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New hp devices offer you unprecedented accuracy
in coaxial reflectometry, detection, monitoring!

A variety of previously difficult or impossible COAX measurements are now easy with a new family of
Hewlett-Packard couplers—devices which open up new areas of measuring accuracy 0.96 to 12.4 gc.

Coaxial reflectometry, a valuable technique for saving time and money in design and manufacture of
broadband devices, takes on new significance with the development of the 770 Series Dual-Directional
Couplers (Diagram A, Modern Coaxial Reflectometer). Extremely high directivity, very close
tracking of forward and reverse auxiliary arms and low SWR, all contribute to greatest measurement
accuracy of coax vhf/Uhf systems.

Power levelling in Coax systems (Diagram B, Levelled Sweep Oscillator) is especially practical with new
hp 280 Series Directional Detector, which combines directionally couplers with internal diode detectors,
offering extremely flat frequency response, high directivity and high sensitivity. Now available from
0.96 to 12.4 gc, these devices are ideal for closed-loop levelling, since they permit the establishment of
a levelled-power point anywhere in the system. Power levelling with high directivity directional
detectors results in greatly improved source match, thereby improving measurement accuracy.

Power monitoring in Coax systems is convenient with hp 790 Series Directional Couplers, as shown in
Diagram C (Levelled | watt Swept Signal Generator), where the coupler is used both as a power
monitor take-off and as a flat 20-db attenuator to permit use of a stable, accurate power meter for levelling
and monitoring (power meter range switch serves as a precision output attenuator).

For further particulars, please write to:
SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED

ALLAHABAD BOMBAY CALCUTTA MACFAS NEW DELHI
Head Office: 6 Tej Bahadur Szpru Roud, Allahabad
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NOTICE

The Central Indian Medicinal Plants Organization functions as a constituent
body of the Council of Scientific & Industrial Research. Its main functions are:
(i) to evolve and lay down standards for the plant drugs; (ii) to develop
intensive cultivation .of medicinal plants, indigenous as well as exotic, under
different regional conditions; (iii) to serve as a plant introducing centre for
such medicinal plants as are of great economic importance; and (iv) to carry
"out a survey of the medicinal plant resources of the country. It is proposed
to appoint a Director for this organization who is expected to guide and
supervise the activities of the organization. ‘

There is no standard form of application. Those who wish to be consi-
dered are invited to send a statement to the Director-General, Scientific &
Industrial Research. Others who may wish to send nominations for the
post may kindly forward their proposals to the Director-General.

All communications will be treated confidentially. Statements and pro-
posals should be received by the Director-General on or before |5 April 1966
at the office of the Council of Scientific & Industrial Research, Rafi Marg,
New Delhi I. ‘
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Towards Self Sufficiency 1n
Instrumentation

A wide range of quality instruments are now manufactured in India
by TOSHNIWALS, thereby saving foreign exchange

GENERAL LABORATORY INSTRUMENTS
Gas Plants, Sieve Shakers & Vibrators, Water Baths, Centrifuge, Multimantles,
Flask Shakers, Water Stills, Vacuum Pumps, ctc.

CHEMICAL LABORATORY INSTRUMENTS
pH Meter, Polarograph, Electrophoresis Apparatus, Titration Potentiometer,
Conductivity Bridge, Thin Layer Chromatograph, Universal Moisture Meter,

Opvens, etc.

PHYSICS LABORATORY INSTRUMENTS
Kelvin Bridge, Wheatstone Bridge, Potentiometer, Regavolts, Rheostats,
Galvanometer, Standard Cell, Electrical Indicating Instruments like Ammeters,
Voltmeters, etc.

ELECTRONIC INSTRUMENTS
Double-beam Oscilloscope, Universal AC Meter Tester, Distortion Factor Meter,
Pulsc Generator, Q Meter, Universal Impedance Bridge, Audio Oscillator,
Strobometer, Output Power Meter, VIVM, ctc.

INDUSTRIAL INSTRUMENTS
Process Control Instruments like Temperature Indicating Controller & Recorder,
Moisture in Timber Meter, Hand Tachometer, Thermocouples, Insulation &
Continuity Tester. Textile Testing Instruments like Wrap Reel, Fibre Fincness

Tester, Yarn Twist Tester, ctc.

OIL AND PETROLEUM TESTING INSTRUMENTS
Redwood Viscometets, Flash Point Apparatus, Cloud & Pourpoint Apparatus, ctc.

SOLE SELLING AGENTS

Oshn/wa/ TOSHNIWAL BROTHERS PRIVATE LIMITED

SERVES RESEARCH & INDUSTRY 198 JAMSHEDJI TATA ROAD, BOMBAY 1

Branches:
Kacheri Road 85A Sarat Bose Road 3E/8 Jhandewalan Extension Round Tana, Mount Road
AJMER CALCUTTA 26 NEW DELHI 1 MADRAS 2

A4 . JSIR—FEBRUARY 1966



BOROSIL

NOW OFFERS

CORNING®

BRAND
BEAKERS AN FLASKS

LOW & TALL FORM R.B., F.B.,, & CONICAL
UPTO 2 LITRE CAPACITY UPTO 20 LITRE CAPACITY

FILTER FLASKS
HEAVY WALL

DISTILLATION FLASKS

STORAGE BOTTLES

NARROW MOUTH, WITHOUT STOPPERS
UPTO 20 LITRE CAPACITY.

Manufactured by :

BOROSIL

BOROSIL GLASS WORKS LTD.
CHOTANI ESTATES,

PROCTOR ROAD, BOMBAY-7
Phone: 71166

Grams: 'BOROSIL’

Branches

8/9 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'

C>ORN|I\|Go is Registered Trade Mark of Corning Glass Works, New York U.S. A,
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Imagine a world without colour—a light-and-shadow world instead of
our multi-hued universe. Colour implies life, vigour, variety...
Primitive man realised the significance of colour and made it very much
a part of his life. He incorporated it in ritual. He used it for adornment or
to make himself fearsome in battle.

Modern man uses colour even more—to make life varied and joyful—
with bright colour schemes for homes, offices, automobiles—and beautiful
illustrated magazines, multi-coloured rubber and plastic articles.

All these and many others need pigments, and more so organic pigments
such as those manufuctured by COLOUR-CHEM.

Textile printers use organic pigment emulsions as well as synthetic binder
materials, both of which COLOUR-CHEM were the first to manufacture

in India. With the technical knowledge of Germany’s leaders in the field —
FARBENFABRIKEN BAYER AG. and FARBWERKE HOECHST AG.—
and skill born of experience and unceasing research, COLOUR-CHEM
continue to manufacture the finest quality products.

UNQUESTIONABLY

COLOUR-CHEM

Distributed through:
* CHIKA LIMITED, Mehta Chambers, 13, Mathew Road, Bombay-4.
* HOECHST DYES & CHEMICALS LTD.,
Parekh Mahal, Veer Nariman Road, Bombay-1.
* INDOKEM PRIVATE LTD,, 221, Dadabhoy Naoroji Road, Bombay-1.

(Backed by 100 years of German experience)
COLOUR-CHEM LIMITED

Fort House, 221, Dadabhoy Naoroji Road,
Fort, Bombay-1.

Mabkers of Pigments & Binders

in collaboration with
FARBENFABRIKEN BAYER AG., Leverkusen, West Germany; and
FARBWERKE HOECHST AG., Frankfurt, West Germany.

awT-cC. 42

JSIR- FEBRUARY 1965



THE FINEST
IMPULSE ]

BAJAJ Measuring and Testing Instruments
are standard equipment in educational and
research laboratories all over the country, and
play a vital role in training scientists and
technicians for the country’'s industrial and
technological progress.1T1OGELAIGHIA

FOtEASURING
ajajAND TESTING
INSTRUMENTS

5

i

N DIRECT ?
MIRROR GALVANOMETER POST OFFICE BOX READING POTENTIOMETER KOHLRAUSCH BRIDGE

~eros' BE-240
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INDIAN JOURNAL OF TECHNOLOGY

It has been decided to include advertisements in the Indian Journal
of Technology with immediate effect. Advertisements relating to chemi-
cals, apparatus, equipment, literature and other material of interest to

research establishments and industry only will be accepted.

The journal is printed on art paper by letter-press process. Matrices,
stereos, line and halftone blocks up to 110 screen will be accepted.

Further details and specimen copies will be supplied on request.

ADVERTISEMENT TARIFF

POSITION TYPE AREA ONE SIX TWELVE
INSERTION  INSERTIONS  INSERTIONS
Rs Rs Rs

Full Page 229 % 172 mm. 100.00 550.00 1,000.00
Upright 229x 83 mm. 70.00 350.00 600.00

Half Page
Across 114X 172 mm. 70.00 350.00 600.00
Quarter Page l14x 83 mm. 50.00 250.00 450.00
Page Facing Reading Matter g & 1,200.00
Second and Third Cover Pages - o 1,200.00
Fourth Cover Page o . 1,400.00

The Sales & Distribution Officer
Publications & Information Directorate, CSIR
Hillside Road, New Delhi 12
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LABORATORY GLASSWARE, ETC. : Pyrex, Quickfit, Westglass

for Hygrometers, Hydrometers, Micro Cover Glasses and Slides, Vitreosil
Silicaware (Crucibles, Basins, etc.), Sintered Glasswares (Crucibles,
Filters, Funnels, etc.), Porcelainware (Crucibles and Basins), etc.

Iabo rato ry LABORATORY THERMOMETERS : Chemical Thermometers, all

types, Long Stem Thermometers by G. H. Zeal (London), etc.

and FILTER PAPERS: Whatman Filter Papers and Specialities, Quali-
tative Grades, Folded Grades, Single and Double Acid Washed,
Hardened Grades, Papers for Chromatography and Electrophoresis,

h os P ital Papers in Reels, Sterimat Pads, etc.

LABORATORY APPARATUS AND INSTRUMENTS : Analyti-
cal Balances and Weights, Centrifuges, Hand and Electrical, Colori-

eq u i p ment meters, Comparators and ColourDiscs,H ers, H Y ers,

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

Largest Stockists of
(Whatman & German)

FILTER PAPERS

and Other Scientific Instruments (imported) such as Ovens, pH Meters, Refractometers,
Laboratory Counters, Vacuum Pumps, Photoelectric Colorimeters, Flame Photometers,
Microscopes, Balances — Single and Two-Pan, Heating Mantles, and all sorts of

Laboratory Glassware, Porcelain and miscellaneous items

For details contact :

RATIONAL SALES ASSOCIATES

382-83 LALJI NATHU BUILDING, TELANG CROSS ROAD No. 2
MATUNGA, BOMBAY |9 (DD)
Phones: 327617 & 327647 Grams: CREAMWOVE, Bombay 2
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FLL BE BACK TOMORROW

These words speak volumes for the confidence people have in the safety of air travel=
of BEL's contributions to the safety factor in civil aviation.

Flying Weather? Fair or foul, the BEL-made,balloon-borne Belwin transmitter sends
out information regarding Meteorological conditions at high altiiudes. The Medium
Wave Beacon Transmitters and Medium power HF transmitters ease the problems ot
the ground controller and provide unerring navigational aids to Pilots for a perfect
touch-down. VHF Transreceivers, designed and developed by BEL for ground-to-air
communication, are suitable for fitment in Trainer aircratt.

The Meteorological and Civil Aviation departments are but two of a host of Govern-
ment Departments and users whose requirements of reliable radio links and electronic
equipment are catered for by BEL.

A WL N6 T,

Regd. Office: JALAHALLI — BANGALORE 13

EP.BEL-22
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EXPERIENCE
TELLS
THE STORY

The story of the growth of
Bengal Immunity s the
story of experience rich and
varied. gained through the
co-ordination of Research,

Clinical evaluation and Pro-
duction Bengal Immunity
13 to-day one of the biggest

organisations manufactur-
ing products in biological

and pharmaceutical lines

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

Insude view of the B 1. Lherapeatic wad,

THE BENGAL IMMUNITY COMPANY LIMITED

153, Dharamitala Street, Calcutta 13

FEBRUARY 1966

Determination of alpha-amino miteoyen

by van siyhe appur iy

A panoramic view of the B. 1. Laboraiory

All



Al2

‘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’

FOR, CHEMICAL
EXPER!MENTS

ANDANALYSiS
USE ANALYTiCAL

REAGENTS
MANUFACTURED
BY. o o -

THE INTERNATIONAL
CHEMICAL INDUSTRIES

103-8, UPPER CIRCULAR ROAD
(ACHARYA PRAFULLA CHANDRA ROAD)
CALCUTTA-9

JSIR—FEBRUARY 1966



1 A MINI
MARVEL

FOR SCIENTIFIC AND
DOMESTIC APPLIARCES

REMI Universal MOTORS are fancooled,
continuous rating and fitted with Ball
Bearings. The coils and armatures are
imp d in the best insulationvarnish.
They are available in the standard capa-
cities from 1/50 H.P. to 1/10 H.P.
MOTORS can also be made to customers
special requirements as per their speci-
fications.

REMI

F.H.P. UNIVERSAL MOTORS

Write for free literature.
Trade enquiries are solicited.

325 Kalbadevi Road, BOMBAY-2.

g
Manufacturers: =
RAJENDRA ELECTRIC MOTOR 2
INDUSTRIES ﬁ
£l
J

optical instruments
and
allied components

GHARPURE & CO.

P-36 INDIA EXCHANGE PLACE EXTN.
CALCUTTA |

Gram :MEENAMO e Phone:22 206!

RAW MATERIALS FOR
RESEARCH AND INDUSTRY-I

VACUUMSCHMELZE AG.
(West Germany)

Heat resistance material, resistance wire,
magnetic shields, soft magnetic alloys, C-type
cores PERMENORM, MUMETAL, TRAFOPERM
etc. Bimetals and nickel iron alloys, copper
beryllium alloys, high purity glass sealing
alloys, titanium alloys for electrical industry

For further particulars contact:

K. S. HIRLEKAR

Western India House
Sir Pherozshah Mehta Road
BOMBAY |

Gram: 'INDBUREAU’, Bombay e Phone: 251931,252073
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SARABHAI MERCK CHEMICALS

FOR INDUSTRY AND RESEARCH

BULK

VITAMINS GUARANTEED
VIiT C REAGENTS
YIT Bé

(N COLLABORATION

MANUFACTURED BY SARABHAI MERCK LTD.

LABORATORY
REAGENTS

Wit E.MERCK Aa.G. 04RHSTADT, GERMARY

INDICATOR
 PAPERS & MERCKOZONE

SOLUTIONS .

Sales Enquiries

SARABHAI MERCK LIMITED

P.O. Box No. 16555, Bombay 18. Phone 7933|

From Ready Stock

PH Meters: Beckman, Photovolt,
Metrohm
Balances: Bosch, Lab-Chem., etc.
Photoelectric Colorimeter:
Dr. Lange & EEL
Tintometer: Lovibond
New Comparators: Hellige
Ovens, Incubators, Hot Plates, etc.
Laboratory Glasswares of Pyrex,
Corning, D.G.W., Sigcol, etc.
Silicaware, Porcelainware, etc.

Please contact

SCIENTIFIC SALES SYNDICATE

Palkhiwala Building, 24/1 St. Dhobi Talao Land
BOMBAY 2, BR

Tel : 29160 Gram ;: CENTROIF{X

COUNCIL OF SCIENTIFIC &
INDUSTRIAL RESEARCH

(Indian Languages Unit)

Advertise in and subscribe for the only

popular science journal in Hindi ' VIGYAN

PRAGATI ' approved by the Hindi speak-

ing States for subscription by all Schools,
Libraries, etc.

Single copy 0.50 paise
Annual subscription Rs 5.00

For full particulars, please write to the Manager,
Indian Languages Unit, CSIR, P.L.D. Building,
Hillside Road, New Delhi 12

Note — M.O.s Cheques should be sent drawn in favour
of the Secretary. Council of Scientific & Industrial
Research, Rafi Marg, New Delhi |
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FOR INDUSTRIES - Textile, Glass,

Engincering and all other industries for
N controlled & efficient heating.

FOR PLANTATIONS - Drying and

Roasting of Tea, Coffee and Cashew Nuts.

FOR LABORATORIES-
College, Research, Industrial,

PLANTS

Electrical &
Non-Electrical Models
Efficient, Economic
Clean & Hygienic

FOR HOME AND CANTEEN ETC.~
Cooking & heating in Kitchens,
Dormitories, Hospitals & Hotels.

Makers & Designers of : Gas Burners, Laboratory
Equipment, Water Stills, Water Baths, Shakers,
Ovens and Incubators, Equipment for handling and
storing Isotopes, Stainless Steel Fabrication,
Ore Dressing Equipment.

GANSONS PRIVATE LIMITED

P.O. Box 5576, Bombay 14

RADIOTONE

TRANSFORMERS
We design and build

® Transformers up to 25 KVA, 3 Phase or
Single Phase — Step-up or Step-down

@ Current or Potential Transformers
® Neon Sign Transformers
@ High Voltage or Low Voltage Trans-
formers
for any specifications

Write giving detailed requirements to enable
us to forward our best quotations.

We have been supplying above types of trans-

formers as well as battery chargers, wave

band switches, rectifiers, etc., to Industry,

Trade and Government Departments for nearly
20 years past.

RADIO ELECTRIC PRIVATE LIMITED
Manufacturers of RADIOTONE Products
Lamington Chambers, Lamington Road

BOMBAY 4

GRAM: : "ASHACOM" PHONE : 22855

SUPERIOR LAMP BLOWN

PYREX GLASS APPARATUS;
ASSEMBLIES ACCESSORIES
OF ALL TYPES

SCIENTIFIC EQUIPMENT
MFG. CO.

An associate of

ASHA SCIENTIFIC CO.

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

Interchangeable Laboratory
Glassware ‘Our Speciality‘
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Available from Stock

% METROHM pH-METER E 350
 Measuring range 0-14 pH; —500500 mV « Accuracy of reading: 0.05 pH, 5 mV + Absolute
accuracy: 0.1 pH, 10 mV

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

e Maximum load: 200 gm. s« Sensitivity: | mg.

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

* ENDECOTT’S STANDARD TEST SIEVES

Contact:

PHARMA TRUST

114 PRINCESS STREET, BOMBAY 2
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FOR RESEARCH
& INDUSTRY .

COLORIMETERS e FLAME PHOTOMETERS .

TITARATORS e CHLORIDE METERS e ABSORPTIOMETERS

BLOOD CELL COUNTERS e PROTHROMBIN METERS

DENSITOMETERS e FLOURIMETERS ® SPECTROPHOTOMETERS
OPACIMETERS o HAZE METERS e REFLECTOMETERS e PHOTOMETERS
ELECTROPHORESIS APPARATUS

J. T. JAGTIANI

National House, 6 Tulloch Road, Apollo Bunder, Bombay 1
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LABORATORY
EQUIPMENT

o RN A 8 R A o 51 e

sBi?_(':LOGIC AL PARAFFIN EMBEDBDAI::

Manufactured by

TEMPO INDUSTRIAL CORPORATION
394, LAMINGTON ROAD, BOMBAY 4. BR.
Telephone: 41233  Telegrams: "TEMPOVEN"
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Homi Jehangir Bhabha

untimely death of Dr Homi J. Bhabha on

24 January 1966 in an air crash near Geneva
while on his way to attend a meeting of the Inter-
national Atomic Energy Agency. He was 56.

Dr Bhabha held many important positions in
national and international scientific organizations,
and was the recipient of many honours. He was
the Director and Professor of Theoretical Physics,
Tata Institute of Fundamental Research, Bombay;

IT is with deep regret we record the tragic and

Chairman, Indian  Atomic Inergy Commission;
Secretary, Department  of  Atomic  Energy; and

Director, Atomic Energy Establishment, Trombay.
He was a member of the Scientific  Advisory
Committee of both the United Nations and the
International Atomic Energy Agency, and was the
Chairman, First International Conference on the
Peaceful Uses of Atomic Energy. He was the
Chairman of the Indian National Committee for
the International Council of Scientific Unions and
Chairman of the Scientific Advisory Committee
to the Cabinet, Government of India. Dr Bhabha
was associated with the Council of Scientific &
Industrial Rescarch since its early days as a member
of its Governing Body.

A distinguished theoretical phyvsicist, Dr Bhabha
achieved recognition for his pioneering work on
cosmic radiation, theory of elementary particles
and quantum mechanics. His cascade theory,
developed with W. Heitler in 1937, is basic for an
understanding ol the soft component of cosmic
radiation, and the behaviour of high energy elec-
trons and gamma rays. He established the exist-
ence of a mew clementary particle, the meson,
which owes its name to him. His prediction of
the slowing down of the rate of decay of p-mesons
with increasing velocity in accordance with the
theory of relativity and its subscquent observa-
tional confirmation remain one of the best proofs
of the correctness of Einstein's special theory of
relativity.  His work received  wide  recognition,
and in 1941, at the carly age of 31, he was elected
a Fellow of the Royal Society, London. In 1955,
he predicted the possibility of harnessing energy
from fusion reactions and the taming of hydrogen
bomb providing limitless source of power; it is only
a man with his gifted ability to look far into the
future who could do so.

To measure in concrete terms the many and
varied achicvements and contributions of a versa-
tile scientist and engineer like Dr Bhabha is indeed
futile.  What he accomplished during the past
three decades is evident in an abundant measure
in the magnificent monuments — some completed
and others in the blueprint stage—he has left
behind, but what he could have achieved in the

years to come in the cause of world science and
peace is beyond estimate. He was at his zenith
when death suddenly snatched him away. With
his vast and cumulative wisdom and experience
in handling vital national and international affairs
of science and technology, his contributions during
the next decade or two would have dwarfed his
carlier contributions. His was a dominant and
convincing voice, and his views were much valued
in international scientific circles. The world of
science has lost his humanizing influence and his
ardent championship of the developing countries.

To India, which is on the threshold of launching
hersell on a self-sustaining and self-generating
economy, Dr Bhabha’s death is an immeasurable
loss. He had many fruitful and active years of
life ahead, and with his unusual insight into and
grasp ol India’s problems and needs in respect of
scientific and technological development, he would
have seen his dream come true — a modern India,
whose progress, based on fruits of science and
technology, would bring her people a decent stan-
dard of living, and earn her a valued place in the
world. Dr Bhabha has well and truly laid the
foundations for his dream to come true by his atomic
energy programme and all its implications. The
atomic energy programme is not merely a means
to an end; it has many far-reaching effects. There
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were many basic issues for which Dr Bhabha sought
to find solutions even before he actually embarked
on an active programme of work in the ficld of
atomic energy. The development of a scientific
and technological base and of the human resources
of the type essential for scientific progress that will
have a lasting effect on the economic development
of the country was one of his principal objectives.
The main accent on whatever programmes he under-
took was self-sufficiency in every way. Thus he
was instrumental, with his usual foresight, in setting
up the Tata Institute of Fundamental Research,
Bombay, which formed the nurturing bed and store-
house for trained personnel and know-how needed
for meeting the demands of future developments
in atomic energy, radioastronomy, space research,
molecular biology, radiation medicine, etc. Elec-
tronics, basic to modern technology, made rapid
strides under Dr Bhabha’s stewardship and today
India is almost self-sufficient in this advanced field.

Dr Bhabha was keenly conscious of the deleterious
effects of leaning heavily on foreign know-how.
By developing .indigenous know-how in many
sophisticated technologies he inculcated a strong
sense of self-reliance among his scientists and
technologists. The way he selected able and young
scientists and moulded them to handle the difficult
tasks of nuclear energy research and development
provides a unique lesson and a pointer as to what
can be done by similar methods in other areas.
This he achieved by inspiring confidence among his
workers and creating necessary climate to acquire
it. Dr Bhabha saw to it that his workers de-
veloped contacts with eminent scientists. Not only
had his workers ample opportunities to attend
international scientific conferences abroad, but he
also ensured that many such meetings were orga-
nized in India and invited prominent scientists to
take part in them.
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Dr Bhabha will be remembered by future gene-
rations as one of the architects of modern India.
He has shown the way to progress in many areas
of national endeavour, and the methods he success-
fully employed to carn India a prominent place
in the field of nuclear energy should be followed
and diligently applied to other areas of national
activity. Dr Bhabha has laid true and solid
foundations for national development, and there is
every reason to hope that his unfinished work will
be taken up and successfully completed by those
in whom he has instilled a sense of purpose and
dedication.

To conclude, we cannot do better than to quote
from the resolution adopted by the workers of the
Department of Atomic Energy at a meeting to pay
tribute to the memory of Dr Bhabha.

“The death of a great man does more than put
an end to a scientific career. It destroys an ac-
cumulation and synthesis of knowledge, skill, judge-
ment and experience that cannot be transmitted
and preserved in its entirety because it is incom-
municable. His contributions to research will
perpetuate his scientific memory. But as a unique
personality, who sparked the development and
advancement of atomic energy, and as one who,
more than any other single individual in this country,
recognized the importance of science in its manifold
aspects for the progress of civilization, and as one
who ardently advocated the progress of scientific
progress in developing countries, Homi Bhabha
was one of the greatest experiences in the life of
the country and in this sensc he will never die unless
science itself ceases to exist.

“ The greatest tribute we can pay Homi Bhabha
is to dedicate oursclves to the ideals for which he
stood and to do our utmost to contribute to the
growth of scientific knowledge and its application
for the betterment of the people of India.”



Liver Metabolism—A Symposium

A. R. SHETH & U. 8. V. I»CHARYA
Reproductive Physiology Unit, Indian Cancer Rescarch Centre, Parel, Bombay 12

organized a Symposium on Liver Metabolism

in the auditorium of the Cardiovascular and
Thoracic Centre, Parel, Bombay, on 10 and 11 Sep-
tember 1965. It was perhaps one of the well-attended
symposia, as delegates from various parts of the
country got together in spite of the conflict on the
borders of our country. A very cordial atmosphere
prevailed during the sessions, which was brought
about by Dr A. Sreenivasan (President of the Society),
Dr (Mrs) Shanta S. Rao (Convener) and the Chairmen
of the three sessions of the symposium, Drs H. R.
Cama, V. Jagannathan and K. Sundaram. As many
as 16 papers relating to experimental studies on
structural, functional, biochemical and immunological
aspects leading to the current understanding of liver
functions were presented in three sessions. A
fruitful attempt had been made in grouping these
presentations in order to bring unity to the diverse
subjects of study.

The morning session on 10 September was held
under the chairmanship of Dr H. R. Cama of the
Indian Institute of Science, Bangalore. A paper
on the ‘Intracellular localization and biosynthesis of
catalase in rat liver” by T. M. Radhakrishnan and
P. S. Sarma was presented by Dr Radhakrishnan.
They reported that the catalase activity in rat
liver was greater in the 100,000 g supernatant than
in mitochondria. These results were confirmed
by studying the in vitro and #n vivo incorporation
of labelled Fe in the mitochondria and the
supernatant.

DrG.D. V. Van Rossum from the Christian Medical
College, Vellore, read a paper on ‘ The control of
respiration in slices of rat liver’ which led him
to propose that much of the respiration of liver slices
is controlled by the availability of high energy
acceptors other than ADP.  Only 20 per cent of the
respiration of the liver slice depended on ADP.

‘ Estimation of calcium in subcellular fractions of
rat livers’, a paper by Radhakrishna Murthy,
N. Ramanna and M. V. Patwardhan, was presented
by Dr Patwardhan from the Central Food Techno-
logical Research Institute, Mysore. The authors
have modified a method for estimating calcium from
biological material in general and liver mitochondria
and homogenate in particular, by reacting the calcium
with excess EDTA and titrating the excess EDTA
with calcium chloride.

A paper on ‘ Gluconeogenesis from amino acids
in rat i vivo and the regulatory factors’ by L.
Deshpande and G. B. Nadkarni was presented by
Dr Nadkarni from the Biochemistryv and Food
Technology Division of the Atomic Energy Establish-
ment, Trombay. Gluconeogenesis from amino acids
in vivo has been assessed in normal conditions and in
metabolic variations such as in different states of
glycaemia, under hormonal conditions and after X-ray
irradiation, using isotope tracer procedure.

THE Society of Biological Chemists, India,

Dr Sumati V. Bhide from the Indian Cancer
Research Centre, Bombay, presented a paper on
“In wvitro effect of urethan on enzymes of inter-
mediary metabolism *. She observed that in iz vitro
experiments, 1071}/ urethan inhibited ornithine
transcarboxyle and carboxyl phosphate synthesis
though aspartic transcarboxylase activity was not
affected.

A paper on ‘Lipoproteins of perfused rat liver
supernatant fraction’ by M. M. Bhargava and
A. Sreenivasan was presented by Shri Bhargava.
The paper dealt with the separation of lipoproteins
from rat liver supernatant by paper electrophoresis.
The chemical composition of these fractions with
special reference to serum lipoproteins has been
studied. They have also studied the changes in
these lipoprotein fractions in fatty liver produced by
administration of carbon tetrachloride.

Dr V. Jagannathan from the National Chemical
Laboratory, Poona, took the chair during the
afternoon session. The paper entitled ‘ Liver lyso-
somal enzymes in protein deficiency * by P. L. Sawant,
S. Saroja, S. R. Padwal Desai and V. S. Kumta was
presented by Shri Sawant. These authors reported
that when rats were fed on a protein deficient diet
there was a five- to six-fold increase in catheptic and
acid ribonuclease activities of lysosomes indicating
that the liver was damaged.

Miss Leelavathi from the Indian Institute of
Science, Bangalore, presented a paper on ‘ Reversal of
orotic acid fatty liver by nicotinamide’ by D. E.
Leelavathi and P. S. Sarma. They found that the
fatty liver produced by feeding the pyrimidine
precursor orotic acid to rat and mice could be
reversed completely by intraperitoneal injection of
nicotinamide at 12 hr intervals for four days. This
was attributed to an increased rate of synthesis of
adenine nucleotides as well as by reduced degradation.
A paper by J. Amruthavalli and P. S. Sarma from the
same laboratory on ‘ Orotic acid fatty livers-species
specificity ° was presented by Miss Amruthavalli.
Induction of orotic acid in rat led to intense hepatic
fatty infiltration, whereas the chick and the mouse
failed to show fatty livers. Oral administration of
orotic acid 6-1C showed a decrease in adenine
nucleotide following increase in uridine nucleotide
levels in rats. In chicks, they found an increase in
uridine nucleotides with no changes in adenine
nucleotides whereas in mouse no change was observed.
Further, intraperitoneal administration of 4-amino,
pyrazolo pyrinodine — a potent inhibitor of adenine
nucleotide synthesis, which is known to cause fatty
liver in mouse and rat — caused no fatty liver in the
chick.

Dr P. G. Tulpule presented a paper by P. G.
Tulpule and K. Suryanarayan Rao from the Nutrition
Research Laboratories, Hyderabad, on ‘Changes
in the composition of liver fat of aflatoxin fed
animals’. In duckling, guinea-pigs and monkeys, oral

47



J. SCL. INDUSTR. RES,, VOL. 25, FEBRUARY 1966

administration of aflatoxin (the toxic factor isolated
from groundnuts infected with some strains of
Aspergillus  flavus) was shown to produce liver
damage as evident by changes in the composition of
liver fat.

A paper on ‘ The effect of Maharashtrian diets on
liver enzymes of rats "'by A. B. Kamble and Kamala
Sohonie was presented by Shri Kamble. With the
exception of alkaline phosphatase, the activities of
all other liver enzymes (xanthine oxidase, succinic
and lactic dehydrogenase, aldehyde oxide, acid
phosphatase, ATPase, transaminase and arginase)
were found to be reduced with typical Maharashtrian
diet as compared to those of casein diets.

Dr K. Sundaram from the Atomic Energy Establish-
ment, Trombay, took the chair for the last session of
the symposium. Dr H. R. Cama from the Indian
Institute of Science, Bangalore, read a paper on
¢ Studies on the metabolic derivative of vitamin A’
by D. V. John, M. R. Lakshman and H. R. Cama.
Their studies i vivo and #n vitro on the B-ionone ring
oxidized derivative of vitamin A (i.e. 5,6-mono-
epoxyretinal which has been demonstrated to be
biologically as potent as the all trans retinyl acetate)
showed that this compound is metabolized uniquely
without giving rise to vitamin A. Further, 3-dehydro
derivatives of vitamin A (i.e. 3-dehydroretinal which
possesses a biopotency of 30-40 per cent of that of
retinyl acetate) also metabolized in an identical way
as retinal. A linear relationship between 3-dehydro-
retinal levels of blood and liver was detected
irrespective of the dose. It was also found that the
aldehyde oxidase from livers of different species
metabolizes 3-dehydroretinal as efficiently as the
retinal.

The next paper on ‘ Sulphite-cytochrome ¢ reduc-
tase of rat liver microsomes — a cryptic enzyme’ by
R. Ramasarma, V. C. Joshi and C. K. Ramakrishna
Kurup, Indian Institute of Science, Bangalore, was
presented by Dr Ramasarma. They found that
sulphite-cytochrome ¢ reductase was in a cryptic state
in the microsomes of rat liver and could be liberated
by treatment with deoxycholate, by ageing or by
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extracting the lipids with acetone when its activity
increased 6-10 fold.

Dr G. P. Kamat from Haffkine Institute, Bombay,
presented a paper by G. P. Kamat and S. S. Rao on
‘ Cytotoxic effect of rabbit anti-rat liver serum’.
They found that the oxidative phosphorylation of
rat liver mitochondria was uncoupled by rabbit
anti-rat liver serum. The antiserum was shown to
exhibit cytotoxic effect especially in young rats.

A paper on ‘ Biochemical studies with the liver of
rats and mice fed with a progestational steroid ’ by
J. R. Padbidri, U. M. Joshi and Shanta S. Rao,
Reproductive Physiology Unit, Bombay, was pre-
sented by Dr Rao. When a physiological dose of
Enovid (a progestational agent widely used for
contraceptive purposes) was administered, no change
was observed in the activities of the enzymes studied
(glutamic-oxaloacetic transaminase, glutamic pyruvic
transaminase, alkaline phosphatase and succinic
dehydrogenase). In the animals receiving a high dose
of Enovid, succinic dehvdrogenase and glutamic
pyruvic transaminase activities of rat liver were
considerably elevated.

Perhaps more effective and benefiting discourses
could have been on somc other general topics also
related to the metabolism of serum proteins including
lipoproteins and glycoproteins under normal and
abnormal conditions of liver. Of course some of this
inadequacy could be attributed to the inability of
some of the delegates to attend the symposium due to
national emergency. One of the interesting pro-
grammes of the symposium, a talk on * Kwashiorkor
and marasmus — A comparison of salient biochemical
features’ by Dr C. Gopalan, Director, Nutritional
Research Laboratories, Hyderabad, was cancelled
at the eleventh hour for the same reason. However,
to a large extent, the purpose of the symposium was
well served since it enabled exchange of information
and initiation of some new ideas to overcome some
of the technical difficulties involved in the experi-
mental studies and stimulated thought in the field
which is of immense biochemical and biological
importance.



The Seventh Biennial Conference on Carbon

B. R. PURI
Department of Chemistry, Panjab University, Chandigarh

HE Seventh Biennial Conference on Carbon,

co-sponsored by the American Carbon Com-

mittee, and Research and Technology Divi-
sion of the US Air Force, with the support of Union
Carbide Corporation, was held at the Case Institute
of Technology, Cleveland, Ohio, from 21 to 25
June 1965. Over 400 participants belonging to
many disciplines, including physics, physical and
organic ghemistry, minerology, chemical and elec-
trical engineering and rubber technology took part
in the deliberation. The foreign delegates who
participated in the conference were from Britain
(24), France (21), West Germany (12), Canada (10),
Japan (10), Italy (2) and onc cach from Belgium,
Netherlands, Switzerland, Spain, UAR, Australia
and India. The conference, therefore, had cssen-
tially an international character. The delegates
were from many diverse institutions such as univer-
sities, industries, atomic energy establishments, air
force and naval research lahoratories, burcaux of
mines, etc., of different countries.

The conference also provided a meeting ground
and a forum for several formal and informal dis-
cussions. Over 200 technical papers were presented
and discussed in 10 sessions. In addition, there
were three night scssions for discussing specific
topics. An idea of the vastness of the multifarious
ficlds of research, both fundamental and applied,
involving the versatile element carbon will be
evident from the following topics discussed at the
conference: (i) Electronic properties (33 papers);
(i) Oxidation studies (30 papers); (iii) Pyrolytic
graphite (19 papers); (iv) Mechanical properties
(23 papers); (v) Permeability studies and reactor
materials (9 papers); (vi) Structural studies (22
papers); (vii) Fabrication technology (9 papers);
(viii) Chemisorption and surface reactivity (9 papers);
(ix) Thermal conductivity and emissivity (7 papers);
(x) Lamellar compounds of graphite (9 papers);
(x1) Physical adsorption (16 papers); and (xii) Nuclear
radiation cffects (19 papers).

Electronic Properties

Some of the papers on clectronic properties related
to studies of magneto-thermal effects in a pyrolytic
graphite at temperatures below 4-2°K., and elec-
trical resistivities of a series of graphites at tem-
peratures from 4-2° to 1-3°K. as well as those of a
series of carbon blacks at ordinary temperatures
but under high pressures up to 160 kilobars. The
resistivity in the case of graphite was found to be
maximum at 4°K., while in the case of carbon black
it was found to decrcase with pressure and to vary
in the presence of surface films. The development
of a thermocouple consisting of a soft and a hard
carbon for high temperature measurements was
also described.

In some other papers the importance of spin-orbit
interaction in graphite was brought out by accurate

determination of the band parameters of graphite;
optical properties of graphite were investigated and
electron spin resonance (ESR) of the pyrolysis of
aromatic hydrocarbons in liquid media and that of
chars at liquid air and liquid hydrogen temperatures,
as a function of the heat-treatment temperature,
were reported. The ESR of chars heated above
500° was oxygen sensitive but was desensitized on
pre-treating in an alkali metal vapour at 500°, the
effect decreasing in the order Na, Cs, Rb and K.
The ESR of different resins showed its dependence
on heat-treatment temperature and on the kind of
resin, in particular to the increase of methyl radicals.
The ESR of graphitized P-33 carbon black in which
variable amounts of boron were introduced at
1600-1700° showed a gradual shift of the ESR lines
towards the free electron value g. The studies on
ESR and diamagnetic susceptibilities of an ultra-
fine graphite as a function of heat-treatment tem-
perature up to 3000° showed distinct increase in the
latter value with increasing temperature. Similar
findings were reported in another paper on carbon
blacks. The diamagnetic susceptibilities of hydro-
lytic carbon samples deposited between 1600° and
2400°C. was found to depend on the apparent crys-
talline diameter and the degree of graphitization.

The effect on the diamagnetism, galvanomagnetic
properties and structure of pyrocarbons doped with
boron were described. The electronic properties of
N-doped carbon prepared through pyrolysis of acri-
dine and subsequent heat treatment from 600° to
2500°C. were also discussed. The effects of the
adsorption of polar and non-polar molecules on the
clectrical conductivity of Saran carbon rods were
reported.

Oxidation Studies

The electron microscopic observations of selected
areas of graphite before and after exposure to CO,
irradiated with ionizing and non-ionizing radiation
reveal that the cxtent as well as rate of attack
resulting in non-gaseous products depended chiefly
on gas composition, temperature and the impurity
content of the graphite. The presence of methane,
acetylene and ketone vapours in concentration up to
1 per cent is found to reduce the rate of photolytic
oxidation by carbon dioxide. The thermal reactions
of a nuclear graphite with water vapour were dis-
cussed in a few papers. The effect of partial pres-
sure of water vapour from 0-1 to 250 mm. was
studied from 750° to 900°C. as such, as well as in
the presence of hydrogen gas at a pressure of
1-8 mm. Two simultaneously occurring mechanisms
were suggested. The inhibiting effect of hydrogen
was shown to be due to its competition for active
sites with the water vapour. The addition of half
per cent of dichlorodifluoromethane reduced the
rate of oxidation of certain nuclear graphites to
about one-third.
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The effect of oxidation on the pore structure of
different graphitized carbon samples using low
temperature adsorption and electron microscopic
techniques were described. Thermal oxidation in
air resulted in the increase in surface area and
reactivity; radiolytic oxidation in oxygen having
even a greater effect. The oxidation of carbon
blacks was found to be a function of surface area
and degree of deorganization. The kinetics of
oxidation of graphite at temperatures 840-2200°C.
and pressures 1-78-0-00178 atmospheres of oxygen were
reported. The influence of solid catalysts on the
etching of graphite single crystal was also studied.
The effects of impurity content and BET area of
graphites on the burn-off and rates of formation of
CO and CO, were studied in the temperature range
500-640°C. The kinetics of the carbon-carbon di-
oxide reaction between 910° and 1007°C. were re-
ported and a mechanism of the reaction proposed.
In another paper the effect of hydrogen on the
kinetics of the above reaction conducted at low
pressure was described. A number of other papers
also dealt with the same reaction.

Results of studies on the mechanism of carbon-
oxygen reaction using 180 as a tracer showed that
both CO, and CO are primary products of the re-
action and that both the oxygen atoms of the carbon
dioxide produced do not necessarily come from the
same oxygen molecule.

A number of papers dealt with oxidation of
graphite by low concentrations of water vapour and
carbon dioxide in helium and by mixtures of CO,
and CO in helium. The rate of corrosion of graphite
by CO, and the influence of doping highly purified
natural graphite with iron carbonyl powder (300
p.p-m.) were also reported. The catalytic effect of
0-1 mole per cent of transition metals on the corro-
sion of graphite was the subject of study of another
paper. A few papers discussed some of the above
reactions on carbon blacks. Two combustion pro-
cesses were shown to proceed simultaneously: a
rapid attack on a limited number of active sites
involving surface complexes and a slower first-order
attack. The rates of the processes depend upon
temperature, the pore size and the presence of the
surface complex.

Pyrolytic Graphite

Pyrolytic graphite has assumed importance as
a coating material for nuclear fuel particles since
it is a relatively strong material with pronounced
anisotropy. Some of the important papers contri-
buted for this section described the structure
(laminar, isotropic or granular) of the deposits in
the fluidized bed and discussed the relation between
the mechanical properties of the deposits and their
structures. Electron microscopic and diffraction
techniques, X-ray diffraction and small angle scat-
tering data were used for determining the structure
of deposits obtained by varying the temperature of
the fluidized bed between 1500° and 1800°C. The
average diameter of the layers was found to be in
the range 50-150 A. and bulk density 1-40-2-088/cc.

In some other papers the effect of varying the
conditions for the formation of deposits and heat
treatment on the properties of pyrolytic graphite
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deposited from methane were described. The rate
of the deposit was found to depend on the kinetics
of the reaction, on the substrate arca and the rate
of transport of reacting gas to the substrate surface.

The kinetics of graphitization at temperatures
up to 3000°C. was dealt with in 8 papers. It was
shown that (i) the rate of growth of crystallite size
was very high until a limiting size was reached
and (ii) the size was heat-treatment temperature
dependent.

Mechanical Properties

Mecasurement of moduli of eclasticity, fracture
stresses, fracture strains, strain energies and strain
ratios, etc., were discussed in a number of papers in
the section. The use of such tests in ewvaluating
typical graphite was also discussed. In some other
papers the mechanical properties of pyrolytic gra-
phite which has been highly ordered by annealing
were given. The possibility of using carbides,
nitrides, borides and silicides of the transition
metals with the object of improving mechanical
strength of extruded graphites at clevated tem-
perature was cxplored. These materials increased
the tensile and flexural strengths of graphite rods
in the temperature range up to 4000°F. The varia-
tions in hardness, mechanical strength, dynamic
Young’s modulus, thermal conductivity and thermal
expansion coefficients with high temperature treat-
ments of coal-carbon compacts were also investi-
gated. Properties such as viscoelastic, rheological,
lateral strain behaviour and stress strain graphs of
different graphitic materials were also discussed.

Permeability Studies and
Reactor Materials

The relationships which exist between different
methods of permeability measurements in various
grades of graphite having markedly different pore °
size distribution spectrum were discussed. It was
possible to calculate Darcy permecability value from
the cumulative pore size distribution spectra. The
impregnation of graphitic samples with furfuryl
alcohol and coal-tar pitch in reducing the permeabi-
lity of graphite was described in some papers. The
effect of gaseous impregnation of graphite samples
by flowing in benzene vapour over samples main-
tained at temperatures 770-830°C. was also reported.
It was also shown that graphites of high densities,
low permeabilities, nuclear purity and suitable pore
structures can be produced without the use of im-
pregnation treatments of any kind but simply by
using a chemical additive to the basic extrusion
mix.

Structural Studies

The results of X-ray investigations on different
natural graphites showed a closc relation between
structure and genesis. The results obtained after
very short heat treatments on graphitizable carbons
(cokes, pyrocarbons) were described. The kinetic
studies on graphitization of three different samples
of coke were made and the differences in the rate
of graphitization was found to be due to different
pre-treatment temperatures. The coke prepared by
the carbonization of polyvinyl chloride and heated
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at 700°C. graphitized very rapidly by the heat treat-
ment at 1400-1500°C. under 10 kilobars.

The thermal polymerization of various hydro-
carbons and heterocyclic compounds requiring the
use of high pressures was also investigated. The
polymers were heat treated at 3000°C. and X-ray
diffraction and helium densities were determined.
The kinetics of these polymerizations were also
reported.

The structural changes undergone by cokes
obtained from coals of various ranks on pyrolysis
at 400-1000°C., the structural features of humic
acid and the factors effecting the graphitization of
carbons, as studied with the help of polarized light
microscopy, formed the subjects of a number of
papers. dt was found that low temperature car-
bons show anisotropy if they are capable of sub-
sequent graphitization at high temperatures (2700-
3000°C.). Non-graphitizing carbons are isotropic
throughout.

Fabrication Technology

The papers discussed in this section related to
technological aspects of the breakdown of carbon
powders in an air-driven fluid energy mill, critical
rate of heating for baking and shaping carbon
articles, preparation of graphite by isostatic pressure
baking, preparation of carbon bodies from demine-
ralized anthracite, graphitization of spectroscopic
carbons, production of dense carbon aggregates and
graphite carbide materials by hot working.

Chemisorption and Surface Reactivity

In this section special techniques for obtaining
infra-red spectra for surface complexes on carbons
were described and the formation of surface oxides
on active charcoals, carbon blacks and diamonds
were discussed. The formation of different types of
complexes on treatment of active carbons, charcoals,
carbon blacks and diamonds with oxygen at 400°C.
and with oxidizing solutions at room temperatures
were discussed. The presence of oxygen in the
form of carboxyl groups, hydroxyl groups and
complexes capable of evolving carbon dioxide and
their influence on surface properties, such as acidity,
polarity, cation exchange capacity, catalytic activity,
dispersibility, hydrophobicity, wettability, combusti-
bility, heat of immersion, preferential adsorption,
etc., were discussed. In some other papers, fixa-
tion of gaseous chlorine by anthracite and that of
.chlorine, bromine and iodine on carbon blacks were
discussed. Certain electrochemical properties of
graphite anodes and the anode over-voltage of
aluminium cells were also described.

Thermal Conductivity and Emissivity

The discussion in this section was confined to
the papers dealing with thermal conductivity, ther-
mal diffusivity, normal spectral emissivity of
different types of carbons, of different grades of
carbon composites, and isotropic and anisotropic
material.

Lamellar Compounds of Graphite

It was shown that all lamellar compounds exhibit
a transmission ‘ window ’ of half width about 0-2 p
in which the absorption coefficient is 3-5 times lower
than that of graphite. In another paper, several
hypothesis regarding the state of atoms or mole-
cules distributed between the carbon planes in the
lamellar compounds of graphite were discussed.

The preparation of graphite compounds of sama-
rium, erbium and ytterbium by the reaction of
graphite with rare earth solutions in liquid ammonia
was reported. The thermodynamic properties of
the cesium-graphite lamellar compounds were dis-
cussed in another paper.

Physical Adsorption

The monolayer physical adsorption of simple
gases on graphitized carbon blacks with particular
attention to the work on the uniform surface was
discussed. The monolayer films are probably two-
dimensional fluids. The properties of isolated mole-
cules on the surface were reported. A radioactive
tracer technique for the determination of adsorption

_isotherms at a very low vapour pressure of xylenol

on a graphitized carbon black having a homogeneous
surface was described. Adsorption of carbon di-
oxide on carbons at 0°C. at low coverage was used
to differentiate between different adsorption sites
while adsorption isotherms of n-butane at —78-5°C.
and 0°C. on ultra-pure mineralogical graphite was
suggested as a method for surface area determina-
tion. Another method of determining surface area,
particularly for carbonaceous fibres, based on the
use of electron microscopy and modified BET
technique was described. In another paper the
validity of the determination of surface area of
non-porous carbons by gas adsorption methods was
discussed and the utility of BET method for this
purpose was shown to be doubtful. A method for
determining helium densities for polymer carbons
was described in another paper. Some other aspects
discussed were molecular sieve properties and
adsorption of nitrogen and carbon dioxide on closely
sieved fractions of coconut shell charcoal.

The surface area of graphite calculated from
adsorption isotherms of and heats of wetting in
different liquids such as methyl alcohol, isopropyl
alcohol, benzene and toluene were discussed.

The cumulative surface area technique for cal-
culating the surface area of carbon blacks was dis-
cussed and the values compared with those obtained
by BET technique. A fairly good agreement in
several carbon black samples was obtained.

Nuclear Radiation Effects

The papers contributed in this section discussed
irradiation induced plasticity in graphite, strength
of irradiated graphite, the elastic moduli of reactor
graphites, radiation effects at high temperatures and
threshold energy for the displacement of atoms in
graphite.
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Gases with High Electric Strength

B. M. TAREEV*
All-Union Correspondence Institute of Energetics, Moscow

materials. Air is the most important of all

gaseous dielectrics because of its universal
presence. It very often forms part of an electrical
device whether we want it or not, acting as insulator
in addition to solid or liquid materials specially
provided. In certain places, e.g. along spans of
overhead transmission lines between adjacent poles,
air is the only insulation between the conductors.

Air is a good insulator when voltages are not
very high. It is chemically quite stable and can
withstand very high temperatures without change
of its properties. Current leakage across air is
insignificantly small, and dielectric loss angle of air
is also extremely small. However, when the voltage
across the air gap between electrodes is increased
substantially, electric discharges readily occur in the
air. In other words, the electric strength of air is
far less (at normal pressure) than that of high quality
solid and even liquid electrical insulating materials.
Therefore, to ensure reliable operation of electrical
devices, the distance between bare live parts at
high voltage and also the distance from these parts
to grounded conductor objects should be much greater
than that between live parts which have solid or
liquid insulation.

This shortcoming can be avoided in two ways.
It is possible to use air at elevated pressure (or,
on the contrary, at very low pressure) because the
pressure of air, as in the case of other gases, has a
considerable influence on the electric strength. This
fact is used in air capacitors under pressure, in some
designs of electrical cables, in vacuum capacitors,
etc. Besides air other gases can also be used.

Other things such as the pressure, temperature,
shape of electrodes and distance between them
being equal, the electric strength of different gases
is not the same. Nitrogen has electric strength
approximately equal to that of air; hence nitrogen is
used sometimes instead of air because of the absence
of oxidizing effect on organic insulation. The electric
strength of carbon dioxide is 0-9 of that of air.
Hydrogen, which is of special interest in electrical
engineering as a coolant for rotating electrical
machines, has an electric strength only 0-6 of that of
air. The electric strength of inert gases, such as
argon and neon which are used for filling gas-discharge
lamps, etc., is even less.

But there are some special gases which possess
electric strength considerably greater than that of
air. These so-called electronegative gases which are
comparatively stable so as to be unaffected by
collision ionization, have comparatively high mole-
cular weight and density, and contain the halogen
(usually fluorine andfor chlorine) atoms in their
molecules.

GASES are widely used as electrical insulating

*Present address: Visiting Professor at the Indian Institute
of Technology, Powai, Bombay 76.
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Fig. 1 — Dependence of breakdown voltage (a.c. peak values,

or d.c.) upon absolute pressure at constant temperature of

20°C. [The gap between the electrodes is equal to 3-8 mm.
Curve 1, in air; and curve 2, in elegas]

Prof. B.M. Hochberg!-%, an eminent Soviet physicist,
has observed that the electric strength of sulphur
hexafluoride™® is approximately 2:5 times that of air.
Prof. Hochberg has called this gas with high electric
strength ELEGAS (abbreviation from words ELEctri-
city and GAS). Pure elegas is not toxic to human
beings and is 5 times heavier than air, quite stable
and does not decompose when heated up to 800°C.
Therefore, it is quite suitable for use in various
electrical devices, capacitors, cables, etc. The
advantages of elegas are most striking at high
pressures. Fig. 1 shows how the breakdown voltage
between two metallic discs with rounded edges in
air and in elegas depends on the absolute pressure
of the gas.

Elegas has a boiling point (at normal pressure)
of —64°C. and can be compressed (at normal tem-
perature) up to 20 atm. without being liquefied.
These thermodynamic properties of elegas are very
favourable because it may be utilized in its gaseous
state at considerably high pressures, thus achieving
very high electric strengths.

Dichlorodifluoromethane (CCIL,F,) is one of the
family of freonst. It has an electric strength
very near to that of elegas. However, the boiling
point of freon is only —28°C., and it can be com-
pressed (at normal temperature) only up to 6 atm.
Also, it may be pointed out that a freon can act
harmfully on some organic electrical insulating
materials, a fact that must be borne in mind in the
design of electrical refrigerators.

Of great interest are also some perfluorinated
hydrocarbons, i.e. hydrocarbons in the molecules

tFreons have the general chemical formula CxClyF;; the
name ‘ freon ’ has originated from the use of these gases in
refrigerators.
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Fig. 2 — Dependence of breakdown voltage (r.m.s. values
at 50 c/s.) upon absolute pressure [Electrodes are spheres
12-5 mm. in diameter spaced 5 mm. apart. Curve 1, in air;
curve 2, in elegas; curve 3, in vapour of perfluoromethyl-
cyclohexane. Ior comparison, the approximate breakdown
voltage of transformer oil of mean refinement degree at
760 mm. of mercury column for the same electrodes, shape
and gap between them, is indicated by the star]

TABLE 1 — PROPERTIES OF PERFLUORINATED HYDROCARBONS

Property Gas
CF, C,Fq CyFy CiFy  CiFyy
Boiling point,  —128 —78 —-37 -6 -2
s
Melting point, —184 —100 —183 —41 —80
<,
Critical tempera- —47 —24 71 115 113
ture; °C;
Critical pressure, 40 33 27 28 23
atm.

of which all the hydrogen atoms are replaced by
fluorine atoms. Several of these substances are
gaseous at normal temperature and pressure; also
a number of them are liquids.

Recently, it has been reported®?® that electric
strength of perfluorinated gases and vapours of
perfluorinated liquids may be 6-10 times greater than
that for air (Fig. 2).

Basic physical properties of some perfluorinated
hydrocarbon gases, namely (1) tetrafluoromethane
(CFy), (2) hexafluoroethane (C,Fg), (3) octafluoro-
propane (Cg4Fy), (4) octafluorocyclobutane (C,Fg) and
(5) decafluorobutane (C,F,,), are given in Table 1.

The gases listed in Table 1 are not toxic. Their
specific thermal conductivity is 3-5 times higher than
that of nitregen. Action of an electric arc or corona
discharge may cause their chemical decomposition
with liberation of toxic compounds.

Electric strength of perfluorinated gases increases
with increasing molecular weight as will be seen from
Fig. 3. It may also be noted that even a little
admixture of electronegative gases or vapours to air
(or nitrogen, etc.) may increase the electric strength
of air substantially. This fact may be utilized in
some cases to reduce the cost of electrical devices.
A closed device filled by air with such an admixture
could be much smaller in size and should be much
cheaper than similar devices without this admixture.
It also permits the designing of what may be termed
“ boiling insulation 3. That is, small-sized electrical
and radio devices are filled partly with a suitable
fluoro-organic electrical insulating liquid having
large latent heat (e.g. cyclic CgF;40). To improve
heat transfer, the liquid is evaporated, then condensed
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Fig. 3 — Dependence of breakdown voltage upon absolute

pressure for N,, C,Fq and C,F; [Electrodes used are (1) steel

sphere with a diameter of 19 mm. and (2) brass plate; gap
between electrodes is equal to 2:5 mm.]

in a cooler and returned to the device as a liquid.
At the same time, the presence of the fluoro-organic
liquid vapour under elevated pressure in the space
over the liquid level improves considerably the
electric strength of the gaseous (air or nitrogen)
medium in the hermetically scaled device.

Summary

Data on the electric strength and other important
characteristics of some gases and vapours, in parti-
cular those containing fluorine (sulphur hexafluoride,
freons and perfluorinated gases) having electric
strength comparatively higher than that of air, are
given. The possibilities of using these gases in
electrical engineering are indicated. In some cases,
these gases at elevated pressure can provide electric
strength even greater than that of transformer oil or
other liquid dielectrics.
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Certain Characteristics of Thermal Diffusion Factor of
Binary Gas Mixtures

S. C. SAXENA & B. P. MATHUR
Dezpartment of Physics, University of Rajasthan, Jaipur

the various formulae for the binary thermal

diffusion factor ar, and demonstrated their
relative accuracies by performing numerical calcula-
tions for the two representative systems He-Xe and
Ar-Xe. Saxena and Mathur? utilized this information
and studied the dependence of ar on the temperature
and composition for a large number of binary gas
systems. They considered the familiar Lennard-
Jones (12-6), and the modified Buckingham exp-6
potentials. A similar investigation has also been
carried out by these authors for the isotopic mixtures?.
Both theoretical and experimental studies on ar are
relatively laborious and tricky, and the characteristics
of ar which manifest themselves only under somewhat
unusual experimental conditions have been hardly
understood or even known till recently. During the
past few years, many laboratories engaged in studying
the phenomenon of thermal diffusion in detail have
provided evidences on such features like the pressure
dependence of «f, its sign inversion under varying
experimental conditions and the existence of a
positive minimum or a slow decrease with increasing
temperature, etc. Hence, it is considered of interest
to attempt a review of all evidences available on
such aspects of ar with a view to presenting a
consolidated and clear picture. In this review
an effort is also made to examine the success of
Chapman and Enskog theory, as given in the excellent
monograph of Chapman and Cowling?, to explain
the observed behaviours of «r. In conclusion, this
critical review outlines the nature of experiments
to be planned and the directions in which theory
must be developed to make our understanding of this
property («r) of thermal diffusion more complete.

RECENTLY, Saxena and Joshi' have reviewed

Pressure Dependence of ar

The existing theory* predicts that the thermal
diffusion ratio (kr) is independent of pressure.
This is because k7 is the ratio of two types of diffusion
coefficients, viz. thermal diffusion (D7) and mutual
diffusion (D,,), both being identically dependent
upon the pressure. However, this conclusion strictly
applies to dilute gases consisting of elastic spherical
molecules. Thus, this prediction can be expected
to hold only for noble gases in the pressure range
much above the Knudsen gas, but at the same time
below the pressure value where ternary and higher
order encounters begin playing any important role.
What one should expect if polyatomic gases are
involved or if the pressure is high enough for ternary
collisions to become important is not known with any
reliance. On both these points, the status of the
rigorous kinetic theory, in its present stage of
development, does not permit even a guess. The
formal kinetic theory of polyatomic gas mixtures
given by Monchick ef al.® suggests ar to be seriously
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affected by the presence of internal degrees of
freedom. The kinetic theory of even a moderately
dense gas is still in the stage of development®-S.
Robb and Drickamer? have also given an expression
for k7 of dense gases based on the earlier developed
irreversible thermodynamics.

Ibbs et al.l® were probably the first to report an
experimental investigation on the pressure dependence
of kr. They found k7 to be independent of pressure
in the range 0-3-1-0 atm. for Hy-CO, and H,-N,
systems in the temperature range 288-373°K.
Schmahl and Schewe!! reported measurements on
H,-CO, and H,-H,S systems in the pressure range
0-15-3-5 atm., and temperature range 20-350°C.
They found kr to fall by more than a factor of 2
though the variation in the range 0-2-1-0 atm. is
small being 6 per cent approximately. Thus, there is
an approximate agreement between the results of
Ibbs ef al.1® and Schmahl and Schewe!!. Some doubts
have been raised about the accuracy of the data of
these latter workers!. Grew!? earlier pointed out
that this pressure dependence might be due to the
fact that steady state was not reached in the experi-
ments. Computations according to the theory of
Saxena and Mason!® do not support this view as the
calculations indicate a value of only 15 min. for the
relaxation time while in the experiments 10 hr were
provided for reaching equilibrium. Grew and Ibbs'
later attributed convection to be responsible for the
observed dependence of ar on pressure. This also
does not seem very likely from the geometry of the
apparatus used by these workers and more so on
comparing it with the set-up employed by Saxena
and Mason?®. However, the experimental results of
Grew!? are in serious contradiction with that of
Schmahl and Schewe!. Grew!? found ar to be
independent of pressure for H,-CO, system in the
range 0-5-3-6 atm. and for the hot-bulb temperatures
at 220, 330 and 350°C., the cold-bulb being at 20°C.
The composition of the mixture was also not much
different, being 32 per cent H, in the experiments by
Schmahl and Schewe!® and 44 per cent H, in the
experiments by Grew!2. The present authors feel
that the discrepancy is quite serious and: should be
resolved by careful experiment rather than by any
guess.

In this context it is interesting to quote the results
of Becker and Schulzeff’®. They tried equimolar
mixtures of several binary systems in the pressure
range 1-80 atm. and with the two bulbs at 20° and
160°C. In most of the cases ar was found to increase
with pressure!”. The increase was by a factor of 3
for H,-CO,, 8 for N,-CO, and Ar-CO, systems, and
5 for CH,-CO, system; a relatively small pressure
dependence was found for H,-N, system while it
actually decreased with pressure for N,-CH, system.
Becker!® has also advanced a theoretical explanation
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for this pressure dependence, basing the argument
mostly on the imperfect nature of the gases. Here
again we find for the H,-CO, system an entirely
different pressure dependence of «r which is in
complete disagreement with the two previous views!1:12
mentioned above.

Reference must also be made to the work of
Kotousov!® who investigated, in addition to H,-CO,
system, N,-CO, and He-Ar systems. He has utilized
the conventional two-bulb apparatus with the
principal difference of a packed connecting tube.
His measurements refer to equimolar mixtures
and to an average temperature of about 315°K.
He covered the interesting and yet unexplored
pressure region 0-01-0-8 atm.  He found «r to increase
with pressure, the magnitude of change is large in the
range 0-01-0-1 atm., while it is only 10-20 per cent
of that in the above pressure range in the range
0:2-0-8 atm. Waldmann?® attributed this strange
dependence of «r on pressutc to an additional
mechanism of thermal effusion (thermal transpiration)
going on side by side in addition to the normal
thermal diffusion under such experimental conditions,
though he also points out that part of the effect
may be due to the errors in sampling. L. S. Kotousov
also agrees with the latter view and is repeating
measurements in the pressure region < 0-05 atm.
(private communication). Recently, Mason and
Malinauskas?! have studied the phenomenon of the
flow of gases through porous media in the presence
of temperature gradients on the basis of the so-called
“dusty gas’ model. They have succeeded in
quantitatively explaining the results of Kotousov!®
reasonably well, thereby establishing that a mechan-
ism somewhat different from what is responsible
in the conventional twe-bulb apparatus is important
in these measurements. Another similar investigation
of thermal diffusion through porous media has been
- reported by Goshchitsku and Izrailevich®2 and Beckey
and Groth?® who considered equimolar mixtures of
H,-Kr, He-Kr and H,-Ar.

The investigation of Drickamer and Hofto** is of
particular importance in this regard for these workers
investigated the Ne-Ar system for which Chapman-
Enskog theory can be regarded as satisfactory.
Working in the pressure range 0-5-2:0 atm. and
varying the temperatures of the two bulbs between
197° and 474°K., Drickamer and Hofto found a7 to
be independent of pressure. W. E. J. Neal has also
obtained similar results for H,-He and H,-D, systems
in the pressure range 0-3-0-9 atm. in a two-bulb
apparatus (private communication). The accuracy
of the analysis of the samples was about 5 per cent
though the precision was about 1-2 per cent. Van Ee
et al.?® and Van Itterbeek and de Rop?® have studied
the H,-N, and H,-He systems in the pressure range
6-20 atm. in a two-bulb apparatus. They found ar
to increase with pressure, the change being more
pronounced for H,-N, system than fer H,-He system.

Lastly, mention may be made of a single investiga-
tion in this direction using a swing separator or
trennschaukel of Fischer?”. He worked with equi-
molar mixtures of H,-CO, system in the pressure range
20-70 cm. Hg with the two end temperatures at 285°
and 348°K. He found «r to be independent of
pressure. A much more careful planning is essential

with this instrument for verifying such an effect than
the conventional two-bulb apparatus. However, as
more and more theoretical®®-3! and experimental3® 33
studies are being done on trennschaukel, it is hoped
that in future it may be possible to employ this device
with certain advantages for such investigations
where the separation under a temperature gradient
may be small and the cascaded separation of
trennschaukel may prove to be of great help.

Combinations of rare gases are the only systems
which one should investigate in verifying Chapman-~
Enskog theory. Unfortunately, only one measurement
of this type has so far been reported®* on Ne-Ar
system and this confirms the prediction of theory, viz.
or is independent of pressure as long as only binary
collisions are important. The results of Kotousovi?
on He-Ar refer to a different physical situation, but
even then these results confirm the theory, an
approximate version of which has been given only
very recently®, Measurements on monatomic gas
pairs should be examined in more detail to elucidate
the implications of the theory.

Results on isotopic mixtures are also not available
except one involving hydrogen isotopes (Neal,
W. E. ], private communication). The results
on hydrogen isotopic mixtures, however, are in
accordance with the expectations of theory and
investigations on more and more isotopic mixtures of
rare gases are worth undertaking, as the theoretical
interpretation in the case of such mixtures is relatively
easier and thus may prove of some significant help
in developing the theory.

As already mentioned, the mixtures involving
polyatomic molecules are likely to show a different
behaviour than that expected from the theory
strictly applicable to monatomic molecules only.
Here again, unfortunately, a large number of systems
tried so far involve H, as one of the components
and it has been most difficult® to acccunt for the
rotational and vibrational nature of molecules of
these systems. The experimental evidences are also
inconclusive. Thus, for example, H,-CO, system has
been investigated by six different groupsl0-12:16,19,27
and each worker differs in his conclusion from the
others. Out of these, four measurementsi?1219,27
can be regarded as consistent as they predict ar to be
independent of pressure. There are two reasons
to take the view that the evidences available at the
moment are more in favour of this conclusion.
Firstly, the measurements of Grew?? were performed
by changing the temperatures of the hot bulb
and thus these measurements may be regarded as
more correct and free from any systematic error
unlike in the case of the lone set of data by Schmahl
and Schewe!' which may be in error. Secondly,
Weissman ef al.% have shown that for this system
Chapman-Enskog theory can be applied with reason-
able success. Consequently, it is desirable to repeat
the measurements for this system to resolve the
discrepancy shown by the existing experimental
evidences. The measurements of Becker and
Schulzeffl® and of Becker!?18 which indicate or
to increase with pressure, were carried out over a
fairly large pressure range, where certainly ccllisions
other than binary ones play an important role and
the simple Chapman-Enskog theory cannot be
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regarded to hold good. In the low pressure range,
1-3 atm., the data8:18 of Becker and Schulzeff and of
Becker also predict ar to be approximately constant,
within the precision of the data reported. This again
confirms the view upheld above and indicates that
the data of Schmahl and Schewe!* may be in error.

The only other system studied involving a
monatomic gas is Hy-He and for this the available
evidences? (also Neal, W. E. J., private communica-
tion) suggest ar to be constant up to 1 atm. and
above this value oy increases slowly with pressure.
The H,-N, system also behaves in the same way,
except that the rate of change of o« with
pressure is more pronounced in this case than for the
H,-He system. The N,-CO, system exhibits the
same trend in the «r variation with pressure. The
values!®:18 remain constant up to about 3 atm. and
thereafter rise with pressure. Kotousov’s!® limiting
value at high pressure also agrees well with the
other datal®!8, thus confirming the theory of Mason
and Malinauskas?®, The results on these three
systems suggest a common trend, viz. initially «r is
independent of pressure and increases in value as the
pressure increases, the rate being characteristic of the
system. It is desirable that more elaborate and
reliable data of this type on properly chosen systems
be compiled by the experimentalists and a theory of
moderately dense gas be developed to explain this
behaviour. As the pressure is considerably increased
most of the systems exhibit a very pronounced
increase in o values with pressure'”18, However,
a decrease in the ap value with pressure is also found ;
sometimes it may even become zero. Reliable
measurements should be attempted in this pressure
range for the development of, and also to serve as
checks for, a dense gas theory of non-spherical
molecules. This, however, presents a combination of
two difficult situations.

Temperature and Sign of the Thermal
Diffusion Factor

The phenomenon of thermal diffusion means the
partial separation of the components of a gas mixture
under a temperature gradient. In most of the cases,
the component of the binary mixture which is heavier
in mass and larger in size (or more precisely it has a
larger extension of its force field) is preferentially
enriched at the cold bulb while the lighter and smaller
molecules are enriched at the hot bulb. The net
result is that there is an increase in the proportion
of the heavier component down the temperature
gradient. Under these conditions «z is conventionally
assigned a positive sign. In accordance with the
theory, as the temperature increases, in most of the
cases ar is found to increase®®. However, several
interesting exceptions to this expectation have been
observed and ar is found to behave in many more
different ways. For instance, for certain systems
or is found to be negative at all temperatures,
in others a positive minimum has been reported at
high temperatures, while in some a sign reversal is
observed at low temperatures or with varying pro-
portions of the components at the same temperature.

Classically, for spherically symmetric molecules
which have equal masses and identical force field
extensions, oy should be zero. This prediction
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cannot be tested directly, but many interesting cases
have been examined. Thus, isotopic molecules of
rare gases have identical sizes and the observed
thermal separation is entirely due to the difference in
masses. The theory has been found to be reasonably
satisfactory® in explaining the observed -effects.
In the case of diatomic and polyatomic molecules
the success has been only moderate® and is likely
to be improved only when a theory for polyatomic
molecules is developed. Hydrogen isotopes have
provided many checks for the theory in view of the
availability of a large number of its isotopes both
stable and radioactive. Systems having equal masses
are also very important for thermal separation in them
is entirely due to the difference in their sizes. Many
such systems are possible, viz. N,0-CO, N,-CO,
He-D,, He-HT, D,-HT, etc. Such studies are also
discussed here.

It should be possible to explain the observed effects
mentioned above and many more to be described later
which follow from the theory of thermal diffusion.
Considerable effort in this direction was made as early
asin 1940 by Chapman®. His investigations and the
predictions, a few of which have since been experi-
mentally examined, regarding the characteristics of ar
were based on the first approximation expression® and
for a simple inverse power type molecular interaction.
As thiskind of force field is now known to be unrealistic
and it became possible to consider more realistic and
appropriate molecular potentials, Srivastava and
Saxena®” re-examined certain aspects of the thermal
diffusion factor. They based their discussion on the
familiar Lennard-Jones (12-6) potential and confined
themselves to the binary combinations of rare gases.
During the last ten years, studies®-% on higher
approximations to ar have clearly indicated that the
first approximation expression, [ar],, Will not be
adequate for any reliable and accurate work.
Therefore, the earlier works become premature and
somewhat uncertain in certain of their conclusions.
Consequently, we re-examine the situation particularly
with a view to seeking the theoretical justification
for the various observed effects in the second
approximation expression. Detailed calculations by
Saxena and Mathur? on a large number of binary
systems have shown that the fairly reliable and
dependable expression, to start with, is

. 51X1—SBX2
[ar]y = [ (6C*_5) QlXi‘l‘Qng“‘leXle ]

X(+EK)+K,  ..(1)

where the notation is the same as was used by
Mason®. It may be seen that in Eq. (1) the quantity
within square brackets is [or];. The remainder
after the term (6C*—5) will be referred to as (S, Q)
factor. Though the contribution of X; and K, is

'small in many cases still it is large enough to be

considered. The factors K; and K, depend also
upon the relative proportion of the components.
Thus, the two familiar arguments based on the first
approximation expression for the thermal diffusion
factor, ar, will change sign when either (6C*—5) = 0
or 5;X;—S,X, =0 is invalidated because of the
occurrence of a second factor K,. The first reversal
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occurs only with temperature and the second, for
appropriate binary systems, under suitable conditions
of X; and X,, as explained by Chapman®® (also Grew
and Ibbs!¥). This is briefly discussed below.
Generally, when the mass difference of the two
components is large S; is positive, S, is negative,
(6C*—5) is also positive; though K; and K, are
sometimes negative and sometimes positive, still the
relative magnitudes of these quantities are such that
ar assumes the conventionally defined positive sign
and the heavier molecule diffuses down the tem-
perature gradient. Most of the binary mixtures
fall in this category. The heavier molecule is

invariably larger in ‘ size * and this fact also enhances

the thermal separation such that ar is positive.

If, however, the mass difference of the two
components is small and the heavier component is
larger in size, the relative magnitudes of the various
quantities in Eq. (1) are such that ar is once again
positive. On the other hand, if the heavier molecule
is smaller in size, S; and S, change their signs such
that now S, is negative while S, is positive so that the
first term on the right-hand side of Eq. (1) becomes
negative at all compositions. Further, if K, is either
negative or has a small positive value, ar will have
a net negative value for all positive values of (6C*—35).
Under these conditions the heavier component will
diffuse up the temperature gradient. Cases of this
type have been confirmed by experiments also.
Leaf and Wall*! found this situation in the case of
carbon dioxide-cyclopropane mixtures using a thermal
diffusion column. A similar conclusion has been
derived by Clusius and Huber?? for 2¥Ne-NDj system,
and is at least qualitatively confirmed by the theory
of Mason and Monchick®3. Using trennschaukel or
is found to be negative for CD, and CHD, mixtures
with 20Ne throughout the composition range*”. These
results have also been explained satisfactorily?? by
. theory.

A fourth possibility also exists!%, This visualizes
the heavier component again to be smaller but now
S; and S, instead of having opposite signs, as in the
third case, have the same signs, i.e. either both are
negative or both are positive. Under such conditions
depending upon the relative magnitudes of S; and S,,
and of K, a reversal in the sign of «r may occur
for a particular value of X;. Such a possibility was
first pointed out by Grew*4, though in an inconclusive
manner®, on normal neon-ammonia system. Later
Clusius and Huber*? have performed an unambiguous
experiment using *Ne and 2?Ne in combination with
ammonia on a thermal diffusion column. They
confirmed the prediction inasmuch as they found the
reversal of the sign in a7 for 20Ne-NH; system at
X, =075, and for 2Ne-NH, system at X; = 0-4.
These results have been confirmed qualitatively
by the theory of Mason and Monchick®. The
quantitative agreement is not good both as regards
the actual values of ar as well as the value of X,
at which reversal occurs. Clusius and Flubacher?®
have found a similar reversal for the two systems of
#Arin combination with D35Cl and D37Cl also. Mason
and Monchick’s theory has failed to confirm this
reversal even qualitatively for these systems. This is
an important indication for the development of theory
involving polar gases.

The above four cases form interesting exceptions
to the normal behaviour regarding the composition
dependence of «r encountered in thermal diffusion
experiments, viz. an increase in the value of ar with
increasing percentage of the lighter component?®.
The theory of course agrees with this most general
observation®. Interesting exceptional cases are also
encountered in non-polar gases. One such example is
that of a mixture of helium with hydrogen?'.

Let us recall a few other peculiar experimental
results which are in serious contradiction with the
expectations of theory. Clusius and Flubacher4®
studied the four isotopic systems %Ar-D3Cl,
9Ar-H%Cl, %Ar-D3Cl and Ar-H*®Cl. The oddest
feature found in their results was that the expectation
of ar to increase steadily as the mass of hydrogen
chloride decreases, from 39 to 36, was not fulfilled.
In actual practice this trend was not confirmed,
the two middle masses (37 and 38) forming an
exception. The order of increasing ar is 39, 37,
38,36. Normally speaking a7z should have zero value
for the D,-HT system. Experimental evidences®*?
are contrary to this expectation. He-HT and He-D,
are two other examples of systems of this type59,
Another interesting effort of this type lies in the’
work of Becker and coworkers®h2, They tried
combinations of 1602C180 with 260C10 and
17012C180, The latter two varieties of carbon dioxide
have the same mass but differ only in the isotopic
substitution and consequently in the distribution of
mass which alter the characteristic frequencies and
moments of inertia. The symmetry numbers of the
two molecules are also different. The two systems
were found to behave differently in a thermal diffusion
column. De Vries et al% carried out a similar
investigation using carbon monoxide. They found
14C180 to be enriched by a factor of 1-15 more than
12C180 against 12C*60 in both the cases. The influence
of asymmetry effects has also been investigated by
Slicker®® on systems HT-*He, DT-*He, HT-H,,
DT-D, and D,-HT.

All these studies have led to a definite conclusion
that Chapman-Enskog kinetic theory of elastic
spherical molecules cannot explain the phenomenon
and behaviour of thermal diffusion in polyatomic
molecules. The assumption of a central or quasi-
central intermolecular force model is certainly
not adequate and the solution lies only in the develop-
ment of a formal kinetic theory of non-spherical
molecules. The presence of internal degrees of
freedom of vibration and rotation is known to play
an important role in the process of energy transfer
and as thermal diffusion also involves such a process
we should expect an identical situation in this case
also. Indeed, the formal theory of polyatomic
molecules® does show this promise. Mention may be
made of the approach of Schirdewahn et al4® who
gave an expression for az on the basis of dimensional
analysis and involving moments of inertia of the
molecules. This approach has been further discussed
by Slicker®. Tt is still quite premature to assess
these empirical approaches except with the impression
of a very limited success.

The temperature dependence of «r is essentially
controlled by the factor (6C*—5) in Eq. (1), the (S, Q)
factor is essentially independent of temperature®,
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The factors K, and K, besides being small (though
not negligible) have a very feeble temperature
variation. The value of (6C*—5) depends rather
sensitively on the choice of the force model. Con-
sequently, the temperature variation of ar, as given
by Eq. (1) on the basis of a realistic intermolecular
potential, and also confirmed by experiments, is of
three types: (1) ar increases with temperature, and
(2) will tend to a constant value at high reduced
temperatures or (3) may even slightly decrease.
Almost all common systems, where masses are widely
different and sizes are monotonic functions increasing
with mass, are examples of type 1. Examples of
type 2 are found in binary mixtures of He with other
rare gases, etc., while one familiar example of type 3
is He gas. However, there are a few departures
from this general trend and these are discussed
below.

It is interesting to observe that in general it is not
possible to merge K, in the K; term of Eq. (1).
Further, the magnitude of K, also varies in an irregular
manner both in sign and magnitude from system to
system, though for a particular system it usually
increases with temperature. Thus, both (S, Q) factor
and K, do not change much with temperature but
(6C*—5) changes much more relatively. Also at
sufficiently low temperatures numerical calculations
for actual systems reveal that K, is usually negative
and at such temperatures due to the small value of
(6C*—5) it is possible that ar becomes zero at a
particular temperature; at still lower temperatures
it will be negative instead of being positive. It may
by pointed out that at low temperatures the factor
(6C*—5) also becomes negative and, therefore, it is
not essential for K, to be necessarily negative for an
inversion in the sign of az. In fact, the binary mixture
of Hy,-D, is one such example where the K, term
remains positive even when the first term is negative®.
Contrary to the usual expectation, all that the accurate
expression for ar, viz. Eq. (1), indicates is that the

reversal of the sign of ar does not occur at the .

temperature where (6C*—S5) is equal to zero, but
that it occurs where the first term of Eq. (1) becomes
equal to K, in magnitude but opposite in sign. This
reversal in the sign of a7 which occurs in a system at
sufficiently low temperatures is different from what is
mentioned earlier with the changing proportion of a
component at a particular temperature. Let us now
study the systems where experimentally such a
reversal has been observed in the sign of a7 at low
temperatures.

Systems Showing a Reversal in the
Sign of ar

Watson and Woernley® were the first to observe
such a reversal of ar in the polar gas mixtures of
1NH,-'°NH, in a two-bulb apparatus. The effect
was found to occur near about 293°K. In isotopic
molecules such a reversal was later observed by
de Troyer et al.*” for Hy-D, mixtures using again a
two-bulb apparatus at 30°K. This has since been
confirmed also by Grew ef al.%®. Ghozlan® has also
observed such a reversal for Hy-HT and D,-DT sys-
tems, though because of the experimental conditions
it is not conclusive and it is advisable to repeat
these measurements for confirmation. In no other
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isotopic molecule such a reversal has been reported.
Work at very low temperatures in isotopic molecules
stated above which may elucidate the position further
has to be planned.

Grew et al. observed such a sign reversal in the
value of ar for Ar-O,, Ar-N, and N,-CO, mixtures
while working on a two-bulb type of apparatus.
Ghozlan®® reported such an effect in He-85Kr system
at 80°K. and in mixtures of DT, HT and T, with 4He.
Grew and Mundy®® report a reversal in the sign of ar
for Kr-Xe and Kr-N, systems. Recently, Cozens and
Grew®! have also confirmed the existence of such a
behaviour in the systems CO,-%5Kr, #CO,-Xe and
CO,-13Xe.

Waldmann®? has also demonstrated the change in
sign of ar from his studies on the phenomenon of
diffusion thermo-effect. He found that the systems
0,-Ar and N,-Ar exhibit this effect as do the systems
N,-CO,, Ny-CH,, 0,-C,H, and Ar-C,H,.

The existing theory in conjunction with all the
three molecular potentials, viz. (1) L-J (12-6),
(2) modified exp-6 and (3) Morse, predicts such a
reversal. Even for polar gases the extension of
(12-6) potential by Monchick and Mason® has
confirmed the existence of such an effect. Though
in a few cases good quantitative agreement is also
obtained we feel that neither can it be generalized
nor can even be expected to be so. The reason is
twofold. Firstly, in most of the cases the effect is
observed at such temperatures where quantum effects
are likely to be important, and secondly, most of the
cases studied so far involve non-spherical polyatomic
molecules. The only interesting case in which
both these limitations are overcome is the Kr-Xe
system. Indeed here a good and even a quantitative
agreement is achieved as can be seen from the fact
that the inversion temperature which has been found
to be 155°K. (ref. 60) is in good agreement with the
earlier predicted value of 149°K. by Srivastava and .
Saxena® on the basis of L-J (12-6) potential.

An interesting experimental investigation has been
reported by Van der Valké485 on the measurement
of ar for He isotopes in the temperature range
12:7-700°K. No sign reversal was observed; on the
contrary, a strange temperature dependence specially
at low temperatures came into light. In the low
temperature range, initially a7 was found to decrease
rapidly. Detailed calculations® based on the classical
theory cannot explain this strange dependence and
it is hoped that quantum mechanical calculations
may provide some clue.

Theory predicts a slight decrease in ar value
as the temperature increases in isotopic mixtures®”.
This behaviour is observed in many gas mixtures also,
the magnitude of decrease in ar being much more
pronounced than can be explained on the existing
theory of thermal diffusion. ~Slicker® has presented
the results of such a study involving DT-*He, T,-*He
and HT-*He systems. These effects, if real, are yet
to be explained by a suitable theory to be developed.

A similar qualitative effect was found by Wald-
mann®? from studies on the diffusion thermo-effect.
He found that for Ar-CO, system oz continuously
decreases as the temperature increases from 194° to
372°K. Weissman et al.% found a similar behaviour
for Ne-CO, system in a two-bulb apparatus. Saxena
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and Mason?® have earlier reported measurements for
He-CO, system and did not observe such strange tem-
perature dependence and the results could also be ex-
" plained by theory®. Weissman et al.% could, however,
correlate these results of the three systems by a
treatment based on the theorem of corresponding
states.

Grew and Mundy® while working with Ar-Kr
system found a rather unique dependence of ar
on temperature. They found ar to steadily decrease
with temperature in the range 940-149°K. and
thereafter to start increasing as the temperature is
further lowered up to 80-8°K. Thus, a definite
positive minimum is detected. Measurements on
Ar-CO, system reported by Cozens and Grew®! also
indicate” a similar dependence. It is interesting
to note that earlier measurements of Waldmann®®
are in good agreement with these data®! and with two
different types of mixtures. In the first 50 per cent
CO, was used while in the second only 2 per cent
1CO,.
Grew®?,

This type of ar dependence on temperature,
namely exhibiting a positive minimum, is predicted
qualitatively by the exp-6 potential, though diffi-
culties are encountered when a quantitative agree-
ment® is sought. Thus, here again we find the theory
to be inadequate in accounting for this unique effect
observed in a few systems.

On the basis of the various characteristics of ar
variation discussed above, it is evident that, at best,
the existing theory is able to explain the broad
features on a qualitative basis only. For a good
quantitative agreement of the various aspects of
or variation one will have to await the development
of a non-spherical molecular kinetic theory. The
authors hope that the knowledge of the broad
qualitative features of ar variation discussed here
will help in choosing the proper molecular model and
the aspects of non-spherical molecular dynamics
which should be emphasized in a formal study of
such systems.

Summary

Some less known properties and characteristics of
the thermal diffusion factor (ar) of binary gas
mixtures, e.g. the pressure dependence of ar, reversal
in the sign of ar under different conditions and the
abnormal variations observed in the temperature
dependence of ar, are critically discussed making use
of the literature data on the dependence of a7 on
temperature and composition of the components
of many binary gas mixtures which have been
thoroughly investigated both experimentally and
theoretically. All the available experimental evi-
dences are cited in the case of each effect and an
attempt is made to examine the plausibility of the
existence of the different effects, and to provide an
explanation wherever possible. The major deficiencies
of the existing theory are brought out and the various
types of experiments which should be planned for
throwing further light on the subject have been
indicated. It is pointed out that only a formal
theory of non-spherical molecules will be able to
assimilate and explain the various observed or
characteristics.

Both the mixtures were tried by Cozens and
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Evaluation of Drug Toxicity*

C. R. KRISHNA MURTI
Central Drug Research Institute, Lucknow

S an outcome of crash programmes of develop-
A mental research financed liberally by pharma-

ceutical houses and by their competitive
investment in ‘ admass’ psychology beamed towards
the gullible consumer, the past few years have
witnessed an unprecedented spiralling upward trend
in the manufacture, marketing and consumption
of a bewildering variety of chemotherapeutic agents.
This ‘ explosion in drugs’ compelled the editor of the
learned American journal Clinical Pharmacology and
Therapeutics to warn the public against the im-
perceptible, none the same imminent, danger ensuing
from the unbridled growth in the rate of drug intake
[Modell, W., Clin." Pharmacol. Therap., 2 (1961), 1].
Free access to countless stimulants, depressants,
tranquillizers and the like has led to an alarming
increase in self-medication, admittedly to survive
the stress of modern living conditions. Consequently,
several new forms of untoward reactions to drugs
have been discovered in recent years and it is
almost a mathematical inevitability that incidence
of drug toxicity may increase faster than even the

*Based on Evaluation and hanism of drug toxicity, pro-
ceedings of a conference held in New York in March 1964
and published by New York Academy of Sciences, Ann. N.Y.
Acad. Sci., 123 (1965), 1-366.
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output of drugs. The problem of drug toxicity has
assumed a new dimension of danger with the un-
ravelling of the tragic story of thalidomide. Since
1962 when the teratogenic effects of thalidomide
were first reported in the human embryos, over
2600 studies of the action of diverse drugs inducing
malformative changes in mammalian embryos have
appeared to date in medical literature [Cahen, R. L.,
Clin. Pharmacol. Therap., 5 (1964), 480]. Other
toxic symptoms of pathological importance are drug
induced blood disorders such as dyscarias, aplastic
anaemias, primaquine induced haemolysis prevalent
particularly in some members of the Negroid species,
penicillin allergy, hepato toxicity caused by sali-
cylates, peripheral neurosis due to INH intoxication,
and innumerable defective detoxication mechanisms.

Drug Toxicity: Clinical and
Experimental Problems

Several high level conferences have been held in
recent years to sort out the clinical and experimental
problems arising out of drug toxicity. The Second
International Congress of Pharmacology held at
Praha in September 1963 devoted an entire session
jointly with WHO to discuss mechanism of drug
toxicity. The series of papers included in the
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volume under review were presented at a conference
on drug toxicity held in New York in March 1964
sponsored by the Division of General Medical Sciences,
National Institute of Health, Washington DC.
Scientists drawn from the disciplines of pharmaco-
logy, biochemistry, toxicology, immunology, clinical
investigation and embryology representing leading
pharmaceutical and government research institutes
participated in the conference. The first session
was devoted to basic concepts concerning selective
toxicity; the second session highlighted the im-
portance of metabolic studies in the evaluation of
drug toxicity. Genetic aspects of drug toxicity were
discussed in the third session. The fourth session
was devoted to a discussion of possibilities of evolv-
ing newer experimental methods of assessing drug
toxicity and the last session surveyed clinical aspects
of toxicological evaluation. The papers brought to
light a mass of new data relevant to toxicity and
the discussion was, as with other symposia of the
New York Academy of Sciences, frank and useful.
Anyone interested in reviewing the current problems
of drug toxicity can greatly profit by critically
studying the material presented in this volume.

Comparative Biochemistry of Tissues and
Elaboration of Drugs with Selective Toxicity

The field of comparative biochemistry of different
tissues of the same species and of the same tissue of
different species with respect to drug accumulating
mechanisms and subtle differences in cytological
structure and enzyme activity can be profitably
exploited for elaborating agents possessing selective
toxicity. A rational approach like this as pointed
out by Adrian Albert could presumably lead to
chemotherapeutic agents specific for the infectious
agent and non-toxic to the host. The selective
action of penicillin on bacterial cell wall formation
‘has made available a number of related reagents
useful in the study of the enzymology of mucopoly-
saccharide biosynthesis. It should not be difficult
from this experience to visualize possible means of
synthesizing drugs active in collagenous diseases.
The sequential inhibition of a chain of events in a
biosynthetic pathway is an effective functional
modus of a toxic agent. Thus the need for a better
insight into the mechanism of toxication at the
molecular level is all the more urgent as rightly
stressed by Welch in his report on the action of
nucleotide analogues. The adverse effect of drugs
on the homeostatic equilibrium maintained by
hormones as a prelude to their toxicity is illustrated
by Gillette in his studies on the effect of drugs
on the mobilization of steroids. In a discussion
on drug allergy, Parka envisages possibilities of
drugs or their metaboiites combining with proteins
in order to stimulate antibody production.

Liver Microsomal Enzymes and’
Drug Toxicity

One of the striking effects elicited by certain
drugs is the induction of liver microsomal enzymes
such as hydroxylases, O-methyltransferases and
demethylases. Such enzyme stimulation is accom-
panied by increase in the net mass of smooth
membranes of the endoplasmic reticulum. This

observation has opened up an elegant enzyme system
for studies that can meaningfully supplement con-
ventional histopathological investigations on drug
toxicity. Induced enzymes studied by Renner and
Merker include the ones metabolizing drugs like
phenobarbital and the ones hydroxylating steroids.
Conney reports that phenobarbital, phenylbutazone
and chlorocyclizine alter the ## wivo metabolism of
steroids, essential cofactors and nutrients. Conjuga-
tion mechanisms mediated by liver play a vital
role in drug elimination from the system as well as
in carcinogenesis. By specific alkylation reactions
in liver cell constituents, carcinogenic drugs can
initiate a sequence of reactions culminating in
active interference with the body’s basic regulatory
mechanism. The comparative toxicity of organo-
phosphorus compounds appear to be related to
differences in the specific activities of degrading and
activating enzymes in the host tissues. The papers
of this session thus focused attention on the poten-
tial area of biotransformations at tissue and enzyme
levels as an important feature of the mechanism of
drug toxicity.

In view of the demonstrated ability of a variety
of drugs to modify microsomic enzyme levels, this
effect could perhaps be profitably used as a para-
meter in drug toxicity evaluation studies. One
can go a step further and say that a general screen-
ing of all chemotherapeutic agents through a
battery of representative tissue enzymes for ob-
taining information on inhibition or activation of
specific activity may prove to be a rational prelude
to conventional short-term and long-term acute
and chronic toxicity tests on a large number of
animals. If the enzyme data thus obtained can be
interpreted critically, this procedure could lead to
economization of the experimental animals at
present sacrificed for toxicity studies [Krishna Murti,
C. R., Proceedings of symposium on chemotherapy of
bacterial and virus infection (Central Drug Research
Institute, Lucknow), 1958, 15].

Genetic Factors in Drug Toxicity

The five papers by Motulsky, Evans, Granick,
Marks and Banks and Siddell and Lehmann on
genetic factors in drug toxicity emphasize the need
for assessing the role of mutant genes, genetically
determined polymorphism in drug metabolism, and
the deficiency of the erythrocyte enzyme glucose-
6-phosphate dehydrogenase as a predisposing factor
in drug induced haemolytic anaemia. One cannot
overemphasize the importance of faithfully recording
side reactions in individual cases in clinical trials to
provide objective basis for determining individual
biochemical variation in drug toxicity.

Drugs and Mammalian Embryo

The five papers in the session on drugs and the
mammalian embryo by Wilson, Leuz, Villee, Fonts
and Hart and Kerbelle et al. present striking experi-
mental evidence of embryological changes brought
about by drugs such as actinomycin D, the epidemio-
logy of congenital malformations, placental transfer
of drugs and hepatic drug metabolism in the pre-
natal period. Remarkable results can be achieved
in experimental teratogenic studies by the use of
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electron microscopy and isotope labelling as revealed
by the work of Keberle, Loustalot, Maller, Faigle
and Schmid on thalidomide using pregnant rabbits.

Toxicity Tests in Animals and
Clinical Drug Toxicity

In the last two sessions on the applications of
new knowledge to toxicity tests in animals and
clinical aspects of drug toxicity, several interesting
problems have been posed with reference to the
predictability of conventional animal toxicity tests,
drug metabolism and excretion studies. Three
assumptions as pointed out by Lasagna appear to be
axiomatic in planning clinical evaluation of drugs:
““ (a) No clinically useful drug is devoid of toxicity;
(b) no human being should be exposed to needless
risk; and (c) the harm caused to present and future
generations by lack of adequate remedies in many
areas of medicine renders it imperative that new
drugs, with their attendant hazards, continue to be
introduced into research and practice”. Gilman
in his opening remarks of the session asks the
extremely relevant question: ‘Is it possible to
produce a useful drug the administration of which
entails no risk'? and expresses his own doubt
about the possibility of such an event in our present
state of biochemical knowledge of tissue reactions.

Toxic Manifestations of Common Drugs

The last session also includes a very valuable
inventory of blood disorders, hepatic disturbances
and other toxic manifestations produced by drugs
used commonly in medical practice. Chloroproma-
zine, amidopyrine, sulphonamides, thiouracil, pyri-
benzamine, tolbutamide, diamox, chloramphenicol,
mesantoin, quinacrine, primaquine, nitrofurantoin

and aminopyridine are all suspects from this point
of view. The need for further documentation of
toxicity data scattered widely in medical literature
stands out prominently in this connection. The
Federal Food & Drug Agency of USA now requires a
declaration on the label of drugs indicating their
potential side effects. Since toxic effects and
teratogeny are not confined to man-made drugs,
there is need for a careful assessment of the toxi-
city of vegetable drugs, particularly in their crude
form. Such studies would indeed be of special
significance to conditions prevalent in this country.

Conclusion

Perusal of the present volume has been a very
profitable and stimulating experience for the re-
viewer. The data presented and the discussions of
results should convince all, if conviction was needed,
of the imperative necessity to understand the mechan-
ism of drug action in unequivocal physico-chemical
terms. This understanding can come only by the
coordinated efforts of research workers drawn from a
multiplicity of disciplines. In the evolution of a
drug, the chemist who produced it and the pharmaco-
logist who tested it on animals were considered all
along adequate to constitute an effective research
team. Studies on the effects of drugs on enzymes
and other cellular constituents have hitherto been
treated as of only academic interest and of no practi-
cal consequence. Teratogenic effects, blood dis-
orders and hepatotoxic symptoms observed in clinical
practice by the indiscriminate use of drugs have
invalidated this view. They have also brought to
light the vital role that the auxiliary biological
scientists can play in a concerted programme of
drug research.

Symposium on Neutron Monitoring for Radiological Protection

A Symposium on Neutron Monitoring for Radio-
logical Protection will be held in Vienna from
29 August to 2 September 1966 under the auspices
of the International Atomic Energy Agency. The
symposium will deal exclusively with the instru-
ments and methods used for neutron monitoring
in the field of radiological protection. Both per-
sonnel monitoring and arca surveillance will be
discussed; only the most recent developments in
the techniques of personnel dosimetry for radiation
accidents will be considered.
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Requests to present papers or participate in the
symposium should be submitted through the appro-
priate national authorities responsible for atomic
energy matters, from whom detailed information
and application forms may be obtained. The
Scientific Secretary of the Symposium is Shri S.
Somasundaram, Division of Health, Safety and
Waste Disposal, of the International Atomic Energy
Agency, Vienna. Abstracts of papers for considera-
tion by the Scientific Secretary must be received
on or before 28 March 1966.
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HE germ theory of discase was known to the

science of plant pathology!' earlier than to

human pathology, yet, the pathogenic role
of toxins in infectious diseases was first established
in human medicine. The term toxin in plant
pathology has actually been borrowed from the
conceptual sphere of human medicine.

The idea that harmful effects of microbial infec-
tions of man and animals might be caused by their
poisons was entertained even before the germ theory
of disease was established by Pasteur in 1865.
Both the endo- and: exotoxins were foreseen by
Vallisnieri? in 1713. Loeffler who discovered the
diphtheria bacillus in 1884 obtained evidence to
show that the bacterium produced a toxin in the
host tissue?.. The credit for the discovery of toxin
is generally given to Roux and Yersin3.

Thus, a toxin can be defined as a substance of
microbial origin involved in host pathogenesis.
Toxins are normally proteins which are antigenic
and have antitoxins. In addition, by introducing
small doses of a toxin it is possible to develop
immunity in the host against the toxin and the
organism producing it. Nevertheless, we should
remember that all these attributes were little known
when Roux first visualized the presence of a toxin
in the discase caused by Corynebacterium diphtheriae
(Fligge) L. et N. In the diseased animals he
observed symptoms in regions far away from the
seat of infection. This, he thought, might not be
due directly to the microbe itself but rather to its
metabolic products that have been translocated.

Is there a toxin known to plant pathology ?
The answer has to be given with a certain amount
of reservation. However, if we were to approach
the problem in the same spirit as Roux, then we do
have toxins in infectious diseases of plants. In
plants symptoms are known to be produced in
regions far away from the seat of infection and the
most outstanding examples are the vascular wilts
caused by Fusarium spp. and Verticillium spp.
Here the seat of infection is the root and the
pathogen invades at best the stem, while the
pathogenic manifestations are seen in the leaves,
hence the term ‘wilt toxins’ and the concept of
toxins in plant diseases. In the leaf spot diseases
there is also strong evidence to suggest that toxic
metabolites of the pathogens are involved in pro-
ducing the characteristic symptoms.

In fact, the situation is not far different in human
medicine. Although the concept of toxin was
first introduced in infectious diseases of man and
animals, after the first flush of success in demon-
strating toxins in three or four diseases (diphtheria,
tetanus and botulism), their demonstration became
increasingly difficult. Direct evidence to suggest

*Memoir No. 8 from the Centre for Advanced Studies in
Mycology and Plant Pathology.

that toxic metabolites of microorganisms produced
in vitro (suspected toxins) are responsible for damage
under natural conditions of human infections has
not been forthcoming in other infectious diseases.
Even if forthcoming, the toxic metabolites do not
appear to be the only substances responsible for
pathogenesis. It is perhaps better to follow the
French legal practice of assuming guilt until inno-
cence is proved and suggest that it is reasonable to
assume, in the absence of evidence to the contrary,
that all poisonous substances of microbial origin
play a pathogenic role, but it is unwise to assume
that they always play an exclusive or even an
important part.

While the majority of infectious diseases of human
beings are of bacterial origin, those of the plants
are of fungal origin. Nevertheless, plant pathogens
might produce toxins which conform to the original
definition of the term. But up to now all sub-
stances that have been described as toxins, be it a
vivotoxin or host-specific toxin, do not satisfy the
above-mentioned definition.

We have certain practical problems in that if a
plant pathogen like the vascular wilt organism
were to produce a protein or a polysaccharide as
its toxin, it cannot be freely translocated in the
living system of the plant. The plant has to neces-
sarily break down the macromolecule into smaller
units prior to systemic translocation. Breakdown
of the protein or polysaccharide might mean the
breakdown of the toxin. Hence the role of macro-
molecular toxins in vascular wilts appears improb-
able. This does not, however, rule out the role of
certain proteins — specific enzymes —in patho-
genesis. But are these enzymes toxins? For
example, it is known that at least one particular
lethal toxin of Clostridium welchii Holland is the
enzyme lecithinase. It is difficult to decide where
to draw the line between an enzyme and a
toxin.

In the case of leaf spot diseases where the symp-
toms are circumscribed to a short distance around
the focus of infection, the problem of systemic
translocation does not arise and it could be that
macromolecular toxins are involved in these diseases.
The reason why we have not been able to detect
true toxins even in these cases appears to be
lack of intensive investigation. Moreover, it is
quite obvious, a toxin will not only be fixed to
specific sites in the host tissue but will also be
capable of killing the host even in low concen-
trations. Thus we will not be able to demonstrate
the presence of the original molecule in the host
but only the metabolized toxin or the degradation
product of host-toxin interaction. Hence it will
be very difficult to demonstrate a true toxin in
vivo. It has been postulated* that the detec-
tion of a toxin 4n vivo will demonstrate its role in
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pathogenesis. It would appear that the term vivo-
toxin has helped us to understand the involvement
of certain type of microbial poisons in certain plant
diseases. But it has not and it cannot help us to
identify a true toxin. In fact, in the case of human
diseases the involvement of specific toxins in spe-
cific diseases has been demonstrated not by in
vivo detection but by applying the following
criteria?: (i) the organism is known to produce the
toxin; (ii) virulent variants produce the toxin and
the avirulents do not; (iii) infection of the toxin
separately from the germ produces symptoms that
mimic the disease; (iv) the infecting organisms
produce the disease without spreading extensively
and organs far removed from the seat of infection
are affected; and (v) the disease can be prevented
by immunization against the toxin.

It is also possible that a toxin may play a patho-
genic role without fulfilling all these criteria.

It has been contended that since the known
vivotoxins are not host-specific, on€ should look
for host-specific toxins in plant pathology. In this
connection the recent work on victorin, a toxin
produced by Helminthosporium wvictoriae Meehan &
Murphy in the Victoria blight disease of oats, is of
interest. This substance is claimed to be highly
potent and toxic only to the pathogen-susceptible
host5-7. Perhaps we are dealing with another class
of microbial poison. Nevertheless, even this host-
specific toxin is not a true toxin. For this we take
the analogy from human medicine. For example,
it would be hard to believe that certain human
pathogenic bacteria produce toxins which are speci-
fic only to human beings and not to other species of
animals. Because of their non-specificity they can-
not be removed from the class of toxins. By the
same token it would be erroneous to think that only
the host-specific toxins are to be reckoned with in
plant pathology. In recent years many new words
have been coined, such as phytotoxin, vivotoxin,
pathotoxin and host-specific toxin, and in our
opinion they are terms coined to support the im-
portance of particular toxins rather than as absolute
and final definitions. What should be borne in
mind is the fact that in infectious diseases of plants,
microbial poisons or toxins play a role. In an
attempt to demonstrate this, quite a few substances
have been isolated and shown to be involved in the
diseases to varying degrees. Their chemical struc-
ture and biological activity is of considerable interest
to warrant a study. However, if in this attempt we
come across substances that conform strictly to
the original definition of a toxin it would have
proved beyond doubt the concept that micro-
organisms are pathogenic only if they are toxigenic®.

In this review are enumerated some of the toxins
produced by plant pathogens, which have been
shown to be involved in pathogenesis, the emphasis
being on their role, mode of action and their signi-
ficance in the disease. Before we take up the
individual toxins for our discussion it is of interest
to know something about their range of action and
selectivity.

The parasites producing the toxins might be
discussed under two groups, namely those with
long-range action and those with short-range action.
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In the parasites of the first group, the site of infec-
tion and the regions showing the symptoms are
far removed from each other. In medicine, tetanus
is the standard example. The pathogenic bacterium -
develops anaerobically in a peripheral wound and
its toxin penetrates into the host tissue, diffusing
along the nerve tracts to the brain and there pro-
ducing the characteristic paralysis of the motor
system. In the plant world, this group is repre-
sented by a series of economically important wilt
diseases. In all these cases the parasite attacks
the roots and transmits its toxin through the
vascular system into the shoots. In the parasites
of the second group the toxins operate directly on
the tissues surrounding the focus of infection. Not
only the parasite but also the toxin it produces
and the damage done are localized; the site of disease
coincides very largely with the site of infection.
In human pathology this type of infection is very
rare. Clostridium histolyticum (Weinberg & Seguin)
Bergey et al., a wound parasite, causes necrosis at
its point of attack and dissolves the tissues down to
the skeleton. In plants, on the other hand, numer-
ous diseases are of this type, e.g. most of the leaf
spot diseases.

Evidence so far obtained shows that the toxins
have certain selective predilection for their host
tissues. Some of these affect only the vascular
bundles of the stem, petiole and leaves while others
affect only the intercostal fields of the leaves. A
few others produce only chlorotic halos in the leaves.
This selective predilection of toxins for host tissues
might not be so highly specific as our experience
has shown with toxins affecting man and animals.
This is due to the fact that in plants the tissue
organization has not reached that level of differentia-
tion as in man and animals, in addition to the fact
that they lack a blood vascular system. It must
also be borne in mind that in plants, unlike in man
and animals, ageing is a dual process — age of the
individual organs and age of the plant as a whole.
It is known that tissues of organs of different ages
show varying degrees of sensitivity to the same
concentration of the toxin.

TOXINS — THEIR CHEMISTRY AND MODE OF
ACTION
Among the many toxins that are to be discussed
here, fusaric acid will be dealt with in greater detail
as its chemistry and mode of action have been
thoroughly worked out, and it is today a model
for workers on toxins in plant pathology.

Fusaric Acid

Fusaric acid was first isolated as the metabolic
product of Fusarium heterosporum Nees, a non-
specific parasite?. In 1952, it was recognized as an
important toxin of Fusarium lycopersici Sacc.,
Fusarium vasinfectum Atk., and Gibberella fujikuros
(Saw) Wr.lo, It is now known to play a pathogenic
role in the wilt of tomato!! and cotton!? and the
Bakanae disease of rice'®, the respective diseases
caused by the above-mentioned pathogens. Sub-
sequently, we have evidence to show that fusaric
acid is involved in the Panama disease of banana
caused by Fusarium cubense E. F. Smith4.
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Role in Pathogenesis

Fusaric acid is called a wilt toxin as it is now
known to play a distinct role in the wilt of tomato
and cotton plants, more than in any other disease.
The pathogen after gaining entry into the root is
seen to generalize in the vascular tissue of the host.
Even when the pathogen is restricted to the roots,
symptoms like vein clearing and epinasty are
manifest on the leaves. This appears to be due to
toxic metabolites translocated to the distant parts
of the plant from the focus of infection. Some of
the toxic symptoms on the diseased plants could
be produced by the pure toxin fusaric acid. More-
over, it has been firmly established that a concen-
tration of 10-4M of fusaric acid is reached in the
infected” plants, a concentration lethal to the host
tissues!2. The symptoms of fusaric acid injury

appear first in the stems and soon after in the leaves. -

In the stem it is mainly the cortical tissue over the
vascular bundles that is destroyed and light gray-
green sunken furrows appear on the stems and
gradually spread to the petioles. Next the petioles
start to bend downwards (epinasty) in the same
way as the injury caused by ethylene. In con-
trast, the conducting strands in the stems and
petioles are apparently uninjured and are not
browned!s. With higher concentration the whole
stem tissue is weakened and necrosis of the stem
sets in. In the leaves necrosis extends in the inter-
veinal areas and subsequently along the whole
length of the veins. About 24 hr after toxin intake
the leaves curl and become flaccid.

Chemistry and Mode of Action

Fusaric acid, 5-# butylpyridine-2-carboxylic acid,
has the empirical formula C;4H;30,N and molecular
weight 179 (Yabuta ef al®). It has the following
structural formula:

@ CHa-CH,+CH,-CH,y

N,
HOOC N

Up to the present this constitutional formula,
which made possible the synthesis of fusaric acid,
has remained undisputed$-18. Pure fusaric acid
has a melting point of 98-100°C.18:1%, But biogenic
preparations often contain traces of dehydrofusaric
acid and possess, therefore, a higher melting
point!7:20 (up to 109°C.). The existence of dehydro-
fusaric acid in preparations of fusaric acid was
demonstrated by Stoll?. It has the empirical for-
mula C,;H;;0.N and molecular weight 177 with
melting point 118-120°C. It has the following struc-
tural formula:

HOOC N \

Hydrogenation of dehydrofusaric acid with plati-
num catalyst and glacial acetic acid converts it
into fusaric acid. Surprisingly the unsaturated
dehydrofusaric acid appears after the appearance
of saturated fusaric acid in culture filtrates of F.
lycopersici'® as well as in those of G. fujthuroi®.

Mode of action in higher plants — One phase of the
research on fusaric acid has been with reference to
its effect on the water permeability of the plasma
membrane??:23 and on the water economy of tomato
plants?%. The test objects used in the permeability
studies were the epidermal cells of Rhoeo discolor
(L'Her.) Hance and the green alga Spirogyra nitida
(Dillwijn) Link. The host plant, tomato, was
found unsuitable on technical grounds for these
experiments and only a few experiments were
conducted with its medullary cells. The measure
of injury to the water permeability of plant proto-
plasts is expressed as a quotient (Q) of the time
taken by cells for deplasmolysation after treatment
with water divided by the time taken after treatment
with the toxin concentrations.

Fusaric acid begins to measurably impair the
water permeability of protoplasts of the epidermal
cells of Rhoeo at a low concentration of 10-°M and
that of Spirogyra at 10-8M. With increasing concen-
trations of the toxin, i.e. between 10-7 and 10-8M,
the water permeability is temporarily increased
and the Q value is double that of the control in
Rhoeo and one and half times in Spirogyra. The
medullary cells of tomato show initial response to
fusaric acid only at a concentration of 107/ and
hence are less sensitive than the other two model
objects. But for this, the injury pattern is similar
to that in the other two plant species. Thus the
initial increase in water permeability in all the three
test objects follows a similar course. This shows
that the physiological injury suffered by these proto-
plasts is not determined by the plant species.

With further increase in toxin concentration the
water permeability of the injured protoplasts returns
to the normal value or, the protoplasts behave like
the controls in water. The Q value is 1 at the toxin
concentration of about 10-5-10-4M.

At still higher concentrations of the toxin a third
decisive phase of injury sets in. Perhaps this phase
of the injury plays a vital role in pathogenesis. It
is now known that this concentration of fusaric
acid may be attained in cotton plants under the
diseased conditions'®. In contrast to the earlier
common behaviour of all the three test objects,
this phase of the injury is determined by the type
of plant protoplasts and hence the plant species.
In Spirogyra, toxin concentrations above 10-5M
induce an initial decrease in water permeability
which is quickly reversed and results in permanent
increase in permeability of the protoplasts. Rhoeo
and medullary cells of tomato respond in a manner
opposite to that of Spirogyra. The decrease in water
permeability which sets in at toxin concentrations
above 10-3M continues with increasing toxin dosage
and a definitive ‘ waterproofing’ sets in. It looks
as if the plasma membranes have coagulated.

Dehydrofusaric  acid (5-» butylenepyridine-
2-carboxylic acid) injures the water permeability of
plant protoplasts, i.e. Spirogyra and Rhoeo in a
manner similar to that of fusaric acid except that
the slight ‘ waterproofing’ stage in Spirogyra, seen
in the second phase of the injury, is absent here.

In this alternating injury to the water permeabi-
lity of plant protoplasts by increasing concen-
trations of fusaric acid, two constituents of its
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molecule are involved; the pyridine ring and the
n-butyl group in the B-position. The first phase of
the injury caused by fusaric acid in all the three
test objects studied, namely the transient increase
in the water permeability, can be induced, in addi-
tion to the above toxin, by pyridine alone and
20 other derivatives of fusaric acid, whose sole
common constituent is the pyridine ring. These
are differentiated from one another only by their
side chains. These substances at higher concen-
trations are not capable of producing that phase of
the injury caused by fusaric acid concentrations above
10-5M,, i.e. the tight ‘ waterproofing ’. - Thus according
to Bachmann?® the pyridine ring of the fusaric acid
molecule controls the first phase of the injury, viz.
the transient increase in the water permeability of
the plasma membrane. The carboxyl group in the
a-position of the pyridine ring (a-picolinic acid) or
the methyl group in the B-position (B-picoline) or
their combination giving rise to 5-» methylpyri-
dine-2-carboxylic acid are not toxic at concentra-
tions above 10M. The specific injury to the
plant protoplasts at higher concentrations must,
therefore, be determined by the n-butyl group in
the B-position. Thus, 3-n-butylpyridine which dif-
fers from fusaric acid molecule only in its lack of
carboxyl group in the a-position produces the same
effect as fusaric acid. In fact, a similar effect could
be demonstrated with pyridine derivatives possess-
ing the alkyl side chain. Homologous compounds
lacking the side chain have no effect at higher
concentrations.

Not only the effect on the permeability of plant
protoplasts at higher concentrations of fusaric acid
is brought about by the aliphatic side chain, but
the quantitative nature of the damage is also deter-
mined by the length of the chain. The pathogenic
action of the side chain at first increases with the
length of the chain; starting from 3-methylpyridine
the peak of toxicity is attained with 3-» butyl-
pyridine, 3-n-amylpyridine and 3-n-hexylpyridine
producing no appreciable increase in toxicity. The
significance of the carboxyl group in the fusaric
acid molecule with reference to its toxicity is not
yet clear.

Two different processes are concerned in the
intake of water by protoplasts — the familiar physi-
cal osmotic component which obeys Fick’s law of
diffusion, and an active non-osmotic component
that is supported by the energy metabolism of the
living cells. Unlike the former, the non-osmotic
water intake acts independently of the concen-
tration gradient. The transport mechansim in this
case is not by diffusion but through a system of
transport molecules. The molecule to be taken is
closely bound to a protein and carried along with
it®, This non-osmotic water intake acts at the
expense of the energy released by cell respiration.
Conversely, impairment of cell respiration leads to a
dysfunction of non-osmotic water intake. Hence
impairment in water permeability brought about in
toxigenic wilting could be due to the injury to an
essential energy-releasing process which controls
the water intake. It is possible to demonstrate this
withsimple plasmolysis experiments by suitably block-

‘ing the appropriate enzymes with specific poisons.
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A few experiments done by Bachmann?? are worth
mentioning. When epidermal cells of Rhoeo, in
which the enzyme cytochrome oxidase is blocked
previously by sodium azide, are subjected to in-
creasing concentrations of fusaric acid, the water
intake at lower toxin concentrations shows the
marked rise characteristic of the pyridine ring.
On the other hand, the curve showing the decrease
in water permeability at toxin concentrations above
10-5M is completely absent. Bachmann concludes
that the m-butyl group in the B-position, which is
responsible for the action of fusaric acid at higher
concentrations, is rendered inactive by the previous
blocking of the enzyme cytochrome oxidase.

On the other hand, if one previously arrests oxida-
tive phosphorylation in Rhoeo protoplasts with
2,4-dinitrophenol and subjects them to increasing
concentrations of fusaric acid, the curve showing
increased permeability conditioned by the pyridine
ring is absent at lower fusaric acid concentrations.
At concentrations above 104M the characteristic
decrease in water permeability brought about by
the alkyl side chain sets in. By these experiments
Bachmann?? demonstrated that the pyridine ring of
the fusaric acid molecule was inactivated by the
previous blocking of oxidative phosphorylation.
Thus the pyridine ring in some way disturbs the
oxidative phosphorylation.

Fusaric acid thus impairs the energy metabolism
and in consequence the non-osmotic water intake
of the plant protoplasts by two different mechanisms
at higher and lower concentrations.

Fusaric acid ethyl ester causes injury to the water
permeability of plant protoplasts in a manner similar
to that of fusaric acid, although it cannot form metal
chelates. Hence, it is unlikely that this injury caused
by fusaric acid is due to chelation with heavy metals.

Mode of action in microorganisms — How fusaric
acid has actually been interfering with the different
enzyme systems was elucidated by studying its
mode of action in microorganisms. In the classical
sense of the term, fusaric acid is a weak antibiotic,
It inhibits the growth of bacteria, yeasts and yeast-
like fungus Candida vulgaris Auct. There are
many examples of competitive antagonism to an
essential metabolite in the field of antibiotics and
antivitamins. However, very few cases have been
demonstrated in the field of phytopathologically
interesting toxins. That such possibilities exist 1s
shown in the wildfire disease of tobacco which shall
be dealt with later.

Although the action of fusaric acid is manifold,
we may reasonably expect that some of the injuries
caused are basic and more fundamental in nature,
and, therefore, common to all organs and organisms
susceptible to fusaric acid. If this is so, the other
host-specific and tissue-specific injuries play an
additive role in the clinical picture, or, they super-
impose on the ground effect. Is the basic injury
caused by fusaric acid attributable to its antagonism
of some essential metabolite of the susceptible organ-
isms or tissues? If so, is it possible to remove its
toxicity to susceptible organisms or tissues by
administering the hypothetical metabolite ?

Pyridine derivatives and certain of the vitamins
of the B group, which are analogous in structure
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to fusaric acid, were screened for their capacity to
nullify the toxicity of fusaric acid to microorgan-
isms without success?6. However, it is now clear
that the toxicity of fusaric acid to bacterial species
and certain fungi stems from the fact that
it interferes with a metabolite essential for the
growth of these organisms. This demonstration
became possible because it was observed that the
sensitivity of Bacillus subtilis Cohn, and Escherichia
coli (Mig.) Cast., to this antibiotic is increased
greatly in a synthetic medium than in a medium
with beef extract or yeast extract. Subsequent
work led to the demonstration of the presence of a
substance in yeast extract that could reverse the
toxicity of fusaric acid to these organisms, and this
reversal appears to be competitive®, as shown by
the cross strip technique?”28. Thus we have evi-
dence that fusaric acid inhibits the growth of
Candida wvulgaris by competitively inhibiting the
action of a substance essential for its metabolism.
A similar picture was obtained in tests conducted
with Bacillus subtilis and the fungus Ustilago sphaero-
gena Burr. ex Ellis et Everh. However, with
Escherichia coli and Saccharomyces cerevisiae Hans.,
the yeast factor and fusaric acid showed non-
competitive antagonism?.

Studies made on the effect of fusaric acid and
pyridine derivatives on the water permeability of
plant protoplasts show that the specific injury caused
by this toxin at concentrations above 10M is, to a
large extent, due to the length of the aliphatic side
chain of the pyridine ring. It was, therefore, of
interest to study the activity of the yeast factor
against structural analogues of fusaric acid with
differing lengths of the aliphatic side chain.

Experiments were conducted to study the toxi-
city of the following substances with a decreasing
length of the aliphatic side chain on the test organ-
ism Candida vulgaris: fusaric acid (5-n butylpyri-
dine-2-carboxylic acid), dehydrofusaric acid (5-x
butylenepyridine-2-carboxylic acid), 5-ethylpicolinic
acid (5-ethylpyridine-2-carboxylic acid), 5-methyl-
picolinic acid (5-methylpyridine-2-carboxylic acid)
and picolinic acid' (pyridine-2-carboxylic acid). In
addition, one pyridine derivative was used which
did not contain the carboxyl group, namely 3-n
butylpyridine. It was observed that picolinic acid
and 3-n butylpyridine showed no toxicity. But
with all the other compounds tested, greater toxi-
city was observed with an increase in the length
of the aliphatic side chain. Thus, given the basic
structure of a-picolinic acid, the length of the alkyl
side chain of the analogues determines the magni-
tude of their toxicity?e.

The toxicity of the pyridine compounds was
competitively reversed by the factor from yeast
extract. However, with decreasing toxicity of the
ethyl and methyl analogues the activity of the
factor increased. In fact, the toxicity of fusaric
acid to cut shoots of tomato plants could be partly
removed by the anti-fusaric acid factor isolated
from yeast extract?.

We have already seen that the specific injury to
the water permeability of plant protoplasts at higher
concentrations of fusaric acid is determined by the
n-butyl group in the B-position of the fusaric acid

molecule which somehow interferes with the enzyme
cytochrome oxidase. In the toxicity studies with
microorganisms we are dealing with concentrations
of fusaric acid above 10°M and the magnitude of
the toxicity is determined by the »-butyl group.
On the basis of the existing definition of competitive
antagonism we might conjecture that fusaric acid
interferes with the functioning of an essential meta-
bolite (yeast extract factor) which is very closely
associated with the enzyme cytochrome oxidase.

During the course of, and immediately after these
experiments®®, Braun®, working on the conversion
products of fusaric acid by certain microorganisms,
got certain interesting results. The fact that the
metabolite which reverses the toxicity of fusaric
acid was also found in the cultures of Fusarium
lycopersici®® led us to believe that a substance closely
related to fusaric acid and capable of antagonizing
the toxin is formed by the fungus during the bio-
synthesis of fusaric acid, or, conversely during the
metabolization of the toxin by the fungus?®. Many
of the substances formed during the conversion of
fusaric acid by fungi and a series of synthetic sub-
stances closely related to fusaric acid were investi-
gated without much success. As opposed to these,
it was found that ferioxamine, an organic substance
of microbial origin with a moiety of iron in it, could
remove the toxicity of fusaric acid to the test orga-
nism Candida vulgaris, with an inhibition index of
970. It was found that a gram atom of iron
reverses the action of even 1000 molecules of fusaric
acid. In such a relationship there is no possibility
of direct chelation because a single atom of iron
could not possibly bind 1000 molecules of fusaric
acid. This finding was explained by the fact that
fusaric acid specifically attacks the iron metabolism
of the test organisms®.

That the toxicity of fusaric acid to microorganisms
could be reversed by a factor from yeast extract,
probably a structural analogue of fusaric acid, as
well as by iron, brings in certain new points of
importance. Such instances of antagonism by a
structural analogue and an inorganic ion are known.
The inhibitory effect of pyridine-B-sulphamide on
Streptobacterium plantarum Orla-Jensen was reversed
by nicotinic acid, nicotinamide as well as by iron®.
Thus the mode of action of this antibiotic could
not only be explained on the basis of its blocking
the action of the vitamin but also due to a blockage
of the needed iron.

Detoxication

Tomato plants rapidly metabolize fusaric acid
when it is administered to them. If tomato cuttings
are allowed to take up a definite amount of fusaric
acid whose carboxyl group has labelled carbon
(14C), then it is possible to account for 85 per cent
of the original radioactivity in the extracts of these
shoots made after 48 hr®.32,

One of the conversion products of fusaric acid
detected in the tomato shoots, which varies quanti-
tatively depending on the plant variety, is now
definitely known to be a non-toxic substance. It
has been identified as N-methyl fusaric acid amide
ion which appears to be saturated with organic
acids in the plant®®. N-methyl fusaric acid amide
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neither induces toxic symptoms in tomato plants,
nor inhibits the growth of microorganisms. The
methylation of the toxin at the N-atom of the
pyridine ring leads to a detoxication and, therefore,
constitutes an antitoxic defence reaction. Such
instances are known in the case of animals reacting
to toxins. For example, the pyridine ring is known
to undergo methylation and is thereby rendered
harmless in the animal body. Again, nicotinic
acid when introduced in the animal body undergoes
transformation to trigonelline (N-methyl nicotinic
acid)®. N-methylation as a detoxication mecha-
nism has been demonstrated for the first time in
plants with the toxin fusaric acid®2.

Of the three varieties of tomato studied, the
wilt resistant variety was seen to inactivate 20-24
per cent of the administered fusaric acid by
N-methylation, while the two wilt susceptible
varieties, Bonny best and Tuckswood, inactivated
only about 8 per cent of the fusaric acid by this
method. Thus this defence reaction finds expres-
sion in the degree of susceptibility of tomato varieties
to the toxin and thereby perhaps to the disease®.

Antitoxic reaction — The toxic injury of fusaric
acid to cut shoots of tomato plants could be partly
removed by the factor isolated from yeast extract,
the anti-fusaric acid factor?. It was concluded
that a part of the damage to tomato shoots caused
by fusaric acid is attributable to its antimetabolite
character. This is most conspicuous in the leaves,
where damage caused by fusaric acid is little
affected by pH changes. Moreover, the leaves being
the active centres of metabolism offer more re-
active groups than the stem. The discrepancy
between the stem and leaf injury is also due to the
problem of non-uniform translocation of the toxin
and antitoxin in the plant.

Within the wide range of phanerogamic hosts,
the sensitivity of the various species to fusaric acid
differs both quantitatively and qualitatively. Rye,
maize and peas react only mildly to fusaric acid;
their dosis minima is about 10 times that of beans,
rice or tomato. Cotton plants react more sensi-
tively, their dosis minima being about 1/100 that
of rye, maize or peasts. On the basis of the anti-
metabolite nature of fusaric acid it would appear
that the quantity of toxin needed to cause the
injury to any organism or organ would depend on
the proportional distribution of the antagonist
(metabolite). Thus the quantity of antitoxin (meta-
bolite) naturally present in the tissues of the plant
species might determine their sensitivity to the
toxin.

Significance of Fusaric Acid in Disease

It has been contended by certain workers®* that
since in the diseased cotton plants only 17:2 mg.
of fusaric acid per kg. fresh weight has been
detected'? and as the toxic level of fusaric acid is
150 mg. per kg. of fresh weight, this toxin may
not play an important role in the disease. This
statement is erroneous for the following reasons:
(i) The dosis minima for cotton is around 10-20
mg.(kg. while it is 150 mg./kg. for tomato plants'®;
and (i) since 50-70 per cent of the fusaric acid
gets metabolized in the plant, the quantity
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detected in the diseased plant is the free fusaric
acid or the unmetabolized fusaric acid which
is only a portion of the total quantity of the
toxin the pathogen synthesizes in the host plant.
Thus a concentration lethal to the host plant is
definitely attained in the cotton plants infected by
Fusarium vasinfectwm. It would thus appear that
fusaric acid is a decisive agent in the causation of
disease in cotton and perhaps in the actual disease
other factors also play a synergistic role.

Lycomarasmine

Lycomarasmine is a wilt toxin of the tomato wilt
pathogen Fusarium lycopersici Sacc., isolated and
described earlier to fusaric acid. Described by
Clauson-Kass ¢f al.3® in 1944, this toxin unlike
fusaric acid appears to be specific to F. lycopersici.

Role in Pathogenesis

Lycomarasmine when administered to tomato
plants produces injury in the intercostal fields of
the leaves, and rolling of the leaf tips. No appre-
ciable injury is produced on the stems and petioles.
Thus the symptoms of tomato wilt simulate the
toxic injury manifest by the synergistic action of
lycomarasmine and fusaric acid. While fusaric
acid has been demonstrated in the infected tomato
plants no such direct evidence exists for lycomaras-
mine. Its very chemical nature did not lend its
detection, 7 vivo, by chemical or bioassay methods,
in small amounts. The minimum dose of lycomaras-
mine needed to cause appreciable injury to tomato
shoots is 150 mg. per kg. fresh weight.

Chemistry and Mode of Action

Lycomarasmine is a polypeptide with molecular
weight 277-3 and empirical formula C4H,;;0,N;. The
following structural formula has been tentatively
assigned for this toxin®:

H,N—CO—CH, CH,
|
HOOC—CH—NH—CO—CH,—~NH—C—0H
|
COOH

The toxicity of this substance seems to arise from
the fact that it can form metal chelates and this is
most obvious with iron. Thus the injury caused
by lycomarasmine-iron complex is infinitely greater
than that caused by lycomarasmine alone. Lyco-
marasmine when administered to tomato plants
causes a shock phase within the first few hours,
when there is a depressed rate of water intake as
well as transpiration. Soon this is reversed and the
rate of transpiration far exceeds the normal one
bringing about the wilt. The pathogenic effect of
this toxin is partly due to the fact that its molecules
on their way through the tomato shoots chelate
iron ions of the host, which themselves would not
be able to migrate, and {ransport them into the
leaves in the form of lycomarasmine-iron complex.
Here part of the complex is decomposed, e.g. on
account of photochemical effects or due to exchange
by more potent chelating agents in the cell itself.
Thus, on the one hand, part of lycomarasmine mole-
cules are regenerated as chelating agents and cause
appropriate local deficiencies, on the other hand,
iron ions set free in the ‘ wrong ’ place lead to local
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iron plethora. Gdumann and Naef-Roth3? assume
that the excessive transpiration occurring in con-
sequence of lycomarasmine poisoning is mainly due
to such iron injuries.

If cut tomato shoots are allowed to take in the
lycomarasmine-iron complex saturated with iron,
1:1, they show the same characteristic curve of
disturbed transpiration as they do with pure lyco-
marasmine, although the saturated lycomarasmine-
iron complex cannot chelate iron ions of the host
on the way®. The opposite occurs if lycomarasmine
is shielded from iron so that, on the one hand, it
carries no iron and, on the other hand, it cannot
chelate on its way through the shoot iron ions of
the host. - In this case the transpiration of the
tomato shoots does not show the characteristic curve
of lycomarasmine injuries®®. Hence, lycomarasmine
with iron is without effect in the field of excessive
transpiration. '

This assumption, that the iron ions of the host
transported by lycomarasmine to the ‘ wrong ’ place
play an important part in the disturbing of the
water economy of tomato shoots, cannot be verified
in tomato tissues themselves, owing to methodologi-
cal difficulties. For this reason analogous experi-
ments were carried out with protoplasts of Rhoeo
discolor'® as a model. Pure lycomarasmine does
not impair the water permeability of Rhoeo proto-
plasts, as was assumed in a working hypothesis
for the tomato shoots. An increase in the number
of iron ions, which are carried into the interior of
the Rhoeo protoplasts with lycomarasmine as a
vehicle, produces in the biologically sensible concen-
tration range an excess of the water permeability
of the Rhoeo protoplasts. The working hypothesis
mentioned at the beginning is, therefore, borne out
by the measurements with R/oeo protoplasts.

By this confirmation of the working hypothesis

- the desensitization of tomato shoots after repeated
application of lycomarasmine can be partly
explained. If a tomato shoot is allowed to take
in a certain amount of lycomarasmine on two succes-
sive days, the additional second dose produces a
smaller effect than the first. This may be partly
due to the fact that the first dose of lycomarasmine
removed away a great percentage of the chelatable
iron ions so that the second dose met with only a
few iron ions.

Detoxication

Another aspect of the study of this toxin has
been its antagonism to the yeast growth factor
strepogenin®!, which is an oligopeptide containing
glutamic acid. As against glutamic acid present
in strepogenin, lycomarasmine has aspartic acid
and to this has been ascribed its antagonistic action.
This growth factor when supplied externally removes
some of the toxic symptoms of lycomarasmine
injury in tomato, leading to the conclusion, that it
may interfere with the strepogenin metabolism of
the host.

Piricularin

Pyricularia oryzae Cav., a facultative saprophyte
belonging to the group of Hyphomycetes, is the
causal organism of the ‘blast’ disease of rice and

has a wide distribution in all rice growing tracts
of the world. This being essentially a leaf spot
disease, spindle-shaped necrotic spots develop on
the leaves. Sometimes black spots or rings are
observed on the inflorescence rachis and the nodes
of the culms. In severe attacks the heads emerge
prematurely, completely blasted and appearing
whitened, long before the normal time of ripening®2.
The symptoms of the disease indicate the effective
role of some toxic substances.

It appears that two of the metabolic products of
the fungus are responsible for the characteristic
symptoms of this disease. One of them was identi-
fied as a-picolinic acid and the other as piricularin?3.
Both the toxic substances have been isolated from
the diseased plants and they appear to play a
definite role in the disease. It is proposed to deal
here with the chemistry and mode of action of
piricularin®t.

Role in Pathogenesis

Piricularin is now known to be definitely involved
in the pathogenesis of P. oryzae. When punched
on to the leaf blades of rice plants, piricularin pro-
duces a characteristic spot in the leaves and adminis-
tration of piricularin also brings about a stunting of
the plants. Immersion of the aquatic green alga
Nitella in a solution of 1 p.p.m. of piricularin for
24 hr produces coagulation of protoplasm. In
addition, this toxin has inhibitory action on the
growth of fungi and gram-positive bacteria.

Chemistry and Mode of Action

Piricularin has been assigned a tentative empiri-
cal formula of C,gH,,N,0,, melting point of 73-5°C.
and a molecular weight of 306. It is highly stable
in water, especially at acid pH.

The toxic action of piricularin appears to be due
to its inhibitory effect on the activity of the en-
zymes, peroxidase, catalase, cytochrome oxidase
and ascorbic acid oxidase, even at low dilutions
(1/100,000-1/200,000). At still lower concentrations
(1/1,600,000) the toxin stimulates respiration and
growth of rice plants. This stimulative effect of
piricularin causes increase in all fractions of organic
phosphorus, especially nucleic acid phosphorus and
protein phosphorus. Data on the RNA content
clearly show a definite increase, especially in the
ribosomal RNA by this stimulative effect. Rice
plants showing stimulative effects with piricularin
are resistant to blast infection, while piricularin at
higher concentrations, when it is inhibitory to the
rice plants, makes the plants susceptible to the
disease.

Detoxication

The deleterious effect of piricularin is removed
by chlorogenic acid or ferulic acid, each of them
being the natural phenolic constituents of the rice
plants. It is presumed that the combination of
piricularin with these substances is a natural de-
toxifying mechanism.

Since piricularin is inhibitory to the germinating
spores of the blast fungus, P. oryzae, which
produces this toxin and such inhibitory effect is
normally not observed in the cultures of P. oryzae,
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it is of interest to know the non-toxic nature of
piricularin in culture solutions. It is now known
that piricularin combines with a peculiar protein,
the piricularin-binding protein, and in this combined
" state it is non-toxic to the organism that produces
piricularin. However, in the bound form it is toxic
to plants. In contrast to this, piricularin in combi-
nation with chlorogenic acid, although non-toxic
to the rice plant, is toxic to the blast fungus. The
piricularin-binding protein with a molecular weight
of 69,000 and containing 2 copper atoms in the
molecule, has been demonstrated to be a new
copper oxidase. This protein oxidizes various
phenolic compounds, ascorbic acid and indole
acetic acid.

The other enzymological properties of piricularin-
binding protein are: (i) Michaelis constant: 4-54
X104 (substrate pyrogallol), 2-45X10-3 (orcinol),
1:56 X 10-* (phloroglucinol); (ii) oxygen consumption
for oxidation of substrates: one mole oxygen for the
oxidation of one mole of para- or ortho-diphenol and
1 mole oxygen for the oxidation of meta-diphenol;
(iii) inhibitors: KCN, NaN; (both exhibit 100 per
cent inhibition at 10-4M); Na diethyldithiocarbamate
(68 per cent inhibition at 10-3M); CO (20 per cent
inhibition at CO : O, ratio of 95 : 5), 8-hydroxy
quinolin (15 per cent inhibition at 10-2M) and
piricularin; (iv) piricularin-binding protein oxidizes
cytochrome ¢ smoothly; and (v) piricularin-binding
protein is smoothly reduced, coupling with the
system of lactic acid and lactate dehydrogenase
from baker’s yeast.

Victorin

Helminthosporium  victoriae Meehan & Murphy
causes blight of oats only in the variety Victoria or
its derivatives. It is a soil- and seed-borne patho-
gen, which causes severe leaf blight as well as stem
and root necrosis of susceptible oats. Infection
usually occurs near the soil line and the first
symptoms are yellow to orange-red stripes in the
leaves. Litzenberger?® demonstrated that the cul-
ture filtrates of the fungus contained a toxin that
can reproduce accurately the visible symptoms of
the disease. The name victorin was given to this
toxin by Wheeler and Luke®. The toxin is highly
specific in its activity and is claimed to produce
the symptoms only on the pathogen-susceptible
variety of oats.

Role in Pathogenesis

Victorin is able to produce accurately the symp-
toms of the disease on susceptible host plants.
In addition, this substance inhibits the growth of
roots of susceptible plants. There is no direct
evidence to show that the toxin is involved in the
disease, as it has not been detected in the diseased
plant. The role of this toxin in the disease is based
on the following criteria: (i) the toxin is active only
on the susceptible hosts; (ii) the symptoms of the
toxic injury caused by the toxin and the pathogen
are similar; and (iii) virulent strains produce toxin
and the avirulent strains do not.

A bioassay based on the inhibition of root growth
has been developed by Luke and Wheelert” for
evaluating this toxin, in which the titre is expressed
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as the dilution required to cause a 50 per cent
inhibition of root elongation. Pringle and Braun®
have modified this by using, as end point, the lowest
concentration of the toxin in a serial dilution that
would completely inhibit root growth of susceptible
seedlings.

All mention of the potency of victorin is based
on the effect of this toxin on root growth. In
our opinion it would be advisable to develop a
method by which it should be possible to correlate
the potency of the toxin directly by the intensity
of the injury or necrosis of the stem, leaves and
roots. We have the following reasons for advanc-
ing this argument: (i) The minimum concentration
of toxin needed for inhibition of root growth may
not be the same as that needed to produce the
necrotic symptoms on the plant; this is all the
more valid as the toxin has not been completely
purified ; and (ii) there is no evidence to show that the
inhibition of root growth and the necrotic symptoms
on the host plants are brought about by identical
physiological disturbances in the host. Victorin is
claimed to be the most potent toxin known in plant
pathology but unfortunately on the basis of its
effect on root growth.

Chemistry and Mode of Action

The chemistry of this toxin is not yet completely
worked out and the present indications are that it isa
polypeptide linked to a tricyclic secondary amine with
a molecular weight around 2000 (ref. 5, 47 and 48).
When the pure toxin is treated with saturated
sodium bicarbonate for 24 hr at room temperature,
it cleaves into two substances. One of the products
is a peptide containing aspartic acid, glutamic acid,
glycine, valine and one of the leucines. The second
product of sodium bicarbonate cleavage was crystal-
lized and has been found to be a new base called
‘ victoxinine 48, This has an empirical formula of
C,;H,eNO. Evidence indicates that it is a tricyclic
secondary amine®8. Victoxinine is less toxic than
the parent molecule.

The effect of victorin on certain functional systems
of the susceptible oats is known, but how exactly
this is brought about remains to be investigated.
Victorin affects the permeability of the plasma
membrane, as well as the respiration of the suscept-
ible oats®. In our opinion these are effects rather
than causes. Since we are dealing with a specific
and a potent toxin, it would be of interest to know
the exact mode of action of this toxin.

Detoxication

Unlike the previously mentioned toxins, victorin
is able to incite toxic symptoms only in the blight-
susceptible variety of oats. Perhaps this could be
explained due to the presence of a specific enzyme
on the surface of the cells of the susceptible and
not of the resistant variety?®. This enzyme has to
necessarily transport the toxin molecule into the
cell before the toxin acts. Such a phenomenon is
known in the case of susceptibility of certain micro-
organisms to drugs. The strain of Mycobacterium
tuberculosis susceptible to isonicotinic acid hydra-
zide has the enzyme peroxidase active on the sur-
face layers, while it is absent in the drug-resistant
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strain®®. Thus the resistance of this bacterium to
this drug could be explained on the basis of the
inability of the drug to get into the bacterial cell.
There are indications that the non-toxic nature of
victorin to the resistant oats is due to its inability
to enter the host tissue. If this is true, it may not
be a true case of toxin resistance, in the sense that
there is no inactivation of the toxin within the cells.

The Wildfire Toxin

As opposed to the toxins described above which
are of fungal origin, the toxin of wildfire disease of
tobacco is produced by the bacterium Pseudomonas
tabaci (Wolf & Foster) Stev. The disease was first
described by Wolf and Foster in 1917 in America and
is now found to occur in most of the tobacco growing
regions. Because of the suddenness of appearance,
the rapidity of spread and the severe nature of the
disease in the field, the term wildfirc has been
applied to this diseasc.

Role in Pathogenesis

Johnson and Murwin®® first demonstrated that
the culture filtrate of the pathogen could produce
the lesions characteristic of the disease on the host
plants, and that the toxin is not host-specific
although the pathogen is. This is the only decisive
toxin formed by this pathogen and it, therefore, acts
by itself within the host. The toxin produces
chlorotic halo in the leaves when punched on, similar
“to the disease symptom.

Chemistry and Mode of Action

The wildfire toxin has been found to be a deriva-
tive of a new amino acid®®. Complete hydrolysis
of the pure toxin with strong HCI yields lactic acid
and large amounts of this new amino acid which
has been found to be «,e-diamino-g-hydroxypimelic

-acid. The name tabtoxinine has been applied to
this substance. The amino acid is the second
member of a new type of «-amino acids (sulphur-free
diamino dicarboxylic acid) found to occur naturally.
Tabtoxinine has been found to be biologically inactive
in so far as its ability either to elicit the formation
of or to reverse the chlorotic effect of the wildfire
halos in a tobacco leaf is concerned.

HHHHH HHH
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Wildfire toxin
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The wildfire toxin is most probably the lactone
of a-lactylamino-8-hydroxy-e-amino pimelic acid5.
The toxin is biologically a very active substance and
0-05 pg. gives rise to a typical chlorotic lesion when
introduced into the tobacco leaf.

In studying the mode of action of this toxin,
Braun® has used the unicellular alga Chlorella
vulgaris Beijerinck. He demonstrated that the
toxin inhibited the growth of this organism.

However, when yeast extract or liver extract is added
to the toxin there is a reversal of its deleterious
effect. This suggested that the toxin interfered
with the functioning of some essential metabolite
necessary for the growth of this alga. Yeast or
liver extract provided this metabolite when added
to the culture externally. A further investigation
showed that L-methionine, one of the constituents
of the above extracts, reversed the action of this
toxin on this alga.

One of the probable pathways of methionine
synthesis in bacteria and fungi is as follows: cysteine
—> cystathione — homocysteine — methionine. The
three precursors when tested separately were found
to be incapable of overcoming the effect of this
toxin. The immediate precursor, homocysteine,
forms methionine by transmethylation. If the
synthesis of methionine in Chlorella follows a pattern
similar to that described for other organisms, then
the toxin might exert its biological effect either by
blocking the methylation of homocysteine or by
interfering with the utilization of methionine that
is normally synthesized by Chlorella. To test the
first probability, homocysteine was administered
with choline or betaine, two good methylating
agents, in the presence or absence of p-aminobenzoic
acid, to test the organism subjected to the wildfire
toxin. The toxicity was, however, not reversed.
Since transmethylation is a complex phenomenon
we are not in a position to conclude that the toxin
does not interfere with the methylation of homo-
cysteine, However, it was proved by Braun® that
the wildfire toxin competes with methionine for
active centres on the enzyme that normally com-
bines with or acts on methionine. This could be
demonstrated by the competitive nature of the
antagonism between methionine and the wildfire
toxin with Chlorella vulgaris.

A similar phenomenon could not be demonstrated
with tobacco leaves treated with the toxin and
methionine. These results suggested either that
the mechanism of action of the toxin is different in
the two plant species, or that the action was the
same, but it was difficult to demonstrate in the
higher plants, due to certain practical difficulties.
Nevertheless, one could conclude that the wildfire
toxin is a structural analogue of methionine and
its biological activity is due to its behaviour as an
antimetabolite.

The relationship of methionine and the toxin
can be seen clearly by comparing the structure of
these compounds. In the toxin the sulphur atom
of methionine has been replaced by two carbon
atoms. A change such as this commonly converts
the metabolite into antimetabolite. One of the
carbon atoms of the toxin bears the oxygen atom
and the other bears the nitrogen atom. In addition,
in the toxin, the oxygen and the nitrogen bonds
have been reduced, and the methyl group has been
oxidized to a lactone grouping. From previous
studies it appears that the chemically high reactive
group, lactone, present in the toxin, may make
it a potent antimetabolite. This lactone most
probably binds the toxin by a covalent bond to the
site in the plant cell that is normally occupied by
methionine%s,
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Other Toxins of Phytopathological Interest

In addition to those described above there is men-
tion in literature of toxins playing a role in certain
other diseases. However, in these instances, the
toxins have not yet been characterized or when
characterized the mechanism by which they cause
injury to the host has not been fully established.

Alternaric Acid

Alternaric acid produced by Alfernaria solani
(Ell. & Mart.) Jones & Grout has antifungal activity
but not antibacterial. In addition it is highly
phytotoxic. This substance is an optically inactive,
unsaturated dibasic acid with an empirical formula
of CyHyyOq 1If it is introduced into the healthy
shoots of tomato or potato, lesions similar to those
observed in natural conditions of disease are pro-
duced in the stems and leaves. The effect of alter-
naric acid on the water economy of host plants is
similar to that observed with the toxin lycomaras-
mine, but it is highly potent. This toxin or a sub-
stance closely related to this has been detected in
the naturally infected plants and there is consider-
able evidence to show that it is involved in the
disease caused by A. solani®.

The black-spot disease of Japanese pears is caused
by Alternaria kikuchiana Tanaka. This fungus
produces what is claimed to be a host-specific toxin
that damages only the susceptible variety of pears.
More than one toxin appear to be involved in this
disease. One of them is named phyto-alternarin®%8
but its chemistry and mode of action are very little
understood.

Diaporthin

Diaporthin is a specific toxin produced by
Endothia parasitica (Murr.) And., the causal agent
of blight of chestnut, of unknown chemical struc-
ture but with the empirical formula C3H;,0;.
This toxin has a wide host spectrum of action rang-
ing from bacteria to higher plants. The main toxic
injury in higher plants is the necrosis of the con-
ducting vessels resulting in the collapse of the stem
tissues into longitudinal grooves. The conducting
strands of the leaves are also affected®.

Toxin of Periconia circinata (Mangin) Sacc.

Periconia circinata (Mangin) Sacc., the causal
agent of the blight of certain cultivars of grain
sorghum [Sorghum vulgare var. subglabrescens (Steud.)
A. F. Hill}, produces a powerful toxin which appears
to be specific to the pathogen-susceptible plants.
Preliminary investigations indicate that this is
likely to be a low molecular weight polypeptide
derivative, as that of Helminthosporium victoriae.
Unlike victorin, Periconia toxin appears to be a
stronger acid and more stable®. Like victorin, a
distinct correlation between the pathogenicity of
the strains and their capacity to produce toxins
has been claimed®’. Complete chemistry and mode
of action remain to be investigated.

Conclusion

In conclusion we propose discussing a few perti-
nent points that confront the workers in this field.
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One comes across quite often evidence to show
that toxins produced by widely different fungi and
vastly different in their chemical nature bring about
certain common changes in the host. For example,
it is known that the permeability of the plasma
membrane can be affected by fusaric acid as well as
victorin. In our opinion, the changes in permeabi-
lity reported are the ‘ end effects * and not the cause.
One has to go deeper into the problem and find out
the target in the host cells that is hit by the toxin.
In the case of fusaric acid it is now beyond any
doubt that it interferes with the iron metabol-
ism?6:2%:62 and as such the enzyme cytochrome
oxidase at concentrations above 10}. A block in
the above-mentioned enzyme affects the non-osmotic
water intake and as a consequence the permeabi-
lity of the plasma membrane. In the case of
victorin, we have no experimental evidence to show
the cause that brings about the changes in the
permeability of the plasma membrane.

It is likely that the plant tissues, being not so
specialized as animal tissues are, do not have multi-
tudinous ways of expressing their reaction to toxins
and hence similar effects that are produced by the
action of different toxins do not in anyway prove
their non-specificity.

Toxins from parasites with short-range action
(leaf spot diseases) when administered to cut shoots
act systemically. In natural conditions of disease,
these toxins are not systemic but localized and as
such it has been contended that these toxins may
not play a role in the diseases. However, this
variation can be explained on the basis of the
following facts. The quantity and the route
through which the toxin is administered is very
important. In the experiments with the cut shoots
the toxin gets translocated along the vascular
bundles of the stem and leaves and on reaching the
specific tissue produces specific symptoms. How-
ever, in the natural conditions of the disease the
limited growth of the pathogen and the small
amount of the toxin are localized to specific areas
by virtue of host defence reactions. In addition
the toxin seldom reaches the conducting strands,
and even if they do so, the concentration may not
be enough for effective systemic translocation.
For example, if the toxin of a bacterium causing a
boil or wound in man were to be introduced from an
external source into the blood stream it would have
a systemic effect. However, in the natural condi-
tions of the disease the pathogen and the toxins
are localized around the focus of infection due to
host defence reaction. A similar situation is ob-
tained in plants as well.

Up to now we have dealt with only instances of
facultative parasites that could grow and produce
toxins in synthetic media. Whether we are dealing
with host-specific toxins or not, it has been possible
to isolate and purify them from cultures and study
their pathogenic role. It has been mentioned earlier
that one might run into difficulties if one starts
postulating criteria for the role of toxins in plant
diseases, i.e. specificity, vivotoxic nature, etc., setting
aside the original meaning of the word toxin.

Even with a facultative parasite like Helmintho-
sporium victoriae it has not been possible to detect
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the toxin, victorin, s vivo. This is as it should be.
When we are to deal with obligate parasites, as
they cannot be cultured, the problem will become
more complicated. That the rust fungi, like the
many species of Puccinia or the white rust fungus
Albugo, might also damage their hosts by toxins is
beyond doubt. But it will be very difficult to
prove this, as we will not be in a position to detect
the toxins in the diseased tissues. Nevertheless, it
should be possible to demonstrate the role of toxins
in these diseases just as it has been shown in bacte-
rial infections of human beings by methods other
than of 4n vivo detection.

It must be understood, as it has been emphasized
in the beginning of this review, that all and every
symptoms in any and every infectious disease
cannot be accounted for as being due to toxins
only.

Summary

The genesis of the term toxin in infectious diseases
of man and animals has been traced and the possibi-
lity of toxins playing a role in plant infections is
discussed. The chemistry, role and mode of action
of some of the important toxins known to be involved
in specific plant diseases are presented. A critical
evaluation of conflicting terminologies now current
in plant pathology, i.e. phytotoxins, vivotoxins and
host-specific toxins, has been made. The possibility
of toxins playing a significant role in certain plant
diseases caused by obligate parasites is also discussed.
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Edema of Protein-Calorie Malnutrition

BHAVANI BELAVADY

Nutrition Research Laboratories, Indian Council of Medical Research, Tarnaka, Hyderabad 7

HE body of an average man contains water

roughly equivalent to two-thirds of his body

weight and solids comprise only one-third.
Nearly two-thirds of the total water lies within the
cells, associated with cellular solids and is in dyna-
mic equilibrium with the .extracellular water. The
pituitary gland, the adrenal cortex, liver and kidneys
and physico-chemical forces like osmotic pressure,
Donnan membrane equilibrium are involved in the
maintenance of the normal water balance in man.
However, in certain pathological conditions, there
is a large increase in the degree of hydration which
leads to an abnormal accumulation of fluid in the
extracellular compartment. This condition is re-
ferred to as ‘ Edema’ and may be due to various
nutritional and other factors. In the present
article the work carried out at the Nutrition
Research Laboratories, Hyderabad (formerly at
Coonoor), on edema due to protein-caloric mal-
nutrition is reviewed under the following heads:

(i) important techniques employed in the study;

(i) investigations carried out in clinical conditions
of edema and experimentally induced protein defi-
ciency in animals; and (iii) the hypothesis put
forward by the investigators.

Techniques

Total body water and extracellular water — A
water-soluble compound which can negotiate the
cell membrane barrier freely and is capable of
attaining a uniform concentration throughout the
intracellular and extracellular water is employed in
the determination of total body water, while a com-
pound which does not cross the cellular membrane
is employed in determining the extracellular water.
These compounds should not be metabolized during
the period of observation and must not be toxic.
Urea has been the compound of choice for the
determination of total water in normal subjects
and has been widely employed in the study of
edema of protein-calorie malnutrition. It was
suggested that urea may be metabolized in mal-
nourished subjects and total water as determined
by urea would be an overestimate. It, therefore,
became essential that the validity of the urea
method had to be established. Srikantia and
Gopalan! carried out comparative studies using
urea and antipyrine to estimate total body water
in malnutrition and showed that the urea method
was suitable for the estimation of total body water
even in malnourished patients. Thiocyanate is
widely employed for the determination of extra-
cellular water. It is recognized that thiocyanate
gives a slight overestimate of the absolute amount
of extracellular water but is satisfactory as a practi-
cal tool for the clinical investigations of edema.

In the thiocyanate method, an initial sample of
blood is collected from the subjects under basal
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conditions and the bladder is completely emptied.
An_accurately known amount of urca is given
orally and thiocyanate is administered intravenously.
Urine is collected over the following 6 hr instead
of the usual 2 hr, since the subjects are edematous.
A second sample of blood is collected at the end of
6 hr. The amounts of these compounds excreted
in the urine and the concentrations of urea and
thiocyanate in the initial and final samples of
blood are determined. These experiments enable
the calculation of the amount of total body water
and extracellular water (ECW).

Cell solids, fat and mineral contents in the edematous
stage and after rehabilitation — After the edema
clears, it is assumed that hydration of cellular
solids in these subjects would be normal and the
intracellular water determined would constitute
about 67 per cent of cell mass. The other consti-
tuents are calculated as shown below by the method
of McCance and Widdowson2.

Bone minerals = 7-5 per cent (cell mass 4 extra-

cellular water)

Fat = body weight—(extracellular water 4 cell

mass -+ bone minerals)

An estimate of these constituents in the initial
edematous stage is done as follows.

(i) Bone minerals = bone minerals—(Ca -+ P)

(Initial) (Final)

where (Ca+4P) represents the calcium and phos-
phorus intake during the rehabilitation period

(ii) Total solids = body weight—total body water

(ii1) Cell solids = total solids—bone minerals

(iv) Fat is taken as nil in the extreme stage
of chronic starvation, an assumption supported
by a few post-mortem examinations of some sub-
jects
; The assumption that the minerals are completely
retained would lead to an underestimate of the
bone minerals at the initial stage, but the magni-
tude of this error is negligible.

Bioassay of antidiuretic hormone — In the presence
of antidiuretic hormone (ADH) of pituitary origin
in circulation, the excretion of a dose of water fed
to animals is significantly inhibited. Young male
rats fasted for 12 hr are employed in these assays.
They are orally fed with water to the extent of 5
per cent of their body weight and the material to
be assayed for the hormone is administered intra-
peritoneally. The percentage of water excreted over
the following 240 min. is taken as a measure of the
antidiuretic activity of the extract; the smaller the
volume of urine excreted, the greater the ADH
content of the material.

Antidiuretic polency of liver and inactivation of
pitressin by liver tn vitro — Liver has been shown
to be an important site of inactivation of ADH
and the inactivating system has been shown to be
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enzymatic in nature®. In this assay, liver homo-
genates are injected intraperitoneally to hydrated
rats prepared as detailed under bioassay of anti-
diuretic hormones and the amount of water excreted
is taken as a measure of the antidiuretic potency of
liver. The ability of liver to inactivate pitressin
in vitro is measured by incubating liver homogenates
with 2 units of pitressin at 37°C. and the enzyme
inactivated at intervals. The active pitressin in the
incubated samples is assayed with hydrated rats.

Bioassay of ferritin — Physiologically active ferri-
tin depresses or inhibits the constrictor response of
capillaries to epinephrine. The capillary bed of
the mesoappendix of fasted rats is used for the
bioassay. The time taken for the capillaries to
respond to epinephrine is determined and the serum
or any biological fluid that is to be assayed for
ferritin is intravenously administered to the rat and
the response to epinephrine determined again. The
duration of time over which the constrictor response
remains depressed is a measure of the ferritin con-
tent of the material. In these studies specificity
for ferritin is achieved by the use of antiferritin
serum.

Clinical Edema and Experimental Edema

Edema in Children and Adults

Edema due to protein malnutrition is common in
children soon after weaning, all over Asia, Africa,
South and Central America. A comprehensive
description of this condition is given by Gopalan
and Patwardhan* and Venkatachalam ef al.’. The
condition in adults is not encountered as often as in
children, and is described by Gopalan et al8. The
edema present in such cases may be of various
grades affecting only the extremities, to edema
involving extremities, trunk and face. The condi-
tion in children is commonly referred to as
‘ Kwashiorkor * or ‘ Nutritional edema syndrome’
and that in adults as ‘Nutritional edema’ or ‘ Hunger
edema’. Though a wide range of constituents have
been studied in different tissues in subjects with
edema, only those that are relevant to the problem
of edema are discussed here.

Blood chemistry — Serum total proteins and albu-
min are low in kwashiorkor and nutritional edema%$;
Ramanathan? found low serum total proteins,
albumin, urea, non-protein nitrogen, total chole-
sterol and cholesterol esters and a high concentra-
tion of globulins in children suffering from kwashior-
kor. The electrophoretic pattern of serum proteins
in nutritional edema of adults reveals a decrease in
albumin, a slight increase in o, globulin and a con-
siderable increase in Y globulin concentrations. In
some subjects a band corresponding to B, globulin
appears during therapy but disappears with conti-
nued high protein treatment®.

The serum sodium and chloride levels are low or
normal in adult nutritional edema® while serum
potassium level is in the range of high normal levels®.
In kwashiorkor, serum potassium and magnesium
levels are found to be normal®. Srikantiall demon-
strated active ferritin in plasma obtained from
children suffering from kwashiorkor and adults
with nutritional edema, but none in children suffer-
ing from protein malnutrition without edema.

All these changes are reversed following on success-
ful therapy with high protein diets.

Urinary excretion of antidiuretic hormone, 17-keto-
steroids and electrolytes — Nutritional edema in adults
is associated with excretion of low volumes of urine
and in some patients the oliguria is profound and
the urine volume is as low as 200-400 ml./24 hr.
Gopalan'? demonstrated that urine from patients
suffering from nutritional edema contains an anti-
diuretic factor. Patients excreted lower amounts
of potassium in urine after the disappearance of
edema as compared to the levels of excretion at the
initial stages on a constant dietary intake of potas-
sium®. In patients suffering from edema, excessive
intake of sodium chloride causes greater retention
of water while restriction of salt intake brought
about no marked beneficial effects.

Urinary excretion of 17-ketosteroids is low in
nutritional edema and kwashiorkor. These values
increase on treatment with high protein diets!3.

Body composition and basal metabolism — Gopalan
et al.l* determined the total body water and extra-
cellular fluid in adult patients suffering from edema
and found them to be high. Evidence has been
obtained to show that cellular solids are low and
there is excessive intracellular hydration as well.
After treatment, and when edema completely dis-
appears, total body water — both intracellular and
extracellular — shows a fall while plasma volume
shows an increase. Venkatachalam et al.15 demon-
strated that in edematous patients basal metabolism
is low at the time of admission and there is an
appreciable rise after.treatment. The reduction in
basal metabolism is due to a reduction in the quan-
tity of metabolizing tissue and not due to a reduc-
tion in oxygen consumption per unit of tissue.

Response to water load and renal function — Gopalan
and Venkatachalam!® studied the response to a
water load both in the erect and recumbent postures
in normal and edema cases. While the water
excreted in both the postures is low in patients
with edema, the excretion in erect posture shows a
greater degree of impairment. Water excreted in
the erect posture is about 55-60 per cent of that
excreted in recumbent posture in normals, while in
edema cases it was only 7-40 per cent of that
obtained in the recumbent posture.

Srikantia and Gopalan!? observed that the renal
plasma flow and glomerular filtration rates are
normal in subjects suffering from nutritional edema.
However, the urine flow per minute is considerably
reduced.

Experimental Edema in Animals

Response to water load and inactivation of pitressin
in protein deficiency — Gopalan and Ramanathan?®
induced protein deficiency in monkeys by feeding
low protein-low calorie and low protein-high calorie
diets. They observed that the response to a water
load is more defective in animals receiving high
calorie-low protein diets than in animals receiving
low protein-low calorie diets.

The antidiuretic potency of liver homogenates
and their ability to inactivate pitressin iz vitro are
affected by starvation. Liver homogenates obtained
from rats fasted for 48 hr cause a lower excretion of

75



J. SCI. INDUSTR. RES., VOL. 25, FEBRUARY 1966

water when injected to hydrated animals and are
less efficient in inactivating pitressin i wvitro as
compared to liver hemogenates of fed rats?®.

Low protein diet brings about a similar reduction
in the ability of liver homogenates to inactivate
pitressin #n witro. Restriction of calorie intake by
rats fed low protein diets has a beneficial effect®.

Sequence of changes preceding edema formation and
clearance — Srikantia and Gopalan® followed, at
regular intervals, the changes in serum protein,
response to water load, and the content of extra-
cellular water in monkeys maintained on a low
protein diet. Active ferritin has been detected only
in the plasma of children and adult edema patients
and not in the plasma of children suffering from
protein deficiency but not associated with edema.
Ferritin has, therefore, been assayed in plasma
collected from the monkeys to study its relation
with edema formation. Some of these monkeys
received a supplement of chlortetracycline (aureo-
mycin) from the beginning of the low protein regimen
since it has been shown that the in vitro release of
ferritin under unaerobic conditions, from liver
slices of rats could be inhibited by treating the rats
with aureomycin, prior to killing?2

A large increase in extracellular space (36 per cent
body weight from an initial value of 20 per cent)
occurs in all the monkeys around the 13th to 16th
week of experimental diet. A consistent finding in
each of the animals which developed edema is the
appearance of ferritin in circulation a week or two
before the thiocyanate space increased. It is also
interesting that the increase in extracellular water
is not gradual but abrupt during this period. The
response to water load shows a gradual impairment
and by the time the edema appears, it decreases to
about one-third of the control value. There is a
sudden worsening of the response at the time when
ferritin is demonstrated in circulation. The de-
crease in serum albumin is also gradual till about
the 10th week and thereafter no further decrease
is observed. On re-feeding a high protein diet,
the first change that occurs is the disappearance of
ferritin from circulation. The extracellular water
significantly decreases and the response to water
load improves by about three weeks though these
values do not return to the level of the control
values. The serum albumin levels show only a
slight increase by this time.

In the animals receiving aureomycin along with
low protein diet, only one out of three monkeys
developed edema. The changes in extracellular
water and appearance of ferritin in circulation in
this animal are similar to those which occur in
monkeys that do not receive aureomycin. There is
no increase in extracellular water and no ferritin
in the circulation of animals which received aureo-
mycin and do not develop edema. On the other
hand, the decrease in body weight and serum albu-
min is comparable, in all animals which received a
low protein diet, irrespective of aureomycin supple-
mentation. The impairment in response to the
water load test is much less than that in animals
which develop edema.

Effect of low protein diets on the metabolism of
ferritin — Ferritin is stored mainly in the liver and
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spleen of normal animals and is not released into
circulation. However, in a number of conditions
characterized by edema and oliguria®® ferritin is
detected in blood. Srikantia?* studied the meta-
bolism of ferritin in rats and monkeys. Rats were
maintained on low protein-low fat and low protein-
high fat diets for varying periods and blood and
liver wash were assayed for ferritin. In witro
destruction of ferritin by liver slices of these rats
was also determined. Ferritin appeared in the
plasma of only those rats whose liver wash contained
ferritin. At the end of 16 wecks all the animals
fed on low protein-high fat diet show ferritin in
plasma and liver wash and the ability of liver to
destroy added ferritin is lost. Some animals on
this diet develop ascites by this time. These
changes do not occur in rats maintained on low
protein-low fat diets.

Monkeys develop edema on low protein diets.
Biopsy samples from liver and blood samples were
collected at the end of 16 weeks, by which time
the animals developed edema. Both blood and
liver wash contained ferritin at this time.

Hypothesis of Edema Formation

A consideration of the body composition and the
mechanism of water excretion in normal subjects
becomes pertinent to an understanding of edema
development and the hypothesis put forward to
explain this phenomenon. The normal body com-
position and water balance are presented in Charts 1
and 2.

In healthy conditions the composition of the
various compartments is well maintained. Fluid
exchanges across the cell membrane are determined

Electrolytes associated with this
l— compartment are sodium and
chloride

EXTRACELLULAR
WATER 25%

INTRACELLULAR El 1 iated with thi
WATER 40% ectrolytes associated with this
l— compartment are potassium and
CELL SOLIDS magnesium
209,

BONE MINERALS 5%

FAT 10%

Chart 1 — Normal body composition
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Water intake Metabolic water

X
\ (Presented to kidneys /
as plasma) /

/

Kidneys

Glomerular filtration

Tubular re-absorption
(controlled by antidiuretic hormone of
pituitary gland)

Urine output

Chart 2 — Normal water balance

by a number of factors, among which are the colloid
osmotic pressure of proteins, the intra- and extra-
cellular distribution of potassium and sodium.
These adjustments are mainly accomplished by the
kidney through intrarenal mechanisms. These may
be influenced by extrarenal factors, of which the
role of antidiuretic hormone and the adrenal corti-
cal hormones is well established. Normally, the
antidiuretic hormone is inactivated in the liver.
The antidiuretic action of ferritin is mediated via
the hypophysis which elaborates the ADH in
response to the action of ferritin?.

All these factors have been investigated during the
production of experimental edema and in clinical
edema and have been discussed in the previous
section. Based on these observations, the latest
hypothesis put forward by the Nutrition Research

- Laboratories to explain the development cf edema
is presented below.

The liver shows both structural and functional
changes in kwashiorkor and nutritional edema%26:27,
It is significant that marasmus, another clinical
condition in children due to protein malnutrition,
is not associated with edema and the liver is normal
in this condition®. The normal renal function,
the normal or lowered levels of sodium in serum,
and urinary excretion pattern of sodium and potas-
sium exclude the possibility of any of these factors
playing a role in the development of edema due to
protein-calorie undernutrition. The low serum albu-
min concentration implicated earlier to explain
edema formation is not adequate. There is no
correlation between the degree of edema and the
extent of decrease in serum albumin concentration
in clinical conditions of edema. At the time of
disappearance of edema there is no striking increase
in the albumin level in serum. In studies on experi-
mental production of edema, the fall in serum
albumin has been observed to occur much earlier
than any increase in extracellular water and there
is no immediate rise in albumin level following
edema clearance. On the other hand, ferritin seems
to herald the increase in extracellular water observed
in experimental production of edema. In monkeys,
the response to water load becomes worse and the

Protein-calorie malnutrition

Structural and functional changes in liver

I
Defective inactivation of Release of active ferritin
ADH into circulation

Release of greater amounts of
ADH from hypophysis into
circulation by ferritin

Increased amounts of ADH in circulation

Oliguria and consequent haemodilution due to increased
ADH in circulation

Increase in extracellular water and edema development

Chart 3 — Edema development in protein-calorie
malnutrition

extracellular water shows an abrupt rise within two
weeks following the appearance of ferritin in circu-
lation. The disappearance of ferritin from circula-
tion is the first change to be observed on refeeding
the animals with a high protein diet. This is fol-
lowed by a gradual increase in the response to water
load and reduction in the extracellular water content.
This would indicate that release of ferritin from the
damaged liver played a primary role in the produc-
tion of edema in protein-calorie malnutrition. This
hypothesis of edema development is schematically
presented in Chart 3.

Summary

The work carried out in the Nutrition Research
Laboratories, Hyderabad, on the edema of protein-

* calerie malnutrition has been reviewed. The tech-

niques employed in the studies are briefly described,
and the results of investigations carried out in
clinical conditions of edema and experimentally
induced protein deficiency in animals are presented.
The latest hypothesis put forward by the investi-
gators at the Nutrition Research Laboratories to
explain the development of edema in protein-
calorie malnutrition is given. The main steps in
the hypothesis are: Structural and functional changes
are induced in liver as a result of protein-calorie
malnutrition leading to defective inactivation of
antidiuretic hormone (ADH) and release of active
ferritin into circulation, which is responsible for the
release of greater amounts of ADH from hypophysis
into circulation. The increased amounts of ADH
in circulation induce oliguria and consequent haemo-
dilution, resulting finally in excess amounts of
extracellular water and edema development.
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Fifteenth General Assembly of the International Scientific Radio Union

The Fifteenth General Assembly of the Inter-
national Scientific Radio Union will be held at
Munich during 5-15 September 1966. The main
topics suggested for the scientific sessions under
the various Commissions are as follows:

Commission I — Atomic standards of time and
frequency; standard frequency and time signal
transmission; form of signals; radio standards and
measurements up to and above 1 Ggfs.; and basic
standards and physical measurements.

Commission II — Experimental analysis of the
atmosphere; models of atmosphere; theoretical and
experimental investigation of propagation in non-
ionized media; effects of propagation on the
measurements of distance, angle of arrival and
Doppler effect; propagation below the earth’s surface;
and propagation and radiometry for millimetre and
sub-millimetre wavelengths.

Commuission 111 — The D-region; electron distribu-
tion, collision frequency and radio wave absorption;
relations between the stratosphere and the iono-
sphere; F-region morphology; electron distribution
in the topside F-region; dynamics of the ionosphere;
formation of Es; travelling disturbances — tides;
and VLF and ELF natural emission.

Commission IV — Ionization density in the
magnetosphere; whistlers; VLF emissions; and
micropulsations.

Sub-Commission IVa — Atmospheric noise (review
of IQSY results): characteristics of atmospherics
at the source, propagation of atmospherics and
VLF radio waves and statistical characteristics of
atmospherics; whistlers (review of IQSY results);

78

VLF and ELF noise phenomena; and abnormal
propagation phenomena due to nuclear explosion.

Commission V — Radio telescopes; high sensiti-
vity devices and receiving methods; extragalactic
radioastronomical observations, planetary radio and
radar astronomical observations; and radio spec-

troscopy.
Commission VI — Diffraction and scattering;
coding and modulating systems; antennas; linear

and non-linear circuits; satellite communication
systems; microminiaturization; source free solution
in ionized regions; and radiation and scattering in
ionized regions.

Commission VII — High sensitivity receiving
methods; progress in building blocks of high fre-
quency receivers; practical progress; microminia-
turization, optoelectronics and cryogenic coils for
high magnetic fields; and new domains: lasers and
helicons.

Besides the meetings of the above Commissions,
there will be a number of joint sessions on the
following subjects (the number of the Commission
with which the joint session is to be held is given in
parentheses): velocity of light (Comm. I); laser radar
measurements (Comm. II); microminiaturization
(Comm. VI); Space Radio Research Committee,
report on COSPAR assemblies with particular
reference to URSI participation, and synchroniza-
tion of clocks by means of satellites (Comm. I);
report of highlights of the Belgrade Symposium
on Solar-terrestrial Physics (Comm. III, IV and
V); and radiometry in planetary atmosphere
(Comm. II).
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THIN LAYER CHROMATOGRAPHY: A LABORATORY

HANDBOOK edited by Egon Stahl (Springer-Verlag,
erhiny, 1965. Pp. xvi+553. Price DM 68
It is remarkable that within the short span of ten
years since the description of the method of thin
layer chromatography (TLC), this method has
received wide recognition and has been extensively
used as a tool for rapid separation of micro- and
macro-quantities of a variety of compounds. The
underlying principle of separation is the same as in
column chromatography and, therefore, the thin
layer chromatograms are considered as ‘open
columns’. The book under review is the English
edition of the original German monograph. It
records the vast knowledge on this technique and
the articles have been written by an international
group of scientists who have themselves contributed
towards the progress of this technique.

The book is divided into two parts — (1) General
section and (2) Special section. The former deals
with the instrumentation and working procedure
for TLC. The historical aspects of the development
of TLC are given in the first chapter. Every minute
detail of the procedure employed, including infor-
mation on the commercially available apparatus
and adsorbents is given. Special techniques used
in TLC like continuous flow and multiple develop-
ment methods, two-dimensional separations and
the documentation of thin layer chromatograms
have been described very clearly. Various methods
used in the quantitative evaluation of thin layer
chromatograms have been objectively reviewed.
A chapter solely: devoted to isotope techniques

" demonstrates the importance of TLC in the chemical
and biochemical investigations with radioisotopes.
A mathematical description of the processes occur-
ring during chromatography is included in the
chapter on the theoretical aspects of thin layer
chromatography. The theoretical plate concept
and the relationship between chromatographic
behaviour and chemical structure are also discussed
in this chapter. The special section deals with the
separation of various classes of compounds and an
attempt is made for the analytical classification of
material. Thus, the special section begins with
the lipids and ends with the hydrophilic compounds.
Methods for the separation and estimation of neutral
lipids, phospholipids, fatty acids, terpenes, steroids,
water-soluble and fat-soluble vitamins and related
compounds, synthetic organic materials like dye-
stuffs, insecticides, antioxidants and other food
additives, active constituents of the medicinal plant
extracts, amino acids and peptides, nucleic acids
and their hydrolysis products, sugars and their
derivatives and inorganic ions are described in detail
and thus the investigators can directly use these
methods. A chapter each on the use of TLC in
pharmaceutical analysis and in clinical diagnosis
and pharmacology is included. A useful chapter
on 157 generally used spray reagents has been
included. The book has extensive reference lists

to original publications. Research workers in all
the laboratories where thin layer chromatography
is routinely used for separations and analysis will
do well to possess this valuable handbook.

Vi&.].. ER: & PSS,

CHEMISTRY AND BIOCHEMISTRY OF PLANT PIGMENTS
edited by T. W. Goodwin (Academic Press Inc.,
New York), 1965. Pp. xiii+583. Price 117s. 6d.

The book is based on a colloquium on the chemistry

of plant pigments held by the Biochemical Society

in 1962, which demonstrated the need for publishing
the proceedings and for supplementing it by chapters
on the chemistry of plant pigments and their ana-
lysis. The editor states in the preface that, owing
to unforeseen circumstances, it was not possible to
include the projected chapter on plant cytochromes.

The book consists of four parts: (I) Nature, distri-

bution and biosynthesis; (II) Function; (III) Meta-

bolism in senescent and stored tissue; and (IV) Ana-
lytical methods. The parts are understandably
unequal in length.

Part I on the chemistry and biosynthesis consti-
tutes the major part of the book because of the
wealth of information now available, and similarly
because so little is known about pigment changes
in senescent and stored tissue. Part III (C. O.
Chichester and T. O. M. Nakayama) consists of
only 15 pages. In Part I excellent accounts are
given of the chlorophylls (A. S. Holt; L. Bogorad),
the carotenoids (B. C. L. Weedon; T. W. Goodwin),
phycobilins (C. O hEocha), phytochrome (W. L.
Butler, S. B. Hendricks and H. W. Siegelman),
flavonoids (T. Swain; J. B. Harborne; H. Grisebach),
and quinones (R. H. Thomson). Weedon’s treatment
of the chemistry of the carotenoids is especially well
written and provides the best short review of their
isolation, structure and stereochemistry which has
appeared so far. Swain’s chapter on the nature
and properties of flavonoids, probably because of
the pressure to which he is submitted in writing
reviews and editing books, does not do justice to
the subject. It contains several erroneous formulae:
morin (p. 222); peltogynol and distemonanthin
(p. 229); artocarpin (p. 231); the erroneous structure
XXVI for cyanomaclurin was not suggested by
Dean, and the correct structure for cyanomaclurin
appeared in Tetrahedron Letters, 317 (1963). Beta-
cyanins and betaxanthins find room in this chapter,
because they were long assumed to have a flavonoid
character |

The three chapters in Part II, function in photo-
synthesis (C. P. Whittingham), functions of
carotenoids other than in photosynthesis (J. H.
Burnett), and the physiological functions of
phytochrome (S. B. Hendricks and H. A. Borthwick),
are particularly valuable because other books on
natural colouring matters leave these aspects un-
touched. The two chapters on phytochromes by
Hendricks and his colleagues are in themselves an
authoritative monograph on this important group
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of plant pigments which control photoperiodism,
etiolation and other phenomena familiar to plant
physiologists. They are also typical of the entire
volume which will be of equal interest to organic
chemists, biochemists and botanists.

Part IV deals with only three groups of pigments:
chlorophylls (M. Holden), carotenoids (B. H. Davies),
and flavonoids (T. Swain), but it is a very useful
introduction to methods of isolation, identification,
and quantitative estimation.

A few minor errors have been noticed, such as
the biflavonyl linkage in Fig. XIII, page 294, and
‘ glucoses ’ for * glucosidases ’ in line 2, page 453.

ENGINEERING PHYSICAL METALLURGY by Y. Lakhtin;
translated from the Russian (Gordon & Breach
Science Publishers, New York), 1965. Pp. 471.
Price § 14.50

This publication, a translation from the Russian

text by Nicholas Weinstein, is an addition to many

other publications on the same subject, but with

a notable difference. Before defining this difference,

it should be acknowledged that the publication

covers a very wide scope based on the theoretical
principles of physical metallurgy and its practical
implications in relation to cast iron and plain carbon
steels; alloy, tool, special and stainless steels; non-
ferrous metals and alloys and light alloys and also
the rare metals and their alloys which many other
standard texts on physical metallurgy have hitherto
mostly omitted. Considered in the background of
such a vast scope of subject coverage, the notable
difference in this publication and other texts on the
subject lie in the former’s inclusion of the almost
up-to-date and latest references to the current
researches on physical metallurgy. It is almost

a stupendous task which, it must be conceded, has

been accomplished in this publication remarkably well.

The publication would be of significant value to
the mechanical engineers engaged in research, design
and mechanical engineering industry; to the metal-
lurgists in understanding the theoretical basis of
practical and often empirical hypotheses encompass-
ing the physical metallurgy of ferrous and non-ferrous
metals and alloys; to the students of metallurgy
in having before them a readily assimilable text
and, lastly, to the teacher in making his daily task
more interesting and indeed lighter. The references
to the latest researches in diverse fields of physical
metallurgy are refreshing inasmuch as these cover
the results of workers in and outside the Soviet
Union.

There are 22 chapters contained in the text,
followed at the end by the subject index and
technical references.

The illustrations and charts are exceedingly clear,
the printing neat and invites reading and the general
get-up highly attractive. Undoubtedly, the publi-
cation will be a highly favoured text for most
research and teaching institutions for many years
to come and an indispensable addition to the tech-
nical libraries the world over, apart from lying on
the desk of the teacher and the taught alike.

The author is to be complimented on a very fine
exposition of the fundamentals of physical metal-
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lurgy and heat treatment of metals and alloys
covering ferrous, non-ferrous and light alloys and rare
earth group of metals which have come to the fore-
front in recent years.

The translator has equally done a worthwhile job
with his ability to interpret and translate in lucid
technical English, what indeed would have been
an equally formidable task if he were writing the
book itself.

B. R. NiJHAWAN

JET AIRCRAFT POWER SySTEMS: III, edited by Jack
V. Casamassa & Ralph D. Bent (McGraw-Hill
Book Co. Inc., New York), 1965. Pp. vii4-408

The preface to the third edition states that the
book is expected to provide the basic information
required by a technician or his instructor to obtain
a clear understanding of the construction and opera-
tion of jet propulsion engines. In the spectrum
of jet propulsion engines in use today, the book
deals largely with air-breathing engines, more parti-
cularly the turbine engines. The chapters on the
ramjet engine and the rocket engine give no more
than a few pictures and descriptive information.

The information on the turbine engines is up to
date and presented systematically. There are a
variety of diagrams and pictures in addition to
the description, but it is doubtful if the diagrams
are self-explanatory; there is not a close enough
coordination between the pictures and the
description.

There is hardly any analysis of any aspect of
the performance of the units, even though the
definitive terms are clearly explained. A chapter
on performance under the design and off-design
conditions appears to be a real lacuna.

The book has a place in an institutional library,
but it is difficult to see even a trade-technician
to whom it can be recommended as adequate or
necessary.

S. N. B. MURTHI

UrotricHALES by K. R. Ramanathan (Indian
Council of Agricultural Research, New Delhi),
1964. Pp. ix+188. Price Rs 21.50

This compendium on Ulotrichales, one of the inclusive

yet compiled, incorporates all the significant

advances in this remarkably interesting but
confusing group of algae. It fills the particular
need of the Indian phycologists, coming as it does

50 years after Heering’s work in 1914.

The topical divisions are well conceived and the
facts are marshalled with clarity. Introduction
deals with the classification and delimitation of the
order and is essentially based on the nature of the
thallus; it is a modification of the systems proposed
by Fritsch (1935) and Smith (1955). The hetero-
trichous forms have been relegated to Chaetophorales
and the parenchymatous forms to Ulvales. Hence,
both these groups are excluded from this volume.
The Prasiolaccae has been assigned to Ulvales,
because of its multiseriate and parenchymatous
thallus and dimorphic diplo-haploidic life history.

The Ulotrichales, as dealt with in this volume,
includes two sub-orders, Ulotrichineae and Sphaero-
pleineae, the former including three families, viz.
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Ulotrichaceae, Microsporaceae and Cylindrocapsaceae
and the latter including one family, Sphaeropleaceae.
Twenty-three species have been described under
Ulothrix, 5 under Uronema and Cylindrocapsa, 3 under
Binuclearia and Radiofilum, 13 under Geminella,
12 under Hormidium, 8 under Stichococcus, 11 under
Raphidonema, 21 under Microspora including two
doubtful ones and 6 under Sphaeroplea. The
remaining genera, Hormidiella, Catena, Gloeotilopsis,
Heterotrichopsis, Ulotrichopsis, Psephonema, Micro-
sporopsis and Cylindrocapsopsis, are monotypic.

There are a few omissions which, however, do not
in anyway minimize the value of the book. Ior
example, on page 141, the author indicates the paucity
of information on the cytology and development of
Cylindrocapsa species which has, however, been
worked out recently by Sarma (1962) in Cylin-
drocapsa involuta and by Chowdhary (1963) in
Cylindrocapsa sytonemoides. A special chapter on
the ecology of this group would have been highly
useful.

Genus Cylindrocapsopsis has been given a separate
identity from Cylindrocapsa, on the basis of the
stellate chloroplast and the peculiar mode of sexual
reproduction in former. The author rightly cautions
about the exclusiveness of these characters to Cylin-
drocapsopsis, since very little information is available
on the nature of the reproductive cycle in species
of Cylindrocapsa. Bourrelly’s (1961) recent obser-
vations on the axial stellate chloroplast in Cylindro-
capsa geminella var. minor supports author’s
skepticism.

The keys given to distinguish various genera and
species are simple and convenient. The illustrations,
though grouped in plates, are so inserted as not to
cause much inconvenience in referring to them along
with the text. The bibliography is quite compre-
hensive and indication to the Indian works is
thoughtful. The printing and get-up of the book are
good.

Throughout this book, one is impressed by the
clarity of expression and urbanity of style. This
book deserves a place on the bookshelves of all
scientists and teachers engaged in this field.

G. S. VENKATARAMAN

THE CHEMICAL FOUNDATIONS OF MOLECULAR
BiorLoGgy by Robert F. Steiner (D. Van Nostrand
Co. Inc., New York), 1965. Pp. xii+468. Price
$ 12.00

The phrase ‘ molecular biology ’ has been in use for

nearly a decade and finds somewhat general accept-

ance. One can choose to wonder about the need
for, and the meaning of, the term as the old chemist
does in the dialogue in Chargaff’'s Essays on nucleic
acids. All the more so, since biochemistry and
biophysics scarcely leave any area of biology un-
touched. Dr Steiner has his own difficulties with
the new terminology and has chosen to define
molecular biology literally as aspects of biology

which can be described at the molecular level. A

most liberal definition would be that molecular

biology deals with the structural and functional
foundations underlying all biological expression.

In The chemical foundations of molecular biology
the amino acids and proteins, and the nucleotides

and nucleic acids receive major attention, and quite
properly so. Six chapters (221 pages) cover the
amino acids, the structure, size, shaps, charge and
spatial organization of proteins, the catalytic pro-
perties of enzymes, and finally specific structural
details relating to eight selected proteins. The
use of optical rotatory dispersion, UV absorption in
the deep ultraviolet, and infrared spectra in the
study of protein structure have not received the
mention they merit. More extensive treatment
of the chemical structure of proteins in Chapter 3
would have been in order, considering the diversity
of methods for structure elucidation, involving
degradation and sequence analysis, and the interest-
ing homologies in structure of related proteins,
from different species, which yield some clues to
evolution in protein structure and function. Appen-
dix A summarizes the methods by which the structure
of the B-chain of insulin was elucidated.

The chemistry of nucleotides, the physical,
chemical and biological aspects of the structure
and function of nucleic acids, viruses and protein
biosynthesis are covered in four chapters (136 pages).
The treatment brings out modern developments.
The RNA code in relation to mutational alteration
of bases and observed amino acid exchanges in
proteins could have been dealt with in more detail
than is given in Chapters 3 and 10. The structure
elucidation of DNA and RNA molecules remains
even today an inviting but none the less formidable
problem. In this context, Chapter 10 could have
included a record of the advances made in deter-
mining the primary structure of s-RNA (alanine)
in 1964, or even as the knowledge was at the end
of 1963.

Other parts of Dr Steiner’s book cover the bio-
synthesis of polysaccharides, energy transformations
in cells and basic genetic principles. Appendices
B-D cover basic thermodynamic concepts, synthesis
of polyamino acids, and biological oxidation and
reduction.

There are some relatively minor errors in the
book. The representation of the structure of hydro-
xylysine on page 29 (Fig. 2.1) is incorrect. The
statements that diiodotyrosine and thyroxine are to
be found in several thyroid proteins (p. 37), and
that the possibility of peptide bond formation
through the side-chain amino and carboxyl groups
of proteins is not realized in naturally occurring
polypeptides (p. 45) are open to question. Insulin
A chain contains 21 amino acid residues, not 20
(pp. 64 and 443). On page 404 (Fig. 12.18) dihy-
droxyacetonephosphate is labelled triose phosphate.
The representation of the primary amide group
(pp- 209 and 210) as an amine group, —C—NH,, and
the statement (p. 210) “ category 2 contains
enzymes which catalyse the conversion of primary
amino groups to hydroxyl groups’ are misleading.
Less than a dozen typographical errors were present
and noticed.

Omissions and errors apart, the book is lucidly
written and this reviewer enjoyed reading it.
Students of biochemistry and related disciplines
will find this book of value. The book deserves
too a place in every library.

L. K. RAMACHANDRAN
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THE CONTROL OF FERTILITY by Gregory Pincus
(Academic Press Inc., New York), 1965. Pp. xvii
+360. Price § 9.00 ]

It is rightly said that the pioneering researches of
Gregory Pincus on steroidal contraceptives have
ushered in a new era in the history of mankind,
since for the first time the human female has a
positive means for emancipating herself from the
fetters of repeated childbirth. It is, therefore, in
the fitness of things that he should record his deep
and sustained experience of research in fertility
regulation in the compass of a monograph. This
is indeed what he has done primarily, but most
judiciously he has done so over a scaffolding of the
present-day knowledge on hormonal, biochemical
and nervous factors controlling oogenesis, ovulation,
ova development and transport implantation,
spermatogenesis and sex hormone elaboration in
mammals and in human subjects. The chemical
agents affecting these specific events in the repro-
ductive processes vis-a-vis fertility and their modus
operandi have been reviewed in extenso, with parti-
cular reference to steroids. Sections have been
also devoted to the immunologic regulation of
fertility and intrauterine contraception.

Meticulous attention has been given by the author
to indicate the hiatuses in our knowledge on repro-
ductive mechanisms, the questions demanding
answers and the areas where further research is
urgently needed. The implications of the extensive
animal experiments carried out over the past decade
to the present-day methods of fertility control have
been discussed in detail.

To all those interested in the biological, biochemi-
cal and physiological aspects of family planning and
population control, this excellent monograph will
be invaluable. Dr Pincus deserves our gratitude
for this timely presentation. ’

ABK.

RAPID MIXING AND SAMPLING TECHNIQUES IN
B1ocHEMISTRY edited by Britton Chance, Rudolf
H. Eisenhardt, Quentin H. Gibson & K. Karl
Lonberg-Holm (Academic Press Inc., New York),

. 1964. Pp. xii+400. Price $ 9.00

This book consists of the papers presented at the

first international colloquium held in Philadelphia

in 1964 under the auspices of the International

Union of Biochemistry. The techniques and equip-

ment for rapid mixing and sampling are discussed

under two major sections: (i) rapid physical methods
for generating non-equilibrium states in a biochemical
system and physical measurements of the chemical
change, and (i) rapid methods for stopping a reaction
or for withdrawing samples for measuring the extent
of the reaction. Though photolysis and sudden
temperature change techniques are briefly consi-
dered, the first section deals mainly with techniques

such as rapid mixing and fluid flow, injection of a

sample into a fixed volume, stop flow methods and
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continuous flow methods. The physical methods
used for following the reactions include spectro-
photometric and fluorimetric methods and EPR.
Among the techniques for rapid stopping and samp-
ling discussed in the second section are liquid-liquid
quenching, rapid freezing and rapid removal of
samples from a reaction mixture. The study of
reactions which take place in very short periods of
the order of less than 10 sec., which was initiated by
Hartridge and Roughton, has made very rapid
progress in recent years and is being extended to
periods of the order of milliseconds and even nano-
seconds. The application of laser techniques is
likely to give a further impetus to the development
of this field. These techniques find application in
the study of intermediary metabolism, the kinetics
and mechanism of action of enzymes and of photo-
synthesis. The list of participants includes nearly
all the leading workers in this field and the standard
of the articles and discussions is very high. This
volume will be found to be indispensable to research
workers and specialists interested in the development
or use of rapid reaction technique especially for the
study of biochemical problems.

V. JAGANNATHAN

PUBLICATIONS RECEIVED

THE RATIONAL USE OF DYES IN Brorogy by Edward
Gurr (Leonard Hill Books Ltd, London), 1965.
Pp. xii+422. Price 105s.

PROCEEDINGS OF THE SUMMER SEMINAR IN MAGNETO-
HYDRODYNAMICS edited by P. L. Bhatnagar
(Department of Applied Mathematics, Indian
Institute of Science, Bangalore), 1965. Pp. ix
+376. Price Rs 12.50

ENERGETICS IN METALLURGICAL PHENOMENA: Vol. I,
edited by William M. Mueller (Gordon & Breach
Science Publishers, New York), 1965. Pp. xiv
+-425. Price $19.50 (ref. edition); $ 9.50 (paper
back edition)

NON-LINEAR PARTIAL DIFFERENTIAL EQUATIONS IN
ENGINEERING: Vol. 18 of Mathematics in Science
and Engineering — A Series of Monograph and
Text-books, by William F. Ames (Academic Press
Inc., New York), 1965. Pp. xii4510. Price
$16.00

THE USE OF SURFACTANTS IN THE PETROLEUM
INDUSTRY; authorized translation from the
Russian; edited by P. A. Rebinder (Consultants
Bureau Enterprises Inc., New York), 1965.
Pp. xviii4346. Price $45.00

Cosmic Rays by D. V. Skobel'tsyn (Consultants
Bureau Enterprises Inc.,, New York), 1965.
Pp. 254. Price $27.50

ADVANCES IN X-RAY ANALYSIS: Vol. 8, by W. M.
Muller, G. R. Mallet & M. J. Fay (Plenum Press
Inc., New York), 1965. Pp. xiii-+472. Price
$ 20.00



A new theory of stimulated
Brillouin and Raman
scattering

A new theory of the stimulated
Raman and Brillouin effect based
on the coupled wave concept
introduced by J. A. Armstrong
et al. [Armstrong, J. A., Bloem-
bergen, N., Ducuing, J. & Pershan,
P., Phys. Rev., 127 (1962), 1918]
- has been developed by Y. R. Shen
and N. Bloembergen of the Gordon
McKay Laboratory, Harvard Uni-
versity, Cambridge, Massachusetts.
Several attempts have been made
earlier to explain the observed
characteristics of the Raman and
Brillouin scattered radiations both
from the classical and from the
quantum mechanical points of
view.  Although a qualitative
explanation of many features of
the observed characteristics of the
radiations has been given by the
earlier theories, there are still a
number of important experimental
observations which have not
received detailed explanation.
The deductions from the new
theory are found to be in quali-
tative and in some cases quanti-
tative agreement with most of
the experimental results including
the directional properties of the
Raman radiation. However, it
should be emphasized that a num-
ber of simplifying assumptions
made in the analysis have not
been met under actual experi-
mental conditions. According to
the coupled wave concept on
which the present theory is based,
stimulated Raman and Brillouin
scattering can be described as
due to the interaction of light
waves with optical and acoustic-
phonon waves respectively. In
the formulation of the theory the
coupling parameters have been
derived both classically and quan-
tum mechanically and the wave
equations for the coupled wave
problem solved taking into account
the appropriate boundary condi-
tions. Saturation effects, genera-
tion of higher order Raman
radiation and the effect of mode
structure in the laser beam have
been treated in a more approxi-
mate and qualitative fashion. It
is pointed out that all the experi-
ments made so far in this field are
not sufficiently well defined to pro-
vide a test of the theory or to un-
ravel the various physical mechan-
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isms involved in the stimulated
Raman effect. A new experimental
arrangement which could possibly
provide better information about
the mechanism involved has also
been suggested [Phys. Rev., 137
(1965), A 1787].

A new phenomenon in
semimetals and
semiconductors

A new phenomenon in the elec-
trical conduction of extremely
small ohmic contacts (area & 10-10
cm.?) between a normal metal
and a single crystal of Bi, Sb or
semiconducting Bi-Sb alloys, at
low temperatures (2-4°K.), has
been observed at the IBM Watson
Research Centre, New York.
While observing the E-I charac-
teristic of the ohmic contact, it
was found that as the current is
increased, at a critical value of
the current I¢, the resistance
changes abruptly from a lower
value Ry to a higher value Rpy.
It was also observed that this
effect had no polarity with respect
to bias voltage and that the criti-
cal value of the current where
the jump in the resistance value
takes place as the current is de-
creased (I¢/) was less than Ig.
Thus a.hysteresis loop is formed
by a complete cycle of current
whose area is dependent on the
sweeping speed.

The small contact areas were
derived by evaporating a metal
through a pinhole in an oxide
layer on the cleared surface of a
single crystal. The substrate was
kept near room temperature to
avoid any alloy formation during
evaporation and Al, In and Ag
were used as the counter electrode.
The effect was dependent on the
metal used, the temperature and
the magnetic field. The plot of
dV|dI versus I for different magne-
tic fields showed multiple peaks
at currents near J¢, thus indicat-
ing that the current flows through
more than one pinhole. It was
also found that I¢ is linearly depen-
dent on magnetic field and falls
to zero at a value H¢ and that

H¢ and I will probably fall to
zero at some temperature 7'¢ above
4-5°K.

These observations are similar to
those observed in the case of super-
conductors. Since the conditions
of observations eliminate the pos-
sibility of any other material
associated with the contact becom-
ing superconducting and since the
calculated ratio of Ry/Ry (= 1:5)
agrees closely with the ratio of
the spreading resistance for a
flat contact to that of a hemi-
spherical contact (==/[2), it is
believed that a small portion of
the non-metal under the contact
point becomes superconducting.
It is proposed that the super-
conductivity of the semimetal may
be due to production of excess
carriers at the region of contact
[Phys. Rev. Lett., 15 (1965), 152].

Observation of Jahn-Teller
tunnelling by acoustic loss

The observation for the first
time of certain acoustics charac-
teristics which could be attributed
as due to quantum mechanical
tunnelling through a potential
barrier connected with the Jahn-
Teller effect has been made for
the first time at the Bell Tele-
phone Laboratories, Murray Hill,
New Jersey. The characteristics
which could be attributed to the
Jahn-Teller tunnelling were ob-
served during investigations of
low temperature acoustic loss and
velocity change which arise from
incorporation of small quantities
of Ni** and Mn®* into single
crystals of yttrium aluminium gar-
net (YALG) and corundum, and
of Mn®* into yttrium iron garnet
and lithium gallium spirel. The
presence of either of these two
ions leads to a large acoustic loss
and to a reduction in sound velo-
city which increases rapidly with
decreasing temperature. Both ions
enter octahedral sites and have
unpaired e electrons in the ground
state, Mn3" being in the weak
field °E state and Ni** in the
strong field 2E state. These states
are expected to show a strong
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Jahn-Teller effect which has been
observed by spin resonance for
the case of nickel in corundum and
YALG. The observed effects have
been attributed to relaxation under
stress between the possible direc-
tions of the Jahn-Teller distortion.
At high temperatures, the relaxa-
tion tends to the exponential tem-
perature dependence characteristic
of thermal activation over a poten-
tial barrier. However, at low
temperatures, the relaxation time
becomes independent of tempera-
ture. The only possible explana-
tion for this observation is that
there is tunnelling through the
potential barrier [Phys. Rev. Lett.,
15 (1965), 19].

High resolution images by
the ‘ photocharge process’

A new light sensitive plastic
film that produces high resolution
images has been developed at
General Electric’s advanced techno-
logy laboratories. This film con-
tains a photosensitive compound
—an organic chemical dissolved
in a polymer. The new technique
is called ‘photocharge process’
and uses a photoelectric potential
generated in the film when ex-
posed to light to produce images.
Unlike the conventional electro-
photographic process, photocharge
requires no external electrical
charges or fields. It is expected
that the process may find its
early applications in microimaging
memories for graphic and pictorial
information and in high resolution
inexpensive reproduction.

When thermoplastic  photo-
voltaic materials are cast as a
thin film on a rigid or flexible
substrate, they can be selectively
illuminated by a light image.
When the films are heated to their
flow point and cooled quickly,
deformations result which cor-
respond to the illuminated areas
of the film. The other advantage
in using the new film is that
it needs no chemical developer,
only light and heat producing a
completely developed picture. The
images produced by the film can
be seen with the naked eye by
reflected light. They can also be
projected as bright continuous-tone
black and white images through
refractive or diffractive optics.

It seems that the mechanism by
which these films operate entails
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the photogeneration of either posi-
tive ions and electrons, or nega-
tive ions and holes. As both the
charge carriers begin to diffuse,
driven by concentration-gradient,
mobility differences between bulky
ions and the much lighter electrons
or holes result in charge separation,
analogous to the bulk photovoltaic
effect. Since the film material is
a good insulator, the flow of elec-
trons or holes gives rise to space
charge which impedes further pene-
tration. Thus, these charges act
as a uniform layer below the
film’s surface producing an internal
field in the medium which is
primarily a function of the average
separation distance and the number
of charge carriers. When the
film is temporarily molten, electro-
static pressure due to the film
deforms the film. On extensive
heating, the charge carriers re-
combine because of coulombic
attraction and the enhanced mobi-
lity of the liquid state, and the
film can be used again.

The resolving power obtained by
using photocharge process is such
that two lines less than 1/10,000 in.
apart are readily distinguished.
Twenty-five re-uses. have been
obtained with a single film with
no apparent degradation of image
quality or film sensitivity [Chem.
Engng News, 43 (24) (1965), 48].

Regeneration of X-ray
damaged cells by DNA

Dr Mathilde Krim and coworkers
at Sloan-Kettering Institute for
Cancer Research (New York City)
have demonstrated that the radia-
tion damage caused to cells by
X-rays can be repaired by sub-
sequent administration of DNA
to the cells. Loose monolayers
of Chinese hamster cells grown
on cover slides were irradiated
with X-ray doses of 10-800
roentgens and divided into two
groups, one treated with human
leucocyte DNA at a concentration
of ¢. 200 mg. per ml. and the other
untreated group was for compa-
rison. Cytological examination of
these samples revealed that the
extraneous DNA, when adminis-
tered for as little as 30 min.,
significantly assisted in the spon-
taneous repair of radiation damage
to chromosomes. Also, DNA
treatment reduced the number of
cells with chromosome abnorma-

lities. Dr Krim explains that the
breaks visible in chromosomes
at the metaphase of mitosis under-
go spontaneous repair by joining
of the broken ends and if the
broken ends are joined correctly
the damage is no longer demon-
strable cytologically. It was
also found that half the non-
treated cells were killed with 200
to 300 roentgens depending on the
handling of cells before and after
irradiation. But when DNA was
added to the cells after irradia-
tion the dose needed was as high
as 400 roentgens to kill 50 per
cent of the cells. The regenerative
effect of DNA is different from the
preventive action exerted by non-
cellular agents like cysteine and
cysteamine. DNA is non-toxic
and heterologous preparations can
be used.

The importance of the above
work is that it is the first demon-
stration of the beneficial effect of
DNA on the regeneration of
chromosomes in cells on irradia-
tion with X-rays [Chem. Engng
News, 43 (17) (1965), 40].

Unusual rearrangement in
organosilylhydrazines

The facile migration of silicon
from one hydrazine nitrogen atom
to another in organosilylhydra-
zines, observed accidentally for
the first time by workers at the
University of Wisconsin, Madison,
has led to the conclusion that
structures of some organosilyl-
hydrazines will have to be re-
considered, since structures in the
past have been assigned without
considering the possibility of re-
arrangement. In an attempt to
synthesize 1,2-bis-(trimethylsilyl)-
dimethylhydrazine from 1,2-bis-
(trimethylsilyl)-hydrazine it was
found that on adding two equi-
valents of #m-butyl lithium, fol-
lowed by two equivalents of
methyl iodide, a 60 per cent
yield of pure, colourless 1,2-bis-
(trimethylsilyl)-dimethylhydrazine
formed. However, the NMR
spectrum of this product showed
four peaks instead of the expected
two. Two peaks appeared in the
Si-C-H region (9-98 and 9-89 =)
and two peaks in the methyl
region (743 and 7-57 <) and the
relative peak areas were 3:3:1:1
respectively. Thus, it was con-
cluded that the product contains
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about equal amounts of two iso-
mers (I) and (II) which were
separated by gas chromatography.
Presence of rearranged isomer was
confirmed by first solvolysing the
isomers with 1-propanol and then
identifying the two respective di-
methylhydrazines. Similarly, re-
arrangement in 1,2-bis-(trimethyl-
silyl)-methylhydrazine has also
been studied.

Studies carried out using vari-
ous amounts of base shed some
light on the mechanism of the
rearrangement. The first step is a
rapid proton transfer to the base
generating the hydrazine anion
which then rearranges rapidly
if one equivalent of alkyl lithium
is wused, rearrangement is im-
mediate. With smaller amounts
rearrangement is immediate up to
the amount of base added and
slow after that, suggesting that
the first step is rapid proton
transfer to the base generating
hydrazine anion which then re-
arranges rapidly.

Other bases which catalyse the
rearrangement  of  1,2-bis-(tri-
methylsilyl)-dimethylhydrazine in-
clude phenyl lithium, Grignard
reagents, triphenylmethyl sodium
and the sodium radical anions of
naphthalene and anthracene [Chem.
Engng News, 43 (15) (1965), 46].

Cobaloximes

A number of cobalt complexes,
cobaloximes, have been prepared
and found to have chemical
properties remarkably similar to
those of vitamin B;,. The com-
pounds are prepared by reacting
bis (dimethylglyoxime) complexes
of cobalt (ITI) with Grignard re-
agents such as phenylmagnesium
bromide, methylmagnesium bro-
mide, etc. The cobaloximes can
be reduced to substances analogous
to vitamin Bje, and vitamin Bys;.
These reduction products can be
used to synthesize many new
organometallic compounds of cobalt
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in aqueous solution. The essential
species present in solution of both
vitamin Bjgs and cobaloximes are
anions in which the spin paired
cobalt (I) ion is probably five
coordinated. This causes an in-
crease of the antibonding character
of the highest filled orbital which is
responsible for the strong nucleo-
philic character of cobalt. The
characteristic colour of the reduced
species stems largely from the low
energy d-d transitions. The reac-
tions of both Bjss and cobaloximes
with alkylating agents are nucleo-
philic displacement reactions.

Most organo cobaloximes are
remarkably insensitive to oxygen
but decompose easily in light, a
behaviour also exhibited by By,
derivatives. Photolysis of cobalt-
carhon bonds producing alkyl radi-
cals has been used to alkylate
thiol groups.  This reaction is
analogous to the stoichiometric
formation of methionine from
homocysteine in which methyl-
cobalamine is the source of methyl
group [Chem. Engng News, 43 (37)
(1965), 61].

N-Acetylpyrrole

Acetylation of pyrrole in the
1-position has been a difficult job
because of the formation of other
products, viz. 2- and 3-acetyl-
pyrroles. Also the methods em-
ployed are tedious and the yields
low. A relatively simple method
with yields as much as 90 per cent
has been developed. In the pre-
sent method, equimolar amounts
of freshly distilled pyrrole and
freshly distilled N-acetylimidazole
are heated under reflux at atmo-
spheric pressure. The acetyl group
transfers from imidazole to pyrrole,
of course without the use of any
catalyst. ~ N-Acetylimidazole is
comparatively easier substance to
get into the pure state. The pro-
gress of the reaction is followed by
NMR spectroscopy. It is found
that after heating under reflux for
90 min., the N-acetylpyrrole con-
tent of the mixture is 90 per cent
and does not change appreciably
on continued heating [Chem. &
Ind., (1965), 1426].

Chemistry of trimethylsilyl
radical

Studies on the chemistry of
trimethylsilyl radical did not make

any headway earlier due to the
non-availability of the soutce. It
has been found that bis (trimethyl-
silyl) mercury, when heated or
exposed to light, decomposes to
form trimethylsilyl radicals. Bis
(trimethylsilyl) mercury, formed by
treating mercury amalgam with
trimethylsilyl chloride, is a yellow
solid melting at 102-4°, without
decomposition, to an orange liquid.
The compound decomposes ther-
mally in cyclohexane with a half-
life of about 3 days at 190°C.
In the presence of light it de-
composes rapidly in cyclohexane,
but slowly in aromatic solvents.

When bis (trimethylsilyl) mer-
cury decomposes in cyclohexane
it produces mercury and trimethyl-
silyl radicals which combine to
give hexamethyldisilane with traces
of trimethylsilane. Heating the
compound in toluene, benzene or
chlorobenzene gives a number of
products for the formation of
which the presence of trimethylsilyl
radical is essential.

One of the most interesting re-
actions of trimethylsilyl radical is
the displacement of trichlorosilyl
radicals from the aromatic ring.

PhSiCl, + Me,Si.—->PhSiMe; +ClySi.

The above reaction also occurs in
the gas phase at 500°C. [Chem.
Engng News, 43 (37) (1965), 60].

A new method for the
reduction of aromatic
nitro compound

The only methods hitherto avail-
able for the reduction of nitro-
benzene and its alkyl derivatives
in alkaline medium are that of
Bechamp and the catalytic hydro-
genation. A new method based
on the reducing power of a mix-
ture of sulphur and sodium hydro-
xide in acetone-methanol mixture
has been developed. In a typical
case sodium hydroxide (3 g.),
sulphur (1'5g), acetone (10 ml.),
methanol (10 ml.) and nitro com-
pound (0-0248 mole) are heated for
1-5 hr on a water-bath. The amine
formed is removed by either of the
following methods: (a) distilling
the solvent followed by removal
of the amine by steam distillation;
(b) extraction of the amine with
benzene; and (c) extraction with
benzene followed by further extrac-
tion with dilute acid. The yield of
the amine is 75 per cent if the
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quantity of sodium hydroxide taken
is double that of sulphur. Heating
beyond 1-5 hr does not improve
the yield [Chem. & Ind., (1965),
1496].

New microchemical
techniques

The problems which confront a
microchemist are accurate weigh-
ing, achieving complete combustion
and making qualitative and quanti-
tative analyses of reaction pro-
ducts. Recently, some new ap-
proaches in simplifying the above
problems have been developed.

Among the new approaches is a
technique of weighing hygroscopic
materials in the submicro scale.
A dry sample atmosphere is pro-
vided by a small membrane-type
pump to drive air through a
4 m. long section of polyvinyl
chloride tubing. The air stream
passes through an activated silica
gel packing and then through a
grid plate supporting a platinum
weighing boat. The hygroscopic
sample is introduced into the boat
in a counter current flow of dry
air and the boat is then transferred
to the balance. A silica gel insert
around the balance pan provides a
dry atmosphere for weighing.

In the case of polymer analyses
a new combustion furnace has
been designed for the pyrolysis of
polymers in the sample injector of
a gas chromatograph. A moving
wire, a hydrogen flame and a
flame detector are the main com-
ponents of the system. Sample
drops (pl.) fall and attach them-
selves to the moving wire which
carries the sample into a hydrogen
flame where the solvent burns.
A flame detector connected with
programmed-temperature chro-
matographic columns can then be
used to determine both type and
amount of polymers in solution.
A modified Wickbold combustion
furnace has been devised for sul-
phur analysis in p.p.m. Instead
of aspirating the sample the modi-
fied furnace eliminates the vacuum
pump by using a sample reservoir
and pressurizing the sample into
the burner with carbon dioxide.
Higher temperature employed
favours the thermodynamic stabi-
lity of SO, and minimizes forma-
tion of SOj.

A microchemical technique,
injection enthalpimetry, has been
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developed {for titration reactions
that require an excess of titrant.
It involves rapid injection of
20 pl. of the appropriate concen-
trated reagent and measurement
of the temperature change as a
temperature pulse. = The heat
evolved depends on the number
of moles reacted and is thus pro-
portional to sample size [Chem.
Engng News, 43 (37) (1965), 64].

Enzymic synthesis of the
methyl group of methionine

The importance of N, N;-methy-
lenetetrahydrofolate reductase in
the biosynthesis of Ng-methyltetra-
hydrofolate and consequently of
the methyl group of methionine
is well established [Friedkin, M.,
Annu. Rev. Biochem., 32 (1963),
185]. Evidence also exists to
indicate that this enzyme is a
flavoprotein, catalysing the reduc-
tion of N;Nj-methylenetetra-
hydrofolate as shown below.

Ny, Njp-Methylenetetrahydrofolate
+FADH,->N;-methyltetra-
hydrofolate-FAD

The methyl group of methionine
is derived from Ng-methyltetra-
hydrofolate; however, the reaction
by which reduced flavinadenine
dinucleotide (FAD) is generated
for methylenetetrahydrofolate re-
duction has not been clarified.
It has been suggested that methy-
lenetetrahydrofolate reduction
directly catalyses the oxidation
of NADH during the reduc-
tion of methylenetetrahydrofolate
[Cathou, R. E. & Buchanan, J. M.,
J. biol. Chem., 238 (1963), 1746).

Recent studies of H. M. Katazen
and M. Buchanan []. biol.
Chem., 240 (1965), 836] are in
extension of the earlier work.
The enzyme N; N;;-methylene-
tetrahydrofolate reductase has been
purified 100-fold and the purified
enzyme did not utilize NADH
to reduce NjN;o-methylenetetra-
hydrofolate. They have also shown
that the utilization of NADH in
this reaction required FAD and
also the participation of another
enzyme, flavin reductase.  This
second enzyme is for generating
FADH, necessary for the reduc-
tion of methylenetetrahydrofolate.

NADH +-H*4+FAD->FADH, +NAD

They have further demonstrated
that the synthesis of the enzyme

methylenetetrahydrofolate reduc-
tase in bacteria is controlled by
methionine, an end product type
of repression mechanism. Enzyme
synthesis is repressed at high
concentrations of either methio-
nine or vitamin B,,. Evidence has
been presented to indicate that
By, functions by increasing the
production of methionine.

In the second paper the authors
report the transfer of methyl
group from the methyl donors to
homocysteine to form methionine.
In view of the earlier report of
J. Bremer and D. M. Greenberg
[Biochim. biophys. Acta, 46 (1961),
217] that a number of sulphydryl
compounds can be methylated
enzymatically by S-adenosyl-
methionine, these authors have
studied the role of the By,-
containing enzyme in the trans-
methylation of 2-mercaptoethanol
from S-adenosylmethionine and
N;-methyltetrahydrofolate. They
isolated S-methylmercaptoethanol
as the product of transmethylation
from either donor. However,
homocysteine was a better sub-
strate when both homocysteine
and mercaptoethanol were pre-
sent in equivalent concentrations.
Moreover, with this transmethylase
system large variations in the
concentrations of one methyl donor
does not lower the contribution of
the other methyl donor in the
formation of thiol methyl products.
From these experiments the authors
suggest that the methyl groups
derived from S-methyltetrahydro-
folate and S-adenosylmethionine

do not converge metabolically,
i.e. they donate their methyl
groups  independently.  These

observations, therefore, exclude the
possible involvement of adenosyl-
homocysteine  in  transferring
methyl group of 5-methyltetra-
hydrofolate to other acceptors
as suggested by M. A. Foster,
M. J. Dilworth and D. D. Woods
[Nature, Lond., 201 (1964), 39].—
K. SuBBARAO

Tryptophan synthetase
A protein

The A protein subunit of Esch.
coli tryptophan synthetase cata-
lyses the reversible reaction of
indole glyceraldehyde phosphate
to indole and 3-phosphoglyceralde-
hyde. This enzyme consisting of a
single polypeptide chain has been



purified. Recently, extensive gene-
tic and biochemical studies have
been carried out with this protein
to determine the specific relation-
ship between mutation in the A
gene, the structural gene for the A
protein and the subsequent struc-
ture and function of the A protein.

Mutation studies with the A
gene-A protein system have led to
the isolation and characterization
of a large number of mutants
incapable of forming a functional
protein. Of the 60 mutants pro-
duced by ultraviolet light, the
mutationally altered sites were
found to be at restricted locations
in the A gene. For example,
there were 15 recurrences of A-23
mutations, 7 recurrences of A-46
mutations, 14 mutations at A-11
site, 16 mutations at A-34 site,
4 mutations at A-11 site and 1
mutation at A-169 site [Yanofsky,
C., Carlton, B. C., Guest, J. R,
Helniski, D. R. & Henning, V.,
Proc. nat. Acad. Sci., Wash., 51
(1964), 266]. These findings sup-
port the idea that either these
sites are preferred sites of muta-
tion by ultraviolet light or changes
at only certain positions will permit
the.recovery of an altered, detect-
able A protein.

To obtain evidence in support
of the concept of collinearity be-
tween gene structure and amino
acid replacements, J. R. Guest
and C. Yanofsky []. biol. Chem.,
240 (1965), 679] have studied the
mutationally induced amino acid
substitutions in the A protein
produced by 5 mutant strains
A-58, A-78, A-90, A-94 and A-169.
The altered proteins were immuno-
logically similar.  But altered
proteins differed from normal
A protein in heat stability,
solubility at low pH and electro-
phoretic mobility [Henning, U. &
Yanofsky, C., J. mol. Biol., 6
(1963), 16]. Some of the altered A
proteins also exhibited character-
istic peptide differences in trypsin,
chymotrypsin and trypsin+chymo-
trypsin peptide patterns when
compared to the normal protein
[Helniski, D. R. & Yanofsky, C.,
Proc. nat. Acad. Sci., Wash., 48
(1962), 173, 183]. However, with
the altered A proteins produced
by mutants A-58, A-78, A-90,
A-94 and A-169 no peptide differ-
ences could be detected except in
the case of trypsin+-chymotrypsin
pattern of strain A-169. Based on
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the amino acid changes associated
with mutations in the tryptophan
synthetase A gene, the above 5
mutants were divided into 3 cate-
gories. These changes were traced
to the adjacent residues 13 and 14
of octadecapeptide. Sequence ana-
lysis established that two of the
substitutions affected the glycine
residue at position 13 and the
third involved the serine at posi-
tion 14. The conversion of glycine
to cysteine in strain A-78 was not
observed in earlier studies on the
mutation alterations of protein
structure.  Three strains, A-58,
A-90 and A-94, possessed the altera-
tion, glycine, to aspartic acid.
The third amino acid substitution
was characteristic of A-169 and
involved the replacement of serine
by leucine. This change in A-169
mutant generates a new chymo-
trypsin sensitive bond in the other-
wise chymotryptic-resistant core.
Also, a new chymotryptic-tryptic
peptide overlapping TP 6 and
TP 3 was found.

Genetic mapping studies with
the above 5 strains showed
that their sites of mutation were
very closely linked with the A gene.
The A-169 mutation clearly oc-
curred in the coding unit adjacent
and distal to the coding unit
affected in the other 4 muta-
tions. The recombination data
suggested that the alterations in
A-58, A-90 and A-94 were produced
by identical mutational events and
that A-78 strain arose by a muta-
tion at another nucleotide in the
same coding units. The linear
relationship between the amino
acid substitution and recombina-
tion distances between the corres-
ponding loci on the genetic map
unequivocally establish the col-
linearity of the gene structure and
protein structure for the segment
of the A protein represented by
two tryptic peptides, TP 3 and
TP 6. The results obtained also
favour the ‘degeneracy’ of the
genetic code.

Mutation studies have also been
carried out with a revertant strain
A-46, PR 9, in an effort to deter-
mine whether the amino acid
difference characteristic of the
revertant protein would influence
the position of subsequent amino
acid changes that would give in-
active A proteins [Carlton, B. C. &
Yanofsky, C., J. biol. Chem., 240
(1965), 690]. In each of the

mutants examined only a single
amino acid difference was detected
between the mutant protein and
the parental protein. Although it
is likely that each of the single
amino acid changes is responsible
for the inactivity of the A protein,
sufficient comparisons were by no
means performed to rule out other
amino acid changes. The primary
structure of the two of the rever-
tant mutants and their genetic
mapping again provided additional
evidence for the collinearity “of
A gene and A protein.

Primary structure studies give
some information on critical amino
acid sequences required for maxi-
mum activity of the enzyme.
But better information can be
obtained from a detailed knowledge
of proteins of the primary struc-
ture of the wild type enzyme
which are required for substrate
binding and turnover.  Such
information will eventually sug-
gest explanations for the absence
or presence of activity in the
mutant and reverted A proteins.
The evidence obtained from studies
on chemical modification of wild
type enzyme in the presence and
absence of the substrate strongly
indicated the requirement for one
or more of the three cysteine
residues as free sulphydryls in the
catalytic activity of the A protein
[Hardman, J. K. & Yanofsky, C.,
J. biol. Chem., 240 (1965), 725].
This observation was based on
results obtained with sulphydryl
binding reagents and photo-oxida-
tion experiments. However, it is
difficult with the existing data to
relate enzyme inactivation un-
equivocally to the oxidation of
each amino acid residue. The
relative rate of cysteine oxidation
and enzyme inactivation was simi-
lar to enzyme inactivation by iodo-
acetate, suggesting photo-oxidation
of two cysteine residues to be
responsible for enzyme inactivation.
However, the possibility that acti-
vity loss is a result of all the three
types (cysteine, methionine and
histidine) or any two types of
amino acid residues, each contri-
buting to a degree of activity
cannot be ruled out completely.
Corroborative evidence is, how-
ever, available for the possible
role of histidine in substrate
binding.

In view of the probable flexibi-
lity of the enzyme structure in
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solution and the possibility that
low molecular weight compounds
such as an enzyme substrate
alter the conformation of the mole-
cule, it is rather difficult to define
clearly an unambiguous role for a
particular amino acid residue in
which modification results in the
loss of enzyme activity. Of the
amino acid residues believed to be
essential or involved in some
manner in the catalytic activity
or substrate binding properties of
the A protein (i.e. cysteine, histi-
dine and methionine) none has
been found to be altered in enzy-
matically inactive mutationally
altered A proteins. It is rather
likely that the amino acid substi-
tution found in defective proteins
is important for a proper function-
ing of the normal proteins. How-
ever, a further substantiation is
necessary to prove this.— T. S.
ANANTHASAMY

Progress Reports

Radio Physics Research in
Australia

Research activities and develop-
ments concerned with radioastro-
nomy and cloud physics form the
main content of the 1963-64
annual report of the Radio Physics
Laboratory, CSIRO, Sydney.

The principal instrument in the
study of radioastronomy is the
210 ft radio telescope commis-
sioned in 1961 at the Australian
National Radio Astronomy Ob-
servatory at Parkes, NSW, which
is operated as a field station from
the headquarters of the Radio
Physics Laboratory. The chief
features of the telescope are: (i) it
can be directed with precision
over a large part of the visible
sky and (ii) it can receive radiation
of any wavelength (from a few
centimetres to several metres) and
polarization.

To increase the resolving power
of the 210 ft radio telescope, the
laboratory’s 60 ft telescope is
combined with it to design an
interferometer. This  interfero-
meter when completed will have
a resolving power of 1’ at 20 cm.
or 30" at 10 cm. wavelengths as
against the 1° of the 210 ft telescope
used alone.
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The 210 ft telescope is also
used to find accurately the radio
positions by means of occultation
or eclipses of sources by the moon,
by measuring the time of dis-
appearance and reappearance from
behind the moon. The nature of
the magnetic fields in our own
galaxy is also being studied by
measuring the polarization and
Faraday rotation of the emissions
from the radio sources. Studies
of different types of radio emis-
sions from the Jupiter, finding
the radio sources of our own
galaxy, and survey of the galactic
plane are the other investigations
that are carried out with the
telescope.

The observations on the hydro-
gen line profiles from the Small
Magellanic Cloud when combined
with the optical data obtained by
employing the 210 ft radio tele-
scope showed that part at least
of Small Magellanic Cloud consists
of two separate masses of gas
and stars and that these are
moving rapidly apart at a velocity
(in the line of sight) of about
35 km./sec.

By means of the 210 ft telescope,
information on the red shift,
hydrogen content and dynamics
of the irregular galaxies NGC
55 and 3019 and the spirals NGC
300 and 5236 has been obtained.
These galaxies were found to be
having masses of the order of 10
solar masses, 5-10 per cent of the
matter being made up of inter-
stellar hydrogen, suggesting that
they are in their early stages
of evolution. Observations are
being made of galaxies of other
types, such as NGC 1313, 6744,
6822, 7793 and IC 1613.

Current research of the solar
group of the laboratory is directed
towards an understanding of the
basic flare phenomenon and its
geophysical and ionospheric ac-
companiments as well as the
physical processes underlying the
generation of solar emission. To
aid this programme a new fre-
quency (200-2000 Mc/s.) spectro-
graph has been designed and
operated. By this instrument
dynamic spectroscopy continuous
in frequency from 5 Mc/s. has
been achieved. Another new
important instrument, the radio-

heliograph, is being designed to
obtain extended and refined obser-
vational data at the metre wave-
length, a region which cannot be
studied by means of the avail-
able simple interferometers. The
radioheliograph gives images of
the sun in its radio emission at
80 Mc/s. The images will cover
a field 2° in diam. and show the
details of the sun’s radio features
with a resolution of about 3-5".

In the field of cloud physics,
detailed studies are being made
of the nature and origin of the
nuclei of condensation and ice
formation whose concentration in
the atmosphere plays an important
role in the growth of cloud and
the relcase of precipitation. With
the aid of theoretical models as
well as field investigations employ-
ing aircraft, the dynamics of con-
vection have been studied. Conclu-
sions from experiments conducted on
rain-making, particularly by inject-
ing silver iodide acting as artificial
freezing nuclei, have been reported.
A new series of area cloud seeding
experiments with improved design
are being initiated.

Nobel Prize Awards, 1965

The Royal Swedish Academy
has awarded the 1965 Nobel Prizes
for physics jointly to Prof. Richard
Feynman (California Institute
of Technology), Prof. Julian
Schwinger (Harvard University)
and Prof. Shino-ichiro Tomonaga
(Tokyo Kyoiku University) for
their distinguished contributions
in the development of quantum
electrodynamics. The three physi-
cists, working independently, trans-
formed the ‘exchange play’ —a
theory dealing with interactions
between elementary particles —
into mathematical form.

The Nobel Prize for chemistry
has been awarded to Dr R. B.
Woodward (Harvard University)
for his meritorious contributions
to the ‘ art ’ of organic synthesis.

The Nobel Prize for medicine
and physiology has been jointly
awarded to French scientists André
Lwoff, Frangois Jacob and Jacques
Monod, all working at the Pasteur
Institute, for their researches into
the mechanisms by which genes re-
gulate vital biochemical processes.



New Publications

THE WEALTH OF INDIA
Industrial Products: Part VI (M-Pi)

Contains comprehensive account of development and present position of 28 Indian
industries, important among them being Machinery, Motor Vehicles, Petroleum
Refining, Pharmaceuticals, Paints & Varnishes, Paper & Paperboards, Metal
Containers & Closures, Perfumery, Opium Alkaloids, Mica & Mica Products, Oxygen,
Pin & Clips, Needles, Match and Papier Mache.

Pages xiv-|-315+-xii Demy 4to, 6 plates and 89 illustrations
Price Rs 28.00 ($8.00, sh.56)

DRUG ADDICTION

With Special Reference to India
by
R. N. CHOPRA & |I. C. CHOPRA

Contains two parts consisting of 12 chapters dealing with: Drug addiction as a
world problem, Addiction producing drugs, Psychiatric and clinical aspects of drug
addiction, Treatment of drug addiction, Minor drug habits, Tobacco habit, Alcohol,
Barbiturates, Cannabis, Opium, Cocaine, Control of drug addiction in India.

Pages xiii-}-264 Royal 8vo Price Rs 12.00 (53.50, sh.24)

Copies available from:
Publications & Information Directorate, CSIR
Hillside Road, New Delhi 12

JSIR—FEBRUARY 1966 A19



PURITY IS OUR
BASIC

APPROACH

‘BASYNTH’ is your guarantee for
Standarised Reagent Chemicals
manufactured in modern laboratory
by qualified chemists—

Manufactured.by .

BASIC & SYNTHETIC CHEMICALS PRIVATE LTD.

25, EAST ROAD * JADAVPUR * CALCUTTA-32

Prograssive/BSC 4

FOR Qw AND
QUALITY SERVICE

5.S. Water Still (Barnstead Pattern)

* Barnstead pattern, for perfectly pyrogen-free distilled water and continuous
operation, specially to suit pharmaceutical demand.

* Complete equipment for ampoule distilled water injection plant like Water
Still, Drying Cabinet, Sterilizer, Ampoule Cutting, Fitting, Sealing, Testing,
etc., m/sc. Manyfolds, S.S. Storage Tarks, Laboratory Sundries, etc., and
their installation.

‘QUICO’ MODEL SC/W/2 * Either gas or electric, with different capacities.

Please contact:

UNIQUE TRADING CORPORATION

SPECIALISED IN LABORATORY EQUIPMENT

221 SHERIFF DEV])I STREET, BOMBAY 3
Gram: ‘UNILAB’ Phone: 325611 & 323489
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RESEARCH ELECTROMAGNET

TYPE NP-53

The magnet provides reasonably uniform fields and an air gap continuously
adjustable from zero to 10 cm. The pole pieces are 10 cm. in diameter. A pair of
cylindrical pole pieces is provided with the magnet. Tapered pole pieces are
specially made and supplied. Energizing coils carry low current and are air-cooled.
Current Stabilized Power Supply for use with this magnet is available.

A number of these magnets are in use in Universities, Colleges and our
National Laboratories.

Also available
5 cm. Electromagnet, Type P-51 o 7.5 cm. Electromagnet, Type NP-52

LARGER ELECTROMAGNETS MANUFACTURED TO SPECIAL ORDER

Manufacturers :

UNIVERSAL SCIENTIFIC COMPANY

32 PAREKH STREET, BOMBAY 4
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CALCIUM CHLORIDE

LPHATE OF ALUMINA
e
COMMON SALT

RS

POTASSIUM CHLORATE

“CAUVERY s...cCHEMICALS

Sor Indian Industry

Made according to modern methods...on modern equip—

ment...oy fully-trained operating crews, CAUVERY brand

chemicals can diways be depended- upon for their high
quality and constant uniformity.

THE METTUR CHEMICAL & INDUSTRIAL CORPORATION LIMITED

P o
. Mettur Dam R.S. =
Manoging Agents: SESHASAYEE BROTHERS PRIVATE LIMITED

Salem Dt.

MODERN SCIENTIFIC INSTRUMENT
COMPANY

48A/48B SADASHIV CROSS LANE
BOMBAY 4

*

Direct Importers & Stockists of

‘PYREX’ Brand
Laboratory Glassware and

Apparatus
*

Manufacturers of

‘MODERN’ Brand

Laboratory Equipment

SHABNAM

PLASTIC ANALYTICAL BALANCE
COVERS

HELP KEEP YOUR
LABORATORY BALANCES
FREE FROM DUST AND STAINS
AND ADD GLAMOUR TO YOUR LABORATORY

Available in Beautiful Clear Plastic
at Rs. 11.50 each

(They are cheaper 25 per cent by the dozen)

Manufacturers:

OCEANIC INDUSTRIES
(INDIA) PRIVATE LTD.

1-2 PRESIDENCY COURT
55 GARIAHAT ROAD
CALCUTTA 19
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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

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

JSIR— FEBRUARY 1966 A23



SCIENTIFIC INSTRUMENTS & EQUIPMENTS

FOR
EDUCATION, RESEARCH & INDUSTRY

*RESEARCH, STUDENT & DISSECTING MICROSCOPES

* MICROTOMES  * pH METERS * PHOTOELECTRIC

COLORIMETERS * OVENS * INCUBATORS * WATER

BATHS * ANALYTICAL BALANCES * LABORATORY

GLASSWARE * PORCELAINWARE & SILICAWARE
* PHYSICS INSTRUMENTS

DISSECTING MICROSCOPE

INTERNATIONAL AGENCIES

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

WE MANUFACTURE

e AUDIO OSCILLATORS e BATTERY CHARGERS e BATTERY
SUBSTITUTES e DOUBLE WOUND SINGLE PHASE
TRANSFORMERS e ELECTRONICALLY
REGULATED POWER SUPPLIES

VARITRAN

(substitute for ordinary toroidal wound auto-transformers)

Detailed literature available on request

LABORATORY FURNISHERS

DHUN MANSION, 186C VINCENT ROAD, DADAR, BOMBAY 14
Telephone: 442761 Telegrams: ‘LABFURNISH’, Bombay-Dadar

Branch Office: Kapasia Bazar, Ahmedabad
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In laboratories and industrial plants, for analysis and process control, and in a host of other
applications, these indicator papers are in continual use. They are the quickest and handiest
means of making pH checks ‘on the spot’, the paper covering the appropriate range simply
being dipped into the test solution; the colour which develops is compared with the standards
shown on each book. It is often an advantage to use B.D.H. Wide Range pH indicator papers in
the first instance, followed by the appropriate Narrow Range papers for an accurate pH determi-
nation. Where both the Wide Range and Narrow Range papers are in use the B.D.H. Multi-
Range package is very convenient

B.D.H. Narrow Range Indicator Papers [J B.D.H. Wide Range Indicator Papers
B.D.H. Multi-Range Indicator Papers [0 B.D.H. Litmus Papers

gritish Drug Houses (India)
. rivate Ltd.,
Laboratory Chemicals Laboratory Chemicals Division,

8 Graham Road, Bombay 1
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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, Cuicutta, Lucknaw, Kanpur, Madres and Bangalore

. camL.27
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Safe & Dependable
INJECTABLES

A wide range of parenteral preparations for meeting the growing requirements of the
medical profession are processed in our laboratories. They are made from standard chemicals
employing double distilled and PYROGEN FREE water. Their containers (ampoules) undergo
rigid neutrality tests before they are selected for use. These injectables are, therefore, guaranteed
to be absolutely safe and dependable.

The following are but a few of our well-known injectables:

s RETICULIN — A potent Extract of Liver

= HEXOPURIN — An Urinary Antiseptic

s CALCITOL — Injectable Calcium Gluconate
= BEVITAMIN — Injectable Vitamin B,

s CEVITAMIN — Injectable Vitamin C

= GLUCOSE SOLN — Injectable Pure Dextrose

THE MYSORE INDUSTRIAL & TESTING LABORATORY LTD.
MALLESWARAM P.O., BANGALORE 3

Selling Agents :
Messrs Khatau Valabhdas & Co., Bombay Messrs Karnatak & Deccan Agencies, Hubli
Messrs Ventlax, Secunderabad

~

IMPORTERS &
MANUFACTURERS OF
SCIENTIFIC
GLASSWARES
FROM
PYREX GLASS.

SCIENTIFIC

INDUSTRIE S

11. ULTADANGA ROAD. CALCUTTA -4
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ELECTRONIC
INSTRUMENTS

L.T., HT. & E.H.T. Power Supplies, Transist-
orised Power Supplies, Temperaturc Controllers,
Timers, Constant Current Regulators, Electro-
magnetic Demonstration  Apparatus, Photo

[BAN

Electronic Devices, Shortwave Demonstration
Apparatus, E/M  Demonstration ~Apparatus
(with Cathode-ray tubes), Valve Characteristic
Apparatus.

Jfor electronics, science and technology

POLYTRONIC CORPORATION

20A, Shaktl Sadan, Junction of Tardeo Briage &
Lamington Road, Bombay-7 WB.

CLEAR AND LUMINOUS IMAGE
MAGNIFICATION UPTO 400

An ideal instrument for demonstration

MICRO
J0#A ) pRoJECTOR

INDIA
MODEL - TWMP

Also these Microscopes:

® STEREO BINOCULAR

@ METALLURGICAL

© BINOCULAR RESEARCH

® MONOCULAR RESEARCH ano MEDICAL
® MONOCULAR STUDENT

® DISSECTING

Manufactured by :

TOWA OPTIGS (INDIA) PRIVATE LTD.

in collaboration with TOWA - Japan
Regd. Office : 4, Daryaganj, Post Box 1685, Delhi-6 Phone : 271497
Branch Office : 33, Sembudoss Street, Madras-1

— - - S N
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Turbidity

« Extinction

+ Fluorescence

» Monochromatic light source
HQE 40

. Titration

« Reflectance 45/0

VEB Carl Zeiss JENA I —

* GRATING MONOCHROMATOR 365-750 mp + TEST TUBES « CELLS « TRANSISTOR
AMPLIFIER . COMPLEMENTARY AMPLIFIER ZV « SIMPLE MANIPULATION
+ WIDE RANGE OF APPLICATION

VEB carl Zeiss JENA At the Leipzig Spring Fair Zeiss Instruments

GERMAN DEMOCRATIC REPUBLIC will be on exhibit in Hall 15 * Electronics-

Birthplace and Centre of Modern Optics Automation

”»

and in the ‘‘ Zeiss Pavilion ™’

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, e P-7 MISSION ROW EXTENTION, ® 4/2 B, ]WALA MANSION, ASAF ALl ROAD,
MADRAS-| CALCUTTA NEW DELHI
MASS-CZ}-65
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Leitz

Optical Precision Measuring Instruments

LARGE
TOOL MAKERS’
MICROSCOPE

It would have been just as easy to measure a ring thread gauge instead of the top, because the replace-
ment of the binocular measuring tube by the internal measuring device required for this gauge is a matter
of only 15 seconds. However, the use of Large Tool Makers’ Microscope is by no means confined to the
measurement of threads; indeed its versatility is one of its characteristics. Its application includes linear and
angle measurements (in right-angle and polar coordinated) and measurements of complicated profiles, radii,
external and internal tapers, bores and distances bztween bores. Even concealed sites are accessible.

Mat types of measurement ate possible with the version shown here, some of whose features you may
want to know. Measuring stage with large 200X75 mm. measuring range; results are read off built-in
precision scales (5 mp), binocular mzasuring tube, with upright, right-way round image; tilting eyepieces,
adjustable for eye level and interpupillary distance; built-in objective slide for the rapid change-over of
magnifiers from 10X 20 and 30X (or 50X, 109X, 150X); interchangeable graticules for profile comparison;
built-in angle measuting device (scale value 1 min.); double-image attachment with complementary colours;
special objective for measurements with knife edges.

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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A RANGE FROM THE HOUSE OF
SCIENTIFIC INSTRUMENTS

SPECTROSCOPY

GORDHANDAS

4y

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

DESAI PVT. LTD.

KERMANI BLDG. SIR PHEROZSHAH MEHTA RD., BOMBAY-I.
P.B. 1252, MADRAS-1. P.8. 328, CALCUTTA-I. P.B. {92, NEW DELHI-I.
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OUR OWN LINE OF
PRODUCTS

“GD” - Pressuvac
Combined Pressure and Vacuum Pumps

“GD"” - Optika Microscopes
Student and Medical Models

“GD” - Centrofix

Laboratory Centrifuges, 2, 4 and 8 tube
models

| “GD” - Stirrers

Laboratory and Industrial Electrical
Stirrers, with or without hotplates

“GD” - Balances
Student and Precision, Chemical Models

“GD” - Laboratory Glassware

“GD” - Hardware
Gas and Water Taps, Burners, Clamp, etc.

“GD” - Orsat Gas Analysis Apparatus

“GD” - Biological Supplies

Demonstration and Museum Specimens,
Charts, Agricultural, Medical and Veterin-
ary Models, Micro prepared Slides, Stuffed
Animals, Embalmed Specimens, Skeletal
Preparations, Plastic Embedded Specimens,
Slide Cabinets, Insect Boxes, Insect
Cabinets, Card Index Cabinets, Vasculums,
Herbarium Presses, Biokits, Specichro-
grams, Stains Alizarine Preparations,
Aquaria, Micro Cover Glasses, Microtomes
and Accessories, Trays, Inspissator



World's leading
source for
Diffraction .
Gratings. ..

in both Quality
and Quantity

Bausch & Lomb Diffraction Gratings are preferred by all major manufacturers of spectro-
scopic instruments as well as astronomers, spectroscopists and other scientists. As the
World’s number one source, B & L maintain a stock of hundreds of different gratings
and they can produce thousands of varieties from master gratings now on hand.

B & L interferometric control is your assurance of the highest precision standards
and finest quality gratings available. They are outstanding in their high resolving
power, low ghosts and high efficiency.

B & L has specialized in coating both gratings and mirrors with fast fired aluminium
plus MgF, for high reflectance at wavelengths shorter than 1500 A in the vacuum
ultraviolet. Coatings of gold or platinum are also available for gratings for the
extreme ultraviolet region.

BAUSCH & LOMB @

For full details write for Catalogue D-261 to
SOLE AGENTS:

MARTIN & HARRIS (PRIVATE) LTD.

(SCIENTIFIC DEPARTMENT)
SAVOY CHAMBERS, WALLACE STREET, BOMBAY |
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