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Abstract: Compared to current treatment for pseudomyxoma peritonei (PMP), the extraction of solubilised mucin 
through peritoneal catheter can be minimally invasive. However, mucin has variable appearance that may influence 
mucolysis. Hence, we investigated the mucolysis of 36 mucin samples with a novel agent. Using visual inspection 
and hardness index, PMP mucin was classified into three grades. The mucin pathological category was identified 
from patient record. Subsequently, the dissolution of the samples was tested. For in vitro, 1 g of mucin was treated 
to the mucolytic agent in 10 ml TRIS buffer at 37 deg. Celsius for 3 hours, with weighing of residual mucin. Control 
treatment was similar but received TRIS buffer. For in vivo, 2 g of implanted intra-peritoneal mucin in nude rats was 
treated to mucolytic (2 X 500 ul/24 hr, over 48 hours, plus another treatment before sacrifice at 56 hours, with 
weighing of residual mucin. Controls were treated but only with TRIS buffer. Six animals were used for each mucin 
grade (3 mucolytic treated & and 3 controls). Grades of mucin were soft mucin (62%), semi hard (20%) and hard 
mucin (18%). Diffuse peritoneal adenomucinosis had 50% of soft mucin and peritoneal mucinous carcinoma had 
11% (P = 0.0382). In vitro and in vivo absolute disintegration was 100% for soft, 57.38% and 48.67% for semi hard, 
50% and 28.67% for hard mucin. Majority of mucin were soft with complete disintegration, the rest showed variable 
disintegration, suggesting that the mucolytic has potential for treating PMP.
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Introduction

Pseudomyxoma peritonei (PMP) is a rare malig-
nancy that is reported in 1-2 per 1,000,000 
people annually. It results in an enormous in- 
crease in abdominal girth owing to accumula-
tion of mucinous material within the peritoneal 
cavity [1, 2]. The accumulation of intra-perito-
neal mucin often exert pressure on the diges-
tive system that culminates in nutritional com-
promise whilst advanced disease may also 
lead to intestinal obstruction causing signifi-
cant morbidity and mortality [3].

PMP are known to arise from tumours of differ-
ent origin; appendix has been reported to be 
the primary source whilst other organs such as 
ovary, colorectal, pancreas may also be invol-
ved [1, 2]. Two types of mucin producing appen-
diceal neoplasm with different biology and 
prognosis have been identified such as mucin 
producing adenoma and mucin producing ade-
nocarcinoma, the latter with poor prognosis [4].

Based on the pathology of PMP specimens, th- 
ree distinct types of PMP have been described 
such as diffuse peritoneal adenomucinosis 
(DPAM), peritoneal mucinous carcinoma (PMCA) 
and an intermediate/discordant subtype (PMCA- 
I/D) [5]. Originating from appendiceal mucinous 
adenoma, DPAM produces abundant mucin but 
with minimal mucinous epithelium lacking cyto-
logical atypia and mitosis. On the other hand 
PMCA originates from appendiceal adenocarci-
noma with substantial mucinous epithelium 
and atypia that is characteristic of adenocarci-
noma. PMCA-I/D is a hybrid of the former two 
types. A recent study by Chua et al. involving 
2,300 patients, has indicated that the 5 year 
overall survival was 81% for DPAM, 78% for 
hybrid tumours and 59% for PMCA [6, 7].

The current standard treatment for PMP invol- 
ves complete cytoreduction followed by hyper-
thermic intra-peritoneal chemotherapy (HIPEC) 
[8]. This form of treatment procedure is signifi-
cantly invasive that is associated with consider-
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able cost and morbidity [9, 10]. In addition, 
patients requiring subsequent treatment often 
end up with numerous compromises [11, 12]. 
Hence, a less invasive treatment process throu- 
gh peritoneal catheter, for both removal of solu-
bilised mucin and chemotherapy, may have 
substantial advantage over the current treat-
ment method. 

Our earlier in vitro and in vivo studies have 
demonstrated that a combination of a mixture 
of 300 µg/ml bromelain and 250 mM N-acetyl 
cystein (NAC) can effectively solubilise soft vari-
ety of patient PMP mucin [13]. Since patient 
PMP mucin show variable texture, compact-
ness and hydration, we envisage that solubili-
ties of mucin when treated with the current 
mucolytic will show inter- patient variability. 

Hence, in the current study, we have attempted 
to categorize patient mucin samples into 
grades based on their appearance, compact-
ness and hardness and then investigated their 
solubilities both in vitro and in vivo using our 
novel mucolytic agent. Further, we have also 
investigated the distribution of grades of PMP 
mucin within the two common pathological cat-
egories (DPAM & PMCA) that is characteristic of 
our patient sample.

Materials and methods

Patient samples

The investigation was carried out after approval 
from the ethics committee of St. George Hos- 
pital. Kogarah, NSW, Australia. Mucin from PMP 

Figure 1. A. Shows the three grades of mucin as distinguished by visual inspection; B. Represents a diagrammatic 
version of the gridded glass slab with mucin deposited on its surface and a formula to calculate the area occupied 
by the mucin; C. Is a graphical representation of the distribution of hardness index within the three grades in the 36 
patients with standard deviation; D. Is a graphical representation of the distribution of the three grades of mucin 
within the pathological categories of PMP. In the diffuse peritoneal adenomucinosis (DPAM) category there were 
much higher % of soft mucin compared to the other grades of mucin whilst in the peritoneal mucinous carcinoma 
(PMCA) category there were less soft mucin and almost similar to the others. SM = soft mucin; SHM = semi hard 
mucin; HM = hard mucin. 
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patients, median age 55 years (range: 25-77), 
were collected and stored under sterile condi-
tion at -80 deg Celsius. For experiments, the 
mucin was thawed to room temperature before 
use.

Bromelain (Medical grade), Acetyl Cystein (Me- 
dical grade) and other chemical reagents (Ana- 
lar grade) were purchased from Sigma chemi- 
cals.

Quantification of compactness and hardness 
of mucin 

Visual inspection: Approximately 1 g of mucin 
sample was placed on a Petri dish and inspect-
ed for its firmness and transparency. The sam-
ples were classified as soft, semi hard or hard 
based on rigidity and transparency of the sam-
ples (Figure 1A). 

Gridded glass test: To classify mucin definitive-
ly into grades of hardness, 1 g of mucin was 
carefully weighed and then soaked in 10 ml of 
distilled water at ambient room temperature 
(21 deg Celsius) for 30 minutes. The hydrated 
mucin was removed and placed to rest on a 
gridded glass slab (mm square gridding) (Figure 
1B). The gridded glass slab was prepared by 
placing a square transparent glass (1.0 mm 
thickness) on the top of a 1.0 mm2 gridded 
paper. The area that the mucin occupied after 1 
minute on the gridded glass was traced, and 
using standard formula, the area was calculat-
ed as shown in Figure 1B. This procedure was 
conducted in triplicates and the mean area was 
determined. 

Calculation of hardness index (HI): The hard-
ness index (HI) was calculated as be- 
low: Weight of mucin (g)/Area mucin occupies 
on glass grid slab (mm2). The classification of 
mucin, according to unit area (g/mm2) occupied 
by the mucin on the gridded glass slab is as 
shown in Table 1. 

Distribution of grades of mucin within the 
pathologic subtypes of PMP

From the retrieved patient data, we identified 
the pathologic subtypes of PMP for each patient 
mucin sample and then determined which gra- 
des of mucin were present in the two patholog-
ic categories of PMP (DPAM & PMCA) as shown 
Table 1. Statistical evaluation (chi square test) 
to determine the significance of the findings 
were then carried out.

Preparation of bromelain and N-acetyl cystein 
(NAC) solutions

A 10 mg/ml solution of bromelain was prepared 
in TRIS buffer (pH.7.0) and pH adjusted to 7.0 
using either 0.1 M Sodium Hydroxide or 0.1 M 
Hydrochloric acid. The bromelain solution was 
then sterile filtered for experimental use. Fresh 
solution was prepared each time for experi- 
ments. 

A 250 mM solution of NAC was prepared in TRI- 
S buffer (pH.7.0), sterile filtered for future use 
and stored at -4 deg. Celsius.

Preparation of mucolytic (combination of 300 
µg/ml bromelain + 250 mM NAC): For the final 
solution containing 300 µg/ml bromelain and 
250 mM NAC, the required quantities were 
added to TRIS buffer, depending on the final 
volume of mucolytic required and then adjust-
ed to pH 7 with either 0.1 M sodium hy- 
droxide or 0.1 M hydrochloric acid. The solution 
was sterile filtered before experimentation. 1.0 
µg/ml streptomycin was added to the final solu-
tion for in vitro experiments only.

Mucin dissolution study with mucolytic

In vitro: For each experiment, mucin was freshly 
thawed in a 37 deg Celsius water bath. One 
gram of mucin specimen was deposited in a 50 
ml centrifuge tubes. Mucin was then treated 
with 10 ml of TRIS buffer containing 300 µg/ml 

Table 1. Categorization of mucin into differ-
ent grades of hardness, based on hardness 
index (HI)

Grades Appearance Hardness index 
g/mm2

Soft Mucin transparent ≤ 0.6
Semi Hard Mucin Semi opaque > 0.6-1.2
Hard Mucin Opaque > 1.2
Table 1 shows the three grades of PMP mucin that has 
been classified based on visual inspection and the hard-
ness index that has been generated using the gridded 
glass system. The gridded glass system measures the 
area occupied by unit weight of fully hydrated mucin 
sample. Hydration is carried out by soaking 1 g of mucin 
in 10 ml distilled water for 30 minutes at 21 deg Celsius.
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Bromelain + 250 mM N-acetyl cystein (NAC), at 
pH.7.0. The tube was then incubated at 37 deg 
Celsius in shaking water for 3 hours. At the end 
of the incubation, the remaining mucin was 

retrieved, strained and weighed. This process 
was repeated with mucin collected from 36 
patients. Control tubes were treated similarly to 
treatment tubes but it only contained 1 g of 

Table 2. Characteristics of patient mucin secreted in pseudomyoxma peritonei with percentage dis-
solution after treatment with 300 µg/ml bromelain + 250 mM N-Acetyl Cystein in TRIS Buffer at 37 
deg Celsius for 3 hours
Patient Num-
ber

Pathologic category 
DPAM/PMCA

Gross appearance 
Soft/Hard

Grid test Hardness index 
± SD (g/mm2)

Dissolution (%) 
(absolute)

1 DPAM Soft 0.551 ± 0.0112 100
2 DPAM Soft 0.499 ± 0.0212 100
3 PMCA soft 0.485 ± 0.0341 100
4 DPAM Semi hard 1.112 ± 0.0921 45
5 PMCA Hard 1.555 ± 0.0326 38
6 DPAM soft 0.538 ± 0.0321 100
7 DPAM soft 0.469 ± 0.0423 100
8 DPAM soft 0.562 ± 0.0426 100
9 PMCA Hard 1.461 ± 0.0562 61
10 DPAM Hard 1.492 ± 0.0624 50
11 DPAM soft 0.464 ± 0.0444 100
12 DPAM Semi Hard 1.200 ± 0.1632 50
13 DPAM Hard 1.589 ± 0.0642 37
14 PMCA soft 0.561 ± 0.0400 100
15 DPAM soft 0.482 ± 0.0399  100
16 DPAM soft 0.492 ± 0.0234 100
17 PMCA Semi hard 1.191 ± 0.0946 50
18 DPAM soft 0.498 ± 0.0116 100
19 PMCA Semi hard 1.100 ± 0.0642 60
20 DPAM soft 0.462 ± 0.0444 100
21 DPAM soft 0.534 ± 0.0682 100
22 PMCA Semi hard 0.811 ± 0.0965 74
23 DPAM Semi hard 0.923 ± 0.0521 79
24 PMCA Semi hard 1.000 ± 0.0411 85
25 DPAM Hard 1.486 ± 0.0427 53
26 DPAM Hard 1.564 ± 0.0721 47
27 DPAM soft 0.489 ± 0.0367 100
28 DPAM soft 0.528 ± 0.0532 100
29 DPAM soft 0.499 ± 0.0211 100
30 DPAM soft 0.555 ± 0.0265 100
31 DPAM Hard 1.211 ± 0.0523 68
32 DPAM soft 0.499 ± 0.0660 100
33 DPAM soft 0.528 ± 0.0231 100
34 DPAM soft 0.592 ± 0.0369 100
35 PMCA soft 0.600 ± 0.0721 100
36 PMCA soft 0.599 ± 0.0666 100
Table 2 shows 36 patent PMP pathologic categorization, grade of mucin, hardness index as performed by the grid test and 
the percentage absolute disintegration of mucin as determined by in vitro experiments. Majority of patients (26) have DPAM 
pathology whilst 10 have PMCA. A very much higher number of patients have soft mucin in the DPAM pathology compared to 
PMCA. Complete dissolution of mucin was observed in soft mucin.
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mucin and 10 ml of TRIS buffer, pH.7.0. All 
experiments were performed in triplicates, with 

determination of mean and standard devia- 
tion.

Table 3. Distribution of three grades of mucin within the pathological subtypes of PMP
Categories Total (%) P* DPAM (%) P* PMCA (%) P* p DPAM:PMCA
Patient 36 (100) 26 (72) 10 (28) 0.0032 2.6:1
Male 19 (53) 12 (33) 7 (19) 0.0462 1.7:1
Female 17 (47) 14 (39) 3 (9) 0.0501 4.7:1
Soft mucin (SM) 22 (62) 0.0382 18 (50) 0.0329 4 (12) 0.050 0.0382 4.5:1
Semi hard mucin (SHM) 7 (20) 3 (8) 4 (12) 0.5312 1:1.3
Hard Mucin (HM) 7 (18) 5 (14) 2 (4) 0.0426 2.5:1
Ratio:SM:SHM:HM 3:1:1 6:1:1.7 2:2:1 - -
Table 3 shows the distribution of 36 patient PMP sample in the two pathologic categories, DPAM and PMCA. Majority of patient 
samples (72%) are in the DPAM category. Almost twice the number of males has DPAM pathology compared to PMCA, similarly 
a much higher; almost five times DPAM is found in the females. There is a much higher percentage of soft mucin in DPAM 
compared to PMCA (ratio being 4.5:1. In the semi hard grade of mucin, the distribution is almost equal in both the pathologic 
category. Finally, in the hard mucin grade, there is also a higher percentage of DPAM, although much lower as compared for 
soft mucin. DPAM = disseminated peritoneal adenomucinosis; PMCA = peritoneal mucinous carcinoma; Statistical significance 
is tested using χ2 test and p values < 0.05 are considered significant. P = comparison of DPAM to PMCA. P* = distribution of 
soft mucin in relation to other mucin.

Figure 2. A. Shows the % of normalised or Nett disintegration of the three grades of mucin in the in vitro study; B. 
Shows the % Nett disintegration of the three grades of mucin in the in vivo study; C. Is a comparison of normalised 
disintegration of mucin from in vitro with in vivo studies; D. Shows how the in vitro % disintegration of mucin is 
related to hardness index (HI) in 36 patient mucin, as the HI increases, the % disintegration of mucin drops in a 
linear fashion; SM = soft mucin; SHM = semi hard mucin; HD = hard mucin. 
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Calculation to determine percentage of dissolu-
tion after treating with mucolytic agent: Percen- 
tage weight lost by mucin = [Pretreatment wei- 
ght of mucin (g) - Post treatment weight of mu- 
cin (g)/Pretreatment weight of mucin (g)] X 100.

In vivo: Animal study was conducted with app- 
roval from the Ethics Committee (St George 
Hospital Ethics Committee). On arrival, the ani-
mals were allowed to acclimatize in standard 
housing environment for two weeks with food 
ad libatum. Eighteen nude male rats were ran-
domly divided into three groups of six rats. In 

group receiving 500 µl of TRIS buffer X 2 every 
24 hours for 48 hours. The mucolytic treated 
animals in each group received 500 µl of TRIS 
buffer containing 300 µg/ml bromelain + 250 
mM N-acetyl cystein (NAC) X 2 every 24 hours 
for 48 hours. The animals were sacrificed at 56 
hours and eight hours before sacrifice controls 
received 800 µl TRIS each, whilst the others 
received 800 µl of TRIS containing 300 µg/ml 
bromelain + 250 mM NAC. Euthanasia was car-
ried out with CO2 and residual mucin was recov-
ered from each groups and weighed. The per-

Table 4. Grades of PMP mucin with percentage absolute dissolution after treatment with 300 µg/ml 
bromelain + 250 mM N-Acetyl Cystein in TRIS buffer at 37 deg Celsius for 3 hours (in vitro investiga-
tion)
Mucin grade Total Number (%) Mean HI ± SD Dissolution (%) ± SD Residue
SOFT 22 (62) 0.5221 ± 0.0433 100 ± 2.236 NONE
SEMI HARD 8 (20) 1.0481 ± 0.1440 57.38 ± 3.114 Soft tissues
HARD 6 (18) 1.5081 ± 0.0635 50 ± 1.789 solid tissues
Table 4 show the total number and percentage distribution of the three grades of mucin within the patient PMP sample with 
mean hardness index (HI) for each grade of mucin, along with mean absolute percentage disintegration. Dissolution with the 
mucolytic left no residues for soft mucin whilst some tissues remained for semi hard and hard mucin (in vitro investigation). 
Ratio: soft:semi hard:hard mucin = 3.0:1.0:1.0; HI = Hardness Index; SD = standard deviation.

Table 5. Grades of PMP mucin with percentage absolute dissolution after treatment over 56 hours 
with 300 µg/ml bromelain + 250 mM N-acetyl cystein in TRIS buffer in nude rats implanted intra-
peritoneal with the three grades of mucin (in vivo investigation)
Mucin grade Total Number Mean HI ± SD Dissolution (%) ± SD Residue
SOFT 3 0.5221 ± 0.0421 100 ± 0.0 NONE
SEMI HARD 3 1.0422 ± 0.1380 48.67 ± 2.40 Soft tissues
HARD 3 1.5142 ± 0.1721 28.67 ± 0.8819 solid tissues
Table 5 shows the mean hardness index (HI), mean absolute percentage dissolution for the three grades of PMP mucin. 
Complete dissolution took place for the soft mucin whilst it was only partial for the semi hard and hard mucin, thereby leaving 
residues for both the semi hard and hard mucin (in vivo investigation). HI = Hardness Index; SD = standard deviation.

Table 6. Nett % dissolution of PMP mucin (nor-
malised to control)

Parameter Soft mu-
cin (%)

Semi hard 
mucin (%)

Hard mu-
cin (%)

In vitro dissolution (A) 90 57 50
In vivo dissolution (B) 80 34 20
Difference (A, B) 10 23 30
Table 6 shows a comparison of PMP mucin Nett percentage 
dissolution found in vitro to in vivo studies. The difference 
found for soft mucin is small (10%) compared to semi hard 
(23%) and hard mucin (30%). The differences between the in 
vitro and in vivo Nett disintegration is indicative of how much 
hydration forces along with time factor can influence disintegra-
tion of PMP mucin.

each group, 3 rats were used as controls 
whilst the other three received the mucolytic.

Under anaesthesia, the first group of 6 ani-
mals received 2 grams each of soft mucin 
intra-peritoneal through surgical incision, fol-
lowed by sutures. Similarly another six ani-
mals received 2 grams each of semi hard 
mucin whilst the remaining six received 2 
grams each of hard mucin. They were allowed 
to recuperate over 24 hours, and monitored 
for their complete recovery by their resump-
tion to normal behaviour and eating habits.

Treatment began after recovery (24 hours 
later), with all the control animals in each 



Novel mucolytic for treating pseudomyxoma peritonei

501 Am J Cancer Res 2014;4(5):495-507

centage dissolution of mucin was calculated as 
in the in vitro studies. 

Results

Hardness of mucin

Visual inspection: By visual inspection, we were 
able to classify the samples into three grades 
such as soft, semi hard and hard. The soft 
mucin (SM) appearing almost transparent, the 
semi hard mucin (SHM) as semi transparent 
whilst the hard mucin (HM) appearing almost 
opaque (Figure 1A).

Gridded glass test (hardness index): The deter- 
mination of hardness index (HI) on the 36 pa- 
tient samples further indicated that three 
grades of mucin existed within the population. 

Further the mean HI values of the three grades 
of mucin enabled us to determine a cut off 
value for each of the grades (Table 1). 

Distribution of hardness index within the three 
grades of mucin 

Examining the hardness index (HI) within the 
patient samples (Table 2, Figure 1C), there was 
an even distribution of HI for soft mucin, mean 
HI being 0.5221, SD± 0.0433 and for hard 
mucin, mean HI being 1.508; SD± = 0.0635, 
whilst it was slightly uneven for the semi hard 
mucin, mean HI being 1.048; SD± = 0.1440. 

Pathologic subtypes of PMP and the distribu-
tion of grades of mucin within

A total of 36 patient mucin samples were avail-
able. There were 19 (53%) males and 17 (47%) 

Figure 3. A. Shows the total or absolute % (not normalised to controls) of disintegration of the three grades of 
mucin, in the vitro model; B. Shows the total or absolute % of disintegration of the three grades of mucin, in the in 
vivo model; C. Shows a comparison of the in vitro with that of the in vivo disintegration; D. Shows the relationship 
between hardness index of the three grades of mucin samples in the in vitro and in vivo studies, to their respective 
normalised or Nett % disintegration. The controls show how much they actually contribute to the total (absolute) 
% of disintegration; SM = soft mucin; SHM = semi hard mucin; HD = hard mucin; (T) = treated with bromelain + N-
acetyl cystein.
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females, with a slight male dominance, but the 
approximate ratio of male:female was 1:1. The 
pathologic classification and the distribution 
are shown in Table 3 and Figure 1D. The major-
ity (72%) of the mucin belonged to DPAM patho-
logical category whilst the remaining 28% to 
PMCA. Most of the mucin samples were of soft 
type, ratio of soft mucin : semi hard mucin : 
hard mucin was 3:1:1. Mucin from the DPAM 
pathology had a higher percentage of soft 
mucin compared to PMCA, ratio of soft mucin in 
DPAM:PMCA 4.5:1, (P = 0.0382). In the semi 
hard mucin grade the ratio of DPAM:PMCA is 
1:1.3, (P = 0.5312) whilst in the hard mucin 
grade, the ratio of DPAM:PMCA is 2.5:1, (P = 
0.0426) Hence, a much higher percentage of 
soft mucin were in the DPAM whilst approxi-
mately an equal number of semi hard mucin 
were found in both the pathological category. 
There was more hard mucin in DPAM compared 
to PMCA. Hence on a comparative basis, there 
tend to be a relatively higher percentage of soft 
mucin found in the DPAM category.

nants of mucinous matter. Noticeably, the semi 
hard mucin had a softer tissue like residue 
compared to a more solid residue from hard 
mucin. The percentage weight difference mea-
sured after dissolution, was an indication of the 
amount of tissue that it contained, the semi 
hard mucin had less (37%) compared to the 
hard mucin (49%). The percentage weight lost 
by treated mucin were normalised against the 
controls since control mucin that were only 
immersed in TRIS buffer showed slight dissolu-
tion. Hence, the Nett dissolution of soft mucin 
was 90%, semi hard was 57.38% and hard 
mucin was 50% (Figure 2A). It appears that the 
hardness of mucin may be due to the percent-
age of tissue like material that was found within 
the mucin and that the corresponding hard-
ness may also be related to tissue content of 
mucin. 

In vivo: All soft mucin disintegrated completely, 
whilst 48.67% in semi hard and 28.67% in the 
hard category (Table 5). These disintegration 
values were normalised against the controls 

Figure 4. shows the transformation of gelatinous soft mucin into an amber 
coloured liquid that is readily amenable to suction through peritoneal cath-
eters, after treatment with 300 µg/ml bromelain + 250 mM N-acetyl cystein 
in TRIS buffer for 3 hours at 37 deg Celsius.

A gender variation existed with-
in the two histological catego-
ries, the ratio of patients for 
DPAM:PMCA was 1.7:1 (P = 
0.0462) for males and 4.7:1 (P 
= 0.0501) (for females, indicat-
ing that both the sexes had a 
higher percentage of DPAM 
histology although the females 
showed much higher number 
of patients with DPAM com-
pared to the males.

Mucolysis of three grades of 
PMP mucin by a mixture of 
300 µg/ml bromelain + 250 
mM N-acetyl cystein

In vitro: All soft mucin disinte-
grated completely into an 
amber coloured semi transpar-
ent liquid, on incubation with 
300 µg/ml bromelain + 250 
mM NAC for 3 hours at 37 deg. 
Celsius (Table 4). Semi hard 
and had mucin also partly dis-
integrated, however with resid-
ual material left behind. On 
macroscopic examination, the 
residue appeared to be of tis-
sue like material with no rem-
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since the control animals that were treated with 
only TRIS buffer also showed some disintegra-
tion (Figure 2B). Hence, the Nett disintegration 
values were 80.67% for soft mucin, 34.33 for 
semi hard mucin and 20% for hard mucin. 

Comparison of in vitro with in vivo outcome of 
the three grades of PMP mucin subjected to 
300 µg of bromelain + 250 mM NAC

Comparative Nett dissolution of patient mucin 
from the two mode of studies are presented in 
Table 6 and Figure 2C. Results indicate that in 
vitro studies, the Nett percentage disintegra-
tion of soft, semi hard and hard mucin were 
higher compared to in vivo studies. However, 
the percentage disintegration of the three gra- 
des of mucin was linearly related to the hard-
ness index, Figure 2D. 

The absolute disintegration results are indicat-
ed by Figure 3A-C. This indicates that all soft 
mucin disintegrated in both the in vitro and in 
vivo studies. However, the Nett dissolution with 
mucolytic were higher for soft mucin, in the in 
vitro studies compared to in vivo studies. This 
observation was most probably due a constant 
concentration of mucolytic found in the in vitro 
model owing to confinement within the centri-
fuge tube as compared to the in vivo model 
where a lower concentration of the mucolytic 
may have existed owing to diffusion away from 
the mucin into surrounding tissues and organs. 
A similar scenario existed for the semi hard and 
hard mucin. 

Further, the net disintegration for treatment 
was linearly related to hardness index in both 
the in vivo and in vitro models (Figure 3D), the 
in vitro superseding the in vivo values. Addi- 
tionally, the disintegration in controls was high-
er in the in vivo models compared to the in vitro 
model, suggesting that both time factor (4 hrs 
vs. 48 hrs) and hydration may be responsible 
for this difference.

Discussion

Standard treatment for PMP involving laparoto-
my, cytoreduction and HIPEC is a substantially 
invasive process and are associated with con-
siderable morbidity [9, 10]. The removal of solu-
bilised mucin with subsequent chemotherapy 
through peritoneal catheters may prove to be a 
major improvement on current treatment meth-
od, since it is a much less invasive process. We 

have earlier demonstrated that a mixture of 
300 µg/ml bromelain and 250 mM N-acetyl 
cystein (NAC), can effectively solubilise soft 
mucin, in both, in vitro and in vivo models [13]. 
Further, tumour chemotherapy either intra-peri-
toneal or systemic may also prove to be more 
effective after the mucinous barrier is removed 
by using the current mucolytic. Previous stud-
ies have indicated that the efficacy of 5-FU, a 
commonly used drug for treating various can-
cers, may be enhanced with bromelain pre-
treatment alone [14, 15], since the mucinous 
barrier are disrupted. Similarly, mucin express-
ing pancreatic cancer cells showed a higher cel-
lular uptake of 5-FU, post treatment with bro-
melain [15]. Our recent study has also confirmed 
that a mixture of NAC and bromelain can sensi-
tize peritoneal mesothelioma cell line, PET and 
YOU to treatment with cisplatin [16]. Hence, the 
current mucolytic containing bromelain and 
NAC may play dual roles such as solubilisation 
of mucinous ascites and the enhancement of 
cellular drug exposure through removal of the 
mucinous barrier.

Remarkably, sixty three percent of patients 
have been found to survive beyond ten years, in 
a recent study by Chua et al. [6]. Many of these 
patients may require repeat treatment [9] and 
under the current treatment modality, studies 
have indicated that these repeat patients may 
end up with numerous compromises affecting 
their quality of life [11]. Hence, treatment 
through peritoneal catheter, being a much less 
invasive process, may eliminate some of the 
compromises that are associated with prevail-
ing treatment and provide patients with a bet-
ter quality of life, considerable reduction of hos-
pitalization period and cost. 

In the past various other mucolytic agents have 
been investigated such as dextran [17], dex-
tran sulphate [18], bicarbonate [19] and hyal-
uronidases [20], however, none of these agents 
are presently recommended for clinical use. 
This may be due to the side effects of the 
agents, particularly bicarbonate caused alkalo-
sis [19], whilst dextran induced hyperglycaemia 
[21]. Hence agents that are effective mucolyt-
ics, without side effects, are urgently needed 
for the treatment of PMP.

Although earlier dissolution studies on soft 
mucin proved to be a complete success, in 
both in vitro and in vivo models, as sited earlier, 
observation indicated that the heterogeneous 
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nature of mucin structure, in terms of hydra-
tion, cellular content, texture and hardness 
may affect the solubilisation of mucins. It has 
been shown that mucin are polymers of glyco-
proteins, that is held together by O-linked glyco-
sidic and inter-chain disulphide bridges [22, 23] 
and that the compactness of the polymeric 
molecule may depend on the total number of 
both these linkages. Further, the degree of 
hydration may also contribute substantially to 
mucin rigidity, in addition to other constituents 
such as lipids and cellular content found in the 
mucin mass [24]. Therefore, owing to inter-
patient mucin structural and constituent vari-
ability, the action of mucolytics may also vary 
between patients. Hence, most importantly, 
mucolytic agents that acts uniformly on all PMP 
patient mucin are required for routine use. 

In the current study, we were able to distinguish 
three grades of mucin based on visual inspec-
tion and more definitively with the gridded glass 
system. Using the latter system, we were able 
to grade the mucins more accurately since we 
generated a hardness index value for each of 
the grades. The majority (62%) of the mucins 
from the patients fell into the soft grade whilst 
the semi hard and hard mucins shared almost 
a similar percentage of distribution. To our 
knowledge, there are no studies comparing the 
texture and hardness of PMP mucin, neither 
are there any reports on the prevalence on the 
kinds of mucin secreted by PMP. However, soft 
mucin seems to be more common in our patient 
samples (p = 0.0329). The ratio of soft:semi 
hard:hard mucin is 3:1:1 suggesting that soft 
mucins are more in abundance in this patient 
population.

In the present patient population, we also 
noticed that there were slightly more males 
(53%) compared to females (47%) or approxi-
mately in a ratio of 1:1. This seems to be char-
acteristic of our sample and it seems to dis-
agree with reports that suggest that PMP are 
more common in females [3]. There were also a 
higher percentage (72%) of DPAM compared to 
PMCA in our sample, ratio being 2.6:1 (p = 
0.0032) suggesting that DPAM with good prog-
nosis [6, 7] were more common in our sample 
population. Further, when we examined the per-
centage distribution of males within the two 
pathologic categories (DPAM and PMCA), it was 
33 and 19% (ratio - 1.71:1.0) (p = 0.0462) 

Similar distribution within the female were 39 
and 9% (ratio - 4.7:1.0) (p = 0.0501). Patients 
with DPAM are said to have better prognosis 
compared to PMCA, suggesting that females 
may be more favourably deposited in our popu-
lation sample.

Examining the distribution of the three grades 
of mucin within the two pathologic groups, 
there were a higher number of soft mucin found 
in DPAM, ratio being soft:semi hard:hard mucin 
being 6:1:1.7, indicating that twice the number 
of soft mucin were prevalent in DPAM, com-
pared to a combined ratio of semi hard and 
hard mucin, that amounts to approx 3.0) On the 
other hand in the PMCA group, it was 2:2:1, 
indicating there were less soft mucin, ratio 
being 2:3 (3 = combined ratio of semi and hard 
mucin). 

In vitro studies on the three grades of mucin, 
using the current mucolytic comprising of 300 
µg/ml bromelain and 250 mM NAC indicated 
that the mucolytic had variable efficacy, soft 
mucin disintegrated completely into an amber 
coloured liquid (Figure 4) with an absolute 
value of 100%, whilst dissolution was 57% in 
semi hard and 50% in hard mucin. There seems 
to be a linear relationship between hardness 
index (HI) and percentage dissolution, soft 
mucin with low HI showed a 100% dissolution, 
whilst hard mucin with HI closer to 1.5 had the 
least dissolution. Closer examination of the 
residues left by semi hard and hard mucin, 
after being treated with the mucolytic, showed 
a cellular like material with total absence of 
mucinous material. This suggested that all 
mucinous material was totally disintegrated. 
Hence, currently chemical analysis of the three 
grades of mucin are being conducted, in order 
to determine their detailed constituents and 
thereby allowing us to reformulate our muco-
lytic for a more effective solubilisation of the 
semi hard and hard mucin.

The in vivo studies showed a 100% absolute 
disintegration in the soft mucin whilst they 
were 48.67% for semi hard and 28.67% for the 
hard mucin. Hence, disintegration of mucin 
were slightly lower in the in vivo compared to in 
vitro for the semi hard and hard mucin, the dif-
ference being 9% in semi hard mucin and 21% 
for hard mucin. This difference may be expect-
ed since in the in vitro model a more constant 
and homogenous mixture of mucolytic existed 
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compared to the in vivo situation, where diffu-
sion of the mucolytic to organs and tissues may 
have taken place and hence reducing the effec-
tive concentration of the chemicals. However, 
this did not affect the soft mucin at all since 
hydrolysis may have contributed significantly to 
the disintegration.

When we compared the normalised (treatment 
values normalised against controls) values, the 
Nett percentage disintegration of mucin in vitro 
performed better than the in vivo model. The 
differences between them were, 10% for soft 
mucin, 23% for semi hard and 30% for hard 
mucin. This may be expected, as stated earlier 
that the concentration of delivered mucolytic 
may be more constant and homogenous in the 
in vitro situation since the mucin is soaked in a 
contained area with the mucolytic, however 
this was not the case with the in vivo model. 
The delivered mucolytic in quantities of 500 µl 
may be dispersed through out the peritoneal 
cavity with further diffusion into several organs 
and hence reducing the effective concentration 
of the agent at the mucin site. 

Although there was minimal disintegration of 
PMP mucin in the controls in both the in vitro 
and in vivo investigation, there was slightly a 
higher disintegration of the PMP mucin in the in 
vivo model. Disintegration as shown by TRIS 
buffer may be mainly due to hydration forces 
and this was time dependent, therefore allow-
ing a higher percentage of disintegration in the 
in vivo model that were investigated over 56 
hours compared to the in vitro model that last-
ed only about 3-4 hours. 

Earlier in vivo investigation, using soft mucin 
showed that at 72 hours complete dissolution 
of mucin took place with absolute safety, in ani-
mal studies over 55 days [13]. The present 
study further confirms that soft mucin can be 
solubilised even at 56 hours, however, the semi 
hard and hard mucin may require longer treat-
ment period. This needs investigation.

Chemotherapeutic agents such as cisplatin, 
5-FU or doxorubicin induce adverse side effe- 
cts, such as nephrotoxocity, cardiomyopathy 
[25, 26] and hence chemotherapeutics that 
carry negligible side effects are required. 
Earlier cytotoxic studies with bromelain and 
NAC on mesothelioma cell lines have shown 
promising results suggesting that these two 
agents need further optimization for 100% effi-

cacy [16]. Other studies have also indicated 
that bromelain exhibits potent cytotoxicity on 
colorectal Kato cell lines [27]. Hence, the cyto-
toxicity of our mucolytic warrants further inves-
tigation on a number of colorectal and other 
cell lines which are known to cause PMP.

The chemo-sensitivity of cisplatin and 5-FU 
have also been shown to be enhanced by the 
presence of the current mucolytic in mesothe-
lioma cell lines and hence, the dosage may be 
reduced with a possible reduction of side effe- 
cts [16]. Hence, this mucolytic may be used as 
a neoadjuvant with chemotherapeutic agents 
for the treatment of PMP, however this needs 
further investigation. 

Although the current formulation has shown 
promising results, one of the draw backs in the 
present in vivo study was the use of a small 
samples of intra-peritoneal mucin, 2 g of mucin 
in a rat weighing 250 g that amounts to 0.8% of 
the body weight. In clinical settings a copious 
amount of intra-peritoneal mucin are secreted 
that occupies almost the whole cavity of the 
peritoneum. Hence, a larger animal model with 
much greater amount of intra-peritoneal mucin 
needs to be investigated. This may give a better 
indication of the efficacy and also the treat-
ment time, before clinical trials can be insti- 
tuted. 

Hence to conclude, the present formulation 
has the potential for clinical application since it 
can solubilise all intra-peritoneal mucinous ma- 
terial, regardless of the hardness or texture of 
the PMP mucin. In cases where the mucin are 
soft then all the solubilised mucinous matter 
may be removed with a catheter, after which 
chemotherapy may be instituted. In other ca- 
ses, where residual cellular matter remains, 
then laparotomy may be required to remove cel-
lular debris with subsequent chemotherapy.
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