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plates taken at an interval of from 15 ·to 20 years. 
The largest proper motion found by this examination 
is r·o" annually belonging to B. D. 77°, 361, a star of 
9·2m. visual and ro·9m. photographic magnitude. 

Heliographic Observattons.-In the year ended May 
Io, photographs of the sun were obtained on 239 days. 

The mean daily spotted area of the sun was I40 
millionths of the sun's visible hemisphere during I914, 
as against 8 in 19I3, 37 in I912, and 64 in 191I, thus 
showing the usual rapid rise from minimum. 

Magne1ic ObservatLons.-The mean values of the 
magnetic elements for 1914 and three previous years 
are as follows :-

Year 

I9Il 
1912 
1913 

I914 

w. 
. ' 
IS 33'0 
IS 24•3 
IS I$·2 

IS 6·3 

Horizontal 
force in 

C. G.S. units 
Dip 

o· 18549 2 66 S2 "6 (3-in. needles) 
0·18548 2 66 51 46 " 
0·18534 2 66 so 27 " " 

8 8 r 66 49 27 , , 
O·I $I l66 $1 13 (dip inductor) 

The new magnetograph house appears to. be. l(er
fectly satisfactory. The arrangements for mamtammg 
constancy of temperature have so far worke_d. well, 
the indication of a set of maximum and m1mmum 
thermometers showing differences of only a small 
fraction of a degree Fahrenheit during periods of 
several weeks between successive visits of the observer 
to the chamber for the purpose of making scale deter
minations. 

Meteorological Observations.-The mean tempera
ture for the year I9I4 was so·8°, or I·3° above the 
average of the 70 years r841-I910. For the 12 months 
ended April 30, 1915, the mean temperature was so·2°. 
During the I2 months ended April 30, I9I5, the 
highest temperature in the shade (recorded on the 
open stand in the enclosure of the pavilion) 
was 92·I 0 on July r. On 2I days the highest tempera
ture in the shade equalled or exceeded 8o0

• The 
lowest temperature of the air recorded during the same 
period was 22·3° on January 23. There were 36 days 
during the winter on which the temperature fell as 
low as 32·0°. 

The mean daily horizontal movement of the air in 
the year ended April 30 was 288 miles, which is 4 miles 
above the av·erage of the previous 47 years. The 
greatest recorded daily movement was 791 miles on 
December 4, and the least 75 miles on April II. The 
greatest recorded pressure to the square foot was 
26·3 lbs. on December 28, and the greatest velocity in 
an hour 55 miles on the same day. During the year 
I914, Osler's anemometer showed an excess of 11 revo
lutions of the vane in the positive direction N., E., S., 
W., excluding the turnings which are evidently acci
dental. 

The number of hours of bright sunshine recorded 
during the I2 months ended April 30, by the Campbell
Stokes instrument, was 1573 out of a possible 4457 
hours, giving a mean proportion of 0·353, constant 
sunshine being represented by I. This is above the 
average amount, principally on account of a fine June 
and a fine September. 

The rainfall for the year ended April 30 was 24-73 
inches, being o·6r inch greater than the average for 
the period I84I-I905. The number of rainy days 
(o·005 inch or over) was I7I. September with 0·73 inch 
was the driest month and December with 6·o2 inches 
the wettest; it was, in fact, the wettest December in 
the Greenwich series, and. the three winter months, 
with 12·86 inches, the wettest winter in 100 years. 

Clocks and Time Service.-The da ily time signals 
2 The values given in last year's report have · been increased bv 2oy, 

arising from a redetermination of the moment of inertia of the deflecting 
magnet. 
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from the Eiffel tower have been regularly observed by 
Mr. Lewis and Mr. Bowyer. The mean of the times 
as observed by Mr. Lewis is +o·o26s. late on Green
wich time from 209 observations , and by . Mr. Bowyer 
+ o·o43s. late from 280 observations. The difference 
of a quarter of a second between the Eiffel Tower 
signal and the time as determined by the transit circle 
which existed two years ago appears to have been the 
personal equation of the standard observer as com
pared with the new 'impersonal micrometer. 

The ae<:uracy of the time-balls at the Admiralty 
signal stations and of the vVestminster clock is shown 
by the following table of the errors of the return
signals received at Greenwich. 

Apparent Error of Return Port· Devon- West-
Signal s. mouth land port minster 

Not greater than 0·2 271 251 293 21 
Betwe en 0·2 ando·5 13 12 14 28 

" o·s , 1·o 0 4 65 
Greater than I·o 0 0 0 74 

The Westminster clock was on two occasions only 
found to be more than 3·os. in error. 

RADIO-THERAPY: ITS SCIENTIFIC BASIS 
AND ITS TEACHINV.l 

T HE recent discovery that X-rays and -y rays can 
be detracted into spectra by the natural grating 

contained in the orderly structure of .crystals, sets at 
rest the question as to the nature of these radiations. 
They are of the same nature as light-waves, but of 
very much higher frequency-from 1o,ooo to wo,ooo 
times as high. 

The certitude of the of these three of 
radiation leads to issues of much importance to 
medical science. For medicine had for many years 
been invoking the aid of the mysterious X and -y rays 
without in the least knowing what these agents were. 
It now turns out that they are physically identical 
with light. This fact secure, medical science is made 
heir to the discoveries of photo-electric science. I 
sha ll briefly restate the leading facts of this science 

On the living cell -y or X-rays produce remarkable 
effects. The study of these effects in plants dates 
back several years. Schobert, Errera, Molisch, 
Guilleminot, and others have contributed to it. 2 The 
rays may retard cell division, .and more especially 
affect the germinating embryo. They may kill such 
cells. They may also in very feeble doses promote 
cell division. Gaskell has specially studied the effects 
of X-rays on the embryonic cells of the chick. 3 He 
found that up to a certain amount of exposure the 
embryo may make complete recovery from the in
jurious effects of the rays, but that there is a critical 
dosage beyond which recovery does not occur and 
development stops. The effects of ultra-violet light in 
setting up mitosis in certain cells of the eye are beau
fully shown in experiments by E. K. Martin (Proc. 
Roy. Soc., B85, July, 1912, p. 319). C ertain ultra
violet rays-the Schumann rays-are said to be always 
very destructive in their action on living protoplasm, 
giving rise to cytolysis and death in the cases of 
spirog yra, amceba, and other unicellular organisms, 
in less than one minute. These wave-lengths, which 
are about half the length of visible rays in the violet, 
are rapidly absorbed even in air. It has been sug-

1 B;tsed on a paper read to the members of the Dublin Clinical Club on 
March i6, by Prof. ] . Joly, F.R.S. Reprinted with abbreviations and some 
revision frOm the Scientific Proceedings of the Royal Dublin Society, vol. 

xxxyii. " . . 
2 Le Rad1um, vu., 19Io, p. 247· 
3 Gaskell. Proc. Roy. Soc., Ser. B, vo1. h:xxiii. , February, rgn, p. 305. 
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gested .that destructive organic effects are due to un
timely 

The ;physician possesses in radiation a subtle means 
of attacking the. mechanism of cell-growth, and one 
of unlimited power. It is a characteristic feature of 
true scientific advance that new powers, based on 
newly-discovered forces, are placed at _our disposa_l. 
The possibility of physical tJ:!e atomic 
linkages of organic structure and 1ts .sustammg meta
bolic processes is a recent conceptiOn. older 
practice recognised one way _only of effr:ctmg 
interference-by the interventiOn of chem1cal 
set up by . drugs assimilated through the dtgestlve 
system. Although we are to-day far. fr?m a know
ledge giving .complete control of rad1at1ve effects, I 
venture to think that these will ultimately be found 
to be more definable and manageable than medicinal 
treatment. 

Let us consider, so far as we can, what we are 
doing when we insert into a tumo'ur a needle filled 
with emanation. 

Within the tube. the radio-active transformations of 
the atom are attended by three forms of radiations. 

(I) a. rays, which are positively electrified 
atoms, and cannot pass the walls of the tube. \Vtth 
these, therefore, we have nothing to do. 

(2) Also f3 ·rays, 01 electrons, are sent out. Son;e 
of these are so slow as also to be stopped by the thm 
glass and steel walls surrounding the radio-active 
substances. But these walls are thin enough, as used 
in the technique introduced by the Radium Institute 
of the Royal Dublin Society,4 to permit a.Jarge pro
portion of them to escape. Their _velocity varies 
a wide range, some electrons movmg at speeds mne
tenths that of light. Their velocities are such as to 
give as already stated, both a line and a continuous 

when sorted out by a magne.tic field. 
These electrons are known to be the d1rect agents 

in effecting ionisation. The faste.r electro_ns 
penetrate a couple of centimetres m soft tissues, the1r 
energy dying out in the creation of ions and 
y rays. The latter are re-converted. to. f3 _rad1at1ons, 
which again take up the w-ork of wmsatwn. 
the whole of their energy, or the part of 1t, 
is, probably, ultimately spent in wo.rk of ionisa
tion : in other ·words, on work wh1ch IS capable of 
seriously modifying the chemical and molecular pro
cesses progressing in the medium. 

(3) There emerge, also, from the tube the y rays 
of Ra B and Ra C. The latter enormously pre
dominate, most of the rays of Ra B being sufficiently 
soft to be absorbed in the walls of the tubes. These 
rays, as we have seen, move with certain definite 
quanta of energy, or in integrals of a certain quantum 
in each case : in short, in trains of rays. Wherever 
they traverse atoms they give rise to f3 rays. Some of 
these, taking up the whole energy of a 
move with velocities similar to the most penetratmg 
primary f3 rays given out by the parent radio-active 
atoms. This is the inner history of 1:he events lead
ing to the ionisation of the medium according to 
recent views. 

The number of ions which these rays can generate 
in air has been computed. • In reckoning the number 
of ions two count for one, as each electron separated 

the formation of both a + and a - ion. The 
numbers given refer, therefore, to pairs cif ions. 

The quantities of the substances Ra B and Ra C 
used in the estimates are those which will be in equili
brium with one gram of elemental radium or with 
one curie of emanation. These substances alone con-

4 Stevenson, Brit. Jour., July 4, ...191., a11d MaTch 20, x9rs. 
5 Mooeley aad Robinl;On, Pftil. M"if', v<>L xxvili., September, 1914. 
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cern the surgeon when he applies radio-active treat
ment by usage of the emanatbn. The rays are sup
posed to act for orie second of time. 

From f3 rays of Ra B 
f3 , Ra C 
"Y 
"Y " 

" 
RaB 
Rae 

0·325 x ro' 5 

o·64 x ro'5 

o·o84 x ro' 5 

!·134 X 1015 

Total 2·183 x ro' 5 

Now it is of interest to estimate what these num
bers .;ould represent in the therapeutic use of these 
radiations in body-tissues, on the ass).lmption that the 
energy is in a similar degree expended on ionisation 
-an assumption which may approximate to the facts, 
seeing that the mere state of aggregation-solid, 
liquid, or gaseous--.:.should not much affect the results. 
I take the volume of an average cell · as x 10- • 
cubic ·centimetres, which is the volume of a cube 
r f sao of an inch on the edge, 

I shall assume the surgeon inserts the radio-active 
needles, containing the emanation one centimetre apart, 
and that he has only one millicurie in each· needle, 
the radio-active length of the needle being one centi
metre. I shall also assume, · as a approximation, 
that the radiations are completely absorbed within the 
boundaries of the tumour being treated. 

The number of pairs of ions generated per second 
by one milliCurie will •be 2-18 x 1012• And as the 
needles are one centimetre apart, we have this number 
generated per cubic centimetre. In a single cell the 
number is 272 x ro• pairs of ions. 

In actual practice there may be about five millicuries 
in each needle. We have then, theoretically, more 
than 1·3 million pairs of ions generated per cell per 
second. The assumption that all the rays are absorbed 
in the tumour is not accurate, and again the numbers 
given apply to quite unscreened radiation only. The 
softer f3 and y rays suffer absorption in the glass and 
steel envelopes. This loss applies chiefly to the rays 
from Ra B. In order to make a safe allowance for 
these sources of error, as well as for the loss of the 
most penetrating of the y rays of Ra C which escape 
from the tumour, I take so per cent. of the calculated 
number of ions, that is, 136,ooo pairs of ions per cell 
per millicurie per second; or, in the working condi
tions, 68o,ooo per cell per second. In exposures 
measured by hours the numbers rise to thousands of 
millions : in ten hours to twenty-four thousand millions 
of pairs of ions per cell. 

These figures are instructive, whether they represent 
entirely effective and useful ionisation or not. Even 
if only a small fraction is usefully expended, they 
reveal the power of radio-therapeutic methods in con
trolling or initiating chemical changes within the cell. 

The effects of this powerful ionisation on the cells of 
the body have been demonstrated repeatedly by micro
scopic examination. I would refer more especially to 
the fine series of photographs obtained by A. Clifford 
Morson on carcinoma and sarcoma before and after 
exposure to radiation. 6 After treatment for twenty
four hours with go mgrms. of radium the obliteration 
of structure is far advanced, or even, to all appear
ance, complete. In the case of healthy cells of the 
rat, Lazarus-Barlow has shown that considerable expo
sures may produce no more than temporary distul'b
anoe of growth, and that even while treatment is pro
ceeding the)cells may become again apparently no'rmal. 7 

The important point has frequently been brought out 
that the healthy cell behaves as a less sensitive system. 
This of course, is at . the basis of radio-active treat
ment. It is not improbable that a dosage which will 

IS Morson, of the Middlesex Hof;pital," xxxiii., p. IIO. 
; Lazarus· Barlow, loc. cit., p. 34• 
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do no more than stimulate mitosis in <1 healthy cell 
will suffice to destroy the less stable cancer cell. The 
latter is, indeed, so unstable towards the ionising 
effects of the rays that a very small dose will arrest 
development, and even cause the destruction of the 
cell. A tube guaranteed to contain five milligrams of 
pure radium bromide was several times applied to 
cases of cancer in this city, the tube being screened 
with thin sheet-lead and applied externally. It was 
afterwards found that the tube contained but o·S 
mgrm. of radium element. This was, therefore, . a 
very small dosage. All the results obtained were, 
however, beneficial. The whole subject is probably in 
its first stages of investigation in spite of the work 
which has been done. 

Failing the guidance which investigation will assuredly 
one day give us, it is interesting, and, possibly, impor
tant to discus.s the cell as a photo-sensitive molecular 
system, and in so far comparable with another photo
sensitive molecular system, the study of which is 
less difficult to pursue. 8 

Of all photo-sensitive systems with which we are 
acquai nted the photographic film is at once the most 
accessible to observation and the best understood; 
although in this, no more rthan in any other case, 
is our knowledge complete, or our views always 
capable of actual demonstration. W e know it to con
sist of halogenised molecules emulsified in an organic 
colloid, the relations of· salt and colloid being probably 
complex, and such that they react one upon the other 
in responding <to the photo.elec·tric effect. Certain 
features in common with the cell will be recognised 
in this statement. It is, indeed, possible that we 
might apply it word for word as a general description 
of the activity of the cell as a photo-sensi.tive system. 

The photograph is an effect of photo-electric activity. 
This activity, which operates during exposure, 
generates the latent image. The latent image is 
afterwards acted on by the developer, and the negative 
produced. 

In this process we start with a halide of silver, 
loosely combined with fhe complex molecule of the 
gelatine, or in a state of solid solution, the instability 
of the silver halide being increased by its immersion 
in the ·gelatine according to principles which have 
been pointed out by Sir J. J. Thomson, in the case of 
ordinary solutions in water.• We end up with 
separated metallic silver. The process is, <then, one of 
reduction on the whole. But it is effected in two 
stages. First, the photo-electric action; then the 
chemical action of the developer or reducing agent on 
the latent image. 

The view that the process of formation of the latent 
image is founded in the expulsion of the electron 
under the photo-electric force is supported by many 
circumstances. 10 ••• 

What may be described as a state of static ionisation 
is set up, the discharged electrons creating negative 
ions by attachment to the gelatine surrounding the 
silver-bromide-gelatine systems, and forming an 
electro-nega-tive region which may be regarded chemic
ally as ·comparable to an increase in negative ionic 
concentration. 

The de¥eloper acting at this stage-i.e. when the 
latent imaj:(e has been formed-finds the process of 
reduction facilitated by these conditions. For the 
developer is essentially a reducing agent, and the 
latent image represents a temporary release of. the 
positive silver ion from attachment to the chlorine ion, 
the latter having lost its ·charge. 

The latent image is, in short, one stage in the re-

8 Jo1r., Proc. Roy. Soc., Ser. B, val. Jxxxviii., 1914. 
9 J .. Thonison, Phil. Matr., vol. xxxvi., 1893, p. 320, 
10 Joly, NATURE, val. lxxii., July 27, 1905, p. 
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duction of the complex silver bromide molecule. But 
it is a stage reached by physical means, and owes its 
stable character to the solid nature of the medium in 
whiCh it is immersed. Nevertheless, it runs down in 
course of time and disappears; the negative electron 
gradually being attracted back to the central positive 
system, and re-combining with the chlorine whence 
it came. The process of destruction may be accelerated 
by over-exposure to light, X or y rays. This is the 
phenomenon of r•ever.sal or solarisation. The probable 
explanation is that by continued exposure the electro
static stress set up by electronic segregation accumu
lates to the point of rupture, and there is a hurried 
return of the electron to 1ts starting point under the 
electric stress. 

The latent image may also be induced by friction, 
pressure, or, generally, by mechanical irritation of the 
film. The action of the mechanical stimulus is probably 
to induce directly the separation of electrons, i.e. to 
promote the negative ionisation. A latent image so 
formed can be reversed by radiation. 

The reversal of the latent image may, in some cases 
at least, be effected by the infra-red and the heat 
waves. This might have been anticipated from the 
theory given above, for we would expect a feeble 
displacement of the electrons by the long waves, under 
which effect they would re-combine. 

We have now to consider the formation of the latent 
image by chemical means. 

If the . latent image is essentially the result of a 
partial reduction of .the silver halide we should expect 
its creation by reducing agents. The developers and 
sensitisers, in point of fact, genet'ally create the latent 
image, and act most effectively when alkaline, e.g. 
pyroga!J.ol, gallic acid, tannin, aqueous solutions of 
nicotine, and-it is stated 11-alkaline solutions of 
lactose and glucose. These substances, acting as 
developers, must, whatever stages may intervene; ulti
mately neutralise the charge upon the positive silver 
ion in the emulsion, setting 1t free as metallic silver. 
The effects are probably continuous with those of 
radiation in creating the latent imag-e. Dilute solu
tion of ammonium hydrate alone will give the latent 
image. Some substances act as sensitisers, or owe 
their special efficiency as developers to their active 
absorption of the 1-.alogen. 

As opposed to <the effects of the concentration of 
the negative hydroxyl ion in alkaline development, 
the action of the positive hydrogen ion upon the latent 

\ image is to inhibit its growth, or reverse it if already 

J 

formed by light or otherwise. This result is made 
apparent by· introducing a very weak solution of a 

) mineral acid. The oxidation of · the reduction product, 

I 
or the re-halogenisation of the partially reduced silver, 
may be involved, according to the nature of the acid 
used. The feature common to all acid intervention 

the increased concentration of the positive hydrogen 
IOn. 

The photo-sensitive molecular system of the film can 
exist in different states of sensitiveness; ranging from 
a highly sensitive to a relatively insensitive state. The 
behaviour of the "ripened" emulsion of the fast plate 
(i.e. of an emulsion which has been subjected to a 
process of prolonged heating)· is similar in kind to 
that of the "unripened" emulsion of the slow plate, 
but in the former all the phenomena are relatively 
advanced. The latent image is sooner formed under a 

exposure, and much more· readily reversed. 
Chemital ·effects are correspondingly accelerated. The 
grain of the sensitive or ripened film is much coarser 
than that Of the slow or unripened film. 

We now rturn to the living cell. 
We find that radiation may, if carefully modulated, 

11 Meld·ola, "Chemistry of Photography" (Macmillan, 1891), p. '90· 
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stimulate, and, if too intense, retard its growth, 
ultimately destroy the molecular structure reqmred 
for mitosis. In so far the effects on the growth of the 
c,ell-superficially, at least-resemble those on the 
formation of the latent image. 

It is also found-and, as already stated, the whole 
efficacy of radio-active treatment ·turns upon this
that in the case of the pathological cell these pheno
mena appear all in advance of the like ·effect in the 
normal cell. There ·exist then states of the cell differ
ing in sensitiveness towards radiation just as there 
exist differing states of the film. 

The accelerated mitosis and growth of the patho
logical cell appear in some cases to be traceable to 
repeated mechanical stimuli. This is parallel with the 
formation of the latent image by similar·stimuli. 

Finally, the destruction of rthe pathological cell is 
said to be brought about by thermal radiation of a 
certain intensity. A. method of treatment has even 
been founded on this. The parallel with the latent 
imai;e also appears here. 

There is, then, a very complete parallel between the 
effects of radiative and mechanical stimuli in both 
cases, the latent image and the cell. The formation 
of both may be promoted by radiation, and by the 
same radiation in excess may be finally destroyed. 
It seems permissible to ask if the same parallel does 
not extend to more definitely chemical effects. The 
point is important, not only on the score of the. con
venience and accessibility of the plate as a means of 
investigation, but because of certain conclusions which 
can be drawn from already known data, and which 
possibly possess a bearing on what is termed the 
cancer oroblem. 

We may state the argument thus :-We find certain 
chemicals producing in the film what are to all appear
ance identical effects with those generated in it by 
radiation. And reasoning from the fact that radiation 
produces parallel results in the case of the cell and 
the film, we ask if those chemicals which affect the 
latent image in the direction of acceleration or re
tardation may not also in like manner affect the cell. 
The view that this question is legitimate is supported 
by some observational facts, as will presently appear. 

But first it is necessary to look more closely at what 
may be really involved in comparing the formation 
of the latent image with the growth of the cell. If, 
at any stage of its metabolism, a partial (or complete) 
reducing action takes place in the cell in which the 
halogen and the colloid present take a part, the simi
larity between the two results may be more than a 
parallel. It may be based on actions chemically or 
physically identical, or practically so. There may, in 
fact, exist, as a stage in the life of the cell, relations 
between the negative halogen ion, a positive ion united 
with this, and the protoplasm, similar ,to that prevail
ing among the elements of the film. If such exist, 
the explanation of the resemblance in the response 
of the two systems towards differ·ent agents, physical 
and chemical, is at once forthcoming. We are not in 
this case involved in· the statement that the growth 
of the cell and of the latent image are parallel actions 
beyond the inference that a certain molecular re
arrangement necessary for the growth of the cell is 
similar in character to what is presented to our study 
in the formation of the latent image. In a sense the 
formation of the latent image is katabolic, that of the 
cell is anabolic. \Ve are not, however, forcing a com
plete comparison between them, nor do the observa
tional faCts call upon us to do more than recognise 
some photo-sensitive molecular prbcess involved in cell
growth' similar to one involved in the formation of 
the latent image. 

There seems to be no doubt that the growth of the 
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cell is highly sensitive towards ionic 
Confirming and extending the results obtamed by 
Loeb in 18g8, and using simila: methods, !'foore, 
Roaf, and \Vhitley have by dtrect observa_twns on 
the embryonic cells of Echmus that even small mcrease 

in the concentration of the negative ion (HO) will 
accelerate gmwth. 12 But if the alkalinity be. increased 
yet a little, pathological mitoses thetr 
ance, and at a slightly greater alkaltmty th_e chemteal 
actions necessary for the life and metaboltsm of the 
cell are inhibited. On the other hand, an increased 

+ 
concentration of the positive ion (H) from the first 
retards, and, if further, _inhibits! 15rowth. 
parallel with the actton of alkalme senstftsers and and 
retarders upon the film is obvious. . 

Observations showing an abnotmal lowenng of 
acidity in the digestive secretions of cancerous patients 
have been made by several investigators. Messrs. 
Moore, Roaf, and Whitley in 1905 found that the 
diminution of hydrochloric acid in the stomach was 
independent of the location of the disease. 13 Copeman 
and Hake, in IgoS, published results failed to 
confirm those of Moore. 14 The questton as regards 
the secretion of HCl cannot be regarded as finally 
settled. But a lowering of acidity as a fre,quent 
feature in cases of malignant disease seems to be 
accepted as proved. With old age a similar pheno
menon is observed, and with advancing years the 
liability to cancer increases. 

These facts suggest that the antagonistic ac!ion of 
the acid and the alk'fli in the cell is parallel wtth the 
antagonistic action of restrainer and sensitiser upon 
the film. The latter may be illustrated by a simple 
experiment on the film. A latent image is formed on 
a dry f!late, either ?.¥ brief exposm:e t? light or by 
applicatton of a senstttser. The appltcatwn of a wash 
of very dilute HCI left on the plate a couple ?f 
minutes will then obliterate the latent Image, as wtll 
be found upon applying a developer. The effect is 
best obtained with highly dilute add. Such a strength 
as is said to prevail normally in the secretion of the 
stomach-o·2 to 0·4 per cent.-works effectively. . 

The possibility that substances which act as senst
tisers or restrainers on the film may act to promote 
or retard mitosis in the cell must be admitted from 
these results, some of which are obtained by direct 
experiment on the living cell. 

The fact that cancer of tongue, lip, and throat, 
and generally of parts around the mouth, is chiefly 
confined to the male sex has before now been regarded 
as raising a suspicion as to the injurious effects of 
tobacco smoking. 15 

The .effects of a solution of the volatile substances 
evolved from burnt tobacco, upon the film, support 
this inference. If tobacco smoke is bubbled through 
water and a little of this water is poured on the photo
graphic plate in. the and washed off, a 
vigorous latent tmage wtll be obtamed, as develop
ment will demonstrate. 

Now C. and R. Hertwig and Galleotti 16 mention 
nicotine as one of a few substances which they found, 
by direct observation on animal cells, patho
logical mitosis and derangement of c;ll-dtvtston closely 
similar to those which are observed m cancer growth. 

It is evident that we may find, in this indica-
12 Moore, Roaf, and Whitley, Proc. Roy. Soc., Ser. B, vol. lxxvii., October 

Moore, Roaf, and Whitley, Proc. Soc., Ser. B, vol. lxxvii., May, 

anci Hake, Proc .. Roy, So7 .. Ser. R, vol: June, IQoS. 
15 Statistics of cases tre:lted m the 1\ltcldles,.x m 19r3 that 

the number of of the kind in the male and female sexes stand as 8.3 : t. 
Archives, xxxiii .. p. 2. S B 1 

16 Referred to by _Moore, Roaf, and Whi_tley, Proc. Roy. Soc., er. , vo · 
xxvii., October, 1905. 
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tion of the film, support for our line of reasoning. 
The substances present in tobacco-probably the in
tensely alkaline substance nicotine in chief-set up in 
the cell those same electro-negative conditions which 
cause or assist it to. promote the formation of the 
latent iqiage, and in this way locally precipjtate a 
state of mitotic instability which from other causes
to be presently discussed-may prevail as a tendency 
throughout the body cells of the patient. Local 
mechanical stimuli may contribute. It is, ·of course, 
not impossible that in many cases of the kind the 
effect is so far due to the focal causes that but for 
these the cancer would not anywhere have invaded 
the body. 

According to Dr. W. S. Bainbridge ("The Cancer 
Problem," p. 67; New York: The Macmillan Co.), 
"cancer of lip, tongue, cheek, and buccal mucous 
membrane is of relatively frequent occurrence in both 
sexes in India, in consequence of the chemical irrita
tion produced by the chewing , or holding in the 
mouth, of a of betel leaves, areca nut, tobacco, 
and slaked hme." 

The seeds of Areca catechu a re rich in tannin and 
also contain arecolin, an alkaloid closely related to 
nicotine, being, in common with it, a derivative of 
pyridine. Choline, a strong ·base answering the 
general reactions of alkaloids, is also present. The 
betel leaf is the leaf of Piper betle, and contains yet 
another alkaloid of the pyridine g roup-piperine (Haas 
and Hill, "Chemistry of Plant Products"; London : 
Longmans, Green and Co., 1913). It is worth noting 
tha t in this case both sexes suffer the increased 
liability to mouth cancer, and both sexes indulge in 
the habit. 

An increase in the number of deaths from malignant 
disease .. within recent years is admitted by high 
a uthontles to be the only conclusion we can draw 
from the statistics, after every allowance for error has 
been made. 17 Modern advances in surgical and medi
cal science undoubtedly enable life to be prolonged in 
many cases, or ·even cure to be effected where formerly 
speedy death alone must ensue. This ought to be a 
set-off against improved diagnosis as a source of error 
in the sta·tistics. If this increase is a fact, we have 
to look a round for the cause. It is, assuredly, not 
founded in anything of an evolutionary nature. I say 
this beca use if its origin be in the cell itself, a very 
profound ·change-profound because seated in the 
primary organic structure-must be supposed to have 
taken place within a few decades. Indeed, if the 
increase is what we iudge it to be from the figures, it 
has taken place within a single genera tion, or at most 
two generations. This quite precludes evolutionary 
change acting through Mendelian factors. The view 
that some general body-change is involved appears to 
be supported by the fact that local causes will initiate 
the disease in some subjects and not in others. Conse
quently we .must look to some article of diet or some 
custom of life which can reach and a ffect the stability' 
of the cell. There are obvious difficulties in laying 
the blame for a change so deep-sea ted on a custom. 
Moreover, we look in vain for any custom at all likely 
to be responsible. When, however, we come to the 
possibil!ties of diet, we see much less difficulty. 

In v1ew of what has already been stated it is 
t«;> pursue the matter yet further, to 

ask tf w1thm recent years we are not taking into 
our bodies more abundantly than formerly some sub
stance substances which might be held responsible 
for the mcrease of cancer. Many accustomed articles 

17 Se,e " Encyclopa:dia Britannica," last ed. , Art. Cancer . Statistics for 
m EnJZian_d and (1912) show the highest mortality till tht:n 

(Daz/y Mat! Ye,rr Book, IQIS.} The more recen tly issued 
s·att:,Ucs for 1913 reyeal a !-.till death rate. 
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of diet may, doubtless, contribute in some degree 
towards abnormal cell mitosis and yet be quite harm
less under the conditions of consumption. As already 
stated, it is known that alkaline solutions of lactose 
and glucose possess the parallel qualities required for 
affecting the photo-sensitive films. I have not ob
tained this action on the ordinary dry plate, nor got 
any latent image with ordinary sugar in alkaline 
solution. Milk, however, gives a faint effect, and this 
may be due to lactose. Sugar is an at·ticle of diet 
the consumption of which has increased in modern 
times, and the evidence for its sensitising activity-

! 
either directly or indirectly-should not be lost sight 
of as possibly concerned in the cancer problem ; 
although it must be regarded as a priori improbable 
that a great natural food would act in this way. 

A more suspicious substance is found in tannin. 
This substance enters, as all know, largely into the 
composition of teas of all varieties to the extent of, 
usually, II to 26 ,per cent. ; and 6o to So per cent. of 
this is obtained in the normal extract. Tea, as an 
article of diet, has replaced all other beverages in the 
light meals of the day. This especially applies to the 
better-off classes. In former years ·this beverage was 
only taken at "tea-time." The cancer statistics 
when compared with the •statistics for the consumption 
of tea in this country show features in common. Both 
curves rapidly rise for several decades preceding the 
last, and within recent years show a somewhat less 
rate· of increase.'" 

As reg ards the consumption of tannin in other 
countries, it is to be remarked that this substance 
enters into coffee to the extent of about 22 per cent., 
and is present in red wines. Obviously without 
statistics both as to the consumption of tannin
containing beverages and of the · prevalence of cancer 
we ca nnot discuss the geographical evidence. It is 
stated · that in China cancer has long been a prevalent 
disease. In Australia tea is said to be largely con
sumed. The cancer death-rate is reported to be as 
large as in Great Britain, and to be increasing. 

Tannin or gallotannic acid is itself a photographic 
sensitiser, and has long been known as such. It 
absorbs the halogens.'• It is the parent substance of 
a complicated and only partially studied group of 
substances in which the reducing properties required 
for development and sensitisation seem to prevaiL 
Thus gallic acid, a derivative which does not coagulate 
albumen, and is said to be absorbed in .the body by 
administration of tannic acid, is a developer and 
sensitiser. Another derivative is the powerful developer 
pyrogallic acid, which along with gallic acid is stated 
by some writers to be excreted by the kidneys. As 
transported in the circulatory system these substances 
must, of course, acquire neutral or faintly alkaline 
characters. Other substances which possess the re
quisite reducing properties, and are constituents of the 
complex tannins, are pyrocatechol and hydroquinone. 

Thein (or caffein) does not appear to exert more 
than a very feeble effect on the film, even when in a 
state of saturated solution, either neutral or distinctly 
alkaline. This substance is stated to be excreted un
changed. 

If the increased prevalence of cancer is wholly or in 
part traceable to the increased consumption of tannin, 
we must regard the derivatives of this substance as 
predisposing the cells throughout the body to the inci
dence of the disease. The appearance of the disease 
at any particular point in the body is probably deter
mined by local stimulus of cancerous mitosis. The 
view suggested is that a general instability or irrit-

1B Compare given for in Thorpe's 11 Dictionary of 
Applirct Chemistry," art. Tea. with the Cancer Tables in Burns's "Vital 
Statisticc: Explained. " (London: Constable, 1914.) 

IU Meldula, loc. cit. , p. g8. 
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ability is promoted throughout the body cells by this 
substance tannin; or rather, by. the derivative or 
derivatives of it which are absorbed in the body; the 
effects being mainly due to the reducing properties. 
A state is at length reached after long and excessive 
absorption of the injurious substance in which local 
causes are competent to precipitate the pathological 
mitosis and cell proliferation. These causes are 
various. It may be a local chemical stimulus, as by 
the application of a powerful sensitiser such as nico
tine, or possibly "nut-gall ointment." Other local 
causes, as has often been suggested, may be the 
increased mitotic activity prevailing in the organs of 
generation. Here there is already a local approxima
tion to the conditions induced by increased electr·o
negative ionisation. Dr. Lazarus-Barlow's results on 
the segregation of radium in cancerous tissues may 
indicate yet another local cause. Mechanical stimuli 
are probably for the sweep cancer, etc. 

The frequent recurrence of cancer after its local 
extirpation or destruction follows as a matter of course 
according to the present views. For, even apart from 
metastatic spread of the disease, the local cure is 
likely to be only temporary if the patient continues 
to absorb the sensitising agent into his system, or, 
possibly, has already permanently affected his tissues 
by its use. Where so much is involved, should not 
the physician consider the advisability of the denial 
to the patient of tannin-containing beverages? 

The effect of tannin as an influence on mitosis is 
very p'robably responsible for the phenomenon of 
"vegetable cancers " or galls on trees or shrubs. Galls 
may contain up to 75. per of tannin. These 
growths originate under the stimulus of irritation by 
some insect. · Pfeffer, Sachs, and others have recog
nised that taimin in plants is abundant in places where 
growth is. specially active; such as growing points, 
pathological growths, anq places where the proto
plasm is specially irritable?" We must remember that 
when we come to the cell there is not so much to 
differentiate the vegetable from the animal. 

LIBRARY PROVISION AND POLICY. 

THE Carnegie United Kingdom Trustees have pub
lished the parts which are. not of a confidential 

character of a report on library policy prepared for 
them by Prof. W. G. S. Adams. Though the Trustees 
do not commit themselves to the policy or the recom
mendations of the report, they consider it will be of 
interest and value to those concerned in the develop
ment of public libraries in this country. 

It seems that Mr. Carnegie has made 295 grants to 
rate-supported libraries, amounting to a total sum of 
1,768,404!. Most of these grants extend over the 
period from 1897 to 1913, and vary from 4ool. to 
·I2o,oool. The grants have been almost exclusively 
for library buildings, including in many cases fur
nishing, but not for endowment, maintenance, 
librarianship, or the purchase of books. 

A table provided in the report shows that few 
among the libraries which have received these grants 
spend more than 15ol. a year on small sum 
if a library is to be kept moderately efficient, and 
that 120 libraries have an expenditure on books and 
binding of not more than sol. per annum. 

The chief criticism Prof. Adams offers concerns 
grants made to centres which have been unwilling or 
unable to support a library on the scale which Mr. 
Carnegie provided. It may be summed up in the 
word "overbuilding." Libraries have, in a number 
of cases, been involving a scale of expendi-

:lo Haas and HilJ, "Chemistry of Plant Product.-;;." (Lon jon: Longmans, 
Green, and Co., I;1I3.) 
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ture on upkeep which left no sufficient means for the 
main purpose and object of the library. Buildings in 
several instances costing IO,oool. or even larger sums 
have been erected, the upkeep of which absorbed the 
greater part of. the income from the 1d. rate, leaving 
a mere pittance, and in some cases not even that, for 
the purchase of books. In certain instances, where 
there had previously been a library on smaller pre
mises, the gift of the larger building has ultimately 
involved a reduction in the expenditure on books. In 
many cases there is not an adequate income to provide 
a librarian worthy of the building and competent to 
create the true library. The criticism thus reduces 
itself to the error of overbuilding. The suggestion 
is frequently made that libraries in small towns would 
have been more truly assisted by smaller buildings 
and an initial grant in aid of the purchase of books. 

Among suggestions for future action made by Prof. 
Adams is the assistance of libraries of a specialised 
character. He urges the claims of special libraries 
to provide literature for the blind, and for doctors in 
rural districts. Referring to the latter, he says :-

"It has been brought to my attention by Mr. 
MacAiister, the secretary of the Royal Society of 
Medicine, with its most valuable medical library, that 
it would be a great benefit, especi21lly to doctors in 
country districts or poorer town districts, to have 
available a circulating library providing them with the 
special literature which they may wish to consult, 
but which they cannot afford to purchase. It is 
evident at the present time, with the great develop
ment which is taking place in medical science, that it 
is not easy for the practitioner to keep himself in 
touch with the literature which is of service to him. 
Yet the value of a special library for this purpose 
would be great, and would react undoubtedly upon the 
well-being of the community. Technical and scientific 
literature is expensive, and I understand that it is 
with such an object in view that there has been estab
lished in the United States the Surgeon-General's 
Library at Washington, which circulates medical 
books and journals to practitioners throughout the 
United States." 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

A REUTER message from Cape Town on June 4 
reports that Mr. Marais, late member of the Union 
Assembly for Stellenbosch, bequeathed wo,oool. for 
the establishment of a university there. Mr. Marais 
was a Hertz.ogite, and the request is regarded as a 
counterblast to the Wernher-Beit bequest of soo,oool. 
for the Central University of Grooteschuur, which the 
Hertzogites opposed. 

MR. FRANK FINN, official guide to the Horniman 
Museum and Library, Forest Hill, S.E., attends at 
the museum on Saturday and Wednesday afternoons, 
when his services are at the disposal of visitors, and 
on Saturday mornings, when his attention is mainly 
given to teachers. No fee is charged. Applications fo;· 
the guide's services for ·special parties should be made 
to the Curator of the Museum. 

WE learn from Science ·that the Circuit Court of 
St. Louis has confirmed the will of the late James 
Campbell, who left his entire estate to St. Louis 
University School of Medicine, subject to a life tenure 
of his wife and daughter. His estate is valued at from 
1,2oo,oool. to 2,ooo,oool. From the same source we 
find that the late Mr. 'Vard N. Hunt, of Needham, 
Mass., has made Dartmouth College residuary legatee 
f(}r 4oool., to establish scholarship funds to be knovm 
as the Hunt scholarships. 
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