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HEWLETT @ PACKARD 

FLEXIBLE PERFORMANCE 
with the hp 562A Solidstate Digital Recorder 
Prints up to 5 linessec. Accepts data in just 2 m sec. Plug-in programming 

for each column. Optional selection of several B C D Codes. 
Dual input 10-line Code available 

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

It prints digital data as fast as 5 lines per second, wi th as many as 12 digits per line. A storage feature 
for cach column permits data transfer in  2 m sec, after which the source is free t o  collect new data. 

In  addition t o  four-line B C D codes, ten-line code (wi thout  the data storage feature) also is available 
w i th  plug-in cards. The Recorder also accepts dual input (optional) t o  print data simultaneously from 
t w o  unsynchronized sources -even i f  coded differently. 

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

S P E C I F I C A T I O N S  
Printing rate 5 lines/sec maximum 
Data input Parallel entry; B C D (1-2-2-4. 1-2-4-8, 1-2-4-2) or 10 line: difference tetween '1 '  

and '0' states may be between 4 and 75 volts 
Reference voltages B C D codes require both '0' and 'I' state references: 10 line codes require 

reference voltage for '0' state; reference voltages may be up to 150 v to 
chassis; input impedance is approximately 270 k ohms 

For other details, please write to: 
SOLE DISTRIBUTORS 

T H E  SCIENTIFIC I N S T R U M E N T  EOIP.IIY LIMITED @* 
ALLAHABAD BOMBAY CALCrJTTA MADRAS :NEW D E L H l  

Head Office: 6 %j Bahadur Sapru  Road, Allahabad ,911-I96 
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PHYSICS LABORATORY INSTRUMENTS I 
manufactured by 

TOSHNIWAL INDUSTRIES PRIVATE LIMITED, AJMER 

under licence from 

Messrs W. G, Pye 81 Co. Ltd., England 
RESISTANCE BOXES WHEATSTONE BRIDGES LABORATORY STOP- 

CLOCKS * SCALAMP GALVANOMETERS * STANDARD SHUNTS * DECADE 

RESISTANCE BOXES POST OFFICE BOXES STUDENT POTENTIO- 

METERS KELVIN BRIDGES, etc. 

Also 
under licence from 

Messrs Hartmann & Braun AG, West Germany 
THERMOCOUPLES & ACCESSORIES TEMPERATURE INDICATORS PANEL 
MOUNTlNG VOLTMETERS PANEL MOUNTING AMMETERS FREQUENCY 

METERS, etc. 
I 

I under licence from 

Messrs Polymetron Ltd., Switzerland 
pH METERS & CONTROLLERS 

I under licence from 

Messrs British Electric Resistance Co. Ltd., England 
CONTINUOUSLY VARIABLE AUTO-TRANSFORMERS REGAVOLTS & 
RHEOSTATS 

Many more instruments for all your requirements 

SOLE SELLING AGENTS : 

TOSHNIWAL BROTHERS 
PRIVATE L I M I T E D  

198 JAMSHEDJI TATA ROAD, BOMBAY I 

Branches : I 
KACHERI ROAD 3El8 JHANDEWALAN EXTN. 85A SARAT BOSE ROAD ROUND TANA, M O U N T  ROAD 

AJMER N E W  DELHl I CALCUTTA 26 MADRAS 2 I 



LOOK WHAT'S HAPPENED TO THE SELECTION 
IN PHOTOSTRESS PLASTICS! 

I t 's even bigger! Budd has added new PhotoStress* sheets, l iquid and 
adhesives : 

N e w  sheets: K-16 -highest K factor known, 0.16 constant t o  350°F. S-I5 -same 
as K- I6  in thinner sheets. 5-02 -h igh elongation, low modulus, l ow sensitivity. 
N e w  l iqu ids :  L-l l -high K factor 0 l I )  contourable liquid. ready in l i t t le  more 
than an hour. L-02 - l iquid form of 4-62; easiest t o  handle of all contourabie plastics. 
Spray-on - two-component plastic spray; parasitic-free: flameless, l ow temperature 
appl~cation. 
N e w  adhesives: A-02 - high elongation, reflective; formulated for use w i th  S-02 
and L-02 plastics. 4 H R C T  t r u e  four-hour cure reflective cement. Use w i th  K-16. 
S-15, L - l  I, A, S o r  XCL. N o  vertical o r  overhead problems. K R  - reflective cement 
for type R sheets. 

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

Sheets: S -standard PhotoStress. X C L  --extremely clear, high sensitivity. R-w i l l  
go t o  150", elongation. 
L iquid:  A - liquid form o f  type S plastic. 
Adhesives: R C T  - 2 4  hour cure; formulated t o  match S, A, XCL, K-16, S-15, L- I  l 
plastics. 

There i t  is, the most complete, most useful l ine o f  photoelastic plastics. . 
Budd PhotoStress. 
*PhotoStrers is a Trademark for the Zandman method of stress analysis and photoelastic materials equipment 

For the best in Photoelostics . . . go 

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

CLEAR, FREE O F  PARASIT IC 
B I -REFRINGENCE 

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

Air-mixing eliminates gun fouling, per- 
mits intermittent use wi thout  dis- 
assembly and cleaning. 

G E A R  D R I V E N  FILTERS, 
GLARELESS L I G H T  S O U R C E  
K E I  C O N V E N I E N C E S  O F  
N E W  L A R G E  F IELD METER 

Phoenixville. Pa. - A new large field 
meter recen'.ly announced by Budd 
Instruments Division is designed t o  
combine convenience wi th performance. 
The new unit, the PhotoStress LF/M, 
uses direct gear drive t o  assure positive 
tracking o f  all four optical filters. Fan- 
cooled l ight source of the new uni t  
is shielded t o  prevent flare-back, and 
operates at higher illumination levels. 
Budd uses color coded scales for maxi- 
mum visibility and readability. 

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

New PhotoStress Large Field Meter 

EXCLUSIVE TECHNICAL & SALES REPRESENTATIVES I N  INDIA 

R O T A X  A V I A T I O N  C O R P O R A T I O N  
Grams: 'ROTAXCORP' P O S T  OFFICE B O X  2596, N E W  D E L H l  5 Phone: 51344 

A5 



EXPERl ENCE 
TELLS 
THE STORY 

The story of the growth of 
Bengal lmmunity IS the 
story of experoence rich and 
varied. gained through the 
co-ordination of Research. 
Clin~cal evaluation and Pro- 
duction. Bengal Immunity 
1s to-day one of the biggest 
organisations manufactur- 
ing products In biological 
and pharmaceutical lines. 

Bengal lmmunity products 
are being manufactured 
over more than forty years. 
based on tho strictest 

standards of qual~ty. They 
are tested at every stage 
before being marketed and 
claim implicit confudence 
of the med~cal profession 
throughout 1 n d i a a n d 
abroad. 

1 @ THE BENGAL IMMUNITY COWANY LIMIEB 

153. Dharamtala Street, C.lcutta.13 



FOR INDUSTRIES-Textile, Glass. FOR H O M E . A N D  C A N T E E N  ETC.- 
Engineering and a l l  other industries lo r  Cooking & heating in Kitchens. 
controlled & efficient heating. Dormitories. Hospitals & Hotels. 

FOR P L A N T A T I O N S  - Drying and Makers & Designers of: Gas Burners, Loborato~ 
Roasting o f  Tea. Coffee and Cashew Nuth Equipment. Water Stills, Water Baths. Shakers, 

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

G A N S O N S  P R I V A T E  L I M I T E D  
P.O. B o x  5576. B o r n b a y . 1 4  



DISSECTING MICROSCOPE 

Focusing by rack and pinion. 

Lens supported in  a sleeve which moves backward and 

forward and lens-carrier moves sideways, thereby the 

whole stage is covered. Movable sturdy hand rests. 

Circular glass stage w i th  specimen holding clips. One 

opaque disc. Concave mirror. Optics IOx and 20x. 

I Instruments and Equipment for Education, Research and Industry 

INTERNATIONAL AGENCIES 
79 G H O G A  STREET, FORT, BOMBAY I 

Gram: ' SCIENAPP' Phone: 325375 
I 



Cauvery Brand 

STABLE 
BLEAGHING 
POWDER 
for 

*textile bleaching, 
water purification, 

*environmental sanitation .... 1 

Mettur Dam R 5 Salem Dist. 

CR TERION nc 37s 

for 
LABORATORY GLASSWARE, ETC.: Pyrex, Qu~ckf i t ,  Westglass 
Hygromzters, Hydrometers, Mlcro Cover Glasses and Sl~des, V ~ t r e o s ~ l  
S ~ l ~ c l w a r e  (Cruc~bles. Bas~ns, etc), Sintered Glasswares (Cruc~bles, 
F~lters. Funnels, etc.), Porcela~nware (Cruc~bles and Bas~ns), etc. 

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

and FILTER PAPERS: W i l t m i n  F ~ l t s r  P~per; and Spec~al~ties. Quall- 
tatlve Grades, Folded Grades. S~ngle and Double A c ~ d  Washed, 
Hardened Grade;, Papers for Chroniltography and Electrophores~s, 

hospital Papers In  Reels, S te r~mat  Pads, etc. 

LABORATOXY APPARATUS A N D  INSTRUMENTS : Analytl- 
cal Balance; snd We~ghts,  Centr~fuges, Hand and Electr~cal, Colorl- eq u i p men t meters, c o m ~ a r a t o r s  and ~ o ~ o u r ~ ~ s c s .  Haemometers. Haemo~~tomete rs .  
Incubators and Ovens, M~croscopes, M~crotomer. Photocolorimeters, 
Test S~eves, Stopclocks and Stopwatches, etc. 

MEDICAL A N D  SURGICAL APPARATUS : BP Blades and Handles, Blood Pressure Apparatus, D~agnost~c Sets, 
Stethoscopes, Hypoderm~c Syr~nges and Needles, etc. 

PLEASE CONTACT: 

B. P A T E L  & C O M P A N Y  
DIRECT IMPORTERS & STOCKISTS OF SURGICAL & SCIENTIFIC GOODS 

27/29 POPATWADI, KALBADEVI ROAD, BOMBAY 2 
Phones 38689 39702 - Grams GLASALSORT 



NEWERA IN GRAPH PAPER INDUSTRY + 
SECTIONAL GRAPH PAPER IN ROLLS 

STRIP RECORDING CHARTS 
ARE NOW MANUFACTURED 

1st TIME IN INDIA * 
CHHENNA CORPORATION 

P.O.80X I728 - DELHI-6 

Rama Pubs. 

Reaction Kettles steam jacketed. Evaporators, 
Distillation Unit  complete, Condensers, Filters 
and all accessories such as Stirrers anchor type, 

Impellers, Thermowells, etc. 

REPAIR WORK OF FOREIGN EQUIPMENT 
CARRIED O U T  PROMPTLY 

RAW MATERIALS FOR 

RESEARCH AND INDUSTRY-7 

Schoeller & Hoesch GMBH. 

(West Germany) 

All kinds of technical and high quality 

papers required for  manufacture of 

various types o.f condensors and cable 

insulation paper, etc. 

For further particulars contact : 

K. S. HIRLEKAR 
Western India House 

Sir Pherozshah Mehta Road 
BOMBAY I 

Gram: INDBUREAU, Bombay Phone: 2519311252073 



Sr1.z 6 S.rvice C m t m  rhrouzhouc ch. world ! 

Compact-Elegant-Yemutile-Novel Equipment: 

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

Specialities: 
"Poiyphor" condenser for variable illumination for phase conrrast. 
dark and bright field,"Binolux" Mercury Illuminator for contrast fluorescence- 
Combination o f  phase Contrast and fluorescence. 

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

Sold and Serviced in India by: 
Exclusive Agents and Distributors 

NEO-PHARMA INSTRUMENTS CORPORATION 
Kasturi Eldgs., J. Tala Road. BOMBAY-1. 

TechnicalService Offices: CALCUTTA-DELnl-MADRAS 

A l l  



Ar K Ca Sc Ti Cr Mn F ~ C O N ~  

KIRbSr7- 
-- 

Zr Nb Mo Tc RuRhPd 

Ag Cd In Sn Sb Te I 

~e I C E  ~a La Ce Pr Nd ~ n l  Sm Eu Gd Tb 

D y H o E r T m Y b L u  Hf Ta W Re 0s Ir Pt 
- ~ 

Au Hg TI Pb Bi PO ~t 

R n F r Ra Ac Th Pa U 

70 T h e  Johnson hlatthcy range of spccrrographlcally standardiccd 
substance5 is w d e  and notv embraces metals afld compounds 
represcntlng 70 clcments. All the materials are of the highcst 
practicable degree of purity and are subjectcd to stringent anal!\is. 
The  report that accompanies every batch .tares thc amount of each 
metallic impurity in parts per million and also the method of 
determination. 
Where the highest purity is not nccdcd, many of the elements can 
be supplied as metals and compounds of a lower degree ofpurity. 

ELEMENTS 
Avo~lobie through 

t h e  Andhra Sclentlfic Co. Lta.. 
4, Blackerr Road. Mount Road. 
MADRAS-2. 

Johnson .cf$~ Matthry 

Arora-Matthey L~mired Raj-Der-Kar & Co.. 
166. Netaji Subhas Chandra Bore Rwd. Sadhana Rayon House. 
Tollygunge. CALCUTTAIO Or. D. Naoroii Road. 
Assoc~ated Instrument Manufacturers llndial 'OMBAY-' 
Private L~mited. 

. ~. 
The Scientific Instrument Company LO.. 

Sunl~ght Insurance Buildongs. 6. Tel Bahadur Sapru Road. 
26.27 Asaf A l i  Road. NEW DELHl ALLAHABAD-I 

J Q M N S O N .  MATT HE^ & C O . .  L I M l t E D ,  H A T T O N  G A R D E N  L O N D O N  E N G L A N D  



ULTRASCAN 

DOUBLE BEAM 

RECORDING 

SPECTROPHOTOMETER 

* WAVELENGTH RANGE 2000-1500 A. 

* AUTOMATIC CHANGEOVER OF LIGHT SOURCES 

* FLAT BED RECORDER 

* SCALE EXPANSION FOR LOW TRANSMISSION 
- 

* PROGRAMMED SLITS FOR CONSTANT ENERGY 

Manufactured in U.K. 

by 

HILGER & WATTS LTD. 
LONDON 

Sales and Service Agents 

ASSOCIATED INSTRUMENT MANUFACTURERS 
( I N D I A )  P R I V A T E  L I M I T E D  

India House 6-5 Gillander House Sunlight Insurance Buildings 
Fort Street P;O. Box 2136 26/27 Asaf Ali Road 

BOMBAY I CALCUTTA I NEW DELHl 





When you see the thrilling world of man- 
made colours around you-spectacular prints 
on your fabrics, colourful inks in your 
magazines, pleasing paints in the interior 
of your home, fascinating tapestry and the 
attractive furnishings of your drawing room, 
plastic balls in  the hands of your children- 
remember that COLOUR-CHEM, India's 
leading makers of Pigment Colours, is very 
much a part of your daily life. 

Backed b.v 100 yens of 
Gm~nm experience 

COLOUR-CHEM LIM~TEO 
221, Dadabhoy Naoroji Road, 
Fort, Bombay- 1 
In direct purticiparion irith: 

E 

FARBENFABRIKEN BAYER AO,, 
Leverkusen, W. Germany 3 
FARBWERKE HOECHST AG.. I: 
Frankfurt, W. Germany 6 



PERFORMANCE- PROVED 
PERKIN-ELMER 
ANALYTICAL INSTRUMENTS 

Mode l  303-Atomic Absorp- M o d e I 2 3 7 - H i g h Model8W-New,Low-Cost, 
t i o n  Spectrophotometer. Resolution, ye t  Low-Cost, H i g  h - P e r f  o r m a n c e  G a r  
For easy analysis of metallic Grating Infrared Spectro. C h r o m a t o g r a p h .  D u a l  
trace elements in comoounds. I photometer. Range 2.5 to I columns and differential flame 
blood, urine, tissue, piant and 1 16 C. Also Model 337-Range ionizationdetectorprovide out- 
animal samoles. Detects con- 2.5 to 25 p. Cm.1 presentation stand~ng baseline stability and 
centration below 1 ppi in alternatively available for both highest sensitivity in tempera- 
most metals. I models;, 1 ture programmed analyses. 

M o d e l  421 - I n f r a r e d  Model  350-For Advanced M o d e l  2 0 2 - E c o n o m y  
Spectrophotometer. Out- Capabi l i ty i n  t he  Far Ultra- Pr iced U V - V I S  Spectro- 
standing for high grating violet. In its broad range from photometer. Range 190 to 
resolutionandflexibility.0Rers 175m pintheUVto2.7 ainthe 350 m in the UV and 350 to 
uninterrupted scan from 2.5 to NIR, i t  offers resolution and re- 750 m p i n  the visible. Has 
18 p. Also available Model 521 producibility that's unexcelled. exceptional resolution, re- 
-Range 2.5 to 40 b. I I producibility and photometric 

As& for freeliterature 

PE-RKIN-ELMER 
Sold and serviced in India exclusively py 

Get complete details from BLUE STAR officer a t :  

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

7 Hare Street. Calcutta 1 
23/24 Second Line Beach. Madras 1 

16 Kaiser Bungalow, ~ i n d l ;  Road. Jamshedpur 
14/40 Civil Lines. Kanpur 



ELECTROLYTIC 
CONDUCTIVITY 

EQUIPMENT 
Electrolytic Conductivity Solu Bridges, Indicators, Recorders and Controllers m Soil 
Moisture, Salinity and Fertil~zer Testing Equipment rn Concentration Indicators and 
Controllers for acids, alkalies, detergents, electroplating rinses, etc Gas and Steam 
Analyzers Continuous Sugar Detectors rn Dissolved Oxygen Analyzers 

Industrial Instruments Inc. 
U. S. A. 

Sold and acrviccd in India ezcluaiucly by 

Get complete details from BLUE STAR ofices at: 

Connaught House. Connaught Circus, New Delhi 1 
Band Box House. Annie Besant Rd., Bombay 1 8  

7 Hare Street. Calcutta 1 
23/24 Second Line Beach. Madras 1 

IB Kaiser Bungalow. Dlndli Road. Jamshedpur 
14/40 Civil Lines, Kanpur 



mm GRAM: : 'ASHACOM' PHONE : ll BSI

mm SUPERIOR LAMP BLOWN
mm PYREX GLASS APPARATUS;
mm ASSEMBLIES ACCESSORIES

111111 OF ALL TYPES

}: ~:~I~~~~~~-:~~~;;~

ill:::

6 Man~~~:tured by

SCIENTIFIC EQUIPMENT
MFG. CO.

An associate of

ASRA SCIENTIFIC CO.
DIRECT IMPORTERS & MANUFACTURERS' REPRESENTATIVES.

SOl, GIRGAUM ROAD. BOMBAY 2.

Inter~h~ngeable Laboratory
Glassware 'Our Specialit/I·····

WE SUPPLY COMPLICATED RESEARCH APPARATUS

optical instruments
and

allied components

Improved models 0/
PROJECTIO T TYPE l\IICRO ,

SEMI-~UCRO, APERIODIC,

CHAINOMATIC AND

OTHER TYPES OF

~ BALANCES

are obtainable from ihe

manufacturers

Keroy (!lf~va/~ Ltd.
U LATAFAT HUSSAIN LANE 335 NADESHWAR

CALCUTTA 10 VARANASI CANTT.

•
Phone: 35-5065 Phone; 3282

GHARPURE & co.
P·l6 INDIA EXCHANGE PLACE EXTN.

CALCUTTA I

Gram: MEENAMO • Phone : 22-2061

A1 8

or from their agents

LABORATORY STORES
3A Ripon Street

Calcutta 16

Phone: 44-1338
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C u r r e n t  T o p i c s  

Output & Dissemination of Indian 
Physics Literature 

A 1)KI'AII-EI) study of prin1;rry l)criodicals 
concerned with 1)llysics (incllrding physical 

cl~cniistry), rcccntly c;lrrictl out by the American 
Institute of l'liysics, Nc.w York, is b:~sctd on an 
analysis of issacs of IJlrysics ~1l)slrucls ~)ul)lislicd 
during 1961, ; ~ n d  providvs iiiIor~in;~tion 011 20,287 
;lrticles publisl~ctd in 405 l)criodic;~ls from 39 countries. 
l ' l ~ c  report* of this stlrtly contt~ins i~ltc~rcsting d;~t;l 
on the output of ~) l~ys ics  literature ;~ntl  its dis- 
semination by a l~s t r ; i c t i~~g  ~)eriodic;~ls which arc 
becoming incrc;~singly itnport;lnt sorlrccs of rcfcrencr. 
It also j~rovidcs inform;~tior~ in r c ~ s l ~ ~ c t  of the position 
India occul)ies in they world of physics. 

.Iccording to the: rcl~ort, Intli;) r;rnlis sixth by 
number of journ;~ls ;untl ninth by nuniber of abstracts 
puhlishcd. There wcrc 18 pc~riotlicals publishing 
~x~pcrs i in  pl~ysics tlr~ri~rg 1961 ; ~ n d  352 abstracts of 
1);rpers ;we included ill the* 1961 issucs of IJlzysics 
.4l~.s/rucfs. 'l'11c mirjority of thcscs ;~bstracts arc of 
1);1perq~rrl)lisl1ctl in ladiu+c Jortrnal (I/ IJAysics (97), 
I)rocr,rdiirgs c!f l l ~ r  ~\'trliotrul Inslilttle (!/ Sciencrs: 
.51,ction A (7X), Jortrrral 1!/ Scientific (5 Indzrslrial 
li~~st.urc.11: Srction H - l'lrysicul Scii.nc~c.s (56), ; ~ n d  
I'ro~.c~rdirr,qs (!/ 111c~ Irrdian rlctrtlrrry (!/ Scii,rrces: 
.irc.!ion il (55). contr ib~~tion of thc rc>nn;~ining 
14 l)c~riotlic;~ls is 66 articles. 
.I ~ ~ ~ ~ c u l i ; r r  fo;~ture ;il)ol~t the. ;ll)pcar:uncc of lllcsr 

,~bstl-;~cts in diffrrcnt issues of I'lrysics Abslmcls 
1)11hlishcd clr~ring 1961 is t11:rt 220 ;~rticl(bs orrt of 
3-52 ;~rticlvs appc;~ring in v;~rior~s ~)c~riodicals \lave 
I1cc.n ;tbstr;~cted in the Novc~rnl)rr ;~ntl 1)c~ccnnbcr 1961 
issues of l'lysics ilbslrcrcls; thc. only c~sccbption is the 
.]ottrrrctl c!f Srin~lif ic.  & I~rdrrslricil K~~.srurclr frorn wlricl~ 
thc ;rrticlcs h:tvc hccn rcgnlnrly ;rl)str;~cted and 
pr~hlisl~ctl in tach issuc* of IJ l~ys ics  Abslmcls. 'I'his 
indic;~tes that, for vitrioris reasons, the papers 
~ ~ ~ b l i s l i c d  in 1ndi;un 1)criodic;1ls :u-c not :~l,str:tctrd 
promptly and espetlitiously, and there is consitleral)l~ 
lag l)ctwc.cn thcs j)r~l)lic;~tion of p;rl)ers and tlirir 
noticing by the ;rl;str;~ctil;g pc~riodic;~ls. .l'lic reasons 
for the dc1:ty in the ;~l)str;~cting of Intli;~n pliysics 
literature need to hc c-s;~niincd. 

Annlysing thc, rcsport, I<:rj;~gop;~l;un and Sent have 
pointed out tli;~t the numl~er of p;lpc.rs in the ficld of 
pllvsics puhlisl~ed in 1ndi;un ~~c*riodic;~ls during 1961 
. - 

'7'lrc Jarirrrul I.~lrrutrtr~ a,/ 1'hpsic.s - ,l rr~rrrprrk~~ssi.ur 
cltrdy buscd orr I'hyairs .~l/~,sfvacl,s ( S C ~ P J I ~ C  :I hslr(rc1.s. S C C ~ ~ O I L  A ) ,  
1961 lsszcr.s by Stclla I<ccnnn & Rlulinr :\tllcrton (:\mrrir:in 
Institute of  &'l~)~sics, N r w  York),  1964. 
tT. S .  Rajagop;~l;~n R. 13. K .  5 . n .  ' ~ J I I I .  1.16. Sri .  / )o r . ,  I 1  

11964). 87. 

was 502 and of these only 352 have been ahst~acted;  
the former figure h;1s been arrived at  taking into 
consideration a few more periodicals not covered by 
Plcysics Abstnzcts. The low percentage (70) of papers 
abstracted has been attributed to tlie fact that  
not all journals containing papers relating to  physics 
have been covered. This omission may also be due 
to the fact that only a few Indian journals arc 
exclusively devoted to physics. 

Examining the position in 1964, Rajagopalan and 
Sen have reported that, in addition to 18 journals 
covered by PIzysics Abstracts in 1961, 23 other 
journals containing about 70 papers in the field of 
pliysics are not covcred. According to the Biblio- 
grublty o j  Scientific Pz~blications of Soztlh and SouiR 
East Asia, the total number of articles in pliysics 
puhlislled in Indian periodicals during 1964 was 648 
(including 162 articles in physical chemistry). The 
publication of Indian Science Abstracts should enable 
;tbstracting services elsewhere to  make their coverage 
of Indian pliysics literature exh;mstive. 

I t  is of interest to note that  the Indiuw Jourflal cf 
I'urc & Afifilied Pl~ys ics ,  which replaced the physics 
['art of the Jozlrnal of Sciclzlific & Indzulrial Research : 
Scclion A - l'ltysical Sciences in 1963, published 
141 papers in 1964 (as compared to 84 and 87 papers 
puhlishcd in tlie I'roceedings o f  the Indiagc A c a d e ~ ~ l y  
1$ . S C ~ C I Z C ~ S :  Scction A and thr  Ind ian  Journal of 
I'l~yrics respectivrly) and the abstracting of the 
papers published in Plzysics Abstracts was 100 per cent 
up to Volume 2, No. 9 of the journal. Also, the 
:tbstracts appeared regularly in each issue of the 
I'lcysics 11 bstmcts and the time takcn for the appear- 
ance of the abstracts was 4-5 months. 

Speedy abstracting - an important requirement 
in the dissemination of sciciitific information - could 
be facilitated in many ways, apart from the regularity 
in the publication of periodicals. Many pcr~odicals 
do not carry i~bstracts of papers published. By 
providing satisfactory and acceptable abstracts, 
prepared according to the specifications laid down 
by the International Council of Scientific Unions' 
Abstracting Hoard, i t  is possible to cut down the time 
takcn for the abstracts to appear in abstracting 
periodicals. Adecluatc care should also be taken 
to see that  carefully edited and author approved 
abstrr~cts arc published with each article. Publication 
of al~stracts in two or more languages other than 
English would also be helpful. 

The speedy abstracting of papers published in the 
Ind ian  Jonirnal of Pzwe G APPlied Physics is largely 
due to (i) preparation of satisfactory abstracts 
enabling abstracticg periodicals to use them as such 
or with very slight modification, and (ii) thc Advance 
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Contents and Abstracts Service [see this journal, 19A of papers published in a particular issue of a journal 
(1960), 1441 initiated by the Publications & Informa- 6-8 weeks in advance of the publication of the 
tion Directorate in 1960 covering all the research journal. This service has ensured quick and world- 
periodicals published by it. Under this service, wide dissemination of scientific information published 
about 100 abstracting periodicals in different countries in the periodicals brought out by the Publications K: 
are supplied,by air mail, contents pages and abstracts Information Directorate. 

Sir Edward V. Appleton: 1892-1965 

Sir Edward V. Appleton, pioneer in radio science 
and discoverer of the ionosphere, died on 21 April 
1965 at the age of 72 leaving a vacuum unlikely to be 
filled in the near future. Born in 1892 in Bradford, 
England, he was a pupil of both Sir J. J. Thomson 
and Lord Rutherford a t  the University of Cambridge 
in which he took up research and teaching after 
World War I. Later he moved to the London Uni- 
versity where he earned his D.Sc. degree, and became 
the Wheatstone Professor of Physics. In 1936, he 
returned to the Cambridge University to become the 
Jacksonian Professor of Natural Pl~ilosopl~y. During 
World \Var I1 he joined the British Government as 
Secretary of the Department of Science and Industrial 
Research, a post he occupied till 1947. He was 
made I<CB in 1941 and GBE in 1946. He was 
awarded the Nobel Prize for Physics in 1947. I n  
1949, he joined the LJniversity of Edinburgh as its 
Principal and Vice-Chancellor and he remained there 
till his death. 

The history of ionospl~eric research is inextricably 
linked with the name of Sir Edward. In 1927, he 
and Barnett obtained the first direct evidence for the 
existence of an ionized layer in the upper atmosphere 
(which he later called ' E-layer ') by comparing the 
intensities of fading of radio signals received simul- 
taneously on a loop and a vertical aerial. Soon 
afterwards he presented his famous paper entitled 
'The existence of more than one ionized layer 
in the upper atmosphere ', in which he produced 
evidence for a higher layer (\vhich he called F-layer) 
and a lower layer (D-layer). Thus e\.olved the 
nomenclature of the ionospheric layers. In 1932, he 
presented the now famous magneto-ionic theory 
which quantitatively describes the conditions guiding 
the propagation of radio waves through the iono- 
sphere. During \2'orld War I1 he and Reynon 
developed simple and easily applied expressions for 
transmission of radio waves at  oblique incidence, and 
laid the ground work for the application of ionospheric 
data to radio communicotion problems. 

In an epoch-making work in 1947, he showed that 
the electron density of the F-region has n syn~metrical 
variation with geomagnetic latitude (and not with 
geographic latitude), with an unsuspected trough 
of low values near the magnetic equator, showing 

unmistakably the profound control of the earth's 
magnetic field in the upper regions of the ionosphere. 
The discovery of the ecluntori:il trough, and the sub- 
sequent discovery of thr swinging of the equatorial 
belt from a trough a t  noon to :I crest at  night, again 
by Appleton, showed the anomalous nature of the 
equatorial ionosphere and prompted Appleton to urge 
time and again the need for extensive ionospheric 
work a t  the equator, which was, and is, still in- 
adequate. \!'it11 lioy Piggotts, he initiated, while 
still at  DSIR, work on ionospheric absorption, which 
continued for more than a solar cycle. Again in 
collaboration with Piggotts, 11r carried out onc of 
the most extensive studies on the morphology of 
ionospheric storms. 

At the Edinburgh University, which he joined in 
1949, his interest in ionospheric work continuctl, 
although it now bccamc predominantly theorctic;~l. 
\!'it11 Lyon, 11o sl~owcd th:~t the app:~rently well- 
bc~ha\~ccl E-region of the ionosphere has small but 
unmist;tkal>lc ;~nomalirs, which could be separated. 
With a very simple modification of the generally uscd 
' equilibrium ' rqnation, he sl~o\vecl ho\v any height 
variation of the loss coefficient, vertical drift vrlocit!. 
or tcmpc.raturc can distort t11c E-region. 

I t  is appropriate to record here that when Prof. 
S. I<. Mitra started his Ionospl~cric Laboratory in 
Calcutta, at  that time the only one in Asia, Sir Edward 
was one of its most ardent supporters. \Yhcn, 
during \\'odd War 11, the Ionospl~eric Station n.a!. 
closed down for securitv reasons, Appleton's own 
intervention was responsible for pcsrsoading the 
Allied Services Aothorities to reopen the station. 
His interest in the increasingly vigorous ionospheric 
research schools in India ren1:iined unabated. 

Sir Edward was awarded Inany l~onours, and was 
intimately associated with a11 major international 
radio organizations. He was the President of thc 
International Scientific Iiadio Union (UliSI) from 
1934 to 1952 and \rr;ts instrumental in shaping the 
course of the IGY iono~ph~ric programme. 

Sir Edward \v;ts ;I legendary figure in iono- 
spheric research. Thr crucial part he played in the 
creation of moclern radio scirncc will not be easily 
forgotten. 

A. P. MITI{A 



Evaluation of Research Projects & Personnel 
AQUEIL AHMAD 

Survvv & IJlanning of Sricntific Hcsrarch LTnit, Council of Scientific fl Indudrial Research, New Delhi 

F OK successful implementation of research pro- 
jects in the sense that outcomes correspond 
with the objectives with minimum wastage of 

time, money and manpower, it is necessary to have 
the projects evaluated periodically'. This evalua- 
tion should include both (1) programme evaluation, 
and (2) evaluation of personnel working in the 
project. The major purpose of programme evalua- 
tion is to check planning efficiency and progress 
of work, while evaluation of personnel determines 
whether each scientist attains maximum producti- 
vity. Programmes can be evaluated by checking 
outcomes and their utilization against reasons for 
selecting projects, project objectives and expendi- 
ture of time, money and manpower. Personnel 
evaluation, on the other hand, requires evaluation 
of an individual scientist's useful contribution to tlie 
project. Neither adequate quantitative measures 
of programme efficiency or individual contribu- 
tion to research are, however, available; nor are 
there any statistical standards against which the 
two can always be evaluated. In most cases a t  
present, the evaluation of programme efficiency 
and individual contribution both turn out to be 
qualitative assessments of the adequacy of pro- 
grammes and personnel by experts in supervisory 
capacities2. The intention' here, however, is neither 
to work out quantitative measures nor to evolve 
standards of programme efficiency or individual 
contribution, but to suggest some objective criteria 
through which programmes and personnel could 
be evaluated for: (1) efficiency in selection, execu- 
tion and utilization of research3, and (2) usefulness 
(on the basis of total contribution) of research 
workers in their projects. 

P rog ramme Evaluation 
Programmes can be evaluated in terms of the 

following matchings: 
Reasons for :ieleclifzg the project: Jusii'caliov~s 

joy those reasons - Reasons for which a project is 
selected are viewed here as different than the objec- 
tives of the project. Projects may be selected for 
various scientific or (as in most cases) extra-scientific 
reasons quite independent of project objectives. Such 
reasons may include prestige value of a project, its 
grant-getting potential, fillip to one's career through 
research, economic motives, etc. (extra-scientific) ; 
or, in a relativc,ly few cases, researchers' interest in 
research for the sake of research itself, or a genuine 
need to  gain certain types of knowledge without 
which an existing research would not progress 
further. .4fter working on a project for some time, 
the selector should be able to judge whether its 
selection for a particular reason was justified. In 
this kind of evaluation, the original reasons for 
selection can be used as a standard against which 
the merits of selection can be judged. For example, 
an industrial concern with dwindling profits may 

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

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

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

Time targets: Ozrtconzes - Time targets for com- 
pleting parts or whole of a research programme 
are fixed in the planning stage to show that a cer- 
tain amount of work is intended to be completed 
during a specific period. While evaluating research 
programmes it is necessary to check, firstly, if 
such time targets were fised, and secondly, the 
extent to which these targets were maintained 
without substantially altering the original plan. 
In this connection, the following alternatives are 
possible: (1) all the stages of the project, like 
designing, pilot study, data collection, report- 
ing, etc., were time scheduled and the schedule 
was maintained all through; (2) all or a few of 
the stages were time schcduletl and the schedule 
was maintained for some of tl~ese stages; (3) all 
or a few of the stages \\rere time scl~eduled but the 
schedule could not be maintained at  all; (4) a 
time target was fixed for one stage only, such as 
pilot plant, and the target was maintained; 
(5) time target was fised for one stage only but this 
target could not be maintained; and (6) IIO time 
targets were fised for completion of the whole or 
any part of the project. 

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

ExPendifure of wmlzey and mavzfiower: Outcowtes -- 

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

variations may be clue to expansion or narrowing 01 
a project's scope, lack ol perspective in planning or 
rise in cost ol equipment and services. In any case, 
e\.aluation of research programmes against alloca- 
tion of monry and its cspentliture will be useful in 
improving financial aspects ol rcscarch planning. 

Variations in espenditurr of manpower, like those 
in money, may also tlrpc~nd on 11ow well these re- 
sources are utilizetl. Information relating to the 
number of prrsons working in a project and the. 
numbcr of man honrs tlcvotc~tl I)v each evrry (la!. 
for project work \\.ill br collrctetl. This informa- 
tion \vllm reflrcted against t11r quantity of work 
(number of patents, papers produced, experiments 
performed, rtc.) during a specific period of time 
is a sound criterion for m;~tcl~ing outcomes against 
expenditure of ~nanpo\ver in a particular project. 
I t  should, Ilowevcr, hr notc.tl again that like time 
targets, allocation ol moncy and manpowrr to a 
project dcpcnds on rough approximations based 
on experience; thcrc arc. no set standards in rc- 
search to tlccidr how much of these should br. 
spent on a particular type of project. Evaluation 
of research programmes in tcrms of allocation 01 
money and manpower, and its cxpcntliturc rcsult- 
ing in certain outcomes will, tl~erclore, simply 
indicate how well thc financial aspects of :t research 
programme were plannctl and managed, rather 
than serve ;IS a guideline on resource requirements 
and allocation. Such guidelines or standards can 
perhaps be e\~olved, though roughly, through com- 
paring allocation ant1 espenditurc of money and 
manpower in resrarcl~ projects of similar objectives 
and similar magnitutle (if such a similarity can at 
all be determined). 

Evaluation of Personnel 
I'roper utilization of :~vailahle human resources 

in research is a mattcr ol paramount importance. 
Proper utilization llerr means an indi\~idual scien- 
tist's masimnm usefulness in the rrscnrch work he 
is engaged in. In ortlrr to cllcck how well a scien- 
tist is performing his role as a member of a researcl~ 
team, it is nrcessary that his rfforts he periodically 
evaluated. As objrctivr criteria for sucll r\.aluation 
are lacking, it is suggcstc~l that ;I serious attempt 
be made towards this rntl. 

Most often an indivitlu:ll scientist's ~~sefulness 
in research is cluantitati\~eIy mcasured by the 
number of his publications. Though a genuinc. 
indicator of one's researcl~ protluctivity, an evalua- 
tion based solely on t l ~ e  number of publications 
may sometimes be quite misleading because: (1) in 
many types of rcsearchcs quick publication of results 
is not possible, and (2) such an evaluation leaves 
quality of work unaccounted for. The distinction 
between quantitv of work and its quality may hold 
true not only for publications but for all kinds of 
scientific effort and shoultl always be kept in mind 
while evaluating thc work of a scientist. Hard 
working people arc ualally more productive, but 
hard work may not always produce good results. 

Productivity (quantity of work) in rescarch can 
be evaluated in more definite terms than its quality. 
For instance, numbcr ol papers or reports written 
or published, lectures drli\.ercd, seminars attended, 
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patents taken out, experiments performed, etc& 
all this activity performed by a scientist in connec- 
tion with a particular project compared with his 
qualifications and training, duration of association 
with a project, and man hours of work regularly 
devsted to research -will provide a fairly valid 
index of his productivity in a particular capacity 
in a project*. To evaluate the quality of one's 
work, however, a thorough analysis of the content 
of the work is needed. Work of a good quality can 
be identified in a number of ways, althohgh 
exact measurement of rquality is a rather difficult 
matter. One indicator of quality is creativity or 
originality of the work concerned. A careful 
apalysis of any scientific work and its compa- 
rison with works of similar nature can always 
reveal whether it purports to the discovery or 
invention of a method, process or product; whether 
the work generates a new theory, a new hypothesis, 
or corroborates an old one in a new way; and the 
like. Identifying a hitherto unnoticed problem and 
presenting it in a workable form also shows an 
element of creativity. A research supervisor may 
encounter countless instances of such creative 
thinking in reports and notes which never reach 
the publication stage. Besides these, creativity 
may also be indicated in several other situations, 
such as planning of research and its day-to-day 
execution. I t  is often quite difficult to detect, as 
well as evaluate, an individual's creative ability in 
these circumstances, specially when the individual 
is a member of a large team engaged in a similar 
type of activity. Keen judgement of supervisors and 
colleagues is the only instrument for recording, and 
their honest assessment the only way of evaluating 
creativity in such diffuse forms as mentioned here. 

Psychologists have often tried to associate creati- 
vity with such traits of personality as initiative, 
dominance, self-sufficiency, enthusiasm, adventurous- 
ness, etc.; motivational drives to read and write 
more; biographical variables such as better grades 
in undergraduate and graduate work; and general 
factors like lack of ,preference for any particular 
religion, few or no commitments to community 
affairs and lack of interest in combining research 
with non-research activities such as teaching and 
administration" Although the evaluation of the 
creative value of a scientific work would be quite 
independent of the fact that a scientist possesses 
these attributes or not, a knowledge about this may 
greatly enhance the value of personnel evaluation 
in research. For instance, inability to produce 
creative work by a scientist who, as we may know, 
possesses these attributes, might be related to a 
serious placement difficulty. To quote Gibsons, 
" The secret of the efficient use of manpower either 

*Technical papers and patents are quite often used as 
measures of productivity in research [cf. Van Zelst, R. H. & 
Kerr, \V. A.. J. a b a o m .  Soc. Psychol., 46 (1951). 470: 
and Shockley, W., Pvoc. Inst. Radio Engrs, (1957), 2791. 
In my opinion, however, a periodic evaluation of an in- 
dividual's productivity in group research should include, 
besides technical papers, patents, etc., the whole gamut of 
academic activities performed in connection with a particular 
research; because in many types of researches quick results 
in the form of papers and patents are not possible. 

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

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

The discussion so far on the qualitative evaluation 
of a scientific work has left the impression that 
such evaluation greatly depends upon the opinion 
of other competent persons in the field. In the 
case of unpublished work, such as departmental 
reports, monographs, research proposals, etc., the 
audience is limited to a few colleagues who may 
rate each others' work formally or informally; 
while a published work has an nnlimited audience 
and the opinion of all those who have read it cannot 
be accounted for. A research supervisor in such 
cases can base his evaluation on a ' citation count 
of the work as well as on the opinion of his im- 
mediate colleagues, although the " citation count 
evaluation of the research impact of a paper can be 
measured years after its publication . . . " t .  
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CMaa" quartet centred round 40 T), (iv) a primary 
hydroxyl group and (v) a carbomethoxyl function. 
Rased on these data and from biogenetic considera- 

' 9 tion a 16-carbometl~oxy-lo-deoxy sarpagine structure 
(VII) for rhazine was proposed \n.hich was eventually 

OW settled by its conversion to deoxysarpagine (XI). 

Apocynaceae was ol)scr\.ed for the first time by 
us. Echitamidinc, a congener alkaloid of echit- 
amine, was assigned an akuammicine type of struc- 
ture on the basis of ~)l~ysical and chrmical c~ridmce 
and from biogcnetic considcmtions. 

Echitamine 

Wit11 the physical and cl~emical data a t  hand 
the dimeric indole alkaloitls, macralstonidine and 
\~illalstoninc, are sul)poscd to contain p-carboline 
nucleus of thc sarpagine ant1 pleiocarl)amine types 
as the units in their molecnles. 

The structure elucitlation of the l ihag~a  alkaloids 
and of the alkaloids, kopsine, alstovenine ant1 
venoxidine, has been possible very recently and a 
short account of their ~ h ~ n i i s t r y  is discussed below. 

Rhazilze - The alkaloid rl~azine, C,,H,,N,O,, was 
sl~own to be a tetral~ytlro-$-carboline tlerivati\re from 
ultraviolet and infrared spectral measurements as 
also from degraclativc reactions. Functional group 
analyses coupled tvith NMK spectral measurements 
permitted recognition of (i) four aromatic protons 
(2.5 r) ,  (ii) an indole-NH (2.0 r ) ,  (iii) an ethylidene 
function (mctl~yl douldct at 8-8.2 r and methine 

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

Isolation of 3,s-diethylpyridine from the Zn-dust 
distillation product of rhazidine suggested an aspido- 
spermine like skeletal pattern which was sub- 
sequently confirmed by conversion of rhazidine to 
quebrachamine (XII) by sodium borohydride reduc- 
tion. On the basis of these results rhazidine is 
represented by the structure (IX). The F-hydroxy- 
indolenine structure (IX) for rhazidine has been 
finally confirmed by its reduction wit11 lithium 
aluminium deoteride to monodeutero quebrach- 
amine and also by the conversion of quebrachamine 
(XII) on oxidation a i th  peracetic acid to rhazi- 
dine. 

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

Icofisine - The alkaloid kopsine, C,,H,,N,O,, from 
ultraviolet, infrared and NMR spectral measurements 
was shomn to have an N-carbomethoxy dihydro- 
indole chromophore (XIII), a five-membered ring 
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ketone and a tertiary hydroxyl group. lielevant 
oxidation and reduction experiments revealed that 
the carbonyl function and the hydrosyl group in 
kopsine occur as an a-ketol 

system. Isolation of 3,s-diethylpyridine as one of 
the prodncts on Zn-dust distillation of kopsine 
suggested a n  aspidospermine type of skeleton for 
kopsine which was eventually settled from mass 
spectral analysis of the base. A detaileil study of 
the mass spectral fragments of kopsine and a 
number of its derivatives permitted a heptacyclic 
structure (VI) assignment for this compound. The 
mechanistic pathway for the genesis of some 
important fragments out of the molecule of kopsine 
is given in Chart 1. 

(VI) 
KOPSINE 

-H 
----t & , ' +  .y , LOSS OF co &-g I . 

Fo 0 
COOCH) 
I 

OCHJ 

CHART 1 l?:","35NT 

Alstovenine - Alstovenine, Cz2H,,N,0,, isolatctl 
from Alstonia rrenenata Ii. Ib., was recognizecl as  
a 5-methoxytetrahydro-p-carboline tlerivativc from 
various spectral measurements. Isolation of yol)yrinc 
and5-methoxy yohyrine by seleniumdchyclrogenation 
of the base settled a 9-metl~oxy yohimhanc skeleton 
for alstovenine. From various degratlative and 
stereochemical reactions, alstovenine has been shown 
to have the formulation (IV). 

Venoxidine - Venoxidine, Cz,H,,N,O,, i,s a water- 
soluble alkaloid of the stem bark of Alstonla senennla 
K. Br. On catalytic hydrogenation as also on rcduc- 
tion with %n/AcOH or FeSO,, venosidine furnishetl a 
tertiary base, C,,H,,N20,, which was identified as 
the C-3 epimer of alstovenine, i.e. vencnatinc (XIV). 
Hased on this result, venoxicline was assigned the 
structure (V) which was confirmed by conversion of 

venenatine (XIV) to vcnoxitline by H,O,/AcOH 
oxitlation. 

XIY Y 

Indoloquinazoline Alkaloids 

A ., 
tive studies. Ry a numher of tlcgratlative reaction.; 
ant1 finally by syntl~csis the structure of rhetsininc 
has been settled ns (XV). 

A correlation hctwecn rhetsine (XVI) ant1 rhrtsi- 
nine (XV) was also rc~vcaletl by ( i )  treating rlletsininc 
wit11 NaIiH, to get rl~ctsinc ant1 ( i i )  I)y treating 
rhctsinc with alkaline l~ermang:uiatr to get rlictsininc:. 

No eH, 

2- 9 
N 0 " 1. 
"IC H 3 C y N  , 

\ 
XV \ 

XYI 

Quinoline Alkaloids 
G~nveo1inine.-- 'The cluinoline alkaloitl, gl.;tvcsc,li~iinc 

(XVII), C,,H13N03, isolatc!d from IZrrla jir.trr.c'r.lt.~rs 
Linn. (Iiutacct;~c), was syntlicsised accortlinp to tlic 
scqucnce of reactions sllown in Chart 2. 

J ayJ;>-;:::::;::o" %> C"1 

1 %> 
alnaou. U ~ O M  

X V l l  , 
GD&VCOLlVINE 

CHART 2 

Isoquinoline Alkaloids 
As a suitable starting rnnterial for the synthesis of 

isoquinolinc ;~lkaloitls, tliffcrrnt ;j-plicnylctlinnol- 
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;tmines were syntlicsizctl by a simplified and novel 
proce:lure whicll involves an initial contlensation 
of an aromatic altlehytle wit11 HCN and sub- 
secluent I,iAIH, rcdnction of tlie corresponiling 
liytlrosynitl-ile to p-l)l~enylctl~a~>olaminc. Incident- 
ally; tlic.;e ~-~~l~cnyletl~~t~~ol;t~~iincs are very i ~ n -  
1)ortant from c l~~mot l~c~r ; t l , c~~t ic  viewpoint and have 
iountl use as pressor clrr~gs. 

I'apuz~erirte - Synthesis of papaverille (XVIII) was 
achicvcd in two steps, starting with 9-hydrosy-:3- 
(3,4-dimetl1osypl~cnyl)etl1ylamine (XIX). Attention 
was also given towards tlie synthesis of natur;tlly 
occurring alkaloids nndrr ' pl~ysiological conditions '. 
The synthesis of calycotorninc (I-l~ydrosy-methyl- 
6,7-di-metliosyter;il~ydroisoquinolinc) from DOPA 
(dihydrosyplienylalaninc) may he mentioned in this 
connection. 

XIX r0,sm I 
r y t e n r  

/ 

M e 0  
J 
' O M *  

XVIII M.0 

Pop."..in. 

Pyridine Alkaloids 
Piperlonguminc, nudiflorinc and allosecurinine are 

the three pyridine alkaloids th;tt have recently I~ecn 
isolated in this laboratory and their structures 
completely est;il)lislicd. 

I'i/wrlongiiri~ine - Pil)erlonguminc. C,,H,,XO,, is 
an alkaloid of I'ibcr longtiirz I-inn. Iiunct~onal group 
analyses ;und spectral mc;tsurements indicated thc 
prew~ice of three nrom;~tic methosyl, two oletinic 
douhle bonds ;ind a conjugated ;tmide linkage in 
its molecule. Alkali hydrolysis of piperlongumine 
furnished 3,4,5-trin1etllosyci1ini1mic acid and piper- 
longumic acid, C,,H,,NO,. Pipcrlotlgumic acid on 
catalytic rctluction furnished n tctral~ydroclcrivativc 
which from v:trious chemical reactions and spectral 
mc:tsurrmcnts was rccognizccl as a condensation 
product of 8-aminov;~lcric acid and 3,4,5-trirnetliosy- 
phenyl propionic acid. Isolation of or-piperidone by 
;tlkali hydrolysis of tet~xhydropipcrlongumine and 
~uccinaldehydic ;tcid by ozonolysis of pipcrlongumic 
acid settled the structure of piperlongumine as (XX). 
The correctness of this structnre was verified by an 
~rna~nbiguous synthesis of tctral~ydropiperlongu~nic 
acid (Chart 3). 

S ~ l d i ' o r i n e  - Nudiflorine, C,H,N,O, was isolated 
from 7'rewia nltdifEorcc: I.inn. 1.11~ presence of a 
2-pyridonc nucleus and ;I nitrilc function in its mole- 
cule was indicated from ultraviolet and infrared spec- 
tral measurements. NMK spcctrun~ of nudiflorine 
indicatcd the presence of an N-methyl and 1,2,4-tri- 
substituted aromatic splitting pattern. 

XX 
PIPERLONGUHINE T E T P A H T D K i  PIPCFLDNGUMIC 

A C I D  
CHART 3 

Structural feature of nudiflorine was revealed by 
acid hydrolysis of the compound which furnished 
1-methyl-2-pyridonc-5-carboxylic acid. Based on 
these results nudiflorine was assigned the structure 
(XXI) which has been finally Iconfirmed by its 
synthesis (Chart 4). 

WOOC 

C."rn.li. .Cad coum.,ic .rid nl.<hll c.1.r 

I l l .  .ammanto ,la%) 
IllZC .I. b, N-OW 

"""2 I l rd l r . *d)  

Nud;<l0?0mid. NudiIloli<. 6-Olonirotinir .<id 

I P0Cl3 ...at ,".I ,"b*o 
F 
I". 

lXXl l  
N"dif1o.i". 

CHART 4 

A lloseclivinine-Allosecminini~~e, C,$,,NO,, an alka- 
loid isolated from the roots of Seczirrnega suflruticosa 
(Pall) liehd, has been found to  possess strychninoid 
activity. From a careful analysis of the various 
spectr;il data of allosecurinine and of its derivatives 
coupled with the experimental results of the de- 
gradative reactions, allosecurinine has been shown 
to he a di;tstereoisomer of securinine (XXII) and 
it has t h r  configuration (XXIII). 

Diterpene Alkaloids 
From l ~ f n l a  royleana DC (Compositae) two 

diterpene alkaloids, royline (E lycoctonine) and 
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inuline (E anthranoyllycoctonine), have been iso- 
lated. The isolation of these diterpene alkaloids 
from a plant of the family Compositae has an 
important bearing a s  it establishes its biogenetic 
correlationship with tlie family Ranunculaceae, a 
potent source of such diterpene alkaloids. 

Steroid Alkaloids 
Ckolzemorfilzine - Chonemorpl~ine, C,,H,,N,, is 

an alkaloid of Clro~zentor~lra ~tzacrofilzylla G. Don 
(Apocynaceae). Isolation of Diel's hydrocarbon by 
selenium dehydrogenation of the base indicated its 
steroidal nature. Deamination of chonemorphine to 
3(3-hydrosy-20u-dimetliylamino-5u-pregnane (XXIV) 
and its subsequent Hofmann degradation to  38- 
hydroxy-5u-pregnane (XXV) revealed that chone- 
morphine is 3$-arnino-20a-dimethylamino-5u-preg- 
nane (XXVI). The structure proof was also avail- 
able from its unambiguous synthesis. 

XXYT 
Chon~morphgne 

Chonemorphine stands as a promising liormonnl 
drug and a suitable starting material for tlie syn- 
thesis of progesterone and dihydrocortisone. 

CHART 6 

Q3:3m N AMMONIA a?cM3I . 
M 

l y l ene  in presence of 

N - 
= H3 

GLVCOSINE CHART 7 

Saracodilzc -S;~r:tcotlinc~, C,,H,,K,O, is ;in alkaloid 
of Sarcococm firwtiforrrris. From chcmical studies, 
NAIR and mass spectral mc~asurcments and lastly by 
conversion of sar;~codinc to di~lictliyl choncmorpllinc 
(XXVII), tllc structure :~nd  stcrcochcmistry of tlic 
;~llznloid 1ia1.c been conclusi\.c~ly settlrd as (XXVIII). 
Thr mass spectral fl-;~gmcsnt;~tion 1):tttc.m of s;ira- 
codine is sl~o\vn in Chart 5. 

Rrsidcs the work on thcsc~ diffcrcnt ;~lkaloids, 
stndies on thr  stc~rc~ocllcmistry ; ~ n d  syntl~esis of 
aegelinc, an al1i;lloid ;~mitlc, structure elucidation 
and synthesis of cluin;~xoline alk;iloids, glvcosinc. 
and aegcslenine (Charts 6 ;uid 7), and isol:ition and 
c1iaractc~rie:ttion of liriodc.ninc-, :ui ;~porpliine :illtn- 
loid, also deservc, mc~ntion. 

The structure of glvcosinc 11;~s 1)c.c.n confirmed 
from NMR studicls, tlrutc~rium cscl~:ingc of -h'H 
and from ultraviolet spcct~.;~ ill  acid soll~tion. 

POLYPHENOLIC COMPOUNDS 

Coumarins 

Of a nnml)er of coutnarins, isol;ltcd from different 
plant sources in rcccsnt years, tlle folloa.ing deserve 



CHEMISTRY OF SATURAT. PRODUCTS 

mention: (i) marmin, (ii)  bergamottin, (iii) xantho- 
toxin, (iv) marmesin, (v) oxypeucedanin, (vi) prango- 
Iarin, and (vii) archangelin. I t  has been shown that 
ranthotoxin and impelatorin (also isolated in our 
laboratory), occurring in many Umbelliferae and 
Kutaceae plants, G I I ~  restore melanin in nielanin- 
depleted skin and thus find a very useful application 
in the treatment of 1encoderm;l. Be1 (Aegle nzar- 
~nclos) and Knkali (Luvunga scandens) fruits are rich 
sources of imperatorin ;uid xantliotosin. 

.lfartrliv~ - Marmin, C,,H,,O,, n1.p. 124.S0, [z]? 
-26.8S0(ethyl alcohol), isolated from Aegle rnccvrrdos, 

Ilas been proved to be ;ui x,p-unsaturated &-lactone 
from its spectral measurements and chemical cvi- 
dence. 

On acid hydrolysis, marmiti yields umbelliferone, 
(:,H,O,, and a neutral compound, marminol, 
C,,H,,(OH),, which has been identified as 1,5-di- 
I1ydroxy-2,6-diliydrogc.r;1niol from oxidation rc- 
actions and consccluently the structure of tnarmin 
11;~s bcen postulated as l,S-diI1ydroxy-2,6-dihydro- 
geranyl ether of umbellifrrone (XXIX). 

XXIX 
M o r m i n  

Bergarricrlti~z - Hergatnottin, C,,H,,O,, m.p. 60". 
isolated from bc~rgamot oil, is formulated as bergaptol 
geranyl ether. Its structure has bccn confirmed by 
;In unaml)iguous synthesis of bcrgamottin by ns 
from hergaptol and gcrnnyl chloride. 

Prangolarin - Prangolarin, C,,H,,O,, n1.p. 104-So, 
~ j ~ ~ + 2 0 "  (chloroform), has bcen tsolated from I'uun- 

qos jubttlaria 1-indl. Prangolarin on acid cleavage 
loses ;I C ,  unit (-C,-H,O) and yiclds hergapto1 
and on chromic acid oxidation it produces acetone. 
'fhese degradative cspcrimcnts together with tlie 
fact thc~t prangolarin is dextrorotatory prove that 
it is tlie optical antipode of oxypeucedanin. 

;irclzangelin - Arcli;~tngelin, C,,H,,O,, In.?. 13T, 
and a number of I;~ctoncs have been tsolated 
from Angelica archangelica Linn. Various spectral 
nieasurcments suggest the benzofuran structure for 
archangelin. The beneofuran structure has been 
confirtncd from its degradation to isokcrgaptol. The 
mass fragmentation pattern, NhlK data coupled 
with the fact that archangelin produces acetone on 
cl~romic acid oxidation and isobcrgaptol on acid 
cleavage suggest structure (XXX) for archangelin. 

BITTER PRINCIPLES 

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

Cassianin and Siameanin 
From the trunk bark of Cassia siawzea Lam. 

three new pigments, cassianin, siameanin and sia- 
meadin, have been isolated. 

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

These data coupled with the fact that cassianin 
on Zn-dust distillation gives (3-methylanthracene as 
tlie only degradation product indicated that cassianin 
is a dianthraauinone derivative in which both the 
anthraquinone moieties bear a p-methyl group. 
This is further supported by other degradation 
reactions. Structural feature of cassianin was com- 
pletely revealed by its reductive cleavage with 
alkaline sodium dithionite (under mild conditions) 
to chrysophanol (XXXI) and emodin (XXXII). 
Rased on this observation and from biogenetic 
consideration the structure of cassianin has been 
elaborated as (XXXIII). NMR spectral data of 
cassianin and its derivatives are consistent with 
this formulation. Siameanin, C,,H,,O,, likewise was 
shown to have the structure (XXXIV) as it could 
be cleaved into two molecules of chrysophanol by 
treatment with alkaline sodium dithionite. 

xxxn 
Emodin 
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Mechanism of Hydramine Fission 
Hydramine fission of p-hydroxyphenylethylatnine 

and some of its substitution products in the presence 
of hydrochloric acid was studied and it was s11oa.n 
that  the nature of the substitucnts has :I profound 
influence in steering the course of hydramine fission 
of these compounds. I t  \vas obser\~ed that electron 
releasing groups substituted in fiara and ortlro posi- 
tions to the ethanolamine moicty favour tlie form;i- 
tion of aromatic aldehydes, whereas their ~iletn 
orientation leads to  the formation of aromatic 
ketones which are also produced when the finm 
or ortl~o substituent is an electron attracting group. 
An interesting observation made in this connection 
is that  unsubstituted p-phenylethanolamine upon 
hydramine fission produces fi-plienvlnaphthalcne. 
A mechanism for these reactions \\.as postnlatcd. 

Claisen Rearrangement 
Claisen migration of Y,Y-dimethyl ally1 ethers of 

5-hydroxy-, 6-hydroxy-, 7-liydrosy- and 8-hydrosy- 
coumarins was studied and it was observed th:tt 
these '(,'i-dimethyl allyloxpcoumarins do not under- 
go any molecular rearrangement, but instead s ~ ~ f f c r  
degradation to  phenolic coumarins and isoprene 
under the experimental conditions a t  which Clziisen 
rearrangement is performed. As a plaosiblc ex- 
planation for this abnormal reaction the follo\ving 
mechanism has been put fortlard: 

Stereochemical Reactions in 
Nitrogen Heterocycles 

Various stereochemical reactions in raurvolscinc- 
yohimbine system were performed of \\~hicli strreo- 
specific reduction of rau\volscone and yol~tml~one 
and conversion of yohimhine to (3-yohimbine deserve 
mention. 

I t  was observed that  rau\\~olscone or yohimbone 
on reduction witli NaBH, or LiAIH, affords only oncs 
epimeric alcohol, viz. alloyohimbol or epiyohimbol. 

Reduction of yo l~ imbon~ with :~luminium isoprop- 
osidc, lto~vcver, produces both vol~iml~ol and epi- 
yohimbol. Simi1:lr rcduction of rau\rolsconc gives 
only one product, i.e. alloyol~iml)ol. A mec11;inism 
for t l~rsc  rc;~ctions has 1)c.c.n tliscnssrd. 

Convrrsion of !~ohimhinr to fi-yol~irnbinc 113s 
bcrn achic~ved by ;I t11rc.r-stcbp proccbss \i.hicl~ in- 
volves modifird 0ppcn:tuc.r osidi~tion of yoltiml~inr 
to yohimhinonc~ ;uid its snl)sc~clurnt rcduction witli 
SaRH, to $-yol~imhic acid \vI~iclt on methylation 
givcs $-yohiml~inc. 

Indian Cryptogams 
Althougl~ we I I ; I \ J ~  I)csc~t studying the chctnistry 

of higher plants, our :~ttclntion h;~s ;ilso bern drawn 
to tlic Indian Cryptog;~ms or flo\r.crless plants, 
specially the 1ndi:ln frrns, ;I firld which rcsmains 
l)r;~ctic;~llp unrsplorrtl. ' ~ I l ( 1  work nlrrady done 
with thc, Cryptog;inis, ~)articul;~rly wit11 IJetzicillirrn~ 
sprcies, has Ird to thr tliscovc~ry of many import;~nt 
antibiotics ;uitl otlrrrs 11;ivc sho\vn promise. of 
utilization in mc~dicincb ; ~ n d  in industrv. In rctccant 
yrars sr\:eral fcrns hc4onging to Mrrrsilrtr spc-cicis 
I~ave I)cCn rxamincd hv Chattrrjcc and co\vorkerh. 
M .  111in11tu is found to cont:tin ;I scd;~tivc, anti- 
epileptic and ;rnticon\~111s;uit drug, m:~rsilin, n h i c l ~  
is a mncrocyclic kCtonr. Mnrsilin is cffectivcs in 
curing I)ch;ivionr;~l ant1 ~)sycl~ologic;il disorders ;inti 
is shown to be :I promising rch;~l)ilitation drug. 

The chemists :Ire now rstrc~mcly intrrcstcd in 
studying tlie 1)iogenctic p a t h \ ~ ~ y  to the natural 
products from pl;int m:~tc~ri:~ls. This investig;~tion 
has hcen possil)lc sincr t l ~ r  d(~vc1opnii~nt of isotopic 
traccr tcchniclr~r. I<y frrding t l ~ c  pli~nts wit11 iso- 
topic I;~l)c~llcd co~iipo~untls m;ui!l c*sperimc~nts on 
biosyntl~csis of n;~tur:~l products ha\.(, I~ecn per- 
formed. It nppr;lrs t11;lt c;lrhon dioxide inhnlctl 
from thr  atmospl~c~rr 1)y t l ~ c  pl:~nts is first converted 
into ;~cct;~tc. l'lirn tl~c. orderly ;~rr ;~ngc~~ncnt  of thc 
;icrtatcb units givrs rise to isoprcnoids :uid tcrpcwoids, 
some of \vIiich constitutc, m:uny import;~nt cs.;rnti;~l 
oils. l'hr poly;~cct;~te systrni ;~lso prodnccs v;~rious 
coumarins ant1 I i t tcr  princil)lcs, w11crc:ts tl~ehe 
acct:itcs wit11 ;unmoni;~ upon ;tppropriate biosyn- 
thetic srclumcc, give rise- to ;~lk;~loids of inn~~nic~r;tl)lc 
structnrc~s and contigur;~tions. 

Howc\.rr, the nltim:~tc aim of studying 1)l:int 
chemistry is not only to tlivulgr t l ~ c  secrets of 
nature and to c~splorcb her trc:~wrcs, the drugs and 
c1icmic:ils of economic iniport;uicc~ that can I)c used 
for human \r.clfnre l111t also to find out tllc process 
of biological c~~olntion.  



Some Aspects of Biochemical Pharmacology of Myocardial Infarction* 

A CCOIIUIN(; to Icagan cl a(.', an it~dividual 
most prone to tlevclop coronary heart disease 
(CHL)) may I)e tlrscrihetl as a mesomorphic, 

obese, m~tltllc-aged male, with high serum cl~olcstcrol, 
high blood pressure, low vital capacity and an 
:tbnormal elcctrocartliogram. He eats too much 
of too rich footls, smokcs rigarcttes to excess, and 
is pllysically inactive both in occupation and in 
recreation. He is aml~itious, ;~ggrrssivc and sob- 
ject to frequent tleatllinrs nntl other emotional 
stresses. The closer :In intli\7itlunl comes to fitting 
this pattern, the greater shoultl he the efforts of his 
pli!aici;tn to alter, iz41rrc prncticahlc, these charac- 
teristics of the paticnt and of his cnvironment. 

IZcsenrchcs carrietl ont in recent years I~avc 
crcatcd the basis for an approach to effective 
pritn;try prevention I)? t1cnionstr:~ting that the 
abnormalities leading to CHI) proneness are 
ameanblc to correction or control. I t  is clear now 
that l~!.percl~olestcrolacmia can be retlucetl in most 
persons by dit5t;try means. Hypertension can also 
be brougl~t under control in most cases by tlieto- 
therapy (weight reduction of the obese and salt 
restriction) plus the modcrn drugs, if needed. This 
is particularly trrrc wl~en elevated blood pressure 
is tletected early, wllcn still motlerate in degree 
and nncomplicatetl hy renal or other vital organ 
damage. Chronic overeating (with consequent 
obesity) and heavy ciearctte smoking are habit 
patterns, oftrn tlecply ~ngraincd, hut nevertl~eless 
treatable and correctable, albeit not easily. 
Diabetes ran be controllcd I)!. dirt ;rnd (if needed) 
by drugs. Otlwr risk factors - hypoth!rroitlism, 
renal tl;un;~gc, ph!rsical inactivity - arr also amen- 
able to effecti\.e intervention. Data are availal~le 
intlic:~ting that cc~ssation ol Ilcavy smoking, reduc- 
tion of 11igl1 I~lood pressure, control of diabetes and 
corrcction of obesity arr all associated with signi- 
ficant tlecrc:~se in the risk of tlcveloping CHD in 
niitldle :~gc. There is reason, tl~c!refore, for cautious 
optimistn concerning the possil)ility of pre\.ention 
based on correction of al)nornialiticts malting for 
CHI) pronencsss. 

Role of Diet 

There is increasing body of evitlenee disputing 
t l ~ c  so1it:rry role of dietary lipitls in the pathogenesis 
of CHD. lrutlkin2 has shown the association of a 
tliminishetl glucosc. tolerance and atherosclerosis, 
and has imprcssc~tl the concept of high levels of 
dietary sucrose in paticnts with occlusi\re atliero- 
sclerotic discase. Tllis is against the earlier views 
expressetl by a large number of workers showing 
the importance of 11lootl lipitls, egg yolk, cholesterol, 
etc., in the tlc\~elopmcnt of the disease. Block3 
and Lynen4 re-emphasize tlie role of cholesterol. 
A survey of literature reve:lls that diet tluough 

'.\ clissertation I]!, Dr I<. Is. Anlr;~, I'rofcssor of I'l~artnact,- 
logy, :\ll-Indi;~ Institute I I ~  Mrdical Scic.rlces, Nc\v Dell~i, on thc 
uccasicm of the prescnt;~tiol~ of thc Sll;~nti Sw;rrop 1311:1tna:ar 
\fcrnorial Auard in hlcdic;~l Scirncrs f~ l r  tlic !car 1061 a t  thc 
Sati~lnnl I'l~ysic;tl I.:ll~r~r;~tory. Nrw Dcllti, 14 Jonu:iry 1065. 

its polysaturated fat content has been the most 
fascinating yet incompletely understood factor in 
the proneness to coronary artery disease. Yudkin2 
concluded that the relationship between coronary 
artery disease and fat intake was more apparent 
rather than real. A similar viewpoint has been 
extended recently by Shah5 that there are other 
important factors such as physical inactivity, mental 
stress and psychosocial factor, apart from diet, play- 
ing a role in the etiology of CHD. This led Arora 
and coworkers to make an attempt in understanding 
the role of dietary fats in the genesis of CHD. The 
value of Rengal gram C,  arietinum in preventing 
tlie development of atherosclerosis has been investi- 
gated. l'igs, aged 4 years, were fed on vanaspati 
and cholesterol for 15 months and the results were 
compared with those for pigs on normal diet and pigs 
on vanaspati plus cholesterol plus 60 per cent Bengal 
gram diet. The results sllowed that cholesterol 
le11el is raised in experimental animals as compared 
to control animals. EKG record showed evidence 
of acute myocardial infarction in the experimental 
animals, but, in contrast, the histological studies 
revealed no areas of myocardial infarction except 
for slight fatty degeneration at  the apes of the 
ventricles and also showed no clear evidence of 
atheromatous patches. The thoracic aorta showed 
areas of sudanophilia which was more marked than 
in tlie case of abdominal aorta. Absence of 
atheromatons patches in the animals is suggestive 
of the role of Bengal gram which was the main 
dietary constituent in these animals. As 44 years is 
the average age at  wl~iclch spontaneous atlierosclerosis 
de\.elops in English pigs, these effects were rather 
surprising. Further work on the role of diet is in 
progress. 

Role of Emotions 

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

This view is gaining ground not only in USA 
and Europe but also in Russia. A review of the 
liussian research on the role of visceral reflexes in 
coronary insufficiency by Simson7 emphasizes their 
reports on prolonged experimental neuroses on 
monltej~s produced by conflicting conditioned re- 
flexes, some of n;hich developed electrocardiographic 
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changes that were identical with those of human 
left ventricular ischaemia. 

Oslers described the typical coronary patient as 
a ' keen and ambitious man ', the indicator of 
whose engines is always set at  ' full speed ahead '. 
DunbarQ and ArlowIo hoth concluded that a clear- 
cut personality pattern can be detected in many 
individuals with coronary artery disease, charac- 
terized among other things, by habitual overdrive 
and compulsive drive to success by means of hard 
work and self-discipline. Physiological studies of 
coronary patients have confirmed this in part. 
In this regard, it is also of interest that among 100 
patients with myocardial infarction suffered prior 
to age 40, most were either holding down two jobs 
or working more than 60 hr a week at  one job 
just prior to their attackl1. Russeks emphasized 
their personality as being aggressive and ambitious 
with an intense physical and enlotional drive, a 
description much like that which was noted five 
decades earlier by Osler. Even as late as 
December 1964, the well-known US heart specialist, 
Howard R. Sprague of Harvard University, says in 
an article titled ' Tensions on the heart ' that com- 
paratively high incidence of mortality from CHD 
among professional and managerial groups is due to 
emotional tension. 

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

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

Further, in the presence of emotional tension 
there may be the associated factors of diminished 
exercise and augmented dietary intake as well as 
altered blood flow. These relationships (Fig. 2) on 
the basis of which it is suggested that occupational 
stress in susceptible individuals, as increasing!y 
found in middle and upper class males of 
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Fig. 1 - Hypothaln~ico-llypophysial adrenal relationship 

I'ig. 2 - Possil)lc pathways by which cortic:~l perturbation 
may participate in mechanism of lnyocnrdial infdrction 

industrialized societies, more or less continuously 
stimulates such cortical perturbation12. 

In considering the l~ypotl~alamic-pit~iitary-adrenal 
cortical system as a functional unit, there are several 
points of approach which might provide useful 
information regarding the response of this system to 
stress. Although there appears little tloubt that 
an essential cheniical mediator is releasetl I)!. 
specialized cells in the hypothalamus, the identity 
of this chemical substance remains untlisclosetl. 
There is no evidence to date that the nature or 
quantity of this substance can be determined from 
analysis of readily av;lilable body fluids. However, 
it is probable that investigations into the nature anct 
action of ' nenroliumoral ' substances may one 
day provide an important link in the chain of 
events which initiate man's hormonal response to 
stress. 

In spite of rectxnt researches, CHD still accounts 
for more than half of all the deaths in Britain, 
the United States, Australia, New Zealantl ant1 many 
other countries. According to n survey covering 
22 selected countries, conductetl hy WHO in 1964, the 
percentage of deaths through heart tlisease amounted 
to 48 per cent of all tleaths, with women having 
a lower proportion than men. Efforts to find a 
solution have been obstructetl for want of an 
animal species in which the disease similar to 
human could be duplicatetl, so that data from animal 
experiments can be projected to man ant1 drugs 
beneficial in animal atherosclerotic coronary disease 
would be eq~ially effective in man. 



01' MYOCARDIAL INFARCTION 

With this background I would like to put forward 
my thesis for solving this riddle. My concept implies 
that  the endocrine system, specially ~icnrohormones, 
relatetl amino acitls and the enzymes concerned in 
their metal)olism, play an important role in athero- 
genesis ant1 clinical CHD. 

Author's Thes i s  
My tllesis is that emotional stress plays a major 

role in clinical coronary ~Iis 'asc~~.  Body mechan- 
isms or su1)stances releasctl ~vitlnin or atlnninisteretl 
exogenously to mammals, \vllich prevrnt the release 
and/or increase t l ~ e  hountl form of catecl~olaniinc ant1 
related I~ormones, are likely to protluce a salutary 
effect in preventing :ultl/or ameliorating myocardial 
infarction and clinical coronary artery tlisc.ase. 

In n searching analysis of the problem of coronary 
artery disease, Florcy, in his Jephcott Icctnrel5n 
1960, tlec1;lrcd that it might not 1)e going too far to  
believe that the same factors werc operating to 
protlucc the lesion in tlne pigs ;IS the one present 
in man, ant1 that it may no\\, I)c possi1)lc to elaborate 
observations m;~tle on man in n more comprehensive 
manner on ;unimnls. A reappraisal of the fcasi1)ility 
of using the tlo~nestic pig was, t l~erefor~ ,  tlremcd 
pertinent. 

Among the numcrous aclvruntagcs of t l ~ e  pig arc 
thc uniformly regular coronary artery pattern 
antl t l ~ c  basic genetic similarity among pigs of the 
same strain antl a blood lipoprotein pattern similar 
to the human. Tllc pig is adaptabl(~ to extreme 
cl~angcs of tlict, and, whilc the vagus plays no part 
in the inner\ration of the coronary artcrirs in 
the dog, it has a pronounced effect in the pig. 
Further, rungina pectoris, coronary failure and acute 
m\,ocardial infarction in man have 1)crn s11o\vn to 
be closely rclatctl to coronary narrowing and occlu- 
sion in the pig. 

Exper imenta l  S tudy  

Tlle present s tudyl~- '%vas,  tllcrcforc, set out to 
examine the possi1)ility of devc.loping t11e animal 
for use in a s t ~ ~ t l y  of Ilomogcncons experimental 
myocartlial infarction by ;I two-stage coronary artery 
ligation. To our Iinowlctlgo this is the first time 
that  snccessful (~spc~rimmt;~l  induction of a clelayccl 
development of ectopic \,entricular arrhgthmia and 
homo~encons esperimcnt;~l myocilrtlial infarction in 
the pig has 1)cen reportrtl. 

\Vl~en the ligature \\.as tirtl 26+3 mm. from the 
left auriculrlr margin, the c11nng~ in rhythm dc- 
vclopetl after 2.0-2.5 11r reac.11rtl a maximum nfter 
6 hr persisted up to 23 hr. l'hr post-ligation 
heart rate mrely excc~etlcd 150-172 per min., about 
15 per cent more than thr  control rate. I t  \\.as 
thus a loiv frccluc~ncy tacl~ycardi;t, ant1 even this 
rontinuetl only for ;t brief pcbriotl (av. 4 hr). The 
lack of markctl post-occlusion tach!lcartli:~ in tlnc 
pig could hr clue to the consitler;~l)lr vagi11 control, 
snnilar to what occurs in surviving human coronary 
t11roml)osis. The chnngc~s in the S-7' segment and 
T \va\.cs in the clcctrocartliogr:~ms usr~ally continued 
up to 9-48 hr after ligation. 

Free \v;1I1 antl 1)untlle 1)r;uncll hlocks werc 
frequently met \rith, showing bigc~minal, trigcminal 
antl other rllytlnms. The ectopic ventricular low 

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

Alter this was accomplished, Indian domestic pigs 
servecl as the experimental animals and the cri- 
terion for judging the beneficial effect of drugs was 
improvement in his to pa tho log!^ of homogeneous 
myocardial infarction producetl hy two-stage coro- 
nary artery ligation according to the technique 
mentioned above. 

Ne~iroliormonal and enz!~matic changes during myo- 
cardial infarction in the pig heart, brain and adrenals 
were investigated to get an insight into the mechan- 
isms of this process. These included estimations 
of catecholamine, 5-hydroxytryptamine, histamine, 
acetylcholine and enzymes like monoamine oxidase. 
Indirect evidence about the role of other enzymes, 
hormones or amino acids in\-ol\.ed was obtained by 
seeing if administration of monoamine oxidase inhi- 
tors, diaminc osidase inhibitors, c a t e c I ~ o l - O - ~ ~ t h ~ r l  
transferase inhibitors, decarboxylase inhibitor, reser- 
pine, taurine, bradykinin, aldosterone, thrombolytic 
agents and Rastinon produce any beneficial or harm- 
ful effect in experimental myocardial infarction. 

Clinical Studies 

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

Arora and comorkers have demonstrated that  the 
concentration of catecholamines, 5-hgdros~~trypt-  
amine and acetylcholine markedly decreases 
from the area of myocardial infarction in pigs ooer 
a period of few (lays. Russel et aLZ0 also reported 
that the infarcted areas producetl by coronary 
artery ligation in dogs lose about 75 per cent of 
their normal catecholamine within 24 hr. These 
studies are also compatible with the observation of 
Gazes ancl associatesH, where they indicated that  
plasma catecholamines are increased after acute 
myocardial infarction and also in angina pectoris 
after exercise. Moreover, Arora et al. have shown 
that urinary 5-h\1droxyindoleacetic acid and catechol- 
amine \sere increased in patients of acute myocardial 
infarction. 

Arora ancl coworkers have found that  the normal 
urinary excretion of 5-HIAA in healthy male adult 
ranged between 1.87 and 8.75 mg. (mean 3.82 mg.) 
per 24 hr urine and catecl~olamines ranged between 
42.34 ancl 72.50 pg. (mean 58.03 pg.) per 24 hr 
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HOURS A F T E R  MYOCARDIAL I N F R A C T I O N  I N  M A N  

171g. 3 - 5-Hydn~xyindolcacctic acid content in 24 hr urine 
of the paticnts of myocardial infarction 

HOURS AFTER MYOCARDIAL INFRACTION I N  MAN 

Fig. 4 - Norepinephrine content in 21 hr urinc of thc patients 
of my~)cardi;~l infarction 

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

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

During myocardial infarction, which is an emer- 
gency mechanism, there will be release of catechol- 
amines as an alarm reactionZ2. This is a natural 
phenomenon which always takes place under condi- 
tions of stress and strain. As a consequence, there 
will be depletion of catecliolamines; probably at  
first labile adrenaline and later even bou~icl cate- 
cholamines also may be called for action. I t  
appears from these studies that the sources of these 
increased levels of plasma catecholamines are 

probably the myocardial infarcted regions, whicli 
are deprived of their normal constituents of hound 
stores of norepinephrine and epinephrine (Fig. 4). 

In  recent years great (leal of attention has been 
pait1 to kinins antl their role in biological activity. 
I t  lias been suggcstetl that bratlykinin is rcsponsibli~ 
for reactive 11yper;lcmia. I t  has heen claimetl that in 
a weakly allzaline region between pH 7.5 antl 8.5 
the equilihri~~rn lies with tlic inactive conipdund and 
a shift towards tlie acid side ~)nslics the ecluilibrium 
to tlie side of tlie free component. Hut i f  such 
small p H  changes woultl really affect the mechanism 
of kinin formation, then several problems can be 
esplainccl. For exanlple, acid metabolites sucll 
as lactic acid antl carbon dioxide can bring about 
in tlie mnscle during iscliaemia, activation of kinins. 
I t  might be suggested that (luring myocartlial 
iscliaemia the acid l)rotlncts of catabolism are re- 
sponsible for the activation of kinin from the enzyme 
and consequently increase in blootl flow as well as 
for reactions like pain. S i l ~ a ? ~  suggcstetl a rclation- 
ship, still uncxl)lained, hetwecn releast: of hratlykinin 
and local discharge of catecholamines, as respons- 
ible for ant1 expected consequence of its action. 
.4 vicious cycle might be then establisl~ecl, thc 
increase in capillary pcrnicahility n.oult1 cause 
morc bradykinin to cross the capillary walls and 
morc I~ratlykinin woultl be rcleasetl (Fig. 5). A 
suffusion of bratlyliinin locally tliscliargcd wi)ultl 
dilate the blood vessels and help keep l~alance of tlic 
calibre of the smaller vessels. The ahove data givc 
some support to t l ~ e  stress hypothesis ns an im- 
portant etiological factor of myocartlial infarction 
ant1 a more than casual relationsl~ip of catccl~olaminc 
and relatetl hormones with tlic clinical coronary 
artery disease. 

Epinephrine, in atltlition to its action on carbo- 
hydrate n~etabolisn~, ~)rotluces market1 effects on 
fat  metabolism. Callill ct ~ . 1 . ? ~  011servt~I that  
both epinephrine and norcl~ineplirine increase the 
incorporation of labelletl glucose into glyceride, 
glycerol ant1 increase thc rclcase of non-csterifictl 
fatty acids into the medium withont affecting free 
fat ty acid synthesis from glucose. These authors 
conclnde that  the primary action of catccliolaminc: 
is to ::timulate lil)olysis. 

ACTH, like epinephrine, increases lipid mobiliza- 
tion from isolatctl. fat I~otlics. ACTH fail.; to 
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Fig. 5 -Vicious cycle a t  the site of injury 



stimulate fat mobilization in adil)osc tissue of 
reserl~inizctl animals, althougl~ it will (lo so in the 
presence of small amounts of el)inrphrine. This 
suggests t l~a t  the action of ACTH on fat metabolism 
is tlel)cntlrnt on the presence of epincl)hrine (or 
norepinephrinc~). 

Role of Cortical Hormones 

I t  has long been rccognizctl that emotional stress 
significantly accelcratcs I)lootl coagulation and there 
is reason to believe that this may be mctliated not 
only I)y an :iugmcntetl secretion of (:l)incq)llrine 
but also possibly I)y adren:~l corticoitls. This latter 
view is sul)portetl by our fintlings of incrcascd 
urinary nltlostc~rone in patients of myocardial 
infarction2h26. The valrrc was 2-3 times higher 
in acute nncoml~licatetl myocartlial infarction when 
compared \vitl~ normal men. Sotlium restrictctl tliet 
ant1 controllctl posture in normal intlividuals cansetl 
a rise in tile urinary excretion of altlosterone, but 
this risc was much less than that ol~scrvctl in myo- 
ciirtlial infarction (Fig. 6). 

Urinary aldostcronc escrction in normal liealtlly 
(logs fetl the same (1ic.t ant1 later on in the same dogs 
with exl)rrimcntal myocartlial infarction revealctl 
similar incrtsase in the absencc of liver damage. 
Animal esl)erimcnts also ~)rcclud(t the possible 
influence of drugs nsrtl in myocartlial infarction 
On the 1evt.l of urinary cscrction of altlosterone. 
Therefore, estr;~l)olation of the fintlings from animal 
csperiments permits us to hyl)otl~esize that incrcascd 
urinary cscretion of altlosterone is tlue to myocar- 
dial infarction and not tlue to the associated factors, 
viz. diet, tlrugs ant1 postnrcs. Rise of sotlin~n con- 
centration in the infarctetl myocartlium appears to 
have a causal relationshil) with t l ~ c  aldostcrone 
inducetl arrhythmia in myocardial infarction. 

Role of Biogenic Amines 

Arguing in the same \\ray, Arora and coworkers 
have sllownZ7 the beneficial effect of a drug which 
raises biogenic amines, viz. nialamitlc, a hydrazitlc 
JlAO inhibitor, in I~istopathology of es])crimcntal 
myocardial infarction in the pig. 

1 2 3 4 5 6 7 8  

I- NORMAL AFTER HYOCARDlAl INFARCTION 

3-2-3 RD DAY. 5-5- 6 TH DAY. 7-8-9TH DAY. 

(R:%::TLD) 4-3-4TH DAY. 6 -6 -  7 TH DAY. 8-  9-IOTH DIY. 

THE VERTICAL LINE INDICATES+STANDARDERR01. 

Pig. 6 -Mean of thc aldostcronc excretion in normal, control 
and ~llyocilrdial infarction patients 

In our studies, the hearts of the pigs after coronary 
ligation were examined at varying intervals from 
6 to 30 hr. The earliest detectable pathological 
alteration was seen 6 hr after ligation. The heart 
muscle showed increased acid staining of the 
cytoplasm, vacuolation and changes in the nuclei. 
The myocardium showect hyaline changes and 
striations mere lost. There was evidence of pyk- 
nosis, karyorrhexis and karyolysis. Nuclei had 
disappeared specially from the cells in the necrosed 
areas. Later on, the progressive myocardial in- 
farction was present, e.g. lcucocytic infiltration 
ancl fragmentation of muscle fibres and bundles. 
The nature of histological changes in the niala- 
lnitle pretreated coronary ligated pigs is shown in 
lziv 7. - .o. . . 

In the case of other drugs, except glutamic acid- 
IH, there was no evidence of improvement in myo- 
cardial infarction. The criteria for judging myo- 
cardial infarction were oedema, presence of 
thrombosis, and the nature and degree of necrosis 
of myocardium (acid staining, fatty and hyaline 
tlegeneration of muscles, fragmentation of muscle 
buntlles ancl lc~~cocytic infiltration). Beneficial 
effects seen in arrhythmia, as shown in the 
electrocardiogram, ant1 some reduction in the area 
of infarction after coronary artery occlusion in the 
four-day nialamide pretreated pigs indirectly indi- 
cated the presence of interarterial coronary anasto- 
moses. However, absence of a definite transfer of 
injected material from the right to the left coronary 
artery in our experiments absolves functionally 
significant interarterial coronary anastomoses as a 
possible mecl~anism for the salutary effect of MA0 
inhibitors. The hIAO inhibitors are known to cause 
coronary dilation in the isolated heart and in the 
intact animals. In our series of four-day nialamide 
pretreated pigs followed by two-stage coronary 
ligation, islands of cardiac tissue capillaries, showing 
some evidence of dilation, were observed histologi- 
cally, but this finding may not be of great signi- 
ficance in the absence of direct evidence of coronary 
arterial collateral circulation in roentgenograms of 
the pig heart. 

O E D E H A  CAPILLARY F O C A L  
THROUBOSIS NECROSIS 

1'1~. 7 Q11;lntltativc .Issessnlent of the etfcct of nlalamlde 
i111cl nlut;~~il~c-l lT ' I ' rr tre~tmcnt on mvocardinl infnrctil~n 
in thep ig :  ~ u a n t i t a i i v e  assessment of vaAous characters were 
observed from oedema. thrombus in the coronarv arterv and 
histopathological study of the infarcted area '30 hr'after 
coronary ligation. Vertical-lined columns represent those in 
the control untreated; oblique-lined, nialamide treated; and 

dotted, glutamic acid-IH treated animals] 
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In the light of the above, it may he inferred 
that amine oxidase inhibition plays an important 
role in exerting beneficial effects in myocardial in- 
farction. But this does not appear to be the decisive 
or exclusive factor since glutamic acid-IH, which 
is a MA0 inhibitor nearly equivalent in potency to 
nialamide, is only partly effective in myocardial 
infarction. I t  implies the esistence of a pllarmaco- 
logic effect of nialamide in addition to MA0 inhibi- 
tion whicll contributes to the ultimate response 
elicited. 

However, inhibition of cardiac MA0 to tlre extent 
of 98-100 per cent appears essential for demonstrable 
beneficial effect in histopatlrology of myocardial 
infarction in the pig by an 3lAO inhibitor like 
nialamide. This inhibition is associated wit11 95, 
25 and 133 per cent increase in left ventricular 
(cardiac) norepinephrine, serotonin and adrenaline 
respectively. This preferential increase in myo- 
cardial catecholamine by a drug n.hich produces 
a saluta~y effect is likely to implicate catecholamines 
for the beneficial effect seen in experimental myo- 
cardial infarction in the pig. 

Studies have been made (unpublisl~ed arork) 011 

other types of enzyme inhibitors in esperimcntal 
myocardial infarction. A catcchol-0-metl~yl trans- 
ferase inhibitor (viz. pyrogallol), decarbosplase in- 
hibitor (viz, a-methyldopa) and diamine osidasc 
inhibitor (viz. isonicotinic acid hydrazide) were 
tried in equimolar dosages to nialamide, but they 
did not sIro\v any statistically significant salutary 
effect. 

In ectopic velitricular arrhythmia conlplicating 
myocardial infarction, the observationslS were of a 
similar nature. However, when the dosages of some 
of tlrese enzyme inhibitors were increased, say 3-7 
times, the molar eqnivalent of nialamide, the 
arrllytllrnia was reverted sho~ving the complcxit>~ 
of the problem. 

The effect of nialamide on ectopic ventricular 
arrhythmia appears to be markedly due to M A 0  
illhibition and also to its capacity to raise the levrls 
of catecholamines, although direct plrarmacological 
effects of these drugs, in view, of the similarity of the 
fit of the hydrazide to epinephrine which are es- 
plained later, cannot be entirely ruled out. Thc 
experiments in nhiclr the animals were pretreatctl 
with reserpine before the production of ectopic 
ventricular arrhythmia, resnlting from coronary 
ligation, for testing the anti-arrhythmic effect of 
nialamide, support the view that the accumulation 
and/or replenishment of catecholamines in the heart 
plays an important role in the beneficial effect. The 
action appears to be rather specific, sincc nialamide 
does not revert either ouabain induced ventricular 
arrhythmia, aconitine induced auricular arrlythmia 
or injury stimulated auricular flutter in dogs. 
Further, the salutary anti-arrhythmic effect of these 
drugs seemi to be unrelated to diamine osiciase 
inhibition or increase in blood le~~els  of 5-liydrosy- 
tryptamine, dopamine or tyramine. The hydrazidc 
moiety appears to be a requisite siw qua non for 
anti-arrhythmic activity as MO-911 (Pargyline) 
demonstrated no beneficial effect unless it was 
administered in seven times the molar equivalent 
dose of nialamide. 

Catechol-0-metl~yl tra~rsfcrasc inlli1)ition produced 
by these drugs appears to play some role sincc 
pyrogallol and iproniazitl were equipotent anti- 
arrl~ytllmics; Iion.cvcr, t l~cy were hot11 much in- 
ferior to nialamidc \~hiclr implicates a particular 
clremical moiety antl/or possihle anchoring groups 
present in t l~ is  drug as important atltlitional poten- 
tiating factors c>xplaining its supcriority. Finally, 
the significance of accnmr~lation of taurinc, ethyl- 
ami11c-2-sull)l1onic acid (luring MA0 inhibition has 
been discussctl as a possihlc mccl~anism of hcne- 
ficial cffect by MA0 inhil)itors. 

As mentioned carlicr, the anti-arrl~ytl~mic action 
of MA0 inhihitors in arrl~ythmia resulting froni 
myocardial infarction in tlogs can I)? annr~lletl I)\- 
pretreatment wit11 rcscsrpinc. I:urtller, reserpinr 
pretrcatmcnt increases the mortality in dogs ant1 
pigs \\.hen it prccctles experimental myocardial 
infarction stress more than a casual relationship 
bet\vcen catecl~olaminc tleplrtion ant1 dc\,clopmcnt 
of myocarclial infarction. I t  is now cstal~lisl~ctl 
by estcnsive biocl~cmical and pl~arniacological 
studies that iproniazid ant1 otl~cr similar hlAO 
inl~ibitors markrdly change thc metabolisni of bio- 
logical amines, catecl~olamines, serotonin ant1 otl~cr 
amines. As regards thc role of MA0 inhihitors, 
several possibilities exist for esplaining their mecl~an- 
ism of action. Tlrese arc csplainctl bcloiv. 

Catecholamine Hypothesis 
I t  has bccbn sho\vn by Plctscl~er ant1 P e l l ~ n o n t ~ ~  

that there is a markctl rise in norrpinephrine content 
of the mammalian heart aftrr iproniazid aclminis- 
tration and that coronary flow is increased. In 
sharp contrast, 12ing formd tllat iproniazitl atlminis- 
tered to tlogs protluccs no altt~ration in coronary 
flow, myocartlial usage of osygcsn or coronary sinus 
oxygen, and catecholaminc~s Iravr an atlvcrsc cffect 
in angina pcctoris. Th;rt catcclrolamincs Ilavc an 
adverse cffect in atl~crogc~nesis ant1 myocartlial 
infarction has been sul)portrtl i)y otllclrs. 

This ncctl not be an insul)crablc objection if the 
hytlrazin's inhibit the release of storctl el)incphrine 
or tlrc formation of a l~armfr~l metaholic tlcriuati\.c 
of the hormone. l'hc ;rbst:ncc of a tlclctcrious cffcct 
despite the increased content of tot;~l norel)inephrint~ 
in the 11c;vt needs no esplanation. Rrotlic and 
SlroreZg rrcport that hot11 5-HT ant1 catc~cllolamine.; 
arc bound to proteins ant1 thus arc protcctctl against 
the action of monoaminc~ oxitlasc~ systr~n. T l ~ r  
catccholamines arc storctl in t l ~ c  granules of tlre cell 
ancl arc liberated only tlnring stim~~lation or untler 
the influence of reserpine. Similar coiiclr~sions were 
also rcachetl by Rlaschko ;rntl co'ivorkcrs". 

The action of acetylcholine ant1 5-l~ytlrosytrypt- 
aminc can he ascribvtl to t l ~ c  1il)eration of catecl~ol- 
aminc by them. At ;rbor~t tllc, same time that 
0-mcthylation \vas I)cin:; estahlisl~etl as the major 
means for the mctaholic inactivation of circulating 
catecl~olaminr, other cvitlcncc accr~mulatcd indi- 
cating that MA0 does play ;rn important role in 
the metabolism of entlogcnous catcclrolamincs. 
From tllesc results it may hr conclutlccl that the 
readily released portion of storctl norepincpl~rinc is 
enzymatically tlestroycd by 0-metl~ylation, cither 
in the tissues or after I~aving rcacllrtl the circulation 
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aldy intlr~~~nccatl I)y its ~)lrysico-cl~c*~nic;ll fc;itnrcss. 
511cl1 fc;lturt.s may incl~~tlc tlrct 11;1tnrc> of tllr t.lrctricu1 
c11;tractc~rs of tliffcrcbnt portions of the tlrr~g molecr~le, 
I I ~ I ~ I - o ~ ( * I I  l ) o ~ ~ i l i ~ ~ g ,  i f  l ~ r t ~ s t ~ ~ i t ,  ;III(I the i)vcrall niole- 
cular ~ I I : I ] K :  'fllc contril)rltio~~ of tllcsc! forces to 
tli~b 1)iological ;ictivity I)cco~nc.s ~);trticul;~rly signi- 
lic;~lit in tllc c;lsc of tlrl~jis \vllicl~ csrr t  t l~c~ir  action 
I)y coml~sting wit11 ;I norm;~l 1)11ysiologic;~l compo- 
nrnt for ;In carlzymt! or rcccy)tor si~rfi~ct'. r l  ~nos t  
uscfrll rn~~tliotl of h.;ltllcring information rcg;~rtling 
sue11 snl~tlc pl~yico-cl~cmical fcnturcs of a nlolecrllc 
is to sti~tly its sl)cctral cl~ar;~ctc-ristics. Ultraviolet 
and infr:ircvl \~)cc t r ;~ l  tl;lt;l of ~ l rug  molcculcs offvr 
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I:ig. X - .\il~cnrr:ic fit of  n i ;~lnmidc 

v;~lu;ll)le inlorm;~tion wIiic11 lias very often a tlirect 
I>c ;~r in~  on tlic biologicnl activities. Froni this 
point of view tllc infrared sl)ectrr~m of nialamidc 
sllo\vs t\vo S H  frocll~cncirs at  3325 ant1 3250 cm.-1. 
'l'lic I)rcxcncc of two KH frcclnc~lcies sl~o\v that there 
XI-c t\vo types of NH groups in tlie molecule, one of 
t11c.m hcing associatctl (i.c,. liydrogcn honded) citlrcr 
intramolrc~~larly or intc!rmolecularly. The pealc 
wit11 tllc lower frc~luc~ncy is to be attributed to the 
associatt,tl S H  fre~lncncv and it is more intense 
tli;tn tlic ot11c.r NH frctluency. Tl~is  sllows that  
two NH groups (\vhiclt mast include at  least one of 
tl~tb amitl(. functions) are involvc~tl in somc type of 
Ilytlrojicn 1)ontling. 'The I~igl~er NH freclocncy may 
he tl~lc to t l ~ c  tl~irtl NH whicll a t  any rate is less 
I~ontlctl tli:un the other two. Froin this it may be 
infci-rctl that ni;~lamitle ~)iol)al)ly for~iis I~ydrogcn 
I)olltls with somc suitahlc surface through somc 
of its XH groups. In this connection it may bc 
n ~ ~ t c t l  t l ~ ; ~ t  il~roniazitl is also known to form I~ytlrogen 
I)ontls ant1 metal chrlates (as a consccluencc of the 
former). Howcvc.r, this cannot be taken as conclu- 
sive cvitlcnce for any intramolecular llyilrogen 

, 7 ,  

evitlrncct is availal~le conccr~~ing the atlrerogcbnic 
cfcctivcncss of clpincpllrine and norepinepl~rine 
I)otli in animals and man; this effectiveness is 
cnl~ancetl I)y tl~yroitl Ilornione, and, in genel-al, 
clmotion;~l syml)atl~etic over-stimulation may be 
;~ssumetl to Ile tlalilaging the arterial walls. 

In the atlrcn;~l mctlulla catccliolamines are loca- 
lizctl in ccsll.;, tlcsignatetl as cllromaffin cells (their 
1)rol)crty of being brown or black in tlie presence of 
cl~romatc and possessing the sctlimentation cliarac- 
t~tristics of niitochontlrin; Rlaschko ct n1.33). Tlic 
r\TP contcnt of atlrcnal mcdul1.a tissue (appros. 
5 mg./g. tissuc) is Iiiglicr than that of any tissne 
yet stutlictl ant1 also ATP content per g. ]?rotein 
of atlrenal chromafin granules is sevcral times 
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greater than any intracellular particles examined. 
This fact coupled with the fairly constant ratio of 
ATP to catecholamine in tile gra~iules and the 
unusual stability of ATP has led to tlie conclusion 
that  ATP map be functioning as the anion in a salt 
complex with the amines. At fiH 7.4, a 4: l  com- 
plex of catecholamines and ATP exists in a variety 
of These suggest that ADP and AMP 
may also play some role in this complexing. After 
stimulation of tlie adrenal gland, there is a depletion 
of ATP ~ l i t h o u t  a proportionate increase in ADP 
and AMP in  uivo3% The spontaneous loss of 
catecholamines from adrenal granules is associated 
with a proportional loss of ATP ilt vik.0. 

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

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

However, any attempt to devise an effective block- 
ing agent is profoundly handicapped by the fact 
that  i t  is not known what unique features of the 
platelet surface are responsible for its ' stickiness' 
to surface or in what way ADP or the other possible 
aggregating compounds alter tlie platelet surface 
to permit platelet-to-platelet adhesion. Further- 
more, the meclianisms thought to be involved in 
platelet aggregation are concerned in many otller 
vital processes. Evidently, it will be difficult to  
find a therapeutically active inhibitor, but efforts 
in this direction appear wort11 cvliile. The prescnt 
scheme envisages work in this direction. 

Possibly, with an effective drug, the damaged 
endothelial surface could be rendered benign and 
non-attractive to the platelets; in this connection 
nialamide lias been shown" in some special circum- 
stances to  be effective. Arora and coworlters have 
confirmed these claims and have shown that  a close 
of 5 mg./kg. of nialamide in rabbits increases tlie 
platelet clumping time from 50 to 84 sec. Further, 
daily administration of nialamide did not cause 
much further rise in the platelet clumping time. 
After the withdrawal of tlie drug, platelet clumping 
time reached normal limits in 4 days. Tlie drug 
was devoid of any toxicity. Support for this view- 

point \\:as given Ily RIascliouf el n1.37 who have shown 
that  tlie inllibitory action of nialamitle on tl~rombosis 
is presumably achievetl hy tlin~inisl~ing tlie platelets' 
contribution to this process. 

Concluding Remarks 
World statistics rcvcal tliat CHL) is tllc civilizetl 

man's greatest cartliovasc~llar ~)rohlern. This tliscasc 
claims tlie life (luring tllr most protluctive pcriotl 
of a person's life - pcriotl (luring \vhicIi his talents 
are mature and can br of use to his family, llis 
profession and his nation. During the past fctr 
years, intcnsivc analysis of thc etiological factors 
has increasetl our kno\~letlge rrgartling t l ~ c  patho- 
genesis and possihlr prcvcntion of atherosclerotic 
coronary heart dieasc. 

I have already cwpl~asixetl th r  importance of 
primary prcvcntion antl it is clear that a cllcck can 
be maintainctl over somcs of tllc, claimctl but not 
provr(1 causati\lc ;mtl 1)rctlisl)osing factors like 
diabetes, Ilypercl)olcstrol:1~~1ni;1, Ilypcrtcnsion, csccss- 
sivc smolting antl ovcrindulgcncc in very rich footl. 
I have also sllo\vn the rt:lativc importance of the* 
cnzymc mono;tminc osidasc vis-a-vis catcchol- 
0-metllvl transfcrasc, (lopa t1rcarl)osyl;isc~ antl tli- 
amine osiclasc, ant1 the tlrr~gs \vhicli inhihit tllcm 
\\!it11 respect to their salutary cffcct or otherwise in 
c.sperimrnta1 coronary infarction ant1 tlie rolc of 
aldostcrone in the biocl~c~nical 1)11:trmacology of 
myocardial infarction. 'l'llo~~gll tlrc motlification 
of all tllesc factors ;tppears to 1)lay a significant 
rolc in the etiology of myocartlial (coronary) 
infarction, the major causative or prcclisposing 
factor appears to I)(% nc~~rollorlnon:ll, with sl~ecial 
refercsnce to  tlrplction antl/or tlrstrnction of cartliac 
c:itecl~ol;~mines antl rc~l;itccl ncurol~ormones rt.lc;isctl 
tlne to mental stress, H'II~CII in t11r11 1)rotlucc cl~angcs 
not only in thc coag~~lation factors Iratling to 
atherogenesis but also to conscclucnt coronar!' 
insufficiency antl so-callctl clinical llcart attacli. 

In further so])port of the nrurol~ormonal concept 
I qr~otc tllc nnl)ublishctl ol)scrvations of my group 
made over a n ~ ~ r n b c r  of years on the role of cnviron- 
mental factors ant1 coronary tliscasc in laboratory 
animals ;it the All-Intlia Institntr of M(~tlica1 
Sciences and carlier a t  Sn\\;li Rlan Sing11 Mctlical 
College, Jaipur, wit11 special rcfcrencc to tllc pig 
which slion. that emotional strrss has an important 
role in tlic drvclol~ment of myocartlial infarction. 
This is corroboratctl by a s t ~ ~ t l y  by \vorkers from 
abroad on otllcr spccics of animals. For csamplc. 
the frequency of coronary tliscasc in mammals a t  
tlic P l ~ i l a d ~ l ~ ) l ~ i a  Zoological (iartlcn has increased 
about tenfold within recent years. T11e greater 
part of tliis increase came b c t w c c ~ ~  1955 antl 1962, 
during \vhicIi pcriotl tleaths from myocardial infarc- 
tion also became rctlativc4y common, \r;llcrcas non? 
had occurretl earlier. Furtlrermorc, tliis :ulinial col- 
lection llas been fed on lligllly constant diets of 
high quality since 1935. Accordingly, an increascb 
in the frecluc!ncy of coronary tliscase in these 
animals may not I)c attrihutctl to footl intake nor 
to tlie typc of tlict. Here, tllen, 'are examples 
of coronary disease that hnvc developed \vithout 
reference to diet or to sex in a wide range of 
species". 
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Onr  niny objcct, of conrsc, that ohser~v~tions on 
tlle cffc~cts of intraspecific interactions of caged 
animals in :I zoo or Iz~l,oratory cannot he applicd 
directlv to ' free-ranging crcatr~ros ', or csven to 
urban man. Careful stntly of natural ~)opr~lations, 
lio\r~t:\.cr, sho\rs tliat the concc,l)t of tllc. ' Ire(:-ranging 
crcatnre' is a myth. Potc5nti;ll ;mtl actual homo 
rangr tlcl)cncls npon intli\~itlu;il aggrcssivc~ncss zmtl 
population tlcnsity. 'l'l~c tlc\~elol)mcnt of coronary 
arteriosclcro:;is in animals of rriltl 1)ol)ulations 
apparently is ;l rcssl)onst. to rclzttively intc5n:;e intra- 
specific intcrzrctions. 

Here a cluestion may I,c ;wkctl with rcsl)ect to 
aldostcronc (in the al)srncc of pu1)lislird data on  
other forms of stress) \rllicl~ Arora el al. !lave shown 
to he increasctl in 1)aticnts of myocartlial infarction. 
In this connection, Jrnscn rl a/." 91;tvr shown t l ~ a t  
tlie urinary rscrction of certain 2,3,5-tril)l1enyltetra- 
zolium cl~loritlc rcdncing s~~l)stancc~s \vliicl~ are 
solul~lc in ctlicr increasc~s in Ilc~althy pcrsons (luring 
emotional stress. l'his fraction ('ELI<) 1,robably 
contains I~ytlrocortisonc, corticosteronc, a l t lo~t~ronc  
and altlostcrone tl(srivati\res as well ;is otlicr sull- 
stances. Tl~us,  it is ohvious t l ~ n t  1'%1( i.; a srnsiti\.e 
new corticoitl fraction \ r l ~ i c l ~  is ;tctivatetl by rather 
subtle ~)sycl~osoniatic cl~angcs. 

On the Insis of tllc csl)crimental ant1 biochemical 
investigations carricxtl out I)y Arorn ct c r l . ,  thc 
factors \\.liicli play n part in ('.HI) can 1)c conncctrtl 
\\.it11 the unitary concept of cmotionztl strcss :tnd the 
resultant ncuroliormonzll iml)alanccs as the tlomi- 
nant factor in the etiology of CHD. Tliis I>resuml)- 
tion is 1)asctl on our rcstilts sl~owing that  I~otly 
mecll:inisms or su1,stancos prc~sc3nt within or estra- 
ncously given, \vhicli prcvcnt or I~lock t l ~ c  release 
or dt.l)lction of c;ttccl~ol;~~nincs ;~ntl  rc1;~tctl arnincs, 
are \.cary likely to l)rotlr~cc 1)cnelicial c,tTect ill CHI). 
To sa!. it in a siml)lifictl way, I~eart ncactls a certain 
optimrnii level of c;~tecl~olnminrs ant1 rclatetl amines 
for its nor~iial functioning ;IS we need certain 
ol)timrlm amount of resollrccs for onr maintcnancc. 
Heart cannot :lffortl to los? sr~cll grcnt a m o ~ ~ n t  of 
catecl~olaliiinc~s ant1 other amincs as ;~ctn;lllv Iiapl)cns 
dnring CHL) as shown 1,y csl)cri~nents itntl it snffcrs 
i f  it is rol~hctl of them. JZut i f  we can prevent 
the usurper from doing so \\,c fccl s o ~ ~ n t l  ant1 safe. 
For csamplc~, \vl~cn M A 0  inl~ibitor prevents MA0 
from tlestroying t l ~ e  vit;rl aniincs of tllc heart, i.c. 
catccl~olamincs, etc., it  prevents the catastro1)hc. 
lZut this is not as  siml)lc as tliat of v;lccines prevent- 
ing polio or ;~ntibiotics ~)rcvcnting infcctior~s tliseascs 
\r~liosc root causes arc known. 011 tlie contrary, 
nothing is kno\r11 as to t l ~ c  cause of CHI). 
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Symposium on the Chemistry of Natural Products 
4.  CHATTEIZJEE 

Department of Pure Chemistry, IJniversity Collcac of Scirncc, Calcutta 9 

A MOST successf~~l international symposium to 
discuss the Chemistry of Natural Products 
was held in Kyoto, Japan, from 12 to 18 April 

1964, under the auspices of the International Union 
of Pure LY. Applied Chemistry and was organized by 
the Science Council of Japan. The meeting was 
tlie first of its kind in Japan and waq truly inter- 
national as it was attended by some 1250 de1egate.i 
of whom 242 were from different parts of the world. 
,4n impressive feature of the conference was the 
efficiency with which the conference was organized 
and the delegates had every reason to be grateful 
to the Organizing Committee and particularly to 
Dr K. Tsuda, General Secretary, and to tlie Node- 
rator, Prof. K. Nakanishi, and their colleagues for 
their untiring efforts for the successful conference 
arrangements. 

The welcome addresses by Prof. 11. ICotake, 
Chairman, Organizing Committee, and Prof. S. 
Tomonaga, President, Science Council of Japan, were 
followed by a lecture by Prof. S. Sugasawa on 
the ' History of Japanese natural products research '. 
The contributions of the three great pioneers of 
'Japan in the field, Dr W. N. Nagai (1845-1929), 
Dr U. Suzuki (1874-1943) and Dr R. Majima 
(1874-1962), and of their schools forniccl the main 
topics of his talk. Prof. Sugasawa elaborated the 
work of Prof. Y. Asahina, the famous natural pro- 
duct chemist, who has still been pursuing researches 
in this field, although he is more than 80 years oltl. 

Special Lectures 
Ten special lectures were arranged during the 

symposium. A brief summary of the lectures is 
given below. 

COOCH, 

Clzer~tistry ojdi~neric indole ulliuloids - Prof. G. H. 
13iichi tliscusscd in detail tho fascinating chemistry 
of this group of complrs molccnles with special refer- 
encc to voacamine (I) the structure elucidation of 
which was donc in his laboratory and also by mass 
spectrometric stutlies carried out by I'rof. K .  I3iemann 
at  the ~ Ia s sac l~~~sc t t s  Institute of Technology, USA. 

Riogenesis of plant Prodltcts - I n  the nest lecture 
Prof. I). H. K. l3arton tlcalt mainly with thc 
rnecl~anism of hiogenesis of morphine ant1 aporplline 
alkaloids and considerctl the coupling of phenolate 
radicals as an important step in the formation of 
these alkaloids. I t  was proposed that reticuline 
(11) and sal~itardinc (111) arc the two important 
intermediates in the genesis of morplrinc bases. 
lieticuline on phenolic osidation gives the dienone; 
salntardine, which on rctluctiou and dehydration 
furnishes thebainc, the ])recursor of codeine and 
morpl~ine. The validity of this scheme has even- 
tually bccn verified with the Ilelp of ratlioactive 
tracers. 

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

Stvucture of tetrodotoxin - Prof. I<. R. Woodward 
gave a talk on the structure of tetrodotoxin. 
Tetrodotosin is the poisonous principle of certain 
variety of puffer As11 (swell fish) (Spltrroides #or- 
pltyres and .$. vubri)es). The structure (IV) was 
assigned to this coml)les molecule, C,,H,,,O,N,, 
by degrading the tosin into simple ident~fiable 
products (guanitline and a number of cluinazoline 
derivatives are a few of many such important 
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degratlation protlucts) ;tntl fro111 o tlrt;~ilrtl NMI< 
spectral stutly of tllt:sc. sinil)lc niolvcnlcs, thrir 
cl~emical transform;ition protlncts ant1 drutrrium 
iabcllctl tlcrivativcs nntl ;11so from X-ray cryst;~l- 
logral)llic :tn;~lyscs of t l ~ r  tltsri\.;~tivrs of tcbtrotlo- 
tosin. Tllc altc~rn:~tivcs suggestion by I)r I<. 'rsr~tla 
anti his collal)or:~t~~rs that thr  toxin ~)ossc~ssc,s 
the structnrc (V) ,  in \vl~icl~ two units of ( IV)  arc 
joinctl togctl~cr 1,y ;In c.tlrcrc.;~l osvg(m, \\as given 
a serious consitIcr;~tion 113; Prof. Wootl\vartl \vI~o, 
Ilowc\,cr, cstal)lisl~c~tl tllc. i~nl)rol);~hility of s ~ ~ c l l  ;I 

for~iiulatic~n hy single crystal X-ray tliffraction 
stutlics of the frve I);~se. 

I i z ~ r a ~ ~ ~ o l e c i r l ~ ~ r  renrra~z~crr~rs ls  ill 1c)iide s ~ s f c i i t  - 
IJrol, 11. hl. Shcm!.;~l<~n g;~\'c :I t;llk on intra- 
molrcular rearr:~ngchmmts in peptitlc s!.stcsm ontl 
on the Ilytlroxy ;~ntl :~mino;~cyl incorl)or:~tion on ;I 

large nrnnl)cr of linear :~ntl cyclic pcaptitlrs, :~cylatcstl 
1)y v;~rions I~ytlrosy ;~ntl amino :~cid rt~sitlues. I n  
the majority of c;~st~s tlir I~!.droxy ant1 aminoacyl 
incorporation reaction t ;~krs places sl)ont;uironsl!~ 
and only in isol:~tc~tl cases rcquircss lirat or tllc 
presence of b:~scs. 'fhr structures of t l ~ r  rrsultant 
linear ;~ntl  c!.clic tlcpsipeptitl(~s, cycloprptides ant1 
peptitles \rere provcbtl \\,it11 th(. aid of thrir infraretl, 
ultraviolet, NMR ant1 m;tss spcctr;~ ant1 in crrt;tin 
cases I)!. counter syntllesis. 

High rcsolitiio~z irrass sficclromrir~~ - lJrof. I<. 
Biemann spoke 011 l ~ i g l ~  resolution ni:Iss spcctro- 
mctry. hl;iss sl)cctromctric tecllniclr~c, in spite ol 
its glorious success in the solution of structural 
prol)lcms, is not yet :I self-snfficient tlcvice. I t s  
cl1ic.f limit;~tion lies in tlir rrl;~tiv~l!. poor resolving 
power of the conventional single-focusing mass 
spectrometer, ;IS sucli an instrnmc.nt fails to tliffercn- 
tiate 1)etwcen the frajinimts \vl~icl~ lia\v; t h ~  samcs 
nominal mass I)nt \ r I i~c l~  tliffcr 1)y fraction;~l mass 

units (c.g. CO versus C,H,; CH, versus N). Further, 
in the conventional technique only the intense peaks 
are taken into consideration and the potentialities 
resicling in the minor peaks are almost altogether 
ignorrd. Prof. Biemann realized these limitations 
of thc conventional procedure and has developed 
new tcchniclue, high resolution mass spectrometric 
technique, \vhich has not only added a new dimen- 
sion to mass spectronietric information bnt promises 
to I)e a self-sutticient dc\!ice in structural investiga- 
tion. The simplicity, advantage and precision of 
this ne\vly dr\,eloped tecl~nique were illustrated b!. 
Ilis \vork on the structure of alkaloids of various 
structural patterns and other natural products. 

Sfieci'caiion of stereosfircificiiy of oxido-reductnses 
OJI diairro~irl lafficc srclions- I'rof. V. Prelog, Switzer- 
land, spoke on the specification of stereospecificity 
of some osido-redoctases by diamond lattice 
sc~ctions. I t  has been observed that multipurpose 
enzymes such as oxitlo-rcdnctases often react n.ith 
21 high degree of stereospecificity. In order to 
ascertain tvliat Ieatures in a given molecule are re- 
sponsible for thcse stereospecific reactions, a large 
numbrr of optically active substrates were used 
;tnd the initial reaction rates of enzymic reduction 
or oxidation were (letermined under comparable 
conditions with a standard series of cyclohexanc 
and tlecalin drrivatives of Iznown absolute con- 
figurations. Thr  carbon skeletons of these substrates 
\vhicll are huilt from the chair form of cyclohexanr 
arc regartlctl ;is portions of a diamond lattice. Bv 
superposing the skeletons of all the substrat& 
\vhich react a t  ;I measurable rate with the enzyme 
in cl~~tst ion,  and also 1)y using the same position for 
the reacting carbon oxygen atoms, a diamond 
I;~ttice section characteristic of tlie enz5me is 
obtained. 'I'his section, according to Prof. Prelog, 
defines the space, in tlie transition state of thr 
rracting complex, not occupied by the enevme, 
coenzyme, inliibitors or tightly bound so!vent. 
A consideration of the clinracteristic diarnond lattice 
section, and the skeletons of the substrates which 
do not react, then furnishes important information 
conci%rning the steric hindrance in the complex. 
Esprrirnental rvidence supports this contention and, 
tlierrfore, the characteristic diamond lattice section 
can, \\,it11 re~cr\~ation,  he used to predict whether 
;I particular substrate \vill react with t l ~ e  enzvme 
in cluestion. I'rof. Prelog suggcsts that  the en4,me 
protein plays :I rlccisive role in determining ' 
stcrcospecificity. 

I'rogress iiz tlrr sytcthesis of polycyclic natural pro- 
dwcfs-Prof. (;. Stork described new approaches of 
some generality to the construction of p o I y c \ ~ ~ l i ~  
11atnr;il products, vie. steroids and alkaloids. 'The 
main topic of interest was the total synthesis of aspido- 
p r m i n  ( I  The first part ol this investigation 
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consists in the synthesis of a tricyclic pyrrocoline 
system on which the Fischer indole syntl~esis 
proceeded with the desired result. The starting 
materials for the first component en route to  
aspiclospermine were enamine of butyraldehyde and 
ethyl acrylate. The resulting cyclobutane deri- 
vatives readily opened upon treatment with acitl 
to the espected glutaric half aldehytlc. l'lie en- 
amine alkylation reaction was then repented again 
with the product that  eventually led to the lorma- 
tion of the hydroquinolone. The addition of a 
third ring to the last bicyclic system was achie\~etl 
by following the process of annelation as applied 
in the steroid field. The Fischer indolc synthesis 
on tliis product followed bv reduction (LAH) antl 
acetylation gave the tlesired 111.-aspitlosperminc. 

Pejtides of Amanita phulloides-Prof. Th. \Viel:uld 
spoke on the peptides of Amattita jhalloides. A .  
phalloides is one of the poisonous species of tuber leaf 
mushrooms. Structure elucidation of amanitines 
(VII), phalloidines (VIII) and amanin (IX), toxic 
cvclopeptide indole derivatives, isolated from tliesc~ 
mushrooms, formed the subject matter of his 
lecture. 

Isotope labelling and mass sjectrorltelry of nalural 
products - Prof. C. Djerassi gave a talk on isotope 
labelling and mass spectrometry of natm-al products. 
.ipplication of mass spectrometry to structural prob- 
lems in organic chemistry requires a rcasonablc 
prediction about the principal fragmentation paths of 
a given molecule upon electron bombardment. From 
the nature of the survived charged fragments and 
the neutral moieties that  are lost, the mechanism 
of molecular fragmentation in a mass spectrometer 
can be elucidated. While there are many occasions 
where the nature of the generateti fragments can 
easily be understood by simple consicleration of the 
Inasses of the charged fragments, there are others, 
specially when heteroatoms are present, where 
tliis is not feasible because of the occurrence o[ iso- 
baric fragments (e.g. CH, versus N).  There are, 
however, three ways to overcome this difficulty: 
(i) substituent labelling, (ii) isotope labelling, and 
(iii) high resolution mass spectrometry. Of these, 
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substitution of one of the constituent atoms by its 
isotope (usually D, 13', ISN or IHO) offers the most 
nicnningiul inforn~ation. In vicsw of tht. ;~vail- 
ability of m:uny convenient mcthotls nntl rchagcnts 
for tleuterium transfer in an organic molccnltr it is 
quite likelv that tl(.nteriu~n I;~l)t.lling will soon 
hcconie a sine quu not1 oi rnotlern mass sprctro~nc.tric 
rrse;~rcli. 

Recent advances igz X-ray analysis o j  ~znfrlvi~l pro- 
dtccts - Prof. J .  M. Rohertsori spoke on rcccnt atl- 
vmces in X-ray analysis of natur;~l protlucts. 0 1  all 
the v;irious physical mcthotls t11;tt are no\\. so impor- 
tant  in helping to c.lucitlatc c11cmir;il strnctnrcs, X-ray 
analysis is rtntloul)tctlly thc most far-reacl~ing ant1 
complete, but it is still perhaps the most tliffirult 
to  apply. I'roi. 1iol)rrtson pointetl out the tliffi- 
culties in X-r;~v crnnlysis of complex organic molr- 
cules nntl mrntioncd thc progress that has so far 
been made in this line. He also mcntioncd that  
the most powerful ant1 intlcctl t h ~  only al~pronch 
that  h;ls provetl succcsslul in solving con~ples 
natural protluct structnrcs 11y X-ray analysis 11ns 
hccn the hravy atom or occasionally the iso- 
morphous substitution nicthotl. l'he first applica- 
tion of I~oth  these metl~ods to t l ~ c  tlirect solution of 
structures of  organic niolcculc~s was in the case of 
1.insteotl's plit11;~locyanin compountls which con- 
tained about 40 c;ul)on or nitrogen atoms in crys- 
tallographicnlly unknown positions. He ga1.e an 
account of his work on various natural protluc:ts 
where structure clucitl:~tion 11:~s heen possible csclu- 
sively by X-ray i~nalysis. 

Other Papers and Discussions 
Apart from tlicsc main Icrtr~rrs, about 240 papers 

wcreprcsentetl at  the symposium, wl~ich were grouped 
into eleven sections. Some of t11c.sc: are snmmarizetl 
below. 

Prof. S. Shibata eli,g;tntly c4ucitl;1tetl the structure 
and stcreocl~cmistry of paeonillorin (X),  :I mon3- 
terpene glucoside antl :I major constituent of Chinese 
paeony root. Dr H. Minato showed that lin<ler;ule, 
a new crystalline component occurring in the root 
of Lindera strych~zifolia Vill., is the first tbsample 



of it ~~I~-IIICIIII)C~C(I s~s t l~~i tcrpe~i ic  I;~c.tone 11;iving 
;I fur:un ring. I)r V. Hrrout el;~bori~tetI tile s t r~~cturc  
of ;L l~ytlrocarbon from I'rtasiles oficisalis Moesch 
and other sl)c.cics \zliicl~ is the first representative 
containing an c~rc:niopliilane skeleton isolated from 
natural soorcrs. 3l1nc J.  I'olonsky tliscussetl tl~c? 
structurc of samadcrinc C ;mtl samatlrrol arrtl 
their relationship with several bitter 1;lctones from 
other Simarubace:lt* \vhich is important from bio- 
genetic \.ie\vpoint. The work of Dr T. I<uhota on 
rnmrin ant1 that of I)r S. Natori on nettr triterpenoitls 
of rcarrange(1 liop;u~c series from ferns ilcserves 
mention. 

On biologically :~c:tivr subst;incc.; :lntl hctero- 
t.yclrs severill pnpcrs \vcrcL rc.;itl. OL these the most 
stimulating oncs \zcrcA the strrrcture elucidation 
;~ntl s!nthesis of cytol~:~cmin (porpl~yrin derivative), 
the prostl~ctic grorrp of cytochroniea ant1 ' htmungs- 
ferment ' using 111atc~ri;~l from 11orsc heart muscle 
by I'rol. 1;. 1-yncn ant1 that of a bacterial pigment 
(XI) (Cory~scbaclcriusl insidiosu~rz) tleri\7ctl from 
77'-dipyritlyl by I'rof. 12. Kuhn. 

I)r A. \2'. Jolrnson g;~vc tiilk 011 viomycin, ;ui 
;ultil)iotic isol;ltrtl from Strr)lonycrs firmiceozrs ;uitl 
S. fradiize, and I)r S. 'L~tsuok;~ on chronlolnycin A , .  

1'11(. symposium slto\+~ctl great interest in th:! 
chemistry of ;~lkaloids inclr~ding their I)iosyntl~csis. 
Prof. 7'. 22. Ceissnian tliscusscd the structure of an 
aporphi~ie ;~lkaloitl, gll;tttrrinct, isolatcd from Anona- 
ceae species, Grtc~ltrria )siloplts, Ilaving t l ~ c  unr~su;~l 
11-positio~~ for hytln)syl. Structural c~l;ll)or;~tion 01 
srvcral new aporphinc. ;mtl I~cneylisocluinoline ;tlk;~- 
loids from 5 Fagarci sl)c$cies of liotaceac~ I)y I'rof. V. 
1)eulofru revralrtl intrrcbsting tl;~ta. 'l'llc contril)n- 
tion of 1)r M. (;orm:ui was to\ir:trds the structnrc: 
clcte~rn~ination of pcrivincb (voljasinc structurc) ;tntl 
vindolicinc (1)c~longing to ;tsl)idosper~ninc. scrirs). 
Dr K .  H l i l ~ ; ~  discr~ssetl t l ~ e  structurc.~ 01 vinc;t- 
minorine (intl-S-1nc~tl1ql-3-z-c;1rho11it~tl1osy quebrat-h- 
aminc) ant1 its rpimcr, vincaminorc.int., occurring 
in 1C11cn iisinor 1.. Total clisrussion on stc?rcospecific 
synthesis of scbcurinincn hg I)r Y. l'aniur;~, on tli- 
tt3rpene ;tlkaloitls, viz. 111.-atisinc., I)y I)r bV. Nrlgata, 
and garr!.inc: I)? I)r S. Mas;in]~~nc rc.vc.aletl mans 
novcl rractions. I)r N. Matsumc t~lnbol;~tctl the: 
structure of ;I ditrrpc,nc. ;~lk;~loitl, kol)usinc and its 
correlation with pseutlokobnsinr. 12;~u\+:olha spccics, 
work on H.II~CII  :~~)pvared to hr coml)lctc~ly t~xl~austcd, 

\\.:IS still found to producc n new yohimbinoicl type 
:tlkaloitl, dcserpideine, the constitution of which was 
c.laboratetl by Dr &I. Shanm~a. Dr K. Goutare1 spoke 
on stcbroid nlk;iloitls of 1;rtiltluftin and on alkalo (Is 
1);~leahuxinc and cyclobalcabusine from Hcc.n~s 
bcleariru \Yilltl., and I)r G. Habcrmehl on the study 
of thc c:onstitution by X-ray analysis of cyclo- 
ncu)samandioncs and other minor alkaloids isolated 
from the venom of thc two snbspccies of Salamandra 
nzacnlosn. 

T l ~ e  contributions on the biogcncsis ancl biosyn- 
thesis of alkaloids, their precursors and the probable 
mode of combination of these units were also 
sipificant. For example, the biosynthesis of ana- 
basinc :md its an;iloptes was discussed by 
I)r K. Motlies by different hot;~nical families, viz. 
I.egominos;le, Solanaccae ant1 Chenopotliaccac, and 
the genesis of morphine bases, the tobacco alkaloids 
;uid ihoga nlkaloitls \+,ere dcnlt wit11 lucidly by 
1)r A. H. Rattrrsb!;, Dr 1'. C. Tso ant1 I)r E. Leetc 
respectively. ;tntl biosyntlicsis of milnosine by 
Dr 1. L). Spcnser. 'l'liesc and similar other contri- 
hutions in this field that were discusscd in tlie 
symposium may, in near fnturr, divulge many 
intric;lcirs of nature. 

Several lectures and papers dealing with the 
synthesis, structure determination and sterco- 
cl~cn~istry of steroids and steroidal reactions were 
1)rescntetl. Tlic papers on the microbiological trans- 
formation of steroidal alkaloids by Dr S. M. 
I<upchan, investigation of the hydride transfer 
reaction in\.olrctl in the isomerization of steroidal 
rnpogcnins at  C-25 by Dr F. Sondheimer and the 
structure of tligacctignlin by I'rof. C. \V. Shoppee, 
;und transformation of stcroitl toad poisons by 
microorganisms by Dr CH. Ta~nm sho\ved how 
fast this branch of organic chemistry is pro- 
gressing. 

Significant contributions made in the field of 
 mino no acids ant1 ~)cptiiles :md in the nucleosides 
include thost. of Dr -4. Icjaer - occurrence of 
1)-phcnyl glycinc in 11igllc.r plants; Dr J .  f 0 ~ x 5  -- 
polyprptides related to anthrax polypeptide; 
I)r J.  C. Shrd~an .-the chemistry of tclomyc~n; and 
I)r J. J. 1 % ~  -the strncturc of gougerotin (a 
I~roatl spcctrunl antibiotic where the sarcosyl 
group is attached in peptitle linkage to the seryl 
moiety). Dr T. L. V. Ulbriclit, Dr Y. hlizul~o 
and Dr Y. Ishitlo spoke on t l ~ c  synthesis of various 
nucleositlc.i. 

111 tllc. carbol~ytlratc section several interesting 
pap r s  \zerc prest:ntetl. Synthesis of aminocyclitols 
I)y Dr N. I<urihaei, thc development of a new 
route to I~igher sugars and the structure clncida- 
tion of oligosides (new type of plant glycosides) 
I)y I)r N. I(. Kocllc:tko\~, characterization and 
syntlicsis of ncvhesperidose from Citrus by 
I)r I<. 3l. Horowite, and structure elucidation and 
configurational stuclics of polysaccliarides from 
I'olyponis gignictrrrs by I)r I - I .  Lindberg deserve 
mention. 

111 scssionnl mcctings on phenolics Dr (;. Bendz 
~el'orted the occnrrencc of anthocyanin pigments 
in moss. Dr J .  I). 13u'Lock discussed the origin 
; ~ n d  function of some f u n g ~ ~ s  pigments one of 
\\.hiell is hispidin ant1 1)r W. L). Ollis reported tlie 
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existence of the derivatives of 3-aryl-4-hydrosy- Indian Contributions 
coumarin and coumarinochromone as natural pro- 
ducts (in the heartwood of Derris robzlsta). I)r K. 
Fukui spoke on the total synthesis of nepseudin 
isolated from Neorazrtanenia ~sezrdo$aclyrrhaix. 
Dr J. Craig discussed the isolation and sttsreo- 
chemistry of the antibacterial principle from 
Haen~atoxylon hraziletto. Dr T. J. Mabry gave a 
talk on phenolics occ~rrring in the genus h'afitisicr 
(Leguminosae). The observations made in this con- 
nection have an important siplificance in chrmo- 
taxonomy. 

Another thread which mas running through thc 
symposium was the application of physico-chemical 
methods in structure determination of complex 
natural products where classical approach and ultra- 
violet, infrared and NblR spectra could not givc 
the final answer. Dr K. Tsuda, Dr N. Yasuoka and 
Dr T. Goto deserve commendation for the succesc- 
ful application of X-ray method in the structure 
elaboration of a complex natural product, tetrodo- 
toxin (the poisonous principle of the ovaries of swell 
fish) and its derivative, hromoanhydrotetrodoic 
lactone llydrobromide. Dr M. Natsume spoke IIOIV 
the X-ray study of acetyl-bromoacetyldil~ydroenmein 
helped to  elucidate its constitution and stereo- 
chemistry. Dr K. Schreiber gavr an elegant survey 
of molecular mass spectrographic investigations of 
a number of sterols, steroidal sapogenins and alka- 
loids. triter~enoids. some of their derivatives and 
othe; plant*products. IIe discussed how molecular 
weight distributions in complex mixtures of closel?- 
related compounds have been accurately determined 
by application of negative ion molecular mass 
spectrography. Dr M. Fetizon described a novcl 
method for the characterization of ring '2 in steroids 
and related compounds by mass spectronletry. 
Dr T. Urbanski spoke on the tautomerism of urea 
and presented evidence for its itnidol form \vhich 
reacts with diazomethane. 

Several delegates from Intlia who attcndctl the: 
symposium gave interesting talks on plant protlucts. 
I'rof. T. I<. Seshadri tliscussetf the constitution of 
pedicellic acid, a colourless crystalline compound 
obtained from 1)idyrnocnr$z1s fiediccllata, ant1 this 
acid has been provctl to be an ad-disuhstitutetl 
succinic acid derivative. l ' l~c author [l'rof. (Mrs) 
A. Chatterjce] spoke on piperlongumine (a bio- 
genetic variant of p i p ~ r i n ~ ) ,  an nlkaloitl isolated 
from Pifier lo?tgtlnt Linn. Sht: conclusivcly rstab- 
lisl~ed its structure as 3,4,5-trimctl~oxy cinnamaniitlr 
of 2-A4J-piperidone from an r~r~ambiguous syntl~esis. 
Dr S. C. Hhattacharya q ~ v e  a talk on a terpenoitl 
c.omponnd agarospirol lsolated from the oil of 
infected variety of Aqzrillaria uggallochn Rosh., thr 
structure of which was elegantly cstablisl~ed from 
infrared and NMK spectral analysis ant1 from 
various degradation reactions. Dr P. C. Dut t :~  
tliscussed synthetic stutlies on marrubin and in this 
connection spoke on stereospecific synthesis of the 
intermediate products. Dr N. V. Subba Kao spoke 
on scandenin, clrandenin ant1 nallanin, three phenolic 
components of the roots of Ilerris scandens. Ry a 
study of the absorption characteristics and dcgm- 
tlation reactions, scandenin was shown to he 
2,3-disul)stitutrd cltromar~onc containing in 2-psi- 
tion, $-hytlrosyphcnyl group and in 3-position, a 
tropolone ring or a dimctlonc systen~. 

Conclusion 

The proceedings of the main symposium werc 
l~rought to a close by Prof. H. (;. H. Ertltman who 
summarized the scientific achievements of the sympo- 
sium and then Prof. S. Takei. Chairman, Kyoto Com- 
mittee, gave a warm farewell speech on behalf of the 
Organizing Committee. All the delegates enjoyed 
the symposium which was made lively by variou3 
scientific tsshibitions ;~nd  escursians. 



Symposium on Problems of Indian Arid Zone 
JIOII:\N I.XI, KHAN.\':\ 

N:rtiooal I'hysical I.;rl>oratory. Ncw 1)elhi 12 

A SY>Il'OSIU3l l~rltl in 1952 on the liajputana 
tlescrt concludctl that :~ppropriatc steps should 
be taken to arrest the marc11 of the desert, 

which \vas expanding a t  the ratr of one mile pc,r 
year into the fertile Intlo-Gangetic plains. Meagre 
water rcsonrces, intense heat and wind crosion in 
the arid zonc impose scverc constraint on plant, 
animal and human life. Man himself has partly 
been responsible for the present state of affairs. 
because he has intliscriminately misused the natural 
rcsources of the area. He has now realized the 
seriousness of the problrms of this vast dcscrt area, 
coml)rising 80,000 sq. miles, antl is taking advantage 
of the advances in science and technology for proper 
husbanding of the available resources. 

The main object of the Symposium on Prob- 
lems of Intlian Aritl Zone, organized jointly by the 
Ministry of Education and t l ~ c  UNICSCO South 
.4sia Science Cooperation Office, Ncw Delhi, at  thc 
Central Arid Zone Iiesearch Institute (C,AZRI), 
Jodhpur, from 23 November to 2 1)eccmber 1964, 
was to take stock of the progress made in undcr- 
standing the problems of tl~c* region and to plan 
future programmes of work. Dr P. C. liaheja was 
the Director of the sy1nl)osium. About 100 parti- 
cipants ant1 observc.rs from India antl a tloeen scicn- 
tists from ovcrscbas took part and presentetl 90 
papers. The symlmsinm, \vl~icl~ emphasized the 
need for cxl)loiting the mincral rcxsonrccs, solar 
rnrrgy and wind power, industrial crops, etc., in 
t l ~ ~ s e  regions, covered the follo\ving ~nain subjects: 
Analysis of basic resources; Utilization of resources; 
Ecology of human factors; I'ests and their control; 
Nineral resources ant1 thc~ir c~sl)loitation; Archaeo- 
logy; Ccography of the dcscrt and extension of 
boundaries; Macro- and microclimatology; ant1 
Solar energy, wind power ant1 fuel cnrrgy. Xo 
paper was contributetl on archaeology. 

Analysis of Basic Resources 
Ilydrology and geohydrology - J. C. Chautlh;~ri, 

T. N. Hhargava ant1 A. D. Purohit (Defrncc. Labora- 
tory, Jotlhpur) presented a paper on thc pliysico- 
chcmical characteristics of ground water resources 
of liarmcr and Jaisaliner districts of Iiajasthan. 
Waters of the I3arnier district arc generally 
more brackish, wit11 higher total dissol\.cd solitls 
and carbonattr content than the waters in the 
Jtisaln~er district. L)iscussing the palacogcography, 
sedimcntological framework and ground water 
potentiality of the arid zonc of \Yestern India, 
P. G. Adhyalkar (Esploratory T~~bc!-\vells Orga- 
nization. New 1)elhi) obsrr\,rt\ that thc Lathis 
ant1 the I'huj sandstones arc ~)otential ground 
water rcssc~rvoirs of great promise. P. C. Chatterji 
(CAZRI, Jotlhpur) tlt.scribcd hydro-geological in- 
vestigations conductetl recently in the region of 
Nalani suit(, of igneous rocks of western Raja- 
sthan. Thcse investigations 11;ivc rc~vcaled that 

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

Ecological and botagzical surveys - T. A. Rao 
imd K. Ii. Aggarwal (Botanical Survey of India, 
Calcutta! presented the resnlts of ecological studies 
on Sar~rashtra coast and neighbouring islands. 
The ].:gyptian method of classification has been 
n~otlified to suit Indian conditions, but certain 
arcas arc not easy to define on a botanical basis. 
13asrd on the types of situation and edaphic features, 
the vegetation of Beyt island has been classified 
into three main categories, viz. (i) strand, (ii) salt 
pans, slacks and mud formation, and (iii) inland 
mised scrub forest. The same workers described 
in another paper the ecology of several plant com- 
munities of Saorashtra coast. These have been 
grouped into three ecosystems, vie. strand, salt marsh 
and semi-arid coastal plain. H. N. hlulay and 
If. C. Joshi (Birla College, Pilani) reported the re- 
sults of several years of field observations in the 
Iiajasthan desert on such problems as the influence 
of environment comprising physiographic, climatic, 
edaphic and biotic features on vegetation. The 
various ecosystems of Rajasthan desert and the 
choice of species for afforestation of the area were 
discussed. Dalbir Singh (Rajasthan University, 
Jaipur) gave an account of some useful cucurbits 
for cultivation in the arid zone in Rajasthan, which 
thrive on loose, sandy and well-drained soils, and 
show remarkable adaptation to survive in hostile 
environments. The possibility of extracting oil 
from the seeds of the cucurbits for industrial and 
edible purposes was indicated. 

The ecology of the grasslands of Nokha and 
Hoda villages in Rikaner district was discussed by 
K. A. Shankarnarayan (Indian Grassland & Fodder 
liesearch Institute, Jhansi). The main grassland 
comnlunity comprises Dactylocteltixrrz sciirdicum and 
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Lasilrrzrs sindictts type ant1 f;~lls under the category 
of ' poor ' range land. However, the presence of 
75 per cent of perennial grasses indicates that thr 
area has adequate potentiality to become a gootl 
range land ptovidcd propc3r management practices 
are followed. Irzdigqfcra e~rnca$lryl!a, I. cordfilia 
and TepRrosia $ur$zwcn arc the only legutncs cn- 
counterctl. Describing the geography of grasscs, 
R. 0. Whytc (FA0 (;rassland Adviser, Jhansi) 
indicated that Tlrc grass cover of India (published 
by the Indian Council of Agricultural Kescarcl~) 
re~.eals the position of Indian arid ant1 semi-:tritl 
grass con~munities in relation to other foreign 
communities to the west, north-east and south-cast. 
The sun-ey rcvrals a nornbc~r of aspects of the 
geography of grasses whicli merit fnrthcr rcsearcl~. 
Y. Satyanarayan (C.4ZK1, Jodhpur), discussing th(t 
habitat and plant communities of the Indian desert. 
observcd that vegetation alonc is not an adelcquatc~ 
criterion for recognizing and demarcating plant 
communities. Grouping them on the basis of land 
forms ancl further subdividing them on t11r basis 
of stnlcture and floristic composition were considered 
more rational. Medicinal plants suitable for cultiva- 
tion in Indian arid zone were discussed by I. C. 
Chopra and 13. K.  Abrol (Regional liesearch Labora- 
tory, Jammu). I t  was suggested that the following 
medicinal plants could be grown in the aritl and 
semi-arid areas of the country ~vithout n ~ u c l ~  effort: 
Agare sp., Aloes, Datura strantonizrvl, I ) .  it~i~oxicr, 
Glyemrvhiza glabm, Bulunites acgyptiacn, Crissicc 
aczltifolia, C .  angztstifolia, Coiir+~ii$hora rrutkltl and 
Eicphortfia resinifera. 

Geonlorpholofy - Discussing the geon~orpholog!. 
and evolution of the Iiajasthan desert, I<. 1'. 
Iiode (Kajasthan University, Udaipnr) observetl 
that the sheet movements arc responsible for the 
making of arid landscapes. Gcomorphic features 
around the semi-arid region of Rellary in 31ysore 
State xere described by I<. Vaidyanatl~an (Andl~r;~ 
University, Waltair). A study of the mode of 
occurrence, altitude, shape and size of the various 
geomorphic features in this area and their intcr- 
relationship has letl, for the first time, to tllc 
recognition of domes. \vl~alebacks, flat domes, insel- 
bergs, koppies, pediments and pediment passcs. 
The utility of this study in pedology and civil 
engineering was emphasized. 1:. (;hosr (CAZRI, 
Jodhpur) considered geomorpl~ological as1)ects of 
the formation of salt basins in the lower Luni 
basin. According to him, salt basins and saline 
depressions are the relics of prior drainage chan- 
nels. n'ew salt basins are also being formed pre- 
sently on the lower reaches of smaller tributaries 
by the same gcomorpl~ic processes. Orientation, 
dist~ibution and origin of sand dunes in central 
Luni basin were iliscussed by S. Pandey, S. Singh 
and P,. Ghose (CAZRI, Jodhpur). Rased on field 
studies, the pattern and origin of sand dunes in 
the region have been worked out. The influence 
of variable factors, such as sand depth, proximity to 
the source of loose dry sand, vegetal growth, flnctua- 
tion of ground water level and geomor~~lrological 
conditions, namely drainage lines and exposure of 
bed rocks on the above-mentioned pattern, was dis- 
cussed, together with the origin of dune sand and 

its characteristics and dune cycl(8, I<. Xarayanan 
of the Oil & Natural Gas Commission (ONGC, 
1)chra Ilun) discussetl the stratigmphg of the Kaja- 
stllan shelf and thc occurrcmce of ;I small marinc 
I'emtian in the north-nc.stcrn part of Jodhpur 
district. Hc observctl that therc, arc indications 
that the underlying rocks in J;~isalmcr and thr 
neighbouring tlistricts arc oil I~caring. 1:nrther 
survey in collaboration with other basic resource.; 
surveys :trc nrccssary to get morr information about 
:wid and semi-arid tracts. 

Soil jcrlilif-y and classi'caliorc - Classification and 
fertility of soils of dvst:rt ant1 semi-tlesert rrgior~s 
in India nrre dealt with I)y S. P. liaychaudhuri 
(Planning Commission, New 1)clhi). Iktsect on the 
~xinfall pattern, the soils of south :u~tl south-castcrn 
Pitnjah and of \vestcm I<ajasth:tn may b~ cla.;sitictl 
into: (i) pedocal sicrozcnis of alluvial origin. 
fii) pedocal hrotvn soil of alluvi;~l origin. (iii) g r q -  
I~roan soil, and (iv) tlescsrt soil. ?'!I(- charactc8:-- 
istics of thcsc. soils and tl~cir occrlrrcnccL \vcrc 
tlcscribcd. 

W. V. I:. S11nd;tl-a K:to (111tii;~n Agricultural Kc- 
scarch Institute, Nc\v Delhi) tliscr~ssctl some aspects 
of soil microbiology in relation to soil frrtility, with 
special rcfercnce to aritl zones. Xloisturcx heconies a 
limiting factor in the arid zone! and it is necessary 
to examine to what cstont t l~t-  microflora in th(~sv 
soils differ frorn those in othc~r soils. Tllc role of 
tnicroorg;tnisms in combating plant ~)atl~ogcns and 
building up of soil structurr by synthesizing growth 
promoting snbstances in arid zont: soils needs invosti- 
gation. Str~dicbs have bccn carrictl out wit11 respect 
to rl~izobiurn inocnlation of the, Icguniinous scctls of 
food nntl fotltler crops, tl~c: I)actrrization of scctl 
with a~otoh;ictcri;~ ancl j)l~osl~l~ohactc~rin :untl wit11 
locally isol:ltctl microl)es which solnhilizc~ phospliorus. 
However, the suitability of tl~c- various processes of 
enriching nitrogc~n in t l ~ c  soil untl(.r tliffcrent condi- 
tions, ant1 tllc role of manuring ant1 crop rotation 
for proper 111icrol)ial I):tlancc~ in soil netltl further 
investigation in arid zonc arcas. I .  hl. (Jurcshi ant1 
J. S. 1'. Y;ulcv (Forest Rcscarcl~ Institute, Dehra 
Dun) tliscussrtl forwt soils of thc arid regions of 
India. Analysis of 10 typic;tl soil profile.; from 
tlificrcnt localities has shown that most soils are 
poor in organic mattcr ;tntl nitrogcm. arc alkaline in 
rctaction ant1 contain fairly l ~ i g l ~  concentration of 
both total ;~nd  cxchangeal)lo c:~lcin~n. \v l~i l ( ,  ot l~er 
soils are higl~ly saline ;~ntl calcarrc~us. T l ~ e  avail- 
ability of potassittm, ~)l~osphorus ant1 n1anganc~::e 
is lo\\. f;cnesis, morl)hology ant1 m:tnagcLrncnt of 
arid zonc soils .ryere consitlert~d by (:. ?'. Abichantl:uni 
[CAZRI. Jotlhpur). He madc ;I nnn1hc.r of usefol 
suggcsstions for proper soil management, viz. :ttlol)t- 
ing anti-wind erosion mcasurcs to protcbct soil 
blowing, soil moisture conservation, rcl~abilitation 
of sand dunes and sandy plains 1)). afforrstation; 
planting of sl~cltrr belts, grass strip planting, con- 
trolled grazing, wind strip cropping. stubble mulcll- 
ing, introduction of crop rotations inclutling Icgu- 
minous plants, anti use of n1anurc.s ant1 fertilizers. . . l o  corrcct solenetz tffcct crcatetl hy saline water 
irrigation, periodic dressing of soil wit11 gypsum was 
suggested. Preparatory tillage ant1 periodic soil 
working to increase water intake, bnntling to I~old 



water ant1 atloption of dry farnling pmctict~s to help 
moistore conservation were cmpl~;~sizcd. 

SoiG)lant-water relations -- J .  J .  Cl~inoy (( ;ujarat 
University, Ahn1cdal)ad) discussetl the effects of 
atmospheric ;md soil tlrougl~ts on  the growth and 
yield of crop plants. Agrobiological tests on tlif- 
ferent varieties of whcat, oat. harley :lntl linsretl 
have shown that the major factor tlctcbrmining 
grain yivltl. 1000-krrn(~l weight :mtl grain num- 
ber was the tcnlperaturr (luring ripening botl~ 
unclrr irrigation ;mtl ' tlry ' contlitions. \\'it11 latv 
Rotwring varieties, grains ripen at a I~igh(-r trm- 
pcrature as coml)arc!tl to carlp flowering onvs, 
and thc yirltls arc p3or. Some: ;~spects of tlrcb 
managcmrnt of soil-water-p1;lnt-climatic comples 
in the arid zonc ant1 ~11;lr;lctc~rization of soils \vcrcB 
consitlercd by 1:. 1i;una hloortl~y (Intlian .Agricultural 
Iiesearcl~ Institute, New I)rll~i). 12. C. Montktl 
(C.AZl21, Jotll~l)ur) tlcalt wit11 the qu;~lity of grountl 
ivaters in Siwana. J;~lorr ant1  sail;^ 1)rvcIopmcnt 
1:locks in the centr;tl I.uni river basin. Most of 
the watrrs in Si\v;ma ;lrc;i I~rrvc sotliuni ahsorptio~~ 
ratios (S.411) in t l ~ c  range 0-10 ;mtl w h c ~ ~  usctl 
for irrigation t l ~ c  \r.atcrs arc not likely to protlncc. 
alkalinity in the soil. A. S. 1,alliri (CAZI(1. 
Jodhpur) tliscussetl the rc.solts of stutlies on moisturv 
relationships of some xeric pli~nt spccirs of \zestern 
Iiajastl~an. 'fl~e higl~ ratr of transpiration in 
certain dune plants in summer ~ ~ n d c r  low soil 
n~oisturc contlitions has I)c*cn found to bt! tlur to 
their deep root systc,m, whilt. the rc.lativcly 1otvc.r 
rate (luring winter is rclatcstl to low tcn~l)cratr~rc. 
contlitions in the n~orning and decrc~;~sed solar inten- 
sity in tl~e! evening. 1S~~lu;~t ion  of 11ytlrologic;il 
conditions of gr;~sslar~ds \\.as tliscr~ssetl hy N. 1). 
I1cagc ant1 S. C. (;upta (Ministry of 1;ootl & Agi-i- 
culture, Ncw 1)clhi). It was sho\\:n that 13.7 per 
cent of the total geogral)hical area, serving primarily 
as grazing I;tntls for the largcb number of livestock, 
Iras been batlly ovcrgrazcd. In order to impmvc 
and to managc1 tllv grasslantls prol)tsrly, a survey to 
asscss tlivir condition is nrccbssary taking into 
i~ccount factors such as the amount of grountl cover 
wit11 living ;uld tlv;ul vcbgetation, kind ant1 vigour 
of vcgctation, t1cgrc.c. of grazing, soil characteriitics 
with rcspcct to growtl~ of grnssi-.;. amount ant1 
naturc of soil erosion, char;ictrristics ant1 ;~moont 
of run-off ;inti clnr;~tion ant1 r;~tc of strc-am flo\v. 

Utilization of Resources 
Iri. L). IiCgr (Ministry of Footl & .Agricultures. 

Sc\v l)vll~i) tliscussetl the ~)rohlems concerning tllv 
n~anagen~cmt of arable lantls in arid and semi-arid 
rcgions ant1 s~iggcstrcl that the methods found most 
suitable for the cr~ltivation of I;~ntls in arid rrgions 
coultl safvly be used in semi-arid ;ireas. Problems of 
crop raising in ;~ritl regions of lkllary tract wrrcs 
discr~ssrtl hy S. C11:tttopatlhy:~y (Soil Conservation 
licsearch Centrr. t\cll;~ry). In this area, wl~icl~ is 
I;~rgcly made up of black cotton soil, reslmnsr to 
fertilizers 11;~s been low due to lack of placemtnt 
of fcrtilizer ratllcr than to in;ltlequatc moisturc. 
but two r;~infalls are necessary for the fertilizer to 
give the response. T%oron ant1 nlanganese havv 
shown some toxicity. I). I<. Misra (CAZRI, Jodll- 
pnr) described agronomic investigations in western 

Rajasthan conductcd on stubble mulching, \ved 
control, sectl placemmt, mixcd cropping, crop 
scquencc ant1 response to macro- and n~icronutrient~ 
on the n~illet crop. Tbc special farming practice 
of stubble mulching has I)een found to provide 
protection to the ci~ltivatcd land from soil blowing, 
increasing the yic,ld of l J e n ~ i s e t ~ o ~ t  tybkoides, both in 
ga in  ant1 stalk. To get uniform germination and 
crop stand, 7.5 cm. soil tlcpth of seed placement is 
optimum. The optimum scetl rate ratio of cereal 
to !c*gn~ne appeared to he 50: 50. Application of 
micronutrirnts of imn and nlanganesc sho\-cd signi- 
ficant increase in crop yicld. 

Irrigation -T. Kurian, 15. I<. 12. Iymgar, M. I<. 
Narayr~na and I). S. Datar (Central Salt & Marine 
Cl~cmicals Resrarcl~ Institute, Bhavnagar) discussd 
t l ~ r  cffcct of sea water composition on the gro\vtll of 
tobacco and the possibilities of utilizing sca water and 
t)tIicr I~ighly saline watcrs for the cultivation of 
certain varieties of footl crops and plants of industrial 
valuc on dune sands of inland and coastal regions. 
Sca watcr depresses the growth of tobacco plant, 
but atltlition of potassium salts improves the crop 
growth. The cffcct of sea \\rater 011 some soil 
characteristics was tliscussed by hi. R. Narayana. 
V. C. Mel~ta and 1). S. Datar (Central Salt & Marine 
Chc~micals Iiesearch Institute, TShavnagar). The 
cffcct of Iiigh salinity and S.4R value of these watcrs 
is minimizccl in sandy soils clue to low clay content. 
High permeability of these sandy soils makes them 
suitable for irrigation and there is no salt accumula- 
tion in the root zone. D. R. Rhumbha, K. K. 
llahajan, J. S. I<anwar and Rhajan Singh (Punjab 
ilgricultural University, Hissar) have tried the ulse 
of water with different sodium levels and salinities 
on thc growth of crops and the properties of soil 
by conducting experiments in small plots having 
loamy sand soil. No significant increase has been 
obser\.ed in wheat yield with change in SAR, but 
maize yield falls with water, whose SAR is 16. 
N. C. Kawal and dos M. Pais Cuddoa (Central 
\Vater & Power Conlnlission, New Delhi) described 
[we-irrigation soil sun-ep as adopted by t l ~ c  Central 
Water & Power Commission and discussed the 
rrsults of some 1)rojects conducted during the last 
three years. 

,4fforeslation li. N. Kaul and E. N. Ganguli 
(CAZKI. Jodhpur) prcsente~l the rrs111ts of silvi- 
cultnral studies on four indigenous tree specics, 
namely IJrosofiis spicigera, Albizda lebbeck, Acciu 
sengal and Tcco~xrlla mndzclata, adaptability trials, 
afforestation of the principal land types and top 
feed species. Among t l ~ c  sptxics tried from Israel. 
Australia, USA, USSR and Southern Rhodesia, 
Acacia tortillis (Israel) and EzccaZyfitus cn-maldylen- 
sis (Australia) have shown high degree of adapt- 
ability to the environment and have excelled 
the principal indigenous tree species in respect 
of grotvth and survival. On shifting sand dunes 
the species successfully afforested are Prosojis 
jt4l$ora, P. sfiicigeva, Calligotrunt polygonoides, Zizy- 
jkus jicjtcba. I)alher@a sissoo, Ailantltlcs excelsa, 
Albizzia lehheck, Aiadiraclrta indica, Eriantlcus 
~ritcnja ant1 Lasiairacs lfiirst~ttcs. In shallow soils over- 
lying hart1 calcareous pan, deep soil working and 
planting balled seedlings of A,zadiraclrta indica 
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and rllliizzia lebbeck have proved successful. In 
semi-rocky areas, where soil accumulat~~s in local 
depressions, ridge-cum-trench type of soil working 
uith seedling of Acacia sen~gal  and Prosojis juliflora 
were successful, while in less soil accun~ulatetl condi- 
tions planting of prc-sprouted stumps of Prosojis 
juligora and transplants of AzadiracFzta indica gave 
better results. Protection against all biotic inter- 
ferences until the area gets reasonably covered wit11 
natural vegetation appears to be the most practical 
approach. Studies on palatability and chemical 
composition of 16 tree and shrub species occur- 
ring naturally in the grazing lands rc\,ealed that 
Prosopis sjicigera and Zizyplrns na~i~~i i iu lnr ia  arc, 
the most important topfeed species. I. M. Qurcshi 
and 0. N. Kaul (Forest liesearch Institute & 
Colleges, Dehra Dun) described foliar constituents 
of some important tree specics of the arid zonc of 
India. 

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

Pasture ecology - The selection of grasses and 
legumes for arid zone pastures was discussed by A. K. 
Chakravarty (CAZRI, Jodhpur). Among the 208 pro- 
mising perennial species of grasses collected, Cenchnrs 
ciliaris strain Nos. 357 and 358 have been selected 
for introduction in light sandy soil in low rainfall 
regions, and strain Nos. 226 and 362 for heavy soil 
in the high rainfall areas of the arid zone. Among 
the legumes introduced, Doliclaos lablab var. lingrzosus, 
Atylosia scarabaeoides and Clitoria ternatea havc 
been found to be drought resistant to a large extent. 
From a population study conducted on C ,  ciliaris 
in different ecological habitats, the black-headed 
variety has been found on heavy, compact and flat 
soils, while plants wit11 coloured stigma are associated 
with sandy loose soils. It has a bearing on futurcb 
breeding and selection work. Studies on grasses and 
sedges of certain areas in Jhunjhunu district, Raja- 
sthan, were described by M. C. Joshi and C. B. S. K. 
S a m a  (Birla College,. Pilani). Pastlire ecology of 
grasslands in western Rajasthan was discussed by 
I<. B. Das and C. P. Hhimaya (C.4ZR1, Jodhpur). 
Regression studies on height-weight relationship of 
the important range fodder species have indicated 
that the relationship between the percentage of 
height grazed and the percentage of forage utilized 
is of the quadratic nature for all thr, species studied. 
The dry-land seeded pastures studies at  Pali, on 
sandy loam soil and 410 mm. average rainfall, 
showed that the relativc performance of grass 
species, such as Cenchrzrs ciliaris, C. setigerus, 
Panicuilr antidotale and I)icAanihin+r~ annulat~raz, 
was superior from forage production and utilization 
aspects as compared to those on sandy soils at  the 
Central Research Farm, Jodhpur, with 330 mm. 
rainfall. However, the grazing capacity of Panicunt 
antidotate was the same at  both the places. 

Animal  grazing and ~nanageuzent - 1'. Maliadev, 
P. S. Gupta and M. M. Jayal (Indian Veterinary 
Research Institute, Izatnagar) discussed the nutri- 

tive value of C.  ciliaris from grazing areas 
of Rajasthan forests. This grass does not meet 
the maintenance rcquircment of grazing cattle 
without suppleinents of protein rich concentrates. 
To utilize the grass profitably it must be harvested 
or grazed at  early stages. L. D. Ahuja (CAZI<I, 
.jodhpur) discussed livestock managcmcnt on range 
lands in western Rajasthan and outlined the work 
in progress in a range management project. 
.Adaptation of livestock to arid climate was discusscd 
by G. C. Taneja (CAZKI, Jodhpur). Undrr arti- 
ficially created arid climate, the rrctal temperature 
and rrspiration rate of animals esposcd increase 
u;itli rise in air temperature and are followed by 
depression of food consumption, milk production, 
1)lood carllon dioxide combining power, ascorbic 
acid, and incrcasc in blood crcatinc. Cattle from 
:wid region are able to \.aponrize relatively more 
moisture through the skin and havc denser sweat 
glands as compared to ISurope;~n cattle in tem- 
perate climntc. 1,ower 1)asal nletabolic rate of 
these animals results in less heat production wit11 
rise of air tcmperaturc and is due to decline in 
thyroid activity. The level of production is also 
considerably low. The depressing effect on milk 
production, food consumption and body weight 
becomes evidrnt above 80°F. for European cattle 
and above 95'F. in arid climate c;lttle. Grnetically, 
the tolerance to arid climate is weakly inherited. 
'The crosses between the two brecds possessing the 
faculty for heat tolerance and high milk production 
should prove fruitful. 

Ecology of Human Factors 
A. B. Hosc, S. P. Alalhotra ;und P. C. Sasena 

(CAZRI, Jodhpur) discussed in their paper the prob- 
lem of nomadism in the arid zone of Rajasthan. 
P. K. Misra discussed the nomatlic Gadulia Iaohars, 
their region of movenlent and composition of the 
hands. S. M. Ali's (Saugar University) paper was 
concerned with some aspects of the human geography 
of the Indian desert, with particular reference to 
thc changing pattern of population, the forms and 
functions of typical settlements, and the effect of 
social and economic changes on the cultural land- 
scape. A. R. Hose and S. 1'. Malhotra (CAZKI, 
jodhpur) rcsported the results of a samplc sur\.ey 
on land use, den~ogmphic featurchs ;md sources of 
livelihood of the populations in the central Lnni 
basin of western Iiajasthan. h typical research 
programme in agricultural economics for arid lands 
was tiiscussed hy J. 1'. Hmbovszky (111dian Agricul- 
tural Research Institutt,, New Ilclhi). Specific 
problems recommended for resc~nrch are: s t ~ ~ d i c s  
on input-output coefficients, uncertainty, institu- 
tional arrangement for water, and land use 
rights. 

Pests and Their Control 
D. I<. Bhatia (Field Station for Invc~stigation on 

I.ocusts, Rikaner) discussed the invasion and brecd- 
ing regions of the desert locust and its seasonal 
migrations with downwind. The theory of phases 
and the factors leading to gregarization and initia- 
tion of fresh plagues were also discussed. Suppres- 
sion of infestation in its initial stages and at  the 
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time of outbreak have becn suggested as the best 
approach to locust control. For direct offensive, 
BHC, aldrin and dieldrin 11avc proved very effective. 
Ry consuming the annuals, locust loosen the soil 
resulting in its erosion. Some aspects of popula- 
tion dynamics of desert locust were outlined by 
$1. L. Iioonwal (Zoological Survey of India, Cal- 
cutta). The different morphological changes brought 
about during transformation from phase solitaria to 
, g ~ g a r i a  were described. 

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

K. Gosswald (Institute of Applied Zoology, 
\Viirzburg University, \+liirzburg) described an appa- 
ratus used in studies on insect ecology, with special 
reference to temperature and humidity, and tlie 
influencr of ecological factors on the metabolic 
functions of insects and the mechanism by which 
insecticides work. I t  has becn shown that climati- 
cally sensitive species rcact intensively to weather 
changes, which is reflected by a decrease or increase 
in popul:~tion density, while other specic~s do not 
show this reaction. Esperimcnts with ants h;~vc 
indicated that soil inhabiting species prefer a high 
relative humidity range while stone inhabiting species 
concentrate in the dry region of the humidity pre- 
fermce apparatus. Comparable differences are also 
found in toraites. 

Mineral Resources and Their Exploitation 
Sl. A. Hai, M. K. H. Siddiqui and E. R. Sascna 

(Regional Research Laboratory, Hyderabad) dc- 
scribed the results of studirs conducted on the 
utilization of some minerals from Rajasthan, sucll 
:IS gypsum, limestone, felspar and fullers' cartl~. 
A process for the manufacture of a versatile lo\\- 
cost neutral desiccant from gypsum has been 
standardized. A superior quality white cement is 
obtained by l~cating together gypsum, limestone 
and fcldsp:lr. Potassium sulphate is obtained as a 
hyproduct and can be used as a fertilizer. Mud11 
fullers' earth, after suitablc processing, has becn 
found to he a good bleaching agent for lubricating 
oils. Kyproduct recovery from saline lakes and 
alkaline soils was dealt with I)y K. Seshadri and 
I). S. 1)atar (Centml Salt & Marine Cheniicals 
Iicsearch Institute, Rhavnagar). It has been esti- 
mated that about 25,000 tons of sodium sulphatc 
can I)? obtained from the Sambliar bitterns after 
chlorination to destroy algae and by chilling to 
0°C. Sodium carbonate can be recovered by carbo- 
nating the chilled mother liquor. Ry reacting thr 
bittern with gypsnm, sodium sulphate can be pre- 
pared economically; cost estimates for a 14-ton per 
day plant have been worked out. (;. C. Jnin, 
9.  S. Sharma, I<. I<. Datta and I). S. 1)atar from 

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

Geography of the Desert 
A. K. Sen (CAZRI, Jodhpur) discussed some 

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

Macro- and Microclimatology 
A new climatic index and its application to sub- 

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

Energy from the sun in Rajasthan was considered 
by P. Jagannathan and H. R. Ganeshan (Meteoro- 
logical Office, Poona). Maps have been prepared 
showing the distribution of solar intensity over 
Rajasthan for the winter, summer, monsoon and 
post-monsoon seasons. Minimum energy is received 
in winter and masimum in summer months and re- 
presents 319 billion W. during the year. The esti- 
mated energy figures may be usefully employed in 
assessing the efficiency of solar devices set up in the 
region. The resnlts of a statistical study of the 
characteristics of the wet spells undertaken with 
tlie daily rainfall data for Jaisalmer and Bikaner, 
representing arid west Iiajasthan and Kotah and 
Jaipur representing the semi-arid east Iiajasthan, 
were presented by P. Jagannathan and V. K. Ragha- 
vendra (Meteorological Office, Poona). The fre- 
quency distribution of wet spells docs not follow 



the probability law, but  their durations are rc- 
lated to sunspot characteristics. P. Jagan~iathan 
(Meteorological Office, Poona) discussed thr  climatic 
cnvironmcnt and its fluctuations in Rajastl1:m from 
data recorded ovcr a nmnber of years. A. Iirishnan 
and K. A. Shankarnarayan (CAZKI, Jodhpur) 
discussed the criteria for the tlclimitation of arid 
zone of Kajasthan by applying the standard methods 
in use to find out how far diffcrrnt climatic classi- 
fications rcflcct the actual vrgetiltion pattern of 
Iiajasthan. l'hcse workers stressed the need for 
c~volving a new method of classification to obtain ;L 

true picture of the vegetation pattern of thc desrrt. 
N. D. Kegc, A. R. Bhaskaran and N. S. Jayaram 
(Ministry of Food li- Agriculture, S c \ r  Dellii) 
described preliminary studies on the cffcct of 
liydroxycthylmc docosanol (OISI)) on evaporation 
of watcr from soil surhcc. In arid zonc, c,vapora.- 
tion loss from soil surface is a major problcm. 
liesults from a drying cyclc sho\s that  OI3D powder, 
when sprayed on soil, rcdrlcc~s evaporation from 
bare soil surface by about 15 per ccnt. I ts  dis- 
integration in soil is very slow due to its waxy 
nature. Thc cost of trcsatment per acrc is roughly 
I<s 40. 

The question ! Is  Indian desert a continuation 
of Sahara desert? ' was examined by P. P. Sajnaiii 
(Institnte of Tropical Meteorology, - Poona). fern- 
Deraturc and moisture distrihotions in the lotvcr 
jnd  middle troposphere over Sahara and l'har 
exhibit a striking similarity of characteristics. 
With minor \~ariations due to purely local condi- 
tions, the entire area stretching irom Sahara to 
Thar appears to  be a ~lleteorologically I~omogcnt~ous 
one and supports the vicw that the Thnr desert 
forms a part of an extcnsivc desert bclt comprising 
the great Sahara and thc arid regions of Arahii~, 
Iran and West Pakistan. 

S. K. Gupta (Soil Conservation Iiescarch, Drmon- 
stration R. Training Centre, Kotah) discussed fre- 
quency analysis of rainfall data for use in soil 
conservation. Analysis of snch data has been used 
to  draw isopluvial maps uscful in planning soil 
conservation programnles. hlicroclimate and vegct;~- 
tion of arid zonc was dealt by I. M. Qurc~slii ant1 
13. K. Subba l iao (Forest lirscfiarcl~ Institntc, I)chrn 
Dun). 

Climatic water I~ahncc  of thc 1ndi;tn ;\rid zonc 
was discussed by %'. 1'. Snl~r;~m;tnian~ (Andllra 
University, II'altair) ~ v h o  indicated the need for 
analysing data collected ovcsr n period of 30 ycaars 
to  obtain an idca of the: departure of aridity indcs 
from the normal. A. 13. Suhramaniani (Andlwr 
University, Waltair) presented results of coln1,ar:i- 
tive drought and aridity stuclirs in tlic Inclian arid 
zones. As rennrked by E. Hovmoller (Metroro- 
logical Office, Poona), Chairman of the session, ;ui 
important point to be hornc in mind is that  wllilc 
~nacroclimate can hardly be influenced, every effort 
should be made to  modify nlicroclin~ate as this is 
particularly important ior harnessing tlic rc..:ourccss 
of both arid and semi-arid regions. 

Solar Energy, Wind Power and Fuel Energy 
S. D. Gomkalc, S. Y. Ahmed, I<. L. Datta ant1 

D. S. Datar (Cmtral Salt li- EIlarinc Chemicals 

licsearcli Institute, I%l1:1vnagar) d e d t  witli thr  tt~cli- 
niquc: and economics of conversion of saline watcr 
into fresh water. l'hry sr~ggcstetl the atloption of 
c i t h ~ r  clectrodialysis or ion-c:schangc mcthotl for 
the demint~~-;ilizatio~i of I~rackish well w;~tt>r of low 
salinity availahle in ct~rtain regions of N;lj;~sthan. 
X substantial p;trt of thc cost of dvs;~lin:ltion 1)y 
distillation is takc.11 up by I)o\v('r alone,. Tile nso 
of solar rncrgy for tlcmincr;~liz;~tio~i of I)r;~ckisli 
\\-ell watcr in 1iajastl1:ln is rcconlnicndrtl on account 
of the fa\.c~urable conditions, such ;is lo\\! humidity, 
high wind vc~locity, high incidence of sol;~r radia- 
tions, vcbry few clondv days, ;~v;iilnhility of cheap 
I;ibour and m;ltcrials of construction, ctc., c~sisting 
in this region. Discussing thc, 1)rcLscmt status of 
tlrmineraliz;ition of sali~~cx \v;~ter, hl. I.. l<hann:t 
(Nation;ll I'hysicnl I.:il>oratory, X(,\v 1)ellli) summa- 
rizctl tlic different mctl~ocls c*mployctl a t  present 
in LISA. IZajasthan offers  st scol:e for under- 
taking dcrnineralization of br:~ckisl~ w;ltcr on :I 

commercial scale. O n  ;Iccol~nt of the favour;~l~lc 
conditions available in t11r rc!gion, the ch;lnccs of 
utilization of sol;lr cbncbrgy for Inrgcb-scalr dcmincra- 
lization of hri~ckisli ~ c l l  watc<rs of 11;ij;1stllan ;Ire 
\cry bright. l>argc--scale trials of solar stills con- 
structed on the gronnd with indigcnouh niatcrii~ls 
\rcre rcrom~~lc~ndcd. lisamin:~tion of dnal-purlxjse 
tlesalting and c,lrctric power pI;lnts run with nuclear 
.cbnergy and their integration into local utility sys- 
tems is also consitlcrctd worth \vhilc. 11. Satarajan 
(Dcfenccb I.aboratory, Jodhpur) suggested that 
clectrodialysis alone or in combinnt~on with ion- 
c.schange appc:~rs promising for I,rackish \v;~ter treat- 
ment in liaj;~sthan region. Need for the dcvrlopmcnt 
of indigenous ion-cscliangc matrrials ; ~ n d  their use 
in desalting waters of the rcsgion was cmphasizcd. 

l'hc use of solar cncsrgy for 11onsc.hold hc;~ting was 
discnssetl by .I. P. ( ; I I~ )~ ; I  ant1 1). Krishn;umurti 
(L)efencc I.:lboratory, Jodl~pur). In  the. sub-zvro 
amhient tcmper;~turcs of coltl ;lritl rchgion of l.;ttlnkl~, 
\slicre ncitlivr electric power nor thc convc~ntional 
typvs of fuels are av;~ilal)lc, living space heating was 
cffcctetl by radi;~ti\.e and can\~ectivc I~c.:lt losscs 
from tllc sorf;tce of hot watcbr tank ;uitl not \I? 
forcrd circ~llation of air. The XPI, typcx solar \\,:~tc~r 
11c.atcr cmploycd to hr;it \vatcr by thrr~iio-siphon 
action s l 1 o ~ ~ ~ I  an over;tll rficic~ncy of 28 1)c.r ccnt ill 
hcating :I room of size 1 2 ~ 9 ~ 8  ft \vitll sol;lr 
cmrrgy, t l ~ c  niasi~nil~n room tcmpcrnturcb rise Iwing 
21.5"C. for an ambient tcmperatnrc of 3'C. 13. 31. I.. 
S;tk.;rnir rl al.  (l)c~fcnce! 11esc.nrcl1 I.;ihor;~tory, I>clhi) 
tlrscril)cd :I solar cooking dc.vicc comprising 
concrntrator and :I thcrrn;illy insul:~tcd ovcn. The 
1)l;tne-gl;lss niirror conccntr:itor, itl{~ntir;~l to that 
prcviol~slv i~scd by M. I.. K~I;IIII~;L i ~ n d  his coworkers 
(Nation:~l Physical I,abor;~tory, New Uclhi) for 
concc~ntr;~ting sugarcane ancl palm juices, is used 
to co~~centr;~tc. sol:~r energy on to  the ovcn. Sub- 
zrro ;lmbirnt temlx~r;~tnrc.; :111(1 \vind (lo not affvct 
its pcrformilncc. 

Krvit~\\.ing thr field of solar c,ncrgy and its appli- 
r;ition, H. Tabor (Sation;il I'l~ysic;~l I-nl)or:ltory, 
Israel, Jerus;llem) indicated that no commercial 
fimm \vas at  present concrnlc~d witli large-scale 
utilization of solar csnergy, 1)ecause of its diffused 
nliturc, rrcl~iiring a I:~rgc collection :lrc:l. Ho\vcvcr, 
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for dr~veloping refrigerators in th(! hot and non- 
electrified rchgions of tlie world. He surveyed the 
present stattls of o i~ r  kno~ledge with respect to 
materials, sol;~r r;idiati~~n nicasurcmcnts, solar 
distillation, refrigeration and air-conditionil~g, so1;ir 
cookers, water and air Iicatc~rs, and large-scalc 
power nnits. Only th(: solar pond ;tppcL;lrs to have 
rc:~sonable chance of sricccss in large-scale exploitn 
tion of solar energy, spc~ciallv for the nianufacturc 
of salt in arid zones, as the, procc~ss is independcnt 
of \vcatl~er on account of its 1;trgc heat capacity 
and cflccti~~c use of smnsliine. In  conclusion, li(: 
htatrrl that sol;ir c.ncbrgy utiliz:ition is attractive 
only in areas \'l~crc& tlic supplics of conventional 
vncrgy arr scarce :und espmsivc~ or cost i.; of little 
cons id era ti or^. 

1)uring the session, general discussion was held 
on tlie follo\ving subjects: Aerial photo-interpreta- 
tion for survey of natural resources; Productivity of 
arid lands for farming and animal husbandry; 
Aridity - its causes, criteria and control; and Impact 
of nian on arid land - retrospect and prospect. 

Plenary Session 

Eighteen r~solutions were passed during the 
plenary srssion. It was rccomrncnded that an 
overall appraisal of arid and semi-arid regions 
throughout India should be conducted to determine 
future investigational programmes and their order 
of priority nt the Central Arid Zone Research Insti- 
tutr, Jodhpur, and other institutions in the country. 

Methionine Biosynthesis* 
'1'. S. .\SANTHh SAAIY & N. APPAJI RAO 

I)cp;~rtn~vnt of Iliocheniistry, l~idian Institute of Science. Hangal(1rc 12 

A l,I'HOU(;Il ~ncthioninc has long been knob1.n 
as an csscntial amino acid ant1 lately as a 
methyl donor in I~iological tr;msmetl~ylations, 

its 1)iosynthetic pathtvay in animals and microorgan- 
isms has only recently attractetl attention. The 
discovery of tlu Vignenud and coworkrrs1.z that 
both 1)- ;~nd L-isomers of homocysteine could sup- 
port the gro\vtl~ of rats in the absence of methionine 
sparked investigations on thc I~iosynthrtic pathway 
of methionine. Homoe).steine snpplt~mentation of 
certain methioninc tlefieient diets was rffcctivc only 
when methyl donors s~lcli as cl~oline ant1 betainv 
were incorporated in the diet. This type of a tlircct 
transfer of the metl~yl groups from or to mrthiolainc 
irz o h o  was terrnetl ' transmethylation '3. 

The dc\.c~lopment of the knowledge of dc ?torlo 
formation of tlie nit.thyl groups from ;~cti\,e form- 
alde11ydc liclped in the resolotion of methioninr 
and thymitlilate biosynthesis. These appcar to bc 
the only two co~npo~~nt ls  in which thc methyl 
groups arc so formed. Study of these reactions 
has led to tlie understanding of the biochemical 
function of folic acid ; ~ n d  vitamin R,,. This has 
also led to the tliscovery of N,-methyl IiH,t, a new 
intermediate in the biosyntl~csis of nnethyl groups4. 
-. 

*This article is I);~sed on a Iccturc tlrli\~crt~d ~luring t l~r  
Summer School o n  the Currcnt 'l'rcods in  Ili(~rhc~iiistrv 
sponsored IIV thc I'nivcrsity Grants Comniission at thc 
Indian Institute of Science. I{;lng;~lore, durin~ May 1964. 

tl:ollowin~ ;~l)l)rc.\,iations arc uscd: I'H,, tetrahydrofolatc; 
FN,, 0ihydn~fol;rtr; A1'1'. 5'-(pyre)-admosinc triphospllate; 
..\hl. 5-aclenosyl ~ncthioninc;  .1H, 5-;~dcnosyl Iiomocystcinc; 
PA1.1', pyridosal phosl)h;tte; I)I'NH, reducc~l nicotinamidc 
adenine dinucleotidc; I)I'N, nicotin;lmitlc ndoninc dinucleo- 
tide; 17AI), 1l;lvin adcninr clio~~rlrotitlr; ;lnd FhlN, ril~o- 
flnvin-5'pl1ospl1;~t1~, 

Biosynthesis in Animals 

The observation that :L diet clcvoiil of methioninc 
and other methyl donors, but containing folic acid, 
homocysteine and vitamin B,, could support the 
gro\vth of rats, modified the earlier concept of the 
intlispensability of methionine. In rat growth 
experiments, du Vigneaud et aL5 occasionally en- 
countered animals capable of growing on homo- 
cpsteine diet without added choline. This sugges- 
tion that the labile methyl groups were being syn- 
thesized de fiovo was verified by the appearance of 
deuterium in the methyl groups of choline isolated 
from rats whose diets contained D,O and an ade- 
quate source of the labile methyl group6. 

Sakami and Welch7 obtained further evidence 
that rats can synthesize the labile methyl groups 
de ~tovo bv (lemonstrating the incorporation of 
formate-1-1% to methionine methyl groups. This 
incorporation coulcl also occur in rat liver slices 
ant1 the i n  vitvo process was stimulated by folic acid. 
Such an involvement of folic acid and vitamin B!, 
was earlier suggested by Bennetvrom his nutn- 
tional studies. BerggJo was the first to observe the 
formation of methionine from homocysteine and 
formate by the cell-free extracts of pigeon liver 
Iiomogenates. The incorporation of I"-formate 
into the methionine methyl proceeded better an- 
acrobicallp than aerobically. The components and 
rofactors required for the methionine biosynthesis 
were suggested to be folic acid, ATP, MgZ+, DPN 
and homocysteine hy Doctor et al.ll investigating 
wit11 chicken liver acetone powders and by Nakao 
and Greenberg', in a sheep liver system. Nakao 
and <;reenberg'3, measuring isotope incorporation 



from serinc-3-14C and formaldehyde-1-"X, verified 
the requirements reported by Doctor ct nl.I1 and 
established that FH, could substitute for folic acid. 
Traces of methionine greatly stimulated the syn- 
thesis of methionine. When serine was the carbon 
donor, there was an absolute requirement for serincx 
hydroxymethyltransferase and I'ALP. .%M severely 
inhibited the incorporation of the label. AM per- 
haps was a component of the system whereby its 
inhibition of the isotope incorporation into methio- 
nine could be explained as being due to isotope 
dilution. Stevens and Sakami14, using an am- 
monium sulphate fraction of pig liver homogenates, 
confirmed the cofactor requirements suggested by 
Nakao and Greenberg13, but reported that AH could 
replace the requirement of homocysteine hut not 
ATP. Wilmanns et ~1.15 isolated a folate inter- 
mediate believed to be the methyl acceptor. These 
results, however, have been disputed by Larrabce 
et al.16 and Kisliuk17. 

Mangum and ScrimgeourlVemonstrated tlic 
requirement for AM in catalytic amounts for the 
transfer of methyl groups from N,-methyl FH, to 
homocysteine. The requirement for ATP and Mgei 
was abolished when AM was used in the reaction 
mixture. Kenvar et al.19 have shown the involre- 
ment of vitamin B,, in this process. Dickerman 
et a1.20 have purified the chicken liver enzyme 10- 
to 30-fold and reported an anaerobic stimulation 
by cobamide and suggestcd that cobamide main- 
tained an essential -SH group on the enzyme in 
the reduced state. 

Biosynthesis i n  Microorganisms 

The work on methionine biosynthesis in animal 
systems has been parallelled by similar and in 
some instances more fruitful studies in tllc mutant 
strains of Escherichia coli. Hatcli ct al." ha\-r 
separated the methionine synthesizing system into 
three partially purified fractions: (i) serine hydroxy- 
methyltransferase, (ii) a fraction that reduces 
N,,Nlo-methylene FH, to N,-methyl FH,, and 
(iii) a protein fraction containing vitamin H,,. 
The combination of the three fractions carried out 
methionine biosynthesis in the presence of the 
following cofactors and substrates: serine, hoino- 
cysteine, PALP, FH,, ATP, DPNH and FAD or 
FMN. When N,,Nlo-methylene FH, was used as 
the source of C, donor, the requirement for serine, 
PALP and serine hydroxymethyltransferase was 
abolished. These studies were carried out using 
two mutant strains of Esch. coli, one requiring 
either B,, or methionine for growth, and the secontl 
requiring PABA and methionine. The important 
finding of this group of workers was that N,-methyl 
FH, acted as an intermediate in the reaction and 
could methylate homocysteine directly16. 

Guest and c o l l a b o r a t ~ r s ~ ~ ~ ~ ~  and Woods24 suggest 
that two pathways exist for the formation of methio- 
nine in Esch. coli. In one of these, there is a 
requirement for vitamin El, protein and in the 
other there is no requirement for vitamin B,, pro- 
tein but only for triglutamatc FH, as a cofactor. 
The second pathway is inhibited by monoglutamate 
FH, and appears to operate in Esch. coli PA-15, 
which has been grown on methionine in the absence 

of \,itamin B12. On atldition of vitamin I:,,, tlie 
1)acterium changes over to the first pathway which 
is obligatory in 1:'sclt. coli 121/176. The methyl 
group transfer involvcs AM, a vitamin R,, enzyme 
and a pyridino-flavoprotcin. They suggest that 
the oxidation level of co1)alamin cofnctor remains 
uncliangcd tliroufihout tlits rraction. 

Mechanism of Methionine Biosynthesis 

Naliao .~nd  (;rccnl)erglQn.ere tlie earliest to suggest 
possible mechanism of mrtliionine biosynthesis 

hasrcl on tlic incorpor:~tion of fornialdel~ycle-1-1". 
Stevens and Sakamil* postulatetl that AH could 
replace liomocystcinc ;lilt1 proposetl a condensation 
of formaldchydr, FH, ;md I~omocysteinc to an 
intermediate of tlie typc -S-CH,--N<, i.e. 
where the metl~ylenc group is I~ridgecl between the 
sulphnr of homocysteine and the N,-nitrogen of 
IiH,. Thc final step in the mcthyl biosynthesis 
requiretl the rednctivc cleavagc of the -CH,-S< 
1)ond to yield FH, ;und methionin(-. Alternatively, 
they s~lggestetl that thr redr~cing power might 
emanate from the rcducetl pyrazine ring of FH, 
to yield FH, and methionine. T l ~ e  FH, formed is 
converted to FH, by- tlil~ydrofolate reductase. 
This latter typc of cleavage has been shown to 
occur in the case of thymidylate synt11esis2~. 

Wihnanns et nl.l")roposctl a mechanism for 
methionine I)iosynthesis similar to that of thymi- 
dylate synthesis and prescntetl isotopic incorpora- 
tion data in support. They also reported a folate 
intermcdixte, N,-mct11pl-7,8-T~H,,, and postulatect 
AH as the methyl acceptor. rhis system was 
inhibitetl I)y antifolate compounds such as amino- 
pterin ant1 anirthopterin. The third hydrogen for 
the methyl group originated from the hydrogen 
atom attached to carbon 6 of These findings 
have, however, I~rcn severely c r ~ t ~ c i z c d ~ ~ ~ l ~ .  I t  is 
now reported tliat 110th the experimental finding 
and the mechanism II;L\:c been witl~(Ir:i\v~i~~. 

Biosynthesis of N,-Methyl FH, 
The initial steps in the I)iosyntl~esis of metl~io- 

nine are now fairly- well estal)lisl~ed. Serine and 
formaldehyde havc Ilcen the most commonly 
stndicd precursors of the mrtl~yl group of mcthio- 
nine. Studies with animal and 1)actcrial systems 
liavt! estal~lisl~cd thc requirements for formation of 
methionine to bc st:rint., scrinv I~ydroxymetl~yl- 
transferasr, I'AT.l', FH,, ATI', Mg" and pyridine 
nucleoticlt:. Tllc cmzymic conversion of serine to 
glycine has been (lemonstrated in a variety of 
 system^^+^^. These stutlies 11;1v(, indicated tliat 
[3-carbon of scrine is rc~lcasctl as cnzymc bound 
Cl unit at  the oxidation level of formaldehytle. 
PALI', hfg2? :uitl pyridinc nuclcotitlcs have been 
implicated as cofactors in this reaction. 

Rlakeley30 ant1 Hatch rt n1.21 have shown that 
formaldehyde reacts wit11 FH, to form N,,KIK 
mcthylenc FH,. The latter workers liave demon- 
strated thc appearancc of this intcrnicdiatc in their 
reaction mixtures, nntl tile enzymic formation of 
this compound from scrine in Esclt. coli extracts. 
They have shown that N,,Nlo-methylene FH, can 
serve as a precursor for methionine biosynthesis. 
When formaldch~tlc is used as the carbon source, 
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the requirement for scrinc,, serine l~ydrosyrnctl~yl- 
transferase and PAL1' is abolishetl. 

Tht: N5,N,,-methylttnc 1;H, is converted to 
N,-methyl FH, in the prcsc,nce of an enzyme isolated 
froni bacterial source4 and mammalian systcm31-33. 
The cnzyme is a flavoprotcin requiring pyridinc 
nucleotic\c antl was missing in Esch. coli 11313 
mutant requiring mrthioninc for growth. N,-methyl 
FH, was idmtical with tht: folir dcriv;ttivc? ' pre- 
folic A ' isolated cz~rlier froni llorscl liver". The 
enz!-matic reduction requires reduced pyridinc 
nucleotitle, usually DI'NH. I<eresztcsy and Donalcl- 
sonS5 antl Sakami antl Uks t in s3~~repa rc t l  this 
compound by reducing tlits N5,N~,-methylt~nc FH, 
with potassium I~oroliydridt~. I<isliuk ant1 Sakanii27 
studicd the! origin of the hydrogen  ton^ involved 
in the rednction oI N,,N,,-~nctl~ylenc FH, to 
K5-methyl FH,. Whtw trtradrutcrofolate was used 
as a cofactor in thr nivtliioninc synthesis, thr  
methionine mctl~yl group (lid not contain anv 
ileuterium. \lil~en the reaction \KIS carrictl out in D,O 
there was ;in incorporation of two z~toms of (leu- 
terium per molcculc of mctliionine syntlic~sized. Onc: 
of this was locatccl in the mctl~yl group and the 
second in the C, atom of methionine. Thesr results 
suggested that thc hytlrogcm atoms of mcthyl group 
arose from t l ~ e  solvctnt ant1 not Irom tlte pyrazincl 
ring of FH,. The biosv~~th(~sis of N,-n~c:tl~yl FH, 
from C, units is summarizctl i n  Fig-. 1. 

Transfer of Methyl Group f rom 
N,-Methyl FH, to  Homocysteine 

R~quirement for A d f  - l'hr rec~uirc~iients for thc 
transfer of a methyl group from N5-methyl FH, to 

homocysteine have been st~diedl6,~?,~&38 in view 
of the requirements for NADH, FAD and vitamin 
Rll. protein for the methylation of homocysteine. 
Ong~nally, it was assumed that the abolition of the 
lag phase by preincubation with ATP and Mg2+ 
was due to the formation of an unknown inter- 
mediate or colactor resulting from the interaction 
of ATP, Mg*+ and homocysteine. dc La Haba and 
C a i i t ~ n i ~ ~  observed that AH is formed from adeno- 
sine and homocysteine by a rat liver system and 
Nakao and Greenhergl3 observed AH formation in 
the sheep liver preparation. AH or enzyme system 
synthesizing AH were tried by these workers but 
they were unable to abolish the lag phase. I t  was 
earlirr reported that AM stimulated the biosyn- 
thesis of met11ionine~7~~8. I t  was thought that ATP 
and hIg2' could react with the endogenous methio- 
nine in crude enzyme systems to form AM which 
might abolish the lag phasew. The transfer of the 
metlip1 group from N,-methyl FH, to homocysteine 
was catalysed by AM abolishing the lag phasel8~20~40. 
Stevens and Sakami14 hacl concluded tliat free AM 
was not an intermediate in methionine biosynthesis. 
Nnkao and Greenberg'" on the other hand, reported 
that addition of AM severely inhibited the transfer 
of label from formalc1el1ycle-l-~4C to mcthionine-'*C 
ant1 suggested tliat AM might be involved in 
methioninc biosynthesis. That the synthesis of AM 
represented a rate limiting step in methionine 
biosynthesis was established by replacement of 
ATP and Mg2+ by AM resulting in the immediate 
formation of methionine and preincubation of AM 
with other components of the system (except 
N,-methyl FH,) when no enhancement of the rate 



of methionine biosynthesis was observed. Mangum 
and ScrimgeourlB and Foster et aL41 showed that  
Ahf acts catalytically in mcthionine biosynthesis. 
The latter workers 01,served tliat 200 moles oI 
methionine were synthesized per molc of AM, ahich 
is rather unusual. I t  \vonld appear tliat this com- 
pound could function as an intermediate in mcthio- 
nine biosynthesis in whicli the sulphur atom is 
successively methylated and demethylated or it 
would have to  methylate some compounds one at 
a time and is cot  directly involved in methylation 
reactions. The latter possibility finds favour since it 
has been impossible to demonstrate the incorpora- 
tion of a radioactive mctliyl group from 14C-methyl 
labelled N5-methyl FH, into AM (ref. 36). The 
formation of AM from uC-methionine and ATP 
from a crude cnzyme preparation has been reported4'. 
AH, adenosine, 5-methyl thioatlenosine, Barker's 
coenzvme B,, and methvl \!itamin R,, were unablv -- 

to replace A'M. 
Reqwire?rzent for n redzrciflg sytenz ajld zi tn~i~in Hl,-I 

Another rcanirement for methioninc bios~~nthesls 
is a reduci& system \vliich is met by a DPNH 
flavoprotcin Ldehydrogenase. Catalytic amonnts of 
FADH, call replace this protein fraction. 'Tll(, 
function of this system appears to be to reduce the 
cobalt atom of vitamin K,,. Using thc vitamin 
B,, enzyme and a rrducing system, it has been 
s]lown':'n"'t"l*.l' that  vitamin I:,, has to bc rrtloccd 
before the cnzyme can catalysc the transfer of 
methyl group from N,-methyl FH,. 

Brady et 01.43 and Peterkofsky and Weissbacl~'~ 
studied the synthesis of adenosyl vitamin 
enzyme. Altliougli they have reachctl tliffcrcsnt 
conclusions, their data could be intrrprctcd to mean 
that the reduction of the cobalt atom in vitamin 
B,, from Co3 to Co+ is followed by the rwction of 
the reduced cobalt with ATP to form atlcnosyl 
vitamin B,,. This biosynthetic rraction lras been 
shown to have cofactor rcquil-ements similar to tile 
~nethyl  transfer step in methionine biosynthcsis, 
namely DPNH and FAD. ltliiller and >Iiillcr'5 ancl 
Smith et found that fully reducrd vitamin I<,, 
reacts almost instantaneously with alkyl halidcs to 
form a new type of vitamin H,, derivative cl~arac- 
terized by cobalt alkyl bond. Thus methyl 
vitamin Ii,, can be prepared chemically with 
methyl iodide or climethyl sulphate, and recently 
Foster et ~1.4' presented espcrimental evidence 
for the formation of methyl vitamin I:,, froni 
AM and hydrosy vitamin R,, by extracts of Esclr. 
coli. This synthesis by Esclr. coli recluires an addi- 
tional rcducing system. A cl~emical synthesis of 
methylcobalamin from Ah1 and llydridocobalamin 
has been reported4'. Since the reaction mistures 
contain --SH compounds which can convert vita- 
min R,, to a reduced form the requirements for 
additional reductants indicate tliat the product of 
the reaction IS the more highly reduced form of 
vitamin B,,. This is possibly a fonn in \vhich the 
positive charge on cobalt is one, i.c. a form reduced 
by two electrons belo\\, the level of hydrosycobala- 
mm. I t  has also been she\\-n that A31 has no effect 
on the transfer of methyl groups from methyl 
vitamin R,, to  methionine indicating that AM 
must he acting prior to  the formation of nicthyl- 

cobalamin. Similar rcclniremcnts I~a\ ,c  been tlcmon- 
strated in :~vian and mammalian s y s t c n ~ s ' ~ * ~ ~ .  

Loughlin el (11.4B have purifictl (250-fold) tllc 
cnzyme from pig livcsr, catalysing the transfer of 
methyl group froni S,-methyl FH, to I~omocysteinc. 
N,-methyl I;H,-~no~~oglutam:~tc, ant1 triglr~tqmatc 
can he usctl as snbstratcs. AJI ;tntl rctlucrtl flavin 
;\re reclr~iretl as cofactors for tlir reaction. The 
vitamin F:,, content \\.as proportional to the 
cnzyme acti\,itv a t  all prlrification stagtbs. 
IXckerman ct al.l9 I~avc isolatctl from avian livcr 
an enzymc systcni, catalysin~ tl~c. transfer of 
~ i ic t l~y l  group from n ~ e t l ~ y l  vitamin I<,, ant1 from 
W5-methyl FH, to Iio~nocystrinc. Tile tn.o cnzymc 
systems, ho\vevcr, could not bc separated. For thc. 
methyl vitamin I$, transfcrasc activity, only tll? 
rnclthyl acceptor Ilomocystrinc was rccluirrd. whrreas 
as for tlic N,-n~ethyl FH, transfcrasc activity, in 
atldition to homocysteinc. AM and B-mcrcapto- 
ctl~anol as rcducing compountls were rcquiretl. 
Cyano.vitami11 tlrosyatlcnosyl vitamin I:,,. 
methyl vitamin HI,, rcducctl form of cyano-vitamin 
TI,,, all stitnulatctl the methyl I'H, transferasc. 
reaction. Nutritional stutlics i~ltlicatetl that  cyano- 
vitamin I3,, tleficiency led to a market1 rctluction of 
I>ot11 transfcraso ;~ctivities ;untl roplcnislnncnt with 
cyano-vitan~in l ~ , ,  or Rarkcr's cornzyrnr rcstorrtl 
Iloth tlic ;~ctivitics. \lil~c~n ROC()-cyanoco1)alaniin \vas 
injcctetl to \.itamin I:,, tleficic~it chicks, ratlioactive 
incor11,~rntion was observed in tllc fractions \vl~icl~ 
coincidctl with methyl FH, transfcrase activity in 
blood. Incorporation was also obscrvctl n.lien 
normal rats \vclrc iuj(>ctc*tl \\,it11 the r;~tlioactivt. 
\.itamin I<,, but to a less cstcnt. bletl~ioninr snpplt:- 
~ n ~ n t a t i o ~ ~  rcsl~ltetl in rcduction of rnctliyl ITH, 
transf(#rase activity I)ut not mc.thyl vitamin I:,, 
transferasc acti\,ity. 

'I'hc metlryl cu1;lloguc of tlin~c~tliyll~cnzi~i~itk~zolc~ 
cobamitl(s rc*;rcts non-rnzym;lticitIIy, spontjne~)us!y 
hut slo~vly with Iiomocystrine to yicsltl ineth1on1n~0. 
Tllc reaction was incrc:asctl tenfolcl by tl~c* atltlition 
of purifictl vitamin I:,, csnzynics ant1 the ratr of 
reaction \Yay proportional to vitamin Ii,, concm- 
tration. No cofactors or snbstrntcs othrr than 
homocystcine wrrc. rcbcl~~irctl. Ilut tl~c. prescncc. of 
air or cofactors neetletl for metl~yl trnnsfvr f r ~ ~ r n  
N,-metl~yl FH, tlccrcased the! rate consitlrrahly. 
A clnantitativc convcbrsio~~ of mctl~ylcobalamin to 
metliioninc occ~~rrc~tl w11t.n ;LII cbsccbs.; Iloniocystc*inv 
mas present. Tllc, methyl firoul) of nictl~yl- 
cohalamin that is iransft!rrctl to Iioniocystcinc is 
linked to tllc cobalt atom. Ilirect confimmation for 
this was ohtainetl rising "C-mc*thyl vitamin I:,, ancl 
l i o m o ~ y s t c i n c ~ ~ ~ ~ ~ ~ ~ ~ .  

Wiissbacl~ ct ~ 1 . ~ 5  \\\orking \\,it11 cstracts of \viltl -, 
type Esclr. coli, Iiavc provitl~*tl t~vidclicc~ that methyl 
vitamin HI, can form an ;lctivc vitamin I:,, protein 
under conditions \vl~cre cyano-vitamin HI, ant1 
deosyadcnospl vitamin I<,, arc not active. Activity 
with vitaniin or coenzyme coultl 111: obtainctl if they 
are converted to vitamin l:,,., ;I vitamin tlcrivativc 
containing tlivalcnt cobalt. rl~cnsc results let1 to 
the postulate that tllc :tctive spccic~s in methyl 
transfer froni N,-methyl FH, is ;L rcducctl vitamin 
IS,, protein. \\'cisshacli rt 01." have ohsened 
that among thc different alkyl tlrrivativcs tested 



only cstliyl vitcunin I;,, ;~ntl P-propionyl vitaniin I-',,, 
could replace metl~yl v~taniin I<,,. This is csplainctl 
by a.isruning that  tlrc enzyme! can clrave thr  alkyl 
cobalt link:i,ge in those vitamin I<,, tlerivativc-s that 
arc active,, yic,ltling a rrduccstl vitaniin I;,, drrivativcs. 
vcry. likely prntc-in borintl ant1 tlre corrrsl)oncling 
carbaninni ion. 'I'lre rrtlucc,tl vitamin I:,, protein 
can thvn accr.pt a ~rretl~yl carhanir~m ion fomm N,- 
mrthyl FH, :u~tl tr:unsfebr it to Ironiocystci~~t.. 
(;urst ct ~1."  11avc also ~ ) o s t ~ ~ l i ~ t e t l  that the active. 
specics in thc ~ n r t l ~ y l  t r ;~nsf (~r  is a rc!tlucctl vit;unin 
I:,, protein. .I'll(. alkvl tlrrivativcbs uh ic l~  coultl 
rcpl:~cc mcthyl vit;uriin I$, wrrr fonntl to in11il)it 
tlre nrcthyl transfrr from N,-nrcstllyl FH, sugpst-  
ing that t11c.y iirtb hountl to the. cnzymc but \vt-rcs 
not cleavctl to yicltl :rctivc, rc~tlucctl vit;lnii~i I;,, 
protein. 

In considrring this mcbcl~anisn~ of nirtlryl tr;msfrr. 
t l ~ c  possibility also exists tlrat the postulatctl 
retluccd vitamin I:,, protein. active in mr t l~yl  trans- 
fer from N,-mctlryl FH,, also acts in tlrc transfcr 
of nivthyl groill) from c,sogrnorls nrc~tlryl vitamin 
I-',,, to Iromocystcine. Howcvrr, tlrc- data of 
\Veisshach el nLSO (lo not support such a Iiypotl~~sis. 
A 100-fold pi~rifiecl enzyme! from ;In Esclr. coli 
mutant catalysctl tlre t ransfu of thr  methyl group 
from KS-mctliyl I'H, to I~onroc)~stcinc~ i ~ n d  also thcx 
transfcbr of the mCtllyl group from n ~ c t l ~ y l  vitamin 
I;,, to I~omocystc~inc~'. If thv same cinzyme is 
rcslx)nsible for tlrcbsc t\vo mc~tl~yl t ra~~sf r r s ,  thrrr is 
n possibility of two distinct catalytic sitrs on the, 
same enzyme mol(~cule. 

One obvious p o s s i b i l i t y 2 ~ s  that the mrtl~yl-  
cobalamin is a fret, cyclic intrrnrc-dii~tr. I t  comhi11c.s 
with the enzyme to forni a complrs from wlricl~ t l ~ e  
methyl group is transfcrretl to homocystcine with ;L 

consccluent liberation of tlrc cnzvmc (which woultl 
be free to combine with ;tnotl~c%r nroleculr of co- 
balamin) ant1 :L non-rnetl~yl;~tc.d cobala~nin (possibly 
Irydros!~cobal:~nri~~ or vitami11 I-',,,), since tlrr 
I~ytlritlocobaliui~i~~. if formrtl. \voultl presumably 
suffer immctliatr osidation. If this I~ypothesis is 
correct, them t l ~ c  vitamin I:,, c!nzynle \vould in 
rc!ality b~ the! nietl~ylcobala~ri~n con~plcs m~t l  not 
an mzynrr braring n cobala~irin tle*riv:itivc ;IS ;I 

~)rost l~rt ic  group. 
Another possibility (Fig. 2), tvhiclr is also i r ~  

;~ccordancc \\,it11 the fact tlrat tlrc vitamin I:,, 
tlcrivativcs :Lrcs gcnc*rally fount1 strongly hound to 
protein, is that t l ~ r  ~)rostlrctic g r o ~ ~ p  of the vitamin 
I.:,, csnzynich is a non-mctl~ylatcd cobalamin dvri- 
vativc and it accepts a ~nctlryl group from N,-methyl 
FH, a.itlr transicrit formation on tlrc enzyme of :L 

methylcohalamin prostlrrtic group. The methyl 
group is t h m  tr;uisfe~rrrd to I~o~nocystrinr ant1 the 
vitaniin I<,, eni..yrnc3 libcratcul in ;I  tliffercsnt ositl;ttion 
stat?. I t  is ~)ossihlc~ that tlir prosthetic group, in 
the state in which thr  nictl~yl group is accepted. 
may be I~yclritlocobalan~in or vitamin HI$ stabilize~l 
hy combination wit11 tlre enzyme protein. In the 
secontl Iryl)otliesis, it is possiblo that a non- 
metl~!.latc~l prostl~ctic gronp takes 111) a methyl 
group from n~rtlrylcobalamin ant1 the cycle coc- 
tinucs or the non-metlrylatetl vitamin I:,, cnzymc 
tlissociates and the apoonxpmc. again can rc,combinc. 
with metl~ylcobalanrin. 

I:i:. 2 . I'11ssih1c mechanism for a function ill methyl- 
i:ol,;~l:tniirl in mcthioriino l)i~~syntlicsis 

, , llrc simplest inter1)rctation \vould I)c that AH is 
the actu:ll substrate! mcthylatccl by vitamin I<,, 
ctnzyme system and that  the primary product is 
11111 whiclr then reacts wit11 l~omocystcinc yielding 
free mrtliionine and another molecule of AH in a 
cyclic reaction in nliich catalytic quantities of A M  
\voul(l snfficc. However, i t  has not been possible 
to demonstrate tlrc methylation of AH and AH 
\\.ill not replace AM or homocystcine. I t  is possible 
that ABI may act in its customary role of methyl 
donor and generate molecules of methylcobalamin 
thus initiating the cycle. I t  is, therefore, of interest 
that a chemical ant1 enzymatic syntliesis of metliyl- 
cobalamin from AM and liydridocobalamin lias also 
hcen d c ~ c r i b e d ~ ~ ~ ~ ~ ~ " .  

Kencar st nl.19 Iiave further studied the formation 
of methylcobalamin in a pig liver system. They 
have fractionated the system into two fractions, 
11 and 13, on DEAE-cellulosr. Fraction A had a 
vcry low activity even in the presence of AM, but  
tlre activity was substantially increased by the 
a0dition of methyl vitamin H12. Fraction B showed 
vcry little activity and was not stimulated by 
methyl vitamin N,, but i t  stimulatecl AM supple- 
mentcd fraction A. Tlicsc workers conclude that  
the ammonium sulpliatc fraction contains three 
forms of methionine sp the tase ,  an active lrolo- 
c:nzyme containing hound methyl vitamin HI,,  an 
al'ocnzymcl that  can be reacted by added vitamin 
I-',,, and a second inactive one in which there is a 
bountl breakdown product of methyl vitamin R,,. 
l<ractivation of this last form via ancillary enzyme 
present in fractions A and ): involves the following 
sequcncr: 

pThcsc workers believc that  mcthyl vitamin R,, 
i.; not an intermediate in the process of methyl 
transfer and have experimental evidence to sliow 
that methyl vitamin l:,, is a poor methyl donor 
coml~ared to N,-methyl pH,. I t  is suggested that  
a s  methyl vitamin BIZ does not appear to be the 
primary methyl donor in the transfer of metliyl 
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group from N,-methyl FH, to homocystcine, its 
function is probably related to labilization of the 
methyl group from N,-methyl FH,. 

In conclusion, Foster et al."-" have proposcd thc 
following mechanism of methionine biosyntlicsis, 
involving vitamin B,, and also a vitamin R,,- 
independcnt pathway (Fig. 3). In the absence of 
added cobalamin, C, of serinc is converted into 
methyl group of methionine via scrinc hydroxy- 
methyltransfcrase, enzyme A and an enzyme I3 with 
triglutamate FH, as cofactor (pathway C). When 
cobdamin is available, the second mechanism can 
operate by using the cobamide containing enzyme 
as an alternate to enzyme P, (pathway R). Altl~ough 
in both the mechanisms the triglutamate can he 
used as cofactor, monoglutamatc is effective only 
in the cobamide dependent mccha~iism (pathway A) 
and inhibits pathway C. Miitation to loss of the 
enzyme A gives an auxotraph responding cithn. to 
methionine or cobalamin. This postulation of two 
pathways have found support in thc c~xpcrimcnts of 
Euchanan and coworkcrs40. On thc other hantl, 
in mammalian systems, tl~crc: appcbars to I?(! ;L 
specific requirement for vitamin Ji,,. 

Foster et aL41 have proposed a detailrd mcclianisrn 
for the enzymatic transfer of tlic methyl group to 
homocysteine involving A11 and vitamin I:,, co- 
enzyme (Fig. 4). 

Thc first step in the rcaction is 11111 rctluction of 
the enzyme vitamin B,, to a v;llency of one (I). 
This process is carried out by ;l pyridinc nuclrotide 
dependent flavoprotein. This reduced con~pound then 
reacts with AM to yield AM-vitamin B,, cnzyme (11). 
Methyl vitamin B,, is directly formed on the enzyme 
by the migration of the mcthyl group from AM to 
vitamin B,, to form enzyme vitamin B,, methyl AH 
(111). The AH thus produced on the enzymcis methj.- 
lated by N,-methyl FH, so that when methyl group 

of cobalamin is transfcrrctl to homocystcine (IV and 
V),, AM is available to rcmc~t1iyl;~te the u~lstablc 
vitamin 13,, by reaction (11). This mechanism 
snffers from the following tlrawb;~cks: (i) AH does 
not nlcet tlic rcquirerncnts for AM. One exl)lana- 
tion ~uggested is that AM is tightly bountl to thc 
cnzyme and externally ;~dded AH is hydrolysecl by 
nuclcotidc ~)yropl~ospl~at:lsr. (ii) Wh1:n suhstrate 
amounts of I4C-AM arc atltlctl, it tloes not appear 
in n~ctliioninr. If sul)str:ltc ;imoiints of AkI and 
the cnzyme arc incubated in tlic absence of homo- 
rysteine the cnzymc slionltl hc Iabellctl and 
on adtlition of I~omocystcinc the lahrl slir~ultl 
hc transfcrrcd to it. This c!spc:riment has not 
1)c:en rc!portetl. (iii) Kcrwar ct nl.l9 Iiavc, slio\vn 
that the ;ltltlition of N,-nictl~yl 1'H4 s(svcrc1y tlc- 
prc.sscs the transfcr of "(:-n~c,tl~yl grorrps from 
mcltl~yl vitamin 13,, suggc~stirlg th:lt N,-mrtliyl FH, 
is thc primary ni(:thyl t lon~~r.  (iv) l'lic~-c, i:; no 
known biochemical rc;rction in \vllicl~ hnch a scacluenct: 
occurs and it is difficnlt to cnspl;~in tllc, rc~clnircmcnt 
for all thcsc cofnctors when AH gcts directly rnttttiy- 
l:ltcbd by N,-n~cltliyl FH,. I t  sl~oirltl bc 1)ossihlc that 
AH should substitute for Iiomocystcinc. \vllicli is not 
thc caw. 

F H & x A M - e n z - " :  CH3 Y 
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Molecular Basis of Viral Multiplication* 

w HAT is a virus? 'Thc definition always 
creates problems. So it is better to 
avoid a definition. There has been a good 

deal of controversy in the past and even today 
regarding the ' living ' naturc of the viruscs. Sincc 
it is equally difficult to elaborate what ' life ' is, the 
differences between the ' living ' and the ' non- 
living ' have to be shelved for a mhilc. However, 
it cannot be denied that viruscs have pro\:ided tllc 
maximum opportunity to analyse a number of 
complex situations which arise in the borderline 
of the living and thc non-living. The parasitic 
nature of the viruses, i.e. their inability to gro\v 
without a host, indicates low ' form ' of life, hut 
the viruses are more than parasites as they them- 
selves know all the tricks of ' living'. They just 
need a platform to perform the tricks which arc in 
no way less intelligent than those associated wit11 
the growth and reproduction of not only micro- 
organisms but also the giant mammals like elephants. 
It is not wise to engage oneself a t  the start in the 
solution of the problem of evolution, i.e. to decide 
whether viruses evolved before their hosts or 
whether they are derived from their hosts. Rut a 
question like the above raised in the very beginning 
keeps one alert about the problem to be faced 
in the course of discussion. The discovery of the 
viruses is as exciting as the discovery of life itself. 
Day-to-day experiences have helped us to under- 
stand the latter. In case of viruses, however, not 
only are the day-to-day experiences useless but also 

-misleading in understanding thc mechanism of their 
vegetative growth in parallel with the growth of 
the microorganisms. Both sexual as well as asexual 
reproductions are commonly encountered. But the 
vegetative growth of viruscs is more than asexual 
reproduction. Most of our discussion will centre 
around this problem which can be designated as 
' multiplication ' to avoid controversial issnes. 

Historical Background 
In the beginning of this century it was well estab- 

lished that the microorganisms arc responsible for 
the pathogenic conditions. But a dramatic situa- 
tion developed when Beijerinck in Holland was 
working with the mosaic disease of tobacco plant. 
I t  was already established by Pasteur that the 
bacteria were unable to pass through unglazed 
~orcelain filter. What Beiierinck observed was 

achicvcmcnt of Stanlry in 1935 \vht:n hc first crystal- 
lized the TM\' which pcrllaps laid down the founda- 
tion of molecuhr I~iology. An organism appeared 
more as a molrculc than as ;I complex myriad of 
organizations. But, after all, this was thc disc;rsc 
of a plant. How about the animal diseases ? The 
I)rcakthrougl~ camr in 1900 whcn two German 
bacteriologists, Frosch and I)al~lrm, first found 
th:~t foot and mouth diso;lscs of cattle werc dnc to 
an agent \vhic11 could pass throng11 the hactcria- 
proof filter. l'hcn the claims pourcd in regarding 
the discovery of morc and moreb filter-passing agents 
responsible for the diseases of tl~cb Iiunian as \yell 
as the animals in gcncrnl. Some of these claims 
\\,ere eventually found to bc basrlt.ss, but some stood 
the test of time. Unfortunately, or rather fortu- 
nately, difficulties \vchrc esperienccd wit11 two 
important cases: onr, t l ~ r  cow-pos of Jcnncr and 
the other, rabies dealt with by Pasteur. The 
causative agents in botll t l~v  cases failed completely 
to pass througli the filters. I t  took long time to 
realize the diffcrcnces in tc~rnms of size. i\ virus 
lnay not necessarily be as tiny as to pass through 
the bacterial filter. I t  was mercly by chance that 
thc early viruses dealt with wcrc filter-passing. 

Bacterial viruscs were first discovered in 1915 
\vhen Twortl isolated a filtcrablc virus which pro-' 
duced a ' glassy transformation ' of micrococcal 
colonies durmg tllc growth on the agar surface. 
This outstanding obsc.rvation of Twort rcmained 
practically in tl;lrkness lor two yrars till d'Hercllc2 
in 1917 announced the discovcry of a filterable 
agent, the ' bacteriophagc ', capal)lr of lysing the 
growing cultures of enteric bacilli. T l ~ c  possibility 
of combating pathogenic bacteria with bacteriophagcs 
immediately created a sensation in the medical world. 
Soon after the discoveries of Twort and d'Herellc, 
a large numbcr of bacteriologists got involved 
in studies on ' hacterio~)l~ages '. I t  took some 
time, howevcr, to rcalize the actual naturc and 
the mode of action of the bacteriophages. T11e 
trc~mcndous knowledge \vc 11avc :~ccluiretl in last 
one or two decades regarding the mecl~anism of 
viritl growtl~ has been mainly through studies wit11 
the plant virus TMV and the bactcriophagrs. 
Naturally, most of our discussion will hc~ crntrcd 
around the bacterial virnscs. 

Composition and Structure of Viruses 
;hat the pressed juice of the infected leaves of Though viruses are unable to nlultiply on any- 
tobacco, after being filtered through unglazed porce- thing less complex than the interior of a living host 
lain, still retained the ability to infect fresh leaves. cell, they then~sc~lves arc vciry simplc organizations. 
Thus the virus responsible for the tobacco mosaic Essentially, they consist of a shell or coat of protein 
disease (TMV) was the first filterable virus to be enclosing ;I core of nucleic acid. The core is 
discovered. We are all familiar with the excitinrr usuallv deoxvribonuclcic acid IIINA) which is thc 
-. - .. .- -. -- \ ,  " 

heredhary miterial for almost all the living entities 
*Based on two Icctures, one delivered (by D.l'.H.) a t  the So far known. i\ctually, occurrence of DNA nieeting of the 1.Iiochemicrtl-Society of Bangalore, 1963 and 

the (by M.c.) in the school on the (.urrcnt in the viruscs indicates its invo1vcmc:nt in living 
Trends in Biocl~rlnistry. R~ngalorr.  1961. phenomenon. The unusual feature of somc of the 
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viruses like 'I'MV, polio virus, enccpl~alomyocarditis 
and bacteriophages like MS2, I117 and fr is the 
occurrence of ribonucleic acid (RNA) instead of 
DNA. Perhaps tlirse RNA-containing viruses are 
tlie only instances which arc dependent on RNA 
acting as the hereditary material. Most of the 
naturally occurring DNA exist in the double-stranded 
lol-m which is referred to as the native state. 
Again some of the viruses like 4x174 are excep- 
tions wliich contain single-stranded DNA though thc 
actual replicating form is double-strand~d:'?~. Same 
is found to be true for lZNA-containing viruses"J;. 
Sormally, thVy are single-stranded but  during their 
niultiplication the doul~le-stranded form is the 
intermediate. 

The shell or coat protein as already referred to 
serves as a protective jacket and also as a tool for 
breaking down the w;llls of tlie living cells which the 
viruses are able to attack. In  many cases, like 
the T-even bacteriophages, there are tail-like struc- 
tures which help them to sit on the I~acterial wall 
and clissolve the cell-w;ill material with tlie help of 
the lysozyme cont;~ined in the tail. Usually, tlie 
ilieath contracts and a spike-like structure protrudes 
out which helps the insertion of the hereditary 
material, in this case DNA, within the cell. The 
protein coat is left outside. This was unequivocally 
demonstr;rtcd by Hershey and Chase7 using 32P- 
labelled and :~5-lal~elled viruscs. 

Most viruses fall in tlic size range between 10 
and 200 millimicrons and naturally can be seen 
only under tlie electron microscope. As mentioried 
already, they are found to have different sizes 
and sliapt~s. For instance, 'I'MV look like 
slender rods with visihle subunits. One liNA 
molcculc (molccul;~r weight of tlie order of 100) is 
coiled up in helical form and 1800 protein sul~units 
;ire oriented along the spiral in perfectly organized 
fashion so as to give the overall rod-like shape. 
Ry osmotic shock it is possible to lime IZNA out 
of tlic protein sheath and leave tlic empty shell 
behind. Under controlled conditions, the reverse 
process, i.r. the reconl1)ination between the protein 
2nd nucleic ticid units to make tlie fully formed 
\.irus, can also be carried ont. Actually by this 
~II-OCCSS, i t  itwas possible to denionstrate tliat the 
RNA is the licrcditary ~natcrinl and the infec- 
tion of the tobacco 1 ~ ; 1 f  is ~ ~ o s s i l ~ l c  with this 
component only*)!'. Protein coat is of no use in 
this rcspect. 

3Iost snlall viruses, which look spl~crical under the 
electron microscope, arc ;lctr~;~lly regular polyliedrons. 
*4dcno virus, polyoma virus, poliomyelitis virus, etc., 
arc the hest examples. The structures of the 
T-even bacteriophages as revealed by the electron 
microscope 11;ivc: interesting fc;tturcs. They have 
liexagonnl heads wliich contain the DNA in the 
tightly coiled form and tails which act more or less 
its injecting syringes. The distal end of the tail 
has some fine structures as well as lysozymc~ and 
some metal ions. 

We have ;~lready mentioned ;tbout the mechanism 
by whicli the DNA is injected into tlie host ccll 
through this tail. Thc viruses also exhibit remark- 
able specificity with respect to the host. One of 
the factor.; which must dctcrn~ine this sy?ccificity 

a t  the ,early stage of infection is the structure of 
tlie ccll wall of the host. 

Life Cycle of Bacteriophages 
Lct us consider the life cycle of T-even bacterio- 

phages to illustrate viral reproduction. As soon 
as proper spatial relationship between the host and 
its virus is established, the DNA is injected into 
the host cell. Following this there is apparently a 
period of inactivity in the sense that  the metabolic 
machinery of the host cell comes to a halt. This 
is the period during which the viral DNA takes 
control of the machinery of the host. Volkin and 
Astrachanlo, searching for new metabolites formed 
during this period, came across a new type of RNA 
whose base con~position agreed more with that  of 
the viral DNA than that  of the host DNA and 
RNA. For some time the function of the viral- 
specific RNA was not understood. With the intro- 
duction of the messenger RNA concept by Jacob 
and N1onod1l and the discovery of the enzyme 
IiNA polymerase (BurmaI2), i t  became clear that  
this 'r-specific RNA was the messenger RNA 
for the virus and was produced on the template of 
viral DNA. I t  was expected that  the production 
of the host messenger RNA should be stopped a t  
this stage and the viral messenger RNA should 
take its place in the dictation of protein synthesis. 

Even before the concept of messenger RNA de- 
veloped and the implication of limited RNA synthesis 
on viral infection was understood, the brilliant 
work of Flaks et a1.13J4 and eventually of Kornberg 
and his coworkers15 showed the tremendous rate a t  
which some specific enzymes were synthesized after 
the so-called ' eclipse ' period. Even before these 
experiments, the general features of the viral 
metabolism were gradually being understood. For 
instance, Cohcn16 showed, for the first time with 
the use of 32P as tracer, that  the phage DNA is 
synthesized within the host with the help of the 
nutrients drawn from the medium by the bacterium 
after infection. I t  has already been mentioned 
that with the use of phage particles, labelled either 
in DNA with 32P or in the protein coat with 35S, 
Hershey and Chase7 demonstrated that  the coat 
was left outside and only the DNA invaded the host. 
There was some controversy in the beginning 
regarding tlie requirement of both the nucleic acid 
and protein of TMV for infection, but  eventually the 
speculatiori was set a t  rest with the clear-cut 
demonstration tliat the infectivity was associated 
with the nucleic acid ~ n l y ~ , ~ .  

Some time before the classical work of Kornberg 
and his  coworker^^^ mas published, Flaks et a1.I3J4 
had already shown that  within several minutes after 
infection by T-even phages a new enzyme which 
hydroxymethylates deoxycytidine-5'-phosphate 
(dCa4P) is produced. This was expected because 
T-even phage DNA contains hydroxymethylcyto- 
sine instead of cytosine present in the host DNA. 
This early observation was well supported by the 
finding of Icornberg et aZ.l5 who showed that several 
enzymes were induced in the phage-infected cells, 
one of which converts hydroxymcthyl dCMP to  
hydroxymethyl dCTP, the proper substrate for 
DNA synthesis. Another newly synthesized enzyme 
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converts dCTP to  dCMP, natnmlly to destroy 
the building blocks of the host DNA. There are 
also enzymes induced which are capable of gluco- 
sylating the hydroxymethyl groups of cytosine. 
T-even phage DNA has the characteristic feature 
of possessing glucosylated hydroxymethyl groups. 
Other than the level ~f these two enzymes, levels 
of several otlier enzymes already existing. within 
the uninfected cell ;Ire also boosted up. l'liesc 
enzymes are involved in the phosphoryl;~tion of 
nucleotides to the triphosphatcs nliicli are the true 
precursors of DNA synthesis. And all the more, 
the level of the DNA polymerase, ~vliich is respons- 
ible for the synthesis of DNA, is hoosted up several 
fold. I n  the beginning it \\-as not well undrrstood 
whether the increased Icvcl of I>KA polymrc~se 
was due to the acceletxted rate of synthesis of 
liost DNA polymerase or due to the synthesis of :I 

new type of phage-specific polymerase. The latter 
view was found to be correct I)y immunologic:~l 
experimentsl7. This was found to be true not 
only for DNA polymerase but also some other en- 
zymes, indicating clearly that phage genome has 
the informations for the syntheses of enzymes 
required for the syntheses of phage I)KA and 
protein (Cohenls and Champel" ). Tliesc enzymes, 
though may be similar in catalytic activity, may 
not necessarily be identical with the host ?nzyrncs. 
Subsequent to the report of ICornherg el fll.Is, 
numerous reports havc appeared tvliicl~ indicate 
the induction of a large numbrr of cnzymcs in 
the host due to viral infection n.hich arcx all con- 
nected with the mc>t;tbolism of the virus. '1'Ile.e 
observations have Ird to a clearrr understantling of 
the series of events that  take place after viral 
infcction. The phage DNA that is injcctrd in :it 
first knocks the DNA of the host out of the 
position of control s\ritch and starts prodncing 
its own messenger RXA. I t  11as 1)ec.n ~ l l o \ \ ~ n  I)y 
recent experiments that rit~oso~iies \vIiic11 :\re norm- 
ally involved in the formation of polyril>oson~es 
with liost messenger l<NA can Ijc converted to 
polyribosomcs hound with viral messenger HKA 
(Ames and RlartinZO). The nest event is n:rtnrally 
the synthesis of the enzymes u i th  tllc 11rlp of 
protein-synthesizing machinery of the host as 
dictated by the viral messenger HXA. l'ht*sc en- 
zymes start synthesizing thc building I)locks ol 
DNA at  a fast rate and finally i~ssc~nll~lc tliosr into 
DNA n~olecules. \I'itliin a short while :liter the 
DNA synthesis starts, the protein co;lts :Ire also 
independently synthesizrd. At ;I later stage the 
cornl)ination bet\vcen DNA and protein is ini- 
tiated so that t l ~ c  fully fortncd phage particles arc 
produced. I;innlly, a stage is :~rrivccl ;lt \vl~cn ;I 
large number of phage particlrs ;Ire for~iird (the 
numl~er being defined :IS the ' I)urst size ' of the 
particular pli:~ge) ;und the cell hnrsts open due to 
the lytic enzymes prodnced \rithin the ccll and the 
viruses come out of the host after complrting their 
gro\\rtli cycle and arc re:ldy to invadc fres11 host 
cells. 

A few asl~ccts of tile vegetati\~e gro\rth of t l ~ c ~  
RNA-cont:~ining phages ma!. be \rorth mentioning 
here. I t  is quite evident that if KNA is the hrrcttli- 
tary material of the KNA-containing phages, therc! 

sl~ould be nntr~rally n mecl~anisni lor the tluplication 
of RNA on its own template. \\'orkinfi wit11 the 
liNA-containing p l ~ ; ~ g e  hIS42, it was possil)lc to 
demonstrate that  t l ~ c  tsstmcts ol the host infectetl 
with this plyage contain ;I ncur enzyme \ r l~ ic l~  
can synthcsizc: I<KA from the nncleositle triphos- 
phatcs"~"'. Tlre template rc~cloircment ol  this 
enzyme roultl not I>(, tlernonstr;~ted as the cnzymct 
\ws assoriatctl nritl~ I;lrgc amount of phage I<S:\ 
though the intlircct c\~itlenccs intlic;~trtl that this 
ossoriatt-tl I<NAl acts ;IS a tc~~iipl ;~tc for IZK.4 syn- 
tl~rsis. l ' l~is pl1;1gc8-spcsci fic csnzynie is referrcil to 
as IiNA-synthctnsc~ to tlistinguish it from KS:\ 
polymcr;~st~. Snl>scclncntl!~, it w21s tlt~~nonstratt~tl 
thc~t  th r  replic;~ting form of these I<Kil-containing 
phages is do~~blt~-str;~nclr.tl I<NI\~. As mpntionetl 
I)eforc, 4x174 DNA is sin~lcs-stmndccl, I>nt after 
inlrction of the host the DNA hccomcss tloul)l(~- 
str;tntlctl ;mtl the complcmcntnry ropy Eorn~etl 
;~ctually ront;tins the Incss;Igcs for the protlurtion 
ol thc pl1;1gcs~3. 1 ' 1 1 ~  inf(~rtive l<NA I ~ a s  been iso- 
I:~tctl :lntl tllc X-r;ry diffraction stutlirs indicate it5 
tloublc-strandctl ~ ~ ; t t u r e ~ * ~ .  

Lysogenicity 

Sometinicts tllr i~~\~;t t l ing virus fails to l!~c t l ~ c  
cell ant1 contrary to t l ~ c  gcnt~r;~l c.spericwcr :~ t t ;~c l~es  
itself to tl~cs h;~ctcrinl cl~romosome. Ko\v it r;tn- 
not multiply as :ui ;~r~tonomous hotly. l'he pl~ngc 
genome is tluplic;~tc~tl :)long \vitl~ tltc. h;~cteri:~I 
r~l~rornosonlc~ ;11id in this integr;lted s t ; ~ t i ~  it is tr;lns- 
frrrrd from onc g~tnc~t t ion  of t l ~ c  I);~cttari;l to tllct 
otlirr. Tl~i.: st;~gc' of ;I I);~ctcri;~l \.irus or pI1:1ge i. 
c;~llctl ' proph;~gc~' :unil t l~ t ,  \.irus is cl;~ssifictl :15 

tcsrnpc%r;~tc \.irns. .f11cs pro])l~;~gcbs (,;In ;~lso untlcr 
certain c~onrlitions untlc.rgo t l~ t ,  Iytic c>.cIv ant1 t11c.n 
lihcrate new pl~;~ficss. Liltr:~viol~at light, many c.l~cmi- 
cals ant1 ;lntil~iotics :let :IS intlncing ;~gt~nts .  TIlc, 
i)h;lgc*s t l ~ : ~ t  the Iysoi:cnic. I)i~ctcri;~ protl~~ce or1 
induction ;u.cs in ()\cry rc~sl)c~e~t simil;~r to t l ~ r  i1l1c.c.- 
t i  I 1 '11c.  I)(-st es;~~nl)lc~s of t l ~ r  tc.mpcr;ltl 
viruses ;lrc. 1, pl~agct of I:'~clri~uii~lritr coli, 1'22 pll;~gc, ol 
SnlnzonrNa tv~lri~rrrrrirr~rr, ctc. I ' I I ~  Ilistor!. of tlr\.c.lol)- 
mcnt ol o~u- I.rno\vlc~tl!:t~ rc5g;lrtling I!,sogcn!. 11:ts 1)ec.n 
nicc,ly el;~l)or;~tc~tl 1)y .l;~col) :111(1 \1:0111ii;111~~. 

How tloc-s ;I virus c~st;~l)lisl~ I>,sojicnic rc4;1tionsliil) 
wit11 the I~ost ? TI~c~rc, is s t r o ~ ~ x  c ~ v i e l ~ ~ ~ c ~ c ~  (l.uri;~f;) 
t l ~ ; ~ t  most ol the, prol)l~:~gc*s II ; I \Y '  t lcfi~~ite positions 
on tllc host gcsnomc- \r11rr(, tl~v!. c;111 a t tac l~  
thc~nscl\~cs. 0 1  collrsc., tl~c.rc ;Ire cssc~eptions ;I., 

\\Y*II. II'orlting wit11 tllc. ~ n r ~ t ; l ~ ~ t s  of A ,  I<ai.;c.r 
ant1 .J:~col~?%sho\retl t l ~ ; ~ t  t l~ere  is ;I rt>gion callcil 
'r '  r c g i o ~ ~  in t l ~ v  ~ I I ; I ~ ( >  firnolnc, \\41icI1 is rc~sponsil)lc~ 
lor the c~st;~l>lisll~nc~nt ol tl~cx propl~;~g(' st:~tc. llif- 
fercnt 1nut;lnts in t l ~ v  'I.' rc'gion ; ~ t t ; ~ c l ~  tl~t~mscl\.c.; 
to tliflcrcnt positions of the I~ost g t 5 ~ ~ u ~ n c .  ;\ mutant 
of iL termeel AI);I,  \ r l~ ic l~  h;ls 'c' region tlclctctl 
(11:lving 18 per (.c,nt I V ~ S  I)KA voi i tc~~~t ) ,  C ; I I I I I O ~  

est:rl~lish itsell ;IS :I ~ ~ r o p l ~ ; ~ g c <  (liellcnhcrger c.t (11."). 
It eitl~c~r m~~ltil)lies vc~get;~tivc~ly or cst;~l>lisl~c~s ; I I I  

:~l)ortive Iysojienii..:~Iion, i.1.. tl~c. pl1;1gc tlocs ~ ~ o t  
niultipl!~. \'c>r!. re~ccntl!., s(*\.e.r;~I \vorl;t~rs II:II.~ I~ecn 
;lhlc to elc~~iionstr;~tc, thc, cornl)lc~mentarity ol 1);1se 
scclncnccs I>t.t\vc>en the host gtsnome ; I I I ( I  the vir;~l 
gcnomr I>y I~yl)ritlix;~tion tttst~~"~!'.  One s l ~ o ~ ~ l t l ,  
I~o!vcvc,r, rc~mcml)cr that the fic-nc.tic. mapping clc:u-ly 
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indicates that the attncl~ment of the \viral genome 
tlocs not disturb the linear sequence of the ' genes ' 
ant1 the spatial relationship must be of 1)ranched 
n;t t~~re.  l'hr Iysogcnization is fount1 to I)c intimately 
;~ssociatetl with the imtn~unity of the cell to super- 
infection, i.e. a cc4l carrying prophnge cannot be 
sopvrinfc-ctrtl by I~omologous phage. livgarding 
the immunity of a Iy~ogc~nizrtl cc.11 towartls super- 
infection, it Ins I~ecn cst:~l~lisl~ctl that if the super- 
infecting plingc II;IS the region responsible for Iyso- 
grnization 11onlologo:ons to tililt of the ~)rophagc 
then the immunity o1)er:~tcs"~. This immunity may 
be cbitller tlue to the steric I~intlrance or it may 
1 ) ~  tlne to some repressor l)roth~ced within a cell 
\\-hich inhibits the vcgc>t;itive multiplication of tlic 
phage. 

The exact rnccl~ar~ism of lysogeniz;~tion is still 
not known I)ut some simple experiments ~)erformetl 
I)y J;Ico~) ant1 W o l l ~ n a n ~ ~  first sliowetl that some 
repressor molecnlcs arcb producetl in the cytoplasm 
1,s tlic Iysogenizetl cell ant1 these cytoplasmic 
repressor molcc~~lcs inhihit t l~v  vcsgetative protluc- 
tion of the virus. hlalt: antl frmalo strains of 
EscA. coli wcsre cl~oscn lor thrsc cspcrime~~ts. The 
nletlia antl the autotropllic strxins wcrc chosen in 
such a way that only the lrmalc or tile recipient 
cells can grow. W11c.n th(. male or the donor cells 
containing no proplii~ge wvrc crossetl wit11 female 
Iysogenizetl cells, the rccombinnnts were still lyso- 
genic as expected. Simil;lrly, the cross between tlie 
~nale ant1 fcniale cells, both of \vhich contained the 
propliages, led to the recoml~inants \\.11ich were 
again lysogcnizctl. Hut when the donor cells con- 
taining prophage were allowetl to mate with reci- 
pients containing no propl~;~gc*, the lysis of the latter 
tool< place. This zygotic ~nduction clearly pointed 
ont that the Iysogcnizrtl ccslls must have some 
rcxprcssor(s) present in their cytoplasm. So any pro- 
plia,ec tmnsfcrrc~tl to a (:(*I1 containing no rcprcssor 
1.; espectrtl to nntlergo vc>gctative multiplication. 

It has already been pointed out t1i;lt in case of 
virulent viruses the viral genome takm control of 
the bacterial machinery for protein synthesis. Hut 
\\-hat docs 11appc1i in case of tc.mperate viruses ? 
'l'l~c temperate viruses do not, untlcr normal condi- 
tions, multil)ly ;u~tonomo~~sly ant1 for their own 
tlnplication they nectl multiplicatio~i of the host 
cells as wvll. Naturally, any change in the hio- 
chemical activities ol thc host is not espcctetl under 
these contlitions. Though the mechanism of lyso- 
genization is not very clear, some work has, how- 
ever, been done at  the hiocl~emical level with 
tlie tempcrate viruses which points to at  least 
partial influence of the viral genome on the host 
111etabolism3~. 

Conversion and Transduction 

Collen1& ant1 Luria2"lave tliscusscd in detail the 
conversion of bacterial properties by the temperate 
phage genome. For example, the infection of 
Sakzolzelln by the phage I'LT22 initiates the protluc- 
tion of somatic antigen 1 on the hactcrial surface. 
h number of mutant phages tcrmctl as 'e' mutants 
have been isolatetl. Depending on the mutant, the 
natvre of the antigen protlocctl by the host varies. 
The somatic antigen norm:~lly contains a gnlnctosyl- 

mannosyl-rhamnosyl sequence in which the 
gnlactosyl-mannosyl linkage is a. Hut if the mutant 
el5 infects the host the antigen produced has a 
?-linkage between galactose and mannose moieties. 
When a cell infected with el5 is superinfected by 
c*" then the supcrinfecting phage induces the addi- 
tion of glucose to the p-galactosyl resitlue of the 
antigen induced by el5. Rut for this reaction to  
go on, the cell 11;~s to be previo~~sly infected by el5 
because the enzyme produced as a result of e34 
infection needs elS antigen as its substrate. This 
situation is not understood a t  all as these antigens 
are not required by either the host or the virus. 
The developn~ental cycle of the phage is completely 
independent of the antigen procluction; for example, 
the production of e34 antigen needs superinfection 
by elQbut the life cvcle of the phage e34 completes 
itself irrespective of the presence or absence of el5. 

The phenomenon of ' transduction ' as discoverecl 
in connection with the studies with the temperate 
viruses not only helped tre~nendously in genetic 
analysis but also laid the basis of understanding of 
the interrelationship hetween the host and the 
phage genomes. I11 their classical work, Zinder and 
T.edcrl1erg3~ clemonstratecl that a temperate virus 
when inducecl may carry along with its own genome 
a portion of the genetic material of the host. This 
genote may be transferred to the new host which 
it lysogenizes. This phenomenon of transformation 
tlirougll the temperate virus was referred to as 
transcluction. The biochemical changes occurring 
within a host cell as a result of viral infection, for 
instance, the antigen production, are clue to the 
genes belonging to the phage genetic material. 
I3iocl1cmical changes are also expected due to the 
bacterial genome carried along with the phage 
genome. Lurin and his co\vorker~s~-~7 have done 
extensive biochemical analysis of the temperate 
virns 1'1. This virus can infect the enterobacilli. 
When it grows on Esch. coli it picks up the 
lac region (region responsible for the synthesis of 
9-galactosidase) of tlic host, looses some of its own 
genetic material and becomes defective in the sense 
that it cannot multiply as it has lost a part of its 
own genome. This defective virus is called Pldl  
i.c. P1 clefectiuc in lactose region. In order to study 
this temperate virus Esclz. coli lac- cells were 
infected with different types of Pldl  phages. I t  
was observed that the Esch. coli lac- cells can 
behave as lac' as a result of introduction of the 
lac region by the virus. l'lie study of tlie kinetics 
of 7-galactosidase induction after the introdnction 
of lac genes by Pldl  into a lac- host led to the 
observation that there was a lag period of about 
15 min. after which there was an accelerated rate 
of enzyme synthesis which is then followed by a 
linear rate of production. The obvious question is 
" whether for the expression of the lac gene carried 
by Pldl  has the phage DNA to be incorporated into 
the host genome ? " I t  has been established that 
for the expression of the phage-carried lac genes 
tlic phage genome need not be incorporated into 
the host DNA. The structural gene (Zt) for 
P-galactosidase introduced by the phage is not fully 
influenced by the regulator gene i of the host but 
can be controlled by the i of its own genome. 



J .  SCI. INVUSTR. RES., \'OL. 24, JU1.Y 1965 

I t  takes about 60 min. for tlie repressor(s) to I)e 
produced and expressed. The sanie type of observa- 
tion was made with the temperate phage h as 
well. 

What is tlie ultimate fate of the prophage ? As 
mentioned before, either spontaneously or by physical 
and cllemical agents like ultraviolet, mitonrycin C, 
H,O,, 5-fluorouracil, etc., these prophages can he 
iricluced to start vegetative multiplication. Tlren DNA 
duplication starts, complete phages are producetl 
and finally tlre host is lysed liberating free phages. 
As we know that after infection nrith \;irulent phages 
some new enzymes are induced and there is also 
an increase in the level of many enzymes. Naturally, 
it was interesting to look for similar changes when 
the prophages are induced to liberate normal virus 
particles. Weisshach and Korn3Vrave shown that 
lysogenic induction of I<12(A) causes the appearance 
of a new DNAase activity, not pre\~iorlsly obser\~ed 
in the uninduced cells. I f  Escli. coli carrying the 
prophage hdg or Pldl  is induced by ultraviolet 
treatment to enter the Iytic cycle, then the level of 
the (3-glactosidase activity of the cell increases 
about 100-fold. I t  appears as if there is dereprcs- 
sion of the lac g e n e ~ ~ ~ - ~ l .  There is something 
interesting in the phage Pldl  which is different from 
1.  If a cell carrying the prophage Pldl  is super- 
infected by A and then treated with ultra\riolct 
there is no derepression of lac genes, i.e. the level 
of p-galactosidase tloes not increase. Tlie phage 
A is more sensitive to ultraviolet induction than 
Pldl. Hence ultraviolet treatment induces rapict 
multiplication of the A genome and, therefore, I'ldl 
does not get any chance to multiply. Hut super- 
infection by the virulent phage 1'1I<Cvir has thr 
same effect as that of ultraviolet. 

Viral Genetics 
Finally, a few aords about the genetics of the 

viruses. We have already mentioned about the 
process of transduction which is due to tlie tem- 
perate phages carrying tlre genetic material from 
one bacterial strain to another. Studies on trans- 
duction have yielded much inlormation regarding 
the genetic map of the host strains. Actually it is 
one of the most useful methods in carrying out 
genetic mapping; We have also mentioned about 
tlie process of conversion ' n.hich indicates thr  
changes in the imn~unological properties of the cell 
wall of the host n.hich is lysogenized. Considerable 
knowledge has been acquired regarding the genetics 
of the phage themselves. W'e are indebted to 
Seymour Renzer42 for the fine structure analysis 
of the gene of a T-even bacteriophage. This was 
done mostly by recombination analysis. When a 
host is infected by two different mutant phages 
which are defective in two different regions, wild 
phage may be produced as a result of recombination. 
This has led to the possibility of genetic mapping 
in tlie case of viruses. The phenotypic expression of 
the genetic characters of the virnses may be risua- 
lized mainly in ttvo different ways. First one is 
the host-specificity. For example, wild strain of 
T4 can grow on the wild strain of Esclz. coli (Esch. 
coli R) as well as Esck. coli I< (a lysogenic strain 
Ii12 containing phage h) and Esch. coli S (a non- 

lysogenic variant of IC12). All the three different 
types of r mutants of the phage 'r4 (rI, rII, rIII)  
qrow on Escl~.  coli H as  r ell as Esch. coli S. Thougll 
;I and rIII  mutants can grow on Escli. coli K, rII 
mutants cannot grow on this particular I~ost. 
Secondly, these mutants vary in plaque morpholog~~ 
as well. \\'iltl type 1'4 protluces small, fuzz!. 
plaques (type w) 011 E S C ~ I .  coli li whereas r mutants 
(all tlre three tvpes) protluce clear plaques (t!,pe r 
to indicate rapitl lysis) on the same host. On tlie 
other hosts, however, the different strains may 
produce either 'r' or 'M.' type plaqrres. rI  mutants 
produce 'r' type placlues on Esch. roli S as well as 
on Esclz. coli K, t1111s 1)ehaving in the same \$,a!. on 
all the three hosts. rIII  mrrtants, on the other hantl, 
give 'w' tvpc placlues on Esch. coli S as wcll :IS fisck. 
coli K in contrast to 'r' type on Esch. roli H. rII  
rnutants give rise to 'w' type on Bsch. coli S antl 
as already mentionetl (lo not grow on Esclr. coli K 
at all. l'here are also so many different types of 
morpl~ological variations, e.g. some mny gi1.e risr 
to mottled plaques, others ma!r givr rise to sm;~ll 

, . or large size plaqncs. lllesc c11ar;icteristics 11avc. 
enableci Rcnzer and coworkers to isolate a huge 
number of mutants of not only 1'4 but also of 
other pllnges. As mcbntionetl hefore, Renzer ha.; 
been able to carry out tlie fine structure :~naly.;is 
of the T4 genome and this is also being (lone 
in casc of otlrer phages. 

In another area \~iruscs l~ave  been extremely 
useful. \Ire :\re all aw;lre ol the exciting develop- 
ment following the discovery of the ' genetic 
code ' (Nirmberg ;~nd  hlatliaei43 ant1 Ocl~oa~') .  
The rnutants of TMV I~avc su1~stanti;itetl the \.ali- 
dity of the ' codc ' arrivctl at  from thc experiments 
wit11 cell-lrce prepar;itions. Tllc I<NA isolatctl 
from 1'MV may he subjertetl to limited alteration ol 
chemical structurr I]!. treatment with HSO, as 
wcll as other chcsmical agents. These altered K S A  
molecules are ;~hlc to infrct tobacco le;~vcs ant1 
give rise to mutant viruses, whicl~ ~ ~ r y  not only in 
the nature of tlreir nncleic acids but ;11so the strac- 
turc of the protein coats. Since the completc 
chemical analysis 01 protein chain of TMV has been 
carried out, it is easy to tlrmonstrate tlie change in 
amino acid resitlucs of thc protein coat. It is 
possible to locate the change of amino acitl residues 
of the protein by tlir fingcsr printing methotl. 
Extensive data have hc.cw collcctcd hy LVittman4" 
as well as Tsugita ant1 I'rac11kel-Conrat4~-4i \\chic11 
clearly indicate that the change in amino acid 
composition is in agrccmrnt with tlie gencstic cotlc 
proposed in terms of the base composition of thc 
hereditary matorial, whicl~ in this casc is liNA. 

Voluminous litc,raturc has accunrulatetl o\.er the 
past one or t\vo dc~cades 011 the l>iochemistry of t l ~ r  
host-\+us rel;ltionship. In the present tliscnssion 
no attempt 11as bcen made to r o \ w  all thr areas 
antl to catalogue all the facts. Anyone interestctl 
in details may rcfcr to one ol tllt. recent cxcellcnt 
rc\ricws pul~lishrtl in this nrea1"1Y.2? In the pre- 
sent re\.itw onl! the salicnt points 1raI.e been 
stresscil to give an overall iniprcssion ol the host- 
virus relationship to tl~osc who arc intercstetl in this 
I,ordcrline area \vIricli deniantls n kno\\~lcdge of 
biochemistry, biopliysics and genetics. 
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Second Harmonic Studies in Alternating Current Polarography* 
H. H. 13;\1J131< 

The University of Syilncy, Sydney, Australia 

T H E  first recorded observation of the dis- 
tortion of the alternating current through 
the occurrence of a redox process was made 

by Miiller et al.1. These workers found the dis- 
tortion to be negligible at  the half-step potential, 
a fact that could be used to locate this point. 
Later, van Cakenberghe2 gave a mathematical ana- 
lysis that showed the potential at  which the second 
harmonic is zero to depend on the transfer co- 
efficient of the process. Bauer and Elving3 applied 
this method to the determination of transfer co- 
efficients, but obtained results that differed from 
values obtained by other methods. Theoretically, 
van Cakenberghe's analysisz is incomplete since, 
in the derivation of the second harmonic current, 
three types of terms can be considered4 as contri- 
buting to the magnitude of the current, but van 
Cakenberghe considered only one of these terms. 
An expression taking into account two types of 
terms was given in a general form by Atens and 
in an explicit form by the present author6. This 
equation appeared to be supported by experimental 
data, but it has now been found that this treat- 
ment also is incomplete. The full analysis leads 
to an expression given in a general form in the 
earlier paper&, and is shown in an explicit form in 
Eq. (2). For the particular case of limitingly low 
frequencies, where the kinetic parameters do not 
influence the process, the expression reduces to a 
relation given earlier in a general form by Senda 
and Tachi7 and in an explicit form by Smith and 
Keinmuth8. 

In 1960, the authorg pointed out that second 
harmonic measurements are a possible way of 
increasing the sensitivity of ax.  polarography by 
reduction of the background current which is due 
to the double-layer capacity. This was confirmed 
by the work of Smith and Reinmuth8. Delahay 
st a1.IO pointed out that this feature could also be 
of benefit in fundamental studies. Eq. (2) provides 
the basis for the realization of this possibility. 
The application of second harmonic measurements 
to analytical work has been considerably developed 
by the recent work of Neeb11J2. 

Experimental Requirements 
In comparison with a.c. polarography, the second 

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

- 
*Paper presented a t  the Symposium on Elcctrochc~nistry, 

held a t  Delhi Cniversity on 2-3 October 1964 on the oc~.asion 
of thc sixtieth birth annivcrsary of Prof. R .  P. Mitm. 

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

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

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

V = (Vc,11)2-21RV,,ll cos ++12R2jk .., (1) 

where V is the alternating voltage at  the interface; 
V,,11, the voltage across the cell; I, the total alter- 
nating current; K, the ohmic resistance of the cell; 
and 4, the phase angle between I and V,,II. I t  
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is apparent that this correction requires measure- 
ment of I, K and $; usually, lio\vevcr, the value 
of V is not critically determined by thc magnitude 
of 4, and a simple ant1 not accuratr determina- 
tion of the latter suffices, by direct comparison 
of current and voltage traces on a c\c)uble-beam 
oscilloscope. 

Thus, the c~xperimental recluirements of second 
harmonic studies :Ire more comprehensive than 
those of f;~radaic-iml)ctl:~nce work, b ~ i t  the extra 
complexity scems warrantctl Ijy the frretlom from 
background current. 

Determination of Kinetic Parameters 
The \,alucs of the kinctic parameters can be 

obtainetl by comparison of ol)served second harmonic 
current valucs with the thc~oretically tlcrived rela- 
tion bettreen this current, the kinetic parameters 
and experimental variables. The relevant equation 
for a system involving a single rlectron-transfer 
step and associated mass-transport by diffusion is 
helieveil to be as follo~vs: 

Z = /it/2/o,l)~ (cr'+da) exp [-al'] ...( 3) 

and k and a are the kinetic parameters; hi,, thc 
amplitude of the second harmonic current resulting 
from superposition of T' cos c+l at the electrode of 
surface area A in ;t solution containing concentrn- 
tion C of depolarizer \vl~ose oxitlized :uld rcduced 
species have diffusion coefficients I),, and L),, 
(d=L)l</D,,)  ; 91, F ,  I< ant1 T Iiavc thrir usual signi- 
ticance, ant1 E is the rlcctrotlr potcnti;ll rcfrrred to 
the formal standartl potcbntial of t h ( ~  prou~ss, 

Eq. (2) dcscribcs cur\.tss of  the form shown in 
Fig. 1. For a particnl;~r v;~lucs of the transfer 
coefficient, the svmmetry ol this curvt, varies with 
frequency in manner tli;~t tlrpentls on the. magni- 
tude of the r:itc. constant; for n given v;ilue of 
k / ( o L ) ) I ,  on the othrr Ii;lnd, thc symmrtry of the 
curve tlepcntls on the m;tgnitutle of thr  transfer 
cocfficicnt. I<y comparing th(. experimental and 
tt~eorctical curvcs, it is possil>lc, therrfore, to 
detern~ine the kinetic par;~mett~rs of ;I process. 
The procedure is lully compar;tble with that  d(s- 
scribed in detail by Harkrrl:i for tletcbrniining tlir 
kinetic parameters from mcsas~~rcmrnts of th r  
rc-(10x0-kinetic potcntial, c w n  though thc actual 
mathematical terms invol\.t.tl arc different in the 
two cascs. 

Scope of Second Harmonic Studies 
Thus, it can bc foresccnn that srcond 1iarmci:ic 

measurements \rill tint1 application in a general wa!. 
in electrochrmical work, in the. same \\.:Iv as  a.c. 
polaro~rapliy. In  particular, th~s absence of back- 
grountl current encourages the itlca that systems in 
wl~ich adsorption occurs may I)(. marc, amrnahle to  

I:ig. 1 - Variation of stcon11 liar~notiir rurrcnt n-it11 polarizing 
~mtcntinl [Tllr t~iagnitodrs c ~ f  ( i f i ) , .  (ifi),. 7.11, t,, rt drpcnd on 

z, It, cd, /)(I, ~ ) R I  

such work than they have proved to be to  faradaic- 
impedance studies. In  the latter, the capacity 
current is not only present but also changes in 
magnitude - in a manner that is not a prior2 known 
nor readilv mcasnred - according to  changes in the 
composition of the system studied. 

Another field of application is that  of tensam- 
metric processes. Just as  the kinetic parameters of 
rcdox proceiscs may be determined, one may be 
able to measure similar14 parameters of adsorption- 
desorption processes. Preliminary studies (Bauer, 
H. H. & Foo, D. C .  S., unpublished data) have 
indeed shown that  second harmonic measurements 
are considerably more sensitive to the condi- 
tions under which surfactants are examined than 
are the observation., made a t  the fundamental 
frequency. 

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

Summary 
The superposition of a sinusoidal alternating 

voltage a t  the working elcctrodc of a polarographic 
cell is accompanietl by the flow of an alternating 
current whose wavc4orm is, in general, distorted. 
\Vhen the a~nplitude of the alternating voltage is 
small (of the order of millivolts), the main component 
of the distortion is the second harmonic. The 
esperi~ncntal requirements for the measurement of 
the srcond harmonic current are critically examined 
and the applications of the second harmonic studies 
in electrochemical work are indicated. 
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Theorem of Corresponding States 
D. S. V1SWAN:lTH' & N. R. KULOOR 

Dqartment of Chemic31 Enginccring, Indian Jnstitutc of Science, Bangalorc 12 

S INCE the classical experiments of Andrewsl, 
there has been a search for a theory of gases 
and liquids and continuum of state. Consider- 

able success has been achieved in the case of low 
density gases, both along classical and statistical 
lines. As of today, there is no theoretical equation 
of state of fluids a t  moderate and high densities. 
The experimental data are generally fitted to an 
algebraic function -an etluation of state - in closet1 
form. 

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

Although the analytical forms of the equations of 
state become very complicated if they have to 
represent the P-V-?' data fairly accurately, graphical 
representation of several thermodynamic properties 
based on the theorem of corresponding states 
(TCS) is very useful. The generalized charts help 
in evaluating the properties with ~iiinimum amount 
of experimental data. Also, generalized methods 
are useful where the data are totally lacking. For 
engineering purposes, the generalized charts re- 
pi-esent the thermody~ianiic properties with ade- 
quate precision. The errors involved in such a 
predication sometimes tend to c;~nccl out if such 
charts are used consistently. 

van der Waals' Theorem 
The classical theory of equation of state first 

formulated by van der Waalsz has not only shown 
that a universal relation among pressure, volunle 
- - - - .. -. . . . . . 

*Scientists' Pool Officer, Council of Scientific & 1ndus:rial 
Research, Ncw Delhi. 

and temperature exists (pcrl~nl~s a complicated one 
its compared to that of v;m cler Waals), but also has 
stimulated thought and interest leading to a better 
understanding of the behaviour of fluids. Since 
the time of van der Waals several ecln;ttion.; of state 
h;rvc been proposed that rcprescnt fairly wcll the 
1'-V-7' relationships, in certain limited ranges of 
temperature and pressure. A few equations used 
for such a representation ;\re thosc of l)ietcrici3, 
13crthelot4, Wohl" IReattie and 13ridgm;tn" IRenctlict 
cl al.' and 3Iartin and HouH. The most gL\ncml 
form is the series rel~rescntation of the compressibi- 
lity factor % either in pressure or in rcciprocal 
volume form. All the nl,ove ec~aations c;ln be put 
into virial form. Convcl-gcncc of the series9 is an 
essa~tial factor at higher density regions. Tllc ,... 1(,S first formn1;tted by van der Waals can bc 
statcd as 

f(P,, v,, 'I.,) = 0 ...( 1) 

The fact that the 1'-V isotherms show n point of 
inflection (possibly a saddlr point) leads to Eq. (1) 
when com1,ined with thc van dcr Waals' equation. 

The siniple van dcr Wa:tls7 TCS is followetl by 
inert gases like argon, krypton, neon a i d  scnon, 
hut is found to IIC not ;tpplicahle in the case of 
molecules which cxl~ihit c1l;tr;tcteriztics such ;IS 

polarity, low mo1rcul;u- weight, non-sphericity, ncco- 
ciation, dissociation, etc. Thr absence of inter- 
action energy char;tcterizcs the ideal gas model. 
Real gases deviate from ideality because of (i) the 
attractive and repulsive forces they eshibit at low 
and high densities rcspcctively, and (ii) the forma- 
tion of coexisting phases. This leads one to form- 
ulate certain criteria to be satisfied by substances 
if they are to conform to the TCS. Such criteria 
are given by Pitzerlo and later modified by Guggen- 
heimn. These in short are: (i)  the molcculcs exhibit 
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spherical symnietry, (ii) the temperature is hig11 On the other hand, the formulation of quantum 
enough so that classical statistics is al,l)lical)le, statistics leads to a TCS of the formls 
(iii) the potential energy is only a function of the Z = Fn(V*, T*, A*) . . . (6) 
distance of separation and is of a universal type 
c.scchpt for two characterizing constants, and (iv) the where A *' = h2/ir~ta2 = /a2. 
intermolecular degrees of freedom complctc.ly I t  is that this Or third para- 
independent of the molecular volume. meter, A*, is necessary if the de Rroglie wavelength 

is much lareer than the dimension of the uotential 
Su's Modification 

van der \\'aals' TCS was first modified by 6 1 1 2  

as 

by defining a pseudo-reduced volunic as 

on the lines suggested 11y I<onimerlingh Onnesls. 
The modified TCS shows that  

instead of 

which is an outcome of van dcr \Vaals' TCS. 

Equation Based o n  Potential P a r a m e t e r s  

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

'The nl~ove definitions indicate that  a general 
law of force, to take into account the attractive 
and repulsive forcrs, esists. In other words, any 
two-~;~r;~metcar rcbl;~tion such as 

I 
U ( Y )  = energy parametrr 

distance parameter 

leads to a TCSI4 of the type 

Lack of d;it;t and metliotls of evaluation of inter- 
molecular potential ficld, cscrpt for helium and 
hydroger~, have led sevc~ral workers to  assume the 
function;ll form of tlie ~)otential ficld. One of the 
most commonly used ~)o t rn t i ;~ l  ?nc>rgy functions is 
that due to Lennard-Jonc,sI5 who considers the at- 
trcctive and repulsive forces as additive!. Thrse forces 
have been discussed by Heitler and l.ondonl6 ant1 
LC ndon17. 1.ondon has shown that the attractive 
forcrs are proportional to the clist:~nce of separation 
and takes the form -a?-". 1.mnard-Jones found 
that any powcr value 1)c:tween 9 and 14 is cclually 
good in representing repulsive forces. For the sake 
of simplicity and matllenlatici~l convenience, the 
repulsive forces arc taken to be proportional to 
the inverse twelfth powcr of the distance of separa- 
tion. If such a universal potential energy function 
exists which differs only Ily the two constants o 
and c, it follows that  there is a TCS in classical 
statistics, the form of al i icl~ is as in Eq. (5). 

field, in s G h  cases as hydrogen and hiliurn a t  
very low temperatures. We shall not discuss this 
point any further as  our interest lies above such 
low temperatures and also wc can exclude the two 
light quantum mechanical gases, hydrogen and 
helium. I t  is likely that  a modified potential energy 
function, for example, of exponential type with two 
adjustable constants, might represent the behaviour 
of gases better than the Lennard-Jones potential 
function. This is claimed on the justification that 
the generalized compressibility charts19 based on 
potential parameters show a better representation 
than those based on n~acroscopic properties. 

O t h e r  Modifications 

..\lthough van der \Vaalsl law does not hold good 
with adequate precision for gases having different 
2, values, it has been shown by several workers12J9-2s 
that  the modified Su's law holds good with ade- 
quate precision in engineering applications, and 
whereas van der Waals' law holds good a t  the 
critical point, Su's law holds good a t  regions out- 
side the critical point. This, of course, is the case 
when gases of different Zc are correlated. In  a 
recent modificationza, this difficulty has been elimi- 
nated by defining a new function 

v " - (aloe %!lol: 1,) (T Ip,) r - . . . (7) 
thus leading to a TCS of the form 

f"(P,, T,, V:') = 0 . . . (8) 
For accurate work, the equation of state in 

general should be represented as 

P = AV, k,  T, a, E ,  y, Q, P, x, m) ... (9) 
Applying the Buckingham PI theorem2' the relation 

%=G(V/a$ kT/c ,  ~ ~ / c a "  QQ/ca3, p/03, h/ol/GE, x )  
...( 10) 

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

Z = Gf(P,, T,, K) ...( 11) 
where I< is the third parameter defined by several 
workers in different ways. Some of the modifica- 
tionsZe-3' of TCS are summarized in Table 1. 

Cook and K o ~ l i n s o n ~ ~  have modified the Lennard- 
Jones potential function for elliptical and polar 
molecules considering each case separately. In  the 
case of elliptical molecules i t  is assumed that  only 
the attractive forces are affected by orientation. 
A parameter, 8 = aZg-2/T*, is defined where g-2 is 
the average of [g(0,, O,, q)I2, 0, and 0, being the  



TABLE 1 -SOME MODIFICATIONS OF TCS 

Rcf. 1:ormnlation and Runarks 
concept 

. , -  
Slope of the vapour- 
prcssure-tc~npcratt~rc 
curvc a t  thc  critical 
point 

Mcissncr and I I ' = % ~ = ~ ~ c  
SefarianzB R Z', 

Pitzcr a11d Ii= W= - logl'r- 1.0 
c o w ~ r k e r s ~ ~  1:rom the valur of rc- 

duced vapour pres- 
sure a t  7',=0,7 

Bloomer3' Ii=S=s/IZ d' 
Slopc of tlic Cpscudo- 
critical isomttric in 
dimc.nsionlcss form 

A direct conscqucnce 
of van dcr \Vaals' 
tlicorctii of corrrs- 
po~nding statcs 

Ricdrl's parametvr 
nod Pitzcr's accn- 
tric factor arc re- 
latcd 

Hall and I < = p r = [ ~ / o d C  - 
I ~ C I C ~ ~  

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

Necvton3%uggested that, in the case of hydrogen, 
helium and neon, an empirical constant 8 be added 
to critical pressure and temperature before using 
them to get the respective reduced properties, so 
that the above gases can be fitted to the generalized 
charts. To improve the accuracy of the generalized 
enthalpy charts, York and W e b d 5  proposed that 
the values from the two-parameter charts be multi- 
plied by a constant 4, where 4 is defined as 

4 = (T,/470)" ...( 12) 
They have tabulated the values of n for tem- 
peratures above the critical. A good accuracy is 
claimed for this procedure. 

Another method of generalization of therrnodvna- 
mic properties is due to Edmister36 who define,q a 
residual volume a as 

u = RTIP-V ...( 13) 
In recent years several workers have made use 

of one or the other modification of the TCS to 
achieve better accuracy in tlie representation of 
compressibility and other thermodvnamic properties 
of gases. RiedePs has used his parameter esten- 
sively and has calculated the thermodynamic pro- 
perties of many gases. 

Brock and Bird3' have used Z, and Y ,  as the 
third parameter in a study of the application of the 
TCS to surface tension. I t  can be concluded from 
their work that Y, is superior to Z,, if other experi- 
mental variables can he measured accurately. In 
another study, Lydersen et ~ 1 . ~ ~  have used Z, as the 
third parameter to calculate the various thermo- 
dynamic properties. Although these workers give 
some reasons for the choice of Z,, there are no 
reasons to show that Zc is better than Y,  or W. 
I t  is also indicated that the effect of Z,, becomes 
negligible above a reduced temperature of 1.20. 

Daub39, in attempting a generalized correlation 
of the compressibility of gas mixtures, using pseudo- 

critical constants, has indicated that W is superior 
to Z,. Icordbachen and Tien40 have compared 
their calculations of the effect of pressure on 
enthaply with those of Lydersen et al. (using Z, 
as the third parameter), Curl and I'itzer4' (using 
W as the third parameter), and Hougen and 
\fratson (using only two parameters). From a 
comparison of tlie valuc~s of carbon dioxide 
(Z, = 0.287), ammonia (%, = 0.234) and methane 
(Z, = 0.289), they conclude that the method of 
Lydersen et al. does not give better results than 
the simple two-parameter methods, and further 
state that if the experimental values are reliable, 
2, might not be the ideal parameter to charac- 
terize the intermolecular effect. 

van der \Yaals' equation, modified by Hirsch- 
felder ct U L . ~ ~ ,  also involves the third parameter Z, 
and is shown to hold good in the superheated 
regions onlv (where possibly the effect of Z, is neglig- 
ible) but not at  high deniity regions. This casts 
further doubt on the usc of Z, as tlic third parameter. 

Hobson and \ V e b e ~ ~ ~  have applied the extended 
TCS, using Z, as the third parameter, to saturated 
liquids and vapours, but have broken down the 
values of 2, between 0.22 and 0.29 into four values: 
0.220, 0.245, 0.275 and 0.290. The parameter 8, 
in the modified theory of Cook and liowlinson33, 
is chosen by trial and crror. They list, for each 
substance considered, two values of 8, one from 
vapour pressure and thc other from rectilinear 
diameter. In a later paper, Rowlinson44 gives 
generalized compressibility as a function of 7, 
and d,. Rut for gases other than inert gases, he 
resorts to the definition of a pseudo-reduced density 
P' defined as 

This coupled with 8 is used to find the values of %. 
As mentioned earlier, in the case of two para- 

meters, the adequate precision with which Su's 
theory holds good has bccn shown by several workers. 
Kobe and Murtizl have shown the superiority of 
pseudo-critical volume on application to the McLeod 
equation of state. Gel1hart4~ttemptcd an improve- 
ment of the TCS by grouping gases on the bas'is ol 
molecular similarity. In conclusion, he says, The 
satisfactory conformity of the generalized equations 
and compressibility charts to the actual behaviour 
of the diverse groups of gases indicates that the 
gain in accuracy to be obtained by grouping like 
molecules is perhaps not worth tlic inconvenience 
of multiple results ". In a recent workz5, pseudo- 
critical volume has I~een used in generalizing the 
Benedict-Webb-Rubin equation of state which is 
used in the evaluation of isothermal changes of 
entlialpy and entropy with pressure and fugncity 
coefficients. This shows a consiclerable improve- 
ment over that of o t l i ~ r s : ~ ~ ~ + ~ ' ~ ~ .  

The estcnded TCS of Hall and I b e l ~ ~ ~  is based 
on Su's TCS. Using permanent dipole moment as 
the third parameter these \vorkrrs have achieved a 
good correlation in the case of polar gases although 
there is no correlation beyond a pseudo-reduced 
density of 2.0. 

The choice of Z, as the third parameter is not 
superior to the use of only t~vo  parameters. 
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Although Z values vary, it should be noted 
that most of the gases have a value between 
0.26 and 0.29. Seventy-three out of eighty-two 
gases listed by Lydersen et a1.3"iave a value' of 
Z, between 0.25 and 0.30. Even in this narrow 
range is involved the highly uncertain factor V,, 
which is not determined esperimentally with the 
same accuracy as I-', or T,. Generally, V, is ob- 
tained either by extrapolation of l-'V isotherms or 
by the Cailletet and M a t h i a ~ ~ ~  law of rectilinear 
diameter. Extrapolation involves great uncertainties 
and this is particularly so around the critical 
region. This can be seen easily by looking at  the 
compressibility or any other chart representing 
any thermodynamic property. Under these circum- 
stances, the grouping of gases with Z, of 0.25-0.30 
under three Z, values of 0.25, 0.27 and 0.29 does not 
seem to be an appropriate choice. If the reasons 
for different Z, values of gases lie in experimental 
techniques and extrapolation of critical volume, 
then, even on theoretical grounds, the assumption 
that Z, should be the same for all substances is 
justified by the theoretical model of Rowlinson'd. 
In certain cases even if the substances having the 
same Z, correlate better, it might be because of the 
molecular similarity. The conformity of carbon 
monoxide (Z,, 0.294) and nitric oxide (Z,, 0.256) 
with certain generalized chartsz5 illustrates this 
point. 

The Riedel parameter and l'itzer's acentric factor 
are very similar ant1 are related. The Riedel para- 
meter does not predict the critical point and also 
it is not an experimentally measurable value. 
The Benedict-Webb-Rubin equation of state, al- 
though very complex and cumbersome, is known to 
predict the volumetric data of gases, specially that 
of hydrocarbons, more accurately than hitherto 
known. I t  does this with eight adjustable constants. 
The acentric factor of Pitzer et a1." has been used 
bv Opfell and coworkers47 along with the Benedict- 
Webb-Rubin equation to predict the volumetric 
data. They found that the data thus predicted 
are less accurate than those obtainetl using the 
Benedict-Webb-Rubin equation alone. The reason 
possibly lies in the use of the acentric factor to 
characterize the intermolecular effect better than 
the eight adjustable parameters alone. Also, the 
number of parameters is increased from S to 16, on 
modification, using the acentric factor. This casts 
further doubt on the usefulness of the acentric 
factor as the third factor. 

Large deviations are observed in the case of 
substances like ammonia and water, even when 
the acentric factor is used. The deviations here 
are attributed to hydrogen bonding and association 
effects. .Also, in the case of polar gases, the 
authors suggest that the extended TCS be used up to 
a value of I*4P:/T: = 0.5 x 10-Q.s.u. The acentric 
factor has been used only for normal fluids. A 
normal fluid is defined by the relation 

the quantities being expressed in dynesjcm., cc./mole 
and "I<. respectively and W being the acentric 
factor. 

In using thermodynamic charts for industrial 
purposes, Su's modification is quite adequate and 
the third parameter may not be required. How- 
ever, from the microscopic viewpoint, some para- 
meter other than the critical properties will yielcl 
better results. The Boyle pointd8 has been suggested 
in this context. Future research should be directed 
to finding a potential energy function applicable to 
both polar and non-polar molecules and molecules 
of different shapes. 

Conclusion 
(i) Su's modification is superior to others. 
(ii) Although the third parameters might improve 

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

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

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

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

Summary 
The various theories of corresponding state and 

their usefulness in predicting the thermodynamic 
properties of gases are discussed. 

Nomenclature 

a = a  constant, cllaractc~istic of tllc substance, in 
Rowlinson third parameter 

(1 = density 
d'c = Pc/H7c, the pscudo-critical density 
(1, = d/dc, thc rcduccd dcnsity 
A = l'lanck's constant 
I< = a generalized third parameter 
k = Holtzmann constant 
Y I ~  = mass 
P = pressurc 
Pr = PIP,, the rcduccd pressure 
P* = Po3/€, thc rcduccd pressurc 
X = univcrsal gas constant 
r = distance of separation 
S = Bloomcr third paramctcr 
s = slope of the pseudo-critical isonictric 
7' = tt:mpcrature 
Tr = 1'/7'~, tht: rcduccd tcmperaturc 
I'* = k7'/r,  the reduced temperature 
V = volume 
Vr = V / V c ,  the re(1uced volume 
Vri = V PcIRI'c, thc pseudo-rcduccd volume 
V* = V!a3, the rcduccd volume 
Y c  = Rlrdel third parameter 
Z = PVIHT, thc compressibility factor 
8 = Rowlinson third parameter 
6 = minimum potential energy 

A = h/d&, the de Hroglic wavelength 
A* = 1z2/rxcaa, the rcduccd de nroglie wavelength 
p = permanent dipole movement 
p~ = reduced dipole movement 
a = collison diamcter 

W = acentric factor 
p' = 0.293 (RTC/PcV), the Rowlinson psendo-reduced 

dcnsity 



References 
1. ANDREWS, T., Phil. 7'rans. roy. Sor., 159 (1869), 575; 

166 (1876). 421. 
2. VAN DER WAALS, J. D., PYOC. ray. Arud. Amsf., 132 (1908), 

315. 
3. DIBTERICI, C., Ann. Phvs., 66 (1898), 826. 
4. BERTHELOT, D., C.H. Arad. Sri., Paris, 126 (1888), 954. 
5. WOHL, A, ,  Z. phys. C ~ P R I . ,  87 (1914), 1. 
6. BEATTIE. J .  A. 8. H R I I I C M ~ N ,  0. C . ,  J .  AWIPY.  rhea^. Sor., 

49 (1927), 1665; Pror. Awer. Amd. Arls Sri., 63 (1928). 
229. 

7. UENF.I)ICT, M., \\IEuB, (;. H. 8: IIUIIIX, L. C., J .  cllr?~?. 
Pkj~s., 10 (1942), 747; Client. E??fl!g Progr., 47 (1951), 
419. 571. 609. 

8. MARTIN, J .  J .  K. HOU, T. l'., ,/. Awier. I?Is~. rhem. Eagra, 1 
(1955), 142. 

9, MICHELS, 11. & MICHELS, C. (Nrs), Pror. roy. SOC., 160 
(1912), 348. 

10. PITZER, I<. S., J .  cIrr??r. l'hys., 7 (1939), 583. 
11. GUGCENHEIEII, E. A,, ,/. C/IP?~I. Ph?)s., 13 (1945), 253. 
12. Sn. (;. 1.. Sr.1). thrsis. Mass. Inst. Tccl~~iol. ,  Taml)ridsc. -- . . 

NY, i9j7.  
13. JEANS,. J .  I+., I),v?~un~icflI I~COYJ, of gosrs (Cambriclgc. 

l j~~ivcrs i ty  Press, Cambridge), 1921, 151. 
14. HILL.  1'. L.. 17zI~odirrli0~i 10 ~ I ~ i i i ~ t i r o l  I / I ~ Y ? I ~ o ~ I , ~ ? ~ ? I I ~ c s  - . . - - - - - 

(~cidison-\\icslry I'ublisliinfi To. Inr., itfassachusctts), 
i960, 271. . 

15. [.ENNARD-JOKLL, J .  E., PYOC. YOI'. SOC., 106A (19241, 
4h? 

16. HEITLER, \V. 8. I.ONDOK, I:., %. I'/I~.v., 44 (1927), 455. 
17. LONDOK, li., Z. pkjrs. Clie$?t., 11 (1930), 222. 
18. Da BOER, J., Co?i/rib~tfio?r 10 Ikr Iheorj, O ~ C O ? ? I ~ J . P S S P ~  gnhrs, 

Doctoral thrsis, Amstrrdam, 1940, 27. 
15. NEI,SOK, L. C. 8. OIIERT, E. I;., ,/. ATIIP~.  IIISI. rhr~ir. 

Elzgrs, 1 (1955). 74. 
20. JOVVE, J., Clrcnz. E??glrg Progr., 45 (1949), 160; Indzrslr. 

Erigt~g CAr~it., 39 (1547), 837; 44 (1948), 1738. 
21. KOBE, I<. A. K. hirra~r,  1'. S., I?idlrstr. 1;:'ltgap Client., 51 

11959). 332. , - - ,  - 

22. I 'RAUSNIT~,  J., M.S. thrsis, IIniversity of l<oi.l~c.stc.r, 
Rochrster, PITY. 

23. SOFARKAR, R., M.S. tiirsis, IJnirrrsity 01 I<oclicstcr, 
Rochester, hrY, 1949. 

24. Su, G. J. & CHARC, C. I{., Iildl~sI~,. 1:'11g?rg Chr~r~ . ,  38 
(1946), 802. 

25. VISWANATH, D. S., ?'hei.~77odynurr1irr pvop~rlies t!f rc.01 
gases, 1'11.D. thesis, Iinivcrsity of Rncllestrr, Rorl~c.ster, 
NY, 1962. 

26. ACHL~TA I<AM.\YYA, (:. & Ii~rr.oou, N. K. ,  I I I ~ I N H  I .  C : h e ? ~ . .  
2 (1964), 299. 

27. MCADAMS, \\'. H., Hr(11 Irf~~!sfi~i .s~i~ri~ (Mc(;ra~v-FliII Ikrok 
Co. Inc.. Nctv York). 1 x 4 .  130. 

28. RIEDBL, I.., ~/rm1.-l~7~.-7'rrlr., 26 (1954). 83, 259, 679: 
27 (1955), 209, 475; 28 (1956), 557. 

20. h f r i ~ s s ~ l r ~ ,  11. 1'. & S~:I:ARIAN, I<., (:AP?II. I<ngiig Pro,{ r... 
47 (1956). 579. 

30. I'I~CZEIZ, l i .  S., I . r ~ ~ I ~ n , z n ~ ,  I).Z.,('I'RL (Jr) ,  I<. I:., HI.<;CIKS. 
T. hT. & I'I~TI<RSICS, I ) .  E., ,/. Airzrv. clrrrii. .Sot., 77 (1955), 
3427,3433; 79 (1955). 2360. 

31. 13~ooalalc, 0. 'r., 1'11.1). tl~rsis, Illintris Inst. Trrlinol., 
Tliiraao. 111.. 1954. 

32. I-~.\LL, I\T. A. 8. 1111(7.1(, \\-. IS.. 7'1.(177s. Alll~r. SOC. ???r(k 
E~tgr.~. 76 (1954), 1039: 77 (1955). 1003. 

33. Cooa, I). k I<OIVLINSOK, J .  S., 1'ror. ro!. Sor., 219A (1953), 
405. 

NK\\.TOL, I<. 11.. /81/11211.. /:11g7l,<~ C'/IC??!., 27 (1935). 302. 
\'ORK, I<. &' \ \ 'E~ER.  11. T., / l ? ( / l l~ t~ .  /~llgllg ( ' k ~ ~ i . ,  32 

(1940). 388. 
ED~IIS .CI~IZ,  \V. ('., lridrr.slr. I.:n.yr!g Ckcni.,  30 (1938), 352. 
I ~ R O C I < ,  J .  I<. 'k I ~ I I ~ I ) ,  I<, I$, , , / .  ANIPY. lr?,s/. (he???. I<~igr .~ ,  

5 (1959), 436. 
l . > r ~ ) x ~ s ~ ; x ,  A. I,., ( ; R I < I ~ X I < I ~ I Z S ,  I<. A. ck Hovt;lx,  0.  A,,  

G ~ ~ z r r ~ ~ l i z r d  I l ~ r ~ ~ ~ t o ~ / ~ ~ ~ i ~ r i ~ ~ i ~  proprr1ir.s of $fire  flirt^/.., 
Univ. \\-isconsin, ISngn~: lixl). Stn Rep. No. 4, Ortol,l,r 
l a < <  * ,.,.,. 

39. 1)nrru, E. H., Chrn~. Al~.\lr., 54 (1060), 6233~1. 
40. ~ ~ O R D ~ A ~ H E N ,  R. ck I ' l l : ~ ,  ('., Ca?lrrd. ,/. ~Anll. I.;?~giig, 37 

(1959). 162. 
41. CCIRI. (Jr) ,  I<. I:. & I'ITZV;I~, I<. S., /7i1/ti,s/v. li77g77g C'hrnt., 

50 (1058), 265; I'rnrcc~li~~,q& r t l  //ir co1iJi~rci7rr. 071 Iker~rin- 
(Il'11~rrtic n?i(l lrci~rsp~~rl pvoprrlics r8/ fluids, l.0?1d(r71, 
1957. 1-9. 

43. f loosoi~ ,  M. & \Vlcrrria, J .  I I . ,  ,/. Anirr. 171~1. rhcli~. Iii~pi,s, 
2 (1956), 354. 

44. ROIZ'LIKSOX, J .  S., Y'v(i11s. 1;nrndni' Snr., 50 (1554), 647: 
51 (1955), 1317. 

45. G E I ~ I ~ R T ,  13.. 1'11.1). tlwsis, Corncll Illiiv., Itlinca. NY, 
1954. 

46. HIRSI.HVI<I.I)I~:R, J .  ( I . ,  ( 'CIRTISS, C. 1;. h. I+IRII, It, 14.. 
1lf01ec7i11~r thro?:~, ~IJ~(I.V.X (I~II/  liq11111s (Jolin \\-ilry & S ~ I V  
lnr., Kc\\. I'ork), 1954. 250, 361. 362. 

47. OI~I:I;I.L, J .  I<., S.%CP:, J < .  11. & I ' I .CZI<R,  l i .  S., / i ?~/~i</ r .  
E77g7!g Chr?7i., 48 (1956), 2068. 

48. M ~ N N ,  R. J . . , / .  rherii. ~ 'IIIw.,  40 (1064), 1439. 



R E V I E W S  
THE H I G ~ I  TEMI~BR:\TIJRI; A s I ~ I ~ ( - ~ s  OF HTI~I~RSOX[C 

1'1.0~ cdited by \\'ill>ur C. Nelson (Prrg'tmon Press 
Ltd, Oxford), 1964. Pp. sir+-786. Price 15 

If onr considvrs ;I I)ody in continuum flying at  
hypersonic speeds, t l ~ e  air in t l ~ c  region I)ct\vccn 
the sl~ocli wave and tile I)ocly is drastically sloacd 
down rclativc to the  bod!^ in the compression 
process. The high Iiinotic encrgji of tlic strcnm 
is then :~lmost entirely con\,crted to I~ra t ,  thus 
imparting a 1;u.g~ t~rnount of rncrgy to the air 
nioleculcs. The shoclicd niolcculrs ecl~~ilihrntc thrir 
translational and rot:~tion;~l degrc~cs of freedom 
within a few collisions. In  ordcr to acliievc tlicr- 
ma1 and c l ~ e m i c ~ ~ l  c~tluilihrir~m, it is necessary to  
excite vil)r;ttion, clissoci;~tc molccnlt~s and produce 
new molecules, ions and rlcctrons. Tlins, the acre- 
dynarnicist I~ns to  detcbrmine tile precise state of 
the gas surrounding the hodv, in addition to the 
usual recluircrnents of specifying drag, moments 
and I~enting, so that  radi;~tion, com~i~unicatious 
and other ohser\~:~l~lc cfft~cts may hr calculated. 
T l ~ c  production in laboratory of t l~csr  high rnergy 
flows is achievcd tlirouglt shock tul)es, shock 
tunnels, hot shot tunnels, ctc. The mrnsurcmcnt 
of the properticks of t l ~ e  flowing gas tllns acliic\~ed, 
their interpretation and scaling to free flight 
conditions rccluire the ~~ndrrst:tnding of t l ~ r  comples 
interactions Iretwccn the cl~enlistry of high tcm- 
pcraturc air and the. flnitl dynamic expansions. 
Thus, tlic :~crodyn:unicist is It'd to tlic ficld of 
high tcmpcfi~ture pl~ysics, in p;irticular the chrmi- 
cal kinctics and radiation ~)l~ysics. 

The present \.olumc is the proccwlings of a 
specialists' meeting llcld in TZelgiuln in April 1962 
and deals wit11 somc of these problems. I t  begins 
\vitl~ ;In :~rticlc on ' Tlrc I~ypcrsonic aerodynamic 
prol,lems of the fotnrr ' :uid rnds wit11 a discussion 
on ' The ;~sscssrnent of tlic present status and 
future recluiremcnts for high temperature hyper- 
sonic k~cilities '. Tllcsc arc very interesting and 
useful and give an insight into tlic kind of proh- 
lems one would csncountcr in the study of flight 
t l~rougl~  plzuictary :~tmospl~crcs from theorctic:~l 
and c~sperinicnt;~l points of view. The papers 
prcsentcd arc grouped untler five headings: 
(i) Inviscid flows, (ii) Expc~rinicntol techniclues, 
(iii) Cl~eniic:~l kinrtics :tnd radiation, (ill) liadiation 
and \vnkrs, and (v) Heat transfrr ;uid. viscous 
flows. 

Section ( i )  dc;~ls with tl~corctical studies of 
cl~emical, \~il>rntional non-ec1uilil)rium for inviscid 
flows, (ii) wit11 tlie production and me;~surement 
of flo\v propertics of dissoci;~tcd, ionized gases in 
non-equilibrium in sltock tunnrls and plasma jets, 
(iii) and (iv) wit11 the tlicorcticnl and experimental 
studies of chcmical cffccts and r;tdiation in hyper- 
sonic flows, and (\,) with tlie 1)roblems of licat 
transfer. 

Even t l ~ o u g l ~  the \vorli ~)rcscntcd in this boolc is 
alrencl!r t n o  years old, it is still cjuitc useful to 
people working on tlic \r;~ric~:s ;:spccts of high 

energy flows. The printing and get-up is excellent 
ns all Agardographs. 

D. TIRUMALESA 

KEITTI<ON IRKAI)IATION AN[) ACTIVATION AKAI.YSIS 
by Denis Taylor (George Newnes Ltd, London), 
1964. Pp. is+185. Price 50s. 

Neutron irradiation analysis in\,olving either thr  
examination of induced activities or of the prompt 
radiations emitted is an important technique for thc 
determination of trace elements in many materials. 
I>evelopments in instrumentation, such as in 
gamma-ray spectroscopy and in data-handling and 
control equipment, have led to the introduction of 
:lutomated activation analysis which will eventually 
control tlie quality of many manufactured products. 
There arc a number of excellent re\7ie\v articles on 
the subject but  very few boolts have appeared. Thc 
present book thus fulfils a great need. 

The I~ook begins with a short introduction 
followed 11). chapters on neutron interactions 
and the detection of prompt radiation. The sub- 
sequent two chapters which constitute the main 
body of thc text are devoted to neutron activation 
analysis proper and its applications. Brief accounts 
o I  nutonlation, analysis of process streams and 
tlie use of activation analysis in prospecting are 
nest givcn. The concluding chapter deals with 
somc special applications and some likely develop- 
ments in the future. There are appendices giving 
21 glossary of terms, a summary of the elements of 
r;tdioacti\lity, some useful tables, and an account 
of :~l)solute activity measurements making use of 
the gamma-spectrometer. 

The book deals with the principles of the subject 
and is addressed to the student possessing only 
rudimentary knowledge of radioactivity. Those 
who lack even this kno\\~ledge will find the short 
account of radioactivity @\,en in Appendix I1 
sufficient to follow the main text. There are lucid 
descriptions of the main measuring techniques 
and large numbers of applications are given. The 
illustrations are excellent. Although it is true 
that  the practice of actil~ation analysis cannot be 
entirely learnt from a book, the present work 
forms a useful introduction to the subject and will 
hcnrfit the ivould-be activation analyst. 

S. R. ~ ~ O H A N T P  

ANALYTICAL I~ 'ST~<~~MEKTATION - P r ~ c e e d i n g ~  of t h ~  
Tenth National Analysis Instrumentation Sympo- 
sium, 1-3 June 1964, San Francisco, California; 
edited by L. Fowler, R. J. Harmon & D. K. Roe 
(Instruments Society of America, Distributors : 
Plenum Press Inc., Ke\v York), 1964. Pp. ~ $ 3 4 0 .  
I'rice $ 14.50 

This volume presents a selected portion of ,the 
papers presented a t  the 10th Annual Symposium 
on Analjlsis Instrumentation held in June 1964, 
in San Francisco, and organized by the Instruments 
Society of America. 
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Instrumentation plays a major role in analytical 
chemistry of today, and since widely diverse tech- 
niques are used, a large body of scientists - chemists, 
physicists and electronic engineers - is constantly 
a t  work in devising instrumentation aimed at  greater 
precision, accuracy and time-saving devices. 

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

The following are the major topics covered in 
the volume. The ' Optical method ' includes papers 
on versatile process polarimeter, flame photo- 
metric instrumentation a t  IPNPP and film 
coating monitoring by non-dispersive infrared. 
Papers on membraneless potentiomctric analysis of 
dissolved oxygen in process stream, evaluation of 
)H measurement response, process polarograph for 
measuring p.p.m. H,S, a new process analyser for 
hydrogen and electrochemical transducers for water 
quality have been included under ' Electrochemical 
and chemical methods . ' Physical properties 
methods' include papers on on-stream pour tests, 
haze point analysers, the design and performance 
of the piezoelectric sorption hydrometer, and boil- 
ing point analyser sampling system for closed-loop 
control of a fractionating tower. Presented under 
' Radiation methods ' are papers on precision radia- 
tion gauging with a pulse-frequency computer and 
application of activation analysis in the petroleum 
and chemical industries. 

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

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

V. T. ATHAVALE 

PHOTOELECTRIC EFFECTS IN SEMICONDUCTORS by 
S. M. Ryvkin; authorized translation from the 
Russian by A. Tybulewicz (Consultants Bureau 

Enterprises Inc., New York), 1964. Pp. xv+402. 
Price $ 22.50 

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

S. DEB 

DISLOCATIOXS - International Series of Mono- 
graphs on Solid State Physics: Vol. 3, by J. Frictlel 
Wereamon Press Ltd. Oxford). 1964. PP, xxi 
449i. Price 6 

The book is based on an earlier one written bv 
the author in French in 1956. However, ttie 
English version is thoroughly rcvisetl and hrought 
u p  to  date. As no books on dislocations have 
appeared during the last ten years, a new book 
on the subject was neetled and this first class book 
fulfils this need. 

The hook is divided into three parts: part one 
devoted to  general properties of dislocations, part 
two to tlie dislocations networks and plastic pro- 
perties of crystals, and part three to  the interaction 
of dislocations with other defects. There are seven 
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chapters in part one, five in part two and five in 
part three. Tllcrc are four uset'ul appendices on 
fundamental relations of rl:tsticity, some pllysicnl 
properties of elcments a t  room tcmper;tture, com- 
mon slipping ant1 twinning tlirections for some 
cr!~st:illine s).stcSms ant1 lrsicon of technical terms. 
Principal works on tlislocations are listed in the 
beginning of the I~ook and :I complete list of 
references to original litcrntnre is given at  the entl. 
The intles is rathvr inatlcclu:tte. 

Although the I>ook is written for metallurgists, 
the treatment of t l ~ r  sul)ject is eshausti\.c and will 
intvrcbst all research \vorlters in solitl s tate pl~ysics 
also. The mathc~matical treatmc~nt is simple ant1 
clcar \vhicl~ maltes the book uscfnl for university 
stnticnts also. T l ~ c  hook is stro~lgly rc~commcnded 
to all solitl state rcscarrh physicists and Af.Sc. 
physics students of Intlian universities. The rlia- 
grams arc clear ant1 the get-up is good. 

S. C. JAIN 

I!LTRASOU?;I) : I'HTSICAL, CHE~IICAL AND BIOLOGICAL 
EFFECTS by Isaak Efimovich E'l'piner; translated 
from the liussian by F. L. Sinclair (Consultants 
Bureau Enterprises Inc., New York), 1964. 
Pp. viii+371. Price $ 22.50 

This book gives, for the first time, a comprehensive 
account of the physical, cheniical and biological 
effects of ultrasonic waves. After giving the fnnda- 
mentals of ultrasonic wave propagation in the first 
chapter, the author passes on in the second chapter 
to discuss exhaustivelv the cavitation phenomenon, 
which is responsible for all the effects of ultrasonics. 
The main features tliscussetl in this ant1 the next 
chapter are: (1) the high local temperature; (2) the 
high local pressure; (3) the electrochemical effect; 
and (4) sono luminescence a t  the site of collapsing 
as well as resonating cavitation bubbles. A com- 
plete critical account of these factors as well as 
the effect of nature of gas on these factors is given 
in Chapter 4. The importance of ultrasonic waves 
in breaking down macromolecules without, however, 
affecting the integrative character of the individual 
units is brought out clearly in Chapters 5-7, 
discussing, for example, ultrasonically depolymerized 
dextron used in medical practice, the action on 
collagen fibres resulting in the ease of stretching of 
tendons, formation of copolymers, denaturation as 
well as production of native fragments of DNA, 
and the degradation of fibrinogen, which prevents 
blood clotting. By far the best practical use of 
ultrasonics is in emulsifying, discussed exhaustively 
in Chapter 8. In  Chapter 9, the author gives an 
account of the effect of ultrasonic waves on micro- 
organisms. In  the words of the author, the possi- 
bility of attenuation of virulence without altera- 
tion of the antigenic specificity of virus particles 
opens a promising field of application of ultra- 
sound for the production of therapeutic biological 
preparations. 

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

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

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

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

S. S. CHARI 

METHODS I?I A~ICIIOAFALYSIS: Vol. 1 - SI~IUL- 
TAPI'EOUS RAPID C~AIEUSTIOK, edited by J. A. 
I<uck; translated by Phyllis L. Bolton 6 I<. Gingold 
(Gordon K. Breach Science Publishers, New Yorlr), 
1964. Pp. x\r+560 

An excellent compilation of the research work 
carrietl out bl- the Russian School of Microchemistry, 
this book presents valuable information about the 
methods developed as a result of extensive research 
in the field of rapid estimations of elements in pure 
o~ganic and organometallic compounds. An addi- 
t ~ o n a l  attractive feature of these methods is the 
simultaneous estimation of several elements in a 
single determination which enables saving of timc 
required for the indi\~itlual estimations of the ele- 
ments and also the precious research sample. 

Of the fifty-sis chapters, t\vo-thirds are devoted 
to  the n~odifications relating to the carbon and 
hydrogen determination, most of which describe 
simultaneous determination of other elements. 
New approaches to the estimation of nitrogen by 
hydrogenation, magnesium fusion, etc., are dc- 
scrihed in some of the ten chapters on the nitrogen 
determination, three of \vhich also include simul- 
taneous estimations of other elements. A relation- 
ship established between the length of the contact 
layer and the method of decomposition of the 
s:lmple, and an empty tube technique are 
reportetl for the direct determination of osygen 
in Chapter 36. Three other chapters give details 
about its simultaneous estimation with other ele- 
ments. Only with a fern exceptions, the methods 
for the estimations of sulphur, phosphorus, 
halogens, silicon and mercury appear as simul- 
taneous estimations of carbon and hydrogen, 
nitrogen, ctc. Tlic techniques employed cover pyro- 
lysis, pyrohydrolysis, magnesium fusion, vacuum 
combustion, measurements of thermal conducti- 
vity, electroconductivity, etc. A review of the 
advances in organic elemental analysis in USSR 
and othcr countries is given in the last chapter of 
the hook. 

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

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

V. S. PANSARE 

INTERNATIONAL CLAY CONFERENCE, 1963: Vol. 1, 
edited by I. Th. Iiosenqvist & P. Graff-Petersen 
(Pergamon Press 1-td, Oxford), 1963. Pp. ixf 376. 
Price 5 

The International Clay Conference held a t  Stock- 
holm in August 1963 was the result of the opinion 
expressed by several representatives of the CIPEA 
(ComitC International Pour ]'Etude des Argiles) 
a t  the Copenhagen meet in 1960 that  since the 
meeting place of the International ~;eological Con- 
gress in 1964 in India was too far away for many 
European and American scientists, clay scientists 
should explore the possibility of arranging a meet 
before that  date. 

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

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

Section 2 has four papers in German, of which 
Goldschmidt's paper on diagenesis of clay minerals 
a t  depths up to 3000 metres nlay be of interest to 
petroleum technologists. Sudo's account of inter- 
stratified minerals of Japan as approached through 
theoretical concepts of crystal growth of mixed 

crystal as  also the other papers on soil formation 
from different types of rocks under different 
environments as in Scotland, Italy or Czechoslo- 
vakia should contribute to our knowledge regard- 
ing the meclinnism of rock weathering and soil 
formation. 

Ion-exchange mcclianisms in vermiculite and 
montmorillonitc form the main theme in many 
papers in Section 3. The only p:~pcr from India 
(Sen and Gulia) deals wit11 tlie oft-discussed but 
highly controversial field of phase transformation 
in kaolin as studied through the changes in the 
base escliange capacity of kaolin on heat treatment. 
The authors have some modifications to suggest 
on the results of Krindlay ant1 bi;ik;tliira on the 
cornposition of mcta-ltaolin. Cesium sorption re- 
action on clay minerals has bcen studied (1) as  
a useful property for detecting the presence of 
montmorillonite in interlayer niinernl systems 
(Tamura), and (2) to utilize the sorption properties 
of vermiculite to decontaminate the r:ldioactive 
effluents containing 13'Ce with high fission yield, 
which is a health hazard (Jacob). 

Section 4 has three p;lpers, one theoretical ((iast) 
dealing with the diffusivity of cations in clays ns 
affected by the e1ectrost:~tic forces and the in- 
creased viscosity of thc 200-300 A. thick surface 
water. Of the other two with practical applicability, 
one suggests that through a simple test involving 
determination of tlic time of imbibition and the 
area wetted by n drop of ethelene glycol or water 
over a clay surface, its green strength and plasticity 
could be assessed (Kontn and Rorohcc). Tlic other 
paper is of importance to engineers ant1 agricul- 
turists concerned with soil crosion and shows how 
erosion is increased throng11 waters containing 
dispersing agents. 

The section on cl:~y organic compounds contains 
five papers, mostly with technical applicability. 
Van Olpheri has shown that very high pressures of 
thc order of severc~l thousands bars are needed to  
desorl) hyclrocarl~ons from some clay minerals that  
may be contained in source rocks, thus accounting 
for certain aspects of ~)ctroleun~ mining. Mechanism 
of soil stabilization by 1'13C (4-tcrt-l>utylpyrocatcchol) 
and the removal of surf;~ct:lnts in detergents occur- 
ring in Iiousehold waste wator I>y the clay minerals 
in tlie soil arc discussed in two more paprrs in this 
section (Hemw;~ll and Lklyrnan). 

l'hc I:ist section on clay minerals in industrial 
application has two prrl)crs only, one giving com- 
positional data for liritisll clays used in tine ccr:imic 
industry (Holdbridgc) and the o t l~er  on tlie aniso- 
tropic thcr~iial conduction due to the parall(~1 align- 
ment of clay particles. 

The editors deserve congratulations for tile 
able classification of the pnpcrs which perli;~ps i s  
not as easy a joh as it n x ~ y  ;tppc>ar. The usual 
high standard of the pnhlicntion attributable to  
the Pergamon Press is maintained. Thr hook is 
a useful addition to the lihr;~ry of those intcrestcd 
in clays. 

The reviewer :ipologizes for not doing full justice 
to the papers written in languages otlicr than 
English. 

N. R. SRINIVASAN 
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N O T E S  & N E W S  
Phase-locking of lasers 

Two lascrs have heen locketl 
together in phase for t11e f i s t  
time at  the Bell Telephone Lahora- 
tories, where a feedback loop has 
been designed to lock the phase 
difference hetween the mves  gme- 
rated by two single frequency 
helium-neon lasers to within a 
third of a degree. The frequency 
of these lasers is approximately 
s x  10" C ~ S .  

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

In these experiments (Fig. 1) 
the lasers are placed on a shock- 
mounted concrete table enclosed 
in a concrete vault to reduce 
sudden changes in freqnenc!. 
caused by acoustical ancl meclia- 
nical disturbances. The laser 
beams are combined 1): a hall- 
silvered mirror, which sends part 
of the combined beam to a screen 
and part to a pliotomoltiplier. 
The output current from tlic 
photomultiplier is proportio~ial to 
the instantaneous power of tlic 

eoml>ined light jvaves striking the 
photoniultiplier si~rfacr. l ' l~e cnr- 
rent increasrs when the two light 
;vaves interfere constructively and 
decreases wl~cn the waves interfere 
destructively. Thus, the value of 
the instantaneous current depends 
upon the phase tlifference hetween 
the two laser heams. The voltage 
produced by the current is fetl 
back through a d.c. amplifier and 
a low pass filter to a piezoelectric 
transducer which supports one of 
the mirrors for the resonator of 
the receiving laser. The var!,ing 
voltage applied to the transducer 
changes the resonator length ant1 
thus the frequency of thr  laser. 
This forces the receiving laser to 
track the frequency and phase of 
the transmitting laser. Pl~ase- 
lock was maintained evtbn when 
the transmitting laser's freqr~ency 
was changed by f 50 Mcls. and 
when, in addition, its beam was 
attenuated by 50 db. The fre- 
quency over wliicl~ the tmns- 
~nitting laser can he tracked coultl 
be estertded by inserting a higher 
voltage d.c, amplifier in the fcetl- 
hack loop. F ~ ~ r t l ~ e r  inrprovetncnt 
of the circuit lras enabled the two 
beams to be lockcd togethrr witll- 
out tlie nsr of the vault. 

That tlle lasers were truly pl1asc.- 
locked was proved by the following 
rsperiment. The path of on(. 
beam nas  lcngthenrd until tllr 
beam's aavcfront w-ns essentially 
plane. The pat11 of the ot11c.r 
beam was kept s l~or t ;  thus its 
wal-efront was curved. The com- 
1)ined beams from one of t l ~ r  

. --- 
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output arms o I  the Iialf-silverrtl 
mirror were directetl to a screen. 
In the absence of feedback con- 
trol, a spot of uniform intensity 
was formed on the screen. \!'hen 
t l ~ e  control was applied, the spot 
was cl~angrtl to ;I pattcm of light 
and dark rings caused 1)y the 
stationary interference of the flat 
and cur\~ed wavcfront beams, thus 
demonstratinfi that the beams were 
pl~asc-1ock1:tl. 

Superconductivity in 
graphitic compounds 

S111)crconrlucti\rity 11as Iwen tlis- 
covered in compounds of graphite 
and alkali metals by scientists at  
tlre Re11 'rclcpl~onc I.aboratorirs, 
Kcw York. This is the first t i n ~ r  
that carbon strnctnres, rather than 
interstitial carbon atoms, I~ave 
been directly involved in soper- 
conductivity. 

The s~~percontlucting compound.; 
consist ot layers of either pot;~s- 
sium, rubidium or cesit~n~ a t o m  
inter1c;tvcd wit11 I;tyers of 'arbon. 
];or these compountls, the critical 
nlagnetic feltl - the field required 
to destroy superconductivity - - 
tlepends on its direction through 
t l ~ c  material. Fieltls in the plane 
of the c;lrl)on layers must bt. 
stronger to clr~mch supcrcontl~~cti- 
vity than fields cutting across the 
lavers. 'This tlepcndence of thr 
critic;ll ficltl orientation wit11 res- 
pect to thc structure is greattLr in 
jiraphitc compounds than in any 
otlicr superconductor. The tem- 
peratnres at \vhicl~ the compountls 
\rere found to become supercontluc- 
tive range from 0.02" to 0.5S3I<. 
, . 1 he strilringly large orient;ction 

tlcpendrnce of tllr criticnl magnetic 
ficld is believed to result from t l ~ r  
Inycr structure of tlie com1)onntls. 
(iraphite consists of closely p;lcked 
layrrs of carbon loosely stackcd 
on top of cacli other. Its \\.tbII- 
known mecli;~nic.;~l proprrtirs sten1 
tlirectly from this structure. 
Cl~emists I~al-e known.Ior tlccailcs 
bow to prepare componntls con- 
sisting of cigl~t atoms of cnrhon 
\.,-it11 onr of rithcr potassium, 
rubidium or cesium. Thi: (!is- 
covrry that superconductivity call 
crist in these systems now opens 
the nay to the study of supcr- 
conductivity in new circumstances. 

l'lie strong orientation tlepen- 
dence of the critical magnetic 
field is of fundamental importance 



all(! bears on the hasic natnrc of ;md oxygen as f~iels and eliminatc.~ phoric acid solution imtl -inter- 
supercontlnctivit!.. 'flte experi- the need for heavy gas storage mediate in snlphuric acid anti 
merits are likely to give morc cylintlers. In tllc cell, methanol perchloric acid solutions. 'I'his 
information about tho natru-c, 01' is converted to hydrogen in ;I olectrodc is rclatively insensitive 
rranliitr itself. w i t  that forms part of tile svstem to changes in .bH. 'rile polaro- 
.7 1 

;mtl the comple& unit fits easily graphic xehaviiur of several ions 
on the back of a &. ton pick-up at  this electrode has been studied 

New device for shock wave truck. In operation, methanol :md in almost all cases the waves 
studies ~)asscs into the coiiverter where  re well defined and reproducible. 

i\ne\vdcvicccallctl tllc~,l,llcrlllrx, / t  r(b:~ctswith steam in the pre- The glassv carbon' is manu- 

high energy mdiograpllic S C ~ C C  of a c:ttalyst to form hydro- faeturetl in four grades depending 

\i ge~i and carbon dioxide ant1 thc on thc ' proof-temperature ', of ' - c \ s  
designctl at  the 1.0s Alamos Scien- liytirogcn is further purifietl by which gradc G.c.30~ is the purest 

tific I*ahoratory for fluitl lllcclla- passing over a pnlladium/silvcr and best for the electrodes. _Since 

nits and chemical studies. diffuser. The clesign of a comnler- this is isotropic, it does not require 

I'hcrmes is :I liigl~ current standing cia1 fuel cell that uses methanol definite orientation. This electrode 

wave linear accelerator whicli gene- directly without having to conl:cbrt has the advantage of being in- 

rates intense bursts of X-rays for it to hydrogen is also contemplatetl susceptible to poisoning or film 

flash ratliographic stuilics of ex- IChelli. 1:'lr~ng h'ezos, 42 (52) (1964), formation like otlier stationary 

piosivc driven metal systenrs. 311. solid electrodes, and thus requires 

Hitherto there has I)ce~i no satis- no pretreatment or treatment be- 
tween uses. The cathode limit of factory metho11 of ,obser\,ing ,the A new solid electrode for this elcctrodc map bc extended 

characteristics of flu~d flow snl)]ect voltammetry up to -1.6 in basic meilia, unlike to shock waves nnrl tliis new tie- 
vice, bcca~lse of the recrnt tl(bvclop- C:vhon electrodes itre usctl in The ease of fabrication and ments in high rsplosivc techno- \:oltammetry since long, but their 
logy enabling perfectly reproducible applications liavc I~een widened I,y of the carbon 
esplosive systems, has made it the recent studies on the polaro- "ectrode favourably all othcr solid electrodes. I t  has possihlc to obtain a time sc!rlucncc graphic hehaviour of graphite and also the advantage of being inert of mass tlistributions of bodics other solid electrodes, the pyroly- to strong acids and oxidizing sul)jectetl to explosive waves. tic graphite elcctrotlr and ' glassy agents.-- - A. L. J. 1i.40, Ptuzjahi The tle\.icc consists of a 1 MC\'. carbon ' which is gas imperme;~l)le, 
radiofrequency power amplifier anrl highly resistant to chemical at- 
an electron beam injector. Target t x k ,  electrically conductive and 
currents of over 20 amp. provide is obtainable in relatively pun: A general reaction for  
fluxes c~scecclin~ 9 roentgens per stat(,. The usc of glassy carbon heterocyclics 
0.2 psec. pulse. I3ecause of the clcctrode for voltamn:etry has and carbocyclics 
nature of this accelcrator a pulsc been reported hy Zittcl and Rlillcr 
of g;lmni:t rays consists of 10 j:lnnl. CRem,., 37 (1965), 2001. .4 general reaction for synthe- 
sub-l~ursts, c,arli al-,out 6 11st:c. Thr rlectrotlc is prepared :I sizmg heterocyclic and carbocyclic 
long. Tll~! new tlcvicc. may ;rlso simpl(a method. ;In cpoxy resin ring compounds has been dc- 
find application in sc~vrml othcr (Shell. ('0. Epon. 820) cylintler is veloped which may prove to be of 
tieltls. For es:~mplc, t l ~ c  output prepared hy pouring the molten some value for the phani~aceutical 
electron beam nlay I)(% use(! to resin between two sections of :I industry. The synthesis is, to 
generate esccedingly powerful glass tubing, the outer section of some extent, a combination of both 
bursts of Cerenkov m~li;~tion in wliicl~ is rcmovctl. The glassy Michael and IVittig reactions. 
thc mm. \ravelengtli and for study- carl)on matrrial is taken and the The key intermediate in the syn- 
ing threffects of electron or gnn1m;l entls of thc above cylinder are thesis is the vinyltriphcnylphos- 
radiation on propcrtirs of mattvr smlcd. A sni:~ll anlor~nt of mer- phonium salt which is prepared 
including I)iological tissues [I1l!vs. cilry is poured into tlic ccntr;~l reacting triphenylphospllorenc with 
Todqf, 17 (12) (1964). IT!. glass tube ant1 contact is matl(: 2-phenoxyethyl bromide using 

I)y means of a ropper wire, in- phenol as the solvent. The result- 
Fuel cell using methanol sertctl into it. Since the glassy ing bromide is then decomposed by 
and a i r  carbon is brittle and hard, the heating in ethyl acetate to give 

c~lectrodc is to he sliapetl Iiy the desired vinyltriphenylpl~ospho- 
:I new fui:l 1.cl1. \\.liicl~ uses grincling or cavitation. nium bromide in 90 per cent yield. 

methanol and air as fuels rind .is in the case of all solid voltam- In the general reaction, an anion 
g e n ~ r a t ~ s  about 5 k\l'. of clcctri- ~lletric elcctrodcs, this ctlectrode rcacts with vinyltriphc~~ylpl~ospl~o- 
city wit11 an overall t l irr~r~al c.fh- 11;is also a fairly large backgrountl nium salt by a Michael type of 
ciencv of 20-25 pcbr rc!nt, Iins I,C(,II current, hut this tlors not affect reaction to produce an intermediate 
tlevcloped at  the! 'fl~ronton lie- the applicability of tliis electrodr. l~ l~osphor~~s  ylid. The glid then 
search Cclntrc of Shell Iiesearc.1, 'fhc usable potc%nti:tl of this attacks t l ~ c  carbonyl by an intra- 
Ltd. This requires ;i much lowc.1- clrctrodc in acid s)istems is drter- molecular IVittig reaction to form 
working temperature (60°C.) coni- mined 1)y studying the effect of a carbon to carbon clouble bond. 
pared to about 800°C. rcquirctl in diff(5rent mineral acids; it is found This final step is irreversible, 
earlier fut)l cells using Ily(lrogell to he !- 1.3 to ---0.8 in plios- producing (ither hctcrocyclic or 
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carbocyclic compounds ant1 tri- 
phenylpllosphine. oxide. Somr 
compounds, I .  3,4-rhromenr 
and 2,5-dihydro-2,3-dimetl1vlfurnn, 
have been prepared. In the syn- 
thesis of 3,4-chromn~r, vinylpl~os- 
phonium bromide is reacted wit11 
the sodium salt of salicylaldchyde, 
using acetonitrile as solvent. 
Yields as high as 71 per crnt of 
3,4-chromene and 51 per cvnt of 
tripl~enylpliospl~ine oxide are 01)- 
tained. Similarly, 2,s-dihyclro-2.3- 
dimethylfuran has been synthcsienl 
by reacting acetoin with the vinyl- 
triphenylphosphonium bromide in 
the presence of sodium l~ydridr 
[Cheni. Etqng Arm-S, 42 (28) (1964), 
681. 

Chlorella as animal feed 

Chlorella, a unicellular green 
alga, distributed all over the world 
and with a faster ratc of multipli- 
cation like bacteria, is attracting 
attention as one of the new 
food resources. The alga can I)(! 
cultivated in large quantities using 
only air, mater, sunlight and sn~all 
amounts of waste materials sucl~ 
as livestock and poultry nlanurr 
and sewage water. About 50 per 
cent of the tlry matter of cl~lorell;~ 
is protein of good quality. T l ~ c  
alga also contains large quantities 
of lipids, carbohydrates, chloro- 
phyll~, vitamins and minerals. 
The nutritive value of chlorell;~ 
is, higher than the sum of the 
nutritive values of soybean and 
spinach; attention is presently 
1)eing focused on the possibility 
of large-scale utilization of this 
alga for human consumption and 
as animal feed. 

Mass cultivation of this ;~lga 
requires shallolv ponds lined either 
with concrete or vinyl lining. 
The form and size do not matter 
considerably, though a rectangul;~r 
form appears to he more con- 
venient than square and circular 
forms. The outdoor ponds with ;I 

depth varying from 4 to 8 in. arr 
more common, since the solar 
energy radiating on a unit area 
of the poncl is constant. As in 
\regetable cultivation thc use! of 
manure as a source of nitrogcn, 
phosphorus and potassiun~ is an 
important aspect in thr culti\,u- 
tion of this alga. Kitratcs such as 
potassium, ammonium ant1 cal- 
cium are excellent sources to give 
immediate effect for the gronth 

of the alga. Howcver, natur:~l 
frrtilizcrs containing organic nitro- 
gen like the decomposed \.iscerac 
of fish, faeces of livrstock and oil 
cakes form rscellent sources of 
nitrogcn. 

Chicken manure and sc\r;tge 
nater form good sources for organic 
nitrogcn and carl)on tliosidr. The 
problem of artificially supplying 
carhon dioside rcquirccl for photo- 
syntl~rsis can be sol~~etl  by using 
chicken manure ant1 sewage watt.r 
:IS nlanllrcs, since the n~icrobcs 
1)rcsmt in them produce large 
quantities of c;~rbon diosidr, which 
tlissolves in water, anti co~~l t l  bcusetl 
hy the alga. Natural frrsh n.atrr 
from sources like well, river, p o ~ ~ t l  
and lakes can be uscd in cultiv;~- 
tion. W11en city water is osrtl, 
care shoulcl be takrn to retlr~ccb 
tlic chloride content rithrr by 
boiling or by using crystalline 
h y p .  The fiH of the culture 
med~um should bc slightly acidic: 
(c. 5.0) wl~en thr phosphate esists 
in the easily utilizahlc form as 
H,PO; and HI'Oi-. \Vhrn t l ~ c  
pH goes I)eyond 7.0, thr* phosphate 
is con\:rrtc.tl into the anion 1'0;. 
and t l ~ r  carbon dioside is con- 
verted to IiCO, :~ntl CO \rllicl~ 
are not absorhrtl 114' cl~lorclln ant1 
also the possibility of 11;rrnmful 
microbial contamination of the me- 
dium increases. In a strong acidic 
solution, tire phospl~atc combines 
with iron and alun~inium to form 
insolul)lr comples componntls. * .  l he photosyntht-tic acti\.i?y of 
the alga generally reaches a masi- 
mum \rhrn the light intensit? is 
5000-10,000 lux. At low light 
intensitirs the n~ultiplication of 
thc alga stops and at  high light 
intensities the bleaching of the ;~lg:~ 
occurs. For effccti\-c mass protluc- 
tion of clllorclla, the produrtior~ of 
an active strain is very essential. 

Cl~lorella requires for its nutri- 
tion the micro (trace) rlcmcnts. 
To increase the chlorophyll con- 
tent to deep grron tone, atltlition 
of mangancsr ;~nd iron is rssmtial 
along \\.it11 a simnltancous incrcast. 
in the nitrogen source. Adtlitio~~ 
of enzymes acctblt.r:~tcs the tle- 
composition of organic compou~ltls 
and facilitates tllr a\.ailability of 
nutrients. 

Factors such as intensity of 
sunlight, stirring ratc, tc,n~pcrn- 
ture, PH, supply of nutrients, 
check against contamination, ctc., 
rscrss heat removal and rvaporu- 

tion rat(, sho~~lrl  I)c controlled 
~)rolwrly to obtain good gro\vtl~ 
of t11c alg;~. Agitation of the 
c~~lturc- improves light ant1 aem- 
tion. Chlorella can be I~arvrstecl 
once in every 3 or 4 clays (90-120 
I~arvrsts a year) ant1 it can I,(. 
;iccon~l)lisl~rtl without any special 
rcluipment ant1 trchniqnc~s. T l ~ e  
I~arvcbsted alga is c:~rrietl automati- 
cally t l ~ r o ~ ~ g l ~  a transport pipe 
to a tank. Clllorcll;~ is generally 
c.ollcctcd hy means ol a crntrift~gc., 
I)r~t i f  large qu:mtitirs are invol\.c,tl 
t l~c- tcchniq~ic brcon~rs int.ffrctivc.. 
'I'll(: ;ilgnl cells can 1~ rapidly 
flocculntcvl ant1 srtlimrt~tc~tl using 
c:l~en~ical :~gcnts sriclt ;IS ;~lum, 
r ; ~ l c i ~ ~ m  hytlrosidc nntl Inngllc- 
4unl sulpl~;~tc-. 'I'hr snl)csrnata~lt 
is tlccantrtl ;u~tl 111(, algal botlic~~ 
itre pr~rifird h!. rcl)c*;~trtl floccula- 
tion nntl \vashing. l'he t:l~lor~lla 
paste sedi~n~ntcd on thc hottom 
of tht: harvesting tank is pro- 
~cssctl as follows: 'fl~c: 1);1ste is 
treatctl I)!. hrat, tlrictl in air, 
madr to tlry cl~lorc.lla powtltsr, 
storctl it1 tlic silo ;III(I m;~dc. to 
rnrirhctl silage. ( f~~rn~c~~ tc - t l  fotldrr). 
l'hc chlorc~lla pastc nlay also bt: 
treated with boiling water for 2 
or 3 min. nntl movetl tn colt1 \\:atw 
:IS soon as possil)le: thr  11ta;lt trrat- 
c-d rl~lorc.ll;~ ~ x ~ s t c ~  is soit:~l)lc lor 
livrstock fec.tl. 

Chlorrlla r;m be storctl citllrr 
after tlryiug in sun or in a tlesiccator 
or aftrr a fcarn~entation trmtrnrnt. 
71'l~c bactt3ri:~l cont:unination from 
thc storc*tl chlorrlla can I)(, rlimi- 
11:ttctl I)y. ~):ts~c~uriz;~tior~ ;~ntl I,y 
Irrn~entat~on. I !ir p:~stourizc.tl ant1 
fernmcntrtl chlorclla arc (wily 
tligcstetl ant1 the I:~ttc.r is likcbd 
nlorc by livcatoc.k I~csc:~~~sc. of its 
litctic ;~citl smt.ll. 7'11c antolysinji 
csnzynlcs in cl~lorc.ll;~ c.;111 1,r in- 
activateti I)y I)lrachin~: :in11 tl~cb 
: ~ l g ; ~  can I)(% storcbtl for ;I long tinlr. 

'rhr yicltl ol  cltlorcll;~ 1)c.r 1111it 
:Irol is not vrry clrtinitc. Hen.- 
ever, :HI a\pcr;lgcb yirltl of 1 lI)./sil. 
vtl in \\.tBt \vcight. \vhicl~ is ntbnrly 
30 timt-s thr yiclltl ol rice, 11ns l)(-t.n 
:~cl~irvc.tl. 'I'hc !,icbltl of cl~lorc*lla 
varies according to st-:tson, bring 
high in spring ant1 lo\v in sl.lnimcr 
;und c,:~rly spring. 12 . \ apa~~c . s~  f;~r- 
n1c.r from ;I 10 st1 1x1 culturc. 
1)011t1 has ohtainc,tl a dnily yield of 
15.4 113. nntl ;I total : I ~ I I I I ; I ~  yirltl 
of c. 6200 11). (c. 2.8 tons). 

*lI11, protein in chlorella is more 
like animal protein than vegctal)le 
protein. I t  has three amino acitls. 



cystint., mc:thionincb ant1 trypto- 
phan~ ,  not found in soy1)can. I t  
has the same an~ount of protein as 
fish and the vitnn~ins .4 and (: nrc. 
very high. T l ~ c  nutritive value. of 
chlorella can I)(* incrc;~srtl I)!. 
 nixing it \rith rough f(bctl. 

The digestibility of frc,sl~ cl~lo- 
rcll;~ is nearly 70 per cent and on 
drying its digestibility i . ~  low(-rctl 
to 65 per cent. T l ~ e  tligcsstibility 
can be increasctl to 80 per cent 
I)y blanching the alg:~ with hot 
\\rater for 2 min. 

Feeding cspc~rinicnts contlnctctl 
\vith ponltry shoncd an incrra%cb 
in the size of chicken ant1 t11e egg 
1)roduction. ' f l~e size :md wc-ight 
of eggs increased ant1 the yolk 
hecame deep orange. Hogs l(~t1 
chlorel1;l jiainetl I~ealthier ;~p -  
pearancc. \{:hen 1 Ib. of cl~lorcll;~ 
mas given each day to a cow 
there was an incrcasc in milk 
vield. I'rodnction \rritl~ rcg~~lar  
iced \\as 53 Ih. 1)t.r (lay ant1 
\\.it11 chlorella, 64 Ih. Simil:~r 
esperinimts conductetl with other 
animals showc.tl an incrcsasc! in 
1)ody wcigllt. 111 birtls the frc- 
(~ucncy of egg laying is consider- 
ably increased. Goltl fish ant1 
tropical fish fed chlorcll:~ increased 
their rrsistancr  g gain st fish 
diseases. From the cconomic 
standpoint the cultivation of chlo- 
rell:\ is very incxpc~nsivc and the 
1:tbour cost is very little. T11e 
cost of growing 1 Ib. of chlorcll;~ 
\vould 11e about the same as that 
of rice, but its nutritive value is 
twice thrtt of rice. Chlorrlla fcctl 
savrs the rxpenses of animal hus- 
bandry to :I greater e x t a ~ t .  
Except in a few reglons, in man!. 
parts of the \rorltl like Asia, 
;2fricn, bliddlr ant1 South .4meric;1 
\vhrre the situation of animal 
liusbantlr! is very critic:il, thc 
production of a new fcctl such as 
1~11lorella is long  waited iChlorelln 
[crd l o r  ani t~~lr l  l ~ f c s h o ~ c d r ~ ~  11y 
Hiroshi Sakamur;~ (Intcrn;~tion;~l 
('l~lorell;~ Union, Tokyo, l a p a n ) .  

Progress Reports 

Chemical Rcsearclr Laboratories, 
CSIRO, Audralia 

'flie :unni~;~l report of the Cliemi- 
cal Research I.al)or;~tories of the 
Conimonwealth Scientific & 
Industrial Rcsc:~rcl~ Organization 
(CSIKO), Australia, for t l ~ e  year 
1963-64 records the ;ic~hic\~c~mc~nts 

of the la1)oratorics in fundamental 
:tnd applied resc!;1rch (illring the 
pcriotl and the part played by the 
la1)oratories in the expansion ancl 
tlevelopmrnt of both primary ant1 
sc:condary industries in Australia. 
A brief r6sun1C of tlie activities 
of the various tlivisions of the 
laboratori(~s is given below. 

'l'he Division of Applied Dlinera- 
logy 11:rs been n~ainly concernetl 
\\.it11 the nature and industrial 
iipplication of natnr;tl ant1 syn- 
tl~ctic rnincml products, specially 
the non-met;lllics such as c-erncnts 
:~nd concrctcas, rcrfractorirs, mgi- 
~lcbcring ccmmics, non-metallic min- 
rrals ant1 foundry sands. A methot1 
has been tlc\.elopetl lor detrrn~ining 
thrrmal contluctivity of refrac- 
tories. Thc metliotl r:onsists in 
inserting ;I butt-\vcltlecl thermo- 
couple betwren two bricks and 
using it as a line heat source by 
the ;~pplication of an alternating 
c ~ r r ~ ~ ~ t .  The thermal conductivity 
is calculated from the rate of 
tc~mpemture rise of the thermo- 
co~lple after filtering out the applictl 
:LC. The method is simple and 
relatively fast but at  present is 
limited to a maximum temperatwe 
of 600°C. 

In the (:hcmical Engineering 
Division investigations are being 
carried out on desalination of 
matcr, hydrogenation of brown 
coal, fluidization, comminution, 
reaction kinetics, transport pheno- 
mena in turbulent systems, boiling 
heat transfer and rheological pro- 
perties of non-Newtonian fluids. 
A prototype domestic desalination 
unit for producing up to 100 
gallons of fresh water I)er (lay 
from saline water and a commerci;tl 
model of cyclosizer, a laboratory 
Iv(~cision apparatus for the rapid 
ant1 :~ccuratc determination of 
particle six(. distribution within 
tllc sub-sic\.c range are undcr 
fabrication. 

'The activities of the fli\.ision of 
('l~emical I'hysics cover the fieltls 
of sprctroscopy, crystallography 
:111tl solid state chemistrs. The 
projects on which work is in 
progress include the stutly of 
~nolccnlar structure and t:nergetics 
1,y mcans of optical spectroscopy, 
tlctern~ination of trace elements 
by atomic absorption spectroscopy 
and molecular structure tletermina- 
tion of solpl~ur con~pound from 
Itaman polarization data. A new 
type of atomic spectral lamp \vhich 

gi1.r~ atomic resonance spectra 
several hundred times more intense 
than the conventional lamps has 
hecn developed. A number of 
instruments have been constructed 
tluriua th. period; these. include 
an evaporation metering device, 
a tl~crmal conductivity bridge, 
furnace controller, etc. 

The Division of Mineral Cl~emis- 
try carries out investigations in 
t l ~ c  fic.l(ls of electrochemistry in- 
clutling gold cyanidation and fuel 
cells; miner:ll treatment comprising 
mainly hydronietallurgical studies 
of estraction processes; process 
development including pilot plant 
testing of processes; and develop- 
ment of new tcchniql~cs in ana- 
lytical chemistry. A new method 
for preparing anhydrous aluminium 
sulphate which shows promise of 
lxoviding clleaper pure alum for 
thc paper industry has been de- 
veloped and tested on thelaboratory 
scale. The product is obtained by 
reacting conc. sulphuric acid wit11 
I~asic alumiui~m~ sulpllate or alu- 
mina trihydrate; the process avoids 
espensive crystallization pro- 
cedures. A unique process for tlie 
recovery of zirconia from zirconium 
sulphate solutions has resulted 
froin an ester~sive survey of the 
conditions necessary for the forma- 
tion of polymeric species in solu- 
tion. The polymerized species can 
be cluantitatively recovered by 
the addition of a11 organic reagent 
which yields a precipitate con- 
taining as much as 28 moles of 
zirconia per mole of precipitant; 
impurities are eliminated during 
the precipitation stage. 

In the Division of Organic 
(:hemistry work on organophos- 
phorus compouncls has been con- 
tinued, specially with regard 
to the preparation of biologically 
active substances. The use of 
phospl~ines as coordinating agents 
in preparing novel derivatives of 
metal sulpllides and n~ercaptides 
has been extended from the 
initial work with gold to includt, 
silvcr and copper. Numerous 
chemical reactions of both arpl 
and alkyl aluminium compounds 
have been explored, and consider- 
able progress has been made in 
understanding thc exchange re- 
actions which take place in these 
complex systems by NMR spcctro- 
metry. Some organic compounds 
of zinc have also been included 
in these studies. A new method 
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for the industrial preparation of 
t h e  cyclopentadienpl derivatives 
of certain metals has been de- 
veJoped and a small pilot plant is 
now under construction. 

Work in the Division of Physical 
Chemistry has been directed to- 
warcls the study of tl~~~rmotlynamic 
properties of liquid mixtures; 
influe~ice of pressure on the elec- 
trical conductivities of solids; 
magnetic behaviour of some iron 
complexes, and rates of ionic rc- 
actions; aerobic osidation pro- 
cesses catalysed by metal ions; 
and water desalting and rcclama- 
tion. A mixing cell has beell de- 
vised for the precise measurement 
of the heats of mixing of liquids. 

An electron spin resonance 
technique has been developed for 
identifying certain of the free 
radicals are formed in pro- 
teins as a result of hydrogen ion 
abstraction by oxidation or by 
irradiation. I t  has heen shown 
that during osidation of a p ro t e i~~  
in an aqueous medium the most 
readilv formed free radicals arc, 

and l'1i.D. from London University 
in 1952. He was Lecturer in 
Physics, Delhi University, during 
1947-50 and British Council 
Scholar ant1 later ICI Krscarcl~ 
l:ellow, London University, duriii;: 
1950-55. He became I<catlcr 
in I'hj~sics, Dellii University, in 
1955. In 1959, lie joined Banar;~s 
Hindu University, Varanasi, as 
I'rofessor and Head of the I'hpsics 
Department, where he continued 
till he took up thr present post. 

Dr Verma's special fields of 
study are: crystal growth, im- 
perfection in crystals, ant1 X-ray 
and optical studies. He has donc 
research work in collaboration witli 
late Dr K. S. Krishnan, FIG, Prof. 
S. Tolansky, I'KS, and Prof. J .  D. 
Rernal, HIS, ant1 has publishrtl 
over 40 research papers. He is 
the author of two books, Crystal 
growth a l~d  dislocatiotts antl Pol?- 
nzor+hisnz alrd bolytyfiisnz itz 
crystals. He is a Fellow of the 
National Institute of Sciences of 
India. 

~- ~ . ... - 
t l~osc~of  the aromatic amino acids; 
particularlr phenylalanine, tyro- 
sine, etc. This leads to the COII- 
clusion that a major function of 
the aromatic units is protection 
of the functional part of a protein 
against damage by oxidation. A 
new oscillographic system wit11 a 
bandwidth of 75 Mc. and a resolu- 
tion of 20 nsec. has been constrnct- 
ed in order to observe and photo- 
graph light pulses emitted during 
the nucleation of crystals. The 
apparatus is sensitive enough to 
detect the small amounts of light 
emitted from sources such as a 
human hand, or the phosphores- 
cence of ice. It is being usetl to 
examine the phenomena of crystal- 
lolnrnjnescence a11d triboluminc- 
scence in some detail. 

Dr A. R. Verma 

Dr Ajit Ram Verma, I'rofessor 
and Head of the Physics Depart- 
ment, Ranaras Hind11 University, 
Varanasi, has been appointetl 
Director, National Physical 
Laboratory, New Delhi. 

Dr Verma (b. 20 Sept. 1921) 
took his 8 t .S~.  degree in Physics 
from Allahnbad University in 1942 

Announcements 

m A Sytlzfiosiulrr O I Z  Kadioucfiaity 
and Metuoloq~ o f  Nadio~cuclides 
will be held a t  l'rombay during 
13-17 December 1965 under thc 
auspices of t l ~ r  Atomic Energy 
Establisliment,Tro~i~bay. The syni- 
posium will cover various asprc:ts 
pertinent to the problems of radio- 
activity measurements in fields 
such as radiological protection, 
studies of natural radioacti\:ity, 
applications of radioisotopes in 
physic;~l antl life sciences and 
industry, and radioisotope standnr- 
dization. The object of the synl- 
posium, the first of its kind to 
held in India, is to liclp in tlic 
collation and exchange of informa- 
tion anlong scientists working in 
various Inboratorics in the- country 
and provide information reganling 
developments in rttdiation measur- 
ing tccliniclucs, cquipmcnt ant1 
radioactivity standards. 

Sepamtr technical scssions \\rill 
be devoted to: (1)  Units of mdiation 
and radioactivity, radioactivity 
standards and international intcr- 
comparison; (2) IZadioactivc decay 
chains, activity build-up, isotope 
ratio in heavy elements ;~ntl tlis- 

ccluilibriun~ stndic-s; (3) Environ- 
mental r;~dioactivity nicasure- 
111ents; (4) IZadiatioti dosimetry and 
radioacti\:ity mcasnrrmt~nts in 
mdiological safety c,\.ah~ation ; 
(5) Tcchnic~uc:~ of n.tc+asuring mdio- 
;ictivity in hulk specimens :und 
prohlcms rclatcd to intvrpretation 
of rcssults; (6) K:tdionctivity 
measurements for ~iiiscellaneous 
;ipplications of radioisotopcs in life 
sciences; (7) liadioactivity measure- 
ments for miscella~icor~s applica- 
tions of radioisotopcs in physical 
sciences; ant1 (8) l'c,cl~niclues and 
instn~nir~ntation for r;~dioacti\,ity 
~neasurrnien ts. 

'fhose desirous of ~nrticipating 
in the symposium shoulrl con;-. 
munic:ttc witli l)r U. C. (;upt;i, 
Secrc?tary, All India Symposium 
on liadio:ictivity ant1 Metrology 
of Iiadionuclides, NIS Section. 
Electronics Division, Aton~ic 
Energy Estal~lisl~n~ent, 'I'rombay, 
13o1nbay 74 AS. Two copies of 
!)aprrs along witli abstracts should 
reac!~ t11c Secretary on or before 
1 October 1965. 

. .I Sy.rrr)osirr~~l orz Lirli.v Metubolizlrr 
will be hrld in Hombay during 
10-11 Scptc~n~bcr 1065 under thc 
auspices of the Society of liiological 
Chemists of Indin. 1';ipers rel~tting 
to cspcrimental studics on struc- 
tural, functional and biochemi- 
cal :kspccts Imding to current 
understanding of live-r functions 
will I)(, considered for presentation 
;it thc sympo*iurn. I<roadly, these 
papers may d ~ a l  with: ( 1 )  Factors 
influencing livcr function - nutri- 
tional deficiencies and c~xperimcntal 
injuries; (2) Riosynthesis and n~ctn- 
holism of lipids ant1 steroicls; 
(3) Metabolism of amino ;~cid .~  :~nd 
proteins; (4) Carhohytlrntc mcta- 
l)olir~n and hormonal rrgulation ; 
(5) Thc liver and vitamins; ( 6 )  Kuc- 
leic acids and protcin biosynthesi?; 
(7) Regulation of enzynnc syntlicsis 
and otl~c'r control mechanisms; :ui(l 
( 9 )  Sl)c*c.i:llizccl functions of t l ~ c  
liver. Further dct:iils rc,garding 
the symposiuln can be 11;1d fr011i thc, 
Honorary Secretary, Society of 
liiologicrrl Cliemists of India, 1ndi;un 
Institute of Scic~ncc*, Hang:~lorc 12. 
or I)r Shanta S. liao, Iieprotlucti\.c 
Physiology Unit, Indian Cancc31- 
Rcsc.nrcli Ccntn-, Rombay 12. 



Higher accuracy! Rapid pay-off! 
" Gallenkamp " AUTOBOMB . . . 

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

IP 12. ASTM D-240. DIN 51708 

4 1 * ilccuracy better than 0.1 per cent. 

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

* \\'ark tiine reduced by 60 per cent. 

* Minimal cllancc of liuman error. 

ASK FOR DETAILS 

ACCHli1)lTEL) :tGI.:S'TS 

M A R T I N  & H A R R I S  ( P R I V A T E )  LTD. 
(s(:[lcM" 1:K; l ~ ~ : I ' , \ l ~ r ~ I l < s ' l ' ,  

SAVOY CHAMBERS, WALLACE STREET, BOMBAY 1 
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'LAB-CHEM'  
ANALYTICAL BALANCES & 

WEIGHTS 

INDUSTRIAL, RESEARCH & COLLEGE 
LABORATORIES 

Manufactured by 

LAB-CHEM BALANCE WORKS 
BOMBAY I I  

Contact Sole Selling Agents: 

INDIA SCIENTIFIC TRADERS 
DEALERS IN LABORATORY EQUIPMENT 

OF EVERY DESCRIPTION 

PEERBHOY M A N S I O N  

460 SARDAR VALLABHBHAI PATEL ROAD 

BOMBAY 4 (BR) 

Phone: 76336 Gram : ' Esvijack ' 

S E T T  & DE 
16 Ganesh Chandra Avenue 

Calcutta 13 
Phone : 23-9588 

manufacturers of 

M O V I N G  COIL  & MOVING I R O N  TYPE VOLTMETERS, AMMETERS (PORTABLE & 

SWITCHBOARD TYPES), RESISTANCE BOXES, P.O. BOXES (PLUG & 

DIAL), G.P.O. DETECTORS, EXTERNAL SHUNTS, RHEOSTATS 

A.C.1D.C. CONVERSION EQUIPMENT, ETC. ETC. 

for 

LABORATORY AND INDUSTRY 

OUR SERVICE DEPARTMENT IS ALSO AT YOUR DISPOSAL 
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BLOOD TRANSFUSI 

OLUCOSE SALINE BOTTLE 

A SPECIALITY. NU.. 

CAN TAKE UP THE 

FABRICATION OF ANY 

TYPE OF WHITE BOTTLES. 

BOtIbAY Of FICC 
Co-operative Insurance Bldq.. 
2nd Floor. Sir P. Mehta Qoad, 

Phone : 251791 
Gram : NUTQALGLAS 

WORKS Phmc: 881311 
Bombay Poona Road. AKURDl Phone: 881312 
GHINCHWAD. Poonr 19. 



THE TEST OF EXCELLENCE. Consistently high quality and 
unfailing reliability-tested and  proved time and again In laboratories all 
over the world! These make 

BDH LABORATORY CHEMICALS the  first choice in  all  
important analyt~cal work. BDH Laboratory reagents, 'AnalaR' chemicals, 
microanalytical reagents, testing outf~ts, stalns, etc. today play a vltal role in 
industry, education, medicine and research. l Recent BDH booklets, 
available free on request, include "Biological Stains and Staining Methods", 
."Sugar Phosphates and Related Substances" ... 

BRITISH DRUG HOUSES (INDIA) PRIVATE LTD. 
Laboratory Chemicals Divrsion. 8 Graham Road. Bombay 1 



S. H. KELKAR & CO. (PRIVATE) LTD. 
DEVAKARAN MANSION, 36 MANGALDAS ROAD 

BOMBAY 2 

t ; r , t ~ ~ ~ :  ' ~ . \ ~ ' l l l ~ ~ \ ~ O l ~ l < S  ', I<( ) \ I l ~ \ J ' - l ) . \ l ) . \ l <  

Manufacturers of 

NATURAL ESSENTIAL OILS, AROMATIC CHEMICALS, RESINOlDS 
& WELL-KNOWN 'COBRA BRAND' PERFUMES, USEFUL 

FOR ALL COSMETIC & TOILET PERFUMES SUCH 
AS HAIR OILS, BRILLIANTINES, SOAPS, 

AGARBATTIES, FACE POWDERS, ETC. 

F011 S.4111'1,15 ;ZNL) l'I<ICE, 1'1.1:.\515 WRITI: TO THIS ;\ISOVlS :\I)L)KESS 

- 

ELECTRICAL MUFFLE FURNACE 

SPECIAL FEATURES 

Light in weight 

Easy to operate 

Temperature range guaranteed 

* 
Available in different sizes 

for various temperature ranges 

CONTACT 

LABORATORY FURNISHERS 
D H U N  M A N S I O N ,  V I N C E N T  ROAD 

BOMBAY 14 
Tcl 62761 Grrm LABFURNISH 

Branch Ofice: 
Kapasia Bazar, Ahmedabad 2 

<PI1 FIC. 



Available from Stock 

* METROHM pH-METER E 350 

K U S T N E R  ANALYTIC,AL 
BALANCE,  \\.it11 ; \ I N \  \ \ . i t l lo~~t  
i l i n  froin (;rr-~n:ui!.. 
~1otlc.l~ .\I. 49 ;tn(l ;\I: 4X \\ it11 
\\.cigllt i)os 

O S C H A T Z  S I N G L E  P.\N 
BALANCE, Model 707 ( ; ~ i l -  

( l :\lil\~c(l) 

* EDWARD VACUUM PUMP, hIodel RB 4 ' Speedivac' Combined Vacuum 
Pump and Compressor 

* 'BECK KASSEL' BINOCULAR RESEARCH hIICROSCOPES 

* ENDECOTT'S STANDARD TEST SlEVES 

Contact : 

P H A R M A  T R U S T  
114 PRINCESS STREET, BOMBAY 2 



N O W  OFFERS 

BRAND 

Machine made 
GLASS TUBING 

for 
apparatus in heavy, medium 

and 
light wall 

CAPILLARY TUBING 
of 

various bores 
and 

GLASS RODS 
of 

different sizes g6bkoSIL 
BOROSIL GLASS WORKS LTD. 
CHOTANI ESTATES, 
PROCTOR ROAD, BOMBAY-7 
Phone. 71166 
Grams: 'BOROSIL' 

Branclles 

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' 

CORNING@ IS Reg~stered Trade Mark of Corn~ng Glass Works, New Y=rk U. S A. 
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LINKING 
and most informative labelling,'beahng 
tnternational repute and guarantee 
of E. Merck. 

CHEMISTRY ) In the manifold applications of 
Chemistry from agriculture to zincography, 
Sarabhai Merck's fine chemicals and 

TO laboratory reagents play a vital 
role for a better future. 

INDUSTRY @ SARABHAI MERCK UD.  
POST BOX No. 16555, BOMBAY 18 

1h1lp8 SM 453 



Extinction Recorder with Integrator " ERI 10" 
SALIENT FEATURES 

I Double Beam Compensation Method I Automatic Optical Null Compensation I Extinction Curve with 
Adjustable Height m Transmitted o r  Reflected Light Measurement as Selected rn Filter for Various 
Dyestuffs I Setting of Various Scanning Widths Integral Curve with a Choice of 12 Integration 

Constants m Device for Automatic Elimination of Trailing Defect 

VEB  Carl Ze iss  JENA 
(GERMAN DEMOCRATIC REPUBLIC) 

Birthplace and Centre of Modern Optics 

Sole Agents in India : 

D GORDHANDAS mESAI BVZ L T D a  
Equipment and instruments for  all branches of  science, technolo@ and industry 

KERMANI BUILDING . SIR P. M. ROAD . BOMBAY-1 BR 
NO. 22, LING1 CHETTY STREET. P-7 MISSION ROW EXTENTION. 4n B, jWALA MANSION, ASAF AU RO* 

MADRMl CALCUTTA NEW DELI4 
MASS CZI 



L U B O R  

-- -- Reliable operation 

Solid construction 

Simple attendance 

Laboratory Instruments from VEB Labor- 

technik llmenau are reliable and indis- 

pensable aids in solving the problems 

'arising in science, research, operation and 

quality control. They cover the following 

main groups: 

VACUUM TECHNIQUES 

ANALYSIS TECHNIQUES 

DEIONIZING PLANT 

AGENCY: 

MESSRS K. LAL B H A K R I  
P.O.B. 487, New Delhi, India 



UNIVERSAL APPLICATION 

P R E C I S I O N  

E C O N O M I C  

Rotary Viscosimeter 'Rheotest' Immersion Thermostat, Type E 3 E U l t ra  Thermostat, Type NBE 

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

Liquid circulation thermostat 

Rheological measuring instruments 
(viscosimeter, consistometer) 

Analytical instruments for examining lubricants and fuels 

General laboratory apparatus 

AGENCY: 
VEB Prufgerate-Werk Medingen M E ~ ~ R Q  K. LAL BHAKRl 
German Democratic Republic P.O.B. 487, N e w  Delhi, India 

5 1 '  J U L Y  196) ,133 



1 a RESEARCH SCIENTIST for tlie Process Dcvclopniet~t 
Section o f  their exp:~nd~ng Research Unit ;it Honihay. 

Applicants should have a first class academic record 
upto Ph.D degree or equisalent in a branch of chemistry 
or chemical engineeriiiv and experience in research or 
development in a research institution, univcrsitv or manu- 
facturing unit. A kno\vlcdge of organic chemical procccsing 
techniqites and first hand expcricnce in the design ant1 
operation of plant for production of organic chemicals will 
bc desirable. The selected ci~ndidatc nil1 he expected to 
carry out researcli ant1 devclopnient work on proccssec for 
the preparation of  a number of products and internicdi:~tes 
in the field of  detergents. soaps, h!.tlrogen:~ted fats. f:~tty 
acids.oleocheniicals, foods and pcrfitmcry cliemicals. rn The 
upper age limit is 35 years. rn l'lie position is In tlie 
Covenanted Management grade of the Conip:lnp and oflcrs 
a11 excellent career in research ant1 development. 

Applications should be addressed to the Head of the 
Research Unit, Hindustan Lever Limited, Haj i  Bunder, Sewri. 
Bomhay 15, so as to rear11 him within two reeks of the 
appearance of this advertisement. 

HINDUSTAN LEVER RESEARCH UNIT 

4 a WE LEAD AGAIN ! % 

ILLUMINATION 

AND 
THESE 
MICROSCOPES :- 

a BINOCULAR HEAD 
& STEREOSCOPIC. 
RESEARCH, MEDICAL. 
& STUDENT. 
DISSECTING. 

a MICRO PROJECTOR 
&-\-\ %~\\%\\%\%K\k~\\\%%W\W\\%\\W\\\%W\\WW\%\\\&\\\\\\\W\%k\\\AA\U%\\\%%'\? \%Ph??\"i\ " " \ " 1 

IN ACTIVE COLLABORATION WITH 'TOWA' JAPAN 

I TOWA OPTICS (INDIA) PVT. LIMITED 
IN Dl A ' 4, DARYAGANJ. POST BOX NO 1685. DELHI-6. Phone 271497 Cable VISION 

DEDICATED TO 
INSTRUMENT PERFECTlON ' B'mCh h: 15/16, Kondl Chetty Street. Madras-1. 

I 



COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH 

THE WEALTH OF INDIA 
A DICTIONARY OF INDIAN RAW MATERIALS AND 

INDUSTKIAI, PRODUCTS 

Raw Materials: Vol. VI (L-M) 

l'rovitlcs a corn prc~lieiisivc survey of published inforlna tion on 

the tlistribution, availability and utilization of raw material 

rc,soul-ccs of 11idi;i. 

Contailis 388 367 on plant species, 11 011 animal and 

animal products and 10 on minerals. 

'fhc niajor cntries inrludctl in the volunic are: 

I,ir~~rlrt (1,insccd). hludkrcn (Mahua), L~tzs  (Lentil), Mnltikot 
(Tapioca), I.ilclai, dlalzrs (Apple), Mallgifern (hIango), Mortrs 
(klulhcrry) , Il lr~so (Banana), Lngcrstroci~tiu (Henteak), Miclzclia 
(Chanipak), Lnctitcn (1-ettuce), Lzr& (Ridged gourd), Lycoper- 
sicofc (Tomato), Molrcortliccc (Bitter gourd), Ilhrilzga (Drum- 

stick tree), 1.aesotzin (Henna), Mallot~u (Kamala), M~vzthn (Mint) 

Lac ant1 Lac Insect. Molluscs 

1,eatl Ores, Idignite, l,imestone, RIanganese Ores, Mica, Monazite 

484 S X S I  1-SSlV PAGES DEMY 4 T 0  

14 PLATES 8i 185 1LLUSTRATlONS 

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

Publications & Information Directorate, CSIR 
Hillside Road, New Delhi 12 
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Oslord J.ondon l'nris Frankfurt Ke\v York 
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Producing and Storing DISTILLED WATER 

Complete combination includes : 

15 gal/ hr water still 

Purifier equipment 

100 gallons storage tank 

Ultraviolet equipment 

Fully automatic controls 

Ventgard and seal 

Elements for vcntgard 

Self-closing faucet 

Combination floorstand 

The N e w  Barnstead mcthod of production and storing of distil led water is designed specifically t o  meei 
the needs of the m ~ d e r n  hospital. It offers four important advantages over the present system: . Provides enough distilled water for all hospital services during peak use periods 

Keeps distilled water chemjcally pure, pyrogen free and sterile in storage . Eliminates maintenance and cleaning of water still and pyrex bottles . Provides water of higher purity . . . . suitable for all hospital needs including laboratory research 

The Barnstead st i l l  produces highest purity disiil led water, and it starts automatically when the water 
supply in  the tank is low and stops automatically when the cank is full, thus insuring a ready supply or 
distil led water. 

Unless ~pec ia l  protection is provided, airborne contamination enters the tank as the water is drawn off. 
The Barnstead Ventgard filters out  all airborne contamination down t o  0.2 micron. 
The Barnstead ultraviolet generator directs rays throughout the storage tank. Full protection agalnst 
bacteria f o r m a t i ~ n  up t o  30 days is assured b~cause distilled water permits complete ultraviolet penetration. 

For details please write to: 
SOLE DISTRIBUTORS 

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED 
ALLAHABAD BOMBAY CALCUTTA MADRAS NEW DELHl  

Head Office: 6 Tej Bahadur Sapru Road, Allahabad 



PYROGEN TESTING WITH TYPE TE3 
ELECTRIC THERMOMETER 

Used for conducting pyrogen tests by serological institutes, pharmaceutical laboratories and 
hospitals in more than 60 countries, this precision electric thermometer affords distinct and 

important advantages over the ordinary mercury type. 

Guaranteed accuracy t o  withln h0.I centigrade a Easy-to-read spot-illuminated 
graduated scale a Automatic compensation for  variations i n  room temperature Using 
connection boxes (Illustrated) up t o  30 animals can be tested simultaneously Correct 
temperature shown within I t o  2 seconds of  depressing push-button a Instrument always 

ready for  immediate use-no tiresome calibration necessary 

GD GORDHANDAS DESAI PVZ LTD. 
Equipment and inatrurnenta for all branches of science, technology and industry 

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

NO. 21. LINGI CHETTI STREET. P.7 MISSION ROW EXTENTION. 4p 8, IWALA MANSION. ASAF ALI LOAD. 
MADRAS-I CALCUTTA NEW DELHl 



IN THE D A R K  ABOUT LIGHT? 
Get Monochromatic Light at any wavelength from UV through IR with MONOCHROMATORS 

by BAUSCH & LOMB . . . your only source for a complete line offering 
a wide variety of gratings and light sources 

BAUSCH & LOMB 

Printed and published by Shri A. Krishnamurthi. Publications & Information Directorate. Counc~l o l  Sc~entific & 
Industrial Research. New Delhi. at the Catholic Press,  ranch^, lnd~a 

For full dett~ils 
please write to  
SOLE AGENTS 

Regd No. PT-842 

MARTIN & HARRIS (PRIVATE) LTD. 
SCIEN' I ' IF IC  DICPAR'I'MEN'I' SAVOY (:11.4~11%1~RS \\AI.I.A(:lC S~I'HICIYI' 110\111.\Y 1 
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