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Abstract This study was undertaken to investigate the

effect of a-chymotrypsin on methyl nitrosourea (MNU)

induced mammary gland carcinoma in albino wistar rats.

Animals were randomized into four groups (six animals in

each). Group I (sham control 0.9 % normal saline p.o.);

Group II (toxic control, MNU 47 mg/kg, i.v.); Group III

(a-chymotrypsin, 5 mg/kg, p.o.); Group IV (a-chy-

motrypsin, 10 mg/kg p.o.). Toxicity was induced by single

i.v. injection of MNU followed by a-chymotrypsin sup-

plementation therapy for 100 days. MNU treatment was

evident with increased alveolar bud count, differentiation

score, upregulated inflammatory enzymes markers (COX,

LOX and NO) antioxidative stress markers (TBARs, SOD,

catalase and GSH).MNU associated toxicity was also

ascertained by PGP 9.5 and NF-jB expression in the

mammary gland tissue followed by FAME analysis for

fatty acid profiling. a-chymotrypsin afforded significant

protection against the deleterious effects of MNU.

Keywords a-Chymotrypsin � Mammary gland �
PGP 9.5 � Oxidative stress � NF-jB p65 � FAME

Abbreviations

MNU N-Methyl-N-nitrosourea

NO Nitric oxide

FAME Fatty acid methyl ester

COX Cyclooxygenase

LOX Lipoxygenase

TBARs Thiobarbituric acid reactive substances

SOD Super oxide dismutase

CAT Catalase

GSH Glutathione

TMPD N,N,N0,N0-tetramethyl-p-phenylenediamine

AA Arachidonic acid

FTC Ferrithiocynate

UCHL-1 Ubiquitin carboxy-terminal hydrolase L-1

Introduction

a-Chymotrypsin is one among the chymotrypsin series and

is a digestive enzyme component of pancreatic juice. These

are primarily associated with proteolysis leading to

breakdown proteins and polypeptides (Wilcox 1970). a-

Chymotrypsin preferably cleaves peptide amide bond

where the carboxyl side of the amide bond is hydrophobic

amino acid and is activated in the presence of trypsin

(Appel 1986). Clinically, a-chymotrypsin is considered to

be safe once taken by oral route to reduce redness and
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swelling following surgery or even skin burn (Ray 1964).

a-Chymotrypsin is also prescribed in liver injuries of burn

patients. Despite the consideration that a-chymotrypsin is

safe to be used, a very little is known about its efficacy in

other limits.

Mammary gland carcinogenesis is the second most

prevailing type of cancer in Indian women. One in fifty-

eight women are affected by mammary gland cancer in the

age group of 30–70 years. Recent clinical and epidemio-

logical studies have also affirmed that high blood level of

oestrogen is linked with increased risk of mammary gland

cancer in premenopausal and postmenopausal women

(Kaaks et al. 2005; Lyytinen et al. 2009; Key et al. 2011;

Hormones and BCC Group 2013). Long back in 80’s, the

estradiol was also reported to increase the production of

1-a-antichymotrypsin along with inhibitory activity toward

a-chymotrypsin. Thereby, suggesting a possible link

between estradiol, a-chymotrypsin and cancer progression

(Massot et al. 1985). It would be worth to mention that

fatty acid synthase (FASN) is an enzyme, over expressed in

mammary gland cancer and is reported to observe prote-

olytic cleavage by a-chymotrypsin. Therefore, we

hypothesis that exogenous a-chymotrypsin may exert

beneficial effect of either modulating the estradiol or by

increasing the proteolytic cleavage of over expressed

FASN (Agradi et al. 1976; Esslimani-Sahla et al. 2007).

Henceforth, this study was undertaken to elucidate the

role of exogenous possible link methyl nitrosourea (MNU)

induced mammary gland carcinoma in female albino rats.

Materials and methods

Drug and chemicals

a-Chymotrypsin (Catalogue no. RM 801) (derived from

bovine pancreas non-preactivated) was procured from

Himedia Laboratories, Mumbai, India. N-Methyl-N-ni-

trosourea was obtained from Sigma Aldrich Co. St. Louise

Mo 63103 USA. All other chemicals were of analytical

grade and procured from Himedia Laboratories Mumbai,

India; else otherwise stated in the text.

Experimental protocol

Albino wistar female rats of 100–120 g body weight were

used for this study. The rats were procured from the central

animal house facility. The animals housed in propylene

cages under controlled conditions (23 �C, 12 h light/dark

cycle), with a free access to a standard pellet diet and water

ad libitum. They were acclimatized for a period of 2 weeks

prior to the commencement of the experiment. Animals

were randomized and divided into four groups of six

animals each. Group I (sham control 0.9 % normal saline

p.o.); Group II (toxic control, MNU 47 mg/kg); Group III

(a-chymotrypsin, 5 mg/kg p.o.); Group IV (a-chy-

motrypsin, 10 mg/kg p.o.). Toxicity was induced by single

i.v. injection of MNU followed by a-chymotrypsin sup-

plementation therapy for 100 days using the above doses.

The blood samples were collected under chloroform

anaesthesia through retro-orbital plexus in centrifugation

tubes. The blood samples were incubated at 37 �C for 1 h

and centrifuged at 10,000 rpm for 15 min to collect serum.

The serum samples were stored at -20 oC till further use.

Animals were killed on the 107th day and subjected to

estimation. The animal experiments were carried out in

compliance with the standard ethical guidelines and

approved by the institutional animal ethics committee

(SDCOP & VS/AH/CPCSEA/01/0036).

Mammary gland whole mount

The mammary glands obtained from female rats, stretched

onto a slide, placed in a fixative solution and stained with a

carmine aluminium solution to prepare whole mounts (De

Assis et al. 2010). Whole mounts were examined under the

49 microscope and evaluated to assess the number of

TEBs. Also, whole mounts were evaluated for ductal

elongation and differentiation. Ductal elongation was

measured, using a ruler, as the distance (in cm) from the

nipple to the end of the epithelial tree. Mammary gland

differentiation was assessed by scoring the number of

alveolar buds type 1(AB1) and type 2 (AB2). The score

values (0–5) from AB1 and AB2 were added for a final

differentiation score (0–10). The average rating values

(0–5) from AB1 and AB2 were added to the lobule score

values (0–5) for a final differentiation score (0–10).

Biochemical estimation

The mammary gland tissues (10 % w/v) were homogenized

in 0.15 M KCl and centrifuged at 10,000 rpm. The super-

natants were scrutinized for biochemical parameters,

including thiobarbituric acid reactive substances (TBARS),

superoxide dismutase (SOD), catalase, glutathione (GSH)

and acetylcholinesterase (AchE) using the methods estab-

lished at our laboratory (Ellman et al. 1961; Mäkelä et al.

2002; Kaye and Jick 2004; Kaithwas and Majumdar 2012).

Serum nitric oxide (NO) levels

Generation of NO in the serum samples were arbitrated by

measuring nitrite accumulation, using Griess reagent [1 %

sulphanilamide, 0.1 % N-(1-napthyl)- ethylenediamine

dihydrochloride in 5 % H3P04]. Equal quantity (500 ll) of

serum and Griess reagent were mixed and incubated at

278 A. Rani et al.

123



37 �C for 5 min. The test mixture was subsequently read

on UV–Visible spectrophotometer (Cary60, Agilent tech-

nologies, CA95051, US) at 540 nm (Torres 2003).

Enzymatic activity of COX and LOX

A 10 % tissue homogenate in tris buffer (50 mM) was

centrifuged at 5000 rpm for 5 min followed by sonication.

The tissue supernatant (10 ll) was incubated for 5 min

with tris buffer (160 ll). A 10 ll each of N,N,N’,N’-te-

tramethyl-p-phenylenediamine (TMPD) reagent and

arachidonic acid (AA) solution (prepared in ethanol) were

added and read at 630 nm using multiplate reader

(ALERE Microplate Reader, AM-2100) at 0 and 30 s

interval. AA solution was prepared by mixing 50 ll of

40 mM AA with 50 ll of 0.1 N potassium hydroxide

using vortexing, and subsequently 900 ll of double dis-

tilled water. TMPD stock solution was prepared by

dissolving 0.3 mg in 1 ml of distilled water and subse-

quent 1:10 dilution was prepared for the assay (Altman

and Sudarshan 1975; Schneider and Przewłocki 2005).

The assay was performed in the whole serum, and

therefore, reflects the nonspecific COX activity.

For LOX assay, 25 ll of AA solution was added to the

475 ll supernatant (as prepared for COX assay) and

incubated for 6 min. A 500 ll of ferrithiocyanate (FTC)

reagent was added and read at 480 nm using UV–visible

spectrophotometer (Cary 60, Agilent Technologies Inter-

national Private Limited, CA United States) after 5 min.

FTC reagent was prepared by mixing the reagent 1

(4.5 mM FeSO4 in 0.2 M HCl) and reagent 2 (3 % NH4-

SCN methanolic solution) in 1:1 ratio (Schapiro et al.

1970).

Fatty acid methyl ester (FAME) analysis

of mammary gland tissue

Mammary gland tissue homogenate (0.5 %) was prepared

in the mixture of chloroform: methanol (2:1) using REMI

homogenizer followed by sonication at 4 �C for 5 min. The

homogenate was subsequently filtered using a Whatman

filter and final volume made up by methanol. The filtrate

was mixed thoroughly with 0.2 volume of double distilled

water for removal of non-lipid contaminants. The mixture

was kept for 30 min and centrifuged at 5000 rpm for

5 min; upper phase was removed and lower phase was

collected with mammary gland lipids. Methyl esters for the

lipid samples were prepared by stirring 0.75 gm of samples

with hexane (2 ml) and methanolic KOH (2 N) (0.2 ml)

followed by vortexing for 15 min. The phases were

allowed to settle down and the upper layer containing the

FAME was collected (Gregory and Pfaff 1971).

The FAME samples were filtered using 0.2 lm syringe

filters and subjected to the gas chromatographic analysis

(Perkin Elmer GC-clarus 480; Column : Elite-5 Length-

30 m, Internal diameter–0.25 mm) using Flame ionization

detector (250 �C; carrier gas: nitrogen (10 psi); volume of

injection 1 ll; Oven temperature: 150 (1 min), ramp

1–5 �C/min to 230 �C (5 min), ramp 2–150 �C/min to 245

for 12 min; internal standard: cetyl alcohol (Kaithwas et al.

2011).

Western blotting

Protein samples were prepared from the mammary gland

tissue through acetone precipitation and quantified using

the Bradford reagent (Ahmad and Sharma 2009). SDS–

PAGE analysis was performed following the principles of

Laemmli with slight modifications (Laemmli 1970).

Briefly, protein samples were mixed with sample buffer

(125mMTris-HCl, pH6.8, 20 %glycerol, 4 % SDS, 0.05 %

bromophenol blue, 10 % 2-mecaptoethanol). A 30 lg of

protein sample was allowed to resolve through 12 %

polyacrylamide gel using SDS–PAGE (GX-SCZ2?,

Genetix Biotech Asia Pvt. Ltd, New Delhi). The proteins as

resolved through SDS–PAGE were transferred to a PVDF

membrane (IPVH 00010 Millipore, Bedford, MA USA)

using semidry transfer (GX-ZY3, Genetix Biotech Asia

Pvt. Ltd, New Delhi). Subsequently, membrane was

blocked with 3 % BSA and 3 % not fat milk in TBST for

2 h and incubated overnight with primary antibody against

PGP 9.5 [(MA1-83428) (1:2000 dilution)]; NF-jB p65

(MA5-1616) (1:2000 dilution) and b-actin MA5-15739-

HRP (1:300 dilution) (Pierce, Thermo scientific, USA).

The membrane was washed with TBST thrice and incu-

bated with HRP conjugated rat anti-mouse secondary

antibody (31430, 1:5000 dilutions) (Pierce Thermo Scien-

tific, USA) at room temperature for 2 h. The signals were

detected using an enhanced chemiluminescence substrate

(Western Bright ECL HRP substrate, Advansta, Melano-

park, California, US). The quantification of protein was

done through densitometric digital analysis of protein

bands using Image J software (Laemmli 1970; Towbin

et al. 1979).

Statistical analysis

All data were presented as mean ± SEM and analyzed

by one-way ANOVA followed by Bonferroni test and

for the possible significance identification between the

various groups. *p\ 0.05, **p\ 0.01, ***p\ 0.001

were considered as statistically significant. Statistical

analysis was performed using Graph Pad Prism soft-

ware (5.02).
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Results

Treatment with MNU recorded marked increase in the

AB/TEB score and a-chymotrypsin afforded a marked

protection against the same. As a marker for growth

and differentiation of the mammary gland tissue a-

chymotrypsin also regulated the differentiation score

favourably (Table 1; Fig. 1). Mammary gland tissue

was further scrutinized for the oxidative markers and

treatment with MNU demonstrated significant increase

in TBARS and GSH with nonsignificant negating

effects on the enzymatic antioxidant defence. Treatment

with a-chymotrypsin (5 mg/kg p.o.) curtailed the

increased TBARS levels. However, high dose a-chy-

motrypsin further increased the TBARS levels. On the

contrary, the a-chymotrypsin at both the doses

favourably regulated the tissue GSH levels. a-Chy-

motrypsin failed to provide any significant change in

the tissue SOD levels, whereas curtailed the catalase

levels at both the doses (Table 2).

The enzymatic activity of inflammatory markers (COX

and LOX) was upregulated with MNU treatment. Similar

pattern of up-regulation was perceived for the serum NO

levels. Treatment with a-chymotrypsin (5 mg/kg p.o.)

contemplated with significant restoration of the inflamma-

tory markers and NO levels (Fig. 2). It would be

appropriate to mention that high dose of a-chymotrypsin

failed to regulate the COX and NO levels, as in case of

TBARS.

FAME analysis of mammary gland tissue was evident

with decrease in the unsaturated fatty acid content with

MNU treatment with inflation of the same after a-chy-

motrypsin treatment (Table 3). Treatment with MNU

upregulated the PGP 9.5 (UCHL-1) and NF-jB

expression in the mammary gland tissue. Treatment

with a-chymotrypsin demonstrated a dose dependent

negating effect on the PGP and NF-jB expression

(Fig. 3).

Discussion

This study perceived momentous protection by a-chy-

motrypsin to combat the deleterious effects of MNU on

mammary gland. The favourable regulation by a-chy-

motrypsin was very well evident after 60 days of treatment.

Authors would also like to submit that the chymotrypsin

used in the current experiment was derived from the bovine

pancreas. However, no immunogenic reaction was recor-

ded in the animals at any of the doses used in the study.

The whole mount preparations are frequently used as a

convenient method for the examination of small prolifer-

ative lesions as represented through increase in the number

of AB/TEBs and lobules; the corresponding structures in

the human breast are the terminal ductal lobular units. The

AB/TEBs represents the largest bulbous structures located

at the distal end of the mammalian epithelial tree. The

undifferentiated AB/TEBs are the sites for the malignant

transformations and increase in AB/TEB’s number is

directly correlated with increased chances of developing

malignancy (Russo and Russo 1996). AB/TEBs are

potentially used as an early positive marker of anti-angio-

genic activity in cancer preventive therapies. The MNU

treatment was evident with increase in AB/TEB count and

differentiation score, which is in corroboration with the

antecedent studies (Kaithwas and Majumdar 2012).

Treatment with a- chymotrypsin curtailed the AB/TEB

count and differentiation score to sizable amount in dose

dependent manner, suggesting positive modulatory effect

of a-chymotrypsin against MNU induced mammary gland

differentiation.

Chronic inflammation and release of NO by macrophages

and epithelial cells resulting in DNA damage and nitrosy-

lation of proteins is a key event in the progression of

carcinogenesis (Coussens and Werb 2002; Ellies et al.

2003). Significant increase in the enzymatic activity of COX

and LOX enzymes, which was further accomplished by

inflated NO levels after the MNU treatment. Dual inhibition

Table 1 Effect of MNU and a-chymotrypsin on differentiation of mammary gland

Groups AB1 AB2 AB1 ? AB2 Lobules DF.SCORE 1

(AB1 ? AB2 ? Lobules)

Control (3 ml/kg) 263.66 ± 6.43 296.33 ± 10.81** 560 ± 11.36** 642 ± 13.32** 1202 ± 7.26**

MNU (47 mg/kg) 2580 ± 15.02 1258.67 ± 3.95 3838 ± 17.82 4186 ± 30.03 8024.66 ± 6.1

a-Chymotrypsin ? MNU

(5 mg/kg ? 47 mg/kg)

904 ± 10.39 810.5 ± 7.92 1714.5 ± 11.29 1842 ± 23.77* 3556.5 ± 24.98*

a-Chymotrypsin ? MNU

(10 mg/kg ? 47 mg/kg)

285 ± 4.04 282.5 ± 4.12* 567.5 ± 4.16* 671.5 ± 11.09** 1239 ± 9.26**

(Values are Mean ± SEM), each group contains six animals

Comparisons were made on the basis of the one-way Anova followed by Bonferroni test

All groups were compared to the toxic control group (* p\ 0.05, ** p\ 0.01, *** p\ 0.001)
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of the arachidonic acid pathway, in particular COX-2 and

5-LOX inhibition are nowadays recognized to impart anti-

cancer activity (Matsuyama and Yoshimura 2008).

Upsurged enzymatic activity of COX and LOX after the

MNU treatment affirms the association between inflamma-

tion and carcinogenesis in the current experiment as well. In

the same line, NO has been implicated as one of the major

marker for tumour progression and was hypothesized that

increased NO generation in a cell may select mutant p53

cells and contribute to tumour angiogenesis by upregulating

VEGF (Weiming et al. 2002). Inflated NO levels subsequent

to MNU treatment has been foreseen as a marker of cancer

progression and is in line with various preclinical studies.

Treatment with a-chymotrypsin (low dose) regulated the

overexpression of inflammatory markers (COX and LOX

enzymes) along with NO levels. It would pertinent to

mention that a-chymotrypsin (high dose) failed to positively

regulate the COX and NO levels, which is not in line with

the previous reports and precedent findings from our

experiment. Authors would like to mention that such

observation is beyond scope of this work and could be

matter of future investigation. Efficacy of a-chymotrypsin to

regulate the inflammatory markers prompted us further

scrutinize the levels of NF-jB, P65 (a group of sequence-

specific transcription factor and a key regulator of inflam-

matory responses) in the mammary gland tissue. Elevated

Fig. 1 Whole mount of the

mammary gland tissue of rats

treated with MNU and a-

chymotrypsin: in this figure,

group I is Control, II is MNU

(47 mg/kg) treated group, III is

a-CT ?MNU (5 mg/

kg ? 47 mg/kg) treated group

and IV is a-CT ? MNU

(10 mg/kg ? 47 mg/kg) treated

group

Table 2 Effect of a-chymotrypsin and MNU on oxidative stress markers

Groups TBARs (nM of

MDA/lg of

protein)

GSH

(mg %)

SOD (units of

SOD/mg of

protein)

Catalase (nM of

H2O2/min/mg of

protein)

AchE (nM/ml)

Control (3 ml/kg) 91.71 ± 4.04 1.47 ± 0.27 1.74 ± 0.15 9.66 ± 3.78 0.0197 ± 0.01

MNU (47 mg/kg) 101.33 ± 4.59 2.08 ± 0.13 1.73 ± 0.04 8.33 ± 1.45 0.0097 ± 0.002

a-Chymotrypsin ? MNU (5 mg/kg ? 47 mg/kg) 88.39 ± 5.75 1.77 ± 0.18 1.82 ± 0.01 3.03 ± 0.27 0.0091 ± 0.002

a-Chymotrypsin ? MNU (10 mg/kg ? 47 mg/kg) 111.21 ± 4.37 1.35 ± 0.05 1.77 ± 0.06 5.67 ± 0.69 0.0119 ± 0.002

(Values are Mean ± SEM), each group contains 6 animals

Comparisons were made on the basis of the one-way Anova followed by Bonferroni test

All groups were compared to the toxic control group (* p\ 0.05, ** p\ 0.01, *** p\ 0.001)
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NF-jB DNA binding activity is detected in both mammary

carcinoma cell lines and primary human breast cancer tis-

sues. In fact, NF-jB is reported to contribute expansion of

breast tumour stem cells and enhancement of vasculogenesis

(Loizou et al. 2010), and therefore, has emerged as a viable

target for cancer progression. In the same line, we perceived

significant up-regulation of the levels of NF-jB in MNU

treated animals, which subsided to a noticeable amount by

a-chymotrypsin treatment. Prima facie one can commensu-

rate that low dose of a-chymotrypsin can impart noticeable

negating effects on the MNU induced carcinogenesis.

Chemical and physical agents can induce cancer through

production of reactive oxygen species (ROS). Oxidative

damage to cellular macromolecules can arise through

overproduction of ROS and faulty antioxidant and/or DNA

repair mechanisms. In addition, ROS can stimulate signal

transduction pathways and lead to activation of key tran-

scription factors such as Nrf2 and NF-jB (Klaunig et al.

2010). Accordingly, sizable deterioration in the oxidative

stress markers is contemplated with cancer progression and

the same was evident in this study.

A momentous increase was recorded in the MNU treated

animals when accounted for the peroxidative markers of

lipid (TBARS) peroxidation and tissue GSH (Kaithwas and

Majumdar 2012; Raj et al. 2014). In the same line, the

enzymatic antioxidant defence of SOD and catalase were

nonsignificantly deteriorated in consequent to MNU

administration. The distorted battery of antioxidant defence

subsequent to MNU treatment is in line with the previous

reports. Treatment with the a-chymotrypsin nudged down

the inflated TBARS and GSH levels, suggesting the posi-

tive testimony by a-chymotrypsin towards modifying the

disease progression. Nonetheless, the SOD and catalase

constitute major team of antioxidant defence to counteract

the deleterious effects of reactive oxygen species. Treat-

ment with MNU imparted marginal decrease in the

enzymatic activity of SOD (nonsignificant) and catalase,

suggesting reasonable levels of ROS attack leading to

increased utilization. Interestingly, treatment with a-chy-

motrypsin failed to impart any significant change in the

SOD levels with further decrease in the catalase levels. The

unchanged SOD levels and diminished activity of catalase

could be attributed to the proteolytic proficiency of a-

chymotrypsin to selectively hydrolyze peptide bonds on the

C-terminal side of tyrosine, phenylalanine, tryptophan, and

leucine (Appel 1986). Considering the availability of all

the four amino acids (tyrosine, phenylalanine, tryptophan,

and leucine) in the C terminus side chain of SOD and

Fig. 2 Effect of MNU and a-chymotrypsin on inflammatory enzymes

and nitric oxide level: (values are Mean ± SEM), each group

contains six animals and comparisons were made on the basis of

the one-way Anova followed by Bonferroni test. All groups were

compared to the toxic control group (*p\ 0.05, **p\ 0.01,

***p\ 0.001). [Group I: Control; Group II: MNU (47 mg/kg);

Group III: a-chymotrypsin ? MNU (5 mg/kg ? 47 mg/kg); Group

IV: a-chymotrypsin ? MNU (10 mg/kg ? 47 mg/kg)]
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catalase, one may postulate that both the enzymes may be

preferably cleaved by the a-chymotrypsin, and thereby

accounting for the curtailment of catalase levels (Merlino

et al. 2014; Loewen et al. 2015). The cholinergic abnor-

malities are well studied phenomenon in mammary gland

carcinogenesis. In fact, AchE inhibitor (eserine) has been

reported to promote cell proliferation and tumour forma-

tion, thereby suggesting decreased AchE signalling in the

mammary gland cancer cells (Olexová et al. 2013). In the

same line, we perceived downregulated AchE levels in the

mammary gland tissue after the MNU treatment. Con-

comitant administration of the a-chymotrypsin was

accorded with normalized levels of AchE to control at

higher dose. With all above, one can derive that a-chy-

motrypsin can impart a demarcating biochemical effects on

the MNU induced carcinogenesis through modifying the

inflammatory signalling and regulating the oxidative stress

markers.

Alterations in fatty acid metabolism in cancer cells have

received less attention but are increasingly being recog-

nized. Manipulating the fatty acid composition through

exogenous supplementation has been found to be closely

associated with mammary gland cancer risk in rodent

models and humans (Sasaki et al. 1993; Fay et al. 1997;

Chajès et al. 2008). Plethora of scientific studies is avail-

able pointing the positive association between

saturated/monounsaturated fatty acid and progression of

mammary gland carcinoma, with a negative modulation by

polyunsaturated fatty acids (PUFAS) (in particular omega-

6 fatty acids). Similar frame work of decreased total

PUFAS in the mammary glands of MNU treated animals

was perceived in the current experiment. The results from

the FAME analysis of the mammary gland tissue could be

categorized into two major findings. First, the clinical

findings have scrutinized the inverse association between

PUFAS content and breast cancer risk, which was very

well evident in the current experiment after MNU admin-

istration (Zaridze et al. 1990; Vatten et al. 1993).

Moreover, the oleic acid concentration in the tissues has

been negatively correlated with the tumour progression by

number of researchers and the same was well demarcated

in the present experiment as well after the MNU admin-

istration (Carrillo et al. 2012). Treatment with a-

chymotrypsin randomized the overall PUFAS content and

oleic acid concentration in the mammary glands of the

treated rats. With all above, we would like to commend

that a-chymotrypsin can impart favourable effects against

the MNU induced mammary gland carcinoma through

modifying the oxidative stress and inflammatory markers,

which in repercussion regulated the fatty acid profile.

PGP 9.5 (ubiquitin COOH-terminal esterase L1 or

UCHL-1) is an ubiquitin COOH-terminal hydrolase, which

is widely expressed in different type of cancer cells

including breast, colorectal and pancreatic tumours (Bri-

chory et al. 2001; Hurst-Kennedy et al. 2012). Studies also

demonstrate that UCHL-1/PGP 9.5 promotes G1/S arrest in

breast cancer cells (Zhao et al. 2014). The high expression

of UCHL-1/PGP 9.5 in metaplastic carcinomas of the

breast, may implicate an association between UCHL-1/

PGP 9.5 expression and the epithelial–mesenchymal tran-

sition in breast cancer, and therefore, has been imparted the

status of oncogenic marker (Tokumaru et al. 2004; Romon

Table 3 Fatty acid profiling of mammary gland tissue treated with MNU and a-chymotrypsin

S no. Type of fatty acid Control MNU

(47 mg/kg)

a-CT ? MNU

(5 mg/kg ? 47 mg/kg)

a-CT ? MNU

(10 mg/kg ? 47 mg/kg)
Name Saturated Unsaturated

1 C4:00 Butanoic acid – 0.01 – 0.00 0.01

2 C6:00 Hexanoic acid – 0.06 0.01 0.03 0.04

3 C8:00 Octanoic acid – 1.15 0.49 0.53 0.78

4 C10:0 Decanoic acid – 0.12 0.07 0.10 0.11

5 C11:0 Undecanoic acid – 3.82 2.20 2.45 3.30

6 C12:0 Dodecanoic acid – 20.60 11.47 13.43 17.34

7 C13:0 Tridecanoic acid – 0.11 0.07 0.09 0.11

8 C14:0 Tetradecanoic acid – 8.29 7.27 5.48 11.69

9 C14:1 – Myristoleic acid(x-3) 19.39 16.80 21.49 24.13

10 C15:0 Pentadecanoic acid – 2.70 1.36 1.42 2.29

11 C17:1 Heptadecanoic acid – 0.19 0.14 0.01 0.20

12 C18:0 Octadecanoic acid – 0.02 0.12 0.01 0.14

13 C18:1 – Oleic acid(x-9) 0.18 0.05 0.06 0.07

14 C18:2 – Linoleic acid (x-6) 0.00 0.02 0.03 0.04

Saturated fatty acid 37.07 37.07 23.55 36.02

Unsaturated fatty acid 19.7 16.89 21.58 24.24
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et al. 2010). In this particular study, the toxic group showed

elevated expression of UCHL-1/PGP 9.5 in comparison

with control. The dose dependent decrease in UCHL-1/

PGP 9.5 expressions was observed after a-chymotrypsin

treatment.

Previous experimental data reveal that the 26S centre of

UCHL-1/PGP 9.5 is regulated by 20S immunoproteasome

which inhibit degradation of the ubiquitinated proteins

(Hegde and Upadhya 2011). The same could be attributed

to the 20S immunoproteasome having chymotrypsin-like,

trypsin-like, and postglutamyl peptidase activities, which

cleaves the hydrophobic, basic, and acidic residues (Cheng

2009; Marques et al. 2009). In MNU-induced mammary

gland carcinoma model, the a-chymotrypsin causes a

selective inhibition of the chymotrypsin-like subunit 20S of

the immunoproteasome. Previous report also suggests that

the high expression of 20S immunoproteasome subunits

can be related to the considerably higher chymotrypsin-like

activity. The same has been linked with faster processing

rate of the NF-jB/p50 precursor p105 and IjBa. In line

with to above, dose dependent decrease in NF-jB/p65

expressions was observed after a-chymotrypsin treatment.

Henceforth, the increased expression of UCHL-1/PGP

9.5 and subsequent high expression of NF-jB/p65 subunit

could be attributed to high expression of 20S immuno-

proteasome subunits/chymotrypsin-like subunit through

faster processing of NF-jB/p50 precursor p105 and IjBa.

It would be appropriate to remark that the present finding is

endorsed by the previous reports that UCHL-1 not only

activate NF-jB/p50 precursor p105 and IjBa subunit but

also stabilize the expression of p65 subunit by inhibiting its

deacetylation (Groll and Huber 2004; Visekruna et al.

2006; Muchamuel et al. 2009).

With all above, one can conclude that a-chymotrypsin

can impart significant protection against the MNU-induced

mammary gland carcinogenesis through modifying the

pathological, biochemical and inflammatory markers

through regulating the 20S immunoproteasome subunits/

chymotrypsin-like subunit of UCHL-1/PGP 9.5 leading to

faster processing of NF-jB/p50 precursor p105 and IjBa.
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Fig. 3 Effect of a-

chymotrypsin on UCHL-1/PGP

9.5 expression against MNU

induces mammary gland

carcinogenesis in albino rats:

western blot analysis of UCHL-

1/PGP 9.5 expression from

female rat mammary gland

tissue, detected very low

expression in sham control.

Immunoreactivity was evident

as a band of molecular weight of

27 kDa in case of toxic with

increasing expression. A

significant decrease in UCHL-1/
PGP 9.5 expression is noted in

low dose of a-chymotrypsin. In

high dose, it shows a decrease in

immunoreactivity in dose

dependent manner. Present

experiment also revealed NF-

jB P65 activation in MNU

treated animals; its

immunoreactivity was evident

as band of 65 kDa which is

decreased in treatment group in

a dose dependent manner.

Results of b-actin analysis are

shown as an internal control
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