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ABSTRACTS OF PAPERS PRESENTED AT THE 49TH ANNUAL MEETING
OF THE INDIAN ACADEMY OF SCIENCES AT PUNE, 7-9 NOVEMBER 1983.

The4%th Annual Meeting of the Indian Academy of
Scaences, founded 1n 1934 by the late Prof. C. V.
Raman, was held at the National Chemical Labora-
tory, Pune from 7th to 9th November 983,

The objective of the Academy continues to be to
promote the progress and uphold the cause of science,
both pure and applied, by inter alia publishing the
results of important scientific researches through its
journals, proceedings and transactions; publishing
books, memoirs and reviews on scientific subjects;
undertaking and directing scientific enterprises of all-
[ndia significance; organising scientific discussions
through congresses, conferences, symposia and semin-
ars; and securing and administering funds, grants and
endowments for the furtherance of scientific research.

Publication occupies the pride of place amongst all
the activities of the Academy and 1s of a pioneering
nature. At present 1t brings out the following eleven
journals: 1. Proceedings — Chemical Sciences, 2. Pro-
ceedings — Earth and Planetary Sciences, 3. Proceed-
ings — Mathematical Sciences, 4. Proceedings —
Plant Sciences, 5. Proceedings — Engmneering
Sciences., 6. Pruceedings — Animal Sciences, 7. Pra-
mana - a Journal of Physics — in collaboration with
fndian National Science Academy and Indian Physics
Association, 8. Bulietin of Materials Science — 1n
collaboration with the Indian National Science
Academy, 9 Journal of Biosciences 10. Journal of
Astrophysics and Astronomy and €. CurrentScience
(a Fortnightly Journal of Rescarch.)

The annual meetings of the Academy serve to bring
together the Fellows spread all over the country and
enable them to make personal contact with one
another and exchange ideas and information. To com-
memorate the work and memory of Prof. C. V.
Raman. the Academy instituted the Raman Chair in
1972: This is a Visiting Professorship supported by
the interest from a Rs. 6 lakhs endowment by the
Department of Science and Technology, Govt. of
India. The Visiting Professorship is a for a period of
3.6 months. Eminent scientists from any country and
working in any scientific descipline can be invited to
occupy this chair. |

Back in 1943 the Academy established the prestis
gious Raman Research Institute at Bangalore. Today
this Institute is an independent autonomous research
institute of repute and functions undera public chant-
able trust created in 1971.

Recently the Academy has undertaken an
important task of encouraging young scientists by
instituting Associateship available to scientists below

the age of 35 years. for a period of 5 years. They are
called Young Associates of the Academy. This is an
important step forward 1n encouraging the talented
young scientists, Plans are afoot to celebrate the
Golden Jubtlee of the Academy next yearina befitting
manner and to consolidate and expand its activitics
even more, to further the cause of science in India.

At1ts49th Annual Meeting, held at NCL, Pune, Dr.
L. K. Doraisswamy, Director of National Chemical
[.aboratory, Pune, welcomed the gathering and
appealed to the Academy to actively participate in the
identification of areas of thrust in Science and Tech-
nology and 1o produce guidelines for Science Policy in
the Country.

In his Presidential address, Prof. Ramaseshan dis-
cussed many aspects of materials science. He said that
materials science had assumed greater importance in
the modern age in view of the specific materials needed
for the atomic weapons, space exploration and elec-
tronics. Prof. Ramaseshan ¢xplained that maternals
science was not just physics, chemistry or metallurgy:
but it was an interaction and application of diffcrent
disciplines to the problems of materials.

The application of solid-state physics and chemustry
could improve the dry torch-light batteries, The
knowledge of plasma physics can influence organic
synthesis and polymer chemistry. [t would perhaps be
possible in the next five years to manufacture news-
nrint by using inorganic-polymer composites which
could be recycicd. The most exciting thing that has
happened in the field of simple maternials, he said, was
the discovery that the ccment was weak because of the
air holes entrapped in it. But this has now been elimi-
nated by a suitable surfactant. Asaresult, thestrength
of the cement is 10 times greater than the one without
the surfactant,

The following programmes of scientific lecturesand
discussions took place on 7th forenoon: “Energy con-
servation  An organic chemist’s attempts™ by N. S,
Narasimhan, University of Pune, “Unification of the
forces of nature™ by (. Rajascharan, University of
Madras, *“Development and differentiation in plants”
by M. M. Johri Tata Institute ot Fundamental
Research, Bombay.

A Symposium on “Frontiers m organic synthesn”
was held in the alternoon in which the following topics
were discussed: “Some aspects of steroid synthesis™ by
G S R.Subba Rao, Indian Institute of Science, Ban-
galore, “Synthetic design of platonic hydrocarbony™
by G. Mechta, University of llyderabad, Hyderabad,
“Car-3-ene, 4 versatile resource lor important Indus-
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trial fine chemicals” by Sukh Dev, Malti-Chem
Research, Institute, Baroda; *New stereocontrolled
synthetic routes to bridged ring and alicyclic com-
pounds” by U. R. Ghatak, Indian Association for the
Cultivation of Science, Calcutta, *Synthesis of biolog-
ically active compounds with a difference” by A. V.
Rama Rao, National Chemical Laboratory, Pune.
The {ollowing are the scientific talks and discussions
held during the forenoon on the 8th: “Some oceano-
graphic features of the Antarctic Ocean™ by S. Z.
Qasim, Department of Ocean Development, New
Dethi; “Geological set-up around Dakshin Gangothri
Antarctica and snow ice studies™ by V. K. Raina,
Geological Survey of India, Lucknow; “Chemical and
environmental studies on ice and waters™ by S, G.
Prabhu Matondkar, National Institute of Oceano-

graphy, Dona Paula; Meteorological aspects of

Antarctica™ by C. R. Sreedharan; " Brological tnvesti-
gations in Antarctic ecosystems™ by A, H. Parulekar,
National Institute of Oceanography, Dona Paula,
During the afternoon session the lectures consisted of
“Glass transition: a veritable clue to the nature of
glassy state™ by K. J. Rao, Indian Institute of Science,
Bangalore; “Non-covalent interactions and molecular
association 1nvolving biomolecules™ by M. Viyayan;
“I'ntracranial vascular malformations” by P. N.
Tandon.

On the Jast day, vz 9th. a Symposium on “lissue
Culture™ was held during the forenoon. The following
papers were presented: “Photosynthesis in cultured
cells™ by A. Gnanam, Madurai-Kamaraj University,
Madurai: “Induction of haploids:achievements, prob-
lems and possibilities” by Sudhir Sopory, Jawaharlal
Nehru University, New Delhi; “1solation and fusion of
protoplasts and somatic fertilization™ by S. S. Bhoj-
wani, University of Delthi, Delhi; and “Tissue culture
and micropropagation” by A. F. Mascarenhas,
National Chemical Laboratory, Pune. In the after-
noon session the following lectures were presented
“Neutrinos in the universe™ by R, Cowsik, Tata Insti-
tute of Fundamental Research, Bombay; “Modelling
and simulation in polymer engineering: A scientific
approach to technology absorption™ by R. A. Mashel-
kar, National Chemical Laboratory, Pune; “Diamag-
netism — a surprise in theoretical physics™ by N.
Kumar, Indian Institute of Science, Bangalore;
“Correlation of the tectonic belts in Kumaun Lesser
Himalaya: A geochronological approach” by K. Gop-
alan, Physical Research Laboratory, Ahmedabad.

Two evening lectures were held on the 7th and &th.
Dr. M. G. Deo, Cancer Research Institute, Bombay,
spoke on *Antileprosy vaccine — the global scene™,
and Dr. B. Nag, Jadavpur University, Calcutta, on
“Microprocessors”,

Neutrinos in the Universe

R. Cowsik
Tata Institute of Fundamerital Research.
Bombay 400 0035, India.

THE study of neutrinos in a big-bang universe yields
very restrictive limits on the mass, decay properties
and the number of neutrino-types. If they should have
a rest mass of ~ [Q ¢V then they would be the most
Irnportant constituenis of the universe, gravitationatlly
and would trigger the formation of large scale conden-
sations like galactic clusters, The early results are
briefly reviewed and extended to cover recent theoreti-
cal speculations on the properties of neutrinos and
also the paradoxial observation of dark matter on a
variety of scales from clusters, through binary galax-
ies, down to dwarf spherowdals.

The *hot big-bang® theory’ envisages the present
universe as evolving from an initial singularity, which
occurred about 7=~ 1.2 10" years ago, into its present
state containing-<< 107 g ecm™ of baryonic matter and
radiation at ~ 2.7° K filling it homogeneously and
1sotropically, on the average. Also, the present uni-
verse is expanding at the rate of H,= 55 km sec™
Mpc ' = 210" sec” which implies a critical density for
clossuie of p = S8 G=2.10"" g cm™. Extrapo-
lating from the present staie into the past, qualitatively
one expects the temperature and densities to increase,
ad infinitum. Of particular interest here is that the
expected temperature is ~ m_ ¢ and pr~ 1! g cm™
when the universe was just one milli second old and
this time marks roughly the epoch after which all the
elementary particle interactions proceed essentially as
we expect them from laboratory studies. Before then,
with higher temperatures and densities, one takes
recourse to yet speculaiive Grand Unified Theories for
the discription of the interactions and the dynamics. 1t
is within the frame work of such a cosmology that
many of the following results are derived.

Limiit on neutrino masses: The temperature and den-
sity increase sufficiently rapidly as we approach the
big-bang singularity that even neutrinos, with only the
weak interactions, attain thermodynamic equilibrium.
If their masses are sufficiently small, less than 1 MeV,
then their evolution subsequent to decoupling con-
serves particle number, and indeed the density in
phase space, because the annihilation cross-sections
are exceedingly small. Their present temperature and
number density is related to the observed temperature
of the relict radiation as:

T,0)=@/1N"* T, 0)~ 19°K (1)
N,=Ny=16mg [3)[KT, (0)/h]~200 (2)
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Even though g =2 for massive neutrinos the right-
handed component which decouples earlier because of
smaller cross-sections may have a slightly lower popu-
lation so that | <<g, < 2. Each neutrino species conin-
butes 2N v m v to the present density of the universe
and their total contribution cannot exceed the total
density in all forms implied by H, and 7,; thus*™

;i mv po (Hy, 7)) 320 L3NKT,/ )Y (4a)
<50 eV

The sum extends over all the neutrino types like Voo ¥V
etc. with masses less than ¢ | MeV.

More massive neutrinos, if they are stable, will
suffer annihilation with their anti-particles at a rate
comparable to the expansion time after decoupling
and their expected number density now decreases
rapidly with increasing mass. Yet their contnibutionto
the pwt would be too high unless their mass® is more
than 2 GeV.

m_ >2 GeV (4b)

Can neutrinos of mass in the range 100 eV=m <1
MeV exist but not contribute to the massdensity of the
universe because they decay away into other forms?
First, accelerator and astrophysical studies place
rather stringent limits on the decay rate of v —xt+r
and one has toconsider decaysof thetype v, —~ vLyLL
where v, and vr represent heavy and light neutrinos. If
such decays are there then each heavy neutrino would
contribute at least there lighter neutrinos. Of for
example m, > m, > my., then the expected number
density of » , in the universe would increase with
respect to that given by (2) atleast seven fold for purely
direct decays and thirteen-fold for purely cascading
decays. With such an enhancement the limit on the

mass of the lightest neutrino
m, <50/7eVorm, <7 eV
L L

Number of neutrino types: In the hot big-bang about
259 of the baryons are synthesised into Helium nuclei,
the exact fraction is controlled by the weak-
interaction rate, the neutron life-time and the expan-
sion rate of the universe the last of which is
proportional to the square root of the energy density
in all forms. In the relativistic radiation dominated
epoch at 7, = 300 sec each light neutrino type contrib-
gtes ~ 2o T to the energy density, 0 being the Stefans
constant. With more species of neutrinos the density
will become correspondingly higher and the universe
would expand rapidly so that not many neutrons have
a chance to decay within the time the universetakesto
cool to a temperature of ~ 10° ° K below the photodis-
sociation temperature of deuterium which forms the
intermediate step in the Helilum synthesis. In order that

too much He may not be synthesised? it is claimed®

i

(4¢)

e ]

that the number of neutrino types should be less than
three.

Radiative Stability of Neutrinos: Inthedecay process
v— x + y the photon carries away a fractionn=1/2
(1- m" /m*) of the total energy of the neutrino and the
rate of the reaction can be determined by observing
this photon. Such studies at reactors and particle
accelerators indicate that neutrinos are sufficiently
stable so that they escape, without decay, the astro-
physical objects like the sum, the central stars of plane-
tary nebulae and the supernovae which emit neutrinos
copiously. The absence of any electromagnetic signal
that can be attributed to the decay of the neutrinos’
from these objects and from the cosmological back-
ground vield the resulis:

o/ m, > 10" sec/eV for all p-flavors
ro > 107 sec if m, ~ 10 eV
['(v,—~x+v)/T (total) < 10™°
(v, — x+)/T (totah) < 3.10°

Neutrino dominance in the Universe and Galactic clus-
ters: Consider now the fact that the density of all
visible matter in the Universe, p,, is only a small
fraction p_/ 100 of the clossure density and therefore
the visible matter would have negligible effect in the
early formation of condensates compared with neutn-
nos should they have a finite rest mass of even a few
electron volts'®. If indeed the neutrinos have triggered
the initial condensations then evidence for this could
be obtained by studying the present day dynamics of
clusters. Astronomical observations of the velocity
dispersion of galaxies in most clusters do indicate the
presence of large amount of unseen mass in them. In
modeling!® the distribution of this unseen mass as a
self-gravitating Fermi-gas it has been pointed out that
in a potential well of depth U the maximum number
density is not given by the well-known Thomas-Fermi
formula N, =4/3m*(@2 m, U/h’)** but one half of this
value*® if these neutrinos have evolved conserving
their phase-space density from a thermal distribution,
in equilibrium with radiation very early in the uni-
verse. It is easy to show that for such a self gravitating

sphere
m® ~3K° |G R'M (6)
For ml,--S—lO eV the unseen mass A in the clusters

and their distribution with a typical scale size R is
reproduced well.

(3}

Missing mass on smaller length-scales: Further care-
ful study has shown that unseen mass which provides
additional gravitational binding exists also on the
scale of the binary galaxies'’, the Galaxy and even on
the scale of dwarf-spheroidal galaxies'® * A substitu-

54
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tion of these masses and length scales in (6) yield
unacceptably high ueutrino masses, m , as much as

~ 400 eV in the worst cases. The resclution of this
paradox has been sought 1n terms of other forms of
unseen matter hike back-holes, However, it 1s interest-
ing and gratitying to note that all these missing mass
on different scales can be accommodated within the
trame-work of neutrinos of an unigue mass dominat-
ing the clustering in the unnerse. The essential ele-
ments of this explanation are. a) neutrinos condense
only on the scale of the clusters b) the galaxies and
other systems merely perturb the phase-space distribu-
tion of the neutrinos ¢) the perturbed phase-space
distribution, derived self-consistently, exhibit many
fascinating features Iike non-dispersive propagation
of density perturbations and generate the reguisite
gravitational binding even on small scales. The

mathematical theory based on collisionless Boltz-
mann cguation appropnate to neutrninos with only

wedh interactions will be presented elsewhere
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Aspects of .Steroid Synthesis

(5. 5. R. Subba Rao

Department of Organie Chemustry, Indian institute
of Science, Bangalore 560 012, India

ONF of the main strategies in the synthesis of natural
products 18 the construction. functionalisation and
fragmentation of ring systems to obtain the desired
target molecule. Diels-Alder reaction has been widely
employed for the construction of ring systems and this
reaction involves the addition of a conjugated dieneto
a dienophile. There are certain hmitations to this reac-
tion since a B8. B-d1 substituted dienophile does not
participate in additions even with a reactive diene.
Further preparation of conjugated dienes present dif-
ficulties in view of their ready polymerisation. Cyclo-
hexadienes both conjugated and unconjugated, tn
particular, the -methoxy derivatives are readhly avail-
able by the metal-ammonia reduction of aromatic
ethers and these have been successfully used in cyclo-
addition reactions to obtain adducts which are trans-
formed into the desired products. We have extensively
used them for a synthesis of a variety of natural pro-
ducts and 1 would hike to describe some of these syn-
theses in this lecture.

-Methoxycyclohexa-1.4-diene, obtained by the
metal-ammonia, alcohol reduction of anisole contains
a reactive vinyl ether double bond, and an isolated
double bond 1n its structure and one or other or both
these features explain its reactivity towards electro-
philic reagents and dienophiles. Selective oxidation of
the enol-ether bond affords a substrate having a dou-
ble bond with Z-configuration. This method has been
used for stereoscopic generation of Z-olefins. An
extension of this process is the oxidative cleavage of
I-methoxy-5-methylcyclohexadiene to give a synthon
which was coupled with S-1onone resulting in the syn-
thesis of retinolic acid derivatives.

I-Methoxycyclohexa-1,3-diene, which 1s readily
obtained by the base catalysed conjugation of the
corresponding 1,4-diene is very reactive as a diene in
Diels-Alder and Alder-Rickert reactions. The adducts
formed are usually regiospecific and undergocleavage
with the fission of one or two carbon-carbon bonds
depending on the nature. Later work showed that the
unconjugated dienes can be directly employed for the
Diels-Alder reaction indicating that the conjugation
proceeds through a charge transfer phenomenon. The
use of catalysts like dichloromaleic anhydride, tris-
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triphenylphosphine rhodium chloride accelerates the
conjugation process and hence the cycloaddition.
Thus addition of methyl vinyl ketone to |-
methoxycyclohexa-!,3-diene results in an adduct
which on acid hydrolysis affords a ketoenone. This
undergoes a base catalysed intramolecular Michael
reaction yielding a cis-dione. Reaction of dimethyl
acetylene dicarboxylate with l-methoxycyclohexa-
1,3-, or 1,4-diene yields an adduct which spontane-
ously undergoes rapid aromatisation giving
3-methoxyphthalic acid. Addition of alkyl orarylace-
tylenic esters with these dienes have been investigated
to produce 6-alkyl or 6-aryl salicylic esters. This reac-
tion has been exploited for the synthesis of a number
of naturally occurringorsellinic acid derivatives which
are derivatives of lichens. Based on this principle, the
synthesis of macrolides, lasiodiplodin, Curvularinand

Zearalenone has been achieved.
The mesomeric anions, obtained from the methoxy-

cyclohexadienes with bases, can be regiospecifically
alkylated or arylated. The resulting compounds, on
acid hydrolysis, afford 2-substituted cyclohex-2-en-1-
ones which are otherwise difficult to obtain. This prin-
ciple has been exploited in the total synthesis of a sex
pheromone, Z-heneicos-11-en-6-one. The interme-
diate alkylated diene undergoes cycloaddition with
alkylacetylenic esters resulting in an alkylated salicylic
ester. Thus alkylation of 1,5-dimethoxycyclohexa-1,4-
diene with n-butyl bromide followed by cycloaddition
with methyl l-octynoate afforded an adduct which
readily aromatised to give methyl 3-butyl-2.4-
dimethoxy-6-pentyl benzoate. This compound on
dimethylation followed by decarboxylation afforded
a stenphol, a natural polyketide of fungal origin. This
method allows us to prepare a number of compounds
which are intermediates in polyketide biosynthesis.

Reaction of l-methoxy-4-methyl cyclohe¢xa-14-
diene with acrolein afforded an adduct which was
reacted with 3-methoxyphenyipropyl magnesium
bromide to yield an alcohol. This was oxidised to the
ketone which on acid hydrolysis afforded an unsatu-
rated ketone. This, on treatment with base afforded
cis-diketone which was cyclised to the tetracyclic
ketone having C/D-cis geometry. The tetracyclic
ketone has been successfully converted into equilenin
and oestrone thus completing our own total synthesis
of aromatic steroids. This process will be extremely
useful in that several unnatural D-homo steroids can
be readily made with a ¢is-C/ D ring junction and find
their way as drugs.

Finally the adducts obtained from 5-methoxy-I-
methyl<4,7-dihydrohydrindane and chloroacryloni-
trile afforded a tricyclic ketone on hydrolysis. This has
been converted into a spirocompound by the oxidative
cleavage of the double bond, which has becn trans-

formed into acorone, thus leading to a stereospecific
total synthesis of spiro-[4,5]-decanes. Acid catalysed
rearrangement of the alcohol obtained fromthe above
ketone Jeads to the formation of two compounds (i) an
unsaturated ketone and (11) a saturated ketone. These
compounds are precursors for the total synthesis of
Zizaene and Cedrene—two different types of complex
sesquiterpenes biogenetically derived from the same
precursor,

In this lecture, I have tried to summarise the strate-
gies of syntheses of natural products using dihydro-
benzenes. Most of the work presented here 1s
unpublished. 1 am only a spokesman of the work
carried out by my able and illustrious colleagues dur-
ing the last five years at the Indian Institute of Science
and I thank all of them for their performance.

Energy Conservation— An Organic Chemist’s
Attempts

N. S. Narasimhan
Department of Chemistry, University of Poona,
Pune 411 007, India.

SYNTHESIS of drugs is one of the important industrial
activities of a country. Development of new and more
efficient synthetic methods for drugs are therefore
most destrable.

Several drugs incorporate benzene-fused hetero-
cylic ring systems. The usual methods of synthesis of
such ring systems are acid catalysed. The reactions
involved proceed. in the aromatic ring, at positions
which have more electrophilic reactivity. If one wants
the reactions to occur at the less reactive positions, the
more reactive positions have to be blacked and after
the reaction at the desired position is effected. the
block has to be removed. Due to such restrictions
several benzene-fused heterocyclic compounds either
cannot be synthesised or can be synthesised only
through lengthy routes by these acid catalysed
methods.

In contrast to the above, heteroatom directed aro-
matic lithiation reactions, where a lithium atom 18
introduced in an aromatic ring, in the presence of a
substitucnt carrying an atom with unshered electron
pair. duc to the unique mechamsm operative, proceed
at positions not fayoured in acid catalysed reactions.
Through the organolithium compounds, which have
greater reactivity towards clectrophiles at positions
carrying the lithium atom, reaction can be promoted
at positions which are otherwise less reactive,

Using aromatic lithiation reactions new sy o hosis ol
several heterocycelic ring systems have been developad
by the author. These include synthesis of rlu?m!adca.
naphthofurans, furocousnatiny, benzocounuarins. isao-
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coumarms, isochroman-i-ones. oxaphenahne, iso-
Juinolines, phenanthridines, dibenzo-{oxa, thua and
di)-azepines, furoquinolines, pyranoguinolines, etc.
The superiority of the new methods is that they ¢can be
used to synthesise several compounds, including natu-
ral products, not readily accessible by the usual
methods, 1n simple steps and by considerably shorter
routes and these involve considerable energy conser-
vation, The compounds synthesised by the newer
methods include meconine, mellein, kigelin, methoxy-
coumanrns, several furoguinoline alkaloids and ber-
bine alkaloids of the type tetrahydropalmatine,

T e e

Diamagnetism: A Surprise in Theoretical Physics.

N. Kumar
Physics Department, Indian Institute of Science,
Bangalore 560 012, India.

AFTER a brnief discussion of ‘he Bohr-van Leeuven
Theorem on the absence of classical diamagnetism,
the subtle role of confinement, implicit in the theorem,
is elucidated for the classical as well as for the quan-
tum case. Possibility of non-zero diamagnetism in a
system of charged particles (electrons and holes)
undergoing rapid recombination-regeneration pro-
cess 1s pointed out. Finally the non-dissipative nature
of the diamagnetic currents in the context of the
Quantized Hall Conductance is commented upon.
Paramagnetism resides in the unpaired spins of elec-
trons with the concomitant permanent magnetic
moments, (the Bohr magneton u =~ —e|{%/2mc). These
elementary magnetic dipoles (u) tend to align gyro-
scopically parallel to the applied field and hence the
pﬁsnwe susceptibiity (x), e.g. xpaa (Langevin) =
nu’{3k T of paramagnetic atoms and ions of number
density n, Or Xpara (Pauli) = 2 ufg. of degenerate
electron (metals) having a density of states gg at the
Fermi-level. Diamagnetism is, however, different. Itis
an induced effect arising from the modification of the
orbital motion of the charged particles in response to
the applied field. Like all reactionary effects these
induced currents are so directed as to generate a field
opposing the applied field (Lenz’ Law) and hence the
diamagnetic suswptibilily Xda <0, €.g. xae (Lan-

gevin) =-ne f 6mc 2, <r2> of atoms and ions and yaa

(Landau) =—e’k ./ 12n°m*c® of metals Dlamagnet-

ism is universal, but is generally 107107 times the
paramagnetic effect and 15, therefore, masked by the

later. There are, however, notable exceptions, eg the
semimetallic B, because of the smallness of effective
mass m*. Typically xdia = 10°. Given the spin of elec-
trons, paramagnetism is essenttally a classical effect.
Diamagnetism is on the other hand classically inad-
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mussible. Thus paramagnetism is strong but simple.
Diamagnettsrn 1s weak but subtie. As nghﬂy cmphas-
ized by Pelerls', diamagnetism s a surprise in theoreti-
cal physics. I will now try to amplify this claim.

First we must come to terms with the Bohr-van
Leeuven theorem on the absence of diamagnetismina
classicai system of charged particles in equilibrium
with fixed boundary. Proof is simple. We note that a
pre-existing static magnetic field does not alter the
energy of charged particle. For every possible motion
in the absence of field, there exists a unique motion
having the same energy in the presence of the field.
Thus the energy as well as the entropy and, therefore
the free energy is independent of the magnetic field,
and hence no diamagnetism. Formally this can be seen
from the relation between the magnetization M and
the free energy Finthe presence of a field B = (8,0, 0),
or the Vector potential A(O, Bx,O):

dF
M-‘__—_, F=_kHT IH Z,
_ 08 (1)

Z=[e** g (E)E,

I !

NI )™

J...J 81E- Hip.q)] dpdy.

1
with H=—
2m

e
Z(p, -7 Alg) + Vg,

Clearly, for a finite system, A4 is bounded. A
straightforward change of variable p.~ p,-¢/c A(g))
makes the vector potential disappear from the reckon-
ing of the phase-space density-of-states g (E), and
hence M =0. (The proof holds generally except when
there are constraints involving momenta). Now this
contradicts the intuitively immediate real space-time
picture. Under the Lorentz force (~)e|c)v xB, the pro-
Jected particulate motion normal to B is a circular
orbit and contributes a non-zero moment giving

2
X = - L (”fminﬁn (2)
4m  (B*/8m)

This, however, diverges as B—O. Besides, it is inde-
pendent of charge, and must be wrong. (We recall that
the static magnetic field does no work on the particle).
But what has gone wrong and where? As was pointed
out long ago by Lorentz and Bohr, the error lies in the
improper treatment of the incomplete orbits lying
within a2 Larmor radius of the boundary, The point is
that the currents due to the closed orbits well within
the sample, ali add up to zero (like the Maxwell cycli-
cal currents) giving only a ‘skirnming’ current at the
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surface. The particle near the surface, however, per-
forms a ‘skipping’ orbit with the guiding centre per-
forming a retrograde motion in a sense opposite to
that of the skimming current. It is now plausible and
indeed demonstrable that the two cancel exactly not
only globally but in detail. The surprise lies in the fact
that this space-time picture involves the boundary in
an essential way while the statistical mechanical proof
makes hardly any such reference to the boundary.
Besides, the naive athermal picture in terms of the
circular orbits 1s hardly tenable as the true motion of
the particle 1n interaction with the ‘bath’ must be
chaotic. Thus this scenario has ‘time’ in it but no
temperature, while, the statistical mechanical picture
has ‘temperat ure’ but is timeless. What is required is a
stochastic treatment that interpolates between the
two. This is provided by the time-dependent statistical
mechanics g /a Langevin equation of motion of the
charged particle in the magnetic field*:

<z sz+ﬂ)
—— — rre—rrer—— ! 1
dt* dt
where z=x iy, I‘=*—r-+im¢ and
l . . lel B
F(y=—(N+if (1), with w =
m ne

and <[f (1) fplt')>=8,52 kyyr v&(-1)

it can readily be shown that the magnetization

Lim<rm(t)>=
; — OO )
-le] e} - kol w,
Lim —Im<Z*Z>-— —
2¢ me (y/m) +ao, .

Now, one finds that the mean-squared displacement
<] Z(1)*>- ¢ as 1— and hence the particle must
interrogate the confining boundary, however remote.
We can impose confinement by introducing a har-
monic potential well /2 wsm| Z|*. Then we find indeed
that <m(1)>—0 as t=oo. The harmonic potential
well does simulate a ‘soft” boundary, but, unfortu-
nately, it represents a small system rather than an
extensive one. This is readily remedied by considering

a ‘hormonium’ mode! for the real coulombic system
where all coulombic interactions — both the electron-

electron as well as the electron-ion, are replaced by the
hormonic interaction. The stochastic problem remains
solvable exactly, in terms of the Jacobt coordinates,

and confirms the above result.

The foregoing treatment of diamagnetism or rather

its absence depends explicitly on the existence of a
Hamiltonian. Now there is no classical Hamiltonian

describing a system of non-permanent charged parti-
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cles undergoing a birth-death process, e.g. electrons
and holes undergoing rapid pair-production and re-
combination. This is like chemical equilibria where
one knows that the maxwellian distribution does not
hold 1if the reactions are fast enough. It is, however,
possibe to treat such a system stochastically. Assum-
1ng the velocity distributibn to be isotropic at birth, and
a poissonian birth-death process we find a non-zero
diamagnetism that turns out to be large under certain
conditions®. This however needs further attention.

Quantum mechanically non-zero diamagnetism is
expected. The argument following Eq(1) now breaks
down because of non-commutation. The i1ntegral in
g (£) gets replaced by a discrete sum over eigenvalues
and this discreteness makes the cancellation incom-
plete. However, the surprise continues in that, the
well-known Landau treatment gives the correct result
even though he i1gnored the boundary in finding the
energy eigenvalues. On the other hand each Landau
level (occupied) ought to, at least naively, contribute a
diamagnetic moment of the order of one Bphr mag-
neton, the summary effect of which is far in excess of
the Landau value. Again the boundary causes the
canceliation — partial this time. This is resolved by
noting that the Landau levels in the bulk are degene-
rate with respect to the position of the centre of the
orbit. But as the orbit approaches the boundary, the
eigenvalue begins to climb and, of course, it 1s emptied
when it crosses the Fermilevel (or the chemical poten-
tial). One can use the Feynman Hellmann stress theo-
rem to evaluate the change 1n the eigenvalue as one
moves from the bulk interior towards the surface. This
turns out to be proportional to just the magnetic
moment due to the surface currents! This formal iden-
tity is independent of the shape of the boundary. One
could also analyse the fine structure of the surface
currents using the linear response theory".

And now some comments on the non-dissipative

nature of the diamagnetic amperian currents vis-g-vis
the dissipative ohmic currents. The fact that the static

magnetic field does no work on the charged particle
implies that these currents must be non-dissipative. {In
this connection it is amusing to note that the usual
argument that a perfect diamagnet should be a super-
conductor really does not hold). In point of fact mag-
netic field destroys the time-reversal invariance, and
hence the eigenstates as well as the equilibrium state
may be current carrying. (One should note here that
the eigenstates in the presence of anelectricfield alone
are not current carrying). The ohmic current duetoan
electric field involves an irreversible process in which
an electron from below the Fermilevel makesa transi-
tion 1o an empty state above it— the initial and the bhina)
states must bracket the Fermi level, and thus only



1110

o

—

clectrons near the Fermu fovdl partopate (e the exclu-
sion principle). For the dlamuagnetic current no such
transifions are reqguired and «ll the clectrons partici-
pate (e ¢ the ¢ o1 U* S W terman the wurrent)y Those
AMperian curienty 4, howevet, “molecutat " and cdan
not be tapped except tn the presenve of 3 Crossed
electric field Thus a two-dimensional eleciron systemn
in the X.vy plane with a magnetic freld along the 7-axis
and an electric tweld along the s-axy will have an
“ampenrian® current tlowing along the x-axis that
should he non-disstpative. This is guaranteed trom the
fact that the system i> now invarant under combined
pme-reversal and reflection an the v-2 plane  This
sitanion can be realized wnthe inversion or the accuns-
ulation layer of a MOSFET Or a heterostructure and has
indeed been a subject of intense discusston recentlvan
the conteat of Quantized Hall Condudtance. Onc
would expect the dissipation tu set ;n when the electric
field times the Landau Orbat radius eaceeds the Lan-
dau level spacing. (Of course, 1n the presence 0l an
electric fleld the discrete Landau levels disappear into
a continuum but the relevant marr a elements develop
an equivalent sructure). On an a* »mig level. 3 Fyvdro-
gen atom in the ground state in -he presence of mag-
netic field i1s an 1deal exao.pie of non-dissipative
amperion currents and one can ¢ven define an Azimu-
thal Hall Conductance with respect to the radial cou-
lomb field.

Finally, we return nee more to the diamagnetnm
of non-permanent charged particles. One could well
ask for the diamagnetism of the virtually or thermally
created electron-hole (positron) paiwrs 1n an extra
strong magnetic field ~10°-10" gauss, or indeed the
diamagnetism of the Dirac vacuum regarded as an
insulator wath filled valence band. There may be more
SUrprises to come.

1. Peierls, R., ‘Surprises in theorerical physics’., Prin-
ceton, Princeton University, 1979,
2. Jayannavar, A. M. and Kumar, N., J. Phys. A.

Math, Gen., 1981, 14, 1399
3. Jancovici. B., Physica, 1980, A101, 324,
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Interacranial Vascular Malformations

P. N. Tandon
Department of Neurosurgery, All India Institute

of Medical Sciences, New Delhi 110 029, India

“W hat the mind does not Anow the eves do not
see”’

THERE are two man types of intracramal vascular
malformations, (1) saccular or berry aneurysms and
(i1) arteriovenous malformations (AvM). The former a
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result of a detect in the wall of an astery, convists 01 a
tocalised bulge ot the intumal taser forming a timy
balloon. In an artertovenous malformation there v a
deveiopmental defect resulting ina direct communica-
tion between the arterial and the venous syvstem, which
thus forms a turgid, tortous, worm-like collection of
blood vessels. One of the major consequences of such
maltormations 1s their propensity to bleed resulting in
hacmorrhage either in the subarachnoid space (SAHJ,
the brain parenchyma or both.

il a decade ago 1t was generally believed that
intracramal vascular maliormations, ancurysms and
arterio-venous malformations, specially the tormer
are uncommon amongst Indians. Caretul planned
Investigations during the past few years have already
demonstrated that this may not be the case. It is of
interest to note that while the existence of such lesions
has been known tor more than a century. the methods
for defimte chintcal diagnosis and successful attempts
at surgery have only been possible after 1930%. With
rapid advances in anaesthetic management and surgical
techmiques, including use of operating microscope,
excellent results can now be achteved through surg-
cal treatment of these lesions,

Our stud:es on the subject are bnetly summarised
below. It may be stated that several collcagues in the
Department of Neurosurgery and Pathology have
contributed to these studies.

1) Purhm’og:ca?-Anamnmm’ Studies; Anatomical
vanations in the Circle of Willis obtained at routine
auropstes were studied. The incidence of such anomal-
1y was identical 1o the reports from counties Ithe 1sa
Japan c¢t¢c where ancurysms are found to be more
frequent. Simularly microscopic studies uf the junc-
tional areas revealed comparabie incidence of medial
defects in the wall of the arteries at the base of the
bratn. Both these factors have been imphcated in the
pathogenesis of intracramial saccular aneurysms,

2) Enology of Subarachnoid Haemorrfuize (SaH) in
india: Hospital based incidence studies carried out at
six centres in the country, revealed that contrary to
existing belief saccular aneurysms constitute the com-
monest cause of SAH (40-5077), followed by A.V. mal-
formatrons (7-8C7).

3) Clinical Strudies: (a) Intracranial Saccular Ane¢u-
rysms: Durning the last 10 years 121 cases of aneu-
rysms, 89 of which were submutted to surgery have
been investigated. Six cases had more than one aneu-
rysm and si1x had giant aneurysms (more than 2.5 ¢m
in ditameter). All these patients had atleast one episode
of intracranial bleed.. 13 surgically treated patients
died, a mortahty still undesirably high but far better
than any conservative treatment. 1t is now generally
agreed that surgical treatment is the safest method of
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preventing recurrent haemorrhage, which remains a
life tong threat in conservativiey treated patients. (b)
Artertovenous malformations { AVM)-68 cases of AvM,

studied by us had resulted in SAH in 37 cases, and
intracerebral haemorrhage in 12. Epileptic seizures,
progressive neurological deficit and raised intracran-
12l pressure are some of the other presenting features.
It was only i 1936 that Olivecrona from Stockholm
reported the first successful excision of such a malfor-
mation. There s still some debate about the best
method of treatment. However, surgical excision pro-
vides the best over all results. Amongst the 52 patients
who were submitted to surgery, we lost only 2, inspite
of the fact that several of these were very large. Use of
operating microscope has helped red uce the mortality.

e —

New Stereo Controlled Synthetic Routes to
Bridged-Ring and Alicyclic Compounds

U. R. Ghatak

Department of Organic Chemistry, Indian
Association for the Cultivation of Science,
Jadavpur, Calcutta 700 032, India.

THE bridged-ring systems, incorporated in carbocyclic
skeleta, are widely distributed in large groups of natu-
ral products having interesting phystological proper-
ties. Apart from this important aspect, bridged-ring
systems are valuable models for conformational and
spectroscopic studies. In addition, a great deal of
promising synthetic methodologies for the stereocon-
trolled development of other ring systems have been
realised through these intermediates. Despite exten-
sive studies in this area, the problem of devising simple
and general synthetic methods for funcuionalized
bridged-ring and polycyclic systems remains a major
challenge in organic chemistry, The work done tn our
labortories during the recent years on the intramoliecu-
lar atkylation of unsaturated drazomethyl ketones'
and particularly those on the alkylation-
rearrangement reactions has turned out to b¢ poten-
tially important for generation of the basic structures
of the plant hormones- gibberellins®, polycyclupenta-
noids® and a number of other diterpenoids’ and diter-
pene alkaloids™ In continuation of our studies on
carbenoid reactions we have recently developed for
the {irst time,bis [2,4- penlanedmnatonlckcl (11)] as
highly efficient homogencous catalyst ln intramolecu-
lar a-ketocarbenoid addition reactions’ of a number
of cyclic v, 6-unsaturated diazomethy! ketones Jead-
ing to the key intermediates for tetracyclic gibbane
and the related bridged-bicyclo[3.2. 1]Joctanones, This
homogeneous catalyst bas been found to be equally
effective for the regioselective intramolecular carbon
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hydroggen insertion reactions’ resulting in the estab-
lished” synthetic intermediates for certain diterpenoid

alkaloids and Cao-gibberellins. In conjuction with the
diazo-ketone alkylation reactions we have further deve-

loped a highly efficient and simple method for the
synthesis of functionatized bridged-ring systems by
chemoselective degradation of an aromatic ring to
carboxylic acid by ruthenium-catalyzed periodate-
oxidation’, As a prelude to a biomimetic synthesis of
the complex carbocyclic bridged-ring systems present
in the highly bio-active diterpenowds aphwdicolin and
stemodin, and the biogenetically related diterpene,
stemarin, several approaches to the constauction of
bicyclo (2.2.2) octanone systems Incorporated in tetra-
cyclic systems were undertaken by using intramolecu-
lar cationic cychizations. The works atong this lines, 1n
fact, showed great promise with realization of a new
simple general stereocontrolied synthetic route to such
bridged-ring systems' and finally to the carbocyclic
skeleta® of stemodin and stemarin. This strategy
appzars equally feasible for the synthesis of aptudi-
colin skeleton. An unexpected turntaken in the course
of these studies led to the discovery of a fascinating
Intramolecular carbon-carbon bond formation reac-
tion from ¥¢é and B+y-unsaturated methy! ketones
with methyl- or ethylorthoformate in the presence of
perchloric acid,Jeading to a general method of bridged
bicyclo [3.3.1] nonanone and cyclopentenone annula-
tions'%, The synthesis of bridged-bicyclo {3.3.1] non-
ane system has also practical importance as we have
already reported'” that a bridged-ring hydrocarbon.
( & )-des-N-morphinan is a powerful attractant for
some insects, This is the first synthetic bridged-ring
hydrocarbon {found to be an insect attractant.

. For a review see: Ghatak, U.R., Curr. Sci., 1981,
50, 927.

2. Ghatak, U. R. and Chakraborts, P. C., J. Org.
Chem., 1979, 44, 4562; Ranu, B. C., Sarkar,
M., Chakrabort:, P. C., and Ghatak, U, R., /.
Chem:. Soc. Perkin Trans, 1, 1982, 865.

3. Satyanarayana, G. O. S. V., Roy, S. C. and
Ghatak, U. R., /. Org. Chem., 1982, 47, 5353,
Roy, 8. C., Satyanarayana, G. Q. S, V.,
Ghatak, U. R., J. Org. Chem., 1982, 47, 5361.

4. Ghatak, U. R. and Roy, S. C., J. Chermi. Research
(S), 1982, 5; J. Chem. Reseach (M) 1981, 159:
and references cited therein.

5. Ghatak. U. R..Alam.S. K. and Ray, J. K., /. Oryp.
Chent.. 1978, 43, 4598; Ghatak, U. R, Ghosh,
S. and Sanyal, B., J. Chenm. Soc. Perkin frans.
. 1980, 28%): Ghatak, U. R, Sanyal. B. and
Ghosh. 8. J. Ane. Chem. Soc., 1976, 98,3721,
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10. Ghatak. U. R., Sarkar, M. and Patra, S. K,
Tetrahedron Let., 1978, 2929,
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Induction of Haploids: Achievements, Problems
and Possibilities

Sudhir K. Sopory
School of Lite Sciences, Jawaharlal Nehru
University, New Delhi 110 067, India.

THF realization of the importance of haploid plantsin
aprniculture and fundamental biology led to the devel-
opment of different technigues for inducing them,
However, it was anly after the development of anther
culture tm:**(:hruqm::l that hopes were raised to obtain
haploids 1n many plants including even in agricultu-
rally important plants. So {ar anthers of over 170
species have been cultured with success ininducing the
pollen grains to form calln, embryoids and plants”.

Of the different paramenters tested to optimize suc-
cess in anther culture, the most important are the
genetic background of the plant, the physical factors
and the nutritional conditions>® It is still not clear 1f
the recalcitrant nature of certain genetic clones 1s due
to the fack of ‘genes’ for callusing and embryoid pro-
duction or due to the lack of our understanding of the
factors which would ‘switch on”those genes. Dafferent
physical factors which influence the process of andro-
genesis have been reported. Many species require
darkness but others need to be transferred to light or
maintained in it throughout. The action spectrum stu-
dies are still lacking in order to find out which pigment
sysfems are involved 1n light requiring species. A pre-
treatment of buds to cold temperature has been
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found to induce the response in some non-responding
species and increase the response in otherwise
responding plants. The optimal culture temperature
15, however, in the range of 25-30° Cin varied species.
Besides these two important physcial factors, the
effect of centrifugal force, size of the culture flask, the
number of anthers per culture vessel and the way the
anthers are positioned on the medium also influence
the response. Of the chemical factors, role of iron,
sucrose and hormones has been worked out 1n some
details. Iron has been found to be essential and works
better if supplied with a chelating agent EDTA or
EDDHA. Without sucrose it 1s difficult to get the
response. The effect of sucrose can also not be mim-
icked with mannitol or even with glucose. In many
reports, hormones have not been included in the
medium but our own studies and those of others have
shown that hormones, especially cytokinins and aux-
ins, either alone or in combination are required for
pollen grains to divide and develop into haploid plant-
lets. Lately, activated chrocoal and polyvinyl polypyr-
rolidone have been included in the medium to increase
the response. The extract of potatoes has also been
used alongwith some hormones to induce androgene-
sis in some crop species’,

Besides achieving success in a number of species by
manipulating different parameters, haploid plants
have also been used in breeding and the haploid cells
have been employed for induction of desired muta-
tions’. It has been possible to get high yielding varities
in rice, wheat, and Nicotigna, virus and nematode
resistant clones to patato, and variants with less alka-
loid content in seeds of Brassica napus. Also drug,
toxin, and temperature resistant mutants have been
selected using haploid cells, Recently, haploid cells of
N. svivestris were used to select for virus resistance.
Haploid cells have been especially of great use in
obtaining auxotroph lines in different plants, which
had been very difficult to get earlier.

Inspite of recording achievements, the utilization of
haploids bhas not been what was expected. There are
still many problems which have to be overcome. It 1s
not possible to get the pollen divide and form hapiloids
in many genetic clones and therefore one hastostand-
ardize the conditions for each individyal clone.

In many species anthers respond by producing cal-
lus and not direct embryoids. It is ditticult o differen-
tiate callus and moreover the callus stage leads to
instability of chromosomes resulting in the production
of more diploid, aneuploids and higher plotdy plants,
than the required haploids. In such cases one i1s not
sure of the homozygous nature of the plants. Even in
cases where direct embryoids are produced, not all of
them grow into plantlets. One problem, especially for
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cereals, has been the production of large number of
albino haploid plants. In many species, unreduced
microspores are produced which can lead to the pro-
duction of heterozygous plants. Since there are so
many variable factors, it is even difficult to reproduce
the results exactly and even today in many plants the
yield of plantlets per planted anther is rather low and
varies. With the advancement of techniques it is the
hope of workers 1nthis area that many of the problems
would be solved and it should be possible to use
haploids more efficiently. Already, genetic markers
have been used to establish the homozygous nature ot
the plants. Possibilities have been raised to use micros-
pores for inducing mutations directly. It is hoped that
screening ‘Gametoclonal® variations would be useful.
For example, early maturing variants in rice have been
raised by this technique®. Above all the possibility of
using genetic transformation experiments with
haploids are being done. Infact recently, it was pointed
out that 1n order to get stable transformants, only
haptoids be used'.
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don), 1966, 212, 97.
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Sopory, S. K., Can. J. Bot., 1979, §7, 2691.

. Nitzche, W. and Wenzel, G, In Advances in Plani

Breeding, 1977, Suppl. g, 1.
6. Raina, S, K., In: Plant cell and Crop Improvement
(eds.), S. Sen and K. L. Giles, 1983, 159.
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Tissue Culture and Micropropagation

A. F. Mascarenhas
National Chemical Laboratory, Pocona,411 008,
India.

Two major discoveries have mainly been responsible
for the emergence of micropropagation, as a method
for clonal multiplication of plants. The first, arising as
a result of an observation made by Skoog and Miller’
in 1957 showing definite evidence that shootand root
differentiation in callus and organized cultures is
under the regulation of two main groups of chemicals,
the cytokinins and auxins. The second advance being
from the research of Moret? in 1960 where shoot tip
cultures of an orchid were found to be a potential
source for the production of Jarge numbers of identical
orchid plants.

1113

Plantlet formation by micropropagation can follow
two separate pathways. In the first, plantlets can be
produced from the primary explants either directly” or
via an intermediate callus stage*, The second pathway
before plantlet formation involves an intermediate
stage of somatic embryogenesis®, where the embryos
resemble zygotic embryos 1n many respects,

Conditions for use of Tissue Culture for
Micropropagation

The use of tissue culture for micropropagation
should be used under very specific conditions (i) for
the mature elites, particularly where seed raised plant-
trees show wide variation as in teak® and eucal_mm;
(i) for hybrids mutant/varient plants, haploids® etc
produced by tissue culture or other methods (iii) for
newly developed plants normally propagated vegeta-
tively, where by conventional methods low multiplica-
tion rates are obtained as in turmeric’ where
multiplication from rhizome is as low process,

Criterion for success

The main criterion for success in the development
of a process of micropropagation lies in the correct
formulation of the different ingredients in the medium
for stimulation of the explanteither to develop shoots,
roots or plantlets or of callus and embryoids.

Generally apical or axillary vegetative buds are pre-
ferred for micropropagation because of a high level of
organogenesis obtained combined with a high genetic
stability of the regenerated plantiets. This method has
also proved amenable for some of the older trees
besides being of value for both the isolation and later
multiplication of disease free plants as in
Sugarcanem'n.

Stages for plantler formation

There are mainly 3 stages for successful plantlet
formation from the explants (i} the primary explant,
either an apical or axitlary bud 15 stimulated, under
the influence of hormones mainly 2 cytokinin to
develop a large number of shoots, {11) each of these
shoots can then be transferred to the second stage
culture medium, generally containing an auxin for
their rooting, (i) the resulting plantlets formed can
then be treated like seedlings and transferred to a
normal unsterile environment, The high rates of mul-
tiplication are achieved by excising the individual
shoots from stage (i) and transferring them to fresh
media at regular intervals, whereby large numbers of
shoot cuitures can be maintained for conversion to
whole plants when required. Based on the degree of
shoot multiplication obtained at the first stage pheno-
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menalincreases inthe overall production of plants can
be achicved.

Commercia! application

Currently micropropagation is being commercially
exploited tor the production of a large number of
ornamental and herbaceous plants, fruit and also
recently forest trees. An ideal small scale commercial
laboratory for producing about a miltion plants per
year would occupy about two thousand sq it uulizing
the services of about 10 technicians working 200 days
a vear with an average production of about 70,000
plants a year per worker. Howesver, inanvcommercial
process a prerequisite and an important factor is the
economics of the process, which also requires caretul
research and planming. For instance, starting from
1000 explants it has been calculated, that if there isa
20z contamination rate at each of the three stages, and
a rmultiplication ratio of 1:4Q at stage (11). then one can
expect a total loss of profit of Rs. 840, assuming the
cost of each plant to be 0.35 paise'“. This is the result
of a drop n the overall production of plants from
40.000 to 37.600. In a similar manner cost calcula-
tions, companng several other parameters can alsg be
made. Such studies would be invaluable for anv com-
mercial venture.

In conclusion, one can visualize the gradual deve-
lopment of micropropagation into a low cost techno-
logy for plant production, whereby direct
embryogenesis from suspension’ cultures or explants
would substitute for organogenesis. With such
methods which are still very rare, the 3 labour inten-
sive stages would-be totally eliminated, paving the way
for the conveyor belt technology and mechanization
for large scale production and sowing of plants. A
beginning has already been made in this direction.
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Synthesis of Biologically Active Compounds with a
Difference

A. V. Rama Rao.

National Chemaical Laboratory, Poona 411 008,
India.

NATIONAL Chemical Laboratory {NCL) has formu-
lated several programmes of research and three such
projects are: (a) development of anticancer agents (b)
organic synthesis, and (c) developing new plant
growth regulators. The progress made in these areas
dealt with in this article.

Anthracvelime antiobiorics

During the past one decade, the anthracsycline anti-
biotics such as daunomycin (1} and adriamycin (2)
have emerged as antineoplastic agents for the treat-
ment of broad specttum of human cancers’. While
they are presently produced by fermentation. the chal-
lenge of developing thern through pracucal and total
synthetic routes coupled with the quest for a superior
analogue, has been continued. Recentdiscovery of the
improved antineoplastic activity of synthetic anthrac-
vchine, 4-demethoxvdaunomyain (3)* as compared
with naturally occurnng [ and 2 have stimulated con-
siderable synthetic effort towards corresponding agly-
cone, 4-demethoxvdaunomycinone {4)°. In most of
these studies 4-demethoxy-7-deoXxydaunomycinone
(5) was the target molecule. Asthe functionalization of
A 1ing to give 4 has been well established and the
resolution of the racemic 3o give the desired optically
active aglycone was achieved® our efforts have been
directed to allow the preparation of 5 in mulltigram
gquantities so that the clinical efficacy of the syathetic
analogue 3 can be evolved™



Current Scrence, Decenmber 5, 1983, Vol 52, No. 23

1:

£

_3_:

4«

é:

11

8: R=H ; R'= daunosaminyl 12
9: R=QH; R = 2 B
10 R=R = H

Qur strategy was to build tetracyclic system by
AB + CD coupling by making use of the key interme-
diate, 2-acenvl-5,8-dimethoxy-1,2,3.4-tetrahydro-2-
naphthol (6). We have further demonstrated that
4-demethoxy-7-deoxydaunomycinone (5} can be
made by fusion of 6§ with an intimate mixture of
phthadic anhydride AICI-NaCl (5:1) follawed by
usual work up®. 5 thus obtained was converted into
3-demethoxydaunomycinone (4). The coupling of 4 to
I -daunosamine (7} 15 being looked into. The synthesis
of 7 was achieved by two elegant appmahces starting
either from D-glucose or D~glucosamme 11

Although daunomycin (4) and ad riamycin (2) con-
tinue to enjoy the chnical effectivenessin the treatment
of human cancers, their main disadvantage of having
irreversible cardiomyopathy have prompted the
search for new antibiotics that show decreased side
effects and/ or increased antitumor activity. This has
resulred in the isolation of new anthracycline antibio-
tics lacking a hydroxyl group at Il-pm]tron {I I-
deoxydaunomycin (8) and 11-deoxyadna mycin (9)7.
We have achieved a general regiospecific synthesis of
H-dmudaunnmuc:nr&ne (10) invoiving the Dels-
Aler reaction®. We have aho demonstrated the syn-
thesis of 10 starting m-cresol’’. In addition, we have
recently  reported  a  regiospectfic and  common
approach for thesy nihesis of daunomy¢inong (1 1)and
| ;-deosvdavnomycinone (10) xmrtmg lmn a com-
mon synthon (12) made from m-cresol'

3-Methoxyphthalic anhydride, dlfHII'Ld for the syn-
thesis of 10 and 11 was made by atwostep synthesis by
4 Dielv-Alder reaction of 2-methoxyfuran and maleic

7
dnhyvdnde
¢ gpahility building inorganic syathesis: Total syrithe-

Wiy of macrolides
[ he synthesis of mactohidesis cusrently underinten-

iH15

sive investigations because of their diverse biological
activities, Recent developments in their synthetic
strategies made the task casier for the synthesis of
several naturally occurring macrolides. We have
recently undertaken the total synthesis of a number of
macrolides and two examples are cited below:

Zearalenone ([3) an antibiotic with anabolic and
uterotropic activity, was the first macrolide to be syn-
thesised by both Merck and Syntex groups. The ali-
phatic portion has been obtained utilising
2-hydroxypyran and 2-acetyl-y-butyrolactone
{Scheme 1). The final condensation of this segment
with the aromatic partand subsequent transformation

led to (x)zearalenone dimethyl ether (_]_:1__)15

Tetal synthesis of Zearalenonn.
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Refamyein S (15Ybeiongs toa novel class efantibio-
tics. ansamycins, which constitutes an aliphatic bridge
linking two non-adjacent p{hitiun-. of an aromatic
nucleus. The svathesis of 15 iy a challenge to any
organic chemist and wias reported recently b\ hnh;
and hiy colleagues from Hanard Uﬂl\Lf"sll\ .o
have initiated the synthesis of 1S one year apo anld
made good progress both at the naphthaquinone tmt
(16) .;md the aliphatic part (17). Unhke the appioach
adnpti.d by Kisht and others, . wherein the steteocen-
f1ol of the aliphativ cham was achweved vic acyelw
intermediate, our approach s by unvolvng eyehe
intermediate (18 swhich was further claborated to |V
which on 1 AT reduction gave the alivhatic segment
(20) corresponding 1o carbon atoms <y o Gy of the
' Vurther claboratien of 20 to 17 s n
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Plant growihn regulators

(ilobal demand for higher crop production coupled
with constant increase inthe cost of nitrogen fertilizers
had led in recent times to an increased interestin plant
growth regulators One such interesting finding was by
Ries er al*' who demonstrated that application of
alfalfa ( Medicago sativa) increased vields of tomatoes,
cucumber, tice, corn and several other crops. The
active principle responsible for the enhanced growth
was 1dentified as I-triacontanol. With an intention to
assess its importance in Jarge scale trials at a reasona-
ble cost. We have worked out its total synthesis by two
different and practical approaches. In our first
approach, lI-triacontanol was synthesised starting
from stearic acid and by two successive addition of six
carbon units through enamine intermediates®’. Our
second approach was based on the successive alkyla-
tion of tosylmethylsocyamde followed by acid
hydrolysis and subseguent reduction of the keto-ester
to give I-triacontanol® (See scheme 2).

Having made l-triacontanol tn large gquantitics, we
have found to our surprise that it had notresponded to
many of the systems we have tried. This fact was
further strengthened from a number of recent controv-
ersies regarding I-triacontanol as a plant growth regu-
Jator, which led us to believe that [-triacontanol may
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not be the only active principle in alfalfa responsible
for the increase tn growth. The above findings led us to
probe into the known chemical constituents of alfalfa
which may be responsible as plant growth regulator.
One of the interesting observations was that Vitamin
K: was first isolated from this source. Later findings
have shown that Vitamin K, isdistnibuted in all higher
plants, although its role is not well established.

As menadione (2-methyl-l,4-naphthanquinone) is
more active compared to Vitamun Ky in 1ts general
biological properties and to make it water soluble, we
made its bisulphite adduct and, assessed for its growth
regulatory activity in a number of plant tissues, where
it was seen to bring about significant increase in
growth. Further studies were carried out to investigate
its role to auxin metabolism. Besides lowering the
activities of the enzymes involved in IAA oxidation, it
also broughtabouta 3-4fold increase inthe IAA levels
of plants®. Finally to assess the commercial utility of
menadione bisulphite, field tnals were carried out
usmg tomato plants. Initial experiments shﬁwed large
increase (<> 50%) in the yield of tomatoes®™. Its effect
on other crops is being looked into.
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Somatic Hybridization and Cybridization

Sant S. Bhojwani
Department of Botany, University of Delht,

Dethi 110 007, India.

SOMATIC cell fusion gained prominence as a
novel approach to produce rare hybrids of sexu-
ally incompatible and sterile parents following the
report by Cocking and his co-workers, in 1970, that
plant protoplasts can be fused' by NaNOjs. Since then
research activities in the area of somatic hybridization
have dominated the field of plant tissue culture.
Somatic hybridization involves a series of steps out-
lined in figure 1.

isolation of large quantities of viable protoplasts
has been reported for most crop plants”. This has been

facilitated by the commercial availability of many
powerful hydrolytic enzymes of fungal ongin. Most
recent introduction to the list of these enzymes is
Pectolyase Y-23 with which mesophyll protoplasts of
tobacco could be liberated within 30 min®. Thereis no
serious technological problem associated with this
step 1 of somatic hybridization.

Cell fusion in antmals has been carried out since
1962 using Sandai virus®, which is ineffective for fus-
g plant protoplasts. Of the various other methods
tried to fuse plant protoplasts, high pH (10)/ high Ca"
(50 mM CaCl;) and polyethylene glycol (PEG) have
yiclded promising results,

A prerequisite for protoplast fusion 1s the establish-
ment of intimate contact between plasma membranes
of two cells over a large surface area (adhesion). How-
ever, because of the common negative surface charge
normally protoplast membranes cannot be main-
tained in close proximity (< 10 A). The electric poten-
tial of the membranes, depending on the species, varies
from -10 mVto-35mV. Thisdoesnot change with the
age of the plant and the time of the year, although it
may show slight variation with the cell cycle phase®.
Repulsion between two protoplasts is removed and
their fusion favoured by cations such as Ca"™. 100 mM
CaCl; completely neutralises the surface charge and
favours good adhesion followed by fusion of plant
pmmplastsﬁ.

As a fusogen, PEG has become more popular than
high pH/high Ca'® method. Application of PEG indu-
ces instantaneous adhesion of plant protoplasts; fusion

of the membranes occurs during the removal of PEG.
PEG also brings about good fusion of animal cells and

animal cell with plant protoplast. It has been sug-
gested that PEG treatment results in the appearance of
smooth areas free of intramembranous particlesatthe,
site of fusion and some sort of perturbation by possi-
ble displacement of membrane’ bound Ca'®. Proto-
plast fusion by PEG is now a class room exercise, and
many somatic hybrids and cybrids have been pro-
duced by this method.

During ‘the past § years Zimmermann and his co-
workers® ¥, in West Germany, have done considera-
ble work to develop an eletrically stimulated
protoplast fusion method. These studies have recently
culminated in the production of an automatic

PROTOPLAST PROTOPLAST CULTURE OF FUSED REGENERATION CHARACTERIZATION

ISOLATION FUSION

PROTOPLASTS TO
FORM CALLUS

OF THE P1 ANTS
(Morpholagically, Cylalogi-
cally, Biochemically,
Androgentc huplndy snd

£y planty)

OF PLANTS
FROM HYBRITY
CYBRID CALLI

Figure 1.
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machine, called “Zimmermann Electrofusion Sys-
tem™, which is claimed to be 10,000 times more effec-
tive than other biological or chemical fusion methods.
As assessed by their cytoplasmic energy status
(ATP, ADP) electrically fused protoplasts maintain a
high viability, Electrically fused protoplasts of Peru-
ria inflaia also formed wall and divided.

Incompatibihty recognition system, as found i1n
flowers, does not occur at the level of the plasma mem-
brane allowing fusion of protoplasts from hghly
unrelated plants. However, the most crucial and, cur-
rently, a bottleneck in somatic hybndization 1s the
culture response of the heterokaryons following pro-
toplast fusion. Of key importance i somatic hybridi-
zation 1s to be able to sort out and follow the
development of the small number of heterokaryons
(< 1007} from a much larger population of unfused
protoplasts and homokaryons. For this several
approaches have been used which Include special
media, complementing albino parents, culture of
mechanically 1solated hybrid cells, and labethng the
parent protoplasts with different fluorescent probes.

By culturing fused protoplasts several hybrid cell
lines and somatic hybrids have been raised between
sexually compatible and incompatible parentsﬂ. Dat-
ura straubii, a somatic hybrid between D. innoxia and
D. stramonium {sexually incompatible} produces
more dry mass per acre and has scopolamine yield less
dependent on climate and soil conditions than either
of the parents '. This is only a rare example of useful
gene transfer. Generally, somatic hybrids with com-
plete genomes of unrelated plants are neither stable
nor desirable. Emphasis is, therefore, shifting to con-
trolled transfer of gene blocks or individual genes by
introducing isolated chromosomes or purified DNA
into plant protoplasts. However, the technology of
genetic transformation in higher plants is only at the
developmental stage and, unlike protoplast fusion, is
not yet routine. Partial genome transfer through pro-
toplast fusion may be possible by using donar’s proto-
plasts in which DNA has been f{ragmented by
irradiation and the normal protoplasts of the
recepient'”.

Protoplast fusion followed by plant regeneration is
proving a powerful tool to study organell genetics and
produce alleloplasmic lines or cybrids'. In somatic
hybrids seggregation of cytoplasmic organelles is very
common. Being random, it results in the formation of
novel cytoplasm-nucleus combinations. Seggregation
of chloroplasts occurs independent of mitochondria.
Cybrids show recombination of mitochondrial DNA.
Many agronomically important traits, such as male
sterdity, and resistance to phytotoxin, herbicides and
pesticides are controlled by extra-nuclear genes. Con-
trolled, unidirectional transfer of these characters

Current Science, December 5, 1983, Vol 52, No. 23

without the interference of the nucleus of one of the
parent is now possible through protoplast fusion.
Interspecific and intergeneric transfer of male sterility
has been achieved viag cybridization,

Genetic engineering techniques, including proto-
plast fus.on, involve modifying genome of single cells.
[t must be possible to grow these modified cells into
whole plants. Cellular totipotency seems to be a domi-
nant feature. So far the choice of parents in protoplast
fusion studies has been made on the basis of the ease
with which they can be manipulated in cultures rather
than the desirability of the hybnid. This is because of
the difficulty is culturing protoplasts of cereals and
regenerating plants from protoplasts of many impor-
tant crop plants.

In conclusion, during the past decade considerabie
technological advancement has been made but much
remains to be achieved before the technique of proto-
plast fusion can fulfil its promises. A most important
outcome of the work done so far is the appreciation of
the limitation of somatic hybridization as conceived
originally and the re¢ognition of realistic possibilities
through isolated protoplasts,
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Chemical and Environmentat Studies in Ice and
Waters in and along Antarctica

R. Sen Gupta
National Institute of Oceanography, Dona Paula,
Goa 403 004, India.

UTILIZING the unique opportunity provided by the
First Indian Expedition to Antarctica during the aus-
tral summer of 1981-82 some chemical investigations
were carried out on the ice and waters of the Antarctic
continent and along a NE-SW transect in the southwest-
ern Indian Ocean from 32° S latitude to the edge of the
Antarctic continent.

These studies included estimations of several chemi-
cal components in ice and lake water on Jand and in
waters of the Southern Ocean. The chemical compo-
nents were: several essential nutrients, heavy metals
and a few major elements. In addition, a study of
aeroso! were also conducted to examine the effect of

aereal transport of particles.

(i) Ice shelf, freshwater lake and polynya

Chemical characteristics, such as, salinity, tempera-
ture, dissolved oxygen, phosphate-phosphorus,
nitrate-nitrogen, nitrite-nitrogen, silicate-silicon, cal-
cium, magnesium, potassium, fluoride, bromide,
iodide, iron, zinc, copper manganese, nickel, cobalt,

lead, and cadmium were measured upto Sm depth mn
the ice shelf, in the surface waters of a freshwater lake
and at several water depths in the polynya.

An increasing downward gradient was found In the
ice in respect of most of the constituents. This was
caused by the downward diffusion of saltin the ice. A
reducing condition was observed at depths in the ice,
caused by the gradual escape of gases upwards. Sur-
face concentration of some of the elements appeared

to be influenced by atmospheric transport and deposi-
tion. No significant difference was observed in the

constituents at some distance away from the edge of
the ice shell.

Concentrations of the heavy metals in the ice and in
the lake and in a Himalayan glacier at varying heights

were observed ta be of 2 similar order (table 1). These
features indicate that both Antarctica and the high

altitudes of the Himalayas have clean and unpolluted
environment.

Using these two as the southernmost and the nor-

thernmost datum points, a watch can be maintained

on the health of the Indian Ocean.

Hydrochemical studies of the polynya in Antarctica
indicate that the surface layers are influenced by melt-
ing of ice but an oceanic layer exists below 150 m
depth. Chemical characteristics of the lower layers
have many similarities with those of the deeper waters
of the Southern Ocean. The height of the ice shelf was
about 20 m above the sea surface and extended to
about 150 m depth into the sea. Particulate matter
resulting from the melting of ice probably adds to the
reserves of nutrients and heavy metals of the sea water.

(1)) Aerosol

Measurement of aerosol particles along a transect in
the Western Indian Qcean, between 09°45°N and
69° 59°S Jatitudes, showed a gradual decrease of parti-
cles towards Antarctica.

The concentration varied from 65.3 + 1.9 pg/m’ air
at 8°37'N latitude to 0 in Antarctica. Peaks were
recorded at places where the atmosphere was influ-
enced by continental air. A peak was observed at the
zone of Antarctic Convergence which may be the
effect of the flow of surface air from Antarctica
towards the equator. Katabatic wind is probably the
cause of another peak observed near the Antarctic
continent. An inverse relation has been observed
between the wind speed and the aerosolcontent which
is presumably due to scrubbing effect and dispersion.

(iii) Southwestern Indian Ocean

Chemical parameters analysed in 1he water sampies,

TABLE |

Concentrations of a few heavy metals (in ug/l) inn ice and water, Princess Astrid Coast, Antarctica and in
a glacier in the Kaxhamir Himalayvas.

L il yul i o T

Station Fe Zn
Antarctic Ice [.4 {4.4
Antarctic Lake 50.5 11.6
Polynya - 10 m 2.0 46.8

Himalayan Glacier (mean) 82.5 4.5

Cu Mn Ni Co I'b Cd
3.0 6.8 2.0 { {) {
3.4 5.6 17 0 () 0
3.1 0 3.7 ! RE 1.3
4.1 7.0 1.5 1.1 3.} D
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collected upto a maximum depth of 4000 m at |7
oceanographic stations, were used to identify the
regions of polardivergence, antarctic convergence and
sub-tropical convergence. Within the himits of the
available data, the polar divergence could be identified
between 60° and 63°S. Antarctic convergence was
observed shightly south of 52°8S. Similarly, the boun-
dary of the sub-tropical convergence was located at
around 41°S. Downward gliding of the nutrient-rich
water along the continental slope of Antarctica was
also recorded.

The change in the oxidative ratios AAOU:
ASi: AN AP were 285:58:19:1 by atoms. A compari-
son of these with similar ratios from the Northern
Indian Ocean indicated excesses of 19% nitrate and
459 silicate in the Southern Indian Ocean, while the
phosphate concentrations in both these regions were
found to be quite similar. Reserved fractions of phos-
phate and nitrate decreased significantly from the
antarctic waters, south of the antarctic convergence,
to the sub-antarctic waters found north of this region.
This indicates that there is an increase in the intensity
of oxidation from south to north. Similar values of
reserved silicate in both the regions indicate their
origin from oxidation and prebably from other pro-
cesses. Applying an empirical relationship between
silicate and AOU, it was observed that the lower ranges
of silicate concentrations were due to its consumption
by siliceous algae, north of the polar divergence. Nega-
tive differences between the observed and calculated
values of AOU suggest a transfer of oxygen from deeper
to intermediate layers. Oxidative ratios do not indi-
cate any difference in the rate of oxidation of organic
matter in the Indian Ocean, north and south of the
equator upto the zone of antarctic convergence.

Biological Investigations in Antarctica Ecosystems

A. H. Parulekar
National Institute of Oceanography, Dona Paula,

Goa 403 004, India.

FirsT (1981-82) and the second (1982-83) Indian
Scientific Expedition to Antarctica, gave an unique
opportunity for biotic characterization of a multitude
of ecosystemns (Qasis; freshwater lakes; fast ice (icy sea
shelf and ‘Polynya’) pack ice; open ocean and a
number of subantarctic islands from a scientifically
little known area, between 37° to 72° south latitude
and 5° to 45° east longitude.

Deploying the trophic ecology energy flow
approach attempts were made to study the compo-
sition, distribution, abundance and producuvity
potentials of different ecosystems and their contribu-

tion to Antarctic food web. Accordingly, floral and
faunal components, in relevance to environmental
oscillations, were explored.

Biotic components included bacteria, mosses,
lichens, phytoplankton, zooplankton, benthos, krill,
seabirds and marine mammals and the associated life
process characterization, such as, chlorophyli and
pheophytin pigment content; estimation of particulate
organtc carbon (POC); measurement of live carbon or
adenosine tri-phosphate (ATpP) and the rate of biologi-
cal production and utilization at different trophic lev-
els in the terrestrial, limnetie, glacial and marine
ecosystem.

Some of the important findings were as follows:

t. Under the tremendous biennial fluctuations in
light intensity, lack of organic soi), and wind chill
stress, the microflora, dominated by petrophi-
lous lichen (Acrospora sp.) and moss (Bryum
sp.), flourishes 1n the crevices and pores of rocks
and boulders, in the Oasis ecosystem of Dakshin
Gangotri {Antarctica).

i, lce free exorheic lakes, forming a self-contained
ecosystem, supported a high bactenal popula-
tion (12 X 10* - 5.9 X 10%/ ml), characterized by
Bacillus, Micrococcus and Corynebacterium.
Chlorophyll @ content varying from 0.11 to
0.38 g/l supported a high rate of photosynthe-
sis, ranging from 0.14 to 0.68 mgC/ m>/hr.

i1i. Fast ice (icy shelf and Polynya) and pack ice,
canstituting an independent but complex ecosys-
tem, i1s dominated by unicellular algal organisms,
distinctly different from the planktonic flora.
While the plant pigment concentration was
rather poor (0.027-0.067 u g/1), the primary pro-
ductivity (0.24-0.48 mgC,/ m°/hr) was reasona-
bly high. Sea ice was poor m POC and ATP
content. Highest surface chlorophyll value of 1.5
mg/m° and a production rate of 2.65
mgC/m’/day, characterized the pack ice

ecosystem.

iv. Phytoplankton of the open seaenvironment, was
contributed by 27 species of diatoms and [ spe-
cies each of dino and silicoflagellate, respec-
tively. Average primary production rate of 1.72
mgC/m®/day in coastal waters was several times
higher than that (0.95 mgC/m®/day) in the off-
shore areas. Bacterial counts and ATP content,
displayed a direct relationship, with a significant
part of POC, represented as detritus.

v. The 68 species under 6 taxa, constituted the
zooplankton. Standing crop, varied from 14 to

624 mi; 1000 mZ. Secondary production, exhibit-
ing a distinct zonality, fluctuated between 8.4
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mgC/m°/day (coastal waters) and 249.8
mgC/m?/day (open sea). Light induced diurnal
penodicity of vertical migration of zooplankton,
was less pronounced, in the ‘Polynya’,

vi. Bottom fauna or benthos in the depth range of
200 to 3600m, was characterized by 12 meiofaunal
and 3 macrofaunal taxa, with population density
ranging from 118 to 29774, with a high mean
count of 6760/ m*. Biomass production varying
from 1.18 to 566.40 g/ m® was exceptionally high
at shallow depths and exponentially decreased
with increasing depth and also away from the
continent.

vil. High content of carbohydrates and organic car-
bon in the seafloor sediments, indicate the selec-
tive preservation of metaboloties, during
oxidation, under extreme low temperature
regime.

viil. Observations on 13 species of seabirds and 3

species of marine mammals, reveal that the dis-

tribution and abundance is limited by such envir-
onmental parameters, as: sites for breeding and

nesting, low temperatures, high winds {espe-
cially, for seabirds) and availability of food.

ix. Trophic relationship and energy flow in any
Antarctic ecosystem. whether, oasis, himnetic,
glacial or marine, is centered around the signifi-
cant role of the key organism-Antarctic Krill-
having uneven distribution with congregation of
high standing crop, in the open sea and relative
impoverishment in the coastal region.

Glass Transition: A Veritable Clue to the Nature of
Glassy State

K. J. Rao |
Solid State and Structural Chemistry Unit, Indian

Institute of Science, Bangalore 560 012, India.

SUPERCOOLED liquids congeal into an amor-
phous solid known as glass at the glass transition
temperature, T,. Glass transition ts generally reversi-

ble. The transition of the glass to the supercooled
liquid is characterized by rapid step-like rise of heat
capacities and thermal expansivitiesina manner rerqia
nescent of a second order phase transformation in
crystalline solids. A number of efforts’ have been
made to understand the nature of this transition but
with no completely satisfactory explanation of the
phenomenon, All such approaches to glass transition

have assumed homogeneous disordered structure ol

glasses.
Classes are x-ray amorphous and x-ray scattering
technigues yield radial structure functions. The only
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definitive information obtained from scattering tech-
niques is localcoordination numbers around the heav-
iy scattering atoms in the glass. Use of other
techniques like EXAFS has extended the structural
informatiop available to partial local structures
around different types of atoms in a glass. Inteiligent
modelling has often provided more useful structural
information. In recent times computer simufation has
indicated interesting structural features such as pres-
ence of nonspace filling groups known as amorphous
in glass forming systems®.

Glasses are indeed microscopically homogeneous
and isotropic. But structures in the submicroscopic
range of the order of a few angstroms (20A-100A) do
not seem to be homogeneous. Several experimental
evidences, notably high resolution electron micros-
copy of ionic and metallic glasses, suggest strongly the
presence of ordered regions of the dimensions of
20-100A. Glasses are therefore heterogeneous over
that scale of distances. Ordered regions in glasses
appear to be held together by continuous matter
whose structure is truly amorphous. It would there-
fore be more close to reality to consider glasses as
microheterogeneous tn which ‘more ordered’ regions
which we call as ‘clusters’ are bonded by ‘less ordered’
regions which we call as connective tissue’, ordered
regions having typical dimensions of 20 -100A"%,

Glass transition models should therefore recognize
the presence of such microheterogeniety. A qualitative
difference would arise in treatment of glass transition
phenomenon itself. If such a model of glass transition’
can explain known experimental facts with regard to
various physical quantities and their varation
through glass transition, it would serve to establish
firmly that glasses are in general microheterogeneous”.
Glass transitionstudy could therefore serve asaclucto
the nature of glassy state. |

In the cluster model of glass transition®® more
ordered clusters are conceived as bonded by less
ordered tissue. Further, tissue is less dense and the
particles in the tissue vibrate in highly anharmonic
potential wells, Glass transition occurs when these
clusters melt away into the tissue where parugcle
motions characteristic of a fluid origanate, In order to
render mathematical treatment tractable, several sim-
plifying, but reasonable, assumptions dare made. More
specifically, the features of the model are as follows.
(a) Clusters are spherical and of equal size, (b) Parti-
cles in the tissue vibrate in anharmonic wells. As a
result of the anharmonicity several potential wells are
connccted {coalesce) at thermally accessible energies,
(¢) Vibrational motion of partictes excited into higher
cnergy states of multiply conneeted potential regrons
gradually evolve into translational motion. (d) Part-
cles an the surface of clusters which share the anhar-
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monic potentiale of the trissue regron gradually *drop’

mto the tissue regton decreasing the volume of the
clusters. {¢) When all clusters shnink by shedding theer
particles into the tissue, the glass transitton to a thighly
viscous) supercoonled liquid 1s complete.

The relative wiz2 ot a shinnking cluster, € as referred
taats stze at € K decreases rapidly trom unity to 7z¢10
over 4 short sran of temperature which detines the
transition regson. Y arnation of € i quite similar o the
varigtion ol order narameters in COOpCritinve transtor-
mations mn enstalline sohds. If one were to treat the
drameter of a cluster as a measure of phonon coher-
ence length. could indeed be considered an order
parameter and glass tranvition may be treated n the
tramework of Landau theory. The obsernved variation
of heat capacity and thermal expansiaty are indeed 1n
the nature of such 'mean tield’ systems to which Lan-
dau theory s approprate,

In this stmple and guite general model of glass
transition, 7, 1s refated to vibrattonal excitation ener-
gies In the tissue region. Vibrational excitation energy
of about 1 kecaly (200 ¢m ') suggests a value of
7, 600 + 507 K with rr.d:unllhle values of other model
paramt.ters AMost lithium ron comtaining oxyanion
glasses where Li jon exhibits a typical cage like vibra-
tion with a frequency of ~ 400 cm ' have 7 values 1n
this range. Cluster maode! can alvo tlcgantﬁ aceOnnt
for the presence of two actnation energy regions of
conductivity obsenved i many womc glasses It can
account for the pressure eifcet on the conductinities of
lonie glasses, for the occurrence of subglissy relixa-
tons. loss of Mowbauer intensities vanation of 7%
in alkali phosphate glasses. variations in band hapes
In abcorption spectra corresponding to o esternal
modes etc.

Formation of clusters upon cooling the melt may be
caused by the familiar nucleation process; howerer
rapid growth of nuclei is somehow inhibited. 1t coutd
also result from freezing out of ordered fluctuations.
Presence of such ordered clusters circumyents Kans-
mann paradox and obviates the necessity forspeculat-
ing an amorphous ground state for which peither
experimental nor theoretical basis exists It can ai-o
casily account for ¢rystajlisation of several glasses at
temperature quite close to 7 itsell upon heating

Investigation of glass transiion weth the claster
model has thus resulted in providing strong indrea-
tions regarding the mucrohetercgonous riture o
glassy state.

. Rao, K. J, Bull AMear. Sce.. 179, 5, 121
2. Rao, K. J., Curr. Sci., 1981, 18, 789,

3. Rao, K. J.. 1981 in‘Preparation and Chacacteniza-
tion of MaterialWV {Eds ) 1. M Hongand € N

R. Rao. Academic Press. New York.

4 Rao, K. I and Rao, C. N R, Mar. Res. Buil.
1982, 17, 1337.

5. Parthasarathy, R., R1a. K. J. and Rao. C. N, R,
1983 Chem. Soc. Rev . tin print)

6. Rao. K. J. Proc. Indwrd Acad S,
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(ieological and Glaciological Siudies at and
Around Dakshin Gangotri~-Indian Research Station
at Antarctica

V. K. Ramna, M. K. Kaul, and S§. K Chakraborty
Geological Sunvey of India, Lucknow, India

| GEOLOGICAL STUDIES

Tt Geological evolunon of Aptarctica has fol-
lowed a course similar to that of other southern
continents—being the part of once Gondwana Land.
Lot of studies in recent years, have been devoted to
Antarcuic geology more so with the advent of the
International Geophysical year (1957-58) and much
knowledge has been gained since then, mainly as a
result of exwensive research during the expeditions of
several countries, Indian contrnibution till now had
been practicallv mil. Geological studies inttiated in this
remote cnntinent during the Istand 11nd indian Expe-
ditton, Prweaver, have added to the existing status of
our gcological knowladge

Geologicary, Antarctica bas been divided 1nto two
main structural provinees, o stable mass comprising
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mostly of East Antarctica, and 2 mobile belt of West
Antarctica. These two geological provinces are sepa-
rated from each other by a lengthy fault block repre-
scnted, topographically, by the trans-Antarctic
mountain chain. Indian base research station lics in
the East Antarctic province around 70°S Lat, 12°F
Long (ftgure 1),

About 100 km south of the Indian Base Research
Station lies a 16 km long hill range with a mean width
of one km, abruptly ristng to a height of about 100 m,
from the flat expanse of continentalice. This hill range
has been named Dakshin Gangotri range by the 2nd
expedition after the automatic weather station estab-
Lshed by the first expedition.

Geologrcal Survey team who formed a part of the

Iind Indian Expedition carried out geological map-
ping of this hill wherein the following stratigraphic
sequence was established:
A. Augen gneiss with aplites: This is a coarse grained
greyish coloured quartzo-felspathic gneiss, showing
weli developed foliation and augens of felspar, The
folitation trends monthly NW.SE with southerly dips
ranging from 20°-35°. This untt forms the base of the
stratigraphic sequence and 1s followed by

B. Rusty banded gneiss: The rock is a well foliated,
rusty coloured gneiss, composed of biotite and felspar.
Garnet appears to be metamorphic index mineral
which shows charactenistic snow ball structure. Con-
spicuous feature observed in this rock unit is the pres-
ence of amphibolite bands and calc gneiss bands.

C. Garner biotite gneiss: The rock 1s well foliated
gneiss showing relict compositional banding. Metaba-
sites intrude the rock in the form of sills and dykes. In
addition to quartz and felspar the rock iscomposed of

garnet and biotite.

D. Banded gneiss: This meta-sedimentary unit forms
the sourthern most limit of the Dakshin Gangotr hill
range whence it gets burried under polar ice toward
south. The foliation trend varies from NE SW to

ENE-WSW with southerly dips.

Intrusives: Intrusives, both in the form of sills and
dykes, are represented by pegmatites, dolerites, aplites
and pyroxene-amphibolites. Core drlling was carried
out in one of such ntrusive bodies which on the
microscopic examination was identified as mela-

syenite.

Structure: Entire sequence is exposcd in the formof a
synform plunging southerly and shows the following
tinear and planar {eatures:

a. Beddimg: revealed by compositional banding and
colour faminac.

'_‘-*——'-——-hﬂ-——ﬂ___—-—-n—-——_-____._—m PSP ——, - -
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v. Foliation: revealed by growth of micaceous
minerals.

c. Axis of minor folds. meso-scale {olds shows

southerly plunges of about 10°.

Vinteral Iimeation: mineral lineation (biotite)

plurzes 30° towards S 75° W,

¢. faulis: A major fault between rock unit C& D
(above) was observed in the south-east part of the
mapped area.

I. Joints: Most prominent joints observed were
trending (1) E-W with northerly dips (i1} N 10° E-
S 10° W with vertical dips and (in) parallel to the
strike of the rocks,

fi

AMineralisation:

Except 1solated stains of malchite and patches of
limonitic gossan no indications of base metal minerali-
sation were noted in the area mapped.

A 300 m long zone of graphite mineralisation with
an average width ot 150 m was noticed near the con-
tact of rock unit B (above) with the underlying
gneisses, west of Dakshin Gangotrni glacter.

Reconaissance in the Wohlthat Mountains:

South of the Dakshin Gangotri a conspicuous
mountain chain-Wohlthat Massif-rising to peaks of
3000 m. a.s.l. exists. This range is dissected into mas-
sifs by south to north trending glaciers which emanate
from the inland polar ice. Geological recontnaissance of
this mountain revealed the rock units forming this
range to be garnet-sillimanite gneiss, oliving-basalt
and charnockite.

II. GLACIOLOGICAL STUDIES

Antarctic continent has a periphery of iwcc-shelves
some of which are permanent and extensive. One such
ice-shelf 1s on Princess Astrid Coast of Qucen Maud
land on which the Indian base rescarch station s
located.

Glaciological Studies, to be continuced on a long
term basis, were initiated during the present expedi-
tion around the base rescarch station and far mland
upto Dakshin Gangotri. The studies covered the fol-
lowing heads.

a. Snow accumulation and ablation on ice shelf:

h. Micro-rehict of shell suriace.

c. Experiment on artificial augmentation of a blation
by using coal dust spray,

d. Thermal profiling of ice shell upto depth of 7 m.
with the help of dial thermometersand thermisters,

¢. Crystal studies of tirn e,

f, Snow stratigraphy and denviy praliling ol the
shell ice and Polar ice,
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g. Studies of 1ce-bergs.
h. Dating: of shelf ice.

In addition, a contoured map of the snout of a small
plateau glacier, named as Dakshin Gangotri glacier,

was prepared on | : 1000 scale for future i1ce movement
studies.

Development and Differentiation in Plants

M. M. Johni
Molecular Biology Unit, Tata Institute of
Fundamenta) Research. Bombay 400 0035, India.

A tNQUL feature of development in plants 1y the
formation of new organs from the apical meris-
tems throughout the Life-span of a plant. The basic
problem 1s to understand the mechanism underlying
the differentiation of various structurally and func-
tionally distinct cell types and organs at the right time
at the right place, starting from a homogenous mass of
cells. Major advances in our understanding of plant
development became possible with the advent of tech-
niques of growing plant cells and organs on a
chemically-defined medium. The temporal and spatial
aspects of development shall be discussed using moss
protonema and corn plant as model systems.

The protonema of mosses hike Funaria hygrome-
trica is simple and made up of three distinet cell types,
the chloronema, the caulonema and the bud initials.
These are formed in a precise and predictable
sequence. The differentiation of each cell type is sub-
ject toa multiple control and depends on inoculum cell
density (Johri and Desai, 1973) and the relative con-
centrations of cyclic AMP and phytohormones such
as |AA and cytokinins. Depending on the relative
amount of IAA and cyclic AMP, either caulonema or
chloronema cells are formed (Handa and Johri, 1979).
Further, it is clear that the process of cell differentia-
tion involves a response by a group of 4 to 10 chloro-
nema cellis (Johri, 1978) and some kind of a
organisation (e.g., celis arranged in a filament) is prob-
ably required. During this process. the size and multi-
plication of chloroplasts, the diameter of a cell and the
plane of cell division become precisely controlled. It is
not known how phytechormones or cyclic AMP regu-
late these complex events, but eventually there must be
differential gene expression.

The analysis of cell lineages and of the mutations
affecting the vegetative and reproductive morphology
of corn plant have yielded important information
about the development of corn plant (Steffensen,
1968: Coe and Neuffer, 1977, 1978; Johr: and Coe,
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1982, 1983). The clonal analysis shows that a group of
embryonic cells undergo a gradual restriction of devel-
opmental potency which delimits their subsequent fate
to a specific organ.

The developmental plan underlying the formation
of corn plant from the zygote is highly repetitive and
strongly regulative. The plarte of early cell divisions in
the zygote and proembryo roughly demacrate the
major features of a plant, e.g.. the axis of bilateral
symmetry and group of nodes. The commitment at
this level is only roughly conferred and is quite plastic.
The specific individual nodes and ear branch are
formed later during some kind of a refinement process
which is analogous to the process of compartmenta-
tion. In the shoot apical meristemn of mature embryo,
the cells at the apical and distal ends are committed to
produce respectively the tassel and the lower § or 6
nodes, while the cells in between represent a gradation
from roughly-committed to a fully-committed states.
The entire shoot apical meristem can thus be thought
of as a 'developmental field whose boundaries are
represented by zones of committed cells. And by
invoking a graded distribution of two hypothetical
substances, it is possible to explain the regulative fea-
tures of development in plants.

. Coe, E. H., Jr. and Neuffer, M. G., 1977. The
genetics of corn, /n ‘Corn and Corn Improve-
ment’ (G. F. Sprague, ed.) 2nd ed., p. 111-223,
Am, Soc¢. Argon., Madison, Wisconsin,

2. Coe, E. H,, Jr. and Neuffer, M. G., 1978. Embryo
cells and their destinies in the corn plant, /n‘The
Clonal Basis of Development’ (S. Subtelny and
I. M. Sussex, eds.), p. 113-129. Academic Press,
New York.

3. Handa, A. K.and John, M. M., 1979, Involvement
of cyclic adenosine-3’, S-monophosphate in
chloronema differentiation in protonema cul-
tures of Funaria hygrometrica. Planta 144,
317-324.

4. Johri, M. M. 1978, Regulation of cell difterentia-
tion and morphogenesis tn lower plants. In
Frontiers ot Plant Tissue Culture 1978, (es. T. A,
Thorpe) p27 36. U. of Calgary Press, Calgary.,
Canada.

5. Johri, M. M. and Coe, E. H. 1982. Genetic
approaches 10 meristem organisation. In Maize
for Brological Rescarch (ed. W. F, Sheridan)
p301-310. Univesity of North Dakota Press,
Grand Forks, N, D,

6. Johri, M. M. and Coe, E. H. 1983. Clonal analysis

of corn plant development. L. The development
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of the tassel and the ear shoot. Dev. Biol. 97,
154-172.

7. John, M. M. and Desai, S. 1973. Auxin regulation
of caulonema differentiation in moss proto-
nema. Nature, New Biology 245, 223-224.

8. Steffensen, D. M. 1968. A reconstruction of cell
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Non-Covalent Interactions and Molecular
Association Involving Biomolecules

M. Viayan
Molecular Brophysics Unit, Indian Institute of
Science. Bangalore 560 012, India.

A DISTINGUISHING feature of a substantial
part of the x-ray crystallographic work 1n our

laboratory has been that it aims not only at determin-
ing the three -—dimensional structure of biomolecules,
but also at elucidating the non-covalent interactions
involving them. These interactions, which include
hydrogen bonds and ion-pair Interactions, are
highly directional and play a crucial role {n the struc-
ture, assembly and function of proteins and other
biological systems. The geometrical features of these
non-covalent interactions are being elucidated, at the
atomic resolution, tn our laboratory through a novel
approach consisting of the preparation and the x-ray
analysis of crystalline complexes inveolving amino
acids and short peptides, among themselves as well as
with other biomolecules. This approach involving
complexes has yielded a wealth of information and
general patterns are now beginning to emerge. For
example, it has become possible to identify four types
of specific interactions the guanidyl group of arginmine
can, and does, take part in. The side chain amino
group of lysine appears to be incapable of taking part
in specific interactions, but form characteristic geo-
metrical patterns in its interactions with carboxylate
groups. The work on complexes has also yielded use-
ful information regarding specific interactions involv-
ing effector molecules, particularly ascorbic acid
(Vitamin C).

The amino acid molecules in most of the complexes
arrange themselves in head-to-tail sequences of the

type ....NH;—~CHR~-COO™ ....NH;-CHR-COO"

....NH; -CHR-COO"...., in which the a-amino and
the a-carboxylate groups are brought into periodic

hydrogen-bonded proximity, This arrangement is
highly suggestive in the context of chemical evolution
and could well have been made use of in prebiotic
polymerisation. A subsequent careful examination of

the crystal structures of commonly occurring amino
acids, their racemates and complexes indicated that
head-to-tail sequences are an almost universal feature
of amino acid aggregation in the solid state. Its evolu-
ttonary implications have indeed added a new interest-
ing dimension to the work on complexes.

The approach involving complexes has also been
made use for elucidating the structure and interactions
of aspirin—hke drugs which are believed to act
through the inhibition of prostaglandin biosynthesis.

The work on complexes, which has been highly
relevant to biological recognition mediated by non-
covalent interactions, has recently led to an ambitious
programme of macromolecular crystallographic stu-
dies on proteins with pronounced recognitive func-
tions, such as lectins.

Car-3-Ene, A Versatile Resource for Important
Industrial Fine Chemicals

Sukh Dev
Malti-Chem Research. Centre, Nandesari,
Vadodara 391 340, India.

TURPENTINE oil represents a senewable resource
for the manufacture of several important organic
fine chemicals, especially for aroma and pharmaceuti-
cal industry. Almost all these products are based on
the chemistry of pinenes, which are the chief constitu-
ents of the important American/European turpen-
tines. Indian turpentine, on the other hand, which is
obtained from the oleoresin of Finus roxburghii, 1s
guite low in pinene content {20-25%)}), the major cons-
titutent being 3-carene (55-659%). So far, the only
application of carene has been its use, as a cheap
solvent, for paint industry. However, in order to make
the commercial exploitation of Indian turpentine eco-
nomically more viable, it is necessary to find out more
sophisticated uses for 3-carene. Malti-Chem Research
Centre (MRC), the R &D Division of Camphor and
Allied Products Limited, has put in during the past 10
years, considerable effort in this direction, resulting in
several worthwhile commercially important transfor-
mations of carene.

Basically, utilization of a chtral molecule, such as
(+)-3-carene can be on two lines. Inthe firstapproach,
the projected use ignores the special advantage which
the chirality of the molecule bestows on it. Thus, for
example, carene can be converted into cymenes and
thence into cresols etc. A lot of work on these lines has
been carried out by different groups. However, it is
obvious that, at least, at present such transformations
are severely circumscsibed by the usually imited total
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J-ENE

availability of the raw matenal as compared to other
competitive feed-stocks such as those based on petro-
leum. The second approach, on the other hand, envis-
ages f{ull exploitation of the structural and
stereochernical features of this molecule. We have
primanily concerned ourselves with the second

approach.

Figure | depicts important transformations, which
we have worked outat MRC. The end products shown
in figure } are all important commercial items, and fall
under the category of low-volume, high-vajue organic
chemicals.

{—)-Menthol isan important item of commerce and
1s extensnvely used in pharmaceuticals and for flavour-
ing purposes. It is estimated that the current world
production of (—)-menthol is of the order of 3000
tonnes, and the present Indian requirements are of the
order of about 300 tonnes. Though some quanuty of
(=-)-menthol is being made in the country from the oil
of Aentha arvenisis for the past many years, the tota]
production falls short of the present requirements. In
view of this, the process developed at MRC for the
manufacture of optically active natural menthol from
(+)-3-carene, assumes much importance. The MRC
process which was first disclosed in an International
Symposium in Bulgaria in 1978, involves ysomerisa-

Currertt Science, December 5, 1948, 101 5 No 23

uon of 3-carene to 2-carenc, followed by p}«m'lysis of
luter to (+)-1volimonene Inthe nextstcp,ischhmonene
15 1somerized over a special catalyst to (+)-isoter-
pinolene. Catalytic reduction of this gives a mixture of
menthenes 1n which the 1,4-addition product, namely
3-menthene predominates, Precise fractionation
results 1n a muXture of 3- and 2-menthenes, which
cannot be separated further, and this muxture, as such,
(s converted into (—)-menthol by the wusual
epoxidation-rearrangement followed by hydrogena-
tion. This process is being exploited by Camphor &
Allied Products, Bareilly, for the production of {(—)-
menthol since October 1982

Another important product based on 3-carene s
d-carvone, which 1s 1n considerable demand, as a fla-
vouring agent. At present, this matenial is available In
the world market in a Iimited quantity due 1o non-
avallability of (—)-imonene, from which it can be
synthesized. At MRC we have developed an entirely
new process, starting with carene epoxide. In aspecial
reaction, the later compound 1s 1somerized 10 an
unsaturated secondary alcohol, which on oxidation
gives the corresponding unsaturated ketone. This
ketone on pyralysis, followed by isomerization gives
d-carvone.

Of the remaining products shown in figure 1, two of
these, namely (-+)-trans-chrysanthemic acid and, (—)-
caronaldehyde acid hemiacetal are important interme-
diates for the commercial production of certain
pyrethrowds, the latest class of important and highly
active Insecticides with extremely low mammatian
toxicity. The process developed for (+)-trans-
chrysanthemic acid is again based on carene epoxide.
This oxide, on further oxidative cleavage gives a
ketoacid which atter esterification and exposure to
neracetic acid {Baeyer-Villiger oxidation) gives an ace-
tate ester. This on treatment with MeMgCl generates
the required chrysanthemolactone, which s then con-
verted into chrysanthemic acid. This process has been
standardized on the pilot plant and 1s awaiting imple-
mentation. The synthesis of (—)-caronaldehyde acid
hemiacetal, has been developed on a laboratory scale.
This transformation involves air oxidation of carene
1o an unsaturated ketone, which after ozonolysis, fol-
lowed by exposure to acetic anhydnde and an acid
gives an enclacetate. The later s readily converted into
the desired compound by ozonolysis.

‘Anti-Leprosy’ Vaccines — The Global Scene
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IN the global contest, two vaceines containing (1) heat-
killed M. leprae A + BCG and (11) ICRC (killed), a cul-
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uvable mycobacterium, have given promising results
both in patients and healthy high risk subjects. The
cxact mechanism/s of action of the vaccines is/are yet
to be elucidated. The available data indicate that the
vaccines could be used for (i) immunotherapy, as an
adjunct to chemotherapyin lepromatous patients, and
(11} immunoprophylaxis. The vaccines would soon
undergo field trials. Leprosy has a very long incuba-
tion period. It would need about 5-10 years to assess
immunoprophylactic efficacy of the vaccines after
commencement of the tnals.

The control strategies for leprosy, which continues
to be a major heaith problem in the developing coun-
tries, are essentially aimed at' containment of the
microbe (M. leprae) and (1) enhancement of the host
immunity. Leprosy patient is the major reservoir of
leprosy germs and no intermediate host has been iden-
tified so far. Treatment of patients with drugs, which
kill the germs, should therefore be able to break the
cycle of infection. Although effective drugs are availa-
ble, drug resistance 1s occurring at an alarmingly high
rate. There are other practical problemsin use of drugs
in prevention of the disease. Global attemptsare there-
fore being made to develop a vaccine which acts by
enhancing host immunity.

Scienufic basis for development of microbial vac-
cires was established by Pasteur more than a hundred
years ago. In general, attenuated causative organisms
that have lost rpathogenicity but retained antigens
involved in ‘protective’ immunity are ideally suited for
vaccine preparation. Large quantities of the orga-
nisms are required if the vaccine is to be used in man.
Although the leprosy germs (M. leprae) are yet to be
cultivated, sufficient quantities are now available from
Armadillo, in which the bacilli grow profusely. There
15 considerable antigenic ¢ross reactivity between Af.
leprae and other mycobacteria, many of which are
non-pathogenic to man. An alternate strategy would
be to prepare & vaccine from a cultivable avirulent
strain of mycobacterium that exhibits cross reactivity
with reference to ‘protective’ antigens. Both the
approaches have been recently used with promising
results. M. leprae 1s antigenically, perhaps, the weak-
est mycobactertum pathogenic to man. A third
approach, which 1s still in the experimental phase,
would be toimprove its antigenicity by suitable chemi-
cai treatment,

Determinants of ‘protective’ immaunity are often dif-
ficult to be defined. Like for otherintraceliular parasi-
tes, cell mediated immunity (CMI) appears to be the
major defence mechanism against M. leprae; circulat-
ing antibodies have very little role. Amongst the
laboratory parameters of the CMi, the lymphocyte
transformation test correlates well with hypersensiti-
vity. Several years ago, Mitsuda demonstrated that
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intradermal administration of lepromin,a particulate
antigen of M. leprae, ehicits, 34 weeks later, a local
reaction consisting of tnduration. This type of
lepromin (Mitsuda) reaction shows excellent correla-
tion with the capacity of the host to handle M. leprae
both in patients and normal healthy subjects.

Leprosy is a spectral disorder with highly infectious
and progressive lepromatous {LL) and sel{-hmiting
tuberculoid (TT) varieties representing the two poles.
Tissue bacillary load; which is maximum in the LL,
progressively diminishes as one moves to the otherend
of the spectrum, being negligible 1n the TT. In
untreated cases, the magnitude of the Mitsuda reac-
tion is inversely proportional to tissue bacillary load.
The reaction is absent in the LL but strongly positive in
the TT. Epidemiological data indicate that Mitsuda
negative individuals, particularly in endemic areas,
run a high risk of contracting lepromatous leprosy.

Immunoprophylactic efficacy of a vaccine has to be
ultimately assessed by its capacity to prevent the dis-
ease in the community. Before a vaccine is subjected to
such field trials, 1t would be essential to show that 1t
not only offers protection in animal models but also
stimulates cell mediate immunity against the leprosy
germs. Unfortunately, there 1s no good laboratory
model of human leprosy. In the present state of our
knowledge a ‘“candidate’ vaccine should at least
bring about persistent lepromin conversion in nega-
tive healthy subjécts and patients. In this respect thre2
vaccines containing (a) BCG alone, (b) heat killed
M. leprae A + BCG and (¢) ICRC (killed) need to be
considered. BCG has already undergone field trials.
The last two, which have given promising results in
patients and healthy high nsk subjects, are now ready
for field tnals.

BCG is known to induce Mitsuda conversion, partic-
ularly in chridren. 1t also suppresses growth of M. le-
prae in the mouse foot-pad. However, the results of
the field trials tn manare contlicting. It offered protec-
tion in Uganda but not 1n Burma. BCG is no more a
popular modality for immunoprophylaxis.

Although BCG alone has not been very promising,
Convit et al® have recently developed a vaccine con-
taining a mixture of heat-killed Af. leprae A (Ayma-
dillo derived) and BCG. A few years ago they had
demonstrated that addition of BCG to M. leprae
induced local response consistent with high immunity.
Thus, in patients of indeterminate leprosy, intracu-
taneous administration of Af, leprae alone produced
only a poor granuloma and the bacillary clearance was
tardy. A totally different picture wus seen when a
mixture of M. leprae A + BCG was guven, Granulomy
was not only well formed but even the mycobactena
were quickly cleared. Subsequently, 1t was shown that
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TABLE |
Comparative effects of anti-leprosy vaccines**
Convit et al (Venezuela)
Composition M. leprae A (Heat killed) + BCG
Volume of each dose 0.5 m] 0.1 ml.
Effects in Pauenis
1. Immune Conversion SPA4 (48 hr) Mitsuda (3—4 weeks)

BB/ LL {Active)
BL/LL (Inactive)
Indeterminate
Contacts
2. Reactions
1) ENL (only in LL)
1) Reversal reaction
3. Fresh Neurological lesions
4. Changes in morphology of
lesions

38% (Multiple Injections-259)* 589% in LL (one shot 71)*

63% (Multiple Injections-113)

97% (multiple Injections-32)
100% (Single shot mostly-25)

90% in BB/BL (one shot—11)

92% (one shot-12)

In a number of cases 309
In 27% of active BL/LL
Rare, easily controllable
Up-grading of the lesion and
clearance of M. leprae in a
number of patignts

In 1297 LL

Rare, easily controllable
Up-grading of the lesion and
clearance of M. leprae in a
number of patients

iy - p—

SPA : Skin Reaction to Soluble Protein Antigen

*Figures in parentheses denote number of patients/contacts who participated in the study.
% Baced on the material submitted for WHO-IMMLEP Meeting on Immuno-epidemiology of Leprosy, New Delhi,

India, February, 1983.

the mixture was able to bring about lepromin conver-
sion in negative patients when each organism given
alone, even repeatedly, failed to do so. Convit et al
have now tried the vaccine in a variety of Mitsuda-
negative patients and their lepromin (Mitsuda) nega-
tive house-hold contacts. The results are depicted in
table 1.

ICRC bacillus is a cultivable slow growing mycobac-
terium that has been repeatedly grown from human
leproma for the last 25 years. The bacilli exhibit anti-
genic cross reactivity with M. leprae specially with
reference to cMibothin manand laboratoryamimals. A
vaccine, which contains ICRC killed by gamma irradia-
tion, has been tried in a number of patients of leprom-
atous leprosy and their Mitsuda-negative house-hold
contacts for the last 4 years, The results are shownand
compared with those obtained by Convit et a/in table
1.

Both the vaccines have induced comparable
changes. Lepromin conversion is observed in a
number of patients associated with upgrading of
lesions as evident by morphologic changes. In some,
even a reversal reaction has been observed. Lepromin-
negative contacts exhibit a very high conversion rate
(90-1009). Surprisingly, reactions have been mimmal
and easily controlable. This should be an asset forfield
trials.

The mechanism of action of the vaccines is not yet
fully understood. Induction of i immune response is a
complex process requiring participation of antigens
and different types of cells. However, interaction of
the former with appropriate clones of lymphocytes
plays the central role. It is believed that binding of an
antigen to a specific site on the membrane of immune
reactive cells initiates the immune response. It could
be visualized that individual variations in the
responses to a specific antigen could be a consequence
of differing avidity of cells for the antigen. Based on
these assumptions a new hypothesis, which could
explain susceptibility to forms of lcprosy as well as the
mechanism of action of the vaccines, is proposed in
figure 1.

Both in patients and healthy volunteers ICRCin a
Mitsuda type antigen of ICRC bacilli, and lepromin
induce comparable skin reactions. Except that indura-
tions produced by the former are larger. The data
suggest that ICRC is antigenically stronger than
M. leprae.

In mice, a mixture of M. lepraemurium + BCG pro-
duces better immunity as compared to that induced
when either is given alone. This appears to be the mode
of action of Convit’s vaccine in which BCGcould act as
an adjuvant. The precise mechanism underlying

enhanced immunity induced by mixed vaccines is not



Ry e e ey S,

Current Science, December 5, 1983, Vol 52, No. 23
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L VERY WEAK AFF MITY
{ RESPOND 1O
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Li
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<~ W LEPRAE Ag

M LEPHRAE 4 BCG
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NON-RESPONSIVE TO M LEPRAE OR
ANY OTHER CROS3 REACTING ANTIGENS

Figure 1. Schematic illustration of the hypothesis.

fully understood. Several mechanisms might be visua-
lized including activation of macrophages which could
act by improving immunogenicity of antigens.
Importance of co-operation of sub-sets of T-cells
(helper, suppressor) in regulation of immune response
is now well recognised. The exact mechanism/s and
the type of cell/s responsible for the specific anergy to
M. leprae antigens in lepromatous patients are not yet
fully established. Recently, it has been reported that
lepromatous T-cells when cultivated 1n the presence of
M. leprae do not exhibit blast transformation and fail
to generate interlukin (ILg) which is essential for clo-
nal expansion of antigenically activated T-
lymphocytes. Further, the non-responsiveness could
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be corrected if the T-cells are cultivated inthe presence

of M. leprae and T<cell conditioned medium that con-
tains 1L2. These experiments suggest that the immune
defect 1n lepromatous leprosy is mainly due to imparr-
ment of generation of 1L, As suggested by Bloom, the
vaccines, particularly the 1CRC ‘anti-leprosy’ vaccine,
could act by stimulating specific clones of fympho-
cytes that generate the T-cell growth factor/s.

Irrespective of the mechanism of action, once cells
with very weak affinity are primed with stronger
immunogens (ICRC or mixed vaccine), memory cells,
that are capable of responding to weaker antigens
(M. leprae), are produced. This may explain persist-
ence of lepromin reactivity observed by both the
groups. In patients continued antigenic stimulus is
provided by bacilli present in tissues, while residents of
endemic areas are continuously exposed to M. leprae
present in the environment.
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