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Abstract

Aflatoxin B1 is a mycotoxin produced mainly by the fungus Aspergillus flavus and A. parasiticus in food and
feed. It is considered as a carcinogenic toxin for human and animals. The current study was designed to
investigate the expression of COX-2 in liver, kidney and spleen of immunized and non-immunized rabbits
against aflatoxin B1 which treated with aflatoxin B1. Immunohistochemical results indicated that COX-2 highly
expressed in the liver, kidney and spleen (4.00+0.00%, 3.66+0.33*, 2.00+0.00* respectively) (P< 0.05) of
aflatoxin Bl-treated rabbits (0.7 mg/kg) and their expression was significantly reduced by immunization of
rabbits against aflatoxin B1 using prepared immunogen consisted of (aflatoxin B1- bovine serum Albumin
Conjugate using concentration 100 ug and 200 pg), and the expression was reduced using concentration 100 ug
more than 200 pg.
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1. Introduction

Aflatoxin B1 is toxic secondary metabolites which produce by some fungi include Aspergillus flavus and
Aspergillus parasiticus in foods and feeds, it has been associated with various diseases, such as aflatoxicosis, in
livestock, domestic animals and humans throughout the world. The occurrence of aflatoxin B1 is affected by
some environmental factors such as geographic location, agricultural and agronomic behavior, and the
susceptibility of commodities to fungal invasion during pre-harvest, storage, and processing periods. Aflatoxin
B1 has received greater interest than any other mycotoxins due to of their carcinogenic effect in laboratory
animals and their acute toxicological effects in humans (Eaton and Groopman, 1994).

Aflatoxin B1 is low molecular-weight secondary fungal metabolite, it was devoid of antigenicity, and
hence it must be conjugated to suitable carrier (such as bovine serum albumin). Efforts to improve antibody
production against aflatoxin B1 were made by immunization of lab animals with aflatoxin B1 -BSA Conjugates
(Chu and Ueno, 1977).

Vaccination against aflatoxin B1 is able to induce antibodies which reduce the toxic effects of
aflatoxin B1 (Langone and Van Vunakis, 1976).

Cyclooxygenase-2 is an enzyme involved in inflammatory processes and a rate limiting enzyme in
prostaglandin biosynthesis from arachidonic acid. Inappropriate up-regulation of COX-2 has been frequently
observed in various premalignant and malignant tissues (Mohan, and Epstein, 2003).

2. Materials and Methods:
2.1 Preparation of Aflatoxin B1 Carboxymethyl oxime:
Aflatoxin B1 Carboxymethyl oxime was prepared according to the method described by (Nanju et al., 2004).

2.2 Preparation of Aflatoxin B1 — BSA Conjugate:
The conjugate was prepared according to the method described by (Chu and Ueno, 1977).

2.3 Antibody production against Aflatoxin B1:

2.3.1 Preparation of injecting solutions:

A- The first injection solution was consisted of 1mg of BSA dissolved in 1 ml NaCl (0.9%) which mixed with
complete Freund adjuvant (1:1) ratio, and the final result was very dense emulsion.

B- The second injection solution was made by adding of 100 pg of Aflatoxin B1- BSA Conjugate to 1 ml NaCl
(0.9%) which mixed with complete Freund adjuvant (1:1) ratio.

C- The third injection solution was made by adding of 200 pug of Aflatoxin B1- BSA Conjugate to 1 ml NaCl
(0.9% ) which mixed with complete Freund adjuvant (1:1) ratio.

D- The fourth injection solution was made by adding of 100 pg of Aflatoxin B1- BSA Conjugate to 1 ml NaCl
(0.9%) which mixed with incomplete Freund adjuvant (1:1) ratio.

E- The fifth injection solution was made by adding of 200 pg of Aflatoxin B1- BSA Conjugate to 1 ml NaCl
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(0.9%) which mixed with incomplete Freund adjuvant (1:1) ratio.

2.3.2 Immunization schedule:

For Immunization the multiple — site intradermal method (Nieschlag et al., 1975) was followed with some
modification, New Zealand White rabbits were immunized in their back using the following schedule (Two
groups of New Zealand White rabbits ((3 rabbit for each concentration)) were used):

* Week (Zero): Two milliliter of solution (A) was injected as priming dose for the both groups of rabbits.

* Week (1): Two milliliter of solution (B) and (C) was injected to each group of rabbit separately.

* Week (3): Five milliliter of blood was collected by bleeding the rabbits using cardiac puncture.

* Week (4): Booster injection, two ml of solution (D) and (E) were injected to each group of rabbit separately

* Week (5, 7,9, 11) : Five milliliter of blood was collected by bleeding the rabbits using cardiac puncture.

After blood collection, blood was left at room temperature for 5 minutes, then centrifuged at 800 rpm for 10
minutes, serum was transferred to 1 ml eppendrof tube using micropipette, then kept in deep freezer until use.
2.3.3 Detection of antibodies:

2.3.40uchterlony double immunodiffusion:

Ouchterlony double immunodiffusion technique was used for antibodies detection according to method
described by (Nilsson, 1978).

2.3.5 Enzyme Linked Immune Sorbent Assay (ELISA):

This test was used for detection of Antibody titer (IgG) which produced against Aflatoxin B1; it was performed
using Rabbit IgG Titer ELISA Kit which supplied by General Bioscience Company.

2.4 Determination of the toxic effects of Aflatoxin B1:

The acute toxic effects concentrations of aflatoxin B1 in rabbits ranged from 0.3 mg /kg body weight to 1 mg /kg
body weight (FAO, 2000), the concentration of acute toxic effects in our experiment was 0.7 mg/kg body weight.
2.4.1Experimental animals:

Twelve New Zealand White rabbits ( 650 g — 1500 g) ( males and females ) were used to determine the effect of
aflatoxin B1 , reared at an optimal room temperature ranged between 22 — 25°C . Animals were fed on locally
prepared diet which formulated from natural ingredients suitable for growing maintenance.

2.4.2 Experimental Design:

Twelve rabbits were divided into four groups, each group contains (3) rabbits. The groups were as follows:
Group 1: Control animals without any treatments.

Group 2: Animals were intraperitonealy treated with Aflatoxin B1 solution (0.7 mg / kg b.w.).

Group 3: Animals were immunized with 100 pg of aflatoxin B1 — BSA Conjugate using immunization schedule
which mentiond as in (2.2.7.3). This group of animals was intraperitonealy treated with Aflatoxin B1 (0.7 mg /
kg b.w.).

Group 4: Animals were immunized with 200 pg of aflatoxin B1 — BSA Conjugat. This group of animals was
intraperitonealy treated with Aflatoxin B1 (0.7 mg/kgb.w. ).

2.5 Immunohistochemical study:

2.5.1Section preparation:

All rabbits were sacrificed after 72 h of the treatment. Liver kidney and spleen were dissected out. Organs were
fixed in plastic containers containing 100 ml of formalin 10 %. After that samples were dehydrated in
progressively more concentrated alcohols, then embedded in paraffin and cut into section of 4-5 pm thickness
(Luna, 1968).

2.5.2 Immunohistochemistry

Immunohistochemical detection Kit of rabbit anti - Cox 2 antibodies supplied from ABCAM Company was
used.

2.5.3Staining protocol:

Fixed samples were dewaxed, and the epitopes in the sections were revealed by being heated at 95°C in 10 mmol
of citrate acid buffer at pH 6, for 10 min in a microwave, and then were left at room temperature for 20 min. The
slides were then washed twice in PBS (pH 7.5) for 5 min. Tissue sections were incubated with primary anti-
COX-2 antibodies and diluted 1:100 at room temperature in a humid chamber for 1 h. After being washed with
PBS, slides were incubated with the secondary antibody, horseradish peroxidase goat anti-rabbits IgG, for 1 h, in
a humid chamber, at 4°C, then washed with PBS and incubated with the 3,3’ diaminobenzidine substrate for 7
min and counter-stained with Harris hematoxylin, clarified in xylene, and mounted.

2.5.4Evaluation of Immunohistochemistry Results:

Immunohistochemical signal specificity was demonstrated by the absence of immunostaining in the negative
control slides and its presence in recommended positive controls, clear brown cytoplasmic staining pattern were
considered positive, The extent of staining was scored using the following scale: 0 = (negative ), 1 = (weak
positive), 2 (moderate positive), 3 (strong positive), 4(severe positive) (Davidson et al., 2004).
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2.6 Statistical Analysis
The mean + Standard Error (SE) values were calculated for each group to determine the significant of intergroup
difference. Differences were considered significant at P < 0.05.

3. Results

The results of positive COX-2 immunostaining in rabbit’s liver, kidney and spleen was detected as brown
cytoplasmic staining, while there is no brown stain in negative results, figures (1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12).
THC expression results of COX-2 were illustrated in table (1).

Table 1: COX-2 IHC expression

Organs Groups

Gl G2 G3 G4
Liver 0.00+0.00* 4.00+0.00* 3.00+0.00* 1.00+0.00*
Kidney 0.00+0.00* 3.66+0.33* 1.33+0.33* 0.00+0.00
Spleen 0.00+0.00* 2.00£0.00* 2.334+0.33 0.00+0.00

Each value expressed as Mean + Standard Error (SE) of three replicates.

G1 = Control (rabbits without treatment).

G2 = rabbits treated with 0.7 mg/ kg aflatoxin B1 (I.P).

G3 = Immunized rabbits (100 pug aflatoxin B1-BSA Conjugate) treated with 0.7 mg/ kg aflatoxin B1 (I.P).

G4 = Immunized rabbits (200 pg aflatoxin B1-BSA Conjugate) treated with 0.7 mg/ kg aflatoxin B1 (I.P). *=
Significant (P< 0.05).

From table mentioned above results showed that there is no expression of COX-2 in the liver of control
animals (score = 0), while the expression of COX-2 was significantly high (P< 0.05) in animals treated with
aflatoxin B1 (0.7 mg/kg) only (score = 4) comparing with control animals, the expression of COX-2 in
immunized animals (100 pg aflatoxin B1-BSA Conjugate) was significantly lower than the animals treated with
aflatoxin B1 only(score = 3), while the expression of COX-2 in immunized animals (200 pug aflatoxin BI-BSA
Conjugate) was significantly low (P< 0.05) (score=1) in compared with immunized animals (100 pg aflatoxin
B1-BSA Conjugate).

Results of the expression of COX-2 in kidney showed that there was no expression of COX-2 in control
animals (score=0), while the expression of COX-2 in animals treated with aflatoxin B1 (0.7 mg/kg) only was
significantly high (P< 0.05) (score = 3) comparing with control animals, the expression of COX-2 in immunized
animals (100 pg aflatoxin B1-BSA Conjugate) was significantly low (P< 0.05) (score =1) in compared with
animals treated with aflatoxin B1 (0.7 mg/kg) only, while there was no expression of COX-2 in immunized
animals (200 ug aflatoxin B1-BSA Conjugate) (score=0).

In spleen, results revealed that there was no expression of COX-2 in control animals, while the expression of
COX-2 in animals treated with aflatoxin B1 (0.7 mg/kg) only was significantly high (P< 0.05)(score = 2) in
compared with control animals, otherwise There was no significant difference between immunized (100 pg
aflatoxin B1-BSA Conjugate) and animals treated with aflatoxin B1 (0.7 mg/kg) only (score = 2), whereas there
was no expression of COX-2 in immunized animals (200 pug aflatoxin B1-BSA Conjugate) (score = 0).

Immunohistochemical Finding (COX-2 expression)
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Fig 2 :( G2) Animals treated with aflatoxin B1 (0.7 mg/ kg aflatoxin B1 (I.P)) (score =4), 40X.
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Fig4: (G4) Immunized animals (200 pg aflatoxin B1-BSA Conjugate) treated with 0.7 mg/ kg aflatoxin B1 (I.P)
(score=1), 40X.
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Fig 8: (G4) Immunized animals (200 pg aflatoxin Bl—BSAConjugate) treated with 0.7 mg/ kg aflatoxin B1 (I.P)
(score=0), 40X.
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Fig 9:(G1) Control animals (score = 0), 10X

Fig 10 :( G2) Animals treated with aflatoxin B1 (0.7 mg/ kg aflatoxin B1 (I.P)) (score =2), 40X.

13



Journal of Biology, Agriculture and Healthcare www.iiste.org

ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) J!l—fl
Vol.5, No.14, 2015 NS'E

Fig 12: (G4) Immunized animals (200 ug aflatoxin B1-BSA Conjugate) treated with 0.7 mg/ kg aflatoxin B1
(I.P) (score=0), 40X.

4. Discussion

Our results showed that there was no expression of COX-2 in control animals and the expression of COX-2 was
high in rabbit’s liver, kidney and spleen treated with aflatoxin B1 only due to that Aflatoxin B1 has a range of
biological activities, including acute toxicity, teratogenicity, mutagenicity and carcinogenicity (McLean and
Dutton, 1995). The International Agency for Research on Cancer (IARC) has classified aflatoxin B1 as the most
important known carcinogenic compound (group 1), particularly related to hepatocarcinoma (Henry et al., 1999).
COX-2 was an enzyme involved in inflammatory processes and Inappropriate up-regulation of COX-2 has been
frequently observed in various premalignant and malignant tissues (Mohan and Epstein, 2003), COX-2 has been
further implicated in tumorigenesis by increased susceptibility of COX-2 over-expressing transgenic mice
(Muller et al.,2002) and relative resistance of COX-2 knockout animals to spontaneous or experimentally-
induced carcinogenesis (Tiano et al., 2002).

COX-2 expression was lower in the liver, kidney and spleen of immunized animals (100 and 200 pg
aflatoxin B1-BSA Conjugate) than animals treated with aflatoxin B1 only, because of Lower mortality and
reduction of acute toxic effects in rabbits immunized with aflatoxin B1-1(O-carboxymethyl) oxime conjugated to
bovine serum albumin (BSA) (Chu and Ueno, 1977; Odunola and Uwaifo, 1998; Odunola and Uwaifo, 2000), on
the other hand the expression of COX-2 in immunized animals with100 pg aflatoxin B1-BSA Conjugate was
higher than immunized animals with 200 pg aflatoxin B1-BSA Conjugate due to the effectiveness of vaccine in
concentration 200 pg in reduce the toxic effect of aflatoxin B1 in rabbits more than 100 pg, these results were
agreed with (Ali, 2013) which revealed that immunization of animals against aflatoxin B1 play important role
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in reducing of the toxic effects of aflatoxin B1, especially when 200 pug aflatoxin B1-BSA Conjugate was
used which shows more effective in reducing this toxic effects on liver, kidney and spleen in comparison with
100 pg aflatoxin B1-BSA Conjugate.

5. Conclusion

In conclusion, the expression of COX-2 was high in liver, kidney and spleen of animals treated with aflatoxin
(0.7 mg/kg) only, and the immunization of animals treated with aflatoxin B1 by aflatoxin B1 BSA-
conjugate(100 pg and 200 ug ) make the expression of COX-2 reduce or remove, on the other hand using 200
pg of vaccine was more effective in reduction or removal the expression of COX-2 than 100 pg.

Acknowledgments

My special thanks to Department of Oral Diagnosis, College of Dentistry, University of Baghdad and Dr. Salah
Mahdi Muhsen Al-Chalaby from the center of biotechnology researches in Al-Nahrain University who support
me in completing this work.

6. References

1- Eaton, D.L. and Groopman, J.D. (1994). The Toxicology of Aflatoxins. Academic Press, New York. pp383-
426.

2- Chu, F.S and Ueno, S. (1977). Production of Antibody against Aflatoxin B1. Appl. Environ. Microbiol .33
(5): 1125-1128.

3- Langone, J. J and Van Vunakis, H. (1976). Aflatoxin Bl: specific antibodies and their use in
radioimmunoasssay. J. Natl. Cancer Inst. 56:591-595

4- Mohan, S and Epstein, J.B. (2003). Carcinogenesis and cyclooxygenase: the potential role of COX-2
inhibition in upper aerodigestive tract cancer. Oral Oncolo. 39: 537-546.

5- Nanju, A. L.; Shuo, W.; Robin, D. A and Ivan, R. K. (2004). A Rapid Aflatoxin B1 ELISA: Development
and Validation with Reduced Matrix Effects for Peanuts, Corn, Pistachio, and Soybeans. J . Agri. Food.
Chem..52 (10): 2746-2755.

6- Nieschlag, E.; Kley, H.K and Usadel K.H. (1975). Production of steroid antisera in rabbits, pp. 87-96. In E.H
.D. Cameron, S.G Hillier, and K. Griffithes (ed.), Steroid immunoassay. Alpha Omega Publishing Ltd.,
Wales.

7- Nilsson, L. A. (1978). Immunodiffusion and immunoelectrophoresis. In: Handbook of experimental
immunology, D.M Weir (ed), Third Edition., Oxford: Black.] science Publication.19.16.-19.28

8- Food and Agriculture Organization (FAO). (2000). Aflatoxin research on grain in Asia — its problems and
possible solutions. FAO Technical Report.

9- Luna, L .G (1968). Manual of Histologic Staining Methods of the Armed Forces Institute of Pathology. 3 rd.,
New York, McGraw-Hill Book Company, pp. 38-76 and 222-223.

10-Davidson B , Vintman L , Zcharia E , Bedrossian C , Berner A, Ilan N , Vlodavsky I & Reich R , Nielsen
S.(2004). Heparanase and basic fibroblast growth factor are co-expressed in malignant mesothelioma Clinic.
Exp. Meta. Kluwer Acad. Pub.. Printed in the Netherlands. 21: 469-476.

11-McLean, M and Dutton, M.F. (1995). Cellular interactions and metabolism of aflatoxin: an update.
Pharmacol Ther. 5:163-192.

12-Henry, S.H.; Bosch, F.X.; Troxell, T.C and Bolger, P.M. (1999). Policy forum: public health. Reducing liver
cancer—global control of aflatoxin. Sci. 286:2453-2454.

13-Mohan, S and Epstein, J.B., 2003. Carcinogenesis and cyclooxygenase: the potential role of COX-2
inhibition in upper aerodigestive tract cancer. Oral Oncol. 39:537-546.

14-Muller-Decker, K., Neufang, G., Berger, 1., Neumann, M., Marks, F., Furstenberger, G., (2002). Transgenic
cyclooxygenase-2 overexpression sensitizes mouse skin for carcinogenesis. Proc. Nat. Acad. Scie.U SA. 99:
12483-12488.

15-Tiano, H.F., Loftin, C.D., Akunda, J., Lee, C.A., Spalding, J., Sessoms, A., Dunson, D.B., Rogan, E.G.,
Morham, S.G., Smart, R.C., Langenbach, R.( 2002). Deficiency of either cyclooxygenase (COX)-1 or COX-
2 alters epidermal differentiation and reduces mouse skin tumorigenesis. Canc. Res. 62:3395-3401.

16-Odunola, O.A and Uwaifo, A.O. (1998). Binding reaction of aflatoxin B1 with immunoglobulin G against
aflatoxin B1-bovine serum albumin complex. African J. Med Med Sci. 27:1-4.

17-Odunola, O. A and Uwalfo , A .O. (2000). Immune response to aflatoxin B1-histone HI complex. African J.
Med Med Sci. 29:105-110.

18-Ali, F, F, H.(2013). Biochemical and Histopathological Comparison between Non-Immune and Immune
Rabbits against Aflatoxin B1. Ph.D. Thesis, university of Baghdad.

15



The IISTE is a pioneer in the Open-Access hosting service and academic event management.
The aim of the firm is Accelerating Global Knowledge Sharing.

More information about the firm can be found on the homepage:
http://www.iiste.org

CALL FOR JOURNAL PAPERS
There are more than 30 peer-reviewed academic journals hosted under the hosting platform.

Prospective authors of journals can find the submission instruction on the following
page: http://www.iiste.org/journals/ All the journals articles are available online to the
readers all over the world without financial, legal, or technical barriers other than those
inseparable from gaining access to the internet itself. Paper version of the journals is also
available upon request of readers and authors.

MORE RESOURCES

Book publication information: http://www.iiste.org/book/

Academic conference: http://www.iiste.org/conference/upcoming-conferences-call-for-paper/

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische Zeitschriftenbibliothek
EZB, Open J-Gate, OCLC WorldCat, Universe Digtial Library , NewJour, Google Scholar

c Je‘ m l\l)l\C(())Ht\l(l\
I'OS

O ULRICHS\WEE  JournalTOCs |

£ 2 ¥ Elektromsche
008 Zeitscnnftendibliothek
( ) ¥/ \ "y
(’C\ | | LR
) A e

oCLC WF [ IBRARY

WorldCat



http://www.iiste.org/
http://www.iiste.org/journals/
http://www.iiste.org/book/
http://www.iiste.org/conference/upcoming-conferences-call-for-paper/

