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T H E  SIGNIFICANCE O F  CHOLINE AS A DIETARY 

FACTOR' 


By Professor C .  H. BEST 

THE UNIVERSITY OF TORONTO 

ITis particularly appropriate so soon after the very 
tragic death of rny colleague, Sir  Frederick Banting, 
to e~npllasize the fact that the choline investigations 
which have alreacly yielclecl many results of physiologi- 
cal significance, and promise more. are a clirect out- 
g r o ~ ~ t h  I n  the light of of the discovery of insulin. 
our present knowledge it was fortunate that, when 
Professor Alacleod ancl his group initiated studies in 
which thev observed insulin-treated depancreatizecl 
aniiuals fo r  several years, an adequate diet was not 
always used. A great cleal of knowledge of the acces- 

1 Abbreviated version of the paper given at the Unioer- 
sity of Cliiesgo Fiftieth Anniaersary Celebration, Sep- 
tember, 19-11. 

sory foocl factors ancl of other aspects of nutrition 
has, of course, accuriiulatecl since that time. The 
clepancreatlzed dog suffers froln the loss of sexeral of 
the digestive ferments, and the absorption of foocl 
iilaterial from the intestine is seriouslv impairecl. 

When dl lan.  Bowie, Nacleod and Robinson in To- 
ronto, ancl Fisher in Chicago notecl large yellow 
livers in  Ihe insulin-treatecl aniiuals, many possible 
explanations suggested themselves. TTT'hen it  7vas 
founcl that the ahnor~nal  condition could be prevented 
by the iiiclusion of raw beef pancreas in the diet, it 
becarue apparent that soiile constituent of this tissue 
was responsible fo r  the improveinent. Dr. Hershey, 
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first alone and later with Dr. Soskin, workiag in Pro- 
fessor Nacleod's laboratory, studied the effects of 
feeding crude egg-yolk "lecithin" to the diabetic dogs 
receiving the diet which favored the production of 
fatty lirers and it  became apparent as one watched 
subsequent experi~nents that the phospholipicl mixture 
was effective in a manner similar to that of pancreas. 
The logical inference was, therefore, that the phospho- 
lipid fraction or some unidentified substance associated 
with this material in the pancreas x7as responsible in  
part  a t  least fo r  the effect on lirer fat .  

Experiments on depancreatized dogs are  extremely 
tedious and, in  studies of this type, unless a large 
number of animals are observed, the results are  diffi- 
cult to interpret. I n  a n  effort to enlarge more speedily 
our knowledge of the factors 117hicli control f a t  deposi- 
tion in  the liver, Miss Huntsman, Dr. Hershey and I 2  

decided to make studies on the white rat.  Sve investi- 
gated the effect of, first, a crude and then a highly 
purified lecithin on the fat ty  livers which we found 
could be produced in the rats by feeding a diet x-ery 
rich in fat.  Purified lecithin turned out to be effective 
in  preventing these fat ty  livers and sonleti~lie later3 
we established the fact that the active constituent of 
the lecithin r a s  choline. Xore recently it has been 
found that as  little as 1 mg per r a t  per day is a n  
effective dose. When given in suficient amounts to 
diabetic dogs, choline prevents the derelopnlent of 
fat ty  livers and alleviates the condition when it  is 
administered in curatil-e experin~ents .~ I t  has been 
shown, however, by Dragstedt and his colleagues that 
other factors contribute to the effect of the pancreas. 
This aspect of the subject ~vi l l  be referred to again 
later. By using a diet rh ich  contained n~uch  less 
choline than the mixed ration which previouslv had 
been provided. we x7ere able to demonstrate a n  even 
more dramatic effect of choline on liver fa t  in  both 
rats and depancreatized dogs. 

I n  subsecpent experiments r i t h  Dr.  Ridout and Dr. 
C h a n n ~ n , ~  cholineit r a s  shown that the feeding of 
prevented the deposition of neutral f a t  and to a lesser 
extent that of the cholesterol esters in the lirers of 
animals receiving pure cholesterol in their diets. I t  
thus appeared that choline might he involved in the 
metabolism of cholesterol as  ~vell as  in  that of neutral 
fa t .  I n  curative experiments choline accelerated the 
removal of cholesterol esters as re11 as neutral f a t  
from the liver. 

T h e  ??aechnlzism of the  l ipotropic action of cholilze. 

2 C. H .  Best, J. 11.Hershey and  3C.E. Huntsman, Jour. 
Physiol.. 75 : 56-60, 1932. 

3 C. H. Best and  &I.E. Huntsman, Jour. Physiol.. 75: 

4 C. H. Best. G. C. Fernuson and  J. M. Hershev. Jour.
" 2  

~lzys io l . ,79 : 94-102, 19333 
5 C. H .  Best, H .  J. Channon and  J. H. Ridout, Jour. 

Physiol., 81 : 409-21. 1934. 

To describe the action of choliile in the prevention 
and cure of fatty livers, I suggested some years ago 
that the term "lipotropic" be used. This has ilow come 
into fairly general use and serves to distinguish the 
effect of choline on fa t  ~lietabolisili froni its other 
physiological actioas. 

I n  the very early experi~neilts it  mas considered 
possible that choline acted through the formation of 
phospholipids. Although estirllations of phospholipids 
shored no increase in the anlount of these substances 
in liver tissue, it  x7as realized a t  that time that there 
might be a more rapid "turnover" and that this could 
happen without a n  increase in  the anloant present. 
The first proof that this actually takes place was 
obtained by Dr. Arnold Welch, who conducted a very 
ingenious experiment in which he fed arseno-choline 
(which was lipotropic), and subsequently studied the 
arsenic content of the phospholipids. H e  obtained 
excellent evidence that the dietary substance had 
entered into conibination with the other corxiponents 
of the phospholipid n l~ lecu le .~  Chaikoff and his col- 
laborators a t  B e r k e l e ~  used radioactive phosphorus 
as a tracer substance. and their analyses show quite 
convincingly that choline and the other lipotropic 
factors accelerated the rate of forniation of phospho- 
lipids in the liver and other tissues.' Nore recently 
Stetten obtained siniilar results hg  labeling the choline 
~nolecule with heavy nitrogen. H e  was able to detect 
a high concentration of the isotopic nitrogen in pure 
choline isolated froill the bodies of the choline-fed ani- 
n ~ a l s . ~These results taken together leave little doubt 
that the niechanisni by which the lipotropic effect is 
produced is by the stilnulation of phospholipid inter- 
change between the lirer and other tissues. Stetten 
and Chaikoff found that the liver appeared to be the 
most active of the x-arious organs. 

Caseilt and  n>ethiolzine as l ipotropic facto~,s.  The 
lipotropic effect of dietary casein r a s  first noted by 
Miss Huntsnian and myself in 1033. Tucker and 
Eckstein in 1937 demonstrated that metliionine exerted 
a lipotropic action, both the d and I-nlethionine being 
effective. There is still sorne doubt as to whether 
casein o r e s  its entire lipotropic action to its methio- 
nine content. I t  is well established that cystine exerts 
effects on liver f a t  which are  antagonistic to those of 
choline and methionine. 

T h e  work of c72( T7iguetrzrd and his  colleccglces. I n  
1939, du Vigneaud, Dyer and ICies found that homo- 
cystine or honlocysteine was not capable of supporting 
growth in rats on an amino acid diet devoid of 
nlethionine and cystine, ancl supple~liented with thia- 

~,4.Del i .  Welch, Proc. Soc. EL^. Biol. and Xed., 35:  
107-8. 1936. 

7 ~ . ' ~ e r l m a nand I. L. Chaikoff, Jour. Biol. C h e ~ n . ,1 Z i :  
211-20, 1939. 

8 DeTV. Stetten, Jr., Jozir. Bio2. Chenz., 138:  437-8, 1911. 
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min, riboflavin, nicotinic acid and ryzan~in B as a betaine as well as by choline. It is  aggravated by 
source of the other E-factors. Rose and Rice found feeding cystine or cholesterol. I n  a recent article 
that with better sources of B-factors, growth was Griffith and Mulf~rd,~"lave emphasized the fact that 
satisfactory, indicating that the milk concentrate o r  the renal changes or the fat ty  livers do not appear  if 
tikitiki which they used contained some substance tlie food intake is restricted. Griffith has also sug- 
which made possible the utilization of honlocystine by gested that the rate of rrietabolisnl or of g ro~vth  may 
vats on a diet deficient in  methionine. Very so011 be the basis f o r  the apparent antagonism between 
after these reports, du Vigneaud, Chandler, Moyer and elloline and cystine, ancl suggests that  on diets which 
Ii'eppelg proved lhat choline enables lhe r a l  to utilize are  inadequate in  the 8-containing arriino acids added 
hornocystine fo r  growth purposes, presumably by mak- cystine improves the nutritional state, and for  this 
ing possible the in v ivo  methylalion of homocystine to  reason, extra choline is  required. 
melhionine. Betaine, which I-Iuntsm;in, Ridout and I The nlechanisnl by- mhich choline and the other lipo- 
had previously shown to be lipotropic, had a n  effecl tropic factors prevent these hemorrhagic lesions in  tlie 
s i ~ r ~ i l a rto choline on the methylation of honiocysline. kidney and other organs is nol well established. The 

I n  a subsequenl study, du  Vigneaud, Chandler, Cohn fact, however, thal  lhe lesions are  auymented by 
and Brownlo fcd melhionine labeled with deuterinrn to cysline and by cholesterol and prerented by the nata- 
ininlature rats on a diet free from methionine and rally occurring lipotropic factors choline, belaine and 
choline. Choline and creatine isolated from the bodies nlelhionine rnakes a picture so similar to that  seen i n  
of these animals contained sarh a high concentration the studies on the liver that i t  seems reasonable t o  
of the isolope that i l  is questionable whether any assume thal  lhe same or a very closely related mecha- 
olher sources of methyl groups existed i n  tlie diet or nism is operaling. 
tissues. Thus this process of "transmelh~lation" froin Jlikcs' work  oa  the  rclation of choline l o  av ian  
choline to homocystine and from methionine to  choline nt~triliorz. Under certain eiperirnental conditions, a 
is established and bids fair  to be of tremendous im- shortening and thickening of the bones, particularly 
portance in  man? fundamenla1 biological processes. noliceable in  the tarsns and tibia of young birds, is 

The recent finding of Slettenll thal  ethanolamine is  produced when certain diets are  provided. This con- 
a precursor of choline in  the body gives promise of dition is known as  perosis. I n  many cases a distor-
further interesting developments. Ethanolamine under lion and dislocation of lhe hock joinl resnlls, and lhe 
the conditions it  has thus Ear becn tested, is not lipo- slipping of the tendo calcanens has provided the basis 
lropically active, but from lhe work of du Vigneaud for  lhe terrn "slipped tendon" disease. I n  1936 i l  was 
and of Sletten, it  does receive methj-1 groups from shown thal  perosis may be caused by a deficiency of 
niethionine to forrn clloline. manganese. I n  1940, however, J n k e s l ~ h o w e d  lhat 

GriDth's work  on Lhe re7ation of' choline t o  lhernor- ~vllen the supply of manganese was adequate, perosis 
rhagic degeneratio~a of the  liidneys in young ~ a t s .  was not prevented unless choline mas also supplied in  
Additional evidence of lhe irr~portance of dietary the diet. 
choline has been provided by the studies of Grifilh The effect of choline i n  preventing perosis has been 
and his collaborators, who noliced liernorrhagic degen- observed in both chicks and yonnq turkeys. There is 
eration of the kidneys in  young niale rals which were a very interesting interrelationship belween choline 
fed on diets containing a n  apparently adequate amount and glycine deficiency in so f a r  as  perosis is concerned. 
of protein, and dietary essentials other than choline. On a diet deficient in  both choline and glycine, perosis 
These young animals, which were from 21 lo  26 days does not appear  in  chicks. I f  glycine is added lo the 
oE age, developed lhe charaeleristic fat ty  livers which . diel, p ~ r o s i s  is produced and if choline is thcn given, 
have been referred to above, within JS hours. Griffith the condition is alleviated.lG 
noted i n  addition to the fe l tv  livers, severe hernor- Jukes has suggested as  a possible explanation f o r  
rhagic degeneratiorl of the kidneys, ocular hemorrhages these observalions on the effecls of choline and glg-cine 
and a regression of lhe thymus gland. Griff~lhl%nd lhal  the glycine, which is  a precursor of creatine, 

have shown that  the hemor- Griffith and M u l f o r ~ 1 ~ ~  prevents the appearance of inuscular dystrophy. The 
rhagic degeneration is prevenled by rrielliionine and perosis is nol seen in the presence of the muscular 

9 V. du Vig~~caud, J. P. Cliandler, A. W. Moyer and dystrophy presumably because there is leqs pull of the 
D. M. Reppel, Joztr. Biol. Ghem., 131: 57-76, 1939. inuscles on the bones in  this condition. Creatine will 

l o  V. du Vigneaud, J. P. Cllaiidler, 15. Colln and G. B. 
Brown, Jour. Btol. Chcna., 134: 787-8, 1940. produce perosis when added to a diet deficient i n  both 

11De\v. Stotteii, Jr., Jour. Biol. Chem., 140: cxxvii, glycine and choline. 
1941-"A-. 

1 2  W. H. Griffith, Jaw. Nutrition, 21: 291-306, 1941. 1 4  Ibid., Jortr. hz~~tr i t ion ,  1941.21: 633-45,
IT.  Griffith aiid D. J. Mulford, Jour. Am. Chem. 1 6  T. 11. Jnkes, Jozcr. Nul.rifion,, 20: 445-58, 1940. 

Soc., 63: 929-32, 1941. 1 6  Ibid., lToz~~ .  P13, 1941. NuWition, 21: 
1". 
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Jukes has obtained exidence by adding certain 
analogues of choline to diets deficient in this substance, 
that the growth-promoting antl anti-perotic properties 
of clioline are  truly clistinct. H e  has found that 
~nethyl-diethyl-choline and beta-methyl-choline will 
protect agninsl perosis but do not pro~note growth. 
On the other hand, betairle and bctaine aldehyde pro- 
lliote growth but are devoid of anti-perotic activity 
fo r  chicks. These results link elloline with the nletabo- 
l i m  of either nlusclc or bone-perhaps with both. 

T h e  cuorX 4 AIcFIe?try (712.d Jiis ( ' ~ ~ I C ~ ~ L L ~ S .11-1 193,5. 
Rest, I luntsn~an,  IS'icTTerlr~~ and RidoutT7 reported a 
favorable influence of elloline on the gain in  weight 
of young rats  receiving a diet l o ~ v  in lipotrol~ic factors 
and xich in  fat. Subsequently RfcHenry and his col- 
leagues ~ v o r l ~ i n g  indepeadently in  nly deparlrnerlt hare 
made several extremely in~portant  additions to  our 
krlo~vledge of the choline field. I n  1936, StcIIenrylS 
reported a n  apparent relationship between thiamin 
anci cholirle in  lhe production of fat ty  livers. I n  
tllianlin deficient aninlals, without tlliarrlin i n  the diet, 
f a t  does not accunlulate in  the liver in  the absence of 
dietary lipotropic factors unless liberal amounts of 
f a t  are supplied. TTiitll thialnirl and without fat in  
the diet, f a t  formed from carbohydrate is  deposited in  
tlle liver. This f a t  is rich in  glycerides and low in 
cholesterol and its deposition is prevented hj- the ad- 
niiuistration of slnall amounts of choline. Other 
nlenlbcrs of the B-colnplex, riboflavin and pyridoxine, 
also increase the clepo.;ition of f a t  in the liver but not 
unless thiamin is also snpplied.'"~~ interesting clues- 
tion has been raised by Griffifith. I s  the thiamin-clioline 
antagorlisrn a specific one, or is the action of thiamin 
nlerely to  raise the "level of nutrition" to a point 
where calloline can act? Anirnals receiving a low 
caloric intake do not show signs of cllolirle deficiency 
when a n  abundance of thiamin is available. On the 
other hand, the only way i n  -which the nutritional 
state of a n  anirtral suffering Srorn thiarnin deficiency 
can be ~.e,qtored to normal is by pro1 idlrlg the specific 
substance. The fact, however, that diets rich in  f a t  
produce fat ty  livers in  the absence of thiamin, may 
suggest a n  answer to one aspect of the problenr. I t  
is  obvious that if f a t  is not presented sufficiently 
'apidly to  the liver l o  produce an accanlulation, tlle 
action of choline in  preventing this call not be demon-
strated. Food intake, particularly f a t  intake, and the 
conversion of sugar to fat, presunlahly i n  the liver 
under the influence of thiamin, will work together t o  
control the amount of pubstrate upon which choline 
acts. The ability of the liver cells to n~etabolize the 

l i C ! .  H. Rest, M. l?. T3111rtsman,E. W. JleIIenvy ant1 
J .  IT. Ridout., Jour. Plugsiol., 8 4 :  38P, 1935. 

1s E. W. MeIIellry, Jo761.. Pl~ps-iol., 86 : 271'-28P, 1936. 
1 9  O. Gnvin and E. XT.McfEer~ry,J o i ~ r . Eiul. Cl~e~n. ,  

132: 41-46, 1940. 

f a t  depends, of cour,e, on other factors ai: ~vel l  as  on 
the concent1"ation of the lipotropic substances avail- 
able. 

T h e  ij.fecl of c71oJilze zlpola the  deposition of far pro- 
cl?lcecl b~ t h t 3 ~ ~ ? ~ ~ 7 c r l  or ltormoncs. J17henagcrzls by 
fat ty  l i ~  ers are proiluced by phosphorus poisoning or. 
by one of tlle inany other c~hernicals which have this 
effect, the deposition of f a t  is not prevented by the 
lipotropic factors. I t  is  true, llo~veaer, that tlle rate 
of disappea~ance of the f a t  f rom the phosphorus 
poistbned lirer is acceleraied n hen cholirle is supplied.") 
The sarne is true of tlie fat ty  liver produced by car-
bon tetrac*hloridc poisoning.21 Neither the acute fatty 
liver pl-oduced by tlie factor in  the anterior pituitary 
gland,22 nor the cleposition of cl~olesierol and neutral 
f a t  caused by the feeding of biotin2"s readily aEected 
by choline. I t  is thus apparent that there a r e  various 
types of fat ty  liver, and that those upon wllicli the 
lipotropic factors act ~v i th  rhamcicr i~t ic  rapidity are  
produced by a deficiency of these substances i n  the 
diet. 

TAP j~r~ l i rn i imry  ~ r o r l ~  Solrtr,dl or, ncct!~lcliolin.1~ of 
procluc t io~~.Several years ago, D. Y. Solandt and I 
discussed repeatedly tlle possibility that choline as  a 
dietary factor nlight control the an~ount  of neuro-
hunlor, acetylcholine available. J17hile the results of 
prelinlinary work along this line were not satisfactor- 
ily consistent, i t  ~va.; found in bonle series that stinlula- 
tion of the vagus nerve produced less eBecl in  choline- 
tleiicient rats than in controls receiving the sanie ration 
plus choline." Furthernlore, i t  was poisible to  restore 
the vagus effect by the intravenous injection of elloline 
111 these animals. This problen~ delnands a great deal 
of farther work, but if a definite connection bet~veen 
the artrourlt of clloline or its precursors in  the diet and 
the libelration of acetylcholine can be establiolled, this 
will becunle one of the rnost irtrportant aspects of this 
sul~ject.  

The  zuorlb of Dragstedt  and 71is collaborators on  t7ie 
~ I ~ L ' U P I / ~ ~ O I Zfatill 7ivrrs i ) t  rlejianrrccttiaed (logs.of 
The work of Dr. Dragstecit and his colleagurs on 
lipocaic is undoubteclly closely related physiologically 
to the stutlies on choline. I t  now appears certain, 
llowe\er, that the aclive material in  which Dr. Drag- 
steclt is particularly interestetl is not choline. My 
colleague, Dr. XcIlenry, has sugge~ted that the activ- 
i ty  o f  lipocaic in  rats lnay be in par t  due to inositol, 
but wc are all ap.eed that the experiiv~ents on no~.nlal 

20 C. H. Tiest,, D. L. LfacLc:n~and J. H. Xidout, Jour. 
Pl~!jsioZ.,83: 275-84, 1935. 

21 H. 31. Tiarret, C. 11. Erst, U. L. hfacLean ancl J. 11. 
Eitlont, Jonr. I'l~ysioT., 97 : 103-6, 1939. 

22 C. FI. Best ;lnd J. Ca~npl~ell.Joitr. Pli/lsiol., 92: 91-
110, 1938. 

2 3  13:. W. Mr.lIc~nryand G. Gaviu, Jour. Hiol .  Clten~.,140: 
Isssrii, 1.941 .  

24 D. Fi. Solautlt md C .  IT. I:cst, Nat?ae, 144: 376, 1939. 
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rats do not necessarily yield results which can be 
applied to the depancreatized dog. I t  may be that 
inositol is one of the active constituents of lipocaio 
which affects depancreatized dogs, or i t  may be that 
other active fractions are present. The extracts of 
pancreas, as  NoHenry and Gavin have shown, affect 
the fat ty  liver produced by feeding biotin. This 
"biotin" fat ty  lirer is characterized by a high content 
of cholesterol as  well as of neutral fat.  Choline affects 
cholesterol esters more slo~vly than neutral fat, and 
very large doses are required. The action of some 
active principle in  lipocaic is much more rapid. 

&IcHenry has advanced reasons for  believing that 
the fat ty  liver of the depancreatized dog i s  of the 
biotin type. Without doubt there is evidence that 
cholesterol esters are  deposited in  increased amounts 
in the fat ty  liver of the depancreatized dog. Ralli and 
her o o l l a b ~ r a t o r s ~ ~  did not obtain fat ty  livers in  de- 
pancreatized dogs fed on a diet from which the biotin 
fraction was presuinably in  part  extracted. On the 
other hand, I feel that there is also good evidence that 
the fat ty  liver of a depancreatized dog is of the type 
due to the deficiency of choline. It is quite probable 
that both types may exist together. 

I t  is important to emphasize the fact here that in  
the absence of the pancreatic enzymes, the amount of 
dietary choline, methionine or of other lipotropic fac- 
tors absorbed from the intestine may be appreciably 
diminished, and this sitnation may in part be corrected 
by providing the pancreatic enzymes in the diet. T e  

have emphasized this possibility previously and 
Chaikoff, quite independently, has stressed the same 
point. 

Dr. Dragstedt feels that he will eventually convince 
even the most skeptical that lipocaic is a second inter- 
nal secretion of the pancreas. I suppose this tsould 
be even more interesting than the demonstration that  
another dietary factor is involved in the prevention 
of fat ty  livers in  depancreatized dogs. I ~ ~ o u l dlike 
to take this opportunity to wish Dr. Dragstedt and his 
colleagues every success in  their further work. 

I n  review, let me outline the main trends of the 
choline investigations. I t  is apparent that choline is 
a growth factor ; i t  profoundly affects f a t  transport 
and more indirectly carbohydrate metabolism; it may 
be formed when the methyl groups of methionine a re  
presented to ethanolamine; i t  provides methyl groups 
for  homocystine and perhaps f o r  other substances; i t  
is thus involved in protein metabolism. I t  prevents 
hemorrhagic kidney degeneration and other lesions i n  
young rats and perosis in  chicks and turkeys. Lastly, 
i t  is o m  of the factors i n  pancreas which prevents the 
development of fat ty  livers in  depancreatized dogs. 

I n  this article I have not attempted to do more than 
to sketch a picture, the details of which can not be 
filled in  a t  this time. There are many gaps in  my 
presentation of the known facts, but i t  will perhaps 
serve to indicate the possibilities of augmenting our 
knowledge of f a t  metabolism by further studies on 
choline and the other lipotropic factors. 

T H E  AMERICAN ASSOCIATION FOR T H E  

ADVANCEMENT OF SCIENCE 


PRELIMINARY ANNOUNCEMENT O F  T H E  DALLAS MEETING 

I1 


Edited by Dr. F. R. MOULTON 

PERXANEKT SECRETARY 

S e c i i o ? ~  otz JIathematics (December 29, 30) on 
Monday morning will hold a joint session with the 
Institute of JIathematical Statistics and the Eco-
nometric Society. I n  the afternoon A. B. Coble, of 
the University of Illinois, will deliver his address as  
retiring vice president f o r  the section on "A Certain 
Set of Ten Points in  Space.'' The sessions on Tues- 
day mill be for  the presentation of contributed papers. 

S e c t i o n  ON Phys ics  and t h e  Americcr~3 -4ssociatio~3 
of  Phys ics  Teac7'eis (December 29, 30) ~-iill hold 
four  sessions fo r  the presentation of papers. On 
Monday morning the society will hold a session a t  

2 5  E. P. Ralli and W. H, Rubin, Proc. Sac. Exp.Biol. 
and Xed., 43 : 601-3, 1940. 

which four contributed papers will be presented. On 
Nonday afternoon the section and the society will 
hold a joint session at  ~vhich Arthur  L. Hughes, 
chairman of the section, will deliver his address as  
retiring vice president of the association on "Appli-
cations of Electron Scattering." Following the ad- 
dress of Dr. Hughes, V. I<.Zworykin and J. Hillier 
will present a paper on "Stereo-Microscopy with the 
Electron Microscope'' and A. Glenn Richards, Jr., 
and Thomas F. Anderson will present their results 
on ((Electron LIicrograph Studies of Insect Struc-
tures." 

The program on Tuesday will consist of two joint 
sessions at  which only invited papers mil1 be pre-
sented. 


