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HEWLETT PACKARD

o b
FLE

with the hp 562A Solidstate Digital Recorder

Prints up to 5 lines sec. Accepts data in just 2 m sec. Plug-in programming
for each column. Optional selection of several B C D Codes.
Dual input 10-line Code available

The performance proved hp 562A Digital Recorder is unique for its combination of speed, input capa-
bility, programming versatility and dependable operation in thousands of applications.

It prints digital data as fast as 5 lines per second, with as many as |2 digits per line. A storage feature
for cach column permits data transfer in 2 m sec, after which the source is free to collect new data.

In addition to four-line B C D codes, ten-line code (without the data storage feature) also is available

with plug-in cards. The Recorder also accepts dual input (optional) to print data simultaneously from
two unsynchronized sources — even if coded differently.

Analog output is available as an option for 562's which have 1-2-2-4 or [-2-4-8 B C D column boards
installed. The option which includes controls for recorder calibration and zero adjustment, provides
accurate analog output for any three columns, even when not printing.

SPECIFICATIONS

e Printing rate 5 lines/sec maximum

e Data input Parallel entry; B C D (1-2-2-4, 1-2-4-8, 1-2-4-2) or 10 line: difference tetween ‘I’
and ‘0’ states may be between 4 and 75 volts

o Reference voltages B C D codes require both ‘0’ and ‘I’ state references; 10 line codes require
reference voltage for ‘0’ state; reference voltages may be up to 50 v to

chassis; input impedance is approximately 270 k ohms

For other details, please write to:
SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUM_E-NT COM_MNY LIMITED
Head Office: 6 Taj Bahadlxr..s.ajpr;l Réad. All;habad

cug s
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PHYSICS LABORATORY INSTRUMENTS

manufactured by

TOSHNIWAL INDUSTRIES PRIVATE LIMITED, AJMER

under Jicence from

Messrs W. G. Pye & Co. Ltd., England
RESISTANCE BOXES o WHEATSTONE BRIDGES o LABORATORY STOP-
CLOCKS » SCALAMP GALVANOMETERS o« STANDARD SHUNTS « DECADE
RESISTANCE BOXES e POST OFFICE BOXES e STUDENT POTENTIO-
METERS « KELVIN BRIDGES, etc.

Also

under licence from
Messrs Hartmann & Braun AG, West Germany

THERMOCOUPLES & ACCESSORIES « TEMPERATURE INDICATORS e PANEL
MOUNTING VOLTMETERS ¢ PANEL MOUNTING AMMETERS o FREQUENCY
METERS, etc.

under licence from
Messrs Polymetron Ltd., Switzerland
pH METERS & CONTROLLERS
under licence from
Messrs British Electric Resistance Co. Ltd., England

CONTINUOUSLY  VARIABLE AUTO-TRANSFORMERS o REGAVOLTS &
RHEOSTATS

Many more instruments for all your requirements

SOLE SELLING AGENTS:

TOSHNIWAL BROTHERS
PRIVATE LIMITED

) \!
q"‘gs - °“$‘$ 198 JAMSHED])I TATA ROAD, BOMBAY |
Researcn & W
Branches :
KACHERI ROAD 3E/8 JHANDEWALAN EXTN. 85A SARAT BOSE ROAD ROUND TANA, MOUNT ROAD
AJMER NEW DELHI | CALCUTTA 26 MADRAS 2
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LOOK WHAT’S HAPPENED TO THE SELECTION
IN PHOTOSTRESS PLASTICS!

It’s even bigger! Budd has added new PhotoStress* sheets, liquid and
adhesives :

New sheets: K-16 — highest K factor known, 0.16 constant to 350°F. S-15 — same
as K-16 in thinner sheets. S-02 — high elongation, low modulus, low sensitivity.

New liquids: L-11 — high K factor (0.11) contourable liquid, ready in little more
than an hour. L-02 - - liquid form of S$-02; easiest to handle of all contourable plastics.

Spray-on — two-component plastic spray; parasitic-free; flameless, low temperature
application.

New adhesives: A-02 - high elongation, reflective; formulated for use with S-02
and L-02 plastics. 4HRCT —- true four-hour cure reflective cement. Use with K-16,
S-15, L-11, A, Sor XCL. No vertical or overhead problems. KR — reflective cement
for type R sheets.

And don’t forget the rest of the Budd PhotoStress line:

Sheets: S —standard PhotoStress. XCL ——extremely clear, high sensitivity. R— will
go to 150", elongation.

Liquid: A —liquid form of type S plastic.

Adhesives: RCT ---24 hour cure; formulated to match S, A, XCL, K-16, S-15, L-11
plastics.

There it is, the most complete, most useful line of photoelastic plastics . . .
Budd PhotoStress.

*PhotoStress is a Trademark for the Zandman method of stress analysis and photoelastic materials equipment.

For the best in Photoelastics . . . go

womevs D M

Fpesrerer.. .,

Metalfilm strain gages and instrumentation ® PhotoStress photoelastic materials and
equipment (Zandman method) m Fatigue testing machines m Radac eddy current
test equipment m Radiography equipment m Ultrasonic equipment and systems

SPRAY-ON PHOTOSTRESS
COATINGS COMPLETELY SAFE,
CLEAR, FREE OF PARASITIC
BI-REFRINGENCE

Phoenixville, Pa. — A unique air-mix
system for spraying on PhotoStress
plastic free of parasitic bi-refringence
has been developed by Budd Instru-
ments. The system applies completely
transparent coats 0.005” or thicker to
almost any size or shape specimen.
The plastic can be used with both
reflective and non-reflective surfaces.
Low spraying temperature (100°F)
makes it suitable for use with heat-
sensitive materials; flameless appli-
cation assures maximum safety. The
process is ten times faster than con-
tour sheet techniques.

Air-mixing eliminates gun fouling, per-
mits intermittent use without dis-
assembly and cleaning.

GEAR DRIVEN FILTERS,
GLARELESS LIGHT SOURCE
KEY CONVENIENCES OF
NEW LARGE FIELD METER

Phoenixville, Pa.— A new large field
meter recently announced by Budd
Instruments Division is designed to
combine convenience with performance.
The new unit, the PhotoStress LF/M,
uses direct gear drive to assure positive
tracking of all four optical filters. Fan-
cooled light source of the new unit
is shielded to prevent flare-back, and
operates at higher illumination levels.
Budd uses color coded scales for maxi-
mum visibility and readability.

Design of the new LF/M is based on
features suggested by users as most
convenient and practical. Budd engi-
neers did not compromise accuracy to
achieve this new level of convenience.

!
]

New PhotoStress Large Field Meter

EXCLUSIVE TECHNICAL & SALES REPRESENTATIVES IN INDIA

ROTAX AVIATION CORPORATION

Grams: ‘ROTAXCORP’
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EXPERIENCE
TELLS
THE STORY

The story of the growth of
Bengal Immunity is the
story of experience rich and
varied, gained through the
co-ordination of Research,
Clinical evaluation and Pro-
duction. Bengal Immunity
is to-day one of the biggest
organisations manufactur-
ing products In biological
and pharmaceutical lines.

Bengal Immunity products
are being manufactured
over more than forty years,
based on the strictest
standards of quality. They
are tested at every stage
before being marketed and
clam implicit confidence
of the medical profession
throughout India and
abroad.

Inside view of the B. I. Therapeutic ward,

@mb THE BENGAL IMMUNITY COMPANY LIMITED
153, Dharamtala Street, Calcutta-13

ination of alpha-amino n,
by van slyhe apparatus

A panoramic view of the B. I. Laboratory

-
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Efficient, Economic
Clean & Hygienic

Gansons g/ g PLANTS
a f\l’::!-rzitﬁcal Models

FOR INDUSTRIES - Textile, Glass, FOR HOME  AND CANTEEN ETC.-~
Engineering and all other industries for Cooking & heating in Kitchens,
controlled & efficient heating. Dormitories, Hospitals & Hotels.
FOR PLANTATIONS-Drying and Makers & Designers of : Gas Burners, Laboratory

Roasting of Tea, Coffee and Cashew Nuts. Equipment, Water Stills, Water Baths, Shakers,

Ovens and Incubators, Equipment for handling and
FOR LABORATORIES- storing Isotopes, Stainless Steel Fabrication,
College, Rescarch, Industrial, Ore Dressing Equipment.

’ GANSONS PRIVATE LIMITED
P.O. Box 5576, Bombay, |4

FOR, CHEMICAL
EXPERIMENTS
AND ANALYSiS
USE ANALYTiCAL
REAGENTS
MANUFACTURED
BT. e o

THE INTERNATIONAL
ﬁ7 CHEMICAL INDUSTRIES
103-B. UPPER CIRCULAR ROAD
(ACHARYA PRAFULLA CHANDRA ROAD)
CALCUTTA-9
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(@ GAS ANALYSIS APPARATUS

IMPORTERS &
MANUFACTURERS OF

SCIENTIFIC .
GLASSWARES PEI:'““STS EXTRACTION APPARATUS
e :

FROM
PYREX GLASS.

@ CHEMICAL APPARATUS

SCIENTIFIC

INDUSTRIE S

11. ULTADANGA ROAD. CALCUTTA -4

OPTICA-INTERNATIONAL

DISSECTING MICROSCOPE

Focusing by rack and pinion.

Lens supported in a sleeve which moves backward and
forward and lens-carrier moves sideways, thereby the
whole stage is covered. Movable sturdy hand rests.
Circular glass stage with specimen holding clips. One
opaque disc. Concave mirror. Optics 10x and 20x.

Instruments and Equipment for Education, Research and Industry

INTERNATIONAL AGENCIES

79 GHOGA STREET, FORT, BOMBAY |
Gram: ‘SCIENAPP’ e  Phone: 325375

SPIA2
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Cauvery Brand

STABLE
BLEACHING
PONDER

etextile bleaching,
ewater purification,
eenvironmental sanitation

el

A

7

THE METTUR CHEMICAL & INDUSTRIAL CORPORATION LIMITED

Mettur Dam R.S.
Managing Agents:

Salem Dist.

SESHASAYEE BROTHERS PRIVATE LIMITED

CRITERION-MC-370

for
laboratory
and
hospital
equipment

LABORATORY GLASSWARE, ETC.: Pyrex, Quickfit, Westglass
Hygromzters, Hydrometers, Micro Cover Glasses and Slides, Vitreosil
Silicaware (Crucibles, Basins, etc.), Sintered Glasswares (Crucibles,
Filters, Funnels, etc.), Porcelainware (Crucibles and Basins), etc.

LABORATORY THERMOMETERS : Chemical Thermometers, all
types, Lonz Stem Thermometers by G. H. Zeal (London), etc.

FILTER PAPERS5 : Whatman Filtar Papers and Specialities, Quali-
tative Grades, Folded Grades, Single and Double Acid Washed,
Hardened Grades, Papers for Chromatography and Electrophoresis,
Papers in Reels, Sterimat Pads, etc.

LABORATORY APPARATUS AND INSTRUMENTS : Analyti-
cal Balances snd Weights, Centrifuges, Hand and Electrical, Colori-
meters, Comparators and ColourDiscs, Haemometers, Haemocytometers,
Incubators and Ovens, Microscopes, Microtomes, Photocolorimeters,
Test Sieves, Stopclocks and Stopwatches, etc.

MEDICAL AND SURGICAL APPARATUS : BP Blades and Handles, Blood Pressure Apparatus, Diagnostic Sets,
Stethoscopes, Hypodermic Syringes and Needles, etc.

PLEASE CONTACT:

B. PATEL & COMPANY

DIRECT IMPORTERS & STOCKISTS OF SURGICAL & SCIENTIFIC GOODS
27/29 POPATWADI, KALBADEVI ROAD, BOMBAY 2

Phones : 38689 & 39702 -+ Grams: GLASALSORT
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Rama Pubs.

NEWERA IN G/?PH PAPER INDUSTRY
¥
SECTIONAL GRAPH PAPER IN ROLLS

STRIP RECORDING CHARTS
ARE NOW MANUFACTURED

1st TIME IN INDIA
CHHENNA CORPORATION

P.0.BOX1728 - DELHI-6

GLASSLINED RERCTION VESSFLS

Dr.RAGS LABO

BOMBAY-8.

Reaction Kettles steam jacketed, Evaporators,

Distillation Unit complete, Condensers, Filters

and all accessories such as Stirrers anchor type,
Impellers, Thermowells, etc.

REPAIR WORK OF FOREIGN EQUIPMENT
CARRIED OUT PROMPTLY

RAW MATERIALS FOR
RESEARCH AND INDUSTRY-7

Schoeller & Hoesch GMBH.
(West Germany)

All kinds of technical and high quality
papers required for manufacture of
various types of condensors and cable

insulation paper, etc.

For further particulars contact :

K. S. HIRLEKAR

Western India House
Sir Pherozshah Mehta Road
BOMBAY |

Gram: INDBUREAU, Bombay e Phone: 251931/252073

SP/Rao, 4

Al10
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REICHERT

MICROSCOPES

and
MICROTOMES
for
Research
and
advanced
Teaching

Sales & Service Centres throughout the world !

Compact-Elegant-Versatile-Novel Equipment:

For Research and routine work in Science, Medicine, Technology and Industry

Specialities:

“Polyphos” condenser for variable illumination for phase contrast,

dark and bright field,"Binolux’ Mercury llluminator for contrast fluorescence-
Combination of phase Contrast and fluorescence.

Accessories for all modern techniques like micro vacuum heating,
cinephotomicrography, micro television, etc.

Sold and Serviced in India by:
Exclusive Agents and Distributors

NEO-PHARMA INSTRUMENTS CORPORATION

Kasturi Bldgs., J. Tata Road, BOMBAY-1.
Technical Service Offices: CALCUTTA-DELHI-MADRAS

All



SPECTROGRAPHICALLY
IVlatthey STANDARDISED
SUBSTANCES

GROUP [V

GROUP Y

GRrROUP O | GROUP I

H
Li Be
Ne | Na | Mg | Al | si | P | 8 | C
K Ca Mn
Cu In Ga Ge As Se Br
Rb |Sr |Y |Zr |Nb |[Mo |Tc |RuRhPd
Ag Cd In Sn Sh Te !
Xe | Cs Ba La Ce Pr Nd Pm Sm Eu Gd Tb
Dy Ho Er Tm Yb Lu [Hf [Ta |W |Re [ Osirpt
Aul Hg| TI| Pb| Bi| Po| |
Th | po | U |

GROUP [I GROUP III

GROUP |1

FeCoNi

Fr Ra Ac

The Johnson Matthey range of spectrographically standardised
substances is wide and now embraces metals and compounds
representing 70 clements. All the materials are of the highest
practicable degree of purity and are subjected to stringent analysis.
The report that accompanies every batch states the amount of each
metallic impurity in parts per million and also the method of
determination.

Where the highest purity is not needed, many of the clements can
be supplied as metals and compounds of a lower degree of purity.

E L E M E N TS Johnson 4@ Matthey

Availobie through Arora-Matthey Limited Raj-Der-Kar & Co..
166, Netaji Subhas Chandra Bose Road. Sadhana Rayon House.
Tollygunge, CALCUTTA-40 Or. D. Naoroji Road.
Associated Instrument Manufacturers (India) BOMBAT-!
Private Limited, The Scientific Instrument Company Ld..
The Andhra Sclentific Co. Ltd.. Sunlight Insurance Buildings, 6, Tej Bahadur Sapru Road.
4, Blackers Road. Mount Road. 26-27 Asaf Ali Road, NEW DELH! ALLAHABAD-|

MADRAS-2.
JOHNSON, MATTHEY 8 CO.. LIMITED, HATTON GARDEN LONOON ENGLAND
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ULTRASCAN
DOUBLE BEAM
RECORDING

SPECTROPHOTOMETER

* WAVELENGTH RANGE 2000-7500 A.
* AUTOMATIC CHANGEOVER OF LIGHT SOURCES
* FLAT BED RECORDER

* SCALE EXPANSION FOR LOW TRANSMISSION
* PROGRAMMED SLITS FOR CONSTANT ENERGY

Manufactured in UK.
by

HILGER & WATTS LTD.

LONDON

Sales and Service Agents

ASSOCIATED INSTRUMENT MANUFACTURERS
(INDIA) PRIVATE LIMITED
India House B-5 Gillander House Sunlight Insurance Buildings

Fort Street P.O. Box 2136 , 26/27 Asaf Ali Road
BOMBAY | CALCUTTA | NEW DELHI
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Complete Plants For
PROCESSING OF GASES

Or, is your problem gas treatment, production

of hydrogen for synthesis, fertilizer manufacture,
or the processing of oils and fats ? Whatever
your problem in Process Engineering, Motwane
are at your service with specialised knowledge
and the best of industrial plants by PINTSCH
BAMAG. In fact, gas production from solid, liquid
and gaseous fuels is at its economical best with
the plants we supply. Do get in touch with us.

Pintsch Bamag AG, West Germany

SALES REPRESENTATIVES:

MOTWANE

PRIVATE LIMITED
127 Mahatma Gandhi Road, Post Box No. 1312 Bombay-1
Phone: 252337.Grams : ‘CHIPHONE' all offices » Branches at:
New Delhi, Cakcutta, Lucknow, Kanpur, Madras and Bangalore.

cem-27
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Colour-Chem CO everywhere!
Wh the thrilli 1d of -
made: c:),;)c:lurs: :rouend y;lu Tgspvevcol:xcull pnr'liz::s : |'

on your fabrics, colourful inks in your Backed by 100 years of

magazines, pleasing paints in the interior German experience it
S COLOUR-CHEM LI

of your homc., fésclnatlng tapestry and the 221, Dadabhoy Naoroji Road,

attractive furnishings of your drawing room, Fort, Bombay-1 &

plastic balls in the hands of your children—

In direct participation with:
remember that COLOUR-CHEM, India’s FARBENFABRIKEN BAYER AG,,

. - . Leverkusen, W. German 3

leading makers of Pigment Colours, is very F:RBWERKE HOECHST XG. 2

much a part of your daily life. Frankfurt, W. Germany 5
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Model 303-Atomic Absorp-
tion Spectrophotometer.
For easy analysis of metallic
trace elements in compounds,
blood, urine, tissue, plant and
animal samples. Detects con-
centration below 1 ppm in
most metals.

Model 421 —Infrared
Spectrophotometer. Out-
standing for high grating
resolution and flexibility. Offers
uninterrupted scan from 2.5 to
18 p. Also available Model 521
=Range 2.5 to 40 4.

Model 237 — High
Resolution, yet Low-Cost,
Grating Infrared Spectro-
photometer. Range 25 to
16 u. Also Model 337—Range
2.5 to 25 u. Cm-! presentation
alternatively available for both
models.

Model 350—For Advanced
Capability in the Far Ultra-
violet. In its broad range from
175m pinthe UVto2.7 uin the
NIR, it offers resolution and re-
producibility that's unexcelled.

Ask for free literature

PERKIN-ELMER

PERFORMANGE - PROVED
PERKIN-ELMER
ANALYTICAL INSTRUMENTS

Model 800—New, Low-Cost,
High-Performance Gas
Chromatograph. Dual
columns and differential flame
ionization detector provide out-
standing baseline stability and
highest sensitivity in tempera-
ture programmed analyses.

Model 202—Economy
Priced UV-VIS Spectro-
photometer. Range 190 to
350 m u in the UV and 350 to
750 m x in the visible. Has
exceptional resolution, re-
producibility and photemetric
precision.

Sold and serviced in India exclusively by

BLUE STAR

Get complete details from BLUE STAR offices at:

Connaught House, Connaught Circus, New Delhi 1
Band Box House, Annie Besant Rd., Bombay 18

7 Hare Street, Calcutta 1

23/24 Second Line Beach, Madras 1

1B Kaiser Bungalow, Dindli Road, Jamshedpur

14/40 Civil Lines, Kanpur

JSIR —JULY 1965



ELEGTROLYTIC
GONDUGTIVITY
EQUIPMENT

Electrolytic Conductivity Solu Bridges, Indicators, Recorders and Controllers = Soil
Moisture, Salinity and Fertilizer Testing Equipment m Concentration Indicators and
Controllers for acids, alkalies, detergents, electroplating rinses, etc » Gas and Steam
Analyzers m Continuous Sugar Detectors m Dissolved Oxygen Analyzers

Portable Conductivity Recorder

Get complete details from BLUE STAR offices ot ¢

Connaught House, Connaught Circus, New Delhi 1
Band Box House, Annie Besant Rd., Bombay 18

Y :: ’ . 7 Hare Street, Calcutta 1
Sold and serviced in India exclusively by SRR et | o et 1

1B Kaiser Bu/nga|ow, Dindli Road, Jamshedpur
14/40 Civil Lines, Kanpur
BLUE STAR ’
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GRAM: : ‘ASHACOM' PHONE : 11BSI

SUPERIOR LAMP BLOWN
PYREX GLASS APPARATUS;
ASSEMBLIES ACCESSORIES

6 Manufactured by

SCIENTIFIC EQUIPMENT
MFG. CO.

An associate of

ASHA SCIENTIFIC CO.

DIRECT IMPORTERS & MANUFACTURERS' REPRESENTATIVES.
SO, GIRGAUM ROAD. BOMBAY 2.

Interchangeable Laboratory Ierroved modds O/

Gl are 'Our Speciality‘

WE SUPPLY COMPLICATED RESEARCH APPARATUS PROJECTIO » TYPE I\”CRO’

SEMI-IYIICRO, APERIODIC,

CHAINOMATIC AND
OTHER TYPES OF

EROY BALANCES
optical Instruments e dxanabl from ire

manufacturers
ond Keroy /Z.z/ LI
' trvale .
allied COMPONENES | | wmin o o 3 oo

CALCUTTA 10 VARANASI CANTT.
Phone: 35-5065 Phone; 3282
°
or from ther agents
GHARPURE & CO. LABORATORY STORES
P16 INDIA EXCHANGE PLACE EXTN. .
CALCUTTA | 3A Ripon Street
Calcutta 16
Gram: MEENAMO ¢  Phone : 22-2061
Phone: 44-1338

Al8

ISIR- JULY 1965



FOR ADVANCED RESEARCH

ELECTRO MAGNETS
Type EM - 50 (2”) 7,500 gauss
Type EM - 75 (3”) 10,000 gauss
Type EM-100 (4”) 15,000 gauss

Jor electronics, science and lechnology

POLYTRONIC CORPORATION

m -pc-
ass-pc-4 OFFICE ¢ 136, GIRGAUM RD, 1ST FLOOR, BOMBAY-4, INDIA

HIGH VACUUM ENGINEERING TOOLS

For the first time High Vacuum Equipments and Tools are being made in India under the guidance of qualified
specialists. We have embarked on a phased programme of manufacturing all types of Vacuum and High Vacuum
Equipments. Our Technical Section has developed, tested and calibrated the following, which are being

manufactured :
e Oil diffusion pumps of 2" to 4" dia. o Diaphragm isolation valves
¢ Pirani gauge with gauge head e Safety device water cut-out valves
o lonisation gauge head e ‘ Highvac’ solderless couplings
e Vacuum coating units of 6” and 12 e ‘Highvac’ stainless steel beljars
e Environmental chambers e Neoprene O-rings
o Baffle valves ¢ Neoprene gaskets
e Air admittance valves e Tungsten baskets and helical coils

If you already own any high vacuum equipments, consult us for your spares, service, etc.
If you want any special vacuum equipments, refer it to us. We will undertake your job.

No more need of foreign exchange for your laboratory to buy high vacuum equipments and tools. No more
worry about an import licence. We can be of assistance to fabricate and supply any type of vacuum or high
vacuum equipments required for your needs.

Please forward your enquiries to:

HIND HIGH VACUUM CO.

F-52 INDUSTRIAL ESTATE, RAJAJINAGAR, BANGALORE 10

JSIR—JULY 1965 Al19



UNESCO Publications of outstanding merit...

DIRECTORY OF INSTITUTIONS ENGAGED IN ARID ZONE RESEARCH Rs 5.67
GUIDE BOOK TO RESEARCH DATA FOR ARID ZONE DEVELOPMENT y» 16.67
CURRENT TRENDS IN SCIENTIFIC RESEARCH » 22.00
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Current Topics

Output & Dissemination of Indian
Physics Literature

DETAILED study of primary periodicals

concerned  with  physics  (including  physical
chemistry), recently carricd out by the American
Institute of Physics, New York, is based on an
analysis of issues of Physics  Abstracts  published
during 1961, and provides information on 20,287
articles published in 405 periodicals from 39 countries.
The report* of this study contains interesting data
on the output of physices literature and its dis-
semination by abstracting periodicals which are
becoming increasingly important sources of reference.
It also provides information in respect of the position
India occupies in the world of physics.

According to the report, India ranks sixth by
number of journals and ninth by number of abstracts
published.  There were 18 periodicals  publishing
papers in physics during 1961 and 352 abstracts of
papers are included in the 1961 issues of Physics
Abstracts. The majority of these abstracts are of
papers published in Indian Journal of Physics (97),
Proceedings of the National Institule of Sciences:
Section A (78), Journal of Scientific & Indusirial
Rescarch: Section I3 — Physical Sciences (56), and
Proceedings of the Indian Academy of Scicnces:
Section A (55).  The contribution of the remaining
14 periodicals is 66 articles.

A peculiar feature about the appearance of these
abstracts in different issues of Physics  Abstracts
published during 1961 is that 220 articles out of
352 articles appearing in various periodicals have
heen abstracted in the November and December 1961
issues of Physies Abstracts; the only exception is the
Journal of Scientific & Industrial Research from which
the articles have heen regularly abstracted and
published in cach issue of Physics Abstracts. This
indicates that, for various rcasons, the papers
published in Indian periodicals are not abstracted
promptly and expeditiously, and there is considerable
lag between the publication of papers and their
noticing by the abstracting periodicals.  The reasons
for the delay in the abstracting of Indian physics
literature need to be examined.

Analysing the report, Rajagopalan and Sent have
pointed out that the number of papers in the field of
physics published in Indian periodicals during 1961

*The  Journal Literature of Physics — A comprehensive
study based on Physics Abstracts (Science Abstracts, Seetion ),
1961 Issuces by Stella Keenan & Pauline Athcrton (American
Institute of Physics, New York), 1964.

T, §. Rajagopalan & B. K. Sen, Ann. Lib. Sci. Doc., 11
(1964), 87.

was 502 and of these only 352 have been abstracted;
the former figure has been arrived at taking into
consideration a few more periodicals not covered by
Physics Abstracts.  The low percentage (70) of papers
abstracted has been attributed to the fact that
not all journals containing papers relating to physics
have been covered. This omission may also be due
to the fact that only a few Indian journals are
exclusively devoted to physics.

Examining the position in 1964, Rajagopalan and
Sen have reported that, in addition to 18 journals
covered by Physics Abstracts in 1961, 23 other
journals containing about 70 papers in the field of
physics are not covered. According to the Biblio-
graphy of Scientific Publications of South and South
East Asia, the total number of articles in physics
published in Indian periodicals during 1964 was 648
(including 162 articles in physical chemistry). The
publication of Indian Science Abstracts should enable
abstracting services elsewhere to make their coverage
of Indian physics literature exhaustive.

It is of interest to note that the Indian Journal of
Pure & Applied Plysics, which replaced the physics
part of the Journal of Scientific & Industrial Research :
Section A — Physical Sciences in 1963, published
141 papers in 1964 (as compared to 84 and 87 papers
published in the Proceedings of the Indian Academy
of Sciences: Section A and the Indian Journal of
Physics respectively) and the abstracting of the
papers published in Physics Absiracts was 100 per cent
up to Volume 2, No. 9 of the journal. Also, the
abstracts appeared regularly in each issue of the
Physics Abstracts and the time taken for the appear-
ance of the abstracts was 4-5 months,

Speedy abstracting — an important requirement
in the dissemination of scientific information — could
be facilitated in many ways, apart from the regularity
in the publication of periodicals. Many periodicals
do not carry abstracts of papers published. By
providing satisfactory and acceptable abstracts,
prepared according to the specifications laid down
by the International Council of Scientific Unions’
Abstracting Board, it is possible to cut down the time
taken for the abstracts to appear in abstracting
periodicals.  Adequate care should also be taken
to sce that carefully edited and author approved
abstracts are published with each article. Publication
of abstracts in two or more languages other than
English would also be helpful.

The speedy abstracting of papers published in the
Indian Journal of Pure & Applied Physics is largely
due to (i) preparation of satisfactory abstracts
enabling abstractiry periodicals to use them as such
or with very slight modification, and (ii) the Advance
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Contents and Absiracts Service [see this journal, 19A
(1960), 144] initiated by the Publications & Informa-
tion Directorate in 1960 covering all the research
periodicals published by it. Under this service,
about 100 abstracting periodicals in different countries
are supplied, by air mail, contents pages and abstracts

of papers published in a particular issue of a journal
6-8 weeks in advance of the publication of the
journal. This service has ensured quick and world-
wide dissemination of scientific information published
in the periodicals brought out by the Publications &
Information Directorate.

Sir Edward V. Appleton: 1892-1965

Sir Edward V. Appleton, pioneer in radio science
and discoverer of the ionosphere, died on 21 April
1965 at the age of 72 leaving a vacuum unlikely to be
filled in the near future. Born in 1892 in Bradford,
England, he was a pupil of both Sir J. J. Thomson
and Lord Rutherford at the University of Cambridge
in which he took up research and teaching after
World War I. Later he moved to the London Uni-
versity where he earned his D.Sc. degree, and became
the Wheatstone Professor of Physics. In 1936, he
returned to the Cambridge University to become the
Jacksonian Professor of Natural Philosophy. During
World War IT he joined the British Government as
Secretary of the Department of Science and Industrial
Research, a post he occupied till 1947. He was
made KCB in 1941 and GBE in 1946. Hec was
awarded the Nobel Prize for Physics in 1947. In
1949, he joined the University of Edinburgh as its
Principal and Vice-Chancellor and he remained there
till his death.

The history of ionospheric research is inextricably
linked with the name of Sir Edward. In 1927, he
and Barnett obtained the first direct evidence for the
existence of an ionized layer in the upper atmosphere
(which he later called ‘ E-layer’) by comparing the
intensities of fading of radio signals reccived simul-
taneously on a loop and a vertical aerial. Soon
afterwards he presented his famous paper entitled
‘The existence of more than one ionized layer
in the upper atmosphere’, in which he produced
evidence for a higher layer (which he called F-layer)
and a lower layer (D-layer). Thus evolved the
nomenclature of the ionospheric layers. In 1932, he
presented the now famous magneto-ionic theory
which quantitatively describes the conditions guiding
the propagation of radio waves through the iono-
sphere. During World War II he and Beynon
developed simple and easily applied expressions for
transmission of radio waves at oblique incidence, and
laid the ground work for the application of ionospheric
data to radio communication problems.

In an epoch-making work in 1947, he showed that
the electron density of the F-region has a symmetrical
variation with geomagnetic latitude (and not with
geographic latitude), with an unsuspected trough
of low values near the magnetic equator, showing
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unmistakably the profound control of the earth’s
magnetic field in the upper regions of the ionosphere.
The discovery of the equatorial trough, and the sub-
sequent discovery of the swinging of the equatorial
belt from a trough at noon to a crest at night, again
by Appleton, showed the anomalous nature of the
equatorial ionosphere and prompted Appleton to urge
time and again the need for extensive ionospheric
work at the equator, which was, and is, still in-
adequate. With Roy Piggotts, he initiated, while
still at DSIR, work on ionospheric absorption, which
continued for more than a solar cycle. Again in
collaboration with Piggotts, he carried out onc of
the most extensive studies on the morphology of
ionospheric storms.

At the Edinburgh University, which he joined in
1949, his interest in ionospheric work continued,
although it now became predominantly theoretical.
With Lyon, he showed that the apparently well-
behaved E-region of the ionosphere has small but
unmistakable anomalics, which could be separated.
With a very simple modification of the generally used
‘ equilibrium * equation, he showed how any height
variation of the loss coefficient, vertical drift velocity
or temperature can distort the E-region.

It is appropriate to record here that when Prof.
S. K. Mitra started his Tonospheric Laboratory in
Calcutta, at that time the only one in Asia, Sir Edward
was one of its most ardent supporters. When,
during World War II, the Ionospheric Station was
closed down for security rcasons, Appleton’s own
intervention was responsible for persuading the
Allied Services Authoritics to rcopen the station.
His interest in the increasingly vigorous ionospheric
research schools in India remained unabated.

Sir Edward was awarded many honours, and was
intimately associated with all major international
radio organizations. He was the President of the
International Scientific Radio Union (URSI) from
1934 to 1952 and was instrumental in shaping the
course of the IGY ionospheric programme.

Sir Edward was a legendary figure in iono-
spheric research.  The crucial part he played in the
creation of modern radio science will not be easily
forgotten.

A. P. Mitra



Evaluation of Research Projects & Personnel

AQUEIL AHMAD
Survey & Planning of Scientific Research Unit, Council of Scientific & Industrial Research, New Delhi

OR successful implementation of research pro-
F jects in the sense that outcomes correspond

with the objectives with minimum wastage of
time, money and manpower, it is necessary to have
the projects evaluated periodically®. This evalua-
tion should include both (1) programme evaluation,
and (2) evaluation of personnel working in the
project. The major purpose of programme evalua-
tion is to check planning efficiency and progress
of work, while evaluation of personnel determines
whether each scientist attains maximum producti-
vity. Programmes can be evaluated by checking
outcomes and their utilization against reasons for
selecting projects, project objectives and expendi-
ture of time, money and manpower. Personnel
evaluation, on the other hand, requires evaluation
of an individual scientist’s useful contribution to the
project. Neither adequate quantitative measures
of programme efficiency or individual contribu-
tion to research are, however, available; nor are
there any statistical standards against which the
two can always be evaluated. In most cases at
present, the evaluation of programme efficiency
and individual contribution both turn out to be
qualitative assessments of the adequacy of pro-
grammes and personnel by experts in supervisory
capacities?2. The intention here, however, is neither
to work out quantitative measures nor to evolve
standards of programme efficiency or individual
contribution, but to suggest some objective criteria
through which programmes and personnel could
be evaluated for: (1) efficiency in selection, execu-
tion and utilization of research?, and (2) usefulness
(on the basis of total contribution) of research
workers in their projects.

Programme Evaluation

Programmes can be evaluated in terms of the
following matchings:

Reasons for selecting the project: Juslifications
Jor those reasons — Reasons for which a project is
selected are viewed here as different than the objec-
tives of the project. Projects may be selected for
various scientific or (as in most cases) extra-scientific
reasons quite independent of project objectives. Such
reasons may include prestige value of a project, its
grant-getting potential, fillip to one’s career through
research, economic motives, etc. (extra-scientific);
or, in a relatively few cases, researchers’ interest in
research for the sake of research itself, or a genuine
need to gain certain types of knowledge without
which an existing research would not progress
further. After working on a project for some time,
the selector should be able to judge whether its
selection for a particular reason was justified. In
this kind of evaluation, the original reasons for
selection can be used as a standard against which
the merits of selection can be judged. For example,
an industrial concern with dwindling profits may

sponsor a research with the intention of improving
the quality of its goods or developing newer ones
for market exploitation. After intensive research,
a new product may be developed and put on the
market but may not necessarily increase company
sales; or, possibly, it might become evident, even
before the product reaches the market, that some-
one else has already developed a better and/or
cheaper one. Evaluation against initial reasons
for selection can thus help the selector keep the
broad purposes of research in view and drop out
projects that have lost their utility.

Objectives: Outcomes and their utilization — Out-
comes and their utilization should be evaluated
in the light of the objectives that were set forth
in the beginning of a project. A project may
be selected with the objective, for instance, of
developing the prototype of a machine to be used
for a specific purpose. In a case of this sort,
matching outcome against objectives is a fairly
simple job that can be performed at every stage
provided the stages are earmarked in the plan.
Variations of objectives at every stage and their
consequences on the project as a whole can also
be studied. In many cases, however, the objec-
tives may not be as specific as the development
of a prototype. Some projects are carried out with
rather vague objectives, such as the likely use-
fulness of results in a particular branch of industry,
agriculture or medicine, and the researcher may
not be sure for a long time whether the findings
can actually be utilized in practice. But if the
outcomes match the objectives to the extent that
the researcher achieves success in carrying out
the basic intentions of the research, for instance,
testing of a hypothesis, his project would be evalu-
ated as successfully completed. Here again the
objectives themselves offer a rough standard against
which outcomes can be evaluated.

Most often a research outcome is considered
well utilized if it finds application in some field of
activity, but such application may not always be
possible. Besides practical application, other ways
in which research outcomes can be utilized include
their dissemination through publications, reports,
lectures, etc., or their use in other researches in
the same field or other fields of science. In evaluat-
ing the degree and type of utilization of research
outcomes, information will be needed on such points
as: (1) nature of outcomes, ie. discovery of a
method, process or relationship, (2) patents secured,
(3) name of the user and the actual field or activity
where utilized, (4) titles of publications, reports,
lectures, etc., related to the research undertaken.
This information when matched with plans and
objectives will reveal the degree of correspondence
between utilization as it was envisaged and actual
utilization. It will be interesting to note that in
some cases findings cannot be utilized for various
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reasons, while in others, utilization is effected in a
way that was neither planned nor expected.

Time targets: Quicomes — Time targets for com-
pleting parts or whole of a research programme
are fixed in the planning stage to show that a cer-
tain amount of work is intended to be completed
during a specific period. While evaluating research
programmes it is necessary to check, firstly, if
such time targets were fixed, and secondly, the
extent to which these targets were maintained
without substantially altering the original plan.
In this connection, the following alternatives are
possible: (1) all the stages of the project, like
designing, pilot study, data collection, report-
ing, etc., were time scheduled and the schedule
was maintained all through; (2) all or a few of
the stages were time scheduled and the schedule
was maintained for some of these stages; (3) all
or a few of the stages were time scheduled but the
schedule could not be maintained at all; (4) a
time target was fixed for one stage only, such as
pilot plant, and the target was maintained;
(5) time target was fixed for one stage only but this
target could not be maintained; and (6) no time
targets were fixed for completion of the whole or
any part of the project.

Non-fixation of time targets may be due to:
uncertain nature of rescarch, uncertainties regard-
ing resources, or lack of planning, while inability
to keep a set schedule will indicate poor planning,
lack of organization, and/or material difficulties
involved in carrying out the work. In any case
(whether or not time targets were set or kept) the
amount of work produced, including experiments,
publications, patents, etc., and the time spent
thereon must be noted. Time taken over and above
the scheduled time targets and researchers’ reason(s)
for such delay must also be recorded. It has to be
emphasized, however, that time targets for complet-
ing a certain amount of work are entirely arbi-
trary and hence they cannot serve as standards
for judging if a project could accomplish as much
as it should have during a specific time period.
Time targets are fixed on the basis of experience
through which a researcher learns, only roughly,
how much work should be expected during a
certain span of time. This * how much’ may vary
a great deal for different types of researches, but
still it is useful to have projects time scheduled in
order to have a yardstick by which progress over
time can be measured.

Expenditure of money and manpower: Quicomes —
Evaluation here will depend on two things:
(1) estimation of what is achieved at what cost,
and (2) estimation of the extent to which cost corre-
sponds with the budget. For the first, cost on
equipment, salaries, maintenance, etc., for a parti-
cular period should be matched with the quantity
of outcomes (number of patents, papers, reports,
etc.) during that period. For the second, the
amount of money allotted and the amount spent,
or expected to be spent, on various phases of re-
search during a specified period of time will be
noted down. Variations, if any, between money
allotted and actual expenditure along with causes
of these variations should also be recorded. Such

330

variations may be due to expansion or narrowing of
a project’s scope, lack of perspective in planning or
rise in cost of equipment and services. In any case,
evaluation of research programmes against alloca-
tion of money and its expenditure will be useful in
improving financial aspects of research planning.

Variations in expenditure of manpower, like those
in money, may also depend on how well these re-
sources are utilized. Information relating to the
number of persons working in a project and the
number of man hours devoted by each every day
for project work will be collected.  This informa-
tion when reflected against the quantity of work
(number of patents, papers produced, experiments
performed, ctc.) during a specific period of time
1s a sound criterion for matching outcomes against
expenditure of manpower in a particular project.
It should, however, be noted again that like time
targets, allocation of moncy and manpower to a
project depends on rough approximations based
on cxperience; there are no set standards in re-
search to decide how much of these should be
spent on a particular type of project. Evaluation
of research programmes in terms of allocation of
money and manpower, and its expenditure result-
ing in certain outcomes will, therefore, simply
indicate how well the financial aspects of a research
programme were planned and managed, rather
than serve as a guideline on resource requirements
and allocation. Such guidelines or standards can
perhaps be evolved, though roughly, through com-
paring allocation and expenditure of money and
manpower in research projects of similar objectives
and similar magnitude (if such a similarity can at
all be determined).

Evaluation of Personnel

Proper utilization of available human resources
in research is a matter of paramount importance.
Proper utilization here means an individual scien-
tist’s maximum usefulness in the rescarch work he
is engaged in. In order to check how well a scien-
tist is performing his role as a member of a research
team, it is necessary that his efforts be periodically
evaluated.  As objective criteria for such evaluation
arc lacking, it is suggested that a serious attempt
be made towards this end.

Most often an individual scientist’s usefulness
in research is quantitatively measured by the
number of his publications. Though a genuine
indicator of onc’s research productivity, an evalua-
tion based solely on the number of publications
may sometimes be quite misleading because: (1) in
many types of researches quick publication of results
is not possible, and (2) such an evaluation leaves
quality of work unaccounted for. The distinction
between quantity of work and its quality may hold
true not only for publications but for all kinds of
scientific effort and should always be kept in mind
while evaluating the work of a scientist. Hard
working people are usually more productive, but
hard work may not always produce good results.

Productivity (quantity of work) in research can
be evaluated in more definite terms than its quality.
For instance, number of papers or reports written
or published, lectures delivered, seminars attended,
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patents taken out, experiments performed, etc.—
all this activity performed by a scientist in connec-
tion with a particular project compared with his
qualifications and training, duration of association
with a project, and man hours of work regularly
deveted to research — will provide a fairly valid
index of his productivity in a particular capacity
in a project*. To evaluate the quality of one’s
work, however, a thorough analysis of the content
of the work is needed. Work of a good quality can
be identified in a number of ways, although
exact measurement of "quality is a rather difficult
matter. One indicator of quality is creativity or
originality of the work concerned. A careful
analysis of any secientific work and its compa-
rison with works of similar nature can always
reveal whether it purports to the discovery or
invention of a method, process or product; whether
the work generates a new theory, a new hypothesis,
or corroborates an old one in a new way; and the
like. Identifying a hitherto unnoticed problem and
presenting it in a workable form also shows an
element of creativity. A research supervisor may
encounter countless instances of such creative
thinking in reports and notes which never reach
the publication stage. Besides these, creativity
may also be indicated in several other situations,
such as planning of research and its day-to-day
execution. It is often quite difficult to detect, as
well as evaluate, an individual’s creative ability in
these circumstances, specially when the individual
is a member of a large team engaged in a similar
type of activity. Keen judgement of supervisors and
colleagues is the only instrument for recording, and
their honest assessment the only way of evaluating
creativity in such diffuse forms as mentioned here.
Psychologists have often tried to associate creati-
vity with such traits of personality as initiative,
dominance, self-sufficiency, enthusiasm, adventurous-
ness, etc.; motivational drives to read and write
more; biographical variables such as better grades
in undergraduate and graduate work; and general
factors like lack of 'preference for any particular
religion, few or no commitments to community
affairs and lack of interest in combining research
with non-research activities such as teaching and
administrationt. Although the evaluation of the
creative value of a scientific work would be quite
independent of the fact that a scientist possesses
these attributes or not, a knowledge about this may
greatly enhance the value of personnel evaluation
in research. For instance, inability to produce
creative work by a scientist who, as we may know,
possesses these attributes, might be related to a
serious placement difficulty. To quote Gibson?,
“ The secret of the efficient use of manpower either

*Technical papers and patents are quite often used as
measures of productivity in research [cf. Van Zelst, R. H. &
Kerr, W. A., J. abnorm. Soc. Psychol., 46 (1951), 470;
and Shockley, W., Proc. Inst. Radio Emgrs, (1957), 279].
In my opinion, however, a periodic evaluation of an in-
dividual’s productivity in group research should include,
besides technical papers, patents, etc., the whole gamut of
academic activities performed in connection with a particular
research; because in many types of researches quick results
in the form of papers and patents are not possible.

on laboratory scale or on nationwide basis lies in
assigning to each mind a job suited to its attri-
butes...” A creative mind requires creative work;
but a thorough analysis of staff structures in re-
search projects would reveal that scientists are
sometimes misplaced in this respect. Misplacement
may be due to wrong selection or hasty allocation
of work without giving due consideration to match-
ing human abilities to the technical requirements
of a particular job. Misplacement of a scientist in
most cases is probably not due to wrong selection
but to hasty decisions regarding allocation of work
among team members. In either case, a periodic
evaluation of personnel in research teams .may
reveal the mistake and a little reshuffling would
surely enhance the usefulness of each worker and,
consequently, the efficiency of the team as a whole.

Evaluation of the quality of scientific work,
being a delicate problem, should be based on care-
ful considerations. Quality credit, for instance, is
not to be reserved only for originality — complete
originality in scientific work is rare and only a few
geniuses in every age can be classified as truly original.
In many instances a scientific work is valuable
simply for its utility in an academic and/or practical
activity. Trend studies of all types based on
simple statistics are not works of creative value
but they are very useful in predicting and planning
the future.

The discussion so far on the qualitative evaluation
of a scientific work has left the impression that
such evaluation greatly depends upon the opinion
of other competent persons in the field. In the
case of unpublished work, such as departmental
reports, monographs, research proposals, etc., the
audience is limited to a few colleagues who may
rate each others’ work formally or informally;
while a published work has an unlimited audience
and the opinion of all those who have read it cannot
be accounted for. A research supervisor in such
cases can base his evaluation on a ‘ citation count’
of the work as well as on the opinion of his im-
mediate colleagues, although the “ citation count
evaluation of the research impact of a paper can be
measured years after its publication . . . "t.
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Chemistry of Natural Products*

NDIA possesses rich and extensive forest re-
I sources with varied types of vegetation, viz.

dry deciduous, moist deciduous, moist evergreen,
subtropical, temperate and Alpine. A survey of
Indian flora which may be classified as medicinal,
poisonous and aromatic plants has shown that
India possesses nearly 20,000 botanical species, of
which only a few hundreds (nearly 600 species)
have been examined. India’s vegetable Materia
medica offers, therefore, a vast field of study and all
that has been done to date can be considered to
have touched only the fringes of this vast and
complex problem. But the work done so far in this
field has brought out the merits of various Indian
herbs which have secured an important place in
world medicine.

In recent years the increasing strains and stresses
of modern life, faster and more dangerous means of
locomotion, stiffer competition for professional oppor-
tunities and the uncertainties of the community in a
socially unsettled world have raised the number of
psychosomatic and mental disorders and their atten-
dant physiological consequences to unexpected levels.
Sedatives and hypnotics are standard aids in over-
coming excited mental states, particularly the
tranquillizers can control such mental derangements
including schizophrenia. So I felt interested in the
chemical examination of the medicinal herbs in order
to search for drugs which might have therapeutic
efficacies in psychoneurotic and other behavioural
disorders, as also in epilepsy which may also be a
neuropsychiatric problem. Plants reputed to cure
such mental ill health as mentioned in Ayurveda
were selected for chemical investigation and also
other plants of the same botanical families or their
biogenetically related families were examined chemi-
cally. In this connection one hundred plant species of
sixteen botanical families— Apocynaceae, Buxaceae,
Loganiaceae, Rutaceae, Euphorbiaceae, Piperaceae,
Compositae, Leguminosae, Meliaceae, Menisperma-
ceae, Acanthaceae, Dilleniaceae, Magnoliaceae,
Ebenaceae, Umbelliferae and Marsileaceae — were
examined. More than thirty new alkaloids, ten
coumarins besides several triterpenoids, furanoid
bitter principles and carotenes, the precursor of
vitamins, have been isolated. The work on some
of these plants has been extremely interesting.
Mention may be made about Rawuwolfia, Alstonia,
Rhazya, Kopsia and Chonemorpha (Apocynaceae);
Securinega and Trewia (Euphorbiaceae); Citrus,
Luvanga, Zanthoxylum and Aegle marmelos (Ruta-
ceae); Angelica and Prangos (Umbelliferae); Inula
(Compositae); Calycotome and Cassia (Leguminosae);
Tinospora (Menispermaceae); Swiectenia (Meliaceae);
and Marsilea (Marsileaceae).

Research in the field of Indian medicinal plants
in our laboratory has been pursued in the following

*A dissertation by Dr (Mrs) Asima Chatterjee, Khaira
Professor of Chemistry, Calcutta University, Calcutta, on the
occasion of the presentation of the Shanti Swarup Bhatnagar
Memorial Award in Chemistry for the year 1961 at the
National Physical Laboratory, New Delhi, 14 January 1965.
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directions. (1) Alkaloids belonging to the series:
(a) indole alkaloids (i) monomeric and (ii) dimeric;
(b) indoloquinazoline alkaloids; (c) quinoline alka-
loids; (d) isoquinoline alkaloids; (e) pyridine
alkaloids; (f) diterpene alkaloids; and (g) steroid
alkaloids. (2) Polyphenolic compounds: (a) couma-
rins and (b) dianthraquinones. (3) Furanoid bitter
principles. (4) Macrocyclic ketone. Besides, attention
has also been given towards studying the mechanism
of the following organic reactions: (a) mechanism
of hydramine fission; (b) studies on the Claisen
rearrangement; and (c) stereochemical correlations
in nitrogen heterocycles. Last but not the least
is the work in the field of analytical chemistry in
which successful application of periodic acid as a
suitable reagent for the detection and quantitative
estimation of isolated double bond deserves mention.
Periodic acid has also been found to be a selective
reagent for the stereospecific synthesis of frans
glycols.

ALKALOIDS

Indole Alkaloids

More than thirty indole alkaloids have been
isolated from various species of the genus (i) Rauwolfia,
(i) Alstonia, (iii) Rhazya, (iv) Vinca and (v) Kopsia,
all belonging to the family Apocynaceae and
their chemistry and biological activities have been
studied.

Nine Rauwolfia species were thoroughly screened
and as a result reserpine and a number of new
indole alkaloids were isolated. All these bases were
shown to possess hypotensive and mild sedative
action. Of the Alstonta alkaloids, echitamine
possesses antimalarial and antidysenteric properties
and the dimeric indole alkaloid, villalstonine, makes
the irregular heart pulsation regular. Chemothera-
peutic potentialities of kopsine (from Kopsia arborea)
and rhazine and its congeners (from Rhazya stricta)
are being revealed. The alkaloids which were
isolated for the first time and whose constitution
was eventually established were rauwolscine (I),
rauwolfinine (II), sarpagine (III) from Rauwolfia
species, alstovenine (IV), venoxidine (V) {rom
Alstonia venenata, kopsine (VI) from Kopsia and
rhazine (VII), rhazinine (VIII) and rhazidine (IX)
from Rhazya species. Besides, various other indole
alkaloids, viz. echitamine, echitamidine, macral-
stonine, macralstonidine, villalstonine, venenatine,
nerifoline, etc., were isolated and their chemistry
was elaborated.

Classical as well as modern chemical approaches
(application of physical tools, e.g. ultraviolet, infra-
red, nuclear magnetic resonance spectroscopy and
mass spectrometry) were made in establishing the
structure and stereochemistry of various natural
products studied.

Echitamine (X) was shown to possess the pyrroli-
dino-indoline (ABC) moiety which was confirmed
by X-ray study. Incidentally, it needs mention
that the presence of such a moiety in the family
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Apocynaccae was observed for the first time by
us. Echitamidine, a congener alkaloid of echit-
amine, was assigned an akuammicine type of struc-
ture on the basis of physical and chemical evidence
and from biogenetic considerations.

iH 20H

Echitamine

With the physical and chemical data at hand
the dimeric indole alkaloids, macralstonidine and
villalstonine, are supposed to contain {-carboline
nucleus of the sarpagine and pleiocarpamine types
as the units in their molecules.

The structure clucidation of the Rhazya alkaloids
and of the alkaloids, kopsine, alstovenine and
venoxidine, has been possible very recently and a
short account of their chemistry is discussed below.

Rhazine — The alkaloid rhazine, CyHyyN,05, was
shown to be a tetrahydro-3-carboline derivative from
ultraviolet and infrared spectral measurements as
also from degradative reactions. Functional group
analyses coupled with NMR spectral measurements
permitted recognition of (i) four aromatic protons
(2'5 7), (i) an indole-NH (2:0 =), (iii) an ethylidene
function (methyl doublet at 8-8-2 7 and methine

quartet centred round 40 1), (iv) a primary
hydroxyl group and (v) a carbomethoxyl function.
Based on these data and from biogenetic considera-
tion a 16-carbomethoxy-10-deoxy sarpagine structure
(VII) for rhazine was proposed which was eventually
settled by its conversion to deoxysarpagine (XI).

CHaOH CH,OH

¢ ‘ e8®
U U 1) K-tert. butoxige H
‘ 2) CAW reduction H "
X
It X1

Rhazine Deoxysarpagine

Rhazidine — From chemical and various spectral
measurements, the alkaloid rhazidine, C;3H,N,0,
was shown to have a 3-hydroxyindolenine structure.
The strong peaks at m/e M-17 and at M-29 in the
mass spectrum of rhazidine suggested the presence
of a tertiary hydroxyl and a C-ethyl function in its
molecule, the presence of the latter was also dis-
cernible in its NMR spectrum.

Isolation of 3,5-diethylpyridine from the Zn-dust
distillation product of rhazidine suggested an aspido-
spermine like skeletal pattern which was sub-
sequently confirmed by conversion of rhazidine to
quebrachamine (XII) by sodium borohydride reduc-
tion. On the basis of these results rhazidine is
represented by the structure (IX). The f-hydroxy-
indolenine structure (IX) for rhazidine has been
finally confirmed by its reduction with lithium
aluminium deuteride to monodeutero quebrach-
amine and also by the conversion of quebrachamine
(XII) on oxidation with peracetic acid to rhazi-

dine.
c%

Rhazidine

NGB"4

cn_.,co H 1
H

X

Quebrachamine

Rhazinine — The structure elucidation of the
alkaloid rhazinine (VIII), a novel pattern of indole
alkaloid representing a linearly fused indolo-lupine
system, has been possible by the combination of
classical degradative methods and utilization of
modern physical tools.

Kopsine — The alkaloid kopsine, Cy3H,,N,0,, from
ultraviolet, infrared and NMR spectral measurements
was shown to have an N-carbomethoxy dihydro-
indole chromophore (XIII), a five-membered ring

L

N
CoocH;
X
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ketone and a tertiary hydroxyl group. Relevant
oxidation and reduction experiments revealed that
the carbonyl function and the hydroxyl group in
kopsine occur as an a-ketol

WM o I

(14)
system. Isolation of 3,5-diethylpyridine as one of
the products on Zn-dust distillation of kopsine
suggested an aspidospermine type of skeleton for
kopsine which was eventually settled from mass
spectral analysis of the base. A detailed study of
the mass spectral fragments of kopsine and a
number of its derivatives permitted a heptacyclic
structure (VI) assignment for this compound. The
mechanistic pathway for the genesis of some

important fragments out of the molecule of kopsine
is given in Chart 1.

1

OCH3

(M¥) m[e 380
KO(PVSIIl)IE Loss OF CHp=CH2

CHART 1 FRacuent
Alstovenine — Alstovenine, CyH,pgN,Oy,  isolated

from Alstonia venenata R. Br., was recognized as
a 5-methoxytetrahydro-3-carboline derivative from
various spectral measurements. Isolation of yobyrine
and 5-methoxy yobyrine by selenium dehydrogenation
of the base settled a 9-methoxy yohimbane skeleton
for alstovenine. From various degradative and
stereochemical reactions, alstovenine has been shown
to have the formulation (IV).

Venoxidine — Venoxidine, CpyH,pgN,O;, is a water-
soluble alkaloid of the stem bark of Alstonia venenata
R. Br. On catalytic hydrogenation as also on reduc-
tion with Zn/AcOH or FeSO;, venoxidine furnished a
tertiary base, Cy,H,gN,0,, which was identified as
the C-3 epimer of alstovenine, i.e. venenatine (XIV).
Based on this result, venoxidine was assigned the
structure (V) which was confirmed by conversion of
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venenatine (XIV) to venoxidine by H,0,/AcOH
oxidation.

OCH3

H,0,/AcOH

FeSO,

H3C0,C

CH

X1y

venenotine

Venoxidine

Indoloquinazoline Alkaloids

Rhetsinine, rhetsine (= cvodiamine) and rhetine
(= rutaecarpine), isolated from Zanthoxylum rhetsa
DC and Zanthoxylum oxyphvilisn (Rutaceae), were
shown to be indoloquinazoline derivatives by degrada-
tive studies. By a number of degradative reactions
and finally by synthesis the structure of rhetsinine
has been settled as (XV).

A correlation between rhetsine (XVI) and rhetsi-
nine (XV) was also revealed by (i) treating rhetsinine
with NaBH, to get rhetsine and (ii) l)y treating
rhetsine with alkaline permanganate to get rhetsinine.

NoBH,

Alkoline KMnO,

Rhetsinine

Rhetsine

Quinoline Alkaloids

Graveolinine.— The quinoline alkaloid, graveolinine
(XVII), Cy;H ;3NO;,, isolated from Ruta graveclens
Linn. (Rutaceae), was synthesized according to the
sequence of reactions shown in Chart 2.

fo2:(
1) PCI
o NPl
1 ° 2)»«::»4(«:02:n2
M >°"a
O
PIPERONYLIC ANILIDE HEAT
150~ 7oun vacvo)
o

1) SAPONIFICATION

QLo zmronncinon
N > 2) DECARBOXYLATION
" o]

1) PCls + POCIy
2)NoOMe [ MeOH >
xvii

GRAVEOLIMNE

CHART 2

Isoquinoline Alkaloids

As a suitable starting material for the synthesis of
isoquinoline alkaloids, different  #-phenylethanol-
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amines were synthesized by a simplified and novel
procedure which involves an initial condensation
of an aromatic aldehyde with HCN and sub-
sequent LiAlH, reduction of the corresponding
hydroxynitrile to B-phenylethanolamine.  Incident-
ally,* these  B-phenylethanolamines are  very im-
portant from chemotherapeutic viewpoint and have
found use as pressor drugs.

Papaverine — Synthesis of papaverine (XVIII) was
achieved in two steps, starting with 8-hydroxy-8-
(3,4-dimethoxyphenyl)ethylamine (XIX). Attention
was also given towards the synthesis of naturally
occurring alkaloids under * physiological conditions ’.
The synthesis of calycotomine (1-hydroxy-methyl-
6,7-di-methoxyterahydroisoquinoline)  from DOPA
(dihydroxyphenylalanine) may be mentioned in this
connection.

OoH
on  MeO Meo
MeO |
MeO CHycOCt S NH
+ MeO (]
Me O NHy — ¥ 7 \-ome
NoOH (10°/ ) s
XIX £,0, OMe
xylene
'
MeO
9ok
MeO
O oHe
Xvii MeO

Papaverine

Pyridine Alkaloids

Piperlongumine, nudiflorine and allosecurinine are
the three pyridine alkaloids that have recently been
isolated in this laboratory and their structures
completely established.

Piperlongumine — Piperlongumine, CH gNO;, is
an alkaloid of Piper longiwm Linn.  Functional group
analyses and spectral measurements indicated the
presence of three aromatic methoxyl, two olefinic
double bonds and a conjugated amide linkage in
its molecule. Alkali hydrolysis of piperlongumine
furnished 3,4,5-trimethoxycinnamic acid and piper-
longumic acid, C;;H,NO;. Piperlongumic acid on
catalytic reduction furnished a tetrahydroderivative
which from various chemical reactions and spectral
measurements  was  recognized as a  condensation
product of 3-aminovaleric acid and 3,4,5-trimethoxy-
phenyl propionic acid. Isolation of a-piperidone by
alkali hydrolysis of tetrahydropiperlongumine and
succinaldehydic acid by ozonolysis of piperlongumic
acid settled the structure of piperlongumine as (XX).
The correctness of this structure was verified by an
unambiguous synthesis of tetrahydropiperlongumic
acid (Chart 3).

Nudiflorine — Nudiflorine, C;H¢N,0, was isolated
from Trewia nudiflora Linn. The presence of a
2-pyridone nucleus and a nitrile function in its mole-
cule was indicated from ultraviolet and infrared spec-
tral measurements. NMR spectrum of nudiflorine
indicated the presence of an N-methyl and 1,2,4-tri-
substituted aromatic splitting pattern.
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Structural feature of nudiflorine was revealed by
acid hydrolysis of the compound which furnished
1-methyl-2-pyridone-5-carboxylic acid. Based on
these results nudiflorine was assigned the structure
(XXI) which has been finally Iconfirmed by its
synthesis (Chart 4).
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CHART 4

Allosecurinine— Allosecurinine, C;3H;sNO,, an alka-
loid isolated from the roots of Securinega suffruticosa
(Pall) Rehd, has been found to possess strychninoid
activity. From a careful analysis of the various
spectral data of allosecurinine and of its derivatives
coupled with the experimental results of the de-
gradative reactions, allosecurinine has been shown
to be a diastereoisomer of securinine (XXII) and
it has the configuration (XXIII).

XX

Allosecurinine

AXII

Securinine

Diterpene Alkaloids

From Inula royleana DC (Compositae) two
diterpene alkaloids, royline (= lycoctonine) and
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inuline (= anthranoyllycoctonine), have been iso-
lated. The isolation of these diterpene alkaloids
from a plant of the family Compositae has an
important bearing as it establishes its biogenetic
correlationship with the family Ranunculacecae, a
potent source of such diterpene alkaloids.

Steroid Alkaloids

Chonemorphine — Chonemorphine, CyyHy,N,, is
an alkaloid of Chonemorpha macrophylla G. Don
(Apocynaceae). Isolation of Diel's hydrocarbon by
selenium dehydrogenation of the base indicated its
steroidal nature. Deamination of chonemorphine to
3@-hydroxy-20z-dimethylamino-5a-pregnane (XXIV)
and its subsequent Hofmann degradation to 3p-
hydroxy-5a-pregnane (XXYV) revealed that chone-
morphine is 3@-amino-20a-dimethylamino-5«-preg-
nane (XXVI). The structure proof was also avail-
able from its unambiguous synthesis.
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Chonemorphine

Chonemorphine stands as a promising hormonal
drug and a suitable starting material for the syn-
thesis of progesterone and dihydrocortisone.
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Saracodine —Saracodine, CyqH g N,O, is an alkaloid
of Sarcococca pruniformis. Irom chemical studies,
NMR and mass spectral measurements and lastly by
conversion of saracodine to dimethyl chonemorphine
(XXVII), the structure and stereochemistry of the
alkaloid have been conclusively settled as (XXVIII).
The mass spectral fragmentation pattern of sara-
codine is shown in Chart 5.

Besides the work on these different alkaloids,
studies on the stercochemistry and synthesis of
aegeline, an alkaloid amide, structure clucidation
and synthesis of quinazoline alkaloids, glycosine
and aegelenine (Charts 6 and 7), and isolation and
characterization of liriodenine, an aporphine alka-
loid, also deserve mention.

The structure of glycosine has been confirmed
from NMR studies, deuterium exchange of —NH
and from ultraviolet spectra in acid solution.

POLYPHENOLIC COMPOUNDS

Coumarins

Of a number of coumarins, isolated from different
plant sources in recent years, the following deserve
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mention: (1) marmin, (ii) bergamottin, (iii) xantho-
toxin, (iv) marmesin, (v) oxypeucedanin, (vi) prango-
larin, and (vii) archangelin. It has been shown that
xanthotoxin and imperatorin (also isolated in our
laboratory), occurring in many Umbelliferae and
Rutaceac plants, can restore melanin in melanin-
depleted skin and thus find a very useful application
in the treatment of leucoderma. Bel (degle mar-
melos) and Kakali (Luvanga scandens) fruits are rich
sources of imperatorin and xanthotoxin.

Marmin — Marmin, CyHyOg, m.p. 124-5°, [a)3"
-26-85°( cthyl alcohol), isolated from Aegle marmelos,
has been proved to be an «,3-unsaturated 3-lactone
from its spectral measurements and chemical evi-
dence. .

On acid hydrolysis, marmin yields umbelliferone,
CyHgO,, and a neutral compound, marminol,
C1oH(OH),, which has been identified as 1,5-di-
hydroxy-2,6-dihydrogeraniol  from oxidation re-
actions and conscquently the structure of marmin
has been postulated as 1,5-dihydroxy-2,6-dihydro-
geranyl cther of umbelliferone (XXIX).

CH CH
g
0% O-CH2—CH2—<I: -(CHQ)B- (i‘
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(e}
OH on M3
XX1X
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Bergamoltin — Bergamottin, CyH,,0,, m.p. 60°,
isolated from bergamot oil, is formulated as bergaptol
geranyl ether. Its structure has been confirmed by
an unambiguous synthesis of bergamottin by us
from bergaptol and geranyl chloride.

Prangolarin — Prangolarin, C;4H,,0;, m.p. 104-5°,
7.71;’1“4‘ 20° (chloroform), has been isolated from Pran-
9os pabularia Lindl. Prangolarin on acid cleavage
loses a C; unit (—C;-Hy0) and yields bergaptol
and on chromic acid oxidation it produces acetone.
These degradative experiments together with the
fact that prangolarin is dextrorotatory prove that
it is the optical antipode of oxypeucedanin.

Archangelin — Archangelin, C,,H,,0,, m.p. 132°,
and a number of lactones have been isolated
from Angelica archangelica Linn. Various spectral
measurements suggest the benzofuran structure for
archangelin.  The benzofuran structure has been
confirmed from its degradation to isobergaptol. The
mass fragmentation pattern, NMR data coupled
with the fact that archangelin produces acetone on
chromic acid oxidation and isobergaptol on acid
cleavage suggest structure (XXX) for archangelin.
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Archangelin

BITTER PRINCIPLES

Research in the field of bitter principles and
substituted B-furanolactones has culminated in the
elucidation of the structure of tinosporine (= colum-
bin) from Tinospora cordifolia and swietenine from
Swietenia macrophylla. The functional groups and
the structurec of swietenine proposed along with
their X-ray studies suggested their biogenetic
origin from tetracyclic triterpene of euphol type.

Cassianin and Siameanin

From the trunk bark of Cassia siamea Lam.
three new pigments, cassianin, siameanin and sia-
meadin, have been isolated.

Elemental analysis of cassianin and a number of
its derivatives in combination with its mass spectro-
metric molecular weight determination settled the
molecular formula of cassianin as C4oH,404. Charac-
teristic colour reactions and ultraviolet and visible
spectral analysis revealed that cassianin is a poly-
hydroxy anthraquinone. Of the nine oxygen atoms
present in its molecule, five were recognized as
phenolic hydroxyls from acetylation experiment,
the remaining four occurring as quinone carbonyls
as cvidenced from its reductive acetylation to a
nonaacyl derivative.

These data coupled with the fact that cassianin
on Zn-dust distillation gives 8-methylanthracene as
the only degradation product indicated that cassianin
is a dianthraquinone derivative in which both the
anthraquinone moieties bear a @-methyl group.
This is further supported by other degradation
reactions. Structural feature of cassianin was com-
pletely revealed by its reductive cleavage with
alkaline sodium dithionite (under mild conditions)
to chrysophanol (XXXI) and emodin (XXXII).
Based on this observation and from biogenetic
consideration the structure of cassianin has been
elaborated as (XXXIII). NMR spectral data of
cassianin and its derivatives are consistent with
this formulation. Siameanin, C4oH,30,, likewise was
shown to have the structure (XXXIV) as it could
be cleaved into two molecules of chrysophanol by
treatment with alkaline sodium dithionite.
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Mechanism of Hydramine Fission

Hydramine fission of 8-hydroxyphenylethylamine
and some of its substitution products in the presence
of hydrochloric acid was studied and it was shown
that the nature of the substituents has a profound
influence in steering the course of hydramine fission
of these compounds. It was observed that electron
releasing groups substituted in para and ortho posi-
tions to the ethanolamine moiety favour the forma-
tion of aromatic aldehydes, whereas their meta
orientation leads to the formation of aromatic
ketones which are also produced when the para
or ortho substituent is an electron attracting group.
An interesting observation made in this connection
is that unsubstituted B-phenylethanolamine upon
hydramine fission produces (-phenylnaphthalene.
A mechanism for these reactions was postulated.

Claisen Rearrangement

Claisen migration of ¥,Y-dimethyl allyl cthers of
5-hydroxy-, 6-hydroxy-, 7-hydroxy- and 8-hydroxy-
coumarins was studied and it was observed that
these Y,Y-dimethyl allyloxycoumarins do not under-
go any molecular rearrangement, but instead suffer
degradation to phenolic coumarins and isoprene
under the experimental conditions at which Claisen
rearrangement is performed. As a plausible ex-
planation for this abnormal reaction the following
mechanism has been put forward:

PLIP 9
H2$4) o7 X o
c ) o
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Transition state

Stereochemical Reactions in
Nitrogen Heterocycles

Various stereochemical reactions in rauwolscine-
yohimbine system were performed of which sterco-
specific reduction of rauwolscone and yohimbone
and conversion of yohimbine to ¢-yohimbine deserve
mention.

It was observed that rauwolscone or yohimbone
on reduction with NaBH, or LiAlH, affords only one
epimeric alcohol, viz. alloyohimbol or epiyohimbol.
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Reduction of yohimbone with aluminium isoprop-
oxide, however, produces both yohimbol and epi-
yohimbol. Similar reduction of rauwolscone gives
only one product, i.e. alloyohimbol. A mechanism
for these reactions has been discussed.

Conversion of yohimbine to p-yohimbine has
been achieved by a three-step process which in-
volves modified Oppenauer oxidation of yohimbine
to yohimbinone and its subscequent reduction with
NaBH, to g-yohimbic acid which on methylation
gives f-yohimbine.

Indian Cryptogams

Although we have been studying the chemistry
of higher plants, our attention has also been drawn
to the Indian Cryptogams or flowerless plants,
specially the Indian ferns, a field which remaings
practically unexplored. The work alrcady done
with the Cryptogams, particularly with Penicillium
species, has led to the discovery of many important
antibiotics and others have shown  promise  of
utilization in medicine and in industry. In recent
years several ferns belonging to Marsilea species
have been examined by Chatterjee and coworkers.
M. minuta is found to contain a sedative, anti-
epileptic and anticonvulsant drug, marsilin, whicl
is a macrocyclic ketone. Marsilin is effective in
curing behavioural and psychological disorders and
is shown to be a promising rchabilitation drug.

The chemists are now extremely interested in
studying the biogenetic pathway to the natural
products from plant materials. This investigation
has been possible since the development of isotopic
tracer technique. By feeding the plants with iso-
topic labelled compounds many experiments on
biosynthesis of natural products have been per-
formed. It appears that carbon dioxide inhaled
from the atmosphere by the plants is first converted
into acctate. Then the orderly arrangement of the
acetate units gives rise to isoprenoids and terpenoids,
some of which constitute many important essential
oils. The polyacetate system also produces various
coumarins and bitter principles, whereas  these
accetates with ammonia upon appropriate biosyn-
thetic sequence give rise to alkaloids of innumerable
structures and configurations.

However, the ultimate aim of studying plant
chemistry is not only to divulge the secrets of
nature and to explore her treasures, the drugs and
chemicals of cconomic importance that can be used
for human welfare but also to find out the process
of biological evolution.



Some Aspects of Biochemical Pharmacology of Myocardial Infarction®

CCORDING to Kagan e/ al!', an individual
A most prone to develop coronary heart disease
(CHD) may be described as a mesomorphic,
obese, middle-aged male, with high serum cholesterol,
high blood pressure, low vital capacity and an
abnormal clectrocardiogram.  He ecats too much
of too rich foods, smokes cigarcttes to excess, and
is physically inactive both in occupation and in
recreation.  He is ambitious, aggressive and sub-
ject to frequent deadlines and other emotional
stresses.  The closer an individual comes to fitting
this pattern, the greater should be the efforts of his
physician to alter, where practicable, these charac-
teristics of the patient and of his environment.
Researches  carried out in recent years have
created the basis for an approach to effective
primary prevention by demonstrating that the
abnormalities leading to CHD proneness are
ameanble to correction or control. It is clear now
that hypercholesterolaemia can be reduced in most
persons by dietary means. Hypertension can also
be brought under control in most cases by dieto-
therapy (weight reduction of the obese and salt
restriction) plus the modern drugs, if needed. This
is particularly true when clevated blood pressure
is detected carly, when still moderate in degree
and uncomplicated by renal or other vital organ
damage. Chronic  overeating  (with  consequent
obesity) and heavy cigarette smoking are habit
patterns, often deeply ingrained, but nevertheless
treatable and correctable, albeit not easily.
Diabetes can be controlled by diet and (if needed)
by drugs. Other risk factors — hypothyroidism,
renal damage, physical inactivity — are also amen-
able to effective intervention. Data are available
indicating that cessation of heavy smoking, reduc-
tion of high blood pressure, control of diabetes and
correction of obesity are all associated with signi-
ficant decrease in the risk of developing CHD in
middle age.  There is reason, therefore, for cautious
optimism concerning the possibility of prevention
based on correction of abnormalitics making for
CHD proneness.

Role of Diet

There is increasing body of evidence disputing
the solitary role of dictary lipids in the pathogenesis
of CHD. Yudkin® has shown the association of a
diminished glucose tolerance and atherosclerosis,
and has impressed the concept of high levels of
dietary sucrose in patients with occlusive athero-
sclerotic discase. This is against the earlier views
expressed by a large number of workers showing
the importance of blood lipids, egg yolk, cholesterol,
etc., in the development of the disease. Block3
and Lynen? re-emphasize the role of cholesterol.
A survey of literature reveals that diet through

* A dissertation by Dr R. B. Arora, Professor of Pharmaco-
logy, All-India Institute of Medical Sciences, New Delhi, on the
occasion of the presentation of the Shanti Swarup Bhatnagar
Memorial Award in Medical Sciences for the year 1961 at the
National Physical Laboratory, New Delhi, 14 January 1965.

its polysaturated fat content has been the most
fascinating yet incompletely understood factor in
the proneness to coronary artery disease. Yudkin?
concluded that the relationship between coronary
artery discase and fat intake was more apparent
rather than real. A similar viewpoint has been
extended recently by Shah® that there are other
important factors such as physical inactivity, mental
stress and psvchosocial factor, apart from diet, play-
ing a role in the etiology of CHD. This led Arora
and coworkers to make an attempt in understanding
the role of dietary fats in the genesis of CHD. The
value of Bengal gram C. ariefinum in preventing
the development of atherosclerosis has been investi-
gated. DPigs, aged 4 years, were fed on vanaspati
and cholesterol for 15 months and the results were
compared with those for pigs on normal diet and pigs
on vanaspati plus cholesterol plus 60 per cent Bengal
gram diet. The results showed that cholesterol
level is raised in experimental animals as compared
to control animals. EKG record showed evidence
of acute myocardial infarction in the experimental
animals, but, in contrast, the histological studies
revealed no areas of myocardial infarction except
for slight fatty degeneration at the apex of the
ventricles and also showed no clear evidence of
atheromatous patches. The thoracic aorta showed
areas of sudanophilia which was more marked than
in the case of abdominal aorta. Absence of
atheromatous patches in the animals is suggestive
of the role of Bengal gram which was the main
dietary constituent in these animals. As 4} years is
the average age at which spontaneous atherosclerosis
develops in English pigs, these effects were rather
surprising. Iurther work on the role of diet is in
progress.

Role of Emotions

Another important factor in the genesis of CHD
is the emotional factor®. A significant role has
been ascribed to emotions in the precipitation of
half the cases of acute myocardial infarction. The
validity of this concept has not been established,
although a great body of supportive evidence is
currently accumulating. The fact that there has
been an increasing tendency for the disease to occur
in younger age groups, at least among men, further
supports this concept. Emotional reactions or
mental stress elevate blood fats (non-esterified fatty
acids, lipid mobilizing factor, cholesterol, lipo-
protein) also; they increase the daytime production
of epinephrine and norepinephrine; they increase the
systolic tension time index, i.e. myocardial oxygen
consumption, independent of body oxygen consump-
tion and possibly enhance blood clotting.

This view is gaining ground not only in USA
and Europe but also in Russia. A review of the
Russian research on the role of visceral reflexes in
coronary insufficiency by Simson? emphasizes their
reports on prolonged experimental neuroses on
monkeys produced by conflicting conditioned re-
flexes, some of which developed electrocardiographic
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changes that were identical with those of human
left ventricular ischaemia.

Osler8 described the typical coronary patient as
a ‘keen and ambitious man’, the indicator of
whose engines is always set at  full speed ahead ’.
Dunbar?® and Arlow!® hoth concluded that a clear-
cut personality pattern can be detected in many
individuals with coronary artery disease, charac-
terized among other things, by habitual overdrive
and compulsive drive to success by means of hard
work and self-discipline. Physiological studies of
coronary patients have confirmed this in part.
In this regard, it is also of interest that among 100
patients with myocardial infarction suffered prior
to age 40, most were either holding down two jobs
or working more than 60 hr a week at one job
just prior to their attack'. Russeks emphasized
their personality as being aggressive and ambitious
with an intense physical and emotional drive, a
description much like that which was noted five
decades earlier by Osler. Even as late as
December 1964, the well-known US heart specialist,
Howard B. Sprague of Harvard University, says in
an article titled ‘ Tensions on the heart ’ that com-
paratively high incidence of mortality from CHD
among professional and managerial groups is due to
emotional tension.

If chronic exposure to the forms of socio-economic
stress unique to industrialized societies is a major
pathogenetic factor in the increasing incidence of
clinical coronary disease, several possible mechanisms
might be operative alone or synergistically. First,
the effects of emotional stress on cardiovascular
haemodynamics are profound and there is much
- evidence that organic vascular damage may result
from such effects. This will be perhaps in part due
to endocrine engendered angiotoxic effects where
the resulting vascular damage may predispose or
perhaps in part precede subsequent lipid deposition,
of greatest severity in the presence of elevated
plasma lipid content. A second possible mechanism
implicates the direct effects of emotional stress upon
the plasma lipids. A third possible mechanism by
which the exposure to emotional stress might affect
the coronary arteries is by precipitating thrombotic
occlusion. _

In any case, if atherogenesis is variously a func-
tion of time, haemodynamic factors, intimal damage
and disturbed lipid metabolism, and if myocardial
infarction is in many instances a function of throm-
botic occlusion superimposed on an atherosclerotic
substrate, then it already has been demonstrated
by various data that each of these factors is ad-
versely influenced by exogenously administered adre-
nal hormones. On the other hand, it is well known
that emotional stress stimulates adrenal secretion,
or, in other words, that cerebral cortical perturba-
tion stimulates a self-engendered administration of
endogenously derived adrenal hormones (Fig. 1).

Further, in the presence of emotional tension
there may be the associated factors of diminished
exercise and augmented dietary intake as well as
altered blood flow. These relationships (Fig. 2) on
the basis of which it is suggested that occupational
stress in susceptible individuals, as increasingly
found in middle and upper class males of
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Tig. 2 — Possible pathways by which cortical perturbation
may participate in mechanism of myocardial infarction

industrialized societies, more or less continuously
stimulates such cortical perturbation!.

In considering the hypothalamic-pituitary-adrenal
cortical system as a functional unit, there are several
points of approach which might provide useful
information regarding the response of this system to
stress.  Although there appears little doubt that
an essential chemical mediator is released by
specialized cells in the hypothalamus, the identity
of this chemical substance remains undisclosed.
There is no evidence to date that the nature or
quantity of this substance can be determined from
analysis of readily available body fluids. However,
it is probable that investigations into the nature and
action of ‘necurohumoral® substances may one
day provide an important link in the chain of
events which initiate man’s hormonal response to
stress.

In spite of recent researches, CHD still accounts
for more than half of all the deaths in Britain,
the United States, Australia, New Zealand and many
other countries. According to a survey covering
22 selected countries, conducted by WHO in 1964, the
percentage of deaths through heart discase amounted
to 48 per cent of all deaths, with women having
a lower proportion than men. Efforts to find a
solution have been obstructed for want of an
animal species in which the disease similar to
human could be duplicated, so that data from animal
experiments can be projected to man and drugs
beneficial in animal atherosclerotic coronary disease
would be equally effective in man.
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With this background I would like to put forward
my thesis for solving this riddle. My concept implies
that the endocrine system, specially neurohormones,
related amino acids and the enzymes concerned in
their metabolism, play an important role in athero-
genesis and clinical CHD.

Author’s Thesis

My thesis is that emotional stress plays a major
role in clinical coronary discase!®. Body mechan-
isms or substances released within or administered
exogenously to mammals, which prevent the release
and/or increase the bound form of catecholamine and
related hormones, are likely to produce a salutary
effect in preventing and/or ameliorating myocardial
infarction and clinical coronary artery discase.

In a searching analysis of the problem of coronary
artery discase, Florey, in his Jephcott lecture!® in
1960, declared that it mlght not be going too far to
believe that the same factors were operating to
produce the lesion in the pigs as the one present
in man, and that it may now be possible to elaborate
observations made on man in a more comprehensive
manner on animals. A reappraisal of the feasibility
of using the domestic pig was, therefore, deemed
pertinent.

Among the numerous advantages of the pig are
the uniformly regular coronary artery pattern
and the basic genetic similarity among pigs of the
same strain and a blood lipoprotein pattern similar
to the human. The pig is adaptable to extreme
changes of dict, and, while the vagus plays no part
in the innervation of the coronary arteries in
the dog, it has a pronounced effect in the pig.
Further, angina pc(tom coronary failure and acute
mvocardial infarction in man have been shown to
be closely related to coronary narrowing and occlu-
sion in the pig.

Experimental Study

The present study!®!'8 was, therefore, set out to
examine the possibility of developing the animal
for use in a study of homogencous experimental
myocardial infarction by a two-stage coronary artery
ligation. To our knowledge this is the first time
that successful experimental induction of a delayed
development of ectopic ventricular arrhythmia and
homogeneous experimental myocardial infarction in
the pig has been reported.

When the ligature was tied 26-+3 mm. from the
left auricular margin, the change in rhythm de-
veloped after 2:0-2:5 hr reached a maximum after
6 hr and persisted up to 23 hr. The post-ligation
heart rate rarely exceeded 150-172 per min., about
15 per cent more than the control rate. It was
thus a low frequency tachycardia, and even this
continued only for a briel period (av. 4 hr). The
lack of marked post-occlusion tachycardia in the
pig could be due to the considerable vagal control,
similar to what occurs in surviving human coronary
thrombosis. The changes in the S-T scgment and
T waves in the electrocardiograms usually continued
up to 9-48 hr after ligation.

Free wall and bhundle branch blocks were
frequently met with, showing bigeminal, trigeminal
and other rhythms. The cctopic ventricular low

frequency tachycardia in the domestic pig was
quicker in onset, short-lived in duration and sub-
sided earlier. Although the porcine experimental
arrhythmia is similar to its human counterpart in
the sequence of infarction followed by arrhythmia,
it is multifocal and possesses a rate close to the
sinus rate. TFurther, it is self-limiting and does not
often prove fatal if the occlusion is left unreleased.
No gross changes were seen in the heart for periods
of ligation under 15 min. Maximum changes oc-
curred when the occlusion lasted for 20 min. or more.
The infarcted area was definitely demarcated from
the normal on the tenth day. In the five and six
weeks’ infarcts the scar was remarkably thinned
out and fibrosed. Usually by about the sixth
week, the infarct was replaced by granulation tissue
and finally by a collagenous scar.

Alter this was accomplished, Indian domestic pigs
served as the experimental animals and the cri-
terion for judging the beneficial effect of drugs was
improvement in histopathologv of homogeneous
myocardial infarction produced by two-stage coro-
nary artery ligation according to the technique
mentioned above.

Neurohormonal and enzymatic changes during myo-

cardial infarction in the pig heart, brain and adrenals

were investigated to get an mslght into the mechan-
isms of this process. These included estimations
of catecholamine, 5-hydroxytryptamine, histamine,
acetylcholine and enzymes like monoamine oxidase.
Indirect evidence about the role of other enzymes,
hormones or amino acids involved was obtained by
seeing if administration of monoamine oxidase inhi-
tors, diamine oxidase inhibitors, catechol-O- methyl
transferase inhibitors, decarbowlasc inhibitor, reser-
pine, taurine, bradykinin, aldosterone thrombol\ tic
agents and Rastinon produce any beneﬁclal or harm-
ful effect in experimental my ocardial infarction.

Clinical Studies

The next part of the study!® was biochemical
estimations of neurohormones and corticoids in
patients of myocardial infarction to correlate with
the experimental data, specially those which are
connected with emotional stress.

Arora and coworkers have demonstrated that the
concentration of catecholamines, 5-hydroxytrypt-
amine and  acetylcholine markedly decreases
from the arca of myocardial infarction in pigs over
a period of few days. Russel ef al.® also reported
that the infarcted areas produced by coronary
artery ligation in dogs lose about 75 per cent of
their normal catecholamine within 24 hr. These
studies are also compatible with the observation of
Gazes and associates®, where thev indicated that
plasma catecholamines are increased after acute
myocardial infarction and also in angina pectoris
after exercise. Moreover, Arora ef al. have shown
that urinary 5-hydroxvindoleacetic acid and catechol-
amine were increased in patients of acute myocardial
infarction.

Arora and coworkers have found that the normal
urinary excretion of 5-HIAA in healthy male adult
ranged between 1-87 and 875 mg. (mean 3-82 mg.)
per 24 hr urine and catecholamines ranged between
42:34 and 72-50 pg. (mean 5803 pg.) per 24 hr
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Fig. 3 — 5-Hydroxyindoleacetic acid content in 24 hr urine
of the patients of myocardial infarction
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Fig. 4 — Norepinephrine content in 24 hr urine of the patients
of myocardial infarction

urine. These investigations demonstrate a definite
increase in the urinary excretion of catecholamine
and 5-HTAA in all the patients at different intervals
following infarction (Fig. 3). The maximum in-
crease of catecholamines in urine occurs between
36-and 48 hr after infarction and returns to normal
levels within 72 hr. However, it is after 72 hr of
infarction that the urinary 5-HIAA level begins to
register a rise reaching the peak levels in 120 hr and
returns to normal after 264 hr.

The determination of urinary 5-HIAA and cate-
cholamine levels in patients of myocardial infarction,
which is technically easier to estimate with the
least disturbance of the patient, represents an
additional advance in the laboratory diagnosis of
the condition. Thus demostration of elevated cate-
cholamine levels during the first few days after
acute myocardial infarction and followed by sub-
sequent increase in urine of 5-HIAA in the proper
clinical setting should serve as a highly valuable
indicator of acute myocardial infarction.

During myocardial infarction, which is an emer-
gency mechanism, there will be release of catechol-
amines as an alarm reaction®’. This is a natural
phenomenon which always takes place under condi-
tions of stress and strain. As a consequence, there
will be depletion of catecholamines; probably at
first labile adrenaline and later even bound cate-
cholamines also may be called for action. It
appears from these studies that the sources of these
increased levels of plasma catecholamines are
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probably the myocardial infarcted regions, which
are deprived of their normal constituents of bound
stores of norepinephrine and epinephrine (Fig. 4).

In recent years great deal of attention has been
paid to kinins and their role in biological activity.
It has been suggested that bradykinin is responsible
for reactive hyperacmia. It has been claimed that in
a weakly alkaline region between pH 7-5 and 85
the equilibrium lies with the inactive compound and
a shift towards the acid side pushes the equilibrium
to the side of the free component. But if such
small pH changes would really affect the mechanism
of kinin formation, then several problems can be
explained. For example, acid metabolites such
as lactic acid and carbon dioxide can bring about
in the muscle during ischaemia, activation of kinins.
It might be suggested that during myocardial
ischaemia the acid products of catabolism are re-
sponsible for the activation of kinin from the enzyme
and consequently increase in blood flow as well as
for reactions like pain. Silva® suggested a relation-
ship, still unexplained, between release of bradykinin
and local discharge of catecholamines, as respons-
ible for and expected consequence of its action.
A vicious cycle might be then established, the
increase in capillary permeability would cause
more bradykinin to cross the capillary walls and
more bradykinin would be released (Fig. 5). A
suffusion of bradykinin locally discharged would
dilate the blood vessels and help keep balance of the
calibre of the smaller vessels.  The above data give
some support to the stress hypothesis as an im-
portant ctiological factor of myocardial infarction
and a more than casual relationship of catecholamine
and related hormones with the clinical coronary
artery diseasc.

Epinephrine, in addition to its action on carbo-
hydrate metabolism, produces marked cffects on
fat metabolism. Cahill et al?*  observed that
both epinephrine and norepinephrine increase the
incorporation of labelled glucose into glyceride,
glycerol and increase the release of non-esterified
fatty acids into the medium without affecting frec
fatty acid synthesis from glucose. These authors
conclude that the primary action of catecholamine
is to stimulate lipolysis.

ACTH, like epinephrine, increases lipid mobiliza-
tion from isolated fat bodies. ACTH fails to

LOCAL INJURY ——— RELEASE OF
CATECHOLAMINES

ACTIVATION OF PROTEASES BRADYKININ
IH INTERSTITIAL SPACES
BRACYKININOGEN INCREASED
(Tissue) W CAPILLARY
\ PERMEABILITY

ERADYKININOGEN
(PLasMA) FILTERS OUT

Tig. 5 — Vicious cycle at the site of injury
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stimulate fat mobilization in adipose tissue of
reserpinized animals, although it will do so in the
presence of small amounts of epinephrine. This
suggests that the action of ACTH on fat metabolism
is dependent on the presence of epinephrine (or
norepinephrine).

Role of Cortical Hormones

It has long been recognized that emotional stress
significantly accelerates blood coagulation and there
is reason to believe that this may be mediated not
only by an augmented sccretion of epinephrine
but also possibly by adrenal corticoids. This latter
view is supported by our findings of increased
urinary aldosterone in  patients  of myocardial
infarction®»26,  The value was 2-3 times higher
in acute uncomplicated myocardial infarction when
compared with normal men.  Sodium restricted diet
and controlled posture in normal individuals caused
a rise in the urinary excretion of aldosterone, but
this rise was much less than that observed in myo-
cardial infarction (IFig. 6).

Urinary aldosterone excretion in normal healthy
dogs fed the same diet and later on in the same dogs
with experimental myocardial infarction revealed
similar increase in the absence of liver damage.
Animal experiments  also preclude the  possible
influence of drugs used in myocardial infarction
on the level of urinary excretion of aldosterone.
Therefore, extrapolation of the findings from animal
experiments permits us to hypothesize that increased
urinary excretion of aldosterone is due to myocar-
dial infarction and not due to the associated factors,
viz. diet, drugs and posture. Rise of sodium con-
centration in the infarcted myocardium appears to
have a causal relationship with the aldosterone
induced arrhythmia in myocardial infarction.

Role of Biogenic Amines

Arguing in the same way, Arora and coworkers
have shown?? the beneficial effect of a drug which
raises biogenic amines, viz. nialamide, a hydrazide
MAO inhibitor, in histopathology of experimental
myocardial infarction in the pig.
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Fig. 6 — Mean of the aldosterone excretion in normal, control
and myocardial infarction patients

In our studies, the hearts of the pigs after coronary
ligation were examined at varying intervals from
6 to 30 hr. The carliest detectable pathological
alteration was seen 6 hr after ligation. The heart
muscle showed increased acid staining of the
cytoplasm, vacuolation and changes in the nuclei.

The myocardium showed hyaline changes and
striations were lost. There was evidence of pyk-
nosis, karyorrhexis and karyolysis. Nuclei had

disappeared specially from the cells in the necrosed
areas. Later on, the progressive myocardial in-
farction was present, e.g. leucocytic infiltration
and fragmentation of muscle fibres and bundles.
The nature of histological changes in the niala-
mide pretreated coronary ligated pigs is shown in
Fig. 7.

In the case of other drugs, except glutamic acid-
IH, there was no evidence of improvement in myo-
cardial infarction. The criteria for judging myo-
cardial infarction were oedema, presence of
thrombosis, and the nature and degree of necrosis
of myocardium (acid staining, fatty and hyaline
degencration of muscles, fragmentation of muscle
bundles and leucocytic infiltration). Beneficial
effects seen in arrhythmia, as shown in the
electrocardiogram, and some reduction in the area
of infarction after coronary artery occlusion in the
four-day nialamide pretreated pigs indirectly indi-
cated the presence of interarterial coronary anasto-
moses. However, absence of a definite transfer of
injected material from the right to the left coronary
artery in our experiments absolves functionally
significant interarterial coronary anastomoses as a
possible mechanism for the salutary effect of MAO
inhibitors. The MAO inhibitors are known to cause
coronary dilation in the isolated heart and in the
intact animals. In our series of four-day nialamide
pretreated pigs followed by two-stage coronary
ligation, islands of cardiac tissue capillaries, showing
some evidence of dilation, were observed histologi-
cally, but this finding may not be of great signi-
ficance in the absence of direct evidence of coronary
arterial collateral circulation in roentgenograms of
the pig heart.

OEDEMA CAPILLARY FOCAL
THROMBOSIS NECROSIS
Icor rr'TF (W *'m'
8or
60t
40
20t
0 i

TFig. 7 — Quantitative assessment of the effect of nialamide
and glutamic-TH [Pretreatment on myocardial infarction
in the pig: Quantitative assessment of various characters were
observed from oedema, thrombus in the coronary artery and
histopathological study of the infarcted area 30 hr after
coronary ligation. Vertical-lined columns represent those in
the control untreated; oblique-lined, nialamide treated; and
dotted, glutamic acid-IH treated animals)
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In the light of the above, it may be inferred
that amine oxidase inhibition plays an important
role in exerting beneficial effects in myocardial in-
farction. But this does not appear to be the decisive
or exclusive factor since glutamic acid-IH, which
is a MAO inhibitor nearly equivalent in potency to
nialamide, is only partly effective in myocardial
infarction. It implies the existence of a pharmaco-
logic effect of nialamide in addition to MAO inhibi-
tion which contributes to the ultimate response
elicited.

However, inhibition of cardiac MAO to the extent
of 98-100 per cent appears essential for demonstrable
beneficial effect in histopathology of myocardial
infarction in the pig by an MAO inhibitor like
nialamide. This inhibition is associated with 95,
25 and 133 per cent increase in left ventricular
(cardiac) norcpinephrine, serotonin and adrenaline
respectively. This preferential increase in myo-
cardial catecholamine by a drug which produces
a salutary effect is likely to implicate catecholamines
for the beneficial effect scen in experimental myo-
cardial infarction in the pig.

Studies have been made (unpublished work) on
other types of enzyme inhibitors in experimental
myocardial infarction. A catechol-O-methyl trans-
ferase inhibitor (viz. pyrogallol), decarboxylase in-
hibitor (viz. a-methyldopa) and diamine oxidase
inhibitor (viz. isonicotinic acid hydrazide) were
tried in equimolar dosages to nialamide, but they
did not show any statistically significant salutary
effect.

In ectopic ventricular arrhythmia complicating
myocardial infarction, the observations!® were of a
similar nature. However, when the dosages of some
of these enzyme inhibitors were increased, say 3-7
times, the molar equivalent of nialamide, the
arrhythmia was reverted showing the complexity
of the problem.

The effect of nialamide on ectopic ventricular
arrhythmia appears to be markedly duc to MAO
inhibition and also to its capacity to raise the levels
of catecholamines, although direct pharmacological
effects of these drugs, in view of the similarity of the
fit of the hydrazide to epinephrine which are ex-
plained later, cannot be entirely ruled out. The
experiments in which the animals were pretreated
with reserpine before the production of ectopic
ventricular arrhythmia, resulting from coronary
ligation, for testing the anti-arrhythmic effect of
nialamide, support the view that the accumulation
and/or replenishment of catecholamines in the heart
plays an important role in the beneficial effect. The
action appears to be rather specific, since nialamide
does not revert either ouabain induced ventricular
arrhythmia, aconitine induced auricular arrhythmia
or injury stimulated auricular flutter in dogs.
Further, the salutary anti-arrhythmic effect of these
drugs seems to be unrelated to diamine oxidase
inhibition or increase in blood levels of 5-hydroxy-
tryptamine, dopamine or tyramine. The hydrazide
moiety appears to be a requisite sine qua non for
anti-arrhythmic activity as MO-911 (Pargyline)
demonstrated no beneficial effect unless it was
administered in seven times the molar equivalent
dose of nialamide.
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Catechol-O-methyl transferase inhibition produced
by these drugs appears to play some role since
pyrogallol and iproniazid were equipotent anti-
arrhythmics; however, they were both much in-
ferior to nialamide which implicates a particular
chemical moicty andfor possible anchoring groups
present in this drug as important additional poten-
tiating factors explaining its superiority. Finally,
the significance of accumulation of taurine, cthyl-
amine-2-sulphonic acid during MAO inhibition has
been discussed as a possible mechanism of bene-
ficial effect by MAO inhibitors.

As mentioned carlier, the anti-arrhythmic action
of MAO inhibitors in arrhythmia resulting from
myocardial infarction in dogs can be annulled by
pretreatment  with reserpine.  Further, reserpine
pretreatment increases the mortality in dogs and
pigs when it precedes experimental myocardial
infarction stress more than a casual relationship
between catecholamine depletion and development
of myocardial infarction. It is now established
by extensive hiochemical and  pharmacological
studies that iproniazid and other similar MAO
inhibitors markedly change the metabolism of bio-
logical amines, catecholamines, serotonin and other
amines. As regards the role of MAO inhibitors,
several possibilities exist for explaining their mechan-
ism of action. These are explained below.

Catecholamine Hypothesis

It has been shown by Pletscher and Pellmont2®
that there is a marked rise in norepinephrine content
of the mammalian heart after iproniazid adminis-
tration and that coronary flow is incrcased. In
sharp contrast, Bing found that iproniazid adminis-
tered to dogs produces no alteration in coronary
flow, myocardial usage of oxygen or coronary sinus
oxygen, and catecholamines have an adverse effect
in angina pectoris.  That catecholamines have an
adverse effect in  atherogenesis and  myocardial
infarction has been supported by others.

This need not be an insuperable objection if the
hydrazines inhibit the release of stored epinephrine
or the formation of a harmful metabolic derivative
of the hormone.  The absence of a deleterious effect
despite the increased content of total norepinephrine
in the heart needs no explanation. Brodie and
Shore® report that both 5-HT and catecholamines
arc bound to proteins and thus are protected against
the action of monoamine oxidase system. The
catecholamines are stored in the granules of the cell
and are liberated only during stimulation or under
the influence of reserpine.  Similar conclusions were
also reached by Blaschko and coworkers?.

The action of acetylcholine and 5-hydroxytrypt-
amine can be ascribed to the liberation of catechol-
amine by them. At about the same time that
O-mcthylation was being established as the major
means for the metabolic inactivation of circulating
catecholamine, other evidence accumulated indi-
cating that MAO does play an important role in
the metabolism of endogenous catecholamines.
From these results it may be concluded that the
readily released portion of stored norepinephrine is
enzymatically destroyed by O-methylation, either
in the tissues or after having reached the circulation
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whereas the more firmly bound norepiephrine was
deaminated.  In any case, the primary effect of
MAO inhibitors in incrcasing  catecholamines  in
tissues and in preventing depletion of amines by
reserpine is - blockade of MAO. This is  further
supported by the fact that reserpine releases the
firmly bound portion of norepinephrine.

On the basis of statistically significant  datad!
obtained  from human  and animal  experiments,
Arora and coworkers have concluded that a decerease
of cardiac catecholamine and serotonin to unmeasur-
able levels within a few davs after experimental
mvocardial infarction in the dog and pig, and an
imcrease in the urinary excretion of these amines in
these laboratory animals and in patients of myo-
cardial infarction, point to heart as the probable
source of depletion, specially in the absence of any
<ignificant change in brain, adrenal and intestine
amine levels. Tt s suggested that MAO inhibitors
which preferentially raise cardiac monoamines may
be advocated as a logical approach to therapy in
patients  of  myocardial infarction, and increased
urinary excretion of 5-hydroxyindoleacetic acid and
catecholamine when they oceur together with the
proper clinical setting be viewed with caution as
forerunners of ischacmic heart discase.

Adrenergic fit— In further support of the cate-
cholamines and related amine and stress thesis, 1
may put forward the theory of adrenergic fit to
account for the beneficial effect of drugs which raise
these amines in myocardial infarction.  Iproniazid
competes with norepinephrine at the receptor site
on smooth muscle in the blood vessels.  Also, it
has been shown that iproniazid changes norepine-
phrine  sensitivity  of - the  rabbit - blood  vessels
pretreated  with - MAO inhibitors.  Further  tests
on contractility of the aorta, in response to nore-
pinephrine i vitro, compared with controls showed
that the contraction of the aorta was markedly
depressed iniprontazid treated animals. This could
he an adrenolytic effect. Zeller$? has postulated an
adrenergic blocking  effect for iproniazid  because
of the similarity of the fit of the hydrazide to nore-
pinephrine. Similar fit for nialamide  has  been
postulated by Arora and coworkers (Fig. 8), which
envisages that the effects of release of catechol-
amines during conditions of stress and other condi-
tions are likely to be blocked.  In this connection
the infrared spectrum of nialamide has been studied
for some indications of the possible anchoring groups
present in it

Anchoring group — It is now widely recognized
that the biological activities of a drug are consider-
ably influenced by its physico-chemical  features.
Such features may include the nature of the electrical
characters of different portions of the drug molecule,
livdrogen bonding, if present, and the overall mole-
cular shape.  The contribution of these forces to
the biological activity becomes  particularly  signi-
ficant in the case of drugs which exert their action
by competing with a normal physiological compo-
nent for an enzyme or receptor surface. A most
useful method of gathering information regarding
such subtle physico-chemical features of a molecule
is to study its speetral characteristics.  Ultraviolet
and infrared spectral data of drug molecules offer

Iig. 8 Adrenergic fit of nialamide

valuable mformation which has very often a direct
bearing on the biological activities. From this
point of view the infrared spectrum of nialamide
shows two NH frequencies at 3325 and 3250 em.-1.
The presence of two NH frequencies show that there
are two types of NH groups in the molecule, one of
them being associated (i.e. hydrogen bonded) either
intramolecularly or intermolecularly.  The  peak
with the lower frequency is to be attributed to the
associated  NH frequency and it is more intense
than the other NH frequency. This shows that
two NH groups (which must include at least one of
the amide functions) are involved in some type of
hydrogen bonding.  The higher NH frequency may
be due to the third NH which at any rate is less
bonded than the other two.  From this it may be
inferred  that nialamide probably forms hydrogen
bonds with some suitable surface through some
of its NH groups. In this connection it may be
noted that iproniazid is also known to form hydrogen
bonds and metal chelates (as a consequence of the

former).  However, this cannot be taken as conclu-
sive evidence for any intramolecular hydrogen
bonding.

Platelet clumping, ATP and catecholamine — Much
evidence s available concerning  the atherogenic
cffectiveness  of epinephrine and  norepinephrine
both in animals and man; this effectiveness is
enhanced by thyroid hormone, and, in general,
emotional - sympathetic  over-stimulation may be
assumed to be damaging the arterial walls.

In the adrenal medulla catecholamines are loca-
lized in cells, designated as chromaffin cells (their
property of being brown or black in the presence of
chromate and possessing the sedimentation charac-
teristics of mitochondria; Blaschko ef al%). The
ATP content of adrenal medulla tissue (approx.
5 mg.[g. tissue) is higher than that of any tissue
yet studied and also ATP content per g. protein
of adrenal chromaffin granules is several times
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greater than any intracellular particles examined.
This fact coupled with the fairly constant ratio of
ATP to catecholamine in the granules and the
unusual stability of ATP has led to the conclusion
that ATP may be functioning as the anion in a salt
complex with the amines. At pH 7-4, a 4:1 com-
plex of catecholamines and ATP exists in a variety
of animals®. These suggest that ADP and AMP
may also play some role in this complexing. After
stimulation of the adrenal gland, there is a depletion
of ATP without a proportionate increase in ADP
and AMP in wiwo®®. The spontaneous loss of
catecholamines from adrenal granules is associated
with a proportional loss of ATP un witro.

Virtually, nothing is known about the mechanism
of catecholamine release from tissues other than the
adrenal medulla. The intimate storage mechanism
in granules of catecholamines, ATP and perhaps
other molecules remains a matter for conjecture.
The role of ATP in the release of amines from storage
sites and the metabolic fate of ATP have thus far
escaped solution, as has the mechanism of release
induced either by nerve stimulation or by chemical
agents.

‘When agglutination occurs, the platelets become
closely applied to one another, but the actual physi-
cal nature of their adhesion is unknown. Platelets
are known to contain considerable amounts of
adenosine triphosphate, and it has recently been
shown that adenosine diphosphate causes their
agglutination. These observations have been carried
one stage further and it has been shown that adeno-
sine monophosphate inhibits the agglutinating action
of adenosine diphosphate. Investigations of the
properties of the platelets by biochemical means
correlated with observations in the electron micro-
scope arc proceeding apace, and it is conceivable
that within a few years we shall have a clear
picture of what happens during the interesting pro-
cess of thrombus formation.

However, any attempt to devise an effective block-
ing agent is profoundly handicapped by the fact
that it is not known what unique features of the
platelet surface are responsible for its ‘stickiness’
to surface or in what way ADP or the other possible
aggregating compounds alter the platelet surface
to permit platelet-to-platelet adhesion. Further-
more, the mechanisms thought to be involved in
platelet aggregation are concerned in many other
vital processes. Evidently, it will be difficult to
find a therapeutically active inhibitor, but efforts
in this direction appear worth while. The present
scheme envisages work in this direction.

Possibly, with an effective drug, the damaged
endothelial surface could be rendered benign and
non-attractive to the platelets; in this connection
nialamide has been shown®® in some special circum-
stances to be effective. Arora and coworkers have
confirmed these claims and have shown that a dose
of 5 mg./kg. of nialamide in rabbits increases the
platelet clumping time from 50 to 84 sec. Further,
daily administration of nialamide did not cause
much further rise in the platelet clumping time.
After the withdrawal of the drug, platelet clumping
time reached normal limits in 4 days. The drug
was devoid of any toxicity. Support for this view-
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point was given by Maschouf ef 437 who have shown
that the inhibitory action of nialamide on thrombosis
is presumably achieved by diminishing the platelets’
contribution to this process.

Concluding Remarks

World statistics reveal that CHD is the civilized
man’s greatest cardiovascular problem.  This diseasc
claims the life during the most productive period
of a person’s life — period during which his talents
are mature and can be of use to his family, his
profession and his nation. During the past few
years, intensive analysis of the ctiological factors
has increased our knowledge regarding the patho-
genesis and possible prevention of atherosclerotic
coronary heart dicase.

1 have alrcady (mphas‘iy(‘(l the importance of
primary prevention and it is clear that a check can
be maintained over some of the claimed but not
proved causative and predisposing  factors  like
diabetes, hypercholestrolacmia, hypertension, exces-
sive smoking and overindulgence in very rich food.
I have also shown the relative importance of the
enzyme monoamine oxidase vis-a-vis catechol-
O-methyl transferase, dopa decarboxylase and di-
amine oxidase, and the drugs which inhibit them
with respect to their salutary effect or otherwise in
experimental coronary infarction and the role of
aldosterone in the biochemical pharmacology of
myocardial infarction. Though the modification
of all these factors appears to play a significant
role in the etiology of myocardial (coronary)
infarction, the major causative or predisposing
factor appears to be ncurohormonal, with special
reference to depletion andjor destruction of cardiac
catecholamines and related neurohormones released
due to mental stress, which in turn produce changes
not only in the coagulation factors leading to
atherogenesis  but also to  consequent  coronary
insufficiency and so-called clinical heart attack.

In further support of the neurohormonal concept
I quote the unpublished observations of my group
made over a number of years on the role of environ-
mental factors and coronary discase in laboratory
animals at the All-India Institute of Medical
Sciences and carlier at Sawai Man Singh Medical
College, Jaipur, with special reference to the pig
which show that emotional stress has an important
role in the development of myocardial infarction.
This is corroborated by a study by workers from
abroad on other species of animals.  For example,
the frequency of coronary disease in mammals at
the Philadelphia Zoological Garden has. increased
about tenfold within recent years. The greater
part of this increase came between 1955 and 1962,
during which period deaths from myocardial infarc-
tion also became relatively common, whereas none
had occurred earlier. Furthermore, this animal col-
lection has been fed on highly constant diets of
high quality since 1935. Accordingly, an increase
in the frequency of coronary discase in these
animals may not be attributed to food intake nor
to the type of dict. Here, then, are examples
of coronary discase that have developed without
reference to diet or to sex in a wide range of
species™,
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One may object, of course, that observations on
the ecffects of intraspecific interactions of caged
animals in a zoo or laboratory cannot be applied
directly to ‘free-ranging creatures’, or even to
urban man. Careful study of natural populations,
however, shows that the concept of the © free-ranging
creature’ is a myth. Potential and actual home
range depends upon individual aggressiveness and
population density.  The development of coronary
arteriosclerosis in animals  of wild  populations
apparently is a response to relatively intense intra-
specific interactions.

Here a question may be asked with respect to
aldosterone (in the absence of published data on
other forms of stress) which Arora ef al. have shown
to be increased in patients of myocardial infarction.
In this connection, Jensen ef al.®® have shown that
the urinary excretion of certain 2,3,5-triphenyltetra-
zolium chloride reducing  substances  which are
soluble in ether increases in healthy persons during
emotional  stress.  This fraction (TZR) probably
contains hydrocortisone, corticosterone, aldosterone
and aldosterone derivatives as well as other sub-
stances.  Thus, it is obvious that TZR is a sensitive
new corticoid fraction which is activated by rather
subtle psychosomatic changes.

On the basis of the experimental and biochemical
investigations carried out by Arora e al., the
factors which play a part in CHD can be connected
with the unitary concept of emotional stress and the
resultant neurohormonal imbalances as the domi-
nant factor in the etiology of CHD. This presump-
tion is based on our results showing that body
mechanisms or substances present within or extra-
ncously given, which prevent or block the release
or depletion of catecholamines and related amines,
are very likely to produce beneficial effect in CHD.
To say it in a simplificd way, heart needs a certain
optimum level of catecholamines and related amines
for its mormal functioning as we need certain
optimum amount of resources for our maintenance.
Heart cannot afford to lose such great amount of
catecholamines and other amines as actually happens
during CHD as shown by experiments and it suffers
if it is robbed of them. But if we can prevent
the usurper from doing so we feel sound and safe.
For example, when MAO inhibitor prevents MAO
from destroying the vital amines of the heart, i.c.
catecholamines, etc., it prevents the catastrophe.
But this is not as simple as that of vaccines prevent-
ing polio or antibiotics preventing infectious discases
whose root causes are known. On the contrary,
nothing is known as to the cause of CHD.
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Symposium on the Chemistry of Natural Products

A. CHATTER]JEE
Department of Pure Chemistry, University College of Science, Calcutta 9

MOST successful international symposium to
A discuss the Chemistry of Natural Products

was held in Kyoto, Japan, from 12 to 18 April
1964, under the auspices of the International Union
of Pure & Applied Chemistry and was organized by
the Science Council of Japan. The meeting was
the first of its kind in Japan and was truly inter-
national as it was attended by some 1250 delegates
of whom 242 were from different parts of the world.
An impressive feature of the conference was the
efficiency with which the conference was organized
and the delegates had every reason to be grateful
to the Organizing Committee and particularly to
Dr K. Tsuda, General Secretary, and to the Mode-
rator, Prof. K. Nakanishi, and their colleagues for
their untiring efforts for the successful conference
arrangements.

The welcome addresses by Prof. M. Kotake,
Chairman, Organizing Committee, and Prof. S
Tomonaga, President, Science Council of Japan, were
followed by a lecture by Prof. S. Sugasawa on
the * History of Japanese natural products research ’.
The contributions of the threce great pioneers of
Japan in the field, Dr W. N. Nagai (1845-1929),
Dr U. Suzuki (1874-1943) and Dr R. Majima
(1874-1962), and of their schools formed the main
topics of his talk. Prof. Sugasawa claborated the
work of Prof. Y. Asahina, the famous natural pro-
duct chemist, who has still been pursuing researches
in this field, although he is more than 80 years old.

Special Lectures

Ten special lectures were arranged during the
symposium. A brief summary of the lectures is
given below.
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Chemistry of dimeric indole alkuloids — Prof. G. H.
Biichi discussed in detail the fascinating chemistry
of this group of complex molecules with special refer-
ence to voacamine (I) the structure clucidation of
which was done in his laboratory and also by mass
spectrometric studies carried out by Prof. K. Biemann
at the Massachusetts Institute of Technology, USA.

Biogenesis of plant products — In the next lecture
Prof. D. H. R. Barton decalt mainly with the
mechanism of biogenesis of morphine and aporphine
alkaloids and considered the coupling of phenolate
radicals as an important step in the formation of
these alkaloids. It was proposed that reticuline
(IT) and salutardine (IIT) are the two important
intermediates in the genesis of morphine bases.
Reticuline on phenolic oxidation gives the dienone;
salutardine, which on reduction and dehydration
furnishes thebaine, the precursor of codeine and
morphine. The validity of this scheme has even-
tually been verified with the help of radioactive
tracers.

The fairly recent discovery of dienol-benzene
rearrangement and isolation of new class of pro-
aporphine bases, viz. crotonosine, pronuciferine, etc.,
indicate that phenolic coupling is also operative in
the genesis of aporphine bases.

Structure of tetrodotoxin — Prof. R. B. Woodward
gave a talk on the structure of tetrodotoxin.
Tetrodotoxin is the poisonous principle of certain
variety of puffer fish (swell fish) (Spheroides por-
phyres and S. rubripes). The structure (IV) was
assigned to this complex molecule, C;H; O8N5,
by degrading the toxin into simple identifiable
products (guanidine and a number of quinazoline
derivatives are a few of many such important

COOCH3

(Vobasinol)

(Voacangine)
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degradation products) and from a detailed NMR
spectral  study of these simple  molecules,  their
chemical transformation products and deuterium
labelled derivatives and also from X-ray crystal-
lographic analyses of the derivatives of tetrodo-
toxin,  The alternative suggestion by Dr K. Tsuda
and his collaborators that the toxin  possesses
the structure (V), in which two units of (IV) are
joined together by an ethercal oxygen, was given
a serious  consideration by Prof. Woodward who,
however, established the improbability of such a
formulation by single crystal X-ray diffraction
studies of the free basc.

Intramolecular rearrangements in peplide svstem —
Prol. M. M. Shemyakin gave a talk on intra-
molecular rearrangements in peptide system  and
on the hydroxy and aminoacyl incorporation on a
large number of linear and cyclic peptides, acylated
by various hydroxy and amino acid residues.  In
the majority of cases the hydroxy and aminoacyl
incorporation reaction takes place  spontancously
and only in isolated cases requires heat or the
presence of bases.  The structures of the resultant
linear and cyclic depsipeptides, cyclopeptides and
peptides were proved with the aid of their infrared,
ultraviolet, NMR and mass spectra and in certain
cases by counter synthesis.

High  resolution mass spectrometry — Prol. K.
Biemann spoke on  high resolution mass spectro-
metry.  Mass spectrometric technique, in spite ol
its glorious success in the solution of structural
problems, is not vet a self-sufficient device. Its
chief limitation lics in the relatively poor resolving
power of the conventional single-focusing mass
spectrometer, as such an instrument fails to differen-
tiate between the fragments which have the same
nominal mass but which differ by fractional mass

units (e.g. CO versus C,H,; CH, versus N).  Further,
in the conventional technique only the intense peaks
are taken into consideration and the potentialities
residing in the minor peaks are almost altogether
ignored. Prof. Biemann realized these limitations
of the conventional procedure and has developed a
new technique, high resolution mass spectrometric
technique, which has not only added a new dimen-
sion to mass spectrometric information but promises
to be a self-sufficient device in structural investiga-
tion. The simplicity, advantage and precision of
this newly developed technique were illustrated by
his work on the structure of alkaloids of various
structural patterns and other natural products.

Specification of stereospecificity of oxido-reductases
by diamond lattice sections— Prof. V. Prelog, Switzer-
land, spoke on the specification of stereospecificity
of some oxido-reductases by diamond lattice
sections. It has been observed that multipurpose
enzymes such as oxido-reductases often react with
a high degree of stereospecificity. In order to
ascertain what features in a given molecule are re-
sponsible for these stercospecific reactions, a large
number of optically active substrates were used
and the initial reaction rates of enzymic reduction
or oxidation were determined under comparable
conditions with a standard series of cyclohexane
and decalin derivatives of known absolute con-
figurations. The carbon skeletons of these substrates
which are built from the chair form of cyclohexane
are regarded as portions of a diamond lattice. By
superposing the skeletons of all the substrates
which react at a measurable rate with the enzyme
in question, and also by using the same position for
the reacting carbon oxygen atoms, a diamond
lattice section characteristic of the enzvme is
obtained. This scction, according to Prof. ~Prelog,
defines the space, in the transition state of the
reacting complex, not occupied by the enzyme,
coenzyme, inhibitors or tightly bound solvent.
A consideration of the characteristic diamond lattice
section, and the skeletons of the substrates which
do mnot react, then furnishes important information
concerning the steric hindrance in the complex.
Experimental evidence supports this contention and,
therefore, the characteristic diamond lattice section
can, with reservation, be used to predict whether
a particular substrate will react with the enzyme
in question.  Prof. Prelog suggests that the enzyme
protein plays a decisive role in determining " the
stereospecificity.

Progress in the svathesis of polycyclic natural pro-
ducts—Prof. G. Stork described new approaches of
some generality to the construction of polycyclic
natural products, viz. steroids and alkaloids. The
main topic of interest was the total synthesis of aspido-
spermine (VI).  The first part of this investigation
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consists in the synthesis of a tricyclic pyrrocoline
system on which the Fischer indole synthesis
proceeded with the desired result. The starting
materials for the first component en route to
aspidospermine were enamine of butyraldchyde and
ethyl acrylate. The resulting cyclobutane  deri-
vatives readily opened upon treatment with acid
to the expected glutaric half aldehyde. The en-
amine alkylation reaction was then repeated again
with the product that eventually led to the [orma-
tion of the hydroquinolone. The addition of a
third ring to the last bicyclic system was achieved
by following the process of annclation as applied
in the steroid field. The Fischer indole synthesis
on this product followed by reduction (LAH) and
acetylation gave the desired DL-aspidospermine.

Peptides of Amanita phalloides—Prof. Th. Wieland
spoke on the peptides of Amanita phalloides. A.
phalloides is one of the poisonous species of tuber leaf
mushrooms. Structure elucidation of amanitines
(VII), phalloidines (VIII) and amanin (IX), toxic
cyclopeptide indole derivatives, isolated from these
mushrooms, formed the subject matter of his
lecture.

Isotope labelling and mass spectrometry of natural
products — Prof. C. Djerassi gave a talk on isotope
labelling and mass spectrometry of natural products.
Application of mass spectrometry to structural prob-
lems in organic chemistry requires a reasonable
prediction about the principal fragmentation paths of
a given molecule upon electron bombardment. From
the nature of the survived charged fragments and
the neutral moieties that are lost, the mechanism
of molecular fragmentation in a mass spectrometer
can be elucidated. While there are many occasions
where the nature of the generated fragments can
easily be understood by simple consideration of the
masses of the charged fragments, there are others,
specially when heteroatoms are present, where
this is not feasible because of the occurrence of iso-
baric fragments (e.g. CH, versus N). There are,
however, three ways to overcome this difficulty:
(i) substituent labelling, (i) isotope labelling, and
(iii) high resolution mass spectrometry. Of these,
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substitution of one of the constituent atoms by its
isotope (usually D, 3C, N or 30) offers the most
meaningful information. In view of the avail-
ability of many convenient methods and reagents
for deuterium transfer in an organic molecule it is
quite likely that deuterium labelling will  soon
hecome a sine qua non of modern mass spectrometric
research.

Recent advances in X-ray analysis of natural pro-
ducts — Prol. J. M. Robertson spoke on recent ad-
vances in X-ray analysis of natural products. Of all
the various physical methods that are now so impor-
tant in helping to clucidate chemical structures, X-rav
analysis Is undoubtedly the most far-reaching and
complete, but it is still perhaps the most difficult
to apply. Prol. Robertson pointed out the diffi-
culties in X-ray analysis of complex organic mole-
cules and mentioned the progress that has so far
been made in this line. He also mentioned that
the most powerful and indeed the only approach
that has proved successful in solving complex
natural product structures by X-ray analysis has
been the heavy atom or occasionally the iso-
morphous substitution method. The first applica-
tion of both these methods to the direct solution of
structures of organic molecules was in the case of
Linstead’s phthalocyanin  compounds which con-
tained about 40 carbon or nitrogen atoms in crys-
tallographically unknown positions. He gave an
account of his work on various natural products
where structure elucidation has been possible exclu-
sively by X-ray analysis.

Other Papers and Discussions

Apart from these main lectures, about 240 papers
were presented at the symposium, which were grouped
into eleven scctions.  Some of these are summarized
below.

Prof. 8. Shibata elegantly clucidated the structure
and stereochemistry of paconiflorin (X), a mono-
terpene glucoside and a major constituent of Chinese
paeony root. Dr H. Minato showed that linderane,
a new crystalline component occurring in the root
of Lindera strychuifolia Vill., is the first example
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of a ten-membered sesquiterpenic lactone having
a furan ring.  Dr V. Herout elaborated the structure
of a hydrocarbon from Petasites officinalis Moesch
and other species which is the first representative
containing an eremophilane skeleton isolated from
natural sources. Mme J. Polonsky discussed the
structure  of samaderine € and samaderol and
their relationship with several bitter lactones from
other Simarubaceac which is important from bio-
genetic viewpoint.  The work of Dr T. Kubota on
enmein and that of Dr S. Natori on new triterpenoids
of rearranged hopane series from ferns deserves
mention.

On biologically active substances and hetero-
cycles several papers were read.  Of these the most
stimulating ones were the structure clucidation
and synthesis of cytohaemin (porphyrin derivative),
the prosthetic group of cytochromea and © Atmungs-
ferment ’ using material from horse heart muscle
by Prof. F. Lynen and that of a bacterial pigment
(XI) (Coryncbacterium insidiosum) derived  from
46'-dipyridyl by Prof. R. Kuhn.

Dr A. W. Johnson gave a talk on viomycin, an
antibiotic isolated {rom Streptomyees puniceous and
S. fradiae, and Dr S. Tatsuoka on chromomycin A,.

The symposium showed great interest in the
chemistry of alkaloids including their biosynthesis.
Prof. T. A. Geissman discussed the structure of an
aporphine alkaloid, guatterine, isolated from Anona-
ceae species, Guatteria psilopus, having the unusual
11-position for hydroxyl. Structural elaboration of
several new aporphine and henzylisoquinoline alka-
loids from 5 Fagara species of Rutaceae by Prof. V.
Deulofeu revealed interesting data.  The contribu-
tion of Dr M. Gorman was towards the structure
determination of perivine (vobasine structure) and
vindolicine (belonging  to  aspidospermine  series).
Dr K. Bldha discussed the structures of vinca-
minorine (ind-N-methyl-3-z-carbomethoxy quebrach-
amine) and its epimer, vincaminoreine, occurring
in Vinca minor 1. Total discussion on stercospecific
svnthesis of sccurinine by Dr Y. Tamura, on di-
terpene alkaloids, viz. pr-atisine, by Dr W. Nagata,
and garryvine by Dr S. Masamune revealed many
novel reactions. Dr N. Matsume claborated the
structure of a diterpenc alkaloid, kobusine and its
correlation with pscudokobusine.  Rauwolfia species,
work on which appeared to be completely exhausted,

was still found to produce a new yohimbinoid type
alkaloid, deserpideine, the constitution of which was
claborated by Dr M. Shamma. Dr R. Goutarel spoke
on steroid alkaloids of Funtumia and on alkalo ds
baleabuxine and cyclobaleabuxine from Buvus
belearica Willd., and Dr G. Habermehl on the study
of the constitution by X-ray analysis of cyclo-
neosamandiones and other minor alkaloids isolated
{from the venom of the two subspecies of Salamandra
maculosa.

The contributions on the biogenesis and biosyn-
thesis of alkaloids, their precursors and the probable
mode of combination of these units were also
significant. For example, the biosynthesis of ana-
basine and its analogues was discussed by
Dr K. Mothes by different botanical families, viz.
Leguminosace, Solanaceae and Chenopodiaceae, and
the genesis of morphine bases, the tobacco alkaloids
and iboga alkaloids were dealt with lucidly by
Dr A. R. Battersby, Dr T. C. Tso and Dr E. Leete
respectively, and  biosynthesis of mimosine by
Dr 1. D. Spenser. These and similar other contri-
butions in this field that were discussed in the
symposium may, in near future, divulge many
intricacies of nature.

Several lectures and papers dealing with the
synthesis, structure determination and sterco-
chemistry of steroids and steroidal reactions were
presented. The papers on the microbiological trans-
formation of steroidal alkaloids by Dr S. M.
Kupchan, investigation of the hydride transfer
reaction involved in the isomerization of steroidal
sapogenins at C-25 by Dr F. Sondheimer and the
structure of digacetigenin by Prof. C. W. Shoppee,
and transformation of steroid toad poisons by
microorganisms by Dr CH. Tamm showed how
fast this branch of organic chemistry is pro-
gressing.

Significant contributions made in the field of
amino acids and peptides and in the nucleosides
include those of Dr A. Kjaer — occurrence of
b-phenyl glycine in higher plants; Dr J. Kovacs —
polypeptides related  to  anthrax  polypeptide;
Dr J. C. Sheehan — the chemistry of telomycin; and
Dr J. J. Fox—the structure of gougerotin (a
broad spectrum antibiotic where the sarcosyl
group is attached in peptide linkage to the seryl
moiety). Dr T. L. V. Ulbricht, Dr Y. Mizuno
and Dr Y. Ishido spoke on the synthesis of various
nucleosides.

In the carbohydrate section several interesting
papers were presented.  Synthesis of aminocyclitols
by Dr N. Kurihara, the development of a new
route to higher sugars and the structure elucida-
tion of oligosides (new type of plant glycosides)
by Dr N. K. Kochetkov, characterization and
synthesis  of  neohesperidose  from  Citrus by
Dr R. M. Horowitz, and structure elucidation and
configurational studics of polysaccharides from
Polyporus  giganteus by Dr B. Lindberg deserve
mention.

In sessional meetings on phenolics Dr G. Bendz
reported the occurrence of anthocyanin pigments
in moss. Dr J. D. Bu'Lock discussed the origin
and function of some fungus pigments one of
which is hispidin and Dr W. D. Ollis reported the
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existence of the derivatives of 3-aryl-4-hydroxy-
coumarin and coumarinochromone as natural pro-
ducts (in the heartwood of Derris robusta). Dr K.
Fukui spoke on the total synthesis of nepseudin
isolated from Neorautanenia pseudopachyrrhaiza.
Dr ]J. Craig discussed the isolation and sterco-
chemistry of the antibacterial principle from
Haematoxylon braziletto. Dr T. J. Mabry gave a
talk on phenolics occurring in the genus Baptisia
(Leguminosae). The observations made in this con-
nection have an important significance in chemo-
taxonomy.

Another thread which was running through the
symposium was the application of physico-chemical
methods in structure determination of complex
natural products where classical approach and ultra-
violet, infrared and NMR spectra could not give
the final answer. Dr K. Tsuda, Dr N. Yasuoka and
Dr T. Goto deserve commendation for the success-
ful application of X-ray method in the structurc
elaboration of a complex natural product, tetrodo-
toxin (the poisonous principle of the ovaries of swell
fish) and its derivative, bromoanhydrotetrodoic
lactone hydrobromide. Dr M. Natsume spoke how
the X-ray study of acetyl-bromoacetyldihydroenmein
helped to elucidate its constitution and stereo-
chemistry. Dr K. Schreiber gave an elegant survey
of molecular mass spectrographic investigations of
a number of sterols, steroidal sapogenins and alka-
loids, triterpenoids, some of their derivatives and
other plant products. He discussed how molecular
weight distributions in complex mixtures of closely
related compounds have been accurately determined
by application of negative ion molecular mass
spectrography. Dr M. Fetizon described a novel
method for the characterization of ring A in steroids
and related compounds by mass spectrometry.
Dr T. Urbanski spoke on the tautomerism of urca
and presented evidence for its imidol form which
reacts with diazomethane.
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Indian Contributions

Several delegates from India who attended the
symposium gave interesting talks on plant products.
Prof. T. R. Seshadri discussed the constitution of
pedicellic acid, a colourless crystalline compound
obtained from Didymocarpus pedicellata, and this
acid has been proved to be an aa'-disubstituted
succinic acid derivative. The author [Prof. (Mrs)
A. Chatterjee] spoke on piperlongumine (a bio-
genetic variant of piperine), an alkaloid isolated
from Piper longum Linn. She conclusively estab-
lished its structure as 3,4,5-trimethoxy cinnamamide
of 2-A*5 -piperidone from an unambiguous synthesis.
Dr S. C. Bhattacharya gave a talk on a terpenoid
compound agarospirol isolated from the oil of
infected variety of Agquillaria aggallocha Roxb., the
structure of which was elegantly established f{rom
infrared and NMR spectral analysis and from
various degradation reactions. Dr P. C. Dutta
discussed synthetic studies on marrubin and in this
connection spoke on stereospecific synthesis of the
intermediate products. Dr N. V. Subba Rao spoke
on scandenin, chandenin and nallanin, three phenolic
components of the roots of Derris scandens. By a
study of the absorption characteristics and degra-
dation reactions, scandenin was shown to be
2,3-disubstituted chromanone containing in 2-posi-
tion, p-hydroxyphenyl group and in 3-position, a
tropolone ring or a dimedone system.

Conclusion

The proceedings of the main symposium were
brought to a close by Prof. H. ;. H. Erdtman who
summarized the scientific achievements of the sympo-
siumand then Prof. S. Takei, Chairman, Kyoto Com-
mittee, gave a warm farewell speech on behalf of the
Organizing Committee. All the delegates enjoyed
the symposium which was made lively by various
scientific exhibitions and excursions,



Symposium on Problems of Indian Arid Zone
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SYMPOSIUM held in 1952 on the Rajputana
A desert concluded that appropriate steps should

be taken to arrest the march of the desert,
which was expanding at the rate of once mile per
year into the fertile Indo-Gangetic plains. Meagre
water resources, intense heat and wind erosion in
the arid zone impose severe constraint on plant,
animal and human life. Man himself has partly
been responsible for the present state of affairs,
because he has indiscriminately misused the natural
resources of the area. He has now realized the
seriousness of the problems of this vast desert area,
comprising 80,000 sq. miles, and is taking advantage
of the advances in science and technology for proper
husbanding of the available resources.

The main object of the Symposium on Prob-
lems of Indian Arid Zone, organized jointly by the
Ministry of Education and the UNESCO South
Asia Science Cooperation Office, New Delhi, at the
Central Arid Zone Rescarch Institute (CAZRI),
Jodhpur, from 23 November to 2 December 1964,
was to take stock of the progress made in under-
standing the problems of the region and to plan
future programmes of work. Dr P. C. Raheja was
the Director of the symposium. About 100 parti-
cipants and observers from India and a dozen scien-
tists from overscas took part and presented 90
papers. The symposium, which emphasized the
need for exploiting the mineral resources, solar
cnergy and wind power, industrial crops, etc., in
these regions, covered the following main subjects:
Analysis of basic resources; Utilization of resources;
Ecology of human factors; Pests and their control;
Mineral resources and their exploitation; Archaco-
logy; Geography of the desert and extension of
boundaries; Macro- and microclimatology; and
Solar energy, wind power and fuel energy. No
paper was contributed on archacology.

Analysis of Basic Resources

Hydrology and geohydrology — J. C. Chaudhari,
T. N. Bhargava and A. D. Purohit (Defence Labora-
tory, Jodhpur) presented a paper on the physico-
chemical characteristics of ground water resources
of Barmer and Jaisalmer districts of Rajasthan.
Waters of the Barmer district are generally
more brackish, with higher total dissolved solids
and carbonate content than the waters in the
Jaisalmer district.  Discussing the palacogeography,
sedimentological framework and ground water
potentiality of the arid zonc of Western India,
P. G. Adhyalkar (Exploratory Tubc-wells Orga-
nization. New Delhi) observed that the Lathis
and the Bhuj sandstones are potential ground
water reservoirs of great promise. P. C. Chatterji
(CAZRI, Jodhpur) described hydro-geological in-
vestigations conducted recently in the region of
Malani suite of igneous rocks of western Raja-
sthan. These investigations have revealed that

the primary rocks of the central Luni basin are not
good hosts for ground water accumulation. Though
this region has fairly good ground water resources,
their exploitation for irrigation is limited due to
the great depth at which the water is located, high
cost of power, undulating relief of the terrain,
high cost of digging wells, failure of tube-wells and
slow recharge rate of aquifers. Efficient use of
water resources in Indian arid zone was considered
by V. V. Dhruvanarayan, Shri Niwas and K. N. K.
Murthy (CAZRI, Jodhpur) who suggested that the
unexploited high yielding water zones found near
foothills with deep water table could be utilized by
installing economically cheap pumping sets. S. Pels
(Water Conservation & Irrigation Commission of
New South Wales, Australia) discussing the work
being done on the hydro-geology of the riverine
plain of SE Australia indicated that the younger
alluvium has good aquifers. Work on similar lines
could be undertaken for the successful exploitation
of the ground water resources of Rajasthan, parti-
cularly the younger alluvium along the Luni and
Jawai rivers. :

Ecological and botanical surveys —T. A. Rao
and K. R. Aggarwal (Botanical Survey of India,
Calcutta) presented the results of ecological studies
on Saurashtra coast and neighbouring islands.
The Egyptian method of classification has been
modified to suit Indian conditions, but certain
areas arc not casy to define on a botanical basis.
Based on the types of situation and edaphic features,
the vegetation of Beyt island has been classified
into three main categories, viz. (i) strand, (ii) salt
pans, slacks and mud formation, and (iii) inland
mixed scrub forest. The same workers described
in another paper the ccology of several plant com-
munities of Saurashtra coast. These have been
grouped into three ecosystems, viz. strand, salt marsh
and semi-arid coastal plain. B. N. Mulay and
M. C. Joshi (Birla College, Pilani) reported the re-
sults of several years of field observations in the
Rajasthan desert on such problems as the influence
of environment comprising physiographic, climatic,
edaphic and biotic features on vegetation. The
various ecosystems of Rajasthan desert and the
choice of species for afforestation of the area were
discussed. Dalbir Singh (Rajasthan University,
Jaipur) gave an account of some useful cucurbits
for cultivation in the arid zone in Rajasthan, which
thrive on loose, sandy and well-drained soils, and
show remarkable adaptation to survive in hostile
environments. The possibility of extracting oil
from the seeds of the cucurbits for industrial and
edible purposes was indicated.

The ecology of the grasslands of Nokha and
Roda villages in Bikaner district was discussed by
K. A. Shankarnarayan (Indian Grassland & Fodder
Research Institute, Jhansi). The main grassland
community comprises Dactyloctenium scindicusm and
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Lasiurus sindicus type and falls under the category
of “poor’ range land. However, the presence of
75 per cent of perennial grasses indicates that the
area has adequate potentiality to become a good
range land provided proper management practices
are followed. Indigofera enneaphylla, 1. cordifolia
and Tephrosia purpurea are the only legumes en-
countered. Describing the geography of grasses,
R. 0. Whyte (FAO Grassland Adviser, Jhansi)
indicated that The grass cover of India (published
by the Indian Council of Agricultural Research)
reveals the position of Indian arid and semi-arid
grass communities in relation to other forcign
communities to the west, north-east and south-cast.
The survey reveals a number of aspects of the
geography of grasses which merit further research.
Y. Satyanarayan (CAZRI, Jodhpur), discussing the
habitat and plant communities of the Indian desert,
observed that vegetation alone is not an adequate
criterion for recognizing and demarcating plant
communities. Grouping them on the basis of land
forms and further subdividing them on the basis
of structure and floristic composition were considered
more rational. Medicinal plants suitable for cultiva-
tion in Indian arid zone were discussed by L. C.
Chopra and B. K. Abrol (Regional Research Labora-
tory, Jammu). It was suggested that the following
medicinal plants could be grown in the arid and
semi-arid arcas of the country without much effort:
Agave sp., Aloes, Datura stramontum, D. innoxia,
Glyemrrhiza glabra, Balanites aegyptiaca, Cassta
acutifolia, C. amgustifolia, Commiphora mukul and
Euphorbia resinifera.

Geomorphology — Discussing the geomorphology
and evolution of the Rajasthan desert, K. P.
Rode (Rajasthan University, Udaipur) observed
that the sheet movements are responsible for the
making of arid landscapes. Geomorphic features
around the semi-arid region of Bellary in Mysore
State were described by R. Vaidyanathan (Andhra
University, Waltair). A study of the mode of
occurrence, altitude, shape and size of the various
geomorphic features in this arca and their inter-
relationship has led, for the first time, to the
recognition of domes, whalebacks, flat domes, insel-
bergs, koppies, pediments and pediment passes.
The utility of this study in pedology and civil
engineering was emphasized. B. Ghose (CAZRI,
Jodhpur) considered geomorphological aspects of
the formation of salt basins in the lower Luni
basin. According to him, salt basins and saline
depressions are the relics of prior drainage chan-
nels. New salt basins are also being formed pre-
sently on the lower reaches of smaller tributarics
by the same geomorphic processes. Oricntation,
distiibution and origin of sand duncs in central
Luni basin were discussed by S. Pandey, S. Singh
and B. Ghose (CAZRI, Jodhpur). Based on field
studies, the pattern and origin of sand dunes in
the region have been worked out. The influence
of variable factors, such as sand depth, proximity to
the source of loose dry sand, vegetal growth, fluctua-
tion of ground water level and geomorphological
conditions, namely drainage lines and exposure of
bed rocks on the above-mentioned pattern, was dis-
cussed, together with the origin of dune sand and
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its characteristics and dunc cyele. K. Narayanan
of the Oil & Natural Gas Commission (ONGC,
Dehra Dun) discussed the stratigraphy of the Raja-
sthan shelf and the occurrence of a small marine
Permian in the north-western part of Jodhpur
district. He observed that there are indications
that the underlying rocks in Jaisalmer and the
neighbouring districts are oil bearing. Further
survey in collaboration with other basic resources
surveys are necessary to get more information about
arid and semi-arid tracts.

Soil fertility and classification — Classification and
fertility of soils of desert and semi-desert regions
in India were dealt with by S. P. Raychaudhuri
(Planning Commission, New Delhi). Based on the
rainfall pattern, the soils of south and south-castern
Punjab and of western Rajasthan may be classified
into: (i) pedocal sierozems of alluvial origin,
(i) pedocal brown soil of alluvial origin, (iii) grey-
brown soil, and (iv) desert soil. The charactei-
istics of these soils and their occurrence were
described.

W. V. B. Sundara Rao (Indian Agricultural Re-
search Institute, New Delhi) discussed some aspects
of soil microbiology in relation to soil fertility, with
special reference to arid zones.  Moisture becomes a
limiting factor in the arid zone and it is necessary
to examine to what extent the microflora in these
soils differ from those in other soils.  The role of
microorganisms in combating plant pathogens and
building up of soil structure by synthesizing growth
promoting substances in arid zone soils needs investi-
gation. Studies have been carried out with respect
to rhizobium inoculation of the leguminous seeds of
food and fodder crops, the bacterization of seed
with azotobacteria and phosphobacterin and with
locally isolated microbes which solubilize phosphorus.
However, the suitability of the various processes of
enriching nitrogen in the soil under different condi-
tions, and the role of manuring and crop rotation
for proper microbial balance in soil need further
investigation in arid zone arcas. 1. M. Qureshi and
J. S P. Yadev (Forest Research Institute, Dehra
Dun) discussed forest soils of the arid regions of
India. Analysis of 10 typical soil profiles from
different localitics has shown that most soils are
poor in organic matter and nitrogen, are alkaline in
reaction and contain fairly high concentration of
both total and exchangeable calcium, while other
soils are highly saline and calcarcous. The avail-
ability of potassium, phosphorus and manganese
is low. Genesis, morphology and management of
arid zone soils were considered by C. T. Abichandani
(CAZRI, Jodhpur). He made a number of useful
suggestions for proper soil management, viz. adopt-
ing anti-wind ecrosion measures to protect soil
blowing, soil moisture conservation, rehabilitation
of sand dunes and sandy plains by afforestation;
planting of shelter belts, grass strip planting, con-
trolled grazing, wind strip cropping, stubble mulch-
ing, introduction of crop rotations including legu-
minous plants, and use of manures and fertilizers.
To correct solenetz effect created by saline water
irrigation, periodic dressing of soil with gypsum was
suggested. Preparatory tillage and periodic soil
working to increase water intake, bunding to hold
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water and adoption of dry farming practices to help
moisture conservation were emphasized.

Sotl-plant-water relations — J. J. Chinoy (Gujarat
University, Ahmedabad) discussed the cffects of
atmospheric and soil droughts on the growth and
vield of crop plants.  Agrobiological tests on dif-
ferent varieties of wheat, oat, barley and linsced
have shown that the major factor determining
grain yicld, 1000-kernel weight and grain num-
ber was the temperature during ripening both
under irrigation and ‘dry’ conditions. With late
flowering varieties, grains ripen at a higher tem-
perature as compared to carly flowering ones,
and the yields are poor. Some aspects of the
management  of soil-water-plant-climatic  complex
in the arid zone and characterization of soils were
considered by B. Rama Moorthy (Indian Agricultural
Research Institute, New Delhi). R. . Mondal
(CAZRI, Jodhpur) dealt with the quality of ground
waters in Siwana, Jalore and Saila Development
Blocks in the central Luni river basin. Most of
the waters in Siwana area have sodium absorption
ratios (SAR) in the range 0-10 and when used
for irrigation the waters are not likely to produce
alkalinity in the soil. A. N. Lahiri (CAZRI,
Jodhpur) discussed the results of studies on moisture
relationships of some xeric plant species of western
Rajasthan.  The high rate of transpiration in
certain dune plants in summer under low soil
moisture conditions has been found to be due to
their deep root system, while the relatively lower
rate during winter is related to low temperature
conditions in the morning and decreased solar inten-
sity in the evening. Evaluation of hydrological
conditions of grasslands was discussed by N. D.
Rege and S. C. Gupta (Ministry of Food & Agri-
culture, New Delhi). It was shown that 137 per
cent of the total geographical arca, serving primarily
as grazing lands for the large number of livestock,
has been badly overgrazed. In order to improve
and to manage the grasslands properly, a survey to
assess  their  condition is  necessary taking into
account factors such as the amount of ground cover
with living and dead vegetation, kind and vigour
of vegetation, degree of grazing, soil characteristics
with respect to growth of grasses, amount and
nature of soil erosion, characteristics and amount
of run-off and duration and rate of stream flow.

Utilization of Resources

N. D. Rege (Ministry of Food & Agriculture,
New Delhi) discussed the problems concerning the
management of arable lands in arid and semi-arid
regions and suggested that the methods found most
suitable for the cultivation of lands in arid regions
could safely be used in semi-arid areas.  Problems of
crop raising in arid regions of Bellary tract were
discussed by S. Chattopadhyay (Seil Conservation
Research Centre, Bellary). In this area, which is
largely made up of black cotton soil, Tesponse to
fertilizers has been low due to lack of placement
of fertilizer rather than to inadequate moisture,
but two rainfalls are necessary for the fertilizer to
give the response. Boron and manganese have
shown some toxicity. D. K. Misra (CAZRI, Jodh-
pur) described agronomic investigations in western

Rajasthan conducted on stubble mulching, weed
control, seed placement, mixed cropping, crop
sequence and response to macro- and micronutrients
on the millet crop. The special farming practice
of stubble mulching has been found to provide
protection to the cultivated land from soil blowing,
increasing the yield of Pennisetum tvphoides, both in
grain and stalk. To get uniform germination and
crop stand, 7-5 ecm. soil depth of sced placement is
optimum. The optimum seed rate ratio of cercal
to legume appeared to be 50:50. Application of
micronutrients of iron and manganese showed signi-
ficant increase in crop yield.

Irrigation — T. Kurian, E. R. R. Iyengar, M. R.
Narayana and D. S. Datar (Central Salt & Marine
Chemicals Research Institute, Bhavnagar) discussed
the effect of sea water composition on the growth of
tobacco and the possibilities of utilizing sea water and
other highly saline waters for the cultivation of
certain varieties of food crops and plants of industrial
value on dune sands of inland and coastal regions.
Sea water depresses the growth of tobacco plant,
but addition of potassium salts improves the crop
growth. The effect of sea water on some soil
characteristics was discussed by M. R. Narayana,
V. C. Mehta and D. S. Datar (Central Salt & Marine
Chemicals  Rescarch Institute, Bhavnagar). The
effect of high salinity and SAR value of these waters
is minimized in sandy soils due to low clay content.
High permeability of these sandy soils makes them
suitable for irrigation and there is no salt accumula-
tion in the root zone. D. R. Bhumbha, K. K.
Mahajan, J. S. Kanwar and Bhajan Singh (Punjab
Agricultural University, Hissar) have tried the use
of water with different sodium levels and salinities
on the growth of crops and the properties of soil
by conducting experiments in small plots having
loamy sand soil. No significant increase has been
observed in wheat yield with change in SAR, but
maize yield falls with water, whose SAR is 16.
N. C. Rawal and dos M. Pais Cuddou (Central
Water & Power Commission, New Delhi) described
pre-irrigation soil survey as adopted by the Central
Water & Power Commission and discussed the
results of some projects conducted during the last
three years.

Afforestation — R. N. Kaul and B. N. Ganguli
(CAZRI, Jodhpur) presented the results of silvi-
cultural studies on four indigenous tree species,
namely Prosopis spicigera, Albizzia lebbeck, Accia
sencgal and Tecomella undulata, adaptability trials,
afforestation of the principal land types and top
feed species. Among the species tried from Israel,
Australia, USA, USSR and Southern Rhodesia,
Acacia tortillis (Israel) and Eucalyptus camaldulen-
sis (Australia) have shown high degree of adapt-
ability to the environment and have excelled
the principal indigenous tree species in respect
of growth and survival. On shifting sand dunes
the species successfully afforested are Prosopis
guliflora, P. spicigera, Calligonum polygonoides, Zizy-
phus  jujuba, Dalbergia sissoo, Ailanthus excelsa,
Albizzia  lebbeck, Azadirachta indica, Erianthus
munja and Lasturus hivsutus. In shallow soils over-
lying hard calcareous pan, decp soil working and
planting balled scedlings of Azadivachta indica
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and Albizzia lebbeck have proved successful. In
semi-rocky areas, where soil accumulates in local
depressions, ridge-cum-trench type of soil working
with seedling of Acacia senegal and Prosopis juliflora
were successful, while in less soil accumulated condi-
tions planting of pre-sprouted stumps of Prosopis
juliflora and transplants of Azadirachta indica gave
better results. Protection against all biotic inter-
ferences until the arca gets reasonably covered with
natural vegetation appears to be the most practical
approach. Studies on palatability and chemical
composition of 16 tree and shrub species occur-
ring naturally in the grazing lands revealed that
Prosopis spicigera and  Zizyphus nummudaria are
the most important topfeed species. 1. M. Qureshi
and O. N. Kaul (Forest Rescarch Institute &
Colleges, Dehra Dun) described foliar constitucnts
of some important trec species of the arid zone of
India.

According to K. S. Sankhala (Forest Department,
Rajasthan), the important fauna of Rajasthan
desert are the Indian black buck, the Chinkara, the
panther, the grey francolin, migrant Houbara and
sand grouse. He indicated the possibilities of
establishing various wildlife sanctuaries to protect
some of the rare wild animals of the desert.

Pasture ecology — The selection of grasses and
legumes for arid zone pastures was discussed by A. K.
Chakravarty (CAZRI, Jodhpur). Among the 208 pro-
mising perennial species of grasses collected, Cenchrus
ciliaris strain Nos. 357 and 358 have been selected
for introduction in light sandy soil in low rainfall
regions, and strain Nos. 226 and 362 for heavy soil
in the high rainfall areas of the arid zone. Among
the legumes introduced, Dolichos lablab var. lingnosus,
Atylosia scarabaeoides and Clitoria ternatea have
been found to be drought resistant to a large extent.
From a population study conducted on C. ciliaris
in different ecological habitats, the black-headed
variety has been found on heavy, compact and flat
soils, while plants with coloured stigma are associated
with sandy loose soils. It has a bearing on future
breeding and selection work. Studies on grasses and
sedges of certain areas in Jhunjhunu district, Raja-
sthan, were described by M. C. Joshi and C. B. S. R.
Sarma (Birla College, . Pilani). Pasture ecology of
grasslands in western Rajasthan was discussed by
R. B. Das and C. P. Bhimaya (CAZRI, Jodhpur).
Regression studies on height-weight relationship of
the important range fodder species have indicated
that the relationship between the percentage of
height grazed and the percentage of forage utilized
is of the quadratic nature for all the species studied.
The dry-land seeded pastures studies at Pali, on
sandy loam soil and 410 mm. average rainfall,
showed that the relative performance of grass
species, such as Cenchrus ciliaris, C. setigerus,
Panicum antidotale and Dichanthium annulatum,
was superior from forage production and utilization
aspects as compared to those on sandy soils at the
Central Research Farm, Jodhpur, with 330 mm.
rainfall. However, the grazing capacity of Panicum
antidotale was the same at both the places.

Animal grazing and management — V. Mahadev,
P. S. Gupta and M. M. Jayal (Indian Veterinary
Research Institute, Izatnagar) discussed the nutri-

356

tive value of C. ciliaris from grazing areas
of Rajasthan forests. This grass does not meet
the maintenance requirement of grazing cattle
without supplements of protein rich concentrates.
To utilize the grass profitably it must be harvested
or grazed at early stages. L. D. Ahuja (CAZRI,
Jodhpur) discussed livestock management on range
lands in western Rajasthan and outlined the work
in progress in a range management project.
Adaptation of livestock to arid climate was discussed
by G. C. Taneja (CAZRI, Jodhpur). Under arti-
ficially created arid climate, the rectal temperature
and respiration rate of animals cexposed increase
with rise in air temperature and are followed by
depression of food consumption, milk production,
blood carbon dioxide combining power, ascorbic
acid, and increase in blood creatine. Cattle from
arid region are able to vapourize relatively more
moisture through the skin and have denser sweat
glands as compared to European cattle in tem-
perate climate. Lower basal metabolic rate of
these animals results in less heat production with
rise of air temperature and is due to decline in
thyroid activity. The level of production is also
considerably low. The depressing effect on milk
production, food consumption and body weight
becomes evident above 80°F. for European cattle
and above 95°F. in arid climate cattle. Genetically,
the tolerance to arid climate is weakly inherited.
The crosses between the two breeds possessing the
faculty for heat tolerance and high milk production
should prove fruitful.

Ecology of Human Factors

A. B. Bose, S. P. Malhotra and P. C. Saxena
(CAZRI, Jodhpur) discussed in their paper the prob-
lem of nomadism in the arid zone of Rajasthan.
P. K. Misra discussed the nomadic Gadulia Lohars,
their region of movement and composition of the
bands. S. M. Ali's (Saugar University) paper was
concerned with some aspects of the human geography
of the Indian desert, with particular reference to
the changing pattern of population, the forms and
functions of typical settlements, and the effect of
social and economic changes on the cultural land-
scape. A. B. Bose and S. P. Malhotra (CAZRI,
Jodhpur) reported the results of a sample survey
on land use, demographic featurcs and sources of
livelihood of the populations in the central Luni
basin of western Rajasthan. A typical research
programme in agricultural economics for arid lands
was discussed by J. P. Hrabovszky (Indian Agricul-
tural Research Institute, New Delhi). Specific
problems recommended for rescarch are: studies
on input-output coefficients, uncertainty, institu-
tional arrangement for water, and land use
rights.

Pests and Their Control

D. R. Bhatia (Field Station for Investigation on
Locusts, Bikaner) discussed the invasion and breed-
ing regions of the desert locust and its seasonal
migrations with downwind. The theory of phases.
and the factors leading to gregarization and initia-
tion of fresh plagues were also discussed. Suppres-
sion of infestation in its initial stages and at the



KHANNA: SYMPOSIUM ON PROBLEMS OF INDIAN ARID ZONE

time of outbreak have been suggested as the best
approach to locust control. For direct offensive,
BHC, aldrin and dieldrin have proved very effective.
By consuming the annuals, locust loosen the soil
resulting in its crosion. Some aspects of popula-
tion. dynamics of desert locust were outlined by
M. L. Roonwal (Zoological Survey of India, Cal-
cutta). The different morphological changes brought
about during transformation from phase solitaria to
gregaria were described.

V. C. Agarwal (Zoological Survey of India,
Jodhpur) discussed rodent ecology and the morpho-
logical adaptations of the rodents as a result of
desert conditions. Ishwar Prakash (CAZRI, Jodh-
pur) observed that the density of vegetation cover
does not appear to influence the distribution of
Indian desert gerbil but soil compactness is a
limiting factor for their dispersal. The effect of
water stress on the body composition and renal
functions in small desert mammals was discussed
by P. K. Ghose and K. G. Purohit (CAZRI,
Jodhpur).

K. Gosswald (Institute of Applied Zoology,
Wiirzburg University, Wiirzburg) described an appa-
ratus used in studies on insect ecology, with special
reference to temperature and humidity, and the
influence of ecological factors on the metabolic
functions of insccts and the mechanism by which
insecticides work. It has been shown that climati-
cally sensitive species react intensively to weather
changes, which is reflected by a decrease or increase
in population density, while other species do not
show this reaction. Experiments with ants have
indicated that soil inhabiting species prefer a high
relative humidity range while stone inhabiting species
concentrate in the dry region of the humidity pre-
ference apparatus.  Comparable differences are also
found in toraites.

Mineral Resources and Their Exploitation

M. A. Hai, M. K. H. Siddiqui and E. R. Saxcna
(Regional Research Laboratory, Hyderabad) de-
scribed the results of studies conducted on the
utilization of some minerals from Rajasthan, such
as gypsum, limestone, felspar and fullers’ earth.
A process for the manufacture of a versatile low-
cost meutral desiccant from gypsum has been
standardized. A superior quality white cement is
obtained by heating together gypsum, limestone
and feldspar. Potassium sulphate is obtained as a
byproduct and can be used as a fertilizer. Mudh
fullers’ carth, after suitable processing, has been
found to be a good bleaching agent for lubricating
oils. Byproduct recovery from saline lakes and
alkaline soils was dealt with by K. Seshadri and
D. S. Datar (Central Salt & Marine Chemicals
Rescarch Institute, Bhavnagar). It has been esti-
mated that about 25,000 tons of sodium sulphate
can be obtained from the Sambhar bitterns after
chlorination to destroy algac and by chilling to
0°C.  Sodium carbonate can be recovered by carbo-
nating the chilled mother liquor. By reacting the
bittern with gypsum, sodium sulphate can be pre-
pared cconomically; cost estimates for a 14-ton per
day plant have been worked out. G. C. Jain,
N. N. Sharma, R. L. Datta and D. S. Datar from

the same laboratory enumerated the problems
connected with the establishment of salt industry
in Rajasthan. M. L. Sethi (Department of Mines &
Geology, Udaipur) discussed the mineral wealth
of Rajasthan. Large-scale deposits of limestone,
gypsum, fullers’ earth and feldspar exist in the
State and their commercial utilization is underway.
Eighty per cent of the country’s requirements of
talc and soapstone are being met and the state is
the second largest producer of mica in the country.
Forty miles from Bikaner, 60-80 million tons of
lignite deposits have been located and are being
mined by the open cast method. Processes for the
utilization of silica sands in glass and abrasive
industrics are under examination.

Geography of the Desert

A. K. Sen (CAZRI, Jodhpur) discussed some
geographic features of the Rajasthan desert. The
physiographic, climatic and anthropographic condi-
tions of Rajasthan are comparable to the identical
phases encountered in other hot deserts of the
world. There are evidences to show that Raj-
putana arid zone is a true desert and its location
coincides with the global desert belt. However,
the desert conditions have been accentuated in
recent times due to over-exploitation of the re-
sources. Mapping of arid lands of India by the
National Atlas Organization was discussed by S. P.
Chatterjec (National Atlas Organization, Calcutta).
Maps depicting physical features, population distri-
bution, hydrology, pedology, transport network, land
use, administrative units, etc., are under prepara-
tion by the National Atlas Organization. ’

Macro- and Microclimatology

A new climatic index and its application to sub-
classification of arid zones were discussed by N. C.
Majumdar (Defence Laboratory,  Jodhpur). A
simple nomogram, developed on the basis of the
logarithm of the ratio of the annual average of the
diurnal range of dry bulb temperatures and the
average annual precipitation, has many promising
features, such as reasonable linearity of the climatic
scale, adequate sensitivity of the scale in arid zone
to enable its sub-classification, a fair representation
of the combined effect of the major climatic elements
and a simple method of evaluation.

Energy from the sun in Rajasthan was considered
by P. Jagannathan and H. R. Ganeshan (Meteoro-
logical Office, Poona). Maps have been prepared
showing the distribution of solar intensity over
Rajasthan for the winter, summer, monsoon .and
post-monsoon seasons. Minimum energy is received
in winter and maximum in summer months and re-
presents 319 billion W. during the year. The esti-
mated energy figures may be usefully employed in
assessing the efficiency of solar devices set up in the
region. The results of a statistical study of the
characteristics of the wet spells undertaken with
the daily rainfall data for Jaisalmer and Bikaner,
representing arid west Rajasthan and Kotah and
Jaipur representing the semi-arid east Rajasthan,
were presented by P. Jagannathan and V. K. Ragha-
vendra (Meteorological Office, Poona). The fre-
quency distribution of wet spells does not follow
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the probability law, but their durations are re-
Jated to sunspot characteristics. P. Jagannathan
(Meteorological Office, Poona) discussed the climatic
cnvironment and its fluctuations in Rajasthan from
data recorded over a number of years. A. Krishnan
and K. A. Shankarnarayan (CAZRI, Jodhpur)
discussed the criteria for the delimitation of arid
zone of Rajasthan by applying the standard methods
in use to find out how far different climatic classi-
fications reflect the actual vegetation pattern of
Rajasthan. These workers stressed the need for
evolving a new method of classification to obtain a
true picture of the vegetation pattern of the desert.
N. D. Rege, A. R. Bhaskaran and N. 8. Jayaram
(Ministry of Food & Agriculture, New Delhi)
described  preliminary studies on the cffect of
hydroxyethylene docosanol (OED) on cvaporation
of water from soil surface. In arid zone, evapora-
tion loss from soil surface is a major problem.
Results from a drying cycle show that OED powder,
when sprayed on soil, reduces evaporation from
bare soil surface by about 15 per cent. Its dis-
integration in soil is very slow due to its waxy
nature. The cost of treatment per acre is roughly
Rs 40.

The question ‘TIs Indian desert a continuation
of Sahara desert 2’ was examined by P. P. Sajnani
(Institute of Tropical Meteorology, Poona). Tem-
perature and moisture distributions in the lower
and middle tropospherc over Sahara and Thar
exhibit a striking similarity of characteristics.
With minor variations due to purely local condi-
tions, the entire arca stretching from Sahara to
Thar appears to be a meteorologically homogencous
one and supports the view that the Thar desert
forms a part of an extensive desert belt comprising
the great Sahara and the arid regions of Arabia,
Tran and West Pakistan.

S. K. Gupta (Soil Conservation Research, Demon-
stration & Training Centre, Kotah) discussed fre-
quency analysis of rainfall data for use in soil
conservation. Analysis of such data has been used
to draw isopluvial maps useful in planning soil
conservation programmes. Microclimate and vegeta-
tion of arid zone was dealt by I. M. Qureshi and
B. K. Subba Rao (Forest Rescarch Institute, Dehra
Dun).

Climatic water balance of the Indian arid zone
was discussed by V. P. Subramaniam (Andhra
University, Waltair) who indicated the need for
analysing data collected over a period of 30 years
to obtain an idca of the departure of aridity index
from the normal. A. R. Subramaniam (Andhra
University, Waltair) presented results of compara-
tive drought and aridity studies in the Indian arid
zones. As remarked by E. Hovmoller (Metcoro-
logical Office, Poona), Chairman of the session, an
important point to be borne in mind is that while
macroclimate can hardly be influenced, cvery effort
should be made to modify microclimate as this is
particularly important for hamnessing the resources
of both arid and semi-arid regions.

Solar Energy, Wind Power and Fuel Energy

S. D. Gomkale, S. Y. Ahmed, R. L. Datta and
D. S. Datar (Central Salt & Marine Chemicals
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Research Institute, Bhavnagar) dealt with the tech-
niques and economics of conversion of saline water
into fresh water. They suggested the adoption of
cither clectrodialysis or ion-exchange method for
the demineralization of brackish well water of low
salinity available in certain regions of Rajasthan.
A substantial part of the cost of desalination by
distillation is taken up by power alone. The use
of solar energy for demincralization of brackish
well water in Rajasthan is recommended on account
of the favourable conditions, such as low humidity,
high wind velocity, high incidence of solar radia-
tions, very few cloudy days, availability of cheap
labour and materials of construction, etc., existing
in this region. Discussing the present status of
demineralization of saline water, M. L. Khanna
(National Physical Laboratory, New Delhi) summa-
rized the different methods employed at present
in USA. Rajasthan offers vast scope for under-
taking demineralization of brackish water on a
commercial scale. On account of the favourable
conditions available in the region, the chances of
utilization of solar energy for large-scale deminera-
lization of brackish well waters of Rajasthan are
very bright. Large-scale trials of solar stills con-
structed on the ground with indigenous materials
were recommended.  Examination of dual-purpose
desalting and clectric power plants run with nuclear

energy and their integration into local utility sys-

tems is also considered worth while. R. Natarajan
(Defence  Laboratory, Jodhpur) suggested that
clectrodialysis alone or in combination with ion-
exchange appears promising for brackish water treat-
ment in Rajasthan region. Need for the development
of indigenous ion-exchange materials and their use
in desalting watcers of the region was emphasized.

The use of solar energy for houschold heating was
discussed by J. P. Gupta and D. Krishnamurti
(Defence Laboratory, Jodhpur). In the sub-zero
ambient temperatures of cold arid region of Ladakh,
where neither electric power nor the conventional
types of fuels are available, living space heating was
cffected by radiative and convective heat losses
from the surface of hot water tank and not by
forced circulation of air.  The NPL type solar water
heater employed to heat water by thermo-siphon
action showed an overall efficiency of 28 per cent in
heating a room of size 1298 ft with solar
energy, the maximum room temperature rise being
21-5°C. for an ambient temperature of 3°C. B. M. L.
Saksena ef al. (Defence Research Laboratory, Delhi)
described  a solar cooking  device  comprising  a
concentrator and a thermally insulated oven. The
plane-glass mirror concentrator, identical to that
previously used by M. L. Khanna and his coworkers
(National Physical Laboratory, New Delhi) for
concentrating sugarcane and palm juices, is used
to concentrate solar energy on to the oven. Sub-
zero ambient temperatures and wind do not affect
its performance.

Reviewing the ficld of solar cnergy and its appli-
cation, H. Tabor (National Physical Laboratory,
Israel, Jerusalem) indicated that no commercial
firm was at present concerned with large-scale
utilization of solar energy, because of its diffused
nature, requiring a large collection arca.  However,
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possibilities exist today for exploiting solar energy
for developing refrigerators in the hot and non-
clectrified regions of the world. He surveyed the
present status of our knowledge with respect to
materials, solar radiation measurements, solar
distillation, refrigeration and air-conditioning, solar
cookers, water and air heaters, and large-scale
power units.  Only the solar pond appears to have
reasonable chance of success in large-scale exploita
tion of solar energy, specially for the manufacture
of salt in arid zones, as the process is independent
of weather on account of its large heat capacity
and effective use of sunshine. In conclusion, he
stated that solar cnergv utilization is attractive
only in areas where the supplies of conventional
energy are scarce and expensive or cost is of little
consideration.

General Discussion

During the session, general discussion was held
on the following subjects: Aerial photo-interpreta-
tion for survey of natural resources; Productivity of
arid lands for farming and animal husbandry;
Aridity — its causes, criteria and control; and Impact
of man on arid Jand — retrospect and prospect.

Plenary Session

Eighteen rcsolutions were passed during the
plenary session. It was recommended that an
overall appraisal of arid and semi-arid regions
throughout India should be conducted to determine
future investigational programmes and their order
of priority at the Central Arid Zone Research Insti-
tute, Jodhpur, and other institutions in the country.

Methionine Biosynthesis*

T. S. ANANTHA SAMY & N. APPAJI RAO

Department of Biochemistry, Indian Institute of Science, Bangalore 12

LTHOUGH mecthionine has long been known
A as an essential amino acid and lately as a

methyl donor in biological transmethylations,
its biosynthetic pathway in animals and microorgan-
isms has only recently attracted attention. The
discovery of du Vigneaud and coworkers!? that
both »- and r-isomers of homocysteine could sup-
port the growth of rats in the absence of methionine

sparked investigations on the biosynthetic pathway

of methionine. Homocysteine supplementation of
certain methionine deficient diets was effective only
when methyl donors such as choline and betaine
were incorporated in the diet. This type of a direct
transfer of the methyl groups from or to methionine
in vivo was termed ‘ transmethylation 3.

The development of the knowledge of de novo
formation of the methyl groups from active form-
aldehyde helped in the resolution of methionine
and thymidilate biosynthesis. These appear to be
the only two compounds in which the methyl
groups are so formed. Study of these reactions
has led to the understanding of the biochemical
function of folic acid and vitamin Bj,. This has
also led to the discovery of Ny-methyl FH,1, a new
intermediate in the biosynthesis of methyl groups?.

*This article is based on a lecture delivered during the
Summer School on the Current Trends in Biochemistry
sponsored by the University Grants Commission at the
Indian Institute of Science, Bangalore, during May 1964.

tFollowing abbreviations are used: IFH,, tetrahydrofolate;
FH,, dibydrofolate; ATP, §5’-(pyro)-adenosine triphosphate;
AM, 5-adenosyl methionine; AH, S-adenosyl homocysteine;
PALP, pyridoxal phosphate; DPNH, reduced nicotinamide
adenine dinucleotide; DPN, nicotinamide adenine dinucleo-
tide; FAD, flavin adenine dinucleotide; and FMN, ribo-
flavin-5’-phosphate.

Biosynthesis in Animals

The observation that a diet devoid of methionine
and other methyl donors, but containing folic acid,
homocysteine and vitamin B, could support the
growth of rats, modified the earlier concept of the
indispensability of methionine. In rat growth
experiments, du Vigneaud ef al.® occasionally en-
countered animals capable of growing on homo-
cysteine diet without added choline. This sugges-
tion that the labile methyl groups were being syn-
thesized de novo was verified by the appearance of
deuterium in the methyl groups of choline isolated
from rats whose diets contained D,0 and an ade-
quate source of the labile methyl group®.

Sakami and Welch” obtained further evidence
that rats can synthesize the labile methyl groups
de novo by demonstrating the incorporation of
formate-1-14C to methionine methyl groups. This
incorporation could also occur in rat liver slices
and. the #n vitro process was stimulated by folic acid.
Such an involvement of folic acid and vitamin By,
was earlier suggested by Bennet® from his nutri-
tional studies. Berg®10 was the first to observe the
formation of methionine from homocysteine and
formate by the cell-free extracts of pigeon liver
homogenates. The incorporation of C-formate
into the methionine methyl proceeded better an-
acrobically than aerobically. The components and
cofactors required for the methionine biosynthesis
were suggested to be folic acid, ATP, Mg?*, DPN
and homocysteine by Doctor et al.l' investigating
with chicken liver acetone powders and by Nakao
and Greenberg!? in a sheep liver system. Nakao
and Greenberg!3, measuring isotope incorporation

359



J. SCL

from serine-3-1%C and formaldehyde-1-14C, verified
the requirements reported by Doctor ¢ ald! and
established that FH, could substitute for folic acid.
Traces of methlomne greatly stimulated the syn-
thesis of methionine. When serine was the carbon
donor, there was an absolute requirement for serine
hydroxymethyltransferase and PALP. AM severely
inhibited the incorporation of the label. AM per-
haps was a component of the system whereby its
inhibition of the isotope incorporation into methio-
nine could be explained as being due to isotope
dilution. Stevens and Sakami'4, using an am-
monium sulphate fraction of pig liver homogenates,

confirmed the cofactor requirements suggested b\
Nakao and Greenberg!?, but reported that AH could
replace the requirement of homocysteine but not
ATP. Wilmanns ef al.'® isolated a folate inter-
mediate believed to be the methyl acceptor. These
results, however, have been disputed by Larrabee
et al'® and Kisliuk!?,

Mangum and Scrimgeour’® demonstrated the
requirement for AM in catalytic amounts for the
transfer of methyl groups from Nj-methyl FH, to
homocysteine. The requirement for ATP and Mg?'
was abolished when AM was used in the reaction
mixture. Kerwar ef a/.1® have shown the involve-
ment of vitamin B, in this process. Dickerman
et al.®® have purified the chicken liver enzyme 10-
to 30-fold and reported an anaerobic stimulation
by cobamide and suggested that cobamide main-
tained an essential —SH group on the enzvme in
the reduced state.

Biosynthesis in Microorganisms

The work on methionine biosynthesis in animal
systems has been parallelled by similar and in
some instances more fruitful studies in thc mutant
strains of Escherichia coli. Hatch et al®* have
separated the methionine synthesizing system into
three partially purified fractions: (i) serine hydroxy-
methyltransferase, (ii) a fraction that reduces
N;,N;g-methylene FH, to N;-methyl FH,, and
(1) a protein fraction contalnmg vitamin B,,.
The combination of the three fractions carried out
methionine biosynthesis in the presence of the
following cofactors and substrates: scrine, homo-
cysteine, PALP, FH,, ATP, DPNH and FAD or
FMN. When N N,,-methylene FH, was used as
the source of C, donor, the requirement for serine,
PALP and serine hydroxymethyltransferase was
abolished. These studies were carried out using
two mutant strains of Esch. coli, one requiring
either B,, or methionine for growth, and the second
requiring PABA and methionine. The important
finding of this group of workers was that Ny-methyl
FH, acted as an intermediate in the reaction and
could methylate homocysteine directly?S.

Guest and collaborators?22* and Woods?* suggest
that two pathways exist for the formation of methio-
nine in Esch. coli. In one of these, there is a
requirement for vitamin B,, protein and in the
other there is no requirement for vitamin B,, pro-
tein but only for triglutamate FH, as a cofactor.
The second pathway is inhibited by monoglutamate
FH, and appears to operate in Esch. coli PA-15,
“hlch has been grown on methionine in the absence
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of vitamin By,. On addition of vitamin B,,, the
bacterium changes over to the first pathway which
is obligatory in Esch. coli 121/176. The methyl
group transfer involves AM, a vitamin B;, enzyme
and a pyridino-flavoprotein.  They suggest that
the oxidation level of cobalamin cofactor remains
unchanged throughout the reaction.

Mechanism of Methionine Biosynthesis

Nakao and Greenberg!?® were the carliest to suggest
a possible mechanism of methionine biosynthesis
based on the incorporation of formaldehyde-1-14C.
Stevens and Sakamil* postulated that AH could
replace homocysteine and proposed a condensation
of formaldchyde, FH, and homocysteine to an
intermediate of the type —S—CH,—N<, ie.
where the methylene group is bridged between the
sulphur of homocysteine and the Ng-nitrogen of
TH,. The final step in the methyl biosynthesis
required the reductive cleavage of the —CH,—N<
bond to yield FH, and methionine. Alternatively,
they suggested that the reducing power might
emanate from the reduced pyrazine ring of FH,
to yield FH, and methionine. The FH, formed is
converted to FH, by dihydrofolate reductase.
This latter type of cleavage has been shown to
occur in the case of thymidylate synthesis?s.

Wilmanns et al.'> proposed a mechanism for
methionine biosynthesis similar to that of thymi-
dylate synthesis and presented isotopic incorpora-
tion data in support. They also reported a folate
intermediate, Ng-methyl-7,8-I'H,, and postulated
AH as the methyl acceptor. This system was
inhibited by antifolate compounds such as amino-
pterin and amethopterin. The third hydrogen for
the methyl group originated from the hydrogen
atom attached to carbon 6 of FH,. These findings
have, however, been severely criticized!®17, It is
now reported that both the experimental finding
and the mechanism have been withdrawn?,

Biosynthesis of N;-Methyl FH,

The initial steps in the biosynthesis of methio-
nine are now fairly well established. Serine and
formaldehyde have been the most commonly
studied precursors of the methyl group of methio-
nine. Studies with animal and bacterial systems
have established the requirements for formation of
methionine to be serine, serine hydroxymethyl-
transferase, PALP, I'H,, ATP, Mg*" and p}rl(lm(
nucleotide. The enzymic conversion of serine to
glycine has been demonstrated in a variety of
systems26-30. These studies have indicated that
f-carbon of serine is released as enzyme bound
C, unit at the oxidation level of formaldehyde.
PALP, Mg*" and pyridine nucleotides have been
implicated as cofactors in this reaction.

Blakeley® and Hatch ef al.' have shown that
[ormaldehyde reacts with FH, to form NN
methylene FH,. The latter workers have demon-
strated the appearance of this intermediate in their
reaction mixtures, and the enzymic formation of
this compound from serine in Esch. coli extracts.
They have shown that N N, ,-methylene FH, can
serve as a precursor for “methionine 1)105}11t11e51~.
When formaldehyde is used as the carbon source,
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coon Ns- N‘o- Methylene
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Ny~ Methyl FH,

Homccysteine

Methionine

Fig. 1 — Biosynthesis of Ng-methyl IFH, (after Larrabee ef al.'s)

the requirement for scrine, serine hydroxymethyl-
transferase and PALP is abolished.

The Ny N,,methylene FH, is converted to
N;-methyl FH, in the presence of an enzyme isolated
from bacterial sourcet and mammalian system31-33,
The enzyme is a flavoprotein requiring pyridine
nucleotide and was missing in Esch. coli 113/3
mutant requiring methionine for growth. N -methyl
FH, was identical with the folic derivative * pre-
folic A’ isolated carlier from horse liver®. The
enzymatic reduction requires reduced pyridine
nucleotide, usually DPNH.  Keresztesy and Donald-
son® and Sakami and Ukstins®® prepared this
compound by reducing the Ny Nji-methylene FH,
with potassium borohydride. Kisliuk and Sakami??
studied the origin of the hydrogen atom involved
in the reduction of NyN;smethvlene FH, to
N;-methyl FFH,. When tetradeuterofolate was used
as a cofactor in the methionine synthesis, the
methionine mcthyl group did mnot contain any
deuterium. When the reaction was carried out in D,0
there was an incorporation of two atoms of deu-
terium per molecule of methionine synthesized.  One
of this was located in the methyl group and the
second in the C, atom of methionine. These results
suggested that the hydrogen atoms of methyl group
arose from the solvent and not from the pyrazine
ring of FH,. The biosynthesis of Ny-methyl FH,
from C, umts is summarized in Fig. 1.

Transfer of Methyl Group from
N;-Methyl FH, to Homocysteine

Requivement for AM - The requirements for the
transfer of a methyl group from Ny-methyl FH, to

homocysteine have been studied!®:17:36-38 jn view
of the requirements for NADH, FAD and vitamin
By, protein for the methylation of homocysteine.
Originally, it was assumed that the abolition of the
lag phase by preincubation with ATP and Mg?*
was due to the formation of an unknown inter-
mediate or cofactor resulting from the interaction
of ATP, Mg*" and homocysteine. de La Haba and
Cantoni® observed that AH is formed from adeno-
sine and homocysteine by a rat liver system and
Nakao and Greenberg!® observed AH formation in
the sheep liver preparation. AH or enzyme system
synthesizing AH were tried by these workers but
they were unable to abolish the lag phase. It was
earlier reported that AM stimulated the biosyn-
thesis of methionine?”38. It was thought that ATP
and Mg?" could react with the endogenous methio-
nine in crude enzyme systems to form AM which
might abolish the lag phase?s. The transfer of the
methyl group from N;-methyl FH, to homocysteine
was catalysed by AM abohshmg the lag phase!8,20,40,
Stevens and Sakami!* had concluded that free AM
was not an intermediate in methionine biosynthesis.
Nakao and Greenberg!?, on the other hand, reported
that addition of AM severely inhibited the transfer
of label from formaldehyde-1-14C to methionine-14C
and suggested that AM might be involved in
methionine biosynthesis. That the synthesis of AM
represented a rate limiting step in methionine
biosynthesis was established by replacement of
ATP and Mg*" by AM resulting in the immediate
formation of methionine and preincubation of AM
with other components of the system (except
N;-methyl FH,) when no enhancement of the rate
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of methionine biosynthesis was observed. Mangum
and Scrimgeour'® and Foster e al#' showed that
AM acts catalytically in methionine biosynthesis.
The latter workers observed that 200 moles of
methionine were synthesized per mole of AM, which
is rather unusual. It would appear that this com-
pound could function as an intermediate in methio-
nine biosynthesis in which the sulphur atom is
successively methylated and demethylated or it
would have to methylate some compounds one at
a time and is not directly involved in methylation
reactions. The latter possibility finds favour since it
has been impossible to demonstrate the incorpora-
tion of a radioactive methyl group from C-methyl
labelled Nymethyl FH, into AM (ref. 36). The
formation of AM from C-methionine and ATP
from a crude enzyme preparation has been reported®.
AH, adenosine, 5-methyl thioadenosine, Barker’s
coenzyme B, and methyl vitamin B,, were unable
to replace AM.

Requirement for a reducing system and vitamin B, —
Another requirement for methionine biosynthesis
is a reducing system which is met by a DPNH
flavoprotein dehydrogenase. Catalytic amounts of
FADH, can replace this protein fraction. The
function of this system appears to be to reduce the
cobalt atom of vitamin Bj,. Using the vitamin
B, enzyme and a reducing system, it has been
shown2%3740,42 that vitamin By, has to be reduced
before the cnzyme can catalyse the transfer of
methyl group from Ng-methyl FH,.

Brady ef al® and Peterkofsky and Weissbach
studied the synthesis of adenosyl vitamin B,
enzyme. Although they have reached different
conclusions, their data could be interpreted to mean
that the reduction of the cobalt atom in vitamin
B,, from Co3* to Co* is followed by the reaction of
the reduced cobalt with ATP to form adcnosyl
vitamin B;,. This biosynthetic reaction has been
shown to have cofactor requirements similar to the
methyl transfer step in methionine biosynthesis,
namely DPNH and FAD. Miiller and Miiller® and
Smith et al.% found that fully reduced vitamin B,
reacts almost instantancously with alkyl halides to
form a new type of vitamin By, derivative charac-
terized by cobalt alkyl bond. Thus methyl
vitamin B;, can be prepared chemically with
methyl iodide or dimethyl sulphate, and recently
Foster et al® presented experimental evidence
for the formation of methyl vitamin B;, from
AM and hydroxy vitamin By, by extracts of Esch.
coli. This synthesis by Esch. coli requires an addi-
tional reducing system. A chemical synthesis of
methylcobalamin from AM and hydridocobalamin
has been reported?”. Since the reaction mixtures
contain —SH compounds which can convert vita-
min Bj, to a reduced form the requirements for
additional reductants indicate that the product of
the reaction is the more highly reduced form of
vitamin B,,. This is possibly a form in which the
positive charge on cobalt is one, i.c. a form reduced
by two electrons below the level of hydroxycobala-
min. It has also been shown that AM has no effect
on the transfer of methyl groups from methyl
vitamin Bj, to methionine indicating that AM
must be acting prior to the formation of methyl-
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cobalamin. Similar requirements have been demon-
strated in avian and mammalian systems®®.49,
Loughlin ¢/ al*® have purified (250-fold) the
enzyme from pig liver, catalysing the transfer of
methyl group from Nj-methyl FH, to homocysteine,
N;-methyl FHj-monoglutamate and triglutamate
can he used as substrates.  AM and reduced flavin

are required as cofactors for the reaction. The
vitamin B,, content was proportional to the
enzyme activity at all  purification  stages.

Dickerman ¢f al® have isolated from avian liver
an enzyme  system, catalysing the transfer of
methyl group from methyl vitamin By, and from
N;-methyl FH; to homocysteine.  The two enzyme
systems, however, could not be separated.  For the
methyl vitamin By, transferase activity, only the
methyl acceptor homocysteine was required, whercas

as for the Ng-methyl FH, transferase activity, in

addition to homocysteine, AM and {-mercapto-
cthanol as reducing compounds were required.
Cyano-vitamin  B,,, deoxyadenosyl vitamin By,
methyl vitamin Bj,, reduced form of cyano-vitamin
By, all stimulated the methyl FH; transferasce
reaction. Nutritional studies indicated that cyano-
vitamin B,, deficiency led to a marked reduction of
both transferase activities and replenishment with
cyano-vitamin By, or Barker’s coenzyme restored
both the activities.  When #Co-cyanocobalamin was
injected to vitamin B, deficient chicks, radioactive
incorporation was observed in the fractions which
coincided with methyl FH, transferase activity in
blood. Incorporation was also observed when
normal rats were injected with the radioactive
vitamin B;, but to a less extent.  Methionine supple-
mentation resulted in reduction of methyl FH,
transferase activity but not methyl vitamin By,
transferase activity.

The methyl analogue of dimethylbenzimidazole
cobamide reacts non-enzymatically, spontaneously
but slowly with homocysteine to yield methionines.
The reaction was increased tenfold by the addition
of purified vitamin B, enzyme and the rate of
reaction was proportional to vitamin By, concen-
tration. No cofactors or substrates other than
homocysteine were required.  But the presence of
air or cofactors needed for methyl transfer from
N;-methyl FH, decrcased the rate considerably.
A quantitative conversion of methylcobalamin to
methionine occurred when an excess homocysteine
was present.  The methyl group of methyl-
cobalamin that is transferred to homocysteine is
linked to the cobalt atom. Direct confirmation for
this was obtained using ""C-methyl vitamin B, and
homocysteine!8:17,51,

Weissbach ef al.4%, working with extracts of wild
type Esch. coli, have provided evidence that methyl
vitamin By, can form an active vitamin B,, protein
under conditions where cyano-vitamin B, and
deoxyadenosyl vitamin By, are not active.  Activity
with vitamin or coenzyme could be obtained if they
are converted to vitamin Bj,, a vitamin derivative
containing divalent cobalt. These results led to
the postulate that the active species in methyl
transfer from Ng-methyl FH, is a reduced vitamin
By, protein. Weissbach ¢f al® have observed
that among the different alkyl derivatives tested
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only cthyl vitamin B,, and 8-propionyl vitamin B,,
could replace methyl vitamin B,,.  This is explained
by assuming that the enzyme can cleave the alkyl
cobalt linkage in those vitamin B,, derivatives that
are active, vielding a reduced vitamin B,, derivative,
very, likely protein bound and the corresponding
carbanium ion. The reduced vitamin By, protein
can then accept a methyl carbanium ion form N,-
methyl FH, and transfer it to  homocysteine.
Guest ¢f al.® have also postulated that the active
species in the methyl transfer is a reduced vitamin
By, protein.  The alkyl derivatives which could
replace methyl vitamin By, were found to inhibit
the methyl transfer from Nj-methyl FH, suggest-
ing that they are bound to the enzyme but were
not cleaved to yvield active reduced vitamin B,
protein.

In considering this mechanism of methyl transfer,
the possibility also exists that the postulated
reduced vitamin By, protein, active in methyl trans-
fer from Ng-methyl FH,, also acts in the transfer
of methyl group from exogenous methyl vitamin
By, to homocysteine. However, the data  of
Weissbach et al>® do not support such a hypothesis.
A 100-fold purified enzyme from an  Esch. coli
mutant catalysed the transfer of the methyl group
from Nj-methyl FH, to homocysteine and also the
transfer of the methyl group from methyl vitamin
By; to homocysteinedt.  [f the same enzyme s
responsible for these two methyl transfers, there is
a possibility of two distinct catalytic sites on the
same enzyme molecule.

One obvious possibility® is that the methyl-
cobalamin is a free cyclic intermediate. It combines
with the enzyme to form a complex from which the
methyl group is transferred to homocysteine with a
consequent liberation of the enzyme (which would
be free to combine with another molecule of co-
balamin) and a non-methylated cobalamin (possibly
hydroxycobalamin  or vitamin  B,,), since the
hydridocobalamin, if formed, would presumably
suffer immediate oxidation. If this hypothesis is
correct, then the vitamin By, enzyme would in
reality be the methylcobalamin complex and not
an enzyme bearing a cobalamin derivative as a
prosthetic group.

Another possibility (Fig. 2), which is also in
accordance with the fact that the vitamin B,,
derivatives are generally found strongly bound to
protein, is that the prosthetic group of the vitamin
Bz enzyme is a non-methylated cobalamin deri-
vative and it accepts a methyl group from Ny-methyl
FFH, with transient formation on the enzyme of a
methylcobalamin - prosthetic  group. The methyl
group is then transferred to homocysteine and the
vitamin By, enzyme liberated in a different oxidation
state. It is possible that the prosthetic group, in
the state in which the methyl group is accepted,
may be hydridocobalamin or vitamin By stabilized
by combination with the enzyme protein. In the
second hypothesis, it is possible that a non-
methylated prosthetic group takes up a methyl
group from methylcobalamin and the cycle con-
tinues or the non-methylated vitamin B, enzyme
dissociates and the apoenzyme again can recombine
with methylcobalamin.

8,5~ Enzyme
exidised form Methionine
Bu- Enzyme Hydroxo = 812 Homocysteine
reduced form
Apoenzyme
Methyl - By
Methyl = B'z Enzyme

Ng- Methyl FH,
tarp?

IYig. 2 - Possible mechanism for a function of methyl-
cobalamin in methionine biosynthesis

The simplest interpretation would be that AH is
the actual substrate methylated by vitamin By,
enzyme system and that the primary product 1s
AM which then reacts with homocysteine yielding
free methionine and another molecule of AH in a
cyclic reaction in which catalytic quantities of AM
would suffice. However, it has not been possible
to demonstrate the methylation of AH and AH
will not replace AM or homocysteine. It is possible
that AM may act in its customary role of methyl
donor and generate molecules of methylcobalamin
thus initiating the cycle. It is, therefore, of interest
that a chemical and enzymatic synthesis of methyl-
cobalamin from AM and hydridocobalamin has also
been described 14780,

Kerwar e al.!® have further studied the formation
of methylcobalamin in a pig liver system. They
have fractionated the system into two fractions,
A and B, on DEAE-cellulose. Fraction A had a
very low activity even in the presence of AM, but
the activity was substantially increased by the
addition of methyl vitamin By,. Fraction B showed
very little activity and was not stimulated by
methyl vitamin By, but it stimulated AM supple-
mented fraction A. These workers conclude that
the ammonium sulphate fraction contains three
forms of methionine synthetase, an active holo-
enzyme containing bound methyl vitamin B, an
apoenzyme that can be reacted by added vitamin
B, and a second inactive one in which there is a
bound breakdown product of methyl vitamin B,,.
Reactivation of this last form via ancillary enzyme
present in fractions A and B involves the following
sequence:

Bia—>Bar B
Bjas+-AM— - Methyl vitamin By,+AH

These workers believe that methyl vitamin B,
is not an intermediate in the process of methyl
transfer and have experimental cvidence to show
that methyl vitamin B, is a poor methyl donor
compared to Ny-methyl FH,. It is suggested that
as methyl vitamin B,, does not appear to be the
primary methyl donor in the transfer of methyl
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Ng - N“-)- Metnylene

FH FH, . FH,
(Monoglutamate) (Monoglutamate)  Enzyme A [XJ {Monoglutamate)
Serine cabamide
Hydroxy methyl containing ()
transferase Enzyme
Serine Glycine Homocysteine Ccbalamin  Methionine
Serine cobamide
Hydroxymethy! containing ()
transferase
FH, N N5 Methylene _Enzyme A [x,] FH,
(Triglutamate) FH, { Triglutamate)
(Triglutamate)
(c)
Enzyme B
Hoinocysteine Methionine

Tig. 3 — Possible enzymic mechanism for methionine from homocysteine and serine

group from Nj-methyl FH, to homocysteine, its
function is probably related to labilization of the
methyl group from Ng-methyl FH,.

In conclusion, Foster ef al.52-% have proposed the
following mechanism of methionine biosynthesis,
involving vitamin B;, and also a vitamin Bj,-
independent pathway (Fig. 3). In the absence of
added cobalamin, C, of serine is converted into
methyl group of methionine via scrine hydroxy-
methyltransferase, enzyme A and an enzyme B with
triglutamate FH, as cofactor (pathway C). When
cobalamin is available, the second mechanism can
operate by using the cobamide containing enzyme
as an alternate to enzyme B (pathway B). Although
in both the mechanisms the triglutamate can be
used as cofactor, monoglutamate is effective only
in the cobamide dependent mechanism (pathway A)
and inhibits pathway C. Mutation to loss of the
enzyme A gives an auxotraph responding cither to
methionine or cobalamin. This postulation of two
pathways have found support in the experiments of
Buchanan and coworkers®, On the other hand,
in mammalian systems, there appears to be a
specific requirement for vitamin B,,.

Foster et al.4* have proposed a detailed mechanism
for the cnzymatic transfer of the methyl group to
homocysteine involving AM and vitamin B, co-
enzyme (Fig. 4).

The first step in the reaction is the reduction of
the enzyme vitamin By, to a valency of onc ().
This process is carried out by a pyridine nucleotide
dependent flavoprotein. This reduced compound then
reacts with AM to yield AM-vitamin B,, enzyme (I1).
Methyl vitamin By, is directly formed on the enzyme
by the migration of the methyl group from AM to
vitamin By, to form enzyme vitamin B;, methyl AH
(ILI). The AH thus produced on the enzyme is methy-
lated by Ng-methyl FH, so that when methyl group
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of cobalamin is transferred to homocysteine (IV and
V),  AM is available to remethylate the unstable
vitamin By, by reaction (II). This mechanism
suffers from the following drawbacks: (i) AH does
not mect the requirements for AM.  One explana-
tion suggested is that AM is tightly bound to the
enzyme and externally added AH is hydrolysed by
nucleotide pyrophosphatase. (i) When  substrate
amounts of MC-AM are added, it does not appear
in methionine.  If substrate amounts of AM and
the enzyme are incubated in the absence of homo-
cysteine  the enzyme should he labelled  and
on addition of homocysteine the label should
be transferred to it. This cxperiment has not
been reported. (i) Kerwar ef al.l® have shown
that the addition of Ngp-methyl FHy severely de-
presses  the transfer of ¥C-methyl groups from
methyl vitamin B,, suggesting that Ny-methyl FH,
is the primary methyl donor.  (iv) There is no
known biochemical reaction in which such a sequence
occurs and it is difficult to explain the requirement
for all these cofactors when AH gets divectly methy-
lated by Ng-methyl FH,. It should be possible that
AH should substitute for homocysteine which is not
the case.

FH“ AM —~enz — Bu: CHy Homocysteine
i)
Ns- Methyl AH—enz— Bl2 : CHJo-ﬁ- Methionine
FHI‘
AM —enz — BIZ
1
AM
FADH, P
~B, : —_ =B,
enz B|2 : CH 7 enz 8‘2. = OH
Fig. 4 - Mechanism of methionine biosynthesis
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An excellent system to study such a reaction
would be plants which are known not to contain
vitamin By,. It would be worth while to investigate
in detail the mechanism of transfer of methyl groups
from methyl FH, to homocysteine with the isolated
enzyme systems in plants.

Summary

The biosynthesis of methionine in microorganisins,
ovine and mammalian tissue, reviewed in this
paper, has led to a clear understanding of inter-
relationship of folic acid and vitamin By, The
study of the reactions involved has also led to
the discovery of a new intermediate, N5-methyl-
tetrahydrofolate, involved in transmethylation re-
action. Different routes for the synthesis of methio-
nine have been observed in microorganism and in
ovine and mammalian tissucs depending upon the
requirement of the form of folic acid derivative.
The vitamin B, coenzyme requirement in  the
final transfer of methyl groups from NP-methyl-
tetrahydrofolate to homocysteine has been demon-
strated in the mammalian and in some Escherichia
coli strains. Involvement of 5-adenosyl methionine
in the transmethylation from N5-methyltetra-
hydrofolate to homocysteine reaction is yet under
active investigation and further substantiation is
necessary to give a definite role for this compound
in the reaction. It will be interesting to sce whether
similar biosynthetic mechanism also exists in plants
which synthesize methionine. It is really fascinating
that serine, a non-essential amino acid, donates a
carbon atom to the synthesis of an essential amino
acid, methionine, the reaction requiring both folic
acid and vitamin By, in coenzyme form.

References

1. Dyer, H. M. & pu Viaxeaun, V., . biol. Chem., 109
(1935), 477.

2. bu VieNEaUD, V., CHANDLER, J. P, Mover, A. W. &
Keveer, D. M., J. biol. Chem., 131 (1939), 57.

3. pu Vieyeaun, V,, Conn, M., CHANDLER, [. ., SCHNECK,
J. R & Sivvonns, S., [, biol. Chem., 140 (1941), 625.

4. LARRABF A. R., Rosentrar, 8., Catnou, R. E. &
Bucnanaw, J. M., J. dmer. chem. Soc., 83 (1961), 4094,

5. pu VIGNEAUD, V., StuMoNDs, S., CHANDLER, |. P. &

Conx, M., /. biol. Chem., 159 (1945), 755.
6. DU NIGNEAUD, V., RESSLER, C. & RACHELE, J. R., Science,
112 (1950), 267.
7. Sakamr, Wo & Weren, AL D, /. biol. Chem., 187 (1950),
379.

sNNET, M. AL, . biol. Chem., 187 (1950), 751.

9. Bera, I, J. biol. Chem., 190 (1951), 31.

10. BeraG, ., J. biol. Chem., 205 (1953), 145.

11. Doctor, V. M., Parrox, T. L. & AwWAPARA, 1., Areh.
Biochem. Biophvs., 67 (1957), 404.

12. Naxao, A, & GreeNgERG, D. M., . Amer. chem. Soc., 77
(1955). 6715.

13. Nakao, A, & GREENBERG, D.
(1958), 603.

14, STEVENS, A,
2063.

15. Wicmanys, W, RUuckegr, B..& JapNieke, [., Hoppe-

Sevl 7., 322 (1960), 283.

M., /. biol. Chem., 230

& Sawami, W, . biol. Chem., 234 (1959),

16.

17;
18.

19.

20.

21..
22.
23.

24
25.

26.
27
28.
29.
30.
31

32.
33.

34.
35.
36.
37.
38.
39.
40.

41.
42.
43.
44.

45.
46.

47,
48.
49,
50.

LARRABEE, A. R., RosENTHAL, S., CaTHOU, R. W. &
Bucuawax, J. M., /. biol. Chem., 238 (1963), 1025.

KisLiuk, R. L., J. biol. Chem., 238 (1963), 397.

Mancuw, J. H. & ScriMGeour, K. G., Fed. Proc., 21
(1962), 242.

KerwaAR, S. S, Maxcuwm, J. H., ScriMGEOUR, K. G. &
Huksxexens, 1. M., Biockim. biophvs. Res. Commun.,
15 (1964), 377.

'RMAN, H. W., RepriELD, B. G, Bigry, J. G. &

y ssspacy, H., Adun, N.Y. Acad. Sci., 112" (1964),

91.

Haten, T. 7., LarraBeg, A. R, Catnou, R. E. &
Bucuanan, J. M., J. biol. Chem., 236 (1961), 1095.

GuesT, J. R., FRIEDMAN, S. & FosTER, M. A., Biockem. s
84 (1962), 93.

Guest, J. R., FrRiEDMAN, S., DiLworTi, M. J. & Woobs,
D. D, Ann. N.Y. Acad. Sci., 112 (1964), 774.

Woons, D. D., Biochem. J., 89 (1963), 4.

V\;/;un.r\, A.J. & Friepxiy, M, J. biol. Chem., 236 (1961),

Braksiey, R. L., Biochem. J., 58 (1954), 448.

KrsLiuk, R. L. & Saxami, W, /. biol. Chem., 214 (1955),
47.

HuensekeNs, F. M., Hatern, Y. & Kay, L. D, J. biol.
Chem., 224 (1957), 435.

Wricur, B. E., J. Amer. chem. Soc., T7 (1955), 3930.

BLAkELEY, R. L., Biochem. J., 72 (1959), 707.

Doxarbsox, K. & Keresziesy, J. C., J. biol. Chem.,
237 (1962), 1298.

Sakami, W. & Ukstins, L., J. biol. chem., 236 (1961), 50.

Roozr, V., Saxamt, W. & BLAIR, D., Fed. Proc., 21 (1962),
4

Doxarvson, K. O. & Kereszresy, J. C., J. biol. Chem.,
234 (1959), 3235.

Keresztesy, J. C. & Doxarnson, K. O., Biochim. biophys.
Res. Commun., 5 (1961), 286, 289.

Mancuwm, J. H., Ph.D. thesis, University of Washington,
Scattle, USA, 1962.

T'osTER, M. A., Jones, K. M. & Woobs, D. D., Biochem.
J.. 80 (1961), 519.

LosTER, M. A., TEJERINA, G. & Woobs, D. D., Biochem.
J., 81 (1961), 1.

DE La Hasa, G. & Caxtowny, G. L., J. biol. Chem., 234
(1959), 603.

Bucnanan, J. M., Evrorp, H. L., LouvcuLiy, R. I,
McDougaLL, B. M. & ROSENTHAL, S., Ann. N.Y. Acad.
Sci., 112 (1964), 756.

FosTER, M. A, DiLwortH, M. J. & Woobs, D. D., Nature,
Lond., 201 (1964), 39.

WersssacH, H., PETERKOFSKY, A., REDFIELD, B. G. &
Dickermax, H., . biol. Chem., 238 (1963), 3318.

Brapy, R. O., CastaNERa, E. G. & BARKER, H. A,, J.
biol. Chem., 237 (1962), 2325.

PETERKOFSKY, A. & WEissBacH, H., [. biol. Chem., 238
(1963), 1491.

MULLER, O. & MULLER, G., Biochem. Z., 337 (1963), 179.

Smitn, L. T.., MErRVYN, L., Jounson, A. W. & Suaw, N.,
Nature, Lond., 194 (1962), 1175.

I'reDrICcH, W. & Koxiek, E., Biochem. Z., 336 (1962),
444.

LouenLix, R. LI, Errorp, H. L. & Bucnanax, J. M.,
J. biol. Chem., 239 (1964), 2888.

DickErMaN, H., REDFIELD, B. G., BiEr], J. G. & WEIss-
Bacu, H,, J. biol. Chem., 239 (1964), 2545.

Wueisssacu, H., ReprieLp, B. G. & DickErvaN, H.,
J. biol. Chem., 239 (1964), 146.

. Gursrt, J. R., FrRiepMaN, S., Woobs, D. D. & Smith, E. L.,

Nature, Lond., 195 (1962), 340.

. FosTER, M. A., TEJERINA, G., GUEsT, ]. R. & Woobs,

D. D., Bicchem. J., 92 (1964), 476.

. GuEst, J. R, FosTER, M. A. & Woons, D. D., Biochem.

J., 92°(1964), 488.

. Guest, J. R., FriepMaN, S., FosTeERr, M. A., TEJERINA,

G. & Woobs, D. D., Biochem. ., 92 (1964), 497.

365



Molecular Basis of Viral Multiplication*

MAHARANI CHAKRAVORTY & D. P. BURMA

Department of Biochemistry & Biophysics, College of Medical Sciences, Banaras Hindu University, Varanasi

HAT is a virus? The definition always
\x/ creates problems. So it is better to

avoid a definition. There has been a good
deal of controversy in the past and even today
regarding the ‘ living " nature of the viruses.  Since
it is equally difficult to elaborate what * life * is, the
differences between the ‘living’ and the 'non-
living* have to be shelved for a while. However,
it cannot be denied that viruses have provided the
maximum opportunity to analyse a number of
complex situations which arise in the borderline
of the living and the non-living. The parasitic
nature of the viruses, ic. their inability to grow
without a host, indicates a low ‘form’ of life, but
the viruses are more than parasites as they them-
selves know all the tricks of ‘living’. They just
need a platform to perform the tricks which are in
no way less intelligent than those associated with
the growth and reproduction of not only micro-
organisms but also the giant mammals like elephants.
It is not wise to engage oneself at the start in the
solution of the problem of evolution, i.c. to decide
whether viruses evolved before their hosts or
whether they are derived from their hosts. But a
question like the above raised in the very beginning
keeps one alert about the problem to be faced
in the course of discussion. The discovery of the
viruses is as exciting as the discovery of life itself.
Day-to-day experiences have helped us to under-
stand the latter. In case of viruses, however, not
only are the day-to-day experiences useless but also
—misleading in understanding the mechanism of their
vegetative growth in parallel with the growth of
the microorganisms. Both sexual as well as asexual
reproductions are commonly encountered. But the
vegetative growth of viruses is more than asexual
reproduction. Most of our discussion will centre
around this problem which can be designated as
“ multiplication ’ to avoid controversial issues.

Historical Background

In the beginning of this century it was well estab-
lished that the microorganisms are responsible for
the pathogenic conditions. But a dramatic situa-
tion developed when Beijerinck in Holland was
working with the mosaic disease of tobacco plant.
It was already established by Pasteur that the
bacteria were unable to pass through unglazed
porcelain filter. What Beijerinck observed was
that the pressed juice of the infected leaves of
tobacco, after being filtered through unglazed porce-
lain, still retained the ability to infect fresh leaves.
Thus the virus responsible for the tobacco mosaic
disease (TMV) was the first filterable virus to be
discovered. We are all familiar with the exciting

*Based on two lectures, one delivered (by D.P.B.) at the
meeting of the Diochemical-Socicty of Bangalore, 1963 and
the other (by M.C.) in the Summer School on the Current
Trends in Biochemistry, Bangalore, 1964.
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achievement of Stanley in 1935 when he first crystal-
lized the TMV which perhaps laid down the founda-
tion of molecular biology. An organism appeared
more as a molecule than as a complex myriad of
organizations. But, after all, this was the discasc
of a plant. How about the animal discases? The
breakthrough came in 1900 when two German
bacteriologists, Frosch and Dahlem, first found
that foot and mouth discases of cattle were due to
an agent which could pass through the bacteria-
proof filter. Then the claims poured in regarding
the discovery of more and more filter-passing agents
responsible for the discases of the human as well
as the animals in general. Some of these claims
were eventually found to be baseless, but some stood
the test of time. Unfortunately, or rather fortu-
nately, difficultics were experienced with  two
important cases: one, the cow-pox of Jenner and
the other, rabies dealt with by Pasteur. The
causative agents in both the cases failed completely
to pass through the filters. It took long time to
realize the differences in terms of size. A virus
may not necessarily be as tiny as to pass through
the bacterial filter. It was merely by chance that
the early viruses dealt with were filter-passing.

Bacterial viruses were first discovered in 1915
when Twort! isolated a filterable virus which pro-
duced a ‘glassy transformation’ of micrococcal
colonics during the growth on the agar surface.
This outstanding observation of Twort remained
practically in darkness for two years till d’Herelle?
in 1917 announced the discovery of a filterable
agent, the ‘bacteriophage’, capable of lysing the
growing cultures of enteric bacilli. The possibility
of combating pathogenic bacteria with bacteriophages
immediately created a sensation in the medical world.
Soon after the discoveries of Twort and d’Herelle,
a large number of bacteriologists got involved
in studies on ‘bacteriophages’. It took some
time, however, to realize the actual nature and
the mode of action of the bacteriophages. The
tremendous  knowledge we have acquired in last
one or two decades regarding the mechanism of
viral growth has been mainly through studics with
the plant virus TMV and the bacteriophages.
Naturally, most of our discussion will be centred
around the bacterial viruses.

Composition and Structure of Viruses

Though viruses are unable to multiply on any-
thing less complex than the interior of a living host
cell, they themselves are very simple organizations.
Essentially, they consist of a shell or coat of protein
enclosing a core of nucleic acid. The core is
usually deoxyribonucleic acid (DNA) which is the
hereditary material for almost all the living entities
so far known. Actually, the occurrence of DNA
in the viruses indicates its involvement in living
phenomenon.  The unusual feature of some of the
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viruses like TMV, polio virus, encephalomyocarditis
and bacteriophages like MS2, R17 and fr is the
occurrence of ribonucleic acid (RNA) instead of
DNA. Perhaps these RNA-containing viruses are
the only instances which are dependent on RNA
acting as the hereditary material. Most of the
naturally occurring DNA exist in the double-stranded
form which is referred to as the native state.
Again some of the viruses like ¢x174 are excep-
tions which contain single-stranded DNA though the
actual replicating form is double-stranded®*. Same
is found to be true for RNA-containing viruses™,
Normally, they are single-stranded but during their
multiplication the double-stranded form 1s the
intermediate.

The shell or coat protein as already referred to
serves as a protective jacket and also as a tool for
breaking down the walls of the living cells which the
viruses are able to attack. In many cases, like
the T-even bacteriophages, there are tail-like struc-
tures which help them to sit on the bacterial wall
and dissolve the cell-wall material with the help of
the lysozyme contained in the tail. Usually, the
sheath contracts and a spike-like structure protrudes
out which helps the insertion of the hereditary
material, in this case DNA, within the cell. The
protein coat is left outside. This was unequivocally
demonstrated by Hershey and Chase? using 32P-
labelled and #S-labelled viruses.

Most viruses fall in the size range between 10
and 200 millimicrons and naturally can be scen
only under the electron microscope. As mentioned
already, they are found to have different sizes
and  shapes. For instance, TMV look like
slender rods with visible subunits. One RNA
molecule (molecular weight of the order of 108) is
coiled up in helical form and 1800 protein subunits
are oriented along the spiral in perfectly organized
fashion so as to give the overall rod-like shape.
By osmotic shock it is possible to have RNA out
of the protein sheath and leave the empty shell
behind.  Under controlled conditions, the reverse
process, i.c. the recombination between the protein
and nucleic acid units to make the fully formed
virus, can also be carried out. Actually by this
process, it was possible to demonstrate that the
RNA is the hereditary material and the infec-
tion of the tobacco leaf is possible with this
component only®¥.  Protein coat is of no use in
this respect.

Most small viruses, which look spherical under the
clectron microscope, are actually regular polyhedrons.
Adceno virus, polyoma virus, poliomyelitis virus, ctc.,
are the best examples. The structures of the
T-even bacteriophages as revealed by the clectron
microscope have interesting features. They have
hexagonal heads which contain the DNA in the
tightly coiled form and tails which act more or less
as injecting syringes. The distal end of the tail
has some fine structures as well as lysozyme and
some metal ions.

We have alrecady mentioned about the mechanism
by which the DNA is injected into the host cell
through this tail. The viruses also exhibit remark-
able specificity with respect to the host. One of
the factors which must determine this specificity

at the early stage of infection is the structure of
the cell wall of the host.

Life Cycle of Bacteriophages

Let us consider the life cycle of T-even bacterio-
phages to illustrate viral reproduction. As soon
as proper spatial relationship between the host and
its virus is established, the DNA is injected into
the host cell. Tollowing this there is apparently a
period of inactivity in the sense that the metabolic
machinery of the host cell comes to a halt. This
is the period during which the viral DNA takes
control of the machinery of the host. Volkin and
Astrachan!, searching for new metabolites formed
during this period, came across a new type of RNA
whose base composition agreed more with that of
the viral DNA than that of the host DNA and
RNA. For some time the function of the viral-
specific RNA was not understood. With the intro-
duction of the messenger RNA concept by Jacob
and Monod!* and the discovery of the enzyme
RNA polymerase (Burma'?), it became clear that
this T-specific RNA was the messenger RNA
for the virus and was produced on the template of
viral DNA. It was expected that the production
of the host messenger RNA should be stopped at
this stage and the viral messenger RNA should
take its place in the dictation of protein synthesis,

Even before the concept of messenger RNA de-
veloped and the implication of limited RNA synthesis
on viral infection was understood, the brilliant
work of Flaks et al.1314 and eventually of Kornberg
and his coworkers?® showed the tremendous rate at
which some specific enzymes were synthesized after
the so-called ‘eclipse’ period. Even before these
experiments, the general features of the viral
metabolism were gradually being understood. For
instance, Cohen'® showed, for the first time with
the use of 3P as tracer, that the phage DNA is
synthesized within the host with the help of the
nutrients drawn from the medium by the bacterium
after infection. It has already been mentioned
that with the use of phage particles, labelled either
in DNA with 32P or in the protein coat with 35S,
Hershey and Chase? demonstrated that the coat
was left outside and only the DNA invaded the host.
There was some controversy in the beginning
regarding the requirement of both the nucleic acid
and protein of TMV for infection, but eventually the
speculation was set at rest with the clear-cut
demonstration that the infectivity was associated
with the nucleic acid only®:*.

Some time before the classical work of Kornberg
and his coworkers!® was published, Flaks et ql.13:14
had already shown that within several minutes after
infection by T-cven phages a new enzyme which
hydroxymethylates deoxycytidine-5’-phosphate
(dCMP) is produced. This was expected because
T-even phage DNA contains hydroxymethylcyto-
sine instead of cytosine present in the host DNA.
This carly observation was well supported by the
finding of Kornberg ef al.'® who showed that several
enzymes were induced in the phage-infected cells,
onc of which converts hydroxymethyl dCMP to
hydroxymethyl dCTP, the proper substrate for
DNA synthesis. Another newly synthesized enzyme
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converts dCTP to dCMP, naturally to destroy
the building blocks of the host DNA. There are
also enzymes induced which are capable of gluco-
sylating the hydroxymethyl groups of cytosine.
T-even phage DNA has the characteristic feature
of possessing glucosylated hydroxymethyl groups.
Other than the level of these two enzymes, levels
of several other enzymes already existing within
the uninfected cell are also hoosted up. These
enzymes are involved in the phosphorylation of
nucleotides to the triphosphates which are the true
precursors of DNA synthesis. And all the more,
the level of the DNA polymerase, which is respons-
ible for the synthesis of DNA, is boosted up several
fold. In the beginning it was not well understood
whether the increased level of DNA polymerase
was due to the accelerated rate of synthesis of
host DNA polymerase or due to the synthesis of a
new type of phage-specific polymerase.  The latter
view was found to be correct by immunological
experiments!?”. This was found to be true not
only for DNA polymerase but also some other en-
zymes, indicating clearly that phage genome has
the informations for the syntheses of enzymes
required for the syntheses of phage DNA and
protein (Cohen!® and Champe'). These enzymes,
though may be similar in catalytic activity, may
not necessarily be identical with the host enzymes.
Subsequent to the report of Kornberg ef all'?,
numerous reports have appeared which indicate
the induction of a large number of enzymes in
the host due to viral infection which are all con-
nected with the metabolism of the virus. These
observations have led to a clearer understanding of
the series of events that take place after viral
infection. The phage DNA that is injected in at
first knocks the DNA of the host out of the
position of control switch and starts producing
its own messenger RNA. Tt has been shown by
recent experiments that ribosomes which are norm-
ally involved in the formation of polyribosomes
with host messenger RNA can be converted to
polyribosomes bound with viral messenger RNA
(Ames and Martin2). The next event is naturally
the synthesis of the enzymes with the help of
protein-synthesizing machinery of the host as
dictated by the viral messenger RNA.  These en-
zymes start synthesizing the building blocks ol
DNA at a fast rate and finally assemble those into
DNA molecules. Within a short while after the
DNA synthesis starts, the protein coats are also
independently synthesized. At a later stage the
combination between DNA and protein is ini-
tiated so that the fully formed phage particles are
produced. Finally, a stage is arrived at when a
large number of phage particles are formed (the
number being defined as the ‘ burst size ™ ol the
particular phage) and the cell bursts open duce to
the lytic enzymes produced within the cell and the
viruses come out of the host after completing their
growth cycle and are ready to invade fresh host
cells.

A few aspects of the vegetative growth of the
RNA-containing phages mav be worth mentioning
here. Itis quite evident that if RNA is the heredi-
tary material of the RNA-containing phages, there
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should be naturally a mechanism for the duplication
of RNA on its own template. Working with the
RNA-containing phage MS¢2, it was possible to
demonstrate that the extracts of the host infected
with this phage contain a new enzyme which
can synthesizec RNA from the nucleoside triphos-
phates?t22. The template  requirement  of  this
enzyme could not be demonstrated as the enzyme
was associated with large amount of phage RNA
though the indirect evidences indicated that this
associated RNA acts as a template for RNA syn-
thesis.  This phage-specific enzyme is referred to
as RNA-synthetase to distinguish it from RNA
polymerase.  Subscquently, it was  demonstrated
that the replicating form of these RNA-containing
phages is double-stranded RNAS  As mentioned
before, ¢x174 DNA is single-stranded, but after
infection of the host the DNA becomes double-
stranded  and the complementary  copy  formed
actually contains the messages for the production
of the phage®. The infective RNA has been iso-
lated and the X-ray diffraction studies indicate its
double-stranded nature®S.

Lysogenicity

Sometimes the invading virus fails to lvse the
cell and contrary to the general experience attaches
itself to the bacterial chromosome. Now it can-
not multiply as an autonomous body. The phage
genome s duplicated along  with the bacterial
chromosome and in this integrated state it is trans-
ferred from one generation of the bacteria to the
other.  This stage ol a bacterial virus or phage is
called * prophage ™ and the virus is classified as
temperate virus.  The prophages can also under
certain conditions undergo the Iytic evele and then
liberate new phages.  Ultraviolet light, many chemi-
cals and antibiotics act as inducing agents.  The
phages that the Ivsogenic  bacteria produce on
induction arc in cevery respeet similar to the infec-
tive phage. The best examples of the temperate
viruses arc x phage of [ischerichia coli, 22 phage ol
Salmonella typhimurium, cte. The history of develop-
ment of our knowledge regarding lysogeny has been
nicely elaborated by Jacob and Wollman2t,

How doces a virus establish Iysogenic relationship
with the host 2 There is strong evidence (Luria2)
that most ol the prophages have definite positions
on the host genome  where they  can  attach
themselves.  OF course, there are  exceptions  as
well. Working  with the mutants ol %, Kaiser
and  Jacob® showed that there is a region called
‘¢’ region in the phage genome which is responsible
for the establishment of the prophage state.  Dif-
ferent mutants in the ‘¢’ region attach themselves
to different positions of the host genome. A mutant
of n termed aba, which has ‘¢’ region  deleted
(having 18 per cent less DNA content), cannot
establish itsell as a prophage (Kellenberger et al *7).
[t cither multiplics vegetatively or establishes an
abortive lvsogenization, i.c. the phage docs not
multiply.  Very recently, several workers have been
able to demonstrate the complementarity ol base
sequence between the host genome and the viral
genome by hybridization  tests22. One  should,
however, remember that the genetic mapping clearly
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indicates that the attachment of the viral genome
does not disturb the linear sequence of the ‘ genes’
and the spatial relationship must be of branched
nature. The lysogenization is found to be intimately
associated with the immunity of the cell to super-
infection, i.e. a cell carrying a prophage cannot be
superinfected by homologous  phage.  Regarding
the immunity of a lysogenized cell towards super-
infection, it has been established that if the super-
infecting phage has the region responsible for lyso-
genization homologous to that of the prophage
then the immunity operates®.  This immunity may
be either due to the steric hindrance or it may
be due to some repressor produced within a cell
which inhibits the vegetative multiplication of the
phage.

The exact mechanism of lysogenization is still
not known but some simple experiments performed
by Jacob and Wollman?! first showed that some
repressor molecules are produced in the cytoplasm
by the lysogenized cell and these cytoplasmic
repressor molecules inhibit the vegetative produc-
tion of the virus. Male and female strains of
Esch. coli were chosen for these experiments.  The
media and the autotrophic strains were chosen in
such a way that only the female or the recipient
cells can grow.  When the male or the donor cells
containing no prophage were crossed with female
lvsogenized cells, the recombinants were still lyso-
genic as expected.  Similarly, the cross between the
male and female cells, both of which contained the
prophages, led to the recombinants which were
again lysogenized. But when the donor cells con-
taining prophage were allowed to mate with reci-
pients containing no prophage, the lysis of the latter
took place. This zygotic induction clearly pointed
ont that the lysogenized cells must have some
repressor(s) present in their cytoplasm.  So any pro-
phage transferred to a cell containing no repressor
15 expected to undergo vegetative multiplication.

It has already been pointed out that in case of
virulent viruses the viral genome takes control of
the bacterial machinery for protein synthesis. But
what does happen in case of temperate viruses ?
The temperate viruses do not, under normal condi-
tions, multiply autonomously and for their own
duplication they need multiplication of the host
cells as well.  Naturally, any change in the bio-
chemical activities of the host is not expected under
these conditions. Though the mechanism of lyso-
genization is not very clear, some work has, how-
cver, been done at the biochemical level with
the temperate viruses which points to at least
partial influence of the viral genome on the host
metabolism32,

Conversion and Transduction

Cohen' and Luria® have discussed in detail the
conversion of bacterial properties by the temperate
phage genome. For example, the infection of
Salmonella by the phage PLT22 initiates the produc-
tion of somatic antigen 1 on the bacterial surface.
A number of mutant phages termed as ‘e’ mutants
have been isolated. Depending on the mutant, the
nature of the antigen produced by the host varies.
The somatic antigen normally contains a galactosyl-

mannosyl-rhamnosyl  sequence in  which the
galactosyl-mannosyl linkage is . But if the mutant
e!® infects the host the antigen produced has a
S-linkage between galactose and mannose moieties.
When a cell infected with e'® is superinfected by
¢34, then the superinfecting phage induces the addi-
tion of glucose to the B-galactosyl residue of the
antigen induced by e'®. But for this reaction to
go on, the cell has to be previously infected by e!3
because the enzyme produced as a result of e
infection needs e antigen as its substrate. This
situation is not understood at all as these antigens
are not required by either the host or the virus.
The developmental cycle of the phage is completely
independent of the antigen production; for example,
the production of 3! antigen needs superinfection
by el but the life cvcle of the phage e completes
itself irrespective of the presence or absence of el

The phenomenon of * transduction ’ as discovered
in connection with the studies with the temperatc
viruses not only helped tremendously in genetic
analysis but also laid the basis of understanding of
the interrelationship between the host and the
phage genomes. In their classical work, Zinder and
Lederberg®® demonstrated that a temperate virus
when induced may carry along with its own genome
a portion of the genetic material of the host. This
genote may be transferred to the new host which
it lysogenizes. This phenomenon of transformation
through the temperate virus was referred to as
transduction. The biochemical changes occurring
within a host cell as a result of viral infection, for
instance, the antigen production, are due to the
genes belonging to the phage genetic material.
Biochemical changes are also expected due to the
bacterial genome carried along with the phage
genome. Luria and his coworkers®®-37 have done
extensive biochemical analysis of the temperate
virus P1. This virus can infect the enterobacilli.
When it grows on Esch. coli it picks up the
lac region (region responsible for the synthesis of
8-galactosidase) of the host, looses some of its own
genctic material and becomes defective in the sense
that it cannot multiply as it has lost a part of its
own genome. This defective virus is called P1dl
i.c. P1 defective in lactose region. In order to study
this temperate virus Esch. coli lac™ cells were
infected with different types of Pldl phages. It
was observed that the FEsch. coli lac- cells can
behave as lact as a result of introduction of the
lac region by the virus. The study of the kinetics
of 8-galactosidase induction after the introduction
of lac genes by P1dl into a lac™ host led to the
observation that there was a lag period of about
15 min. after which there was an accelerated rate
of enzyme synthesis which is then followed by a
linear rate of production. The obvious question is
“ whether for the expression of the lac gene carried
by Pl1dl has the phage DNA to be incorporated into
the host genome? ” It has been established that
for the expression of the phage-carried lac genes
the phage genome need not be incorporated into
the host DNA. The structural gene (Z') for
p-galactosidase introduced by the phage is not fully
influenced by the regulator gene i of the host but
can be controlled by the i of its own genome.
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It takes about 60 min. for the repressor(s) to be
produced and expressed. The samie type of observa-
tion was made with the temperate phage % as
well.

What is the ultimate fate of the prophage? As
mentioned before, either spontaneously or by physical
and chemical agents like ultraviolet, mitomycin C,
H,0,, 5-fluorouracil, etc., these prophages can be
induced tostart vegetative multiplication. Then DNA
duplication starts, complete phages are produced
and finally the host is lysed liberating free phages.
As we know that after infection with virulent phages
some new enzymes are induced and there is also
an increase in the level of many enzymes. Naturally,
it was interesting to look for similar changes when
the prophages are induced to liberate normal virus
particles. Weissbach and Korn® have shown that
lysogenic induction of K12()) causes the appearance
of a new DNAase activity, not previously observed
in the uninduced cells. Tf Esch. coli carrying the
prophage adg or Pldl is induced by ultraviolet
treatment to enter the lytic cycle, then the level of
the f-glactosidase activity of the cell increases
about 100-fold. It appears as if there is derepres-
sion of the lac genes®-%. There is something
interesting in the phage P1dl which is different from
A If a cell carrying the prophage P1dl is super-
infected by 2 and then treated with ultraviolet
there is no derepression of lac genes, i.c. the level
of B-galactosidase does not increase. The phage
) is more sensitive to ultraviolet induction than
P1dl. Hence ultraviolet treatment induces rapid
multiplication of the A genome and, therefore, P1dl
does not get any chance to multiply. But super-
infection by the virulent phage P1KCvir has the
same effect as that of ultraviolet.

Viral Genetics

Finally, a few words about the genctics ol the
viruses. We have already mentioned about the
process of transduction which is due to the tem-
perate phages carrying the genetic material from
one bacterial strain to another. Studies on trans-
duction have yielded much information regarding
the genetic map of the host strains. Actually it is
one of the most useful methods in carrying out
genetic mapping. We have also mentioned about
the process of ‘conversion’ which indicates the
changes in the immunological properties of the cell
wall of the host which is lysogenized. Considerable
knowledge has been acquired regarding the genetics
of the phage themselves. We are indebted to
Seymour Benzert* for the fine structure analysis
of the gene of a T-even bacteriophage. This was
done mostly by recombination analysis. When a
host is infected by two different mutant phages
which are defective in two different regions, wild
phage may be produced as a result of recombination.
This has led to the possibility of genetic mapping
in the case of viruses. The phenotypic expression of
the genetic characters of the viruses may be visua-
lized mainly in two different ways. First one is
the host-specificity. For example, wild strain of
T4 can grow on the wild strain of Esch. coli (Esch.
coli B) as well as Esch. coli X (a lysogenic strain
K12 containing phage A) and Esch. coli S (a non-
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lysogenic variant of K12). All the three different
types of r mutants of the phage T4 (I, rII, rIII)
grow on Esch. coli B as well as Esch. coli . Though
rl and rIII mutants can grow on Esch. coli K, rll
mutants cannot grow on this particular host.
Secondly, these mutants vary in plaque morphology
as well. Wild tvpe T4 produces small, fuzzv
plaques (type w) on Esch. coli B whereas r mutants
(all the three tvpes) produce clear plaques (type r
to indicate rapid lysis) on the same host. On the
other hosts, however, the different strains mav
produce either ‘r’ or ‘w’ type plaques. rI mutants
produce ‘r’ tyvpe plaques on Esch. coli S as well as
on Esch. coli K, thus behaving in the same wayv on
all the three hosts. rIII mutants, on the other hand,
give ‘w’ type plaques on Esch. coli S as well as Esch.
coli K in contrast to ‘r’ type on Esch. coli B. rll
mutants give rise to ‘w’ type on Esch. coli S and
as already mentioned do not grow on Esch. coli K
at all.  There are also so many different types of
morphological variations, c.g. some may give rise
to mottled plaques, others may give rise to small
or large size plaques. These characteristics have
enabled Benzer and coworkers to isolate a huge
number of mutants of not only T4 but also of
other phages. As mentioned before, Benzer has
been able to carry out the fine structure analvsis
of the T4 genome and this is also being done
in case of other phages.

In another area viruses have been extremely
useful.  We are all aware of the exciting develop-
ment following the discovery ol the °genetic
code’  (Nirenberg and  Mathaei® and  Ochoat?).
The mutants of TMV have substantiated the vali-
dity of the “code” arrived at from the experiments
with = cell-free preparations.  The RNA isolated
from TMV may be subjected to limited alteration of
chemical structure by treatment with HNO, as
well as other chemical agents.  These altered RNA
molecules are able to infect tobacco leaves and
give rise to mutant viruses, which vary not only in
the nature of their nucleic acids but also the struc-
ture of the protein coats. Since the complete
chemical analysis of protein chain of TMV has been
carried out, it is casy to demonstrate the change in
amino acid residucs of the protein coat. It is
possible to locate the change of amino acid residues
of the protein by the finger printing method.
Extensive data have been collected by Wittman®
as well as Tsugita and Fraenkel-Conrat#$47 which
clearly indicate that the change in amino acid
composition is in agreement with the genetic code
proposed in terms of the base composition of the
hereditary material, which in this case is RNA.

Voluminous literature has accumulated over the
past one or two decades on the biochemistry of the
host-virus relationship. In the present discussion
no attempt has been made to cover all the areas
and to catalogue all the facts.  Anvone interested
in details may refer to one of the recent excellent
reviews published in this areal®2. In the pre-
sent review only the salient points have been
stressed to give an overall impression of the host-
virus relationship to those who are interested in this
borderline arca which demands a knowledge of
biochemistry, biophysics and genetics.
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Second Harmonic Studies in Alternating Current Polarography*

H. H. BAUER
The University of Sydney, Sydney, Australia

HE first recorded observation of the dis-
T tortion of the alternating current through

the occurrence of a redox process was made
by Miiller et al.'. These workers found the dis-
tortion to be mnegligible at the half-step potential,
a fact that could be used to locate this point.
Later, van Cakenberghe? gave a mathematical ana-
lysis that showed the potential at which the second
harmonic is zero to depend on the transfer co-
efficient of the process. Bauer and Elving® applied
this method to the determination of transfer co-
efficients, but obtained results that differed from
values obtained by other methods. Theoretically,
van Cakenberghe’s analysis® is incomplete since,
in the derivation of the second harmonic current,
three types of terms can be considered* as contri-
buting to the magnitude of the current, but van
Cakenberghe considered only one of these terms.
An expression taking into account two types of
terms was given in a general form by Aten® and
in an explicit form by the present authorS. This
equation appeared to be supported by experimental
data, but it has now been found that this treat-
ment also is incomplete. The full analysis leads
to an expression given in a general form in the
earlier papert, and is shown in an explicit form in
Eq. (2). For the particular case of limitingly low
frequencies, where the kinetic parameters do not
influence the process, the expression reduces to a
relation given earlier in a general form by Senda
and Tachi? and in an explicit form by Smith and
Reinmuth?.

In 1960, the author® pointed out that second
harmonic measurements are a possible way of
increasing the sensitivity of a.c. polarography by
reduction of the background current which is due
to the double-layer capacity. This was confirmed
by the work of Smith and Reinmuth®. Delahay
ef al.\® pointed out that this feature could also be
of benefit in fundamental studies. Eq. (2) provides
the basis for the realization of this possibility.
The application of second harmonic measurements
to analytical work has been considerably developed
by the recent work of Neebl!:12

Experimental Requirements

In comparison with a.c. polarography, the second
harmonic measurements require in addition that
the detector be capable of measuring the second
harmonic component in the presence of the larger
fundamental component. The discrimination needed
to accomplish this increases at higher frequencies
and at lower concentrations of depolarizer due to
the effect of the double-layer capacity. But increas-
ing the amplitude of ‘the alternating voltage de-
creases the required discrimination, since the total

*Paivcr prcsj)ted at the éymposium on Electrochemistry,
held at Delhi University on 2-3 October 1964 on the occasion
of the sixticth birth anniversary of Prof. R. P. Mitra.
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current (capacitive as well as faradaic) is propor-
tional directly to the amplitude of the voltage, while
the second harmonic component increases as the
square of the amplitude of the voltage (for ampli-
tudes that do not excced a few tens of millivolts).
For example, with a voltage of about 5 mV. ampli-
tude the faradaic current of a fast process contains
about 10 per cent second harmonic component at
the potential where the latter attains a peak value.
Consequently, discrimination would become difficult
only if the capacitive current were greatly in excess
of the faradaic, and this is not the case at concen-
trations and frequencies normally considered. In
attempts to increase sensitivity in analytical work,
discrimination as well as the small magnitude of
the signals might become a problem were it not
for the fact that, in such work, it is not important
to keep the amplitude of the voltage low; for
instance, Neeb1? has used amplitudes of over 30 mV.,
which would be unacceptably large in fundamental
studies. In the latter, on the other hand, there
is no need to use such small concentrations of
depolarizer.

The main experimental requirement that needs
some attention is the freedom from second harmonic
component of the applied voltage. It is obvious
that if the applied signal contains second harmonic,
then the second harmonic polarogram will show
this as a background current which has the form
of a conventional a.c. polarogram. Not only is it
necessary that the source provide a pure signal,
but the output impedance of the source needs to
be low. The cell comprises a non-linear load of
low impedance, so that an oscillator with the usual
output-impedance of say 600 ohms may appear to
be harmonic-free when fed into a 600 ohm resistive
load and yet show appreciable harmonic distortion
when fed into the polarographic circuit. One poss-
ible solution is to couple a suitable source to the
circuit through a power amplifier that regulates the
cell voltage via a feedback loop.

Given a cell voltage that is sufficiently free of
second harmonic component, the background cur-
rent observed will be due to electronic noise and to
the non-linearity of the double-layer capacity; this
offers a considerable decrease in background as
compared with a.c. polarography, and makes it
possible to carry out measurements that do not
require base current corrections. However, in
fundamental studies it is necessary to correct the
observations for the drop of alternating potential
across the ohmic resistances in the cell.  The appro-
priate relation is given by Eq. (1).

V= {(V“.]])zwlean Cos ¢+12R2§l (1)
where V is the alternating voltage at the interface;
Ve, the voltage across the cell; I, the total alter-

nating current; R, the ohmic resistance of the cell;
and ¢, the phase angle between I and V. It
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is apparent that this correction requires measure-
ment of [, R and ¢; usually, however, the value
of V' is not critically determined by the magnitude
of ¢, and a simple and not accurate determina-
tion of the latter suffices, by direct comparison
of current and voltage traces on a double-beam
oscilloscope.

Thus, the experimental requirements of second
harmonic studies are more comprehensive than
those of faradaic-impedance work, but the extra
complexity seems warranted by the freedom from
background current.

Determination of Kinetic Parameters

The values of the kinetic parameters can be
obtained by comparison of observed second harmonic
current values with the theoretically derived rela-
tion between this current, the kinetic parameters
and experimental variables. The relevant equation
for a system involving a single electron-transfer
step and associated mass-transport by diffusion is
believed to be as follows:

WIBACVh exp (I o)D)

A= R (eryary: S
14
(=t
i ‘ 8(x — 1)(e" -db)? '|> )
L (£2422+4-2)(22+ 22\/ Z44) J
7 = k\/2]oDy (e"+dY exp [ ~aP) (3
P = nFE[RT (%)

and & and « are the kinetic parameters; Az, the
amplitude of the second harmonic current resulting
from superposition of V7 cos ot at the electrode of
surface area A in a solution containing concentra-
tion C of depolarizer whose oxidized and reduced
species have diffusion coefficients D, and Dy
(d=Dy/Dy); n, I, R and T have their usual signi-
ficance, and E is the electrode potential referred to
the formal standard potential of the process.

Eq. (2) describes curves of the form shown in
Fig. 1. For a particular value of the transfer
coefficient, the symmetry of this curve varies with
frequency in @ manner that depends on the magni-
tude of the rate constant; for a given value of
k/(wD)}, on the other hand, the symmetry of the
curve depends on the magnitude of the transfer
cocfficient. By comparing the experimental and
theoretical curves, it is possible, therefore, to
determine the kinetic parameters of a  process.
The procedure is fully comparable with that de-
scribed in detail by Barker®™ for determining the
kinetic parameters [rom mecasurements of the
redoxo-kinetic potential, cven though the actual
mathematical terms involved are different in the
two cases.

Scope of Second Harmonic Studies

Thus, it can be foreseen that second harmenic
measurements will find application in a general way
in electrochemical work, in the same wav as a.c.
polarography. In partlulldr the absence of back-
ground current encourages the idea that systems in
which adsorption occurs may be more amenable to

SECOND HARMONIC STUDIES IN ALTERNATING CURRENT POLAROGRAPHY

SECOND-HARMONIC CURRENT

DIRECT POTENTIAL

IYig. 1 — Variation of sccond harmonic current with polarizing
potential [The magnitudes of (ip)y, (ip)s, 781, €, € depend on
%, k, o, Do, DR|

such work than they have proved to be to faradaic-
impedance studies. In the latter, the capacity
current is not only present but also changes in
magnitude — in a manner that is not @ priors known
nor readily measured — according to changes in the
composition of the system studied.

Another field of application is that of tensam-
metric processes. Just as the kinetic parameters of
redox processes may be determined, one may be
able to measure similar!* parameters of adsorption-
desorption processes. Preliminary studies (Bauer,
H. H. & Foo, D. C. S., unpublished data) have
indeed shown that second harmonic measurements
are considerably more sensitive to the condi-
tions under which surfactants are examined than
arc the observations made at the fundamental
frequency.

In short, it appears to be worth while to apply
second harmonic measurements in any situation
that is amenable to a.c. polarography. The instru-
mental complexity is not great, and the absence of
background current an advantage of quite con-
siderable magnitude.

Summary

The superposition of a sinusoidal alternating
voltage at the working clectrode of a polarographic
cell is accompanied by the flow of an alternating
current whose waveform is, in general, distorted.
When the amplitude of the alternating voltage is
small (of the order of millivolts), the main component
of the distortion is the second harmonic. The
experimental requirements for the measurement of
the second harmonic current are critically examined
and the applications of the second harmonic studies
in electrochemical work are indicated.
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Theorem of Corresponding States

D. S. VISWANATH* & N. R. KULOOR
Department of Chemical Engineering, Indian Institute of Science, Bangalore 12

INCE the classical experiments of Andrews!,
S there has been a search for a theory of gases

and liquids and continuum of state. Consider-
able success has been achieved in the case of low
density gases, both along classical and statistical
lines. As of today, there is no theoretical equation
of state of fluids at moderate and high densitics.
The experimental data are gencrally fitted to an
algebraic function — an equation of state —in closed
form.

An equation of state and generalized properties
have several advantages. An equation of state,
whether theoretical or empirical, allows interpolation
(possibly extrapolation also) and condenses P-V-T
data to a large extent, Equations of state such as
the van der Waals’ equation also help in theoretical
interpolation of such phenomena as critical state.

Although the analytical forms of the equations of
state become very complicated if they have to
represent the P-V-T data fairly accurately, graphical
representation of several thermodynamic properties
based on the theorem of corresponding states
(TCS) is very useful. The gencralized charts help
in evaluating the properties with minimum amount
of experimental data. Also, generalized methods
are useful where the data are totally lacking. For
cngineering  purposes, the generalized charts re-
present the thermodynamic properties with ade-
quate precision. The errors involved in such a
predication sometimes tend to cancel out if such
charts are used consistently.

van der Waals’ Theorem

The classical theory of equation of state first
formulated by van der Waals® has not only shown
that a universal relation among pressure, volume

" #Scientists’ Pool Officer, Council of Scientific & Indusirial
Rescarch, New Delhi.
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and temperature exists (perhaps a complicated one
as compared to that of van der Waals), but also has
stimulated thought and interest leading to a better
understanding of the behaviour of fluids. Since
the time of van der Waals several equations of state
have been proposed that represent fairly well the
P-V-T relationships, in certain limited ranges of
temperature and pressure. A few cquations used
for such a representation are those of Dieterici?,
Berthelot?, Wohl®, Beattic and Bridgman$, Benedict
et al.” and Martin and Hou®. The most general
form is the series representation of the compressibi-
lity factor Z either in pressure or in reciprocal
volume form. All the above equations can be put
into virial form. Convergence of the series® is an
essential factor at higher density regions. The
TCS first formulated by van der Waals can be
stated as

P, V, T,) =0 (1)

The fact that the P-V isotherms show a point of
inflection (possibly a saddle point) leads to Eq. (1)
when combined with the van der Waals’ equation.
The simple van der Waals” TCS is followed by
inert gases like argon, krypton, neon and xenon,
but is found to be not applicable in the case of
molecules which exhibit characteristics such as
polarity, low molecular weight, non-sphericity, as<o-
ciation, dissociation, ctc. The absence of inter-
action energy characterizes the ideal gas model.
Real gases deviate from idcality because of (i) the
attractive and repulsive forces they exhibit at low
and high densities respectively, and (ii) the forma-
tion of coexisting phases. This leads one to form-
ulate certain criteria to be satisfied by substances
if they are to conform to the TCS. Such criteria
are given by Pitzerl® and later modified by Guggen-
heim'.  These in short are: (i) the molecules exhibit
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spherical symmetry, (ii) the temperature is high
enough so that classical statistics is applicable,
(i) the potential energy is only a function of the
distance of separation and is of a universal type
except for two characterizing constants, and (iv) the
intermolecular degrees of freedom are completely
independent of the molecular volume.

Su’s Modification

van der Waals’ TCS was first modified by Sul?
as

F(Pn V;; 7v) — 0 (2)
by defining a pseudo-reduced volume as
Vi =V/[V, where V, = RT|P,

on the lines suggested by Kammerlingh Onnes!?.
The modified TCS shows that

Z=F(P,T) )
instead of
Llly=F(P;, T4 ...(4)

which is an outcome of van der Waals’ TCS.

Equation Based on Potential Parameters

Before going into the discussions of the other
modifications of the TCS, it is appropriate to point
out that pressure, volume and temperature can
be deduced using not only the respective values
at the critical point but also the potential para-
meters as

P* =DPo?le; V¥ = V/a®; and T* = kT e

The above definitions indicate that a general
law of force, to take into account the attractive
and repulsive forces, exists. In other words, any
two-parameter relation such as

4
U(r) = encrgy parameter (4 ..
r) &y 1 ¢ distance parameter

leads to a TCSY of the type
L =F"(P¥, 1T%) sl )

Lack of data and methods of evaluation of inter-
molecular potential field, except for helium and
hydrogen, have led several workers to assume the
functional form of the potential field. One of the
most commonly used potential energy functions is
that due to Lennard-Jones!® who considers the at-
tractive and repulsive forces as additive.  These forces
have been discussed by Heitler and London'® and
Lcndon'. London has shown that the attractive
forces are proportional to the distance of separation
and takes the form —or%.  Lennard-Jones found
that any power value between 9 and 14 is equally
good in representing repulsive forces. For the sake
of simplicity and mathematical convenience, the
repulsive forces are taken to be proportional to
the inverse twelfth power of the distance of scpara-
tion. If such a universal potential energy function
exists which differs only by the two constants o
and e, it follows that there is a TCS in classical
statistics, the form of which is as in Eq. (5).

On the other hand, the formulation of quantum

statistics leads to a TCS of the form?®
Z = B"(V* T* N\¥) ...(6)
where A*? = h?|ines® = A%

It is shown that this correction or third para-
meter, A*, is necessary if the de Broglie wavelength
is much larger than the dimension of the potential
field, in such cases as hydrogen and helium at
very low temperatures. We shall not discuss this
point any further as our interest lies above such
low temperatures and also we can exclude the two
light quantum mechanical gases, hydrogen and
helium. It is likely that a modified potential energy
function, for example, of exponential type with two
adjustable constants, might represent the behaviour
of gases better than the Lennard-]Jones potential
function. This is claimed on the justification that
the generalized compressibility charts!® based on
potential parameters show a better representation
than those based on macroscopic properties.

Other Modifications

Although van der Waals’ law does not hold good
with adequate precision for gases having different
Z, values, it has been shown by several workers!2:19-25
that the modified Su’s law holds good with ade-
quate precision in engincering applications, and
whereas van der Waals’ law holds good at the
critical point, Su’s law holds good at regions out-
side the critical point. This, of course, is the case
when gases of different Z, are corrclated. In a
recent modification?®, this difficulty has been elimi-
nated by defining a new function

V) = (@ox #0o% 2)(T,P,) (7
thus leading to a TCS of the form
P, T, V/)=0 ...(8)

For accurate work, the equation of state in
general should be represented as
P=g(V, kT, o ¢up QB8 5 m

v P

..(9)
Applying the Buckingham PI theorem? the relation
Z2=G(V[o%, kTle, p*le®, Qjea®, BJo®, h[oy/me, %)
...(10)

results. In order to find a functional relationship
among the various dimensionless groups, one has to
rely on ‘simplifications and practical utility ’.
Because of the lack of data on molecular and elec-
trical properties, and for purposes of achieving
simplicity with reasonable accuracy, Eq. (10) i3
generally written as

Z =GP, T, K) ..(11)
where K is the third parameter defined by several
workers in different ways. Some of the modifica-
tions?¢-32 of TCS are summarized in Table 1.

Cook and Rowlinson?® have modified the Lennard-
Jones potential function for elliptical and polar
molecules considering each casc separately. In the
case of elliptical molecules it is assumed that only
the attractive forces are affected by orientation.
A parameter, 8 = a%-%/T*, is defined where g-% is
the average of [g(0;, 0,, ¢)]%, 6; and 0, being the
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TaBLE 1 — SoME MobpirFicaTioNs oF TCS

Ref.

Riedel?®

Meissner and
Sefarian®

Pitzer and

Yormulation and
concept

. dn P
kv (S80)

Slope of the vapour-
pressure-temperature
curve at the critical
point

PV

i :[[:Eﬁ;

KN=W=—logPy—10

Remarks

A direct conscquence
of van der Waals’
theorem of corres-
ponding states

Ricdel's  parameter

coworkers?®  I'rom the value of re- and Pitzer’s acen-
duced vapour pres- tric factor are re-
sure at 1y=0'7 lated

Bloomer®! K=S=s[R d, =
Slope of the pseudo-
critical isometric in
dimensionless form

Hall and K=w=uloye —

Ibele??

angle between the axes of the molecules and the
line joining the centre and ¢ the azimuthal angle.

Newton® suggested that, in the case of hydrogen,
helium and neon, an empirical constant 8 be added
to critical pressure and temperature before using
them to get the respective reduced properties, so
that the above gases can be fitted to the generalized
charts. To improve the accuracy of the generalized
enthalpy charts, York and Weber® proposed that
the values from the two-parameter charts be multi-
plied by a constant ¢, where ¢ is defined as

¢ = (T./470) vl 12)

They have tabulated the values of # for tem-
peratures above the critical. A good accuracy is
claimed for this procedure.

Another method of generalization of thermodyna-
mic properties is due to Edmister’ who defines a
residual volume o as

o« = RT|P—V . (13)

In recent years several workers have made use
of one or the other modification of the TCS to
achieve better accuracy in the representation of
compressibility and other thermodynamic properties
of gases. Riedel® has used his parameter exten-
sively and has calculated the thermodynamic pro-
perties of many gases.

Brock and Bird®” have used Z, and Y, as the
third parameter in a study of the application of the
TCS to surface tension. It can be concluded from
their work that Y, is superior to Z,, if other experi-
mental variables can be measured accurately. In
another study, Lydersen et a/.3® have used Z, as the
third parameter to calculate the various thermo-
dynamic properties. Although these workers give
some reasons for the choice of 7., there are no
reasons to show that Z, is better than Y, or W.
It is also indicated that the effect of Z, becomes
negligible above a reduced temperature of 1-20.

Daub®, in attempting a generalized correlation
of the compressibility of gas mixtures, using pseudo-
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critical constants, has indicated that W is superior
to Z,. Kordbachen and Tien* have compared
their calculations of the effect of pressure on
enthaply with those of Lydersen et al. (using Z,
as the third parameter), Curl and Pitzer®! (using
W as the third parameter), and Hougen and
Watson (using only two parameters). From a
comparison of the values of carbon dioxide
(Z; = 0-287), ammonia (Z, = 0-234) and methane
(Z; = 0-289), they conclude that the method of
Lydersen et al. does not give better results than
the simple two-parameter methods, and further
state that if the experimental values are reliable,
Z. might not be the ideal parameter to charac-
terize the intermolecular effect.

van der Waals’ equation, modified by Hirsch-
felder et al.%2, also involves the third parameter Z,
and is shown to hold good in the superheated
regions only (where possibly the effect of Z. is neglig-
ible) but not at high density regions. This casts
further doubt on the use of Z, as the third parameter.

Hobson and Weber# have applied the extended
TCS, using Z; as the third parameter, to saturated
liquids and vapours, but have broken down the
values of Z, between 0-22 and 0-29 into four values:
0-220, 0-245, 0-275 and 0-290. The parameter 3,
in the modified theory of Cook and Rowlinson33,
is chosen by trial and ecrror. They list, for each
substance considered, two values of §, one from
vapour pressure and the other from rectilinear
diameter. In a later paper, Rowlinson% gives
generalized compressibility as a function of T,
and d,. But for gases other than inert gases, he
resorts to the definition of a pseudo-reduced density
P' defined as ’

P = 0-293(RT./P.V) ..(14)
This coupled with 3 is used to find the values of 7.

As mentioned earlicr, in the case of two para-
meters, the adequate precision with which Su’s
theory holds good has been shown by several workers.
Kobe and Murti?! have shown the superiority of
pseudo-critical volume on application to the McLeod
equation of state. Gebhart® attempted an improve-
ment of the TCS by grouping gases on the basis of
molecular similarity. In conclusion, he says, “ The
satisfactory conformity ol the gencralized equations
and compressibility charts to the actual behaviour
of the diverse groups of gases indicates that the
gain in accuracy to be obtained by grouping like
molecules is perhaps not worth the inconvenience
of multiple results ”. In a recent work®, pseudo-
critical volume has been used in generalizing the
Benedict-Webb-Rubin  equation of state which is
used in the evaluation of isothermal changes of
enthalpy and entropy with pressure and fugacity
coefficients. This shows a considerable improve-
ment over that of others® 041,

The extended TCS of Hall and Ibele®® is based
on Su’s TCS. Using permanent dipole moment as
the third parameter these workers have achieved a
good correlation in the case of polar gases although
there is no correlation beyond a pseudo-reduced
density of 2:0.

The choice of Z, as the third parameter is not
superior to the use of only two parameters.
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Although Z values vary, it should be noted
that most of the gases have a value between
0-26 and 0-29. Seventy-three out of eighty-two
gases listed by Lydersen ef al.3® have a value of
Z; between 0-25 and 0-30. Even in this narrow
range is involved the highly uncertain factor V,,
which is not detcrmined experimentally with the
same accuracy as P. or T.. Generally, V, is ob-
tained either by extrapolation of PV isotherms or
by the Cailletet and Mathias®* law of rectilinear
diameter. Extrapolation involves great uncertainties
and this is particularly so around the critical
region. This can be seen easily by looking at the
compressibility or any other chart representing
any thermodynamic property. Under these circum-
stances, the grouping of gases with Z, of 0-25-0-30
under three Z, values of 0-25, 0-27 and 0-29 does not
seem to be an appropriate choice. If the reasons
for different Z, values of gases lie in experimental
techniques and extrapolation of critical volume,
then, even on theoretical grounds, the assumption
that Z, should be the same for all substances is
justified by the theoretical model of Rowlinson%.
In certain cases even if the substances having the
same Z, correlate better, it might be because of the
molecular similarity. The conformity of carbon
monoxide (Z;, 0-294) and nitric oxide (Z,, 0-256)
with certain generalized charts? illustrates this
point.

The Riedel parameter and Pitzer’s acentric factor
are very similar and are related. The Riedel para-
meter does not predict the critical point and also
it is not an experimentally measurable value.
The Benedict-Webb-Rubin equation of state, al-
though very complex and cumbersome, is known to
predict the volumetric data of gases, specially that
of hydrocarbons, more accurately than hitherto
known. It does this with eight adjustable constants.
The acentric factor of Pitzer ef al.3° has been used
by Opfell and coworkers?” along with the Benedict-
Webb-Rubin equation to predict the volumetric
data. They found that the data thus predicted
are less accurate than those obtained using the
Benedict-Webb-Rubin equation alone. The reason
possibly lies in the use of the acentric factor to
characterize the intermolecular effect better than
the eight adjustable parameters alone. Also, the
number of parameters is increased from 8 to 16, on
modification, using the acentric factor. This casts
further doubt on the usefulness of the acentric
factor as the third factor.

Large deviations are observed in the case of
substances like ammonia and water, even when
the acentric factor is used. The deviations here
are attributed to hydrogen bonding and association
effects. Also, in the case of polar gases, the
authors suggest that the extended TCS be used up to
a value of u'P?T4 = 0-5x10-% es.u. The acentric
factor has been used only for normal fluids. A
normal fluid is defined by the relation
273
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the quantities being expressed in dynes/cm., cc./mole

and °K. respectively and W being the acentric
factor.

..(15)

In using thermodynamic charts for industrial
purposes, Su’s modification is quite adequate and
the third parameter may not be required. How-
ever, from the microscopic viewpoint, some para-
meter other than the critical properties will yield
better results. The Boyle point*® has been suggested
in this context. Future research should be directed
to finding a potential energy function applicable to
both polar and non-polar molecules and molecules
of different shapes.

Conclusion

(i) Su’s modification is superior to others.

(ii) Although the third parameters might improve
the correlation in certain restricted regions of tem-
perature and pressure, they cannot be used in
predicting the data with greater accuracy in all the
regions of interest. The calculations of the thermo-
dynamic properties of gases are complicated and
tedious and the third parameters do not give any
better results. Moreover, in the application of the
third parameter, information is needed which may
not be available or experimentally determinable.

(iii) Generalizations based on potential parameters
might be successful.

(iv) The Boyle point might be very useful in
calculating the thermodynamic properties of gases.

(v) In the case of gas mixtures, the combination
of the critical constants to get pseudo-critical con-
stants itself presents considerable difficulty.

Summary

The various theories of corresponding state and
their usefulness in predicting the thermodynamic
properties of gases are discussed.

Nomenclature

@ = a constant, characteristic
Rowlinson third parameter

d = density

d'c = P¢/RT¢, the pscudo-critical density

dr = d|d, the reduced density

of the substance, in

h = Planck’s constant

K = a generalized third parameter
k= Boltzmann constant

m = mass

P = pressure

Py = P|Pg, the reduced pressure
P* = Po®le, the reduced pressure

I = universal gas constant

v = distance of separation

S = Bloomer third parameter

s = slope of the pseudo-critical isometric
T = temperature

Ty =1|T¢ the reduced temperature

7 kT [e, the reduced temperature

S<:)',
Fa

volume
V| V¢, the reduced volume
Vri = V P¢[RT¢, the pseudo-reduced volume
V* = V/a® the reduced volume
Y. = Riedel third parameter
Z = PV|RT, the compressibility factor
3 = Rowlinson third parameter
€ = minimum potential energy

A = hy/me, the de Broglic wavelength
A* = k*|mes?, the reduced de Broglie wavelength

@ = permanent dipole movement

wr = reduced dipole movement

o = collison diamecter

W = acentric factor

o’ =0293 (RT¢/P:V), the Rowlinson pseudo-reduced

density
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THE HicH TEMPERATUKRE ASPECTS OF HYPERSONIC
I'Low edited by Wilbur C. Nelson (Pergamon Press
Ltd, Oxford), 1964. Pp. xiv4-786. Price £15

If one considers a body in continuum flying at

hypersonic speeds, the air in the region between

the shock wave and the body is drastically slowed
down relative to the body in the compression
process.  The high kinetic energy of the stream
is then almost entirely converted to heat, thus
imparting a large amount of energy to the air
molecules.  The shocked molecules equilibrate their
translational and rotational degrees of freedom
within a few collisions. In order to achieve ther-
mal and chemical equilibrium, it is necessary to
excite vibration, dissociate molecules and produce
new molecules, 1ons and clectrons,  Thus, the aero-
dynamicist has to determine the precise state of
the gas surrounding the body, in addition to the
usual requirements of specifying drag, moments
and heating, so that radiation, communications
and other observable effects may be calculated.
The production in laboratory of these high energy
flows is achieved through shock tubes, shock
tunnels, hot shot tunnels, etc. The measurement
of the propertics of the flowing gas thus achieved,
their interpretation and scaling to free flight
conditions require the understanding of the complex
interactions between the chemistry of high tem-
perature air and the fluid dynamic expansions.

Thus, the acrodynamicist is led to the field of

high temperature physics, in particular the chemi-

cal kinctics and radiation physics.

The present volume is the proceedings of a
specialists” meeting held in Belgium in April 1962
and deals with some of these problems. It begins
with an article on ‘The hypersonic acrodynamic
problems of the future’” and ends with a discussion
on ‘The assessment of the present status and
future requirements for high temperature hyper-
sonic facilities’.  These are very interesting and
uscful and give an insight into the kind of prob-
lems one would encounter in the study of flight
through planctary atmospheres from theoretical
and experimental points of view. The papers
presented  are  grouped under five headings:
(i) Inviscid flows, (i) Experimental techniques,
(i1}) Chemical kinetics and radiation, (iv) Radiation
and wakes, and (v) Heat transfer and viscous
flows.

Section (i) deals with theorctical studies  of
chemical, vibrational non-cquilibrium for inviscid
flows, (i) with the production and measurement
of flow propertics of dissociated, ionized gases in
non-cquilibrium in shock tunnels and plasma jets,
(iil) and (iv) with the theoretical and experimental
studics of chemical effects and radiation in hyper-
sonic flows, and (v) with the problems of heat
transfer.

Even though the work presented in this book is
already two years old, it is still quite useful to
people working on the various aspects of high

energy flows. The printing and get-up is excellent
as all Agardographs.
D. TIRUMALESA

NEUTRON IRRADIATION AND ACTIVATION ANALYSIS
by Denis Taylor (George Newnes Ltd, London),
1964. Pp. ix+185. Price 50s.

Neutron irradiation analysis involving either the

examination of induced activities or of the prompt

radiations emitted is an important technique for the
determination of trace elements in many materials.

Developments in instrumentation, such as in

gamma-ray spectroscopy and in data-handling and

control equipment, have led to the introduction of
automated activation analysis which will eventually
control the quality of many manufactured products.

There are a number of excellent review articles on

the subject but very few books have appeared. The

present book thus fulfils a great need.

The book begins with a short
followed by chapters on neutron interactions
and the detection of prompt radiation. The sub-
sequent two chapters which constitute the main
body of the text are devoted to neutron activation
analysis proper and its applications. Brief accounts
of automation, analysis of process streams and
the use of activation analysis in prospecting are
next given. The concluding chapter deals with
some special applications and some likely develop-
ments in the future. There are appendices giving
a glossary of terms, a summary of the elements of
radioactivity, some useful tables, and an account
of absolute activity measurcments making use of
the gamma-spectrometer.

The book deals with the principles of the subject
and is addressed to the student possessing only
rudimentary  knowledge of radioactivity. Those
who lack even this knowledge will find the short
account of radioactivity given in Appendix II
sufficient to follow the main text. There are lucid
descriptions of the main mcasuring techniques
and large numbers of applications are given. The
illustrations are excellent. Although it is true
that the practice of activation analysis cannot be
entirely learnt from a book, the present work
forms a useful introduction to the subject and will
benefit the would-be activation analyst.

S. R. MonANTY

introduction

ANALYTICAL INSTRUMENTATION — Proceedings of the
Tenth National Analysis Instrumentation Sympo-
sium, 1-3 June 1964, San Francisco, California;
cdited by L. Fowler, R. J. Harmon & D. K. Roe
(Instruments Socicty of America, Distributors:
Plenum Press Inc., New York), 1964. Pp. x+4-340.
Price $ 14.50

This volume presents a selected portion of the

papers presented at the 10th Annual Symposium

on Analysis Instrumentation held in June 1964,

in San Francisco, and organized by the Instruments

Society of America.
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Instrumentation plays a major role in analytical
chemistry of today, and since widely diverse tech-
niques are used, a large bedy of scientists — chemists,
physicists and electronic engineers —is constantly
at work in devising instrumentation aimed at greater
precision, accuracy and time-saving devices.

Though most of the papers are on instrumenta-
tion, there are also a few of the review type. The
compilation is based on material originally prepared
for oral presentations and, therefore, as the editors
point out, the presentation is stylistically uneven.
The purpose in allowing this was to present the
material of sufficient novelty andjor utility to
interested scientists with the shortest possible
delay. This purpose has been served to a great
extent.

The following are the major topics covered in
the volume. The ‘ Optical method * includes papers

on versatile process polarimeter, flame photo-
metric instrumentation at IPNPP and film
coating monitoring by non-dispersive infrared.

Papers on membraneless potentiometric analysis of
dissolved oxygen in process stream, evaluation of
pH measurement response, process polarograph for
measuring p.p-m. H,S, a new process analyser for
hydrogen and electrochemical transducers for water
quality have been included under ‘ Electrochemical
and chemical methods’. ‘Physical properties
methods’ include papers on on-stream pour tests,
haze point analysers, the design and performance
of the piezoelectric sorption hydrometer, and boil-
ing point analyser sampling system for closed-loop
control of a fractionating tower. Presented under
‘ Radiation methods’ are papers on precision radia-
tion gauging with a pulse-frequency computer and
application of activation analysis in the petroleum
and chemical industries.

Some good review papers on the role of EPR in
free radical chemistry, present status of high resolu-
tion NMR, modern electroanalytical techniques,
advances in emission flame photometry, atomic
absorption instrumentation and technique, and an
instrumentation paper on closed-loop liquid feeder
have been included under ‘ Laboratory methods’.
Other papers presented are on automatic attenuator
for Perkin-Elmer 800 gas chromatograph and simul-
taneous analysis and B.t.u. determination of natural
gas under ‘ Gas chromatography ’; on instrumenta-
tion for sampling and analysing combustion parti-
culates using electron microscope, collecting re-
presentative exhaust gas samples and instrument
measurement of contamination in clear rooms
under ‘Air pollution instrumentation’; and on
in-stream analysers aid in computer control, gas
stream analysers in computer process control and
chromatographs mated to digital computer imple-
ment process studies under © Process stream ana-
lysers in computer system’.

What is covered in the volume is a very broad
area. However, one can be certain of finding
something useful in the subject of his interest.

V. T. ATHAVALE

PHOTOELECTRIC EFFECTS IN SEMICONDUCTORS by
S. M. Ryvkin; authorized translation from the
Russian by A. Tybulewicz (Consultants Bureau
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Enterprises Inc., New York); 1964. Pp. xv+402.
Price §22.50

The volume under review presents in a connccted
way the theory and experimental methods relating
to those phenomena in semiconductors in which
carrier generation through photon interaction con-
stitutes the primary event. Three broad aspects,
viz. generation, recombination and transport of
optically created excess carriers, are discussed
individually and are preceded by three introductory
chapters dealing with general description of photo-
conductivity, methods of measurement of steady
state photoconductivity and the principal pheno-
menological parameters connected with it. A
chapter covering 15 pages is devoted to the processes
of generation. Recombination and trapping are
dealt with in seven chapters occupying more than
150 pages. An almost equal space in the last four
chapters is devoted to transport of excess carriers
in bulk semiconductors and junction devices. Each
one of the chapters is supplemented by a list of
representative references. Clarity of exposition and
thoroughness of treatment of the topics presented
are the two outstanding traits of the volume.
The simplest and the most restricted problem is
often discussed first and this is used as stepping
stone for discussion of topics of more general type
— a feature that does not restrict the appeal of
the volume to the specialist alone. The exhaustive
treatment of recombination and trapping of various
types is, to the reviewer’s mind, a unique contri-
bution of the volume to the subject. The author
has taken care to point out in the preface that the
volume does not claim to be a complete review
of the field of photoconductivity. Thus, to men-
tion a few, topics like effects arising out of free
carrier absorption, field or pressure dependence of
optical absorption and exciton formation do not
find a place in the volume, while mentions of
experimental results on typical semiconducting
materials are rare — only a few finding stray and
casual references. Printing errors are within modest
limits. Excepting for these, the volume remains a
highly useful contribution that bears in an abundant
measure the proof of competent and authoritative
handling. A copy of the volume should be indis-
pensable for every worker in the field of photo-

conductivity.
S. DEB

DisLocaTioNs — International — Series  of  Mono-
graphs on Solid State Physics: Vol. 3, by J. Friedel
(Pergamon Press Ltd, Oxford), 1964. Pp. xxi
+491. Price £6

The book is based on an carlier one written by

the author in French in 1956. However, the

English version is thoroughly revised and brought

up to date. As no books on dislocations have

appeared during the last ten years, a new book
on the subject was needed and this first class book
fulfils this need.

The book is divided into three parts: part one
devoted to general properties of dislocations, part
two to the dislocations networks and plastic pro-
perties of crystals, and part three to the interaction
of dislocations with other defects. There are seven



REVIEWS

chapters in part one, five in part two and five in
part three. There are four useful appendices on
fundamental relations of clasticity, some physical
properties ol elements at room temperature, com-
mon slipping and twinning directions for some
crystalline systems and lexicon of technical terms.
Principal works on dislocations are listed in the
beginning of the book and a complete list of
references to original literature is given at the end.
The index is rather inadequate.

Although the book is written for metallurgists,
the treatment of the subject is exhaustive and will
interest all research workers in solid state physics
also. The mathematical treatment is simple and
clear which makes the book uscful for university
students also. The book is strongly recommended
to all solid state rescarch physicists and M.Sc.
phvsics students of Indian universitics. The dia-
grams arc clear and the get-up is good.

S. C. JaiN

ULTRASOUND : PHYSICAL, CHEMICAL AND BrorocIcaL
ErrecTs by Isaak Efimovich E'l'piner; translated
from the Russian by F. L. Sinclair (Consultants
Bureau Enterprises Inc., New York), 1964.
Pp. viii+371. Price §22.50

This book gives, for the first time, a comprehensive
account of the physical, chemical and biological
effects of ultrasonic waves. After giving the funda-
mentals of ultrasonic wave propagation in the first
chapter, the author passes on in the second chapter
to discuss exhaustively the cavitation phenomenon,
which is responsible for all the effects of ultrasonics.
The main features discussed in this and the next
chapter are: (1) the high local temperature; (2) the
high local pressure; (3) the electrochemical effect;
and (4) sono luminescence at the site of collapsing
as well as resonating cavitation bubbles. A com-
plete critical account of these factors as well as
the effect of nature of gas on these factors is given
in Chapter 4. The importance of ultrasonic waves
in breaking down macromolecules without, however,
affecting the integrative character of the individual
units is brought out clearly in Chapters 5-7,
discussing, for example, ultrasonically depolymerized
dextron used in medical practice, the action on
collagen fibres resulting in the ease of stretching of
tendons, formation of copolymers, denaturation as
well as production of native fragments of DNA,
and the degradation of fibrinogen, which prevents
blood clotting. By far the best practical use of
ultrasonics is in emulsifying, discussed exhaustively
in Chapter 8. In Chapter 9, the author gives an
account of the effect of ultrasonic waves on micro-
organisms. In the words of the author, the possi-
bility of attenuation of virulence without altera-
tion of the antigenic specificity of virus particles
opens a promising field of application of ultra-
sound for the production of therapeutic biological
preparations.

Experiments on the use of ultrasonics in the
production of improved seeds which give high yields
of potato, beet root tubers and peas shoots and
pods have been conducted in Russia. These are
discussed in Chapter 10 which gives an account of
the treatment of brain tumours as well as destruc-

tion of cancerous tissues (ultrasonic neurology).
The detection aspect of ultrasonic waves, known as
ultrasonic biolocation and ultrasonic cardiogram,
involves a study of velocity and attenuation of
these waves in human and animal tissues, bones
and nerves. A very good report of the funda-
mental studies in this direction is given in the last
chapter.

Exhaustive references are given at the end of
each chapter. This book not only gives, for the
first time, a critical account of the practical uses of
ultrasonic waves, but is stimulating for further
research in this field.

For every student of ultrasonics and specially
for those who do research in the applied field of
ultrasonics, this book is a must.

S. S. CHARI

MetHODS IN  MIcroanaLysis: Vol. 1 —SmMuL-
TANEOUS RaPip ComBustion, edited by J. A.
Kuck; translated by Phyllis L. Bolton & K. Gingold
(Gordon & Breach Science Publishers, New York),
1964. Pp. xv+560

An excellent compilation of the research work

carried out by the Russian School of Microchemistry,

this book presents valuable information about the
methods developed as a result of extensive research
in the field of rapid estimations of elements in pure
organic and organometallic compounds. An addi-
tional attractive feature of these methods is the

simultaneous ecstimation of several elements in a

single determination which enables saving of time

required for the individual cstimations of the ele-
ments and also the precious research sample.

Of the fifty-six chapters, two-thirds are devoted
to the modifications relating to the carbon and
hydrogen determination, most of which describe
simultancous determination of other elements.
New approaches to the estimation of nitrogen by
hydrogenation, magnesium fusion, etc., are de-
scribed in some of the ten chapters on the nitrogen
determination, three of which also include simul-
taneous estimations of other elements. A relation-
ship established between the length of the contact
layer and the method of decomposition of the
sample, and an empty tube technique are
reported for the direct determination of oxygen
in Chapter 36. Three other chapters give details
about 1its simultancous estimation with other ele-
ments. Only with a few exceptions, the methods
for the estimations of sulphur, phosphorus,
halogens, silicon and mercury appear as simul-
taneous estimations of  carbon and hydrogen,
nitrogen, cte. The techniques emploved cover pyro-
lysis, pyrohydrolysis, magnesium fusion, vacuum
combustion, measurements of thermal conducti-
vity, electroconductivity, etc. A review of the
advances in organic elemental analysis in USSR
and other countries is given in the last chapter of
the book.

The modifications used have impaired the simpli-
city of performance in certain cases. However, these
seem to be specially designed to meet the needs
of a typical class of compounds and researchers
engaged in work relating to such compounds might
find these quite useful.
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The contributions of Miss Korshun and her co-
workers constitute the major part of the book.
Her systematic consideration of the possible
chemical reactions and logical deductions of the
solutions to the problems confronted have revealed
significant and readily available data which will
save for many the time for a thorough literature
survey.

The editor and the translators have successfully
fulfilled their object of helping the microchemists
who are handicapped due to the language barrier
in furnishing them the vast information of the
microchemical research carried out in the past two
decades in the USSR.

V. S. PANSARE

INTERNATIONAL CLAay CONFERENCE, 1963: Vol. 1,
edited by I. Th. Rosenqvist & P. Grafi-Petersen
(Pergamon Press Ltd, Oxford), 1963. Pp.ix--376.
Price £5

The International Clay Conference held at Stock-

holm in August 1963 was the result of the opinion

expressed by several representatives of the CIPEA

(Comité International Pour I'Etude des Argiles)

at the Copenhagen meet in 1960 that since the

meeting place of the International Geological Con-
gress in 1964 in India was too far away for many

European and American scientists, clay scientists

should explore the possibility of arranging a meet

before that date.

The international character of the symposium is
reflected by the fact that nearly 13 countries contri-
buted 35 papers for discussion. These were presented
under six sections, namely (i) clay mineral structures
and composition (10 papers), (ii) clay mineral
genesis (8 papers), (iii) ion-exchange in clay minerals
(7 papers), (iv) clay-electrolyte-water system (3
papers), (v) clay organic complexes (5 papers),
and (vi) clay minerals in industrial applications
(2 papers). Countrywise, the contributions are: USA
(9), UK (5), Germany (4), Spain (4), Belgium (3),
Australia and Cezechoslovakia (2 each) and one
each from Japan, India, Italy, France, Sweden and
Canada.

Of special interest in Section 1 is the recent
concept of Radoslovich on clay mineral structures
and the experimental verification of his predictions
regarding the role of interlayer cations as affecting
the ‘D’ dimensions of muscovite (Burns and
White). Another interesting account of the role of
crystal structure in solid state reactions of clays
and related minerals is given by Brindley. Acid
dissolution of biotite, the effect of temperature on
diffusion mechanism and white rim formation are
given by Gastiche, while the mechanism of acid
attack on montmorillonite clays as that of uniform
process leading to vacancies in octahedral position
is presented by Newmann’s imaginative approach
through the thermal analysis of acid treated
clays.

Section 2 has four papers in German, of which
Goldschmidt’s paper on diagenesis of clay minerals
at depths up to 3000 metres may be of interest to
petroleum technologists. Sudo’s account of inter-
stratified minerals of Japan as approached through
theoretical concepts of crystal growth of mixed
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crystal as also the other papers on soil formation
from different types of rocks under different
environments as in Scotland, Italy or Czechoslo-
vakia should contribute to our knowledge regard-
ing the mechanism of rock weathering and soil
formation.

Ton-exchange mechanisms  in
montmorillonite form the main theme in many
papers in Section 3. The only paper from India
(Sen and Guha) deals with the oft-discussed but
highly controversial field of phase transformation
in kaolin as studied through the changes in the
base exchange capacity of kaolin on heat treatment.
The authors have some modifications to suggest
on the results of Brindlay and Nakahira on the
composition of meta-kaolin. Cesium sorption re-
action on clay minerals has been studied (1) as
a useful property for detecting the presence of
montmorillonite in interlayer mineral systems
(Tamura), and (2) to utilize the sorption properties
of vermiculite to decontaminate the radioactive
effluents containing %7Ce with high fission yield,
which is a health hazard (Jacob).

Section 4 has three papers, one theoretical (Gast)
dealing with the diffusivity of cations in clays as
affected by the electrostatic forces and the in-
creased viscosity of the 200-300 A. thick surface
water. Of the other two with practical applicability,
one suggests that through a simple test involving
determination of the time of imbibition and the
area wetted by a drop of cthelene glycol or water
over a clay surface, its green strength and plasticity
could be assessed (Konta and Borobec). The other
paper is of importance to engineers and agricul-
turists concerned with soil crosion and shows how
crosion is increased through waters containing
dispersing agents.

The section on clay organic compounds contains
five papers, mostly with technical applicability.
Van Olphen has shown that very high pressures of
the order of several thousands bars are needed to
desorb hydrocarbons from some clay minerals that
may be contained in source rocks, thus accounting
for certain aspects of petroleum mining.  Mechanism
of soil stabilization by TBC (4-feri-butylpyrocatechol)
and the removal of surfactants in detergents occur-
ring in houschold waste water by the clay minerals
in the soil are discussed in two more papers in this
section (Hemwall and Wayman).

The last section on clay minerals in industrial
application has two papers only, one giving com-
positional data for British clays used in fine ceramic
industry (Holdbridge) and the other on the aniso-
tropic thermal conduction due to the parallel align-
ment of clay particles.

The cditors deserve  congratulations for  the
able classification of the papers which perhaps is
not as easy a job as it may appear. The usual
high standard of the publication attributable to
the Pergamon Press is maintained. The book is
a useful addition to the library of those interested
in clays.

The reviewer apologizes for not doing full justice
to the papers written in languages other than
English.

vermiculite and

N. R. SRINIVASAN
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PATENTED INVENTIONS 01 (SIR: 1940-64 (Council
of Scientific & Industrial Research, New Delhi),
1965. Pp. 228. Price Rs 16 or 33s. or $5.00

This up-to-date compilation of patent specifications

contains brief particulars of about a thousand inven-

tions of the Council of Scientific & Industrial

Research, arranged in - chronological order  with

suitable indexes provided to facilitate subjectwise,

authorwise and laboratorywise location.  The patents

relate to all subjects from  agriculture, through

chemical compounds and engines, to wood-working.
In an interesting foreword, Dr S. Husain Zaheer,

Director-General, Scientific & Industrial Research,

recalls the role of the Council in speeding up cco-

nomic development  through  organized  scientific
research in industry.

The compilation is a valuable document for all
those interested in the indigenous development of
new products and processes.
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(Geological Society of India), 1963. Pp. 131
GENERALIZED HYPERGEOMETRIC SERIES by R. P,
Agarwal (Asia Publishing House, Bombay), 1963.

Pp. 109. Price Rs 5.00

ELECTROMAGNETIC ASPECTS OF HYPERSONIC FLIGHT:
Second Symposium on the Plasma Sheath, Its
Effect upon Reentry Communication and Detec-
tion, edited by Walter Rotman, Howard K. Moore
& Robert Papa (Spartan Book Inc., Baltimore),
1964. Pp.ix+369. Price Rs 75.00

CARAKA  SAMHITA by DPrivadaranjan - Ray &
Hirendra Nath Gupta (National Institute of
Science, New Delhi), 1965. Pp. viii+120.
Price Rs 15 or 20s.
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cdited by F. G. A. Stone & Robert West
(Academic Press Inc., New York), 1965. Pp. ix
| 440. Price $15.00
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No. 162, Second Edition, by Paul Becher (Reinhold
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by Laurent Cairo & Théo Kahan (Blackie &
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27s. 6d.
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Viktor Sergeevich Vavilov; authorized transla-
tion {rom the Russian by A. Tyvbulewicz (Con-
sultants Bureau Enterprises Inc., New York),
1965. Pp. xi-+225. Price §15.00

CrysTAL CHEMISTRY OF TETRAHEDRAL STRUCTURES
by Erwin Parthe (Gordon & Breach Science
Publishers, New York), 1965. Pp. xii-4-176.
Price $9.50

THE NATURE OF INDUCTION MACHINES by Philip L.

Algar (Gordon & Breach Science Publishers,
New York, 1965. Pp. xiii--516. Price § 25.00
FERROMAGNETIC RELAXATION THEORY by Marshall
SparkS (McGraw-Hill Book Co. Inc., New York),
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NOTES & NEWS

Phase-locking of lasers

Two lasers have been locked
together in phase for the first
time at the Bell Telephone Labora-
tories, where a feedback loop has
been designed to lock the phase
difference between the waves gene-
rated by two single frequency
helium-neon lasers to within a
third of a degree. The frequency
of these lasers is approximately
5x101 c/s.

Phase-locking at optical fre-
quencies permits the use of homo-
dyne detection — a technique that
makes it possible to halve the
transmitted power —-in experi-
mental light communication sys-
tems. In such a system a trans-
mitter laser would be phase-locked
with a receiver laser some distance
away. Other possible applications
include the combining of several
low power lasers to produce one
high power beam. The experi-
ments also enable the study of the
interactions of light waves from
separate sources.

In these experiments (Fig. 1)
the lasers are placed on a shock-
mounted concrete table enclosed
in a concrete vault to reduce
sudden changes in frequency
caused by acoustical and mecha-
nical  disturbances. The laser
beams are combined by a hall-
silvered mirror, which sends part
of the combined beam to a screen
and part to a photomultiplier.
The output current from the
photomultiplier is proportional to

combined light waves striking the
photomultiplier surface. The cur-
rent increases when the two light
waves interfere constructively and
decreases when the waves interfere
destructively. Thus, the value of
the instantancous current depends
upon the phase difference between
the two laser beams. The voltage
produced by the current is fed
back through a d.c. amplifier and
a low pass filter to a piezoelectric
transducer which supports one of
the mirrors for the resonator of
the receiving laser. The varying
voltage applied to the transducer
changes the resonator length and
thus the frequency of the laser.
This forces the receiving laser to
track the frequency and phase of
the transmitting laser.  Phase-
lock was maintained even when
the transmitting laser’s frequency
was changed by 450 Mc/s. and
when, in addition, its beam was
attenuated by 50 db. The fre-
quency over which the trans-
mitting laser can be tracked could
be extended by inserting a higher
voltage d.c. amplifier in the feed-
back loop. Further improvement
of the circuit has enabled the two
beams to be locked together with-
out the use of the vault.

That the lasers were truly phase-
locked was proved by the following
experiment.  The path of one
beamr was lengthened until the
beam’s wavefront was essentially
plane.  The path of the other
beam was kept short; thus its
wavelront was curved. The com-

the instantaneous power of the bined beams from one of the
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output arms of the half-silvered
mirror were directed to a screen.
In the ahsence of feedback con-
trol, a spot of uniform intensity
was formed on the screen. When
the control was applied, the spot
was changed to a pattern of light
and dark rings caused by the
stationary interference of the flat
and curved wavefront beams, thus
demonstrating that the beams were
phase-locked.

Superconductivity in
graphitic compounds

Superconductivity has been dis-
covered in compounds of graphite
and alkali metals by scientists at
the Bell Telephone ILaboratories,
New York. This is the first time
that carbon structures, rather than
interstitial carbon atoms, have
been directly involved in super-
conductivity.

The superconducting compounds
consist of lavers of either potas-
sium, rubidium or cesium atoms
interleaved with layers of carbon.
For these compounds, the critical
magnetic field —- the field required
to destroy superconductivity —-
depends on its direction through
the material. TFields in the plane
of the carbon layers must be
stronger to quench superconducti-
vity than fields cutting across the
lavers.  This dependence of the
critical field orientation with res-
pect to the structure is greater in
graphite compounds than in any
other superconductor. The tem-
peratures at which the compounds
were found to become superconduc-
tive range from 0-02° to 0-55°K.

The strikingly large orientation
dependence of the critical magnetic
field 1s believed to result from the
layer structure ol the compounds.
Graphite consists of closely packed
layers of carbon loosely stacked
on top of each other. Its well-
known mechanical properties stem
directly  from  this  structure.
Chemists have known.for decades
how to prepare compounds con-
sisting of eight atoms of carbon
with one of either potassium,
rubidium or cesium.  The dis-
covery that superconductivity can
exist in these systems now opens
the way to the study of super-
conductivity in new circumstances.

The strong orientation depen-
dence of the critical magnetic
field is of fundamental importance



and bears on the basic nature of
superconductivity.  The experi-
ments are likely to give more
information about the nature of
graphite itself.

New device for shock wave
studies

A new device called the ‘Phermex’
(pulsed high energy radiographic
machine emitting X-rays) has been
designed at the Los Alamos Scien-
tific Laboratory for fluid mecha-
nics and chemical Kinetics studies.
Phermex is a high current standing
wave linear accelerator which gene-
rates intense bursts of X-rays for
flash radiographic studies of ex-
plosive driven metal systems.
Hitherto there has been no satis-
factory method of observing the
characteristics of fluid flow subject
to shock waves and this new de-
vice, because of the recent develop-
ments in high explosive techno-
logy enabling perfectly reproducible
explosive systems, has made it
possible to obtain a time sequence
of mass distributions of bodies
subjected  to explosive  waves.
The device consists of a 1 MW.
radiofrequency power amplifier and
an electron beam injector. Target
currents of over 20 amp. provide
fluxes exceeding 9 roentgens per
0-2 psec. pulse.  Because of the
nature of this accelerator a pulse
of gamma rays consists of 10
sub-bursts, each about 6 nsec.
long. The new device may also
find application in several other
fields. Tor example, the output
electron beam may be used to
generate  exceedingly  powerful
bursts of Cerenkov radiation in
the mm. wavelength and for study-
ing the effects of electron or gamma
radiation on properties of matter
including biological tissues [Phvs.
Todav, 17 (12) (1964), 19..

Fuel cell using methanol
and air

A new fuel cell, which uses
methanol and air as fuels and
generates about 5 kW. of electri-
city with an overall thermal effi-
ciency of 20-25 per cent, has been
developed at the Thronton Re-
search Centre of Shell Research
Ltd. This requires a much lower
working temperature (60°C.) com-
pared to about 800°C. required in
carlier fuel cells using hvdrogen
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and oxygen as fuels and eliminates
the need for heavy gas storage
cylinders.  In the cell, methanol
is converted to hydrogen in a
unit that forms part of the system
and the complete unit fits easily
on the back of a § ton pick-up
truck. In operation, methanol
passes into the converter where
it reacts with steam in the pre-
sence of a catalyst to form hydro-
gen and carbon dioxide and the
hydrogen is further purified by
passing over a palladium/silver
diffuser. The design of a commer-
cial fuel cell that uses methanol
directly without having to convert
it to hydrogen is also contemplated
{Chem. Engng News, 42 (52) (1964),
31].

A new solid electrode for
voltammetry

Carbon electrodes are used in
voltammetry since long, but their
applications have been widened by
the recent studies on the polaro-
graphic behaviour of graphite and
other solid clectrodes, the pyroly-
tic graphite electrode and * glassy
carbon ’ which is gas impermeable,
highly resistant to chemical at-
tack, electrically conductive and
is obtainable in relatively pure
state. The use of glassy carbon
clectrode for voltammetry has
been reported by Zittel and Miller
i Anal. Chem., 37 (1965), 2001

The clectrode is prepared by a
simple method.  An cpoxy resin
(Shell. Co. Epon. 820) cylinder is
prepared by pouring the molten
resin between two secctions of a
glass tubing, the outer section of
which is removed. The glassy
carbon material is taken and the
ends of the above cylinder are
sealed. A small amount of mer-
cury is poured into the central
glass tube and contact is made
by means ol a copper wire, in-
serted into it.  Since the glassy
carbon is brittle and hard, the
clectrode is to be shaped by
grinding or cavitation.

As in the case of all solid voltam-
metric electrodes, this electrode
has also a fairly large background
current, but this does not affect
the applicability of this electrode.

The usable potential of this
clectrode in acid systems is deter-
mined by studying the effect of
different mineral acids; it is found
to be 413 to --0-8 in phos-

phoric acid solution and -inter-
mediate in sulphuric acid and
perchloric acid solutions.  This
clectrode is relatively insensitive
to changes in pH. The polaro-
graphic behaviour of several ions
at this electrode has been studied
and in almost all cases the waves
are well defined and reproducible.

The glassy carbon is manu-
factured in four grades depending
on the ‘ proof-temperature’, of
which grade G.c.30s is the purest
and best for the clectrodes. Since
this is isotropic, it does not require
definite orientation. This electrode
has the advantage of being in-
susceptible to poisoning or film
formation like other stationary
solid electrodes, and thus requires
no pretreatment or treatment be-
tween uses.  The cathode limit of
this clectrode may be extended
up to —1-6 in basic media, unlike
other electrodes.

The ease of fabrication and
maintenance of the glassy carbon
clectrode compares favourably with
all other solid electrodes. It has
also the advantage of being inert
to strong acids and oxidizing
agents.— A. L. J. Rao, Punjabi
University, Patiala

A general reaction for
synthesizing heterocyclics
and carbocyclics

A general reaction for synthe-
sizing heterocyclic and carbocyclic
ring compounds has been de-
veloped which may prove to be of
some value for the pharmaceutical
industry. The synthesis is, to
some extent, a combination of both
Michael and Wittig reactions.
The key intermediate in the syn-
thesis is the vinyltriphenylphos-
phonium salt which is prepared by
reacting triphenylphosphorene with
2-phenoxyethyl  bromide using
phenol as the solvent. The result-
ing bromide is then decomposed by
heating in ethyl acetate to give
the desired vinyltriphenylphospho-
nium bromide in 90 per cent yield.
In the general reaction, an anion
reacts with vinyltriphenylphospho-
nium salt by a Michael type of
reaction to produce an intermediate
phosphorus ylid. The ylid then
attacks the carbonyl by an intra-
molecular Wittig reaction to form
a carbon to carbon double bond.
This final step is irreversible,
producing cither heterocyclic or
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carbocyclic compounds and  tri-
phenylphosphine  oxide.  Some
compounds, viz.  3,4-chromene
and 2,5-dihydro-2,3-dimethylfuran,
have heen prepared. In the syn-
thesis of 3,4-chromene, vinylphos-
phonium bromide is reacted with
the sodium salt of salicylaldchyde,
using acetonitrile as solvent.
Yields as high as 71 per cent of
3,4-chromene and 51 per cent of
triphenylphosphine oxide are ob-
tained. Similarly, 2,5-dihydro-2,3-
dimethylfuran has been synthesized
by reacting acetoin with the vinyl-
triphenylphosphonium bromide in
the presence of sodium hydride
[Chem. Engng News, 42 (28) (1964),
681.

Chlorella as animal feed

Chlorella, a unicellular green
alga, distributed all over the world
and with a faster rate of multipli-
cation like bacteria, is attracting
attention as one of the new
food resources. The alga can be
cultivated in large quantities using
only air, water, sunlight and small
amounts of waste materials such
as livestock and poultry manure
and sewage water. About 50 per
cent of the dry matter of chlorella
is protein of good quality. The
alga also contains large quantitics
of lipids, carbohydrates, chloro-
phylls, vitamins and minerals.
The nutritive value of chlorella
is higher than the sum of the
nutritive values of soybean and
spinach; attention is presently
being focused on the possibility
of large-scale utilization of this
alga for human consumption and
as animal feed.

Mass cultivation of this alga
requires shallow ponds lined either
with concrete or vinyl lining.
The form and size do not matter
considerably, though a rectangular
form appears to be more con-
venient than square and circular
forms. The outdoor ponds with a
depth varying from 4 to 8 in. are
more common, since the solar
energy radiating on a unit area
of the pond is constant. As in
vegetable cultivation the use of
manure as a source of nitrogen,
phosphorus and potassium is an
important aspect in the cultiva-
tion of this alga. Nitrates such as
potassium, ammonium and cal-
cium are excellent sources to give
immediate effect for the growth
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of the alga. However, natural
fertilizers containing organic nitro-
gen like the decomposed viscerac
of fish, faeces of livestock and oil
cakes form excellent sources of
nitrogen.

Chicken manure and sewage
water form good sources for organic
nitrogen and carbon dioxide. The
problem of artificially supplyving
carbon dioxide required for photo-
synthesis can be solved by using
chicken manure and sewage water
as manures, since the microbes
present in them produce large
quantities of carbon dioxide, which
dissolves in water, and could be used
by the alga. Natural fresh water
from sources like well, river, pond
and lakes can be used in cultiva-
tion. When city water is used,
care should be taken to reduce
the chloride content either by
boiling or by using crystalline
hypo. The pH of the culture
medium should be slightly acidic
(c. 7:0) when the phosphate exists
in the easily utilizable form as
H,PO; and HPOj. When the
PH goes bevond 7+0, the phosphatc
is converted into the anion POj,
and the carbon dioxide is con-
verted to HCO, and CO which
are not absorbed by chlorella and
also the possibility of harmful
microbial contamination of the me-
dium increases. In a strong acidic
solution, the phosphate combines
with iron and aluminium to form
insoluble  complex  compounds.
The photosynthetic activity of
the alga generally reaches a maxi-
mum when the light intensity is
5000-10,000 lux. At low light
intensities the multiplication of
the alga stops and at high light
intensities the bleaching of the alga
occurs.  For effective mass produc-
tion of chlorella, the production of
an active strain is very essential.

Chlorella requires for its nutri-
tion the micro (trace) clements.
To increase the chlorophyll con-
tent to deep green tone, addition
of manganese and iron is essential
along with a simultancous increase
in the nitrogen source. Addition
of enzymes accelerates the de-
composition of organic compounds
and facilitates the availability of
nutrients.

Factors such as intensity of
sunlight, stirring rate, tempera-
ture, pH, supply of nutrients,
check against contamination, ctc.,
excess heat removal and evapora-

tion rate should be  controlled
properly to obtain good growth
of the alga. Agitation of the
culture improves light and aera-
tion. Chlorella can be harvested
once in every 3 or 4 days (90-120
harvests a vear) and it can be
accomplished without any special
equipment and techniques.  The
harvested alga is carried automati-
cally through a transport pipe
to a tank. (hlou]l\ is generally
collected by means of a u‘ntnfng

but if large quantities are iny olved
the technique becomes ineffective.

The algal cells can be rapidly
flocculated and sedimented using
chemical agents such as alum,
calcium  hydroxide and magne-
sium sulphate.  The supernatant
is decanted and the algal bodies
are purified by repeated floccula-
tion and washing. The chlorella
paste sedimented on the bottom
of the harvesting tank is pro-
cessed as follows: The paste is
treated by heat, dried in air,
made to dry chlorella  powder,
stored in the silo and made to
enriched silage (fermented fodder).
The chlorella paste may also be
treated with boiling water for 2
or 3 min. and moved to cold water
as soon as possible; the heat treat-
ed chlorella paste is suitable for
livestock feed.

Chlorella can be stored cither
after drving in sun or in a desiccator
or after a fermentation treatment.
The bacterial contamination from
the stored chlorella can be elimi-
nated by pasteurization and by
fermentation.  The pasteurized and
fermented  chlorella  are  easily
digested and the latter is liked
more by livestock becanse of its
lactic acid smell.  The autolysing
enzymes in chlorella can be in-
activated by bleaching and  the
alga can be stored for a long time.

The vield of chlorella per unit
arca is not very definite.  How-
ever, an average vield of 1 Ib./sq.
yd in wet weight, which is nearly
30 times the yield of rice, has been
achieved.  The vield of chlorella
varies according to scason, heing
high in sprmg ‘md low in summer
and carly spring. A Japanese far-
mer from a 10 sq. vd culture
pond has obtained a daily vield of
1544 1b. and a total annual vield
of ¢. 6200 1. (c. 2:8 tons).

The protein in chlorella is more
like animal protein than vegetable
protein. It has three amino acids,



cystine, methionine and  trypto-
phane, not found in sovhean. It
has the same amount of protein as
fish and the vitamins A and C are
very high. The nutritive value of
chlorella can be increased by
mixing it with rough feed.

The digestibility of fresh chlo-
rella is nearly 70 per cent and on
drying its digestibility is lowered
to 65 per cent. The digestibility
can be increased to 80 per cent
by blanching the alga with hot
water for 2 min.

Feeding experiments conducted
with poultry showed an increase
in the size of chicken and the egg
production. The size and weight
of eggs increased and the yolk
became deep orange. Hogs fed
chlorella  gained healthier ap-
pearance.  When 1 1b. of chlorella
was given cach day to a cow
there was an increase in milk
vield.  Production with regular
feed was 53 lb. per day and
with chlorella, 64 1b. Similar
experiments conducted with other
animals showed an increase in
body weight.  In birds the fre-
quency of egg laying is consider-
ably increased.  Gold fish and
tropical fish fed chlorella increased
their  resistance  against  fish
diseases. From the cconomic
standpoint the cultivation of chlo-
rella is very inexpensive and the
Jabour cost is very little.  The
cost of growing 1 1b. of chlorella
would be about the same as that
of rice, but its nutritive value is
twice that of rice. Chlorella feed
saves the expenses of animal hus-
bandry to a greater extent.
Except in a few regions, in many
parts of the world like Asia,
Africa, Middle and South America
where the situation of animal
husbandry is  very critical, the
production of a new feed such as
chlorella is long awaited [Chlorella
feed  for animal  hushandry by
Hiroshi Nakamura (International
Chlorella Union, Tokyvo, Japan)l.

Progress Reports

Chemical Research Laboratories,
CSIRO, Australia

The annual report of the Chemi-
cal Research Laboratories of the
Commonwealth Scientific &
Industrial Research Organization
(CSIRO), Australia, for the year
1963-64 records the achievements

NOTES & NEWS

of the laboratorics in fundamental
and applied research during the
period and the part plaved by the
laboratories in the expansion and
development of both primary and
secondary industries in Australia.
A brief résumé of the activities
of the various divisions of the
laboratories is given below.

The Division of Applied Minera-
logy has been mainly concerned
with the nature and industrial
application of natural and syn-
thetic mineral products, specially
the non-metallics such as cements
and concretes, refractories, engi-
neering ceramics, non-metallic min-
erals and foundry sands. A method
has been developed for determining
thermal  conductivity of refrac-
torics. The method consists  in
inserting @ butt-welded thermo-
couple Dbetween two bricks and
using it as a line heat source by
the application of an alternating
current. The thermal conductivity
is calculated from the rate of
temperature rise of the thermo-
couple after filtering out the applied
a.c. The method is simple and
relatively fast but at present is
limited to a maximum temperature
of 600°C.

In the Chemical Engineering
Division investigations are being
carried out on desalination of
water, hydrogenation of brown
coal, fluidization, comminution,
reaction kinetics, transport pheno-
mena in turbulent systems, boiling
heat transfer and rheological pro-
perties of non-Newtonian fluids.
A prototype domestic desalination
unit for producing up to 100
gallons of fresh water per day
from saline water and a commercial
model of cyclosizer, a laboratory
precision apparatus for the mpld
and accurate determination of
particle size distribution within
the sub-sieve range are under
fabrication. R

The activities of the Division of
Chemical Physics cover the fields
of spectroscopy, crystallography
and solid state chemistry.  The
projects on  which work is in
progress include the study of
molecular structure and energetics
by means of optical spectroscopy,
determination of trace elements
by atomic absorption spectroscopy:
and molecular structure determina-
tion of sulphur compound from
Raman polarization data. A new
type of atomic spectral lamp which

gives atomic resonance spectra
several hundred times more intense
than the conventional lamps has
been developed. A number of
instruments have been constructed
during the period; these. include
an evaporation metering device,
a thermal conductivity bridge,
furnace controller, etc.

The Division of Mineral Chemis-
try carries out investigations in
the fields of clectrochemistry in-
cluding gold cyanidation and fuel
cells; mineral treatment comprising
mainly hydrometallurgical studies
ol extraction processes; process
development including pilot plant
testing of processes; and develop-
ment of new techniques in ana-
Iytical chemistry. A new method
for preparing anhydrous aluminium
sulphate which shows promise of
providing cheaper pure alum for
the paper industry has been de-
veloped and tested on thelaboratory
scale. The product is obtained by
reacting conc. sulphuric acid with
basic aluminium sulphate or alu-
mina trihydrate; the process avoids
expensive  crystallization  pro--
cedures. A unique process for the
recovery of zirconia from zirconium
sulphate solutions has resulted
from an extensive survey of the
conditions necessary for the forma-
tion of polymeric species in solu-
tion. The polymerized species can
be quantitatively recovered by
the addition of an organic reagent
which yields a precipitate con-
taining as much as 28 moles of
zirconia per mole of precipitant;
impurities are eliminated durmg
the precipitation stage.

In the Division of Orgamc
Chemistry work on organophos-
phorus compounds has been con-
tinued, specially with regard
to the preparation of biologically
active substances. The use of
phosphines as coordinating agents
in preparing novel derivatives of
metal sulphides and mercaptides
has been extended from the
initial work with gold to include
silver and copper.  Numerous
chemical reactions of both aryl
and alkyl aluminium compounds
have been explored, and consider-
able progress has been made in
understanding the exchange re-
actions which take place in these
complex systems by NMR spectro-
metry. Some organic compounds
of zinc have also been included
in these studies. A new method
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for the industrial preparation of
the cyclopentadienyl derivatives
of certain metals has been de-
veloped and a small pilot plant is
now under construction.

Work in the Division of Physical
Chemistry has been directed to-
wards the study of thermodynamic
properties of liquid mixtures;
influence of pressure on the elec-
trical conductivities of solids;
magnetic behaviour of some iron
complexes, and rates of ionic re-
actions; aerobic oxidation pro-
cesses catalysed by metal jons;
and water desalting and reclama-
tion. A mixing cell has been de-
vised for the precise measurement
of the heats of mixing of liquids.

An eclectron spin resonance
technique has been developed for
identifying certain of the free
radicals which are formed in pro-
teins as a result of hydrogen ion
abstraction by oxidation or by
irradiation. It has been shown
that during oxidation of a protein
in an aqueous medium the most
readily formed free radicals are
those of the aromatic amino acids;
particularly phenylalanine, tvro-
sine, etc. This leads to the con-
clusion that a major function of
the aromatic units is protection
of the functional part of a protein
against damage by oxidation. A
new oscillographic system with a
bandwidth of 75 Mc. and a resolu-
tion of 20 nsec. has been construct-
ed in order to observe and photo-
graph light pulses emitted during
the nucleation of crystals. The
apparatus is sensitive cnough to
detect the small amounts of light
emitted from sources such as a
human hand, or the phosphores-
cence of ice. It is being used to
examine the phenomena of crystal-
loluminescence and tribolumine-
scence in some detail.

Dr A. R. Verma

Dr Ajit Ram Verma, Professor
and Head of the Physics Depart-
ment, Banaras Hindu University,
Varanasi, has been appointed
Director, National Physical
Laboratory, New Delhi. ~

Dr Verma (b. 20 Sept. 1921)
took his M.Sc. degree in Physics
from Allahabad University in 1942
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and Ph.D. from London University
in 1952. He was Lecturer in
Physics, Delhi University, during
1947-50 and British  Council
Scholar and later ICI Research
Iellow, London University, during
1950-55. He  Dbecame  Reader
in Physics, Delhi University, in
1955. In 1959, he joined Banaras
Hindu University, Varanasi, as
Professor and Head of the Physics
Department, where he continued
till he took up the present post.

Dr Verma's special fields of
study are: crystal growth, im-
perfection in crystals, and X-ray
and optical studies. He has done
research work in collaboration with
late Dr K. S. Krishnan, FRS, Prof.
S. Tolansky, FRS, and Prof. J. D.
Bernal, FRS, and has published
over 40 research papers. He is
the author of two books, Crystal
growth and dislocations and Polv-
morphism  and  polytypism  in
crystals. He is a Fellow of the
National Institute of Sciences of
India.

Announcements

s A Symposium on Radioactivity
and Metrologv of Radionuclides
will be held at Trombay during
13-17 December 1965 under the
auspices of the Atomic Energy
Establishment, Trombay. Thesym-
posium will cover various aspects
pertinent to the problems of radio-
activity measurements in fields
such as radiological protection,
studies of natural radioactivity,
applications of radioisotopes in
physical and life sciences and
industry, and radioisotope standar-
dization. The object of the sym-
posium, the first of its kind to be
held in India, is to help in the
collation and exchange of informa-
tion among scientists working in
various Jaboratories in the country
and provide information regarding
developments in radiation measur-
ing techniques, equipment and
radioactivity standards.

Separate technical sessions will
be devoted to: (1) Units of radiation
and radioactivity, radioactivity
standards and international inter-
comparison; (2) Radioactive decay
chains, activity build-up, isotope
ratio in heavy elements and dis-

equilibrium  studies; (3) Environ-
mental  radioactivity  mecasure-
ments; (4) Radiation dosimetry and
radioactivity — measurements  in
radiological ~ safety  evaluation;
(5) Techniques of measuring radio-
activity in bulk specimens and
problems related to interpretation
of results;  (6)  Radioactivity
measurcments  for  miscellaneous
applications of radioisotopes in life
sciences; (7) Radioactivity measure-
ments for miscellancous applica-
tions of radioisotopes in physical
sciences; and (8) Techniques and
instrumentation for radioactivity
measurements.

Those desirous of participating
in the symposium should com-
municate with Dr U. C. Gupta,
Scecretary, All India Symposium
on Radioactivity and Metrology
of Radionuclides, NIS Scction,
Electronics  Division,  Atomic
Energy Establishment, Trombay,
Bombay 74 AS. Two copies of
papers along with abstracts should
reach the Secretary on or before
1 October 1965.

s A Sympostum on Liver Metabolisin
will be held in Bombay during
10-11 September 1965 under the
auspices of the Socicty of Biological
Chemists of India.  Papers relating
to experimental studics on struc-
tural, functional and biochemi-
cal aspects leading to current
understanding ol liver functions
will be considered for presentation
at the symposium.  Broadly, these
papers may deal with: (1) Factors
influencing liver function —- nutri-
tional deficiencies and experimental
injuries; (2) Biosynthesis and meta-
bolism of lipids and steroids;
(3) Metabolism of amino acids and
proteins; (4) Carbohydrate meta-
bolism and hormonal regulation;
(5) The liver and vitamins; (6) Nuc-
leic acids and protein biosynthesis;
(7) Regulation of enzyme synthesis
and other control mechanisms; and
(8) Specialized functions of the
liver. Further details regarding
the symposiwn can be had from the
Honorary Seccretary, Socicty of
Biological Chemists of India, Indian
Institute of Scicnee, Bangalore 12,
or Dr Shanta 8. Rao, Reproductive
Physiology Unit, Indian Cancer
Rescarch Centre, Bombay 12.



Higher accuracy! Rapid pay-off!
“Gallenkamp” AUTOBOMB. ..

A NEW Automaric Adiabatic Bomb Calorimeter for extremely accurate
determinations of calorific values of petroleum products

IP 12. ASTM D-240. DIN 51708

* Accuracy better than 01 per cent.

* The Automatic Adiabatic Calorimeter
system prevents exchange of heat
between the calorimeter and jacket
by ensuring that, at every instant
throughout the test, the jacket is at
the same temperature as the calori-
meter vessel which it encloses. Thus,
in one step, the system eliminates
both the need for plotting a cooling
curve and the tedium of calculating
a cooling correction,

* Work time reduced by 60 per cent.

% Minimal chance of human error.

ASK FOR DETAILS

ACCREDITED AGENTS

MARTIN & HARRIS (PRIVATE) LTD.

(SCIENTIFIC DEPARTMENT)
SAVOY CHAMBERS, WALLACE STREET, BOMBAY 1
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‘LAB-CHEM’

ANALYTICAL BALANCES &
WEIGHTS
for

INDUSTRIAL, RESEARCH & COLLEGE
LABORATORIES

Manufactured by
LAB-CHEM BALANCE WORKS

BOMBAY 11|

Contact Sole Selling Agents:

INDIA SCIENTIFIC TRADERS

DEALERS IN LABORATORY EQUIPMENT
OF EVERY DESCRIPTION

PEERBHOY MANSION
460 SARDAR VALLABHBHAI PATEL ROAD
BOMBAY 4 (BR)
Phone: 76336 Gram: ‘Esvijack’

SETT & DE

16 Ganesh Chandra Avenue
Calcutta 13
Phone : 23-9588

manufacturers of

MOVING COIL & MOVING IRON TYPE VOLTMETERS, AMMETERS (PORTABLE &
SWITCHBOARD TYPES), RESISTANCE BOXES, P.O. BOXES (PLUG &
DIAL), G.P.O. DETECTORS, EXTERNAL SHUNTS, RHEOSTATS
A.C./D.C. CONVERSION EQUIPMENT, ETC. ETC.

for
LABORATORY AND INDUSTRY

OUR SERVICE DEPARTMENT IS ALSO AT YOUR DISPOSAL
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MANUFACTURERS OF

HEAT RESISTANT AND
SCIENTIFIC |
GLASS WARES

BLOOD TRANSFUSION AND
GLUCOSE SALINE BOTTLE
A SPECIALITY. ND-

CAN TAKE UP THE
FABRICATION OF ANY

TYPE OF WHITE BOTTLES.

O

BOMBAY OFFICE
Co-operative Insurance bldg..
2nd Floor, Sir P. Mehta Road.

Bombay |

Phone : 251791
Gram : NUTRALGLAS

& THCRTOLAB (LAY PRODUCT

PVT.LTD. POONA

WORKS Phonc: 98311
Bombay Poona Road, AKURD! Phore: 88312
GHINCHWAD, Poona' 19.
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'‘AnalaR’ chemicals

BDH LABORATORY CHEMICALS the first choice in all

unfailing reliability —tested and proved time and again in laboratories all

over the world! These make

THE TEST OF EXCELLENCE. Consistently high quality and

important analytical work. BDH Labkoratory reagents,

le in

play a vital ro
h. Bl Recent BDH booklets

testing outfits, stains, etc. today

industry, education, medicine and researc

microanalytical reagents,

JULY 1965
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include "Biological Stains and Staining Methods

Sugar Phosphates and Related Substances
Laboratory Chemicals Division, 8 Graham Road, Bombay 1

available free on request,

w

BRITISH DRUG HOUSES (INDIA) PRIVATE LTD.
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S. H. KELKAR & CO. (PRIVATE) LTD.

DEVAKARAN MANSION, 36 MANGALDAS ROAD
BOMBAY 2 '

Gram:  SACHEWORKS ', BOMBAY-DADAR

Manufacturers of

NATURAL ESSENTIAL OILS, AROMATIC CHEMICALS, RESINOIDS
& WELL-KNOWN ‘COBRA BRAND’ PERFUMES, USEFUL
FOR ALL COSMETIC & TOILET PERFUMES SUCH
AS HAIR OILS, BRILLIANTINES, SOAPS,
AGARBATTIES, FACE POWDERS, ETC.

FOR SAMPLE AND PRICE, PLEASE WRITE TO THE ABOVE ADDRESS

ELECTRICAL MUFFLE FURNACE

SPECIAL FEATURES

e Light in weight
e Easy to operate

e Temperature range guaranteed

*

Available in different sizes
for various temperature ranges

CONTACT

LABORATORY FURNISHERS

DHUN MANSION, VINCENT ROAD

BOMBAY 4
Tel.: 62761 Gram: LABFURNISH

Branch Office:
Kapasia Bazar, Ahmedabad 2

SP/LF/6é
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Available from Stock

* METROHM pH-METER E 350
Measuring range 0-14 pH: 500+ 300 mV
Accuracy of reading: 0.03 pH. 5 mV
Absolute aceuracy: 0.1 pH, 10 mV

* KUSTNER ANALYTICAL
BALANCE, with and without
air  damping  from  Germany,
Models AL 49 and ALY 48 with
weight box

Maximum load: 200 «m.
Sensitivity: 1omg.

x* OSCHATZ SINGLE PAN
BALANCE, Model 707 (uir

damped)

Maxinum load: 200 g,

smallest estimable value: 0.03 s

* EDWARD VACUUM PUMP, Model RB 4 ‘'Speedivac’ Combined Vacuum
Pump and Compressor

*x ‘BECK KASSEL' BINOCULAR RESEARCH MICROSCOPES

* ENDECOTT’S STANDARD TEST SIEVES

Contact :

PHARMA TRUST

114 PRINCESS STREET, BOMBAY 2

U SP/PT 4
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BOROSIL

NOW OFFERS

®

CORNING

BRAND
Machine made
GLASS TUBING
for
apparatus in heavy, medium
and
light  wall
CAPILLARY TUBING
of
various bores
and
GLASS RODS
of
different sizes

Manufactured by :

BOROSIL

BOROSIL GLASS WORKS LTD.
CHOTANI ESTATES,

PROCTOR ROAD, BOMBAY-7
Phone: 71166

Grams: '‘BOROSIL’

Branches

89 THAMBU CHETTY STREET,  19/90 CONNAUGHT CIRCUS 4 CANAL WEST ROAD,

MADRAS-1. NEW DELHI-1 CALCUTTA-15
Phone: 23775 Phone: 42176
Grams: '‘BOROSIL Grams: ‘BOROSIL'

CORNlNG® is Registered Trade Mark of Corning Glass Works, New York U.S. A.
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> Sarabhai Merck's special skill
in fine chemical manufacturing
contributes to progress in Industry,
Research and Higher Education.

P Sarabhai Merck's guaranteed reagents
offer the ultimate standard of purity
and most informative labelling, bearing

international repute and guarantee

of E. Merck.

} In the manifold applications of
Chemistry from agriculture to zincography,

Sarabhai Merck’s fine chemicals and

laboratory reagents play a vital
role for a better future.

INDUSTRY 4 saraeiai merex wro.

POST BOX No. 16555, BOMBAY I8

shilpi-SM-453
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Extinction Recorder with Integrator “ERI 10”

SALIENT FEATURES

» Double Beam Compensation Method = Automatic Optical Null Compensation = Extinction Curve with

Adjustable Height = Transmitted or Reflected Light Measurement as Selected m Filter for Various

Dyestuffs = Setting of Various Scanning Widths u Integral Curve with a Choice of 12 Integration
Constants = Device for Automatic Elimination of Trailing Defect

VEB Carl Zeiss JENA

(GERMAN DEMOCRATIC REPUBLIC)
Birthplace and Centre of Modern Optics

Sole Agents in India :

GORDHANDAS DESAI PVT. LTD.

Equipment and instruments for all branches of science, technology and industry

KERMANI BUILDING « SIR P. M. ROAD » BOMBAY-1 BR

NO. 22, LINGI CHETTY STREET, @ P-7 MISSION ROW EXTENTION, @ 4/2 B, JWALA MANSION, ASAF ALl ROAD,
MADRAS-) CALCUTTA NEW DELHI

MASS CZ)
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LABOR

Reliable operation
Solid construction
Simple attendance

Laboratory Instruments from VEB Labor-
technik limenau are reliable and indis-
pensable aids in solving the problems
arising in science, research, operation and
quality control. They cover the following
main groups:

VACUUM TECHNIQUES
ANALYSIS TECHNIQUES
DEIONIZING PLANT

ORDINARY LABORATORY
INSTRUMENTS

VEB LABORTECHNIK ILMENAU/THURINGEN

German Democratic Republic

AGENCY:

MESSRS K. LAL BHAKRI
P.O.B. 487, New Delhi, India
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UNIVERSAL APPLICATION
PRECISION
ECONOMIC

Rotary Viscosimeter ‘Rheotest’ Immersion Thermostat, Type E3 E Ultra Thermostat, Type NBE

High-performance measuring and controlling instruments
for scientific research in widely differing institutes and
laboratories and for unfailing service in all branches
of industry.

Liquid circulation thermostat

Rheological measuring instruments
(viscosimeter, consistometer)

Analytical instruments for examining lubricants and fuels

General laboratory apparatus

VEB Prufgeréte-Werk Medingen ;WGEENéYSRS K. LAL BHAKRI
German Democratic Republic P.O.B. 487, New Delhi, India
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HINDUSTAN LEVER
need...

A RESEARCH SCIENTIST for the Process Development
Section of their expanding Research Unit at Bombay.
W Applicants should have a first class academic record
upto Ph.D degree or equivalent in a branch of chemistry
or chemical engineering and experience in rescarch or
development in a research institution, university or manu-
facturing unit. A knowledge of organic chemical processing
techniques and first hand experience in the design and
operation of plant for production of organic chemicals will
be desirable. The selected candidate will be expected to
carry out rescarch and development work on processes for
the prcpnrulinn of a number of products and intermediates
in the field of detergents, soaps, hydrogenated fats, fatty
acids, olecchemicals, foods and perfumery chemicals. @ The
upper age limit is 35 years. ® The position is in the
Covenanted Management grade of the Company and offers
an excellent career in research and development.

W Applications should be addressed to the Head of the
Research Unit, Hindustan Lever Limited, Haji Bunder, Sewri,
Bombay 15, so as to reach him within two wecks of the
appearance of this advertisement.

HINDUSTAN LEVER RESEARCH UNIT

Lintas-HLL/PER. 26A-70

TWMG

METALLURGICAL §

! MICROSCOPE

§ WITH

N VERTICAL & MULTIPURPOSE N

. :

: ILLUMINATION i

| FOR .
AND § RESEARCH, INDUSTRY \i\\\\
THESE L & ENGINEERING -

\\\\ - \\\\\\\\\\

MICROSCOPES:- e, e

® BINOCULAR HEAD
& STEREOSCOPIC.

® RESEARCH, MEDICAL,

& STUDENT.
@ DISSECTING.
® MICRO PROJECTOR

1owj

INDI A

DEDICATED TO
INSTRUMENT PERFECTION

A4

AR RN

AN

IN ACTIVE COLLABORATION WITH ‘'TOWA' JAPAN

TOWA OPTICS (INDIA) PVT. LIMITED
4, DARYAGAN]J, POST BOX NO 1685, DELHI-6, Phone : 271497 Cable : VISION
Branch : 15/16, Kondi Chetty Street, Madras-|.

TOWA-Rd-14
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COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH

THE WEALTH OF INDIA

A DICTIONARY OF INDIAN RAW MATERIALS AND
INDUSTRIAL PRODUCTS

Raw Materials: Vol. VI (L-M)

Provides a comprehensive survey of published information on
the distribution, availability and utilization of raw material

resources of India.
Contains 388 entries — 367 on plant species, 11 on animal and

animal products and 10 on minerals.

The major entries included in the volume are:

Linwm (Linseed), Madhuca (Mahua), Lens (Lentil), Manihot
(Tapioca), Litchi, Malus (Apple), Mangifera (Mango), Morus
(Mulberry), Musa (Banana), Lagerstrocmia (Benteak), Michelia
(Champak), Lactuca (Lettuce), Luffa (Ridged gourd), Lycoper-
sicon (Tomato), Momordica (Bitter gourd), Moringa (Drum-
stick tree), Lawsonia (Henna), Mallotus (Kamala), Mentha (Mint)

I.ac and Lac Insect, Molluscs

Lead Ores, Lignite, Limestone, Manganese Ores, Mica, Monazite

484 | XXXI |- XXIV PAGES DEMY 4TO
14 PLATES & 185 ILLUSTRATIONS

Price Rs 40.00 or Sh. 80 or $12.00 (postage extra)

Publications & Information Directorate, CSIR

JSIR JULY 1965

Hillside Road, New Delhi 12

SOLE DISTRIBUTORS OUTSIDIE INDIA: PERGAMON PRESS

Oxford

LLondon Paris  Frankfurt New York
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Producing and Storing DISTILLED WATER

Complete combination includes :

I5 gal/hr water still
Purifier equipment

100 gallons storage tank
Ultraviolet equipment
Fully automatic controls
Ventgard and seal
Elements for ventgard
Self-closing faucet

Combination floorstand

The New Barnstead method of production and storing of distilled water is designed specifically to meet
the needs of the modern hospital. It offers four important advantages over the present system:

o Provides enough distilled water for all hospital services during peak use periods

o Keeps distilled water chemically pure, pyrogen free and sterile in storage

« Eliminates maintenance and cleaning of water still and pyrex bottles

« Provides water of higher purity . . . . suitable for all hospital needs including laboratory research

The Barnstead still produces highest purity discilled water, and it starts automatically when the water
supply in the tank is low and stops automatically when the cank is full, thus insuring a ready supply of
distilled water.

Unless special protection is provided, airborne contamination enters the tank as the water is drawn off.
The Barnstead Ventgard filters out all airborne contamination down to 02 micron.

The Barnstead ultraviolet generator directs rays throughout the storage tank. Full protection against
bacteria formation up to 30 days is assured because distilled water permits complete ultraviolet penetration.

For details please write to:
SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED

ALLAHABAD BOMBAY CALCUTTA  MADRAS NEW DELHI
Head Office: 6 Tej Bahadur Sapru Road, Allahabad
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PYROGEN TESTING WITH TYPE TE3
ELECTRIC THERMOMETER

Used for conducting pyrogen tests by serological institutes, pharmaceutical laboratories and
hospitals in more than 60 countries, this precision electric thermometer affords distinct and
important advantages over the ordinary mercury type.

s Guaranteed accuracy to within 01 centigrade s Easy-to-read spot-illuminated

graduated scale s Automatic compensation for variations in room temperature s Using

connection boxes (illustrated) up to 30 animals can be tested simultaneously = Correct

temperature shown within | to 2 seconds of depressing push-button s Instrument always
ready for immediate use—no tir calibration necessary

GORDHANDAS DESAI PVT. LTD.

Equipment and instruments for all branches of science, technology and industry

KERMANI BUILDING « SIR P. M. ROAD « BOMBAY-1 BR

NO. 22, LING! CHETTY STREET, @ P-7 MISSION ROW EXTENTION, ® 4/2 B, |WALA MANSION, ASAF ALl ROAD,
MADRAS-1 CALCUTTA NEW DELHI

SP/GD/100

JSIR—JULY 1965



IN THE DARK ABOUT LIGHT?

Get Monochromatic Light at any wavelength from UV through IR with MONOCHROMATORS
by BAUSCH & LOMB . . . your only source for a complete line offering
a wide variety of gratings and light sources

HIGH INTENSITY
MONOCHROMATOR

250 MM. MONOCHROMATOR

500 MM, MONOCHROMATOR

BAUSCH & LOMB &

v wmew | MARTIN & HARRIS (PRIVATE) LTD.

SOLE AGENTS SCIENTIFIC DEPARTMENT SAVOY CHAMBERS WALLACE STREET BOMBAY 1

Printed and published by Shri A. Krishnamurthi, Publications & Information Directorate. Council of Scientific &
Industrial Research, New Delhi, at the Catholic Press, Ranchi, India

Regd No. PT-842
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