
 
 

Journal of 
Toxicology and 
Environmental Health 
Sciences
Volume  6  Number 6,  August  2014
ISSN  2006 - 9820

 
 
 



 
 

 

 

ABOUT JTEHS  
 
The Journal of Toxicology and Environmental Health Sciences (JTEHS) is published monthly (one volume per 
year) by Academic Journals.  

 

The Journal of Toxicology and Environmental Health Sciences (JTEHS) is an open access journal that provides 
rapid publication (monthly) of articles in all areas of the subject such as toxicogenomics, enzyme inhibition, drug 
overdose, Children's Environmental Exposure Research Study etc. 
 
The Journal welcomes the submission of manuscripts that meet the general criteria of significance and scientific 
excellence. Papers will be published shortly after acceptance. All articles published in JTEHS are peer-reviewed. 

 

 

Submission of Manuscript  
 
Submit manuscripts as e-mail attachment to the Editorial Office at: jtehs@academicjournals.org. A manuscript 
number will be mailed to the corresponding author shortly after submission.  

The Journal of Toxicology and Environmental Health Sciences (JTEHS) will only accept manuscripts submitted as 
e-mail attachments.  
 
Please read the Instructions for Authors before submitting your manuscript. The manuscript files should be 
given the last name of the first author.  



 
 
 

 
Editors  

 
Dr. Hazem Mohammed Ebraheem Shaheen 
Department of Pharmacology, Faculty of 
Veterinary Medicine, Damanhur University, 
Behera – Dalangat – Elbostan, 
Egypt 
  
Dr. Jianbo Xiao 
College of Life & Environment Science, 
Shanghai Normal University 100 Guilin Rd, 
Shanghai 200234, 
PR China 
  
Dr. Adriana Maria Neghina                               
Victor Babes University of Medicine and Pharmacy  
Biochemistry Department  
2 Eftimie Murgu Square  
RO - 300041, Timisoara 
Romania          
  
Dr. Rouabhi Rachid                  
Biology Department  
University of Tebessa 12000.  
Algeria. 
   
Prof. YongXun Pang 
Endemic center, Harbin Medical University 157 BaoJian 
Road, 
NanGang District, Harbin, P. R. 
China  
  
Dr.M.Mahadeva Swamy 
Mysore – 570 006,  Karnataka,    
India 
  
Dr. Shashank Shah 
"40/29 Bhonde Colony, 14 Shwe Off Karve Road, 
Erandwane,  
Pune, Maharastra,  
India 
  
Dr. Necati Celik 
Karadeniz Technical University, Dept. of Phys. 61080 
Trabzon,  
Turkey 
  
Prof. Yangfeng Wu 
"Suite B1302, No 6, Zhichunlu Rd., Haidian District,  
Beijing, 100088, 
 China 
 
  
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
Dr. Ashim Kumar Biswas 
Department of Livestock Products Technology, COVS,  
Ludhiana- 141004 (Punjab)  
India  
  
Dr. Ilia Yarmoshenko 
Institute of Industrial Ecology of 
Ural Branch of Russian Academy of Sciences  
620219 S. Kovalevskoy Str., 20, Ekaterinburg,  
Russia 
  
Dr. Şifa Türkoğlu 
Cumhuriyet University, Faculty of Art and Science,  
Deparment of Biology, Sivas,  
Turkey 
  
Dr. Juan Antonio Riesco Miranda 
Pneumology Department. San Pedro  
Alcantara Hospital Cáceres  
Spain 
  
Dr. Norazmir Md Nor 
Department of Nutrition & Dietetics  
Faculty of Health Sciences MARA University of  
Technology Puncak Alam Campus42300  
Puncak Alam Selangor,  
Malaysia 
  
 Dr. Helal Ragab Moussa 
Bahnay, Al-bagour, Menoufia,  
Egypt 
  
Prof. Dr. Mamdouh Moawad Ali 
33 El-Tahrir Street, Dokki 12622, Cairo,  
Egypt 
  
Reza Hosseinzadeh 
Shahid Beheshty Ave., Urmia University,  
Jahad-E-Daneshgahi, P. O. Box No. 165, Urmia,  
Iran 
  
Moustafa Hossein El-Naggar  
Biological Sciences, Faculty of Science,  
King Abdulaziz University,  
Jeddah, KSA 
 
Hasan TÜRKEZ  
Division of Molecular Biology and Genetics,  
Faculty of Science,  
Erzurum Technical University, Erzurum,  
Turkey 

 
 

 
 
 
 
 
 
 



 
 
 

 
 
 

Instructions for Author 
 
 

Electronic   submission   of   manuscripts   is   strongly 
encouraged, provided that the text, tables, and figures are 
included in a single Microsoft Word file (preferably in Arial 
font). 
 
The cover letter should include the corresponding author's 
full address and telephone/fax numbers and should be in  
an e-mail message sent to the Editor, with the file, whose 
name should begin with the first author's surname, as an  
attachment. 
 
Article Types 
Three types of manuscripts may be submitted: 
 
Regular articles: These should describe new and carefully 
confirmed findings, and experimental procedures should 
be given in sufficient detail for others to verify the work. 
The length of a full paper should be the minimum required 
to describe and interpret the work clearly. 
 
Short Communications: A Short Communication is suitable 
for recording the results of complete small investigations 
or giving details of new models or hypotheses, innovative 
methods, techniques or apparatus.  The style of main 
sections need not conform to that of full-length papers. 
Short communications are 2 to 4 printed pages (about 6 to 
12 manuscript pages) in length. 
 
Reviews: Submissions of reviews and perspectives covering  
topics of current interest are welcome and encouraged.  
Reviews should be concise and no longer than 4-6 printed  
pages (about 12 to 18 manuscript pages). Reviews are also  
peer-reviewed. 
 
Review Process 
 
All manuscripts are reviewed by an editor and members of 
the Editorial Board or qualified outside reviewers. Authors 
cannot nominate reviewers.  Only reviewers randomly 
selected from our database with specialization in the 
subject area will be contacted to evaluate the manuscripts. 
The process will be blind review. 
Decisions will be made as rapidly as possible, and the  
journal strives to return reviewers’ comments to authors as  
fast as possible. The editorial board will re-review  
manuscripts that are accepted pending revision. It is the  
goal of the JPP to publish manuscripts within weeks after  
submission. 
 
Regular articles 
 
All portions of the manuscript must be typed 
double-spaced and all pages numbered starting from the 
title page. 
 
 

 
 
 
 
 
 
 

 
 
The Title should be a brief phrase describing the contents of 
the paper. The Title Page should include the authors' full 
names and affiliations, the name of the corresponding author 
along with phone, fax and E-mail information. Present 
addresses of authors should appear as a footnote. 
 
The Abstract should be informative and completely 
self-explanatory, briefly present the topic, state the scope of 
the experiments, indicate significant data, and point out major 
findings and conclusions. The Abstract should be 100 to 200 
words in length. Complete sentences, active verbs, and the 
third person should be used, and the abstract should be 
written in the past tense. Standard nomenclature should be 
used and abbreviations should be avoided. No literature 
should be cited. 
Following the abstract, about 3 to 10 key words that will 
provide indexing references should be listed. 
 
A list of non-standard Abbreviations should be added. In 
general, non-standard abbreviations should be used only 
when the full term is very long and used often. Each 
abbreviation should be spelled out and introduced in 
parentheses the first time it is used in the text. Only  
recommended SI units should be used. Authors should use   
the   solidus   presentation (mg/ml).   Standard abbreviations 
(such as ATP and DNA) need not be defined. 
 
The Introduction should provide a clear statement of the 
problem, the relevant literature on the subject, and the 
proposed approach or solution.  It should be understandable 
to colleagues from a broad range of scientific disciplines. 
 
Materials and methods should be complete enough to allow 
experiments to be reproduced. However, only truly new 
procedures should be described in detail; previously published 
procedures should be cited, and important modifications of 
published procedures should be mentioned briefly.  Capitalize 
trade names and include   the   manufacturer's   name   and   
address. Subheadings should be used. Methods in general use 
need not be described in detail. 
 
Results should be presented with clarity and precision. The 
results should be written in the past tense when 
describing   findings   in   the   authors'   experiments.  
Previously published findings should be written in the  
present tense. Results should be explained, but largely  
without   referring   to   the   literature.   Discussion,  
speculation and detailed interpretation of data should  
not be included in the Results but should be put into the  
Discussion section. 
 
 
 

 
 
 
 



 
 
 
 

 

 

 
 
The Discussion should interpret the findings in view of 
the results obtained in this and in past studies on this 
topic. State the conclusions in a few sentences at the end 
of the paper. The Results and Discussion sections can 
include subheadings, and when appropriate, both 
sections can be combined. 
 

The Acknowledgments of people, grants, funds, etc 
should be brief. 
 
Tables should be kept to a minimum and be designed to  
be as simple as possible. Tables are to be typed double- 
spaced throughout, including headings and footnotes.  
Each table should be on a separate page, numbered  
consecutively in Arabic numerals and supplied with a  
heading and a legend. Tables should be self-explanatory  
without reference to the text. The details of the methods  
used in the experiments should preferably be described  
in the legend instead of in the text. The same data should  
not be presented in both table and graph form or  
repeated in the text. 
 
Figure legends should be typed in numerical order on a  
separate sheet.  Graphics should be prepared using  
applications capable of generating high resolution GIF,  
TIFF, JPEG or Powerpoint before pasting in the Microsoft  
Word manuscript file. Tables should be prepared in  
Microsoft Word. Use Arabic numerals to designate  
figures and upper case letters for their parts (Figure 1).  
Begin each legend with a title and include sufficient  
description so that the figure is understandable without  
reading the text of the manuscript. Information given in  
legends should not be repeated in the text. 
 
References: In the text, a reference identified by means  
of an author‘s name should be followed by the date of  
the reference in parentheses. When there are more than  
two authors, only the first author‘s name should be  
mentioned, followed by ’et al‘. In the event that an  
author cited has had two or more works published during  
the same year, the reference, both in the text and in the  
reference list, should be identified by a lower case letter  
like ’a‘ and ’b‘ after the date to distinguish the works. 
 
Examples: 
 
Cole (2000), Steddy et al. (2003), (Kelebeni, 1983), (Bane 
and Jake, 1992), (Chege, 1998; Cohen, 1987a,b;Tristan, 
1993,1995), (Kumasi et al., 2001) 
 
References should be listed at the end of the paper in  
alphabetical order. Articles in preparation or articles  
submitted for publication, unpublished observations,  
personal communications, etc. should not be included  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 

in the reference list but should only be mentioned in the 
article text (e.g., A. Kingori, University of Nairobi,  
Kenya, personal communication). Journal names are  
abbreviated according to Chemical Abstracts. Authors  
are fully responsible for the accuracy of the references. 
 
Examples: 
 
Ansell J, Hirsh J, Poller L (2004). The pharmacology and 
management of the vitamin K antagonists: the Seventh ACCP 
Conference on Antithrombotic and Thrombolytic. Therapy.   
126:204-233 
 
Ansell JE, Buttaro ML, Thomas VO (1997). Consensus  
guidelines  for  coordinated  outpatient  oral anti coagulation 
therapy management. Ann. Pharmacother. 31:604-615 
 
Charnley   AK (1992). Mechanisms   of   fungal pathogenesis in 
insects with particular reference to locusts.  In:  Lomer  CJ,  
Prior  C (eds), Pharmaceutical Controls of Locusts and 
Grasshoppers: Proceedings of an  international  workshop  
held  at  Cotonou,  Benin. Oxford: CAB International. pp 
181-190. 
 
Jake OO (2002). Pharmaceutical Interactions between Striga  
hermonthica (Del.)  Benth.  and fluorescent rhizosphere 
bacteria  Of  Zea  mays,  L.  and Sorghum bicolor L. Moench for 
Striga suicidal germination In Vigna unguiculata. PhD 
dissertation, Tehran University, Iran. 
 
Furmaga EM (1993). Pharmacist management of a 
hyperlipidemia clinic. Am. J. Hosp. Pharm. 50: 91-95 
 
 
Short Communications 
 
Short Communications are limited to a maximum of two 
figures and one table.  They should present a complete study 
that is more limited in scope than is found in full-length 
papers. The items of manuscript preparation  listed  above 
apply to Short Communications with the following differences:  
 
(1) Abstracts are limited to 100 words; (2) instead of a 
separate Materials and Methods section, experimental 
procedures may be incorporated into Figure Legends and 
Table footnotes; (3) Results and Discussion should be 
combined into a single section. 
 
Proofs and Reprints: Electronic proofs will be sent (e- 
mail attachment) to the corresponding author as a PDF file.   
Page proofs are considered to be the final version of the 
manuscript. With the exception of typographical or minor 
clerical errors, no changes will be made in the manuscript at 
the proof stage. 



 

 

 

 

 

 

 

 

 

 

 

 

Fees and Charges: Authors are required to pay a $550 handling fee.  Publication of an article in the Journal of 
Toxicology and Environmental Health Sciences (JTEHS) is not contingent upon the author's ability to pay the 
charges. Neither is acceptance to pay the handling fee a guarantee that the paper will be accepted for publication. 
Authors may still request (in advance) that the editorial office waive some of the handling fee under special 
circumstances.  
 
Copyright: © 2014, Academic Journals.  
All rights Reserved. In accessing this journal, you agree that you will access the contents for your own personal use but 
not for any commercial use. Any use and or copies of this Journal in whole or in part must include the customary 
bibliographic citation, including author attribution, date and article title.  

Submission of a manuscript implies: that the work described has not been published before (except in the form of an  
abstract or as part of a published lecture, or thesis) that it is not under consideration for publication elsewhere; that if  
and when the manuscript is accepted for publication, the authors agree to automatic transfer of the copyright to the  
publisher.  
 
Disclaimer of Warranties  
In no event shall Academic Journals be liable for any special, incidental, indirect, or consequential damages of any 
kind arising out of or in connection with the use of the articles or other material derived from the JTEHS, whether or not 
advised of the possibility of damage, and on any theory of liability.  
This publication is provided "as is" without warranty of any kind, either expressed or implied, including, but not 
limited  to,  the  implied  warranties  of  merchantability,  fitness  for  a  particular  purpose,  or  non-infringement. 
Descriptions of, or references to, products or publications does not imply endorsement of that product or publication. 
While every effort is made by Academic Journals to see that no inaccurate or misleading data, opinion or statements 
appear in this publication, they wish to make it clear that the data and opinions appearing in the articles and 
advertisements herein are the responsibility of the contributor or advertiser concerned. Academic Journals makes no 
warranty of any kind, either express or implied, regarding the quality, accuracy, availability, or validity of the data or 
information in this publication or of any other publication to which it may be linked.  

 

 

 



  
 
 
 

 
 
 

Journal of Toxicology and Environmental Health Sciences 

 
     Table of Contents:      Volume 6    Number 6    August   2014 
 

ARTICLES 
 

 

Research Articles 
 

 
                                   Response Of Liver And Gills Of Mystus Gulioto The Heavy Metal Pollutants  
                                   And Metacercarian Infection                                                                                                              120                                                                                                                            
                                   Sherly Williams E., Beena V. S., Razeena Karim L. and Seethal Lal S. 
 
                                    
                                    
                                          

 
                                         



 

 

 

 
Vol. 6(6), pp. 120-125, August, 2014 
DOI: 10.5897/JTEHS2014.0304 
Article Number: D12CB5A47126 
ISSN 2006-9820  
Copyright © 2014 
Author(s) retain the copyright of this article  
http://www.academicjournals.org/JTEHS 

            Journal of Toxicology and Environmental  
Health Sciences 

 
 
 
 
 
 
Short Communication 
 

Response of liver and gills of Mystus gulioto the heavy 
metal pollutants and metacercarian infection 
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Mystus gulio collected from the polluted waters of Veli lake in the Thiruvananthapuram district of 
Kerala, India was subjected to histopathological observations to study the effect of the pollutants on 
the tissue of the fishes. The epithelial layer of the secondary lamellae was lifted and detached from the 
underlying tissue, and was also seen in a degenerative form. The hepatocytes have lost their shape and 
regular arrangement, and was seen accumulated in a syncitial mass. Pycnotic nuclei, enlargement of 
nuclei and condensation of nuclear material were observed all through. Brownish pigments were 
scattered throughout the tissue which shows the possibility of accumulation of heavy metals. 
Inflammatory reaction of the liver against a metacercarian cyst was also demonstrated. 
 
Key words: Mystus gulio, Veli lake, syncitial mass, metacercarian cyst, pycnotic nuclei. 

 
 
INTRODUCTION 
 
Fish and aquaculture products contribute a significant 
amount of animal protein to the diets of people 
worldwide. Being highly nutritive, they serve as valuable 
food supplement in diets lacking essential vitamins and 
minerals (Jayasree  and Arunachalam, 2000). Fishes and 
aquaculture products are seriously affected by pollution 
due to urbanization, industrialization and by human 
activities. Most of the pollutants are non biodegradable, 
which causes negative impact on the environment. When 
these pollutants reach the environment, it brings irre-
versible damage to the natural resources and ecosystem. 
Water pollution severely affects the  aquatic  life. Massive  

fish kills and diseases of fishes due to industrial pollution 
have become a common feature in various parts of the 
country. Anaerobic conditions resulting from the organic 
wastes are responsible for the diseases in fish 
(Overstreet and Devender, 1976). Hyperplasia, fusion of 
gill lamellae separation of respiratory epithelium from 
underlying tissues, extensive lipid vacuolation in 
hepatocytes, atrophy and necrosis of pancreatic tissues 
were observed in estuarine fishes exposed to crude oil 
(Solangi and Overstreet, 1982). Stroke et al. (1985) ob-
served hyperplasia of the gill tissues and swollen hepatic 
cells when the fishes are exposed to coal derived materials. 
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Figure 1. Appearance of gills of fish collected from polluted environment showing some 
degenerative changes in the secondary lamellae. 
DEL: Damaged epithelial layer, VS: vacuous space, CC: club shaped cells. 

 
 
MATERIALS AND METHODS 
 
To study the impact of pollution on Mystus gulio, histopathological 
studies were done on more candidate tissues like gills and liver. M. 
gulio collected from Veli and samples were collected depending on 
rain, breaking of pozhi and the summer season. Only medium sized 
fishes were selected for the present study and juveniles are not 
considered.  

Some tissues like gill and liver which have morphological 
changes based on compound microscopic observations are 
selected and fixed on neutral buffered formalin and histological 
fixatives like Bouin’s fluid. The tissues were washed overnight in 
running water to remove the fixative. The gill tissues were 
decalcified by keeping in perenyis fluid for sufficiently long period. 
Tissue sections with 5 to 6 microns thickness were processed, 
washed, dehydrated and mounted in paraffin wax, then it was 
sectioned to 5 to 6 microns thickens using rotary microtome and 
again processed and stain and observed under the microscope. 
 
 
RESULTS AND DISCUSSION 
 
Gills are important in respiration as well as 
osmoregulation of the fish. Numerous delicate leaf-like 
structures, the lamellae, project from each gill filament, 
and these consists of minute capillaries covered by a 
single layer of thin epithelial cells. These epithelial cells 
form a barrier between the fish’s blood and surrounding 
water through which the gaseous exchange takes place. 
The gross appearance of gills of fish collected from 
polluted environment resembles that of the normal fish. 
However, the gills exhibited some degenerative changes 
in the secondary lamellae. The epithelial layer of the se-
condary lamellae at several sites was lifted and detached 
from the underlying tissue and was found to establish a 
connection with the epithelial layer of the adjacent lamellae 

(Figure 1).   
 The development of epithelial layer was found to 

extend towards the tip of the lamellae. The epithelial layer 
surrounding the blood spaces have detached from their 
basement membrane leaving many vacuous spaces 
(Figures 1 and 2). Hyperplasia was more pronounced 
towards the base of the filament which influenced the 
fusion of the adjacent filaments, thereby reducing the 
respiratory surface area of the gill. Above all, the secon-
dary gill lamellae were clubbed with a large accumulation 
of blood cells at the distal end. 

The liver of teleosts is relatively a large organ and has 
no direct contact with the pollutants dissolved in the 
water. The pollutants in water affect the liver through 
blood and it is reported that the liver is susceptible to a 
number of toxic and metabolic disturbances and it serve 
as an index to toxicity of polluted water (Kulshrestha and 
Jauhar, 1984; Hiraoka and Okuda, 1983). 

The histopathological examination of the liver of the fish 
collected from sewage and industry effluent polluted 
water showed noticeable changes. The hepatocytes have 
lost their shape and regular arrangement (Figure 3). Due 
to the rupture of the cell wall, cytoplasm and nuclei were 
seen scattered in the liver tissue. Pycnotic nuclei due to 
the rupture of the cell membrane were seen scattered in 
the neighbouring tissue (Figure 4). 

The cell membranes appeared in a state of dissolution 
and are not in crisp appearance. Hepatocytes were seen 
accumulated in the form of a syncitial mass with 
scattered nucleus (Figure 3). Enlargement of nuclei and 
condensation of nuclear material were clearly observed 
throughout the tissue. Brownish pigments were seen 
scattered in liver tissue (Figure 4) and in  certain  areas  it  
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Figure 2. Epithelial layer surrounding the blood spaces showing detachement from 
basement membrane leaving many vacuous spaces 
VS: Vacuous space, CC: club shaped cells. 

 
 

 
  
Figure 3. Hepatocytes accumulated in the form of a syncitial mass with scattered nucleus. Hepatocytes have 
lost their shape and regular arrangement. 
PN: Pycnotic nuclei.  

 
 
forms a mass of disintegrated cells invariably associated 
with a blood vessel (Figure 5). 

The metacercarian larvae were found encysted in 
hepatic tissue (Figure 6). The cysts consist of two layers. 
The formation of inner membranous layer around the cyst 

is covered by an outer fibrous layer secreted by the host. 
The degeneration of the host tissue was very obvious. A 
distinct coat had formed around the parasite cyst wall and 
the inflammatory reaction surrounding the cyst was very 
obvious.  The  capsule has a granular appearance. There  
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Figure 4.  Clearly observed enlarged nuclei and condensed nuclear material. Brownish pigments were 
seen scattered in liver tissue.  
EN: Enlarged nuclei, PN: pycnotic nuclei, BP: brownish pigments. 

 
 

 
 
Figure  5. Clearly observed enlarged nuclei and condensed nuclear material showing certain areas 
where it forms a mass of disintegrated cells invariably associated with a blood vessel. 
BV: Blood vessels, BP: brownish pigments. 
 
 
 

is a conspicuous accumulation of inflammatory cells 
around the cyst due to the elaboration of inflammatory 
process. Small number of melanocytes was found scattered 

in the inflammatory cells (Figure 6). 
As a reaction to the sewage pollution, the gills of M. 

gulio exhibited degenerative change such as lifting of  the 
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Figure 6. Metacercarian larvae encysted in hepatic tissue. The obvious inflammatory reaction shows 
a distinct hoat formed around the parasite cyst wall. The capsule has a granular appearance. Small 
number of melanocytes were found to be scattered in the inflammatory cells. 
TG: Tumor like outgrowth, MC: melanocytes, MCL: metacercarial larvae, C: cyst. 

 
 
 
epithelial layer of secondary lamellae, its connection with 
that of the adjacent lamellae, the formation of vacuous 
space between the epithelial cells due to the formation of 
the hyperplasial growth. Similar degenerative changes 
owing to coal heavy distillate from industrial pollution, 
detergents, and influence of malathion was reported by 
Stoker et al. (1985), Eller (1975), Edwards and 
Overstreet (1976), Richmond and Dutta (1989), and 
Shrivastava and Shrivastava (1984). The appearance of 
club shaped cells packed with erythrocytes observed in 
the present study showed similarity with that of Stoker et 
al. (1985). It can be concluded that the observed 
degenerative reactions due to sewage pollution reduced 
the surface area of the filaments hindering respiration 
leading to suffocation which is deleterious to the host. 

The changes observed in the liver tissue in the present 
study were degeneration of hepatocytes, pycnotic nuclei, 
syncitial mass of hepatocytes with scattered nuclei, 
engorgement of nucleus and condensation of nuclear 
material and the presence of brownish pigments. The 
brownish pigments present between the cells may be due 
to the accumulation of disintegrated cells. This may be an 
indication of the toxic materials present in the 
surrounding water which is absorbed by the liver through 
the blood, since liver has a function of detoxification. 

In the present study, the encysted Metacercariae larvae 
appeared in the form of a nodule. This appearance of the 
larvae in the form of a capsule may be due to the 
granulomatous tissue derived from the inflammatory cells 
of the host tissue. A membranous tissue surrounding the 

cyst and accumulation of fibroblasts in concentric layers 
around the larvae was noticed which was similar to that 
of Sommerville (1981). In the present observation, it was 
concluded that the membranous layer surrounding the 
parasite was secreted by the cyst and the fibroblast layer 
by the host tissue. Therefore, it can be concluded from 
the present study that the normal nature of the liver tissue 
was damaged and hence the normal functioning of the 
liver tissue is disrupted. This is due to the degeneration of 
the host tissue which is induced by the metacercarian 
cyst. 
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