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Abstract :  Amphibian experiments on nerve-muscle preparation and heart
are essential as per first year MBBS practical syllabus, for learning basic
concepts in Physiology. Need was felt to design and develop computer based
simulation software as an alternative to animal use, due to growing concern
and stringent laws imposed by animal ethical bodies. Computer algorithms
were  developed for  13  amphibian  exper iments ,  by  manual ly  t rac ing  the
graphs obtained through mechanical experimentation and storing the X, Y
coordinates for the end points of each line segment as data base tables. By
re t r iev ing  the  da ta  base  tab les ,  one  for  each  exper iment ,  the  computer
simulated graphs were drawn using Visual Basic 6 with timer control and
Macromedia  F lash  fo r  an imat ion  e f fec t s .  A  CD-ROM cons i s t ing  o f  the
software for computer simulation of all  the amphibian experiments,  as an
alternative to the conventional animal experiments, has been developed for
the  benef i t  o f  med ica l  s tuden t s  ac ross  the  coun t ry ,  a s  a  use fu l  ac t ive
learning tool .
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INTRODUCTION

Use of animals in undergraduate medical
course curriculum is basically to comprehend
and  conceptua l ize  the  fundamenta l
physiological processes occurring within the
body.  The medical  s tudents  can understand

these  processes  more  thoroughly  th rough
animal  exper imenta t ion .  The  same
experience can be applied to deal with real
life situations / diseases in patients at a later
s tage of  the medical  educat ion programme.
However ,  hands  on  exper ience  and  the
acqui rement  o f  sk i l l s  th rough  an imal
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exper iments  us ing  l ive  an imals  v i s  a  v i s
sk i l l s  on  human pa t ien t s  fo r  t rea tment  i s
deba ted  (1) .  There  i s  a  g loba l  t rend  in
reduction in animal experiments in medical
undergradua te  t ra in ing  (2) .  Phys ic ian
Committee for Responsible Medicine (PCRM)
in  US i s  s t ress ing  upon  rep lacement  o f
an imal  l abs  wi th  non-an imal  a l t e rna t ives .
Majori ty of  medical  schools in USA (68%)
are  no t  us ing  l ive  an imals  now in  any  of
the i r  phys io logy,  pharmacology or  surgery
courses  (3 ) .  Moreover ,  in  a  recen t  s tudy
about students’ views on animal experiments
in  medica l  undergradua te  cur r icu lum,
84  percen t  o f  s tudents  fe l t  tha t  an imal
exper iments  involved  need less  pa in
and  suf fe r ing  to  the  an imals  (4 ) .  In  a
re t rospec t ive  survey ,  27% of  surveyed
s tudents  repor ted  of  hav ing  exc lus ive ly
nega t ive  reac t ions  to  d i ssec t ion  and  38%
reported both negative and positive reactions
(5) .  Wi th  th i s  background ,  reduc t ion ,
rep lacement  and  re f inement  o f  an imal
experiments can be achieved as described by
Russell and Burch (6). This could gain larger
s ign i f icance  in  undergradua te  medica l
educa t ion  compared  to  any  o ther  f i e ld
(veterinary for example),  where the primary
focus is the animal i tself .

The  oppor tun i t i es  assoc ia ted  wi th
development  of  computer  based technology
in  con t r ibu t ing  to  e f fec t ive  l i fe  sc ience
educat ion have grown exponent ia l ly  wi thin
the  las t  decade .  In te r  NICHE;  The
“In te rna t iona l  Network  for  Humane
Education” is  an organization that  supports
progress ive  sc ience  teach ing  and  the
rep lacement  o f  an imal  exper iments  by
work ing  wi th  t eachers  and  s tuden ts  (1 ) .
NORINA da tabase  i s  an  on l ine  da tabase ,
con ta in ing  in format ion  on  audiov isua l

a l ternat ives  to  animal  use  in  teaching (7) .
For  the  purpose  of  t each ing  ana tomy and
physiology, computer based stereoscopic 3D
images of the process of cadaver dissection
have  been  genera ted  and  demonst ra t ion  of
under ly ing  ana tomy re la ted  to  speech
mechanisms  has  been  done  (8) .  Computer
s imula t ion  of  an imal  pharmacology
experiments involving all  or none responses
using Applesoft BASIC programme has also
been designed (9). Active participation of the
students by using graphical interface on the
computer  s t imula tes  the  v i sua l  and
kinesthetic forms of learning (1).  In a study,
undergradua te  s tudents  us ing  computer
s imula t ions  per formed equa l ly  wel l  as
s tuden ts  us ing  t rad i t iona l  approaches  in
phys io logy  and  pharmacology  labora tor ies
(10). In another study, medical students used
both  computer  demons t ra t ions  and  an imal
(dog)  demonst ra t ions  and ra ted  the  former
higher for learning cardiovascular physiology
(11).

There are 13 amphibian experiments  on
f rog  ske le ta l  musc le  and  hear t ,  in  the
pract ica l  sy l labus  prescr ibed for  f i r s t  year
MBBS.  The  medica l  s tudents  a re  to  use
l ive  an imals  fo r  these  exper iments .  Thus ,
the  number  o f  f rogs  tha t  a re  used  in  an
year ,  by  a  c lass  o f  50  medica l  s tudents
is more than 500. However, during last few
years ,  the  use  of  an imals  fo r  amphib ian
exper iments  has  been  reduced  and  the
exper iments  have  been  conver ted  to
“Demonstra t ion exper iments”  performed by
the  ins t ruc tors .  The  s tuden ts  a re  a l so
provided  wi th  the  g raphs  fo r  the
demonst ra t ion  exper iments .  This  i s  main ly
due  to  d i f f icu l ty  in  procur ing  the  an imals
and also due to  s t r ingent  laws imposed by
animal ethical bodies. Therefore, a need was
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In the system requirement specif icat ion,
var ious  s teps  fo l lowed  in  the  manua l
exper iments  were  observed and the  de ta i l s
were well understood. In the analysis phase,
d i f fe ren t  techniques  to  d ig i t ize  the  ana log
plo t s  were  exp lored .  The  graphs  were
manual ly  t raced  and d ig i t ized .  Though the
method  of  ob ta in ing  d ig i ta l  va lues  by
scanning the plots  could be an al ternat ive,
i t  was  not  used due to  accuracy of  points
required. In the design phase, screen layout
des ign ,  p rogramme des ign ,  user  in te r face
design and so on were considered in detail .
The sys tem was  implemented by us ing the
software and hardware.  Final ly,  the system
was  tes ted  fo r  va l ida t ion  and  requ i red
changes were made in an iterative way until
the output of simulated system was obtained
as  des i red .

Procedure  adopted  and  des ign  used  for

s i m u l a t i o n

After  t rac ing  a  number  o f  manua l ly
obta ined  graphs  on  the  t race  paper ,  the
graphs  a re  sp l i t  in to  smal les t  poss ib le
s t ra ight  l ine  segments .  However ,  to  obta in
the best fit graph and make the graph appear
as  a  smooth  p lo t ,  the  min imum dis tance
be tween  two po in t s  var ies  fo r  d i f fe ren t
graphs .  The  x ,  y  coord ina tes  fo r  the  end
points of all line segments are written down.
The  in format ion  regard ing  the  x ,  y  po in ts
required to draw the graph of simple muscle
twi tch or  any other  graph is  s tored in  the
form of  records  in  a  da tabase  tab le  us ing
MS-Access 2000. The data from this table is
retrieved for reconstruction of the graph. The
x, y points in the records are accessed one
by one and each tiny line of graph is drawn
using Visual Basic 6 (VB6). Same procedure
is repeated with data of normal cardiogram,

fe l t  to  rep lace  the  ex i s t ing  sys tem wi th
computer  based exper iments  by developing
sof tware  tha t  cou ld  s imula te  the  an imal
exper iments .  Th is  s imula t ion  package  i s
made avai lable to the s tudents  in  the form
of CD-ROM. The demonstration of amphibian
experiments on CD-ROM is of utmost benefit
to  f i r s t  year  medica l  s tudents  as  they  can
perform the  exper iments  us ing the  concept
of  vir tual  laboratory.

G o a l s / O b j e c t i v e s

1 . To  encode  the  p rocedures  fo l lowed  in
mechanica l  exper iments  to  computer
algori thms af ter  thorough understanding
of  input  parameters /va lues ,  ou tpu t
parameters ,  g raphica l  fo rms  of  ou tpu t
and  the  s ta t i c  o r  dynamic  type  of
recording condit ions.

2 . To be able to plot and understand output
characteristics of dose-response curve for
exploring mechanism of action of various
drugs ,  va r ia t ion  in  t empera ture  on
bio log ica l  t i s sues  and  unders tand ing
var ious  phys io log ica l  p r inc ip les
under lying the  mechanical  responses  of
biological  t issues.

3 . To  make  the  amphib ian  exper iments
ava i lab le  on  CD-ROM for  the  medica l
s tuden ts ,  a s  an  a l t e rna t ive  to  an imal
e x p e r i m e n t s .

METHODS

All  the  requ i red  s teps  in  sof tware
engineer ing  namely ,  sys tem requi rement
specification, analysis, design, implementation
and validation were followed in developing
the  s imula t ion  sof tware .
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for  obta in ing  graph of  normal  card iogram.
Once  a l l  the  recorded  da ta  i s  p lo t ted ,  the
rea l  t ime  d i sp lay  of  the  g raph  and
observation/ inference is done by VB 6 and
Macromedia Flash 5. Algorithm used for this
purpose is shown in Fig. 1.

requirements, “About us” to know about the
deve lopers ’  t eam and  “Nerve-musc le”  and
“Hear t”  exper iments .

Step 1 : When the startup screen opens, read
the  ins t ruct ion careful ly  and c l ick
the  nerve-muscle  icon.

Step 2 : A Show box appears  that  contains
four icons of “Apparatus, Reagents,
Dissect ion and Contents”.

Step 3 : Read instructions to go sequentially
th rough  “Appara tus” ,  “Reagents”
and “Dissection” before proceeding
on to  “Contents” .  Cl ick  appara tus
f i r s t ,  then  reagen ts  and  then
dissec t ion  and  the  appropr ia te
screen appears  one by one.

Step 4 : Once  you  a re  th rough  wi th  them,
contents icon will be enabled. Click
i t .  Conten ts  sc reen  wi l l  appear .
Conten ts  sec t ion  descr ibes  the
exper iment  in  a  p reorda ined
m a n n e r .

Step 5 : Se lec t  any  amphib ian  exper iment
and c l ick  on the  procedure  but ton
to s tudy i ts  theoret ical  par t .

The  f i r s t  exper iment  i s  “To record  the
simple muscle twitch”. When the user clicks
on  the  exper iment ,  “Procedure”  icon  ge t s
highlighted.  The student  cl icks on this  and
the procedure appears  on the screen.  After
go ing  th rough  the  p rocedure ,  the  “Show
graph” icon is  h ighl ighted and the  s tudent
cl icks  on the same.  The experiment  screen
opens  fo r  tha t  par t i cu la r  exper iment .  The
student now clicks “Draw curve” or “Show
effect” and then “Observations”, “Inference”

Display 
observations/ 
inferences 

START 

Follow Save Data 
steps to create database 

Retrieve first record from the 
stored database  

Set the starting point of the curve 
i.e initialize xstart, ystart  

Any other 
record left? 

Draw Line 

Read next record and 
store in xend, yend 
(Point coordinates) 

STOP 

Move to next record 

Yes No 

Show details 
of the drawn 

curve 

Set x start to x end and 
y start to y end 

Fig.  1: Algor i thm fo r  r ecord ing  the  s imple  musc le
twi tch /normal  ca rd iogram.

Following specifications are required for
the  computer - Pent ium IV processor  o r
equivalent, Windows 98 operating system or
higher, minimum of 256 MB RAM and a high
resolut ion color  moni tor .

STEPS FOLLOWED FOR EXPERIMENTS

Var ious  i cons  appear  on  the  s ta r tup
screen as “Read Me” to know about system
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and “Exit”. An interpretation is given for the
recorded  observa t ions  and  a t  the  end ,
through “Exit” button one can exit from that
par t i cu la r  exper iment .

In this way, each experiment is described
under the heading of Form Name, Data base
tables ,  Form descr ip t ion  and the  graphica l
interface depending on the experiment .  For
example ,  for  the  exper iment  on  “Effec t  of
load  on  musc le  cont rac t ion” ,  the  user  can
select  f rom the two opt ions regarding type
of load provided at the top of the form i.e.
f ree  load and af ter  load.  Then the  user  i s
a l lowed  to  se lec t  o r  inc rease  the  load  by
means  of  nex t  bu t ton  and  separa te ly  v iew
the effect of applying each load. The load is
label led by means of  “Load Marker” under
the curve. In next step, Calculations /Details
can be viewed by clicking the Observations/
Inference but ton for  showing the  effect  of
pre /a f te r  load  on  musc le  per formance .
Similar steps can be followed for the other
load.

Similarly for the heart experiments, user
goes to the startup screen and now clicks on
the “Heart” icon.  A Show box appears that
con ta ins  four  i cons–Appara tus ,  Reagents ,
Dissec t ion ,  and  Conten ts  re la ted  to  hear t
experiments.  Content  form contains the l is t
of al l  the frog heart  experiments.  User can
se lec t  any exper iment  f rom the  g iven l i s t .
Once  the  se lec t ion  i s  made  the  user  i s
provided with three choice modules :

1 . “Procedure”  con ta ins  the  s teps  to  be
followed for each of the experiment. For
different experiments the procedure will
contain  di f ferent  contents .

2 . “Show Graph”  d i sp lays  the  curve
corresponding to the experiment selected.

3 . “Exit” is to exit  the chosen screen.

Each experiment is described in the same
manner  under  the  head ing  of  Form Name,
Data base tables,  Form descript ion and the
graphica l  in te r face  depending  on  the
experiment .  For  example in  the experiment
“To s tudy  the  e f fec t  o f  d rugs  on  f rog’s
heart”,  the user cl icks on any of the drugs
opt ion  f rom the  se lec t ion  l i s t  shown in
the  form and  the  e f fec t  appears  in  the
form of  g raphica l  record ing .  In  the  nex t
s tep ,  the  user  can  go  for  the  observat ions
and then inference by clicking the respective
icon.

Error  handl ing

There are proper steps for error handling
and appropriate dialogue boxes appear l ike-
“Click over the listed experiment to proceed”
when the user tr ies to cl ick on some other
item while having opened the “Nerve Muscle”
or “Heart experiments”. Also for the “Effect
of  temperature”  exper iment ,  when the  user
c l icks  on other  opt ions  whi le  the  curve  i s
be ing  drawn,  a  message  box  appears  as
“Error ! Curve is  not complete yet”.

Advantages  o f  the  projec t

This  p ro jec t  can  be  of  use  as  the
exper iments  can  be  demons t ra ted  th rough
computer  to  any  number  o f  s tudents  any
number of times while an animal experiment
may be done,  only once.  The user  fr iendly
interface allows varying the parameters with
a click of the mouse and enables to observe
the corresponding results.  Such interactivity
he lps  s tuden ts  to  unders tand  the  concep ts
easily.  Moreover,  the hassles involved with
procurement and maintenance of animals can
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be lessened much to the satisfaction of the
animal welfare activists.  The system can be
ex tended  to  demons t ra te  var ious  s imi la r
exper iments  on  mammals  a l so .  I t  p rovides
compac tness  to  the  sys tem as  there  i s  no
need of maintaining bulk of papers, files and
notes etc. and also fast processing of all the
tasks. It is cost effective in long run as the
cos t s  invo lved  in  p rocurement ,  ca re  and
hous ing  of  an imals  can  be  decreased .
Moreover,  to util ize the software, a general
purpose  computer  i s  suf f ic ien t  and  a l so  a
single CD can be used for demonstration to
a  number  o f  s tudents .  In  a  s tudy ,  i t  was
observed  tha t  s ix  undergradua te  s tuden ts
work ing  independent ly  wi th  a  computer
program gained equal knowledge, at one-fifth
the  cos t ,  a s  d id  e igh t  superv i sed  s tuden ts
using freshly killed rats (12).

Potent ia l  impact  o f  the  s imulat ion  projec t  on
school  o f  medic ine

The technology so developed can be made
available to medical students in the form of
CD-ROMs through  wide  d i ssemina t ion  to
medical  col leges  across  the  country .  There
wi l l  be  ac t ive  involvement  o f  medica l
students in learning through interactivity as
the students can perform experiments using
the concept  of  vir tual  laborator ies .  Further
progression of the implementation is possible
with  s tudent  feedback and their  innovat ive
ideas  l ead ing  to  p lann ing  of  more  such
proposals  in  future.

Feedback  from s tudents  and  facu l ty

Few medica l  s tudents  and  the  facu l ty
went through the simulation software.  They
opined that the software was comprehensive
in clearing the concepts,  was user friendly,

self  explanatory and was good for  learning
as well as for revision.

Scope  for  fur ther  research

At present ,  the  areas  tha t  a re  apparent
to  the  au thors  where  fu r ther  research  i s
possible  are:

1 . Other Physiology (mammalian) experiments
l ike  record ing  of  b lood  pressure  and
respirat ion in rabbits  and the effects  of
var iab les  on  i t ,  e f fec t  o f  var iab les  on
iso la ted  organ  (hear t  and  in tes t ine)  o f
rabbit ,  can also be simulated.

2 . Al te rna t ive  methods  can  be  used  for
s imula t ing  the  curves  e .g .  image
process ing  techniques  can  be  used  in
d ig i t i z ing  the  g raphs  and  to  genera te
da tabase  o f  po in t s  o r  us ing  ana log  to
d ig i ta l  conver te r s  and  the  d ig i ta l  da ta
stored on the computer can be used for
plot t ing the  curves .

3 . Based  on  the  averages  co l lec ted  f rom
di f fe ren t  ou tpu ts  o f  the  same graph ,
keep ing  the  input  parameter  cons tan t ,
mathematical equations can be generated.
Once these equations are derived,  the x
and y coordinates can be easily calculated
and  the  g raphs  can  be  accord ing ly
d rawn .
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