzyme due to the radiation exposition.  

 

The results revealed that the viability of the gamma radiation process was related to the medium, its 

components and the radiation dose, pointing out that the radiation technique may be applied to 

papain, even though biological changes, including conformational and activity variations, may 

occur. Thus, process monitoring and careful planning are essential to assure the effectiveness of the 

methodology.  

 

Determination of papain Activity 

Our next step corresponded to meet another specific goal, essential to further steps involved in the 

research, the establishment of the methodology for assessing papain activity; through literature 

analysis, a colorimetric method to quantify papain activity was selected and performed validation 

studies to assure the efficacy and applicability of the method. This part was performed with the 

collaboration of the undergraduate student, Ms. Caroline C. Ferraz, from the University of 

Sorocaba – UNISO, Brazil. 

 

The assessment of the enzymatic stability is fundamental to any study, research or industrial 

process involving this particular group of protein macromolecules (RAJ LAD, 2006), once it 

provides data about the bioactivity of these molecules, which also indicates the viability or 

interference of a particular process or reagent.    

The current techniques available in literature that assay papain activity are in a short number and 

are often linked to intensive laboratory work, take long periods of time for the analysis, and involve 

high cost equipment,  reagents and substrates (PINTO, et al.,2007).  

 

Previous researches have evaluated the kinetics of the papain catalyzed hydrolysis over N-Benzoyl-

DL-arginine-P-nitroanilide and highlighted the potential application of such substrate in papain 

activity assays (MOLE & HORTON, 1973). This particular compound is a low molecular weight 

substrate that releases P-nitroaniline as product after contact with active papain. This substrate is 

cheap and the product formation is evaluated using UV techniques. 

 

However, validation studies must be performed in order to assure the ability of any analytical 

method to generate reliable and interpretable information, as well as confirm that the features 

implemented in the method meet the standards for the analytic applications applied (GÜNZLER, 

1996), through consistently documented evidence, established by laboratory studies. 
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Thus, the validation of the technique to assay papain activity using the N-Benzoyl-DL-arginine-P-

nitroanilide as a substrate was carried out in order to guarantee its accordance with the technical 

specifications as well as assure the applicability of the selected methodology and the validity of the 

results.  

 

The enzyme activity was measured based on the enzyme ability to cleave an amide bond in a low 

molecular weight substrate N-Benzoyl-DL-arginine-P-nitroanilide. The P-nitroaniline formed 

during the reaction of hydrolysis of the product substrate can be followed colorimetrically using 

ELISA reader. Thus, the amount of substrate hydrolyzed can be calcutated according to the 

absorbance of P-nitroaniline at 405nm depending on reaction time (ERLANGER, 1961).  

 

From the results obtained by the reaction of the enzyme with the substrate as a function of time the 

curve calibration was constructed and is shown in Fig. 1 

 

A proportional relation between papain concentration and increased rate of formation of the 

compound colorimetric was observed (Figure 1). The linear correlation coefficient was 0.9978 

which is consistent with the limit presented in the literature [X] (R2 = 0.99) demonstrating linearity 

of the analytical method. 

 

The precision value was equal to 1.77%. The coefficient of variation is obtained due to low 

concentrations of papain used in this method, showing that the result is in accordance with the 

specifications. The results of the recovery test revealed an accuracy of 94,15%, while   the limits of 

detection and quantification corresponded to 123.9825 USP /mL-1 and  413.2785 USP/mL-1 

respectively. 

 

 

FIG. 1. Calibration curve. 

Hydrogel 

In this report we are presenting the results of the preliminary synthesis of PVP hydrogels with 

different formulations, using gamma radiation, in order to screen formulation possibilities for 

papain delivery, considering that the hydrogel drug release relies upon the degree of crosslinking 

(KEITA et al., 1990) and the structure of the polymeric net. Agar was added to some of the 

formulations in order to produce more adequate hydrogels. To achieve these goals eighteen 
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formulations were synthesized and characterized through the determination of the swelling 

capacity, gel fraction, and mechanical properties.  

 

The formulations and the main results obtained are presented In the Table 1. It‘s relevant to note 

that such part was developed under collaboration with Ms. Diana Rodriguez-Linares, Fellowship 

code No.: CUB/09034, from CUBA. 

 
TABLE 1. ASSAYED FORMULATIONS AND RESPECTIVE RESULTS FOR THE PVP HYDROGELS 

SYNTHESIZED  

Formulations % 

PVP 

% 

PEG 

% 

Agar 

% 

Swelling 

Gel 

fraction 

Mechanical properties Approved 

Traction/Elastic 

module (MPa) 

Compression. 

F (N) 

F-1ª 6 0 0 - 95.39 - - No 

F-2ª 6 1.5 0 121 76.62 - - No 

F-3ª 6 5 0 263 44.30 - - No 

F-1B 6 0 0.5 27 90.02 0,00040 53,56 No 

F-2B 6 1.5 0.5 127 64.54 0,00025 45,22 Yes 

F-3B 6 5 0.5 201 44.17 0,00029 27,78 No 

F-1C 6 0 1.5 49 78.23 0,00082 50,57 No 

F-2C 6 1.5 1.5 104 46.47 0,00080 40,87 Yes 

F-3C 6 5 1.5 92 41.43 0,00087 30,41 No 

F-1D 15 0 0 242 90,54 0,00017 93,33 No 

F-2D 15 1.5 0 438 82,15 0,00010 55,35 Yes 

F-3D 15 5 0 504 67,73 0,00004 62,40 No 

F-1E 15 0 0.5 218 93,42 0,00044 110,34 No 

F-2E 15 1.5 0.5 256 85,70 0,00043 41,81 Yes 

F-3E 15 5 0.5 282 92,97 0,00062 73,65 No 

F-1F 15 0 1.5 185 87,12 0,00119 73,93 No 

F-2F 15 1.5 1.5 124 72,57 0,00141 105,58 Yes 

F-3F 15 5 1.5 121 68,58 0,00168 108,13 No 

 

Scanning Electron Microscopy (SEM) 
Following we are presenting the pictures taken by SEM at different resolution for the selected 

samples (F-2B, F-2C, F-2D, F-2E, F-2F, F-3E and F-3E-P). The selection of the samples for this 

analysis is an attempt to understand the effects of PEG, agar, and the effect of papain inclusion on 

the PVP membranes formulation and consequently on the final structure. However, the results are 

still too preliminary to allow a proper conclusion of the addition of such substances.    
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F-2C  F-2D 

  

F-2C  F-2D 

FIG. 2. PVP membranes: F-2C contains agar and F-2D do not contain agar. 

It is well known that that agar induces more reticulation as well as a more polycrystalline structure 

on the PVP membranes, fact also observed in our experiment, where F-2C formulation contained 

6% PVP and 0.5% agar, while F-2D contained 15% PVP, and both membranes presented an 

adequate hydrogel formation. 
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F-2E  F-3E 

FIG. 3.  PVP membranes: F-2E contains 3% of PEG and F-3E contains 5% PEG. 

The microscopies also indicated that (figure 3) the effect of PEG percentage over the membrane 

formation was observed in terms of increasing the homogeneity of the hydrogel. Moreover, 

comparing F-3E pictures with the pictures of the hydrogel with same formulation including papain 

at 2% (F-3E-P, Figure 4), it could be observed how the presence of papain leads to a to a 

membrane with major porosity, and a wide variety of pore sizes, probably due to the agglomeration 

of the protein molecules.  

  

F-3E-P 

FIG. 4. PVP membranes: F-2E contains 3% of PEG and F-3E contains 5% PEG. 

Considering all the factors previously described, five formulations were selected for the next stage 

(Table 3) of the present research. 
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TABLE 3. SELECTED PVP HYDROGELS FORMULATIONS 

Formulations % PVP % PEG % Agar 

1 F-2B 6 1.5  0.5 

2 F-2C 6 1.5 1.5 

3 F-2D 15 1.5 0 

4 F-2E 15 1.5 0.5 

5 F-2F 15 1.5 1.5 

 

Even though differences were observed for the membranes, the results are still too preliminary and 

thus, do not allow proper conclusion. However, relevant differences were observed among the 

assayed membranes considering the homogeneity and crosslinked polymeric structure. Even 

though some hydrogels were selected, an evaluation of the papain stability inside the membranes is 

still required in order to allow a proper selection. 

On the other hand, the methodology validated for the enzyme activity quantification was suitable 

for the purpose. The linearity of absorbance versus reaction time was satisfactory and the ratio of 

hydrolysis was proportional to the concentration of enzyme: between 40-480 mg/ mL-1. The 

chromogenic substrate used to measure the papain activity was sensitive to the method. 

 

Work plan for next meeting 

 To promote molecular encapsulation of the papain amino acid residues using β-

cyclodextrin: 

 

By means of evaluating the stability of such complex, establishment of the influence of the 

radiation over the complex stability and the radioprotective effect conferred, as well as the 

determination of the overall effects of the complex formation over the allergenic and cytotoxic 

properties of the enzyme. These data will be obtained through  spectrophotometry analysis, 

cytotoxicity assay – IC10 and IC50, Antigen-antibody reaction - Ouchterlony double 

immunodiffusion technique,  Activity assays – BAPA, and Kinetics measurements - Km and 

Vmax; 

 

 Develop a nanostructured hydrogel for papain/CD complex delivery: 

 

In terms of synthesis, development and control of the hydrogel nanostructure – by crosslinking 

density measurements – through the determination of Tg – DSC or/and DMA, modulus – swelling 

and gel fraction, to promote adequate release of the papain/CD complex. These data will be 

estimated using the Flory-Rehner Equation. The stability, citotoxicity and enzymatic activity will 

be determined by the established techniques and the release will be determined by permeation 

studies using Frans static diffusion cells apparatus. 
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Collaborations 

See attached table. 
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