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Editorial     

       The recent economic boom that is being experienced in India resulted in unprecedented growth in information 
and biotechnology sectors. The availability of a vast pool of English speaking science graduates; good regulatory 
processes and the cost advantage have positioned India as a favorable investment destination. The large pool 
of scientific talent, world-class information technology industry, and vibrant pharmaceutical sector helped 
India to emerge as a significant player in the global biotech arena. Several overseas pharmaceutical giants and 
drug discovery firms are outsourcing their work to India on a large scale. Hence, several state-of-the-art animal 
facilities have been established in India in the last one decade.  With the opening up of World Trade Organization 
(WTO) regime, several facilities in India felt that it was prudent to get accreditation for its animal facility that 
would help the institutes to get global validation for its research data.   Many Institutions choose to participate in 
the accreditation and use this as a symbol of quality and to show that the institution is serious about maintaining 
high standards for animal research programs. The accreditation also promotes scientific validity of the research 
animals and reliable results that exclusively depend on superior animal care. Also the accreditation demonstrates 
a willingness to go above and beyond the minimums required by law, and assures the public that the institution is 
committed to the responsible use and treatment of animals in science. Currently, two very important accreditation 
programmes exists for animal facilities viz, Association for Assessment and Accreditation of Laboratory Animal 
Care International (AAALAC International) which accredits animal care and use programmes and other one is 
Good Laboratory Practice by OECD which certifies various types of studies in test facilities. 

   The Association for Assessment and Accreditation of Laboratory Animal Care International (AAALAC 
International) is an International accreditation organization that is actively involved in accreditation programme 
of animal care and use programs. An active animal care and use program includes: animals; facilities; equipment; 
professional, technical, and administrative support; and policies and programs for institutional responsibilities, 
animal husbandry and veterinary care. Any public or private institution, organization, or agency maintaining, 
using, importing, or producing animals for purposes of scientific research, teaching, or testing may be accredited. 
Currently, 12 animal facilities in have been accredited by AAALAC International. Good Laboratory Practice 
(GLP) is a system, which has been evolved by the Organization for Economic Co-operation and Development 
(OECD).  This programme helps manufacturers of industrial chemicals, pharmaceuticals, veterinary drugs, 
pesticides, cosmetic products, food products, feed additives, etc., to establish through data that use of these 
products do not pose any hazards to human health and the environment. National GLP-compliance Monitoring 
Authority was established by the Department of Science & Technology, Government of India in 2002. The 
National GLP Programme functions through an Apex Body, which has Secretaries of concerned Ministries/
Departments, Director-General, CSIR and the Drugs Controller General of India as its members with Secretary-
DST as its Chairman. This Apex Body is responsible to ensure that the National GLP Programme functions as per 
OECD norms and principles. GLP-compliance certification is voluntary in nature. 

     Industries/test facilities/laboratories dealing with above chemicals and looking for approval from regulatory 
authorities before marketing them, may apply to the National GLP-compliance Monitoring Authority for 
obtaining GLP-compliance Certification in areas of their expertise in physical-chemical testing, toxicity studies, 
mutagenicity studies, environmental toxicity studies on aquatic and terrestrial organisms, studies on behaviour 
in water, soil and air, bio-accumulation, residue studies, studies on effects on mesocosms and natural ecosystems 
and analytical and clinical chemistry testing. Currently, 20 animal facilities have been accredited by National 
GLP Compliance Monitoring Authority.   Even though few R&D Centres in Pharmaceutical industry and Contract 
Research Organization in India obtained International accreditation on laboratory animal care and also on Good 
Laboratory Practice, many of the institutes are still debating to obtain international accreditation for their facilities 
due to the stringent guidelines that are being stipulated by these accreditation agencies and also the cost factor. 

Ramachandra S.G. 

Journal of Laboratory Animal Science January 2013iii

Editorial



iv

Contents
Special feature

Indian lab animal medicine: Getting ready for the global stage
-Steven Niemi.

1 - 6

A rodent health classification system – Key to maintaining a healthy rodent colony
-Keller L.S, Callahan B,  Field K. J and Poosala S.

7 -12

 Research

Study of the timing of Caesarean section and progesterone administration for routine 
microbiological decontamination of mice

-Kimie Niimi, Namiko Ito, Chieko Nishioka, Tomoko Arasaki, Kaori Watanabe, Akiko Tsuji, 
Takashi Arai and Eiki Takahashi.

13 - 17

Hepatoprotective activity of methanol extract of Asteracantha longifolia in rats
-Indu Tripathi, Shridhar N.B, Jayakumar K, Sathyanarayana K, Sathyanarayana M.L, 
Vinay Tikare  and Murthy G.S.

18 - 22

Efficacy of Momordica charantia in alleviation of streptozotocin- induced diabetes 
effects in rats

-Mallikarjuna G, Suguna Rao, Shridhar N.B, Sathyanarayana M.L, Byregowda S.M. and 
Dhanush Krishna B.

23 - 28

Sub chronic toxicity study of mixed fungal isolates culture filtrates from ground nut 
hay in rats

-Vinay Tikare, Shridhar N.B,  Jayakumar K, Suguna Rao, Shrikrishna Isloor and 
Indu Tripathi.

29 - 33

Care and management

Effect of enriched environment on reproductive performance and body weight gain in 
Wistar rats

-Satish D. Patel, Samir R. Patel, Urvesh D. Patel, Guru, P.Y. and Mukul R. Jain.

34 - 37

Care, breeding and management of laboratory zebrafish (Danio rerio)
-Kohale K.N.

38 - 41

Mini-pigs as replacement for non-rodent species
-Mohan K, Shridhar N.B, Ramachandra S.G, Shiva Shankar T.V, Pavithra B.H and 
Venkanna B.

42 - 46

Clinical

Checking the genetic integrity of laboratory mice with the help of conventional 
methods

-Arvind D Ingle and Shashi D Ahire.

47 - 55

Evaluation of micro-environment and microbiological monitoring of various bedding 
materials for laboratory rodents

-Anand Babu P, Hari Prasad P, Venkateswaran G and Muthukumar S.P.

56 - 61

Short communication

A note on malocclusion in young Wistar rats
-Prasad M.C, Brahmankar M.G, Lonkar P.S and Kapurkar U.M.

62 - 63

Research Animals January 2013



Since 2002, Dr. Steven Niemi has been Director of the Center for Comparative 
Medicine at Massachusetts General Hospital (MGH) in Charlestown, MA. USA. In 
2003, he became associate pathologist (Non-clinical) and instructor of pathology, 
in the Department of Pathology at Harvard Medical School. Dr. Niemi served on 
the Board of Directors of the National Association for Biomedical Research (NABR) 
from 1995-1998. Dr. Niemi served on the planning group, Collaboration on Drug 
Development Improvement, Center for Drug Evaluation and Research, US Food 
and Drug Administration from 1997-1998. From 1999-2001, Dr. Niemi served on 
the Board of Directors of the Massachusetts Biotechnology Council, and the Board 
of Directors of the Massachusetts Society of Medical Research (MSMR). In 2003, 
he was reappointed to the Board of Directors of MSMR, and in 2005 was elected 
as Chair. From 2001-2002, Dr. Niemi served on the Food and Agriculture Govern-
ing Body, Biotechnology Industry Organization. In 2004, he became a reviewer 
for the journal Comparative Medicine. He currently serves on PRIM&R’s Board of 
Directors. Dr. Niemi has published twelve original scientific papers, seven chapters, 
commentaries or reviews, and edited two books, all involving the care and use of 
laboratory animals.

Niemi S. M.

Indian lab animal medicine: 
Getting ready for the global stage

Steven Niemi

Massachusetts General Hospital, Charlestown, MA, USA

Abstract
As biomedical research becomes more globalized, India can provide the rest of the world possibly unique 
insights into the care and use of laboratory animals. Nowhere else is such a rich and deep cultural veneration 
for life juxtaposed with society and technology modernizing at such astonishing speed. How will our Indian 
colleagues reconcile these two powerful and seemingly contradictory elements? Just as important, will 
India’s scientific community and regulators regard Western standards of lab animal care as something to 
adopt in an identical fashion or something to adapt to domestic circumstances? The intent of this address 
is to explore these fascinating aspects of India today from an outsider’s perspective and to consider how all 
parties may benefit together.

Key words: laboratory animals, LASA, India

Corresponding author:
Niemi S.M. , DVM, DACLAM, 
Director, Center for Comparative Medicine,  Massachusetts General Hospital
149 Thirteenth Street, Room 5249,  Charlestown, MA 02129, USA
Phone: +1.617.724.2733,  Fax: +1.617.726.5705, Email: sniemi@partners.org

Keynote Address
 Vice Chancellor Singh, Dean Garg, LASA President 
Ramachandra, LASA Secretary Qadri, and fellow conference 
attendees: it is my pleasure to be here today to speak to you. 
I am grateful for the opportunity to finally visit a country that 
has fascinated me for a long time. I am honored to participate 
in this Fourth International Conference of the Laboratory 

Animal Scientist’s Association (India). I am delighted to 
extend a welcome from the American College of Laboratory 
Animal Medicine to our lab animal veterinarian colleagues in 
India. And I am humbled to be asked to deliver the keynote 
address at such an important conference involving experts in 
lab animal care from India and around the world.

 You may not realize that India and Indians are highlighted 
in the media in the US almost every day. They also frequently 
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much precisely? Arre, use your andaz, bhai.” (Suraiya, 2011).

All these components have had a hand in making India an 
economic marvel in recent years. Allow me to review some 
statistics, extracted from the encyclopedia website Wikipedia 
(Anonymous, 2011). India’s annual economic growth 
averaged 7.5% over the last several years while hourly wages 
more than doubled over the last ten years. Since 1985, 431 
million Indians have been lifted out of poverty. The Indian 
economy ranks fourth at $3.6 trillion if purchasing power 
parity is taken into account. By this metric, India’s GDP is 
expected to overtake Japan’s this year and will exceed that 
of the US in 2045. In 19 years, India’s middle class will 
exceed 580 million persons. Over the next 40 years, India’s 
average annual growth te is forecasted at 8%. This translates 
to being the world’s fastest growing economy during that 
time. A major category of growth in the private sector is high 
technology, especially contract software development and 
customer support. The service sector as a whole now accounts 
for 54% of GDP, the largest such category in the national 
economy. Home to seven of the world’s top fifteen technology 
outsourcing companies, India is second only to the US as the 
most favorable outsourcing destination.

One consequence of this rise of high tech outsourcing 
touched home after my father-in-law began exploring the 
internet about 10 years ago. After he made several calls to 
America Online for assistance, he told me that whenever 
he called, the support person on the other end of the phone 
always sounded Indian. I smiled and replied, “George, that’s 
because they’re in India!”

But what does all this have to do with the care and use 
of lab animals in India? One connection is that the earlier 
initiation of western outsourcing of software programming 
and high tech support call centers is now being mirrored 
by western outsourcing of preclinical testing to contract 
research organizations (CRO’s) in India and other developing 
countries. A conversation I had less than a week ago with the 
chief scientific officer of an established biopharma company 
in the Boston area nicely fit with this trend. He had just 
returned from India after concluding negotiations with a CRO 
for in vivo drug screening and pharmacokinetics services. 
When I asked him what drew his company there, he answered 
that such services were offered at less than one-third the cost 
compared to the same assays performed by CRO’s in the US. 

Offering dramatically lower prices and comparable 
scientific expertise, Indian CRO’s will continue to attract 
interest from pharmaceutical and biotechnology companies. 
And the cost advantage Indian CRO’s currently offer will be 
augmented eventually by comparable quality and equivalent 
regulatory compliance. All of these factors will drive more drug 
development off-shore because multinational pharmaceutical 
companies face ever growing pressure to replenish their new 
drug pipelines and biotechnology firms need to conserve cash 
during difficult periods of equity financing. 

appear in the news intersecting science and business, a 
combination that just so happens to be a personal interest of 
mine. For example, one of the most popular writers in the US 
today is Atul Gawande, a surgeon at Brigham and Women’s 
Hospital in Boston and an associate professor at Harvard 
Medical School. Dr. Gawande is a MacArthur Fellow and 
also a writer for the New Yorker magazine, publishing books 
and articles on improving healthcare in America. His most 
recent book, “The Checklist Manifesto – How To Get Things 
Right”, has provided hospitals as well as those in many other 
industries simple strategies to reduce mistakes and improve 
quality (Gawande, 2009). Another example involves Ratan 
Tata, Chairman of Tata Sons Ltd. He recently presented the 
Harvard Business School (HBS) with a gift of $50 million 
from Tata-affiliated charities. This is the largest gift ever 
received by the school from an international donor. It will 
finance a new academic and residential building to be named 
Tata Hall for the school’s executive education program. 
And it just so happens that the recently appointed dean of 
the business school is Nitin Nohria, who has a B. Tech. in 
Chemical Engineering from the Indian Institute of Technology 
in Bombay.

Finally, the cover story of last month’s edition of 
Entrepreneur magazine features Amit Chatterjee. A veteran of 
Silicon Valley high tech, he recently launched Hara, a “green” 
software company that has had a big impact already in how 
energy is managed (Wang, 2011). But these and similar news 
items should be no surprise, given India’s historically strong 
emphasis on education and its recent turn to free-market 
capitalism. India has the second highest population with over 
1.2 billion people, and is the most populous democracy in the 
world. It is the latter statistic that says much about India’s 
recent progress and its prospects for continued growth. The 
fact that Indians have a strong voice in how their government 
is run and how that, in turn, is expected to provide its citizens 
with opportunity and transparency are in contrast with other 
large developing countries that still struggle with restrictive, 
authoritarian rulers. 

Just as importantly, Indians are famous for their tendency 
to improvise. One obvious example is how you drive here. 
If there are two lanes marked on the highway, there may 
be four or five lanes of traffic at any given time, depending 
on the circumstances. This national characteristic and its 
broader implications were nicely captured in a recent column 
by Jug Suraiya in the Times of India. Titled “Chaos Is Our 
Dharma”, it began with the statement “It’s often said that India 
is functioning chaos”. But the column went on to note that 
in Indian driving habits and other activities “out of apparent 
chaos emerges progress.” It continued with the observation 
that “Other societies go by the inflexible exactitude of rules. 
We, all of us, write our own rule books as we go along. We 
function by that uniquely Indian concept called ‘andaz’, 
approximation. Other cooks use exact recipes; we use inexact, 
and creative, andaz. A pinch of this and a dash of that. How 
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What about domestic drivers for more medical research 
and commercialization? One can start with life threatening 
infectious and other diseases that afflict India, many of which 
are endemic only to tropical regions and therefore unlikely 
to be of immediate interest to the west. It will be left to India 
and other developing countries to develop better vaccines 
and drugs for these diseases. In addition, a growing middle 
class and resultant larger tax base means Indian society can 
afford better medical care, in turn strengthening the domestic 
pharmaceutical industry. Thus, continued investment is more 
than justified in India’s biomedical research infrastructure, 
including animal models of disease and in vivo product testing 
where appropriate. It’s no surprise that the Indian government 
has doubled its life science research budget over the last five 
years (Tole and Vale, 2010). And as evidence of the financial 
opportunities to investors in this arena, consider Shantha 
Biotechnics. This is an Indian biotech firm that was purchased 
for €571 million by Sanofi-Aventis in 2009. Compare that 
acquisition price with the fact that it was launched with $1.2 
million of private equity in 1992, a very nice return indeed 
(Chakma et al., 2010).

Given this encouraging background, how should India 
and LASA respond? We in the lab animal care field in the 
west are eager to help. That should not be limited to visiting 
India to give a couple of lectures and then returning home 
– such efforts are inefficient and ephemeral. A more fruitful 
relationship would be to help train the trainers in proven 
concepts and techniques for optimizing animal health and 
welfare without compromising experiments and assays. 
Sharing instructional material, in print and over the internet, 
is one logical strategy, especially if content is jointly designed 
and adapted to local needs. 

As an example, at last year’s national AALAS meeting, 
the first virtual reality rodent barrier was debuted at our 
exhibit booth. It was designed for learning how to navigate 
through a vivarium and how to perform proper microisolator 
technique. Modeled as sort of a game, it is intended to instruct 
animal care staff and researchers how to do things right, and 
can be viewed anytime from anywhere. The final prototype 
should be ready for launch later this spring on our website, 
www.virtualvivarium.com, initially in English and later in 
Spanish, (Brazilian) Portuguese, and Mandarin Chinese. A 
parallel version in Hindi shouldn’t be difficult to produce if 
there are interested collaborators from LASA.

Another useful way for us to help is by hosting lab animal 
veterinarians and animal husbandry program managers. I 
understand that the Indian government provides funding for 
such persons to spend time in the US to learn advanced tools 
and techniques in lab animal care. We launched something 
similar last fall, a Latin America training fellowship in lab 
animal science, in collaboration with the International 
Council for Laboratory Animal Science (ICLAS). The 
Americas Regional Committee of ICLAS solicits applications 

and selects three awardees, each of whom spend three months 
embedded in our department. We provide airfare, housing, 
and a small stipend, and also arrange for training fellows 
to visit other major academic and industry programs in the 
Boston area. They are also required to develop a personal 
research or development project that will be implemented 
upon their return, and we stay in touch after they leave. It is 
our hope that we can teach the teachers, who will take back 
to their countries lessons learned with us. We also expect to 
learn from them – more on that in a minute. Our first two 
training fellows were from Uruguay and Brazil, and our third 
will be arriving next month from Costa Rica. While three 
months flies by, it appears to be enough time to absorb the 
basics and to prepare for the more important steps of sorting 
and implementing when the training fellows return home. A 
similar initiative involving Indians coming to the US would 
be well worth the expense and should be encouraged.

What we expect to learn from our Latin America training 
fellows is identical to what I hope we in the west would 
learn from our colleagues in India. And they fall into three 
categories.

First, you have species of animals that we will never see 
in the west. India is one of seventeen “megadiverse” countries 
as designated by Conservation International, home to an 
estimated 7.6% of all mammalian, 12.6% of all avian, 6.2% 
of all reptilian, 4.4% of all amphibian, and 11.7% of all fish 
species (Gadgil, undated). As your wildlife biologists learn 
more about the physiology, anatomy, and behavior of these 
native animals, presumably through conservation initiatives, 
please ask them to be on the look-out for novel traits that 
could be of value as animal models of human disease. In other 
words, what innate characteristics may these animals possess 
that can be applied to investigations in immunology and 
vaccines, cancer, diabetes, heart disease, neurodegeneration, 
etc.? 

Consider that India is home to many species of bats. And 
bats are natural and often asymptomatic reservoirs of viruses 
fatal to humans. And this doesn’t just apply to rabies but 
has been also demonstrated for Hendra, Nipah, SARS, and 
Ebola viruses (Calisher et al., 2006).  If bats are permissive 
yet clinically robust hosts for human pathogens such as these, 
what does that suggest about their immune systems? Do they 
harbor clues to viral resistance or viral clearance that could 
lead to better vaccines or post-exposure therapies? Much 
remains to be discovered, and perhaps bats native to India can 
be informative in this regard.

The second category of lessons sought from India 
is how lab animal care is adapted to developing country 
circumstances. Feel encouraged embracing evidence-based 
“andaz” rather than western standards that are usually 
instituted as “rules”. When we say in the US that we have 
a “standard” way of doing things, this implies that everyone 
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should always follow the prescribed method and never 
deviate. When such “standards” in lab animal care are also 
quantified, such as the required minimum size of cages or 
minimum frequency of husbandry tasks, we call them as 
“engineering standards” because they are easily measured 
and implied to be absolute.  But it is important to distinguish 
how the word “standard” is used in western English versus 
elsewhere. In their book, “Understanding A3 Thinking – A 
Critical Component of Toyota’s PDCA Management System”, 
the authors point out that “in Toyota, the meaning and intent 
of the word ‘standard’ is closer to another definition, a ‘basis 
for comparison’. In other words, it is more of a scientific 
definition as used in experimental research. A standard is 
necessary to determine whether an improvement has been 
achieved” in a manufacturing process (Sobek and Smalley, 
2008). It is not a rule that never should be violated. The 
authors end this discussion by quoting a Japanese proverb, 
“Only a fool knows just one way of doing things”. Therefore, 
use logic and the scientific method to prove or disprove the 
value of alternative methods of achieving a desired objective 
when it involves lab animal care. Several husbandry changes 
we’ve adopted or are considering will serve as examples.

For decades, it was believed that washing cages had to 
include at least one stage of at least 82 ºC (180 ºF) wash water 
because this temperature was printed in multiple editions 
of the Guide for the Care and Use of Laboratory Animals 
(“The Guide”). The Guide is published by the US National 
Academies of Science (National Research Council, 2010). It 
is the dominant reference publication on this subject in the 
US and also has regulatory standing if one receives research 
funding from the US government. It also serves as the primary 
guidance document by the Association for the Assessment 
and Accreditation of Laboratory Animal Care International 
(AAALAC). In addition, the US Animal Welfare Act also 
uses 82ºC as a standard for adequately sanitizing cages 
for applicable species (US Code of Federal Regulations, 
2008). But on more careful reading of those documents, one 
discovers that lower water temperatures are allowed if one 
can demonstrate by other means that cages are sufficiently 
clean. For the past six years, we have washed rodent barrier 
cages in cold water and without detergent because those cages 
are sterilized in an autoclave after washing and before they’re 
returned to the vivarium. So the temperature of wash water 
is immaterial as long as cages come out clean. For larger 
species and metal caging, we also wash with water not always 
reaching 82ºC and confirm sufficient sanitation by testing 
washed surfaces for microbial residue. This approach saves 
energy, provides a more comfortable work environment for 
cage wash staff, and has been deemed acceptable at our last 
two AAALAC site visits.

Here’s another example of thinking beyond the confines 
of conventional husbandry practices. Western standards 
dictate that rodent cages should be changed no less frequently 
than every two weeks. For a static cage housing 4-5 mice, 

changing is often required at least a couple times a week, and 
so the standard is followed. A ventilated microisolator cage 
housing 4-5 mice eliminates much of the ammonia from the 
cage and so it usually can go two weeks without needing a 
change. But what if a cage houses only one or two mice? Does 
that cage actually require changing at the same maximum two 
week interval? We conducted a pilot study a couple of years 
ago and found that 30% of our mouse cages could go longer 
than two weeks without needing changing, based on ammonia 
levels and general appearance inside the cage (Brandolini, 
et al., 2009). Considering that we now have 29,000 mouse 
cages in daily use, changing cages only when they need it 
rather adhering to a rigid schedule would yield major savings 
in labor and supplies, and free up staff to perform more 
necessary tasks. We continue to evaluate these findings and 
think about how a more rational system of cage changing may 
be implemented universally. 

Finally, vivarium design always devotes space for storing 
bags of feed and bedding because this is always included in the 
“standard” list of physical features a vivarium should possess. 
But this occupies valuable space that, if not truly essential, 
could be used for more worthy needs, such as housing more 
animals to conduct more research. We examined our feed and 
bedding supply process and discovered two things.

The first discovery came from our practice of assigning 
cage-front staff responsibility for ordering feed and bedding 
based on their respective rooms’ needs, bringing up the bags 
from the receiving dock, and unloading them in the feed and 
bedding storage room. But then we looked at how retail stores 
such as supermarkets stock their shelves, and remembered it’s 
not the store but the vendors that estimate how many products 
to deliver and then often stock the shelves themselves. When 
we calculated the cost of labor involved when our staff 
performed these tasks, it exceeded $150,000 a year. And that 
did not include the actual purchase costs for those items. 
We want our workers to be experts in lab animal care, not 
experts in ordering supplies and stocking shelves. So we have 
launched a pilot experiment with our primary feed vendor 
to see how it works if they deliver feed to the vivarium and 
drop it off not to the feed storage room but to drop-off points 
deeper within the barrier, allowing our staff to walk shorter 
distances to get what they need for the animals when they 
need it. After the pilot is completed, we will compare notes 
with the vendor. If this new system seems to have worked to 
both party’s satisfaction, they can propose a separate price for 
delivery and stocking in addition to selling us their product. 
We can then determine if the price is attractive and also avoid 
the need for temporary feed storage space.

The second discovery we made about our feed and bedding 
supply program is how we did not need a separate room 
for storing bedding either. If bags of bedding are delivered 
frequently enough, and if there is enough space in the clean 
side of cage wash where bags are opened for dispensing 
bedding into cages, why do we need an intermediate location 
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for stacking bedding bags and then unstacking them and 
hauling them to cage wash? In one of our barrier facilities, 
we now have what is possibly the first situation for any large 
program in the US in which clean cage wash is also the same 
room as (temporary) bedding storage. Two days supply of 
bags are stacked right next to the bedding dispenser and stored 
nowhere else. I know what you’re thinking – what if there is 
a disruption in delivery or a sudden and unexpected demand 
for more bedding, after which we quickly run out? My current 
hypothesis is that sufficient bedding can be obtained from our 
four other barrier facilities to get us through any shortages 
until more supplies arrive. If we learn otherwise, then we go 
back to the drawing board and conduct additional pilots. In the 
meantime, the former feed and bedding storage room in this 
one facility has been converted into much needed office space.

But how will flexible husbandry practices like these are 
regarded by others not as creative in their thinking? There is 
good news in this respect. The newest edition of the Guide 
was just released and is replete with changes that embrace 
performance standards over engineering standards (National 
Research Council, 2010). This jargon may sound arcane but it 
has major implications for the future of lab animal care. If you 
have an equal or better way of maintaining animal welfare or 
employee safety than a conventional approach, and have the 
hard data to prove it, there is growing recognition and even 
encouragement that you’re free to use your way rather than be 
confined to others’ standards. And as research funding in the 
US becomes tighter, more of us over there will be forced to 
identify and eliminate waste in everything we do to keep our 
costs competitive for our scientist customers and institution 
employers.

There is one caveat for those of you who work in a Good 
Laboratory Practices environment, especially as a CRO. Tread 
cautiously here because most western sponsors come from 
rigid, SOP-driven cultures. You will have to be either nimble 
in eliminating waste and lowering your costs where it won’t 
show up on a sponsor’s audit or successfully appeal to their 
rational side (and their checkbook).

In any event, I’ll tell you a story that underscores Indian 
attitudes about avoiding unnecessary costs. Last October, I 
visited the new headquarters of the Harvard China Fund in 
Shanghai, strategically located in the heart of the financial 
district and around the corner from many luxury retail stores. 
While there, I learned that HBS had installed executive 
education classrooms next to the Fund’s offices and had great 
success in attracting Chinese businessmen and women to 
courses conducted there by HBS faculty. It is no surprise after 
decades of Communist rule that many Chinese executives lack 
knowledge about the subtleties of finance and other capitalist 
subjects, and these courses are in great demand. The Harvard 
brand name doesn’t hurt either. By contrast, I was told that 
when HBS tried to launch the same courses in India, they 
failed. Courses were considered by Indian business managers 

to be too expensive and not helpful enough to justify the price. 
The lesson learned by HBS, somewhat to their surprise, was 
that Indians clearly wanted something cheaper and of greater 
value, and wouldn’t pay more for less.

On a similar theme, the Financial Times columnist Gillian 
Tett recently wrote about “reverse innovation”, a term coined 
by Professor Vijay Govindarajan of the Tuck School of 
Business at Dartmouth College. He observed that executives 
at multinational corporations are seeking ways to introduce 
innovations from developing countries can be exported to 
western markets. Ms. Tett quotes a chief technology officer 
of a US multinational as saying, “In the west we assume 
that innovation is there to make products more powerful, 
flashier, faster – but in emerging markets, innovation is about 
commoditisation, about cutting costs” (Tett, 2011). 

Consequently, I look forward to learning about innovations 
you develop that also will reduce costs for us in the west. 
What andaz for lab animal care will arise from India that we 
can adopt?

The third category of lessons to be learned from India 
involves your broad and deep reverence for life of all kinds. 
India’s cultural tradition dates back to 8,000 BCE and has a 
continuously recorded history for over 2,500 years. India today 
has a dramatically different attitude towards animals than in 
the west. In your country, animals are valuable to individual 
families, not for companionship, but for prosperity and even 
survival. In addition, the sacred standing of particular species 
in many of your religious beliefs is something we don’t apply 
in the west.

This sacrosanct status afforded animals likely causes 
major problems for you who care for research animal subjects 
to which bad things may be intentionally done. It causes 
us the same problems, both in terms of society’s unease 
and our personal discomfort. But these problems should be 
troublesome personally and otherwise. That’s because using 
animals for research or testing that involves pain and distress 
shouldn’t be a casual experience for anyone. If it is, you’re in 
the wrong field.

But here’s my request to you. In western culture, based 
on centuries-old Judeo-Christian-Muslim beliefs, we maintain 
mostly a dominion-based attitude toward animals. Even 
with the recent phenomenon in the US of considering some 
animals as members of one’s immediate family, we still aim 
to be (hopefully benevolent) stewards or overlords when it 
comes to our relationship with animals. One consequence 
of this attitude, from my amateur sociologist perspective, is 
that when it involves lab animals, we occasionally tolerate 
mistakes that to the animal are catastrophic. If a water bottle 
or an automatic watering valve leaks by accident, killing 
the mice inside the cage, it’s certainly a regrettable episode, 
especially to the scientist or sponsor who has invested much 
time and effort in the study and especially if that mouse was 
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the only one of its kind with respect to genotype, stage of 
the experiment, or recipient of precious test article. However, 
we may not take such episodes seriously enough to insist on 
a zero-defects approach, especially for the sake of the mice 
themselves. Instead, we try to find the cause (such as bad 
equipment, poorly trained or overworked staff, or maybe even 
a mouse that is especially sensitive to hypothermia) or think 
we already know the cause without any further investigation, 
and assume or hope we’re right. What if such an attitude was 
applied to airplane maintenance or elevator installations? 
Society certainly wouldn’t tolerate such a cavalier approach in 
those situations involving human lives. So is there something 
in the Indian ethos for respecting life at a higher plane that can 
help us in the west find a better framework for honoring the 
animals to which we provide care, so that everything rather 
than merely something is done to avoid unintended losses 
and the additional expense of doing so are recognized as 
necessary?

In conclusion, India is on an exciting path but has much 
more to accomplish. We in the west are ready and willing to 
assist. India can become a leader in lab animal care and use by 
leveraging its native species, leveraging its adaptive culture, 
and leveraging its unique moral beliefs.

Thank you for your time and attention. It has been a 
privilege to deliver this keynote address and I wish you all a 
successful meeting
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Introduction

There are many potential pathogenic rodent viruses, 
bacteria, and parasites that can contaminate an animal facility 
and cause detrimental effects to ongoing research studies.  
While some of these agents do not present outward clinical 
signs in the rodent population, an infection can adversely 
affect study animals and impact ongoing research efforts 
(Table 1).  For this reason, every effort should be made to 
maintain research colonies that are free of disease.   

This article will review a health classification management 
system that has been used by Bristol-Myers Squibb in the US 
and India to maintain disease free research animal colonies.  
This system is used to maintain a Class I facility (free of rodent 
diseases), while also managing Class II and Class III events 
(use of unknown animals and disease outbreaks respectively). 

Having a well-defined health status classification 
system facilitates planning discussions among veterinarians 
and research staff in our company. The assigned health 
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classification drives the receipt procedures for the rodent 
shipments, allows investigators to schedule their experiments 
based on release of animals, and has become an effective 
communication tool for our investigators and veterinary staff.  

Disease Impact on Research
There are many potential pathogens including viruses, 

bacteria, and parasites that can contaminate an animal facility 
and cause detrimental effects to ongoing research studies 
(Jacoby and Lindsey, 1998; Lussier, 1988).  While many 
of these agents do not present any outward clinical signs 
in the rodent population, they can cause adverse effects in 
study animals and impact ongoing research efforts (Table 1).  
Having a general understanding of some of the more common 
infectious agents or parasites in laboratory animal populations 
is important in maintaining a healthy research colony and 
instituting a health classification system that serves as a 
foundation for all animal experimentation in a good facility.

According to Clifford and Watson, many of the agents 
that infected rodent colonies almost 20 years ago, still 
continue to impact research. The reasons why these agents 
remain in animal facilities vary by each specific pathogen.  
The increase in shipping laboratory animals globally as well 
as the use of genetically modified animals has contributed 
greatly to the continued presence of rodent pathogens and 
frequent outbreaks.  The adverse effects of these various 
agents in laboratory animals can cause unexpected results 
and increase variability in experiments.  One such infectious 
agent that has an ongoing presence in animal facilities today 
is Mouse Hepatitis Virus (MHV).  Mouse Hepatitis Virus 
is a corona virus that is highly contagious and according 
to 2009 prevalence data, MHV was present in 1.59% of 
the serum samples tested at their diagnostic laboratories 
(Pritchett-Corning et al., 2009).  MHV infections can cause 
immunosuppression as well as an increased susceptibility to 
other infections. MHV can negatively impact research studies 
in immunodeficient strains such as nude mice and SCID mice.  

Table 1.: Rodent Pathogens and Research Impact

AGENT HOST ADVERSE EFFECTS/RESEARCH IMPACT

Mouse Hepatitis Virus (MHV) Mouse Immunosupression, compromised CNS and 
gastrointestinal tract, unexplained deaths

Sendai Virus Mouse, rat, hamster, Guinea pig Immunosuppression, neonatal and adult 
deaths, respiratory lesions, interruption in 
breeding

Minute Virus of Mice and Mouse 
Parvovirus  (MVM, MPV)

Mouse Immunosuppression, low ascites production, 
impact on lymphocyte cultures

Rat Parvovirus, Kilham’s rat virus, Rat 
Minute Virus and Toolan’s rat virus 
(RPV, KRV, RMV, H-1)

Rat Immunosuppression, impact on lymphocyte 
cultures and oncology studies

Theiler’s murine encephalomylelitis 
virus (TMEV, GDVII)

Mouse, rat Immunologic and CNS impact

Enzootic Diarrhea of Infant Mice
(EDIM)

Mouse High mortality in young mice less than 2 wks 
old, diarrhea, alters intestinal absorption

Mouse Adeno Virus
(MAD, MadV-1, K-87)

Mouse, rat Kidney lesions, causes wasting in nude mice

Pneumonia Virus of Mice (PVM) Mouse, rat, hamster, gerbil, Guinea 
pig

Pulmonary interference, wasting disease in 
immunodeficient animals

Helicobacter sp. Mouse, rat, gerbil Inflammatory response, gut and liver impact 
in susceptible strains

Mycoplasma pulmonis Mouse, rat Respiratory issues, immunosuppression, 
animals appear clinically ill

Pasteurella pneumotropica Mouse, rat, hamster, gerbil, Guinea 
pig

Reproductive issues and low producing 
breeders, Respiratory, eye, genital tract and 
skin infections

Pinworms
(Syphacia sp. and Aspicularis sp.) Mouse, rat, hamster, gerbil

Marker of inadequate biosecurity, rectal 
prolapse, poor condition, rough hair coats 
and reduced growth rates
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MHV can cause clinical disease in nursing pups and may 
prove fatal in some cases.

Another infectious agent prevalent in animal facilities 
around the globe is Theiler’s Mouse Encephalomyelitis Virus  
(TMEV).  This virus is also known as GDVII, or George’s 
disease 7, named after Theiler’s laboratory technician.  The 
prevalence of TMEV/GDVII in serum samples according to 
Pritchett-Corning, et al. is 0.26% for mice and much higher 
at 1.43% for rats.  This virus does not present any outward 
clinical disease in rodents however, the adverse effects of the 
virus can be significant.  Since the virus infects macrophages, 
immunology studies can be affected.  Additionally, TMEV/
GDVII affects a variety of cells in the central nervous system 
so unexpected experimental results in animals infected with 
the virus can be anticipated. 

According to prevalence data, one virus that occurs very 
frequently in mouse and rat facilities is parvovirus.  Viruses in 
this category include MPV, MMV/MVM, H-1, RV/KRV, RMV 
and RPV.  According to data presented by Pritchett-Corning, et 
al. Mouse Parvovirus 1 and 2 was present in 1.86% of mouse 
samples tested at their facility and Rat Minute Virus (RMV) 
in 1.46% of rat samples.   Parvoviruses, in general, do not 
present clinical signs of disease, but they can affect research.  
Mouse parvoviruses are lymphocytotropic and disrupt 
research through their effects on the host immune response 
(CRL Technical Sheet – Mouse Parvoviruses, McKisic et al., 
1998).  It is important to note that parvoviruses can persist for 
up to nine weeks in the tissues of immunocompetent mice, 
can be shed for long periods of time, and are stable in the 
environment (Jacoby et al., 1995; Clifford and Watson, 2008).  
Thus, they have the potential to remain persistent in animal 
facilities or on equipment.

There are other viruses that have a lower prevalence 
rate in laboratory animal facilities, but they can have a 
large impact due to their ability to spread to multiple rodent 
species and affect research. These viruses include Sendai, 
Pneumonia Virus of Mice (PVM) and Adenovirus (MAD, 
K-87).    Sendai virus is an important pathogen of rodents as 
it can spread to mice, rats, hamsters and even Guinea pigs.  
Sendai virus replicates in respiratory epithelium and is very 
contagious.  It is transmitted primarily by contact although 
aerosol transmission may occur.  According to Baker (1998), 
few clinical signs are observed with Sendai virus infection, 
however it has been reported that mice will display teeth 
chattering, dyspnea, prolonged gestation and poor growth.  
Research implications include immunosupression, effects 
on local respiratory defense mechanisms, and interruption in 
breeding (Brownstein, 1986).  

Another virus which causes respiratory complications 
is Pneumonia Virus of Mice (PVM).  Again, this virus can 
infect mice, rats, gerbils and Guinea pigs.  Immunocompetent 
animals infected with PVM do not typically present with 
outward clinical signs, but immunodeficient models can 
exhibit an interstitial pneumonia with wasting disease 
(Charles River Technical Sheet, PVM).  Because of the 
pulmonary dysfunction and wasting presentation, these 
animals are unsuitable for research.   Adenovirus of mice and 
rats has been reported but has a very low prevalence (Pritchett-

Corning et al., 2009).  Adenoviruses present no clinical signs 
in euthymic mice and rats with natural infection. When 
experimentally infected, suckling mice exhibit a hunched 
posture, rough hair coat and lethargy while immunodeficient 
mice display wasting disease and scaly skin. No lesions have 
been noted in rats experimentally infected with adenovirus.  
MAdV-1 has been reported to increase susceptibility to E. 
coli-induced pyelonephritis (Charles River Technical sheet, 
Mouse Adenovirus).  

In addition to viral infections, bacterial agents can 
interfere with ongoing research studies, and Mycoplasma 
pulmonis is one such agent.  Typically a pathogen of mice 
and rats, these bacteria can cause clinical disease and make 
animals unsuitable for studies (NRC, 1991).  Mice often 
present with a ruffled hair coat, hunched posture, weight loss, 
and respiratory sounds that resemble “chattering.”  Rats also 
show outward signs of disease similar to mice and display 
porphyrin staining as well as “snuffles.”

While viral agents of rodents are of great concern for 
contaminating laboratory animal facilities, other agents such 
as pinworms can negatively affect research studies.  Pinworms 
can infect many rodent species including mice, rats, gerbils 
and hamsters.  Generally, pinworm infections do not cause 
any outward clinical signs however; they do raise questions 
regarding the biosecurity of the animal facility.  Some reports 
have indicated that animals infected with pinworms can show 
poor condition, rough hair coat or reduced growth rates.  
According to the Charles River Technical Sheet, mice infected 
with pinworms had a greater incidence of autoimmune 
disease and nude mice and rats had an increase in lymphoma 
prevalence.  Detection and treatment to eradicate pinworms, 
while it may seem trivial, can have a direct impact on the 
validity of research studies. 

Health Classification System
Protecting the health of the resident animal colonies begins 

with establishing an internal standard for the acceptable health 
status.  Once this is established, the program must assure that 
incoming animals, regardless of source, meet that health status.  
It must also assure that the resident animals remain at that 
standard while housed in the facility.   Even though vendors 
regularly screen their colonies for common murine pathogens, it 
is useful to periodically perform a health assessment on vendors’ 
barriers from which your facility routinely receives animals.

Animal breeders identify and maintain their breeding 
colonies at a specific site by a breeding area designation.  For 
example, let us assume that vendor X has a rodent breeding 
facility in Bangalore and in Hyderabad.  Within these facilities 
they may have different breeding areas for Sprague Dawley (SD) 
rats.  We will call these different breeding areas for Bangalore 
area 03 (BLR-03) and in Hyderabad breeding area 07 (HYD-
07).  As a customer, you should assume that the SD rats from 
each of these areas are a different sub-strain, and you should 
also assume that each of these areas will have a slightly different 
health status.  

When you consider purchasing SD rats from vendor X, 
you can choose BLR-03, HYD-07, or both.  Regardless of 
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your choice, you should review the vendor-supplied sentinel 
data for the breeding area from which you will purchase 
animals.  You should also verify the vendor’s findings through 
your own internal health-screening program, and it is a good 
idea to occasionally verify health status by using a third-party 
diagnostic laboratory. All of the modern methods to screen those 
animals for the presence or absence of unacceptable pathogens 
can be used.  Ideally, these diagnostic evaluations should be 
performed on retired breeders since they have resided longer 
in the vendor’s colony.  The testing should include serology, 
PCR, microbiology, and parasitology (endo- and ectoparasites).  
In addition to screening the animals’ health status, you should 
also evaluate the methods for packaging and shipping the 
animals from the vendor’s facility to your facility. The preferred 
method is by dedicated truck, which transports the animals in 
a sanitized, climate controlled environment, directly from the 
vendor’s barriers to the research facility.  

Based upon the results of the health screen and shipping 
procedures, a health status classification (Class I, II or III) 
can be assigned to all animals scheduled for delivery from 
the breeding area you choose (Table 2). The assigned health 
classification dictates the receipt procedures for the rodent 
shipments, allows investigators to schedule their experiments 
based on release of animals, and has become an effective 
communication tool for our investigators and veterinary staff 
(Figures 1 and 2).  

Class I animals are free of all known murine pathogens 
associated with spontaneous disease. For example, these 
rodents are negative for agents such as Sendai virus, corona 
virus, parvovirus, pneumonia virus of mice, ectromelia, mouse 
encephalomyelitis virus, lymphocytic choriomeningitis virus, 
reovirus, Helicobacter spp., CAR Bacillus, Pasteurella 
spp., Streptococcus pneumoniae, Clostridium piliforme, 
endoparasites and ectoparasites. Typically, rodents obtained 
from large, commercial animal vendors and animals purpose-
bred in an in-house breeding program for internal supply can 
be considered Class I animals.

Class I animals must be shipped by ground transport in 
environmentally – controlled vehicles owned or contracted 
by the vendor. Each shipment of animals is received and 
examined by animal husbandry staff for compliance with 
order specifications and for the absence of overt clinical 
disease. The transport vehicle must be sanitized according 
to a standard operating procedure, may only transport other 
Class I animals, and must be evaluated for cleanliness and 
proper temperature. Upon receipt, mice are acclimated to the 
diet, caging, and environment of the facility in the Class I 
animal rooms or holding rooms for a minimum of 48 hours 
(Landi  et al., 1982) while rats are acclimated for a minimum 
of 72 hours (Capdevila  et al., 2006).  These rodents are not 
required to go through a quarantine procedure.  They are 
observed daily while in their acclimation period, and once it 
is over, they are released to the investigator for use (Figure 1).

Table 2.: Examples of Health Classifications Decisions

Health Status Transportation Method Health Classification

No pathogens detected in vendor 
breeding area, (Class I)

Vendor owned, environmentally controlled, 
only Class I animals on vehicle

Class I – acclimation then use

No pathogens detected in vendor 
breeding area, (Class I)

Vendor owned, environmentally controlled, 
animals of unknown health status on vehicle

Class II – quarantine,  test and  
release to Class I if clean, move to 
Class III if infected

No pathogens detected in vendor 
breeding area, (Class I)

Vendor owned, environmentally controlled, 
animals held in transfer station for 24 hours

Class II – quarantine, test and  
release to Class I if clean, move to 
Class III if infected 

No pathogens detected in vendor 
breeding area, (Class I)

Air transportation from Europe or US Class II – quarantine, test and  
release to Class I if clean, move to 
Class III if infected 

Class I colony of research animals, 
disease detected during sentinel 
monitoring

NA Class III – quarantine and re-derive to 
Class I 

Class III animals from breeding 
source

Shipped with Class I animals Class III – quarantine and re-derive 
as Class I.  All Class I animals on 
shipment become Class II.

No pathogens detected in vendor 
breeding area, limited experience 
with vendor, currently Class I

Vendor owned, environmentally controlled, 
animals of unknown health status on vehicle

Class II – quarantine, test and  
release to Class I if clean, move to 
Class III if infected 

No pathogens detected in vendor 
breeding area, (Class I), but did 
not have time to conduct vendor 
area screen before animals were 
shipped

Vendor owned, environmentally controlled, 
animals of unknown health status on vehicle

Class II – quarantine, test and  
release to Class I if clean, move to 
Class III if infected
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Class II animals fall into 3 categories.  1) They may be 
Class I animals that are coming from a source that you have 
little experience with, and you have decided to take extra 
precautions before releasing them to the investigator.   2) They 
may be Class I animals that were shipped by some means of 
transportation that allowed the boxes to be exposed to animals 
of unknown health status.  This may be air transportation, 
ground transportation in a non-vendor vehicle or on a route 
where animals are off-loaded and held in common holding 
rooms at a transfer station, or quarantine facilities at airports.  
Due to these shipping procedures, you decide to take extra 
precautions.  Even if a new vendor provides sentinel results 
indicating that their animals are healthy, the animals are 
considered Class II until diagnostic tests verify their health 
status.  3)  They may be animals that previously had a disease 
(Class III animals), have gone through a rederivation program, 
and are awaiting testing to confirm their Class I status. 

Class II animals are received into a quarantine area that is 
separate from the Class I animal holding and acclimation 
area.  They are typically housed in semi-rigid isolators or 
an equivalent isolation system. The transport vehicle and 
shipping containers are thoroughly evaluated when the 
animals are received into the facility.  A veterinarian evaluates 
the animals upon receipt, and samples of blood, tissue and 
feces are collected for serologic, microbiologic, parasitologic 
and PCR evaluations. In many cases it is helpful to order 
additional animals for testing.  If the results are negative, 
the animals remain in quarantine and the serologic testing is 
conducted three weeks later since it takes approximately 21 
days for rodents to produce a detectable level of antibodies to 
viral pathogens. If the results are negative, the animals can be 
released to the Class I area for investigator use. If the results 
are positive, the animals are assigned Class III status and are 
moved into the Class III quarantine area (Figure 1).

Figure 1. A schematic drawing of the process for receiving 
Class I and Class II animals into an animal facility.

Class III animals are those that are known to harbor significant 
pathogens and should not knowingly be received into a Class 
I or II animal holding or quarantine area. Class III animals 

should be received directly into a quarantine facility or area 
that can perform rederivation (Figure 2). The animals should 
be rederived and offspring should be tested to ensure that they 
are free from known murine pathogens. Once their pathogen-
free status is confirmed, they can be transferred to the Class 
I area or released to the investigator for use. If the Class III 
animals must be used for research prior to rederivation, the 
study must be conducted in an isolator or in the quarantine 
facility. The issue of using Class III animals in research must 
be thoroughly evaluated as it might compromise research. 

Figure 2. A schematic drawing which outlines the process
 of receiving known Class III animals (disease positive).  

Class III animals may not be received directly 
into Class I animal facilities. They must be received

 into a separate quarantine area and undergo a 
treatment or rederivation process.

Conclusion
High quality research requires high quality animals.  

Many if not all of the common rodent diseases can alter 
the animals’ physiology, resulting in unwanted variables in 
research.  Therefore, it is imperative that the health status of 
the animals be maintained at the highest standards possible.  

The rodent health classification system described in 
this paper has been used to establish internal standards for 
health status, identify preferred delivery methods, manage 
acclimation and quarantine of animals, facilitate discussions 
with our research staff about animal receipt and release 
procedures, and align our response to sudden changes in the 
health status within the facility.  

In discussions with our investigators, we reference the 
health classification of the animals, and they immediately 
know how their animals will be managed in our facility.  If we 
indicate to an investigator that we have identified an infection 
in our colony, they realize that their animals have gone from 
Class I to Class III, and that this new classification imposes 
an entirely new set of management procedures on the access 
and use of their animals.

An effective, regular health monitoring and surveillance 
program, along with an established health classification 
system, makes an animal facility and associated research very 
credible. 

11Research Animals January 2013



References

Baker, David G (1998) Natural Pathogens of Laboratory 
Mice, Rats, and Rabbits and Their Effects on Research. 
Clinical Microbiology Reviews. April, 231-266.

Brownstein, David G (1986) Sendai Virus.  In:Viral and 
Mycoplasmal Infections of Laboratory Rodents, Eds: P 
Bhatt, RO Jacoby, HC Morse and AE New, Academic Press, 
Orlando. pp. 37-61.

Capdevila S, Giral M, Ruiz de la Torre JL, Russell RJ, Kramer 
K (2006) Acclimatization of rats after ground transportation 
to a new animal facility. Lab Anim 41, 255-261.

Charles River Technical Sheet. Pinworms (Syphacia obvelata, 
S. muris, Aspiculuris tetraptera, etct.).  www.criver.com.

Charles River Technical Sheet.  Mouse Adenovirus (MAdV-1, 
MAdV-2, MAV). www.criver.com

Charles River Technical Sheet. Pneumonia Virus of Mice 
(PVM).   www.criver.com

Charles River Technical Sheet.  Mouse Parvoviruses (MPV-1, 
MPV-2, MPV-3, MVM). www.criver.com

Clifford CB and Watson J (2008) Old Enemies, Still with Us 

after All These Years. ILAR Journal 49(3), 291-302.

Infectious Diseases of Mice and Rats.  (1991).  National 
Research Council.  National Academy Press, Washington, 
D.C.  

Jacoby RO, Johnson EA, Ball-Goodrich L, Smith AL, 
McKisic MD (1995) Characterization of mouse parvovirus 
infection by in situ hybridization. J Virol 69, 3915-3919.

Jacoby RO and Lindsey R (1998) Risks of Infection among 
Laboratory Rats and Mice at Major Biomedical Research 
Institutions. ILAR Journal 39(4), 266-271.

Landi MS, Kreider JW, Lang CM, Bullock LP (1982)  Effects 
of shipping on the immune function of mice. Am J Vet Res 
43(9), 1654-7. 

Lussier G (1988)  Potential Detrimental Effects of Rodent 
Viral Infections on Long-Term Experiments. Vet Res Comm 
12, 199-217.

McKisic, MD, Macy JD Jr., Delano ML, Jacoby RO, Paturzo 
FX, Smith AL (1998) Mouse parvovirus infection potentiates 
allogeneic skin graft rejection and induces syngeneic graft 
rejections.  Transplantation 65, 1436-1446.

Pritchett-Corning K, Cosentino J, and Clifford CB (2009) 
Contemporary prevalence of infectious agent in laboratory 
mice and rats.  Lab Anim 43, 165-173.

Research Animals January 201312



Kimie Niimi  completed BVSc from Tokyo University of Agriculture and Technology, and 
PhD from Hokkaido University, Japan. She is also a Diplomate of the Japanese College 
of Laboratory Animal Medicine. Currently she is working as an attending veterinarian of 
the animal facility in Brain Science Institute, RIKEN, Japan. She has also published several 
papers in international journals.

Kimie Niimi

Study of the timing of Caesarean section and 
progesterone administration for routine microbiological 

decontamination of mice

Abstract
  Caesarean section (C-section) is conducted to decontaminate mice from microorganisms in our facility. In the present study, 
pregnant mice (C57BL/6J) were administered progesterone on gestational days (GD) 17 and 18 and were C-sectioned on 
GD 19 (normal schedule), 20 (1 day later than usual), or 21 (2 days later than usual). The fetal survival rates on GD 19 and 
20 were similar, whereas on GD 21, it was quite low. In another set of study, pregnant mice (C57BL/6J) were administered 
progesterone on GD 17 and 18 (normal schedule), 16 and 17 (1 day earlier than usual), or 15 and 16 (2 days earlier 
than usual). The progesterone administration on GD 16 and 17 were as effective as the normal schedule in maintaining 
pregnancy until GD 19, whereas administering progesterone on GD 15 and 16 did not maintain pregnancy until GD 19. 
Administration of single shot of progesterone to pregnant (C57BL/6J) mice on GD 15, 16, 17, or 18 resulted in effective 
maintenance of pregnancy until GD 19 only in GD 18 group.  These findings will allow us to better manage work schedules.
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Introduction
In our facility, decontamination from microorganisms is 

usually conducted by in vitro fertilization (IVF) and embryo-
transfer. Three to four weeks old female mice are most suitable 
for IVF because the highest number of oocytes can be obtained 
from them after superovulation (Sugiyama et al., 1992; Xu, 
2001). On the other hand, male mice with wider age range can 
be used for IVF. However, in case that there are not any male 
mice but only adult female mice, C-section is conducted as 
another way of decontaminating mice from microorganisms 
in our facility. Usually, most mouse strains deliver in the 
early morning on gestation day (GD) 19 (Wolfensohn and 

Lloyd, 1998). However, some gene-modified mice reared in 
our facility often delivers on GD18, resulting in premature 
fetuses. To prevent this (Hall, 1957; Parkes, 1928; Wiest and 
Forbes, 1964), administered progesterone on GD17 and 18 
and C-section were done before noon on GD19. Despite this, 
fetal immaturity and low resuscitation rates were observed 
sometimes. This presumably due to delayed implantation and 
shifting back of fetal developmental stage. Various steroid 
hormones and genes are involved in delayed implantation 
(Diao et al., 2008; Lee et al., 2003; Paria et al., 1993; 
Smith et al., 1997; Wu, 1988; Yoshinaga and Adams, 1966). 
Some of gene-modified mouse strains bred in our facility 
had abnormalities possibly due to defective mechanisms in 
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implantation. In light of delayed implantation, we examined 
whether and how long C-section can be postponed. In addition, 
we examined the timing of progesterone administration and 
whether a single shot of progesterone is also effective in 
maintaining the pregnancy for better management.

Materials and Methods
Animals

We used C57BL/6J strain because most mice reared in 
our facility are gene-modified and C57BL/6J is the most 
common background strain for them. The C57BL/6J mice 
were purchased from CLEA Japan, Inc. (Tokyo, Japan) and 
were housed in microisolation cage (MBS7115RHMV, 19.1 
x 29.2 x 12.7 cm, Allentown, NJ, USA) under a 12:12-h 
light:dark cycle (dark period: 20:00 to 08:00). The bedding 
materials were procured from Harlan (TEK-FRESH, Harlan 
Teklad, WI, USA). Food (CRF-1, Oriental Yeast Co. Ltd., 
Tokyo, Japan) and filtered water were provided ad libitum. 
All mice were kept in specific pathogen free (SPF) facilities 
that were free of the following microorganisms: Mouse 
hepatitis virus, Sendai virus, Ectromelia virus, Lymphocytic 
choriomeningtis virus, Mouse rotavirus, Mouse parvovirus, 
Mouse encephalomyelitis virus, Pneumonia virus of mice, 
Mouse adenovirus, Reovirus thpe 3, Lactate dehydrogenase 
elevating virus, Mycoplasma pulmonis, Salmonella 
typhimurium, Clostridium piliforme, Corynebacterium 
kutscheri, Pasteurella pneumotropica, Cilia-associated 
respiratory bacillus, Escherichia coli O115a, Helicobacter 
hepaticus, Pseudomonas aeruginosa, Pneumocystis carinii, 
Syphacia obvelata and Aspiculuris tetraptera. All the mice 
were treated humanely and all experimental procedures were 
approved by the RIKEN Institutional Animal Care and Use 
Committee.

Routine C-section protocol
We conducted a series of operations as outlined in Fig. 1a. 

(1) On the first Wednesday evening, 1 male and 2-3 female 
mice were housed together in a cage. (2) From first Thursday 
to Sunday, vaginal plugs were checked every day morning. 
Plugged female mice were separated from the male mouse, 
and the day was considered as gestational day (GD) 0. (3) 
On first Sunday morning, all the female mice were separated 
from male mouse after plug checks. (4) On GD 17 and 18, the 
pregnant female mice were administered progesterone (66.7 
mg/kg/injection, Luteum Injection, Asuka Pharmaceutical, 
Tokyo, Japan) subcutaneously. In the case of Thursday-
plugged female mice, GD 17 is the third Sunday. (5) On GD 
19, the pregnant female mice were sacrificed by cervical 
dislocation and C-section was carried out. 

Experiments
Our first objective was to examine whether C-section 

could be postponed. Hence, we selected twelve-month-old 
male mice (n=5) and 10-week-old female mice (n=15) for 
this study and were mated together. On GD 17 and 18, all the 
pregnant mice (11) were administered progesterone (normal 
schedule). The pregnant mice were then divided into 3 groups 
according to the day of C-section. Group1: GD 19 (normal 
schedule, n=3), Group 2: GD 20 (1 day later than usual, n=4), 
and Group 3: GD 21 (2 days later than usual, n=4).

Next, we examined whether progesterone administration 
could be moved forward. For this study, we selected twelve-
month-old male mice (n=5) and 10-week-old female mice 
(n=15) and were mated together. The pregnant mice (12) were 
divided into 4 groups according to the day of progesterone 
administration viz. Group 4: without progesterone 
administration (natural delivery, n=2), Group 5: GD 17 and 
18 (as usual, n=3), Group 6: GD 16 and 17 (1 day forward, 
n=3), Group 7: GD 15 and 16 (2 days forward, n=4). Finally, 
we examined whether a single shot of progesterone was 
effective in maintaining the pregnancy. For this study, we 
selected twelve-month-old male mice (n=8) and 10-week-
old female mice (n=24) were mated together. The pregnant 
mice (20) were divided into 4 groups according to the day of 
progesterone administration. Group 8: GD 15 (n=5), Group 
9: GD 16 (n=5), Group 10: GD 17 (n=5), Group 11: GD 18 
(n=5).

Statistical analysis
Statistical analysis was conducted using Prism 4 (GraphPad 

software, La Jolla, CA, USA). Statistical analysis of the data 
was performed using logrank test, logrank trend test, or one-
way analysis of variance (ANOVA) with a Tukey’s multiple 
comparison test. The results were considered significant if the 
probability of error was 5% or less.

Results
All the results are summarized in Table 1. Two of the 

4 pregnant mice in Group 3 delivered before C-section 
on GD21, whereas none of the pregnant mice in Groups 1 
and 2 delivered on GD19 and 20 respectively. A significant 
difference in the delivery rate curves (p<0.001, logrank test) 
was observed. Only 2 of the 15 fetuses excised from the 
remaining 2 pregnant mice of Group 3 started spontaneous 
respiration, whereas all the fetuses excised from the pregnant 
mice of Groups 1 and 2 started spontaneous respiration. 
There was also a significant difference in the fetal survival 
rates (F(2, 6)=855.20; p<0.001; ANOVA). The fetal survival 
rate in Group 3 was significantly low compared with those of 
Group1 and 2 (p<0.05, Tukey).

All the pregnant mice in Group 4 delivered by 10:00 AM 
on GD 19. One of the 4 pregnant mice in Group 7 died on 
GD 17 and another female delivered on GD 19, whereas no 
pregnant mice in Group 5 or 6 delivered on GD 19. There was 
a significant difference in the delivery rate curves (p=0.048, 
logrank test). All the fetuses excised from the pregnant mice 
in Groups 5, 6 and 7 started spontaneous respiration.

Finally, four of the 5 pregnant mice in Group 8 delivered 
on GD 19 and the remaining one delivered on GD 20. One of 
the 5 pregnant mice in Group 9 delivered on GD 19 and the 
remaining 4 mice delivered on GD 20. Two of the 5 pregnant 
mice of group 10 delivered on GD 19 and the remaining 3 mice 
delivered on GD 20. On the other hand, none of the 5 pregnant 
mice in Group 11 delivered on GD 19. The remaining 4 and 1 
pregnant mice delivered on GD 20 and 21 respectively. There 
was a significant trend in the delivery rate curves (p=0.024, 
logrank trend test).
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Discussion
In the present study, we examined whether and how long 

C-section could be postponed in order to resolve the fetal 
immaturity presumably because of delayed implantation. A 
marked increase in fetal death was observed when pregnant 
mice were C-sectioned on GD 21, although performing 
C-section on GD 19 or 20 did not affect the fetal survival 
rate. Holinka et al., (1978) reported that the gestation period 
of the C57BL/6J strain of mice ranges from 18.6 to 20.8 
days and is dependent on the age of the pregnant mouse 
and also the incidence of fetal death at birth increases with 
gestation length. In addition, Kroc et al., (1959) reported 
that experimentally prolonged gestation is associated with 
increased fetal mortality. These reports correspond with 
our results. Moore (1961) suggested that elevated levels of 
progesterone causes vasoconstriction and fetocidal ischemia. 
The prolongation of fetocidal ischemia might have caused the 
markedly increased incidence of fetal death observed on GD 
21 in the present study.

Progesterone levels decline rapidly two days before 
delivery (Michael et al., 1975; Murr et al., 1974; Virgo 
and Bellward, 1974), and this withdrawal of progesterone 
is required to permit parturition (Kroc et al., 1959; Virgo 
and Bellward, 1974). In the present study, administering 
progesterone one day earlier (on GD 16 and 17) was effective 
in maintaining pregnancy until GD 19. This was presumed 
to be due to the progesterone administration on GD 17 (2 
days before the C-section). However, administering a single 
shot of progesterone on GD 17 was not sufficient to maintain 
pregnancy until GD 19, whereas a single shot of progesterone 
on GD18 was effective. These results suggest that a single 
shot of progesterone at the rate of 66.7 mg/kg, might be 
somewhat low. Further examination of progesterone doses 
might resolve the discrepancy. 

One-day-longer pregnancy brought by progesterone 
administration without extreme fetal death might resolve the 
fetal immaturity presumably because of delayed implantation. 
In addition, it was revealed that 1-day-earlier administration 
of progesterone was effective in maintaining pregnancy, and 
that administering a single shot of progesterone on GD 18 was 
also sufficient to maintain pregnancy. These findings will also 
allow us better management of work schedules (Fig. 1b): (1) 
On the first Wednesday evening, 1 male and 2-3 female mice 
will be housed together in a cage. (2) On the first Thursday 
and Friday, checks for vaginal plugs will be performed in 
the morning. All the plugged female mice will be separated 
from the male mouse, and the day is considered as GD 0. 
Plugs will not be checked on the first Saturday or Sunday. 
(3) On the first Monday morning, all the female mice will 
be separated from the male mouse after plug checks. The 
female mice that are found to be plugged on this day will not 
be operated. (4) The Thursday-plugged female mice will be 
administered a single shot of progesterone on GD 18 (third 
Monday) and will be C-sectioned on GD 19 (third Tuesday). 
The Friday-plugged female mice will be also administered 
a single shot of progesterone on GD 18 (third Tuesday) and 
will be C-sectioned on GD 19 (fourth Wednesday). The 
pregnant mice with unknown plug dates are presumed to 
have been plugged on the first Saturday or Sunday. They will 
be administered progesterone on the third Tuesday and the 

fourth Wednesday. In the case of the Saturday-plugged mice, 
the third Tuesday and fourth Wednesday correspond to GD 17 
and 18, respectively. In the case of the Sunday-plugged mice, 
the third Tuesday and fourth Wednesday correspond to GD 16 
and 17 respectively. (5) The Thursday- and Friday-plugged 
mice will be C-sectioned on GD 19, the third Tuesday and 
fourth Wednesday respectively. The pregnant mice with 
unknown plug dates will be C-sectioned on the fourth Friday, 
which corresponds to GD 20 and 19 for the Saturday- and 
Sunday-plugged mice respectively.

In the present study, we examined whether and how 
long C-section can be postponed in order to resolve the fetal 
immaturity presumably because of delayed implantation. 
In addition, we also examined the timing of administering 
progesterone and whether a single shot of progesterone was 
also effective in maintaining the pregnancy. Our results 
showed that 1-day-later Caesarean section did not affect 
the fetal survival rate and 1-day-earlier administration of 
progesterone was effective in maintaining pregnancy and 
also a single shot of progesterone at GD 18 was sufficient 
to maintain pregnancy. These findings would be useful to 
maintain mouse strains and allow us better management of 
work schedules.
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Table 1. Summary of experiments and results

Day of 
progesterone 
administration

Day of CS

Number of natural 
delivery

Number of C-sectioned 
mouse

Number of 
spontaneously-
breathing fetus / 
Total number of 

fetus (%)†
GD19 GD20 GD21 GD19 GD20 GD21

Group 1 
(n=3)
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schedule)
0/3 - - 3/3 - - 20/20 (100.0%)

Group 2 
(n=4)
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GD19 
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Group 10 
(n=5) GD17 2/5 3/5 0/5 - - - -

Group 11 
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†2, One of 4 pregnant mice died on GD17.
*, p<0.05 compared with Group1 and 2.
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Figure 1 (a) Current time schedule for C-section

 SUN MON TUE WED THU FRI SAT

1    M P P P

2 P       

3        

4 H (GD17) H (GD18)        
H (GD17)

CS (GD19)                
H (GD18)        
H (GD17)

CS (GD19)     
H (GD18)        
H (GD17)

CS (GD19)     
H (GD18) CS (GD19)  

Figure 1 (b) Proposed time schedule for C-section

 SUN MON TUE WED THU FRI SAT

1    M P P  

2  P      

3        

4  H (GD18) 

CS (GD19)                
H (GD18)        

H (GD17)   H 
(GD16)

CS (GD19)     
H (GD18)        
H (GD17)

 CS (GD20)        
CS (GD19)  

The operations required for various days are indicated in letters
M: start of mating
P: plugs checks
H: administration of progesterone
GD: gestational day
CS: C-section 
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Abstract
The study was conducted to assess the hepatoprotective activity of Asteracantha longifolia in carbon tetra-
chloride (CCl4) induced hepatotoxicity in rats. The hepatoprotective effect of methanolic extract of whole 
plant of Asteracantha longifolia was studied by monitoring serum aspartate amino transferase (AST), serum 
alanine amino transferase (ALT) and histopathological alterations.  Pre-treatment with methanol extract of 
Asteracantha longifolia in rats treated with CCl4 showed a significant inhibition (P<0.001) of rise in serum 
ALT and AST at all the doses tested (600, 900 or 1200 mg/kg). Histopathological studies provided the added 
evidence for biochemical analysis. Histopathological studies showed total recovery of liver damage caused by 
CCl4 on treatment with silymarin as well as Asteracantha and such treated groups showed very less hepatic 
damage with few areas of fatty changes. These studies revealed that the methanol extract of Asteracantha 
longifolia has potent hepatoprotective activity. It showed even better efficiency than the well known hepato-
protective agent silymarin in reducing the ALT and AST concentrations in CCl4 treated rats.
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Introduction
Asteracantha longifolia is described in  Ayurvedic 

literature as Ikshura, Ikshugandha, and Kokilasha. 
Asteracantha longifolia (syn. Hygrophila auriculata).  It is a 
stout herb with fasciculate, erect and sub quadrangular stem.  
The plant is widely distributed throughout India, Srilanka, 

Burma, Malaysia and Nepal.  The whole plant, roots, seeds 
and ashes of the plant are extensively used in traditional 
system of medicine for various ailments like rheumatism, 
inflammation, jaundice, hepatic obstruction, pain, urinary 
infections, oedema and gout.  It is classified in Ayurvedic 
system as Seethaveeryam, Mathuravipaka and used for the 
treatment of premeham (diabetes), athisaram (dysentery) etc. 
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(Nadkarni, 1978; Chopra et al., 1986). Further, it is known 
for possessing antitumor (Mazumdar et al., 1997; Ahmed 
et al., 2001), hypoglycemic (Fernando et al., 1991) and 
antibacterial (Boily and Vanpuyvelde, 1986) activities. The 
main constituents of this plant are mucilage, fixed oil and 
phytosterol (Misra et al., 2001). However, the hepatoprotective 
property of Asteracantha longifolia is not documented very 
well. Hence, the present study was undertaken to explore the 
hepatoprotective property of the plant.

In the present study, we evaluated the hepatoprotective 
activity of methanol extract of Asteracantha longifolia in 
Wistar albino rats. Animals showed a significant inhibition 
(P<0.001) of rise in serum ALT and AST at all the tested doses. 
Histopathological studies in control group showed the normal 
parenchyma architecture of liver. However, centrilobular 
necrosis, accompanied by fatty changes and ballooning 
degeneration were observed in the remaining hepatocytes 
in the liver of rats treated with carbon tetrachloride while 
silymarin and Asteracantha treated groups showed less 
hepatic damage. 

Materials and Methods

Collection of plant material: 
Fresh plants of Asteracantha longifolia  were collected 

from the marshy areas of the village Pattanayakanahalli 
near Tumkur district, Karnataka state during the month of 
November.  The plant material was dried under shade for ten 
days.  Dried plant was finely powdered and stored in air tight 
container until the preparation of extracts.

Preparation of plant extract: 

One hundred gram of powder of whole dried plant 
of Asteracantha longifolia was taken, to which one litre of 
methanol was added, mixed well and kept for two days with 
intermittent mixing. The contents were periodically shaken 
using an electric shaker. After two days, contents were filtered 
through Buchner funnel in a conical flask and it was further 
concentrated by evaporating the filtrate in round bottom flask 
in a rotary flash evaporator maintained at 39-400C till the 
solvent was completely evaporated and extract settled down 
to bottom. The residues were weighed after concentration and 
their respective percentage yield was determined.   

Experimental design: 
Wistar albino rats, aged between seven to nine weeks and 

the body weight 200+10 g were procured from the Central 
Animal Facility, Indian Institute of Science, Bangalore. The 
rats were acclimatized to the experimental conditions for 
one week. After acclimatization, animals were grouped and 
housed in standard polypropylene rat cages during the entire 
experiment. They were maintained under standard laboratory 
hygienic conditions and provided standard laboratory animal 
feed and water ad libitum. The approval of the Institutional 
Animal Ethics Committee was obtained prior to start of the 
experiment.

Hepatoprotective activity: 
In this experiment, methanol extract of Asteracantha 

longifolia was evaluated for its hepatoprotective activity in 
carbon-tetrachloride induced hepatotoxicity in Wistar albino 
rats. The animals were divided into six groups with six rats 
in each group. Animals of Group I were treated with normal 
saline (2 ml per animal) where as Group II animals were given 
a known hepatoprotective compound, silymarin orally.  Group 
III, IV and V received the following dosages of methanol 
extract of Asteracantha longifolia orally 600, 900 and 1200 
mg/kg b.w.  respectively. Group VI received 1 ml/kg of CCl4. 
The above treatment was continued for seven days. On day 8 
and 9, CCl4 was administered sub-cutaneously (1 ml/kg) to all 
rats except rats in Group I. The biochemical parameters (liver 
specific enzymes like ALT and AST) were determined 18 h 
after the last dose. 

Clinical biochemistry: 
Blood was collected from all the animals through retro-

orbital plexus. The blood samples were allowed to clot 
for 45 min at room temperature. Serum was separated by 
centrifugation at 2500 rpm at 30ºC for 15 min and used for the 
estimation of  liver specific enzymes namely AST and ALT 
(Jain, 1990). 

Histopathological studies:
 After collection of blood samples, the rats were euthanized 

humanely and their livers were collected. The organs were 
fixed in neutral buffer formalin for histological examination. 

Statistical analysis : 
The data was analyzed by one-way ANOVA with Tukey's 

post test using GraphPad Prism Software (Trial version 4.03 
for Windows) GraphPad Software, San Diego, California, 
USA. 

Results
The methanol extract of Asteracantha longifolia was 

evaluated for its hepatoprotective activity in carbon-
tetrachloride induced hepatotoxicity in Wistar albino rats. 
The extract was tested at three doses (600, 900 and 1200 mg/
kg b.w.) for a period of nine days. Alanine aminotransferase 
(ALT) was determined in serum of different groups (Table 1). 
In group VI, ALT was significantly (P<0.001) higher than the 
Asteracantha longifolia extract treated group and silymarin 
treated group on day 9. The ALT concentration in group III, 
IV and V were significantly (P<0.001) lower than the group 
VI value on day 9. 

The ALT concentration in group II was 103.14 + 1.69 
IU/L. This was significantly (P<0.001) lower than the group 
VI value of 303.00 + 1.34 IU/L. The serum ALT concentrations 
in group II, III, IV and V were significantly low (P<0.001) 
compared to the group VI (CCL4 treated group).

The Aspartate aminotransferase (AST) concentration in 
group VI was significantly (P<0.001) higher than Asteracantha 
treated group (Table 2) on day 9. The AST concentration in 
groups II, III, IV and  V were significantly (P<0.001) lower 
than the group VI (CCL4 treated group). 
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Histopathological studies also provided supportive 
evidence. The control group (Fig. 1) showed the normal 
parenchyma architecture with cords of hepatocytes, portal 
tracts and central veins without noticeable alterations 
compared to the control group. Centrilobular necrosis 
accompanied by fatty changes and ballooning degeneration 
were observed in the remaining hepatocytes in the liver of rats 
treated with carbon tetrachloride (Fig. 2). Silymarin (Fig. 3) 
and Asteracantha (Fig. 4, 5 and 6) treated groups showed less 
hepatic damage with few areas of fatty changes. 

 Discussion
Present study was conducted to evaluate the 

hepatoprotective effect of methanol extract of Asteracantha 
longifolia against CCl4- induced hepatic damages in Wistar 
albino rats. In the present study, it has been observed that 
CCl4  induced a significant elevation (P<0.001) in the 
concentrations of serum marker enzymes like ALT and 
AST which is indicative of liver damage. High levels of 
AST indicate liver damage which may be due to necrosis or 
membrane damage that releases the enzyme into circulation. 
ALT catalyses the conversion of alanine to pyruvate and 
glutamate, and is released in a similar manner. Therefore, ALT 
is more specific to the liver and is thus a better parameter for 
detecting liver injury. 

Elevated levels of serum enzymes are indicative of 
cellular leakage and loss of functional integrity of cell 
membrane in liver (Clarke and Clarke, 1975). On day 9, there 
was a significant decrease (P<0.01) in the concentration of 
serum AST or ALT when compared to the   CCL4 control 
group. This indicated the hepatoprotective effect of the plant 
extract. The hepatoprotective effect of the plant extract was 
comparable to the standard hepatoprotective drug silymarin. 
This correlates with the earlier findings of Hewawasam et al. 
(2003) who reported the aqueous extract of whole plant of 
Asteracantha longifolia had the hepatoprotective activity in 
CCl4-induced hepatotoxicity in mice. In the present study, the 
hepatoprotective effect of the plant extract was both dose and 
time-dependent. Maximum protective activity of the extract 
was observed when administered once daily at a dose of 1200 
mg/kg b.w. for 7 days before CCl4 administration. 

Histopathological studies also provided supportive 
evidence for the biochemical analysis. The control group 
(Group I) showed the normal parenchymal architecture with 
cords of hepatocytes, portal tracts and central veins without 
noticeable alterations. Centrilobular necrosis accompanied 
by fatty changes and ballooning degeneration were observed 
in the remaining hepatocytes of rats treated with carbon 
tetrachloride. Asteracantha longifolia and silymarin treated 
groups showed less hepatic damage with few areas of fatty 
changes which is suggestive of hepatoprotective activity 
of Asteracantha longifolia. The above changes can be 
considered as an expression of the functional improvement 
of hepatocytes, which may be caused by an accelerated 
regeneration of parenchyma cells.

Flavonoids are known to be antioxidants, free radical sca-
vengers and antilipoperoxidants leading to hepatoprotection. 

The observed protective effect of the plant extract against 
carbon tetrachloride may be attributed to the presence of 
flavonoids, ascorbic acid, carotenoids, tannins and lignins 
among the plant constituents which are hepatoprotective in 
nature (Hewawasam et al., 2003). 

The present study suggested that the methanol extract 
of whole plant of Asteracantha longifolia possesses potent 
hepatoprotective activity which had protected the liver against 
CCl4-induced hepatotoxicity.

Conclusions
Methanol extract of Asteracantha longifolia was found 

to be a very good hepatoprotective agent on CCl4-induced 
hepatotoxicity in rats with significant inhibition (P<0.001) of 
rise in serum ALT and AST at all the tested doses (600, 900 
or 1200 mg/kg b.w.). Histopathological studies showed that 
the control group showed the normal parenchyma architecture 
whereas centrilobular necrosis, accompanied by fatty changes 
and ballooning degeneration were observed in the remaining 
hepatocytes of rats treated with carbon tetrachloride. Silymarin 
and Asteracantha treated groups showed significantly less 
hepatic damage with few areas of fatty changes. These studies 
revealed that the methanol extract of Asteracantha longifolia 
has potent hepatoprotective activity at the normal dose of 900 
mg/kg and even better than the well known hepatoprotective 
agent silymarin in reducing the ALT and AST concentration 
in CCl4 treated rats. 
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Table 1: Effect of methanol extract of Asteracantha longifolia on serum alanine aminotransferase concentration 
(ALT) in carbon tetrachloride induced hepatotoxicity in rats

ALT (U/L)

Groups Day 0 Day 9

Group I (Control) 65.50±1.69 77.83 ± 5.15

Group II  (600 mg/kg) 62.72±2.02 144.16±0.16**

Group III (900 mg/kg) 63.37±2.20 112.87±2.13***

Group IV  (1200 mg/kg) 60.97 ±1.28 149.83±2.06***

Group V  (Silymarin, 50mg/kg)                   59.89±1.67 133.83±1.69***

Group VI  (CCL4, 1 mg/kg) 62.37±2.13 303±1.34
  
Compared with the control group values of respective days. Values are mean ±SE, **P<0.05, ***P<0.001, n = 6

Table 2:  Effect of methanol extract of Asteracantha longifolia on serum aspartate aminotransferase (AST) 
concentration in CCL4   induced hepatotoxicity
                   

AST (U/L)

Groups Day 0 Day 9

Group I (Control) 127.16±5.64 137.00±3.56

Group II  (600 mg/kg) 142.33±10.87 214.33±2.06***

Group III (900 mg/kg) 147.33±10.77 208.167±2.57***

Group IV  (1200 mg/kg) 138.33±3.18 201.83±1.85***

Group V  (Silymarin, 50mg/kg)                   128.37±2.06 202.16±3.09***

Group VI  (CCL4, 1 mg/kg) 119.33±4.19 323.5±7.64

Compared with the control group values of respective days. Values are mean ±SEM, ***P<0.001, n = 6
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Fig. 1 : Section of liver from rat given normal saline 

2ml, showing normal hepatocytes.
(H & E X 500)

Fig. 2. Section of liver from rat given CCL4 1ml/kg 
showing severe fatty changes with degeneration 
and centrilobular necrosis with infiltration of few 

inflammatory cells. (H & E X 500)

 
Fig. 3. Section of liver from rat given silymarin 

50mg/kg showing mild fatty changes. 
(H & E X 500)

 
Fig. 4. Section of liver from rat given extract 600 
mg/kg showing comparatively less fatty changes 

with intact hepatocytes (H & E X 500)

 
Fig. 5. Section of liver from rat given extract 900 
mg/kg showing comparatively less fatty changes 

with intact hepatocytes  (H & E X 500)

 
Fig. 6. Section of liver from rat given extract 1200 
mg/kg showing comparatively less fatty changes 

with intact hepatocytes (H & E X 500)
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Abstract
The pathomorphological evaluation of antidiabetic effect of hydroalcoholic extract of Momardica charantia 
(M. charantia) plant’s fruit pulp was studied in streptozotocin (STZ) induced diabetes in Wistar albino rats 
against glibenclamide. Hydroalcoholic extract of M. charantia at 200 mg/kg   was administered to the diabetic 
subjects for 45 days. The antidiabetic effect was evaluated by estimation of serum glucose, cholesterol, 
triglyceride, ALT, AST and serum insulin. Detailed histopathologic evaluation of islets of Langerhans, liver 
and other organs was performed to assess its pathomorphological effects. The diabetic rats which received 
the hydroalcoholic extract of the M. charantia  fruit pulp showed significant decrease (P≤0.001) in the serum 
levels of glucose, cholesterol, triglyceride, ALT and AST and the serum insulin was significantly increased 
(P≤0.001) compared to diabetic control animals. The effect observed was almost comparable to those of 
glibenclamide. The microscopic evaluation of islets of Langerhans indicated either the regeneration or repair 
of the affected beta cells and also the extract found to have marked hepatoprotective effect against STZ 
induced liver injury
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Introduction
Diabetes mellitus, a metabolic disorder, characterised by 

hyperglycaemia is associated with either absolute or relative 
deficiency in insulin secretion and /or insulin action and 
clinically characterised by polyurea, polydypsia, polyphagia 

and weight loss. There is an increased concern over the 
prevention and treatment of diabetes among the common folk. 
Along with use of routine allopathic medicines, the herbal 
therapeutic agents are gaining more importance owing to their 
relative less side effects and patient compliance.  Momordica 
charantia which belongs to the family of Cucurbitaceae, is a 
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common folklore remedy for diabetes and the extract of fruit 
pulp, seed, leaves and the whole plant have been used for their 
hypoglycemic effect. Different workers have tested various 
parts of Momordica charantia plant like aqueous extract of 
the plant, ether extract of leaves, dried whole fruit, powdered 
seeds of the fruit with respect to their hypoglycemic potential 
(Lal and Chaudhary, 1968,  Vimladevi et al. 1977,  Akhtar 
et al. 1981 and  Kedar and Chakrabarti  1982). Though 
extensive literature is available on anti hyperglycemic and 
hypolipidemic effects of there is paucity in the information 
regarding the pathomorphological details at tissue level.  
Hence to understand and ascertain the pathomorphological 
and biochemical effects of hydroalcoholic extract of 
Momordica charantia in STZ induced diabetes the present 
study was designed.

Material and Methods
Male Wistar albino rats weighing 180-260 g were procured 

from Central Animal Facility, Indian Institute of Science, 
Bangalore. The animals were maintained under standard 
laboratory condition and offered ad libitum  feed and water.  
The experiment was carried out for a period of 45 days with 
prior permission from Institutional Animal Ethics Committee.

Streptozotocin
Streptozotocin to induce experimental diabetes in rats was 

procured from Sigma Chemicals, St.Louis, USA. 

Momordica charantia plant extract
The hydroalcoholic extract of Momordica charantia 

(identified by HPTLC finger printing and assayed by 
Gravimetric method) was procured from Ms. PLANTEX, 
Vijayawada, India.

Glibenclamide solution
Glibenclamide (Daonil®, 5 mg) an oral hypoglycemic 

drug was administered orally at a dose of 600 μg/ kg (Babu 
et al., 2003)

Administration of plant extract 
and glibenclamide

Throughout the study period the plant extract and 
glibenclamide to their respective groups were administered 
orally by using clean rat feeding needle attached to an 
appropriate disposable syringe during morning hours of the 
day.

Experimental design
The rats were divided into four different groups (Group-I 

- normal control, Group-II- diabetic control,  Group-III - 
diabetic animals treated with glibenclamide and Group-IV 

- diabetic rats supplemented with hydroalcoholic extract of 
M. charantia fruit pulp) with ten animals each based on body 
weight. Care was taken to maintain the intra group weight 
variation to be less than 20 g and inter-group weight variation 
by 30 g. 

Experimental induction of diabetes
Hyperglycemic state was experimentally induced by intra 

peritoneal inoculation of Streptozotocin at the dose rate of 45 
mg/kg in 0.1M citrate buffer (pH 3.5- 4.5) (Babu et al., 2004) 
in rats of Groups II, III and IV fasted for 16 h. The Group 
I animals received citrate buffer alone. The rats of Group II 
were maintained as positive control.  The Group III rats were 
treated with glibenclamide at a dose rate of 600 µg/ kg    and 
Group IV rats with extract of M. charantia at a dose of 200 
mg/kg   daily by oral route.

Confirmation of diabetes
The diabetic state was confirmed by estimating the serum 

glucose level at 72 post STZ injection using Span Diagnostic 
kit with Semi-Automatic Biochemical Analyser (ARTOS, 
Bangalore). The animals that showed the serum glucose level 
above 200 mg/dl were considered diabetic and selected for 
the study.

Collection of serum samples
About 2 ml of blood from the retro-orbital plexus of 

the rats in all the groups were collected under light ether 
anaesthesia separately in clean test tubes at different time 
intervals of the study such as  3rd, 15th, 30th and 45th days post 
STZ injection. The serum collected was subjected for glucose, 
cholesterol, triglyceride, ALT, AST estimation biochemically 
and insulin by Radioimmuno assay.

Collection of tissue samples
To study the progressive effects of the treatments 

administered to different groups, two rats from each group 
were sacrificed humanely on 15th and 30th day of experiment 
under ether anaesthesia and the remaining rats on 45th day 
of experimentation. Euthanized animals were subjected for 
detailed post mortem examination and gross changes. Further, 
representative tissue samples from pancreas, liver, kidney, 
lungs, heart, intestine, brain, stomach, skin and muscle were 
collected in 10 % neutral buffered formalin (NBF) for the 
pathomorphological evaluation.

Statistical analysis
Statistical analysis was performed using the statistical 

software Graph Pad Prism, version 5 for Windows. Mean 
values and standard error of mean were calculated and 
all values were expressed as Mean (± SE). The data were 
analysed by Two way ANOVA 
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Results
In the present study, STZ at 45 mg/kg i.p induced 

diabetes with significant (P≤0.001) increase in serum glucose, 
cholesterol, triglyceride (Table 1,2 & 3) and significant 
(P≤0.001) reduction in serum insulin level (Table 6). STZ 
also caused hepatic injury as evidenced by the histopathology 
with concurrent rise in the marker enzymes viz ALT and AST 
(Table 4 & 5). Supplementation of Momordica charantia 
to diabetic rats (Group IV) caused progressive reduction 
in the serum glucose, cholesterol and triglyceride levels. 
The reduction was significant (P≤0.001) from Day 15 post-
treatment and continued till the end of the study. A significant 
hypolipidaemic effect was also observed in which the serum 
cholesterol levels on 45th day of the study was 54.74±1.35 
mg/dl against 119.28±4.19 mg/dl of diabetes control (Table 
2). The extract of Momordica charantia  also produced 
significant (P≤0.001) reduction in the serum ALT and AST 
levels (Table 4 & 5) compared to diabetic control.

The antidiabetic effect of the Momordica charantia extract 
was comparable to that of glibenclamide with respect to serum 
glucose and serum triglyceride. However, glibenclamide was 
found superior with respect to hypocholesterolemic effect 
(Table 2).

Streptozotocin induced significant hypoinsulinism 
(Table 6) in the diabetic control rats (Group I) was observed 
till Day 45 post STZ injection.  However, administration 
of Momordica charantia  extract resulted in a gradual and 
progressive improvement in insulin levels from 15th day to 
45th day post-treatment in Group IV rats. 

Light microscopic examination  
Microscopically, STZ caused marked damage to islets of 

Langerhans and liver in diabetes induced rats.  The affected 
islets varied in their number, size and shape. Islets appeared 
elongated, crescentic or ‘starfish’ like. The beta cells initially 
showed degenerative changes in the form of cell swelling, loss 
of granularity, cytoplasmic vacuolations and later necrosis 
of beta cells.  In addition, mild fibrosis and infiltration of 
inflammatory cells into islets were also observed as late 
lesions.  Liver showed swelling of hepatocytes decreased 
sinusoidal spaces, cytoplasmic vacuolations and ‘bridging 
type’ of necrosis.

Supplementation of M. charantia  extract improved the 
architecture of islets of Langerhans, in general. Progressive 
improvement was appreciable from Day 15 post-treatment till 
the end of the study. The number, size and shape of the islets 
though showed a positive response, few beta cells revealed 
persistence of STZ effect.  The morphological architecture of 
islets was almost comparable to that of glibenclamide treated 
and of normal control groups. There was an increase in the 

number of beta cells which appeared larger with sufficient 
cytoplasmic granularity. 

The rats supplemented with the plant extract revealed 
improvement in the liver tissue architecture as observed 
by the decrease in vacuolations and other degenerative 
changes indicated. This observation was also supported by 
the improvement observed in the liver enzyme values which 
signify the health of the hepatocytes.

Discussion
Streptozotocin, a diabetogenic substance has been 

reported to induce diabetes in animals by its cytotoxic effect 
specific for β-cells of islets, accounting for hypo insulinemia. 
STZ has been reported to be capable of generating reactive 
oxygen species resulting in oxidative stress and cell death 
(Sarkar et al., 1996; Ahmed et al., 2000), which was also 
observed in the present study and substantiated well by 
microscopical evidence of degeneration and destruction of 
beta cells of islets. 

Hyperglycemic state in diabetes could be due to deficiency 
or resistance to insulin which leads to decreased glucose 
transport in muscle, elevated hepatic glucose production 
and increased breakdown of fat (Karunanayake et al. 1975 
and Mahdi et al., 2003). Hyperlipidemia is regarded as a 
consistent feature in experimental STZ and alloxan induced 
diabetes in rats as reported by Neera Singh et al. (1989) which 
could be due to deficiency of insulin that increases excessive 
breakdown of adipose store by stimulation of lipoprotein 
lipase leading to increased mobilisation of fatty acids and 
their accumulation in liver as triglycerides. In addition 
deficiency of insulin also causes diminished levels of LDL 
receptors leading to increased LDL cholesterol values in 
diabetes (Nafisa et al., 2007) contributing for hyperlipidemia.

ALT and AST  are soluble enzymes found in the 
hepatocytes and released into the circulation when injury to 
organelles such as mitochondria occurs. STZ has been reported 
to induce both plasma membrane and organellar membrane 
damage especially that of RER and mitochondria (Laguens 
et al., 1980). The elevated serum levels of liver enzymes are 
indicative of cellular leakage and loss of functional integrity 
of the cell membrane, a factor which was well supported by 
the  histopathology of liver in the present study (Rajesh and 
Latha, 2004 Muhammad et al., 2008).

It was observed in the present study that the mean serum 
glucose levels were progressively reduced on Momordica 
charantia extract treatment and were significantly lower 
(P<0.001) compared to those of diabetic control group. The 
decrease observed in glucose values was comparable to that 
by glibenclamide. However, the glucose values failed to reach 
the normal range as observed in the control group rats. This 
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clearly indicated that, though Momordica charantia was 
capable of declining the glucose level, the hypoglycemic 
effect was not total and never attained the normal range 
(Sarkar et al., 1996; Mahdi et al., 2003). As indicated by 
Welihinda et al. (1982), the anti hyper glycemic activity of 
the plant might be due to its stimulating effect on the remnant 
β-cell or improvement in insulin action at cellular level or 
it could also be due to the insulin like effect of the active 
principle(s) present in the extract. A marked improvement 
in insulin secretion in diabetic rats treated with extract of M. 
charantia fruit in the present study substantially supports the 
findings of the earlier workers.

The hepatoprotective effect of Momordica 
charantiaobserved in the present study could be attributed 
to the presence of flavonoids and ascorbic acid in the extract 
(Chaudhari et al., 2009) and to their free radical scavenging 
activity (Asli et al., 2007).

 The results of the present study indicated that Momordica 
charantia treatment had positive effect in improving the 
insulin level in diabetic animals, a finding well supported 
by those of Ahmed et al. (2000) and Rao et al. (2001). The 
improved insulin level in Momordica charantia treatment 
could be due to regeneration or repair of damaged beta cells 
by Momordica charantia as reported by Chaturvedi et al. 
(2004) and Nafisa et al. (2007). Progressive reconstruction 
of normal architecture of islets from Day 15 to Day 45 post 
treatment in the present study also strengthens the positive 
effect of Momordica charantia on insulin levels (Mutalik et 
al. 2005, Nafisa et al. 2007).

.  
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Table-1: Effect of Momordica charantia on serum glucose (mg/dL) in STZ induced diabetic rats

Groups
Days of post-treatment

3 15 30 45
Group I 106.00± 5.18 103.83± 3.60 106.83±4.24 107.13±3.21
Group II 428.50±6.74a 474.66±5.57a 513.66±7.09a 557.83±5.71a

Group III 436.50±4.50 a 363.50±6.28 ab 306.16±5.82ab 225.00±6.04 ab

Group IV 424.83±9.21 a 349.50±10.95 ab 293.50±10.02ab 241.00±8.49 ab

Table-2: Effect of Momordica charantia on serum cholesterol (mg/dL) in STZ induced diabetic  rats

Groups
Days of post-treatment

3 15 30 45
Group I 43.03±1.82 42.71±1.86 42.16±1.93 41.48±1.78
Group II 74.98±4.25 a 91.90±5.53 a 105.60±5.24 a 119.28±4.19 a

Group III 74.81±1.92a 54.26±2.81 ab 45.29±3.23b 36.21±2.57 b

Group IV 76.30±1.13 a 65.05±1.93abc 56.83±2.28abc 54.74±1.35 abc

Table-3: Effect of Momordica charantia on serum triglyceride (mg/dL) in STZ induced diabetic rats

Groups
Days of post-treatment

3 15 30 45
Group I 98.85 ± 2.18 98.51±1.20 100.86±1.22 99.48±1.29
Group II 211.10±3.41 a 248.95±3.16 a 285.35±2.46 a 328.22±4.35a

Group III 209.17±3.01 a 180.67±1.58 ab 137.42±1.90ab 99.67±3.52 b

Group IV 207.17±2.82 a 173.87±2.72 ab 145.42±2.31ab 120.58±1.76abc

Table-4: Effect of Momordica charantia on serum ALT (IU/L) in STZ induced diabetic rats

Groups
Days of post-treatment

3 15 30 45
Group I 52.47 ±1.35 51.92±0.36 52.87±0.49 51.96±0.90
Group II 142.96± 7.7 a 206.98±1.87 a 249.18±2.93 a 345.34±1.62 a

Group III 135.47± 5.7 a 120.97±5.13 ab 108.90±5.95ab 102.80±7.01 ab

Group IV 139.14±3.36 a 108.36±3.15 ab 80.67±4.81abc 78.67 ±4.73 abc

Table-5: Effect of Momordica charantia on serum AST (IU/L) in STZ induced diabetic rats

Groups
Days of post-treatment

3 15 30 45
Group I  64.95 ± 1.08 64.86± 0.96 64.93 ± 0.99 64.68 ± 1.08
Group II 180.50± 0.74 a 215.03± 3.84 a 271.11 ± 1.97a 355.68 ± 4.97a

Group III 185.36± 1.73 a 152.88±3.52ab 123.11±6.59ab 114.65±7.25 ab

Group IV 180.72± 3.32a 157.41±2.60ab 132.45±5.75ab 101.72±6.13 ab

 Table-6: Effect Momordica charantia on serum insulin (µU/L) in STZ induced diabetic  rats

Groups
Days of post-treatment

3 15 30 45
Group I 56.86±1.73 56.51±1.80 56.75±1.78 41.48±1.78
Group II 16.03±0.39 a 12.29±0.33 a 11.22±0.44 a 119.28±4.19 a

Group III 25.75±1.13 ab 35.20±0.71 ab 39.16±0.73 ab 36.21±2.57 b

Group IV 19.43±0.59 ac 27.56±0.91 abc 30.96±0.72 abc 54.74±1.35 abc

Note: In all tables, values are expressed as  Mean ± SE, n=10, a Comparison with Group -I, b Comparison with 
Group-II, c Comparison with Group-III, Values are statistically significant at (P≤ 0.001), Mean (± SE) values with 
common superscript do not have significance (P≥0.001)
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Histopathology images

Plate 1 Islets of Langerhans showing normal large, round 
beta cells with abundant granular eosinophilic cytoplasm - 
H&E X 400

Plate 2 Islets of Langerhans on Day 45 from diabetic animal 
showing loss of shape and presence of vacuolated and a 
few necrotic cells. Proliferation of fibroblasts with elongated 
nucleus-H&E X 200

Plate 3 Pancreas from a diabetic rat treated with 
glibenclamide showing well formed islets with normal 
architecture on Day 45 of the study-   H&E X 400

Plate 4 Pancreas from a diabetic rat treated with 
Momordica charantia showing well formed islet with compact 
arrangement of beta cells on Day 45 -H&E X 200

Plate 5 Section of liver from normal control rat on 45th day 
showing central vein and well formed hepatic cords with 
normal appearing hepatocytes -H&E X 100

Plate 6  Section of liver from diabetic rat on Day 45 showing 
highly swollen hepatocyte with increased cytoplasmic 
granularity, vacuolations and necrosis of hepatocytes - H&E X 
200

Plate 7 Section of liver from a diabetic rat treated 
with Glibenclamide on Day 30 of the study showing 
improved architecture from STZ effects - H&E X 200.

Plate 8  Section of liver on 45th day post-treatment 
from diabetic rat treated with Momordica charantia 
showing complete normal architecture - H&E X 200
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Sub chronic toxicity study of mixed fungal isolates 
culture filtrates from ground nut hay in rats 

Abstract
Sub chronic toxicity study of mixed culture filtrate of  Rhizopus oryzae, Fusarium verticilloides  and Fusarium xylarioides 
isolated from the fungal contaminated ground nut hay was conducted in rats. The fungi were isolated from the contaminated 
groundnut hay which caused mycotoxicosis in cross bred cattle, exhibited the clinical signs of  colic, tenesmus, ruminal 
atony, anorexia, bleeding from nostrils, rectum and fly bite site. The rats were gavaged with culture filtrate at the dose level 
of 0.5, 1 and 2 ml daily for 90 days.  Clinical signs observed were diarrhea, weakness, severe arching of back, swollen 
forehead and conjunctival hemorrhage.    Cutaneous hemorrhagic patches on back, scrotum, abdomen, ears and legs region 
seen. There was a significant increase   (P <0.05) in serum concentrations of creatinine, urea nitrogen, ALT and AST 
indicated the renal  and hepatic damage which was confirmed by histopathology. There were lesions in brain and GI tract 
of the treated rats.  The present study indicated the toxic feature of the mixed culture filtrates of  fungi Rhizopus oryzae, 
Fusarium verticilloides and Fusarium xylarioides isolated from ground nut hay.
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Introduction
Fungal infected hay can infect dairy cattle, especially 

during stressful periods when they are immune suppressed, 
causing a disease referred to as mycosis. Molds also produce 
secondary metabolites or poisons called mycotoxins that 
affect animals when they consume mycotoxin contaminated 

feeds. This disorder is called mycotoxicosis (Pier, 1992). 
The total number of mycotoxins is not known, but the 
number of potential toxic metabolites of fungi has been 
estimated to be in  thousands, although to date only about 
300 different mycotoxins have been identified (CAST, 2003).  
Mycotoxicosis is well documented in poultry. However there 
is scanty information on cattle mycotoxicosis.   
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Cross bred cattle fed with contaminated groundnut hay for 
duration of 2-3 months exhibited the clinical signs of loss of 
body condition, colic, tenesmus, ruminal atony and anorexia 
which was noticed in Pattanayakanahalli village of Tumkur 
District in Karnataka, India.  There was bleeding from nostrils, 
rectum and fly bite site of the affected animals. Liver function 
tests of these animals revealed liver damage. The detailed 
clinical investigation and history revealed that the groundnut 
hay was fed to these animals and revealed blackish specks 
or spots indicative of fungal growth. The clinical signs were 
observed especially during winter season. 

In the present study, the sub chronic toxicity of the 
mixed culture filtrates of  fungi Rhizopus oryzae, Fusarium 
verticilloides and Fusarium xylarioides isolated from fungal 
affected groundnut hay was evaluated in rats.

Materials and Methods

Collection of material:
Fungal contaminated groundnut hay which was fed to the 

ailing animals was obtained from Pattanayakanahalli village 
of Sira taluk, Tumkur District.  Groundnut hay was cultured 
on potato dextrose agar. The pure cultures were sent to Fungal 
Identification Service, Mycology and Plant Pathology Group, 
Agharkar Research Institute, Pune, for identification. Among 
the grown fungal isolates, Rhizopus oryzae (R. oryzae ), 
Fusarium verticilloides ( F. verticilloides) and  Fusarium 
xylarioides (F. xylarioides) were mass cultured on potato 
dextrose broth. After confirmation of complete growth of the 
fungus, the supernatant was discarded and the filtrate was 
used for gavaging the rats.  The fungal culture filtrate was 
analyzed for the presence of aflatoxins (B1, B2, G1 and G2), 
ochratoxin, T2, citrinin, sterigmatocystin and zeralenone by 
TLC method. 

Experimental design: 

Apparently healthy young Wistar albino rats, aged 5 
weeks having body weight of 100 ± 10 g were used. Seven 
groups of rats (n=12) were made and housed in standard 
polypropylene cages during the experiment. Group I served 
as control which was gavaged with 2 ml of potato dextrose 
broth where as group II, III, IV gavaged with all three culture 
filtrates in equal proportion, where as Group V, VI and 
VII were gavaged with  R.oryzae culture filtrate 50%,  F. 
verticillioides  and  F. xylarioides  25%  culture filtrates at the 
dose level of 0.5, 1 and 2 ml daily respectively for 90 days. 
The rats were weighed individually at the beginning of the 
study and at fortnight interval till day 90.  All the rats were 
observed daily for the clinical signs of toxicity, morbidity and 
mortality. 

Clinical biochemistry: 

The blood samples were obtained by retro-orbital plexus 
puncture method on day 0, 7, 14, 21, 35, 50, 75 and 90  and 
the serum was used to estimate concentrations of  alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), 
creatinine (CRT) and blood urea nitrogen (BUN) using Semi-
Automatic Biochemical Analyzer (ARTOS, Bangalore) and 
commercially available diagnostic kits (Swemed Diagnostics, 
Bangalore).

Gross and histopathological studies:

 Necropsy of rats was conducted which succumbed during 
the experiment and the survived rats were sacrificed at the end 
of the study. Organs were weighed and representative tissue 
samples of liver, kidney, brain, intestines and stomach were 
collected in   10 % normal buffer formalin solution (NBF) and 
were subjected to histopathology (Luna, 1968).

Statistical analysis:

 The data was analyzed by one-way ANOVA with Tukey’s 
post test using GraphPad Prism Software (Trial version 5.00 
for Windows) GraphPad Software, San Diego, California, 
USA. 

Results 

 In the present study, the predominant fungal species 
isolated from the fungal contaminated ground nut hay were  
R. oryzae, F. verticilloides and  F. xylarioides.  Perusal of 
the literature revealed no reports of the same fungal species 
identified on groundnut hay. The fungal culture filtrate was 
negative for all the nine mycotoxins analyzed. 

Clinical signs in rats observed were diarrhea, weakness, 
reduced feed /water intake, loss of body weight, recumbency, 
slight arching of back, swollen forehead and torticollis. The 
rats lost balance of hind limbs and rarely the forelimbs. 
The rats lost balance of hind limbs and rarely the forelimbs. 
Hemorrhages were seen on conjunctiva, sub cutis on back, 
scrotum, abdomen, ears and legs region. 

There was a significant increase (P<0.001) in serum 
ALT and AST concentrations in the samples of day 21, 35, 
50, 75 and 90 (Table 1 and 2). The gross changes in the 
liver comprised of hemorrhage, congestion and the typical 
histopathological lesions like severe congestion, centrilobular 
necrosis, vacuolar degeneration, mild biliary hyperplasia, 
fibrotic change at periportal areas and karyomegaly in some 
of the hepatocytes (Fig 1 and Fig 2).
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The serum creatinine concentration in rats increased 
significantly (P<0.001) from day 35 to 90 in groups treated 
with 1 and 2 ml of culture filtrate and no significant change 
in the serum urea nitrogen concentration observed (Table 3 
and 4). The histopathological changes in kidney comprised 
of congestion along with vacuolar degeneration, necrosis 
of the tubules and fibrosis in the interstitium (Fig 3). Mild 
congestion of intestinal mucosa and hemorrhage was observed. 
Congestion of blood vessels of stomach was observed in all 
group of the rats.

In the present study, lesions in the brain comprised 
of congestion of blood vessels, perivascular cuffing with 
mononuclear cells, multiple focal areas of necrosis with 
infiltration of few inflammatory cells and occasional glial cell 
aggregation (Fig 4).

Discussion

Hemorrhages were seen on conjunctiva, sub cutis on 
back, scrotum, abdomen, ears and legs region. These results 
were similar to the earlier findings of Yiannikouris and Jouany 
(2002), who reported that mycotoxins caused weight loss, 
vomiting, severe skin problems and bleeding and death of 
animals.

The gross changes in liver comprised of hemorrhage, 
congestion and the typical histopathological lesions confirmed 
the liver damage due to culture filtrate  treated groups in rats. 
The results of the present study is in accordance with the 
findings of Sharma et al. (1983).

The elevated serum AST and ALT concentration 
compared to control group is suggestive of the possible role of 
mycotoxins present in gavaged culture filtrate in liver damage. 
This was further supported by the gross and histopathological 
lesions in the treated groups, by the presence of lesions 
of severe congestion, centrilobular necrosis, vacuolar 
degeneration, mild biliary hyperplasia, fibrotic change at 
periportal areas and karyomegaly in some of the hepatocytes.   
Such hepatic damage in rats and mice due to mycotoxicosis 
was also reported by other workers with elevation of serum 
AST concentration (Voss et al. 1995; Kellerman et al. 1990; 
Fodor et al. 2006).

The serum creatinine concentration in rats increased 
significantly (P<0.001) from day 35 to 90 from day 35 to day 
90 in groups treated with  1 and 2 ml of culture filtrate and no 
significant change in the serum urea nitrogen concentration 
observed.  The elevated serum creatinine concentration in 
comparison to control concentration, is suggestive of the 
possible role of the toxins in causing kidney damage. This was 
further supported by histopathological lesions like, congestion 
along with vacuolar degeneration, necrosis of the tubules and 
fibrosis in the interstitium. Similar findings were also reported 
by Fodor et al. (2006). 

Mild congestion of intestinal mucosa and hemorrhage was 
observed. T-2 toxin is a very potent mycotoxin in cattle which 
was associated with gastroenteritis and intestinal hemorrhages 
(Petrie et al. 1977). However T2 toxin was negative in the 
screening of the culture filtrate which indicates either 
concentration of T2 might be too low to be detected by TLC 
method or rats might be susceptible to such low concentration.

Congestion of blood vessels of stomach was observed in 
all group of the rats. Similar findings were reported by Junsuk 
et al. (1999) in rats which were fed with fungal contaminated 
the diets. The changes in the brain described as necrosis, 
liquefaction and hemorrhages in the present study were 
similar to those of earlier reports of Uhlinger, (1997).

Further studies are essential to confirm the changes seen 
under natural disease process in large animals by considering 
many factors including dose, concentration of the fungal 
culture extract and the form in which the test material is 
administered.

Conclusion

In mixed culture filtrate administered group, i.e., all three 
culture filtrates in equal proportion administered  rats were 
diarrheic, had arching of back and  swollen forehead. Loss of 
balance in the legs region seen. The present study revealed 
the hepatotoxic, nephrotoxic and cardiotoxic nature the 
culture filtrate  in rats at the dose of 0.5, 1 and 2 ml in the sub 
chronic toxicity study obtained from mouldy ground nut hay, 
which had caused toxicity in cattle. The toxin/s present in the 
culture filtrate  has to be identified and isolated.
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Fig 1:Section of liver from rat treated with Rhizopus oryzae  
culture filtrate showing extensive  with loss of normal 
architecture. Note hepatomegaly in some of hepatocytes 
adjacent to normal cells .

  H&E x 500

Fig 2: Section of liver from rat treated with Fusarium 
xylarioides culture filtrate showing prominent biliary 
hyperplasia in periportal region            

H&E x 500

Fig 3:  Section of kidney from rat treated with Fusarium 
verticilloides culture filtrate showing severe congestion of 
inter tubular vessels and focal areas of tubular necrosis with 
loss of architecture 

H&E x 500

Fig 4:Section of brain from rat treated with Fusarium 
xylarioides culture filtrate showing severe congestion of 
blood vessels and perivascular mononuclear cuffing 

H&E x 500. 
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Table 1: The effect of mixed fungal culture filtrates on serum ALT concentration (U/L) 
Type of  
culture 
filtrate 

Days 

0 7 14 21 35 50 75 90
Group I 

(PD broth, 
Control)                                                                                                                  

34.05±1.15 36.22±1.04 38.63±1.06 39.41±0.97 43.06±0.64 45.49±1.18 47.74±1.15 46.55±1.85

Group II 35.28±1.53 41.99±1.63 51.54±2.50 54.28±2.54*** 57.85±2.78*** 65.58±1.84*** 71.47±1.94*** 66.36±1.72***

Group III 35.06±1.41 40.38±1.9 45.58±1.75 48.15±2.02* 50.96±2.09* 59.30±2.25*** 65.86±2.30*** 61.20±2.11***

Group IV 33.90±1.52 38.28±1.77 42.34±2.33 44.50±2.43 46.81±2.45 53.99±1.93* 61.92±2.10*** 57.71±2.26**

Group V 35.74±1.50 42.02±1.72 55.77±1.84 58.20±1.95*** 60.93±2.04*** 69.03±1.66*** 74.90±1.97*** 69.75±1.39***

Group VI 34.62±1.58 40.36±1.52 50.82±1.77 53.20±1.73** 55.47±1.66*** 63.45±2.01*** 68.93±1.81*** 64.92±1.77**

Group VII 32.79±1.37 38.57±1.61 44.59±2.11 47.18±2.13* 50.01±2.14 62.35±1.68*** 66.32±2.17*** 62.70±2.18**

Values are mean ± SE, n = 12, *** P < 0.001,* *   P < 0.01.

Table 2:  The effect of mixed fungal culture filtrates on serum AST concentration (U/L)
Type of  
culture 
filtrate

                                                                                                           Days 

0 7 14 21 35 50 75 90

Group I
(PD broth, 

control)
100.43±1.41 104.16±0.61 105.88±0.70 107.98±0.69 110.40±0.72 115.05±0.78 108.08±0.77 101.46±0.66

Group II 101.90±1.58 115.05±3.51 150.76±3.53** 195.79±4.06*** 235.88±4.26*** 254.10±10.10*** 240.77±8.82*** 225.13±6.20***

Group III 100.57±0.92 112.95±2.47 144.00±2.85 188.91±4.31 225.54±4.67 259.23±4.52*** 245.03±3.31*** 233.83±2.64**

Group IV 101.55±1.53 109.56±2.21 132.46±3.58 179.44±3.19 208.79±5.02 230.71±8.32 217.32±5.77*** 205.30±4.19**

Group V 100.48±1.72 115.68±4.09 157.90±3.03*** 209.38±4.92*** 240.88±2.78*** 267.71±5.73*** 246.81±4.452*** 230.21±3.72***

Group VI 101.36±1.46 114.35±2.63 149.24±3.49** 198.095±3.91*** 223.01±4.65*** 260.59±3.81*** 243.79±3.01*** 226.40±2.95**

Group VII 100.85±1.74 112.50±2.20 140.99±3.02 191.76±2.22 221.46±3.58 251.62±4.88*** 239.29±3.89*** 218.50±4.45**

Values are mean ± SE, n = 12, *** P < 0.001,* *   P < 0.01

Table 3: The effect of mixed fungal culture filtrates on serum creatinine concentration (mg/dl) 
Type of  
culture 
filtrate

Days

0 7 14 21 35 50 75 90
Group I

 (PD broth, 
Control)                                                                                                             

0.49±0.033 0.54±0.030 0.57±0.036 0.61±0.025 0.58±0.044 0.58±0.035 0.56±0.03 0.55±0.027

Group II 0.46±0.031 0.51±0.021 0.67±0.03 0.78±0.01** 0.80±0.022*** 0.91±0.034*** 0.96±0.04*** 0.84±0.026***

Group III 0.46±0.02 0.52±0.021 0.59±0.014 0.69±0.021 0.75±0.027*** 0.77±0.022*** 0.82±0.03*** 0.76±0.031***

Group IV 0.45±0.028 0.49±0.023 0.57±0.021 0.63±0.019 0.72±0.019* 0.75±0.019** 0.80±0.08*** 0.74±0.023**

Group V 0.48±0.027 0.53±0.024 0.57±0.021 0.62±0.023 0.67±0.022 0.76±0.018*** 0.86±0.03*** 0.79±0.023***

Group VI 0.46±0.028 0.50±0.021 0.57±0.020 0.63±0.023 0.70±0.023 0.75±0.018*** 0.76±0.02*** 0.69±0.013**

Group VII 0.47±0.03 0.50±0.025 0.56±0.020 0.63±0.018 0.69±0.023 0.71±0.014* 0.79±0.01*** 0.69±0.022**

Values are mean ± SE, n = 12, *** P < 0.001,* *   P < 0.01.

Table 4 :  The effect of  mixed fungal culture filtrates on serum urea nitrogen concentration (mg/dl)
Type of  
culture 
filtrate 

Days 

0 7 14 21 35 50 75 90

Group I
 (PD broth, 

Control)                                                                                                                  
38.38±1.30 39.66±1.33 40.99±1.14 42.43±1.39 44.06±1.75 46.00±1.92 41.75±1.72 38.07±1.34

Group II 40.50±0.96 41.52±0.98 43.14±1.22 46.04±2.24 49.84±1.99 59.54±2.93*** 52.57±2.12*** 46.03±1.31**

Group III 39.04±1.02 40.13±1.08 40.99±1.28 42.05±1.57 45.11±1.60 55.06±2.11** 47.09±1.68 41.91±1.33

Group IV 37.016±0.81 38.10±0.82 38.25±1.08 38.91±1.02 40.29±1.60 47.94±2.29 43.31±1.99 38.24±1.65

Group V 41.19±0.75 42.86±0.86 44.24±0.90 47.79±1.81 52.10±2.29** 57.73±2.17*** 50.20±1.77** 44.22±1.48

Group VI 39.39±1.15 40.24±1.12 41.10±1.20 42.14±1.63 45.27±1.71 52.43±1.55 44.84±1.54 39.03±1.17

Group VII 37.87±0.94 39.54±1.48 40.18±1.58 41.60±2.19 43.78±2.54 50.47±2.23 46.18±1.71 38.89±1.01

Values are mean ± SE, n =12, *** P < 0.001,* *   P < 0.01.                                                              
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Abstract
Environment is known to play an important role in animal health, reproduction and its growth. In order to understand the 
influence of different kind of enrichment items on breeding performance and growth rate, this experiment was carried out 
on Wistar rats. The male and female rats of mature age were randomly selected and these animals were provided with 
different kind of enrichment items in cages such as fat rat hut, tunnel and crawl ball during the breeding period. Control 
animals were not provided with any enrichment item in cages. Reproductive parameter (fertility index, survival success, 
M/F ratio) were evaluated in all four group of animals. The results indicated that, the presence or absence of enrichment 
items did not affect the reproductive performance and survival success of the pups. The pups continued to remain exposed 
to the same kind of enrichment item, to evaluate the effect of enrichment on body weight gain. The male rats with fat rat 
hut as an enrichment item showed significantly less body weight gain compared to control, whereas female rats with crawl 
ball and tunnel as enrichment items showed significantly more body weight gain compared to that of control. The result of 
this study indicates that, male and female may have different discrimination for enrichment items according to their shape, 
size and surface area; however these enrichment items have no effect on reproductive parameter.
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Introduction

Enriched environment in breeding and experimental 
animals (rodents) is extensively accepted and practiced 
worldwide as a means of improving animal well-being. 
It has been proved that animals, including farm animals, 
zoo animals and laboratory animals, can maintain natural 
behavior when they live in an enriched environment (Mellen 
and Shepherdson 1997, Loveridge 1998). Different type of 
practices are adopted to provide the enriched environment 
to rodents, for example, clean mixed bedding material, 
small toys (igloos, tunnels, ball, hut, nesting materials etc.), 

novelty food and social contact by human handling. Providing 
physical enrichments in rodent cage may have mood changing 
effect which ultimately leads to happiness, reduced stress and 
good exercise to rat and mice. Enriched environment in cage 
can give social support in stressful conditions which has been 
pointed in numerous studies as being a positive factor for the 
health of animals particularly social one (Huls et al., 1991; 
Sachser et al., 1998; von Holst, 1998). 

Some researchers fear that animals with enrichments in 
cage show more variability in their responses to experimental 
procedures due to dissimilar behavior. In complex 
environments, animals are responding not just to one stimulus 
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but to many variable stimuli at once (Appleby, 1997), which 
may cause increased variation within subjects (Eskola et 
al., 1999) or enhance the deviation in experimental data 
(Gartner, 1999; Tsai et al., 2002). Some studies depicted that 
animals housed in cage with enrichments would be expected 
to be more stable physiologically and psychologically and 
may, therefore, be considered more refined animal models, 
ensuring better scientific results (Bayne, 1996; Benn, 1995; 
Van de Weerd and Aarsen, 2002). Van de Weerd et al. (1997) 
reported that an enriched environment will not affect the 
results of experiments. 

Rat is the primary species used in research for over a 
century which lead to significant findings in medicine and 
science. It has also been reported that enriched environment 
differentially affects growth and activity of preadolescent and 
adolescent male rats (Zaias et al., 2008). Standard caging 
provides little for their behavioural and physiological needs 
(Johnson et al., 2004), which compromises the welfare of 
animals and can challenge the validity of research results if 
stress has intruded upon the rats as models of normal biological 
and psychological functioning. Caging with enrichment item 
is an alteration of an animal’s environment and provide an 
opportunity for positive species-specific behaviour, while 
reducing abnormal behaviours (Key, 2004), to enhance animal 
welfare. However, very few studies described the effects of 
the enrichment devices on the rising and survival of animals 
(Inglis et al., 2004). 

Therefore, it felt necessary to collect more information 
about the effects of enriched housing before it is routinely 
introduced into experimental design. Thus present study was 
planed to evaluate the effect of different types of enrichment 
items on reproductive performance and growth rate of male 
and female Wistar rats.   

Materials and Methods

Animals
Wistar male (20) and female rats (40) of 8 weeks of age 

were selected randomly and housed in Animal Research 
Facility (AAALAC Accredited) of Zydus Research Centre, 
Ahmedabad. All animals were further divided in four groups 
(Group-I animals were not provided any enrichment items 
and served as controls; Group-II, III and IV animals were 
provided with tunnel, crawl ball and fat rat hut, respectively 
as an enrichment items), where each group comprised of 5 
mating pairs (one male and two female; total 15 animals) 
during in-house breeding programme. The size of three types 
of enrichment items were as follow: Tunnel: 6" long with 3" 
diameter; Crawl ball: 4" diameter with three 2.5" opening and 
Fat Rat Hut: 6.75" wide X 3.38" high X 6" long.

Housing and cage Environment

The animals were housed in an individual cage using IVC 
system. The animal room was maintained at temperature of 
23 ± 2 ºC, with 30-70% relative humidity and 12-12 h light-
dark cycle. Animal cages (42.5 X 26.6 X 19 cm) were of 

polysulphone material. Approximately 150-200 gram paper 
bedding material was used for bedding. Bedding with cage 
was changed once a week. All material including cages, 
enrichment items and bedding material were sterilized before 
use. Figure 1 shows types of enrichment items used with 
cages. 

Food and water

Reverse osmosis followed by ultra violet treated purified 
water in sterile drinking bottles and gamma irradiated rodent 
pelleted feed (Pranav Agro, Vadodara, Gujarat, India) were 
provided ad libitum to all animals. 

Experiment design

All pairs of male and female rats were kept under 
mating in trio (one male and two female) for 14 days. 
After 14 days, female rats were observed for pregnancy by 
abdominal palpation. Pregnant females were transferred to 
clean sterilized cage with and/or without enrichment items 
(as per groups mentioned above) along with tissue paper as 
a nesting material. The delivery and number of pups born 
were recorded. The weaning of pups was done at the age of 
21 days. The survival success was calculated according to 
Potgieter and Wilke (1997) as follows: Survival success = 
(Avg. litter weaned X 100) / (Average litter born alive). Male/
female ratio, fertility index (No. of pregnant female/Total 
no. of female put for mating) were also calculated. The pups 
born from the breeding were used  for another experiment to 
observe the effect of same enrichment items on growth rate of 
male and female Wistar rats.

One hundred twenty eight weaned male and female rats 
were divided in to four groups (Group-I animals were not 
provided any enrichment items and served as controls; Group-
II, III and IV animals were provided with tunnel, crawl ball 
and fat rat hut respectively as an  enrichment  items) each 
containing 16 male and 16 female rats. Following one week 
of acclimatization, from 4 weeks of age, body weight was 
recorded every week until 8 weeks of age. The body weight of 
all animals were taken on 4th, 5th , 6th, 7th and 8th week of age 
to observe body weight gain in male and female Wistar rats 
housed  with or without enrichment items. 

Statistical Analysis

Data were presented as Mean ± SEM. The significance 
between the data from the enriched groups (test) and those of 
the non-enriched group (control) were analyzed by Students’ 
t-test. 

Results 

Evaluation of reproductive parameters (Table 1) of Wistar 
rats housed with different types of enrichment revealed 
absence of harmful effect on animal’s fertility as well as 
survival of pups before weaning. None of the enrichment 
items used for environmental enrichment caused any 
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reproductive stimulation which could lead to a higher number 
of pups. Higher number of pups was weaned from the cage 
where tunnels were used, followed fat rat hat, cages with no 
device and crawl ball respectively.  

In the present study, the body weights of male rats housed 
with fat rat hut were significantly lower (p < 0.01) compared 
to animals of non-enriched group (Figure 2). However, 
there was no significant (p > 0.05) difference between body 
weight gain of male rats housed with tunnel and crawl ball 
when compared to those of non-enriched group (control). 
In contrast, the body weight gain in female rats housed with 
tunnel and crawl ball were significantly (p < 0.05) higher 
compared to non-enriched female rats. The body weight gain 
in female rats housed with fat rat hut was similar (p > 0.05) to 
those in the non-enriched environment (Figure 3).  

The shape of enrichment plays a crucial role in liking 
and disliking of animals. We have chosen different types of 
enrichment with different shape (Crawl ball: Round; Tunnel: 
Tubular; Fat rat hut: Concave) to evaluate the response of 
animals as well as impact of three types of enrichment on 
some parameters as mentioned earlier. The species and sex 
difference may have its liking and disliking of different 
enrichments. Reduced body weight gain in the animals of 
different groups may be indicative of response of animals to 
types of enrichment. 

Discussion 

The standard cage used for housing laboratory rats would 
often result in sedentary and overweight animals because of 
restricted opportunities for physical activity. The benefits of 
physical activity in improving health would have positive 
implications for animal welfare, so a system that enhances 
physical activity in the form of environmental enrichment 
would be an advantageous. It is reported that an exercise can 
counteract the deleterious effects of a sedentary life combined 
with overeating (Holloszy, 1988), and may prevent stress 
(Moraska and Fleshner, 2001). 

From the result of present study, it was observed that the 
enrichment having large surface area may be responsible for 
positive discrimination in terms of reduced body weight due 
to exercise in male rats. While, round and tubular shape of 
enrichment having less surface area and its discrimination 
may be responsible for higher body weight gain in female 

rats. Zaias et al. (2008) also reported that environmental 
enrichment reduces feeding and weight gain in rat. Primary 
considerations for decreased weight gain include more 
frequent home cage activity, competition for food, altered 
metabolism and decreased food consumption. But in case 
of this experiment, large surface area of enrichment can 
provide an opportunity for more number of male rats to play 
thereby providing than more exercise. Different strains of 
animals can respond differently to enrichment as observed 
in mice (van de Weerd et al. 1994). Carvalho et al. (2009) 
reported that changes observed by introducing tubular 
devices as an enrichment item of micro-environments of out 
bred mice of the Swiss strain do not affect their development 
and reproductive performance. However, Tsai et al. (2002) 
observed variation in some parameters like body weight, 
organ weights and haematology in different strains of mice 
due to enriched environment. Physiological variables (body-
weight, reproductive function, heart rate, hormonal levels and 
immune status) can also be indicative of responses to changes 
in laboratory environments. The effects of enrichment may 
all be influenced by the type of enrichment, the duration of 
experiments, and the sex and the strain of animals.

Based on these results, conclusion can be made that 
the enriched environment may enhance the animal welfare, 
reduce stress and provide tools for enhancing the physical 
activity in rodent cage without affecting their development 
and reproductive performance. However, long term effect of 
types of enrichment on physiological and psychological status 
of rat needs to be evaluated for different species and strain of 
laboratory animals. 

Fig 1: Enrichment items used in the experiment. 
A: Tunnel; B: Crawl ball; C: Fat Rat Hut.

Table 1: Reproductive performance of animals housed with different types of enriched environment items (n = 10)

Groups Pups Born
Pups 

Died Before 
Weaning

Pups Weaned Male Female M/F ratio
Survival 
Success

Fertility 
index

I  (Control) 10.44 ±  1.07 0.11 ± 0.11 10.33 ± 1.70 4.67 ± 0.78 5.67 ± 0.94 0.82 ± 0.45 98.99 ± 1.01 0.90

II  (Tunnel) 12.43 ± 0.61 0.43 ± 0.20 12.00 ± 0.58 5.43 ± 1.02 6.57 ± 0.95 0.83 ± 0.41 96.69 ± 1.57 0.70

III  (Crawl ball) 8.89 ± 1.25 0.11 ± 0.33 8.78 ± 3.73 4.56 ± 2.19 4.22 ± 1.92 1.08 ± 0.35 98.89 ± 1.11 0.90

IV  (Fat rat hut) 11.86 ± 0.77 0.14 ± 0.14 11.71 ± 0.64 6.57 ± 0.72 5.14 ± 1.01 1.28 ± 0.33 99.11 ± 0.89 0.70
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Fig 2: Body weight (Mean±SE) versus age (weeks) 
of male Wistar rats housed without and with 

enrichment items. **    P < 0.01

Fig 3: Body weight (g) versus age (weeks) 
of female Wistar rats housed without and with 

enrichment items. *P < 0.05, ** P < 0.01
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Care, breeding and management of 
laboratory zebrafish (Danio rerio)

Abstract
During the past few decades, zebrafish has gained respectable popularity as a vertebrate animal model in 
modern biology research. Several biological features inherited in zebrafish have invited attention of scientific 
community to use them in genetics and developmental biology research to substitute laboratory mouse. The 
origin of the laboratory zebrafish is traced to Ganges in East India and Burma, a fresh water fish found in 
slow stream and rice paddy. The zebrafish can easily adopt laboratory conditions and breed very well even in 
fluctuating environmental conditions. In research laboratory, zebrafish can be reared in less expensive glass 
aquarium or using more advance recirculating water system. The recirculating water system has many inbuilt 
features which help to provide optimum physical environment necessary for rearing fish in the healthy condi-
tions. In the present paper, attempts have been made to compile brief information about zebrafish breeding, 
embryo & larval culture, feeding, water quality control, physical environment and fish health monitoring 
necessary for rearing zebrafish in the research laboratory. 
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Introduction
The laboratory zebrafish (Danio rerio) as a research model 

of human biology is more and more evident each year. In the 
recent years, zebrafish has emerged as a model organism for 
studying genetic mechanisms of vertebrate development and 
diseases. Its rapid embryonic development, transparency 
of its embryos and large number of offspring together with 
several other advantages make it ideal for discovering and 
understanding the genes that regulate embryonic development 
as well as the physiology of the adult organism. 

Zebrafish is freshwater fish that were originally found in 
slow streams, paddy fields and in the Ganges River in East 
India and Burma (Fig. 1). Zebrafish is available now a days 
at pet store throughout the world. Considering their potential 
use as a model organism in biomedical research, they were 
brought to the laboratory and started rearing in the aquaria 
by providing optimum conditions necessary for their survival 
and breeding. Proper care and management of zebrafish in the 
laboratory conditions is therefore necessary for the survival 
of the fish, keeping them free from diseases and maintaining 
their breeding potential. 
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Aquaria
Zebrafish can be easily maintained in 40-50 litres glass 

aquaria in the laboratory. Mouse and rat cages can also be 
used to rear zebrafish. The aquaria or cages can be placed 
on table top or stacked on shelves in the racks (Fig.2). The 
aquaria water gets turbid due to uneaten feed and fish faeces 
that may lead to elevation of ammonia level in the water. The 
aquaria should be cleaned manually by siphoning up debris 
from the bottom of the tank. If one third of aquaria water is 
replaced every day, a separate tank filtering system will not be 
necessary. Otherwise, water filtration requires every day with 
the replacement of 50 % water once a week. The aeration of 
the aquaria water is necessary for providing dissolved oxygen 
to the fish. 

In case of recirculating system, water is recycled 
continuously in the aquaria after filtering through mechanical, 
chemical and biological filters. There will be provision for 
sterilization and heating of water in the system. The debris 
accumulated at the bottom of the aquaria is removed with 
the water current and separated on filter pads. The machine 
has  inbuilt provision to carry out operations such as water 
filtration, sterilization, aeration and heating automatically. 
However, the viable functioning of the system is dependent on 
the regular maintenance of various accessories in the system. 
The machine takes care of many of the cleaning operations, 
which obviously reduces manpower requirement in day to day 
care of the fish (Fig.3). 

Temperature
Aquaria water temperature ranges between 26-290 C, most 

suitable for survival and breeding of zebrafish. The fish do not 
breed and develop normally when the aquarium temperature 
goes below 250 C or above 310 C. In cold season, temperature 
of aquaria water should be maintained between 26-290 C 
by providing room heaters. During summer when outside 
temperature is high, water temperature should be maintained 
by providing room air conditioners. In recirculation system, 
temperature of aquaria water is maintained by inbuilt water 
heating and cooling system.

Photoperiod 

Zebrafish are photoperiodic in breeding and lay eggs 
shortly after sunrise in natural conditions. Therefore, 
maintenance of constant light and dark period in the room 
especially for the breeding fish is essential. The artificial light 
should be provided by fluorescent lights with the control of 
day-night cycle (14 hours light/10 hours dark) by automatic 
timer. 

Aquarium water 

Different types of water are used for maintaining adult 
fish, developing embryos and young larvae. In general, adults 
can be maintained in tap water, by conditioning it properly, 
however, this depends on the quality of the local water 
source and the demands for embryo production. The poor 
quality water will affect the health of the fish, increases the 
susceptibility to diseases and decrease breeding efficiency. If 
the quality of local water is not good, deionised or distilled 

water mixed with small amount of salts and minerals can be 
used. Embryos and young larvae have special requirement 
and should be raised in egg water. 

Feeding of zebrafish 
They are fed with variety of diets.   The types of feed 

available in the market are larval diet, brine shrimp cyst, baby 
food and adult diet. Enough food should be added to each 
tank to get all the fish some food. Adult fish are fed twice 
a day, however multiple light feeding allow the fish better 
opportunity to utilize the food. Live adult brine shrimp is best 
possible food for breeder fish and growing babies.  

Zebrafish breeding 
Sexual differentiation in zebrafish occurs at the age of 10-

12 weeks; males are longer, slimmer and more yellow on the 
belly whereas females look like plumber and more silvery. 
Adult zebrafish aged between 7 to 18 months are good for 
breeding purpose, though they become sexually mature at the 
age of 10-12 weeks. In laboratory conditions, maintenance of 
constant light and dark cycle is essential for breeding females. 
The females usually lay eggs next morning soon after the start 
of light cycle, if the constant light and dark photo period is 
provided. The adult fish (4:8) are paired 1-2 hours before the 
end of light period and allow them to remain overnight in 30-
40 litres tank. The bottom of tank is covered with layer of 
marbles to prevent fish from eating their eggs. Specialized 
tanks with false bottom can be fabricated for obtaining eggs 
from individual fish by pair wise breeding. 

Embryo culture
The eggs are collected by siphoning them from the bottom 

of the tank and transferred into petri dish containing embryo 
medium. The eggs are cleaned by removing debris and washing 
them with embryo medium for 2-3 times. For optimal growth, 
eggs are kept in system water with 25-50 eggs in a 250 ml 
beaker during first few days. Embryos can also be raised in 
90 mm petri dish containing embryo medium, keeping at 28-
290 C temperature in laboratory incubator. Embryos should 
be monitored daily for the developmental stages and should 
remove abnormal or dead embryos from the petri dish. The 
embryos will hatch between 2-3 days and pec-fin stage larvae 
stage come out by rupturing chorionic membrane. 

Larval culture
The larvae can be transferred to tank on 6th day post 

fertilization. Before transfer, it is necessary to ensure that 
swim bladder is developed in the larvae. The embryos and 
young larvae have special requirements and need to be raised 
in egg water. Deionised or distilled water is mixed with red 
sea salt at the concentration of 50-60 ug per ml. The larva 
needs artificial feeding with larval diet after 6th day because 
yolk is mostly depleted on 6th day post fertilization. By 11th 
or 12th day, the young ones are fed with freshly harvested live 
brine shrimp. If the larvae are maintained in recirculating 
system, larval tanks are supplied with system water at the rate 
of 25-30 drops per minute which should be increased as the 
age is advances.
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Water quality control 

The source of quality water is important for keeping fish 
in healthy state, maintaining their breeding potential and 
reducing diseases susceptibility. The water source should be 
free from toxic elements and microbial contamination. The 
fish water is polluted with uneaten feed and waste generated 
by the fish. This leads to rise in the levels of ammonia, nitrite 
and nitrate, affecting quality of water and subsequently the 
survival of fish. It is therefore necessary to monitor quality of 
water regularly using standard kits. The various parameters 
such as water temperature, pH, alkalinity, hardness, dissolved 
oxygen, chlorine, nitrite, nitrate, and ammonia levels should 
be monitored regularly (Table 1).

Health monitoring 

Rearing zebrafish in optimal environmental conditions 
and practicing good quarantine procedures are essential to 
keep them free from most of the disease problems. Some 
type of environmental stress such as shipping, overcrowding 
or poor quality of water can lead to disease outbreaks in 
zebrafish. Evaluating water quality is useful in investigating 
aetiology of sick or dying fish. In all diagnostic procedures, 
parameters such as temperature, pH, ammonia, and nitrite 
should be measured. Additional parameters may include 
dissolved oxygen, gas saturation, chlorine, salinity, hardness 
and nitrate and metals can be measured. 

For the diagnosis of fish diseases, it becomes often 
necessary to sacrifice fish with sampling of the individual 
fish. The scope for the clinical examination in live fish is 
limited and may be possible in anesthetized fish. Post mortem 
examination includes skin scrapping, fin and gill biopsies, 
bacteriology and histopathology. Histopathology is most 
useful diagnostic technique in the diagnosis of fish diseases. 

The small size of zebrafish allows them to be fixed and 
sectioned as whole mounts, thus permitting examination of all 
the primary organ system on a single microscope slide.

Anesthesia and Euthanasia 

Mesab is widely used as an anesthetic agent for laboratory 
zebrafish. To achieve anesthesia zebrafish are kept in water 
containing 4% Mesab for some time.  Zebrafish can be 
euthanized by overdose of Mesab or immersing in the ice 
water.

Summary

Laboratory zebrafish is an ideal animal model for studying 
complex biological mechanisms in vertebrate development 
and diseases. Because of potential biological characteristics, 
laboratory zebrafish would certainly find its place in Indian 
biomedical research laboratories leading to establishment of 
more and more zebrafish facilities in near future. Information 
about zebrafish husbandry practices and management in the 
laboratory conditions would prove highly useful in setting 
new zebrafish breeding facilities in this country. 
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Table 1. Water quality  parameters  
Sr. No. Parameters to be monitored Recommended

1. Stocking density < 7 fish/litre

2. Lighting 12-14 hours/day

3. Temperature 26-28.50 C (22-300 C tolerated)

4. pH 6.8 -7.5 (6.0-8.5 tolerated)

5. Alkalinity (carbonate, KH) ~ 50-100  mg/L

6. Hardness (general, GH) ~ 50-100  mg/L

7. Un-ionized Ammonia (NH3) < 0.02 mg/L

8. Nitrite (NO2-) < 0.1 mg/L

9. Nitrate (NO3-) <  50 mg/L

10. Dissolved  Oxygen (DO)  6.0 mg/L- sat.

11. Salinity/conductivity 300-1000  µS

Courtesy: The Zebrafish Book, A guide for the laboratory use of zebrafish 

40Research Animals January 2013



 Fig. 1. Zebrafish (Danio rerio) with typical horizontal black and 
silver strips  on body surface. 

Fig. 2. The fish aquaria of tanks are stacked on the shelves in racks 

Fig. 3. The recirculating water system for raising laboratory zebrafish
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Mohan K.

Mini-pigs as replacement for non-rodent species 

Abstract
Swine is the optimal model species for investigation of a large number of human diseases and have made valuable 
contributions to almost every field of human medicine. Similarities in the cardiovascular, urogenital, integument, skeletal 
and digestive systems of swine to humans have contributed to increased use of pigs in research. Swine offer additional 
advantages over other species by having a renal anatomy and function very similar to human. Studies have lead to the 
development of a highly warranted vaccine for various diseases using swine as model. In animal models, whole cell 
vaccination resulted in hypersensitivity reactions, so new strategies are devised. The first immunogenic molecule described 
was the major outer membrane protein and this molecule has been studied in great detail as a candidate vaccine. Even though 
complete protection was not obtained, reduced shedding was observed and vaccine trials in SPF pigs as animal models 
using naked DNA as a vaccine resulted in stimulation of both the humoral and the cellular immune responses indicating 
progress in vaccine development. This model is also used in pharmacokinetic studies, evaluating ADME, interspecies 
variations in CYP subfamily. Further, because of their similarities with humans, pig tissues and organs are currently being 
used and studied as human xenografts with the potential for increased use in this area in the near future. 
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Introduction
The main purpose of using animals in biomedical 

research is to ensure suitable animal models for human 
related validation of valuable research information gathered 
from experimentation by using such animals and to compare 
biological phenomena between species (Swindle et al. 1986; 
Vodicka et al. 2005). Traditional mammalian models in 
biomedical research include rats, mice, Guinea pigs, hamsters 
and rabbits. Genetically engineered, inbred, mutant and hybrid 
strains of mice have enabled scientists to study discrete genetic 
anomalies, hereditary or spontaneous diseases homologous 
to the human condition. Information about the usefulness of 
rodent and other small animal models to biomedical research 
is voluminous. Although the rodent and primate species have 
well-defined genetic backgrounds and are economically 
suited to most research settings, larger domestic animals 
are proving to be valid research models because of their 
anatomical and physiological similarity to humans since they 
have similar cardiovascular structures, multiparous nature, 
omnivorous habits and are of useful size. Also, the genome 
of most domestic species is well characterized. Miniature 
pig is used in wide range of research fields, such as medicine 
and pharmacology, because of its small size, the possibility 
of breeding it under minimum environmental controls and 
the physiology that is potentially similar to that of human 
(Vodicka et al. 2005; Uchida et al. 2001). Researchers 
continually identify or develop new animal models to 
evaluate pathogenic mechanisms, diagnostic and therapeutic 
procedures, nutrition and metabolic disease and the efficacy 
of a novel drug development. Animal models for large animal 
and ruminant research are also required to conduct studies on 
diseases in such animals.

Swine
Pigs are kept in almost every part of the world to 

produce meat for human consumption. Their ancestor is the 
European wild boar (Sus scrofa) crossed with pigs of East 
Asian origin (Sus vittatus). Wild and domesticated pigs 
will readily mate, thereby producing fertile off springs. The 
University of Wisconsin attempted to raise disease free pigs 
as early as 1943 and again in 1950 (Abelth, 1962). Swine 
have been useful for biomedical research for the past four 
decades. The same applies to miniature pigs, which are 
bred to serve as laboratory animals primarily for biomedical 
research. Characteristics that make them particularly useful 
for this purpose are similarities in structure and function 
between pigs and human beings regarding size, feeding 
pattern, digestive physiology, dietary habits, kidney structure 
and function, pulmonary vascular bed structure, coronary 
artery distribution, respiratory rate, tidal volume and social 
behavior. Pig provides an adoptable model to evaluate acute 
and chronic exposure to xenobiotics such as alcohol, caffeine, 
tobacco, food additives and environmental pollutants. Severe 
shortage of organs and tissues for transplantation in patients 
with severe organ failure has encouraged the consideration 

of interspecies xenotransplantation (Yamada et al. 2005). Pig 
is generally regarded as donor because of its likeliness in its 
size, physiology and availability. Pigs harbor relatively few 
diseases which could be transmitted to human patients. Due 
to advanced genetic engineering, genetically modified pigs 
ameliorate consequences of the graft rejection from human 
side.

Miniature breeds currently used in Biomedical 
Research:
Hormel Miniature – Sinclair (Skavlen et al. 1986; Svendsen, 
2006; Wang et al. 2007)  - First developed at Hormel Institute 
at the University of Minnesota in 1949. Primary cross between 
Guinea hogs from Alabama and wild boars from Catalina 
island. 

Hanford Miniature (Smith et al. 1990; Svendsen, 2006) - 
Initially developed at the Hanford Laboratory (later known 
as Battelle Northwest Research Laboratories) in Richland, 
Washington in 1958. 

Goettingen Miniature (Bollen and Ellegaard, 1997; 
Svendsen, 2006) - Developed in 1980 at the University 
of Goettingen in West Germany from a cross between a 
Minnesota miniature and a small Vietnamese pig. 

Ohmini - Developed in Japan in 1945 from crosses of 
Manchurian pigs with Hampshire, Duroc domestic, and 
Hormel miniature. They are black with course hair coat 
exceptionally long ears and wrinkled skin. Average one year 
old weight is 35 kg. 

Lee Sung - Developed in 1975 at the University of Taiwan 
from Taiwanese small-ear pigs. Average one year weight is 
30 kg. 

Yucatan Miniature (Smith et al. 1990; Svendsen, 2006)   - 
Native of Southern Mexico, Costa Rico and other areas of 
Latin America. 

Indiana University School of Medicine and Purdue 
University Scientists have the only research and large scale 
breeding colony of Ossabaw pigs in the world that are 
certified to express the metabolic syndrome phenotype and 
heart disease. 

Minipigs in Biomedical Research
Minipigs are already playing a significant role as laboratory 

animals in the areas of physiology, pharmacology, toxicology, 
radiology, surgery, organ transplantation, traumatology, 
pathology, embryology, gastroenterology, nephrology and 
pediatrics (Tetsuo et al. 2007). Both domestic and miniature 
swine have been used extensively in cardiovascular research. 
The pig has been used extensively for studies concerning the 
metabolism of fats and carbohydrates as studies in obesity, 
diabetes mellitus, atherosclerosis and hypertension. Swine 
have also been useful in elucidating the relationship between 
exercise and cardiopulmonary function. Due to size and 
anatomic and physiologic similarities, swine have been used 
extensively in surgical research.
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Swine are animal species in which cardiovascular anatomy 
and physiology resembles human beings (Hughes, 1986; 
Swindle et al. 1986). There are many similarities; size and 
distribution of the arteries, hemodynamics and similarities in 
capillaries (Smith et al. 1990). Anatomy of coronary vessels 
resembles that of human beings making pig as an excellent 
model for study of regional myocardial ischemia.

 The heart to body size ratio of 25-30 kg pigs is identical 
to that of humans. They have platelet coagulation system 
related more closely to humans than most other species. Pigs 
are one of the animals that develop atherosclerosis naturally 
and have a high incidence of end artery lesions. The severity 
of atherosclerosis can be increased by feeding diets high in fat 
and cholesterol. Atherosclerotic plaques observed in domestic 
and miniature pigs possess close resemblance to human 
conditions (Spurlock and Gabler, 2008). The combination of 
an atherogenic diet and arterial injury in pigs create a lesion 
typical of human atherosclerosis than diet alone. Pigs are 
considered as model of choice for studying effects of luminal 
injury of coronary artery, neointimal thickness resulting from 
vascular injury is directly proportional to the depth of the 
artery injury (Hamburger et al. 1991).

In view of more morphological and physiological 
similarities between human and porcine skin compared to 
other laboratory animal species, the mini pig is considered to 
be preferred model to evaluate the safety profile of dermally 
applied xenobiotics (Mahl et al. 2006). Techniques in plastic 
and reconstructive surgery have been developed using porcine 
models due to the similarities in skin anatomy and wound 
healing. Stem cells derived from epidermis of the miniature 
pigs used as a cell therapy for skin repair and as a model 
for squamous carcinoma of the head and neck. Asymmetric 
mitosis allows them to produce one daughter cell with the 
properties of stem cells (self-renewal) and a second cell 
with characteristics of progenitor cells, or transit amplifying 
cells, which proliferate quickly but with a limited number of 
mitotic divisions. Porcine epidermal stem cells, located in the 
bulge region of the outer root sheath of hair follicles, migrate 
in vitro from hair sheaths and because they are resistant to 
anoikis (detachment induced apoptosis); survive in non-
adhesive conditions to form spheroids (Motlik et al. 2007). 
Due to easy monitoring of external skin changes, pigs has 
been extensively used in dermal studies, evaluation of both 
local and systemic toxicity and dermal absorption through 
skin flap research and also in  In vivo wound healing and 
dermal irritation by topical drugs. It is also used in wound 
induction and testing efficacy of wound healing material. It 
is also used as a laboratory model in photodermatological 
research where there will be   sunburn cells formation by UV-
radiation ( Rausch et al. 2003). 

Since the male accessory sex glands and urethra of swine 
are similar in size and structure to the human male and the 
fallopian tube is similar to the human female, these organs 

have been used to develop microsurgical techniques for 
human genitourinary tract disorders (Sampaio et al. 1998).

Miniature pigs have been introduced as a model 
in pharmacology and toxicology, because of scientific, 
economic and ethical reasons (Bollen and Ellegaard, 
1997). This model is also used in pharmacokinetic studies, 
evaluating ADME, Interspecies variations in CYP subfamily 
in non-clinical drug delivery systems, bio-availability, bio-
distribution and bio-equivalence for new drugs. Miniature 
pigs become a popular substitute for the traditional non-
rodent species although little information is available on its 
P450 system (Skaanild and Friis, 1997; Pavel et al. 2001). 
Cytochrome P450 (CYP) of the 3A family (CYP3A) has been 
detected in mini pig liver microsomes by immunochemical 
screening (Western blotting), revealing bands that co-migrate 
with human CYP3A4 and 3A5 (Anzenbacher et al. 1998). 
Appropriate animal model relevant to human metabolism is 
crucial. Dogs for CYP2D, monkeys for CYP 2C, minipigs 
for CYP3A which are the main human liver enzymes 
involved in biotransformation where CYP2A, CYP2C and 
CYP3A do have similar N-terminal sequence (Skaanild and 
Friis, 1997; Pavel et al. 2001).  It has become obvious that 
minipigs can be used for all routes of administration, and in 
many cases are preferable to dogs or primates for metabolic 
or pharmacological reasons. Their use in general toxicology 
testing employing the continuous intravenous infusion, 
dermal or inhalation route has been described in detail in 
the literature. Background data on toxicological endpoints 
(ophthalmology, clinical pathology, ECG, organ weight, 
histopathology and reproduction parameters) have been well-
established allowing studies to be interpreted (Kvetina et al. 
1999). There are advantages over the traditional non-rodent 
species in relation to the ethical difficulties of use of animals 
in biomedical research. Consequently, there are scientific, 
economic and sociological reasons that make minipigs good 
toxicological and pharmacological models (Svendsen, 2006). 

The oral maxillofacial region of miniature pigs is similar 
to that of humans in anatomy, development, physiology, 
pathophysiology, and disease occurrence. As the size of 
jawbone is as thick as human beings mini pigs are used as 
models in dental surgery and as disease models. Adult stem 
cell originated from pulp show that new dental materials can 
be created and implanted (Wang et al. 2007). 

Improved methods in pharmaceutical, anesthesia 
administration and the effects of malignant hyperthermia are 
of considerable importance in evaluation of   pharmacogenetic 
disease of humans and pigs which is possible using swine 
models. Pigs are born with a similar degree of maturity and 
have similar growth patterns to human newborns. For this 
reason, newborn swine have been used to develop a variety 
of techniques employed today in pediatric surgery and 
neonatal care. Gnotobiotic piglets serve as a useful animal 
model for studies of human rotavirus infections, including 
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disease pathogenesis and immunity Daisy et al. 2005). An 
advantage of piglets over laboratory animal models is their 
prolonged susceptibility to human rotavirus-induced disease, 
permitting cross protection studies and for the analysis of 
active immunity. These studies thus have established basic 
parameters related to immune protection in the piglet model 
of human rotavirus-induced disease, verifying the usefulness 
of this model to examine new strategies for the design and 
improvement of human rotavirus vaccines. 

Xenotransplantation, in particular the transplantation of 
pig cells, tissues and organs into human recipients (Takeuchi 
et al. 2005). The current trend in         xenotransplantation 
research is to overcome the challenges of hyper acute, 
acute vascular and T-cell-mediated rejection with hopes of 
developing a clinically feasible xenotransplant program (Fiane 
and Mollnes, 1999; Niemann and Rath, 2001). Previously, 
xenotransplantation programs were expected to involve the 
transplantation of primate organs into humans. Significant 
ethical issues were raised, including the appropriateness of 
using, engaging sociable primates for the tissues or an organ. 
The realities of establishing a clinical xenotransplant program 
quickly shifted attention to other animals as sources of 
organs. In vitro production of embryos, generation of identical 
multiples, and transgenic pigs useful for xenotransplantation 
(Niemann and Rath, 2001). It was found that Old World 
monkeys, baboons, and chimpanzees were in too short supply 
to provide a reasonable source of organs (Ye et al. 1994). 
Focus quickly shifted to the pig, an animal that has been bred 
for food for centuries, with millions slaughtered each year for 
food (Dehoux and Gianello, 2007). 

Conclusion
Swine are considered to be optimal model species for 

investigation of a large number of human diseases. Pigs have 
a six layer, diffuse epitheliochorial placentation, which resists 
transmission of agents in utero, subsequently the young ones 
are less likely to acquire maternally derived diseases and do 
well under human foster care. Swine are the optimal model 
species for investigation of a large number of human diseases 
and have made valuable contributions to almost every field 
of human medicine. Swine share anatomic and physiologic 
characteristics with humans that make them ideal models for 
research. In addition, the anatomy and physiology make pig 
organs likely candidates for xenotransplantation. Similarities 
with humans, pig tissues and organs are currently being used 
and studied as human xenografts. Hence they can be utilized 
as alternative model to non-rodent species in near future. 
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Checking the genetic integrity of laboratory mice 
with the help of conventional methods
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Abstract
Animal models are well documented in the literature and are used for experimentation due to their specific 
characters or response to the chemicals. Any deviation of these animals from the reported characters or 
response renders the animal unsuitable for the research. Therefore, use of genetically defined laboratory 
animal model is equally important to that of use of pure chemicals in any biomedical research. Procurement 
of pure lines and their sustained maintenance in the animal facility is of utmost importance for the existence 
and functioning of any animal facility. Keeping in view of the fact that despite careful and defined breeding 
program, genetic contamination and strain alterations may occur. The present study was undertaken to 
ascertain the genetic purity of strains of laboratory mice maintained at ACTREC. Skin grafting, coat colour 
testing and seven biochemical markers were studied. The results of all these tests showed that the rodent 
strains maintained at ACTREC have no genetic contaminations/ drift even after maintaining the strains for 
as many as 136 generations. The data indicates that merely conducting these simple tests, it is possible to 
establish in-house genetic quality control program and check the authenticity of the laboratory animals.
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Any variation from the defined coat colour is an indication 
of strain alterations due to genetic contamination or mutation. 
Since the method does not involve use of any equipment, it 
can be used with ease for some of the strains. Out of large 
number of variants of the coat colour of mice, only few are 
used in genetic monitoring. Coat colour markers routinely 
used for genetic monitoring are shown in the table 1.

 
There is a strong preference for albino strains of mice 

for laboratory research. Therefore, majority of the strains in 
animal facility are of albino coat colour. Even if these strains 
are crossed amongst themselves, the resultant progeny masks 
the genetic contamination because of the similar coat colour. 
The coat colours can be distinguished by naked eyes as it 
requires no special equipments to test them. For this reason, 
this could be a very efficient and cost effective method of 
genetic monitoring provided the knowledge of coat colour 
genetics and interpretations of the results are proper.

Classification of immuno-genetic loci as cell membrane 
associated alloantigen loci is based on their localization and 
function. Methods used for detection of these loci are based 
on hemagglutination, cytotoxicity, hemolysis, complement 
fixation, radio-immunoassay, fluorescent antibody techniques 
and immuno-diffusion (Nomura et al., 1984). 

Based on the intensity of allograft reactions, the 
histocompatibility loci are designated as either ‘strong’ or 
‘weak’ H locus. Strong H locus is the one which prevents 
the progressive growth of all transplants and causes rapid 
rejection of skin homograft in donor and recipient. Weak H 
locus is the one which permits the progressive growth of all 
transplants and fails to cause rapid rejection of skin homograft 
in donor and recipient. Experiments have shown that H-2 
locus is the only strong H locus and all other H loci are 
weak loci. Weak loci are also called as non H-2 loci or minor 
histocompatibility complex loci, while H-2 is referred to as 
the major histocompatibility complex locus in mice (Klein, 
1975). Skin grafting is a classical and crucial technique for 
characterizing inbred strains. It was developed by Billingham 
and Medawar in 1951 to study histocompatibility (CRL, 
Winter 1992). Acceptance of reciprocal skin graft is an 
indication that the animals are isogenic. In the present study, 
skin grafting was assessed to check the major and minor 
histocompatibility differences in the mice strains maintained 
at ACTREC.

Skin grafting is easiest way to check the purity of the strain 
and contamination in the inbred strains. For skin grafting, 
numbers of donor/ recipient pairs are selected depending on 
the size of the rodent colony. Animals should be randomly 
selected from each strain. Male recipient animals should 
be selected for male graft donor; similarly female recipient 
animals should be selected for female graft donors. In mice 
and rats, tail skin is generally used for the graft. However, 
shoulder skin has also been used for the skin graft. To test 

Introduction
Animals with heritable and genetically defined 

characteristics are one of the most important requirements for 
the pharmaceutical and biomedical research. Animal models 
are selected based on their scientifically published qualities. 
These qualities may be phenotypic, genotypic, enzymatic, 
biochemical parameters or specific disease producing 
capacity. Availability of required strain qualities depends 
on the integrity of the strains (Groen, 1977; Randelia et al., 
1983). Inbred animals are the choice of animals because 
of their features like homozygosity, heritability, long term 
stability, identifiability, international distribution etc. (CRL, 
Fall 1991). Achieving homozygosity and its maintenance 
in laboratory rodents are important factors for precision, 
accuracy and reproducibility of the results of any experiment. 
Use of genetically contaminated animal results in loss of 
time, money and research manpower. Continuous supply of 
pure strains of laboratory rodents obtained from stock which 
is carefully maintained and genetically monitored that yields 
consistent results are always expected by the researchers 
(Cui et al., 1993). Heterozygosity can be avoided by use of 
animals derived from brother x sister mating for at least 20 
consecutive generations. This makes the animals homozygous 
for the given characters. Homozygocity does not carry the 
unexpressed recessive genes within the colony and expresses 
phenotypic and genotypic similarities. However, mutation 
or genetic mixing by strain contamination may result in  
phenotypic or genetic changes. To detect these changes or 
variations, genetic monitoring program is indispensable.

Several tests can be performed to identify the purity of 
rodent strains (Festing, 1979; Hedrich, 1981; Nitzki et al., 
2007). Some of the methods used for strain identification or 
checking purity of the rodent strains are -

•	 Morphological and physiological traits- coat 
colour, mandible size etc.

•	 Biochemical markers- proteins and enzyme 
variants.

•	 Immunogenetic- differentiation 
alloantigen loci, erythrocytes alloantigen loci, 
histocompatibility loci.

•	 Cytogenetics- karyotyping and banding 
patterns.

•	 Molecular (DNA markers)- Restriction 
fragment length polymorphisms, SNP.

Since the coat colours of many strains resembles and there 
is inaccuracy in measurement of mandible size, morphological 
markers are least adopted for genetic monitoring. However, 
coat colour crosses between different colour strains with 
DBA/2 strain gives defined coat colour at F1 generation. 
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the major histocompatibility, graft is observed up to 10-12 
days whereas differences in minor histocompatibility need 
observation of skin graft up to at least 90 days. 

Checking purity of the laboratory rodents using one of the 
above methods should be the routine procedure of any animal 
facility maintaining different strains of laboratory rodents. 
The animals may be infection-free, but genetic contamination 
may render them useless or non-reproducible as far as the 
results of the research are concerned.

Traditional methods of genetic screening makes use of 
genetic variation in antigenic determinants, such as those 
associated with blood groups or histocompatibility; or use 
of genetically determined variation in the electrophoretic 
mobility of protein molecules, such as in the enzymes of 
intermediary metabolism. Both of these methods of genetic 
markers are very useful, but they have limitations that the 
numbers of polymorphic genetic markers are relatively 
small. An additional practical limitation is that each of the 
polymorphic genes requires somewhat different serological 
or enzymatic assay and therefore implementation of large-
scale screening can be complicated and time consuming. 
Considering all these factors, in the present study regularly 
used markers like coat colour testing, skin grafting and 
biochemical markers were used to check the authenticity of 
the mice strains maintained at ACTREC.

Material and Methods
Animal strains and their maintenance:

Eleven different strains of mice such as A/J (-), BALB/c 
(71), C3H/J (14), C57BL/6 (69), CD1 (49), CFW (-), DBA/2 
(70), FVB/NJ (42), ICRC (136), SENCAR (43) and Swiss 
bare (119) mice were used in the present study. Figures in 
parenthesis indicate number of inbreeding generations of 
each strain. The quality control proposal for use of the 
animals under this study was approved by the Institutional 
Animal Ethics Committee of the ACTREC vide proposal no. 
22/2010. These animals were maintained under controlled 
environmental conditions with a relative humidity around 55 
± 5% and temperature at 23 ± 2°C with 12 hrs each cycle of 
dark and light. All mice were provided with easy access to in-
house pelleted feed and  ad libitum UV treated water from the 
commercial water purifier (Alfa Water Purifiers, Bangalore). 
As far as possible, old and retired breeders were used for this 
study.

Mating of animals for coat colour crosses:
Test crosses uncover the exact coat colour genotype. In 

order to ascertain the hidden coat colours in nine different 
mice strains, they were mated with the DBA/2 strains of 
mice. For this purpose,  two each randomly selected 6-8 
weeks old females of A/J, BALB/c, C3H/J, C57BL/6, CD1, 
CFW (Swiss), FVB/NJ, ICRC and, SENCAR strains were 

mated with the males of DBA/2 strain. Standard coat colour 
genotypes of these strains of mice were taken from the 
published references (Nomura, 1984; CRL, Fall 1991). Based 
on the coat colour expression in the F1 progeny, coat colour 
genotype was calculated and ascertained.

Skin grafting:
Skin grafting procedure for A/J, BALB/c, C3H/J, 

C57BL/6, CD1, CFW, DBA/2, FVB/NJ, ICRC and SENCAR 
strains of mice was performed as described by Festing, 
1979 and Simpson et al., 1997. Two pairs each of donor 
and recipient mice of same sex were selected from each of 
the eleven strains. Donor as well as recipient animals were 
anesthetised using general anaesthetic, Avertin (Sigma 
Chemicals, USA), by injecting intraperitoneally at the dose 
of Avertin- 0.015 x body weight. The tail skin was cleaned 
with disinfectant solution and allowed it to dry. Thin layer of 
tail skin of donor animal was removed using 11 or 20 no. BP 
blade. In case of mice, the skin graft should be ~ 8 mm long 
and 3 mm wide. Since it is likely that excessive bleeding might 
lead to rejection of the graft, care was taken to ensure that the 
cut is not too deep. Similarly, thin layer of tail skin of recipient 
animal was removed on the same blade. Alternatively, the 
graft of the donor animals was held on sterile wet tissue paper 
towel soaked in normal saline till implanted. Blood oozing 
from the graft bed, if any, was wiped out using sterile tissue 
paper/ cotton. The graft from one animal was exchanged on 
to the other animal, and vice versa. The grafts were placed in 
a reverse direction to the hair growth. The graft was protected 
by placing a plastic tube of slightly larger diameter than the 
tail. The plastic tube was secured in place using adhesive 
cotton tape. The animals were kept under table-lamp for 
fast recovery from the anaesthetic. The adhesive tape and 
plastic tubes were removed after 48 hrs, by which time the 
graft becomes firmly attached. These animals were observed 
regularly up to a period of 3 months for acceptance or rejection 
of the grafts. Photographs of the accepted grafts were taken on 
7 and 100 days for record purposes.

Biochemical markers:
Seven biochemical markers testing from five different 

chromosomes were performed in the present study. The 
biochemical markers were Alkaline phosphatase (Akp-1), 
Haemoglobin beta-chain (Hbb), Esterase-3 (Es-3), Glucose-
6-phosphate dehydrogenase-1 (Gpd-1), Glucose phosphate 
isomerase-1 (Gpi-1), Isocitrate dehydrogenase-1 (Idh-1) and 
Malic enzyme supernatant (Mod-1). The loading samples 
for these seven markers were prepared either from blood or 
kidney.

Plasma and Red Blood Cells (RBC) hemolysate
For preparation of plasma, RBC or hemolysate, 

approximately 200 µl of blood was collected from the 
orbital plexus of the animals of each strain in 1.8 ml capacity 
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heparinised/ EDTA eppendorf tubes using heparinised 
capillaries (Top tech Lab Equipments Pvt. Ltd. Mumbai). 
The blood samples were held on ice till they were processed. 
These blood samples were spinned down in a cold centrifuge 
(Plastocraft, Mumbai) at the rate of 3000 rpm for 15 min at 
4ºC. Top layer of plasma was carefully collected in a new 
eppendorf tube with the help of 100 µl capacity micropipette. 
Three-fold volume of Milli-Q water was added in the settled 
RBC’s to lyse them (Groen, 1977; Nomura et al., 1984). Both 
the plasma as well as RBC hemolysate was stored at -80 ºC 
till further use. 

Kidney homogenate:
Two mice from each strain were sacrificed by cervical 

dislocation. One kidney was removed aseptically and 
homogenized in five-fold volume of Milli-Q water in glass 
tubes. The homogenates was centrifuged at 300 rpm at 4ºC for 
30 min. using cold centrifuge. The supernatant was collected 
in 1.8 ml capacity eppendorf tubes. The samples were stored 
at -80 ºC till further use (Groen, 1977; Nomura et al., 1984).

Cellulose Acetate plates:
For Hbb, Titan III-H Cellulose Acetate (CA) plates (cat. 

no. 3022) and for rest of the proteins/ enzyme markers, Titan 
III Cellulose Acetate (CA) plates (cat. no. 3033) supplied by 
Helena Laboratories, USA were used in the present study.

Sample loading comb, well plate and platform:
Readymade sample loading comb, super Z-12 applicator 

(cat. no. 4090), well plate (cat. no. 4096), and platform (cat. 
no. 4094) were purchased from Helena Laboratories (Fig. 1).

Electrophoresis tank and power pack:
In-house made horizontal electrophoresis apparatus with 

platform to hold the CA plates horizontally (Fig. 2) was used 
for running the reactions. Standard power packs (Bangalore 
Genie and Techno Source, Mumbai) were used as a electric 
source to run the samples on the CA plates.

Buffer:
Four types of buffers were used for running all biochemical 

markers as shown in table 2. 

Sample application and run:
Appropriate amount of the respective buffer was added 

in both the chambers of the electrophoresis apparatus (Fig. 
2).  Two wicks made from Whatman filter paper no.1 were 
prehydrated in the electrophoresis tank (Fig. 2). Ten ml of 
the respective sample was added in each well of the sample 
holding chamber (Fig. 1B).  Prior to the sample application on 
CA plate, excess buffer was removed from the pre-hydrated 
CA plate by soaking the plate on a tissue paper towel. The 
CA plate was kept on the sample-loading platform (Fig. 
1C). Sample loading comb was dipped in the sample in the 

wells to load the samples onto the comb. Using the applicator 
comb, respective samples were applied onto the hydrated CA 
plates. After sample application, the CA plate was kept onto 
the platform provided on the electrophoresis tank such that 
the cellulose coated side is up (Fig. 2). Excess buffer was 
removed from the pre-hydrated wicks by touching them to 
the sides/ borders of the tank. The wicks were kept on the CA 
plate such that one end touches the cellulose coat of the plate 
and the other is sufficiently immersed in the buffer (Fig. 2). 
The electrophoresis power pack was switched ‘ON’ allowing 
appropriate voltage and current to pass through the CA plate 
(Nomura et al., 1979). After the stipulated time of the run 
is complete, the electrophoresis power pack was switched 
‘OFF’. Using the blunt forceps, the plate was removed from 
the platform of the electrophoresis apparatus. Excess buffer 
was removed from the plate by gentle soaking onto the tissue 
paper towel. The CA plates were stained with appropriate 
stain. Readings were noted and photograph of the band 
pattern were taken for permanent record. Stained plates were 
preserved for record and future reference.

Results
Coat colour crosses of different strains yielded expected 

colour coats in the progeny as shown in table 3. Based on 
the coat colour expressions, genotypes for progeny of all 
strains were calculated. Results of all the mating suggested 
that there are no hidden recessive genes present in the strains 
in question.

All mice subjected for skin graft had accepted the grafts 
from the respective donor mice. Representative accepted 
grafts are shown in Fig. 3. 

Biochemical markers
All eleven strains tested in this study showed standard 

biochemical marker as per the literature (The Jackson 
Laboratory, 2001- 2002). Results of these eleven strains tested 
for seven biochemical markers are summarised in table 4 and 
fig. 4-11. Description of the alleles for all seven biochemical 
markers and their migration of on CA plate is given in table 
4 A.

Discussion
Several reasons are reported for variations in the genetic 

make up of the animals. Most frequent cause of the variations 
in the genetic make up is by deliberate or accidental breeding 
between strains which have similar coat colours (Groen, 1977; 
Groen and Lagerwerf, 1979; Lovell et al., 1984; Simpson et 
al., May 1997; Nitzki et al., 2007). An observation of specific 
strain characteristics in the animal strains is the first step 
in genetic monitoring program. Variance in inbred strain 
characteristics such as body size, weight, skeletal structure, 
behaviour, reproductive performance, tumor susceptibility, 
lifespan, etc. may be an indicator of spontaneous mutation, 
breeding error or genetic contamination (Festing, 1979). 

50 January 2013Journal of Laboratory Animal Science



Moreover, even inbred strains do not remain genetically stable 
over long period (Groen, 1977). 

In Indian scenario, quite a few animal facilities are opting 
for national and international accreditation/ certification. 
In light of this, validation and verification of the available 
strains is not only a requirement from the regulatory authority 
point but is also required to ascertain reproducibility of the 
results. Validation and verification refers to periodic genetic 
screening of representative samples of animals selected from 
the available populations (Lovell et al., 1984).

Genetic contamination (i.e. failure to maintain inbred 
strain integrity) in most cases is difficult to determine 
from examination of the strain characteristics unless it is 
accompanied by a coat colour change. Correct coat colour is 
the first observation made when evaluating a strain. The most 
common genes responsible for the colour are 3 alleles at the 
agouti locus, agouti (A), non-agouti (black) (a), and white 
bellied agouti (Aw); two alleles at the tyrosinase locus, albino 
(Tyrc) and chinchilla (Tyrc-ch); the brown locus (Tyrp1b); the 
pink-eyed dilution locus (p); and the dilute locus, Myo5ad 
(Festing, 1979; CRL, Fall 1991).

Albino strains carry hidden coat colours. Therefore, in 
order to express them phenotypically, the albino strains were 
crossed with DBA/2 strain. If there are contaminations, the 
coat colours segregate in crosses and express phenotypically 
in the progeny (Lovell et al., 1984). F1 progeny of all strains 
crossed in this study showed no deviation from the expected 
coat colour. This indicates that the strains in question 
maintained at ACTREC have no hidden segregating coat 
colour alleles. In short, coat colour crosses study revealed that 
the strains are pure lines and have no mutations/ genetic drift 
of coat colours in these strains.

If an unexpected change in coat colour appears in the 
breeding colony, it is advisable to test the animal/s by coat 
colour crossings to determine if mutational event or genetic 
contamination has occurred in the animals. The genetic 
integrity of strains may be further determined from their 
isoenzyme profile, immunological assays and/ or molecular 
markers.

Skin grafting is an age old but useful technique of genetic 
monitoring. Tail-skin grafting is used primarily to determine 
minor histocompatibility differences between strains. The 
minor histocompatibility loci cause tissue rejection, as does 
H2, but usually at a much slower rate. Skin grafting can be 
used to determine sub-strain differentiation and to check for 
residual heterozygosity. It has the advantage of simultaneously 
screening for hundreds or thousands of incompatible loci. 
Results of the present study indicate that the strains tested for 
skin grafting have no minor as well as major histocompitability 
differences as evidenced from the acceptance of grafts even 
after 100 days.

Isoenzymes (or isozymes) are proteins that perform similar 

functions but exhibit different physical characteristics, such 
as electrophoretic mobility. Large numbers of enzymes and 
protein variants are available in laboratory rodents but most of 
them have rare variation among different strains. Therefore, 
limited variants are practiced for detection of strain differences 
- contaminations. They are useful biochemical markers for 
determining genetic purity when this difference is strain 
specific. Isoenzyme determination is quick, technically simple, 
readily reproducible, and inexpensive. Many isoenzymes are 
expressed in several tissues and determinations can often be 
made from plasma or RBC lysates. 

Biochemical markers are polymorphic and, like the 
H-2 markers, are located on chromosomes throughout the 
genome. Most inbred strains can be identified by five or fewer 
isoenzymes plus coat colour crosses. Since cellulose acetate 
electrophoresis system, developed by Helena Laboratories, 
USA, is accurate, quick, easy and sensitive, it is most preferred 
over any other method.

Variety of proteins/ enzymes can be checked in laboratory 
rodents but in our case only four biochemical markers 
differentiated seven of our strains. C3H/J, CFW (Swiss), 
FVB/NJ and SENCAR possesses similar variants for the 
seven biochemical markers tested in this study. Using these 
seven biochemical markers, it is difficult to differentiate 
these four strains from each other. However, their coat colour 
genetics differs  distinctly from each others and that makes 
the differentiation of these strains easy. However, checking 
more biochemical markers makes the genetic quality control 
program more stringent. For this reason, it is advisable to 
select atleast one marker from each chromosome of the animal. 
These markers also need to be checked for several generations 
to ascertain the stability and consistency in the homogeneity. 
The standard allele patterns of all the biochemical markers 
available from the literature formed the basis for this study 
(Lovell et al., 1984; The Jackson Laboratory, 2001 ). All 
biochemical markers studied in the present study helped the 
genetic quality control program of ACTREC to establish the 
fact that the mice strains maintained in ACTREC Animal 
Facility have no genetic contaminations. Maintaining the 
integrity of all these strains could have been possible because 
of strict maintenance of the breeding program, proper record 
keeping of the strains as well as availability of proper skilled 
technical staff to maintain these strains over the years.

Efforts are required to acquire techniques, develop the 
manpower and establish the reliable practical solutions in 
India for providing the commercial services of genetic quality 
testing of the laboratory animals. Efforts are also required 
to sensitize the scientists about the importance of checking 
purity of their experimental animals. More importantly, 
the editors should also insist for the evidence of the purity 
of the laboratory rodent strains used for the experiments. A 
cheap, sensitive, consistent and practical approach of genetic 
monitoring tests is need of the hour.
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Table 1. Coat colours alleles and chromosomal positions

Sl. No. Name of coat colour Alleles Chromosomes
1. Agouti- Non-agouti A  a 2

2. Black- brown B  b 4
3. Pigmented- albino C  c 9

4. Dilution- non dilution D  d 7

Table 2. Preparation of buffers used for separation of alleles on CA plates 

1) Tris citrate, pH 8.2 for Akp-1
• 10.5 g Tris
• 3.0 g Citric acid
• Make up to 1 litre with MilliQ water

2) Tris EDTA borate, pH 8.4 for Es-3, G6pd-1 and Hbb
• 10.91 g Tris
• 0.60 g EDTA disodium salt
• 3.10 g Boric acid
• Make up to 1 litre with MilliQ water

3) Tris glycine, (pH 8.5) for Gpi-1
• 3.00 g Tris
• 14.4 g Glycine (NH3 free)
•  Make up to 1 litre with MilliQ water

4) Tris citrate (pH 7.6) for Idh-1 and Mod-1
• 12.10 g Tris
• D/W 600 ml 
• Adjust pH with 10% citric acid.
• Make up to 1 litre with MilliQ water
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Table 3. Resultant phenotypes of the coat colour crosses

Coat colour and genotype of the 
standard strain

Test mice strains, coat colour and their 
original genotypes

F1 phenotypes and their acquired 
genotypes

DBA/2 (Dilute brown)
C/C  a/a  b/b  d/d

A/J (Albino)
c/c  a/a  b/b  D/D

Dilute brown
C/c  a/a  b/b  D/d

BALB/c (Albino)
c/c  A/A  b/b  D/D

Brown-agouti
C/c  A/a  b/b  D/d

C3H/J (Agouti)
C/C  A/A  B/B  D/D

Black-agouti
C/C  A/a  B/b  D/d

C57BL/6 (Black)
C/C  a/a  B/B  D/D

Black
C/C  a/a/  B/a  D/a

CD1 (Albino)
c/c  A/A  B/B  d/d

Black –agouti
C/c  A/a  B/b  d/d

CFW (Albino)
c/c  A/A  B/B  d/d

Black- agouti
C/c  A/a  B/b  d/d

FVB/NJ (Albino)
c/c  A/A  B/B  D/D

Black-agouti
C/c  A/a  B/b  D/d

ICRC (Albino)
c/c  a/a  b/b  D/D

Dilute brown
C/c  a/a  b/b  D/d

SENCAR (Albino)
c/c  a/a  B/B  d/d

Black
C/c  a/a  B/b  d/d

Table 4. Results of the seven biochemical markers of A/J, BALB/c, C3H/J, C57BL/6, CD1, CFW (Swiss), 
DBA/2, FVB/NJ, ICRC, SENCAR and Swiss bare mice

Sl. No. Strain Coat 
colour 

Results of the tests 

Akp-1 Hbb Es-3 G6pd-1 Gpi-1 Idh-1 Mod-1

1. A/J Albino b/b d/d c/c b/b a/a a/a a/a

2. BALB/c Albino b/b d/d a/a b/b a/a a/a a/a

3. C3H/J Agouti b/b d/d c/c b/b b/b a/a a/a

4. C57BL/6 Black a/a s/s a/a a/a b/b a/a b/b

5. CD-1 Albino b/b s/s c/c a/a b/b a/a b/b

6. CFW (Swiss) Albino b/b d/d c/c b/b b/b a/a a/a

7. DBA/2 Dilute 
brown a/a d/d c/c b/b a/a b/b a/a

8. FVB/NJ Albino b/b d/d c/c     b/b b/b a/a a/a

9. ICRC Albino b/b s/s c/c b/b b/b a/a a/a

10. SENCAR Albino b/b d/d c/c b/b b/b a/a a/a

11. Swiss/ba Hairless b/b d/d c/c b/b a/a b/b a/a
 
Table 4 A. Description of alleles for each of the seven biochemical markers and their migration

Sl. No. Marker Alleles Migration

1. Akp a = fast b = slow Anodal

2. Hbb s = single d = diffuse Anodal

3. ES-3 a = absent b = fast c = slow Anodal

4. Gpd-1 a = slow b = fast Anodal

5. Gpi-1 a = slow b = fast Cathodal

6. Idh-1 a = slow b = fast Anodal

7. Mod-1 a = fast b = slow Anodal

January 201353Journal of Laboratory Animal Science



Fig. 1. Helena kit for Cellulose Acetate Electrophoresis Fig. 3. Accepted Skin Grafts from 
representative strains after 100 days 

Fig. 2. Positioning of the loaded CA plates and wicks

Fig. 4. Allelic band pattern of Akp-1 marker after staining.

Lane 1 and 2- A/J; 3 and 4- BALB/c; 5 and 6- C57BL/6; 7 and 8- C3H/J; 9 and 10- CD1; 11 and 12- FVB/NJ; 13 
and 14- ICRC; 15 and 16- CFW; 17 and 18- Swiss bare; 19 and 20- DBA/2; 21 and 22- SENCAR. 
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Fig. 5. Allelic band pattern of Hbb marker after staining

Lane 1 and 2- A/J; 3 and 4- DBA/2; 5 and 6- CFW; 7 and 8- SENCAR; 9 and 10- FVB/NJ; 11 and 12- CD1; 13 and 
14- C3H/J; 15 and 16- Swiss bare; 17 and 18- ICRC; 19 and 20- BALB/c; 21 and 22- C57BL/6. 

Fig. 6. Allelic band pattern of Es-3 marker after staining

Lane 1 and 2- A/J; 3 and 4- BALB/c; 5 and 6- C57BL/6; 7 and 8- C3H/J; 9 and 10- DBA/2; 11 and 12- CD1; 13 and 
14- FVB/NJ; 15 and 16- SENCAR; 17 and 18- Swiss bare; 19 and 20- ICRC; 21 and 22- CFW.

Fig. 7. Allelic band pattern of Gpd-1 marker after staining

Lane 1 and 2- ICRC; 3 and 4- FVB/NJ; 5 and 6- SENCAR; 7 and 8- Swiss bare; 9 and 10- C3H/J; 11 and 12- 
C57BL/6; 13 and 14- BALB/c; 15 and 16- A/J; 17 and 18- CD1; 19 and 20- DBA/2; 21 and 22- CFW.

Fig. 8. Allelic band pattern of Gpi-1 marker after staining

Lane 1 and 2- ICRC; 3 and 4- FVB/NJ; 5 and 6- SENCAR; 7 and 8- CD1; 9 and 10- Swiss bare; 11 and 12- CFW; 
13 and 14- DBA/2; 15 and 16- A/J; 17 and 18- C3H/J; 19 and 20- BALB/c; 21 and 22- C57BL/6.

Fig. 9 and 10. Allelic band pattern of Idh-1 and Mod-1 markers after staining

Lane 1 and 2- C57BL/6; 3 and 4- A/J; 5 and 6- BALB/c; 7 and 8- DBA/2; 9 and 10- C3H/J; 11 and 12- SENCAR; 13 
and 14- CD1; 15 and 16- FVB/NJ; 17 and 18- ICRC; 19 and 20- CFW; 21 and 22- Swiss bare.
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Anand Babu P.

Evaluation of micro-environment and microbiologi-
cal monitoring of various bedding materials for

laboratory rodents

Abstract
  In biomedical research, the use of laboratory animals is very vital and a critical part of effort to prevent, cure and treat 
a vast range of ailments. Globally around 50-100 million laboratory animals are used annually for experimentation. Rat, 
mouse, Guinea pig and rabbit are the most commonly used laboratory animals and among these, laboratory mouse is an 
important species. Variety of environmental factors can affect the outcomes of studies using laboratory rodents. One such 
factor is bedding. Physiological changes may occur after exposure to some types of bedding and could affect experimental 
results. Some bedding materials generate dust and particulates that might cause respiratory or ocular changes. Several 
new bedding materials have been introduced for laboratory rodents in the recent past, but there are only a few evaluation 
reports about their performance. In this study, we have compared the performance of different bedding materials like saw 
dust, paddy husk, corncob and paper shredding. We measured the micro-environment parameters like ammonia, sulfate, 
temperature, biomass changes, pH, moisture content, microbial load viz., total plate count, yeast and mold count, when 
housed on various types of bedding materials. We observed that the bedding materials have no significant effect on cage 
temperature, humidity and pH. The ammonia level in cages using corncob bedding (242 ± 3.65 mg/100g) was less when 
compared to all other beddings (Saw dust, 454 ± 2.4 mg/100g) and so prolong the interval between cage changing. The 
microbial monitoring also revealed less microbial load when corncob was used as bedding material. Hence, the present 
study suggests that corncob is more suitable as bedding material for housing laboratory mice.

Key words:  bedding materials, microbial load, ammonia, moisture, laboratory mice
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Introduction
Laboratory rodents account for the majority of animals 

used in scientific procedures worldwide. In general, 
laboratory caging for rodents provides a confined and barren 
environment. Since the animals spend the greatest proportion 
of their lives in their home cage, improving or enriching this 
environment affords a significant opportunity to improve 

their overall well-being. There are many important factors 
involved in conducting animal studies, including the choice 
of bedding used in the cages and the addition of enrichment 
items. Bedding and enrichment compose the majority of 
the animal’s environment and can play an influential role 
in its development; thus, an educated selection is critical in 
optimizing both the welfare of the mouse and the output of 
the study. Bedding is one of the most important items within 
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the micro-environment of laboratory animals in captivity. It 
provides warmth, maintains the environment of the cage, and 
adds to the overall welfare of the animals in care. The type 
of bedding may interact with experimental treatments and 
affect the outcome of certain experiments such as those on 
enzyme-induction, cytotoxic and carcinogenic compounds 
and anaesthetics (Torronen et al., 1989; Potgieter and Wilke, 
1992). Cage bedding must be able to absorb liquid discharge 
and prevent ammonia build up. Moisture absorbency is one 
of the most important characteristics of rodent beddings for 
controlling bacterial growth which reduces the ammonia 
production, and the build-up of harmful bacterial toxins 
(Raynor et al., 1983, Perkins & Lipman, 1995; Hawkins et al., 
2003). Levels of ammonia commonly encountered in animal 
boxes and cages have been shown to cause histopathological 
changes in the tracheal epithelium of rats, and it is suggested 
that 'abnormal respiratory histology' could be a reflection 
of the standards of husbandry employed before and during 
an experiment (Gamble and Clough, 1976). It should be 
comfortable for the animal, simulating a natural environment 
in which the mouse can burrow and nest contentedly. To 
avoid accidentally introducing unwanted variables, it should 
be dust-free and standardized across cages. The objective of 
the present study was to study the microbiological profile in 
different bedding materials such as corn cob, saw dust, paper 
shredding, and paddy husk and to study the effect of ammonia 
and sulfate on laboratory rodents and micro-environmental 
parameters under various housing conditions.

Materials and methods

Bedding samples
The bedding materials such as saw dust, paddy husk, 

paper shredding were used in the present study. Corncob 
was supplied as complimentary samples by a commercial 
company Bangalore, India. Saw dust and paddy husk were 
obtained from the regular suppliers to the animal house, 
CFTRI, Mysore. Paper shredding was collected from the 
CFTRI Press, Mysore.

Experimental Designs
All experiments were conducted in Animal house where 

the temperature was maintained at 30-350C. Animal cages 
was of 11”x 9”x 5.5” (LxBxH) size and each contains four 
animals/mice of 60 days old age.

Environmental parameters 
(Physico- chemical properties)

Bedding materials were analyzed for free amino nitrogen, 
sulfate level, pH, biomass, temperature, moisture level and 
microbial load of bedding materials.

Determination of pH and temperature 
The pH of the bedding material was measured using a 

control dynamics digital pH meter, followed by the hand book 
of laboratory analysis (Mani et al., 2007). The temperature of 
various bedding materials were measured using thermometer 
at regular intervals (Misselbrook and Powell, 2005).

Determination of bedding weight
Bedding materials were weighed for biomass changes and 

body weight of individual mice in each cage was checked for 
three weeks at an interval of one week. Each cage was filled 
with 236.30, 188.70, 100, 315g (standard weight) of saw dust, 
paddy husk, paper shredding, and corncob bedding materials 
respectively. Cage with different bedding materials were 
arranged in a randomized manner. For each bedding material 
there were three replicates each containing four number of 
cages.

Estimation of moisture content
The moisture content of bedding materials was determined 

by heating a known weight of the sample in an oven at 105 
to 110°C for eight hours. The samples were weighed after 
drying by using the electronic balance (Model: DS- 852 
series) Essae- Teraoka Ltd., The loss in weight was reported 
as moisture content of the sample. (Mani et al. 2007).

Determination of free amino nitrogen 
(Titration method)

The ammonia level in various bedding materials were 
analyzed using the standard method (BIS – 3839:1989). The 
amino nitrogen content was calculated using the following 
formula

Amino nitrogen, mg/100g = 1400 (A- B) 
                                                 M

Where
 A - volume of barium hydroxide in sample titration
 B - volume of  barium hydroxide in blank titration
 C -  mass in g of the material taken for the test

Determination of sulfate
The sulfate level in various bedding materials were 

analyzed using UV S5pectrophotometer by the standard 
procedure (Singh et al. (2011).

Microbiological monitoring in bedding materials
The samples were analyzed for the microbial load of 

bacteria, yeast and moulds using the following method.

Total plate count, yeast and mould count
The samples were prepared by soaking 3g of bedding 

materials in 100ml of water for one hour. The mixture was 
filtered through Whatmann filter paper. The filtrate was 
serially diluted (the dilutions 10-6, 10-8 were used for bacterial 
isolation and 10-2, 10-4 dilutions were used for yeast and 
mold isolation) and spread plate onto Nutrient Agar and 
Czapek Dox Agar medium with chloramphenicol (HiMedia 
Laboratories Pvt Ltd, Bombay) respectively using standard 
procedures. The plates were incubated at 37ºC for 36 h and 
the total no of bacteria, yeast and mould were counted  using 
colony counter and tabulated.

January 201357Journal of Laboratory Animal Science



Microbiological surveillance in experimental 
animals. Detection of Salmonella and beta- 
hemolytic Streptococci
Blood samples

Blood samples and throat swabs were collected from the 
animals using sterile tubes. Added 1/5 volume of EDTA as 
anticoagulant. One ml of blood was mixed with RV broth 
for enrichment and it was incubated for overnight and then 
streaked to XLD, HEA and BSA specific for Salmonella. One 
loopful of blood was streaked on to KF Streptococcus agar 
for beta- hemolysis Streptococci and confirmation with Blood 
agar plate. All the plates were incubated for 48-72 h at 37ºC.

Throat samples
One ml of swab sample was added to RV broth and BHI 

broth for enrichment, it was incubated for overnight and then 
streaked onto XLD, HEA and BSA for Salmonella. RV broth 
and BHI broth was incubated for overnight at 43 ºC. Spread 
plate was done on KF Streptococcus agar medium with the 
wet swab for beta- hemolysis Streptococci.  All the Plates 
were incubated for 48 – 72 h at 37 °C.

Statistical analysis
All the results were subjected to statistical analysis and 

one way analysis of variance was used to determine the 
statistical significance.

Results

Evaluation of cage micro-environment for mice 
The moisture level was observed on different bedding 

materials consecutively for three weeks are presented in 
Table-1. Towards the end of the experiments in corncob 
the moisture level was found to be highest (87.85%)when 
compared to other bedding materials where as at the same 
period a test moisture content of 28.2% was recorded in paddy 
husk.

Table 1. Moisture percentage in different bedding 
materials (Mean ± Standard error)

Bedding 
samples

0th week* 
(%)

1st week
(%)

2nd  Week
(%)

3rd Week
(%)

Saw dust 15.561±1.16 19.677±0.46 28.975±0.79 40.033±0.99

Paddy husk 12.797±1.91 15.832±1.61 23.250±1.39 28.205±0.77

Paper shreds 14.625±0.56 31.925±2.14 53.775±1.07 63.150±1.81

Corncob 17.425±1.18 36.625±1.85 61.500±1.11 87.850±2.57

* 0th week - control boxes containing bedding but no mice.
Values were based on 4 samples per group

Change in bedding weight in different bedding 
materials 

Variations in weight of different bedding materials are 
presented in Table 2. The increase in bedding weight and 
bedding age reflects the accumulation of urine, feces and 

spillage of water and feed. Towards the end of experiment 
period (3rd week), an increased weight was observed with 
corncob (499.92g) where as least increase weight was 
observed with paper shredding (293.02g).

Table 2. Change in bedding weight in different bedding 
materials (Mean ± Standard error).    

Bedding 
material

0th week
weight (g)

1st week
weight (g)

2nd  week
weight (g)

3rd  week
weight (g)

Saw dust 236.30* 228.55±2.93 290.08±4.87 416.35±6.32

Paddy husk 188.70*  213.38±2.79 279.10±4.21 416.35±6.02

Paper shreds 100.00* 171.98±2.84 194.00±5.22 293.02±4.99

Corncob 315.00* 354.58±2.89 399.50±4.60 499.92±5.46

Bedding weight = Initial weight – Final weight (Difference)

 *The amount of bedding used in cages initially based on the 
standard procedure (in grams or depth in inches). 

Change in pH of different bedding materials
The pH was recorded for different bedding materials 

for three weeks and presented in Fig 1. It was in the range 
between 7 and 8.5 for all the bedding. Initially, it was low 
and first two weeks it increased and then reduced to 7.2 in the 
final week.

Fig 1. Change in the pH in 
different bedding material.

Temperature in different bedding materials 
The temperature of all the four bedding materials was 

similar from the initial stage to the final stage. The temperature 
range was 28.1- 33.8°C and did not differ significantly among 
the bedding types (Fig 2). 

 Fig 2. Change in  temperature of 
different bedding materials
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Change in ammonia concentration in different 
bedding materials 

The ammonia level was measured by titrating method and 
the values were  calculated by using the formula. The level of 
ammonia in bedding materials are shown in the Table 3. The 
ammonia concentration in cages with mice housed on saw 
dust showed highest level and the lowest level in the corncob. 
The paper shredding and paddy husk bedding materials was 
not significantly different when compared with each other, but 
paddy husk significantly varied with saw dust. The range of 
ammonia levels were around 242 – 454 mg/100g during 3rd 

week.  

Table 3. Change  in ammonia concentration in different 
bedding material (Mean ± Standard error). 

Bedding 
material

0th Week*
(mg/100g)

1st  Week
(mg/100g)

2nd  Week
(mg/100g)

3rd Week
(mg/100g)

Saw dust 45.80±0.92 131.13±2.70 216.60±1.63 454.18±2.49

Paddy husk 45.78±0.68 89.50±1.65 226.18±1.61 267.00±4.51

Paper shreds 46.18±0.75 85.62±2.33 205.00±3.27 255.78±0.82

Corncob 46.33±0.95 80.83±2.78 184.88±2.72 242.40±3.65

Values are based on 4 samples per group
* 0th week is considered to be control where the cages contain 
only bedding material and not mice.

Change in sulfate level in different bedding 
materials 

The sulfate level was measured in all bedding materials 
once in a week, consecutively for three weeks and calculated 
the value, which is given in Table 4. The sulfate level ranges 
from 44.48 - 109.68 mg/L.  During 3rd week, It shows high 
amount of sulfate in corncob bedding and least amount in 
paper shredding.

Table 4. Change in sulfate level in different bedding 
materials (Mean ± Standard error).

Bedding 
samples

0th Week*
(mg/L)

1st Week
(mg/L)

2nd Week
(mg/L)

3rd Week
(mg/L)

Saw dust 0.645±0.05 11.708±0.55 37.905±1.17 98.75±1.59

Paddy husk 0.744±0.11 11.667±0.95 38.172±1.31 101.30±4.92

Paper shreds 0.692±0.05 11.675±1.61 28.082±1.31 44.48±1.74

Corncob 0.262±0.04 11.730±0.81 48.455±1.17 109.68±3.98

Values were based on 4 samples per group
* 0th week is considered to be control where the cages contain 
only bedding material and not mice.

Total plate count (TPC) among different bedding 
materials

The total plate count was done for different bedding 
consecutively for three weeks on weekly basis and given in 
Table 5.  The highest colony count was observed in paddy 
husk while the lowest colony count was observed in corncob 
(Fig. 3).

 Table 5. Total plate count of bacteria among different 
bedding materials

Bedding 
samples

0th Week*
(X 109cfu/g)

1st Week
(X 109cfu/g)

2nd Week
(X 109cfu/g)

3rd Week
(X 109cfu/g)

Saw dust 0 1.747 4.245 9.830

Paddy husk 0 2.912 6.247 13.91

Paper shreds 0 2.997 4.332 3.162

Corncob 0 0.450 1.450 1.912

Values were based on 4 samples per group
* 0th week is considered to be control where the cages contain 
only bedding material and not mice.

Fig. 3. The bacterial colonies in nutrient agar for TPC

Yeast and mould count in different bedding 
materials

The yeast and mould counts were increased along with 
incubation period. A highest of 2.8 x 105 cfu/g was observed 
in paddy husk at the end of incubation period (3rd week). 
Similarly least of 0.931 x 105 cfu/g was recorded in corncob 
and presented in the Table 6.  The Yeast and mould colonies 
in agar plates given in fig 4 and 5

Table 6. Yeast and mould count in different bedding 
materials

Bedding 
samples

0th Week*
(x105 cfu/g)

1st Week
(x105 cfu/g)

2nd Week
(x105 cfu/g)

3rd Week
(x105 cfu/g)

Saw dust 0 0.162 1.080 2.0803

Paddy husk 0 1.830 1.327 2.830

Paper shreds 0 0.745 1.577 1.662

Corncob 0 0.611 0.750 0.931

Values were based on 4 samples per group
* 0th week is considered to be control where the cages contain 
only bedding material and not mice.
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Fig. 4 and 5.Red Yeast and mould colonies in agar plates.

Microbiological surveillance in laboratory 
animals
Screening for Salmonella sp

The blood and swab samples were used to confirm the 
presence or absence of Salmonella and beta hemolytic 
Streptococci on specific media and some differential media. 
After incubation period, the results showed negative for 
Salmonella (fig 6).

Fig. 6. Salmonella (Black centered colonies) in BSA agar

Screening for beta-hemolytic Streptococcus sp.
We observed for beta hemolytic Streptococcus on KF 

Streptococcus agar and blood agar base to confirm the beta 
hemolytic activity. The results showed that negative for the 
beta hemolytic Streptococcus (Fig 7).

Fig. 7. Negative for β-hemolysis on Blood Agar Base

Discussion
The present study was conducted to evaluate the physio-

chemical and  microbiological profile of different bedding 
materials such as corn cob, saw dust, paper shredding and 
paddy husk. The moisture level was highest in corn cob and 
lowest in paddy husk. Krohn and Hansen (2008) reported the 
corn cob has lower water absorption when compared to paper 
bedding. The highest moisture level in corn cob might be 
attributed to accumulation of urine at the bottom. 

The bedding weight was highest in the paddy husk and 
least in corn cob materials. This may be due to low amount of 
urine absorbed by corn cob and therefore the evaporation of 
urine from the bedding is higher, leading to lower weight of 
the corn cob material (Perkins and Lipman, 1995). The pH did 
not reveal any difference among the bedding materials used. 
Similarly the temperature of all the bedding materials were 
similar throughout the study. The body weight of mice housed 
on different bedding materials also did not differ significantly. 

The ammonia concentration in different bedding 
materials revealed highest in saw dust and comparable among 
others. Smith et al. (2004) reported that lowest ammonia 
concentration occurred in cages housing mice on hard wood 
bedding or a mixture of corncob and alpha cellulose. Krohn 
and Hansen (2008) revealed reduced ammonia level in corn 
cob bedding when compared to paper bedding. Similarly 
in our studies corn cob along with paddy husk and paper 
shredding showed lesser ammonia concentrations. The 
reduced level of ammonia prolongs the interval between cage 
changing and it may therefore be beneficial for the facility to 
use corn cob.

The sulfate levels of the bedding materials shown that 
least in paper shredding and comparable among others. So far 
there are no reports on sulfate levels in the bedding material. 
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The microbiological surveillance of cage environment 
revealed highest total plate count in paddy husk and least with 
corn cob bedding. The yeast and mold count showed highest 
in paddy husk and least in corn cob material. Weisbroth 
(1979) reported that corn cob showed least number of yeast 
and mold count as well as Coliform and Aerobic plate count, 
when compared to hardwood, pine shavings, paper chip etc.

The outcome of the study supports corn cob as favourable 
bedding material for housing mice when compared to 
saw dust, paddy husk and paper shredding. The lowest  
unfavourable microbial load in corn cob bedding material 
further assures health and pathogen free environment.
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Abstract
Five cases of malocclusion were reported in 3-5 months old Wistar rats (male – 3, female - 2). Clinical history indicated 
that though these animals were maintained under standard laboratory/husbandry practices, since a month were anorectic, 
loosing weight and became lethargic/dull. Careful examination of buccal cavity showed increased length of lower / upper 
incisor teeth (1.5-2.5 cm) protruding outside the mouth and mild to moderate degree of congestion and erosions on buccal 
mucosa. Possible etiology could not be ascertained in these cases but younger age of the rats was suggestive of its congenital 
origin as against spontaneous. 

Key words: Congenital, malocclusion, Wistar rat

Corresponding author:
Prasad M.C.,  M.V.Sc., Ph.D., F.I.A.V.P., Dip.I.C.V.P., Dip.I.B.T.P.
Pathology Section, Toxicology Department, Jai Research Foundation, Vapi – 396 195,  Gujarat, India
Phone: 0260 6540242, 6543243 (Ext – 223), Fax: 0260 2707354, Email: pathology@jrfonline.com 

Misalignment of jaws is known as malocclusion and 
prognathism (pro = forward, gnathos = jaw) means abnormal 
projection of one or both the jaws (Kuijpers, 1996, Sharp and 
LaRegina, 1998). Malocclusion has been categorized under 
three heads viz., class I –the most common type and the upper 
teeth slightly overlap the lower ones but the “bite” is normal, 
class II –the upper jaw and teeth overlap the lower jaw and 
teeth but the “bite” is not normal and class III- the lower jaw 
protrude forward  causing the lower jaw and teeth to overlap the 
upper jaw and teeth with abnormal “bite”.  Optimum occlusion 
of incisors is essential for maintaining a balance between their 
rapid growth and normal attrition of teeth. It has been reported 
in a number of laboratory animals viz., rabbit, Guinea pig, 
rat, mouse, hamster and gerbil (Percy and Barthold, 2007). 
The present communiqué reports five cases of malocclusion 
in young Wistar rats of either sex. The rats were maintained in 
air conditioned rooms. Polypropylene rat cages covered with 
stainless steel grid top were used to house the rats. Each cage 
was fitted with a polypropylene water bottle with a stainless 
steel nozzle. Autoclaved clean rice husk was used as bedding 

material which was routinely changed on every second day. 
The animal rooms were cleaned and the  floor was moped 
with disinfectant solution daily. Feed  manufactured by M/s 
Harlan, The Netherland ( Teklad Certified Global high fibre) 
for rats were provided ad. lib. The quality of feed was checked 
and monitored regularly. Aquaguard filtered water was also 
provided ad. lib. Temperature of the room ranged between 
19-230C with relative humidity 64-65%, photo period 12 hrs 
light (6.00 A.M. – 6.00 P.M.) and 12 hrs dark (6.00 P.M.-6.00 
A.M.) and minimum 15 air changes/hour.

Malocclusion was observed in five young 3-5 months old 
Wistar rats (male - 3, female- 2). Clinical history indicated 
that these animals were maintained under standard laboratory/
husbandry practices. Since a month these were anorectic, 
losing weight and became lethargic/dull. In addition, an 
increase in the length of incisor teeth (both lower and upper 
jaws) was noted. These animals were euthanised using carbon 
dioxide and necropsies were conducted. Examination of 
buccal cavity showed overgrown incisors (upper and lower), 
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mild to moderate congestion and varying degree of erosions 
on buccal mucosa. It has been reported that, overgrown teeth 
are reported to damage soft tissue of mouth like cheek, tongue 
or palate (Dontas et  al., 2010). The length of affected incisors 
measured 1.5 to 2.5 cm among different rats as against 0.8 to 
1.2 cm in normal rats of comparable age group. The affected 
teeth when smaller in size somehow accommodated within 
buccal cavity but bigger ones protruded outside the buccal 
cavity (Fig 1, 2). The gross findings supported the observations 
of earlier workers in rats (Dontas et al., 2010), rabbits (Gupta, 
2003, Kadam et al., 2003) and Guinea pigs (Rest et al., 1982). 

In the present study the rats were quite young (3-5 month 
old) and the rate of occurrence in either sex was almost 
comparable (male = 3, female = 2). However, Dontas et al. 
(2010) reported that the rate of occurrence is comparatively 
lower in females (0.3%) than males (1.0%). They further 
mentioned that malocclusion does not develop up to the age of 
one year, but by the age of 3 yrs about 32% rats (13/40) develop 
this ailment. The incisor teeth of rodents are open-rooted i.e. 
continuously grow throughout their life and are renewed every 
40-50 days (Kuijper et al., 1996). To maintain proper balance 
between their growth and normal dental attrition,  optimum 
occlusion of incisors is necessary. This imbalance between 
the growth and attrition causes malocclusion resulting in 
difficult feeding leading to malnutrition and even death in 
extreme cases. Etiology could be hereditary or functional 
misalignment or mechanical trauma or soft diet or insufficient 
dietary intake of minerals (magnesium) or hypovitaminosis A, 
D, E or infection of tooth root/pulp secondary to tooth fracture 
or neoplasia of jaws or a combination of these (Sharpal and 
LaRegina, 1990, Harkness, 1994, Wilson-Sander, 2002, 
Dontas et al. 2010). Possible etiology could not be ascertained 
in the present report, but younger age of rats was suggestive of 
congenital origin as against spontaneous (Percy and Barthold, 
2007). If genetic cause is established, to keep the herd free 
from this inherited problem, the parents and their off springs 
should be euthanized.
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Fig 1.  Malocclusion:  Overgrowth of both lower 
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- Biodegradable

- Non Toxic

- Inert
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Indivisual Ventilated Cages
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� Rust-free powder coated aluminum 

racks 
� Bio-filter protected against accidental 
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Now one affordable, Patented product is available to handle multiple types of indoor air contamination. Our Purification 
system have Pre Filter, Activated carbon, zeolite and potassium permanganate , HEPA filter, P.C.O with UV, 
design to Clean Air to the Last Molecule. 6000+ Units sold across the world including India.  

Ultimate Bad Air Terminator for prevention of Indoor “Airborne  Infections”   
This new patented, Computer controlled, Self Monitored Air Quality,  
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Restaurants/ Food Processing Units and many other applications. 

Eliminate/Minimize: Bacteria + Virus  Pesticides Alcohols Ammonia 

Chlorinated Solvents Cleaning Chemicals Carbon Monoxide Hair Spray 
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H1N1 ( Swine Flu Prevention)  etc  
Approval/ Certifications :-  USFDA, CE, ETL,  JEA, JFRL etc   
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Single unit can cover multiple rooms. Inside Duct Units :- Design to fit inside 
the Duct. ( for small rooms ).                  Contact us for performance Reports  

Introduced in India By :-  

 
(in association with Digital Instrumentation – A NABL Accredited Lab) 
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Isoquimen India will be 
focused on regulating our 
p r o d u c t i o n a s p e r o u r 
Customer needs, in terms of 
quantities  and features  of the 
animals, avoiding massive 
breeding.

Isoquimen India’s Lab 
Beagles will be provided with 
a Health Monitoring Report of 
the colony, carried out by 

external laboratories, following 
FELASA recommendations. 

Our facilities (buildings  and 
cage s ) comply w i th the 
European and CPCSEA 
regulations.

All our animals  undergo a 
pattern of socialisation which 
make them friendly and easy to 
work with.

Mahabubnagar, Andhra Pradesh, Aug. 2011
News

It is  a pleasure for us to inform you that our Breeding Colony in 
Isoquimen India is already operative and we have already newborn 
puppies. This  is  the result of our 2 years hard work to provide high 
quality laboratory beagle dogs to the Indian Research Industry. 

ISOQUIMEN INDIA PVT. LTD.

Q U A L I T Y  L A B O R A T O R Y  B E A G L E S  I N  I N D I A

¥ 25 years of experience 
i n L a b o r a t o r y N o n -
Rodents Breeding.  

¥ The only commercial 
Beagles Dog breeding 
facility to the South of 
Europe.

¥ Largest commercial SPF 
Laboratory Cat Colony 
in the European Union.

¥ L a r g e s t M D L N e w 
Zealand White Rabbit 
Colony in Spain.

" The aim of ISOQUIMEN is to make Indian Companies competitive in taking up studies, 
by providing quality laboratory Beagles at their door-step at a reasonable price"

Contact us
customerservices@isoquimen.in

Europe:

INDIA Private Ltd.













Printed and Published by Dr. S.S.Y.H. Qadri on behalf of  Laboratory Animal Scientist’s Association, India
Printed at Srinivas Lithographics, 11-5-422/C/B, Red Hills, Hyderabad-500 004

Published by Dr. S.S.Y.H. Qadri on behalf of  Laboratory Animal Scientist’s Association, 
D. No. 12-13-483/A/1, 1st Floor, Street No. 14, Tarnaka, Secunderabad – 500017, AP.


