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Conserved sequences fourd in all examples of a I_Jarticular

type of regulatory region in DNA, such as promoters are called
congensus gsequences, e,g. in a large mmber of E_, Coii
promoters the two consensus hexanucleotide sequences are’

TTGACA ard TATATT.

Eukaryotic cells have three different RNA polymerases,
dne of these makes all of the RNAs that codes for proteins
(i.e,, the mRNA): the other two make RNA molecules with
structural and catalytic roles (such as ribosomal RNAs and
tRNAs), All three large multisubunits enzymes that resemble
the .bacterial enzyme, but the promoters each enzyme recognises
are 'more tomplex and not as well characterised, It is.
unclear why both bacterial and eukaryotic RNA polymerases
are such complicated molecules with multiple subunits and
a total mass of more than 500,000 daltons,

TRANSLATION :

We now beagin to look into how single-gtanded RNA
molecules function during the process of translation, or
protein- synthesis.

Transfer RNA Molecules Act as Adaptoors that translate Nucleotide
Sequences into Protein Sequences.

£11 cells contain a set of tRNAs, each of which is

a small RNA molecule (most have a length of 70 to 90 nucleotides).

e o 1 The tRNAs by binding at
one erd to a specific codon in the mRNA armd at their other
end to the amino acid specific by that codon, enable amino
acid to 1live up according to the sequence of mucleotides in
the mRNA. Each . is desigmed to carry orly one of the
20 amino acids used for proteen syntesis : a tRNA that
carries glycino is designated as tRNA Gly, and so on., Each
of the 20 amino acids has at least one type of RNA éissigned
to it, and mpst have several,., Before an amino acid is
incorporsted inte a proteén chain, it is attached by its
carbonyl erd to the 3' erd of an appropriate tRNA molecule.
This attachement serves two purposes. First, it links ‘

Con‘bd. . -P/‘L"t



cavaleatly the amino acid to a tRIA containing the correct
anti codon. Codon - antic~rion pairings Gnable each amino
acid to e ipserted into a growing proteen chain according
to the dictates of the sequence of nucleotidesin mRNA themq§
allowing the genetic codd to be used to translate ncleotide
sequ;ences into yxwxzEn protein sequences. The second functy
of the amino acid tRNA attachment is to activate the amino
acid by generating a high energy linkage st its carbonyl eng
so that it can react with the amino a8 group of the next
amino acid in the sequence to form a peptide bend. Non-
activated amino acids cannhot be added directly to a growing
polypeptide chains
Specific enzymes couple Each Amino Acids to its appropriate
LANA Molecule. - oo
Only the tRNA molecule and not 'its attached amino acid
determines where the amino acid is added during protein
synthesis. A tRNA finds with 1ts appropriate amino acid out !
of the twenty different amino acids with the help of the
enzyme arinoacyl-tBNA synthetase. There is a different
synthelase enzyme for each amino acid (20 synthetase in all)e

Initiation Process:

During the initiation phase of protein synthesis, the
two subunits of the rebosomes are brought together at the
exact spot on the mMNA where the polypeplids chain is to begu'
The small subunit is initially loaded with initiation factors
(Fige ) and finds the stot condon AUG. Then the large
subunit'is attached. A special tHNA which carries methionine
binds  to the condon. The metheonine tRNA (formyl methione
in prokaryotes) occupies the P-gitg another aminoacyl tBNA
depending on the next condon comes and attaches to the A-site
Amino acids are added to the carbonyl-Terminal end of a
growing polypeptide chain. The fundamental & reaction of
protein synthesis is the formation of a dgpetide bond between
the carboxyl group at the end of a growing polypeptide chain
and a free amino group on an amino acid. Throughout the
entire process the growing carboxyl ond of the pelypeptide

chain remains activated by its covalent attachment to a tRNA
molecule fa peptidyl tRNA molecule).
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The Genetic Code:
o In the course of synthesis the translation machinery
(1.e. ribosome alongwith tiNA) moves in the 5! to 3
direction along the mRWA and the miNA base sequence is
read 3 nucleolides (1 triplet) at a time. Since RNA is
constructed of 4 types of nucleotides {adenosine, guano-
sine, thymidine and uridine),thére -re 64 possible combina=~
tions of three nucleotides (Fig. ) (4x4x4x4). Three of
these (UAA, UGA and UAG) do not code for amino acids,
instead they specify termination of polypeptlgg_fggln, they
are known as stop s1gnals- Thus there are 61 zamy codon to
specify only 20 different amino acids (Fige. ).

A ribosome moves stepwise along the mBNA chain:

A ribosome contains three binding sites for Hi mo lecules,
one for mANA and two for tANas. One site called the peptidyl
site or P-site, holds the tRNA molecule that is linked to the
growing end of polypeptide chain. Another site, cdlled the
aminoacyl-tRNA binding site or A-site, holds the incoming
tANA molecule charged with an amino acid. The process of
polypeptide chain elongation on a ribosome can be considered
as a cycle with three discrete steps. Step 1 - an amino
acyl thNA molecule binds to a vacant A site by forming base
pair with a codon in mRMA. Step 2 ~ The carboxyl end of the
polypeptide chain is detached from thNA and gets linked to
the amino @z end of the¢ amino acyl thlNa at the » site. This
ceaction is catalysed by peptidyl transference enzyme. Step 3
the new peptidyl tBNA in the A-site is traurtreated to P-site
by movement of the rebosome exactly by 3 nucleotides. This is
an energy cohsuming process and requires GIP.

To the free A-site a new aminoécyl tiNa comes at binds
and the abvve processes continues

Temmination:

Three of the 64 codons (Uaa,UxaG and Ubh) in a mRNA mole-~
cul are stop codons, which terminate the translation process.
Cytoplasmic protein called release Factors bind directly to
any stop codon that reaches #-site on the ribosome. This bind-
ing 3% alters the activity of the enzyme peptidy transferase
and causes the release of the newly formed polypeptides into
the cytoplasm. The ribosome then releases the mBNA molecule and
dissociates into its two separate subunits; which can assemble
again on another mRNA to begin a new round of protéin synthesis.’
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TISSUE _CULTURE

Mrs. P, Mishra,

Tissue culture is a general term that is concerned
with the study of not only tissues, kut also of cells,
protoplasts and organs maintained or grown in vitro. In vitro
technique (meaning literally in a glassg) is relatively a new
branch of biological science, is based on the concept of
"motipotency of living cells". a theory put forth by the
German botanist'2;;_§;ﬂyggi;§§g§ in 1902. Totipotency may be
defined as the inhgfgg}mgapacity of a living cell to regene-
rate into_g_ghpl;'organism and is derived from the fact that
as E;EE—EEII of an organism is derived from the fertilised
egg it must possess the inherent capacity to divide and give

rige to the whole organism. If all of the cells of a given
organism are essentially and totipotent, then the
cellular differences observed within an organism must arise
from the responses of the cells to their microenvironment
and to the other cells within the organism. It should be
possible to restore suppressed functions by isolating the
cells from those organismal influences responsible for their
suppression. If thé%e has been a loss of certain functions,
go that the cells in the intact organism are no longer
totipotent, then isolation would have no effgct on restoring
, the lost activities. The use of culture techniques

the scientist to segregate cells, tissues and dfgans from
the parent organism for subsequent study as isolated bio~

logical units.

HISTORY:

In 1902 Habulandt was the first to attempt to culti-
vate isolated plant cells in vitro on an artificial mcdium

In the 1930's the subject was put on a scientific
foot through the works of Dr. R.J. in France and
Dr. P.R. White in U.S.A. In the late 1950's, F.C. Steward
and his Co-investigators at Cornell university demonstrated
Gellulax Totipotency. Their experiment consisted of culturing
carrot root cells in a nutrient medium supplemented with
coconut milk, The cells developed into plantlets.

Contd. ..P/2
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In 1963 gtwe-zd and 1964 Halpe »"+:, and Wetherell

demonstrated the production of thousands of somalic embryos

from carrot cells plated on a nutrient medium in Petridishe

1
Totipoteney of.cells has now been.repeatedly shown

in a wide number of plant tissues of diverse origin. This

unique property of cells has been imaginatively employed

for prfopogating plants through tissue culture.

1)

ii)

Broadly 2 kinds of plant growths are possible.
Oorganised growth: in which organised plant parts

- eontinue to grow or when organised structures are

formed afresh from unorganised tissues.

Unorganised growth: which is seldom found in nature,
This occurs fairly frequently when pieces of plant

parts are cultured in vitro. They can be increased it
volume by sub-culture and can be maintained in solid
or liquid media for long periods. |

!
In practice the following kinds of cultures are most ‘

generally recognised

——

Callus Culture:Cell aggregates arise from disorganisedl
growth of small plant organs or detached plant tisswe
or previously cultured cells.

Cell Culture: is the Culture of individual cells or
populations of cells and cell clumps dispersed in an
agitated liquid medium. Also known as Suspension
cultures. Here the cells are no longer organised into
tissues.

Protoplast cultures is the culture of plant cells
that have been isolated without a cell wall.

Qrgan Culture : is the culture of whole organs of 3 |
plant in aseptic conditions. This may be meristem
Az sboot tip calture, sidgle aede -gultutty, another.
culture embryo culture eta. -

Tissue Culture:

The maintenance of growth of tissues
in vitro, in a way that may allow differentation and
preservation of their architecture and/or function.

Cont'd. . aPﬂ
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sub~-Culture: Aseptic transfer of a part of a culture
to a fresh medium.

callus Disorganised meristematic or tumor like mass of

plant cells formed under invitro conditions.

Explant A fragment of a tissue or organ which is taken from
its original site and transfered to an artificial environment
for growth or maintenance.

passage : The duration of each sub culture.

Complete new plants can be derived from tissue culture
in 3 ways.

i) from pre-~existing shootbuds which are encouraged to
grow and proliferate
ii) from shoot morphogenesis when new shoots are induced

to grow from unorganised tissues or directly upon
explanted tissues of the mother plant.

iii) through the formation of Somatic embryos which
resemble the seed embryos of intact plants and which
in the same way can grow into seedlings.

Ideally newly formed plants will be genetic carbon copies

of parent plants but irregularities to sometimes occur.
The parts to be used as explants depend upon

i) the type of culture to be initiated.

ii) the purpose of the proposed culture

iii)  the plant species to be used.

The correct choice of explants and the time of the year at

which it is obtéined can have an lmportant effect on the

success of tissue culturec.

1

Plants growing in the external environment are invari-
ably contaminated with micro-organisms. Such organisms in

particular bacteria and fungi compete adversely with plant
materials growing in vitro.

Explants must therefore be freed from contaminents
before they are transferred to culture and the vessels and
media in Wthh cultures are grown must be sterilised and
kept in aseptic' edndition throughout.

Contd...,P/4
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There are a variety of chemical agents in common ug
for the surface sterilization of::' plant material. The choiee
of agent and the time of treatment depends on the sensitiyy
of the material to be sterilized. Frequently it is seen thy

too much of sterilization leads not only to the complete
removal of all micro—ofganisms but is also lethal to the ‘
plant tissue. It is therefore, important to determine the é
pptimal conditions for each tissue.

The sterilizing agent should be easily removable, 3
because the retention of such chemicals will seriously affedf
the establishment of the collus. Repeated washing with
distilled water will remove most chemicals. Some sterilizing
agents breakdown and become less toxic and the products can
be easlly washed away. For Ex. Soddum hypochlorite breaks
down to give chlorine, the active agent, and sodium hydro-
xide, which can be removed, while others like Hydrogen

peroxide decompose to give harmless components which
evaporate.

Following surface sterilization plant materials are
transferred to suitable nutrient medium. The composition
of the culture medium is an important factor in the success-
ful establishment of a tissue culture. Culture conditions
favouring callus growth may not be suitable for organ
differentation. Each tissue type requires a different
.f%rmula'ti‘bh.-'l depending on whether the objective is to obtain
optimum growth rate or induce organogenesis.

Several media have been developed by various workegs
to suit particular requirements of a cultured tissue.

A standard or b ' medium consists of a balanced
mixture of micronutrient and micronutrient elements (salts
of chlorides, nitrates, sulphates, phosphates and iodides
of Ca, Mg, X, Na, Fe, Mu, Zu and boron) Vitamins |
source organic growth factors (aminoacids, Urea and pepton%)'
8 source of reduced nitrogen supply and plant hormones.

Contd...B/5
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Addition of deproteinized coconut milk, tomato juice,
water melon jui¢e, orange juice and other plant extracts,
YE, ME, or protein hydrolysate brings about mitosis in
quiescent cells and has proved beneficial though not essential
in cases where the tissues do not divide easily on a purely
synthetic medium. Different nutrient media have been formu-
lated by various workers—

Iron is added in the form of ferric citrate or as
FeEDTA (ferric sodium - ethylene diamime-~tetra acetate)
in order to ensure its availability over a wide range of PH
of the medium.

The PH of the nutrient solution which is a balanced
mixture of macro and microelements is adjusted to 5.6-6.0
by the addition of 0.1 HCL or NaoH.

The growth regulator requirments for most Callus
cultures are auxin and cytokinin. Auxins, a class of compounds
that stimulate shoot cell elougation, resemble IAA in their
spectrum of activity. Cytokinins, which promote cell division
in plant tissue regulate growth and development in the same
manner as kineti  (6- furfuryl amino purine) cytokinins

are mainly NG— substituted aminopurine derivatives. Auxin-
cytokimin supplements are instrumented in the regulation of

Cell‘division, cell elougation, cell differentation and organ

formation. Gipperellins are rarely added to culture media,

altho GA; has been used ir apical meristem cultures (Merél-and
Muller 1964).

The auxins most frequently employed af:el IAA,N\ NARA
(~5\‘naphthalemacetic acid) and 2,4-D(2,4~-dichlorophenoxyacetic

acid). IBA (Indole-3 butyric acid) is a particularly effective
gooting agent. IAA is a naturally occuring auxin, but unfortu-

nately it is readily degraded by light and enzymatic oxidation.
Because IAA oxida :
se may be present in cultur%gaﬁlcsnséles, TAA

concen
1s added to media in relatively high cewens./ (1-30mg/1l). The
Most effective auxin for callus proliferation for most cv..n -

Cultures is 2.4-D., The most widely used cytokimins in culture
media are kinetin, benzyladenine and Zeatin. Keénetin and
benzyladenineare synthetic compounds, whereas Zeatin occurs
Raturally,
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The first techniques devéloped for ca}llus culture wep
simple and employed media sol;[i.dified wilt agar, gelatin or 1
silica gel, The g great merit of this form of culture is ji

extreme simplicity. Only simple standard laboratory glastaA
is required and there is no need for complex mechanical ,
de\‘/ices or elaborate ,qontainers- In addi‘cipn large numbers
cultures can be accomodated in a small spaces. However, a }
survey of the literature on plant tissue cultures will shoy 1
that solid media have now been largely relegated to the
establishment and maintenance of callus cultures. much of t
recent critical work on nutrition metabolism and growth has
been performed with liquid media. The reason for this are
limitations one comes across when cu‘lturindg on a solid medis
Firstly, only one part of the callus or explant 1s in contae
with the surface of the medium. It is likely, therefore, thaly
as culture proceeds, inequalities in the growth response will
arise in response to the nutrient gradients set up between
callus and medium. Simi‘larly there may be gradients in the §
exchange of respiratory g‘asie‘s due to occlusion of the base of
the explant. Gradients of toxic waste products may be estabh
eds A further disadvantage observed in that cultures grown
solid media cannot be transferred to liquid media without su
disturbance to the tissue. Despite these limitations the
culture of callus on solid media with agar remains the method
par excellence for the routine maintenance of cultures and is
still used for experimental investigations.

The culture of tissues in unshaken liquid media has all
the advantages of the solid medium methods and many of the
disadvantages are absent. Here the tissue is placed on an
ash~less filter paper sppp support held at the interface of
the medium wilt the air in the test tubee The filter paper

acts as a wick providing nutrient while keeping the tissue in’
the gas phase.

The culture of explants agitated in a liquid medium
eliminates many of the disadvantages ascribed to the culture
of tissues in stationary culture. movement of the tissue in
relation to the nutrient medium facilitates gaseous exchang®
removes polarization of the tissue due to gravity, and
eliminates nutiriemts gradients within the medium and at the
surface of the tissue. These can be placed under two categor
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1) Continuous immersion: techniques in which the tissue is
always in contact with the culture medium and the mixture
is shaken or stirred continuously.

2) Periodic immersion: Techniques in which the tissue spends
periods immersed in the liquid medium alternating with
period in air. Such an arrangement ensures adequate mixing
as well as providing efficient gaseous exchanges

Callus cultures require to be transferred periodically
to a fresh nutrient medium. Extensive growth leads to the
exhasation of nutrients, drying out of solid media or concen=-
traéidn by evaporatign of liquid media and the accumulation
of tissue metabolish: Cultures maintained on agar at 25°C or
above require to be sub-cultured every 4 to 6 weeks. ln the
early stages of callus development it may be convenient to
transfer the whole piece of tissue but the sub-culture of
established callus demands the frequent swgk sub—division and
transfer of separated pieces. In this case it is important to
transfer small healthy looking pieces to the surface of fresh
agar medium. Failure to transfer cultures ultimately leads to
the death of the callus wkizhxa while a sub-culture from

necrotic callus tends to grow much less actively than one taken
from an .ctively growing hea'thy culture.

The general growth characteristics of a callus involve
a complex relationship EetWeen the plant material uggd to - &
initiate the callus, the composition of the medium and the
environmental conditions during the incubation period.
Establishment of a callus from the explant can be divided
roughly into 3 developmental stages (i) induction (ii) cell
division and iii) differentiations During fhe initial induction
phase metabolism 1s stimulated as the cells prepare for
division. The length of this phase depends mainly on the
physiological status of the explant cells as well as the
cultural conditions. Subsequenfly, there is a phase of active
cell division as the explant cells revert to a meristematic
or "dediféne..tiated" state. The third phase involves the

appearance of cellular differentiation and the expression of
certain metabolic pathways.

A homogeneous callus consisting entirely of parenchyma
cell is rarely formed. Cytodiffrentiation occurs in the form
of Xxwwyk tracheary elements, sieve elements, suberised cells,
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sccretory cells and trichomuse Small nests of dividing g
. form. "mcristemoid! or vascular nodulo that may become ¢
for tho formation:of shoot apices, ro¢t . primordia or rq
cmbryos. One serious problem associatced with th‘, use of ¢
cultures, as well as other cell culture systems, is gene
instability r,esultlng in variations in phenotypes withip
ccll population. Phenptypic variations arising during a
may have cither a developmental (epigenetic) or a geneti
basiss Genetic variations may involve chromomﬁ.:ﬁ aberry
nutlear fragmentation and endo duplication resulting in
polyploidy. The frequency of these nutclear abnorma.
usually increases with the age of the cylture, and the i
ral conditions may act in a selective manner. Certain ang
or polyploid cells might gain an advantage in division rit
over the normal cellspRyirsvete to a greater extent, an
ultimately remove the dominant cell line of the culture

The first indication that in vitro organogenesis coul

be chemically regulated .%o spme extent was glven by Skoog
(1944). He found that “the addltlon of auxin' to. the medim
served to stimulate, reot. formatlon, whereas shoot initiati
was inhibited.8ubsequently it :Nas found that adﬁmne sulpﬁ)
was active in promoting shoot 1n1t1at10n and this chemical
reeéeBed the inhibaitory effect of auxins The studies of sk
and his clleagues led to the hypothesis a® “t‘.hai.Jo:r:ganogenBJ
is controlled by a balante between cytokinis and Auxin 4
relatively high amxintcytokinis ratio induced zoot forma
in tobacco callus, whereas a low ratic of the .same hormond
favoured shoot. The formation of floral buds, vegetative
buds, and roots has been demonstrated in thin cell=-layer
explants of several species by requlating the -auxin:cytokifi
ratio, carbohydrate supp_ly and environmental cenditions:

Torrey(1966) - Organogenesis in callus, starts with ¥
formations of clusters of meristomatic.celks (meristernoid
capable of responding to factors within the system to prod
@ primordiums Uepending on the nature of the internal fat
the stimuli can initiate either a root, a shoot.or an
embryoid. many observations on organ formation,in culturé
tissues support the bypothesis that localised rnr:ristt—zmatlc
activity precedes the orgamsed development of- roots and
shoots. The factors that regulate the origin of these
meristematic zones are™not anderstood. Sinde these zones
located in the vicinity of the tissue-medium irterface ¥
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has been suggested that physiological gradients of substan-
ces diffusing from the medium into the tissue may play a
role -1 determining the lcci at which meristemoids are formede

Once the cultures are established these are sub=culturcd
for the increase in volume. The duration of each subculture
is called a passage. Sub-culture is usually done at interval
of 4~6 wevks, length of which depends upon the rate of
growthe

* ¢ - «plant propagation through tissue culture
also termed as micropropagation which is generally divided
into four stages:

Stage O = mother plant selection and preparation
Stage I - establishing an aseptic culture
State 11- Production of suitable propagular

Stage 1lI- Preparation for growth in the natural
environment.

micropropagation is usually very much more rapid than
the traditional methods. It cannot only provide increased
rate of propagation but can facilitate vegetative nultipli-
cation of plants that had prevaously been proved difficult
or impossible to propagatc. The efficiency and reliability
of vegetative propagation through micropropagation is
important for a number of reasons.

In the past, agronomists tailored the environment to
suirt the crop but plant breeders have to tailor the crop
to suit the environment. Muvh has been and continues to be
accomplished by thé use of conventional, non-molecular tool
of genetics. we have yet to exhaust the potential of
classical genetics to improve crop productivity. Sut with
increasing pressure for further improvements in Crop plants,
crossability barrier, liqkages, variability in gene
expression, low selection efficiency for complex traits etcs,
pose limitations of conventional breeding k&skwdgx techniques
effective use in the future. Thelnew tools of genetics
which include tissue culture techniques offer new possibi-
lities in solving some of these problems.

meristem, Shoot-Tip and Bud culture: :

These techniques are élternative means of asexual
Propagation of ecoﬁomically important plants. The explant
of meristem culture may either be the apical dome
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(apical meristem ) or more frequently, the apical dome
plus a few sub—adgacent leaf primordia. The cudtures ap
initiated from either terminal or axillary buds usually
with the stem segment attached, using either a growingg
dormant shoot. Plants derived from meristem, shoot tipa
bud cultures are generally phenotypically homogenous the
indicating genetic stability. Application of these tissw
culture techniques for rapid cloral prbpagation is highly
desirable in cases such as (a) problem sps. = do not
produce seeds or produce very few seeds, produce Q&abh
seeds, have slow rate of multiplication. When advanced
breeding lines have been identified it is important to
propagate as many See#’or plants as is possible to permit
variety release. At this point tissue culture may be used
in conjuction with other asexual methods to propgate clon
lines for seed production. Such an approach was used in
Equador to establish elite clones of Pyrethrum(Cthsathmw
cingtariccfoliums ) for comaercial production. In some
cases. cultivated crops, particularly eash crops,where eah

individual plant is valuable, may be cloned using tissue
culture.

Plants obtained through conventional vegetative
propagation are liable to accumudate systematic viral,
bacterial or fungal infections, disease free indivaduals

obtainable only in small numbers will similarly need rapid
nultiplication.

It has been observed in a large number of plant
species that the concentration of infective viruses 1§ x
low in the apical meristem of a plant. The lack of Vascuh”
differentiation in the meristem impaires intercellular
movement of viruses and the active metabolism of mitotic \
cells precludes viral infection. ln certain crops or
ornamental species, it has been ecoriomically useful 10
develop in vitro techniques to produce virus =~ eradicated
‘plants- These species include the glimination of mottle
virus from straw beery, potatq V1rus x from potato,

caulif lowers mosaic virus from caullflowers-
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Plants regencrated from callus may also be frec of

viral infection. Callus tissue is similar to meristematic
tissue as cell mutosis is rapid and vascular differentia=
tion 1§ incomplete. Virus—frec plants have been regenerated
from callus in tobacco, geramluﬁ, Gladiolus and potatoess
Although callus tissue results in virus-free plants, chromo-
some abnormalities have been documented in plants regenera-
ted from callus tissues

AR KEE
Anther Culture:

The advantage of the in vitro procuction of haploids
over the conventional method is the shortenning of time to
achieve homozygosity. Since homoZygosity is atilained in one
step, one to 5 years of selfing and Tesekection which is
Jone i1n curcumtienal breeding could be bypassed. Since no
further segregation occurs each plant derived from anther
culture is a potential new variety and coulc be screenad
imuediately for d951rable characters. ngragwas ablc to release
an anthe? culturec derived variety (tHwas sfwkyo) in 5 years,
in vontrast to ten or more years required to develop a variety
through conventional mcans. Rubber ticos from selected pollen
nlants with inéreased yields of latex, ® superior growth vigor,
early bloom, and increased cold resistance wexe also repamted.
Likewise,wintcr bread wheat 'Florin' has been released as a
commercial winter wheat variety. It is the first wheat variety
developed by anther culture uwethod in the Western wWorld.

Anther culture also allows faster production and
selection of useful mutants. Since haploids possess only
are set of allles at each lacus, 1t 1s possible for
recessive mutants. to be detected. In this way, difficulties
in the selection of mutants due to dominance are negligible
and most, if not all genes, are expressed. This allows easy
isolation of recessive mutations because they are expressed
imaediately. Although in anthér culture as in mutation
brecding it is not difficult to generate variants and most
will be deleterlous by virtue of some metabollc imbalance
which may be expressed as reduced vigour or fertility, rice,
Plants width &ﬁ*gur" seeds, higher levels of seed proteuin,
shozter statue and more highly iillwed than the culsdvar
were, Ob“alned from selfed anther-cbrlved plants.

_&LLﬁyélggg: T <0t

Wany sccondary plani products such as dyes, fragrances
and drugs are produced by the plants often in very minute .

ok



76 ~12-
guantities as defense mechanism for their survival.

In vitre culture of different explants could be
helpful in isolating and increaging the yield of sps« plant
cells which produce such compounds. Moreover, in vitro
culture yield products which are more easily purified. The
production of secondary plant products has been achieveq
by especially i@y selecting high-producing cell liyes eithe
by visual selection as in the case of pigmented products or
by chemical analysis of the cells as in the case of colour-\|
less compoundss '

Shikonim , a red naphthoguinome pigment used for
medicine, dye and cosmetics is isolated from the purple
root of Lithospermum erythrorhizor, a perennial herb native
to Japan, Korea and China. Japnese scientists have devised
a cell culture system in which the cells containing the red
pigment can grow faster and yield higher compared with the
whole plant. Other important secondary plant products are
Vinblasting and Vincristine which are isolated from
Catharanthus roseus. Berberine are important pharmaceutical
alkaloid that has antibacterial and anti-inflamnatory

ac{dvitacs; (12.74) from the roots of coptis japanica (2+4p)
% than 5 years). Yield of digitoxin which is the most
active principle of Digitatis, a powerful cardiac stimulant
and directive, can be increased by as much as 400% in tissu
~ultured with GA3.

Cell cultures which could be induced to form plants
through somatic embryogenesis have SRYSEA! advantages. This
is extremely important in the exploitation of hybrid vagour
in crops. FI hybrids may wield more than either parent-
kotter known as hybrid vigour. The constraint in the use of
hybrid technology is the high price and limited supply of
hybrid seeds. Am alternatiwe is the mass production of
encapsulated somatic embryos from FI seeds.

Somacloral variation which refers to the genetic
variability observed in plants, and their progeny from
tissue and cell cultures could be utilised in increasing
crop productivity. Somacloral variation has been observed
in economically important plant sps. which include tomatos
maize, potato aljalja tobacco, rice etec.
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Plants regenerated from protoplasts of the potato
variety Russelt Burbank were not gﬁ%ﬁ&%%%rbon copies of the
parent. Shepord(1982) examinad over 10,000 plants regenera-
ted from protoplasts and demonstrated that each cﬂiffered
in some way from' the parent. The protoclomes showed variation
in tuber colours, weight, specific gravity length, width and
height, maturity date and photoperiod requirements. A few
were mote resistant to Alternania Solari toxin than the
parent. and some should field resistance to early blight
About 2.5% of protoclones screcened were resistance to
phytophthora infestans.

Embryo Resource

Interspecific hybridization is an important tool for
introducing valuable trails from wild species into the gene
pools of cultivated plant species. Usually, such cresses
do not yield any agriculturally beneficial hybrids primarily
because in the transfer of beneficial alien 'genes across
interspecific or intergeneric barriers, too many deterious
genes are also introduced. The resulting disturbance in
equilibrium between the growth processes of the maternal
tissues, embryoc and endosperm lead to embryo mortality and
seed collapse. These post zygotic in compatibilities c¢an be
overcome by embryo culture or embryo rescue.

Embryo rescue has been useful in the hgbridization
between two jutespecies Corchorus olitorcinus and C. gapisularis.
Here improved quality with resiatance to pest and diseases
were incorporated pn one genotype. Wide hybridization is now
being utilised in rice. Genes for brown planthopper resiatance
héve been transferred from the wild sps. O. officinialis
into cultivated rice by Embryo madwxax rescue.

Synthetic seeds:

Somatic embryo are of typical bipolar nature and xe
resemble the zygotic embryos found in the seed. Now-a-days,
biotechnologists are working on the possibilities of
producing a¥tificial or synthetic seeds from somatic
embryos of important agricultural and forest plantse. In
“Synthetic seed", a somatic embtyo 'is generally encapsulated
in some nutrient gel which acta as the endosperm for the
somatic embryo. These synthetic seeds can be stored and
transferred easily and can be sown in the field beds directly.
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Protoplast Isolation and Fusion:

Somatic hybridization which can be accomplished by
protoplast fusion is a means of overcoming prezygotic
incompatibilities in interspecific, intergeneic, and inter
familial crosses. This technique 15 also important in the
transfer of cytoplasmic traits such as male sterility ang
herbicids ftolerance.,

Proloplast fusion is made possible by the use of poly-
ethylene glycol or by electro-fusion. Fused protoplast when
properly sclected and regenerated into plants may exhibit
combined characteristics of both . There are some successful
somatic hybrids obtained from protoplast fusions in Srassi,
Nicotiana and Solanum. Studies in the transfer of resistanc
to bacterial wild fire diseascs and fungal shank from
Nicotiana rustica into Nicotiana tabacum were attempted usi
somatic hybridization (Patrak et al 1982).

Recombinant DNA Transfer :

This technique involves the identification of the desing
genes, isolation, duplication and insertion into a receipienif
cell. The goal is not only to insert the gene, but to haveth
gene expressec. , ‘i

The transfer of genes should be done by vectors which caf
the desirable gene. The most promising vectors so far seems _"‘:
be the tumour inducing(Ti) plasmid . carried by Agrobacteriu
tumefaciens. This bacterium causes tumour growths around the
root crowns of plants. It infects only dicotyledonous plants f
and its virulence is due to the Ti plasmid, which when it 1
transferred to plant cells induce tumours. Once sk inside th
cell, a smaller segment of the Ti plasmid,called T-Ui4, is
actually ineorporated into the chromosomess

Since As tumefacibng gloes not infect important cereals
such as maize, rice etcs other gene tlransfer techniques that
are potentially applicable to all sps. are being developed
Une of these techniques is electroporation which uses brief,
high voltage electric shocks of few microseconds in ¥
duration, which opens pores in the membranes of plants

protoplasts‘ thereby facilitating the introduction of plasmits
carrying desirable genes.
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PROSPECT OF PLANT PROTOPLAST THCHNIQUE
FOR GENETIC MANIPULATION

S. N. Patnaik
P, G. Deptt. of Botany
Utkal University

Bhubane swar-751004

Plant cell differs from animal cell by posseasing
acell wall which is made up of cellulose, When the cell wall

is removed, the wall less cell is called asg protoplast. This
protoplast is perceived when plasmolysis occurs in a plant
cell., Ever since the protoplasts were recognlsed, attempts

had been made to isolate them from plant tissues and induce
fusion in them, Klerker (1892) was successful in cutting the
cell wall in leaf tissue plasmolysed in 0.4 M potassium nitrate
and through controlled deplasmolysis he was able to release

the protoplasts into the medium, Kuster (1910) was the first
to achieve fusion between sub-protoplasts as well as the freely
isolated plant protoplasts, Michel (1937) standardised the
technijue and uged light microscopic markers to imduce anto-
plastic (between sub-protoplasts), homoplastic (protoplasts

of the same gpecies) and heteroplastic (protoplasts of differ-
ent species or geneva) fusions. Hofmeister (1954) induced
fusion in plant protoplasts by suspending them in isliotonic
solution such as sea water, However, none of these methods

was efficient or reproducible.

The discovery of the chance fusion of two mouse
tumor cell lines grown together in the same culture plate
by Barski et al. (1960) opened up the prospect of animal cell
fusion even in remote cell lines like mouse ard man., Such
hybrid cells were not mere curiosities since there were
preferential loss of chromosomes of different parental lines
in the hybrid cells, It came as a handy tool for genetic
analysis and gene mapping in higher animals including man,

Almost simultaneously in the 1960's, enzymajcic

tethods for large scale production of protoplasts in plants
were discovered,

Contd,..P/2
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Take-be et al. (1968) developed the procedure of
sequential engyme application by treating plant tissue with
pectinase for maceration and celulase for cell wall degrada.
tion respectively. On the other hand, power amd cocking (196§
introduce& mixed engyme approach in which plant cells were
plasmolysed in the presence of mixtures of pectinage amd
cellulase. In such procedures, when isolated, protoplasts
some times undergo spontaneous fusion. However, in mixed
engyme method, fusion within the sympla m became more freque-
nt due to the plasmodesmatal connections. The frequency of
such urdesirable spontaneous fusion was prevented either
following sequential engyme procedure or plasmolysing the
cells prior to mixed engyme treatment there by severing the
plasmode smatal connections. Though the spontarecus fusion
bodies arising from such homokayotic fusion were of no
significance the observation tﬁ;t cell wall is automatically
formed arourd such fused protoplasts amd the two nuclie
normally fuse and divide in them, gernerated hope for fusing
protoplasts of different species of plants., With the success
of culturing protoplasts, raising calius from them and rege-
rerating whole plants from such calli opened a new method
of plant hybridization through the fusion of somatic cells.
Since the incompatibility barrier, such as the prevention of
key steps in pollination, pollen tube development, fertilig'i—
tion and embrgo orzemosperm development encountered in
scxual hybridization between remote species was fourd to be
nonexistent in somatic hybridigation, success could be achi-
eved soon not only in fusing cells derived from taxonomically
distinct plants but but ever bringing about inter-kingdom
fusion between plant and animgl cells.

The success of somatic hybridigation depended upon
the efficient fusion between protoplasts grown in culture
and soon fusion methods were standardsed by employing diff-
erent fusogenic agents. Power et al. (1970) using sodium
nitrate brought about fusion of protoplasts which was
succesasfully employed in many protoplast systems, Keller
and Melchers (1973) used mannitol solutions containing
calcium ions buffered at high PH (10.5) and this method is

Contd.,.P/3



now found to be very efficient in widely diverse kinds of
protoplas\’c systems, Kao anmd Michayluk ("I97l+) asgessed the
ability of polyethylene glycol (PEG) which was though fourd
to have moderate levels of fusion could be applied to a wide
range of plant and animal organisms, PEG and Ca*z/high o
could also be used together amd even in a veyy "small scale
fusion®, higher efficiency was recorded for both the agents
(Patnaik, 1987). In addition to these three agents, several
chemical compourds have now been tested amd as many as 20
compourds are now identified which promote cell hybridigation
with nearly same efficiency as PEG (Klebe amd Mancuso, 1981),

As alternate to chemically induced protoplast fusion
Zimmermann and Scheurich (1981) introduced a technique of
high frequency fusion of plant protoplasts by electric fields,
This was described as a two step process. First, the membranes
of neighbouring protoplasts are biﬂought into contact with a
noruniform AC field in a process called dielectrophoresis,
Protoplasts, thus in transient dipoles aggregate between the
electrode- in the form of "Pec®1 Chains", The points of contact
between the plasma membranes of the neighbouring protoplasts
are broken down electrically with a short DC pulse. Membrane
reorganisation following the DC pulge results in cell fusion.

Though the exact mechanism of membrane fusion is
§ti11 debatable, some suggestions have been advanced mostly
on the basis of chemically induced fusion. Ahkong et al.(1975)
held the view that exogenous chemical agents could induce
rrturbation of the wembrane bilayer with increased fluidity
of the 1lipid region which would allow aggregation of inter-
membraneous protein particles at places. When the membranes
are closely opposed at regions where proteins are now absent,
internixing of the disturbed 1ipid molecules results in the
Coalescence of the adjacent bilayers. As regards the role of
chemical furogens described, they are believed to play the
role of establishing inmtimate contact between neighbouring
membranes, alter surface negative charge of the membrares,

trigger changes in membrane structure am permeability
Tesulting fusion,

Contd.,.P/4,



With the development of technijue of engymatic
igolation of protoplagsts, their culture ‘ard regeneration of
whole plants, a new tool could be available for genetic man
pulation. While protoplasts as such could be amenable for ty
entry of exogemnous genetic materials and even cell organelly
resulting in genetic transformation, fusion of protoplasts
opened a new vista for bringing together widely diverse kin
of genomes otherwise not possible through sexual breeding,
The aspect of somatic hybridigation may be many fold : (i)
synthesis of amphidiploids between sexually incompatible
gpecies, (ii) producing heterozygous lines within the sgame
specieg which ordinarily reproduce by vegetative means,
(iii) transfer of panmt of a nuclear genome to another through
chromosome elimination, (iv) formation of cytoplasmic hybrids
(cybrids) to transfer cytoplasmic male stenility to a differ
ent line or species or (v) organelle trangfer which is more
readily achieved through fusion rather than direct uptake,

The major problem, ai‘telr the fusion is induced
between g-netically different lines is the isolation or
selective growth of the heterokaryons in the midst of paren-
tal cell population amd homokaryotic fusion products. This
could be achieved by precisely picking up the he terokaryons
by micromanipulators or isolation through more sophisticated
florescence flow cytometer or cell sorter ard to grow them
in murse culture, But the selective method of culture for
heterokaryons is more widely used, This is achieved by stani-
ardising culture media which is only corducive to the growth
of the somatic hybrid cells but not to the parental cells
lires. This type of selective method becomes possible when
double-~albino, auxotrophic and drug or antibiotic resistant
mutants are available and wild types are formed by complement-
ation through hybridization which are automatically selected,
However, in the absence of such double mitants, half
selective method is taken recourse to amd in quite a number
of caszs, hybrid colonies are easily identified in a mixed
culture, Basically for the identification of two parental
cell lines in the fusion process chlorophyllose mesophyll

Contd.. .P/5|



protoplasts (fluorescing red umler UV) are directly taken
from the leaves of one parent aml colourless protoplasts
(florescing green under UV if treated with FDA or FITC) taken
from cell suspension of other parent maintained for long time
through cell passages. After the hybrid colonies are isolated
they are grown separately anmd plantlet regeneration is induc-
ed following the basic techinques of tissue culture. When full
fledged plants from the fusion products are raised and they
bear flowers and fruits, various tests such as morphological,
cytological and biochemical are carried out to prove the
authenticity of their hybridity. Quite often fused products
may not yield hybrid plants due to break-down at various
stages,

Though a few years back somatic hybridization
experiments were limited only to certain model plant gystems
predominantly from Nicotiana, Patunia, Solanum, Datura,

Daucus (Schieder, 1§§2) etc. gradually these are being
extended to other plant gemera such as Lycopersicon, Oxyza efo.
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THE TISSURS OF "HE PLANT BODY

Dr, G.V, Gopal
Lecturer in Botany.

Merigtems :~

As a general rule, one of the obvious differences
between plants and animals ig the pattern of growth.by whict
they attain their adult forms, Animals grow until they

reach physical maturity, end during this time growth occurs
Nt P
throughout the body,., Plants, however, continue to grow until

they die but, as soon as the embryonic gtage is passed,
growth ig restricted to certain regi‘ons called meristems
(Fig.3.1). Here the cells remain embryonic and continue to
divide, whereas in the rest of the plant they re.ch maturity
and assume a permanent form, One type of meristem is always
present at the "Ttip of every root and gtem, The activity of
such apical meristems is responsible for the increase in
length of the plant, body and, 1n the cage of shoot merlstems,
for ths p__gductmn of lateral branches, leaves and flowers.
The girowt_. 1n1't1a1:ec1 by apica’. merigtems is known as primary
growth_,m;l—ag all tissues formed from apical meristems are
ca-ﬁEa primary tissues.‘ _In some plants, notably grasses,

the increase ‘in Jength of the Stem is aiso due to the dIvision
of meristematis cells logcated at the bage »f each node and
leaf sheath. These meristematic regions are called interca..
1am%mma (Fig.3.1b) because they are inserted or
intercalated etween mature primary tissues both above and
below them, They are really portions of the apical meristem
whic?% become ' separated from the main body of the meristem

and are left behind as the apex grows forward, Intercalary
meristems may remain active long after the cells of the
internodes above them have fully matured. Growth of the

€2lls produced by intercalary merigtems ig re Spongible for

‘Mémm:hg_ﬂgm which often gccurs just
befoff_ﬂ_ummn&.,__mhe tissues formed from intercalary

meristems are similar to the ad,jacent tissues derived from

::e apical mer:«tem and ar2 therefore classified as primary
Ssueg,

Contd.,,P/2.



§8

\/S'ome plants, espécially monocotyledons, complete
their 1ife cycle by primary growth, In other plants, inclu.
ding most dicotyledons, the stem and root increase in
thickness by means of a process called secordary growth
which is initiated by lateral meristems or cembia (singuler,
cambium), These develop within the already existing primary
tissues of the root amd stem, and form secomdary tissues in
planes parallel with the surface of these organs (Fig. 3.1a),
There are two cambia that may develop in a plant showing
secondary growtl, the vascular cambium and the phellogen (or
cork cambium). /The vascular cambium is responsible for mos:
of the increase in thickness during secordary growth, v -ereo:
the phellogen produces a protective layer of veriderm (or co-:,
This is formed in the outer region of the expanding root or
stem when the primary surface layer (epidermis) is ruptured
by the increase in thickness due to the activity of the
vascular cambium,

Maturation of meristematic cellg :-

Since all the cells of the adult plant body result
from the activity of meristems, the question arises as to how
meristematic cells are converted into mature cells, The egs~
ential characteristic of a meristematic region is tha{: it
consists of actively dividing cells which have the dual prop-
erty of maintaining the meristem as a distinct region ard, at
the same time, of adding new cells %o the rest of the plant
body. In every meristem there are certain cells which divide
in such a way that at each division one of the daughter cells
(the initisl) remains in the meristem, whereas.the other
daughter cell (the derivative) gradually passes out of the
meristen amd eventually becomes one or more cells within the
main body of the plant, The stages by which a newly formed
derivative reaches maturity can more easily be followed by

reference to apical meristems rather than to lateral
merisgtenms,

Contdu . 'P/3'



89

- 3 ‘-

The meristematic cells at the apices of roots and
gtems (but not those of lateral meristems) have the charact-
eristic appearance shown in Fig. 3.2, Although they appear
approximately squere in section, their basic shape is that
of a 14-faced polyhedron, each face pentagonal, This is the
-shape agsumed when a number of similar clagtic spheres are
subjected to pressure equally from all directions, until
there are no air spacesg between them, The, cells have thin
walls, the cell cavity is filled with dense cytoplasm ard a
large nucleias (up to two-thirds the diameter of thé ce;l)‘,
and visibl: vacuoleé are absent, During the process of
becoming transformed into a mature cell, a derivative passe¢
throdgh three distinct but overlapping phases, The ability
to divide is not confined to the initial cells but extends
glso to their immediate derivatives, which usually divide
several times before starting to mature, The first phase in
the grow:thlof a dgrivative is therefore cell division, but
this sooﬁ Dasges into the second phase, namely cell enlarge-
ment, Because the apical meristem constantly grows forward
as a result of cell division, the ne-wly formed derivatives
come to occupy the region just behind the apex. It is in
this subapical region that they begin to enlarge, and they
continue to do so until by the time they reach maturity they
are commonly many times 1arger-than the meristema%ic cells
from which they were derived (Fig. 3.2).

P

As a cell enters the phase of enlargement, droplets
of cell sap form in the cytoplasm and these, after further
ircrease 'in gize, fuse to form several small vacuoles, The
Tucleus meanwhile remaind’ suspended in the centre of the cell
by strands of cytoplasm, The vacuoles continue to enlarge
by uptake of water and Finally coalesce 'to form a single
céntral vacuole, As a consequénce, the nucleus is moved to
8 peripheral position im the thin layer of cytoplasi lining
the cell, while the vacugles are exparding the whole-cell
Increases in gize but, despite the increase in surface area,
the cell wall does no% decrease in thickness because rew wall '
material ig continually being added to the origindl wall.
Thus cell emlargement is not merely the inflation of a cell
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due to vacuolation, but it is an’active process in which the
amount of plant substance 1s increaged as a regult of intens
biochemical activity by the cell:

In the process of assuming thelr mature form, cells
not only increase in size but also become structurally r{lqdi-
fied to fulfil particular physiological functions in the
adult plant. This modification for specialized funmctions is
called differentiation (Fig. 3,3) and forms the third and
last phafie__ _i_r_x the matquE&mj__ -g-m-e—t-jéﬁ.ti"ﬂiﬁfi cell. Differ.
entlation starts while cells are still enlarging but is never
complete uutil after they have ceased to enlarge. It should
be regarded as the process by which cells become different
not only from thelr merigtematic precursors but also from
their immediate neighbours, The extent to which a cell
becomes, differentiated depends on ita final function, Some
cells differ only slightly from meristematic cells (e.g.
packing cells) while others become markedly different (e.d,
elongate conducting cells)., There are many ways in which
plant cells can become speéiaiized to serve particular funct-
ions, but most of them involwe modifications of the cell wall,
These modifications include such features as the deposition

of a thick secondary wall, and the development of various
types of pits.

Typeg of plant tissueg :-

It should now be clear that the different types of
cells in the adult plant are the product of the three over-
lapping processes of cell division, cell enlargement and
cell differentiation. The resulting mature cells are not
arranged at random but are associated in various ways to
form recognizable groups called tissues. There are various
ways of clasgifying tissues according to whether they are
consldered from a structural or functional point of view.
Perhaps the simplest classification, and the one that will
be followed here, is to divide tissues inmto two categories,
simple and complex, on the basis of whether they consist of
only one or more than one type of cell,
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simple tissues :- .
There are three dimple tissues, parenchyma, collench-

yna, and sclerenchyma, - These terms are also applied to

individual cells showing the characters of these tlssues.

Thus a parenchyma cell is not necessarily a umt of the sim-
ple tissue parenchyma, but it may also be a component of a
complex tissue, ) '

Parenchyma

This is the simplest type of mature tissue, being
legs modified from meristematic cells than any other tissue.
Jarenchyma cells are living cells which are sufficiently
unspecialized to be capable of reverting to the meristematic
cordition, It is often difficult to draw sharp lines between
tissues tecause cell types sometimes mérge into one another,
Parenchyma, in particular, has very ill-defined 1imits and
covers a range of cells which differ widely in structure and
function. It is thus impossible to say that a parenchyma
cell will inevitably hawve certain features apart from the
very general one of being alive at functional maturity,  How-
ever, 'typical' pdrenchyma cells (Fig.3.4) can be expected to
to be more or less isodiametric in ghape, with or without
intercellular spaces between them, and to have thin cellulose
walls; pits, if present, are always of the simple type.

Parenchyma, as its Greek derivation (11tera11y 'poured beside')

irdicates, forms the basic packing tissue in which more spe-
clalized tissues appear to, be embedded, Besides its packing

function, parenchyma may also be concerned with photosynthecsis

and with'the storage of stareh and other substances, In
relation to.these two' functions parenchyma cells vary congi-
derably both in shape apd tiving contents., Thus the paren
Chyma cells of the photosynthetic tissue of a leaf are rich
in chloroplasts and 'may be considerably elongated or 1obed
Yhile thoge found in food-storing structures such as a bean
~~~~~ ) or a sweet potato (Ipomoea batatas) are
Packed with gtarch grains, In addltlon to forming a simple
Hague, parenchyma c21ls are a regular component of the two
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complex tissues, xylem and phloem, where they commonly serve -
for the gtorage of various substances, particularly starch,

Collenchyma ¢ I o

This is a living tissue wnich has many of the charac-
terigtics of parenchyma, and may indeed be interpreted as a
form of parenchyma structurally gpecialized as a gupporting
tissue in young organs. When collenchyma and parenchyma 1ie
next to each other they frequently merge into one another
through transitional types. The resemblanee .to parenchyma
is also imdicated by the common occurrence of chloroplasts
in collencliyma, and by the ability of this tigsue to resume
meristematic activity. Collenchyma ocours immediately
beneath or near the surface of young WPS, and
along the maWs- it is rarely found
in roots, The cells of collenchyma (Fig. 3.5) are elongated
in the direction of the long axis of the organ in which they
oceur, and are characterized by the presence of thick, non- '
lignified, primary walls, The wall thickening, however, 1is
not uniformly deposmed around the inside of the cell but is
thickest in the corners of the cell (angular collenchyma),
although the two tangentlal walls may also be thickened
(lamellar collenchyma), In longitudinal section therefore

collenchyma shows thin and thick portions depending on the
plane of the cut (Fig.3.5b).

The thick cellulose walls of collenchyma combine
considerable tensile strength with plasticity. Hence collen-
chyma is particularly sutiable for the support of sctively
growing organs because its cells can exterd to keep 'pace with
the elongation of the organ and yet retain their strength.
Sclerenchyma :

Whereas collenchyma is the main supporting tissue of

actively growing organs, sclerenchﬁrma performs a similar

function in mature plant parts. Sclerenchyma cells have

thick secondary walls, usually 1ign1fied and their proto-
plasts are dead, or at any rate 1nact1ve, at maturity.
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gelerenchyma is a very variable tissue but two broad catego-
rieg of it tan be recognized, fibres and sclereids; in
general fibres are very much longer than sclereids,

Fibres Fibres are long narrow cells with tapering
pointed ends (Fig.3. 6)., They are usually massed together
in long strands, their tapering ends overlapplng one _anotherr
amd fitting tightly together., While flbres are young and
actively growing, their end walls tend to slide over one
ano'ther to produce the pointed state of the mature fibre.
The increase in length of a fibre by the intrusion of its
grow;;fg?'fios between the walls of neighbouring cells is ca-
11ed Intrusive growth, After a fibre has ceased to elongate
its walls continue to thicken until at maturity the cell
cavity is very much reduced, and sometimes almost obliterated.
Fibres occur in most parts of the plant-body and, according
%o their position, they may be classified into two types:
xylary fibres which occur in the cp__gigx_tMm
extraxylary fibres which occur in any tlasue gther than xylem.
Xylary fibres hawve reduced box;_d_gmd__mxs the inner apertures
being slit-like and those of a pit-pair often crossed with
each other, Extraxylary fibres have very narrow, simple pits.
Mthough the thick secondary walls of fibres are usually
lignified, some fibres have unmodified cellulose walls (e.g.
tho se of the flax plant (Linum usitatissimum), from which
liren is made) Xylary fibres are a major component of wood,
and BA”a6count of their heavily lignified walls, are re respo-
nsible for the hardness amd rigldity of this materlal. Ex-
traxylary fibres, some lignified and others not, are common
Sources of rope, sacking and ci‘othing textiles.

—r

»

Sclereids :a

.

These are very variable in shape, ranging from
aPrroximately isodiametrié’ to very irregular, and they may
€ven be branched (Fig.'3.6 £-h). . They have very thick,
lignified walls, often showing concentric layering, which are

ie . y
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Frequently the pits become branched as a result of the fugjy'
of two or more pit cavitiee during the increase in thicknes
of the secordary wall, Sclereids may occur either singlyor ,
ag small clusters among other cells in, for example, the
gritty specks in the fiesh of a guava (Psidium guajava), or
as continuous masses as in the hard sghell of a coconut (Cop_og
mcifera).

Complex tissues 3=

Al though a complex tissue is composed of several
different types of cells it merits being recognized as a
single tissue because it has certain features peculiar to
its21f, ocecurs in definite positions in the plant body, amd
is associated with definite functions. There are two complex
tissues, the xylem which is concerned primarily with the
corduction of water ard inorganic solutes, and the phloen
which is concernsd primarily with the conduction of food
mamafactured in the leaves, These two complex tissues always
occur side by side, and together constitute the vascular or
corducting system which extends throughout the plant,

Xylem :-
The xylem is composed of parenchyma and fibres, which
have already been described, and tracheids and vegsel

members, which are characteristic of this tissue. These four
elements occur in different proportions and combinations,

and all four are not necessarily present in the xylem of
any glven plant,

Tracheids :-

Tracheids are more or less elongated cells, which
are angular in cross-section amd have oblique or tapering
ond walls (Fig, 3.7). Tracheids are dead gt functional
ma‘turlty when they _consist only.of lignified cell walls.
ALY’ trache:.ds have secordary walls btut these are deposited
in various patterns which are related to the state of matu-
Tity of the region in which the tracheid ig being formed
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(Fig. 3.8). \UIh the tracheids formed nearest to the apical
meristem the secondary wealls ere deposited as a series of
norizontal rings (annular thickening) amd in those further
bme or more spirals (he'lical thickening), These are
qucceeded by tracheids in which the secondary wall forms a
net-1like pattern (reticulate thickening) over the primary
wall, and finally by tracheids in which the secondary wall

ig continuous except for clongate or circular pits (pitted
walls). These different patterns of secordary wall thicken
ing form a series in which progressively more of the primary
wall is covered, but the different types often merge and not
all types are necessarily represented in any given plant,

A1 four types of thickeniflg give support to the tracheids

in which they occur, so that the central cavity or lumen is
kept open despite-pressure from neighbouring cells. It is
interegting to note, however, that tracheids with anmlar
ad_helical thickenings are formed while the surrounding
tissues are still elongating, and they comtinue to be stret-
ched ew;é;-after they are structurally mature. The occurrence
of strétching 1s shown by the I&Ct that, when several helical
tracheids are present en;‘l to end in a longitudinal séries
within the region of elongation, the spirals of the older
tracheids are more drawn out then those of the younger ones.
Tracheids with more extensive, and therefore more rigid, wall
thickening are not readily stretched, and such tracheids
differentiate in plant organs which have stopped elongating.

Waterwmms passesg from one ccll

into the next through the areas, whether extensive or
restricted to pits, where the primary wall only is present,
Tracheids perform the double Punction of a supporting amd
Water-conducting element, and in such vascular plants as

ferng ¢ and conifers, which are more primitive than angiosperms
they are the only cell type present in the xylem apart from
Pareachyma, During the course of evolution the tracheid
Uverged along two routes, one in the direction of greater
mechanica) efficlency which resulted in the xylary fibre
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(already described), amd the other in the direction of
greater water-comducting efi‘iciericy which resulted in the
vessel member, Tracheids, however, were not eliminated when
fibres and vessel members were evolved,

Vessel membérs These are cylindrical cells, non-
1ivi mature, which are joined erd to end to form
multicellular water-comducting tubes, called vessels, The ey
walls (and sometimes also the side walls) of vessel members
become perforated by one or more holes through which water
can pass freely from-cell to cell-(Fig,3.7d-f). Hence, insten
of a tier of superimposed cells, there is formed a tube
rather like a drainpipe in structure, which is the vessel,

Vessel members are copmemky-shorter and much wider than

‘M ] 3 s )
trac]'_:ﬂds, but they develop 11gn1§;,ed.ae.ca-nd-ary—-wau§ ina
similar way and show the same patterns of wall thickening
(Anmular, helical, etc.) as tracheids,

Vesgel meniberé begin ;Lifé as éeparate cells with a
contimious primary wall, but at a Gertain stage in development'
the middle lawella swells in the areas which are to become
perforated (Fig.3.9), Subsequently a secondary wall develops,
but this is not deposited on the areas (e,g, primordial pits)
which persist as thin primary wall or on the areas of future
perforation, y;As the vessel members mature, the primary walls
and middle ldmella in the perforation areas break down, s0
leaving open holes.j, The perforated areas (called perforation
plates) may he simp{e, with one large perforation, or
multiperforate, with more than one perforation (Fig, 3,7d-f,h,i),
In a mature vessel with simple perforation Plates the previous
Position of each cross-wall is often indicated by the presence
of a distinct rim of thickening around the iumen of the vessel.
Vessels are not of indefinite length, although they frequently
extend for several metres, Where & vegsel ends, the terminel

vessel member is perforated at its proximal end but not at its

distal end, Therefore the passage of water from vessel to

vessel takes place through the areas of primary wall (such as

pits) in a mammer similar to conduction in tracheids,
- Contd..-P/ﬂ'
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In transverse section vessels can usually be recognizcd
by their large, almost circular outlines, Whereas.the widest
trachelds scarcely exceed 100 um in diameter and most are
much narrower, ves'sels are commonly 300 um acrods and some,
especially those of climbers, reach a width of 700 um, The

yide diameter of vessels, coupled with the perforations in
their end walls, enables water to be conductéd mere efficiently
in these elements than in tracheids, \

PHLOBH

The characteristic comporents of the phlcem are sieve-
tube members and companion cells, but parenchyma and, in some
cased, fibses also occur,

Sieve-tube members These are” elongated cells joired end to

eni into sieve tubes (Fig.3.10) in a marmer analogous to the
joining of vessel members to form vessels in the xylem, U'rilike
vessel members, however, the cell walls of sieve-tube members
are not lignified and ‘are classed as primary walls, even

thoug“ri "g}]gy are usually thickened, Also unlike vessel members,
tPE cross-walls of sieve-tube members, although much modified,
do not break down completely. Instead, the cross-walls

become perforafed by open pores through which the protoplasté
of two superimposed members are contimious. These connecting
strands of cytoplasm are comparable with plasmodesmata but verw
mch wider, The perforated cross-walls are called sieve
Plates-because in surface view they resemble sieves (Fig.3.11).
It is from the presence of sieve plates that .this characteris+ic
cell type derives its name, Usually the sieve olate covers

the entire cross-wall, but sometimes it is ‘broken up into

%everal perforated sieve areas, thus forming & compsind sisve
plate,

In the sieve plate each cytoplasmic stramd is enclosed Q'Y‘HW
inwiwm of carbohydrate called calllose}/ b
The thickness of this callose cylinder obviously affects the
Sizz of the gieve pore, When the plant is dormant thiék'

“allose pads completely Block the pores, but at the onset of
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the growing‘ season much of the callose is? reméved ‘arnd ney
conrecting strands of cytoplasm appear., }If the plant ig
injured callose is also depogited, often within a few secopm,
of the injury, thus blocking the pores and’ minimizing loss
of fo(;d waterial.f Ome consequence of this 1nstantaneous
reaction is that ih most mlcroscopic sections the pores are
completely blocked, This ia the result.of the trnatment of
the tissue for examination, and does not represent the gitun
in an actively growing plant.

Sieve-tube members are 1iving cells amd only function
ag _long as they are alive, A remarkable characterigtic of’
sleve-tube members is that during development the nucleug
that was originally present breaks down alnd comp]e'tely
dlﬂm?v-_____a_l_'_g_éi_ma.tum They are the only known example of
plant célls which are living but lack a nucleus. Investlgatlo'
with the EM hag 1ndlcated, that sieve~tube members are also

remarkable in possessigg very few mitochormdria and almost mo

other cytoplasmie-erganclles, Furthermore, the normal distincit
betweerf'\;acuole and cytoplasm seema to' be lacking, the main

volume of the cell being ocoupied by a fibrillar protein,
called P-Protein, whose exact structure ard function is
currently the subject of active debate among plant physiologists
The proteinaceous material readily takes up staining reagents,
ard in stained longitudinal sections usually appears attached
to the sieve plates ag go~called sglime plugs, The presence

of slime plugs provides one of the most ugseful criteria for

identifying the position of phleom in longitudinal sections
(Fig.3.10a),

Companion cells Each sieve~tube member is closely
associated with one or more slender parenchyma cells, called
companion cells, which have dense cytoplasm amd conspicuous
miclel.  Companion cells arise by an unequal longitudinal
division of the same mother cell as the sieve-tube member
(Fig.3, 12),  After bteing cut off from the sieve-tube member
the CDmpanion cell does not tecessarily remain as a single
cell but may divide horizontally :Lnto a vertical file of
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_(conducting water) and the phloenm (corducting food). Becy
of the presence of fibres in, them, the vascular tissues,
particularly the xylem, are also concerned with .support, T
ground gystem incivdés the tissues that can be regarded as
. formmg the groumd ‘substance in which the vascu“lar “tissues
are embedded The main grourd tissues are the three simple
tigsues, parenchyma, collenchyma and selerenchyma,

Yo

ot

uithin the plant body the three tissue systems are
distributed in characteristic pat‘ﬁerns deperding on the org
fn which they occur, on the taxonomic group to which the ™
plant belongs, or on both (Fig.3.13). Since the dermal syste
is always superficial, the princigal differences in pattern
depend on the relative dlstrlbution of the vascular and
grourd sys:cems. In a dlcotyledonous root, for example, the
vascular tissuew’ustﬁally forms a central rod embedded in: the
. ground tlssue (cortex). In a dicotyledonous stem, however,
the vascular tissue typically forms a hollow, perforated
cylinder with some ground tissue (pith) englosed within the
vascular cyllxxig.l_‘__arxi some located betwewaf
¢ylinder and the dermal tissue, The latter region of ground
tissué is.called cortex because, like the grourd tissue in
the root, it occurs outside the vascular tissue. This method
of interpreting the anatomical pattern of an organ is not
only destriptively useful, but also reflects the basic ﬁni_ty
unferlying the organization of the plant as a whole.

* Whatever the arrangement of tissues in'a mature orgah
may be, the pattern is established immediately behind the
apical meristem from which it is derived, In this subapical
rogion, where the cells are: sltill actively dividing, It is =«
thus possible to recognize three types of meristematic tissut.
The protoderm, ground meristem and procambitum, These aré
sometimes called the three primary meristems because they are
the precursors of the dermal,ground and vascular tissue syste™
respectively, Although leaves originate on thé flanks of the
shoot apex, these three types of meristematic tissue are also
present in a developing leaf, A
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Table 8,1 Characterigtic features,

funtions ard dig+riuticre ol (.-
AY

*

Liuaalll S

Main functions

Digtribution

mvmothm .npm.ncm support
in herbacepus plants.
Metabolically active.

Intercellular air spaces in xylem and

allow gaseous exchange,
Food storage,

or cell walls.

~CaTtex DITR,

Transport -
of materials through cells -

Meduallary rays
ard pecking tissue

phloem
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Tissue Living Wall material Cell shape
. o dead
Parenchyua Living Cellulose, pecting Usually 1isodigmetric
and Smsu_..omu.“_.c“_.ommm. sometimes elongated
Modified
Parenchyma

a) epidermis Living Cellulose,pectins FElongated and
ard hemicelluloses flattened
ard covering of
cutin

b) mesophyll Living Cellulose,pecting Hmonumam.nu.uo‘
ard hemicelluloses irregular or-
column-shaped
deperding on
location

¢) emoaermisLiving Cellulose,pecting As epidermis
and hemicelluloses,
ard deposits of

suberin

d4) pericycle Living Cellulose,pectins As parenchyma

and hemicelluloses

Protection from desic-
cation amd infection,
I lairs and glards may
-have additional
functions,

Single layer of
cells covering
entire primary
plant bedy.

Photosynthesis (contains Between the upper

chloroplasts).

Storage
of_ gtarch. -

-Selective barrier to
movement of water amd
mineral salts (between
cortex and xylem) in
roots, Starch sheath
with possible role in
eotropic response in
stems,

In roots it retains
EmHHmdeNduo activity
prod; ateral roots
ard contribu
secondary growth iff

*hda Arcrrre

ard lower mvHa.mH.EHm
of leaves '

Around vascular .E.mmn
tissue (innermogt
layer of cortex)

In roots between
central vascular
tissu2 armd erdodermis
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PLANT - TISSUES
PRACTICAL
Dr. G.U, Gopal
Lecturer in Botany
RCE, Bhubanegwar
APPENDIX - I T

:

The following brief notes on certain phases of
microtechnique are given here to facilitate the use of this book
by the teacher and student, For full information on the various
procedures used in preparing tissue for microscopic study,
reference should be made to the publications of Chamberlain
(1932), Rawlins (1933), Johansen (1940), and Sass (1940), ~* °
(N Zonrral RelIvencesg, !

FREE-HAND SECTIONS

In meny of the exercises in this book, directions are
glven for the study of sections cut by hand from living stems,
leaves or other plant stmctﬁres. To prepare such material
requires only simple technique and in addition provides a
realigtic picture of cells and tissues that should precede the
examination of microtomed and permanently stained preparations,
In the laboratory the student can acquire the necegsary skill
with a sectioning-razor to enable him to explore the structure
of such tigsues as the epidermis, parenchyma, collenchyma, and
the phloem and xylem of vascular bundles. Best results are
secured by encloging small portions of the material between the
split halves of pieces of elderberry pith or of carrot root.
Often it is necessary to make a groove in the immer surface of
one of the pith halves or strips of carrot to accommodate such
bulky objects ag stems, petioles, etec, In sectioning, hold the
object enclosed between the pieces of pith at as constant an
angle as pogsible and transfer each section to water; the slices
of pith can be removed by the use of a brush, Sections cut by
hend should be care fully mounted on a clean slide either in
distilled water or in the various reagents designated and the
Cover-glass lowered gently into place. For more resistant cells,
suwch as sclereids or fibers and for the critical study of the
sleve-plates in phloem elements, the use of the carbon dioxide'
freezing microtome is highly desirable., With the aid of this
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{ngtrument a large number of thin sections may be prepared by
the instructor in advance of class use (for a description of
the technique of sectioning with the freezing microtome, ef,
Sass, 1940, pp. 97-98). The student must learn to check free.
hand preparations at frequent intervals so that the sectiong
are not allowed to dry out. Cells immersged in fluid are not
only eagier to study from an optical point of view, but they
also retain a more or less normal structure over a relatively
long period of observation., Sections of hairy obJjects, such as
many leaves or stems, are often difficult to mount in water
without the formation of numerous air-bubbles. This difficully
may be removed by mounting each section in a weak solution of
alcohol, This acts as a killing reagent for the protoplasm, hf
1t does make possible the accurste study of the shape, arrang.
ment, and character of the walls of cells.

PREPARED SI.IDES

The use of permanent slides is esgsential in the study
of many of the topics outlined in this book. This is particulal
true for the work to be done under Exercises III, X, XII, XIII,
XIV, and XV. Suitable preparations as a basis for class study
are obtainable from commercial supply houses or may be preparel
for the student directly. With reference to the latter possibi-
lity, detailed suggestions for the collection, fixation,
sectioning, and staining of tissues and organs are presented

systematicglly in the recent manuals on microtechnique by
Johansen (1940) and Sass (1940),

MACE3AQED TISSUE

One of the most important skills that the student
must develop in laboratory practice is the ability to visualiz’
cells as three-dimensional bodies. This is often extrewely
difficult on the bagis of the éxamination of sections that terd
to create a two~-dimensional concept, Furthermore, many de finiti¥
features of cells, particularly the structure and arrangement
of pits and the varied secondary wall thickenings in tracheay

Contd...B/%
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elements the character of perferations in vessel elements and
the form of ramified selereids, can best be studied in isolated
cells. For these reasons, a study of macerated tissue is
recommended for many topics in this book and is especially
degirsble in comnection with Exercises II, VIII, IX, and X.
The maceration of plant tissue is most ef‘i‘ectively accomplished
by the use of certain reagents that dissolve the intercellular
substance and thus cause the separation of a plece of tissue
into its component cells., Jeffrey's method is usually satisfac-
tory, especially for hard lignified structures, Small pieces of
the material, no thicker than a match, are placed in a glass
vial containing a mixture of equal parts of 10% chromic acid
and 10% nitric acid. The vial ig then corked and placed in an
electric oven at a temperature of 30°-40° C, until the material
becomes soft or "mushy" in texture, Hard material, such as wood
and the shells of nuts, may require several days in the oven,
during which time it is advisable to change the macerating fluid
onc® or twice, Boiling small slivers of wood before placing them
in the acids-drives out the air and accelerates’ the maceration
frocess, It is advisable to stop the action of the macerating
fluid before a complete separation of all cells has occurred.
Small pleces of "mushy" tissue, placed in water on a slide, can
be teased apart with needles; such a procedure yields very
Instructive preparations of connected cell groups as well as
isolated elements, The macerated tissue is carefully washed in
distilled water to remove as much of the acid as possible and
¢an them be transferred to 50% alcohol for future study. Often
effective results may be secured by staining the isolated cells
in safranin, Permanent preparations of macerated tissue are
easily made by placing small quantities of cells in water on a
slide, evaporating the excess water on an electric hot-plate
and mounting in glycerine Jelly. Circular cover-glasses should
b used, the edées of which can be sealed with some type of
f8ment which prevents drying out and *he entrancé of air,

For some tissues, for example, thé cortical and pith
Parenchyma of herbaceous stems and the mesophyll of_leaves,
the 011 owing ‘more gentle maceration technique should be employed.
Plice small portions of the tissues in acid-alcohol (3 parts of
70% ethy) alcohol; 1 part concentrated HCI) and thoroughly
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remove the air by means of an aspirator. Add fresh acid-aley
and allow this to act on the tissue for 24 hours. After thm
washing in water, transfer the tissue to a 0.5% aqueous gojy
of ammonium oxalate. Within a few days (or sooner dependingy
the material) the parenchyma or collenchyma tissues can real
be dissociated, by gentle teaging with needles, into their
component cells, This method is highly recommended for isolay
the idioblastic ramified sclereids of such plants as Camellis
Osmanthus, etc., from neighbouring tissue elements.

Stain Preparation

1. Safranin : Dissolve 1 gm of dye in 50 per cent
alcohol. )

2, Fast green : Dissolve 1 gm of dye in 90 per cent
alcohol.

Mounting

All the stained thin sections are trangferred to drg
of Canada Balsam (mounting media) taken on the sglide. Covered
with cover slip a permanent stained slide lasts longer.

IX Maceration

Sections of the plant parts do not depict the actuil
nature of the constituent cells. The cells can be studied by
digsociation method called maceration, The materials are treatd
with chemicals which dissolve the middle lamella of the cell
wall. This also dissociates the cellsg from one another. The
tissues like xylem and phloem depict the actual nature of the
constituent cells.

Me thod ! i

Cut the material into small pieces and treat it fof
24 hours with acid alcohol selution (HCI, alcohol). Wash the .
materials and transfer to 0.5% ammonium oxalate solution end M
Mount the tissue on the slide in drop of above solution and st

Macerating Fluid
1. Ammonium Oxalate Fluid
Hydrochloric acid

30 ce
Alcohol 95 per cent 100 cc
Ammonium oxalate 0.5 per cent

Cmtd»l -‘Pk
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2. schule's Fluid

Potassium chlorate 1 gm

Nitric acid 50 cc

The materials are heated in the mixture for sometiteg
washed and mounted in glycerine.

CLEARING TECHNIQUE

It is extremely laborious and in many cases unnecess-
ary to attempt to reconstruct the gross anatomy of the vascular
system of a flower or the venation of a leaf by means of serial
sections. The following procedure yields very instructive

preparations and is applicable to herbarium specimens as well
as to fresh material.

1. Leaves. Small leaves can be cleared in toto. Large
laminae, however, should be subdivided into strips (about % inch
in width) extending from the nid-rib to the margin. The leaf
material of herbarium specimens should first be soaked in hot
water until it sinks; with fresh leaves, the chlorophyll should
be extracted by means of hot alcohol. Following these preli-
minary treatments, the material is then transferred to vials
containing a 5-10% aqueous solution of NaOH. With delicate
objects, the removal of the cell contents may be achieved
without heat. But for thick, coriaceous leaves, the vials
should be placed in an electric oven. Frequent changes of the
reagent are Qesirable until the leaf material appears devoid
of discoloration.-After washing thoroughly in distilled water,
the material should be examined (without a cover-glass) under
lov magnification; in many cases the stomata, veinlets, and
other histological features (e.g., idioblastic sctereids) can
oW readily be studied. Cleared material at this stage can be
stored for future examination in 50% aleohol. Very often,
hovever, even after several days treatment with NaOH, the
[f’aterial may still be opague. In such instances, dehydration
0 successive grades of alcohol followed by clearing with
Xylene or toluene are necessary. Syracuse Watchglasses are
convenient receptacles and the following series is recommended:
50% aleohol, 95% alcohol, 100% alcohol (2 changw), 100%,
aleohol-xylene, pure xylene, Usa a camel-hair'!s brush or

Contd...p/6
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forceps in transferring the material through this series,
draining off the excess fluid on filter paper at each Change,
Because of the large volume of tissue represented, dehydraty
must be very thorough or a milky turbidity will form when
final transfer to xylene occurs. TO avoid this, allow the
material to ‘remain in each of-the grades of alecohol for atl
10-15 minutes. After several pileces of leaves have passed
through the entireseries, the reagents should be discarded a
fresh alcohol and xylene added to the watch-glasses. To make
permanent mounts, transfer a pilece of material to a clean sli
flooded with xylene, add a generous amount of balsam and care
fully lower a cover-slip into place. The slides should thenik
placed on an electric-slide warmer for a week or longer until
thoroughly dry. Various typés of stains (g.g. safranin,
Delafield's hematoxylin) often increase the usefulness of
cleared leaF-material. These stains mgy be introduced at
various points in the alcohol-xylene series.

2, Flowers. The procedure outlined above is also appll-

cable to tha study of the vasculation of the floral axis and

its appendages. In making permanent mounts of cleared flowers
it is often desirable to use "depression slides"; these pemit
the inclusion under the cover-slip of relatively thlck objects

« v

SPECIAL REAGENTS

1. Phlorogiucinol and hydrochloric acid. The addition

of these reagents produces a red color in the walls of sclereid

lignified fibres, ana tracheary elements (of Exercises VIIL/ B
and X).

The stain it not permanent but nevertheless is ex-
tremely useful in demarcpting the thick walls of certain types
of cells. A saturated solution of phloroglucinol should be
pPrepared in 18% HCL. Mount the section or tissue fragment
directly in & drop of this reagent on the slide and add @ i
cover-slip. Great care should be taken to carry out this proce:
dure some distance away from the microscope.

2. Potassium Todide (IKu) and sulphuric acid. This 182

specific test for cellulose. Mount the sections in the
potassium i~dide (1g. lodine and 3g potassium iodide in 300¢c

Contd.. B/
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of distilled water, according to Rawlins, 1933) and add a
cover-slip, The introduction of a drop of 65% sulphuric acid
vill cause cellulose wallg to turn blue in color,

3, Anilin blue, This is a specific stain for callus
dgepositions on sieve plates and is essential for the pro—c;dure
outlined in Exercise XI. Sections should be immersed for a
short time in a 1% aqueous solution, and then transferred,
afer g2ntln washing, to a drop of water, The callus on the
siivg_g;ams is stained blue, Dr. A.S, Crafts has suggested

to the writer the following improvement: Place the sections
in IKI, wash in water, stain in anilin blwe for about five
pinutes, then wash brierfly again with IKT and momt for

study in tap watrr or glycerine,

4, Nautral red, This vital stain is wry useful as a
(neral stain for the primary walls of living cells, and is
vecommended for use in Exercises V, VI, and VII, Mownt the
sections direetly in a 1% aqueous solutinm,

5 Sudan IV. This rragent is specific for the cuticle
and for cutinized and suberize . Place the sections

in a drop of alcoholic solution of Sudan IV {5g. in 100cc. of
8C% alcohol), add a covir-glass, snd oxamine wder the micro-
scopz, The cuticle, as well as waxy materials present in
walls, are gtained red, This reagent is very desivable for
usge with Exerciss V,

SRS
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The Tissue System

Or.U.K.Nanda
Reader in Zoology

The cells in the body of the multicellular animals
vary in structure and function. It is seen that one variety
of cell performs one kind of work and constitutes one type
of tissue.

Definition

So a tissue may be defined as an aggregate of same
types of cells i.e. similar in morphology, physiology and
embryonic origin, combined by subserving the same general
function independently and united by varying amounts of
intercellular substance (e.gs, blood, bones, cartilage, muscle,
nervous tissues etcs).

Qrigin miototic

The first few cells undergo repeated/miakke division.
The first eviddnce of differentiation is discernible in this
cellular mass, where distinct layers, known as the ectoderm,
the mesoderm and the endoderm. Cells of each of these layers
reorganise themselves to form tissue system.

There are four primary types of tissues in the body:

i) Epithelial - which covers surfaces, lines cavities

and forms tubes.
‘ii) Connective — which forms supporting and binding

structures.

iii) muscular - which comprises the contractile
elementse.

iv) Nervous - which makes up the regulating and

conducting structures.

The Principal differences among the various types of
tissues arise from the types of cells of which they are composed,
the nature and amount of intercellular material present, and
the functions they performe.

1) Epithelial Tissue

Forms the covering of the outer surfaces of the body and
of most internal organs, lines the digestive and respiratory
tracts, the -serous cavitiesm, blood vess els, excretory ducts and
reproductive ducts and organs. 1t comprises the secreting

portions and ducts of glands and the sensory portions of sense
organs.

Stzuctural characteristics of epithelial tissue
1) Epithelial cells are arranged in a continuous sheet,
usually of one layer.

2) They are packed together closely with little inter-
cellular sub$tances
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3) Blood vessels are absent, but nerve endings ay
usually abundant.

4) Epithelial cells lie on a basement membrang, sy
layer of intercellular substance, permeated with reticuly
fibers.

5) The cementing substance, here, 1s a mico-protey
containing hyaluronic acid and calcium. saltse

Iypes_of Epithelium
Differentiated on the basis of

(a) Shape,of the cells

m—_1 A

8

[} [} - i
Squamous Cuboidal Co lumnax Transitional
and (b) Their arrangement in the epithelial sheet
Simple Stratl

According to the origin and association with other
tissue it may be classified as:

] !
Epithelium MesotHelium Endothelt
Form membranes Epithelium when Lines thzj
associated with  derived from mesoderm surface

a thin connective

. e.gs peritoneum
tissue layer

a) Based on the shape

j ! °

}
Squamous Cuboidal Columnaxzn
Consists of

Consists of Cells are long, R‘?s'?mblesi
cells which cube-shaped cylindrical tlﬁedt@‘h
are thin and cells or cells sometimes in thlf
flat, with in the form of forming tall,  sists?
:gegulai or truncated irregular éa}c'eﬁsog
irregular j isms . u
outlines Pyramids priens ficial S5

cells aré
and roundd
stzead of,
squamo'-w}“
The no+ @
ies Wil
conditioh
organ a8
urinary b
Function
1) Protection
2) Absorption
g Secretion

Excretion,
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a) Squamous:

1) Simple (cells in a single layer) lining the body
cavities and in Bowman's capsule of the kidney&/

Mesothelium: that liming the serous. cavities
(pleural, peritoneal, pericardial)

Endothelium: that lining the blood and lymph
vessels.

ii) Stratified: Squamous epithelium (cells in several
layers) is found in epidemmis ,cogpea,oesophaguSL
and vailginae v

s

p) Cuboidal:
i) Simple cuboidal: Certain glands and parts of the

kidney tubules(thyroid), the ducts
of glands, and the smaller bronchi.

ii) Stratified Cuboidal: Epidermisof certain tailed
amphibians.

c¢) Columnar
Epithelium: Consists of cells which are long and cylindrical,
sometimes forming tall, irregular prismse

Six Subtypes:
b/i) Siﬁpie ¢ in the lininy of the integgine-
/1i) Simple, cilvated: in the oviducts, uterus and nasal
sinuees.
. iii) Stratified: in the pharynx, on the epiglottis
iv) Stratified ciliated: in the larynx on the soft palate.
v) Pseudostratified: varying in height with nuclei at
different levels, all cells touching

basement membrane, in the pardétid gland
and male urethra

vi) Pseudostratif{ga‘ciliated: in the traghea and
Eustaqgign tubee.

d) Iransitional Epithelium

Consists of several layers of cells (like stratified
epithelium) but its superficial surface tells are largex
and rounded intead of being squamous in shapes

The number of layers varies with the condition of the
organ as in urinary bladder.

Eree surface of Epithelial cells

. The free surface of epitheliy; cells may be modified in
various ways. In some cases, the superficial protoplasm is

;gzaléed; in others, a membrane-pike secretion, or cuticle is -
eds .

Wodification of superficial protoplasm

. The bo;ders of the epithelial structures may be either
striated, ciliated or of the brush type.
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Theé striated border is found in cells of co lumngy
intestinal epithelium, usually in area where abéorptiVe
proce'sse_s/ take place. It consists of fine striations Lyl
perpendicular to the surface of the ee¢lls. The ciliaty
border is ‘representative of respiratory epithelium ciliap
thin, véry numerous, hair-like projections of varied lgg
At the proximal end of each cilium is a small basal corpy
Ciliary movement results from the quick bending of the g
in oné direction and a subsequent straightening or recow
stroke. The action of each cilium follows that of the at
joining one in a wave-like action which is repeated. Int
manner mucus or particles in contact with the cilia arem
slowly along the ciliated surface. The brush border is fm
in cells comprising of certain protions of kidney tubules-I
consists of fine, hair-like processes which are nonmotils
gives the appearance of a dense brushe.

Other specialised borders include: Stereocilia,
‘nonmotile projections in cells of the egi_"qiiy_rg}s which ar
thought to aid in eliminating the secretion of the cglls
nonmotile hairs in Wk hair cells of the utricle, sacculs
T —— N ——— — \--:...,,.,,_._......—_
cochlea of the ear, serving as receptors for vibratory st
Mature spermatozoa possess a flagellum, a sin”g_l_g‘m_irjlkf

i e 8

processes which serves for tama locomotion

et onre

structure of Cuticles . J
A cuticle is a layer of more or less solid subsi

which is secreted by and covers the free sgrface_O_f,én.epi'
thelial sheet. 11 is usually sharply delimited from the &

surface and capable of being separated from it.
\j:g,r“Enamel of teeth
}apsule of the lens of the eye

Binding together of Epithelial cells

" The cells of an epithelial sheet are so closely
to one another that it usually requires considerable mech

force to Sepal‘ate them- The factors operya"ting “+to blnd thm
together are: ’

1+ Interstitial substance acting as an intercellid
. cement . ! ' - . "
-~ ' " ' : 'n
-2+ 'Desmosomes s Condensations of cytoplasm:at per
contact between epithelial cellss o
3. Terminal bars,, rod~like thickenings of the p%:
memoranes which cemént together adjaoent cel
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Glands ‘ ‘ .
decause’ they arise from an epithelial surface, glands

are included 1n this dlscu551on of the structure of epithelial
tissues, = sweat gladg, sebaceous glands, ceruminous glands,
mammary glands- L

Functionally a gland 1s a cell or group of cells that

elaborates or manufactures a specific substance which is
extruded from the cell:into a surface or into the blood or
lymph. The product thus formed does not become a part of the

body tissues but is either absorbed and used by them or
dlscharged from the body.

e

Structurally - a #3%a4d gland 1s a cell or an 299regation

of secreting cellss Multicellular glands aplse and develop by
g process of invagination, the epithelium grows into the
adjacent connective tissue and a simple tube-like or sac-like
structure is formed. The cells in' the closed portion of the sac
assume a secretory function while those near the surface
narrow to form an excretory duct. The more complex multicellular
glan&s arise by repeated invaginations, the result is a compli-
" cated, branched organe

ion

Secretion is the process whereby XwMph a cell obtains
materials from the blood and lymph and transeforms them into
products which are passed from the cells

Polaryzation: y .

J Gland cells (and, for that matter most epithelial cells)
are said to be polafized;'that is to say their proximal or

basal end (that nearest to the basement membrane) is different

in structure £zom the distal or free end. The nucleus lies at the

proximal end, whereas, in the active phase/of secretion, the
secretory products(granules, mucigen or other substances) fill
the distal end, from which they are discharged.

Classification of Glands

. o .
Glands may be classified on the basis of

i) the presence or absence of egcretory ducts.
ii) the nature of secretion.

iii) whether the secretion is a product of the cell or
a part of the cell itself.

;v) their structure. T
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1) Presence of excreftory ducts: Based on the presence or
absence of ducts the glands can be

i) Exocrine or external secreting glands: With ductg and
empty their products ontsb‘ a free surface(eg. salivaryy

ii) Endocrine or internal secreting glands are ductlessy;y

secretions are absorbed into blood ox lymph(e.g. thym
gland)- Some glands, for example the pancreas, OMATY. or fy
are double-functioning, serving as combined exocrine andg
crine glands-

2) Nature of secretion: Depending upon the nature of seut
glands & can be

_Aucous glands: Secrote mucous, a viscid substance whic
principally contains mucin(eg- globlett
of intestine, trachegal glands).
secrete a Xmax clear, watery abuminousfl
(parotid gland)s “soSSeXmavie.
Contain both mucous and serous secretory!
(submakillary gland) Qeddanny ¢y

3) Secretion of a product or a part of the cell :

_~-Serous glands:

Mixed glands :

)
~Merocrine %}/ : The secretory product is the onlypx

exiemied extruded (salivary gland)

the apical end of the cell containin
accumulated products is broken off @&
extruded; the remaining protion of th‘
cell is left intact, the cell refoms
and the process 1s repeated(mammary}

. Apocrine .

Eccrine

Samilar to apocrine by cytoplam is
broken down bhefore discharges

Holocrine

The entire cell,along with its conts
secretory product, is extruded, thet
is replaced by a new cell (sebaceos
oil gland)

4. Classification of glands by structure:

1) Unicellular: Found on free surfaces, theyssecrete e
e-ge gia goblebt cells of intestine:
ii) Ma;l-ticellular

4 §

Tubular Albelar (acinous) Tubuloalveoldr

Tubular"glands. have . s . £ 1 of
. : e th the 10
blind, narrow tube. eir secréling portion in
I
) - !
A §
Simple

Compo und

with a large ""'":g
tubes branchiﬂgﬂs
{in kidneys tesof
ands) mammary glandsl

laying mmamﬂ}@aé;

a) Simple straight

.\erg. In large intestine
b) Simple coiled(Sweat glands
c) Simple branched(gastric gl
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Alveolar glands

Have a flask-shaped secreting portion called an
alveolus or acinus. They are

1)Simple (mucous and poison glands of frogs and toads)
i1)Simple branched (sebaceous glands)
1i1)Compound (mammary glands)
gland
The compound tubuloalvedlarhas a secretory portion

that consists of irregularly branched tubules and saccular
outgrowths (e.g. majority of endocrineglands(salivary,
pancreas) .
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Dr.U.K.Nanda
‘Reader in Zoology

1. D Definition: ' e 15 .
most widely dlstrlbuted occurs almost/every part of

‘the body, constltute Some part of almost every orgahn.

Function .
¢/{ Forms the supporting and connectlng structures of

the bodys !
3, Ozigin
with one or two exceptions, connective tissues arise

frqm the mesoderm, more specifically they arise from the
mesenchyme of this layer.

pm—

4. Difference with epithelial tissue
i) The cells are not aggregated.

ii) A considerable amount of intercellular substance
v present. which is.always product of the cells of
the tissue.

iii) This substance 1s called ground substance or matrix.

iv) As the development of embryo proceeds, the- nature
of intercellular substance changess

v) Fibers begin to appear, first the coliagenous, then
the elastice

Geﬁg;&l characteristics of 'connective Tissue -

I) The cells of connective tissue are reldtively few
in number, the bulk of the tissue consisting of
intercellular material or matrixe

/1i) They are highly vascular.
iii) Rarely do they occur on free surfaces.

Classification of connective tissue

1) Connective tissues are classified on the basis of
their intercellular substance.

i) Connective tissue proper: inter—cellular substance
is of a fibrous nature.

ii) Dense connective tissue, intercellular substance
i.e. rigid or semirigid (cartilage, bone)

Connective tlgﬁye proper:

. : Four gypes .
. a T )

Wucaus Fibrous Rati.vfaeticular Adipose
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mucous connective Tissue

1, Also known as wharton's jelly,
2, It consists of branching cells, irregularly
arranged which sometimeSanastomose.

3. Jelly-like matrix present and contain mucip,
oA Afew bundle of collagenous fiber may be prese;,
40 No elastic fibers.

6. wharton's jelly is found onlywl
cord of the embryo. -

Fibrous connective tissue
1« Composed of cells embedded in a matrix that is
made up fibers and a semifluid substance.

2. Fibrous connective tissue is further subdibided
into g

s {
a) Areolar b) white fibrous c) Yellow fiy
(collagenous) (elastic)

a) Areolar or logse connective tissue

1) It consists of an interlacing net work of fibems
in a semifluid matrix throughout which cells arm

scattereds forms the interstitial tissues of m

2) This kind of tissue/organs, surrounds blogd ues
and mérves, and constitute most of the subcutan
tissye and the deef 1gjcia

b) The white fibers

1) O:eur in bundles and if not stretched, are usuallyﬂ
RARYX wavy.

2) The fibers themselves do not branch, but a bundk
of them may do so.

3) They are nonelastic yet &1 flexible.
) They swell in weak achkalies and are
digested by acid pepsfn but resist alkgline 5]
3% The collagen they contain ylelds gelatin upn i
¢) The yellow fibers

1) Are single fibers, usually straight but contaltli
elastin, are highly elastic.

2) They may branch and anastomose

) Resist boiling water, acids and alkalies and &%
digested slowly by_both pepsin and trypsin:
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Histology Of ‘Aerolér‘:‘tlssg‘_g_

The ce'Jtis of areoldr-tissue are :

1. Fibroblasts: }'he cells. of areolar tissue are numerous,
irregularly shaped phagocytic, thought to
give rise to fibers.

L , g .
9 Histiocyt,esf '(fixed macrop\ageg) irregular in shape with
' branching processes and small nuclei, stain

deeply, normally ®§ quiescent but_actively
amoeboid = and phagocytic during inf lamatory
prGCEsS..

3. Plasma cel'ls:' Smaller than histiocytes, fewer in number,
function unknown.

4 ‘Mast cells: Oceur in varying humbers, found éspecially
/ along blood vessles. Origin and functlon
aré not definitely known. -

Produce heparin, an anticoagulants

5. mistellaneous cells: ® cosinophils, pigment cells, undifferen-
. tiated mesenchymal cells and lymphoid "Wandering"

cells. TTT————
—

white fibrous connective tissue

'

{. Consists mainly of white fibres with few elastic fibres
present. ‘

Occurrence: It is found in the fibrous capsules of organs,
tendons and aponeurosess '

Tendon: A tendon is a flat or cord~like band that serves to
T attach muscle to bone. lts collagenous fibres
are arrangeg in parallel bhundlese

Fifl;g_b‘l_a_shts; the only cells present, are ari'ahged in parallel
- rows between the bundles.

An_aponeurosis is a flat sheet of connective tissue that attaches
ST m er tissue; it is similar
. in structuré to a tendon.

A ligament also is similar to a tendon in struciure except that
- o its fibres' are less regularly arranged and some
elastic fibres may be present.

Yellow fibrous or elastic connective tissue

It is made up of principally yellow elastic fibers with
a few collagenous fibers. It is found in some ligaments and in
the walls of large blood vessles, especially the aorta and the
larger arteriesr——————————ou, _—
t is : .
= tomposed, of scleroprotein called elastin, sgen jin areolar .
tissue, in figaments hetween joints and vertebrae.

Beticular connective tissue

Reticular connective tissue consist of a syncytial.network
of cells with many argyrophilic j ihers running
r11\’1 all directions an orming a reticulum. These fibers are so
amed because of their property of stainlng intensely with
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certain silver methods. This types of tissue forms the frane
work of lyfphoic.o.rgans such as the spleen, lymph nodes gy
pone marrow. It is also found in certain endocrine glangs i
the walls of blood vesseles, and in digestive and :respi;caf{ﬁry
passages underlying mucous membranes.

1¥ Adipese tissue is made up principally of cells tp
have the capacity for taking in fat and storing it

2) mature fat cells contain a lar%%u_dgoplet of neyty)
fat occupying the major portion of the cells ™~
.—-——‘—-——

S st

v

3) The cytoplasm is reduced to a thin layer surroungy
the droplet.

4) The fucleus is flattened and pushed to one sid,
giving the fat cell a "signet ring" appearance.

5) Groups of fat cells are separated by areolar tisy

6) Adipose tissue is found in the superficial fasciz
under the skin, around organs such as kidney, bladder, and
heart, in mesenteries and the greater omentum, and as individ
cells or in small groups in any loose connective tissue
especially that along the blood vessels and nervese

Functions

1) Serves as a reservoir of reserve foods.

3) Protects the organs it sm surrounds against cold
or heat loss). 7

&7 Protects against mechanical injury
4} Helps to support and hold organs in place.
_5) Fills in the angular areas of the body.

Lense Connective Tissue:

1+ This tissue includes a) Cartilage and b) bone .osseous
tissue
a) Cartilage: Forms foundation of endegskeleten in all
vertebrates and persists in this condition
throughout the life and in others partially
at least in some vertebrates or wholly replac
bY “bore

\/T)\ere are three types of cartilage

i} Hyaline
.1i) Fibrous
iii) Elastic

Hyaline Cartilage:

1) Consists of cells lying in cavities(lacunae) surrounded?

a homogenous matrix or dense, semirigid intercellular
substance.

) The matrix contains collagenous fibers which,however, @
be seen in ordinary preparations.
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The cells called condrocytes, are usually single
although they may occur in pairs or in groups of three
or four.
¢y" Hyaline cartilage is flexible and slightly elastic.

5) It is covered by a membrane, the perichondrium, except
over arti of the™bone. -

6. Hyéline cartilage is found in the articular cartilages
ipxfuumdxXMxtRExExkizutax covering the ends of bones
at joints, in costal cartilages Bamszxa% between the

rips and sternum, and in the septum of .the nose and
cartilages of the larynx and trachea.
r_‘_—__'-————“ o

Fibrous Cartilage:
1)  Consists of a matrix not quite so dense as that of

hyaline cartilage and containing many collagenous
fibers that are arranged more or less in rows.

2) It possesses great strength and g% flexibility.

3) The cells gvoid and enclosed in capsules, are reletively
few in number and usually are widely separafeds™
e ST

4) This type of cartilage is found in injervertebral disks
between the bodies of vertebrate and in the pubic
symphysiss

Elastic Cartilage

1) It consists of a matrix having many elastic fibers £
forming an interlacing net work.

2) Collagenous fibers are present but not readily seen.

3) The cells, usually single but sometimes in pairs, lie
in cavities called lacunae.

4)  This type of cartilage is flexible and elastic.

5) It is found in the cartilage of the externgl ear, the
wall of the Eustachian. tube, the epiglattis and certain
layngeal cartilages.

Sone (Osseus tissue)
) vone is a rigid tissue consisting of bone cells embeded

—_

in matrix that is impregnated with cilgigm_gQQJqummnrous
salls. ) !

2) The structural unit is the Haversian system, which

consists of cylinders of matrix and bone cells surrounding

a cavity, the Haversian canals
3) This canal contains b%gggﬂxgﬁsél87—Lymphﬂ%icﬁ—€WﬁFﬂ€IM££'

4) The matrix is arranged about each Haversian canal in con-

entric layers called lamellaes

Bétween the lamellae are lacunag, within which lie the
bone cells ( between ogteocytes)

6) wany minute canals called canaliculi extend from each
lacuna and penetrate the matrix in all directions,
connecting the various lacunaes
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PUMPING ACTION OF HEART

bx Dr, J. K, Panda

The primary function of the cardio-vascular system
is to provide an edequate supply to all cells of the bady, of
materials needed for their proper function ard that carries
away the waste products of their metabolism, It is a well-
organigsed transport system of the body by which the blood being
circulated within a closed system urder different pressure
gradjents, created by the pumping mechanism where heart acts as
the central pump, The volume of blood in our bodv is limited,
but it has to perform unlimited amount of work continuously,
This naturally leads to the conclusien that the same quantity

of blood must be used over and over again. In other words, blood
mist circulate,

Blood gets reduced in the tissues and oxygenated in the
lungs, Consequently, 1t has to pass alternately through lungs
and tissues, doing opposite functions at these two places, Hernce,
circulatory system has been divided into two functionally opposite
parts: (1) The systemic circulation (Greater circulation with
high resistance circuit) - passing through the ‘tiseues, (2) The
pulwmonary circulation (Lesser circulation with low resistance

eircuit) - passing through the lungs, The two systems again
meet in the heart,

ANATOMICAL CONSIDERATIONS QF HEART, = The heart is roughly
heart-shaped structure and rests obliquely in the thoracic
cavity, The anterior surface of the heart faces the sternum,
the posterior surface - the base of the cone faces the vertebral
column ard the inferior or diaphragmatic surface rests on the
diaphl‘agm. The heart has got four chambers two ventricles amd
two atria - poth right and left. The two left chambers are
Separated from the two right ones, by a continuous partition,
the. atrial portion of which is called the interatrial septum
:(flb"°u5> while the ventricular part is known as the interven-
;:::‘::1:1‘ Sep‘Fum (upper one-fourth fibrous, lower three-fourths
‘ ar), Prom the left ventricle arises the aorta, carrying
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oxygenated blood to the tissuea, Frow the right ventricle,
which is less muscular than the left, arises the pulmonary
trunk, carrying reduced blood to the lungs. The right atrium
receives all the venous blood from the body through three Veing
the inferior and the superior venae cavae, and the coronary
ginug. The left atrijum receives all the oxygenated blood from
the lungs through pulmonary veins.

Thus the four chambers of heart perform four different
functions, The courge of circulation is as follows. The left
ventricle propels ;;c‘v?enated blood to the tissues. Here, it
gives up oxygen axd becomes reduced. The reduced bloed comes
back to the heart through the veins and is received, by the
right atrium, From the right atrium it passes into the right
ventricle, whic¢h then propels it into the, lungs, Here, it °
become's re-oxygenateh; ard is returned to the ieft atrium
through the pulmonary veins. From here it enters the left
ventricle and is pumped out into the greater circulation again
In thls way circulation goes on, Two technical terms are usged
in connection with heart, e,g., systole and dihstole. The terh
systole' means éontraction and diastole means relaxation,

VALVES OF THE HEART

There should not be any admixture between arterial am
venous blood, In other words, circulation must be strictly must
be gtrictly one way. This is done by the action of valves.
There are four sets of valves.in the heart, The right atrioven-
tricular opening is guarded by tricuspid valve the left opening
by the mitral or bicuspid valve. The openings of the aorta
and pulmonary artery are guarded by semilunar valves (three
cusps).

The cusps'of tricuspid valve and mitral valve are
triengular in shape and are attached at their bases to the
marging of fibrous conmective tisgue encircling the atrio-’
ventricular orifices, These valves open when the blood passed
from the atria to the ventricles. The apices of the valves are
projected within the ventricles during flowing of blood into
ventricles. But the apices are restrloted to bulge w:.thin the
atrium during ventricular contracf:mn by the presence of chorde®

‘C°m?°,‘,- il
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terdineae which attach the apical emd of the valve and the
papillary muscle in the ventricular wall at the other. The
1arger ard stronger aortic semilumar valve, guards the orifice
batween the left ventricle amd the systemic aorta, whereas the
pulmonary (pu:_Lmonic) semilunar valve guards the opening between
the right ventricle and the pulwonary trunk. '

)

ACTION OF THE VALVES.

The atrioventricular (A.V.) valves open’ towards “the N
ventricles aml close towards the ventricled and close towardé
th» atria, The semilunar (S.L.) valves open' dway from the ventricles
and close towards the ventricles. So that when atria contract,
atrioventricular valves open and blood passes into the ventm,cles.
'hen ventricles contract, atrioventricular valves close, but
semilunar valves open., This prevents regurgitation of blood into
the atria but allows it to flow out of the ventrlcles. In this
wiy circulation becomeg one way.

The two ventricles contract simultaneously, as also the
two atria, The same amount of blood passes out of the ventricles
at the same time during systole. The same amount of blood, enters
the heart at the same time during diastole. Any discrepancy in

the time or in the juantitative relations may ultlmately cause
hiart failure,

SPECIAL JUNCTIONAL TISSUES OF THE HEART

e L L e e T T 3 e

Cardiac muscle consists essentially of certain specialised
structures which are responsible for initiation and transmission
f cardiac impulses at a higher rate than the rest of the mugcle,
Those specialised cardiac tiscues operate such mechanism are
collectively known as the junctional tissues of heart, They
Gomprise the following structures : (1) Sino-atrial (S. A.)

Tode, (2) Atrioventricular (A. V,) node. (3) Bundle of His
(atrlov’ntrlcular burdle), (4) The right and left branches
of the bundie - ending in the (5) Purkinje fibres.

The ginp-atrial and atrioventricular nodes and’ bundle
°f His are compoged of specialised ‘cardiac tissue and contain
nj
gh amount of glycogen, These have got. more sarcoplasm than
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the rest of the cardiac muscle fibres, Purkinje fibres also -
contain high amount of glycogen in ijhe ir sarcoplasm, The atriy
' miscle fibre is connected with the vyontricular muscle fibre
only through the bundle of Hie because a fibrous tissue ring
keepg the atrial muscle geparated from the ventricular muscls,
Demag: of burdle of His caused dissociation of atrial amd
ventricular rhythm, '

1. SINO~ATRIAL NODE. (Keith and Flack, 1907). It is
situated in the right atrium at the junction of superior vem
cava and the right auricular apperndage. It extends downwards
along the sulcus terminalis for about 2 cm {three-fourths of
an inch), It is broader at the top ard tapering below, and
measures about 5 x 20 mm, ,

This nodal tissue possesses relatively few myofibrils
and also it is claimed to consist of a dense metwork of small
Purkinje fibres, Some imvestigators believe that the transmiselon
of cardiac impulse from the S. A, node to the A, V. node is
mostly facilitated by the presence of Purkinje fibres in the
atria, No pathways of special fibres have yet been gatisfactorily
demonstrated until recently in the walls of the atria.

Goldman (1970) has described that there are three
internodal atrial pathways originating from the S. A, node go
to the A, V. nodal region (FIG, 1). These internodal tracts
contain Purkinje type of fibres, The enterior internodal tract
after coyxing out from the S. A. node curves rourd the guperior
vena cava and anterijor wall of the right atrium, Here it
bifurcates into two branches, one of which goes to the left
atrium and other goes to the anterior superior region of the
A, V. node. The middle internodal tract and posterior internodal
tract after coming out from the S, A, node curve behind the
superior vens cava and end in the superior margin and postérior
margin of the A. V. node respectively, In between three inter-
nodal tracts there are intercomnecting fibres Wwhich merge Just
above the A, V. node and also by-pass thi)s node, In bet\;:een
the miscle cells, many rerve cells ave fourd which st as Tel®
stations for the vagus only. Rxcitor sympathetic fibres are als
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129

found here, Functions. It generates the normal cardiac impulse
at the rate of 70 to 80 minute in the adult and acts as the
pacemaker of heart and the rhythm originated from this region
ig generally designatéd as simus rhythm.

2 ATRIOVENTRICULAR NODE (Tawara, 4906). It is situated in
the right atrium at the posterior part of the interatrial septum
close to the opehing of the Corohary sinus. It measures' about

5 x 5 mm. The preserce of he" trioventricular node was first
identified by Kent in 1892 and af"terwards His in 1893 described
a bard of moélified muscle fibres to course from the atrium to
the ventricle, Tawara (1906) described in details the presence
of this specialised tissue 'in many species of animals. The cells
of the A, V. node are cardiac muscle fibres but have a few
myofibrils, It also consists of Purkinje fibres which form a
dense network, The node ig extended into the common-the
strioventricular bundle (bundle of His). Functions.. (a) It
receives the impulse originating from the S. A. node and
transmits it to the ventricles through the bundle of His,

(b) It acts as regerve pacemaker, The rhythm that is originated
in the A, V. node ig known as nodal rhythm. (¢) It also initiates
the cardiac impulse, but at a slower rate (40 to 60 per minute).
In abnormal conditions, when the S. A, node fails, the A, V.

node gererates the impulse (nodal rhythm), C

3 BUNDLE QF HIS. Course - The main trunk-of this bundle ... .
1« continuous with the A. V, node and passes upwards until it
reaches the posterior margin of the membranous part of the
interventricular septum and then forwards below it. It me asure s
about 20 mm long.

b,

g2

BUNDLE BRANCH. Just above the muscular part of the
Ptum, the bundle divides into right and left branches. The
right bundle branch is longer than the left one. The left
bundle branch bifurcates into superior and inferior' divisions,
It plerces the membrancus septum, enters the left ventricle
ad pasgeg along the muscular septum towards the apex. The
12t branch ends in the Purkinje systems of the ventricular
i‘;:e:if’;:rd?al tissue (FIG., 2). The right branch passes down
the engo Slt?e of the septum., These branches remain Jjust urder

cardium, They are finally distributed through the
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terminal arborisations of a. specisal type of cardiac muscle
fibres, known as’ the Purkinge fibres. Fumctioms. (a) Comluctiy,
Tts normal function is to corduct the atrial impulse into the
ventricles; (2) Rhythmicity - When the S. A. and A. V, nodeg
fail, the burndle can originate cardiac impulse, But the rate
ig very slow, about 36 per minute,

5, ' PURKINJE FIBRES. The Purkinje fibres which arise fran
_.the branches of the bundle of His, spread from the interven-
tricular septum directly to the papillary tuscle and then to
the lateral walls of the ventricle ending ultimately within the
subendocardial network. Purkinje (1845) first observed the
presence’ of these fibres in the subendocardial tissue of the
ungulate, heart. Purkinje fibres have got a larger diameter
(50 to 70 p) than the ordinary cardiac muscle fibre (15 p).
It also contains relatively more sarcoplasm with large amount
of glycogen. Myofibrils in the fibre are present mostly in the
pzriphery of cells and the central space is occupied by glycogen
Functigns. Main function of these fibres is to conduct impulse
quickly to every part of the ventricular miscle fibrej These

fibreg also can initiate impulse (30-35 per min,) in case of
atrioventricular dissociation,

SPREAD OF CARDIAC IMPULSE
CONDUCTION OVER ATRIAL MUSCLE.

Cardiac impulge originated at the 3. A. node is
transmitted over both the atria like concentric waves, The spred
of electrical impulse through the S. A node is very slow (0.0518
per sec.) but the same through the junctional tissues that
comect the node to the atrial musculature or to the A. V. node
is higher (1 m per sec.).

CONDUCTION OVER A, V, NODE;

There ig also a considerable delay of 0.07 sec. to
0.1 sec., in transmission of impulse in the A, V, node before
cxcitation spreads over the ventricle, This A, V. nodal delay
allows the atrdial systole to complete before the ventricle is
excited, This delay is observed maximally at the junctional
region between the atrium and atrioventricular node., The cordu-

ction velocity of impulse at this r-eglon ig approximately
0,05 m per sec,
Contd...P/7
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{ONDUCTION OVER BUNDLE OF HIS AND THE
RIGHT AND LEFT BUNDLE BRANCHES.,

Beyornd the atrioventrlcular region, the impulse is
transmitted along the bundle branch at a hlgher velocity
(4-5 m per sec. ). The 1mpulse from the burdle of His passes
quickly through the right and 1eft burdle branches amd ultimately
reaches the PurkinJe flbres ard ventrlcular muscle fibres as well

COMDUCTION THROUGH PURKINJE SYSTEMS.

The impulse, after passing through the right aml left
bundle branches, passes into the Purkinje fibres amd éliso Itsr
mltiple ramifications within the suberdocardial surfaces of
both ventricles. The impulse then travels from the end.oc'ardium
to the epicardium of ventricular muscle perpemiicularly.

Il

CONDUCTION THROUGH VENTRIGULAR MUSCLE,

In human beings, the midportion of the interventricular
septum is activated normally in a left to right direction, So
the depolarisation of the ventricular muscle begins at the left
gide of the interventricular septum because the Purkinje fibres
arise more proximally from the left bumdle branch than from the
right bundle branch aml activates the left gide of the septum
Initially. After midseptal activation fromw the left to the right
direction (FIG, 3), the impulse comes down the septum to the
aex of the heart ard next portions of myocardium that is.
activated is the anteroseptal region of the ventricular
mwocardium (FIG, 4). The impulse then proceeds along the right
ard left ventricular walls to the atrioventricular groove, The
spread of excitation through the ventricle proceeds from the
*mocardium to the epicardium and thus the whole of the right
@ left ventricular walls are depolarised (FIG. 5). The portions
of the ventricles that are excited lagtly are the posterobasal
egions of the left ventricle, the pulmonary conus, amd the
W®Imost portion of the interventricular septum (FIG. 6).
SLL-T0-CR1L, cONYYCTION. |
Contimi:;arlier conceéption was ‘that there is protoplasmlc

Y between cells of the cardiac muscle ard thus impulse
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is transmitted through the intercellular bridges. But electrop
microscopic studies reveal that there 1s mo such bridges or
protoplasmic continuity, the cells are bounded on all sides by
membrares of high resistance, Transmission of impulse -through
this membrane is impossible. But the intercalated disc which
crogses the short axeg of thé cells*offers very low resigtance
and impulses reaching the imtercalated disc are quickly propa-
gated to the cells, So the syncitium-like properties of cardiac
miscle are due to presence ofllox}z resistance intercalated
disges (FIG. 7).

INTRACELLULAR CONDUCTION.

Through the specialise& areas of ‘the intercalated discs,
the impulse ultimately reaches the cell membrane - sarcolemma,
From here, the impulse is transmitted quickly through the
transverse tubules (T tubules) - sarcolemmal invagination, This
T tubule passes through the Z-line amd here it is in close
apposition with the sarceplasmic reticulum that is present in
the area in between the Z-lines, So the impulge from the cell
wall is transmitted through the transverse fubules ard then
through the sarcoplasmic reticulum, and reaches ultimately to
the contractile units of the muscle (FIG. 7).

BASIC PROPERTIES OF CARDIAC MUSCLE

The properties present in other muscles are also shown
by the cardiac muscle. But it shows certain special features.
They are briefly summarised below:

1. RHYTHMICITY.

Ore of the main characteristi\c features of the cardiac
mugcle is that it can initiate its own impul se rhythmically.
This inherent rhythmical property is present throughout the
cardiac muacle as évident from the electrophysioclogical studies
of the single fibre from the S.A, node, A. V. node, atrial
muscle, Purkinje fibre amd also from the ventricular muscle
fibre. If a strip of muscle fibre from the atrium or ventricle
is perfused in normal physiological solution with proper  ionic
concentrations, pH, temperature, etc.,_ then it beats
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rhythmically, proving the presence of pacemsker activity. It

nas been discuased earlier that the rate of rhythmicity in the

g, A, node igz 70 to 80 per minute, in A. V. node 40 to 60 per
pinute, in atrium 60 per minute, in ventricle 20 to 40 per minute,
Due to higher rhythmical prope_rty of the S. A, node, it controls
the rest of cardiac mscle and thus heart beats at the rhythm

of the 8, A, node, When the 8, A, node fails, the A, V. node

takeg the ‘chargé ard .'@f it fails, the atrium amd afterwards
ventrible take the charge of maintaining heart beat,

Transmembrare potentials, recorded simultancously from
the single fibre of the S. A, node, A. V, node amd ventricle
during normal beating, vary in their successive phases from
those are recorded separately in isolated preparation. Difference
in yembrane potential recorded in between outside aml inside
c21l membrane is known as transmembrare potential, Transmembrare
potential can be recorded by inserting micro-electrode (0.2 p)
directly into the single'cell amd the indifferent electrode is
kept outside the cell, 'As soon as the micro-electrode penetrates
the cell membrane armd if the indifferent electrode is kept
outside the cell, a potential difference ranging from - 80 to
- 90mV will be shown in the galvanometer, The resting transmem-
brate potential, thus recorded in the S. A, node is =80 uV,
but the same, in the A, V, node, atrial muscle amd ventricular
tuscle is -90 mV, This resting membrane potential will be
mntained until the resting state is disturbed by propagated
impulse. With the onset of excitation, the steady stateis
changed rapidly and the membrane potential attains to + 20 mV,
Mter reaching at this level, it maintains steady state for a
¥ile ard gets down gradually to #z initial resting state. The
mard deflection is the depolarisation phase as the membrane
Rrmeability to Na+ is altered due to excitation. In resting
state the extracellular Na* concentration is higher th-ar;‘ﬁ}"xat
"Ithe intracellular amd the permeability of Na* to the cell
BUrame is hastered during excitation. So during depolarisation
there 15 ap influx of Na* and this process is maintaired until
i: l;eoaChES + 20 uV, Here Na* entry is decreased amd K* begins.
Peartme out ﬁ-om, the cell, This phase is k‘nown as repolarisation,

Témaing in a state of systole at this stage. K+ efflux
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decrenses after reaching the resting level ard reorientatigy
of ions (Kt and Nat) takes place at this stage by ' pumpirg!
againgt electrochemical gradient amd by metabolic energy, Ty
phase is known 25 slow diastolic depolarigation. This phase
coincides with the period of diastole. This process is very
glow ard due to reorientation of ions, the threshold potentis
(-60 mV) is slowly achieved and the membrane is further
depolarised arnd the process is ref)eated. This process once
gtarted is maintained in the cardiac muscle until death ensues,
How this process is initially being started in embryonic cardi
tissue is not yet fully known but it is presumed that certain
hypoxic state may have been the cause of excitability in the
2wbryonic stage, This slow diastolic depolarisation phase is
the characteristic of pacemaker activity. This slow diastolic
depolarisation phase o6f tramsmembrane ‘potentials is absent in
other than pacemaker area i'f the same is reccorded simultareous-
ly from single cél]. in a pacemaker-dominated heart., This phase
is ]powever present in a transmembrane potential recorded from
any isolated preparation of cardiac muscle,

Cardlac rhythm is altered following stimulation of
vagi or sympathetic neryve supplying the heart. The cause of the
alowered heart rate following vagal stimulation is presumably
due to prolongation of the slow diastolic depolarisatlon phase
ard also due to hyperpolarisation for increased permeability
of K* to the cells. The rate of firing is decreased and longer
time interval is required to achieve the level of threshold
potential, Strong vagal stimulation causes the complete disapp-
earance of spontareous discharge for some time, These effects ar
in the vagal nerve emdings due to liberation of acetylcholire,
which causes hyperpolarisation of the cell membrane by increa-
sing the K* permeability. On the other hamd, cardiac sympathetio
nerve stimilation or administration of adrenaline imduces the

membrane potential to fall more rapidly armd the rate of
spontaneous discharge increases greatly.

2, CONDUCTIVITY,

Corduction of impulse through different parts of the
heart has already been discussed in detail, The impulse
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originated at the S. A. node spreads over the atris ard reaches
the A, V. node through the internodal fibres, There is no special
comecting tigsue between the two nodes, demonstrated
nigtologically but from electrophysiological studies, the
axigtence of such tissue has been reported by Carvalho and
others (1961), The A, V. node transmits the impulse through

the bundle of His amd its branches to the ventricles., From the
jpex of the heart through the Purkinje fibres the impulse is
conducted to the base, Corduction in the burmdle of His amd the
Purkinge fibres isg 1 metre per second, still less in the
ventricular muscles 0.4 metre per secomd and least in the S. A,
npde 0,05 metre per secomd and A, V. node 0.7 metre per secord.

3 EXCITABILITY AND CONTRACTILITY,

Like other muscles, the cardiac muscle is excitable by
Wequate stimuli and regspoms by contraction. The furndamental
contractile unit of the cardiac muscle 1s myofibril which
contains the protein units, action amd myosin, During contraction
these two units are associated in presence of ATP and thus the
fibre 15 shortened, but during rest these are dissociated again
vith the resynthesis of ATP, Myosin itself is an enzyme 'ATP-ase’
capable of dephosphorylation of ATP, Ca*t ion activates the
ATP-ase activity - favouring prompt association of actomyosin
ad ADP complex. Excess calcium always keeps the muscle unit )
in contracting state (Calcium rigor) due to association of more
contractile units. K* ions do not favour association of actin
M myosin (Szent-Gyargyi end Hajdu, 1952). 8o if excess K*

Is added in the extracellular fluid 'then the heart muscle
fradually stops in diastole.

k ALL-OR-NONE RESPONSE = . '

If a quiescent heart muscle is stimulated at widely
fpaced electrical shocks of increasing strength then muscle
‘omtracts as a whole orly when the threshold strength is
"eached, But there was mo such increasing amplitude of contra-
ttion with increasing intensities of stimulation. This was

::’;”VEG by Bowditeh (1871). Single skeletal muscle fibre
V€8 like this but if the entire muscle is stimulated with

Taled intensitieg of stimuli then graded responses are
eountereq, o Contd.,.P/12



5. REFRACTORY PERICD,

This is anmpther characteristic property of the heart
miscle, The refractory period of the heart is long anmd cani
divided into three parts : (1) Absolute refractory period .
Thig period extemls throughout the whole periocd of contractim,
Any stimilus, however strong, will fail to elicit a respons
if it fells within this period, For this reason, heart muscle
camot be tetanised, This long refractory period ensures enog
time for recovery of the cardiac muscle. Thig is the reason
why cardiac muscle cannot be, fatigued. This period coincides
the period from the omset of depolarigation phase to the
repolarisation up to ‘the threshold potential (FIG. 170). .
(2) Relative refractory period - This starts immediately after
the absolute refractory period aml involves the first part of
reclaxation. 'Only a very strong stimulus will be effective,
This period begins when the transmembrane potential during
repolarisation phase has just reached the threshold potential
(-60 mwV) and ends just before the repolarisation phase is ceasd,
(3) There is another type of refractofy period observed after
the relative refractory period which is known as supernormal
period. This period is limited from the point of termination

of repolarisation to the beginning of slow diastolic repola-
rigation phase,

6, TONE .

Heart muscle possesses tome., This tone is independent
of rerves and can be adjusted, In this way, it can maintain a
fairly constant tension upon its varying contents,

CARDIAC CYCLE Tt
DEFINITION

Changes that occur in the heart during one beat, are
repeated in the same order in the rext beat. This cyclical

repetition of the various changes in heart, from beat to peat,
is called cardiac cycle, : - \
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At the beginning of ventricular diastole, the semilupy
valves close produring the second sound. fhere is a briet
interval between the beginning of diastole and *he clogupe o
the semilunar valves - known as ‘the protodiastolic peried
(0,04 sec.), So that, second sound occurs actually after thi
period, The A, V, valves open a little after the closing of
the semilunar valves, ‘he interval between these two is calls
the isometric relaxation period (0,08 sec.). During this periy
ventricles relax as closed cavities and intraventricular
preseure steeply falls. At the end of this period, the
intraventricular pressure goes below that of the atria and

the A, V, valveg open, Atrial blood rushes into the ventricles.
producing the third sound. Here, ventricular filling begins,
The first part of filling ig very rapid, being known as the
Tirst rapid filling phase (0.113 sec.). The maximum filling
takes place during this brief period, The intermediate part of
filling is very slow and is known as diastasis or slow inflow
phage, Although this is the longest phase (0.167 sec.), yet
the amount of filling is minimum, The last part of diastole
corresponds with atrial systole, Due to active contraction of
the atria, filling becomes very rapid, This last rapid filling
phase (0.1 sec,) is responsible for the last part of vemtricula
filling, “ue to rapid rush of blood, another sound ig produced -
the so - called fourth sound of heart, Here, ventricular

diagtole ends and systole commences again, In this way the cycle
continves (FIG, 8),
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NERVE CONNUCTION

by Dr, Jayanta Kumar Panda

The importance of nervous éystem lies in the fact that
it controls ard integrates the different bodily functions, and
acte as the chief coordinating agency in the animal body. The
prve tissue ig differentiated into two lines (1) neural cells -
puroblasts, and (ii) glial cells ~ spongioblasts. The glial
¢ells or neuroglia perform as interstitial tissue 1n grey and
white matter whose main function is support, insulation and
phagocygosis, whereas the neuroblasts pass thrétgh successive
stages and ultimately give rise to the matured neurorme,

Neurore :

4 nerve cell with all its processes is called a
ewrone (Fig. 1), It is the structural and functional unit of
rervour system, It may consist of a nerve cell body or soma ard
two types of processes - axon amd dendrite, Demdrites branch
extensively close to the cell bocdy amd carry excitétion to the'.
cell body, whereas axons spread excitation away from the cell
body, The gtructures contained in the cell body viz, (i)mucleus,
(ii) reuroplasm with neurofibrils passing through the neuroplasm
fron dexdrite to the axon, ard nissl bodies (gramles),
(11i) mitochondria, (iv) golgi apparatug, (v) ribosone,
(vi) erdoplasmic reticulum, (vii) centosome, (viii) cell inelusionhs
ad (ix) neurosecretory materials.

PHY_QMGY QF NERVE CONDUCTION

e L il ISR
Rosting potential s

In a state of rest there is a difference' in pdtential
of the order of 60-90 millivolts between the outer surface of
%1l and its protoplasm, the cell surface being electrically
Reitie with regpect tto the protoplasm.

-
E“‘lﬂin f resting potential :

. According to Hodgkin and Huxley (1952) bioelectrical
entials ara Cauged by inequal concentration of pottageium,
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sodium amd chlorire ions within the cell amd outside ity
by the varisble permiability of the surface of the neyy,

t
to them, '

Tﬁe protoplasm of nerve arl muscle cells °0n’caim;'
30-50 times as many pottasium ions, 8-10 timee fewer SOdiug;
ard 50 times fewer chlorine ions as does the extra i
To the structural elements of the membrome are bound variy
which lerd a particular electric charge to the walls of oy
there by impeding or facilitating the passage of other fm,
is supposed for example, that the presence of dissocistei !
phosphate ’and carboxyl groups is the reason only the mnb
rerve fibre is much less permiable to anions than to catim,
Permiability to different catinns also various and chargsn
in the different functional corditions of the tissue, M

the permiability of nerve fibre membrome to pottasium loni
between 20 to 100 times that to sodium ions, whare as inany
state the ratio is significantly reversed.

*ACTION POTENTIAL :

If a smufficiently strong stimulus (for instance el
shock) 1is applied to part of & rerve fibre, it will glw s
excitation, the main manifestation of which is a rapid variat
of the membrows patential, which is known :s action potentid

* ( During the resting state, the pntassium ions, tue b

their higher concentration, tend to diffuse out ward am
creates an internal rltega‘civity.' H wever, the internal regatit
becomes great enough to prevent furth~r movement of pottasiu}
and thus an equillibrium is reached, This is the restirg M

A cross the resting plasma membrome the resting potential I
usually about 60 to 70 mV . )

1. EXCITABILITY, The merve fibre can be gtimilated B E

suitable stimilus, which may be mechanical, thermal, chenicl
or =lectrical, In experiments, electrical stimulation ig e
emploved because its strength and frequency can be acouratelf
controlled, The following changes will show that a mI® hos ¥
excited: (a) The muscle or the glamd where the nerve em? i,
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rerve and can be detected by galvanometer or by CRO, (c) The
jon potentials - An electrical disturbance always accompanies
travelling nerve impulse. In resting cell the surface is
itively charged and the interior is rnegstively charged., When
surface is stimulated and the permeability is increaged as
recult there is reversal of polarisation, The surface at the
milated point becomes negative (cathode) causing catelectro~
lonic change. When this change rises to threshold level, impulse
lyill pass 1ike selfpropagated disturbance by drawing positiveiy
arged particles from the neighbouring points which in turn
omes cathode., The depolarisation of the membrane ig the first
ep of the manifestation of an impulse, After an initial slow

f‘" 58, depo;aris_eation wave overshoots rapidly and reaches the
sopotential line (zzro line) to approximately + 35 mV, After

j“; st it reverces and beging to fall very rapidlv towards the
sting level (- 70 mV), At approximately two-tbirds of
fepolarisation, the rate of fall ig being abruptly slowed, This
owrr fall is known as negative after-potential (after-
polarisation), The rapid rise of depolarisation wave and the
pld fall of repolarisation wave are known as spike potential,
ter reaching the basal level the wave overshoots glightly

t slowly in the hyperpolarising direction. This is known as
sitive after-potential (after-hyperpolarisation). The whole
leence of potential changes in the nerve following excitation
known as action potential or membrare potential (FIG, 2).

ISCHANTSM OF THE DEVELQPMENT OF ACTION POTENTIAL

In resting state the nerve fibre remains in polarlsed
fthe verve 1g negative and the outside of the nerve is positive,
,;ﬁ Concentration outside the membrane is higher than that of

£ "*lde the membrane, K* concentration inside the membrame is
higher than that of outside the membrare. K* can permeate
£'700zh the membrare at resting state but the Na® cannot permeate,
TRebility of Na* to membrane is increased only after excitation
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and it is the first event of the action potential. The actig
potential accurs in successive stages of depolarisation,
repolarisation, negative after-potential amd positive after-
potential. It has been postulated that in resting state calein
ions (Ca**) remain binding to the protein surfaces of the
membrane poreg and it does not allow Nat to permeate through
these resting pores. During excitation ca** is dislodged from
its binding site and the permeability to Na* is increased, %
the depolarisation starts with the onset of Na' entry amd thus
an increase in Nat corductance ig taken place. The tremendous
increase is Na corductance during this period is known as
activation of membrane. Due to thig, the reversal of potential
ig caused with the development of positivity inside the membrag
and regativity outside (FIG. 3). But with the increase of
positivity inside, further entry of Nat+ is prevented amd calcim
begins to bird with the proteins of the membrane pores, But

as goon as the action potential attains the voltage approximatel
+ 35 mV, K* begins to come out from inside the membrane, The
inside becomes negative ard outside becomes positive again
(FIG. 4). This stage is the repolarisation phase and K* corduct:
ance is increased to the maximum, The mechanism urderlying the
process of K+ comductance is mostly hypothetical and increased
positivity inside the membrane due to Na* entry during depolar-
isation phase, allows the K* to come out and the resting
votential ig slowly achieved, But at the later period of this
phase (at the termination of spike potential) KF corductance i
slowed down ard thus a few miliisecornds are delayed in re storing
the membrane potential, This state ie known as negative after-
potential which has been describad to be the cause of increased
K+ concentration outside the membrare, This increased K* concei
tration may hinder further efflux of K+, With the disappearanc
of the negative after-potential, though the resting membrane
potential is achieved yet the resting ionic status is not
established, It is achieved by the active Na* pump mechanist
ard Na* beging tc come out from inside the membrane creating
mrgativity again (Figs. 5). The positive after-potential is dw
to this process of Na diffusion from inside to outside the
membranz, The negativity, produced due to active Na* pump
mechanism, c:uses the K* to diff.ise back to the interior of the
rerve fitre, For the sctive Na* and K+ pump mechanism high ever®l
phosphate (ATP) is required. In this way resting normal ionic |
status is established during the period of positive after-
potential, - Contd. . ‘p/%
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Excltablity deprds upon the following factors :
(1) strength of stimulus - A minimum strength is essential,
(ii) Duration of stimulus - The stimulus must continue for a
;ertain minimam per'iod, which varies inversely as the strength,
wycitability of @ merve fibre can be determined by studying its
strangth-duration relationship (threshold stimulus intensity
duration) of the stimulus, Current intensity of stimulus which
ig just edequate to cause an impuse is called the threshold.
Intensity below the threshold is known as subliminal, Magnitude
of current just sufficient to excitz a nerve or muscle is called
rheobage and the minimum time required to have a response is
known as utilisation time, The sghortest duration of current
flow which will excit~ the nerve or mugcule urnder current
strength equal to twice the rheobase is called the chronaxie,
Chronaxie value is a useful index of the relative excitabilitj)'r
of the tissues, (Fig. 6)

% CONDUCTIVITY : The nerve impulse is conducted along
e nerve fibre, Conmductivity shows the following characteristics:
(i) Impulse is propagated along a rnerve in both directions, (But
umer normal conditions the nerve impulse travels in one

direction only - in the motor nerve towards the responling organ ;
in the sensory nerve towards the centre, This is due to the

i¢tion of 'synapse',) (ii) Velocity of nmerve impulse - The nerve
impulee 1s propagated with a definite speed (other corditions
amaining same)., The conduction velocity depends upon the

tiamter of the nerve fibres, the thicker fibres showing higher
elocity, The corduction velocity also deperds upon the presence
or absence of myelination and also on temperature,

GRS AFFECTING CONDUCTIVITY AND EXCITABILITY:

(2) Temperature - cooling diminishes ard warming
Hereases the ge properties, (b) Mechanical pressure-depresses
;::‘::i‘:lty and excitability. (c) Blood supply - CO2 and
iiminishn Vlz.l, ether, chloroform, alcohol, novocain, etc.,

and finally abolish excitability amd comductivity,
dEl!‘S;t:;l concem.:ration - increased pH (alkali) increases and

d PH (acid) diminishes, At pH 8,0 the rerve becomes
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hyperexcitable and spontaneous discharge may occur, Even g
eingle stimulus may cause multiple response {repetitive Ye spong
(£) iffect of ions - lack and excess of Ca  have the same
affects as rise and fall of pH respectively, Changes of K+ epp
opposite effects, Na*t snd Mgtt - similar to K* but less in
degree (hence, Nat*, K' and Mg™ - are neuro-excitatory, while
Ca'*t 1g neurosedative), (g) 0, lack-depresses ard if continue
abolishes these properties., If 0 is readmitted, they return,

3. ALL-ON-NONE LAW : If the stimulus be adequate a single
nerve will always give a maximum responge. If the strength or
duration of the stimulus be further increased no alteration in
the response will take place, This property is present in singl
fibre preparation, In the whole nerve this property is differen

b, REFRACTORY PERIOD : When the nerve fibre is once exciis,
it will not respord to a secord stimulus for a brief peried,
This period is called absolute refractory period., The absolute
refractory period means that the nerve is completely refractory
to stimulaticn-in other words is incapable of eliciting an actlx
potential at any intensity of stimulation, During the absolute
refractory period there is-totel inactivation of the sodium .2
carrier mechanism and as the Na ions cannot enter the fibre,
there is no development of the action potential. Immediately
following this, there is a brief relative refractory period,
during which the excitability is submormsl but gradually rising
This is succeeded by a third brief period of increased excita
bility, known as supernormal phase, Lastly, there is a period
of subnormal excitabiiity-subnormal phase.

5. SUMMATION : (Latent addition), In a nerve fibre summati®
of two submaximal stimuli is possible,

6. ADAPTATION : The merve fibre quickly adapts itself. D
to

this adaptation there is no excitation during the passageé

2 constant current, Only when the strength of the current
1s suddenly altered or the current is made or broken excitation
takes place, A gradual change will fail to excite.

of
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7 ACCOMMODATION : If 8 stimulus even with stronger
ctrength is applied very slowly to a nerve, then there may

have no response only due to lack of attaining the threshold
gtren-th, Thie phenomenon is called accommodation, i.e., slowly
applied stimilus is accommodated by the nerve no matter how
strong the stimulus is applied,

8, INDERATIGABILITY : In the nerve muscle preparation, if
the ner've ig stimulated repeatedly, then after a certain period
the muscle fails to give any response, Now if that nerve is
igolated from the muscle and placed on a fresh muscle, then
spplication of stimulus will excite the muscle, ThlS shows that
remwe is not fatigued.

I FOLLOVING IS A BRIZF SUMMARY :. (1) Urlike muscles, the
axcitability, conductivity 2md the recovery process can go on
in a nerve for a considepable perlod even in abgence of oxygen,
(ii) The chemical changes ind Ehﬂ nerve a:r'e 'roughlv of the

same nature as geen’in the,.muscles, Pyruvic acid is formed and
if O supply be ingufficient, lactic acid Accumulates (same as
in mscles), Thiamine which is essential for complete oxidation
of these scids, is found in'good amount in the nerve fibres.
ilthough carbohydrates burn, yet they-are ,not the only source

of energy (contrast with nerve cellgs-wich possibly use

felactose), The breakdown of phosphiipids also takes an essential
vart here, It is said that, the energy requirement of the resting
®rve is supplied by combustion of sugar amd phospholipids

ainly, During activity, ATP «rd creatine phosphate break down
M supply energy for the propagation of the rerve impulse,

Both ATP and creatine phosphate are then resynthesised but the
fource of erergy of this recovery process is not known (may be
Inthe same way as in muscles), (iii) During activity
%etylcholire is liberated by the cholirergic fibres, while
“repinephrine by the adrenmergic fibres. (iv) The nerve fibres
T2 rich in K* and thiamire. During activity K* (and possibly
tiavine) diffuses out amd Na* and ¢uters the fibres. This
Hwation of K+ am Nat gseems to be intimetely related to the '

r
Tropertieg, viz,, excitability, corductivity, etc., of the
BIVe Pibreg,

Contd,..P/8,



146

EXCITATION AND THE LOCAL CIRCUIT THEORY

It was suggested long ago that propagation of a nem
impul se depends on the flow of current in local 'circuits ahead
of the active region, which depolarizes the resting membrane,
and causes it in tum to become active. In this local, -cireyit
theory, the flow of current from reglon A to region B.(Fig. 7
results in movement of the active region towards the right, 1
both myelinated and non-myelinated fibres the principle ig th
same in that the active region triggers the resting region
ahead of it by causing an outward flow of electric current.

CORE_CONDUCTOR THEQRY OF NERVE IMPULSES

If electrodes are applied to the surface of a nerve
fibre, electronic potentials develop on the fibre at the
electrodes and in their vicinity. The potentials are the great
underneath the electrode and fall off at points farther away.
The development of these potentials and thelr associates is
explained by considering the nerve fibre to act as a core
conductor; & cylinder of conducting fluid material (axoplasm)
with a sheath (cell membrane) of high electrical resistance,
surrounded by a layer of conducting medium,

SALTATORY CONDUCTION OF NERVE IMPULSES

Conduction of nerve impulses is very rapid in myeli-
nated nerve fibres in comparison to those without a myelin
sheath, The myelin sheaths are interrupted regularly at spaces
known as the nodes of Ranvier. At these nodes the membrane of
@ neuron makes contact with the surrounding fluid. The distance
between successive nodes is more in neurons of large diameter
than in neurons of small diameter. Conduction in myelinated
neurons is supposed to take place by jumping or skipping of th
action potentials from one node to another instead of travell:
ing along the nerve membrane. Such skipping movement £rom node
to node is called saltatory conduction (Fig. 7)

SYNAPTIC TRANSMISSION

The synapse, according to Sherrington (1898), is the
functional connection between two neurons., Between the pre”

Cv:m‘cd--‘i".;‘l
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synaptic and post-synaptic membranes a cleft of several
angstrom units is present.

ELECTRICAL THEQRY OF SYNAPTIC TRANSMISSION

In the crayEish giant motor £ibre, it has besn demon~
strated that impulses pass from the pre-synaptic portion to
the post-synaptic membrane. The depolarization here spreads
across the synapse from the pre-synaptic portion and is measure-
able in the post~synaptic membrane. Any depolarization in the
post-synaptic fibre does not cause hyper-polarization of the
pre-synaptic portion indicating an undirectional flow of current,
Thus, the synapse acts as a rectifier v&ithl a high resistance
towards flow of current in the opposite direction. This type
of conduction may also take place in other animals.

CLASSIFICATION OF SYNAPES

On the basis of the nature of connections between
neurons, synapses have been classified into three types.

AXOSOB)IATIC SYNAPSES, In this type, the terminal proce-~
sses of the presynaptic neuron end on the cell body or soma of
the post-synaptic neuron. This type of synapses are found in
the cerebellum between the basket cells and Purkinje cells.

AXQO-DENDRITIC SYNAPSES. The terminal processes of the
aon of the presynaptic neuron end in the dendrites of the post-
synaptic neuron dn (Fig.8). In the cerebellum, the climbing
fibres from connections with dendrites of the purkinje cells.

AXO-LHXONIC SYNAPSES. If the terminal processes of the
Presynaptic axon make connections with the terminal processes

of the post synaptic neuron, this type of synapses are known
3 the axo-axonic synapses.

STRUCTURE. Electronmicroscopic studies have revealed
that the axons of the presynaptic neurons end in expanded
teminals-the synaptic or terminal knobs or buttons. The
tembrane of the synaptic knob is the presynaptic membrane while
that of the gell body is the postsynaptic or subsynaptic
™WIahe, Though there is intimate contact between the two
"ebranes, they are separated by a gap, the synaptic cleft '
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measuring about 10~20 nm, Thus, there is no physical conﬂmm
in the cytoplasm of the pregynaptic, amd postsynaptic Ieuroy
at the synapses, However, at some synapses, the two membramg
show areas of closer proximity and the outer layers of the
unit membranes of the pre amd post synaptic membranes even
fuse, forming gap Jjunctions fournd in the spinal neurong of
teleost fishes and giant fibers of cray fish., In brain cortex
parallel intersynaptic filaments (Fig, 9) exterding between
the pre amd subsynaptic membramne in the synaptic cleft have
been demonstrated by D, Roberits (1961). The function of the
filamenta is not vet known, In same synapses (brain cortex am
retina), the filaments form a web like network on the subsyna.
ptic membrare exteniing even into the Cytoplasm of the poatey-
naptic reuron., This network is known as the subsynaptic web,
The Cytoplasm of the terminal knobs contains mitochordria an
synaptic vesicles. The synaptic vesicles are sgpherical or ovoil
shaped structures with diameters ranging between 20-65nm. The
vesicles are bourd by a 4-5 nm thick unit membrane, The vesicle
are more concentrated towards the synaptic cleft, The synaptic
vesicles contain the excitatory neuro-transmitter substances
that mediate transmission of nerve impulses from the presynapti
to postsynaptic neurons. The vesicles may be fourd on both sides

of the gynaptic Junction, amdl in electrically transmitting
neurons also,

CHEMICAL, THEORY OF SYNAPTIC TRANSMISSION

The transfer of a nerve impulse across a synaptic
Junction is known ag synaptic transmission, This process is
believed to prourht about by the release of chemical substances
at the synapse amd takeg place in the following steps ~

'+ RELEASE OF ™M NEUROTRANSMITTRR SUBSTANCE. The neuro-

transmitter subgtances synthesized in the terminal processes
of the axons are stored in the synaptic vesicles, On arrival

of an rerve action potential through the axon into the termizal
knobs, by some unknown mechanism,
neurotransmitter substance,

the vesicles release the
Calcium ions are required for the
release, and magnesium inhibts the process, After the releas

of the transmitter the vesicular membrane moves into the cell
cytovlasm 2 is used to package new transmitter substance :
synthegized, 5
Y Contd« -":1 ggt
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9, DIFFUSION OF THE TRANSMITTER SUBSTANCE. The neuro
transmitter gubstances released by the presynaptic terwinal
diffuse across the synaptic cleft amd bond to gpecific receptor
cites on the subsynaptic membrare. In the vertebrate rneuromusc-
aar junction acetyl choline 1s released from 100-300 presynaptic
siteg and diffuses across a distance of less than 1 p m,

3, PERMEABILITY ALTERATIONS IN THE SUBSYNAPTIC MEMBRAME. The
piming of the meurotransmitter to the receptor molecules is
sccompanied by alterations in the permeability of the subsynaptic
mmbrare, Two types of alterations in the permeability are
obsarved, The first is a general type in which the permeability
of the postsynaptic membrane to all types of ions bringing about
a depolarization ol the membrane ani excitatory post synaptic
potential is produt¢ed. The second type increases the permeabili-
ty of the membrane to K* and chloride ions causing hyperpolari-
zation of the membrane ard inhibitory post synaptic potential.
If the synaptic potentials are great enough to produce
wfficiently strong local curreunts, a spike is gernerated in the
appropriate region of post synaptic reuron,

b, DESTRUCTION OF THE NEUROTRANSMITTER SUBSTANCE, The
reurotransmitter substance is destroyed nuickly so that normal

. Subsynaptic resting potentisle are restored and the reuron may
;I‘“S?Dni again to a rnew gtimulus,

CHEMICAL NATURE OF TRANSMITTER SUBSTANCES. Acetylcholire
Bas been congidered to be the transmitter substances of the

(1) cholinergic effector organs, (2) postganglionic autonomic
wrve endings (3) preganglionic sympathetic nerve endings,

(4) at some siteg of the CNS, (5) neuromuscular junction.

NATURE OF TRANSMISSION IN THE CNS

CHOLINERG IC TRANSMISSION. Role of acetylcholine (ACh) in
transmission of rerve impulse in the cholinoceptive synapses
% the reuromuiscular junction, autonmomic ganglia, etc,, is well
o (pig, 10). The presence of ACh in the CNS has been known
for last four decades, Being distributed non-homogeneously it

the
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performs a specific function in some rexion but nmot in an
regiong, Little ACh is pregen‘t in the dorsal root, the optic
nerves, and the crebelium, Brain stem, thalamic nuclei am
cerebral cortex contain moderate amount, Bu't caudate mucleyg
and the retina contain very large amount. Nature of distributy
of true acetylcholinesterase (AChE) is roughly parallel to that
of ACh, Studies with the multiplebarrelled micropipette it is
observed that transmission in the recurrent axon synapses upon
Renghaw cells is cholinergic in nature and it resembles those
in neuromuscular junction ard in postganplionic cells in the
autonomic ganglia, With studies in central reurones, it is
observed that 10% of cortical neurones are activated by
cholirergic synapses. Pseudocholinesterase is aslso present in
various parts of the CNS,

CENTRAL ADRENERGIC TRANSMISSION, Norepinephrine is the
major transmitter agent in the postganglionic sympathetic

reurores. Its presemce in the ganglia can be demonstrated by
histofluorescent methods.

The presence of adrenergic substances in the extracts of
the mamiwalian brain amd also its regional distribution in the
brain have been described as early as 1954 anmd indicated that
adremergic transmission is possible, Whole brain concentrations
of catecholamines are about 0.1 to 0.5 pgm per gm. Midbrain,
pons, medulla, cerebral cortex, hippocampus, cerebellum amd
spinal cord contain catecholamines in lower concentration. In
the hypothalamus, olfactory bulb, retina, median eminenca,
limbic system, larse amounts of amires are present, In the
spinal cord, there is a system of descerding adrenergic fibres
which terminate about neurones of the intermediolateral horn.
Central adrenergic systems have also been mapped out by followir
the technique of fluore scent,

Mechanisms of synthesis, storage, inactivation ard remv
of norepinephrine are present in the CNS and are in gereral
similar to those in peripheral adremergically innervated tissues
As catecholamines canno’.s cross the blood-brain barrier, the

enzymes and precursors required for rorepirephrine synthesis ar
present in the brain, ’

D

e alsd
QPAMINE, the immediate precursor of rorepinephrire 1s ,
suspected to act as transmitter agent in certain motor function®

the CNS. %@mﬁﬁ%
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PLANT GROWTH HORMONES

Dre. RMisra
Lecturer in Bdany

A plant hormone is an organic compound synthesized
in one part of a plant and translocated to another part
where, in gvery low concentration, it causes a physio=~
logical response. The response in the target organ is hot
necessarily promotive; there .are plant hormones that are
seen to have inhibitory effects on physiological processes
11);e growth and differentiation. Basing on their action
two types of plant growth hormones have been recognised:
growth promoters and growth iphibitors. Inorganic iong e.g.
K+ or Ca2+ which have well known growth responses are not
growth hermones, Neither are synthetic orga;nic compounds
like 2,4 ~ D considered as hormones =~ such syfhthetic
organic c‘ompounds with hormone like effect are known as
plant orgwth requlators. A hormone must esseéntially be
synthesized and translocated within the plant. Hormones are
also required in very minute doses usually concentrations
of xM or less. There are still only five groips of
well accepted hormohes. They include Auinn, gibberellins,
cytokinins, abscisiec acid ana ethyléhe.

H, NS

»

The term auxin (GK Auxein = to grow) was £irst used
by Frits Went when he observed the curvaturzof oat
(Ayena sativa) coleoptiles towards light. This curvature
Phenomenon, Jcalled phototrapism, was explainad to be
the result of a substance present in the colecptile tip.
The substance which was named as 'auxin' could diffuse
from cut tips E‘o agar blocks when placed below. The agar

block could new replace the effect of the coleoptils tip
(Fig.1), ‘ ot
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‘Went's auxin was later identified as indole -3
acetic acid (IaA, Fig.2) Subsequently the word 'auxyp
was used as a generic name to describe all compoungd
having effects similar to IAA. 4-chloro-indoleacstic acly
(4~chloro IAA) and Phenyl acetic acid (PAA) are auxins
" widespread among plants. Similar compounds like naphtha-
neacetic acid (¥A2), undole berlhrie acid (IBa),

2,4'- dichl&ro phenixy cocei:ic acid (Fig.2) synthesised
and having physiological responses common to IAA are also
considered to be aukins, but as mentioned above thege ar
not growth hormones but classified as plamt growth

regulators.

IAa, one of the common naturélly occuring auxin
1s syn‘éhesised lj;n young tissues sucﬁ as shoot meristems
and growihg leaves. It is synthesised from t.l—Ia amino acid
trypto-phan and is transported. in a basipetal direction

normally via parenchyne. .

Physiological Effects of Auxins:

According to the vast array of literature
available regarding auxin , ti';e effect of auxins is
stimulatory in some cases and inhibitory in other.

Some of the imporant function are discussed below.

nduces .
a) Cell elongations Auxins ﬁaé-ueeacell elongatic

by in tiving cells espeéially in the young cells.

b) Phototrgpism: The differential growth of
shoot tips which causes phototropic movene nt of the
shoot is because: of ul{.qual distribution of auxins in
illuminated and non ‘iliuminat.ed slde which istr°bab1Y
accomplished by light-zeduced inactivation of auxin or

' s atj’
transport of aurins from illuminated to the pon~i 11t

side. ]
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) Geotropj;smz If an intact seedling is placed
in a horizonal position, it will respond to the earth's
gravitational field‘ with a particular pattern of growth.
Phe positively geotfopic movement of the root and negatively
geotropic mOVEmant‘of the shoot is explained by the
transport of auxins away from the g@&avity in the roots

and towards gravity in stems .

d) Root initiations Application of auxins to cuts
ends of stems initiates the differentiation of adventions
roots in cuttings - Auxins are-also used hn tissue -cultwe

media £ or differentiation of the callum.

a) Parthenocarpy® Exogenous manipulation of auxins induces

parthenocarpic development of fruits.

b) Absclission: The presénce of auxins prevents the

formation of abscission layers in fruits and leaves.

GIBBERELLINS

The gibberellins are another class of compounds whose
. Er
minute quantities profoundly stimulate the growth of many
Plants,

DISCOVERY

The gibberellins were discovered in an interesting
and ipcidental way, In ea‘rl'ly' part of ‘the twentieth century,
Japanese farmers noted that some plants in rice fields
Wwere taller, thinner and paler than the normal plants and
Yere sometimes devoid of fruits too, They named this disease
4 "bakanae’, meaning foolish seedlings, Sawada (1912)
Suggested that the disease s due to a 'substance' secreted

by a parasitic fungus, Fusarfum momiliforme ('syn. Gibberella

L
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fujikuroi) infecting the diseased plan*ts. This suggestio “
experimentally supported by Kurcsawa {1926) who demonstrate
that sterile filtrates of the fungus could initjate symptey
of bakanae disease in healthy rice seedlings. Later in 193,
Yabuta and Hayashi isolated this growth promoting substance i
crystalline form and named it as gibberellin A, which hag ny
been shown as a mi;tvture of many growth promoters collectiwly
kmown as gilbberellins,

Since that time, gibberellins and allied substances
have been found in higher plants also by Mitchell et al (195),

West and Plinney (1957) snd Sumiki and Kawarada (1961).
DEFINITION

A glbberellin (abbréviated as GA) may be defined asa
compound which is active in gibberollin bioassays and possess-
es a gibbane ring skeleton (refer w=re #%3), There are,
however, other compounds (like kaursne) which are active in
some of the agsays but do not possess a gibbane ring. Such
compounds have been called gibberellin-like rather than
gibberellins,
1SOLATION, DISTRIBUTION AND_BIOASSAY

About 29 gibberellins have been isolated To far and
their chemical structures known, These have been named as
gibber=1lin A1 (A1), githerellin 4, (GAz) and so on up to
gibberellin Ayg (GAxg). Of these Cross et al (1961) have
isolated 6 gibberellins from the fungus., Fugarium monilifornme

-

and designated them ag GAq, GAp, GAs, GAy, GA7 and Ghg. The
same year, MacMillan et al isolated 3 gi‘bberellins from bean

se>ds and named them as GA5, Gag and GAB. The GAqp and GAq3
have been discovered by Mulholland (1963). All these compoun~

ds are sometimes referred to as constituting the gibberellin
A series,
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Althaugh the gibberellins wer originally isolated
from & fungus,+ but now they have been shown to be present in:
almost all the groups of plant kingdom. For example, GAq Iand
GAg have been isolated from immature seeds of Ejh_és_e_g}_gs N
wilgarig by Vest and Phinhey (1959, Although all the organs of
“ne flowering plants contain gibberellins, but the highest
level hag been detected in seads. Young leaves and r'oot:-a\ are
algo rich in them. It may, thus, be generalized that rapidly
erowing and developing regions of the plant possess higher
concentrations of gibberellins, '

The gibberellins can ekist in more than one form
vithin the plant, Hashimoto and Rappaport (1966) suggested‘
that the egterified forms of gibberellins (i.e., neutral
gibberelling) act as reservoir of active gibberellins, The
active acidic form may be drawn from the neu1I:ral form as and
when needed. In addition, bound forms of gibberellins also
exist (mr Comb, 1961), ’

Many angiospermous plants havc-’ now been used as
bioassay for gibberellins and gibberellin-lik- substances.

A few of them are Avena sativa (lead section), Pisum sativum
(intact seadling), Triticum vulgare (excised coleoptile) and
Rudbeckia bicola (rosetted plants).

CHEMISTRY

The chemical structure of the gibberellins was
*eteblished by Cross et al in 1961. They showec¢ that the
Bbberelling (Fig, ==.‘u) are a group of closely related
Sonpounds and possess a common feature, the gibbane ring
Skeleton, The gibbane ring congists of a carhon skeleton with

4 rings, designated as A, B C and D, They are hence described
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as tetracarbocyclic compounds. Of the 29 gibberelling, 19 g

C19

. Bighteen gibberellins are monocarboxylic, 7 are dicarboxylic

compounds and the other 10 have 20 carbon atoms each,

and 4 are tricarboxylic acids. The various gibberellins
differe from each other in the number and position of the
functional groups pregant in the molecule. In gibberellin
&, thé functioﬁa‘l groups arc 2 carboxyl, one ethylenic doubl
bond, two alcoholic hyd.roxyl groups (one secondary and\the
other tertiary)., a gsaturated lactone and one methyl group,

N Gibberellin A; differs from GA1 in the presence of one more
ethylenic double bond in the ring A. It is, thus, more
unsaturated than GA ,

The gibberellin A, and gibberellin 4, both have
structures similar to that of GK1 except for the difference
in position of the tertiéry hydroxyl group and ths absence of
a doubls bond in GAy and in the absence of tertlary hydroxyl
group in GA,. The gibberellin Ag is, in fact, a dehydrogibber-
ellin A4 wherz the secondary hydroxyl.group ig eliminated from
ring A, making the compound more unsaturated.

Gibberellin As has been usually shown ‘to be biolo-

gically most active followed by GAq, GAy and GA2 in de scending
order of their activity, ‘

PHYSTOLOGICAL ROLES
i

Gibberelling may be regarded as natural phytohor=
mones on account of their wide range of distribution in plants
and specificity of pesponse of individual flowering plants
to the exogenously applied gibberellins. The gibberellins,
however, play importent roles in the following processes i
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1, GENETIC DWARFISM, 1In certain plants, dwarfism is
caused by the mutation of a single gene. Such individuals are
called 'single gene dwarfs’, ;n these plants, dwarfism.isdue
\to shortening of internodes rather than ‘a decr;zase in the
number of internodes, Applicatign of gibberellins on such
dvarfs causes them to eiongate g0 much as to become indistin-
guishable from the tall normal plants. Elongation of the stem,
in fact, takes place due to an elongation in theiinternodes
rathern than an increage in the nuﬁber of internocdes. Thus,
genetic dwarfism has been sucgessfully overcome by gibberellin
iz treatment in many single gene dwarf mutants like Pigum sati-
VTE,Vgg;a faba and Phaseolus multiflorus (Brian and Hemming,

1955).,

Two views have been put forward regarding the

rmchaniém of controgl of dwarfism by gibberellins, '

(a) It is due to the lack of endogenous gibberallins
in dwarf plants or if at all present, they are in
traces as to have no effect.

(b) A natural inhibitor is present in those plants .
which retard growth. And the gibberellin, when
applied,nullifies the effect of this inhibitor,

2 BOLTING AND FLOWERING., ‘'Rosette plants' are

characterized by their profuse leaf development and retarded
Internodal growth. But prior to the reproductive phase,

their occure striking elongation in the internode so that the
Plant attaing 5 to 6 times the original height. Treatment of
these 'rosette' plante with gibberellins, under conditions
that wou1d normally maintain the rosette fogm, induees them

' bolting (or shoot elongation) amd flowering {Lang, 1957).
Byregulatinq the amount of gihpérellin applied, it is also
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possible to separate shoot elongza.tion from flowaring‘; with
low dosages of gibberlellins, the ﬁlant will bolt but not
flower (Phinney and Wegt, 1961).

It is, therefore, not amazing to find a direct
correlation between the amount of gibberellin present and tn
habit of the plant, whether rosetted or bolted, Native gibbey.
1lin-1like substances“;’\re f'ound in higher concentrations in
the bolted forms than in the nonbolted ones, This has been
experimentally demonstrated in quite a few plants including
the biennial Hyoscyamus niger by Lang (1957) and the cold-
requiring plant Cﬁz_y_g_@p_tpgpgm morifolium and a long-day plant
Rudbeckia specigsa by Harada and Nitsh (19%9).

Ag far as the (1|se of gibberellins in =agriculture is
concerned, it maﬁr be possible to grow cold-requiring plants in
warm countries and long-day plants in ahor‘t-day conditions at

lower altitudes,

3. LIuHT-INDUCED INHIBITION OF STEM GROWTH,  Light-grow

plants revéal suppressed stem growth than the dark-grown (or
etiolated) plants, indicating thet light has an inhibitory
effect on stem elongation. But this inhibitory effect of light
on dyrm rlongdtion can be reverged at least in some plants
(like Pisum sativum) by the application of gibberellins on
thege plants, This clearly suggests that endogenous gibberellin
is th= limiting factor in atem elongation.

Lockhart (1961) has given a possible explanation for
it. According to him, exposure to light lowers thz level of
available gibberellins pregent in the plant., The lowered
available gibberellin contents ‘then), in. turn, decrease the
plasticity of cell walls, thus inhibiting stem growth, The

theory has, however, not won the universal support on account

of th= following drawbacks !

fl

[
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(2) Stem elongation is also induced in mustard
seedlings, groﬁn in dark, upon application of
gibberellin,

(b) In some plants, gibberellin-stimulated stem growth
has been found to be partially due to enhanced cell
division and has nothing to do with cell wei
plasticity.

(¢) Germination of the seeds of Lactuca sativa is
not only promoted by gibberellins but by red
lizht too,

b, PARTHENQCARPY,  Like auxins, the gibberellins are

also capable of inducing parthenocérpic fruit-set, Gibberellines

are, in fact, more efficient than the auxins in inducing

parthenocarpy, For example, Wittwer and Bukovac (1957) have

found gibberellin to be about 500 times more effective than

IAA in inducing parthenocarpy in tomatoes. Moreover, there .

are cages where auxing have failed to induce parthenocarpy

while gibberellins are effective, as shown experimentally for

apples (Davison, 1960) and stong fruits (Qane’et al. 1960).
Gibberellin~induced parthenocarpy has been reported in

many plants such as Cucumis setivus (cucumber), Solanum

o e trers

tlongena (brinjal) and Zephyranthes sp. Whether the production
of parthenocarpic fruits is a direct action of gibberellins or
W interaction with the natural auxins of the plant has not
been conclusively proved,

3 BRIAKING DORMANCY OF SEEDS, The light-sensitive seeds -

{lettuce, tobacco) show poor germination in dark and on
*¥posure to light their germination starts vigorously. But
"en these seeds are treated with GA%, the light requirement

18 alleviated and they germinate in dark.
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6. BREAKING DORMANCY OF BUDS. In temperate areas, iy

buds produced in winter remain dprmant until the next Spring
due to very low temperature, The dormancy in such cagesg is

. overcome by gibberellin treatment, Thus, GAz treatment to
birch buds has replaced the light requirement for breaking
dormancy (Eagles and ‘lareing, 1964). Gibberellins are alse
capable of breaking dormancy in potato tubers,

7. ROLE IN ABSCISSION. GA treatments have shown
accelerated ra\te_ of abscission in explants of bean (Chstterjee
and leopold, 1964) and of Coleus (Gupta and Kaushik, 1969),
8. .. STIMULATION' QF ENZYME ACTIVITY IN CEREAL ENDOSPERY,

Yomo (%960) and Paleg (1960) working independently
showed that the gibberellins applied exogenously could
stimulate amylase activity in isolated barley endosperm, It
wag then shown that it is the aleurone layer of the endospem
which-senszitive to the gibberellin, Subseruent researches by
Paleg (1964) and Varner (1964) revealed that GA treatment of
isolated aleurone can cause release of the enzymes,: amylase
and proteinase, Finally, Jacobson and Varner (1967) showed
that the’' two enzymes (amylase and proteinase) induced by GA
treatment arise through de novo‘isynthesis. These enzymes
participate in the breakiown of the stored starch to simple
sugars, 'I;hese sugars are then translocated to the growing

embryo where they provide energy for’growth.

ER SEX EXPRESSION. Gibberellins are also capable of
altering the sex of the flowers. Galun (1959) could inducg
maleness by foliar application of GAz to the female flowers
of Cucumis, Also, the antheridia have been induced to develoP

in many fern _gjmetophy‘tes byqGAg, treatment,
* A Latin phrase, meaning .anew,

s g T

- §
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RELATIONSHIP BETWEEN AUXINS AND GIBBERELLINS
FELAT! SHULL IV,

Auxing and gibberelling are similar to each other
in that bo-l;h promote cell elongation, flowering and parthenc-
carpy. These, however, differ ﬁ'om each other in meny of the
thysiological activities, These differences are listed in
Table 22,2. .

Accumulated ev.idences indicate that auxing and
glbberellins act both independentlv and together; depending
upon the type of plant and the conditions under which the
plant grows, The fact whether the auxins and the gibbereiliris

interact or mot is not conclusively proved.

CYTOKININS
DISCOVERY AND NOMENCLATURE

Auxins and gibberellins, besides inducing cell
¢longation, also do promote cell divigion under certain
conditions, But this behaviour of them is an exception rather
than a rule, However, thers exist in plants many substances
inducing cell division., For example, Van Overbeek et al (1941)
found coconut milk as an active stimulant of cell division,
later, in 1955 Miller et al isolated a Wcell.division-
Stimulating factor" from yeast DNA, It was named as kinetin
because of its amazing power to stimulate cell division ‘
(cytokinesi-s) in the presence of an auxin, In subséquent years,
"any other compounds promoting cell division have been syn-
thesized, Miller end hisg associates (1956) have grouped all
such compound g including kinetin under a generic name lunin ;
Lethag (1963) Proposed the term cytokinins for such substances,

Tis term ig the most.acceptable one. o
Fairley and Kilgour (1966) however, prefer to use

the terp 'phy'tokinins' for such substances in order to

Ustinguigh theg- from the peptide hormones of animal
Eﬁst!‘binte S')tinal tract. Contd e IP/1 2'
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DEFINITION et

. Skdog, Strong.and Miller:(1965) have defined cytokiy,
ins as chemicals:which, regardless of their ao’civifies.
promote eytokinesis' (cell division) in cells of various pla
organs,

Fox (1969) has defined cytokinins as cheényicals
composed of one' hydrophilic adenine éroup of-high‘ specificity
and one.lipophilic group without specificity,

QCCURRENCE

¢

Although kinetln does not occur in nature but other
kinins are found occurrmg widely in plants. The naturally-
occurring kinins do not occur’frée ‘in nature but are normally
bound to a pentose sugar, ribose and somet.ime.s“ to ap inorganic

phosphate, the ribonucleotide. . . .

Fruits and endospcrm are the richest sources of kinins,
Coconut milk and corn endosperm possess the active substance,
Substances with cytokinin activity have algo bgen rePOI'tEd in
tomato Julce, in floral extracts of aDplES and pears and also,
in cambial tissues of certam plants. A klnetin-klhe substance
is also present in peach embryo (Powell and Pratt 1964) and
sunflower root exudate (Kegde, 1964) . .

The cytokinins arc synthesized mostly in roots and
Probably originate at tlfiel root tips. Whether the shoots =615°

synthesize cytokinings or else receive their cytokinin

' AN

requirement from the roots is not certaln.

CHEMISTRY

Ty 1 ’ ) 1
Chemically, kinetin (C1OH90N5) ig 6efurfurylamino-

parine. Tt is formed from deoxyadenosine which is a

degradation product of DNA (Hell amd de ‘Ropp,-1955). 'The

‘¥
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gtructural formulae of kinetin and its 3 structural
analogues are given in Fig, » A1l these substances promote
cell division.

Apart from the above-mentioned kinins, Lethem (1963)
successfully isolated a cytokinin in pur crystalline form
{mmeture maize seeds. It was named as zeatin (Pig,22,14) and
identified ag 6-(4-hydroxy 3-methylbut-trens-2-enyl)
aninopurine. Zeatin is more powerful than any other known
cytokinin probably because of the presence of a highly reactive
allylic OH group in its side chain,

Fleigsner and Borek (1962) have described compounds
such as N6-methy1amino,pur'ine and N6,, N6-dimethylaminopurine.
These are widespread in plants and have cell division

6-pur ine

stimulating property. Recently,‘ a cytokinin called N
has been isolater; from serine~transfer-RNA of yeast cells by
Hall and others in 1966,
PHYSIOLOGICAL ROLES

Certain physiological process which are influenced
by the cytokinins esp., kinetin are given below:
1, "SLL DIVISTON. Kining are notable for their stimu-
latory effect on cell division. Using tobacco pith cultures
Skoog and Miller (1957) found that, in addition to IAA, kine-
tin 15 also needed fFor growth, The growth resfzonse is much
mors pronounced when both IAA and kinetin are used together
In right ratio of concentrations. When either of them is used
elone, a little response is produced which is due to thé
fresence of small amounts of' ehdogenous kinetin-~like
Wbstances and TAA, $1ready present in the tissues.

The process of cell divigion completes in 3 steps,

viz,, DA synthesis, mitosis and cytokinesis. Studying the
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gpecific influence of IAA and kinetin aloné on any of thege
" 3 steps, Patau, Das and Skoog (1957) found 'that IAA is
invelved in the first two steps of cell division (i.e,, in
DNA synthesis and mitosis) and that the last step (i.e.,
cytokinesis) is controlled by kinetin. It has baen suggested
that the adenine moiety of the kinetin moleculg is esgential
for cell division, I

2. DLL CLONGATION, Besides auxins and gibberellins,

kinetin alse promotes cell e;ongation. Such promotion after
kinetin treatment, has been observed in tobacco pith cultures
(Glasziou, 1957), tobacco roots (Arora et al, 1§59) and bean
leaf tissues (Powell and Griffith, 1960). Since cell
elongation induced by kinetin has been well established, the
kinetin should not be regarded as exclus_ivlely a cell division
factor,

3. ROOT GROWTH. Kinetin is capable of stimulating as
well as inhibiting root development. Skoog and Miller (1957)
found stimulatory effect of kinetin, whexil épplied along with
IAA, on root initiation and development in stem callus
cultures. Similerly, kinetins also induced increage in dry

welight and elongation of the roots of lupin seedlings (Fries,
1960).

i

b SHOOT GROWTH. The callus tissue of tobacco cen be

kept in an undifferentigted state so long as “the proper
balance of IAA and kinetin is mainta‘ined. If, however, the
amount of kinetin is increased, leafy shoots sre initiated
to develop. Bean seedlings, soakedr in kinetin solution, aldo0
showed an increage in dry weight and a mérked ¢longation of

stem and petiolés (Miller, 1956). IR .

Contd..,P/15.



"163

5, MORPHOGENESIS. Cytokinins can cause the formation
of orgens in 2 variety of tissue cultures, For instance,
skoog and Miller (1957) observed that tobacco pith callus
can be made to develop either buds or roots by changing the
relative concentrations of kinetins and auxins, High kinetin
and low auxin contents result in the productjon of buds, In
reverse condition (high auxin and low kinetin), however, the

roots appear on the pith, -

The kinins also gtimulate the production of buds in
leaf segmenta of various plants such as Saintpaulia innantha,

Bryophyllum sp and Begonia sp,

In addition to the root and shoot differentiation,
the cytokining also bring about other morphogenetic regponses,
These are :

(é) maturation of proplastids into plastids

(b) differentiation of tracheids

(¢) induction of parthenocarpy

(d) induction of floweraing

6. COUNTERACTION OF APICAL DOMINANCE, As discussed

earlier (refe:;' page 490), the auxins emanating from the apical
bud inhibit the growth of lateral buds (apical dominance),
ickson and Thimann (1958) studied the antagonistic effect of
axin and kinetin in apical dominance using pea stem sections
n culture solutions, They found, as might be normally
#Xpected, that the growth of lateral buds is inhibited when
the cultuyre medium contain IAA and is uninhibited

Wen the culture wedium does not contain IAA. They further
Noted that_ addition of kinetin, along with IAA, stimulates

the growth of 1ateral buds. |
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The above workers also conducted experiments with
entire shoots, i,e., with the apcial bud intact. So long ag
the apical bud is present, the' lateral buds do not develgp
but removal of the apical bud leads to the stimulation of
growth of the lateral buds. If, however, the intact shoot is
soaked in kinetin solution, the inhibition of lateral buds
ig checked to a great extent or in other words the lateral
buds tend to develop, Although less vigorously, as if the
apex of the shoot has been cut off, The above findings point
out towards the possibility of controlling apical dominance
by maintaining a proper balance of concentrations between IA

and the endogenous kinetin-like substances.

7. BREAKING DORMANCY OF SEEDS, Cytokining are also

effective in breaking seed dormancy in lettuce, tobacco, white
clover and carpet grass, Thimann (1963) suggests that the
site of cytokinin actinn in such cases is the cotyledon,
Furthermore, the inhibitory effact of infra-red light on
germination of lettuce seeds is also alleviated by kinetin
traatment.

The secds of parasites such a Striga asiatica require
the presence of host plant for germination. But when treated

with kinetin, the seeds germinate even in the absence of
their host.

8. DELAY, OF SENTSCENCE (= Richmond-Lang effect).

The term senescence refers to the ageing of the leawes

which is associated with the lose of chlorophyll and the
breakdown of proteins. Richmond and Lang (19‘3'%) . E;howed that
the senescence in the detached leaves of Xanthium could be
postponed for many days by kinetin treatment. This effect

ef kinetin in retarding senescence (or ageing) is known a3
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Richmond-Leng effect., According to Mothes and Engalbracht
(1961), the cytokinins have the ability to attract certain
substances including auxins and to prevent the movement of
1eaf componenta out of the treated area, However, the mobi-
1izing effect of cytokinin may actually induce senescence in
other parts of the plant. Osborne (1962) suggests that the
rgh protein content in kinetin treated areas is probably-due
to enhanced protein synthesis than their breakdown., The protein
synthesis, in ites turm, is dependent on RNA synthesis, a
process governed by kinetins,

A correlation between the age of the leaf and the
kineting has been established, Mature leaves of tobacco
r2spond more vigorously to kinetin treatment in delaying

genescence than th: young leaves.

9 ROLE IN _ABSCISSION. Cytokinins can accelerate as well
as retard the process of abscission in leaf petioles depending
on the site of their application (Osborne and Moss, 1963), In
explant petiolzs of Coleus blumei, Gupta and ’Kaushik (1969)

reported accelerated abscission on kinetin application.

OTHER NATURAL GROWTH
_HORMONES IN, PLANTS

1. ETHYLENE

Although the presence of ethylene has been shown in
ertain fungi (Penicillium digitatum, Alternaris citri) and
in the leaves, flowers and fruits of many higher plants since
long, its recognition as a natural plant growth hormone hasg
ly recently been confirmed by Pratt and Goeschl in' 1969.
Ethylene 5140 occurs in minute quantities in city gas and in
tail gaseg of blast furnaces., It is a gas of pecullar odour ’
nd ig Sparingly soluble in water but a little more in

e
"ol and ether, It is inflammable and hence the igaition
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of a mixture of ethylenc with air leads to explosion,
2, ABSCISIC ACID

The structure of Abscisic acid is given in Fig,
Eagles and Wareing (1963) isolated an inhibitor from the
birch leaves held under short day conditions. When this
substance wzs reapplied to the leaves of birch geedlings,
apical growth was completely arrested, As this substance
induced dormancy, they named it as dormin. Later in 1965,
Chkyma et a2l isolatad an inhibitor from cotton fruits and
uamed it abscisin IT, The same year, Cornfarth and hig
associstes isolated a growth inhibitor from sycamore and
pointed out that both dormin and abscisin IT are identical,
Abscisin IT is peculiar in that it is effective in much lowr
concentration than phenolic inhibitors and is accumulated
under short day conditions,

Since ite isolation and characterization, abscigin II

has been found to perform a number of physiological functians:

1. It accelerates abscission and senescence in
many plants such as cotton,

2, It inhibi;(:s seed germination in ash and lettuce,

3. It inhibits flower induction in Lolium sp.

4, It inhibits growth of IAA-induced oat
coleoptiles,

5. It inhibits GA-induced enzyme synthesgis in
barley aleurcne layers,

6.

It inhibits completely the sprouting of
potato buds,



Development of Mammals ' i87
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Introduction

Fertilisation brihgs ‘about some change in the egg
structure which undergoes cleavages We come across diverse
pattern of cleavage in the eggs of different animals, depend-
ing upon the amount of yolk it cohtainss Even in the three
subdivisions of the class Mammalia we find there exist some
difference in their mode of development.

a) Subclass Prototheria: Eggs have large amount of yolk,
showing essentially reptilian pattern of development.
' E9t Ornitkorhynchus Echidna

b) Subclass metatheria(thg marsupials): The developing embryos
receive nourishment from the mother in the uterus ‘thbugh
this adaptation is not so' well developed as in Eutheria. The
yolk though present is ejected at the begyinning of cleavage.

With the disappearance of yolk, mammalian eggs have
reverted to complete cleavage, but subsequent development bears
ample evidence 'of the former presence of yolk and in‘many
respects the morphqgenetic process resemble those in meroblastic
eggs with a discoidal type of cleavage.

Cleavage
1s ‘Soon after fertilisation cleavage starts. ,
2, Cleavage is complete, holoblastic blastomeres are more

or less of equal size but the cleavage is not as regular
as in oligolecithal egys.

3. The first cleavage 1s vertical and divides the blastomeres
into two unequal blastomeress .

4. Synchronization of the mitosis in the blastomeres is lost
very earlye .

3 Second cleavage is also vertical but at right angles to

the first cleavages One of the blastomeres divides into
two resulting in the occureence of 3 blastomeres.

6. The third cleavage is horizontals

7 Subsequently five, six and seven blastomeres and so forth
are formed.

Soeed- of Cleava

8. Overall spreed of the cleavage is much lower than in .
many other animals. Several hours elapse between successive
divisions.

tomation of morula

O A5 a result of cleavage a solid mass of cells, a

morula, in which some cells (inner mass of eells) are

large and lie inside complétely cut off from the surface
by & enveloping cells, which ate 'smaller.

e !
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11.

12,

13-

14.

15.

Formation of blastocoel

16.

17

18!

19
20.

21.

22,

—Dm
In due course the superficial cells
distinct epithelial layer.

This layer gives rise to parts(
and serves to

join to fo,

the embryonic mgmw

a) attach the embryo to the uterine wall,

b) mediates in the supply of nourishment to the
embryo from the maternal body ¥ia the placents,

The outer layer of the mammalian embryo i1s know 8
the trophoblasts

The cells lying_ in the interior are known as img'
cell mass and it is these cells that proviade matery
for the formation of the embryo proper. They are
therefore be referred to as the formative cells,

The two kinds of cells are distinguishable rather
early by certain physiological properties, which B3
be shown by using specific staining methodse

‘Cells of inner cell mass have been found(in the mi
to be more basophilic than trophoblastic cells,
suggesting a higher content of cytoplasmic nucleic
acids{Jones—~Seaton,1950) and also been found to
the enzyme alkaline phosphatase, which is lackingi
trophoblastic cells (Dalaq,19543-

Soon a cavity appears inside the cemact mass of ¢
of morula. The cavity is formed of crevicds which
between the inner cell mass and . cL1ls of the

trophoblast.

Fluid is imbibed into this cavity, so 1t enlarges,
whole embryo becomes bloated to the same degrees

The trophoblast becomes lifted off the inner cell
on most of its inner surface, and 1t remains atia

one $ide only,which corresponds later to the dorsl
of the embryo.

The mammalian embryo at this stage is called blastor

The cavity of blastocyst may be compared to the
blastocoel, but the embryo as a whole differs esse!
from a blastula, since its cells are already diffe
ted into two types:

a) the inner cell mass
b) and the cells of the trophoblast

Bole of trophoblast and inner mass of cells

There is experimental evidence that the Pmpeﬂieifé
inner cell mass and those of the tropholast are @
distinctly different at this stage- .

Three and a half day-old mouse embryos were_cut H;ell
pieces, so that some pieces contained only mnféamﬂ
mass and other consistec of trophoblast cells cel
1972). It was found that c.umps of inner mass?®

fused together in larger masses, while clumps ?cad!"*‘
trophoblast cells formed vesicles which did no

to one another. i

When introduced into uteri of pseudopregnant Wiy

A : ot
inner cells mass did not react with the uterin®

thus they did not become implanted and thus didm
develop further.
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23, On the otherhand, the vesicles formed from the
trophoblast, when introduced into the uteri, esta-
blished connection with the uterine wall as in the
development of normal embryos but later failed to
proliferate. This experiment clearly reveals the
Troles of the two components of the early mammalian
embryoss :

fofmaglon of the hvypoblast, :

24, ' A layer of very flat cells appear on the interior
surface of the inner cell mass, that is, on the surface
facing the cavity. This layer of flat cells corresponds
to the lower layer of cells of the chick blastoderm, the
hypoblast. The cells respresent the presumptive encoderm
or at least a part of it. endodermal

B The origin of the hypoblast [ cells is a gubject
of some controversy. The generally accepted view is that
the endodermal cells are split off from the inner cell

mass. ‘
s : endodermal
26 There are indications, however, that the T ells

in some rmammals such as the elephant shrew(Van der Hor.t,
1942), or even in all mammals (Dalcq,1954) are derived
from the celle of the trophoblast. some of these, near
the edge of the inner cell mass, migrate inward along
the internal surface of the inner cell mass and arrange
themselves in a continuous layer, spreads out later to
enclose the cavity or the yolk sacs

27 Unfortunately, the method of local vital staining or
marking cells could not as yet applied to study of the
migration of cells, which give rise to hypoblast cells
in mammals. ,

28, Thus, the conclusion must be reached on the grounds of
difference in the staining reactions of the various cells.

" a; do not have basophilic stain '
b) negative reaction for alkaline phosphatase.

* This suggest that hypoblast is derived from trophoblast.

29. The trophoblast corresponds in position to the chorion
of the taller embryos of reptilese birds but there is a

- difference that chrion develops in conjunction with
amrtion.
30, The inner cell mass then spreads out and becomes

arranged into a plate, resembling fhe epiblast of
the blastodisc of reptiles and birds.

31 The arrangement of the formative cells in the memamlian
blastocyst is at this stage similar to that in the avian
blastodisc prior to the apperance of primitive streak

but under the blastodisc' of there is a fluid filled
cavity. ‘ mammal
32 In some mammals where the development is primitive

(rabbit) the layer of trophoblast, Raubers layer, over
the epiblast becomes temporarily superficial.

33. In higher mammals this layer never disappears apd the
formative cells are peyer' eXposed to the exterior.

34. The blastodisc consisting of epiblast and a hypoblast,
becomes quite sharply delimited from the remainder of
the embryo.



170
_4.-

35, Epiblast: Consists of a thick plate of columnar
m—distmgulshable from the flatter ang rnoreczen5
irregularly arranged cells of the trophoblast.

Hypoblast: Cells on the underside of the blastogis

may become cuboidal or even columnar and differ o
extra embryonic endedemlining the internal surface
the trophoblast. At the edge of the blastodisc. my
thickening is the prechordal plate which forms {he
of the archenteron and it denotes the anterior end of
the embryo. |

Gastrulation
36. A primitive streak is formed and a Hensen's node is
seen at the anterior end of the primitive streak.

37. Primtive streak is shorter than birds and do not sup
half the length of the blastodisc, being confined t;
posterior part.

Foxmation of 'Encoderm

38, The cells of the primitive streak migrate downward am
sideways between the epiblast and the hypoblast ang
contribute to the formation of the endoderm %" .!
and Streeter,1941).

Formation of mesoderm ‘

39. The loose cells migrating sideways give rise to thely
of mesoderm.

Eormation of notochordal rudiment

The cells migrating forward from Hensen's node remai
40.  packed more closely and give rise to the "head proces
the notochordal rudiment.

Archenteric canal

The notochordal x®¥¥ rudiment in some mmals {includin

man) is perforated by a canal starting from Hensen's
node known as archenteric canale .

In other mmals, either there is no archenteric canalt
the canal, though present in the notochordal rudinéth
does not open to the surface at Hensen's node:

where an archenteric canal is present, its ventralwg
fuses later with the hypoblast and is then Perf"raF?
the archenteric cavity opens into the yolk sac caviy

Subsequently, the notochord separates itself from the

endoderm, anc the endoderm closes underneath the oty
chord, forming again a continuous layer-
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THE MODERN SYNTEETIC THEORY OF EVOLUTION

Prof. N.Khattar,
Head of Science,

RCE,_ BHubanesware.

The modern, synthetic theory of evolution
recognizes four basic types of processess GENE MUTATION,
CHANGES IN CHROMOSOME STRUCTURE AND NUMBER, GENETIC
RECOMBINATION, and NATURAL SELECTION. Thefirst three
provide the genetic variability without which change
cannot take place:s natural selection guides populations
of organisms into adaptive channels (Figure 1.1.).
In additlon, three accessory processes affect the working
of thege f our basic processes. MIGRATION of indiwiduals
from one population to another, as well as HYBRIDIZATION
between races or closely related spec¢ies both increase
the amount of genetlg variabllity avallable to a popu-
lation. The effecks of CHANCE, acting on small popula-
tions, may alter the way in which natural selection
guldes the courge of evolution. The purpose of the present
book is to review our knowledge of each of these
Processes, and to show how they are interre}gted with
2ach other. The more we know about the four basic
Processes, the less reason we have for believng. that
any other basic processes remaln to be discovered. We
do not need to search any more for hidden causes of
evolution, Nevertheless, we do need to understand
Much more about the way in which known processes

interact with each other.

At the outset we must recognize that at least
in higher organigms, and perhaps ln microorganisms
3 well, the three processes, mutation, genetic

fecombination, and natural selection, are equally
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1nAispensab1e for evolutionary change to take place,

. Speculationa‘as to which of the three is the most
imbortant éfe completely pointless. The best way to
understand theilr interrelationships 1s to recognize
that all populations of sexually reproducing organigns
contain a large "gene pool" of gem-ﬁic variability.
Like a natural pool of water, the gene pool maintiafis
a dynamic equilibrium between ilnflow and outflow of
genes, and may become larger or smaller, depending upon
various externhal apd internal factors. Genes may be
added to the pool (1)by immigratlion from other gene
pools, which requires crossing or hybridization betweén
immigrants and old residents Of the population; or
(2) by mutation, followed by spread of the mutant allele
through the population . Genhes are removed from tle
pool chiefly by (1) natural selectioh, which constantly
cleanses the posl of unfavourable mutations and builds
up adaptive complexes of genes, and (2) chance elimina-
tion of alleles, which takes place in small populafimﬁ
or during reductions of populaticn size. Ggnetic
recombination, following the principles of Mendelian
heredity, is constantly reshuffling the genes in the
pool, presenting new combinations for acceptance or
rejection by natural selection. Its importance lies in
the fact that adaptiveness of an individual rarely
1f ever depends upon the independent action Of individual
genes or gene mutations., Due to constant interactioh
betwcen genes at different loci, or EPISTASIS, .the
adaptive value of most genes that are retaiped in
populations dependg upon their akhility to form

favourable combinations with other genest: .
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Natural selection, which results from interactions
between populations and their environment, may either
gtabilize gene composition by eliminhatinhg most or
all immigrants and mutants, or change it in wvarious
ways. Evolution takes place through alterations of
the frequency of genes and gene combinationhs in the
population, broight about by hatural selection.

Finally, reproductive isolation, which includes all the
barriers to gene exchanhge beween populationg, has a
canalizZng effect. Sihce the richness and organizational
complexity of the gene pool make possible several
different responses to the same kind of environmen tal
change, populations that are reprm ductively lsolated

from each other are almost certain to evolve in different
directiong, while those that are not so isolated because

of gene exchange, will evolve in the same direction.
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Prof.N.Khattar,
Head of Science Deptt.
The medium of evolution is the population,
a geographically localized agyregation of members of a
given specles. The raw materials of the evolutionary
process are the inheritable variations which appear
among the individuals of suich a population. And the
mechanism of evolutlon may be described as natural
selection acting on the inheritable variations of a

population.

N

In a population, the members interbreed prefer-
entially with one another and they also interbreed
occasionally with members of neighbouring sister pop-
ulations (see Chap.8). The result of the close sexual
communication within a population is a free flow of
genes. Hereditary material present in a part of a
population may in time spread to the whole population,
through the gene-~pooling and gene-combining effect
of sex., Therefore, in the course of guccessive sexual
generations, the total genetic content of a population
my become shuffled and reshuffled thoroughly. We may
say that a population possesses a given gene pool and
that the interbreeding members of the population have
free access to all components of that pool. Moreover,
In‘as mach as sister populations are in occasional
reproductive contact, the gene pool of one population
is con’nected also to the gene pools of sister populations.
In this way, the total genetic content of an entire

8pecles continues to be ' .

#l Concept of a gene pool. In a species, genes flow

¥ithin and between populations. The total gene content

o :
f the species thus represents a gene pool to which
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all members of the species have access. Genes normally
cannot f£low between the gene pools of two different
species, shuffled about among the member organisms

(Fig.31 -1) .

Evolution operates via the gene pools of popus
lations. We already know from Chap.30 how changes in
genetic systems, hence inheritable variations, may arise
by sexual recombination and by mutation. In each
generation, some individuals may appear exhibiting
new trait variations, as a realt of either recombina-
tional or mutational process (see, for example, Fig.8.l),
If these variant organisms survive and have offspring
of their own, then their particular (mutational)
genetic innovations will persist inthe gene pool of
the population. In the courge of successive generations,
the genetic novelty may spread to many or all members

of the population,.

Whether or not such spreading actually takes
place depends on natural selection. This term is
synonymous with differential reproduction. Either
"natural selk ction" or "differential reproduction”
means simply that some individuals of a population
have more offsprng than others. Clearly, those leaving
more offspring will contribute a proportionately
greater percentagé of genes to the gehe pool of the
next generation than those leaving fewer offspring.
If, therefore, differential reproduction continues in
the same manner over many generations, the abundant
reproducer; will contribuie a brogressively larger

number of indivéduals to the whole population.
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As a result, their genes wlll become preponderant in

the gene pool of the population (Fig. 31.2).

which individuals leave more offspring than
others? Usually, but by no mans necessarily, those
that are best adapted to the environment. Being well
adapted, such individuals on the whole are healtheir
and better fed, may £ind mates more readily, and may
care for their offspring appropriately. However, cir-
cumstances may on occasion be such that comparatively
poorly adapted individuals have the most offspring.
Instances of this are sometimes encountered in human
populations, for example. In any event, what counts
most in evolution is not how well or how poorly an
organism copés with its environment, but how many
offspring it manages to leave. The more there are, the
gredter a ;:ole willl the parental genes play in the
total genetic content of the population. By and large,
the well-adapted organism contributes moét to the gene

pool.

Therefore, if an inheritable variation appears
in an organism and if, throigh differential ;eproduction
in successive generations, the progeny of that organism
becomes numerically more and more abundant, then a
glven genetic novelty will spread rapidly througho-ut
the population, As a residlt, a trait variation
originating in one organism will have become a

Standard featume of the population as a whole.

This isthe unit of evdlutionary change. Many

Such unit changes must accumilate in a population

'

Before the organisms are sufficiently altered in

Stfucture or function to be established as a new species.
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All evelution operates through the basic process

just descsribed. In brief, it consists ofs

1. appearance of inheritable variations by

sexual recombination and mutation

2. spreading of these variations through a
population by differential reproduction in successive

generations.

//

In as much as inheritable variations originate
at random, evolutionary innovations similarly appear
at random,., But in as much as the best reproducers
are generally the best adapted, evolution as a whole
is directed by adaptation and is orlented toward
continued or improved adaptatioh. It is therefore

not a random process.

Note that, in this modern view of evolution,
natural selection is fundamentally a creative force;
for its important effect is to spread genetic novelty,
hence new traits, through a population. It is also
a peaceful force, involving reproduction, not "struggle
for existence" or "survival of the fittest." Organisms
acteally struggle rathar rarely. Indeed, animals try
to avoid struggle and attempt to pursue life as incon-
spicuously as possible, eating when r they can,
reproducing when they can. And plants have never been
seen to engage in struggles at all. Moreover, natural
selection does not "eliminate the unfit". The "fit"
may be the mightiest and grandest organism in the
population, but it might happen to be sterile. And
the "unfit" could be a sickly weakling, yet have

numerous offspring. The point is that neither
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nsurvival® nor "elimination" is actually at-issue.

The only issue of consequence here is Comp\arative
reproductive success. Ipdirectly, to be sure, health,
fitness, and even actual physical struggles may affect
the reproductive success of organisms. To that extcnt
such factors can have evolutionary consequences. But
what in Darwin's day was regarded as the whole of
natural selection is now clearly recognized to have
only a limited, indirect effect on evolution. The
whcle of natural selection, directly and indirectly,

undoubtedly is differential reprjoduct\i ONne

THE GENETIC BASIS

The Hardy~Weinberg Law

From the preeeding, we may conclude that evolution

is characterized by a progressive change of gene fre-
quencies. Thus, inthe course of successive generations,
the proportion of some genes in the population
increases and the proportion of others decreases.

For exampla, a mutation mau at first be represented
by a single gene, but if by natural selection this
Mutation spreads to more and more individuals, then
lts frequency. increases whereas the frequency of the
original unmutated gene decreases. Clearly, the rates
with which gene frequencies change will be a measure

of the speed of evolution. What determines such rates?

Suppose we consider a large population in which
two alleles, A and a, occur in certain freguencies.
In such a population, three kinds of individuals
will be found, namély. AA, Aa, and aa. Let us assume

that the numerical proportions happen to be
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AR Aa- ., aa i
36% 48% o lex

Assuming further that the choice'of sexual mates

5:s entirely random, that all individuals produce
roughly equal numbers of gametes, and that the genes
A and a do not mutate, w @ may then ask how the
frequency of the genes A and a will change from one

generation to the next.

Since A2 individuals make up 36 percent of ths
total population, they will contribute approximately
36 .percent of all the gametes formed in the population.
These gametes will all contain one A gene. Similarly,
aa Individuals will produce 16 percent, of all gametes
in the population, ang each will contain one a gene.
The gametes of Aa individuals will be of two types,

& and a, in equal ﬁunlpers. Since their' total amounts
to 48 pe cent, 24 percent will be A ang 24 percent
will be a. The overall gamete output of the population

will therefore be

parents gametes parents gametes
36% AA 36% & 16% aa 16% a
]
48% Aa ‘ 24% A 48% Za 24% a
. 60% A ' ' 40% a

Fertilization now occurs in"four possible wayss
two A gametes join: two a gametes join; an A s'perm j(l)in',
an a egg; and an a sperm joins an A egg. Each of these
possibilities will occur with a fréquency dictated by
the relative abundance of the 2 and a gametes. There
are 60 percent A'gametes, Aéc’ordingly, A will join A

in 60 percent of 60 percent of the ¢ases, that is,

r



=873~ 181

60 X 60, or 36 percent of the time. Similarly,
A sperms will joln a eggs in 60 X 40, .or 24 percent

of the cases. The total results

sperms  Eggs Offspring

A } a 60 X 60 36% AA )
A a 60 X 40 24% Aa
a A 40 X 60 24% Ra
a a’ 40 X 40 16% aa

‘We note that the new generation in our example
population will consist of 36 percent AA, 48 percent
Aa, and 16 percent aa individuals. These are precisely
the same proportions we started with originally.

Evidently, gene frequencies have not changed.

It cay be snown that such a result is obtained
regardless of tha numbers and the types of gene pairs
considered simultaneocusly. The important conclusion
is thaty, if mating is random, if mutations do not
oceur, and if the population is large, then gene
frequencies in a population remain constant from gen-
eration to generation. This generalization is known as
the Hardy-Weinberg law. It has somewhat the same
central significance to the theory of ‘evolution as

Mendel's laws have to the theory of heredity (Fig.31.3).

The Hardy-Weinberg law indicates that, vhen a
Population is in genetic equilibrium, that is, when
9ene frequencies do not change, the rate of evolution
is zero. Genes then continue to be reshuffled by
Sexual recombination and, as a result, individual
Variations continue to originate from this source.

But the overall gene frequencies do not change.
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Of themselves, therefore, the variations are hot
being propagated differentially. Evolution consequent]y

does not occur.

What does make evolution. occur are deviations
from the "ifs" specified in the Hardy-Welnberg law,
Thus, mating is decidedly not random whenever hatural
gselaction takes placé: genes actually do mutate;
and populations are not always large. Singly and
in comblnation, these three factors may disturb
the genetic equilkbrium of a population and may

produce evolutionary change.
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SPECIATION

The k&Y process to be explair‘xed is how unit evolutionary
changes -in ‘& population exlrentually culminate in the
establishment of new species and higher taxonomic
categories. Ag already shwon in Chap,8, a species may

pe defined as a collection of populations within which
reproductive commutlication is maintained by inter=
breeding. We may now define a species altgrpatively as

a group of pbpuladibns sharing the same gene pool

(see Fig.31l,.1). Within the pool a free flow of genes

is maintained, but genetic flow between two such pools
does not occur; a reproductive barrier ’isoiates One species
from another. The problem of speciation, therefore,

is to show how reproductive barriers arise.

Geographic barriers between sister populations
usually develop before biological rep:r:'oductive bargiers
come into existende. Among geographic barriers, distance
1s probably the most effective. Suppose that, in the
course of many generations, the populations of a givén
species grow in size and number and that, as a result
of the increasing population pressure, the organisms
radiate into a progressively larger territory. In ‘time,
two populations A and Z at opposite ends of the territory
my be too far apart to permit direct interbreeding
Of their members. Although gene floy still takes place
via the interconnecting populations between A and 2.
1nd iduals of & ang Z no longer come into reproductive .
Contact directly (Fig.31.7). |

(.
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Tt is then almost certain that, by C‘-hanée,
different genetic innovations arise in A and % and
that different ones will be propagated within A and z
by natural selection. Such an effect will be particularly
pronounced if the environments of A and Z are or beéome
more or less different. If now the evolutionary chanhges
within A and within 2 occur faster than the speed of
genetic flow between A and Z. then A and Z will
actually become progressively different in structure
or function. These two populations thus may come to

represent two distinct subspecies (Fig. 31.8).

Geographic isolation here has set thestage for
the development of -initial differences between members
of A ang 2. If the differences accumulate, they may
eventually become so0 great that gene flow between b and 2
will stop altogether. For example, population A (or 2)
may dndergo & change in the reproductive organs such
that mating with neighbouring populations becomes
mechanically impossible, Or the protein specificities
of A may so chnge that the gametes become incompatible
with those of neighboring populations. Or the time of
the annual breeding season in A may become advanced or
delayed relative to that of neighboring populations.
Or the individuals of A may become changed psycho-
logically, so that they no longer accept mates from
neighboring populations. Biological barriers of this
sort will interrupt all gene flow between A and Z.
These subspecies, isolated reproductively, then in

effect will have become two differsnt species (Fig.31.9):
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Although an ilnitial isolation due to distance
is probably the mogt common kind, other fams of geo-
graphic isolation are encountered as well. The deve-
lopment of terrestrial islands surroun;ied by water
or of aquatic islands surrounded by land, the inter-
position of a forest belt across a prairie or of a
prairie belt across a forest, the appearance of mountain
parriers, river barriers, temperature barriers, or of
many another physical barrier, each may result in
geographic iéolatian. With reproductive contact then
lost between two populations, .evolution in each may
henceforth follow entirely different courses. In effect,
the parental species will become split into two new
ones. ht first,‘ the descendant specles will still be
rather 'similar structufally and funcgtionally. In time,
however, evolﬁtionary chahges are likely to introduce
progressively pronounc~d differences, ilnhcluding
biological barriers to interbreeding. These add to and

reinforce the environmental ones already in existence.

In two just~formed sister speciles, interbreeding
often may still take place if the iso(la';ing condition
is removed, but in nat re such removals d(; not normally
becur, Therefore, when two different species do not
interbreed in nature, this doeg notlalwaYS mean that
they cannot inerbreed. In many cases, members of
different species may be brought together in the
laboratory and there they interbreed perfectly w‘ell.
for example, swordtails and platys, two speciesL of
tropical £igh (Pig.31.10), may under certain conditions

h .
@€ offspring inthe laboratory. But in hature they

v
i
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almost never do because they are isolated reproduct-
ively: although they live tog{ethcr in the same rivess,
biological barriers discourage crossbreeding. And

after two sister specieslhave been separated far long
periods, interbreeding will no longer be possible evey
{f members of the two are brought together artificially,
Biological differences sooner or later become sufficiently

proacunced to preclyude interbreeding.

Speciation by this means is the principal way in
which new species evolve. Such a process takes, on an
average, about I milllon years. Conscliougly or un=
consciougly mgking use of this principle of reproductive
isolation, man yas been and is now contributing to the
evolutioh of many other orgahisms. Here may be found
direct proof that evoiut_ion actually occurs and,
indeed, that it c;perates according tothe mechanism

described above.

The most ahcient evolution-directipg effort of
mah i1s his successful domest;cation of various plants
and animals. IDarwin was the filrst to recognize the
theoretical sighificance of dpmestication, and it was
this , actually, which led him to his concept of
natural selection. He reasoned that if man, by artificial
selection and isolation, ¢an transform wild varieties
of given plants and animals into domesticated varieties:
then perhaps hatural seiaction and isolation, acting
for far longee periods, can bring about even greater
evolutionary transformati.on‘s in nature. We know now
that the domesticating process in fact dges involve all

the elements of natural svolution: first, deliberate
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physic.al, hence reproductlive and genetic, isolation

of a wild population by man; and second, long-continued,
careflully controlled, differchtial reproduction of
{ndividuals "adapted" to human desires, that is, of
indiviguals exhibiting tralts considered desirable by
man. The result is the creation of new strains, races,

subspecies, and even species (Fig,31.11),

Furthermore, durling the last few decades, rather
rapid, man-directed evoluton has taken place among
certain viruses, bacterla, insects, various parasites,
and other pest organisms. These live now in an environ-
ment in which antlbhiotics and numerocus pest-killing
drugs have become distlnet hazards. &nd the organisms
have evolved and are still evolving increasing
resistance to such drugs, Indeed, the very rapid
evokution of viruses and bacteria becomes a problem
in research; laboratory populations of micro-organisms
may evolve resistance to a drug even while the drug is
being tested. Bgocause micro-ordanisms have exceedingly
short generation times, because their populations are
Physically small, compact, and easily reared, and
because high mutation rates may be induced readily by
X rays, they have become favorite test objects in

evolution experiments.
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PLANT SPECIES

Dr. G. V, Gopal .

ORIGIN OF NEW SPECIES

A species is not a static unit. Through time, it gets
wdified into new forms (Fig. 4.1). New species arise either
by the slow transformation of existing species or existing
species populations, or abruptly as a result of hybridization
ad polyploidy or through special evolutionary mechanism called
catagtrophic selection or even through counterfeit hybridization.

1. GRADUAL SPECTATION -

(a) Phyletic speciation. A species with restricted
distribution may get gradually transformed into new species by
the development of new génetic material produced by mutations
am by continual incorporation of favourable genetic changes
in ite gene pool. The net result is that in place of one 0ld
secies there is one new species, This procegs of gradual
transformation of an old species into a new one is known as
thyletic gpeciation.

(b) True speciation. In true speciation physical or
biological isolation develops in a widespread species and in
due course of time due to development of new acceptable geretic
mterial and its continual incorporation there takes place slow

dwergence of isolated populations into two or more species
(Fig, 4,2),

It wag Mortiz Wagner who put forth a hypothesis of
true speciation in 1868 which is known as geographical theory
of speciation or even Allopatric theory of speciation. According
to this hypothesis the first step in true speciation is the
¥paration of originel gene pool into two or more parts
(Srinkage) as a result of reproductive isolation brought about
% changes in the environment or may be the consequence of
long-range digpergal in which case, as has been emphasized by
Stebbing (1960), self-pollinating species have a sreater chance
of succeggry egtablishment, The resulting gene pools in a bid

' Contd,,.P/2.
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to adjust themselves to their surroundings evolve in different
directions. Gradually they become rﬁorphologicallv and physiolg.
gically quite different, This process is known asg differentiatior,
As & result of reproductive isoletion and differentiation the
fragmemted parts of the original gerne pool come to occupy 3
definite geographic range, Sometimes ag a consequence of further
environmental changes en expansion of this range may take ylace
resulting in overlapping. The overlapping may also result fron
migration of different. populations into a previously unoccupied
area (Fig. 4.2). It is quite possible that the two populations
that happen to come together due to overlapping might have
already differentiated physiologically and genetically to a
degree that they are unable to form viable zygotes. In such an
instance speciation process has already been completed without
interaction, Conversely, the two populations may have, almost
similar ecological requirements ard potentiality for hybridiza-
tion. In that case, they will compete with each other, One
population may outcompete the other restoring the original
non-overlap range, Or, the two populations, as a result of
further selection, may divide the ervironment in a way that
competition is wantin: ard simultaneocusly some sort of breeding
barrier is established restricting the formation of hybrids.
Or, in an overlapping range/area two populations may hybridize
to form one interfertile population. In fact, whenever there is
competition between two populations they always tend to displace
each other, that is, requirements of one or both populations
change in a way that reduce competition, It has aptly been put
forth by F.G. Gause (1934) in his 'Exclusion principle' which
states, "No two forms can share exactly the same environmental

requirements for an irdefinite period of time, eventually one
form will replace the other,"

Thus, the two most important steps in the process of
true speciation are reproductive isolation and differentiation
Sometimes secondary merger does take place but it is not an
agsential step of the proceés.

2. ABRUPT SPRCTATION

Abrupt speciation usually occurs either.as a result of
polyploidy, catastrophic selection or counterfeit Hybridization'

,Co’n‘td-l - .P/S"
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POLYPLOIDY

This process results in the mitiplication of genome
¢y chrottio SOMe number of a plant, It has been observed that
wstly resultant polyploid individuals are incapable of forming
ertile offspring with individuals of the parental stock. The
resultant polyploid ird ividuals thus acquire instant reproductive
iglation-and if these are abl: to exploit an ecalogical situation
to their benefit, the result is the formation of a new species.
U, Lewis, (1967), however, asserted that a kind of ecological
rquirement need not follow chromosome doubling, This generali-
sation was based on his observations that 2x and 4x cytot‘ypes
of Claytonie virginica, Hedyotis purpurea, H, longifolia and
01den1andig: capensis could grow only a few metersapart on
scologically similar niches., This process indeed has played a
mjor role in the evolution of angiosperms where about 40% of
the total species are polyploid, Four main types of polyploids
recognized are autopolyploids, true or genomic allopolyploids,
segmental .ellopolyploids and autoallopolvploids (Fiz. 4.3)
(cf, Stebbing, 1960), 4 large number of taxa once regarded
o te autopolyploids are suspected to be of hybrid origin.
Mtopalyploids, in general, look remarkably similar to their
fifoid progenitors. Segmental allopolyploids simulate autopo-
Iyploids in close morphological resemblance to diploid forms
®d in dieplaying of multivalent configuration at meiosis, and °
#: mostly confused with them, Nothing can be said with certainty
lgarding their actual ance stry until both of ite¢ parents have
¥en identifieq through hybridization experiments, Segmental
Alopolyploids possess the ability for gemetic segregation
ith regard to morphological differences and also chromosomal
litference’s ‘forming sterility barrier between the parental
Maes, Further, segmental alloploidy‘ is an ungtable comdition
Bich, guided by selection for fertility, will either evolve
W the direction of auto or typical allopolyploidy, If chromo-~
8 of the parental species were largely similar amd differed
+=r:m or two small non-homologous segments, selection would -
; %o eliminate thesge non-homolagous segments-and favour
"lition in the direction of autopolyploidy. If the gituation \

- 7 COntd--.-P/l".—t
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was other way round, that is, chromosomes differing initiayy
by rumerous and large segments then, gelection would favoyr
further differentiation of such chromosomes through mutationg
and chromosomal rearrangements and elimination of mudtivalent
formation, thus, directing them towards typical allopolyploidy,
Segmental sllopolyploids sometimes form partly fertile hybridg
through backerossing with autopolyploid derivatives from either
of their parental species. Typical allopolyploids usually sta
out as clearly marked species ag hybrids resulting from their
backerossing to either diploid parent or to their autopolyplond
derivatives are usually partly and sometimes completely sterile,
Apart from being fully fertile allopolyploids are sgtrongly
isolated from, and '91so morphologically discontinuous with
th2ir closest relatives, Thus, polyploid sapecies complexes
which pose difficult problems to systematists contain elther
segmental allopolyploids or autopoiyploids or both. Autoall-
opolyploids exist only at the level of hexaploidy or higher,
& very strong resemblance ma} result between an autoallopoly-
Ploid and one of its diploid arioe‘stors if it contains two or
wor2 genomes derived from one spec:}es ard only one genote from
the other.

CATASTROPHIC SELECTION :

In 1962 Harlan Lewis proposed a special evolutionary
mechanism which does not involve the process of polyploidy
ard leads to rapid speciation resulting from genetic igolation
with 1ittle or no worphological differentiation. He observed
that three species of Clarkia (Onagraccae) e.g C. franciscans
C. rubicurda and C. amena were wmorphologically gquite similar
(Lewis ind Raven, 1985 a, b). They crossed these species in
all combinations to observe the fertility of hybrids aml to
note the differsnces in chromosome architecture as exhibited
by chromosome pairing at meiosis, In every case nearly 2% of
the pollen were found to be fertile amd chromosome pairing
in hybrids revealed that all the species differed dracgtically
from each other in arrangement of the homologous segments.

C. franciscana differed from C, rubicunda by at least three
large translocations and four paracentric inversions and fro®

COntd:--Pl'j'
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¢, amoena by at least two translocations ard two or more
paracentric inversions. The species C. amoena differed from

¢, rubicurda by three tranglocations and two inversions. Thus,
the three epecies of Clarkia, which wers morphologically very
snilar, were fourd to be dissimilar in respect of arrangement
of geneg on the chromosomes. The genetic igolation results from
thig dissimilarity. How such chromosomal alterations arige ?

To explain this Lewis put forth the hypothesis of catastrophic
selection accox_'ding to which urder certain unknown comditions
{swrironment stress such as drought etc,) drastic chromosomal
rarrangements may take place in a plant and if such a plant
tecomes detached from its parent population amd is capable of
2stablishing a population ol its own with new chromosomal
rearrangements then it results in the formation of a population
which is genetically isolated from the ancestral population

from its very inception, leading to the formation of a new
species, What are the actual force= regponsible for such drastic
thanges in some and so 1ittle in other taxa is still & mystery !
Probably 3 major force resides ia geretic system of each species

vhich controls and determines the way a specles reacts to the
awironmental changes.

COUNTERFEIT HYBRIDIZATION

It also serves as an ideal isolating mechanism (de Wet
ttal,, 1984), The process involves non-ramdom transfer of
Enes or non-random incorporation of DNA fragments from a
Tn-functional sperm of a taxon into specific position of the
fnome of parthenogenetically developing egg of another: taxon,
%¢ 211 this happens is still not known. While corducting
bbridization exper iments, with Tripsacum serving as female
Mrent and Zea ag male parant, de Wet and coworkers noticed
et in Tripsacum some of the maternal offsprings resulting
from Parthenogene tic development of non-reduced female
B®tophytes though contained 2n = 36 Tripsacum chromosomas,
*t were hvbrids rather than maternal in phenotype. Such
"Mrids vere termed counterfeit hybrids, In tripsacum genome
"2 wateria) got incorporated without true fertilization

Fheen Tripsacum o 2gg and Zea gporm. These hyprids differed

Tt Contd-'.P/G.
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from Tripsacum parent both in phenotype and cytological
behaviour. They produce sterile offspring when crossed with
their maternal Tripsacum parent, 'I‘ri'psacum cund inamarce

(2n = 36) is belisved to be a cqunterfeit hybrid between

T. dactyloldes var, meridonal and Zea mays that served as the
pollen parent.

SPECIATION IN VEGETATIVELY REPRK)DUC"I‘H}‘ PLANTS

In vegetatively reproducing plants which include most
of the monocotyledomous taxa sexual raproduction is of secondary
importance and very often cven absent in them. In most of the
members of Lillacree and Amaryllidnc'eae flowers are formed
but melosis is irregular resulting in sterile pollen and no
sead, set. Does this mean that such taxa have reached a gtatic
stap in evolution and have ‘Jost the capacity for speciation
with loss of sexual reproduction ? In nature and even under
cultivation we observe that majgority of such taxa are capable
of producing numerous rew variants indicating that they must
pPossess gome effective means of speciation unrealated to sexual
reproduction, In the somatic tissue of some of the varieties of
Caladium bicolor (2n = 28), a member of the family Araceae,
Sharma and Das (1954) observed some cells with either varying
chromosome number and/or chromosome structure from the normal
ones, Such variations were always found to be at random i.2,
without any zonation, Variations in chrompsome structure could
arise as a result of chromosomal rearrangements including
deletions, duplications, inversions amd segmental interchanges;
and variatione in chromogome number through non-disjunction,
somatic reduction and posgibly through partial endomitosis.
Further abnormal karyotype in one of the varieties was fourd
to be normal kervotype of another variety, It was, therefore,
suggested that if an abnormal nucleus with numerically or stru-
cturally altered karyotype happens to enter the growing apex
which gives rise to a daughter shaot through vegetative means
the new shoot would comprise cells with altered karyotype. Such
a shoot on detachment from the parent plant would give rise to
@ completely new form. As sexual reproduction is absent, such
Aabnormalities are not Togt through gametic inviability

»Confd. . .P/7l
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(charma, 1956). But numerical alterations are sure to upset

the nucleocytoplasm ratio which in turn is 1ikely to affect the
ptabolism of the cell. It has bren suggested that such an
abalance 8t irdividual cell level 1is rather advantageous to
qeh plants and facilitates further irregularities leading to
gmatic mutation.

ECOLOGICAL PROPERTIES OF A SPRCIES

If we study the performance of plants of a particular
secles againgt any single emvironmental gradient we always
pet similar graphs =s depicted in Fig, 4.5.

Each gpecies has its own range of tolerance, This
represents the range within which individuals of a particular
spcies ar> able to survive with reference to particular
awvironmental gradient. Another point which emergee is that
3l plants of a species, which are being tested against an
emironrnéntal gradient, do not grow with equal vigour in all
prts of their tolerance range., Within central part of their
range plants normally grow most vigorously decreasing progressi-
vely towards tolerance limits where it becomes zero. The portion
of the tolerance range where vigour is greatest is termed
eological optimum of that species, Comparable responses will
be observed if the same species is examined along uther
enironmental gradients provided its individuals are sensitive
to such varisbles. The separate responses will comprise a great
'riety of tolerance ranges, ecologicsl optima and vigour within
tese, The sum of tolerances along all gradients to which a
Wrticular species is sensitive has been termed ecological
Mlitude of the species. In fact, each specizs has its own
Wlerance range, ecological optimum am its own ecological
Mlitude, More the ecological amplitude of a species, more
Uccessful it is in nature. For its survival, however genetic
"riability 15 imperative. This results from gemetic recombina-
"onor continuous interbreeding within an interbreeding
Pplation, A species population may survive some new environ-
Ml stress if sufficient genetic variability exists within it
“*1sure that some gene combinations impart drought resistance.
;E‘neticallv ldentical population, on the contrary, would be
QfZ W“.Sh 2xtinction if the single gene combination present

Ot impart drought resistence.
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The factors for modification can be broadly cla551f1ed in "

ihree major categories namely: i) Environmental , ii) Genetical
111) physiological modification or 8ddptation of plants due
these three major components.

fnyironmental Factor: The Environment as such is very difficult
to define shortly. Environment consists of Edaphic, climatic,
hydrological, siotic as such. According to Hutchinson,1951,1958
introduced the concept of ecological niche referring it to the
totality of biotica and abiotic factors to which a given species
is uniquely adapted.

Periodicity of season also plays a dominam'l. role in the
phneology of the plant, same species collected from two different
localities is not alike because the ecological factor at both
places is not same-

Light Factor
Light Duration: Photoperiodism is characterised by great

ecological significancee It explains why many plants in tropics
where light period is almost constantly 12 hours, flower through-
out the year and like wise, why so few plants in temperate,
latitudes leave this charBEB8PEBRic. It is also apparent that
carticspecies must be long—day plantse They rarely flower when
further south. Species requiring high temperature and long days
to mature are defainitely limited in their northern range.

Light quality: The quality of light is modified by clouds
and fog. Water vapours absorb infrared light and from water-
surface blue-green rays are mostly reflected or transmitted so
that bodies of water appear blue or greenish blue. 'Red Tays
induce a great development of tissues and cause the cells to
elongate very much. Slue-violet rays on the other hand inhibit
growth and keep the cells small. Red and blue light are the most
effective in photosynthesis by green plants. UV-rays have
injurious effect upon ciélls and plant growth and in total the
plant modification leads to varieties.

Phytochemical variation due to UV radiation freguency/intensit

Ultraviolet radiations have injurious effect on plant
growth and it is therefore unfortunate that most of the ultra-
Violet radiation is absorbed by the ozone layer in the upper
Part of the atmosphere. In alpine regions, the intensity of
ultra-violet radiation is mach higher than at sea=level and is
Tesponsibile for the development of R f.Lavours and anthocyamns
i‘l %lplne plants- 3

B
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Precipitation:

The principal forms of precipitation are rainfal], hail,
snow and dew of these,rainfall is the most important ag py
plants absorb water from the soil. If the water level vapy

then the type of vegetation also varies as xerophyte ...,

Mesophytes ...s« and free floating hydrophyte ... submengeg
hydzophyte,
but seme plants have modified in sgu such way their orga
structure to absorb this atmosphegic water directly as ing
case of Lichens, orchids, epiphytic plants. Valamens roots

having valamentissue is developed in this group of plants.

Wind: Wind has both a direct and an indirect effect on plant
life. The direct effect of strong winds is mechanical and
consists in uprooting trees and breaking off branches and tu
Stréng winds also cause permanent curvatures in plants on
ecposed places.

Altitude: Topographic factor, the ffect of altitude is best
seen in mountains. The climate changes as we ascend, beconin
-progressively cooler. There is greater wind action greater
altitudinal varaation leads the change in vegetation of that
areas If the soil is deficient of Ny = then also it leads %o
the production or gives an opportunity to the developmentof?
community of plantsy gs.ex: Insectivorous plants N'epethcla5

"Pitcher plant" /\...‘.-m—-.?:_ 3 '}
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Light haz as factor hag many other effect on plant modificatio!

Te f’ﬂ\"(‘)

as photosynthesis is the most important biological activity
is an s

Phyllotaxis/important phenomenon in plants which occurs it

systematics manner. Phyllotaxis means "spreading of leaves aré

i . . &
othezwise" modern terminology says as Fibonacci seriese T
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distichous due to some special types of chemical and particu-

larly in case Psidum the plants exhibit mimicry mi- - <,
iee 13, 57, 86, 42 tees 1/2 = 180°

or 1,4,7,10;2’8,9;6;5;4,3 i-e. 2/5 = 3600_1440{? }m(r
Sometime the plant accumulate 4

the alkaloids and some amino- Coen Ve "”i'- “‘-:,
acids like . fx,\' oo\ [
proline may act as defensive > {i .

mechani sums is well known }/”"‘:\‘J

phenomenone
"In some case plant have modification of plant parts like spines

throns, bristles, Pitcher, stingine hairs, Latex ect.

Genetical: In breeding, and out breeding the two different systems

prevailing in higher plants are out crossing and inbreeding. In
addition various aséxual methods of reproduction have evolved
in number of taxas Outbreeding enhances recombination, hetero-
zygosity, variability and evolutionary potential. Protandany
and protosy are the two important floral-mechanisums which
promete out breeding. Out breeding promoting systemz is called
as heteromorphic systeme '

Self incompatibility: In majority of the higher plants pollen
is incapable of germinating on stigmas or styles of the plant
that produce it. Fertilisation of the egg is thus prevented.
This condition is known as "Physiological or genetical self
incompatibility". This can be early manipulated by using some
temperature treatments, irradiation. Bud pollination, mentor
effects, paraffin 0il, organic solvents, carbondioxide.
Inbreeding systems: Inbreeding system ensure regular and optimal
seed production even in the absence of pollinations and are of

considerable importance to colonizing taxa in new habitats.



200
—5_

That there are variations in the photosynthetis prucm{
among green plants is well known. There are three variantg
namely, the C2type(Calvin cycle) C, type (C4 dicarboxylic gy
and CAM (Crassulacean Acid Metabolism). The lower groups and
great majority of flowering plants have C2 type of PhOtOSynthe’
processe. C4 photosynthesis evolved as a response to changes j_q%
carbon and oxygen concentrations in the atmosphere ‘during th!
course of plant evolution (Smith B.Ms 1976). ‘nstead of the .
usual phosphoglyceric acid, the initial product of the Wellluq'
Calvin-Benson Cycle (C3), the C, plants fix carbon initiallyli
4=-carbon organic acid-oxaloacetic acid and then malic or aspai
acid (Webster et al,1975). This type of photosynthesis is kuy
occur 1n a large number of species in tropical and warm-im
temperate regions. A rough estimate put the number of such sq
as 945 spread out in 196 genera and 18 families(Ramadas and
Raghavan,1980). Such plants have been designated as C4 plants
Hatch and Slack (1970). They have highly specialised chlozend
matous kzad leaf bundle sheaths in which the chloroplasts ha
slightly modified granar and wall structure. These anatomical
specialisations are together known as "Kranz syndrome" and t4
species having them are called "Kranz species"(Tregunna etal
Smith and Brown,1973).

Though restricted to a mimikzaky minority of angiosphem
C, pathway exhibit interesting correlations and systematic
implications. Smith and Brown (1973) have studied the Kran
syndrome in the Graminlae using carbon isotopes. In this fa
is is confined to the three tropical subfamilies, Arundinoid
Eragrostioideae and Panicoideae and holds promise in sorting
the controversy over systematic positions of taxa like Arist
and Eragrostis(Rama Das and Raghavan,1980).

Within the genus Euphorbia, Crassulacean acid metbaol
has been detected in the subgenus Euphorbia and C,I—photosvﬂw
in subgenus Chamaesyce. Webster et al (1975) have concluded
the different subgenera with different photosynthetis strat?
have completely independent origin and hence warrgnt the
of the subgenus chamaesyce as a distinct genus-.

In Centrospermae C, photosynthesis is known in seven ¢
11 families. The basal group phytolaccaceae, significantdf®
C, photosynthesis(Marbry,1977). Other dicot families knoWl
C4 genera are Boraginaceae, Compositae and Zygophyllacea®’
photosynthetic pathway is functionally and phylogeneticallf
distinct from the other two. The CAm plants are relativelyj
synthetically inefficient but are efficient in conservind
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pecause their stomata open only at night (Mabry,1971). This
type of photosynthesis is seen in members of families like
cactaceae, Arzoaceae anG Euphorbiaceae.

Flavanoids have been one of the most exploited phyto—
chemical character in relation to classification. Extensive
surveys on the distribution patterns of these compounds have
peen carried out. Indeed, they will continue to be useful in
classification at lower levels of taxonomic hierarchy, but such
information on distribution alone would not be of great use in
deducing phylogeny (Giannasi,1978b; Crawford,1978). Swain
(1975) Harborne (1977) and many others have attempted to
deduce phylogeny of these compoundse. But, these speculations
have mostly been based on their correlation with morphological
or other nonchemical characters and hence has an element of

circularity as Heywood (1973b) has pointed out.






MEDICINAL PLANTS 203

Dr«{Miss)G. Nair
Lectrrer in Botany,

R,C,E, Bhubaneswar.

The history of medicinal plants is intimately
connected with the history of botény. Primitive man
lived at the mercy of nature, in constant terror of
digeases. Fromthe ear liest 'times, tribal priests and
nedicine men (witch doctbrs:)r 'ulsed various plants, mineralg
and animal organs, usudlly in associatén with strange
rituals and incantation, to drive out the evil spirits
which they believed to be the cause of the disease.
Astonishingly, these magical rites seemed to help .
In some primitive tribes, a .victim of disease was
half-buried in soil for several days to exercise the
malevolent spirits which had possessed him. Admong the extremes
of trestments was the chipping of holes in:‘tke skull to
release the tormenting evil spirits. This éheory of
demoniacal possession lasted many centurles and exids
even today in areas wherg people still live in primitive

societies.,

Records of early civilisation in all parts of the
wrld reveal that a copsiderable number of drugs used
in modern medicine were in use even in ancient times.
The use of plants for curing various human ailments figured
In ancient manuscripts such as The Bible, The Rig-Vedas,
The Iliad and The Odyssey and the Hystory of Herodotus.
Over 6000 years ago, the ancignt Chinese were using drug
Plants. The Egyptians, Babylonians, Sumerians, Greeks and
Romans, aly developed their respective characteristic

Materia Medica. On the other side of the world, the
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Aztecs, Méyaﬁﬁ and Incas had all developed primitive
medicine. Some of the ancient Egyptian text-books
'papyri’ (su-ch as the Edwin Smith Papyrus and the Ebers
Papyrus), written as early as 1600 B.C. indicate that the
Egyptians had an amazingly complex Materia Medica. Apart
from the names of many rmedicinal plahts then known,

the papyri also included several hundred recipes or
prescsriptinns for various dlseases. The Edwin Smith
Pa}ayrua {about 1750 B,C.) is now one of the prized

collectins of the New York Academy of Mcdicine.

In India, the ayurvedic system of medicine has
been in use for over three thousand years. Charaka and
Susruta, two of the earliest Indian authors had sufficient
knowledwe of the properties of the Indian medicinal plants.
Thelr m_dical works the Charaka Samhita and the éusruta

Samhlta are esteemed even today as treasures of literature

on indigenous medicine,

The Greeks and Romans were familiar with many
of the present day drugs as is evident from the work of
Hippocrates (460-370 B.c,), Aristotle (384-322 B,C.).
Theophrastus (370-287 B.C,), Pliny the Elder (A.D.23-79),
Dioscorides (A.,D. 50=100) and Ga'lan (A.D.131-201). They
wrote extensively about medicinal herbs, giving their
names along with a descripltion of each plant,illustrations:
their putative healing properties and also complex
descriptions for the preparation of med;Léines. Hippocrates:
the 'Father of Medicine', was the first to attempt a
scientific explan?tion for diseases. His inflwnée

remains today in the Hippoeratic oath taken by young
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doctors upon their graduation from medical school.
pioscorides' treatise on medicinal plants De Materia

Medica femained the supreme. authgrity for over sixteen
centuries’ during whic.hi £he ma‘t‘lluscript was laboriously
copied and Fecopied with few additions, In like manner,

the works of Aristotle, Gglen and even Pliny were copied

and handed down with increasing inaccuracies. During

the Dark Ages (A.D. 400-1000) few new ideas were added,
puring the Middle Ages (A.D, 1000-1500) also, little
significant botanical progress was made. Had biology
progressed steadily from the time of Aristotle, there
probably would have been no great plague and smallpox
epidemics during the Mjddle Ages. Ope epidemic of the plague
between 1347 and 1350 killed sixty million people in Burope,

Asla and Africa.

About the beginning of sixteenth century,
several herbals of consid‘erable merit were published,
such as those of Brunfels (1530), Bpck (1539),
Fuchs (1542), Cordus (1561) and L.Obel (1576). Although
these works were a great improvement over earlier ones,

they still propagated many myths and superstitions such

as the 'Doctrine of Signatures' advocated by an eccentric
e ™~

g‘w (1493-1541), according to which all

Plantg possessad certain signs given by God, which

indicated their usefulness in treating diseases of

similarly shaped organs ih the human body.Plants,

for example, with heart-shaped leaves were used for cardlac o~
disorders; the sap of bloodroot (Sanguinaria canadensis L.)

882 blood tonic: the walnut with numerous invaginations

and convolutio:;s/’f,or brain diseases and pomegrahate
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seeds, for dental diseases. Particularly striking was

themyth of the mandrake plant (Mandragora of ficinarum 1)
T e

of the family Solanaceae. The ‘fleshy and ofteh
forked roots of this plant somewhat resemble the
ST
torso and.the lower limbs of a human figure and were
m

i . . LI "'\_'..,.-»—\
believed to be quite efficacious for treating varioys

e r———

human allments. Since ancient Greek tlmes, the resulting

decoction of -rrandrake roots either prepared in boiling

water or ln wine, has had a reputation of producing

sleep. It was perhaps the first true anaesthesia and later

[ i T —

in 1889 was found to contain a mixture o pain-deadening
e v ———— ————— e —————,

alkaloids (podophyllin, mandragorin and hyoscini), the

most important of these being hyoscine or I-scopolamine.

With the development of synthetic drugs, plant
products lr;wst their signhificance. In the last few
decades, however, there has been probably more intérest
in drugs cbtained from vegetable sources than at any
time in history because of the success with the antibiotics
and other plant drugs such as rauwolfia (for the treatment
of mental diseases), podophyllum (a cathartic, as
well as for curing cancerous tumors in mice), aloe
(a cathartie, as well as for the treatment of atomic
radiation burn): veJ.jatrum (hypertensivé agent) .
peyote (psychoactive drug) and sundry others.

Sapogenins (closely related to steroids), obtained
from many members of Dioscoreaceae and Agavaceae, can_be
converted into cortie:one, into male hormohe

(tGStOStérone) and female hormones {estrogens and

R .

progesterone) . Sapogemns have many potential uses
int-he trEatrnent of rheumatoid arthritis and the female

hormones are used in contraceptive pills.
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From the crude beginining of the earlier physician-
potanigs, the study of drugs and drug plants has developed
into modern pharmacognosy (pharmacon = drugs and gnosis =
to know) which deals with the knowledge of history,
potany (including properties and methods of preparation
of drugs), preservation and commerce of crude drugs.
Pharmacology is the study of the action of drugs on an
organ or organilsm. Nature has provided a rich storehouse
of herbal remedies to cure all mankind's 1lls. Throughout
the world primitive peoples have utilised several
thousands of different plants and plant products as
cures for human aillments. Many ©of them have been rendered
obsolete today because of the synthesis of thelr active
principles. Some are widely cultivated., but most are

gathered entirely in the wild state.

The infarmation on drugs and drug plants whose
efficacy in m.dicine has been established is available
in various authentic books knowh' as "pharmacopoeia'
and the drugs included therein are descniribed as 'official’.
The most important of these pharmacopoela are the
‘United States Pparmacopoeia'. British Pharmaceutical
Codex'; 'Indian Pharmaceutical Codex'; and 'Natiopal
Formulary'. These wa ks are con-stantly being revised

and kept up-to~date.

The medicinal value of drags is due to the
Presence of cert'ain substances such as alkalolds.
9lycosides, resins, volatile oils, gmms, tannins, etc.
Some of these are powerful poisons if administered
indlE“’rl'm-lflately. wh:Lle others are dangerously habit-
forming, Even the most dangarous drugs can be o:E value

to human beings, if judiciously emplow d. The aanger of
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self m.dication is serlous and extensive. Peopde who
believe themselves ill or simply off-colour bhysically
or mentally, often use wonder-working drugs (happy pills)
to relieve themselves from the tensions of modern livipg,
These tranguillisers have proved so effective that their
use has increased amazingly and has how outstripped

all other drugs with the exception of the antibiotics,
However, when used without proper medical advice, they my

bring misery to millions.

The active principles of plant drugs are commonly
more concentrated in storage organg. Roots, seeds, bark
and leaves are much represented in the Materia Medica,
flowers are less commonly used. While woods and woody

barts of herbaceous stems are usually relatjively inert.

3otanical drugs have been variously classified
dependigg upon; the plant and plant parts from which
they are derived, the disease for which they are used

and their chemical nature.

We shall discuss below only some of the most

outstanding drugs; other commercial drugs and drug

plants will only be listed.

Atropa belladonna L. (n = 36) Belladonna,

Family: Solahaceae deadly nightshade

Belladonna has been extensively used in European
medicine snce the earliest timeg and is still regarded
as one of the few indispensable drugs of plant origin.
Because of the mydriatic action of the leaf juice whed
introduced into the eyes, the plant was frequently
used by Balian and Spanish-ladies- a5 means of imparting

a seductive appearance to thelr eyes.
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The deadly nightshe.de is a native of Central
and Southern Europe and Agia Minor. Nowea-days it is
‘extensively cultivated as a medicinal crop in the Upited
Stal;és. Europe and Indla. In Ipdia , it isfound under
cultivatipn chiefly in Kashmir and Chakrata (Uttar Pradesh).
The plant which grows in the Himalayas and is also

cultivated in Kashmir is not A. belladonns, but A

v s syt —

.acuminata

e s e

Royle differing in the leaf shape and the colour of

flowers.

4. belladonna i1s a herbaceous perehnnial with a

- vy ——

creeping rootstock, growing to a height of about 920-~120cm
and possessing alternately arranged ovate leaves and bell-
shaped purplish flowers i;;ellow in Indian bella donnae
A.acumingta) « It bears shining brownish or black berries

(Figurr 15.12).

The plants are raised from seeds sown in warm,
shady places, not exposed to direct sunlight. Vegetative
bropagation through splitting of old rootstocks can be
also practised, The soil should be a light, calcareaus,
well-drained loam containing decomposed humus and good‘

quanttfies of minerals like potash and soda.

The leaves and tops are collected during the
flovering season, when the alkaloidal concentration is’
greatest, varying from 0.9 to 1.23 per cent. The leaves
(and fleshy roots, if used) are thoroughly dried, preferably

With artificial heat for a few days and then pulverised.

All parts of the plant contain alkaloids but are
More abundant in the physiologically active cells.
A larg- number of alkaloids have been isolated which are

collectively referred to as 'belladonna alkaloids',

1
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Atrogne (017H2302N), its isorf\er hyoscyamine ang 80p0Lanty

v t o used i i
( ¢ pHy,0N) are the three most used in medicines,
Other related alkaloids, such as apoatropine, belladoniy,,
noratropine, horhyoscyamine, trope}cocaine and meteloidip

are relaéiv,ely unimportant therapeutically.

- -

Atropine and hyoscyamine act as stimulants to
the sympathei:ic nervoug system and are employed as an
antidote to opium. These are also used to reduce nasal
secretipns, sweating and also to control excessive saliva-
tion. Atropine has a stimulatory effect on thelt'irculatory
and respiratory systems. Internally, belladohna is used
for the treatment of whooping cough and asthma and
externally as a liniment to relieve neurglgic pain.
Atropine is employed for dilation of the eye pupil

during ophthalmologic examinatl on and a-1so to counteract

muscle spasm (excessive muscular contraction).

Scopolamine, on the other hand, markedly
depresses the "parasympathetic ‘nervous system thereby
acking as a sedative or 'anti-insomniac'. It was

formerly used with morphine to induce ‘twilight sleep’s

.-
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The frulks are soO poisonous that ingestion of three

perries is sufficient to kill a child.

Besides é.lqg_].iladonna, the leaves and seeds of

e e i o

other solanaceous plants such as jimson weed (Datura

(Hyoscyamus ?}gir L.) contain atrogne, hyoscyamine and
s;;:)iamine in varying proportinns (Figures 15.1B-D),
These solanaceous narcotics produce an intoxicating

effect, when smoked or eaten, b1:1t continued used leads

td disorders of the brain.

Cinchons sppe La( x = 17) Fever bark tree
Family: Rubiaceae or quinine tree

The antimalarial property of Cinchona bark was known
tot he South American Ipdians from early times. Many
stories are told regarding the discovery of C.:I_.Eg_hona,
revolving round the Countess of chinchon, wife of the
Viceroy of Peru, who was supposedly cured of malaria
in 1638, after all orher cures had failed, It is also
learnt that the secret of the efficacy of this bark
was revealed by a native maid out of, affection for

her mistress. The Countess was so pleased with the

efficacy of the drug that &he introduced it into

211

Europe in 1640, I, the eighteenth century, Linnaeus named

it Cinchona in honour of this gracious lady. This
often-quoted incident is, ﬁrjowever, considered to be a
Myth, It is certain that Jesuit missionaries filrst
brought it to Europé and its pharmaceutical value
recejived recOGnitiqn a few centuries later. The fame

°f the new femedy for malaria soon spread to other
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countries and the Peruvian bark was in great demland.
For over two centuries (from the midI,Seventeenth to

the mid-nineteenth century), South America had a virtua
monopoly of production. Buf due to reckless felling of
the trees, it faced extinction that depleted the

supplies in the Andean highlands.

Expeditinas to collect seeds were sent ‘out to
the South American forests by the Dutch in 1852 and
by the British government in 1859, in order tq establis
Cinchona plantatinns in South east Asias In spite of
strong vigilarmce of the fores=s by the native Indians,
members of both the expeditions managed to smuggle
seeds and seedlings out of South America. The seeds
collected bythe British expedition (under the leadership
of Sir Clements Markham) bascame the basis of Cinchena
succirubra Pay, plantations in Ipdia. Around 1861,
Charles Ledger, an English resident in Bolivia, sent
seeds of C_:}qu&gﬁg to BEurope. These seeds were collected
by his faithful servant, who later died because of
inhuman treatment by his compatriots for revealing
the secret. Half of these seceds were taken by a planter
to Ceylnn and the remainder went to the Dutch Government.
From Ledger's sceds, the Dutch established great pland-
topographical conditisng were similar. Nearly 95 per cent
of the world's export trade in quinine remained in the
hands of the Dutch. All phases of Cinchona productiofs

Lo e o ———

i.e. culture;- harvesting processing and breeding were

worked out, particularly in Java.
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The Dutch \}enture Zlourished on a large scale
until the outbreak of World Wyr II. The capture of Java
py the Japanese came as a serious blow to the Upited
states and her allies. During the war, attention was
again paid to the once rich South American jungles
that were systematically exploited by North American
technical expeditions, Several new sources were dig-
covered, including the high yielding _C.g_x‘i:tayensi_.g Wedd.
Latin America (especially Ecuador and Peru)became the
chief producer between 1942 and 1945,

Before the digcovery of antimalarial drugs,
malaria was a common aft:iction in ancient times and was
a constant obstacle to progress and development. It
caused a great loss of human lives in Africa, Asia, the
Upite® States and a 1so perts of Europe. Some scholars
firmly believe that malaria was one of the factors
vhich contributed tethe fall of Roman empire. It is
even said that the ravages of malaria and the lack of
adequate supplies of quinine played a de¢isive role

inthe collapse of the German armies during World War 1.

The discovery of antimalarial drugs opened a

hew chapter in world history. The bulk of the cemmercial
supply of the drug is derived from the bark of several
Stecies of Cinchona, a native to the Andean highlands

of South America, extending from Bolivia to Colombia.
The important species yielding tle drug ares calisaya

or yellow bark of commerce ( S'c_a_l,%iayf Wedd.) : ledger
bark or ledger hybrid bark. C.ledgeriana Moens (= C.
calisaya Wedd. var. ledgeriana Howard) ; loxa or pale ™

bark of commerce ( C.officinalis L.) and red bark of
- p————

oy
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commerce (C.succirubra Pay.). In addition to these,
¢.micrantha Ruiz. & FPav.and C.nitida Ruiz & Pav. of

of Peru and Ecuador and C.pitayensis of Colombia also

contain the alkaleid, C. J.jaﬁgeriag_a gives the highest

yg¢ield of quinine, producing up to 16 per cent in the bar,

Cinchona spp. are evergreen shrubs or trees with
opposite, simple entire leaves and interpetiolar
stipules. Small fragrant flowers are borne on terminal
panicles, The: capsular frults are oblong to ovoid~

lanceolate (Figure 15.2).

The plants are foung growing at altitudes
ranging from 760 to 2750 m (seldom below 300 m),
Preferring cool mountain slopes with an abundant and
well digtributed rainfall of over 220 cm. The plants grow
best on light, well-drained, virgin forest soils rich '
in organic matter, with a pH of 4.5 - 6.5 . Propagation

is either by seeds or by vegetative means, i.e. grafting

and cuttings.

At present, Cigcpgna is cultivated on a large
scale in I,dia and Indonesig. A limited supply is

also obtained from Tanzanla, S,1 Lanka and Burma

{(Figure 15.3),

The bark of Cinchona roots containt-he highest
concentration of total alkagloidg, but the bark of the
trunk is the richest svurce of quinine. The hawvesting
Of the bark may be undertaken from the fourth year
onward but the alkaloidal content of the bark reaches
#s maximum only after 10~12 years of planning. Bark is
removed by uprooting the trees when 12 years ofage Or

"
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by cutting the stem above ground and then stripping the
main stem and branches. The packed bark is subsequently

shipped to the drug manufacturers.

Nearly 30 alkaloids have been isolated from
Cinchona=spo- of which the most important are; quinine
(50 H2402N2), quinidine (isomer of gquinine), cinchonine
(C19H22N20) and ilts isomer cinchonldine - all four
collectively known as 'totaquine's, The various alkaloids
exist in the bark in combination with cinchotannic
acid, quinic acid, free organic acids, tannins, colouring
natters, gums, Starch, vegetable matter and traces of
yolatile oils. Other less important alkaloids are:
cinchoting, javanine, hydroquinine, hydroquinidine,

cusconine, cusconidine, cuscamine and cuscamidine.

In additlon to lts use for the treatment of
mlaria fevers, it is also valuable as a tonie and an
atiseptic. Quinine, quinidine and their compounds are
employed in insecticides for the presegvation of fur,
feathers, ;nool, felt and textiles. The resildual bark
of Cinchona, left aftér the extraction of alkaloids, is
bed as a tanning material. The alkaloid quinidine is

a cardiac depresL'e'mt .

Several species of Remijia (family Rubiaceae),

= —r——r"

Prticularly R,purdieana Wedd. and R.pedunculata Flueck.,

fre promising substitutes for Cinchona and contain

SWstantial amours of quinine and quinidine in the bark.

B '
®ides these, roots, stem and leaves of Dichroa

S-h-ri\ﬂ.‘.g... 2 Lour, (Saxifragaceae) and leaves of Chamaebatia

fol
wlolosa Benth, (Rosaceae) are a150 sources of these
tkalojds,

215
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Cinchoﬁa has lost rwuch of its importance through
the widespread use of synthetic antimalarials free frog
some of the disadvantages of natural quinine, Plasmochin'
quinachrine hydrochloride (atabrine), plasmoguine and
chloroquine are prominent among the large humber of
compounds having anti-malarial properties.

Digitalis spl. EBinn. ( x = 7) Foxglove
Family: Scrophularilaceae

Digitalis was used by thq early herbalists for the
treatment of epilepsy, wounds and other allments. By using
a leafy material abtained from the ‘Witch Woman of
Shropshireg', William Withering succeeded in curing dropsy
(unvanted accumulation of liquid in the body cavities)-
now known to be a manifestation of heart disease.

He published the first scilentific account of foxglove
and some of its medicinal virtues in 1785. But its

true thergpeutic value was recognised only in the

earlier part of the twentieth century and it is now

regarded as a pwerful medical agent controlling the

myocardial tissue of the heart.

Thedrug is obtained from the dried leaves of
the common foxglove, D.purpurea L., and wooly foxgloZ,
D. lanata Ehrh,, native of central and southerm Burope.
The plants are now cultivated on a commercj_al_ scale
in the Upited States, Ce'nt'ral Europe, England and
Argentina. In India, D.purpurea is cultivated chiefly
in Kaghuir and the Nilgiri hills, while D.landa is growd

in Kashmir at altitudes of above 2100 m and also at

Chakrata (Uttar Pradesh) .
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The plants are becitiful, biennial herbs with
rosette-like le.wves and are easily recognised by their
pendant, zygomorphl, tubular: purple or yellow flowers
sach conspicuously spotted on the inner bottom surface
of the tube (Figure 15.4). In J".lanata, the flowers

are smaller, hairy and cream, yellow or purple coloured.

Leaves of D.purpurea are the largest and most
commonly used., They are picked by hand. Collection made
during the first year contain the highest percentage of
glycosides. Harvesting should be accomplished before
flowering and the leaves must be gquickly and thoroughly
dried at temperatures not exceeding 60°C. Sun dried
leaves retgin their activity for a longer peritd. Dried

leaves after carefill packing are shipped for export.

The active constituents of digitalis are mainly
confined to the epidermal and subepidermal collenchyma
and the endodermal cells of the vascular bundles., The
total concentration of different glycosides in the
leaves is about one percent, It contains a humber of
chemically and physiologically related cardiac glycosides.
The leaves also contain saponins, tannis, gallic,formic,
acetic, lactie, succinic and benzoic acids and about 1.2

Per cent of various saturated and unsaturated fatty acids.

The physiologlcally most active glycosides of
the leaves of D.purpurea, namely digitoxin, gitoxin
and gitalin are known to be derived from the naturally
tcuring purpurea glycoside A, purpurea glycoside B and
Wurpurea glycoside C* respectively by the loss of a

Slucose residue. Digitoxin, gitoxin and gitalin,

‘
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on further h—ydrolysis, give rise to the non-sugar P tigy
(aglycones or gening) dgitoxigenin, gitoxigenin ang
gitaligenin respectively. It has been reported that the
aglycones are weaker in cardiac action than the glycosige
from which they are derived. Digltoxin is the most
potent of the digitalis glvcosides, its activity being
1000 times more than that of powdered digitalis. Digitalin
ig another active cardiac glycoside obtained from the

seeds of D.purpurea.

D.lanata has stronger medicinal properties and
lts slde effects are hot as toxic as D.purpurea. The
ac tive glycosides of the leaves are gigitoxin, gitoxin
and digoxin, being derived from the naturally occurring
or primary glycosides, lahatoside A, lanatoside B
and lanatoside C respectively (also known as digilands 3,
B apnd C). Lanatoside C has no counterpart ln D, purpirea
On furtler hydrolysis, digitoxin, gitoxin and digoxin yleld
digitexigenin, gitoxigenin and digoxigenin. Digbxin
produces the same cardiac effect as digitalis, being

300 times more potent chan that prepared from digiltalis

leaves,

Because of its stimulatory action on the heart,
digitalis is often employed in the treatment of
circulatory disorders. As it regulates the tone and
rhythm of the heart beat, the contraction is made strong
and regular. As a result more blood is sent out from
the heart, thus helping in circulation . It is used as @
myocardial stimulant in congested-heart failure. It
improves the blood supply to the kidnesy and, therefore

acts as a diuretic and removes rena) obstruction.
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poisoning 1n human beings resultg from over-
doses of the drug. Symptoms include nausea, diarrhoea,
abdominal pain, gross disturbances in heart beat and
pulse, various mephtal irregularities, drowsiness or or
tremors and even convulsions.

Ephedra spp. (x = 7) Ephedrine
Familys¢Ephedraceae (Gymnospermae)

The therapeutical ac tion of Ephedra was known to the
Chines more than 5000 years ago under the same 'Ma Huang',
lyellow hemp'. Eyen in tte Vedic period some of its
species are belived to have been used as dlvine plants.
Although the alkaloids were isolated in 1885 by Yamanashi
(ephedrine in pure form was isolated by N.Nagai in 1887),
their pharmaceutical value remained obgcure until 1923,

It was thraigh the work of Drs. K,K,Chen and C.F.Schmidt
that the role of ephedrine as a sympathomimetif was
discovered. The alkaloid ephedrine physiologically
and chemically resembles epinephrine (adrenalin),

2 hormone=like substance having a stimulatory action
on the sympathetic nervous system. Since the classical
research of Chen and hig associate, flve specles of
Ephedra, namely E. sinica Stapf, E.equisetina Bunge,

B, gerardiana Wall., E.major Host, and E.distachya L.
heve been found to be the chief sources of the drug
Ephedra is grown on a large scale in China, India, Spain,

US.a,, Kenya and Australia.

The leafless plants have a shrubby appearance
4 resemble the common horsetails, occurring abundantly

0 arid regions {Figure 15.5).
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The potent alkaloid ephedrine 1s extracted frop
the ‘dried or fresh branches of the stem. It has been
estimated that the alkaloldal concentration increases
with the age of ﬁhe plant apd reaches its peak when
plants ‘are nearly four years old, still in flow‘ering.
Among the Ipdian species, E.major is the richest source
of ephedrine and contains over 2.5 per cent of total

alkaloids.

The major alkaloid ephedrine (C,, Hyg ON) occurs
in combination with several other alkaloids, such as
d~-and-l-pseudo-ephedrine (isocephedrine) and ephedine.
Ephedrine, however, constlitutes nearly three-quareers

’

of the total alkaloids.

Zephrol containing ephedrine hydrochloride has
been employed in the form of nasal drops to relieve nasal
and sinus congestion and also for the treatment of
bronchial coughs. The use of ephedrine preparations in
asthma, hay fever and volds are very popular. It has been
also used to control night wetting (urinating shile
sleeping in children). When administered intravenously. it
stimulates thesympathetic nervous system and counteracts,
overdosages of depressantg, thus causing an immedlate and

bronounced elevation in blood pressure.

Overdosages of ephedrine, however, cause

headache, sweating, insomnia, nausea and vomiting.
4

At present a long list of synthetic derivatives
of ephedrine are sold on the drug market, e.g. benzedrines
dexedrine and peryvitin. THey hdve been used for alertness

and wakefulness by pilots, motorists and others whose

occupation requires long hours of physical exertione
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They also seem to excite and impart thrills to their

users, resulting in habituation. .

papaver somniferum Linn. (n = 11)

Opium poppy, white poppy

Family:s Papaveraceae

Opium and its derivatives-particularly morphine and
heroin are the most dangerous of the habit-forming narcotic
drugs and are most difficult to give up. "zken in
moderate quantities under the advice of a physician,
they are legitimate remedies and afford relief to
millions of sufferers. Oplates remain unexcelled as
hypnotics and sedatives, and are freauently used to
relieve pain and ahxietys they cause mental and
physical relaxation and often induce badly needed sleep.
At the same time, they have become a curse to mankind
being smoked, eaten, sniffed or injected by untold
millions of unfortunate addicts of all religions and
nationalities all over the worlg. Addiction to opium
and its derivatives is so cousuming tet people become
slaves to the habit ang may commit crimes to support
it. The immediate effects are pleasurable, inducing
dreams a pd visions. However, continued use of opium
and its derivatives leads to physical, mental and moral
degradation, the addict in due course becoming a victim

of delirium and death.

Opium eating was once quite common in Persia
(now Iran), Asia Minor and India and opium smoking in
China and Tndig. There are still a great many opium

®aters and smokers in China, Bgypt and India, where
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opium is grown as a crop. Most drug addicts in the

West today use heroin. Even today, opilum dens are
flourishing throughout the world, although opium consumpt; gy
is illegal, In recent years opium addiction has greatly
diminished owing to strict governmental control of the
cultivation, distribution and export from the producing

countries.

Crude commercial opium represents the air dried
congealed or coagulated latex obtained from the unripe
capsules of Papaver somhiferum, believed to be a natiye
of Agla Minor (Turkey) where it often grows as an escape.
Opium was known to the ancient Greeks, Romans and Egyptians,
It had reached Persia, Ipdia and China by the eighth
century. In India, cultivation of poppy began during the
early sixteenth century and was a profitable article of
trade. The East India Companhy ln 1767 started a flourishing
business, exporting opium from India to China. The trade
developed into auch a great mehace that the Chinese
Government banned the imnort of the drug. The ban was one
of the causes of the so-called 'opium war' of 1839-42

between Great Britain and China.

The opium poppy isalso chltivaed as an ornamental
plant in mapy parts of the world. Tt is an erect, annual,
glaucous herb, 30-100 cm tall. All plant parts contaln
latex. The lewves are ovate-~oblong, with leaf bases
embracing the stem, and are often shallowly pinnately
lobed. The flowers are large and showy and are white Or
sometimes purple or scarlet in colour (Figure 15.6A).
The fruit is a typical capsule developing' from a

multicarpellary ovary having parietal placentation.
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The cepsules are very larce, ovoid or globular ang

topped by the persistent stigmatic disc with deep marginal
lobes, dehiscing by means of valves or pores (Figure 15.6B),
The seeds are small with a minute embryo in an olly

endosperma

I, India, the opium poppy is cultivated as a
rabi {(winter) crop. the seeds beihg sown in October-November
and the opium collected the following March-"l_a-pril. Opium
poppy is grown in almost dl types of soil but it prefers
a well-drained sandy loam. The plant cannot tolerate

extreme cold.

At present opium poppy plants are extensively
cultivated in I dia. Turkey and U.S.S.R. & small amount
is obtained from Yugoslavia, Bulgaria, Afghanistan,
Pakisan and Japan. India is the only opium exporting
nation. Opium poppy is cultivated in the states of

Madhya Pradesh, Ut' ar Pradesh and Rgjasthan.

To harvest the 'resin', incisions are carefully
made into the maturing capsules from the botvm upwards
with the help of specially deslgned tools. During lancing,
deeper cuts are avoided so as to prevent the flow of
niky latex among the seeds. The operation is carried
%t in the late hours of evening and before sunset.

Iudate droplets collect on the surface of the capsule

d are allowed to remain there overnight. The coagulated
latex 1s scraped off before sunrise. Thick latex is stored
in perforated metallic or earthen pots kept in a slightly
tilted position to draln off water. Raw opium is then

Iried in the sun, which makes it viscid and dark brown,

c‘e"‘alf’Pil’lt_!; a charactristic odour. The thick mass is
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kneaded by hand into ballrs, cakes or opium bricks apg

wrapped in poppy or Rumex leaves for further sloy drying,

Crude opium contalns a large number of alkaloids,
about 35 in all, besides other components such as gum,
rubber, resin, oils, moisture, pigments, meconic acid,
and other extraneous matter. Among the most important
alkaloids found are:s morphine (Cl7H1903N), codeine
(018H21@3N), thebaine (CyqH,,0;N), papaverine (conzlofﬂl
noscapine, formerly called marcotine (C22H2307N). and

narceine (ClezsoaN).

Morphihe is physiologically the most active of
all the alkalolds:; it was isolated in 1806 by Serturner,
It is the pringipal alkaloid congtituting 8-13 per cent
of opium by weight. Bgcause of its sleep and dream
inducing properties, the alkaloid was named after
Morpheus, the god of dreams., Morphilne is essentially
an apnalgesic and sedative, It is well known as a pain
reliever. Heroin (diacetylmorphine) is a more powerful
analgesic than morphine. A large number of new drugs
with morphine-like actlvity have now been synthesised,
prominent among which are; pethidine, dionin, metapon
and the methadone group. Morphine is also used in a
number of cough medicines, for allaying diarrhoea and
vomiting, and to reduce blood pressurea nd bleeding.
Codeine resembles morphine qualimtively, but is
slightly milder in action as an analgesic. It is used

in whooping cough medicines as codeine sulphate and

codeine phosphate.

The seeds of the opium poppy are, however, free
from the narcotic constitueLt and are used in food.

They are quite nutritious and have a pleasant nutty
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flavour and are often added to cakes or sprinkled on
pread. The seeds are also a source of a fatty oil

{poppY 0il) which is used in Ipdia in the preparation of

sweetmeats, curries, etc.

Rauvolfia serpentina Benth. ex Kurz. (n = 10, 11, 12, 22)
Rauwolfla
Family:s Apocynaceae

The drid roots of Rauvolfia serpentina have long
peen used by the people of India as a cure for epilepsy,
high blood pressure, insanity, lntestinal disorders,
cardiac diseases, snake~bite and as an anthe lmintic.
Some of the active alkaloidal constituents, e.g. ajmaline,
ajmalinine, ajmalicine, serpentine and serpentinine
were isolated for the first time by the Indlan chemists
§iddiqui and Siddiqui in 1931, Indian rauwolfias have now
assumed a leading position in modern medicine, especilally
since the isolation of the maln alkaloidal constituent,
reserpine, by Muller, Schlittler and Bein of the CIBA
Laboratories, Switzerland in 1952. Reserpine was the
first tranquiliser to be used for the treatment of
schizophrenia and other forms of mental disorders. Being
3 hypotensive agent, reserpine is widely employed today

for hypertension {(high blood pressure) .

The drug rauwolfia is derived fromthe roots
especially the bark) of different species of Rauvolfia,
med in honour of Leonhard Rauwolf, a German physician
°f the sixteenth century. Five species have been recorded
i India, of which R.serpentina has attained a great
TPutation as a medicinal plant. R. tetraphylla L. ahd

Rvomitorsa Afzel. are two other species that are used
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for extracting reserpine ia America and Africa respectively,
The reserpine content of R.vomitoria ls, however, twic tha

of R,serpentina.

R.serpentina is an upright , perennating,
evergreen, glabrous undershrub with tuberous roots with 5
characteristic slightly wrinkled and coarse surface. The
root bark ls greyish yellow to brown and displays irregular
longitudinal fissures. The leaves are simple, glabrous,
lanceolate or abovate and are generally in whorls of
three to four, crowding the upper part of the stem. The
inflorescene is generally terminal but sometimes axillary,

and usually consists of dense crowded cymes (Figure 15.7).

R.serpentina grows wild in India, Bangaladesh,
Sri Lanka, Burma, Thajilang, Indonesia and Malaysia. The
plants is Found in almost all parts of Ipdia from %grala
to the Himalayan foothills, except ilgjasthan provimce.
It is widely distributed in ths sub-Himalayan tract
{(up to an elevation of about 1000 m) and in the lower
ranges of the easern and western ghats and in the Andamans.
Colkction from wild sources has decreased considerably
in recent years. Experimental cultivation hes been under-
taken in many parts of the caintry such as Uttar Yradesh,
Maharashtra, Bihar, Jamuu ang Kashalr, Tamil Nadu, Kerala,

Central India and Gujarat.

The plant grows in tropical or sub-tropical
regions, benefiting from the monsoon .rains. It may be
grown almost anywhere at low or medium elevation where
rainfall is not less than 75 cm. Rauwolfias flourish in
hot humid conditions and can be grown both in the open
and in partial shade. Soils with plenty of humus and a

pH 4.0-6,3, are desirable for g ood growth. The plants are
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pest re.ded from root~cutt ngs, but seeds and stem

attings can also be used for propagation.

For commercial exploitation, roots are generally
gathe red tlwo to three years after planting. It has been
estimited that the alkaloldal content of the roots
rarvested after the shedding of leaves is far richer than
the roots dug out in August. After harvesting, the roots

are cleaned, alr-dried and packed for shipment in airtight

containers.

The total alkaloid content of the root varies
from 1.7 to 3.0 percent, of which the bark alone accounts
for nggEt¥y90 per cent. The leaves and stems c¢ontaln small
amounts of alkalolds. A large number of alkaloids (80 or
wre) have been is.lated from various specles of Rauvolfia.
Reserpine (C33H40N209) is pharmacologically the most
potent. Gher important alkaloids are; reserpingpe,
rscinnamine, deserpidine, deserpideine, serpentine,

Serpentining, ajmaline, ajmalinine, ajmalicine, isocajmaline,

lawolfinine and yohimbine.

I, addition to the uses of the drug mentiohed
®rlier, it is known to stimulate uterine. contraction and,
therefore, is recommended for use in childbirth. an

¥ract of the leaves has also been employed as a cure Hor

% opacity of the cornea.

Strychnos nux-vomica L. (n = 12) Nux vomica

Familys Loganiaceae

" &rled ripe seeds of Strychnos florm the chief botanical

g
diree of the valuable alkaloids that have acquired prominence

e ag' R
® 38 a poison than for medications The use of 8trychnos

i
" 3 Virulent arrow poison ( curare) has been known since
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antiquity. The medicinal and toxicological properties of the
drug are mainly exhibited by the alkalold strychnirne.

Commercial supplies of the drug are obtaired from
S. mux~vomica, 1 native of southern Asia and Australia, amd
St. Irnatius'z bean (9, ignatii Berg,) indigenous to the
Philippine Islands. At present India, Sri Lanka, Malaysia,
China and Australia are the chlef producing countries, S, toxifera
Schomb. ex Benth, and S, Castelnaei Wedd., are two well Known
sources of arrow poisons in South America,

'

The plants arve woody vines or gmall trees which bear
large berries regembling a mandarin or Chinese orange in'shape
and colour, each fruit containing from three to five greyish
ceeds (Figure 15.8)., The seeds are hard, large circular or
flattered structures having a bitter taste. The silky white
ghean or lustre of the serds is due to the presence of many
closely appressed hairs (Figure 15.9).

Seeds are removed from the glutinous pulp either by
washing or 1lowing the pulp to rot away, After a thorough
washing amd drying, the seeds ar~ marketed., The seeds contaln
a high percentage of slkaloids (1.53-3.42 per cent) and are the
principal source of the drug, Other plant parts such as old
roots, wood, bark, leaves, blossom ard the fruit pulp also
contain varying amounts of alkaloids. The major alkaloids are
strychnire and brucine, Besides these, the seeds also contain
small amounts of strychnicine, vomicine, a-colubrine, B-colubrire

and pseudostrychnine, which occur in combination with the
glycoside loganin,

The drug is used for the treatment of rervous disorders
and paralysis in minute dosages. Higher dosages are employed
for destroying stray dogs amd agricultural pests such as rats,
rabbits, foxes, etec,, the drug often being fed mixed with
cereal flour. Strychmire amd other slkaloids function as powerful
stimulants on the central rervous system, especially of the
spinal cord. Strychnine has been uged as an antidote for
barbiturate poisoning or other depressants. Since strychnine
and brucine have a stimulating effect on the gastro—intestinal
tract, the drug is often'used as a tonic. Higher dosages of the
drug produce muscular twitching or convulsions and, therefore,

ghould be used with utmost cautjon.
. Contd...P/27:
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The fruit pulp is, however, non-poisonoug and is eaten
w birds, cattle and monkeys.

naviceps purpurea (Tr,) Tul, _Ergot
weonycetes (group Hypocreales)

Te dreaded illness 'ergotism'™ caused by the prolonged
unsumption of ergotised rye bread, stimulated extensive
nsearch on the biochemical nature of the fruiting body, the
glerotium, Although the cause of the disease was known in 1597,
tie important alkaloidal constituent was isolated from the
qude drug only in 1906, Even today, blighted rye grains are
aten by peagants faced with hunger,

Commercial ergot represents the dried fruiting body, the
glerotium, parasiting only the ovary of the developing flowers
i ecale cereale L, and other grasses. The sclerotium is a
uple, dark brown or black, curved cylinmdrical structure
msleting of s pseudoparenchymatous mycelial mass rich in oil
Ibules (Figure 15,10).

Brgov is a rich source o. 2 number of pharmacologically
e alkaloids - derivatives of either lysergic or igolysergic
uls, 0f the various alkaloids the best known physiologically
v constituents are: ergotoxine (isolated by Berger and Carr
01906), having an sdrenolytic activity; ergotamine (A. Stoll
"918), with a therapeutic use in obstetrics snd ergonovine
Uley and Moir in 1935), possessing the oxytocic principle,
¥y, all the naturally occurring alkaloids have been synthesised.
M ldityon to the alkaloidal fraction, ergot contains sclere-
i (& red or violet pigment ), ergosterol, clavicepsin,
Mehrysin, ergoflavin, inorganic salts and large number of
"t amd aming acids,

The older term 'ergotoxine' fourd in the literature refers
e alkaloid complex consisting of three alkaloids (ergocry-
", ergocornine amd ergocrigtine). Ergometerine and

Itg
Mazive are synonyms for ergonovine,
\--—*_

Yeration of gmaller dosages of erpot everyday over a period of

"2 weeks to & few monthsproduces gangrenous ergotism
nechsis of tiSSUES of the ex-tremj_tieS\ and convulgive ergotism,

Contd,, .P/28.
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Owing to its stimulatory action on the muscular coatg
of the stomach, the inmtestine, the uterus and the blood vessels,
ergot has been frequentlv used in obstetrics for accelerating
childbirth. It is used extensively to increase "the blood pressure
(as a hypertengive agent) and also for controlling uterire
haemorrhage after childbirth, Heavy dosages of ergot cause
nausea, vomiting, diarrhoea, and sometimes lead to unconscious.
ness and collapse. Lysergic acid diethylemide (LSD), howewer,
is ome of the worst habit~forming drugs known, and is suspected
of cauging chromosomal aberrations (although unequivocal
evidence has not yet been produced).

Commercial supplies of ergot comes chiefly from central
Turope, Spain, Portugal and from North American sources.

ANTIBIOTICS

In the twentieth century, tremendous progress has been
made in the development of new disease preventing agents - the
antibiotics, These chemical substances are produced and excreted
by the livin~ organisms in the crurse of their metabolism and

are capable of killing other orgenisms, These 'miracle drugs'
are chiefly obtain~d from microorgzanisms,

The lowly moulds were employed as healers to relleve
festering ulcers by the Chinese thousands of years ago. Also,
geveral centuries ago, North American Indiens are known to have
used both soil and rotting woods for the treatment of would
infections and healing festered cuts.

Pasteur and Joubert reported in 1887 that the growth of
anthrax bacteria was slowed down by contaminating organisms,
Again in 1889, Emmerich and Low revealed that a substance
igolated from Psevdomonas aeruginosia (Schroeter) Migula had 2
similer inhibitory action, But the clinical importance of their
work remained unrecognised for quite some time, It wag only in
1928 thet Sir Alexander Fleming, a bacteriologist working at
5t. Mary's HMospital, London, incidentally found that the green
mould contaminating a culture of Staphylococcus cauged 1lysis
(dissolution and destruction) of ad jacent bacterial colonies
which were known to cause serious diseases in man (Figure 15,11).

Contd...P/29:
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sper car2ful experimental studles, he discovered that the
lysis was duy to a chemical substance produced by the funsgus
(Figure 15,12). The neme 'penicillin',after the green mould
penicillium, was given to the drug which won him fame and
rscognition for his scizantific contribution. The discovery of
renicillin was the forerumnzr of the modern antibiotic age,
Fleming's early work on penicillin was continued by
Or, Howard Fiorey, Ernst Boris Chain, N. G. Heatly, 2nd others
at Oxford. They demonsatrated the remarkable power of penicillin
to control various animal diseases caused by several pathogens
euch 33 Staphylococci, Streptococci and Pneumococci. In 1941,
th: drug penicillin was first administered to human beings with
spectacular regults. Since that time many antibiotics have been
developed.

»

The original penicillin was simply the filtrate of the
trient broth upon which Penicillium notatum Wegt, was grown.
#ith thea collaboration of scirntists from the Northerm Regional
tsearch Laboratory of the United States Department of Agricul-
ture, Florey, in 1942, succeedcd in perfeéting techniques for
the mass production-of penicillin, Selected strains of P. chryso-
znun Thom are grown in small culture flasks containing
standardised corn-.gtecp liguor and lactose (soyabeam-meal for
"ost actinomycetes), These cultures are, in turn, used to
Inoculate larg= tgeed tanksa' which can be further employed to
Inoculate huge vats containing thousands of gallons of nutrient
®dia or both, Sterile air is continuously bubbled through the
Techanically agitated culture medium. After maximum growth of the
fungus, the nutrient broth is filtered, subjected to solvent
*raction from which penicillin is precipitated out by suitable
Bemitues, Crystallisation, purification, standardisation and
Packaging are done quickly umder aseptic conditions, The
Pritled penicillin was fourd to be a thousend times more potent
thin Fleming g original material and was far more stable., By
195, panicillin become available to almogt all hospitals
t}?ml‘lghout the world, One part of pure penicillin in fifty
::ir:ai:rts O.T.‘ water ig sufficient to kill mogt microbes,
curing mans penicillin the physiciads most potent weapon for

Y infectious diseases,

Contd- . oP/5ol
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Penicillin has 2lso been artificially synthesised, 3o
far, none of the other antibiotics has equalled penicillin
and it i¢ gtill the most powerful and least toxic antibacteris
agent, Today, there are several tvpes (at least dozen) of
penicilling, derived from strains of P, not=tum and P, chryso.
genum, Penicillin usuaily coms from the factory as the
potassium or sodium s3lts of penicillin G (benzylpenicillin),

Today, about 800 or more antibiotics have been described;
of ¢hege the penicillins, streptomycin, chloromycetin
(chloramphenicol) and the tetracyclines have been widely used
in mdicine, Bacitracin and polymyxin are two of the relatively
few sntibiotics obtained from bacteria, intibiotics hawe not
bren »ffective against most virus diseases. Isolation of
jawsharine from Aspergillus niger van Tieghew (Mitra, 1968)
cr2ated 3 sengation smong research workars beciuse this
antitumour antibiotic was reported to have antiviral activity,

Apart from seversl microorganisms, antibiotics have
been-isolatrd from some of the algae, lichens, a number of
flowering plants and 2lso from animal sources, More than hilf
of the ~ntiblotics discovered are produced by antinomycetes.
The gvailable space in the text does not permit a detailed
discussion of individual -antibiotics, Only a few of them are,
therafore, listad, along with data about their discowery,

Antibiotice are used extensively in veterinary medicine,
hey ere used also in livestock feed as a supplement, in the

treatment of plant diseases, and in the preservatiou of
biological material,

Contd. . .B/3h
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Table 1. Import:nt antibiotics obtained from plant sources

e e s xe e e -

Namz of the santibiotic

R At S LTI B Aetea M emssmt T

2 mx e camum v e ot en

Penicillin

Streptomycin
Bscitracin

Chloromycetin

or
Chloramphznicol
Polymyxin
Aurzomycin
Meomycin

Hycdroxystreptom-cin

Tzrramycin

Year

1928

1943

1945

1947

1047

1948

1948

1950

1950

Discovered by

O
ng@ AﬂQu
n e e o aam cmmereens oo oo

Jpurce

. e m w A e ——

= s

Al=xander Fleming

Selman A, Waksmath et al.

H. Ankasr

B, 2. Johnson
F. L. Melesney
P.

2. Burkholcder

Robsrt =, Benedict &
i, F. Langlykke

B.M, Duggar et mHM
Selman A. ‘/akesman &
Y. &, Lechevalizr

Robert G, EBan=dict et al.

A, C, Finley =t al.

- Penigillium notatum West,
P. chrysogemnua Thom

Streptomyces griceus (Krainsky)
Vakgman & Henrici

Bacillus subtilis
Cohn amerd,

t\\lmwwmﬁﬁos<omm usnezuelae
Zhrlich, Gottlieb, Burkholder

Bacillus polymyxa r\\\\\
(Prazmowski) Mizula

Strzptomyces aurzofaciens
Duggar -

3. fradiae /sksman &
Curtis

S. griseocarnesus
Benedict at al.

S. rimosus A. C. Finley
et al,



234

“BsoyIIBRT P pue
Axsjussip oTqaome
FC juswiesay sy-

UT 03Te foIjaws pue sur Toeydso
rueI0108dxas sE pasn ‘surismy
g pue y

epTsouues

uoryedrisuos ‘utzsrdme
3 33 I ﬂwﬁﬂom

Tenitqey otueydosfayo
UT pasn 9ATexeT] mqﬁuosm:m0ﬁ<

Asdoap aox pasn
0s1e mahozvmmnnp
UBY] WLIOM pUINO.I
JFUTESE 8AT30arIs
axom aowpnﬂsHmSPSq utuojuesg

ETpUT ut
PSS aanjxtm ysneo
B = BNES®A ULpPOOATS TTo TeriusSss
Fo jusuodmoy ‘ques ‘proe OTpoleype

S2mozZTY.T BOT.ISW;
pue y3nos pue
8300z psrag Teajua)
SaaeaT EDTJTt
petag Teordoay,
S9AEST BIgEJyY pue
pstag BT Temos
Speay
JaMOTF pue
SeaedT suny
“BIWT PaTIQ UB1STHEJ
SaaeaT
peTag BT pul

BISY UJIalSg
pue sdo.nm
51001 patJ(qg FO Surejunop

~0308dx¥a ue se pesp ‘sutorse,
Jd8a9 pue uted
8ASTTax 03 ATTeuULaluUT BUTUOO
‘WST1ewnoys -eTAozuaq
Pue erfTeansu ¢ autuooe
10F pesn ATTeussixy ‘auTyTUOOY
4 9
O
5lUonyT18u090

gasp 3AT1OV

R W st o s -

‘WOTY (tic1g)
equendeosdT
9B 30ETQNY STTseyQ2an

(evuas

Sesourmnze] UBTIPUEXSTy} .
BTTOITInoe *; (Teuvss

UBTDUT ) TLEA

sesoutunda] eTT0IT15NS0E 2TSsen

*1 BWI]T . ewm

seitsodmoy BTS [Maj v

EEE )

EE ke pled=FoY BOTSEN 2pliyerny
8B a0

“EThounuey T sniradeu mnLTUuco™

oeosdy

BUUSS

De2SWm.ION

EXBIEBA

93 TUO0DY

- i T

!Nat-!liilfiﬂs !a;i!E»m - 5
UrgrJo
930 3aeg Jo aoerdg ATtmeg sweu Teorueos,

i

Bnap syj
JO aswep

yS53ueTd Snap Fuelsodmr Isi30 wﬂom h% sIqes

(49



235

Imwl

.1|l\_ 2 3 4 5 6 o 7
~ American- Cheropodium Chenopo-- West Irdies, Fruits Ascaridol Anthelmintic-
Wormseed ambrosioides var.diaceae and Central & for hookworm
anttelminticum (L) South America infections
Gray .
Licorice Glycyrrhiza Legumino- Southern Dried Glycyrrhizin Used as an
or glatra L. sae Europe amd roots and or glycyrrhizic expectorant and
liquorice Middle East rhizomes acid (glycoside),demulcent: for
. lycyramarin, flavouring candy
bittar and tobacco
principle)
Ginseng Panax quinque- Araliaceae Northeastern Dried Panaquilon Used as cure for
“plia L, T U.S.A. roots (glycasgide) almost all diseases
in China
™, ginseng
C. &, Mev. Araliaceae Korea and Dried )
Manchuria roots
Psyllium Plantago Planta- Southern Dried husk Xylin As cathartics -~ for
indica L, ginaceae Asgia ad entire (mucilaginous the treatment of
ripe seed content) chronic constipation.
F. ovata Forsk,
R . . ¥ nt
Podophyl- Todophyllum Berberi- India Dried rootsPodophyllo- Uged as an evacua
lum e 1pdi Tall. daceae and toxin, or purgative pwwmmmmm“.x
rhizomes podophyllo- of chronic conetim
resin, on; also being used
o, peltatum L. Tastern picropado- for tumorous growths
U,S.A. phyllin,
podoph7llic-

acid
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BUEFER SOLUTIONS:

Dr.S«K.Mohapatra &9 7
Reader in Chemistry

ahat_are buffer solutions? |

Analytical processes involving separation, precipita-
tion etce required not only the knowledge of pH of the
reaction medium but also its rigid maintenance during the
course of changes. Many biological processes occur at speci-
fied pHe Enzymes have been found to be most active at a given
pH value, known as the optimum pH for the particular reaction.
(For most enzymes it is between 6 and 8). This requires the
body fluids both ‘extracellular and untracellular to be
maintained rigidly within such pH limits. Experiments show
that extracellular blood has pH 7.4 and intracellular blood
has pH slightly lower than 7.0 These values are rigidly
maintained inspite of addition of large amounts of acid in
the form of hydrochloric, phosphoric, sulphuric and lactic
acid during the normal process of metabolic activities. Carbon
dioxide generated during oxidation of carbohydrates, fats
and proteins dissolves in the bllod and forms carberic acid.
How come then the blood is maintained at specific values?

Coy is expelled through the lungs, and a part of other aclds
is excreted by the kidney as wine, while another part is
neutralised by ammonia synthesized in the kidneys. But large
fraction of the added acids or alkali (vegetation diets,
fruits and drugs taken to gastric problems) is neutralised
by what are known as bug buffer systems built in by natures

Experiments show that such systems consist of a mx
mixture an weak acid or base and one of its saltsy and they
have the ability to resist change in pH when small amounts
of acids and alkalis are added.

Mechanism of buffer action: ¥ The mechanism of buffer action

can be explained'by$taking a buffer system as acetate buffer
which is a mixture of acetic acid and sodium acetate. when
an acid is added, the salt reacts with it to form acetic
acid.
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CH, CtBNa + Hcl—r-)ggacﬁaﬂ + Nacl

and when an alkali is added.,it-reacts with ‘cpe acid to
form the salt. t

. ‘r\(’.

'CH3 CBoH + NaOH-T—ycﬁs coHBNa + Hzo

Thus the added acid is removed (neutralised) by the
salt and the acia‘respectively. The acid formed does not
dissogiate dpprééiébly in présence of the salt (commog
ion effect). Therefore thc hydrogen-ion. concentration
does not-'change or pH remains cons?ant.

Physiologically important bufferss:

Two-thirds of the buffer ac tivity in vertebrates
is carried out by phosphate buffer present in the kidney
which is a mixture of KH PO4 and Na, HPO KH2P04 ‘
functions as the weak ac1d (K = 642 x 10 B)and Na, HPO,
functions as the salt and the rgactlnas are’ . <

H,P0,” + OH = HPO,” + H,0 .

,The other taird of the buffor activity is carried
out by blcarbonate buffer which is a mixture of H2C03 and
HCO3 behaving as acid and salt respectlvely.

- ot
HCO, +H H2c03;§§1{20 + qu (expelled by lungs’

c - “ LH O
HyCo, + OH =3 HCO,™ + H, ©

In the tissucs, the buffer activity is largely
carried out by the plasma proteins. The amenoacids

constituting the proteins can neutralize acids ana alkalis
as follows.

o - CopE” + +_ _
H,N :C'!H CRHG + H —%HN ;:H CUoH

R ]
+ - - -
HN' - CH -C - CH - CO®
3 ;?H o0 + oé—-;szm ;:u chd” + Hz_o

R " - R
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Besides both deoxygenatel and oxygenated haemoglobin
which are polyprotic acids (having at least five acid
groups) can also and do neutralise added acids and
alkalis. '

HHb + OH™ "*)Hb'+320
Hb + HY —> HEb
(Hacmoglobin ilon)
Buffer rangg:

Each buffer solution functions effectively within
a small pH range called its range. The pH of a buffer
" solution is given by the Henderson eguation.

I'sal
pK + log [ Zcid] where
K, =~ log K (Ka being the dissociation constant of '

the acid) . Therefore pH of a buffer solution depends upon
(1) the dissociation constant of the acid and (2) ratio of
the concentration of salt and acid. When the ratioc is

10:1 pH = pK, + log 10 = PK_ + a 2and when the ratio is
1410, pH = pK_ - 1 . when the ratlo is greater than 10:1
or less than 1:10 the effectiveness of the buffer declires.
Thercfore the effective range is pK; + 1. Thus acetate
buffer has an effective range from 3.42 to 5.29 pK  of
acetic acid being 4.76 ; the phosphate buffer has a range
6 to-8 pR_ of KH PO, being 7.21.

2

Preparation of Buffer Solutions:

A buffer solution of a given. strength and pH can be

Prepared as follows. bet us say we wish to prepare 0.2'M
buffer of pH 5.4. First we have to choose an acidk whose’
PKa is around 5.4 . We refer to the dissociation constants
of the acids. In this case we can either chogse acetic acid
( PR, = 4 .76) or better monosodium - citrate (pK 6 = 4.76).
Yext we have to £ind out the ratio of the concentration
of the acid to the salt by using Henderscn‘s equation

. - ) [Salt s
PH = PK, +log LAcid ‘

54=47e+1_og%£%§3 )

" Contd...4
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_4 [salt Caisodium citratel
Or 0.64 "', 2 } = log [monosodium cEtrate)

Baltl. ntilog of 0,64 = 4.365
Or RT3 = antilog ?.u » G

Now the buffer to be preparea should be 0.2 M which meang
the total tbncentrdted, i.e.’ Salt -+ Acid’ must be 0.2 .
Thercfore 1 the concentration of Salt = X M, the
concentration of the acid hes to be ( 0.2 -~ X ) M.

. X -
dence T.7 % T 4,365
Or X =~ 0.,8730 -~ 4.365 x or x{(1 + 4.365) = 0,8730

_ 0,8730 _
Or x = ghgE = 0.1627 M

or [Salt] = 0.1627 M
- and [poid]= 0.2 - 0.1627 = 0.0373 1

'Therefore the amount of salt to be taken 1is 0,1627 X 237 g
( mol.wt. of disodium citrate) znd amount of acid to be
taken is 0,0373 X 214 g ( mol wt. of monosodium citrate)
and the volume made upto 1 litrec.

Preparation of Buffer solutions of varving pH

Requiremontss

1. Measuring flasks (500 ml) - 23

2. Measuring cylinders (400 ml, 50 ml. 25 ml)= 1 each
3. Reagent bottles - 9 nos.

4. Weighing bottle or glazed paper
5, Burctte - ( 50 ml ) - 1

6. codidal flasks (250 ml) - 6 nok.
7. Burette stand.

8. pH metcr or Indicator soln.

9. Monosodium citrate

10, Disodium citrate

11, Sodium hydroxide

12. Chemical balapce with weight box

Contd. .o -5
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Procedure

(a) Prepare 500 ml zach of 0.1 M solutions of

monosodium and di-sodium citrate. Then prepare a series
of buffer solution as follows.

Volof monosodium Vol. of disodium

citrate soln. gitrate soln.
90 ml : 10 ml‘
80 ml 20 ml
70 ml 30 ml
60 ml 40 ml
50 ml . 50 ml
40 ml 60 ml
30 ml 70 ml
20 ml . 80 ml
90 ml 10 mx

Meagure their pH by any 2f the methods described in
the previous unit and note in right column.

(b) alternatively, take 25 ml of the monosodium
citrate and neutralise to 10%, 20%, 304 ....to 90%
by a standard alkalil,

Breparation of somc agueous buffer solutions
(1) pcetate Buffer
(a) ..cetic acia (0.2 M)
Dilute 28.5 ml of glacial acetic acid to
1 litre. This gives an approximately 0.5 M
solution. Standardise this acid with 0,5 M
NaOH solution and determine the exact strength.
Then prepare'an exacctly 0.2 M solution of
acetic acid by using the formula V, X 8;= V,8,

(b) Sodium acetate (0.2 M’

Dissolve 16.4 g of sodium.acetate in 1 1
of distii;ed water.

I

. Contd.. 6’
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Vol of acetic vol. of sodium pH
ecid ' acetate soln. —_

94 ‘ 6 © 3,5

82 18 4.0

56 44 4,5

30 \ 70 \ 5,0

20 a0 5.2

12 88 5.5

10 90 5.6

<

(2) Phosphate Buffer

(a)

(b)

0.025 4 KH2P04

Dissolve 3.4 g of KH,P0, in 11 distilled vat,

0,025 M Na,HPO, ,
Dissolve 4.0 g of Na2H904 . H20 in 1 ltr,

distilled watet.

Equal volumes of (a) and (b) gives
a buffer solution of pH 6,05,

Variation of pH in the range 5.05 to
7.8 can be made by varying amounts of the
two solutions as in the case % acetate
buffer pH can either be measured or
calculated from Henderson's equation.

Note: The number of molecules of water of

crystallization on the samplcand take then
into account in calculating molecular weight.
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[

Lo M_-P. Sinhu

4 century agc a Germen dcéi:ci*, Reber, Kceh, became-
fascinated by millicns cf rcd-shaped bacteria in his micresccpe
field. Ceuld they be the cause cf the dreaded anthrax that was

yilling nundreds cf cattle and sheep thrcughcut Eurcpe He dippec
gharpened wocden ‘splints in tc scme cf ‘the fluid from diseased
apimels and carefully insected the splints intc his laberatery

mee. In the merning the mico were &ll'dead, and in their blced
was the same kind cf rcd-shaped bacterla, previding evidence thut
these bacteria cculd indeed cause disease resembling anthrax.
the procedures which Dr. Kech felleowed in previding evidence that
mcteria asscciated with animals dead with anthrax were actua-
lly the cause cf that disease have beccme kncwn as Kech's
pestulates er Rules cf Procf cf pathogenicity. By these pro-
cedures many diseases cf human and animels have been shcwn te
be caused by specific micrccrganisms. Likewise,they have been
#il1zed routinely by plant pathclcgists tc prcve that bacteria.
and fungi-cause disease in plants.

A plant beccmes diseased where ah interacticn between
the plant and disease causing crgdnlsm(mlcrc-or-gamsm)results '
in the impairment cf the ncrmal physiclcgical functicns cf the
plant. The severity cf the disease cr the extent cf the inter-
action is & functicn cf the influence cf envircnment cn the
develcpment cf the plant,cn the activities cf the m:.woergaﬂlsm
and cn the interacticn betwem the plant and the micrecrganism.
lisease in plants, therefcre, embodies, .méhy biclcgical phenemenc.
The fcllcwing steps muy be crga.nlsed in crder to study plant
diseases, '

1 Ccllecticn of materials (diseased plants)

A walk arcund the vegetable cr flcwer garden,thrcugn
the fields on in the woods during the growing seascn will revedl
d variety of spots and blights cn plant leaves and stems
(symptoms) ., Predeminants among these mcladies sre mildews,the
rusts,and the smuts,which are easily reccgnized by the vasy

tunbers of spcres preduced cn the plant surface.
' t Rl
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Make field trips in the late summer cr late winter ap,
cbserve plant foliage fcr mildews, rusts and smuts.Examine leseis
in side with a hand lense.fcr the presence .cf hyaline chaing cf
speres of the powdery mildews,for dusty crange cr redish brewy "
spcres of the rusts cr for brawnish-black masses cf spcres dust ¢ .
the gmuts.The whitish pcwdery mildevs may be found in abundance = |
lilac,cucumber,grasses cr legumes,Rusts abcund cn wheat,Oats,and’
grasges, an hcllyhocks, and on scme wild flcwers. Smuts are lescs
readily reccgnised by the cagual cbserver but the commcen smut of
cern way be found in nearly every field.

When you return tq labcratcry examine the specimens, »
micresecpically,by cutting hand secticns, staining in acid fuehlﬁ/
cetten blue for tws minutes ér{d meunting in glycerine. Press scme
leaf -specimens and dry scme smut galls for future use. \
Expected Results:~The number of spcres prcduced by these fungi is
unbelievable. The powdery wildews derive their name from the"pou«y
masses cf spcres piled on the leaf surface, In amcng these masscs
may be fcund the sexual fruiting bedies cf this fungus,the peritu. .
filled with ascespcres. These black structures have beautiful & pel=
dages,easily seen with the sterecsccpic micrcsccpe, The rusts hav:.
variety cf spcres types, all preduced by the hundreds in specialiiel
fruiting structures: The black "dust"'cf the smuts, like-wise
censists of hundred cf tiny spcres. \

2, Isclaticn cf plant pathcgens(Bacteria and fungi)

Microcrganisms suspected of causing disease in plants mist
first be isclated befcre pathcgenecity can be demenstrated. The
technigues used tc isclate crg&nisms vary with nature cf the plant
tissue invaded and the kind o¢f micrccrganisms revclved. Many fungl
and bacteria that cause diseage in plants, may be isclated and
grown miculture/pureculture in the class room

Prccedure: &) Stcrage rct: Wash a fruit cr vegetable,e.g apple cr
carrct,that is partially rctted. Immerse it in a dilute dis infes-
tant (704 alccheldfer five minutes. Damp dry it with paper toweling
and cut it cpen tc expcse the area between scme rctted and healtly
tissue. Transfer bit of tissue from this margin tc PDA in petridi-
shes,and space 4-5 pieces per plate. if examinaticn for fungi only
is desired,arc twe dreps of 50% lactic acid tc the plate befcre
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| pssing the 2gar. Mcre precise metheds for reccvery of becteria
gy e use,e.g. the serial diluticn technique. Incubate the disles

i roon temperature.Start cbservaticn aftér 48 hrs,

3) Leaf and stem lesicns: Ccllect and wash spctted leaves cr stem
od imerse 1.2mm squares cf tissue frem the margin cf cf a

jiscased area in disnifestant.It iay be necessary tc reduce the

tine of immersicn cr strength of disnifestant feor this tissuetc

| weid killing the causal crganisms.Transfer bits of tissue t P.D.s.
Iand incubete at rcem temperature.

thservaticn:- Start chservaticn after 48 hrs. fungi fer bacteria
present 1in diseased tissue will grew cn tc the agar surface.Bact: -
s will be inhibited on acidified PLA. If a particular ccleny typc
15 reccvered censistently freom diseased tissue of a certain plant
it is circumstantial evidence that the crganism may have caused ti
tisease.,

} treparaticn cf PDA(Potatc dextrose agar) media
' Requirement s

(a) Distilled cr tap water 1000 ml.

(1) Sliced wnpeeled potatc 200 gm.

{c) Agar 20 gm.

(d) Lextrcse 20 gm

Irccedure. Ceck potatces in 500 ml of water for 20-30 minutes. This
theuld be half beiled.Filter the breth through clean cheese clcth cr
wdinary cloth t¢ remeve the pctatc debris. Dissclve the agar in
ancther 200ml of water, If necessary warm the water slightly.

Hssclve the dextrose in ancther 200ml of vater. Mix the het petatc
filtereq treth,the agar sclution and the dextrcse scluticn in a
W00m flasgk, Mix up threughly and add water tc make 1000 ml. Plug
te flask with ncn-abxrbant cctton and sterilize it in & pressure
tcker for 30 minutes,
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b St
a)  held fuchstents 051,00 gm of geidfuchsin erystaq i

be dissclve in weter, If necessary uey be warmed,

ll'

b) Cetbon blue in lac b phencl,

Lachephenc]. sclubien 15 prepated and ccnstits f 2
phencl (arued wtdl selted) o ol lectie aéid20 ul glyemy,
200 distilled waber, Tc cneenslf of the lactophenel sclutie
15 added encugh 0,5% cctton tlue sclubicn fn distilled water
tc give & dark ccleur,



CONCEPT ANL COMCEPT TEACHING ANL IEARNING 247
AN _CVERY [hW ‘

w0 DEEE Panda,
 Leetyrer,
RCE,Bhubaneswar,

waat_is a Conoept:

A ccncept is a class ¢f stimuli which have
commen, characteristics. These stimuli are cbjects.
gvents cr perscns. A ccncept is crdinarily designated
ty its neme such as pencils, bettles,pupil cr freedem
fighters, ccumitted werkers, and nasty placé's‘fl\ll these
ccncepts refer tc classes cr categeries cf stl‘lmuli.

But scme stimuli dc nct refer tc ccncepts i,e.

Subhash Ecse, Sarala Das (Adi Kabi),Tagere's Gitanjali,
Indc~Pak war cf 1971 Annual Bcck Exhibiticn, These are
particuwlar stimuli (nct classes cf), perscns cr events
A cencept is net a particular stimulus but a class cf
stimuli, 4he difference is between all freedcm fighters
and Subhash Bcse. The concept freedem fighters includes
Subhash Ecse,but it includes many cther fighters as well,
The ccncept freedem fighters excludes all ctner war
fiphters. it is tc be remembered that ccncept dces nct
refer t¢ particular stimuli but tc classes of stimuli.
The ccncept is & very brcad cne and it can include
fighters c¢f ditferent types whe faught fcr attaining
freedem from British rule in varicus ways. Similarly,

" the céneept bettles of varied sizes,cclcuraticn and
shapes,pencils, cf difierent lengths, qualities and
types,

Hence ccncepts are nct always congruent with
cur perscnal experience,but they represent human attempts
te classify cur experience at least crudely.

Centde e errees2/~
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Concept_attributess

'An attributeg is a distinctive feature cf a
cencept and thus varies frcm ccncept tc cencept. Fep
example: Red triangles whlch has twe attrlbutes ccloyr
and ferm cr shape. Celcur can vary frcm cchneept te
concept and, therefcre, qualifies as an attribute, We
ean indeed have red squares, red rectangles, red trapiziy
red parallelcgrams. A ccnckpt is lake.The chief attribute
wiich distinguishes a-laké from an ccean and sea,cn
one hand and frem a pecl‘and pend, cn, the cther hand,
in size, Size is cne cf its major attributes. Size
qualifies as an attribute because it can vary frem
cencept te cencept, Of ccurse there are cther attrlbutes
cf lake,

Attribute Values - Values are the partictlar variaticns
an attribute may undergc. Cclcur is an attribute.lt my
have several values: red,white,blue,viclet, black, °
Similarly ferm may have several values; rectangles -
sqlares, rchmbus,quadrangles. Cencept vary in the number
cf values their attributes have. Scme ccncepts have
attributes with cnly twe values. A student(a ccncept)can
be & bey or girl, dead cr alive, werried cr single.Qther
ccncept may, have attributes with a range cf value cclewr
cf an crange can vary frem red-crange tc yellcw~crange.
The cclcur,hcwever,must pet vary sc much that we cenfuse
an crange with a lemon cr Mcusumbi cr shaddeck.: Woeh an
attribute has a wide range ¢f values,the cther attributes
can be used tc identitfy the concept in questicn. In

identifying an crange the attributes cf shape,size and
texture can alsc be used.

Centd o« v v 43
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Number _cf attributes:

-

The number cf attributes varies from cencept
toc ccncept. Red triangle: has cnly twe attributes-
cclour and form, Small red ‘triangle has thrge
attributes-size,cclour and fcrm. An crange,has four
attributes~ccleour,size,fcrm and texture. Scme complex
ccncepts have a dczen cr mere attributes such as
geeialism,human rights,demceracy ete. As the number
of sttributes increases the diffieulty of learning
of ccncept increases., Scanning the values of a dczen
attributes is strenucus and time ccnsuming. I SFiner and
hig asscciates suggest that tc have easy learning the
number cf attributes can be reduced by attending tc
sowe attributes and igncring cthers cr by ccmbining
& number cf attributés intc & smaller number cf patterns.

Dcminénce cf the attributes:

1

Amcng the attributes physiseal lccaticn is mere
deminant than the attributes cf ccleour and fcrm. Alsc
ecleur ferm concepts such as red triangles are mcre
deminant than number-cclcur ccncepts such as cne red.
Thus, dcminance reiers tc the ccncept as well as tc its
sttributes. Leminant ccncept has deminant attributes.—
learning concepts with deminant attributes with fewer
examples is earlier than learning ccncepts with cbscure
attrivutes,

Infermelly,it is cbserved that students usually
attend tc certain peints in their descripticn cf a
cencept but igho:re cther pcints that are equally .
impcrt%.nt ¢ Inpla¢ing the ccncept cf starrs children may
attend tc the attribute cf placement/visibility cf

Pt
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celestial bright bedies in the nlght sky and igncre
the ccnditicn of tW1nk11ng, wmevement, size, colcur ete,
Teachers must give aural cr visual emphasis tc attributes
which are cbscure and yet impertant in identifying the
ccncept, In defining ccncepts "teachers tradltlcnalLy
rescrt tc vocal 1nflectlcn, hand and arm gesticulaticn,
wnéer-secring.,, dlagramming, drawing and sc cn, tc make
cbscure attributes cbvicus cr dominant. Unless ﬂhis
emphasis is precvided,the student will learn scme
attributes and nct cthers and, thereby, fail tc leérn
the complete cencept.

Types cf Ccneepts:

Attributes ccmbine in three different ways to
preduce three types cf concepts: Cenjunctive ccncepts,
disjunctive ccncepts and relaticnal ccncepts. .

a) Ccnjudtive Cencepts: The aﬁpﬁcpriate values
of several attributes are jointly present, Ex-Three white
half-shirts. It has three attributes (number,cclcur,fcra,

" jeined tcgether and each attribute has a partlcular value

(respectively three, whlte half-shlrts) Canuctlve

" ccncepts are citen the easiest tc learn and tc teach
‘because ‘cf the additive gquality of their attributes

and values. Attributes and values are added together tc
prcduce a cenjuctive ccncept. The student simply learn
a list cf attributes and apprcpriate values. .

(b) Disjunctive Ccncepts: It is the cne that can e
defined in a number ¢f different ways. Attributes and
values are substituted fcr cne ancther,

Ex - a) Twc figures and/cr twc circles.

b) Strike

c) Extra pcint in feect ball

Centd.....5
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The attributes are fcrm and number and ithe 251
value cf the number remains the same, I'The'ccncept is
gisjunctive because the value cf the form can change -
it dan be a circle or any fcrm.

Disjunctive ceoncepts are cften difficult tc learn
pecause ¢f the seemingly arbitrary equivalence of their
sttributes. Disjunctive ccncepts are, in effect, rules
which the student must learn tc apply tc equivalent
stimdus situaticns. But the situaticns are nct equal
or equivalent until given the letel.Teachers must |
invest greater effort in the teaching cf disjunctive
concepts.

-

Relaticnal Ccncepts: It is the cne that has specifiable
relaticnship between attributes.

Ex- Distance and directicn are relaticnal ccncepts.

Distance specifies the reldaticnship between twc pcints;
it refers tc the separaticn cf these pcints. Lirecticn
alsc specifies a relaticnship between twc cr mere peints;
it refers tc the mcvement frcm cne tc ancther peint.

Mcre examples ~ Time, many, few, average, lcngitude, mass,
weight ,mother,father etc. Relatichal ccncepts are mecre
difficult tc learn as the ccncept dces nct adhere in the
attributes themselves.but in the' particular relaticnships
cf the attributes. This scmetimes creates lcts of
ccnfusicn in learning. Bor example,beth the concept
distance and the ccncept directicn have as their
attributes peints in space and time. What distinguishes
them is the difterence in the relaticnship cf the same .
attributes.

Centde.es 6



252

phat is Priﬁcigle:

A primciple is & statement cf the relaticnship
between twe cr mere ccnoepts, Principles are scmetipeg
called rules cr generalisaticns.

Ex~ a) Rivers flcw from hills tc oceans.
b) Thirteen minus fcur equals nine.
¢) The density cf water is mecre than cil.
d) Three dimenticnal cbjects have six sides
The fcllewing statements are nct principles:

e b
a) Shyam Jikes Rahim

b) Rajiv claims he is stronger than an& bedy
in India.

¢) Cengress wen the last electicn.

d) whe is afraid cf Nandan Kanan Tigers

In the abeve set cf statements ccncepts are
there but these de not have relaticnships; basing cn
these ccncepts ne rules cr generalizatich can be made
cily the preper arrangement of the ccneepts results in
satisfactcry learning cf principles.

\

When tc teach ccncepts:

The teachipg and learning cf cchcepts must be

'related to the students' level of intellectual develcpment.

In teaching ccneepts during the pericd cf ccncrete
operaticns (age 7 tc 11 ), the teacher must: remember

that the learner's thinking is criented tcwards ccnereté
cbjects in the immediate envircnment, that the child
relinquishes the physical attributes cf chjects cne by che,
and that each grcuping (cr schema)remains an isclated
crganisaticn. [n the pericd cf fcrmal cperaticns,the
adclescent child is capable of hypctheticcdeductive and
prepesiticnal thinking.

Centd.veas?
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Pmnking. Although the teachlng.cf ccneepts can and .
dces ceeur during beth pericds,the teaching cf principleé2 a3
preceeds mere easily during the later pericd. Because the
child's schocl learning cf cencepts is limited by

nis preschccl learning,the scheel must cften previde
ccfrective experience tc exclude irrelevant and

include relevant attributes. Teacher shculd be in a

positicn te decide cn which ccncepts students sheoyld

learn first and which they shculd learn later.

Educeticnal uses _cf ccncepts and principles:

1) Concepts redyce the ccmplexity of the envircnment.
2) Ccncepts help us t¢ identify the cbjects
cf the werld arcund ﬁs.
" 3) Ccncepts and principles reduce the necessity of
censtant learning.

4) Concepts and prireiples previde directicn for
instrumental oactivity.

) Ccncepts and principles make instructicn
pcssible,

6) Concepts can be sterectypes. The teach r must

Scmetimes prcvide ccrrective experience fer an
additicnal use of cencepts: Sterectypes.

As ccncepts, sterectypes can scmetimes be
changed when the student is previded with a
wider array cf pcsitive and negative examples .
then those which he has previcusly experienced.

The Teaching cf Cencepts

The teaching cf concepts conterm te the
compenents cf the basic teaching medel, The prccess
completes through seven steps steps 1 and 2 pertains te

Contd. .. .e8/-
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instructicnal cbjectives. Step 1 requires a statepep
cf the cpjective,step 2, a type cf task analysisg,
Step 3 prcvides the student with the apprepriate
entering behavicur. Step 4 thrcugh 6 arc specific
instructicnal prcéedures for cencept teaching and
step 7 deals with perfermance assessment.

Step 1 ~ Describe the perfcrmance expected ¢
of the student after he has learned

the ccneept.

The expected pericrmance is the cerrect identi-
ficaticn cf new examples cf the ccncept,kor the ccncept
18atellites; the expected pericrmance cculd be that when
ney examples cf satellites given the learner will cerrect.
identify them. The descripticn ¢f terminal behavicur
requires a perfcrmance quite different from rattling cf
definiticn. The pcint is that the descripticn of the
expected behavicur shculd nct include the requirement
that the student give a definiticn of the ccnecept.

Describing terminal héhavicur has twe purpcses.
First the teacher has a means fcr assessing the adequecy
cf the perfcrmance and fcr determining the need for
further instructicn. The students' expected perfcrmance
clearly indicates t¢ the teacher and t¢ the students
the degree cf adequacy the students are tc attain a
particular time, Seccnd,the students have a way cf
assessing their cwn pericrmance and cf determining
when learning is ccmplete. The students' self-assessments
then beccme & way cf generating their cwn reinfcrcement.

Contd..s...9/-
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Step.2 Heduce the number cf attributes tc be learned
in ccmplex ccncept and make impertant
attributes deminant. ’

In this step the values,number, deminance and
relaticnship cf attributes can be put tc pedagecgical
use. The analysig cf the ccncept is decided tc teach.The
determinaticn cf the values and number ot attributes can
be made befcre instructicn 1s underway,The determinaticn
of demirance cf the attributes requires experience and
chservation ¢f impcrtant attributes students are likely
tc igncre. Then prccecdures fcr teaching the ccncept are
tc be devised in twc ways. Bcme ci the attritutes can be
ignecred and fccus must be cn these which the teacher
thinks mcst impcrtant and/cr the attributes can be ccded
intc fewer patterns. But icr a ccmplete understanding cf
the ccncept,the learner wculd have tc ledrn all the
attributes listed with regard tc a ccncept.

Step 3: Prcvide the student with useful verbal medidtcrs

The teacher shculd ascertain the child's
kncwledge cf the wcrds uéed.as attributes and attribute
values and his kncwledge cf the relaticnal wcrds that
are recessary. This step helps tc see hcw the verbal and
ceneept learning are related, The learning cf certain
names cr labels \ as verbal mediatcrs) and specify type
cf verbal assceiaticr facilities the students' learning
c{ a cencept.,

Step 4: Prcvide pcsitive and negative examples
cf the ccencept, = -

A pesitive example cf a concept is cne which
centains the attributes of a ccncept. A negative
example 1s cne which dces nct ccntain cne cr mcr mcre

Centdsss.. 10/-
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of the attributes, Pesitive examples cf the ccncept
bird are crew,parrct,pegicn,ccckec, Negative

examples are decg, eat, snake,fly, but, bee, Use cf
pesitive and negative examples 1s & necessary coniticn
for the learning cf concepts.

The presentaticn cf a mized series cf pcsitive
and negative examples is usually mcre eftective than -
the presentaticn of a pursly pcsitive or a purely negative
series. Fresemtaticn ¢f cnly negative examples males
ccneept learning extremely difficult, .As fcr number,
encugh pesitive examples to represent the range of
attributes and attribute values of the ccncept shculd
be presented. In the case cf negative examples, at least,
encugh cf these shculd be presented tc eliminate
irrelevant attributes which students are likely tc
include as part of the ccneept. Finally, direct experience
¢r realistic examples are usually nct preferable te
simplified presentaticns of the ccncepts, such as line
drawings, cartccns, diagrams and charts. These
presentaticns help tc achieve the eifects cf step 2,
which directed tc simplify the iearning cf the ccﬂﬁept
by fccusing cn its majer attributes.

Steps 5: Present the examples in clcse succéssicn
cr simultanecusly

This step is concerned with the crder in which
the examples as a whcle and the types cf examples
(pesitive and negative) are presented tc the student.
The 1learping ccnditicn is céntiguity - the almcst
simultanecus presentaticn cf the examples cl the
cenecept. Simultanecus presentaticn is better because
the student dees nct have tg rely upcn memcry cr
previcus examples. In teaching the ccncept of dcg,

Centda...o11/-
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it is better to leave in view pictures of cats,birds,horse

and dogs while presenting new picturess By this miximiza\ti r§7
of contiguity and reduction of the information load on

nemory are taken care.

Step 6. Provide occasions for student responses and
the reinforcement of these responses.

e e U At e s
oy

In concept learning reinforcement primarily provicdes
informational feedback, which enables the learner either to
separate positive anc negative examples and to compose his
list or to define the relationship of the various attribu-—
tes. The primary purpose of reinforcement 1s to provide
informational. . feedback to the student on the correctness of
his responses. Since this feedback is crucial, any inconsis=-
tency, delay or failure to provide 1t will impair student
learning. However, because the student knows which terminal
behaviour he must acquire, he can to some extent monitor his
own learning. Since reinforcement has motivational aspects,
negative verbal feedback may impair concept learning by
discouraging the student from making early guesses which can
be confirmed. The teacher should remember to focus on the
reinforcement of the students! responses and not cn the
student. The mode of the response should not be shifted,
at least in the early learning of the concepts. It is quite
possible, however, that the shift from spoken to written
responses is less inhibiting than the shift from drawiny to
writing or writing to drawing.

Step 7: Assess the learning of the concept

In this step both contiguity and reinforcement are
provided. This step emphasises generalisation, or the
ability of the student to make the conceptual response to
a new but similar pattern of stimulis If the student 1s able
to identify the new example of the concept, hea has learned
the concept. Tp provide reainforcement the student must be
informed about the accuracy of his response. Several new
Positive and negative examples of the concept are to be
Presented and the student has to select only the positive
¢xamples. A small amount of practice of the definition,even
When the students are not told how good the definition is,
improves the quality of definitions. when the definition is
difficult to formulate special training for formulation of
concept definition should be imparteds
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S.C. Panda

The whcle educaticnal system is directed tcwards certain
aims such as utilitarian,cultural,vccaticnal,all rcund
develcpment cf the learner and the like. The schecl educati-
cn pregramme is cnly a part cf the tctal educaticnal pro-
gramme. However,it plays an important and even a vital rcle
in the realisaticn cf educaticnal aims.'What can the schccl
educaticn prcgramme achieve?, 'the questicn naturally arises.

It can achieve cnly a part .cf these brcad educaticnal aims
which we refer tc an cbjective. An cbjective is a pcinter an
end-view cf the pcssihle achievement in terms cf what a
student is tc be able tc da'when the whele educaticnalsystem
is directed tcwards educaticnal aims.

.

Objectives in Meagurable Terms
N ,
, On the cther hand,educaticnal cbjectives,bearing expe-
r'len,ges,and‘evaluaticn prctedures are the' three instructive
aspects cf the educaticnal prccess.Objectives play a key
rcle in the instructicnal prccess. They serve as guide fer
beth teaching and evaluaticn. Instructicnal cbjectives
determine precisely and specifically what type c¢f pupil
.performance is desired at the end of the instructicnal seg-
uence., Educaticnal obj'ective‘,ls have been stated as bread
and ultimate gcals such as exercising the mental functicns
cf reascning,imaginaticn,and memcry. The cbjectives shculd
be stated in terms cf students' behavicur that can be cbse-
rved and measured. Armed-withra cledr and specific list cf
teaching cbjectives, a teacher may ccnsider the mcst appro-
priate prccedures fcr évaluating progress made tcwe}rds each
cbjectives. He attempts tc test what he has tried tc teach
by using techniques best suited tc determine how well each

cbjective is attained.

Classiticaticn cf Instructicnal cbjectives

The instructicnal cbjectives have been classified
Pasing cn three majer demains: cognikive,affective and psy-
Chemoter, Tt was based upcn the assumpaticn that in the prc-
¢ess of sharing of how informaticn changes usuglly cecur in

the demaing of cognitive,affective and psychomotcr of the
learnep,
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The cbjectivesicf the ccgnitiwfe,dcmain are phr.sed ag deg.
cripticns cf desired student behavicur - that is in termg ¢f
knowledge, understanding and abilities tc be acquired, The '
large preperticn cf educaticnal cbjectives fall intc the
ccgnitive demain. The affgc{:ive demain includes chjectives
that emphasise interests, attitudes and values and the deve.
lcpment cf appreciaticn and adequate adjustment. Objectives
in this demain are nct staté'd very precisely and, infact,
teachers dc¢ nct appear tc.be very clear abcut the learning
experiences which are apprepriate tc these cbjectives.

The psychcmcter demain is ccncerned with physical,
meter,cr manipulative skills,

Fer further specificaticns c¢f the taxcnonmy cf
educaticnal cbjectives each cf the three domains have been
divided intc a number cf hierarchical categcries cf beha-
vicurs frcm simple tc ccmplex. Ecr ccgnitive dcemain these

' six ascending levels are kncwledge,ccmprehensicn,applica-
Lticn, analysis,synthesis and evaluaticn. The five majecr
categeries cf affective demain of the taxcnemy of educa-
ticnal cbjectives are : receiving, respcnding, valuing,
crganisaticn, characterisaticn by a value or value complex.
And finally seven majcr categcries cf psychomcter domein
are: percepticn,.set, gulded respense, mechanism, ccmplex
cver respcnse, adaptaticn and crganisaticn.

Wnile preparing instructicnal cbjectives it is
pessible tc focus cn different aspects cf instructicn.
Cur fceus must cn the behavicural changes(learning cutcone)
with the pupil which is based cn the lear: ning:experiences
prcvided tc them.

Critericn for selecting behavicural cbjectives

In develcping a list of cbjective fcr o
particular ccurse,hcwever, the teacher is still faced
with the prcblem cf determining the adequacy cf the final

2
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list of cbjectives. The fcllewing 1list of questicns will
serve as a criteria fcr this purpcse.

1. Dc the cbjectives include all impcrtant cutecme cf the
ccurse?

2. Are the cbjectives in harmcny with the general
gcals cf schccls?

3, Are the cbjeectives in sccial principles of learning ?

4. Are the chjectives realistic in terms cf the
abilities cf pupils and the time und facilities
available %

General Instructicnal cbjectives 4nd specific
learning cutccme

In preparing & list cf instruﬁticnal cbhjectives
for a ccurse cf study we have twc immediate gcals in
mind. One is tc cbtain as ccmplete a4 list cf cbpyectives
as pessible. This is mest likely tc cccur if we fcllcw
the prccedures for selecting cbjectives described earlier.
The cther geal is tc state the chjectives sc that
they clearly indicate the learning cutccmes that we
expect from cur instructicn. The task cf stating .
instructicnal cbjectives is simplified if we ccnstantly
keep in mind that we are making a list cf intended
cutccmes cf teaching learning situaticn.

1) We are nct identifying subject matter content but the
reacticn pupils are tc make tc this content.

2) We are not listing the learning experiences cf the

pupils but the changes in pupils perfcrmance resulting
frcm these experiences.

3) We are nct descriking what we intend tc dc quring
instruction but are making a list cf the expected
results cf that instruction. Stating cbjective in terms
cf learning cutccmes rather than learning prccess
admittedly is easier said than dcne. If we



262

- .-L]-u

centinually ask curselves 'what shculd the pupils be able
tc dc at the end of the céurse cr unit of study, thet they
cculd nct de at the begining. Then we find tHat the
pupils terminal perfcrmance has almest autcmatically
beccme the ({":enter feocusi We are than in a much better
pesiticn tc state cur instructicnal cbjectives in terms
cf ledrning cutccmes,

A 1list cf cbjectives for a ccurse cr unit cf study
shculd be detailed encugh tc clearly ccnvey the intend
cf the instructicn and get general encugh tc serve as an
effective cverall guide in planning fcr teaching and
testing. This can be mecst easily accemplished by defining
cbjectives in twc steps.

1) Stating the general cbjectives of-instructicn as
intended learning cut¢cmes.

2) Listing under each cbjective a sample of specific -type
cf perfcrmance that pupils are tc demcnstrate when they
have achieved the cbjective. The procedure wculd result
in statements of general instructicnal cbjectives and
specific learning cutceme like the fcllewing,
1. Understands scientific principles’

1.1 Describes the principles in his cwn wcrds.

1.2 Identifies examples cof the principle
1.3 States tanable hypcthesis based cn the principles
1.4 Distinguish between twc given principles.

1.5 Eiplain the relaticnship between twe given principles.

- It is tc be noted that the gener.l cbjective starts
right cff with verb with precise wording directing tc
students cutccme and free cf ccurse centent. {t shculd be
wnitary and realistic. Smilarly it -should be ncted that
specific learning cutceme or_ specification is merely 8
sample cf the many specific ways tc realise the general



Ve o

. =5 - c 263
(bjectives. In case cf specificaticn tc each statement
sheuld begin with a verb indicating cbservable respcnses.
The specific learning cutccmes are free cf ccurse centent,
realistic,unitary and stated in precise terms. Acticn verb
is a key element in stating the specific learning cutccmes

ttie selecticn and clarificaticn cf these verbs play an
impertant rcle in cbtaining a clearly defined set cf
instructicnal cbjectives, Ideally we wculd like each verb

(1) tc clearly convey cur instructicnal intent and

(ii) tc precisely specify the pupil perfcrmance we are

(a)

(b)

'willing tc accept as evidence that the general

cbjectives has been attained.Unfcrtunately some verbs
convey instructicnal intent well (e.g. identifies),
cther are mcre effective at preciéely specififying the
pupil respcnses tc be cbserved (e.g.encircles,lables,
underlines). Where it is necessary tc chccse between
twc types it wculd seen desirable tc select than that
mcst clearly ccnvey instructicnal intent and if needed,
tc further clarify the expected pupil respcnses-in cne
cf the fcllcwing ways.

Add a third level cf a specificity tc the list cf
cbjectives. ..g. , -

1. Ccmprehend the meaning cf written material
1.1 Identifies the main thcught in a passage
1.1.1 Underlines the tcpic/sentence
1.1.2 Selects the mcst apprcpriate title for the
passage. '
1+1.3 Writes the main idea cf -the passage.

Prcvide definiticns cf the acction verb used in the
specific learning cutccmes. Z.g.

Illustraticns of hcw to clarify expected pupils
respcnses for selected acticn verbs.

» Acticnverp Types of respcnses .
Identify Pcint to, tcuch, mark encircle,
match, pick up. . -
Name ' .supply verbal label(crally cr in
‘ writing)
Descrive supply & verbal acccunt (crally cr

in writing)that gives the
essential categcries, prcperties

and relationship.
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agticnverd Iypes cf respenses
Crder list in creer,place in sequence,
arrange,rearrange. N
Censtruct Draw, make design,assemble,prepare,
build.
Lemcnstrate perform a set cf preocedure with or

witheut, & verval explanaticn.

Use_sample test items tc illustrate the iiterced cutecmes.

* Sullivan, H.J. (1969)stated that these six acticn verts and
their syncnyms enccempass all cegunitive learning cubtccmes in the
scheel.

Summary cf steps fer-stating Instructicnal (bjectives

The findl 1list cf cbjectives fcr a

ccurse,cr unit shculd incluce all jmpertant learning
cutecmes(e.g. kncwledge,understancing,shills, attitude,
and shculd be stated in a manner that clearly ccuveys

what

puplls are lihe at the end cf the ledrning experience,

The fcllcwing summary cf steps prcvides guidelines fer
cbtaining a clear statement of instructicnal cbjectives.

I. Stating the Generdl Instructicnal ctjectives

1,

2.

State each gereral cbjective as an intended
learning cutcome (e.g. pupils terminal perfcrmince )

begin edch gereral cbjective with a verb (e.g.
kncws, applies, interpretS)”gmit“ the pupil shculd
be uble tc ...

State each general cbjective tc incluce cnly cne

generdl learning cutccme (e.g. nct kncws and
understands),

State each general cbjective at the prcper level
cf generality (i.e. it shculd enccmpass u readily
definakle demain of respenses)stating from eight

bo twelve yergral cbjectives will usually sutiice.



IL.

5,

6o

1

2,

3.

4

7.
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Keep each general cbjective sufficiently free of
course ccntent sc that it can be used with varicus
wits of study.

gtate each general cbjective s¢ that there is mini-
mun overlap with cther cbjectives.

Stating the sp@bifib learning Outccmes

List beneath each general instruhtional cbjective
a representative sample cf specific learning
cutccmes that describes the terminal perfcrmance
pupils are expected tc demcustrate.

Begin each specific learning cutccme with an
actlquerb that specifies cbservable perfcrmance
( e.g. 1dentifies,describes).

Check tc be sent that each specific learning cutccme
is relevant tc general cbjective it describes.

.Include a sufficient number c¢f specific learning
cutccmes tc describe adequately the perfcrmance
cf pupils whc have attained the cbjectives.

Keep the specific learning cutccmes sufficiently
free from ccurse ccntent sc that the- list can be
used fer cther units cf the study.

Censult reference materials for the specific

compenents of these complex cutccmes that are
difficult tc define (e.g. critical thinking,

scientific attitude, creativity).

Add a third level cf specificity tc the 1ist cf
cutcemes it needed.
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Table - 1

Major Categeries in the Cognitive Lomain c¢f the
Taxcnemy cf Bducaticnal Cbjective(Blcem,1956).

Lescripticns cf the Majoq'Categcrles in the
. Cegnitive Lemain

1. ¥ncwledge. Kngwledge 1s defined as the remembering cf
previcusly learned material. This may invclve the recall
cf a wide range cf materaal, from specific facts

" tc cemplete thecries,but all that is required is the
ﬁriﬁéﬁtc mind cf the apprcpriate information.
kncwledge represents the lcwest level cf learning cut-
ccmes in the ccgnitive demain.

2, Comprehensicn.Ccmprehensicn is defined as the ability
tc grasp the meaning cf material. This may be shcwn by
translating material frem cne form tc ancther (werds
of numbers), by interpreting waterial (explaining cr
sumarizing), and by estimatirg future trends (pre-
dicting ccnsequences cr effects). These learrning
cutccmes gc cne step beycné the simple remembering

¢f material, and represent the lcwest level of °
uncerstanding.

3. Applicaticn. Applicaticn refers tc the ability tc
use learned material in new and ccncrete situaticns.
This may include the applicaticn cf such things as
rules,metheds,ccncepts, principles, laws,and thecries.
Learning'cutecmes in this area require a higher level
¢f understanding than these under ccmprehensicn.

———

4. Analysis, Analysis refers tc the oability tc break
dewn material intc its ccompenent parts sc that its
crganizaticnal structure may be understccd. This may
inclute tne identificaticn cf the parts, dnalysis
cf the relaticnships hetween parts, and reccgniticn
¢f the crganizaticnal principles invclved. Learning
cutcemes here represent a higher intellectusl level

than comprehensicn and applicatien because-theyi

require an understanding of beth the centent and the
structural fcrm of the material.
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5 Synthesis. Synthesis refers tc the ab111ty tc put parts
tcgcther tc fcrm a new whele, This may invclve the
‘ prcductlcn cf a unique ccmmunicaticn (theme cr speech),
a plan cf cperaticns (research prcpesal), cr a set cf
abstract relaticns (scheme fer classifying infcrma-
ticn). Learning cutcemes in this area stress .creative
behavicurs,with major emphasis cn the fermulaticn
. cf .new patterns- ocr structures:

et

6. Evaluaticn. Evaluaticn is cencerned with the abllity
te Judge the value cf nutcrlal (statement, ncvel,
pcem, research repcrt) fcr a glven purpcse. The
YJUdgEMEDt are tc be basecd cn definite criteria. These
may be internal criteria (crganlzatlcn) cr external
eriteria ( reicvance tc the purpcse) and the student
mom At mwine tho Anitaria ~r he giver. them. learnming
outccmes in this ared dare hlghest in the ccgnlt;ve
hlerarcuy becausc they contain elements cf all cf the
cther categories, plus value judgements based cn
clearly defined criteria.

Eramples of General Instructicnal Objectives and ~
Clarifying Verbs fcr the Cognitive Domain cf the

. Taxcncmy
“+ lllustrative General Illustrative Verbs fcr
Instructicnal Objectives Stating specific Learning
: Cutccmes

Kncws ccmmen terms . Defines, describes,

Ancws specific facts identifies, labels,lists,
Kncws methcds & Prccedures  matches, qames,cutlines,
kncws basic ccneepts. reprcduces, selects, states.

Kncws prineciples.

" Comverts, defends,disti-
:ﬁguishes,estimates,

Understand facts &
Principles. -- c— e
Interprets verbal material explains,extends,gen-
Interprets charts and graphs erali?es, glves exaTpLEss
" Translates verbal material infers, paraph?aSGS,
tc mathematical fcrmulas. predic?s, reurites,
Estimates ccnsequences SUNmBriZes.
implied in data Jjustifies
methcds and procedures.
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Applies principles tc¢ mew
situaticns.

Applies thecries tec -
practical situaticn.

Sclve mathematical
Hrcblems.

Censtructs charts and
graphs.

Demcnstrates ccrrect
usage cf a prccedure.

Changes, ccmputes, demcn-

'strates, ‘disccvers, mani-

pulates, medifies,cperates,
predicts, pre-pares,
preduces, relates, shcws,:
sclves, uses.

Reccgnizes unstated assu~
mpticns,

Reccgnizes lcgical
fallacies is re.scning
Distinguishes tetween
facts and inferences

"Evaluates the relevancy cf

data .
Analyzes the crgani-
zaticnal structure cf a

werk (art,music,writing)

Breaks dcwm, diagfamsb
differentiates, discrimi-
nates, distinguishes,
identifies, illustrates;
infers, cutlines, pcints
cut,relates, selects,
separates, sub-divides.

Writes a well-crganized
theme.

Gives a well-crganized
speed,

Writes a credtive shecrt
story(cr peem)

prcpeses a plan fcr an
experiment

Integrates learning frem
different areas intc a
plan fcr sclving a
prcblem

Fermulates a new scheme
fer classifying cbjecte
(cr events cr ideas)

Categcriwes, combines,
ccmpilies, ccmposes,
creates, devises,designs,
explains, generates,mcdi-
fies,crgamzes, plans,
rearranges,reccnstructs,
relates,recrganizes,
revises,rewrites,
summarizes,tells,writes.
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Judges the ccnsistency cof Appraise,ccmpares,cencludes,
written material. centrasts,criticizes,

Judges the adequdcy with describes, discrimnates,
which ccnclusicns are explains, justifies,

supperted by data. interprets,rela.tes,shmmarizes,
“Judges the value cf & work  supperts.

(art ,music,writing) by o L. :

uge cf internal criteria : -
Judges the v‘é;Lue cf a werk » L
(art ,music,writing)by

use of external standards.

Table -2

Majer Categeries in the Affective Demain of the
Taxencmy cf Bducaticnal Objectives(Krathwc,1964).

Descripticn cf the Major Categeries in the
Affective Démain ~

1. Receiving. heceiving- refers tc the student's willingness
tc attend tc particular phencmena or stimuli(classrcem

activities textbech, music,ete.).From a teaching
standpcint,it--is ccncerned with getting,hclding,

and directing, the student's"attent‘icn.Learning~cutcomes
in tnis area range frcm the simple awareness that a -
thing exists ‘tc selective attenticn on the part ~f the
learner. Receiving represents.the lcwest level cf
learning cutccmes in the affective dcmain.

2. Respcnding. hespcnoing refers te active particapaticn
on the part of the student, At this level he nct only
attends tc a particular phencmencn but alsc reacts
tc it in scme way.learning cutcomes in this area my
emphasize acquiescence in respcnding(reads assigned
miterial) ,willingness tc respond (veluntarily reads
beycnd assignment), cr satisfacticn in respending

" (reads fer pleasure..cr enjcyment). The higher 1evels
of this categéry include these instructicnmal cbjectives
that are commenly classfied unmder interest; phat is
these that stress the seeking cut and enjcyment of
particular acitivities. —
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Valuing., Valuing is ccncerned with the werth cr value
a8 student attaches tc a particular cbject,.phencmencn,
er behavicur.This ranges ih degree frem the mere
simple acceptence ¢f a value (desirés tc imprcve group
skills) to the mere cemplex level cf commitment (assuges
respensibility fer the effective functicning of the
g;-cup) . Valuing is based cn the internalizaticn of a
set of specified values,but clues tc these values are
expressed in the student's ¢vert behavicur.Learning
cutcemes in this area are ccncerned with behavicur that
is ccnsistent and stable encugh tc make the value
clearly identfiable. Instructicnal cbjectives that are
ccmmenly classified under attitudes and appreciaticn
weuld fall intc this categery. '

Organizaticn, Crganizdaticn is concerned with bringing
tegether difterent values, resolvixig cenflicts between
them,and beginning the building of an internally
censistent “value system. Thus the empna51s is cn
ccmparing,relating,and synthesulng valyes. Learning

.cutcemes may be ccncerned with the ccnceptuallzaticn

of a leue(reccgnlzes the respcnsibility cf each ~
individual fer imprcving humen relaticns) cr with the -
crganizaticn cf a value system (develcps & vceaticnal
plan thet satisfies his need fcr beth eccncmic security
and sccial serwvice). Instructicnal cbjectives relating

tc the develcpment ¢f a philcscphy cf life wculd
fall intc this categcry.

Characterizaticn by a value complex. At this level of
the affective domain,the individual has a value systen
that has ccntrclled his behavicur fcr a sufficiently
lcng time for him tc have develeped a characteristic '
life style. Thus the behavicur is pervasive,ccnsistent
and predictable.learning cutcemes at this level ccver

@ bread range of activities but the majcr emphasis is cn
the fact that the behavicur is typical cr characte-
ristic cf the student. Instructicnal cbjectives that
are ccneerned with the student's gereral patterns cf

adjustmert (perscnal,sccial,emcticnal) wculd be appro-
priate here.
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Exemples of Cenerdl Instructicnal Objectives and
Clarifyipg Verbs for the Affective Demain

cf the Taxcncmy

Ilustrative General Illustrative Verbs for stating
Instructicnal Objective  Specific Learning Outccmes

Iistens attentively Askg,chccses,describes,
Shcws awareness cf the fcllews,gives,hclds,
impcrtance of learning identifies,lccates,names,
Shows sensitivity tc sce~ pecints to,selecis,sits
ial prcblems erect ,replies, uses,
Accepts differences cf

race and culture

Attends clcsely tc the

classrcem activities.

Ccmpiétes assigned ggﬁeq[dAnswera,assists,ccmplies,

Obeys. s¢hocl rulﬁs ) cenferms,discusses, greets,
Participate in class helps, labels,perfcrms
discussicn practices, presents, reads,

Cecmpletes laberatery werk recites,repcrts, selects,

Vclunteers fcr special tells,writes: :
taks; shews interest in

Enjcys helping cthers.

Lemcnstrates belief in/ Ccmpletes,describes,difle-
the demccratic prccess. rentiates,explains,fcllcvs,
Appreciates good litera- forms,initiates,invites,
ture(art cr music),Appre~jcins,justifies,pfcposes,
ciates the rcle of sci~ reads,repcrts,selects,
ence(cr cther subjects) shares,studies,works

in everyday life shcws ’

cencern for the welfare

¢f cthers,.Demenstrates

Prcblem-sclving attitude

Demcnstrates commitment

tc_sceial imprevement.




-4 -
Reccgnizes the need for Adheres,alters, arranges,
balance between freedem Cembines, compares,completes,
and respensibility in a defends,explains,generalizem
demceracy ,Reccgnizes the . identifies,integrates,
rele of systematic modifies, crders,crgenizes,

_blangning in sclving‘prcbleml prepares, relates,synthesizes,

Accepts respensibility fer
cwn behavicur.Understands
and accepts cwn strengths
and limitaticns. -
Fcrrmulates a 1ife plan in
harmcny with his abilities
interests,and beliefs.

Displays safety ccnscicus-  Acts,discriminates,displays,

ness.lLemcnstrates self- - influences,listens,mcdifies
reliance in werking in- performs,practices,process,
dependently.Practices qualifies,questions,revises,

Cccpersticn in greup activi- serves,sclves,uses,verities.
ties.Uses cbjective
apprcach in prcblem.
sclving.lemcnstrates i
industry and self-discipline ™+ -
Maintains gecd health habits.

Table =3
A Classificaticn cf Educgticnal Ob;ectives in the .

Psychcmcter Domain'gsimpsgn,1222).

. Descriptign cf-the Major Categeries™in the
Psychcmctcr Demain

1.

Percepticn,The first level is ccncerned with the use
cf the sense crgans tc cbtain cues that guide mctcr
ac-tivity.This categery ranges frcm Senscry stimula-
ticn (awareness of a stimilus),thrcugh cue selecticn
(selecting task-relevant cues),tc translaticn(relating
cue percepticn te¢ acticn in a perfcrmance).

2.

e,

‘

.Set,Set refers tc readiness tc take a particular type

of' acticn,This category includes mental set (mental
readiness tc act),physical set (Physical readiness

t¢ act) and emcticnel set (willingness tc acat). -
Percepticn cf cués serves as an impertant prerequisite

f.or this level. N N
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Guided Respense. Guided respcnse is ccncerned with the
early sages in learning & ccmplex skill. It includes
ipitaticn (repeating an acat demcnstrated by the
instructer) and trial and errcr (using & multiple-
respense appreach to identify an apprepriate respense).
tdequacy of performance is judged by an instructer cr
by a suitable set cf criteria.

23

Mechanism. Mechanism is concerned with perfermance
acts where the learned respcnses have become °
habitual and the mcvements can be perfermed with scme
cenfidence and preficiency.learning cutccmes at this
level are ccncerned with perfcrmance skills cf varicus
types,but the mcvement patterns.are less ccmplex than
at the next higher level.

1l

-

Cempléx Overt Repcnse~Ccmplex Overt Respense is
cencerned with the skillful perfcrmance. cf mcter acts
that invclve complex movement patterns., Yroficiency is

. indicated by a quick,smccth,accurate perfcrmance,

requiring a minimm cf energy.This categery includes
rescluticn cf uncertainity (perfcrms withcut hesitaticn)
and autcmatic perfcrmance (mcvements are made with

ease and geca music centrcl). Learning cutccme at
this level include highly cccrdinated mcter activities.

Adaptaticn.ddaptaticn is ccncerned with skills that
are sc well develcped that the individual can mcdify
mevement patterns tc fit special requirement cr te
meet a preblem situaticn, )

f

Originaticn. Originaticn refers te the creating cf new
mevement patterns tc fit a particular situaticn cor
specific prcblem., Learning cutccmes at this level
emphasize creativity tased upen highly develcped skills.
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. _ Creates a dance step .
Creates a musical ccmpesiticn

- 16 ~

Example cf General Instructicnal Objectives and
Clarifying Verts for the psychcmeter Liomain,

Illustrative General

Instructicnal Cbjectives Specific Learning cutccmes

Reccgnizes -malfuneticn by
scund cf machine. '
Relétes taste cof

need fcr seascning

;fcéd‘tc

Relates music tc a particular

dance step.

Nlustrative Verbs fer Statang

Chceses,describes,detects,
differentiates, distinguishes,
identifies,isclates, relates,
selects, separates.

Kncws sequence of steps in
Varnishing wced
Demcnstrates prcper bedily
stance fcr batting a bdll ~
Shcws desire tc type
efficiently.

Begins, displays,explains,
mcves, prcceeds, reacts,

* respcnds, shcws,starts,

velunteers.’

Perfcrms 'a gclf swing as
demcnstrated ’

Applies first aid bandage as
demcnstrated

Determines best sequence

fqp preparing a meal.

assembles,builds,calibrates,
ccustructs, dismantles,
displays,disects,fastens,
fixes,grinds,heats, mani-

pulates,measure, mends mixes,
crganizes, sketches.

Writes smccthly and legibly
Sets up laberatcery equipment
Uperates a slide prcjectcr
Demcnstrates a simple dance
step. o

(Same list as fcr Guided
Respcnse) .

Operates a pewer saw skillfully (Same list as fer Guided

Demcustrates ccrrect ferm in
swimming
Demcnstrates’skill_in driving
an autcmcbile

Performs skillfully cn the
Viclin

Repairs electrcnic equipment
quickly and accurately.

Respense)

Adjusts tennis play tc
ccunteract cpponent's style
Mcdifies swimming strckes
tc fit the rcughness

cf the water,

rdapts,+lters, changes,
rearranges,recrganizes,
revises, varies.

- ~ e ——
-Arranges,ccmbines,compeses,

ccnstructs,create§,designﬂ;
‘criginates. L

Designs a new dress style,
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List cf Rescurce perschs
and Supperting staff

Rescuree Ferscns

1, Dr,N,khattar
Ercfesscr and Head
Department ¢f Science&
Ercgramme Directer
R.C.E.,Baubaneswar

2, .Dr.h.L.N. Sarma
Reacer in Zcclegy
R.C,E, ,Bhubaneswar

3.. Dr.8.K. Mchapatra
Reader in Chemistry

b Dr.b.Sinhe
Reader in Beteny
R.C.E,,Bhubaneswar

%, Dr.b.K, Durani
Reader in betany
R.C.E, ,Baubaneswar

6, Dr,U.K. Nanda
Reader in Zcclcevék
rogramme Cecrdineter
R.C.E. ,Bhubaneswar

7, Dr.L.G. Rac
Sr.Lecturer in Zcclegy
R.C.E. ,Bhubaneswar

8., Dr.Miss R.Mishra
Sr. Lecturer in betany
R.C.E, ,Bhubanesvar

9. Sri t.K. Patnaik
Lecturer in Zcclegy
R.C.E. ,bBhutaneswar

10, Dr.G.V, Gepal
Lecturer in betany
R.C.E. ,Bhubanesvar

11, Dr,Miss Geetha G.Nair
Lecturer in Betany
R.C.E., Bhubaneswar

12, Dr.5.C. banda
Lectyrer in Educaticn
R.C,E.,Ehubaneswir

13, Mrs.P,Mishra
Lecturer in Life Science
R,C,E. ,thubaneswar

1k, Dr,J.K. Landa
Lecturer in Zeclegy
R.C.E. ,Bhubaneswar

External Rescurce kerscns

19, Dr.S8.D, Tripathy
Directcr, CIFA
Kaushalyagdanga
Bhubaneswar

16, Dr.S.N, katnailk
Frefesscr in Betany
Utkal University
Bhubaneswar

17, Dr, J.Mchapatra
Medicine Specialist
Sehid Magar,Ehubaneswar

Suppcrting Staff

1, 8ri S.K. Acharya
Stenc tc Ercfesscr
and Head of Science
R.C.E., Bhubaneswar

2, Sri KN, katra
Leb.Assistant
R.C.E., Bhubaneswar

3. Miss N.Kanunge
Iab. Assistant
R.C.E., Bhubaneswar

4, Sri L.D. Samantaray
L.D.C. R.C.B.,Bhubanesvar
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Iist of Partleipants

gri Ramkrishna Chcurasia
Teacher Grade II
8.E.Railway

Mixed Higher Secondary
Schocl ,Nainpur,Mandla
Madhya Pradesh

8ri Tulsi Prasad Das

Sr. Teacher GradeI{Bicl)
Chittaranjan High Schecl
Dist: Burdwan(West Bengal)

Sri kraishna Chandra Verma
Sr. Teacher Grade I
D.V.(Girls) Chittaranjan
At/Po:iChittaranjan(W.B)

Mrs, Prem Kanwar Rathcre
Rly:Sr.Higher Seccrdary
Schocl ,Bamdikui (Rajasthan)

5. Sri Raghura] Prasad Tiwari
P.G,T.(Biclecgy)
D.L.W. Inter College
Varanasi (Uttar Pradesh)

Sri V.S. Chaubey
Lecturer

E.Rly Inter Ccllege
Mugalsarai (Uttar Pradesh)
Sri K.Lcdge

Lecturer

SE Rly.Mixed Higher
Seccndary Scheocl,Bhillai
Marshelling,M.P.

Sri SK Berhan Ali
Rly.H.S. Schecl
P0: Badarpur (Assam)

9. Sri Chandra Bhan Yadav
Chittaranjan High Schocl
(E.M,)H.8,

AT/PO: Chittaranjan
Dist: EBurdwan (W.B.)

Sri Mconmatha Nath Khatua
Deshabandhu Vidyalaya(Girls)
PO: Chittaranjan

Dist: burdwan (W.B)

11.Sri S.S. Srivastava
N.E.Rly Bey'!s Inter
Ccllege (Hindi Medium )
Gerakhpur (U.P)

12.8ri R.P.B. Singh
P.G.T.(Biclcgy%
N.Ek,Rly.Senicr Seccndary
Schecl, Gerakhpur (U.P.)
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10.

13.8ri Mani Bhushan Prasad
Lecturer (Biclegy)
N.E.Rly Inter Ccllege
Garahara (Barguni )Bihar

14, Sri BiS. Mukherji
P.G.T.(Brclegy)
SER/MHSS [EM '
Bilaspur ,Madhya Pradésh

15 . Kum, Anyradha Chatterjee
P.G,T.(Biclcgy)
SER/MHSS/HM,Bilaspur
Madhya Pradesh

Kum.Sarita Bangre
P.G.T.(Biclegy)
Ceptral Railway Higher
Seccndary Schccl

New Katni Juncticn(M.P)

Sukla Chakrabcrty
P.G.T.(Biclegy) -
Pani Mendir Rly H.S.Scheel
Siliguri,Darjeling(w.B.)

16.

17.

18! Smriti Bhattacharjee
P.G.T. (Biclogy)

Netaji Vidyapeeth Rly H.S.
Seccndary Schocl,Maligaon
Gauhati(Assam)

Miss Chitra Eey
P.G.T.(Biclcgﬁ)
Alipurlura J,N.Railway
Higher Seccndary Seheel
PQ: Alipurduar Juncticn
Dt: Jalpaiguri(W.B.)

Sri Dipak Mukherjee
Teacher Gr.I(Biclcey)
N.E.Rly.H.S. Scheel.
Alapurdura J unction
west Bengal

Sri Mehavir Singh
Semicr Teacher

Ww.Rly Hr.3ec, Scheel
Ratlam, Madhya Pradesh

Sri Kurunakar Rath
F.G.T. (Zoclogy)

SE Hly.M.H.S. Schocl
Khurda Road, Orissa

Sri B.Subrahmenyam
P.G.T.(bic.Science )
8.E,Rly.M.H,S. Schocl
(English Medium ) ~
Knaragpur(West Bengal)

Sri Bimal Prasad Mchanty
P.G.T, (Botany) ,
S.E.Rly.M.H.S, Schocl
khurda(Orissa) :

Sri. K.Shyam Sunder ERac
P.G,T.(Bic-Science)
8.E.Rly .Boys! H.8.:§chool
Kharagpur ,Midnapcre (W,B.)
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19.

20.

21.

22,

23.

2,

25.

1
\



