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Electrical Circuits and Nerve Ilfuscle Preparation

-

Souresa of Cuarrant

' Thie “mair supply* eurrent hna o voltage of AC 220 volts. (50 11z). A central low voltage
unit consisting of a transfurmer with rectifier unit lelps to produce n direct current of 2-15 volts.

_l'h_in._if thee: fed (o the primary coils of the Induction Coil to pet induced current wiich is
used in the experizenin) worlk in the laboratery, '

Clrcnlt A

Druny in primary circuit for single male and Dreak shocks.

I.t cousifls of the Primary Circnit with the drum, Primary Key, Primaty Coils of the
Induciion Coil nud the low DC voltage source, for e.g. 6 DC (Source of Current).

WNERVE
— TS T_-
USCLE ]
. "UEVER MUSCLE

A CoIl. Ste.CoIL

. Suc. KEY

SHERRINGTON'S
RECORDING DRUM

P, Key is Primary Key Sec. Key is Secondary Key
Y. Coil is Primary Coil Set. Coll is Secondary Coil
Fig. 17. Circuit A,
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Electrical Circults

The sccnuduu" circuit contists of secondary cvils of induction coil, short circuiting key,
clectrodes, nerve mascle preparation, musclé lever nod the smoked drum The exact placement
is shown in lha dlngmm (Pig. 17).

The u,c“n can be used 16 obtain n qmglo meake or breah shuch by the help of primary key
ot shoed cieeniting h:y

-Chienlt B

Drum excluded from primary clreutt Jor multiple make and break shacks.

Drum is excluded from the primary circuil and NEBE's hammer is mclutlcd Multiple
‘Make' and 'Brenk’ shocks can be obtnined by the Neef's nmmer.

The 1est of the circuit is similar as fu A,

oA

rIOSLLE
muscee LEVER 10> ""

' 1'? ), [
[lﬂ %v peon. See.Cou.
o] (e o o

31 e
P -urc Key >

\ \1.----.4:_(_” NERVE .

Jiig. 18. Circult 1.
Clreuli ©

" Drum Included In primary circuit and the use of Pohl's commutator In secondary circhlf,
ELECTRODES

This circuit T2 ussd in the detection of veloclly of nerve impulse where in (wo pair of
cicctrod~s 12 used, I'olil's comme-atar ls used lo select any pacticular clectrodo pair for

nnm..mlion

Dium I8 included in the primaty clrcuit.  Pohl's c.nmmulnlnr e ured instead of the ehort

twe stinwil are given.  Tach prir of electtodes glves sopatnte response on the “ame base line,

Corperiug his with the distance belweon the electrodes the vclm.uy in the nerve can Ug

palealated,

-92-
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ciceaitiog Ley, I’uur tzrminaly our of clx of Pohl's commutntdr nre conhiscted ta two pairs of -

- tlezteodes and the other tero with the recondary coll of tha induction coil.  In this nrmpgement
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Iandback of Experimental Physlology

i B

T Muscl€
LEVER

RcoiL J.CoIL

==

PONL'S CONMUTATOR

SKERRINGTON'S
RECORDING 'DRUM

) + Fig. 19, Circuit C. !

Clreult D

Drum excluded from primary elreult and substitut
break shocks,

-This cirenit is used for multiple make and break shocks.
‘Geneis of Tetanus'. The drum is exclud-

ed by tetanus set for multipls inake and

"It ds weed in exprernments like
d [rom the primary circnit and tetanus sct js added.

) (4
muscee Lever [t -E__”‘ff;
ET‘:"' .e

. MUSCLE

. SNEARMGTONS ,
REcoDing DRUM

Fig. 20. Circult D,
Clemlt B '

"' Drum excluded from primary circuit and substltured by Bleciromagnetic Signal marker.
The olectromaguetic signal is useful in indicatiog the ‘make’ and ‘break’ of the clrct!ll-
‘The ‘make’ s indicated by a downward movement of the eleotromaguetic signal and thé break
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with (he upward movement of the signal. This circuit is used in the gradation of stimuli and

in the heart experiments.

PMUSCLE

NERYE
oo~
O cevErR _

P KEY

o EI=T1)
4

J&.w

H

Fig. 21. Circuit L.
Nesve Muscle Preparation

Pithing of a Tiop

Ti:= essential flops are 2

). Waehthe fieg to tlean ll:c mucoid m:lmal;

2. Th= frog is cavght by the left haod from the vertebral column,

3. With the index finger of the left hand the nose is pressed so that it makes almost a
right angle to the vertebral column. -

4. A point iz detected eanctly in the centre of a line joining horizontally the two tympanic
membranes.  Tlis is a Jdepression, where a stout negdle ehould be pushed in, There-
nlter it is pushed iuside the vertzbral canll towarca the Jower side.

5. 1he needle is rotated in all directions to destroy the spinal cord properly.

G. Duve to thz d=struction of the spinal cord the limbs become fMaccid. Initinlly some

' movements of the legs may bs reen cue to irritation of the spinal cord,

7. Dring out the nezdle from tlie spinal cord and retest the fiaccidity of the lower Jimbs.

8. Any blecding occurting can be stopped by pressure with cotton.

9. 'Ihc rrog is 1eady for dis:cctien, |

Dissectlon . '

Cut the pithed fiof scrozs sbout I em. anterior to the Sacro-flinc joints—remove any
viscern remneluing in the body cavity. Cut the skin between the legs, Grip the skin at the
tenneverse cut with {hio finger and thumb of one hand and the end of the spinal column iwith
the other and pull the skin downwards towards the foes—it will pull off cnsﬂy and cleanly.  The
: - scoond leg is JeN covered with skin, . .

| ,'/f“_
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{ ‘
! Handbook of Experimental Physlology

GASTROCNEMIUS
MUSCLE

Fig. 22. Djssection.
KNEE JOINT
. . SCIATIC NERVE ' ?;
GASTROENEMIUS MUSCLE )

L L

Fig. 23, ' Nervp'myscle preparation,

VERTEBRA

— -
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Electrical Clrcudts . '

Lay the legs on their ventral surface, grasp the urostyle with forceps, and remave it by
cutting away the muscle on both sides, and finally-culting it away from the end of the spinal
column. Turn the preparation into the dorsal surface and observe the origin of the sciatic
nerves lying apainst the back of the abdominal cavity.

Snip through the sacro iline joint on the side of the skinned leg ; bisect the end of the
spinal cotumn,  Longitudinally, by means of one strong steady cut with scissors, carefully,
avoiding injury to the nerves. 1y holdiog the pieces of vertebrae thus Isolated the cissection

of the nerve can be carried out without pinching it with forceps.  Handling with metallic forceps
" is likcly to damage the nerve, ~

Agnin lay the preparation on the ventral surface and pin firnly to the disscction bcnrd

Iolding the picce of bone with forceps, disseel the nerve down towards the ﬂugh sepamee
the muscular masces on the dorsal side of the thigh carefully, looking for the scatic nerve and
artery Iying side by side ; continne the dissection nearly to the knee ; do not, let the nerve lie
- on the skin of fiog ; moisten with frop's Ringer saline, il necessary. Tie n ligaiure round
the tzndo Achillis, cut this on the distal side, snip through the conncctive tiysue nttnching the
gastrocnemius muscle to the leg.  Cut through the leg bone just below the knee. Remove the
whele thigh just ahuve the knee, taking care to leave the gastrocnemius muscle nnd sciatic nerve
intact. Do not (ry to disszet the nerve at the knee, '

Tha nerve muscle pranalwn is now compiclc, gonsisting of vertebrae wilh origins of scislic
nerve—sciatic nerve—knee juint—gastroenemius muscle—tendon and thread.

It is fastencd on the myograph Lonrd with a pin theovgli the knee joint, Attach the thread
to the vertical aud raised arm of the level 10 as to just stretch the muscle. On no account the
muscle should be loosely fixed otherwise there would vot be much change in the mov:menl of
Ale Jever with contractions of the muscles. '

Ad\-an!af: of the prepamlion @

1. These tissues can function without bjond supply when kept in a froper -golution or
" ifthe solution is contintally poured over it. Rinpers solution is the most satisfac-
fory for zuch purpose,

2. The ovypen is derived from the air by the process of dilTusion,
3. The preparation is convenient o prepare; 1 - '
- . n -
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Stmple Muscle Curve

Object. To &cinon:lmte the effect of a singlle (induced) shock to the muscle-nerve

Preparation and to calculate the time period of the various phases of muscle conlraction
obtained, .

Or _
To demonstrate a simple muscle curve on a- muscle-
time of dilerent phases. ' '

Apperatus.  The primary circuit apparalus consists of 6 volts D

iuduction coil, recording drum. The second

. tlon coil, short circuiting key,
muscle-nerve preparation,

nerve preparation and calculate tho

.C. Primary key, primary
ary circuit apparatus consists of : Secondory induc-
muscle nerve electrodes, myograph board, myograph Icvgl and the

Clrcult.  Primary circuit. One of the terminals of the primary coil of the- ihduglibu coll

. Is connected 10 the drum terminal, * Tlie other terminal of the primary coil is connccted to the

one terminal of 6 VDC source (tLe primary source of eleclric current). The other terminnl of

DC source is connected to one of the terminals of primary key. And the other terminal of the
primary key is connected to the other terminal of the drum, '

Secondary cireult. The terminals of the secondary coil of induction are conmnected (o

the outer two terminals of sbort circuiting key the two inner terminals of which in turn are
* conoected to the Electrodes. The electrodes are in direct contact with the nerve.
Speed of drum. Fastest. .. ‘
" * Stlmulus, Mtoimal.
“ Procedore

N A nerve muscle preparation is prepared as described iof the fntroductory chapter,
(2) Itistransferred to the myograph board and fixed.

(3) The after screw should be just made to touch the lever.
The lever should be horizontal and is brought in gentle: contact with (he drum first
tangent position to drum. -(This results In completing the primary circuit with (he
primary key open). Move thé lever up and-down by your fingers to see that it gives

2 uniform lioe. Otherwise drum s luw_-:llcd by spirit level 10. cosurd a proper lino,

+ By this you can also know that tho lever has not pressed hard over the drum 50 as to
hinder free movements,

.

..-’.T.-
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Simple Muscle Curre oL : !

-

. e - ed ¢ Relaxation period,« !

(4) Sinco minimal stimulus is desired the distance of the |m'nmrylnnd sccondary colls of
the ioduction coil should be adjusted. It should be keptin mind that the ‘break’
shiould be only efective. ‘

(5) The drum should be allowed to move and a clean base line obtained. The primary
key should be closed. _ :

(6) During the next revolution the short circuiting key is opened and immedintcly closed
as soon as the muscle twitch is over, A simple muscle curve is obtained on‘the drum,

. (7) The Jever is rotated away from the drum. (The drum is removed nway from the lever),

The primary circuit is broken by opening the key.
(8) The point of stimulus is marked on drum at the point where the contact pin Is pressing
the knob '

s - - - C
AN RO DAL M i
1} i _l'- "‘: W AT o
.,5,1-. . ""L:;’\"“ \.Tel']:'a‘:-" el .
. Sra AR e S

e UL -
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AT - SR R N

Iy )
' b
i £y g "H:",(;J r-",,by\ ‘lld‘&‘-ﬁ;ﬂ * .

abh @ Latent period.
' . be : Contraction perind,” *"

Fig. 24, Simplec inuscle curve,

_(9) Points to be marked are’, Priut of s{imulation, point of onset of contraction, point of

""" beginning of rclaxation, point of completion of relaxation before removing drum
from set. - '

+(10) The drum is restartcd at ,tame speed and the vibrations of a known furning fork are

recorded. (e.g. 100 vibrotions per second). This recording should be below the

* base line. The distance between the top of onc gyration to the top of another measures

001 Second. . ' :

(11) Time intervals are measured by calculating the no. of waves and then by n;ulllplying
with 0°01 Second, _ - :

DA :
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i e b ) Handbook of {:‘xrerfmmra! Phy:rfa!agy

* Relerant Quuiloul Vool o gm®
(1) What are the Iypes of mmull nhlch could bu used for the stimulation _o_l'__l!::l _NEW
muscle preparations.
. The Nerve-muscle preparation Is mouuted on lhe myonraph bonrd nnd tbe l'olluwmg
‘types of stimull could bo used : —
()] Mct.hnnltal
‘[lis type of stimuli could be obtalued by pinching or tappiog the nerve with some
- light instrmment c.g. forcep. Atwitch like contraction is obtained by the muscle action,
Uhis is because of the conduction of the mechavical stimulus vin the nerve to the muscle.
The muscle cuuld bc pinched dln:clly and the contraction observed. '
(H) Thermal stimuli :

A melolic hot or cold wire should be touched to the nerve nnd the c'bdlm:llun of
‘the muscle vbserved.

(itf) Chemical stimulus :

A mild Acetic Acid should be poured over the muscle and the contraction

observed. ‘ : . - EE.
- (iv) Osmotic stimuluy ¢ '
w - -Adropol high!y concentraled saline or glycerine brings about chnugea in the_osmoli:

pressure resulting in lhe wuler withdrawal from the nerve, ;A contraction of the muscle is
observed. ! '

(v) Unipolar stimulus :
.+ ,In primary circuit an mlcrluplcr is iulwduccd nnd the'siort circuiting key in thg secon-
dary circuit omitted.
(x/) Galvanic current stimuli.
(1) Faradic current stimuli, . .. . . "=,
(rm) Stiwuli by Jrying.

-(2)  What is the inference drawn from the c:pcrimcnt? e
Wheo a muscle cootracts isotonically by a,u udcqu‘tlc sllmulus it rcpmenls three
phases:
B () Lu!ent phase
(ii) Contraction phase.
(ii) Relantlon phase:

Latent phne isthe duration belween the point of stimulation and the beglnnlng a
. the curve The average' duration. s 001 sccond. . Contfaction phasé Is the duration

between the beginning of rlse of the curve and the peak of the curve. Tho  ayerage
. duration is 005 scconds.

The total time period of a simple muscle curve s ol second,

. @ Scanned with CamScanner
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Slmple Muscle Curve R ”

(3) What is the cause of’ pl‘cscncr nrlumn “neriod 1 <o,
The Iatent period is duc (o Physlologicnl and Mcchnnical catises,

) lnemn of the liver.
(i) Inducct stimulation of the muscle through the nerve.
(i1f) Time mkcn for the chemical changes in the muscle whi

These comprise

ch result in contraction,

(4) When is true latent period 7 S
* 1f the muscle is direztly stimulated and recording taken by opllcnl menns, the latent
penod obtained will be truc latent period since factors of inertin of lever, time lost in
transmission through the nerve and time lost at the motor cnd plntc is overcome,
True Intem -pcnod is cxtrcmclv short. ) . '

l
.

. (8) Whal is the difference lgctwcen uotonic and isomctnc contmctlon 7

Tsotonic comractlon of n musclc mvochs a cllangc in lhc lcnmh. The tension of the
muscle r:mnms constunt.  (Iso- -SRme, tonns-tengion).

Isomelric contraction of a mnsclc involves & change in tension nnd ﬂw length of the
_muscle remdins constunt: The measurement of tension’can he :In'sr by tc'nsmn fever.

1 0

{Iso-same, metcr-lcnglh) - : Co e

(6) Define a simple muscle curve.
Ltisa record of mmcn‘ar cootraction and relaxation nb!mncd asa result of application

of 'zdrqx,atc sumnlun The u(lnm"\xs in lhc cxpcnmcnt is the Aleatrie tVetimulos, -

-

”’) What are the 1mpnrmnt prcmntmns to bc obscrvcd ?

Th: [\r~cz!:unx' fn Ly chsatved ore :

() Flectrical connection should be ughf and prnperly insulnted.
(ii) During dmcrtron no damage 5hould occur to the nc,rve rnuﬁclc prcparaunn.
(iii) Stimoli should not be given too frcqucntly.

(1) Ringer's so,umn ahoud be,l\cm‘_ pouring.to the preparation $o avoid drying of the
ncfv omusclc preparation, :

.{8) VWWhatsore thic typ::r. of .mm.lcs ?.

Al i .-

'limr oré theee hﬂ'" af msusoles A ST VL TN Y xR a :
(i) Striated mmscics (Voluntary muscles) skeletal muf.a-!:.

(ii) ﬁn?lﬁﬂ!cdrﬂl!ﬁf,c 'NVUh“ﬂ'][y mus c]cs) sm(’o'h '““SC!
" (iii) Cardiac musche,

(9) What is the structore of voluntary museles 2 .0, oL
- Eech muscle is made up of numerous musclc ﬂbrcs (or cells). Th
¢ musg)
1-120 mm, lohg nnd 10—100 in diameter. N is surrounded by a loughf-;,:;:' l
. called garcolemmi, ek s eell has numerous myofibrills, each is. of e di ane
and is contsinett witkin (he sarcolemma. Dach myofibill has aficlet

ilaments whicli produce bands, acfin and myosin
- /0 -
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Handbook of Experimental Physlology

(10)~ What is micrnscop:c structure of muscle cell 7. '

A living muscled fibre is composed of alternate transverse dnrk ond light bands duc to
zones of bigher and lower reflractive index respectively, “Pands of high refractive
index are birelriengent or anisotropic cnlled ‘A’ band and bands of low refractive index
are isotropic called 'I' bands.
(M) What is the chemical composition of the muscle 7
Clemically the muscle is composed of ;.
(1) Watcr. .
(IQ Protein—Myogen, Actomyosin, Globulin, Strome pn':!eins.
(#il) Glycogen.
(l‘r) Lactic acid.

- (v) Phosphorus compuuuds (A T P) v ;
(rn Fat. .
(vti) Enzymes, -, '
. (vlii) Inorganic salts, |

gzr ‘What are the contractile 'prole'iula:s of muscles ? e
The contractile proteins of the muscles are ¢,
(1) Actin,
(i1) Myosio. - ’ f .
* (1) Tropo myosin, L o
(iv) Troponi.
(13) What is the composition of Ringer's solution ?

The composition of Ringer's solutjon is ¢ o o
NaCl :0°6 gms, . '
CaCl, . : 001 gms, _ ) ) 1
‘KCl  :00075 gms. -
NIHCOJ 00l gms, |
distilled waler to make is upto 100 ml

/(14)' What is the clm:l' utility of ltingcr s solution 7 .

** Ths Ringer's ‘solution is llo!omc with the Iiuuel of the I'rog and therefore can be
, extensively used In experimen(s: whern frog tissue Is used,

15) What is the Isotonic solullon l'or mammals ?
It is 0. 9% of sodium chloride solution.

~71-
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- Bffect of two Successive Stimuli on Nerve
) Muscle Preparation

. ' [
"

i

Object. To demonstrale the effect of two successive slimuli on a frog's muscle-nerve
preparation, - ! ‘ : =

**  Apparafes. The primnry circnit npparatus ‘consists-of*n fecording drumi, primary coils
of the Induetion coil, primary Ecy and the 6 volts DC source. The secondary circuit apparatus
consisis of secondary coils of induction coil, short circuit key, electrodes, a nerve muscle

. preparajion (with Instruments of dissection). . .
. Circolt.  ‘The same ns used for simple muscle curve,
Speed of dinm.. Moderate speced.
. . Strength of sltmulus, Sub-meximal, . ' R '
Procedore ’

(1) A perve muscle preparaticn is described in the iotroductory chapjer:

Ginph 2a . Qraph 2b
« = (laph 1 shows a simple muscle-curve, . v ' A
Qinph 2a and 2b shows (he szcond stimull fo early and Iater lielf of Iatent period,
, Graph 3 shotws eecond stimulus in contractlion phase. .
Pig. 31. .
Ca ) A f

. | I"'Iz-" ‘
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. I
Handbook of -Experiniental Physlology

(2) Tha'pﬂmlry and secondary circuits are rechecked.

(3) A slmple muscle curve Is tnken on a base line. Time tracing is also tnkzn,

. -(4) All the following-geaphs are takzn separately on different lines anid dilferent points of

stimulus.

. 8) The conlact (arms) of the drum are adjusted so that two stimuli in quick succession

b -

c3)

are applicd to the muscle. The contact arms are gradually separaled so that second
stimulus falls in the latent period in one case (as shown in Graph 2), in conlracion
phase in second case (as shown in Graph 3), in relaxalion phasc in third caso (es

" Graph 4"

-/3-
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I

| Efffect of Tiro Successire Stimull on Nerve Muscle Preparation

shown in .Graph 4) and affer the immediate completion of relaxation phass in the
fourth case (Graph $). ) .o '

(6) The tuci"n‘g. is taken for ench graph,

Relevant Questions

(1) \What are your observations of the graph ?: '

st Graph 2.. Shows the effect'when the second stimuli falls il the Iatent period of the firs =
stimulus. The Graph is just like a simple muscle curve but it is bipger as
shown in comparison with Graph 1. , ¢

Graph 3. Shows the sccond stimulus being applied in the contraction phase of the first
.o stimulus,  T'his results in much bigger response.’ - '

Graph 4. Shows the second stimulus Bcing applied during the early relaxation phase of
the first stimulus, _

Graph 5. Shows that the sccond stimulus is applied in the late relaxation period or

immediately after the relaxation phase of the first, Two scparate curves aro
obtained but the sccond one is bigger than the firsl,

t'(2) What is summal'iou ul'slimuii 7 '

When the second stimulus falls in the second half of lile__lnicn! period of the firsy
stimulus, the qﬁccl’ isa bipger curve. This effeet is known.as summaltion of stimuli,

(3) What is summation of cfTects 7

When the second successive stimulus is applicd to & muscle durlni the conlra.cllon
w <« + phase ol-the first stimulus the effect is o ‘much ‘bigger curve, This effect isﬁown ap
' Summation of ¢fects or Summation of contraction. —

(4) What is beneficial efect of the previous contraclion 7

When the second stimulus is apptied after the completion of relaxntion phase, there s
chapge in excitnbility and viscosity of musele Lecause of the first stimulus o
second resulting in increass ‘In helght of second contraction. This it
beneficia! c¢Mect of the previous contraction on the following contraction,

or the . -
known ag

C(8)" What Is the probabls cause of the beneficial elect of the previous contraction? -

. The causes are ;

' I Rise of tempernture in myscle, UL AT

"% Decrease in viscosity of the muscle.

Y s
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redfandbook of Experimental Physlology

3. .Rise of H-jon conccntmlinn because of accumulation of acid metabolites,

—

_(6) What wnll hnppcn i two sub nunimnl stimuli are successively applied to a muscle 7-
When a single sub-minimal stimulus i isnpplicd to a muscle there is no tesponse. Dut

when two subminimal stimuli are applied, they surbmate and the muscle res ponds.
This is koown ns summation of submimnml stimuli,

—_y ——

(7) What is summation of maximal stimulus 7

et Since all the muscle fibres are contracted when a maximal stimulus is applied, there is
hence I‘ourlh no question of sumumation 67 maximal stimulus,

. - ,5—
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E[f ect ‘!f Several Siflnuli on Ncruc Muscle
. DPreparation

Olject. "To demonstiate the cllect of several successive stimuli on nerve-muscle,
preparation,
S bt sa)a . OR . )

To demonstrate the phenomenon of Genesis of Tetanus on necrve muscle preparation of

. frog. ‘ . ]
‘ Appriatuy.  The primaty circuit apparatus consists of - primary coils ‘of (he juduction
coil, signal marker, variable interrupter or Tetanus set. The sccondary circuit apparalus consisls
of secondary coil of the induction coil, short circuit key, clectrodes, myograph borad, myograph
" lever and netve muscle preparation with a sct of dissection. _ e
Circolt. The drum is excluded from the primary circuit. A variable ioterrupter of Tetanus
sct aod signal moerker is included in the primary circuil. The sccondary circuit consists of
secondary coils of induction coil, short circuit kcy and electrodes.

.0t 1T ._'._ .., 4
P f‘ »
. ‘ R NRUERR RN D :
..-4. ‘{. 3 -r‘li b -: ' e i N
"'::r;;"-;"::‘:-f:{d& :‘s..':.'Jl' - '-v:-;." -' Jem oy AT e
TR T et s L BR e A R et ea s
! ,
L] . . .
. © e Graph 1 showing Staircast pheoomenon
v - " woe

- 7+ . - Graph 2 showing Treppe phenomenon
Fig. 34. Cfect of succeselve several stimull,

L . _'. el ""/6"" ‘ Ol . : "
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Graph 3 showiog clonus phenomen on
Graph 4 showing incomplete;tetanus .
. N - Graph 5 thowing complete tetanus ' ot
: R Fig. 35." Eflect of successive stimuii, '
Speed of the drom @ Slow.

Streogth of the carrent used. _Minimal stimulus.

.. Procedare T iy m*

(1) A oerve muscle prepamlfon is prepared as described in the introductory chapler.

(2) The primary circuit s inclusive of a variable lnlcrruptcr!l‘clanu: sel. Both the circuits
e~ + .. sarechecked. ‘ l

(3) The length of the vibratiog rad is adjusted nccordmg to Ihc denlud number, of stimull
per second by adjusting the length of a rmovable screw, when the screw is taRen away

the frequency of ‘stimuli .decreases and when it is.pushed in a higher ouod higher
frequency is obtained.

(4) The base line is obtained and conlractions are recorded with a gradual number of
Increasing stimuti. The usaa! frequencies are 5 stimullfsecond ; 10 stimuli/second ;
15 stimuli/second ; 20 stimulifsecond and 25 to 30 stimulifsecond.

(5) 1fastate of complelo telanus is nof obtained, by Tetanus set tho Neof's hnmmur may °
be used instead.

(6) Traciogs are fixed as usual.
Relevant Questions* .

(1) What are your ohscrvuliuiw 7

When the successive stimull are given at the rate of 3 perisecond (as shown in graph 1),
then there appears & separate curve for each conlraction, though with higher ampli-

SRR .'
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Eﬂ'ccr of Sereral 5 rl’an on Hcm Muscle Preparation
tude for each consecutive time. This is known as Stalrease phenomenon, In this case
every curve touches the base lind but ioertia Iiues of the lever arc not seen. The sibse-
qucnt contractions gmdually increase lo gl\rc n look of & lllnir

When the frequency ol‘lumulnuon is 10 per scéond (us shown in grupll 2) the corves
follow with quick succession with elimination of physiological curves. This is known
os Treppe plu:nom:non. When the frequency of stimulation is about 15 second the
first coulnclwu is obtzined followed by a heavy record, much above the base linc,
This efect is known ns clonus phenomenon. R

When the frequency of gimulation is increased 1o nbout 20/second a sustained but
_ Mickering contraction is obtained. A This phenomenon s known as Incomplete Telanus. -

Complele Telanus is observcd with o frequency of smuuhllon of 25-30 per second nnd a
. state of steady and sustaincd conlraction is recorded on the |_.rnph.

'
"o sum up the effect of successive stimulj are ¢ !

() Stritcase phenomennn ; npprox, frequency of stimuli 3 per secqnd, ©  (granl )
(1) Treppe phenomenon ; approx. frequency of stimuli 10 per second, . (graph 2)
(i) Clonus plicnomenon ; approx. frequency of stimuli 15 per second, (graph 3)
. (ir) Incomplete felanus ; approx. frequency of stimuli 20 per sccond, (graph 4)
(r) Complete Tetanus ; approx. frequency of stimuli 25 BUIsecnnd (grapl: 5)

.. (2) What is the principle of the expetiment 2

When scveral stimuli arc applied fo - muscle -with very little time gap (succession)
the muscle exhibits a siate of partial contraclion or sustnined contraction, The

plienomenon of partinl contraction is called jncomplele “tctanus and that of sustained
contraction is called cemplcte telanus,

(3) la what phases of simple muscle curve of the successive stimuli fall in each of the
*  obove phenomenon 7 _ .

Sinlrcase phenomenon. The mlcccsslvc stimuli fall after the relaxation phase of each

contraction. . Hence forth each coulmcllun is recordcd sepalulcly nnd ‘l]cucﬁcinl cﬂ':cl obscmd
in esch contenction. ’

Treppe phenumtnnn In this ths successive stimuli fall immediately_nfter the end of the .
reloralien phase. :

Clonus, - Ilere the guccessive stimwll fall In “the! relazation_ phase,  tie comcqucnllvo
‘conirnctions have a contraction phase with rise of the curve.

(1) What iz the nature of voluntnry contractions 7

. Voluntary conlrnc!aom are of (ctanle nature if some musclo activity Is t:xpected to be

_sustained. Otherwise smooth nclions are ,p:rfonncd by co-ordioated and gtadcd
mmncnnus of various vpluntary muscles.
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Phenomenon of Fatigue

Object: To demonstrate the pheuomcnun ol fnllgue nnd to pro'rc the site of fallgue in
the nerve-muoscle’prépiiation.

Apparatos. The primary circuit apparatus consists of recordiog drum, primary coils of the
induction coil, primary key and mains, The secondary circuit apparatus consists of secondarily
coils of the induction coil, myograph board, myograph lever, short circuit key, electrodes, a
oerve muscle preparation (wuh instruments of dlsscchon)

Circult. The ‘same as 'used .for simple musclc curves (The drum Is lnt‘.lmlcd in fbe :
primary ‘circuit).

Speed of drom. Moderalely fast.

Strength of stlmulus. Minimal. )

" Procedure | _ - ‘e RN

(1) The nerve-muscle preparation is prepared in the usual mauner. It is fixed on the:
myograph board and lever.

(2) The primary and secondary circuits are rechecked, ° ' >

(3) A simple muscle curve is obtained by stimulating the nerve.- .

(4) Careis taken not to use Rioger's solution for wasblng of the nerve muscle preparation,
Few drops may' be added’ time to time ‘only to keep the muscle-nerve preparalion
moist, because dryiog spoils the tissues,

(5) The myograph board is moved a little nway from lhe drum ' About ten lllmull are
piven. |

(6) Myograph boara is brought close to the drum, again a simple muscle curve is
obtained.

(7) 1o this manner every 11th contraction is recorded on the drum. Carels takcn that the
base line and point of stimulus remain the same.

(8) Finallyl scparate base line is taken and the musclu is dlrectly :Ilmuhled und the
response obtained.

(9) Tjme traciog is recorded for both the baso Jines.
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Thenomenon of Fatigue
(10) Al uu: markings are made and the tracings are fixed as usual, '

(11). ‘l'hc heights of contraction, duration !'or Jatent perlod, contraction period nnd relaxa-
tion period are measured.

" Fig. 36. 'Gra];h showing effect of fatigue,

Relerant Questions ' P : . '

(1) Yhat is the principle of the expetiment 7
After 1epented stimulation of the muscle, through the nerve, there is & progressive
deterioration/ in the foree of the contraction, till a slage comes when there is no

proper contraction tcco:d:d When this siage is rcached fatigue is sald to bave
get ID .

(?) * What are the irportant pn:caulions to be observed,in the e:pcnmeut? Give
reasons,

0) Ringer's solution should Tot be changed from tho merve muscle preparation
duriog the course of the experiment. On adding Ringer's solution it washes
away the metabolites, hence the possibiiity , ol recovery of the muscle #nd
consequent hinderance.jn the developm:nt of fatigue, which is the object of the .

' experiment,

(i) During the dissection of the I'rog, mishandling to the nerve, smuscle preparation
should e avoided. * This prepaiation shoiild be as fresh as poulble le., it |huuld
not Le fatigued Lefore the onset of experiment.

(eir) Thc point of stimuius 2ud base line should remuin lhc same.

(3) What ere the obscrvations 7 | ‘

AN Inillally the height of conlmcliou incrcam hccausc ol‘ bcm:licinl clects, then
mduully it tlarts falling because of fatigue, .

() The durations of Iatent ‘perlod, contraction period and relaxation peuod are
prolonged,

(1) Gradually contracture is' observed ; wbcn the muscle contracts but fails to relax.
. Thelover in luch condition does not return to the base’line. S

(Ir) A simple mazcle curve Is however recorded on the direct stimulation to the muscle
which has ehown complete fatiguo when it was stimulated through the nerve.

. '
[}

. . - —-zo
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.+, -k Define contractiores e "ol ponuq e ot pnp ne iy

L emasn by ' Covtractute’. 16 rehortening” of . the mhsdcedw lo repeated: lllmulmldn lc..ullinu in
incomplete relaxation phase.’ , RILTHS LA SN

(5) How does contracture differ from tetagiis? - . !

In contracture o few muscle fibres nrg a lll'ucled muhiug in decrease in length whercau
In tetanus all the muscle fibres are cunlrﬂcled remlling In decrease In length of the

muscle.. g "---'~i3~ a

67 Is contracture rcverslble? ) ".l_"' et ~E "?{}';\': - _..f:-.
If Iho ‘muicle: il glvcn mt lhen it rclucs nml the cuultlclure disappears., Henco
contracture [s feveraible, o \-.-_-

- - H.I

. (7) What Is the cause of fatigue in’ muscles ?
The probable causes ol fatigue in.the musclb‘tissue itsell are :

(1) Laclic acid nccuml,llnﬂun ' ' o

» R T AT '-:"' ala i
I U)) Deplcllun of energy lo bu used for rcsynlllem 0 4 A T P And smce A '1‘ P u nol?
» .m‘:' - n\'a!‘lrable it I'mls to re- eslnbhsh pu]athnhuu or lhe ﬂbrts .
o9 28 _‘,!Thc cau:c of l‘ltigul; io the r nc-._lm mu:cular Jun;lion u dqp]qnon ol' ncclyfchohnc which
nend oy BEIS DY cbel:mcal lrunsmlller . o
G e LIRS PN N
W) What il the site of fatigue in the experiment ? ' - :
ov.D) v :Neuto-muscular juoction is.the first site of faligye 2., . yroypni i, ' _ ;_ "
.e« + (9) « How will you prove that muscle is not the first site ol‘l’aligue T e ..

acitersa-As shown in the expetiment, the -direct ptimulation of:tho ‘muscle gives a response

. ;gﬁg-n tieven “alter -thoy phenomenon.-of fatigue,.i is. oblained when; them;uwlnis stimulated
22" alyethrough the live.. It indicates that, muscle h pot,the fiysp site of l‘q]igua. -
-»:lr(m) How will you-prove that fetvo is oot the first site of fatigue.?: w0 '3

The nerve-muscle preplrnllon (N-1; N-2) are ﬁx:d in :uchdmanuer that both are
i stlmulaled l!muhim:omly "N plécs ol Tee ‘i kept'on" Hetve Jus€ Befre WHe neuro-
tlvodz Y b & alad’ Junctioh on Ihé N'Z brtpirallod i 1t Helps tti‘uop ttle' sticdiilation on the
: nerve itsell, - ST RIARTLTWE O T PY I S0 ite) -yl Jou .
Both the preparatlons’ are lﬂmuhltd il lho 'N-1* iniudele“d6ed ™ Hioe conteact Le, the
L pt:pulllonlsmigncd SRTATEE RS ML LIFTLEELT S U CF )

w2l R 1 removed from the N.z preparktion ihd'aiﬂu 'bolki (hi‘prepanticnl
' are stimulated.  N-1 will not respord A3 obtalnéd’y bot’ N:2 respdads. "Ttils Provu tho
o B0 G3eve T iof the st of fatighe,! -u 11z iy Tudai B s ”"""' RERLS

amty "Hequl are conslderﬂd lllrll]]ltlblﬂ due tq Iow cllorlo ]un couluq: }lnn e

RSN HJ] u:ﬂ ier ! '
) (ll) Is fatigue tcvcuibla 1 4Hnw wll,l,ypu dumpnll;llo; ,J,l, o 204 : TR B y
" pliyrae JtHO mulclel: glvcn rest ,npd nulmlon lhln fatigue Iy n;vquipl Thll can po con-
vcnlenlly demou:tuled on the ekpctlpeul. The .fpl gued, ptcpmllon Il allowed (o

- . . nt __21 o iy '.
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Phenomenon of }"m!gur

. ' _ 1 . '
“rest (by detachment from the lever) and.thé Ringer's solution is changed frequently.

Agnin the nerve is stimulated after 10—15 minutes, a response is vbserved, proving
that faligue is reversible.

93)’ What'fuctors influeiice fatigue 7 - " .
. ‘The factors which affect fatigue nre g
(1) The sticngth and rate of stimulus, . : . —sitn
(i) Nutrition,

(i) Whether the muscle is *fice loaded® or ‘after londed®. "Free loaded preparutions
fntiguc carly,

(.lﬂf \What is the seat of fatigue in human body ? . . 7
‘T'he neuro-muscular apparatus in-the budy has four prohable seats

(1) Muscle fibire. o ot

(i) Neuro-muscular junction, PR AT el .,

(1i1) Nerve cells of the Centrul Nervous System, ' R

(iv) Nerve filnes, trere g
(14) What is the chemical compositinn of muscele 7 ' .' B '.'""" g

The impurtant constituents are ¢ b T

1. Waler 70%

2. Protein 2055 —Myogen Actomyosin, globulin and siroma protecin.  © + @ .
+3. ‘Glyvogen ) : T '

it a;l
' 4. Lnctic Acid, *
. §. Creatine phiosphate, A.T.10. y .
6. Lats, Enzymes, pigments and inorganic salts.
(1) What is the site of fatigue in severe muscular eaervive 7 el
o Muscular fatigue experience in severe excicise is (e to'events nt the pyu:q;w; in the

* central nervous system, ‘Thiy is considered to be o protective phenomenon,  fhe

centeal fatigue is manifested Lelore there is any Llock at the neuro-muscular juuction
and long, befere the muscle fats compleles Fatigued. Other factors like psychinlopicul

motivation” training action * potential  humidity und temperature allfecl  musculag
petformance, '

22-
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Effect of 'Temperature on Nerve
Muscle Preparation

Object. To demonstrale the effect bf temperature on muscular contractions. _
Apparatos. The -primary Cifcuit apparatus consists of Primary coil of. induction coll,

«." Recording drum, Primary Key and the 6 V DC-volt sburce. The sccondary circuit apparatus

consists of secondary coil of tle inductijon coil, Short Circuit Key, Electrodes myograph lever,
muscle chamber, and instruments required to make a nerve muscle preparation.

Circuit. The same as used in the simple mutcle curve. | |
Speed of dium; “Fastest, v '
Stimolus.  Minimal.

Procedure : : .
v=e v (1) A perve muscle preparation is prepared as described in the introductory chapter.
And it is fixed (o the muscle chamber, : vt L
- ..J '_';, 1‘, 3 _“
:-,-"Z.._. : . | I
B I ]
NN <

i Fig. 25. Graph showing effect of temperature,
The arrow indicates the point of Stimulus,
N=normal
- : Ty=with warm Ringer’s solution (32°C) * ' .
*  Ty=with cold Ringer's solution (18°C) :
(2) The primary and secondary circults are checked,

- = . LT -
" . '

s 4 ML

-
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Handbook of Expetimental Physiology

(3) Since a minimal stimulus is desired the disfance & ilie 'pr]mlry and secondary coil Is

0

- -adjusted In such a manner that the ‘break’ is only elTcctive.
(4) The lever is tangentially brought close to the drum.
(5) The drum is rotated and n Lase line obtajned., '

(6) A simple muscle curve is obinined during the ne t : '
should be closed. o X tevolution. They primary Key

(7) The Ringer’s solution in the muscle chamber is re v Ring r
' A placed by Ringer’s solution
tempernture 32°C, Tem ol atan
llmrcs. perature should not be high because l: will damage the muscle

(8) Whait for a few minutes and again take a llu; . . .
ple muscle’'curve. The poi .
lation should be the same as that of simple muscle curve a room lcmp:rr:::ll:; ;;:g.mu |

' (9) Similarly a simple muscle curve is obtained i
with Ringer’s solutions at 18°
muscle chamber. The point of stimulation and base line bowever, remain the fn:elhe

(10) Th? point of slimulation, the peaks of curve and ends of curve points are marked
(11) A time teacing of known frequency is marked on the Kymograph. .

(12) The duration of latent phase, contrac
ase, tion phase and relaxat]
calculated from the wavy time marking. fesaton phise, of cach curve i3

(13) Heights of contraction for each curve are measured.

’ ' Relerant Questlons . . % . S B
(1) What is the sigoificance of the experiment 7

The experiment is a demonstration of the facts ; gy,
The amplitude to the curve rises and it becomes ttev.;pcr.

-+ +(a) When the muscle Is stimulated at g : t
ru’!o‘m' cmxu et _ cmperalure higher tha

. (1) The latent period It reduced.
(1) The amplitude of the contracllon phase Is increased. |

0 room (emperature the -
_— I y " H (] .

'
LU

rinble extent byt ulualli-

greater height and Ihe.rcl'bim. take a liule longér time to seturn tob:lf: bi:;hd up . to a

"(b) Wh;n the muscle is stimulated at cold’ : ! : '
tem t
there Is jncrease in the latent period, contraction perlod nft::l:?n.ﬂ::::p:gﬁ’ e reverso Le.

The ampligude of the curve is less and If becomei fess itcep,

', The lever may“not retu ' ne % Sho :
4 y eturn to tho base llne for ' an appreciable time at n temperaure

' . Y-
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Effect of Temperature

(2) What is the cause of nbove facts 7
The incrense in tempetdlure resulls in an
(1) Accelerntion of the conduction of impulse.
(i1) Acceleration of chiemical chianges and enzyninlic processes in muscle and
(1if) Possibly m decrease in the visconily of the muscle whir.-l!_dccrcnse: the resistance
' to the sliding myolilaments. *(l.c. active and myosio),
" Al thiese factors ore responsible for the shottening of Inteny period, contruction perivd
and relaxation period. )
The jucrease,in mmplitude is more of n mechnnicnl ellect due to quicker coulraclion
ofmuscle, " : | . §
Thess causes nct in o reverse manuer on [all of tempeguture. " B
(3) Wintare impo:lnul}n:.-cnulium reluted to this particulor expetiment 7. Uxplain
The precautions of this experiment aie ¢ '
(1) The point of stimulus in all the contraction should: be the sume.

(i) Maximal induction shocks should be used in ench contraction to uvoid beneficlal -
© o flect, . e

(i11) ‘The Rioger's saline used for Itm;p:mlure change of muscle should not be sbove
40°C and below 5°C.

ve ¥ Temperatuie above 40°C results iu coagulution of muscle proteing resultiog io Lieat
rigor. '
Moderate cooling of the uscle may infact increase ellectivencss of the stimulus,
hence forth to avoid fallacious resulls u lemperature below 5°C thau roomn towmperature
should be obtained tv demoustrute the cliccts of cooling on muscles,
) ) . 1 .

. (") Wait for threc or four winuies alter Ringer's solution js changed in the muscle
chamber.  This helps in attainent of proper temperature Ly the wmusclo us that
of Rioger, tolution,

g}f"ﬂnl is heat rigor 7 How can it be demonstrated in the experiuent ?

Heat rigor occurs ns result of coagulation of muscle proteine, The umscir. chatnber
thould be filled with Ringer's solution nt a temperaturo of 45°C, A stimulus is

e . - as'before. A 'vellicle liue obtained on the Kymogruph indicates Licat rigor,
e «+ It4n an irrevernble chavge. O ' i

/(.1)/ What will hnpp_:n 1o tho tnuscl= at Zero degree centigride femperuture 7

]
AI h . . - - E wgw
g lbcl:]:::lr:.c centigrade, there is loss of irritubility and thug there Is vo contraction

glven

' .' —25-" 1.. '..
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c SECTION TWO

FROG'S HEART

. 1

v '|‘: ! ; 1
CDN'PE.NI.S - .. h e

) THE STRUCIURE OF THE FROG'S HEART .:4
DY | HA

2) RIN'IIIMICITY AND CONDUCTIVITY

" *  "3) THE EFFCCT OF TEMPERATURLE AND PACE-
' _ MAKER - ° .

4) ‘STANNIUS EXPERIMENIS |

5) EXCITABILITY 'AND "CONTRACTILITY .
6) THE PERFUSION OF TIE NEART .. e Lt

HT
S0 peenndl.
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' STRUCTURE OF FROG'S,

The main features of Lhe hearl beat can be sludied on am-
. phibian hearis as well as on the mammalion, Thelhcnrl of the frog
is more suitable, nnd casier in cluss experiments than the ‘mam-
malign hearl, which fequires a large constant oxygen supply and
a temperature similar to the body temperature. The amphibian
. Tearls aré¢ much more resistant o experimental manipulation and
- o account of their compaiatively slower chemicdl processes {hey
can survive for a'longer time outsidé the bLody. Many of {he fun-
damental characleristics of the hearl beat were discovered first
" “in the frog and lalér proved to be correct also for the human

heart. . N B

' ‘I'ne amphibian Iwnrl..g.g..frog. consists of,:
, _ :

1. Sinus venosus 2. Two auricles 3. One ventricle. 4. 'Truncus
arleriosus. ) C e : - :

1L has no conducling bundle system and no coronary vessels.
but receives its nutrilion direclly from the blood flowing within
ita chiambers and has no Q wave in EC.G. The mammalian heavt
has a conducting bundle system and coronary vesscls.

. The frog's hearl cxhibits 4 fundamental physiological pro-

' perties, i.e. .
. 1 I

1. Rhythmicity 2 Contractility 3. Conduclivily & 4. Excitability.

All these proper Lies arc of purely myogenic origin, and ncuro-

genic, ie. the nerves control or modify but do ot inilinte the
property. »

* Nerve Supply: cee o ST

'Three masses of nerve cells are embedded within (he walls
of the frog's hearl, there are :

1Y Remake's panglion which lies i thé walls of 4he sinus

venosls
-27.
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. Systole of dug's ventricle = 0.3 sec. and ilg auricles

r
. Excilability :

L] ‘l
Ludwig's ganglion which lics in the walls of the auricles.

Bidder's ganglion which lics in the auriculo-veutricular junc-
tion.

2)
J)

The two vago-sympathetic nerves supply ll:e‘yenrl, the vagus
ending mostly at Retak's ganglion from which postganglionic
fibres to the whole heart except Lhe apex of the ventricle. The

sympalhetic fibres end at the whole heart mus
of the ventricle.

Some Characteristics of frog's heart :
1) Rbythmicity : - . '

«» Sinus venosus beals 30/min..and ventricle at 8/min. al 20-C.
The pace-maker is the sinus venosus, .

i
2) ' Contractility :

Systole : is shorlened by warming.

and prolonged by increns
or bradycanlin, '

= 0.1 s;l':cmuln'.'
while frog's venlricle = 0.5 sec.

~

Relaxation Period : is from.thc éud of systole till the return

of the fibres (o its originnl length.. This perlod is not excitable
to a threshold stimulus but is excilable' to 4 strongelr stimulus
and the response ig called an extra-systole. '

(‘onducli\:il.y : . ‘

Compression of auriculo
in conduction, then'a state
then a state of com

of compression.

-ventricular junction produces a delay
of missed beals or partial heart block,
plete heart block, according (o the, intensity

The [first stannius ligature slops the awuricles-and v
due to irritation of Remak's

normally. In the secomd slanniug ligature, the venlric
according. (o its idioventricular rhylhm.

entricle

le beats

o U |
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'RHYTHMICITY AND
CONDUCTIVITY:

Exmrimenl One

Lay the pithed frog on ils back on the frog ‘board and fix
"' it with 5 pins,"four through the limbs and one ‘throligh the juw.
Muoke a median incision through the skin over the slernum, raise
the cartilagenous xiphisternum and separate it from underneath.
Make an incision on cach gide of the cartilage, inserl undet the
pectoral girdle the pointed blades of slrong scissor, kecping the
blade .In close contact with the bone. Divide the girdle first on
‘onc side and then on the other side, raise and cul away the an-
terior wall of the Lthorax. Pull both fore-limbs laterally and fix
them in such a position as to keep the chest widely opencd

a) Inspection of the Frog’s Heart:

Slit open the pericardium. The ventricle is separaled from

. . he 2 auricles by, the auriculo-ventricular groovc The truncus
- . nrleriosus opens inlo. two nortae.,

-

— in T

-k

Fig. 15. —_A-l‘llllgﬂl'lln! for ﬂpl!llﬂllli 1; stimulate the heort in sltu with
induction. shocks; signel in the primory circults,

L L] - - |
[ . - .t '
-y b |
- .
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Lift the ventricle up and lind behind it the sinus venosus
separated Irum Lhe right auricle by. a while cresventic line
(sinoauricular" Junctlon) Find the deep blue two superior and

Lhe one inferior vena cavae cnlering the pulsatile blue sinus
venosus. The auricles arc purphsh in culor. .

L) The Sequence of the Heat:t Beat:

The contraction of the 4 chambers of the frog's heart ir not
simultancous.. The sinus starts first and is followed by the
W auricles and then ventricle. 'I'e rhylhm of the heart beat is
. dependant on the beat of the sinus. Walch the ventricle
' - changing ils colour during contraction, hecumml, pale when
frec from blood in systol. Note the shorl pause helween the

contraction of the sinus and auricles -md l:elwcnu that of
lhr auricles and the veulll(.le

¢) Record of the Hcart Beat:

’ass a hook (made of a small pin) lhraugh the wall of the

apex. Lift the heart very gently by the thread altacled to
Lhe hovk. Attach the thread Lo the heart lever at an appro-

prmte distance from the fulcrum sbout one cm: so as Lo
. produce the besl magnification. _Record' the’ moverent of

the bealing heart on a slowly muwng drum. Record the
time below this curve. (See Jigure-15),

In sueersslul Inungs Lthe sinus (s), auricular (a) and the
venlricular (v) heats are Lomplcuvm

- o—
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Introduction to H_‘eart E:q')eriments

. Instroments

The instruments used for cxperiments on the heart muscle arc almost the snme as described
for nerve muscle physiology. A few additional instcuments arc as follows :

1. Starling’s Heart Lever. - . l

It consists of a metallic horizontal bar, willh which there is .'n' :u_'spcnded fine spiing. The

other end of the spring is fitted with a stylus with a writing point. With the movement of the
heart, the spring is moved up and down,

FeQedriee

Fig. 38. Starling’s heart lover. . Fig. 39. Simple heart lever,"
2. Slmple Heart Lever _ E

This lever consists of an aluminiurg rod fixed with an adjustable screw. Tho screw. helps
_to cliange the lepgth of the long and the short arm. ‘The long 'arm hds a writiog point at the.
. distal part. The short.arm is connected with heart throtgh a hook cnd thread,

The Frop's Heart n N
The structure and the function of the heart in the frog are altogother dillerent from those
of man and other ‘mammals, Howevet, tho fundamental propertics of the cardiac muscle are

.
- . - .
.4 ' -
o . o " “oa . . "
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common to all of them, The mammalian heart is very siringent in
temperature and ions; while the frog’s heart muscle
fore, be convenlently made on the frog’s heart.

its requirements for oxygen.
Is very sturdy. A primary study can there-

Unlike the four chambered mammalian heart, the frog's heart has only three chambers—two
atria and one-ventricle, The blood is collected in the sinus venosus whence it enters the right
atrlum. From the, right atrium it enters the veatricle, where it gets partially mixed up with
the arterial blood coming from the left atrium. As the ventricle contracts the blood enters the
bulbous morta. The bulb contains a spital valve, which directs the venous bloods to the
pulmonnry nrlerics and the arterial blood to the body. The vennus blond alter getting aerated

in the Iungs is branght to the left atelum throngh the pulmonary veins. The left as well ns right
atrium pumps the blood in the ventricle, .

General Dissection

The followiﬁg Sleps !ht.)l!ld lic.l'tl:lllowed f-
()]
(2)
(3)

The frog is pithed In the same manner as described in the nerve muscle physiology.
The frog is fixed in the dissection tray.

< o y ’ '
A’ small_portion of the skin from the-abdomen:should be-held in the forcepand a
small ¢t given, whichshould be extended upto the jaw.

(4) The Rectus muscles of both sides should be cut longitudinally, taking care of any
damage to the beart or any major blood vessel.

(5) The stetnum is cut with a sttong pair of::ciuorl.

(6) The pericardium is gently held In forceps and a smallcnt piven. . -

The heart is exposed and ready to use for experiments. -
Observations .

Note and identify the following :

The single ventricle . i - S A
Tho right and Ieft atria. :
The aortic bulb.

.. The atrioveatriculer grooye. o
The aorlic and pulmonary trunks.

i

Now with two fingers of left hand gently lavert the heart upwards and identify the
followlng : o

The superior vena cava
The Inferior venn cava. _
These two with other small veins foln to form the Sinus venosus.

Note also & white transyerso line, ‘the crescent® where the IIH;II Jolns the nteia, It is the slte
whero the peripheral autonomic parasympathetic ganglls (Remark's ganglis) aro situated

H o .' -3£-..

L ]
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Introduction to Heart Experiments \
- . * I ' * . B ' ' .
Now concerilrate on the working of the heart. It conlracts quite rapldly, Measure thordte per
mioute. It is between 20 to 80 beats per mioute.” Try to find out the sequence or the direction
of the contraction wave. It Is not very easy, If the heart is beating more than 50 beats per
minute. The contraction wavo starts in the sinus venosus, spreads over the auricles, after which

.the ventricle contracts is and finally the wave reaches the - bulb. There Is a slight pause after
this and then & fresh wave starts.

Noto that the heart does not possess any Llood vessel.

» Exposure of Vagus " '
The pctrohyold muscle ehould be exposed at the ongleof the jaw, It arises from the
skill base and is inserted into the hyoid bone. The petrolyoid muscle is cut at the most Jateral

position, exposing n shining white tenditious sheath which will be crossed by the vagus merve.

The vagus nerve js dissected properly till the hcart Preferably vagl of both sides should be .
. dissected. - : ¥

LARYNGEAL
BRANCH

I'lg 40 Vagus nerve is éxpostd. ',

| Gensral Rnles for Hmﬂ E:pulmmls

(1) Heart is a delicate structure, hence a gentle handliog is required,

(2) The hook should be carefully, inserted. into the ventricle, so as to not puncture' the

beart cavitics which is likely to produce much bleeding. It should ou!y pass - thtough
the musculnlure ' 1

(3) The hook should Le Inlroduccd only when the experimenl bas to be |uuted

(4) Sioce the vertical position of the heart is abnormal for it, after some recording the
- thread may bs looscaed to provide reit, and then reuso it. B

33
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. : ' Handbook of E.tptrbm_'r;zaf FPhysiology
b . .

(5) Ringer's solution sliould bo used very frequently, so as not to allow the Licart to
T beombdly, L B
T (6) The writiog péInt'ihiliuld'be horizontal and should gently loui:h‘_l];c deum. 1T tightly
VLR Sredied It will be dillllcult for the heact to pull down the lever, ° ) .
- I Lemr tian, e e . : : .
CI'I.I“M R B N

Cardiogram is the recording cf 11
Is attached to the apex of the heart o
drum.

1¢ mechanical activity of the heart, The sterling’s lever
nd the movements of the lever are recorded on the moving

LIE |
y b

. The cardiac Impulse orlginates in.the sluus and sprends over the arterles and the tYentricle
.';'ir}g:_,lis;:r_e. in no specialized tisye for conduction ‘of the wnpuise the conduetion ol the
I'n_;pul:e isalong the cardiac muscle fibre.

The speed of the drum
these spread out,

should be suflicientiy fast so as to study the e;rents properly sg -

[ ! oo ' * '
~at auricular systole :
. b : auricular dinstolo : 1
. g c:ventticular systole = . .
s d : ventrlcular diastole \
; .. Fig. 41. Normnl cardino, cyclo.
/ PR ! e '
-+ Apparales _ .
: Kymogtaph, studylng heart, lever, frog's bonrd, clectromngnetle timo elgual  nker,
~ Rioger's tolutlon.  * e R " - B '
' Drum Speed: 1.2 inm, "
Frocedore- wi' 3 . ' o ) ‘
" . =Flx the Statling lever on a stand with a fro '

B board,  Fix It at such  feve] that when

‘t.+ Horlzontal, the writing point writes at a deslred level on the paper.,

—Tlo the bent pln to one end of the plece of thrend, _ . )
—Place the dissected frog on the boa~{ attactied to the stand, Wjth the head near tho. rod
., Wlthe stand, 10 that the heart comes areectly bolow the lever, . o

h a Lo LA

! !
| '

. 3(/.
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Introduction to Iéart Expetiments

~Tiold tlw rveutric]ts of the frog In between the e fingers and the thumb of the le(t hand,
firmly but gently, and pass the bent pin through The ventricular musculature. See that
the pin does not pass through the cavity of the ventricle.

—Alteruatively, instead of fixing the_pim, you-can tie the thread directly to the muscle,
At one end of the thread put a loose kaot. Take a fine jorceps ana slip the loop of the
knot over it. Calch a bit of the ventricular musculﬁlure and slidé down ‘the loop over”

it. Tie the knot and remove the. rorceps. Ly e P

" —Tie the other end of th thread to the lcver (or elic fix it wlih p!mlcinc) in l;ll:ll. 2 way
*. that the lever rewaias just above the Lorizontal lcvel during the diastole of the beart. . - -

The lever will now move with cach systole and diulolc of the heart, .. =~ . |
" =—Put the drum In slow gear and pulleysas 4 : 1, R

-‘, |.. .l u-.l- . d'.

—Adjust tho stand to > write on the paper and oblnin a record of lbnu! 10.cm le:_:g_l.h.- e

—Also_obtaln records with slow gear and: phlley connectlom nsd 2.! l.i l,nnd
R 4aud fast gear 4 ¢ 1 . PR SRS ‘ 2

L B

Qbservntlons @

e ' il

(l‘) Tllb duwnslro'rw indicates lhe coulncliuu of lbu Leart muucle, while the up:trol:c the

rcluxetlun. O
Mwstin o e ozt _ges il

. (2) In the record with nlaw genrnudl 4 pullcy connccllons tha followlng phnu are
seen. i

A small atrial. contraction is Irnmedlalcly followed by a large ventricular r.'onlncuou.

This i3 followed by a smnll pause. Maoy. times a very small sinus contraction is found to
preceed the attial one and a bulbar one followiug the ventricular contraction.

L] ."
Discussion AR
. J \

The cardiac impulse (wave of dcpolnnmlld{!) ppsscs quwkly over the atein and on to the
veatricle’ from muscle cell lo muscle cell. Thb: lllsqt ause between the atrial and veotricular
contractions is due to n"gbrdm %ml’t‘?uﬁ‘b!gck the puliga \of' the excitatory wave. There s
no definite fibrous ring between the atrin agd ha-vcn,!llclc, though thero is muscular continuity,
The muscle fibres at this Jj cfibif-rld clrcuihu ’roupgdhu “A(kand.po} directly from the atria
to the ventricle, This mn?&&u\ln‘! Tou th’:ﬂelay B':j‘lzecu e atrial;apd, veptricular contractions.

In a normal cardiac cycle the sin !;@pnahs [ ‘ﬁ} )‘regtltﬁépﬁnrrhy[hm than thb othér |
chambers and therelore determines Jhg 5ajp. of "ﬁ tl—t:u acllng as the pacemaker,

.-
.- —

. | _35 .
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Ea:per‘imeut 1o Btmly'l’mpertiea of ﬁedrt musle

Olfect, To u.udy the fo)lowing propertles of Jicait g,
(A) Effect of sanuius Ngaure '

(5) *A)) or Wore? Jew o cardlag muscle

(C) Brelrcass phennmenon fn cerdins mugcle

(D) Refiecyiny perind of cardlec murcs,

. PART A
Fleet of Biannius JIgatore

Apprrstes, Pecording d
Clesit. Bynce the elestriont [ VI 6V, time marker, glass seekers, thrend,

Byand of drum, /S, flulu: I8 not 1o be used, hence there Iy po eircuyt,
'm‘ ' e ¥ [ , AR ' )
(1) T frog bs Alssected snd the heayt fs exposed,

, »

AN.GRoove
BULKS
Aroyy—{v

Flg. 42, Bitg of the twn pannjus Jigatures

* ’ IR0GS HIART

’
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. (2)

i
PR . - . .

. Experiment to Stvdy Properties af Heart Musele

A piece of thread is pasted between the sipus-venosus and the suricle. This can be
convenieotly done while liRing the: verticle with ope hand and using a Goe forceps
for passing the thread between the heart and Bulbous arteriosis. The two ends are
Iet Joose to be tied, over the sinoapricular junction. This is ligature I.

DIOVENS A o‘m.:‘-l;‘i.

a ' af

4)
(9
(6) -

(M

()

©

(10)

(11)

thythm lnd ldimntdcullr tbythm Is calculated.

Fig. 43.© Stanonius ligalures 1st and 2nd.
The 'ncél-'ding lever is adjusied and the venticle hooked to I'iu;_l.eve::.
The normal heart beats are recorded on a. slowly moving drum for few beats. *
The drum is stopped aond the llguturc I is ticd just over the llno-nudculu.r junctlm:l.
*The drum is stopped and contraction recortled. !, o

The druh is lll:lppcd 2iid one should wait fot ID-IS minulc: till mch time that the
auricles and ventricjes start contracting. . '

Agpin the drum is started and the rccordlng Is taken.

Drum s’ ltopped A loop of thread Is pmcd between the auncle and ven!rfclc. Thjl
is ITod ligafure. This is tied. Drum is restarted and {mmediate effect is recorded,

Drur is again stopped. Walt for some’ “ticbe till the ventricle starts {contractiog. And
the contractions are recorded.

The time tracing Is_recorded. The rato of threo thythms—Sious. rhythm auricular
o .

Relerent Questlons

L

@ Scanned with CamScanner

What iz tho principle of this experiment 7

The application of the Jigatures Is an attempt to block the I'nmmluluu of the cardiac
. impalse l’rom the l.lntl.l to the nmlclo In !ho Ilnt case (ummnud lromlh

- B A

CamScanner = oo &> guaall


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

i
v~ .+ Handbook of Experimental Physlology

+ 41 nmw - auricle to the ventricle in the second .case (Ligature I1) and demonsiration of the
smus-lhylhm. auricular :hylhm and idio- w:ulncnlu rhythm,

;A What are the prmuluons relevant to the exptrlmml 7 e .

(1) The Ringer's ‘solution shiéuld be poured [rcqucnlly over the heatt.
(ll) Jhe llgalurcs :Imuld be q:nrel'ully und properly Iled

T3 h L B i
Woe T AT, -4

et o
u‘. '-':.: R L L

(3) \‘lhnt are lhe obscmtloni Iu Ihu cipctlm:nt? ik
« (l) Al‘ter thc upphcallun of Li;nlure I lhe hcﬂr; alopl ucept rlhrm:-venmm. 'Ihis is

!."'ln

_.:'J'-' '”mmrded by nllo:lzonlll Wn\ry Iinc. o, e el rd

pa s 'r‘. .i
(If) Aﬁcr stome hme ‘the auucla lnd ‘Ihe \reulnclo mn contrnding. 'l'h]l isthe
\.luncular thythm.. o5 & ' .y
‘uu) Al’lcr the npphml:ou of ngnlure ll (he vcntncla :Iopa where ntbeauriclcs

1

B "
I‘ '-'-1-‘_. -

- -
.'-

conumc to conlmcl. '--4 - _- SN I. " ._, :
(u} Mlcr lomc umg llle'venlnclc slarls conlucllng. Thu ia known as lhc idio-
G 1enmculir :hylh.m. AT e L L R T 2 R
(!() Wlmt isn pace roaker 7 ' ’ TN T e neEE o

The part of..the lieart wluch first initinfes the clectrical,impulse and the impulse is
transmiticd to other parts followed by contraction is called the pace maker of the
heart,

/

55) Whnt is the pace maker in case of frog's:hieart 7
Sanus-vcnosus iz'the pace-maker since it ivitintes the contractions. -

(r_,) " Wihat is the pice-maker in man's heart 7 . v : Y
It is the sino-auricular or Sino-dtuml nodg which is at the junction of Superior
" Yenacava and night atrium and extcnds along sulcus termnalis for 2 cms, bclng 2 mm.
ende ftself. - . AR v .- i

(7) Whatis the difference of rates of Sinus rhythm, nunculnr lll)’"ll‘l‘l and indio- vcnlr:-

(- - | cular thythm 7 Explain,

- * The rates of Sinus thytum, auricular thylhm and indio-ventricular thythm arc in (the
By -"-' 1. descendiog order, Because th» impulse is generated in the sinus-venosus whichh beats
to the I'nstcr extent, and the ventricle is the Jast part to receive the impulsc lience the
" 1ate o[ mm-vcnmcular is Icnsl. 'y

The c:plalns the unus-venosu: s lhe pace-maker, i
PARTB&C

All or Nopoe Law and Slnlmu Pbeuomcnnn

25l Apppsatay, . Same g! uscd in Hu-. expeniment oI'-Stn'nn'Iun Iig'a'ili'lc!.; e

1y JElectr cnlt, he drum il uc!ud:d from tl1e tli it, i d an Bleclro-
:giﬁéﬂcll;l?dﬁfkulhnlwduccd SPArdy s et p.! .".‘E“ c“cg_-l tm:tla: oo
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Experiment to Study Propertles of Heart Muscle ‘ o ' ‘
. * | A ’

Speed ofdrum; Stationary.
. Stimulas, Variable, . '

‘Proetduru

(1) This experiment should be considered: a conlinuation of the application of stannius”
ligatures I and II,

Hence; when the ventricle has stopped alter the application of both.the ligatures, this
At experiment should be conducted, '

(2) The ﬁrimary and secondary coils are kept at tho farthest dlsl'unce gradually being
brought close and single break shocks are given, Time gap belween Grsf and the.
second shock should not be less than half a minute, -

(3) The response of each shock is Tabelled, :

(4) The drum is manually moved away lrom the previous record. .

(5) Several stimull are given in quick succession and the response of the heart musclo
rccord.éd._ At least 5.6 contractions should be recorded, - - e

kﬁ) All the tracings are labelled and (Le height of the contraction compared.

Relevant Qnestions

(1) What ere the observations of the expetiment? + !
Alter “having applied the ‘I and Il stapoius ligatures and siogle ‘brenk’ shocks being
given alter a minimum gap 30 seconds between two stimuli, it is observed that ejther
the muscle does not countract or if jt does, it contracts to its maximum efliciency
irrepective of the steength of the stimulus, . '

This Is all or none law, when the stimulus are given.in quick succession it is observed
that there is an increase in.the heiglit of Illf.: coniraction With successive slimuli. -This
is the stair case phenomenon,

(2) Why is the experiment conducted jn a quiet heart 7

5 e —
P

When the heart has stopped, there is no intetference of the impulses of the heart

itsell. beaceforth a study of.the properties of the hedrt muscle can be conducted

properly. ' a

L v (3) What is the causes of the stair case plicnomenon ? o

cip= » .. o Steir case phenomenon: of the beart' muscle Is due to the beoeficial elfects of the
 previous contraction.  The muscle does bt even recover fully and a new stimulus

arrives, henceforth an accumulation of the products of Gonlraction ‘and rise of the

temperature takes place, leddiog to favourable condition for a better response.

(4) Is there any contradiction to ‘All or None law’ and stalr case-phenomenon ?

The ‘All or None' law and stair case. phcooma do not contradict beceuse while
conducting the experiment of ‘all or none law’ a time gep of 30 seconds is always
c<)
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© _ ' Handbook of Experimental Physlology

kept between one stimulus and the other to moke sure thot there is complell; recovery

from Ille first stimulus, Whereas in the cxpctiment of stair case phcnomenon
successive stimuli are given witbout giving the musclenchnuce of recovery, hence-
forth we obtain beneficial efTects.

' - PARTD °~ ~
' ~ Refiaclory Perlod and "Etrdsjdtole
Apparatus. The primary circuit apparatus consists of primary coils of induction coil,
sigoal marker, primary key aod the mains. The secondary circuit apparatus consists of secon-
‘dary coils of the induction coll, short cmuiling! %oy, slgrlings heart lever, heart clectrodes (a
simple wire from which a coaling of insulating matgrial is scrapped off at the ends), heart pre-
paration—with instrumeuts of dissection. Recurding drun, thread, plasticine €te. .
Clrcult. Drum is excluded from the primary circuit nnd signal marker is included in it.
Rest the circuit is same-ns used in simple muscle curve.
Speed of dram, Moderately siow.
Electrlcal silmulus. Minimal.

pd T LT
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E.S. indleates extrasystole.

s
. .

Procedore
(1) The frog is dissected.
(2) The heart Is exposed and hooked wllln the slnrliugs llentl Iam Elecfmdu are

applied on the venlriclo surface,

(3) The distance between primary and sccondary colls is s0 ndju!led that a- minimal
etimulus Is obtalned. )
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Experiment to Study I'roperties of ITeart Muscle

(4) A few normal beals nre recorded,

v 1 (5) A ‘Break’ shock is spplicd by opening the short circuiting key aod thereafler the

e —

ptimary key.

(6) Two, three times it iy rcp-11cd till the stimulus falls in the relaxation phusc and an
extrasystole is obscrved follawed by a compensatory pause,

(7) The electromagnetic signal gives ut an jdea to the stage when the stimulus was
given, ’

(8) Thegraph is labelled propetly. .
(9) A time traciog is taken. NP P

Relevent Questions

" (1) What is refractory period ?
The period of inexcitability is called rci’ruclnry period, Durmg this pcllocl the
heart canvot be cxcncd however strong ‘a stimulys may be in duration mid in
strength. L
(2) What is the cause of the refraclory period 7

\Jn normal muscle fibres negative jons are more than the positive jons in the joper
side of the membrane: The cardiac impulse 1esulls in a chdnge of this ionic state.
Hence during the time any stimulus how so ever S[rOIlg cannot be effective till the
fonic statc is rc-established. During systole there arc more of positive ions than
negative ions in membrane hence musc!c 1s refractory to any stimulus,

(3)* How much is the refrattory period of human heart 7 What is t!.u-. advantage of long
' y/ refractory period ?

0.3 seconds of time is taken as llle average tcfrnclory pcnod of human heart. Long

refractory period hielps the presecvation of normal cardiac rhythm and the heart gets

rest for further contractions with good vigour. i

(4) What is an extra systole and how it is productd 7 ; '
Extra systole Is o premature contraction obtained by stimulating the heart durlng the
relaxation phase le. alter its refractory period is over,

(5) What is compensatory pause 7
The pause obtained aflter tne estra systole is of a greater duration thauo alter normal

.+ - systole .because the .extra systolo is a premature contraction. ‘This pauso is called .
compeusatory pause. - C e

-(6) What is the cause of a more forceful beat followed compensatory pause ?

Sincd the ventricle has n greater diastolic stretch after the compensatory pause henca
(Lo beat Is more powerful.

(7) What Is the duration of extrasystolic cycle 7
- 'The duration of the extra syslollc cycle and the' returning cyclo Is equal ta two

nonmlcydel.
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Xiffect of Temperature and Drugs on heart muscle

]
P |

.Object. To record the normal . henrt hent of
perature and drugs on heart beat,

!'rog To demomlrnlc the efect oi' fem-

— ——— -

Apparatos, Rccordlnu drum, starlings heart lever,
and drugs e.g. adrenaline and ncelyl choline.

time roarker, glass secker, plasticine,

Clrcult.  Since the electrical stimulus is not to be used, hence there is no circult,
tis Spm! of drum Medivm slow, "

Proctdure .
i
(1) The frog is dissected and Iacnrt cxposed ns described In detnil in the introductory
. chapter, .
. (2) The frog is luntﬁ:rred to the myngmph bonrd The. tip.of ventricle is hooked Io the

(3)

lever.

The wriling point of the

_ :larlings hcnrt lever is brought in close and gentle contact
with the smoked drum,

J"" l‘

i coLn (ls"cl
F ig. 45, Eflect ol‘tempculutn

Y2 S
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. Effect af T_fmprramrc and Drug: on Ifeart Muscle

“)

(5)

©
Ny
®)

. )

The normal bcnt of lhu heart Is recorded, Tlm cvents of the cn:dlac cycle are

marked, .

The drum is llop.[lcd.. Hot Rlngcr‘; tolution {icmp. range above 30°C but Lelow 40°C)
is poured continuously for,n few minutes.
The drum is started and the bcullng of hcurl recorded.

Ieart is washed with Ringer's solution at room Icmpcrature for o short while. The
nnrmul heart beat is agnin recorded.

The heart is washed now with Ringer's solution at temperature h:low 25°C. The
wathing is done for few minuter.  And the heart bedt i« recorded.

The drum is slopped. Ifeart is thoroughly washe i with Ringer's solution nt room
temperature for few minutes.  Again the normal hert beat is recorded.

Drum is stopped 1 A few drops of Adrcnnlinc solutibn is poured on the I'rog s hcalt '
The drum is allowed to rotate and the éfett is recorded.

The drum is stopped.’ It is washed with Ringer's solution at room temperature.
Wa*ling is continued for a few m! vutes and normal heart beat i< ngain recorded,

(12)
(13)

(14)
as)

lj Scanned with CamScanner

‘Tig. 46 LfTect of Adrcmhne on Fropg's hcart

'i'he drum s stopped. A few drops of Acctylcholine aro poured on the frog's
beart. The drum isrolated and the efect of lcolrlcholmo Is recorded on, the
drum

The hearl is rewashied with Ringer's solution and Pilocarpioe is poured. 'l'he lmpact
_is recorded.

Agelin the heart is mwnlhed and Nlcollne is poured and the effect recorded.
After thorough wnih.lng Alrnplnc is poured and the effect |l recorded.
Timo fracing of known frequency is recorded.
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Handbook of Experimental Physlology

av e !

(lﬁ) All the lrncldg! rre Iabelled and fixed.

One bhas to l:ccp in mind lhal bcfore and after usmg nny dtug lhe henrt has to be washed
with—Ringer's thoroughly till the normal heart tracings are obtained.

.Relevant. Questlons
(1) Describe the normal heart beating of the frog’s heart,

The downward.contractions are systoles and upward contraction are diastoles.
Io the figure the following are the codes.

jﬁ What are the cbeervauers in regard to tempersture effect on the heart beat 7

The rate of heart beat is decrensed on cooling and is. ‘increased with the rise of
. temperature. This is decreased with the help of counting the heart btll! in relation
to the time (calculated from time tracing).

F‘g 47. Effect of nlroplne

3) Whnt is the site of uction of temperature changes in heart 1

In the frog"s heart the sinus-venous-is the site of nction of temperature changes. Sinud-
venosus i3 the ‘Pace maker’ of the frog's heart because it initates the hcarl beat. I; '

hns a rich nerve supply nnd capillary network, ' -1

W What is the effect of tempernture above 45°C on hurl 7

The heart musclois damaged ata temperature above 45°C. Tho heut becomu
irregular and tHe heart stops, .

- A
* (5 Whatls the uso ot‘l’reqnent washes with normal Rlngeu solution lt room tempu—
,  mture afler every observation 7

4y
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Rleet of Temperature and Drugs on Heart Muscle

Onco the effect bf a Vrug or tenipernture fins been recorded, the heart should be
thoroughly washed with Ringer's solution al room tempernlure so as to completely
| remove the previous efTect nnd nvold I'allm.y ofl observatlon for future -.-lrecu

)ﬁﬁ What Is the efTect of Adrennline on frog'siheart 7 ! R
Adrennline Incredses the vafe of heart benl und the l'ol'ce of cunlrnct_l_n_n.

i

IJI'J-H"

u
—t
gs
—
=
- _..3 2
——

I‘u: 45, Graph sh-:mmg eﬂ‘ccl f Pilucurpine on Frog’s I:cnn
* (7) Whatare ndrcncll.lc ﬁbrcs 7

Sympalheuc post ganglionic fibres whq_g_n_dlcnaline nud adrcdnl:nc like subsluncc is
liberated peripherally are called adrenergic fibres.

-(B) What are the sites of biosynthesis of adrenaline in iuman body ?

Periphersl and central adrenergic neurons and in the chiomaflin cells of the ndrenal
medalfa, :

* j‘) What is adrepallne chemically 7 :
' IL is a secondary alcohol fornied by methylation of non-ndrcnnl‘inc.
' . (10) What is the effect of adrenaline on bloqd pressure 7 i

The systolic blood pressufe is raised where ns diastolic is unallected or slightly
lowered. By this it increases (he pulse pressure, with nor-adrenaline there is alto rise
i of D.P. but the pulsf: prmure Is mnlmnlncd o

{}'() What Is the pulse prr.:lll.lre 7. . .

The difference bclw:en the lystolic and dln-lollc pressure i:,ulled a8 pulse
pressure. - - o 4

. ({2) What is the elTect of acetylcholine on frog's heart 7

The beatt raté is decreased and the force of contractlon is also decreased,
] ' i} '
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I!_gptf!{pq# of Experimental Physiology
e (13) What are chnﬂ/rg:c fibres 7 U '
All fibres: which liberate acetyl choline at the nerve endipgs are termed as cholinergic
' ﬁbr:s /These include (1) all pre-ganglionic ﬂbres—purnsympnththc and sympulhellc
T (1)) posl ganelionic-parasympathetic hores.
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Fig. 49. Graph showiné effect of nicotine op frog's heart,
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7 EFFECT Q#'TeméEBAT'unE
AND PACE-MAKER

. . . L | ' |
Exlmritllcllt.TsVu, . D ea .

. Pace-Maker : The parl of the heart which conlrols and iend Lhe
heart rale. : |
The dependence of the hearl :hyLllm on l],le heat o[ the sinus

o mity be shown' in the following way : r I

1) ‘Have ready warm and cold Ringer solutions, a thermometer,

) a pipette and a sinnll glass rod with a flat end nnd some ice.

A 1’rcpare R frog's héart in sili as- beforo mnl rccord a few
" l.umml contractions on a sloiv drum.

-

Slup the drum and gently pour warm Ringer golution al about
ae . L. :35°C on the whole.heart untiliit nccelerates: and’, quickly

' record the beats. Stop the drum unlil the heart recovers ils
‘normal rale. Repeat wilh Ringer solution al 5°C. Take time -

"~ record and'count the Fate-of the heart'at (L different tem-
- peratures minute. N

2} Record Lhe normal beal and then warm the flat end of the

'rod in hot ringer solution (or on lhe flame) and approach

" "{tL 'very near to the sinus, the Teart rale accelerates. Recover

* the heart and repeal with a- very cold rod, the ralé slows

down. In the same way, warm and cool lhe nuricles nnil
again llu. ‘'ventricie. '

A When 1.I|c venlricle is warmed lhc beals hccume somewhat
‘Iarger hut rhythm (= rale) Is unchanged.

On warming the sinug, the vhythm of the whole héart is
.+ yuitkened. This means that the sinus venosus is tlic pace-maker
of the heart. A "

. THE RHYTHMICITY-OF THE FROG'S HEART -
a), The Whole Heart:

'Ihe hearl of the frog does not slop hl.l'lllllg iwhen rcmuvul
. from the'hody which shows thdl the cnisé of tie hedrt Ima\.
lien within the hearl muscle itrelf, Le. myu;,enic
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b)

" Cut"widely round the sinys and veins, cut through the norta

and place the excised heart in a watch glass containing Ringer

.svlution at room lempcrnlure Nolice that It continues beaf

ing and (hat 1he sequence of contractions of the different

parls Is unallered, the sinus holng the first, the other parls

following it. CuunL the henrl beat hefore, and after excision

tunit “time). 1€ the heart is in good condition there may be

a slight acceleration. '

The lsolate Chambe rs :(Myogenic Rhythmicity)

Make an incision through the sino-auricular junétion so as
to separate the sinus from the heart. Count the rate of the
beat of the sinus und compare il with the rest of the heart. .
Buth continue bealing, the rhythm uf the sinus belng unal-

tered, bhut the nuricle taking a slower rhythm. Cut the ven-
tricle away-from lhe auricles by an incision just above the
auriculo-ventricular groove. Note thal the auricles continue
beating without any altcration in the rale, provided they
arc not injured too much. The ventricle, after a few beats
due to the. cxcilntion of Lhe mcismn, stops heating and only

after a considerable time may hegin again to contmct. vnry :
slowly, at its idioventricular- rhylhm. Lo

There is thus u descending scale of automalic power in the

different parts of the frog's heart from Uhe sinus, where rhythmi-
city s highest, than the ventricle, 'whete ‘the rliythmicily is

lowest. * Tach isolated chamber of the heart, beat at ils own
rhythm.
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'EXCITABILITY AND
CONTRACTILITY e

1) All or None Law:

Have ready a battery, a key, an induction .c'uil. and a pajr of
clectrode’see Fig. 16. Use a stamiiused heart (1st Stannius liga-
ture) and adjusl the clectrodes lo touch the quiescent“ventricle
hgl:lly Arrange the connections to slimulate with, mnglc induc-
Lion shocks. Record the contractions on a stulionary drum, turn-
ing the drum a few millimeters after each contraction. Find a
break * shock which,.produces a conlraction' of the ventricle.
Slightly diminish the strength of the break shock by shifting the

secondary coil furlher away from the, primary coil abolit 1.0 ¢m.

cach time Wait 15 lo 20 seconds afler the 1st conlracltion and’
“lllﬂ.‘/ to the heart (he weaker shock and record the conlraclion

again. Continue to decreasc the strength of the stimuli, -until
the heart fails to rcspoml

Nulr.- tlml l.hcrc is no relation between the strength’ of the
slmlulus and the height of the contraction. ‘The applicstion of
different stimuli ‘produces contraclions of the Same height. " This
means that the hearl muscle cither respond maximally or not
ot all

2) Summatiun of Subminimal Stimuli:

On (be .previous preparalion. find the subminimal ‘stimulus-
~that just fails to produce a contraclion. Repeat Lhis quickly al

intervals-of aboul 1 second after the repelition of the stimulus
1en 1o twenty times, the henrt I:‘l'“[llllll]ﬂ wilh nmaximal con-
traddion, This means Lhat even subminimi] stimuli eause slight

© einges i ‘the’ eardiné muscle which when added logether raise

the excitability of the muscle o sneh u degree that il responds'

readily. " The effect i« known ns temporal summation of sub-
minimnal si_imuIi. . !

S g,
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.3) Stair-case Phenomenon :

Stimulate the stannulsed heart.
anguctlon ah.ock anq record the c::l::::;;n::f:c :ie‘:;:le:: :;Mk
B peat the same stlmulus' at ‘very short intervals of abo:t:l m3.
econds. Note that the 1st few contractions fo
series each one being greater than the one before. 7Tliis effect
(which is also obtained in skeletal muscle) is known as the at:ir- ]
case phenomenon and is due to beneficial effect of one con-
traction on the succeeding .one, Note that this phenomenon is
not cunt"ra_tljctp;y to the all or none law where the stimull of
varying strength, are applied at sufficiently long intervals, Here
the same strength of stimulus hds an improving: effect when it. s
- is repeated before the recovery process of the, previous contrac-

tion is quite complete and so condition varies, e.g. accumulation
of metabolites, pH, viscosity, ete. : l

4) T'ha _R'h'ythrnlc ‘Resﬁbnsa to ‘a Continuous Stimulus:

rm an increasing

Use a strong golvanjc current and leave it passing through,

1}19 heart. Record resulls on o slowly moving drum. The ‘heart

,_rcap?nds 1o the make of the current with a single contraction

'.nnd.nﬂer & pauso it bents rhythmieally.

S -

.

. Mparé--wlth skeletal muscle. - - -

5)' Refractory Period, Exi'.ra-systole and Compensatory
Pause : ; ' ! )

One of tlic fundamontal promrtlca' of the cardinc muscle Is *'

that it Is inexcituble (o a ﬁl.imulun'nfaplicd during its systolic

period and for a very shorl timne in very early diartole. This is =
called the absolule refruclory period. -« o

After this period a contraction prddlif:cil"hy" an arlificial -
stimulus is called an extra-syslole and is followed by a pause :
. much longer than the Intervaln between the normal contractions.
This compenaatory pausc is longer the nearer the stimulus &p- - .
plicd after the absolute refractory period it is duo to the fact that \
the followihg impulse' from the ginus' arrives® at the ventricle
during the refractory perlod of the extra-systole this impulse

produces no effect. The ventricle then remnins non-contractile

until the next normol excitation wave arrives from the sinus., - N
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THE ABSOLUTE AND RELATIVE REFRACTORY
PERIODS :

- Make ready.the exnmination of Irogs heart in sifu, Adjust
the eleclrodes to stimulate the lieart with single induclion shocks
using a key in lhe, primary cireuil (Fig. 15). Find the minimal
offéclive stimulus, earcfully watch thé heart lever as‘it records

up and dowy. Stimulate the ventricle by individual shocks, each
shack at one of the following phases :

\ @) YAt the heginning u[“conln}nlion. ey :
b)"At the height of the contraction.
ci)' During the beginning of relaxation,
d) At the end of relaxation, ;

Stimulation during contraction :

. Observe that there are no response to the (a) and (b) stimuli.
. I

When the excitubility of the' heart muscle-is tesled ilurlng-'

the contraction and carly diastole it will be found that no sti-

mulus, however strong, can .evoke a response.  This is  the
nbsolute refractory period. ' '

t .e S
. Stimulation during relaxation :

Follosving this a short period which coincides with rcmaining

part'of the relaxation period of the heart, during which the heart.

muscles gradually recovers ils normal excitability and Uherefore
is found to respond only to n slronger stimulus, ie. abkove

threshold. The threshiold stimulus evokes no response. This is the
relative refraclory period,

‘The ab=olute and relalive refractory periods make up the.

total refraclory period”

Since the heart is absolutely inexcitahle during ils systole
and early part of diaslole, the cardine muscle ean

never show
' ] J
tetanus or even summation of conlruclions,

o

Muu;t;w.-l‘. the lung duration of this absolute 1efvactory ‘stale.

ensures that complete recovery of the heart ocems, and therefore,

it never becomes fatigued. This explains the ability of the heart
fo Leat rhythmically throughout life without any signs of foligne
which oceurs in other muscles under si:nlhn- circumslnnces,

‘_..5'..
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THE PERFUSION ‘OF THE
FROG’S HEART

Experiment Five

, The frog's hearl when cut out of the body conlinues o beat
for a certain time and then gradually dies. The mammalian heart

dies under those conditions much more quickly (one or iwo,

minules). In both cases the cause of death is the lack of O, and

lack of the appropriate snline médium. If the heart is perlused

with a fluid which is isolonic with the blood and an adequnle'

supply of O, is maintained, the heart will céntinue. {o. beat for:

a8 much longer Llime,

1t was shown by Ringer that the solulion mlu;a_i_ i1'ii.l;'.mlly ba

isolonic with the blood but must contain Na, Ca t\'luil'_llfi'i‘n_'c:'h:l‘iniléE
proportions. The most approprinte solution for the-survival af
the fl-bg'u' heart is as follows :

0.65 gm. NaCl, 0.015 KCI, 0.1)12 CaCl,, 0.01 NallCo,,

0.001 Nall.PO,, 100 c.c. distilled water. e

It is generally -llcfftlﬂotl at room lémpemlure and docs not

require the continunl bubbling of 0O, n's there is always mmugh'

MQ; in solution for the requirement of the frog's 'hem.:l:.l For phar-
macological investigations drugg are ndded. Lo the:Ringer solutjon

and their actions are studied. =~ |, 4 .
" NS N ({11 N

Experiment :

Prepare the appatatus and fill the reservoir with fresh Ringer *-

solution, Fill the siphon tube lcndli'lg to the perflmlng'_cnmmlq. :

Pfce a heaker below the cannula to recelve. the outflow from

the heart, _ "

Expose the heart of a large frog as usual and Enﬂﬂl a fine
amall hook through the tip of the ventricle taking care not to
pierce its cavily. Place the heart on -its anterlor surface, Tho
welght of the hook will keep it In.position and the sinus venosus

I
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is Lhus exposed. Very gently remove the ]n:rit:nrdimn from the'

sinuy and Crom the 2 heptic veing that join it and free Uhe sinus.
Pass a thin tnead under the sinug :unl_:'nriko a luose knot, With
o fine foreeps p'wh hp the wall of the §inuﬁ and keep holding it
wntil you intrvoduce the cnnnula, With a gharp scissors mnnke a
small cut in the sinus nenr the junetion of the hepatic veins, As
soon as the blowd comes ont, pull gently the sinus - wall to slop

Dleeding amd introduee the eannuln. forwards intv the ginus, 'Tie:

the ligatire well on the ennnuln, Gently raise the canuln_ and cul
the hemrt away from its connection (nking care not. to Injure.it.
. Claap the cennmuln in pusitim{ and quickly perfuse. The fluid
circulates from the sinus to the right nuricle, to, the ventricle nnd
then drops out from (he cut avrta, Keep the height of the per-
fusing fluid'in the camiula cunstant by adjusting the inflow "W
be equal Lo the outllow. Atlach the houvk to the recording lever
and 1ecord the heart beat on, n-very slow drum, '

Effect of Drugs and Salts
1) Adrennline 2

Place in° the cannula one drop of 1°10.000 ad:'eilallr;q and
«. mitk. on the graph the exacl point of its addition. Note the

:wc:-kl-rnliuu and augmentation of the heart he'ut'. Perfuge uitil
the Neart recovers. '

2) Pllocarping - -+ -

Place in the cannuly few drops of pillm':nrflinu. 1 in 100. The

. tontractions become smaller, the rale slows down and heart may
stop, b o
T

"4y Liffeet of the Renctlon of (he Perfusion Fluid, "
Have. ready the following solution :

a) Acidic : Add diluted HCI or lactic acid,

"1y Alkaline : Add-N/10°NaOIT solution drop to liLu;"ger' golu-
tion until just alkaline. '

tion, note thnt the Yents beeome weaker nd weaker until

* the heart'stops in a relaxed plate, |, . '
Record the heart with normhul Ringer and then perfuse with
aiknline golution, note that the contrntiioha hocome etronger apd

_-—-53- Co
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contracted state. Re-

more prolonged until the heart stops a8 .
trong alkall as

eaver apain with normal Ringer. do not nse very . s
it weakens the heart,

4)  Bflfeet of Volatile Anaesthelics

: z ‘ ) w1 gsall M
Prepare the following solitions i normal Jinget saline

1. 1710 alcohol. 2. 1 100 ether. 3. 1/1000 chlorofornm.

Ou a very slow drun record the pormal heart beat perfusing
with solution 1. As soon as the

wilh normal Ringer and then
in the same

hearl stops recover with normal Ringer,. Proceed
way Wwith solutions (2) and (3). Observe that all the three drugs
in these proportions stop the heart in aboul Ahe same time and
that recovery is best after ether and recovery is incomplete after

chloroform.

5) Effecl of Tous on the M art.

Prepare the following solutions in pure distilled water :
1. NaCl 0.65¢%, 2. CaCl, 1%, 3. KCl 1%.

Prepare the heart as usual and perfuse with solution No_ 1
from 2 reservoir containing 120 ¢.c.; the beat is found to be small
and tends lo gel weaker and wealker but.the sinus continues e
beat Lhig may take 5-10 minules. ‘

Add to solution remaiuning in reservoir 2 c.c. of solution (2)
note that the heart progressively recovers hut then the systoles
become prolonged until the heart stops in a contracted state.

Then add 1 c.c. of solution (3) to fhe reservoir, the heart
begins to beat again relaxing more andmore’ until, it - beats
normally.

This means that Ma initiates but doe:‘;‘ not ‘maintain heart
heals. ;
[7. favors relaxation,
(Ca favors systole,
A balanced mixture of Na(k,

1KC1 & CaCl maintains heart beals.

B
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