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Introduction. 3

on the living body, and in applying these, or avoiding them,
so as to obtain the desired result, either of preventing the
oceurrence of disease, or of converting the state of disease
into that of health. It is to the extent and correctness of
our knowledge of these agencies that the perfection of the
art of physic must consist.”*

The remarks just quoted apply with considerable force to
the study of the malady which is the subject of the inquiries
and experiments deseribed in the following pages.

§ 5. Hay-fever or hay-asthma was first known in this
country, and may, indeed, be said to have had its birthplace
in England. It was first described by Bostock, in the year
1819. In a paper read before the Medico-Chirurgical Society
of London, he gave an account of a case which was termed
¢ A Case of the Periodical Affection of the Eyes and Chest,}
and which was, in reality, a description of his own case.
Herberden had previously mentioned] such a catarrh as is
understood to have been what is now termed hay-fever, but
he does not seem to have known anything of its real nature.
Cullen also remarks tha’ in some persons asthmatie fits are
more frequent in summer, and more particularly during the
dog-days, than at other colder seasons of the year. In 1828
Dr. Bostock read a second paper§ on this subject before the
above-named society, and gave a more lengthened and exact
account of the symptoms of the Jisease.

§ 6. In the time which had elapsed between the reading
of his first and second papers, Bostock had either seen or
had received ‘distinet accounts of eighteen cases besidles
about ten others in which ‘the accounts were less perfect.’
In the latter communication the disorder was designated
‘catarrhus sestivus,” or ‘summer catarrh, It is by this

* Medical Logick, by Sir Gilbert Blane. London, 1819.

T “Case of a Periodical Affection of the Eyes and Chest,’ by John
Bostock, M.D. Medico-Chirurgical Transactions, London, 1819, vol.
X. part 1. pp. 161—165.

I Commentary on the History and Cure of Diseases. 4th edition.
London, 1816. Chap. ¢ Destillatio,’ p. 113.

§ “On Catarrhus /Estivus, or Summer Catarrh,” by John Bostock,
M.D.  Medico-Chirurgical T'ransactions, 1828, vol. xii. p. 437—446.
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Introduction. 5

by the greater prevalence of those conditions which act as
predisposing and exciting causes,

§ 10. This increased interest in the disease has shown
itself in the publication of numerous articles on it in the
periodical medical literature, and the works of various
writers on systematic medicine on the Continent, in America,
and in this country. There have also been several trea-
tises published in a separate form during the last few
years. Among the principal of those which have been pub-
lished in this country may be mentioned those of Dr.
Abbotts Smith* Dr. Pirrie,f and Dr. G. Moore.] In
America an excellent work§ has been published by Dr.
Morrell Wyman, and also one by Dr. Beard.| Of these I
shall have to speak further on. Although the disease has
been more prevalent in England and in America than it is
in any other part of the world, it is to a German author
(Dr. Phoebus, professor of medicine at Giessen,) that we are
indebted for the best monograph¥ that has yet appeared on
hay-fever d*

§ 11. In speaking of the disease having been brought so
recently under notice, Bostock, in his second paper, pub-
lished in 1828, says: ‘ One of the most remarkable circum-
stances respecting the complaint is its not having been
noticed as a special affection until the last ten or twelve

* Observations on Hay-Fever, Hay-Asthma, or Summer Catarrh,
by Wm. Abbotts Smith, M.D., M.R.C.P. Lond. London, 1865. 2nd
edition.

t On Hay-Asthma, or the Affection termed Hay-Fever, by W,
Pirrie, M.D., &e., &e. London, 1867.

T Hay-Fever, or Summer Catarrh: its Causes, Symptoms, Preven-
tion and Treatment, by George Moore, M.D. London, 1869.

§ Autumnal Catarrh (Hay-Fever), by Morrill Wyman, M.D. New
York, 1872,

| Hay-Fever, or Summer Catarrvh: its Nature and Treatment, by
Geo. M. Beard, M.A., M.D. New York, 1876.

T Der Typische Friihsommer Katarrh oder das sogenannte Heufieber,
Heuasthma, von Philipp Pheebus, M.D., &e., &c. Giessen, 1862,

** It is to this work that I am indebted for the names of man of

the foreign authors, and for those of several of the English authors,
Wwho have written on hay-fever.







Introduction, 7

sight to resemble hay-fever, but when tested in the manner
described in my experiments, the patients were found not wo
be amenable to the same influences as those who suffer from
the genuine disease.

§ 14. In perusing the literature of hay-fever one is struck
with the great variety of opinion which prevails upon its
causes, and also, in some degree, upon its nature, but more
especially with the small amount of success which has ap-
parently attended its treatment. This want of unanimity
of opinion on its causes, and the want of success in its treat-
ment, have perhaps been the most marked where medical
men themselves have been the subjects of the malady ;
whilst, on the other hand, singular as it may appear, those
who seem to have been the most fortunate in treating others
lave themselves never suffered from the disease.

This diversity of opinion and the failure which has
attended the efforts to cure the disorder may be, and pro-
bably are, to some extent, due to the absence of any attempt
to prove by inductive methods of experimentation the
precise nature of its causes, and also to not endeavouring to
ascertain by the same means the relative value of the
remedies used in its treatment; and, to use the words of a
recent writer, it is ‘a matter of astonishment that greater
etforts have not been made to elucidate the doubtful points
relating to its history, causes, and treatment, and thus to
obtuin a more certain guide to the relief or cure of the
disease,” ¥

§ 15. In the course of my reading on this subject I
tecame convinced that before we could say we had got hold
of ‘the sum of the facts’ to which the disease owes its
existence, something more than had already been accom-
plished needed to be done. It seemed to me that we had
hitherto failed to grasp the idea that ‘ the cause cannot be
anything which is present in other cases where the given
effect is not produced, unless the presence of some counter-
acting cause shall appear to account for its non-production.’f
_F’. Preface to Dr. Abbotts Smith’s first edition of his work on Hay-

cver,

T Archbishop Thomson's Quiline of the Laws of Thought.



8 Experimental Researches on Hay-Fever.

§ 16. Tn regard also to the mass of evidence already
collected, there seemed to be a great need of this being
sifted and re-arranged on a more logical method ; and, more
than all, there appeared to be a necessity for a collection of
additional facts in order that we might fill up the missing
links in the chain of evidence, so as to give us the means of
a closer and more correct generalisation. The annual recur-
rence of the malady at a given period of the year, the
almost certain departure of it after a given time, the entire
freedom from it which most patients enjoy for the greater
part of the year, the absence of any dangerous symptoms,
except in rare cases, as well as the non-occurrence of sequele
of a serious character, seemed to offer opportunities for safe
experimentation such as are rarely found in any other com-
plaint, whilst the presumed exciting causes were such as to
present no great obstacle to their being fairly tested during
the intervals of freedom from the disorder.

§ 17. If any reason needed to be given for the investiga-
tions having been undertaken by me, it is partly furnished
in the remarks made above, but principally by the eircum-
stance that I have myself been a sufferer from this curious
malady for more than twenty-five years. Although I had
in the earlier years of my attacks carefully read over most
of the scanty bits of the literature of the disease then exist-
ing, I had not been able to form any very definite and settled
notion of the nature of the cause. I was inclined to re-
gard heat as the principal exciting cause, but my experience
did not quite coincide with the opinions of those who had
written on the disorder, and this experience had, unfortu-
nately, compelled me to come to the conclusion that, until
something more was known than I had learned from the
writings of others or from my own previous observations,
there was no chance of escape from the annual torment. I
had thus a personal interest in getting a more thorough
knowledge than I then possessed of all the phenomena of
hay-fever.

§ 18. The experiments, which I have to describe in suc-
ceeding chapters, were commenced in the year 1859, but
owing to various circumstances, which were not controllable

























16 Ewperimental Researches on Hay-Fever,

anthum odoratum.! He had been inclined to adopt this
view by noticing that ¢ whenever the patient remained
closely shut up in a house, even though this was situated in
the midst of the richest grass, he suffered considerably less
than if he walked abroad into the fields: and if be removed
from the country to the centre of a large town he was never
at all affected ; but the moment he came into or approached
a meadow he immediately began to sneeze, and returned
home with wheezing and difficult respiration.’

§ 28. In summing up his observations Gordon says: ‘I
have said that the Anthozanthum odoratum seems to be
the principal exciting cause of hay-asthma, and T am in-
duced to come to this conclusion—first, because this plant
is one of the most strong-seented of the- grasses; and
secondly, because so soon as it begins to flower, and not
until then, the asthma commences ; as the flowers arrive at
perfection the disease increases, and after they have died
away I have remarked that patients could pass through the
~ most luxuriant meadow with total impunity. The disease
then should rather be denominated grass-asthma than hay-
asthma, since hay seems incapable of producing it.*

§ 29. Elliotson, who was also a contemporary of Bostock’s,
argues forcibly against the views entertained by the latter,
and reviews his opinions at considerable length.+ He, how-
ever, agrees with Bostock in believing that the disorder is
not caused by hay, but, contrary to what the latter affirms,
he believes it to ‘ depend upon the flower of grass, and pro-
bably upon the pollen’ Elliotson also contends that this
view of the case is supported by the circumstances that the
disease does not usually appear till the grass comes into
flower ; and as long as there is any flower remaining on the
grass the disease continues,’

§ 50. In speaking of Bostock’s account of his experience
in the Isle of Thanet, when he suffered very little from the
disease, and when the heat was so great that nearly all the
grass was dried up, Elliotson remarks: I can conceive that
a minute quantity of the emanations from the flower of

¢ Fondon Medical Gazetle, vol. iv., 1829, pp. 266—269.
t 1bid., vol. viii., 1831, pp. 411—413.


































I













d - i ¥ : . v -
g . - . L ¥ . - 5




32 Experimental Researches on Hay-Fever.

' § 57. In considering the evidence which has been brought
in f:a,vnur of the various substances which have been already
noticed as being the active agents in producing hay-fever,
Dr. Pheebus draws attention to the fact that some authors
and some patients accuse one agent and some another; but
no one, he says, “has accused these agents en masse ; and,
although some experiments have been tried with one or
another of these, no one has yet pursued a systematic course
of experiments which, on the one hand, would prove that
the presence of any given noxious agent (or supposed
exciting cause) was always followed by an attack of the
disorder; and, on the other hand, that the absence of this
same agent has always given complete freedom from the
attacks. Another source of error, Dr. Pheebus thinks, lies
in the circumstance that ‘as soon as one of these noxious
agents has caused its effect, the symptoms of the intensity
of the disorder have shown themselves immediately,’ and it
has almost always been overlooked that the symptoms of
‘the stage of development ’ had already preceded these, and
the patients have thus taken the more complete form of the
disease for the beginning of it. ‘If people in future,” he
says, ‘will be more attentive and especially observe more
than one patient carefully, the author does not doubt that
the accusation against these noxious agents will, in greater
part, fall to the ground’

§ 58. Whilst recognising the fact that the attacks of hay-
fever occur during the time that the greatest number of the
natural and artificial grasses are in bloom, and that the
duration of the disease is synchronous with the period of
flowering, Dr. Pheebus thinks that the proofs which some
authors have brought have shown ‘that this or that noxious
agent of the grasses is not the only cause of the access,
obvious in all ecases, and with regard to these he says:
Such proofs were formerly very desirable, but have now
lost much in value, for we now know that more than one of
these noxious agents is accused, with apparently good
reasons, whilst the first heat of swmmer, however, is a
stronger cause than all the grass emanations put together.
He then goes on to say: ‘I have already shown that the
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supposition that the attack begins with the first heat of
summer, and that its occurrence depends on the latter, is
supported by numerous and important authorities far more
than the assertions which give the following as the causes:
A, the common grass blossom ; B, the beginning of grass
being generally in flower; C, any blossoming grass not in
too small a quantity; D, the first blossom of the sweet-
scented spring or vernal grass; E, the blossom of rye; F,
hay ; G, roses in bloom ; H, pollen of all blossoms; I, dust
in general.’

§ 59. In concluding his observations on this part of the
subjeet Dr. Pheebus says :— From what is said in the pre-
ceding paragraphs, I think myself justified in drawing the
following conclusions: 1st. Nobody bhas yet succeeded in
showing with certainty the exciting causes of each single
attack. 2nd. With probability the following circumstances
(momenta) may be accepted as such causes: A, the first heat
of summer (which, however, only acts in an indirect manner
as an exciting cause); B, the longer days (which act, per-
haps, through the stronger influence of light, or, perhaps,
also through ozone); C, the same (or nearly the same) odours
and different kinds of dust which we positively know as
causes of exacerbations of the attacks. Amongst these hay
and the blossom of rye have the greatest probability in their
favour, 8rd. It may be possible that one of these eauses is
the only true one, and that the facts in regard to the other
causes have been falsely understood. It is more probable,
however, and the after access especially speaks in favour of
the supposition, that all these influences act as exciting
causes of the attacks.

‘Some patienis might be susceptible to only a part of
these influences. I do not doubt that future and more
accurate observations, especially compavisons of the pheno-
mena of the disease with the meteorology and vegetable
phenomena, will bring certainty instead of probability and
possibility merely.

§ 60. The English medical authors, and also one of the
American authors, who have written on hay-fever since the
work of Dr. Phaebus was published, have, to a considerable

3
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definite, and the symptoms are placed before the reader in
a precise and exact manner. Like the writers above men-
tioned, Dr. Moore believes the disorder is, in some cases,
caused by solar heat and light; in others by the effluvia
from hay,or by the emanations from other flowering plants,
and from those of decaying vegetable substances.

§ 67. Dr. Moore quotes Dr. Bostock’s case as an example
of that form of the disease which is caused by great heat
and strong light, and he tells us that, in these cases, ‘sea-
voyaging, out of the reach of putrescent and other effluvia,
affords no protection or exemption.” He, however, does not
give us the particulars of any cases of the disorder which he
has himself had the opportunity of watching, or of which he
has obtained the histories. It is to be hoped that in a
future edition of his brochure, Dr. Moore will be able to
supply the details of cases with which he has become
acquainted, and particularly of such as have any bearing
upon the question of cause.

§ 68. Another supposed caunse of hay-fever is alluded to
by Dr. (now Sir William) Gull in his Harveian oration,
delivered at the Royal College of Physicians, June 24th,
1870. It was stated by Helmholtz, that vibriones had been
found in the nasal mucus of patients suffering from this
disease. In reference to this supposed action of vibriones,
Dr. Gull says: “ No new fact bearing on the propagation of
contagious disease has been reached by the recent investi-
gations on dust; nor can we infer the nature of summer
catarrh because the nasal mucus, under such circumstances,
and at no other time, was found peopled by vibriones, since
decomposing mucus is always populous with this common
race of infusoria,’

§ 69. A most remarkable example of a supposed cause of
hay-fever is given by Dr. Charlton Bastian. It was whilst
working at the anatomy of the Ascaris megalocephala (one
of the parasites of the horse) that Dr. Bastian thought that
emanations from this parasite had the most decided and
poisonous influence upon him, and this not only when the
animal was in a fresh state, but after it had been preserved in
methylated spirit for two years, and even then macerated in
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§ 71. The work of Dr. Wyman* is an exceedingly valuable
contribution to the literature of hay-fever. The author
deals with some questions I have not touched upon in the
first edition of this work. One of these is the hereditary
character of the disease. Another interesting point which
Dr. Wyman dwells upon, is the geographic and chorographie
relations of the malady. To a consideration of these sub-
jects I shall return in another place.

Although himself a sufferer from the disease, Dr. Wyman
does not seem to have any settled and exact opinion of the
nature of the cause. The difficulties which surround the
~ subject seem to him to be too great to allow of the question
of cause being definitely settled.

The disease is said to commence in America at two
different periods—in the month of June, as rose cold, hay-
cold or Jumne cold, and in the month of August as autumnal
catarrh. According to a more recent writer (Dr. Beard),
it is said to commence at three different periods—June,
July, and August. The symptoms of the malady as seen at
these different periods, are essentially the same in their
character, and if they differ at all, it is in their in-
tensity.

§ 72. Like other writers on hay-fever, Dr. Wyman makes
individual predisposition the starting-point ; but he believes
“there is mo peculiarity of constitution, form, or condition
observed in those predisposed.’+ He also thinks the
autumnal catarrh of the United States does not exist in
Great Britain, and in support of this opinion he gives a
number of cases in which the patients (Americans who
suffered from autumnal catarrh at home) travelled in Great
Britain during the critical period—August and September—
but had no attack of catarrh. This was also the case with
some whilst travelling in France, Switzerland, and Germany.
Dr. Wyman holds that American autumnal eatarrh is not in
any case produced by hay or by grass in flower, inasmuch

* Autumnal Catarrh (Hay-Fever), by Morrill Wyman, M.D. Late
Hersey Professor Adjunct of the Theory and Practice of Medicine in
Harvard University. New York, 1872.

t Ibid., p. 87.
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study of hay-asthma or hay-fever. His conclusions are as
follows : 1. This affection seizes indifferently those who are
exposed to emanations from forage plants, and those not so
exposed. Without absolutely denying the influence, in
some cases, of such emanations, as aggravating the disorder,
their part is to be considered merely a secondary one.
2. All the symptoms appear at any season, in consequence
of insolations and coolings, the body being in a state of
perspiration ; and they specially occur in emphysematous
persons, exposed to irritant powdery emanations. 3.
Annual periodicity does not appear proved ; most of the
subjects observed having sometimes remained several years
free from the disorder. 4. As to dyspncea, generally re-
garded as a pathognomonic symptom of hay-fever, it seems
to be merely the extension, more or less marked, of irritation
affecting the conjunctiva and the nasal and pharyngea.
mucous membrane, as often oceurs in influenza, without
indicating a form of idiopathic asthma. 5. The affection is
to be regarded as a catarrhal fever, influenced in its cause
and progress, and according to individual constitution, by
the atmospheric conditions which produce acute affections
of the bronchi. 6. It should be struck out of the nosological
category.

As I proceed I shall be able to show that the conclusions
of M. Decaisne, are in nearly every case opposed to those of
almost every writer on hay-fever, and that it is highly
probable that he entirely misunderstood the disease of
which he was speaking.

§ 75. The most recent systematic work on hay-fever, with
which I am acquainted, is the work of Dr. Beard, to which
I have before alluded. The author is not himself a sufferer
from the malady, and it was, he tells us, onl yin the autumn
of 1873 that ‘the subject was first forced on his attention,’
while spending a portion of a vacation in Bethlehem, White
Mountains—a place of resort for patients duri ng the critical
period. A circular, containing interrogations on the subject
of hay-fever, was drawn up, and was sent out to patients.
The answers contained in these circulars when returned
were tabulated, and along with the conclusions drawn from
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them are given in the volume. Thus, in a little more than
thirty months, the author had collected his information, had
obtained some experience of the disease, and had written
and published his work upon its nature and treatment.

Dr. Beard is a member of two neurological societies, and
seems to think it quite correct to place hay-fever among the
neuroses. In treating of this part of the subject, he says *
‘ Hay-fever is essentially a neurosis—that is, a functional
disease of the nervous system. . . . . The debilitating in-
fluence of heat and the external irritation of a large number
of vegetable and other substances, are exciting causes
merely, widely varying in their effects with different in-
dividuals, and of themselves are powerless to induce, or at.
least to sustain, an attack. . . . . As the disease is not duoe
to any single specific cause, animal or vegetable, as has been
supposed, no specific will ever be found for it.’

§ 76. The question which relates to the cause of the
malady, the author tells us, “was prepared after the first
edition of the circular of inquiry, and the names of the
exciting causes were taken from the replies to that cireular.
In this question the patients are asked: ¢ Wkich of the
following causes are most likely to excite the parovysms?
Cinders? Out-doordust? In-door dust? Roses? Other
fragrant flowers ?  Freshhay ? Old hay ? Smolke? Gases?
Foul air? Pollen of corn? Bright sunlight? Bright
gaslight ?  Camphor, hartshorn, and ether 2 Fruit of any
kind? Dampness? Sudden chills? Night air? Per-
fumes of any kind ?  Over-exertion? Brimstone matehes ?
Indigestion? Roman wormwood? “Sneeze-weed”? Arve
there any other causes that excite the parowysms in your case?

“The three facts of most significance that are brought out
by this inquiry,’ Dr. Beard tells us, “ are :—

¢1st. That the number of special exciting causes of hay-
fever is very large. Over thirty are here specified.

¢2. Hay, either fresh or dried, only comes about the
middle of the list, while dust leads off by a large plurality.
The disease might be more appropriately termed dust-fever
or sun-fever than hay-fever.

* Hay-Fever, by Dr. Beard, pp. 77, 78.
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described, was to endeavour to disprove the correctness of
the conclusions I have arrived at on the cause of hay-fever.
~§ 80. Dr. G. F. Patton, of Mississippi, U.S., who, it would
appear, is a subject of hay-fever, being on a visit to Bonn,
determined, at the suggestion of Professor Binz, and mostly
in his neighbourhood, to try some experiments on the action
of pollen on the various parts of the system. ¢These ex-
periments,” Dr. Patton says, ¢ may serve to make the pollen
theory somewhat doubtful” The experiments [ must give
entire, in order to give my readers a fair opportunity of
judging accurately of their character, and of the quality of
the logic that leads the writer to the conclusions he arrives
at. The experiments are as follows :—

1. Being quite free from any nasal or laryngeal catarrh,
I inhaled on the 10th of June, last year, at 12 noon, a strong
dose of the pollen of Festuca pratensis and Dactylis glome-
70sct. The temperature in a room with a northerly aspect
was 14° C. Very soon I discovered uneasiness and obstruc-
tion of the nostril operated upon. After an hour and a
half, however, every symptom had vanished,

2. On the 13th and 14th of June I repeated the experi-
ment, the last time with a still larger quantity. The
temperature of the room on the two occasions was 13:5° and
19° C. The result was the same as before. On the 15th of
June, I placed a smaller quantity of pollen in the left eye.
Lively itching took place, moderate injection of the vessels,
and tolerably strong secretion of tears. After an hour no
trace of these appearances was left,

3. On June 20th, at noon, with the aforesaid northerly
room at 245° C, I blew into the nostrils, by means
~ of an elastic tube, a strong dose of the pollen of Secale
cereale, which, according to Blackley, produces the highest
degree of irritation. Out of doors, where I had been walking
for some time, the weather was unusually hot. The irritation
and obstruction were greater than before ; but after two or
three bours all had passed off On June 23rd, at 12 noon,
with the temperature slightly higher, I repeated the experi-
ment in the same way. The result was less marked. . . . .
Application of a small quantity of Secale pollen to the con-






. A P ¥ T 1T W 5



















] X T LT . i
I = | 5 -







1 . T - W -































A Review of the Opinions held on its Causes. €5

that the clothing of my patient was the indirect cause of
my tronbles.

§ 109. Of the work of Dr. Beard it is difficult to speak
with unreserved commendation. It has some excellences,
but it has also some important defects. The author is not
himself a sufferer from hay-fever, and consequently lacks
the advantage which a personal acquaintance with the
malady would give him in the study of its causes. The
work is, however, one of considerable pretension, but, after
a careful perusal, one is impressed with the idea that the
quality of it scarcely equals the pretemsion, and that in
several parts of the work there are signs of haste. If the
author had given himself more time to study the disorder
in a careful and discriminating manner, he would probably
have known more and have written less; or, at any rate,
he would have written in a less positive and dogmatic tone
on some of the more doubtful and difficult parts of the
subject,

§ 110. So far as relates to the causes of hay-fever, two of
the principal defects of Dr. Beard’s work are: 1st. The
mode in which the information on this part of the subject
has been collected ; and, 2nd. In the use to which he puts
this information, without any test being applied to deter-
mine its actual value,

In asking for information, Dr. Beard tells us he has
sought. for fucts, not for opinions,* but when we come to
examine the so-called facts closely, we find that, if we bear
in mind the use to which the author puts them, they will
not bear this appellation. The patients are asked what, in
their opinion, is the cause of the malady in - their case, and
when the answers are arranged it is found that there are,
as we have previously seen, about thirty supposed causes of
the ailment, but no proof is given that any of these causes
have really the power of producing hay-fever. The author
seems entirely to forget that any given phenomenon may
occur side by side with any other phenomenon without the
two being connected as cause and effect. The principal
causes are sald to be dust (indoor and outdoor), sumlight,

* Hay-Fever, or Summer Catarrh, by Dr. Beard, L,
3
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Experiments with Bewzoic Acid. 73

acid was placed in a crucible, and was held over the flame
of a Bunsen’s burner, so as to cause the former to sublime
more or less rapidly. At first the heat was applied gently,
so as to allow the vapour of the acid to be only just per-
ceptible, but in later trials the heat was increased until it
brought out dense fumes.

During the progress of these trials I was present, and,
indeed, manipulating all the time, but had no sensations
like those of hay-fever. I had some dryness in the throat,
with a feeling of irritation about the larnyx, and a slight
disposition to cough; but these sensations were not so
marked in my case as in the cases of other persons who were
in the room with me during a part of the time the experi-
ments were going on, and who had never been the subjects
of hay-fever. In the case of one of those who was present
the dense fumes of the acid brought on a slight cough, with
a feeling of suffocation, as if there was some little tendency
to spasm of the glottis; but this passed rapidly off on going
into the open air. It is almost needless to say that in each
of these trials I inhaled the vapour of the acid freely, taking
especial care in some of the later experiments to inspire
through the nostrils only.

§ 121. From the uniformly negative results of all these
experiments with benzoic acid, when applied in the various
ways I have described, I think I am warranted in conclud-
ing that it has no power to produce any of the symptoms of
hay-fever. Moreover, unless it can be shown that the acid
exists, in the grasses in which it is found, in combination
with some base or some other body which renders it much
more volatile than it is in the uncombined form, we are
forced to the conclusion that it cannot possibly be a cause
of hay-fever, since the heat which is required to volatilise it
is beyond anything which exists naturally in the atmosphere
in any part of the world.

B. Experiments with Couwmarin.

§ 122. This substance is an odoriferous principle found in
some of the grasses and in the plants of several of the other
natural orders. Tt is one of those singular bodies which boil
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the room, and have breathed the air for half an hour to an
hour at a time. I have also taken the opportunity of doing
this at the time I have been suffering from hay-fever, as
well as when I have been quite free from it, but have not
noticed any difference in the effect produced.

§ 127. The experiments with paraffin oil were tried under
somewhat similar conditions to those last named, but were
not so frequently repeated, nor yet could I say that the
atmosphere of the room was so highly charged with the
vapour of the oil as in the other case.

The volatile oils all produced head symptoms more or
less severe in character, in some cases scarcely to be felt,
but in other cases becoming rather unpleasant when long
continued. The effects of the oil of turpentine were always
the most marked, but this was probably owing to the fact
that a much larger quantity of the vapour wasinhaled than
of any of the other substances. In no instance, however,
were there any symptoms set up which in the least degree
resembled those of hay-fever.

§ 128. The odour of the Chamomilla matricaria had a
marked effect both upon myself and others. The plant had
been gathered fresh in considerable quantity, and spread out
in the room which we occupied as a dining-room during one
of our seaside visits, so that we inbaled the volatile prin-
ciple given off pretty freely. Severe aching pain across the
forehead, with nausea, dizziness, and pain at the epigas-
trium, were the principal symptoms, and these became so
unpleasant on the second day after the plant had been
placed in the room that I was glad to have it removed.
There were, however, none of the symptoms of hay-fever
produced.

§ 129. The inhalation of the odour of one of the micro-
copic fungi (Cheetomium) also produced rather unpleasant
symptoms with me, but these were not at all like the
symptoms of hay-fever; but the spores of another of the
microscopic fungi (Penicillium glaucum) I have reason to
believe will, when brought into contact with the respira-
‘tory mucous membrane, generate symptoms not unlike those
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The sensations caused by the two last-named agents were
so unpleasant that I have never cared to reproduce them.
In the case of the first-named fungus I inhaled the odour
given off by the plant, on two oceasions, in an experimental
way. In the case of the second I was the subject of the
involuntary experiment of which I have spoken, and which
gave me so much trouble and inconvenience that I have not
wished to subject myself to these again.

§ 181. The symptoms developed by the inhalation of
some of the odours I have mentioned were sufficiently well-
marked to make this a subject worthy of close investigation,
but, as we have seen, it cannot be said that in any case the
phenomena produced bore any resemblance to those of hay-
fever. The action of the spores of Penicillivm comes near
to that of the exciting cause of this disease; but when the
former comes to be thoroughly tested, I believe it will be
found to produce symptoms of a much more acute and
dangerous character.

From the results of these few experiments it is not easy
to decide whether the effects produced by the agents I have
mentioned are due to idiosyncrasy merely ; or whether the
liability to be affected by them is due to a constitutional
condition which is widely spread. In the case of the vapour
of those bodies which are allied to the hydro-carbons, the
liability to be acted upon by these will probably be found
to be very common; but in the case of the spores of fungi,
1t is possible that the phenomena they exhibit may be
restricted to comparatively few individuals; as I have said
above, however, it is a subject which calls for much more
careful and extensive investigation than it has yet re-
ceived.

0. Experiments on the action of Ozone.

§ 132. Dr. Jno. Davy was apparently the first to recog-
nise the existence of a substance in the atmosphere having
properties similar to those of ozone,* and it is to him that
we owe the first formula for a chemical test to be used in its
detection. It is however to the late Professor Schinbein, of
Basle, that we are indebted for the earliest systematic in-

* Lectures on Agricultural Chemistry.
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vestigations into the properties of ozone. Since the publi-
cation of his first paper in the ‘Memoirs of the Academy of
Munich,” few subjects have occupied more attention or
excited more discussion than has the question of the nature
and composition of ozone, and of its ally, antozone. Into
the vexed question of the exact composition and the rela-
tion of these two bodies it is not necessary for me to enter %
neither is it necessary, for the purposes I have in view, that
I should attempt to decide whether the supposed action of
ozone is due to that body alone or to it and some other
agent present with it. Whether it acts singly or in com-
bination with other agents, the presence and influence of
ozone in the atmosphere is recognised by almost all the
scientific men of the present day.

§ 133. Schonbein was the first to discover, during the
course of his experiments, that when air highly charged
with ozone was inhaled, it brought on ‘a painful atfection
of the chest—a sort of asthma with a violent cough, which
obliged him to discontinue, for a time, his investigations.
Reflecting on this circumstance, he began to suspect that
certain catarrhal disorders might be caused by atmospheric
ozone. He got several physicians at Basle to compare their
lists of catarrhal patients with his tables of atmosphero-
ozonometric observations, and he and they were struck by
the unusual number of catarrhal cases, on the days, or
during the periods when M. Schénbein’s papers (test papers)
showed that ozone was unusually abundant in the air’+ It
is to these experiments that we owe the idea that ozone
might be a cause of hay-fever, and it was the acceptance of
this idea by one writer on hay-fever that led me to decide
upon carrying out the course of observations of which I am
about to give the details. At the time the observations
were commenced, I was not aware that many other medical

* Those of my readers who wish to enter fully into these questions
will find them exhaustively treated in Dr. C. Fox’s admirable work,
Ozone and Antozone ; their Hisfory and Nature. Londou: J. and A.

Churchill. : ) gid
+ Watson’s Principles and Practice of Physic, 4th edition, pp.

47—48.
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that amount on a scale. My experiments have shown un-
mistakably that it requires a vastly greater amount of
ozone to increase the depth of the colour in a slip of indised
paper from 9° to 10°, than it does to change it from 1° to 2°;
or, in other words, the higher we go in the scale the greater
is the amount of ozone needed in moving from one degree to
another. A similar set of experiments was made in the
same spot in 1866, with much the same results,

§ 138. Another set of experiments was made at South-
port, on the Lancashire coast, during the months of February
and Mareh, 1866. The amount of ozone was generally large
when a sea breeze was blowing, and usually lower when a
land wind prevailed. The highest point attained several
times exceeded the highest degree (= 10°) on Schonbein’s
seale; and when this happened to be the case the wind was
generally very strong. On such oceasions I found that ozone
could be detected in close proximity to the backs of the
houses facing the main street of the town. The farther I
went inland the longer time did it take to produce a given
effect on the test paper, and, as a matter of course, the
nearer I approached to the sea the morve rapid was the
effect, providing no building intervened. The maximum
effect was got at the end of the pier when the tide was
coming in, and when a steady and tolerally strong breeze
was blowing in from the sea.

§ 139. A few observations were also made at Blackpool
during the latter part of October, 1869, but those that I
consider to be the most valuable and the most conclusive
were made at Filey Bay, on the coast of Yorkshire* in the
month of July, 1870. Here we have an expanse of sea from
three to four hundred miles in a straight line, so that when
a sea breeze is blowing, it has a long journey to make with-
| out tnuchiyg lfmd; consequently, whatever action the ocean
| Inay exercise In generating ozone, we may expect to have
- the full extent of this action exhibited here.

On many days during my stay at Filey, the temperature
was very high, so that the place and the season were favour-
able for observing the effect of heat as well as that of

* About seven miles south of Scarborough.

-
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of the disorder lingering about me; in the winter and spring
at Southport, at a time of the year when I never remember
the disease troubling me; at Filey, in the middle of the
summer, when T was still suffering a little from hay-fever,
and in Wales and in Scotland, when the time for my usual
attack was just over.

In not one of these trials with atmospheric ozone could I
say that it had any unpleasant influence upon me. In the
experiments made with that which was generated artificially
the only effect produced was a slight sense of dryness in the
throat, but there were not any symptoms of hay-fever set
up, and I cannot say that at any time my experience corre-
sponded with that of Professor Schonbein. Perhaps it might
be that in my case a much less quantity of ozone was inhaled
than in M. Schonbein's; nevertheless, I am satisfied
that I inhaled a larger quantity, at times, than is ever met
with in the atmosphere in the same volume of air, and I
think it is fair to conclude that it cannot at any time bring
on this curious disorder with me.

§ 144. In addition to the experiments already detailed,
two different sets of observations were made for me by
patients who crossed the ocean to Australia in the latter
part of 1866 and the early part of 1867,

The variations of temperature and other meteorological
conditions were also noted, but as these have no direct
bearing upon the subject we are considering, I shall not
specially refer to them, but shall merely give such facts as
relate to the quantity of ozone observed on each voyage,
and to some of the circumstances which seemed to influence
this. It will be well to observe here that the numbers will
not always exactly agree with Schonbein’s seale, as the
test-paper was not made in the same way as bis, or with
the same proportions of the re-agents. Nevertheless, the
numbers given will suffice to give a tolerably fair idea of
the amount of ozone met with. These patients were not
affected with hay-fever, and the experiments cannot, there-
fore, have any direct bearing upon my own case; but as
ozone has been so often mentioned as a possible cause of the
disease, it seemed to be an opportunity which ought not to
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be let pass without endeavouring to glean a little informa-
tion on the quantity met with on the open sea, and thus
possibly to throw some fresh light on those very rare cases
of the disease which are said to occur whilst the patients
are on the sea.

§ 145. The first patient went on board the vessel he
sailed in on November Gth, 1866. He commenced Lis
observations on the 20th November. Ninety-two observa-
tions were taken during the voyage. The test-papers were
exposed for twelve hours at a time, viz. from 10 p.m. to 10
a.m. on the following day. The first observation was made
on November 20th, when the vessel was about one hundred
miles from Lizard Point, and the last one on February 20th,
1867, when off Cape Otway (Vietoria). The total amount
of ozone registered during the voyage was 572°, or a mean
of 6:2° for each twelve hours. The highest amount was 10°,
and the lowest 3°. During the whole of the experiments
ozone was never absent.

The second patient sailed from Plymouth on November

2nd, 1866. One hundred and twelve observations were
taken, commencing on November 28th, 1866, and terminating
on February 4th, 1867. The result of these experiments
agrees in the main with those given above, and particularly
in the circumstance that the quantity of ozone registered on
damp or web days was always much greater than on dry
and fine days.* As in the other case, also, ozone was never
found to be entively absent,

§ 146. As in my own observations at Grange and else-
'_where, the time of exposure—twelve hours—should be taken
into account in estimating the quantity of ozone met with.
When this fact is borne in mind the figures show that the
amount registered is comparatively large.t-

* In the first set qf experiments forty-five damp or wet days gave
a tu?al of 332'5° whilst forty-seven dry days gave a total of 239'5°
During the first-named period the wind came from almost all points
of 15.11& compass, with perhaps, on the whole, a slight bias to the south ;
whilst in the last-named period the wind was quite as variable, but

came a little more from the north or north-east than from any other
duarter.

T In comparing the amounts registered in different directions of
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Tl:ts:sa experiments show pretty conclusively that if atnio-
spheric ozone is a cause of hay-fever in any case,the disorder
ﬂug:hb to show itself more or less frequently whenever the
patient ventures near the sea,and as ozone seems to be al ways.
present on the open sea, the disease should never be ab sent
whenever he is at a sufficient distance from land to be free
from the influence of land breezes. We ought also to expect
that if the disease is in any case produced by ozone, it should
vary in intensity with the rise or fall in the quantity of this
agent. How far this is shown to be the case I shall have to
consider further on.

E. Observations on the effects of Dust.

§ 147. In speaking of dust as a cause of hay-fever most
authors have used the designation ¢ common dust.’ In the
strict sense of the term, however, there is no such thing as
common dust. A careful examination of the dust of any
district will show that, in addition to those matters which
may with propriety bave the name ‘ common’ applied to
them, it contains ingredients to which this cannot be
applied, and the nature of which will to a Jarge extent
depend upon the season, upon the geological character of
the district, and upon the nature of its botanical productions.
The number as well as the kind of germs and other organic
bodies found in the dust of any district will also largely

the wind, some rather curious results were brought out; the two
highest mean quantities obtained being with the wind at opposite
points of the compass, viz. from S.S.E. and N.N.W. The observa-
tions made while the wind was blowing from the first-named gquarter
gave a mean of 8° while those made whilst it was blowing from the
opposite quarter gave a mean of 7°6°. With the wind from the N.W.
the mean was 7°18°% and whilst blowing from the S.E. it was 7°. This
sort of balancing or compensating action seemed also in some degree
to hold good in the lower numbers ; as, for instance, in those with the
wind from the N.N.E. where the mean was 5'4°, whilst in those with
the wind from 3.8.W. it was 5'6°

Whilst, however, the above results were brought out by comparing
sections of the observations, a comparison of the whole experiments
did not seem to show that in any one direction of the wind there was
a larger amount of ozone present than in others.
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depend upon the meteorological conditions which prevail in
that district.

When I come to give an account of experiments tried for
the purpose of obtaining information on this point I shall, T
think, have abundant evidence to show that the statements
made above are, for the most part, borne out by the results
of a long course of observation. For the present I shall
content myself with mentioning, and with offering one or
two remarks on, the incident which first drew my attention
specially to this phase of the question.

§ 148. I had several times noticed that dust could at
certain times of the year produce some of the milder and
less-marked symptoms of hay-fever, but there was this
peculiarity about these attacks, that generally they came on
only during the time that hay-fever prevailed (and then as
exacerbations) or immediately after the hay season was over,
but rarely, if ever, during winter or early spring.

There was also another peculiarity which these attacks
had, namely, that they were more fitful and more ephe-
meral, coming and going in a more irregular and transitory
manner than the ordinary attacks of the disease ever do
when they have once set in. At first I was considerably
puzzled, and was unable to account for the fitful appearance
and departure of the symptoms. I also noticed that the
attacks were more frequent whenever I had to pass through
any dusty lane in the country, when the hay had been
recently all gathered in. I was consequently inclined to
think, as Dr. Pheebus and others have since thought, that
common dust was one of the causes of the disorder.

§ 149. In one of the earlier years of my attacks, before I
had made up my mind to follow out a systematic course of
observations on the subject, and when T was just getting
free from the disease (about the middle of July), I was out
in the country and had to walk through a lane which was
apparently not often used for the passage of vebicles. A
carriage which passed me at a rapid rate raised a cloud of
dust in which I was, for a time, completely enveloped and
compelled to inhale pretty freely before I could get out of
1t. A very violent attack of sneezing immediately came on,
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and continued at intervals for about an hour. As I had to
pass over the same road on the following day, I determined
to see if the same result would follow by disturbing the dust
voluntarily. T found that I could bring on the symptoms
in this way to the fullest degree of severity.

The first examination of the dust under the microscope,
made with that which had been scraped from the road and
examined in its dry state, did not show anything very
special. A second examination of the upper layer of dust
mixed with glycerine was more successful, and revealed to
me the presence of bodies which I now easily recognise as
the pollen grains of the grasses,

So far as I can now recollect, the weather during this
season had been very favourable for the rapid growth and
flowering of grass—first a few hours of rain, then a day of
sunshine—and when this got to be nearly ready for cutting,
and before the period of flowering was gone by, the weather
had settled down so as to give three or four weeks without
any rain.

§ 150. With the help of subsequent experience it is not
difficult to see why such a season as I have described should
have given rise to a condition of things which would quite
account for the symptoms from which I suffered, but it must
be confessed that it is not easy to say why I bad the attack
more severely in this particular spot than I had in any
other under similar circumstances. Perhaps if I had then
been as well acquainted as I now am with all the various
channels by which the cause may reach a patient, in out-of-
the-way places and at unusual times, I might have been
able to explain the matter. At that time, however, I could
" only do as some writers on hay-fever have since done—
speculate on the causes of the phenomena.

§ 151. Before I conclude my remarks on this part of the
subject I must allude to some circumstances which have
several times attracted my attention, and which may serve
as examples among many others which might be given of
the accidental and apparently causeless manner in which
the symptoms of the disease may be developed. I allude
first to the fact that an attack of the malady has often fol-
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lowed a ride in a railway carriage even when the train has
been going into a part of the country where the hay-making
has been finished, and where, so far as could be seen, there
could not be any possibility of the attacks being caused by
hay or by grass in flower. I am now satisfied, however,
that these attacks were generally brought on by getting
into carriages which had come from places much more north
than Manchester, and where the hay-making is much later.
For a similar reason I think the disorder may be brought
on earlier than usual by a patient travelling in and inhaling
the dust in carriages which have come from parts of the
country where the grass ripens earlier than it does in the
part where the patient may live. Then, on the other hand,
people who come from a district where the grassis in full
flower may for the time being infect any carriage in which
they may ride. That these are not matters of mere specula-
tion my own experience abundantly proves.

The incident I have related above, along with the other
circumstances alluded to, caused me after some time to
decide upon investigating the matter ; but before I could do
so satisfactorily it seemed necessary to make some experi-
ments upon the action of pollen on the respiratory organs.

F. Experiments with Pollen.

§ 152. In the preceding pages I have shown that pollen
has been named by many authors as one of the principal
causes of hay-fever. Before the time my observations were
made no one had, so far as I am aware, put this agent to the
test by following out a systematic and continuous course of
experiments with it.

In the early history of the disease the nature of its cause
was enveloped in great obscurity, and those who suffered
trom it were probably few in number; it is not, therefore,
surprising that greater success should not have attended the
earlier efforts made to clear up this obseurity. But when we
remember the great differences of opinion which have of
late years been held on the causes of the malady, it strikes
one as a most remarkable circumstance that authors and
patients should have been content to go on theorising upon
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The first four of these questions can be answered more or
Jess satisfactorily : the remaining one will still have to be
considered sub judice. b

§ 154. There are certain conditions which are required in
the case of any agent which is to be accepted as the exciting
cause of hay-fever. In the first place, it should be shown
that this agent, whatever it may be, will, when brought
into contact with the respiratory mucous membrane, produce
the symptoms of the disease to which it is supposed to give
rise. In the second place, it should be shown that the dis-
order manifests itself whenever this agent begins to be pro-
duced in large quantity.* In the third place, the attacks of
the disease should lessen in severity as the production of
this agent diminishes, and should be entirely absent during
those parts of the year in which the latter is not generated.
As T proceed we shall see that these conditions are well
fulfilled in the case of pollen.

§ 155, The first experiments were made with the pollen
of the grasses, but the pollens of the plants belonging to
thirty-five other natural orders were also tried. The
experiments were made at all times of the year. In
some cases the dried pollen was used after it had been
kept some months, but for the most part this was
used during the period in which the plants indigenous
to this country were in flower, and whilst the pollen was
fresh.+

* T have made large quantity’ a special condition, because I shall
thave to show that the presence of a small quantity will not in some
«cases produce well-marked symptoms ; but this term is, after all, only
used in a relative sense.

+ Pollen from the following plants was tested during the course of
experimentation, viz. : dconilum ......... 1 ; Helleborus niger ; Ranun-
culus aeris; R. ficaria ; Anemone nemorosa; Caltha palustris;
Aquilegia vulgaris (Ranunculacem). Papaver rheeas (Papaveracez).
. Fumartia capreolata (Fumariacem). Cardamine pratensis ; Nastur-
i fum ... V; Cheiranthus cheirt (Crucifere). Viola tricolor; V.
odorata (Violariem). Stlene maritima ; Stellaria media : Agrostemma
Githago (Caryophyllee). Malva sylvestris (Malvacem). Hypericum
‘ perforatum ; Hypericum Androsemum (Hypericinem). Gerantum
«weeennn. 1 (Geraniace). Ulex Europeeus; Cytisus scoparius (Legumi-
nosex). Rubus fruticosus; Hosa canina (Rosacem). Crafegus
oxycanthus ; Pyrus ......... 1 (Pomace). Cucumis ovifera (Cucur-

B
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This was tried in five different ways, viz 1st, by apply-
ing it to the mucous membrane of the nares; 2nd, by
inhaling it, and thus bringing it into contact with the
mucous membrane of the larynx, trachea, and bronchial
tubes; 3rd, by applying a decoction of the pollen to the
conjunctiva; 4th, by applying the fresh pollen to the
tongue, lips, and fauces; 5th, by inoculating the upper and
lower limbs with the fresh-moistened pollen.

The incident related at § 98 seemed to indicate that the
pollen of grass was at least one of the causes of hay-fever.
Subsequent experiments confirmed the results of this
accidental trial, and furnished an answer to the first question
given above.

§ 156, The pollen of a number of the grasses was first
tried, and in every one of these trials this gave distinet and
unmistakable evidence of its power to disturb the healthy
action of the respiratory mucous membrane. When a small
portion of pollen, just sufficient to tinge the tip of the

bitacem). Contum maculatum ; Heracleum sphondylivm (Umbelli-
ferm). Sambucus niger (Caprifoliacem). Seabinsa columbaria (Dipsa-
cem). Arctium lappa; Centaurea ......... 1; Tussilago farfara ;
Senecio vulgaris ; Chamomilla matricaria ; Calendula officinalis
(Composite). Campanula rotundifolia ; . hederacea (Campanul-
acem). Vinca minor (Apocynew®). Convolvulus sepium (Convolvul-
acex). Cynoglossum officinale (Boragines). Solanum dulcamara ;
Atropa belladonna ; Solanum tuberosum (Solanew). Veronica cha-
meedrys » Euphrasia officinalis ; Digitalis purpurea ; Linaria cymba-
laria (Scrophularines). Mentha piperita (Labiate). Primula vul-
garis (Primulacex). Plantago major ; P. lanceolata (Plantagines).
Polygonum persicaria ; Rumex .........1 (Polygonacem). Fuphor-
bium .........t (Euphorbiace). Betula alba; Castanca vulgaris
(Amentaces). Urtica urens (Urticacem). drum maculatum (Aroidem).
Tulip ......... 1 (Liliacee). Hyacinthus non-seriptus ; Alliwm Ursi-
num (Asphodelex). [ris pseudacorus (Iridem). Narcissus pseudo-
narcissus (Amaryllidem). Anthoxanthum odoratum ; Alopecurus
pratensis ; Avra cespitosa ; Poa pratensis ; P. nemoralis ; P. trivialis ;
FLolium Italicum ; Triticum sativum ; Secale cereale ; Hordeum dis-
tichum,; Avena sativa (Graminacex). Eriophorum vaginatum (Cyper-
acew). The pollen of a number of exotic flowering plants, the names
of which I had no time to ascertain, was tried and yielded results
much like the average of those given above.
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finger yellow, was applied to the mucous membrane of the
nares, some of the symptoms of hay-fever were invariably
developed, the severity and continuance of which were
dependent upon the quantity, and upon the number of times
it was used.

In an experiment made with the pollen of the Lolium
Ttalicum the first sensation produced was that of a very
slight degree of ansesthesia of the spot to which this had
been applied. This was followed by a feeling of heat which
gradually diffused itself over the whole cavity of the
nostril, and was accompanied by a slight itching of the part.
After some three or four minutes a diseharge of serum came

' on,and continued at intervals for a couple of hours. The
mucous membrane appeared to swell, and eventually became
so tumid that the passage of air through the nostrils was
. very much impeded. No sneezing occurred in this case, but
this might partly be accounted for by the circumstance that
the quantity of pollen applied was very small, and probably
also by the fact that this was not fresh when applied.

§ 157. In another experiment tried with the pollen of the
Alopecurus pratensis the lining membrane of one nostril
was charged with the pollen by this being rubbed on with
the point of the finger as far as this would reach. About
one fiftieth of a grain was applied. Similar sensations to
those described above came on, but showed themselves
more rapidly than in the former case. In a few minutes a
violent attack of sneezing came on; there was also a pro-
fuse discharge of serum, which continued for some hours,
gradually diminishing towards the latter part of the time.
In two hours after the experiment had commenced the
mucous membrane had become so much swollen that no air
could be drawn through the nostril in any attempt at
inspiration,

§ 158. The pollen of Secale cereale (Rye) produced
symptoms of a much more severe and lasting character than
either of the grasses named above. This is, I think, in
part due to the fact that the pollen of this plant is much
larger than that of most of the grasses. In one experiment
the sternutations were very strong and long-continued; the

—_
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discharge from the nostrils was very copious, and produced
more excoriation than in either of the other cases. The
pollen was taken fresh from the growing plant, and applied
on the spot, consequently T could make no attempt -at
ascertaining what was the exact quantity applied; but from
the circumstance that fresh pollen is much more adhesive
than it-is-when dried, it is very probable that the quantity
would be considerably larger than was usually applied.

§ 159. The day on which the above experiment was made
was warm and moist—just such a day as would bring the
pollen rapidly to maturity. A profuse coryza came on in
less than a minute after the application. In thirsy minutes
the nostril was completely occluded, so that it was quite
impossible to pass any air through it. During the day the
sneezing and coryza kept up at intervals, and lasted for six
or eight hours. During the night the nostril which had
been closed became patent again once or twice, but curiously
enough the nostril to which no pollen had been applied
became almost entirely impervious to the passage of air¥*
and on each occasion violent attacks of sneezing came on.
The experiments with Rye (Secale) were tried several times,
and were always marked by decided symptoms varying in
intensity according to the quantity of pollen used; having
a milder character if this was used dry instead of fresh.
The attack induced by three applications, at intervals of an
hour, lasted twenty-four hours, and could even then be
scarcely said to have cleared away. The discharge of the
serum gradually altered by the latter becoming more inspis-
sated, taking in this respect pretty much the same course as
is seen in a case of ordinary catarrh, namely, by the dis-
charge gradually changing to a puriform mucus, which,
under the microscope, was seen to be much of the same
character as that of the subsiding stage of ordinary catarrh.

§ 160. The action of the pollen of Titicum (Wheat)
comes very near to that of the Secale) but is perhaps not
quite so severe, nor does it develop its symptoms so rapidly.
It is, however, quite as severe as that of any of the grasses,

® The cause of this phenomenon I shall be able to explain
further on.
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year before the grasses were in bloom, and on the other in
the early part of winter when few plants are in leaf,

The action of the pollen of the order Graminaces was on
the whole very distinet and well marked. In some cases it
was comparatively mild, and in other cases, as we have seen,
somewhat severe.

§ 163, In the case of plants of some of the other natural
orders the action was quite as well marked as in any of the
grasses, The pollen of the Corylus avellana, for instance,
developed its symptoms moderately rapidly. A small por-
tion of this pollen was applied to the mucous membrane of
one nostril in the usual manner. In ten minutes a violent
fit of sneezing came on, and was quickly followed by a
copious discharge of thin sernm. There was a sensation of
heat in the nostril, and there was also some oppression of
the breathing, which in this case must have been caused by
reflex action, as there was, so far as I could judge, no pollen
inhaled. Why this should be the case with some pollens
and not with others I am at present unable to say. I am,
however, satisfied that asthmatic symptoms may be brought
on as hay-asthma by reflex action. The mucous membrane
of the nares was so much swollen in fifteen minutes after
the pollen was applied that the air was with difficulty
drawn through the nostril, and in thirty minutes the ocelu-
sion was complete.

The pollen of the common Tulip brought on a profuse
discharge of serum, and produced great tumidity of the
mucous membrane, but singularly enough there was no
sneezing until the middle of the night, twelve hours after
the experiment had commenced.

§ 164. One experiment was tried by using two different
pollens for the two nostrils in as nearly the same quantity
as possible.  One nostril was charged with the pollen of the
Tilia media (Linden tree), and the other with the pollen of
the Jasione (Sheep’s bit). The latter was the quickest in
its action and also apparently the most powerful. There
was first a sense of pressure in the nostril combined with
slight itehing; then swelling of the mucous membrane—or
to speak more correctly of the submucous cellular tissue—
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and discharge of serous fluid. The latter was most profuse
in the nostril to which the pollen of Jasione had been
applied. The symptoms produced were much the same as
those brought on by the use of the grass pollens, and the
circumstance of both nostrils being affected at the same time
did not seem to have any influence on the rapidity with
which the symptoms disappeared. A walk in a park, where
there were a great number of linden trees in bloom at the
time, invariably brought on a smart attack of sneezing and
coryza with me, and also seemed to bave a tendency to pro-
duece more decided asthmatic phenomena than I have ever
- noticed when the grasses have been in flower.

§ 165. The inhalation of pollen, without permitting this
to pass in any quantity through the nostril, generally
brought on asthmatic symptoms, and in these cases only
could I say that constitutional symptoms were developed.
An example of this occurred acecidentally in the month of
March before any of the grasses were in flower.

In preparing the pollen of one of the Amentaces for the
microscope a considerable quantity was accidentally inhaled
before I was aware that it had been thrown off from the
catkins so abundantly. A viclent attack of sneezing came
on in a few minutes, but this was not by any means so
violent nor yet so persistent as I should have expected from
the quantity of pollen which seemed to have been disengaged.
Later on there was a moderately copious discharge of thin
serum which kept up for some hours. After the sneezing
and coryza had continued for a couple of hours the breath-
ing became very difficult as if from constrietion of the
trachea or bronchial tubes, giving me just a slight experi-
ence of the misery those have to endure who suffer severely
from the asthmatic form of hay-fever. In the course of five
- or six hours I began to have aching and a sense of weari-
ness over the whole body, with pain in the head and spinal
coluran. A very restless night was passed; the pulse rose
from its usual number (68) to 100. Occasionally there was
slight cough with expectoration of thin frothy sputum, and
for twenty-four hours I felt as if passing through an un-
usually severe attack of influenza. During the succeeding
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spirit was added to the residuum, and this was again filtered
after macerating for a few days. The two filtrates were
evaporated to a syrapy consistence and mixied' together. A
portion of this mixture was applied to the lining membrane
of the nostril in the same manner as the pollen had been
applied. No effect which could be attriblzlted to the ap[:-hf:a-
tion followed. The pollen of Liliwm is not very active
when applied fresh, but still 1t is sufficiently so to sllmw
that it possesses the property of deranging the action of the
mucous membrane of the air-passages.

§ 168. A decoction of the pollen of Gladiolus was made
by boiling a portion of this with one hundred times its
weight of distilled water. One drop of this liquid was
placed in contact with the conjunctiva of the right eye.
The effect was almost instantaneous. The first sensation
was that of intense burning and smarting, coupled with a
feeling such as might be imagined to be caused by fine sand
being blown into the eye. The photophobia was so severe
that for some minutes the eye could not be opened for more
than a single second at a time. In about thirty seconds the
capillary vessels of the conjunctiva were seen to be greatly
distended. With the aid of a lens the larger vessels of the
conjunctiva could be seen to be raised above the surface.
Movement of the eyeball gave great pain, just as is felt when
dust has been blown into the eye. In six minutes the con-
junctiva had become quite cedematous, but showed its closer
attachment as far as the outer margin of the cornea. The
cedema increased until very severe chemosis was set up.
The eyelids also became much swollen. In two hours after
the fluid had been applied the smarting and burning had
much abated, and the congestion of the conjunctival vessels
had considerably lessened, but the chemosis remained and
was even more marked than it had been an hour before
There was a moderately copious discharge of fluid from the
eye and also some little from the nostril. In six hours the
eye still felt uneasy, but there was very little pain on
moving the eyeball, although the vessels of the conjunctiva
were still injected, The chemosis still remained as severe
as before. In eighteen hours there was scarcely any con-
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gestion of the vessels remaining, but the chemosis was still
very distinet.  In thirty-two hours all traces of the derange-
ment had disappeared. During the course of this experi-
ment no effect was"produced on the sclerotic coat of the
eyeball, nor yet, so far as could be seen or felt, on the
deeper structures. The action seemed to expend itself
upon the conjunctiva and upon the cellular tissue of the
eyelids. . '

§ 169. One grain of the pollen of Alopecurus pratensis
was applied to the fauces for the purpose of ascertaining if
it would have any effect upon the tonsils and upon the
mucous membrane of the mouth and fauces. Slight itehing
came on in the course of a few minutes, and in half an
hour the mucous membrane of the fauces was seen to be
somewhat congested, but this was more seen in the engorge-
ment of the larger capillaries than in a diffused redness.
The itching was quickly followed by a sensation as if some
hard angular bodies stuck in the throat. There was also
a feeling of constriction about the fauces, although there
was no swelling pereceptible on examining the throat. I
am, however, convinced from subsequent experience that
the sense of constriction was caused by cedema of the sub-
mucous cellular tissue of the pharynx. The symptoms
remained stationary for two or three hours and then
gradually diminished.
© § 170. Whilst I was still suffering from my usual attack
of hay-fever, during the summer of 1865* as much pollen
as could be obtained from two anthers of the Loliwm Italicun
was applied to the centre of the anterior surface of one
forearm after the skin had been abraded asin the ordinary
mode of vaccinating. A space of about a quarter of an inch
was abraded, and to this the quantity of pollen named was
applied after being placed on a piece of wet lint the size of
the abrasion. This was covered with a piece of thin gutta
percha, and the whole was held in position by a strip of
adhesive plaster. The centre of the other forearm was
treated in exactly the same manner save and except that no
pollen was applied to it. The scratching with the lancet

* July 13th.
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raised a wheal such as is seen in urticaria or in stinging
with nettles, In a few minutes after the pollen had been
applied the abraded spot began to itch intensely ; the parts
immediately around the abrasion began to swell, but this
was not apparently due to any action on the cutis vera.

§ 171. In the above experiment the swelling seemed to
be entirely due to effusion into the subcutaneous cellular
tissue. There was no heat or redness more than what had
been caused by the abrasion, and these were much the same
on each arm. Although the swelling had the appearance of
eedema, it located itself at first exactly around the abrasion
to which the pollen had been applied, and gradually spread
" from this point and formed a flattened tumour, which had
its centre at the abraded spot. There was no tenderness,
and any part of the swelling was easily made to pit on
pressure. The wheal caused by the lancet did not increase
much in size after the pollen was applied. The tumour in-
creased in size until it measured two and a half inches in
length, by one inch and a bhalt in breadth, and was raised
above the ordinary level of the surface nearly three quarters
of an inch, No pain was felt in the limb, nor was there
any heat or redness present at any time, beyond the very
slight amount to which the abrading of the cuticle gave rise.
The swelling attained its maximum in six hours, and then
remained stationary for other eight hours; after this it
gradually subsided, and in forty-eight hours it had entirely
disappeared. The arm to which no pollen had been applied
did not exhibit any sign of swelling or irritation,

§ 172. In the latter part of September in the same year
another experiment of a similar character was tried. Much
the same effect as was seen in the former one followed, but
the swelling was not so great, and subsided more readily.

In the following year the experiment was repeated by
applying the pollen to the integument covering the centre
of the right tibia. This spot was chosen because we have
here only skin and cellular tissue, with a hard unyielding
surface of bone behind these; consequently, whatever in-
crease there is in the bulk of the part operated on, it must
declare itself move distinctly and more exactly than it is
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continued through the night, and did not disappear till the
afternoon following. Professor Jeffries Wyman, who was of
the same party, did not sniff the plant, and had none of the
symptoms just deseribed.’

§ 175, ¢ A portion of the same plant, Dr. Wyman says,
‘was sent to friends at Waumbec House, Jefferson Hill.
The results of the experiments tried were as follows:
‘Eight persons sniffed the plant. One was seized with
asthma and stricture in the chest, and did not entirely
recover from the effects until the next day. This person is
severely affected with asthma, and particularly sensitive.
One was attacked with ecatarrh, as he would have been at
the same period at home, and the eyes were irritated for
several hours; one had sneezing and coughing for some
little time ; two had sneezing only. One had sneezing and
watering of the eyes; one had only irritation of the eyes for
some time; and one experienced no effects whatever.
Eight other persons were in the house at the time who are
subjects of the disease, but did nof sniff the plant, and
were not similarly affected.’

In another experiment tried upon himself, Dr. Wyman
says: ‘ In February, 1865, I planted in a pot a quantity of
the seed of the Roman wormwood (Ambrosia artemesice-
Jolie) and kept it in a warm room; as soon as the weather
was suitable it was placed out of doors and properly cared
for. It began to bud early in July; 16th July it was in
flower ; the pollen was apparent but not copious. It was
then placed in my sleeping-chamber, and there remained
until it ceased to flower. Nothing which I could attribute
to its influence followed” In another experiment the pollen
of the Roman wormwood was gathered when in full flower,
preserved in its dried condition and sniffed late in February
by a subject. In one trial it had no effect, but in another it
was followed by some stuffing of the nostrils and discharge
of limpid fluid.

§ 176. Dr. Elias J. Marsh, of Paterson, New J ersey,
{U.S.), who, as I have previously stated, is a subject of hay-
fever, has also tried experiments with pollen upon himself
and one other sufferer. In the excellent paper to which I
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have before referred he says:* ‘On August 6th, 1874, T
picked a few racemes of Ambrosia, the lowers of which were
in full bud, but not quite opened, and placed them in a glass
of water in my office. This hastened the ripening, so that
the next day they scattered pollen abundantly on handling
them carelessly in the preparation of some specimens for the
microscope. For twenty-four hours afterwards I suffered
from a severe coryza, with occlusions of the nostrils and
serous discharge. The symptoms then pussed off, and I had
no return of them until August 13th, when I repeated the
experiment and also applied some pollen directly to the
nostrils. This produced immediately such severe catarrhal
symptoms, that the next day I took a hypodermic injection
of morphine for their relief. The symptoms did not pass off
but continued into the regular attack, which should have
commenced a few days later. A friend, not subject to the
disease, at the same time tried the same experiment, and
was entirely unaffected. On August 23rd I left home for
the White Mountains, and while there, finding a few plants
of Ambrosia, tried the same experiment upon myself and
another subject of hay-fever. We both being quite well,
applied the ripe pollen freely to the nostrils, and almost
immediately a very severe inflammation of the membrane
began, with all the symptoms (except thoracic) of hay-
fever. It continued severely for several days, and then
subsided. Since that time I have never intentionally re-
peated the experiment, being fully convinced that the pollen
of the Ambrosia is a very severe irritant to my mucous
membrane. . . . . On August 9th, 1876, I handled rather
carelessly, in preparing for the microscope, some flowers
of another variety of Ambrosia, the Ambrosia trifolia.
These flowers were covered with pollen, and I suffered
slightly from coryza for the next twenty-four hours, when
the symptoms passed off’ Dr. Marsh also made some
experiments on the presence of pollen in the atmosphere, on
the plan I myself pursued. To these I shall refer when 1
come to speak of the correspondence between the quantity

* Hay-Fever, or Pollen Poisoning, an Essay read before the New
Jersey State Medical Society, by Elias J. Marsh, M.D., pp. 14, 15.
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of pollen found in the atmosphere in England during the
hay-fever season, and the intensity of the symptoms in my
OWn case.

§ 177. We have seen that experiments were tried with
pollen in various ways by Dr. Kirkman (§ 38); Dr. Wyman
(§§ 174—175); Dr. Marsh (§ 176); Dr. Patton (§ 80) and
more extensively by myself (§§ 156—173). The total number
of persons experimented upon was sizteen. In every case
but one some of the symptoms of hay-fever were produced,
and in some the disturbance was very severe and very
characteristic. On the other hand the experiments made
with the other supposed causes of hay-fever yielded, as we
have seen, no symptoms of the malady.

In a correspondence which occurred between Dr. Wyman
and myself in 1873, I expressed the opinion that the
American autumnal catarrh was in all probability caused
by the pollen of Indian corn (Zea mays). At that time I
had not much information of the extent and distribution of
some of the plants belonging to the American flora. There
is no doubt that the pollen of the Indian corn has a con-
siderable share in the production of the malady in some
parts of the country, but from the facts I give below, I think
it is highly probable that the pollen of the dmbrosia
artemisiefolia is one of the greatest cauvses, if not the chief
cause.

§ 178. My attention was first called to the extreme
luxuriance and wide distribution of the Artemisise in some
parts of America by a passage in the work of Dr. Pickering *
When speaking of Oregon, he says: ‘The country, as
throughout a great part of the interior, did not appear to
become green at any part of the year, but presented a hoary
aspect chiefly from the prevalence of Artemisia’ Dr.
Wymantt also speaks of the Ambrosia artemisicefolia as
growing ‘very generally in those regions where the disease
exists,” and as the disease is said to prevail in most of the
Northern States, the plant must therefore have a wide dis-

* The .J"Eaces; of Man, and their Geographical Distribution, by
Charles Pickering, M\.D. TLonden, Bell and Daldy, 1872, p. 30.
T dutumnal Catarrk, by Dr. Wyman, p. 101.
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tribution. Dr. Marsh* says: ‘T have noticed the extreme
abundance and wide diffusion of the Ambrosia during my
travels to escape it. In this section of the country it may
be said to grow everywhere. Road-sides, stubble-fields,
waste-places, everywhere abound with it; and few of the
most highly cultivated gardens are free from it. Tt is only
after the attention has been directed to the plant that its
univeral presence is observed. It seems to spring up by
magic everywhere. I have counted hundreds of plants
within a few blocks in New York City, in the neglected
courtyards, and spaces about houses and churches. I have
found that it extends up to the limit of the catarrhal
regions, and not at all, or in extreme rarity, in the exempt
regions,’

§ 179. The examples of the action of pollen taken from
my own experiments have been selected from a large number.
These give a fair idea of the nature and extent of this action,
In most cases the experiments were repeated several times,
and in some instances, where the details were not noted
down at the time, the action was quite as severe as in those
I have cited.

Extending as they do over a good number of years, the
trials must have been made in very varied physical and
mental conditions, even within the limits of health; but
some of the experiments have been made when the system
has been in a state bordering upon, if not actually suffering
from, disease. I have not found, so far as I have noticed,
that these varying conditions have had any influence in
increasing or diminishing the intensity of the symptoms
produced.

§ 180. With some rare exceptions, the action of the
pollen of the plants named in the list given was sufficiently
perceptible to show that this action was in some degree
common to all. The intensity of the symptoms, however,
varied in using the pollen of different plants, and also in
that from the same plant at different times. There seemed,
in fact, to be some circumstances which had a eountrolling or

* Hlay-Fever, or Pollen Potsoning, by Elias J. March, M.D., pp.
13, 14.
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modifying influence upon the production, as well as upon
the activity of pollen. Probably some of these modifying
influences comsist in those subtle atmospheric conditions,
of the nature of which we are at present profoundly
ignorant.

There are, however, some circumstances which exercise
an important influence, and with whose nature we are toler-
ably well acquainted. One of these is temperature. A
high temperature is in itself favourable to the generation of
pollen, but a high temperature with severe drought will, in
the case of the grasses, check their growth, and thus
prevent the formation of pollen. In proportion as tempera-
ture and moisture are suitably combined, so will be the
production of pollen, but where these happen to be unusually
favourable, we may have the grass arriving at maturity
rapidly, and as a consequence this may be quickly cut and
converted into hay and housed. Under such circumstances,
hay-fever patients may have a short season of attack, but
the symptoms may be very severe whilst they last.

§ 181. Low temperature operates in quite another manner
with the majority of the grasses. Growth may go on
moderately well with a comparatively low temperature,
especially in some of the grasses, but a temperature below a
certain point will not permit the flowering process to go on
in a normal manner. Not only will the quantity of pollen
thrown off by a given number of plants be lessened, but
that which is generated will have much less vigour than it
has in favourable seasons. In the same manmer pollen
obtained from plants which have flowered prematurely does
not seem to possess the same activity as that which is
generated later. The pollen of Beilis perennis (common
daisy) gathered during the earliest period of flowering, in
the month of March, did not seem to have the same power
as that which was gathered in the middle of summer,
although this plant blooms from early spring to autumn.

Some of the cereals, however, will arrive at maturity,
and maintain a vigorous and healthy condition during their
period of growth, with a much drier state of the atmosphere
and soil than is borne by many of the grasses. It is well
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183. Before proceeding to inquire what particular
portion of the pollen grain or what particular substance con-
tained in this is the active agent in producing hay-fever, it
will perhaps be well to notice some conditions which seem
to have no inHuence whatever either in bringing on the
attacks or in modifying their intensity when once produced.

The pollen grains of different orders of plants vary
much in size and in weight ; in some cases not being more
than one-twentieth the size or weight of others. This
circumstance, however, does not always affect their power
of producing hay-fever. The size of the pollen grain has no
constant relation to the intensity of the symptoms*® A large
pollen grain may produce a mild attack, whilst a smaller
one may produce much more severe derangement.

§ 184. Pollen grains also vary in shape and in the rough-
ness or smoothness of their outer coat. In the state in which
the pollen comes to be when in contact with the mucous
membrane of the nares, or of the trachea and bronchial
tubes, in some cases the outer coat will be perfectly smooth
and even, such as for instance in the cereals or the grasses.
In others the surface is studded over with sharp points, as
in the orders Compositee and Malvaces; and whatever may
be the varying conditions such pollen is placed under, with

| regard to excess or deficiency of moisture, this roughness is
| never entirely got rid of. Between these two extreme
| characters of surface there are all degrees, but in no case
| bave I noticed that the shape, or the degree of roughness of
the surfuce, has any influence in regulating the intensity of
the symptoms produced.

We have seen that in the list given there are several
plants of a poisonous character. This circumstance, how-
ever, seems not to affect the quality of the pollen, so far at
any rate as the production of hay-fever is concerned. In
. one of the most poisonous families (Solanew), the pollen
produced even milder symptoms than that of the grasses.

. % 185. In commencing the inquiry into the question as
to what constituent of pollen is the exciting cause of hay-
fever, we encounter some difficulties which are not easily

* When equal quantities by weight are applied.
8
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removed. Whatever part the pollen-cell may take in the
generation of the varied and beautiful forms of plant life,
even with the aid of the most powerful instruments it gives
to the vegetable physiologist no indication of the possession
of those wonderful powers which belong to it and which lie
hidden in its apparently structureless granular matter.

In like manner, if we seek for any sign of pollen being
the cause of this disease, we find no special character in
any portion of the cell which will enable us to aceount for
the phenomena of hay-fever. Pollen is, in its recent state, a
living structure, and if we attempt to examine it by
chemical means or by any mode of manipulation which
alters the relation of its separate parts, we may change its
character and lessen its vitality. It will no longer be the
active and living organism it was before our examination
began, and the changes we have brought about may involve
the alteration or destruction of those very qualities upon
which the production of morbid phenomena depends. These,
as I shall be able to show, do to some extent depend upon
the vitality which it possesses in common with all bodies of
the same class; consequently in all our examinations we are
constantly met by the difficulty there is in keeping intact
the disease-producing quality whilst we isolate that portion
of the pollen to which it belongs. There are, however,
some of the symptoms of hay-fever which are probably due
to mechanical causes, but which are nevertheless produced
by pollen.

§ 186. Examined under the microscope a pollen cell is
seen to be a simple cell with granular contents. Its cell
wall is generally composed of two layers only—an intine
or inner coat and an extine or outer coat.* In addition to
these two membranes pollen of almost all kinds is covered

* There is also a third coat in some pollens. In the pollen of the
Cucurbita ovifera 1 have found this third coat to consist of an ex-
ceedingly delicate membrane, which seems to lie between the inner
and outer coat. Tt is not seen until the pollen has been immersed in
water, or in water and glycerine, for a short time ; it then protrudes
and lifts up the minute lids which cover the pores in this pollen
grain.
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with a substance which resembles an oleo-resin, and in some
instances I have thought that a portion of this substance
has come from the interior of the pollen grain. In some
cases this oleo-resin is of a rich amber colour, when seen
under the microscope, whilst in others it is of a pale straw
colour. It varies in quantity in different pollens, In that
of Liliwm albwm it is especially abundant and also in that
of the Calendula officinalis, as well as in several other
plants of the order Compositee. It is very little soluble in
water or in proof spirit, but dissolves readily in ether and
in oil of turpentine. I believe it slowly volatilises at
ordinary temperatures, but of this I cannot speak very
positively. It is this substance which causes pollen to
adhere to any body with which it comes in contact when
fresh.* Some of the pollens which have the largest quantity
of this oleo-resin about them are not so active in producing
hay-fever as those which contain much less of it. All the
pollens of the grasses that I have examined have a very
small quantity about them, and yet they are amongst the
most active in producing the symptoms of hay-fever. From
these considerations I conelude that this body has little or
no influence on the disease, and that we must look to some
other portion of the pollen grain for the exciting cause of
the malady.

§ 187. Seen under the microscope, when fresh, pollen
grains have generally a definite and regular shape. When

* Referring to this subject Lindley says : ‘ In all cases where there
are asperities of the surface or angles in the outline, pollen is asserted
by Guillemin to have a mucous surface, which was first observed in
Proteacem by Brown ; but Mohl finds that the presence of mucosity
upon pollen is a constant character, at least, when the grains first quit
the anther ; and that a power of secreting a viscid substance is one
auf_ their functions when perfectly smooth, as well as when covered
:mtlh points and inequalities. He, however, admits that hispid pollen
is generally more viscid than that which is smooth.” This supposed
macus, or mucosity, is really the substance which T have described
above. When properly tested, however, it may be found to be a wax
and not an oleo-resin, and may possibly be one source from which
bees obtain wax for cell-building. Any substance of the nature of
Mucus would not be soluble in oil of turpentine—C. H. B.

8—2
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§ 189. After the granular matter has escaped it diffuses
itself gradually in the surrounding fluid. When carefully
observed the granules are seen to vary very much in size.
According to Lindley they are, in some cases, not more
than the 30,000th of an inch in diameter.* Immersed in
water or in any fluid which is not of greater density than
water they readily take on molecular motion.t This is
most perceptible in the smallest granules and seems to be
more sluggish as the granules get larger, until in some
pollens we find the largest granules to have little or none
of this movement. It was said by Brown and others to be
caused by the particles ‘moving on their axes,” and setting
up in this way a sort of rotatory motion. A little observa-
tion will, however, show that in addition to this they have
a vibratory motion, and that they slowly move in different
directions, and sometimes I have noticed that they seem to
work together in small groups as if attracted by some force
which operates to bring certain of the granules together.;

dually, and by this expansion to force the granular matter against
the end where the pore is situated. After the inner membrane is
ruptured and the granular matter has begun to ezcape, the sac seems
to collapse or in some way to become so indistinet as not to be seen.
I have seen it twice in the pollen of grass and once in that of Gera-
nium ; but, although I have carefully watched for the phenomenon
on several other oceasions, I have not been able to detect it except in
the three instances named. When it is seen it is perceptible for a
very short time only.

* Lindley’s Introduction to Botany, p. 190.

* T This was first noticed by Gleichen, and subsequently by Amici,
Guillemin and Brown, and has since been called, after the latter
observer, the Brownian motion.

T Molecular motion is seen in almost all animal or vegetable Auids
if these are not too viscid to permit the molecules to move. Granular
matter is especially abundant and active in vaccine lymph if taken
on or before the eighth day, and also in the fluid thrown off by per-
spiration in rheumatic, typhoid and other fevers. It is also seen, but
to a less extent, in the perspiration of health.

Any watery fluid which holds in suspension finely divided mineral
or earthy matter will also show the molern'ar m ovement, but in this
case I have never found it to be as vigorous or as long continued as

it is'when the granular matter has been derived from animal or vege-
table bodies.
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occur when pollen is brought into contact with the mucous
membranes. In the one case, however, we have mucus and
watery vapowr acting upon the pollen, whilst in the other
we have only watery vapour present. Nevertheless, from
what I have been able to learn, by immersing pollen in
liquids of similar density and viseidity to those of mucus
it is very improbable that the latter has any effect which
would not be produced by the vapour given off from the
lungs during expiration.

§ 192. The pollen which is found floating in the atmo-
sphere during the prevalence of hay-fever is, as I shall have
to show further on, dry and shrivelled. A few minutes’
exposure to the air and the sun on a summer’s day is suffi-
cient to deprive it of the moisture which it contains in its
normal state whilst enclosed within the walls of the anther.
If we imitate this action by allowing the pollen to dry before
we subject it to the influence of the vapour, we can then
observe all the physical changes which take place when

- pollen is inhaled during the hay season.

As T have said above, one of the first changes is that the
pollen grain begins to swell. In contact with water this is
accomplished somewhat suddenly, but under the influence
of vapour it is produced more slowly and with accompani-

may, for convenience, be called a water cell. This may be constructed
in the following manner. A drop of distilled water is placed, whilst
still warm, in a microscopic cell about one-tenth of an inch deep by
half an inch in diameter. The upper surface of the cell wall is coated
with black varnish, and this is allowed partially to dry. A disco
thin microscopic glass, on which a portion of fresh pollen has been
dusted, is then placed on the cell in the form of a lid, care being
taken that the surface on which the pollen has been placed is turned
downwards. If the varnish has not been allowed to become too dry
the edges of the thin glass will adhere to it, and thus a cell will be
formed which is hermetically sealed. Care should also be taken that
the water is only just sufficient to cover the bottom of the eeil.

If it is desired to have the pollen as a permanent preparation after
the changes have taken place in it, it is necessary to leave two or
three spaces on the surface of the cell wall untouched with varnish.
The water will then slowly evaporate, and the changed condition of
the pollen is rendered permanent.
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ments which may possibly Lelp us to account for some of the
phenomena of hay-fever, This enlargement is not brought
about by a steady increase in size. The change is produced
in many of the pollen grains by a series of jerks, as if the
cell wall resisted for a time the expansive force of the
moisture which had condensed around it and then suddenly
gave way, and in doing so not only altered its shape but also
slightly changed its position. After this change has taken
place the granular matter begins to escape, but it does so
much more slowly and less vigorously than when in contact
with water, though occasionally this sudden and spasmodic
mode of exit is seen,

§ 193. In both cases the granules have a tendency to
diffuse themselves in the surrounding fluid, but with water
they do so more completely than with vapour. In both
instances a portion of the matter will remain in contact
with the grains, grouped together as if held in close contact
by the viscid mucus in which they are imbedded whilst in
the pollen grain ; the least mechanical disturbance, however,
will set a large number of them free, and in such case they
at once commence the molecular motion.

If placed under a micrometer whilst the granular matter
is being ejected, the squares of the instrument enable us to
measure the rate of movement and also the distance the
pollen travels. When everything is properly arranged the
pollen grain is seen to move slowly across the field of the
microscope, or if this remains stationary the stream of
granules is pushed in an irregular or zigzag line away from
it. In some cases a dozen or more pollen grains may be
seen undergoing this change in a single field, and when we
consider that in the space of one square centimdtre (=}gths
of an English inch) we have more than six hundred fields,
some idea may be formed of the extent of mechanical action
which goes on in a comparatively small surface of the mucous
membrane of the nares, trachea, and bronchial tubes, during
the time when grass is in flower.

§ 194. When pollen is immersed in water, if it is quite
ripe some of the grains will burst in a few seconds, nt-h&:"s
will take an hour or two, and some will not discharge their
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contents however long they are kept moist. Sometimes the
granular matter is seen in close contact with th? pollen-
grain from which it has been ejected. In some instances
the contents of a grain may be discharged at a single stroke,
whilst in others the evacuation may go on more moderately,
and in the latter case it sometimes happens tbai a large
group of granules may partially block up the pore, whilst
smaller detachments are being discharged by pushing their
way past the side of the larger group.

As in the other case the pollen grains are sometimes seen
to move across the field of the microscope, or to push the
granular matter from them, but this they generally do more
suddenly and more vigorously than when under the influence
of vapour only. The granular matter diffuses more rapidly
in the surrounding fluid, and the number of granules which
take on molecular motion is larger, whilst at the same time
this is more vigorous; but the chief difference between the
two modes of operating consists in the difference in the time
taken to accomplish the results,

§ 195. The two modes of action deseribed above do, in
practice, slide so gradually from one to the other, and
become so intermingled, that it is very difficult to ascertain
the precise point at which the one ends and the other begins,

At the commencement of an attack the first symptoms
will, no doubt, be produced by the combined action of the
vapour exhaled from the lungs and the mucus secreted by
the mucous membrane. If the quantity of pollen which is
brought into contact with the mucous membrane be small,
or if its vitality is Jessened by any circumstances, this mode
of action may be kept up some time, but when a discharge
of serum begins we shall at once have the more rapid and
vigorous action commenced which is seen when pollen is
placed in contact with water. Thus it happens that the
fluid which is discharged in great profusion in severe
attacks of hay-fever is at once a cause and an effect ; and so
long as a free supply of pollen is kept up this fluid helps in
no small degree to perpetuate and to intensify the symptoms
generated.

§ 196. The form of cell which I now use for demon-
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strating the effect of vapour upon pollen is shown at Figs.
1 and 2 (Plate I). A cell of this form possesses several
advantages over the simpler one described in the footnote to
§ 191. One advantage is that the observer can, whilst
witnessing the changes which take place under the miero-
scope, accelerate or retard these at pleasure, and can also
bring them to a termination at any particular stage. With
these exceptions the process followed, in using this instru-
- ment, is a pretty close imitation of what takes place when
pollen is inhaled.

When fresh pollen has been placed on the under surface
of the glass disc d, if we breathe gently through the mouth-
piece ¢, the vapour exhaled from the lungs will pass through
the cell b, b, and will condense on and around the pnllenh:
By increasing the speed at which the respired air is made
to pass through the cell, we may gain a tolerably accurate
notion of the rate at which the changes before-mentioned
take place in varying rates of respiration, and by this means.
we are able to see that, whilst active exercise must
necessarily increase the quantity of pollen inhaled during
the hay season, it must also greatly accelerate those changes
which produce some of the symptoms of hay-fever. If we
are desirous of imitating the natural process of respiration
in the operation, we can do so by drawing the air in through
the cell, and passing it out by the same way. The only
advantage in pursuing this method is, that it enables us to.
determine with tolerable accuracy the time which elapses
before the changes, which I have deseribed, are completed.

§ 197. There is also another change brought about in
pollen by the influence of vapour which, although it may
not have much share in producing the symptoms to which
pollen gives rise, it would not be well to pass by without
notiecing.

When pollen is discharged from the anther a considerable
portion of it comes into contact with the stigmata nF the
plant to which it belongs. In this position the inner
membrane® of the pollen grain very soon begins to protrude

# [t is possible that the inner membrane (intine) does not in all

cases form the pollen tube, but that in some it is formed by the
delicate membrane (exintine) of which 1 have spoken (§ 186).




PLATE I

Fig. 1.—A perpendicular section of the instrument represented.
a, glass plate (one tenth of an inch thick); b, &, circular brass
cell, cemented to the glass plate @, and perforated on opposite
gides for the passage of the glass tubes ¢, ¢, which latter are
cemented into the cell b, b ; d, a disc of thin microscopic glass,
which rests on the upper margin of the cell 4, b, the pollen in-
tended for observation being placed on the under surface of this
glass ; e, a short piece of glass tube, to be used as a mouth-piece ;
J [, brass steps cemented to the upper surface of the glass plate
a, the tubes ¢, ¢, being cemented to semicircular recesses in the
steps f, f; g, caoutchouc tube, attached by one extremity to the
mouth-piece e, and by the other to the tube ¢. This tube should
be sufficiently long to reach the mouth of the operator easily
when the cell is in position on the stage of the microscope. &, i,
brass cap to fit over the cell b, b The cap is raised a little, so
as to show the disc of thin glass d ; but when in position, the
under surface of the horizontal portion of the cap will press upon
the disc and keep it firmly fixed.

Fig. 2.—A view of the upper surface of Fig. 1. a, a, glass
plate (an ordinary microscopic slide will answer the purpose);
¢, ¢, glass or brass tubes cemented to the stepsf, £, and to the
cell b, b, which is here concealed by the cap &, & ; g, caoutchouc
tube attached to the mouth-piece e (shown in Fig. 1), and to the
tube ¢ ; h, I, brass cap which holds the dise of glass d in position,
and covers the cell b, b (shown in Fig. 1).

Drawn to a scale of grds.
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through one of the pores;, and eventually becomes elongated
into a fine transparent tube (pollen tube), which is filled
with the granular matter ( fovilla) of the pollen grain. In
fulfilling its proper function this tube passes into or between
the cells and tissue which form the stigma. So far as
relates to the pollen cell itself, when in its normal position,
this change is physiological in character ; but so far as it
relates to the mucous membrane with which the former is
in contact, when inhaled, it is purely mechanical.

§ 198. This development of the pollen-tube may be seen
to occur in a very small number of the cells, when placed
under the microscope, in the instrument shown in Figs, 1
and 2 (Plate 1.); and there can be very little doubt that the
same change takes place when pollen is brought into contact
with the mucous membranes of the respiratory passages.
Generally the proportion in which the change does occur is
wvery small, and it is only in certain states of the pollen that
it is to be seen at all. What the exact nature of this con-
dition is is not at present known.

Occasionally the tube may be seen to grow rapidly, so
that in the course of thirty or forty minutes it may grow to
a length which is two or three times the diameter of the
pollen cell. Whether the tube simply stretches along the
. surface of the mucous membrane, or whether it penetrates
. into the mucous follicle, it is impossible at present to say;
. nor can we feel at all sure that its presence does assist in
. producing any of the symptoms of hay-fever. I think it is
not improbable, however, that it does in some few instances
penetrate the mucous follicle, and thus give rise to irritation,
which at least increases that set up in other ways.*

* At § 70, I have referred to a paper written at the latter part of
1870, by Mr. Wm. Wright Wilson, of Birmingham. The paper in
| question is entitled * Notes on British Poisonous Plants” The author
in his notes on Aconite states that, ‘It is affirmed by some able old
. writers that the pollen dust being blown on to the surface of the eye,
has been known to cause pain and swelling. Now this supposed
property of the pollen grains admits of easy explanation. If any
pollen grain becomes an inhabitant of any warm, moist place, endos-
mosis and exosmosis instantly commence, and in a little time the
- external coat, or extine, of the pollen is ruptured, and the internal
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§ 199. I have thus shown that pollen possesses the power
of producing hay-fever, both in its asthmatic and its catar-

coat, or intine, is protruded, forming what is known as the pollen
tube ; the use of these tubes being to ramify through the cellular
spaces of the stigma and style of the plant until it reaches the ovary,
where it enters or attaches itself to an ovule, and therein discharges
its granular contents or fovillum. Now this will happen upon the
eye. The moment that the pollen becomes surrounded by the lachry-
mal secretion, which is constantly washing the surface of the cornea
and conjunctiva, a change takes place. The grain enlarges, bursts its
extine, protrudes its intine as a tube, and finally, after wandering
over the eye for some little distance, the intine or pollen tube bursts,
and discharges its fovillum on the surface. These granular contents
are even smaller than the red blood-corpuscles ; and I think that if
the corpuscles can pass out of the small blood-vessels between the so-
called epitheiial chinks, in like manner the fovillum grains might
pass into such small blood-vessels. Of course the presence of these
minute filaments or tubes and the granular fovillum on the surface
of the eye must be very painful, and a constant source of irritation
until removed. My theory, then, of mechanical irritation fully
accounts for all the symptoms deseribed by some authors of pain and
swelling, and which eould no doubt be found to be the case with any
kind of pollen grains ; and I have no doubt but that hay-fever, so
called, is due to the inhalation of pollen grains, which, settling on
the mucous membrane of the nose, eye, bronchial tubes, etec., burst
and ramify over the surface, causing intense irritation, and giving
rise to febrile disturbance, with the usual train of symptoms and
results.

In a letter written to the editor of the Zancet (Augnst 22nd, 1873),
Mr. Wilson complains that I claim to be the originator of the ¢ pollen
theory’ of hay-fever, whilst the credit of this really belongs to him.
As a matter of fact, the credit of this does not belong either to Mr.
Wilson or to me. For some three or four years after I first found out
(now twenty years ago) that pollen would cause the symptoms of
hay-fever, I imagined that T was the first to make this discovery;
and it was only when I became better acquainted with the ]ite_ra,tura
of the disease that I found that fully thirty years before the time to
which I refer, Elliotson had said that pollen would probably be found
to be the cause of this malady. Elliotson, however, gave no proof of
his assertion, but it is to him that the credit of first namin_g the
probable cause is due. I have nowhere claimed to be the originator
of the pollen theory, but have been specially careful to show that the
first definite idea of this was broached by Elliotson. What I do
claim, however, is that, so far as I know, I am the first to show, by &
long course of carefully conducted experiments, the correctness or
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thal form; and I have also shown that, with very rare
exceptions, this power is common, in some degree, to the
pollen of almost all the plants experimented with. And,
although those belonging to the order Graminacez have this
property in a more marked degree than some, there are plants
belonging to other orders which have it to almost, if not
quite, an equal extent. How far this property would be
found to extend through the plants which form the entire
flora of any given district I cannot at present say, but I do
not doubt that the exceptions would be comparatively few.

From the results obtained in the experiments I have

incorrectness of the theoretical opinions that have been held on the
cause of hay-fever.
~ Mr. Wilson’s opinions, like those of many other authors I have
' passed under review, are at best only theoretical, and although cor-
rect in some particulars, are erroneous in others. In a second letter,
‘also written to the editor of the Lancet (October 6th, 1873), he gives
a further explanation of his idea of the mode in which pollen acts.
when in contact with the mucous membranes. In this Mr. Wilson
gays : ‘ Now it is proved that pollen does produce the symptoms of
hay-fever, when introduced into the body under favourable conditions.
Theze conditions are heat, moisture and absence of light . . . . Now,
if this be true, each plant that has a long pistil must require pollen
grains, the intine of which must be capable of great extension and
possess the power of travelling, as in some lilies, a distance of two or
three inches.” Mr. Wilson then goes on to say that pollens with a long
pollen tube must have one that will wander a long distance over the
mucous membranes. These must from this circumstance have the
greatest power of causing irritation of these membranes, and that there-
fore such pollens must bring on the severest symptoms of hay-fever.
It 15 not quite correct to say that absencc of light is a condition neces-
sary to the growth of the pollen tube, I have seen the pollen tube
of some of the cereals grow rapidly whilst exposed to strong sun-
light under the microscope. Then, every botanist knows that the
_anther and the stigma in all the Graminaces are exposged to the sun
light the whole day long, when fertilisation is going on.

In all my experiments with the grass pollens, the development.
of the pollen tube was seen to be a very exceptional phenomenon
and the still more important facts against Mr. Wilson’s theory
are : 1st, that in the grasses there is no necessity for a long pollen
tube ; 2nd, that grass pollen is the grand cause of hay-fever in Eng-
land ; and 3rd, that the pollen of the order Liliacem is one the least.
powerful of all the pollens T experimented with.
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described, T have come to the conclusion that the dis-
turbance caused by pollen is due partly to its mechanical
and partly to its physiological action. From the cireum-
stance, however, that the coating of wax or oleo-resin, of
which I have spoken (§ 186), probably has some volatile oil
combined with it, it is possible that this may commence the
disturbance ; but whether this is chemical or physiological
in its character is not certain.

§ 200. The mechanical changes I have deseribed would
be quite sufficient to account for some of the earlier symp-
toms of hay-fever; but some of the later phenomena will,
no doubt, be due to the physiological action of the granular
matter of the pollen.

This granular matter, as T have shown at § 189, will,
with suitable conditions, take on the Brownian or molecular
movement. It might, at first sight, appear likely that
this movement would assist in bringing on or in prolonging
the symptoms produced by the other mechanical changes.
But when we remember that all very small particles of
mineral and organic matter will, under similar conditions,
take on the same movements,* though not in all cases to
the same extent, we are compelled to believe that this can
have no share in producing hay-fever. If molecular motion
was an efficient cause for any of the important symptoms of
the disorder, patients who are liable to it would suffer more
or less from it at all times, because experiment has shown
that there is an abundance of finely divided matter present
in the atmosphere at various parts of the year, independent
of any particular season.

* In speaking of the nature and causes of this movement, Valentin
says : ‘ There can be no doubt that direct mechanical agitation, and
indirect thermic movements, exert an important influence on the
phenomena we are now considering. And although the results differ
with the nature of the molecules and the fluid, still the mutual
physical relations may assist to determine the amount of original dis-
placement and the duration of the subsequent vibration. The question
whether these are the sole exciting causes, or whether the molecular
movement i3 not based upon other attractive forces, cannot at present
be decided. The forces to which it is due are, at any rate, easily
overcome by the ordinary phenomena of adhesion.’—(Vide Z'ext-

Book of Physiology, p. 356).
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§ 201. The power which the granular matter of pollen has
may, however, be due to qualities which are very different
in their nature. It may, and I believe does to a large
extent, depend upon thie vitality which all bodies of this
class have in their active state. And I hope to be able to
show that to the extent that this vitality can be destroyed
in the pollen grain as a whole, before it reaches the
mucous membranes, to a similar extent will its power of
producing hay-fever be lessened. On the other hand, it
may, when all the chemical constituents of pollen come to
be known, be found, in part at least, to depend upon the
presence of a substance belonging to the alkaloid or to some
other class of bodies. Until the pollen of the grasses and
cereals has been subjected to a more careful chemical
investigation than it has yet undergone, this part of the
question must be considered unsettled.* This much, how-
ever, may be considered to be tolerably certain, namely,
that the sneezing—and possibly the discharge of serum—
. which occurs in the first stage of hay-fever is due to the

mechanical changes of which I have spoken, and that the
swelling caused by the effusion of fluid into the submucous
" cellular tissue is due to the presence of some substance or
quality in the granular matter, the exact nature of which is
at present unknown. If, however, we can succeed in
partially destroying the vitality of the pollen before it
reaches the mucous membrane, we shall, to some extent,
prevent both its mechanical and its physiological action.

* Fritzche discovered starch and sometimes inuline amongst the
granular matter, and also minute drops of essential oil. In addi-
tion, the fovilla (granular matter) contains a certain proportion
of sugar and various other azotized materials. Geraud found in the
pollen of the Antirrhinum majus (snapdragon) potassa, and raphides
of phosphate of lime among that of the Tvadescantia virginica
(spiderwort). Fourcroy and Vauquelin found malic acid in the
pollen of the date tree. In addition to sugar, gum, albumen, cerin,
resin, ete., Herapath found as much as 46 per cent. of a peculiar
inflammable azotized prineciple, insoluble in nearly every liquid,
W_hinh Girardin called Pollenine, in the pollen of Cereus speciosis-
stmus, and nearly as much in two species of lily. —(Manual of Botany,

by Robt. Brown, M.A.,, Ph.Dr, F.L.S, F.R.G.S. London, Wm.
Blackwood and Sons, 1874.)
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I have found by experiment that the granular matter of
pollen may, by dialysis, be made to pass through membranes
which are thicker than those that line the air-vesicles and
bronchial tubes ; and from this circumstance I think that it
is highly probable that the finer particles of this matter do,
In some cases, pass through the mucous membrane of the

- respiratory passages, and by getting into the cireulation in
this way give rise to the constitutional symptoms we see
developed in some cases* Why it should not be so in all
cases is, however, not very clear. In some instances it may
be due to the greater power of resistance which some
patients have; and in others it may depend upon the
quantity and kind of pollen inhaled.

§ 202, There is another supposed cause of a form of hay-
asthma to which I have not as yet adverted, namely, the
odour given off by certain animals, The presence of cats,
rabbits, or guinea-pigs, will in some cases cause a form of
asthma which cannot be distinguished from hay-asthma,
One such case—the only one I have ever fallen in with—
I bave given at § 100, but I think it is possible that some
of the cases which have been reported, would be found on
very close investigation to be capable of being explained in
a different way.

I have shown that, when pollen is subjected to the in-
fluence of moisture, the pollen grain when ripe, bursts and
discharges its granular contents. If, in the process of
making, the hay has been wet by any means, much of the

* The granular matter of pollen consists, in part, of what Beale
would call vegetable bioplasm. The smallest particles probably con-
sist almost entirely of this material, but the larger particles have a
portion of formed material combined with 1t.

Beale is entirely opposed to the idea that any bioplasm of vegetable
origin can be the cause of contagious disease! In the present state
of our knowledge it is unwise to dogmatise too persistently on this
question. I have shown that one form of vegetable matter can give
rise to a disease which is not transmissible, and it is not impossible
that a vegetable bioplasm may be found which can play the part of a
tépn after it has obtained an entrance into the circulation, and thus

set up some form of contagious disease.

1 Vide Disease Germs : their supposed Nature, p. 9.




:

Fxperiments with Pollen. 129

pollen which is in contact with the partially dried lierb will
undergo this change, and thus it will happen that, when the
hay is completely dried, it will have mixed up with it not
only a large number of perfectly formed pollen grains, but
also a quantity of the finely divided granular matter in a
dried state. Now in the case of the two species of animals
last-named it is well known that they are often kept almost
constantly amongst hay, and in the case of the first their
‘excursions in search of mice are often made in lofts where
large quantities of hay are stored, and it may therefore with
very great propriety be suggested that the fur of these
animals may be simply the carrier of the granular matter
and of the pollen.

G. Observations on the influence of Light and Heat.
§ 203. Light has been referred to by Dr. Pheebus and

other writers on hay-fever as one of the probable causes of

the disorder; but on what ground this assertion has been
made does not appear, Light is one of the most universally
diffused agents we have. We have abundant evidence to
show the important influence it has in aiding those changes
which make up the sum total of life in the animal and
vegetable kingdom, but we have no evidence to show that it
has the power to produce symptoms which have even a
remote resemblance to those of hay-fever, and, so far as I
am aware, no author has yet made experiments which prove
that light can produce the fully developed disease.

Both light and heat have been thought by some authors,
and also by some patients, to give rise to exucerbations of
the disorder, when once it has been established, but we have
no evidence to show that the actual exciting cause of the
disease has not been present when these exacerbations have
come on, apparently through exposure to light. Then, again,
it has not been proved that the period at which we bave the
greatest average intensity of light is the period at which
hay-fever prevails. Until evidence which will clear up
these uncertainties, is brought, we shall be justified in
refusing to accept the statements of those who maintain
that light is one of the causes of hay-fever.

9
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§ 204. The powerful influence which heat has in derang-
ing the whole economy of the animal frame has been recog-
nised from very early times, but in searching the works of
writers on medicine, and especially of those who have treated
upon the action of heat as a cause of disease, we look in
vain for any description of symptoms resembling those of
hay-fever. The derangements produced by exposure to
intense heat are, in fact, very different in character and
severity tq those we observe in catarrhus sstivus. But
notwithstanding this, the ill-recognised changes which heat
produces on the nervous and vascular systems seem to have
attracted the attention of some authors who were wishful to
find a powerful cause for this curious disorder. Other
authors have followed in the wake of these, and in some
cases have adopted their conclusions without ascertaining
the nature of the evidence upon which these rest.

§ 205. Bostock was, as we have seen (§ 23), the first to
aseribe the malady to the influence of heat, His experi-
ments seem at first sight to bear out his conclusions, but
when we closely examine the evidence he brings we find
that the former were not very logical.

The principal thing that strikes us in these observations
is the circumstance that although heat was thought by
Bostock to be the sole cause of his disorder, he passed
through two of the hottest summers (1825-26) we have had
during the present century and had fewer attacks of the
disease than was usual in ordinary years., Again, in the
first year of his residence at Ramsgate (1824) the summer
was not warmer than usual, and yet he does not say that
he suffered less than in the two hot summers, If his theory
was correct, and he had the disorder in so mild a form
during the hot weather, he ought to have been almost
entirely free from it in the cooler weather of 1824, If this
had been the case one would think he would not have
failed to notice the fact, since he tells us he made choice of
Ramsgate as a residence in order to try to lessen the
severity of the attacks. He, however, does not say he
escaped, or that he had the disease in a milder form even,
and we are therefore led to infer that he must have
suffered in the usual way during the first summer.
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§ 206. Bostock believed that the cooler air of the sea
coast was the cause of the comparative immunity he
enjn}red during the two hot summers. There is, however,
not a sufficient difference between the temperature of the
air in this situation and at a distance from the sea, to
account for the non-occurrence of the attacks at the former
place. Bostock says that whenever he walked out, or, as
he terms it, ¢ relaxed his plan of discipline,’ he was sure to
liave an attack. But the average temperature of the air in
a room would, during such summers as we had in 1825 and
1826, be quite equal to what it is in ordinary years in the
open air, and it is well known that hay-fever is quite as
severe at such times as it is in very hot summers. It has,
in fact, sometimes happened that I have had the disorder
in a milder form in a hot and very dry summer than I
have when the air has been cooler and more moist. The
year 1868 was, so far as the mneighbourhood of Manchester
is concerned, a fair example of the kind of summer which
tends rather to lessen than to increase the severity of hay-
fever,

§ 207. The year 1827 was cool, and during this summer
Bostock resided at Kew, and whilst there he ‘ walked out
daily in the midst of hundreds of acres of meadow-grass,
yet, except during one or two hot days in July, he had no
attacks. This experience seems to favour his theory much
more than that gained by his residence at Ramsgate. I
have, however, shown (§ 181) that in a cool summer very
little pollen is formed by grass, and I shall be able to show
as I pass on that a rise in the temperature, during the hay-
season, will sometimes cause large quantities of pollen to be
formed and thrown off.

It has several times in the course of my experiments
seemed during a period of comparative coolness of the
atmosphere, if the temperature has not gone down too low,
as if the pollen has been, as it were, reservoired for a time,
and as soon as the temperature has risen beyond a certain
point the accumulated stock has been rapidly thrown off.
But however this may be, certain it is that heat and
moisture favour the growth and evolution of pollen, and

9--2
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that cold and dryness will almost completely put a stop to
these processes,

§ 208. As it bears upon this part of the subject T will
mention here an incident which occurred to me at Filey in
1870. This occurrence shows the manner in which attacks
of hay-fever may come on even at the sea-side, and it also
shows how careful we should be in forming our opinions
before we have investigated all the circumstances attending
an attack,

It was on one of the hottest days which occurred in July
that I went down to the sea-shore for the purpose of trying
some of the experiments named at § 140. The day was
very hot; a sea breeze was blowing at the time, and had
been blowing more or less for two days. I was quite free
from any of the active symptoms of hay-fever at the time,
I remained from ten o’clock in the morning till five in the
afternoon, moving about on the cliffs or on the shore close
to the water. At the termination of the day’s experimen-
tation I returned to the town by a field-path which leads to
the older part of the town. I had not proceeded far along
this path before some of the earlier symptoms of hay-fever
began to show themselves, and in the course of a very
short time a violent attack of sneezing and coryza came on,
So sudden and, so far as the action of pollen appeared to
be concerned, so causeless was the attack that I began to
think that after all there might be oceasions in which light,
heat, ozone, or all combined, might bring on hay-fever. I
had only just quitted the sea-shore, and there was only a
comparatively narrow strip of cultivated land intervening
between me and the sea. On searching, however, I found
that on this narrow belt of land there was a field of wheat
in full bloom, and, on examining closely, the ripe anthers
could be seen to be ejecting their pollen in the way which
may frequently be witnessed in many families of plants,
and especially in those belonging to the order Graminaces.*

* Tf an ear of one of the Graminaces with large anthers (Rye, for
instance) be placed, whilst in full flower, in a vase of water, or in a
portion of wet earth or sand, and left in a room where the air is kept
moderately still, some of the anthers may be seen to discharge their
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It is scarcely necessary to say that as soon as I got away
from the wheat the symptoms which had shown themselves
so suddenly began to abate.

§ 209. T had here a fair opportunity of testing the action
of light, heat, ozone, and pollen. After several hours’
exposure to the three agents first named no effect was
produced, but in the case of the pollen I had not been in
contact with it many minutes before its characteristic symp-
toms began to be developed.

In order to be quite sure that the sea air did not carry
any pollen, a short series of experiments—six in number—
were tried by a method which I shall have to describe in
the next chapter. By these experiments I found that when
the wind had been blowing in from the sea for some hours,
if the instrument was placed close to the margin, and a
few feet above the surface, of the water, the air did not con-
tain any pollen or any solid matter whatever. I was
therefore satisfied that the absence of the symptoms of hay-
fever during the greater part of the day was due to the
absence of pollen, and that its sudden occurrence in the
latter part of the day was due to a temporary exposure to
its influence at the spot named.

§ 210. As I have before intimated when speaking of the
experiments on ozone, this particular spot (Filey Bay) was
selected because we have here an expanse of ocean which
stretches three to four hundred miles in a straight line from
the English coast; so that when the wind blows in from
the sea a sufficient length of time to insure its having
crossed the entire distance, we have here a fair opportunity
for determining whether pollen or other organic matter can
cross large tracts of ocean. In this case we have seen that
the sea air was free from any form of solid matter ; but it is
important to observe that under some circumstances it may

pollen in a sort of jet, which is thrown out at short intervals. Tt
seems as if only a portion of the anther opens at once and discharges
a part of its contents by the action of some #is @ tergo which canses
the pollen to be thrown a line or two in advance of the spot it would
oceupy if it dropped perpendicularly., What the cause of this mode
of ejection is, is not easy to make out.
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not be found to beso, In cases, for instance, where the air
passes only a short distance over the sea, we shall often
have it charged with solid matter ; and where a land breeze
is driven back after having crossed the sea a little way only,
this may carry back the matter it has brought from the
coast. Tn cases, also, where a land wind is driven back
after having crossed the ocean a short distance, and where
this return current comes back by a path different from
that taken in its outward course, the matter it contains may
be thrown upon a part of the coast quite different to that
from which it came. Thus we may have the products of
one part of a continent distributed to another and totally
different part. We know so very little of the modes in
which small particles of matter may be transported by
atmospheric currents, or of the immense distances these may
travel, that it is unwise to presume that they are absent at
any time unless they are proved to be so by careful
experiment.

§ 211. Bostock seems not to have had any idea of the
existence of facts such as those I have just mentioned, and
consequently is not at all influenced by them in drawing his
conclusions, and other writers who have treated of the
disease since Bostock’s time hLave, as we have seen (Chap.
I1.), also attributed it to the influence of heat. Dr. Pheebus,
as I have previously shown, has to resort to the curious
hypothesis which makes the early heats of summer the most
active cause of the malady, and speaks of this idea as being
supported by the testimony of numerous and important
observers.

If this hypothesis is intended to be used in a qualitative
sense only, then it should be shown that solar heat does
possess a property in the early part of the summer which it
loses at the later part; and, although it might be impossible
to demonstrate the exact nature of this property, its effects
should be capable of being shown by experiments made at a
time when no other supposed cause of hay-fever is present.
If, however, the hypothesis is intended to be used onlyina
quantitative sense, or merely to indicate intensity, it should,
as I have said before, be shown that an inerease of tempera-
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ture beyond a certain point invariably brings on the dis-
order. In no case has this yet been done.

§ 212. Dr. Smith agrees with Dr. Phoebus in believing
that great heat and strong light will induce or aggravate
the symptoms of hay-fever, but he does not bring us the
history of any cases which show conclusively that these
agents have the power they are said to have. One case,
however, is given in which the attack came on whilst the
patient was engaged in unfurling the sails of a yacht a
short distance out at sea.® In this case it seemed as if heat
and physical exertion had brought on the disorder. The
experiments I shall have to describe in the next chapter
will, however, show that it is highly probable that the sails
had become the receptacles for pollen which had been
blown on to them from the land, and that the unfurling of
the sails had disturbed the pollen and caused it to be inhaled
during the period of exertion.

§ 213. Another case is given by Dr. Smith in which the
symptoms of the disorder came on whilst the patient was
walking through Piceadilly (London) on a hot, dry, dusty
day.t The intense heat and the dust, Dr. Smith thinks,
were quite sufficient to account for the sudden appearance
of the attack. Unless, however, it can be shown that the
patient had been suddenly and temporarily brought under
the influence of these agents, we shall be warranted in
doubting the correctness of this conclusion; and I am my-
self the more inclined to do so from the circumstance that I
have several times had similar sudden attacks when there
seemed to be no probability of these being due to pollen, but
which were found to be so when a close examination of the
attendant circumstances was made. One example of such
an occurrence is given at § 149, and another at § 208.

Dr. Smith also gives several examples of the disorder in
~which the attacks were undoubtedly due to the presence of
hay or of grass in flower. For the details of these I must
refer my readers to Dr. Smith’s work,} but I may be allowed

* On Hay-Fever, or Summer Catarrh, by W. Abbots Smith, M.D.
London, 1866, p. 50. + Ibid., p. 52.

% fbid., London, 1868, 4th edition, pp- 26, 27, 35, 36 and 40.
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to remark here that the examples of this class of cases are
greatly in excess of those that are said to be due to heat.

§ 214. Dr. Pirrie gives a number of cases where the
patients attributed their attacks to the heats of summer,
One of these patients, in describing the circumstances under
which an attack would sometimes come on, says, ¢ Any day
I have occasion to be out in summer under a strong sun I
am sure to have an attack of the complaint. I am always
best in cold, cloudy days in summer.”* Another patient
says, ‘I cannot go out on a very bright hot day without
being so ill, and I think it is more from the general effect of
heat on me than anything else.t Another patient, a lady,
told Dr. Pirrie that ‘she was always ill for many weeks,
and was always worst when the season was a bright and
sunny one.’t The case of an Indian officer is also mentioned
who, while in England, had his attacks at the beginning of
June, but who on one occasion was seized when out at sea.’§

Another example of the effect of heat is given where the
patient was also an officer in the Indian army. In this
case the disease ‘ showed itself in England in the months of
June and July. When in India the attacks were more
frequent during the whole course of the year than in
England, and the worst time for it was from the end of
July to the end of September” The patient, however,
remarks that ¢during the hottest season, from March to
June, in western India, vegetation is dried up, and the
sneezing would be constant enough if excited by the sun|

§ 215. From the circumstance that the disease makes
its appearance at different times, which accord with the
time at which summer is said to commence in the various
distriets, Dr. Pirrie thinks ‘all this has a direct relation
to the advent of the hot summer days’ He also says, in
referring to the occurrence of the disease in India, ‘it
‘appears in the hot dry weather from March to June; but
also in the period intervening between the end of July and
the end of September, but it has also been said to have

* On Hay-Asthma and the Afection termed Hay-Fever, by William
Pirrie, M.DD. London, 1867, p. 28. _
+ Ibid., p.29. § Ibid,p.29. § Ibid,p.30. | Jbid.,p.33.
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appeared among Europeans in India during the months of
February and March, and then it has been attributed by
some to the blossom of mango and some other trees which
are then in flower.*

Dr. Moore in his pamphlet agrees with the three last-
mentioned authors in attributing the disorder in many
cases to the influence of heat, but no cases which give con-
clusive evidence in support of this opinion are cited by
him,

§ 216, No author but Dr. Pheebus makes any distinction
between the earlier and later heats of summer; and, with
all except this writer, it is more a question of intensity
than of quality. When we come, however, to inquire into
the effect of heat in countries where the {emperature rises
far above what we have in England, we find that the expe-
rience of the disease gained in these hot countries, gives no
countenance to the opinions held by some authors on the
effects of heat.

Since the information contained in § 82 was sent to me,
the patient whose case is there mentioned has spent several
years in the United States. In one of these years she
resided at Salem, on the shores of Lake Erie, and here she
had the disease just as in England. In speaking of this
she says, ‘I arrived here the first week in May, and, as
usual, it was at its worst in June, bad in July, better in
August, and well in September’ In the two following
years the summers were spent in South Carolina, and here,
although the heat must have been much greater than in
England, or on Lake Erie, the patient “had not the slightest
vestige of an attack. The cause of this she believed to be
“the small proportion of grass and no hay-making.’

§ 217. Another patient, whose case I have not previously
mentioned, tells me she has suffered from hay-fever in both
the catarrhal and the asthmatic form for nine years, except
during the time she has been abroad. Whilst she has been
in England she has resided in various parts of the country,
but has always had an attack at the usual time—from the

o f)n Hay-Asthma and the A fections termed Hay-Fever, by William
Pirrie, M.D. London, 1867, p. 49.
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middle of June to the middle of July. In 1874 she went
to Valparaiso, and returned in 1877, but during this time
she had no attacks of hay-fever, although the heat was at
times very great.

§ 218. Dr. Wyman also gives very conclusive evidence of
the untenability of the doctrine that heat is a cause of hay-
fever. In a map which he gives of the catarrhal and the
non-catarrhal regions in the United States, he shows that
nearly the whole of the Southern States are almost free from
hay-fever, and many cases, he says, have occurred where
patients who have suffered from the malady in the North
have escaped it entirely whilst in the South, as in the case
I have cited above (§ 216). Then in referring to this
question of heat as a cause of the disease, Dr. Wyman says:*
It has been thought that the cause of the return (of the
disease) at a certain season is the summer heat. But the
maximum of heat has already passed, and the nights have
become cool, when the outbreak commences. The greatest
heat, as a general rule, occurs in the last week in July, and,
taken as a whole, that month is hotter than August. After
the fifteenth, when by far the larger part begin to be ill, the
heat has very materially declined, and continues to decline
during the month of September, while the disease is worse,
and so continues till frost appears.

‘It has been supposed that the relief at the mountains is
due to the lower temperature of these more elevated regions.
So far as the White Mountains are concerned, this supposi-
tion is not borne out by facts, The temperature of these
regions is almost identical with that of the homes of some
of those who obtain relief there.’

§ 219. Then if we turn to the evidence furnished by
medical men, and by patients in India, we find that whilst
sufferers have mostly escaped attacks on the plains, they
have often had them when they have ascended into the
cooler atmosphere of the hills (§ 81); and when patients
have had it in both situations, although there are some ex-

* Autumnal Catarrk (Hay-Fever), by Morrill Wyman, M.D.,
Pp. 90, 91.
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round. Kurrachee during the months of susceptibility, viz,
June, July, and August, possesses an unusuvally constant
damp and windy climate from the south-west monsoon. Tt
is situated with the sea in front, and a howling desert
around it; not a blade of grass visible; a barren, sandy,
and rocky soil, treeless and verdureless, with no green
thing,
¢ % Where the bird dare not build,
Nor insect wing flit o’er the herbless granite.”

Since my sojourn in it, however, in 1868 (including two
years spent in England), I have been quite free from any
return of hay-fever.’

§ 221. Sir Ranald Martin, in speaking of the hot dry
season, which, in Bengal, extends from the beginning of
March to the middle of June, says: ‘The temperature rises
gradually from 80° to about 90°—95° in the shade, and
reaches to 100°—120°—130° in the open air..... Of
Caleutta it may be said, however, with truth that it is “a
city of stone, in a land of iron, with a sky of brass,” the soil
of the surrounding country being rent and riven as if baked
over a voleano. . . . . The local newspapers of May, 1851,
speak of the heat as more intense than it has been for years.
The thermometer in the coolest room stands at 92° to 047,
and the breeze which should bring refreshment at the close
of a sultry day has been as the breath of a furnace.*

If heat would produce hay-fever, it would, with those
who are liable to it, be certain to be developed in India
under such circumstances as those deseribed above. But not
only should the disease be developed, but it should also
be continuous and severe whilst the temperature is high.
Such, however, is seldom or never the case. In the few
cases which do occur, the intensity of the disorder does not
at all correspond with the degree of heat.

§ 222. If we look to the symptoms produced by heat in
tropical countries, we find these to differ very materially

# Influence of Tropical Climates in producing the Acute Endemic
Diseases of Europeans, by Sir James Ranald Martin, C.B,, F.R.S.
pp. 42, 43. '
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led to many of the contradictory statements which have
been made on the influence of heat, but which would not
have been made if our knowledge of atmospheric deposits
had been as complete as it onght to have been.

§ 226. It seemed highly probable that grass pollen would
be largely in excess of all others, and that this would be the
principal cause of a disorder which prevails mostly during
the hay season; but without carefully conducted experi-
ments no correct estimate could be made of the quantity
of this pollen to be found in the atmosphere nor yet of the
share which other pollens might have in developing the
disorder.

Dr. Pheebus, in referring to this part of the subject, says:
‘It is a question whethér we have to seek the exciting
cause of the whole attack in those atmospheric conditions
or in those matters which are found floating in the atmo-
sphere, which we shall speak of as decided causes of aggra-
vation. It is, however, scarcely probable that they, passing
more or less quickly, contribute considerably to the creation
of the attack—an attack which recurs periodically for life,
The scantiness of the causes would, we should think, stand
in a disproportion to the greatness of the effect.’

Like Dr. Pheebus, I was at first disposed to think that
the quantity of pollen in the atmosphere was too small and
too quickly passing to produce the effects we see developed
in hay-fever. Omne or two imperfect trials showed me,
however, that this idea might not be correct, and I there-
fore determined to put the matter to the test of a careful
investigation.

§ 227. The principal objects of the experiments were :—

1st. To determine whether the commencement of the dis-
order depended on the presence of pollen in the atmosphere.

ond. To ascertain what number of pollen grains would be
depozited on a given space each day during the prevalence
of hay-fever.

Srd. To determine the height to which pollen would rise
and the distance to which it might be transported by atmo-

spheric currents.
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covered over with a thin layer of glycerine. The current of
air was made to pass through a small tube fixed with the
nozzle almost close to the glass plate.*

Another method which was tried was that which had
previously been used by M. Pasteur in his researches on
spontaneous generation. The aspirator was made to draw
the air through a tube in which was placed a portion of gun
cotton ; this latter acting as a filter by retaining the parti-
cles of solid matter in its meshes. By dissolving the gun
cotton in ether, and allowing the particles to settle, these
could be seen under the microsecope.

Another plan was to fix a piece of thin fine muslin over
one end of a tube attached to the aspirator. This muslin was
previously moistened with glycerine, but to such a degree
that the threads only would be saturated, whilst the square
openings between the threads were left patent. When the
aspirator was set to work the air was drawn through the
muslin, and whatever solid particles this had in it, if they
were not smalljenough to pass through the meshes, they
were at once arrested.

§ 230. All these methods answered well as tests of the
presence of solid bodies in the atmosphere, but as tests of
the quantity they were too difficult, and occupied too much
time in the working to permit me to adopt them. In the
first plan there was a difficulty in determining whether the
whole of the pollen in the air drawn through the tube
adhered to the]plate charged with glycerine. Unless this
could be determined with certainty, the plan was really use-
less as an indicator of quantity. In the second method the
trouble involved and the time taken made it impossible to
work it,"with the time I bad at my disposal.

Another plan which was adopted was to aspirate the air
through a given quantity of fluid, and then to examine a
portion of this under the microscope. A single drop was
found to be sufficient to make three or four cells, each of

* Similar to the arrangement adopted by Dr. Maddox in thf: ap-
paratus invented by him. In his instrument, however, there is no
aspirator used. The air is made to pass through the tube by the

force of the wind.
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a very much smaller deposit than was got in the country,
and as my duties frequently called me into the city whilst
the experiments were going on in the country, this intro-
duced another element of uncertainty.

Another and very important cause of irregularity was
the occurrence of rain during the hay season. If this was
very local, and confined to a comparatively small area in
the district where the experiments were going on, it would
lessen, or entirely put a stop to, the deposit of pollen in this
district; but if my duties called me into a part of the
country where there had been little or no rain, I should
have the symptoms well developed notwithstanding that not
a single pollen grain might be shown with the instroment in
my own neighbourhood.

§ 235. Ultimately, I was led to adopt a very simple plan,
which I afterwards found was recommended by Dr. Pheebus. *
This consists in the exposure of slips of glass to the open
air for a given length of time, so as to allow any solid
matter the air may contain to deposit upon the glass, Each
slip of glass had a cell formed upon it with black varnish,
so as to enclose a space one centimétre squaref This
square was coated with a thin layer of fluid prepared for the
purpose.; After being exposed for twenty-four hours, each
slip was placed under the microscope, and any deposit it
contained was carefully examined, and the number of pollen
grains counted. The apparatus on which the glass slips were
exposed is shown at Figs. 6 and 7 (Plate IV.),

The ultimate object of these experiments was of course
to determine as nearly as possible what number of pollen
grains floated in the air during each twenty-four hours of a
period fixed upon. At first sight it would appear that this
apparatus was not very well adapted for this purpose, and,
if very exact estimates are sought for, the remark would be
quite true. I found, however, in practice, that this plan of

* And has also been used by Dr. Salisbury and other observers.

+ As shown at Fig. 4.

1+ In the following proportions : One part of water, two -::f_ ymE}[
spirit, and one part of glycerine. Five grains of pure carbolic acid
are dissolved in each ounce of this mixture.
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The coating of the surface of the cells with the above-
named fluid prevented the deposits being disturbed by
insects, and the quantity of pollen was also found to be
rather less variable. The glasses were exposed for twenty-
four hours at a time, for five days in the week, and for the
whole of the forty-eight hours of the remaining two days.

 241. The observations were commenced in the early
part of April, 1866, and were continued until the 1st of
August. For nearly a month after the observations com-
menced very little pollen was found. On the 30th of May the
quantity increased, and was considerably beyond anything
that had been collected previously. From this time up to
the 1st of August pollen continued to appear on most days
whilst the trial was continued.

It will be seen that occasionally there are days on which
no return of quantity of pollen is given. This was generally
caused by some accident happening to the slides during the
time of exposure ; sometimes a high wind with drenching
rain would partially wash the pollen away, so"that the ex-
periment was not to be depended upon.

§ 242. In the first set of experiments the glasses were
always placed in a horizontal position, and after being
exposed the requisite time, each cell—containing about
seven hundred microscopic ‘fields’—was examined sepa-
rately under the microscope, the number of pollen grains
being carefully counted.®

At first sight it would seem to be rather a formidable task
to examine daily four slides, each having the number of
fields named above. If, however, instead of regarding each
cell as consisting of seven hundred separate fields, we

in the fluid. After the water, glycerine, spirit and carbolic acid have
been mixed together, the fluid may be again decanted in the manner
described, and is then ready for use. It is scarcely necessary to say
that the mixture should never be allowed to remain open to the atmo-
sphere until placed on the glass.

* For investigations where it is intended to ascertain the exact
number of organic bodies deposited in a given space, it is necessary
to use a microscope with a stage which traverses by screws, or by
racks and pinions. A stage which only allows the slide to be moved
by the fingers will be almost useless in such experiments as these.
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symptoms of hay-fever had all but disappeared, was 73 3
Fahr.

The facts given above, on the relation of the temperature
to the quantity of pollen collected, point to the conclusion
that, whilst there is a tolerably close connection between
the two, quantity is not entirely dependent upon any given
temperature. It is, in fact, probable that whilst there is a
certain temperature which may be considered the normal
point for the generation of pollen, a certain amount of
variation above or below this may occur without perceptibly
retarding this process.

§ 254. To a hay-fever patient it signifies little which
pollen it is that produces an attack of the disorder so long
as it is produced ; but it is a matter of some importance to
him to know that if he can so regulate his movements as to
avoid certain distriets during the flowering period of any
plant which may be grown in quantity in those districts, he
has a chance of escaping the attacks. And it is still more
important for a patient to know that his chance of escape
will be much inereased if it is shown that the pollen of one
order of plants is the principal cause of his suffering,

Before the experiments were tried I, in common with
some other authors, had an idea that a fair percentage of
the pollen found in the atmosphere would not be derived
from the Graminacese. I have found it very difficult to
determine the exact proportion. Of the pollens of other
orders a large number are easily distinguished from those
of the Graminaces, but there are some that even when fresh
and when placed side by side with grass pollen are nof
easily distinguished from it. This difficulty is also increased
after the pollen grains have been more or less distorted by
being soaked in fluid.

§ 255. So far as I could judge from observation fully
ninety-five per cent. of all that was collected belonged to
the Graminacese. It would, however, not be right to assume
that because in this district I found so large a proportion
of the pollen to come from plants belonging to the last-
named order, it would be the same in every other district.
It is probable that a very different result would be obtained
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ingly small. This part of the subject will, however, oceupy
our attention in another chapter.

§ 257. In attempting to place a mathematical value upon
the intensity of the symptoms in any disorder, we encounter
one of the greatest difficulties with which we can have to
deal in the study of disease. There is no known method of
coustructing a scale by which the severity of a malady can
be estimated in the same ratio by all physicians. Then,
again, the susceptibility to the action of certain morbid
agents is not often exactly the same in any two individuals,
nor yet in the same individual at different times.

In hay-fever, also, as in many other diseases, there are
many other factors which go to make up the sum total of
those influences which modify the severity of an attack, and
unless we know the degree of susceptibility in any case, and
are acquainted with the nature and mode of action of these
factors, it is impossible to fix an exact value upon a given
dose of the morbid agent. The knowledge of the amount
of the dose furnishes only part of the data required. The
other portion is an unknown quantity.

§ 258. There is also another point to which I think it
necessary to refer before I pass from this part of the subject.
I have, at times, thought that the continued contact with
pollen Lad a tendency to create a certain degree of tolerance
for it. Towards the end of a season I have occasionally
{found that when the quantity of the pollen has been moder-
ately large the symptoms of hay-fever have not been cor-
respondingly severe. Of this, however, I cannot feel very
certain, At the end of a season I have always been too
olad to get quit of the trouble to permit me to think of
lengthening my sufferings by trying if I could exhaust the
susceptibility by the repeated application of pollen. I can
only, therefore, give the above as an impression which has
occasionally arisen—not as an ascertained fact.

§ 259. The study of hay-fever is as much affected by the
difficulties of which I have spoken as that of any other
disease, and in judging of the action of the varying amount
of pollen found in the air we shall have to take these, and
also other disturbing causes to which I have before alluded,

into account.
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pollen grains was collected the symptoms were in some
respects not so severe as might have been expected. This
might in part be accounted for by the circumstance that
the constant irritation of the mucous membrane of the
nares had caused the nasal passages to become completely
occluded for the greater part of the day. In this way less
pollen was drawn into the nostrils, and, of course, less
irritation arose; and as I have found that the mucous mem-
brane of the buccal cavity is much less sensitive to the
action of pollen than that of the nares, even when respira-
tion is entirely performed through the oral aperture, less
irritation must arise than when the air passes through the
nasal apertures, It is not at all improbable that the slight
amelioration of the symptoms, which sometimes occurred
during the days which comprise the descending scale, may
have been due to the same cause.

What the disorder lacked in intensity in one way, how-
ever, it quite gained in another. On the day in question
the ophthalmic suffering was very severe. The eyelids and
conjunctives -were much swollen. There was a constant
discharge of fluid from the eyes, with intense itching and
slight burning. The tumid state of the conjunctivae also
gave rise to a slight appearance of chemosis, The nasal
apertures remained occluded nearly the whole of the day,
and the symptoms talken as a whole gave rise to an amount
of discomfort which only those who suffer from hay-fever can
fully understand.

§ 267. The lowest points in the scale were not always
marked by a decrease in the severity of the suffering which
corresponded to the quantity of pollen gathered. If the
interval between two high points was not more than two
days, it seemed not to give the mucous membrane sufficient
time to recover from the effect of one before the other was
reached. If, however, the interval was longer than two
days, the effect was very marked. Such an interval
oceurred between June 14th and June 2Ist. On June
18th, five days after a high point had been reached, the
symptoms were very mild. There was no sneezing nor
any irritation of the nostrils or eyes whilst I was on the
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In the two directions at right angles to this the distance to
the open country would be from half a mile to a mile. In
the other or south-westerly direction the distance would be
about a third of a mile,

§ 270. Though not in the centre of the city the place
selected for the experiments was a good example of an
average city residence. I have no doubt, however, that if
these could have been made nearer the centre of the city
the results would have been slightly different, and would
have tended to show still more forcibly than they did the
great difference there is to a hay-fever patient between a
residence in the town and in the country during the hay-
season.

In the first set of experiments four glasses were exposed,
and the mean of the four taken. In this series only one
glass was exposed,jand as this was equally open to the air
on all sides, the quantity of pollen obtained may be taken
to be nearly what was the maximum in the first course.
As'in the other case, the symptoms were always registered
before the slide was examined, and the point at which these
first showed themselves was noted ; and, as in the former
year's experiments, each day was made a standard for that
which was to follow.

§ 271, The table of curves (Table II.) shows the time at
which pollen first began to appear continuously, and it is
curious to observe that the day on which the first im-
portant vise occurs in the quantity is exactly the same as is
shown in Table I. In like manner, too, there is at the
beginning a period of twelve days, during which the quantity
is very small. The highest point in the scale was, as will
be seen by the table, reached on June 23rd, five days
earlier than in the year before. On this day I find an
entry in my note-book to the following effect —'] am
much more severely affected than I have been on any day
since the attack commenced. The eyes are very hot, and
itch intensely, and have a slight burning sensation in the
anterior part of the eyeballs, as if hot fluid of some kind
had been dropped on to them. The nostrils have discharged
freely, and I have had several violent attacks of sneezing.’
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ments under conditions which were slightly more favourable
for getting exact results than they had been in the former
instances.

In the experiments previously tried the slips of glass
were placed horizontally, but in these the slide was placed
perpendicularly, in the manner shown at figs. 8 and 9.
(Plate V.)

§ 274. In these experiments the same rule was ob-
served as in the first course, so far as regards the registering
of the symptoms each day before the slide was examined.
The results were quite as conclusive as in the first and
second course.

I had here an opportunity of being, during the day-time,
more constantly in the open air, and in close proximity to
the instruments, than I had in the first course. This, I
think, helped to make the symptoms accord more closely
with the quantity of pollen collected than they had done in
the first observations. I also found that it enabled me to
predicate with more confidence the probable rise or fall in
the number of pollen grains on each day.

As I have given the results of the first course of experi-
ments quite fully enough to enable us to see the connection
there is between the quantity of pollen and the intensity of
the symptoms of hay-fever, it would serve no purpose to
enter into the details of this course, and the more especially
s0 as they would not throw much fresh light upon the facts
already given.

§ 275. In 1875 and 1876 Dr. Marsh, of Paterson, New
Jersey, U.S., made some experiments¥* on the presence of
pollen in the atmosphere with prepared slides and instru-
ments, similar to those I have already described as being
used in my own experiments. Dr. Marsh's catarrh com-
menced, as usual, after he had found specimens of the
Ambrosia arvtemisicfolia in flower. One slide was placed
in Dr. Marsh’s own garden in the centre of the city, and
another one just in the outskirts of the city. A few days
after the catarrh commenced pollen began to be found in

o Hay-Fever, or Pollen Poisoning, by Elias J. Marsh, M.D., pp-
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exist in any other disease, These comparisons had hitherto,
however, only been made on the deposits got in the lower
strata of air. The question was, by what means should the
upper atmosphere be reached by instruments ? Two modes
presented themselves. One was for the observer to go to
some l'figh mountain range, and there to expose the slips of
glass in the same manner these had been exposed in
the experiments already described. Another method was
to send up an instrument by a kite, or by a balloon, in the
same district in which the other observations had been
made.

Against the first plan there were several objections. In
the first place, the air on high mountain ranges, such as are
accessible to observers in England, might be at best only a
mixture of the upper and lower strata. If we suppose a
current of air at the earth’s surface to pass over a level
country and then to meet with a high mountain range, a
large portion of the air in this lower current must, in
passing, be upraised, and thus we should have a mingling of
the upper and lower strata.

§ 281. Then another important objection is that no com-
parative experiments could be tried at the same spot at a
lower level. In most cases there must be a difference of
some miles between the base of a mountain range and the
apex. And, further, it would in most instances be found
that the means of making a comparison—the pollen—would
be very scanty in such situations. The only thing that
could be done to give any satisfactory results would be to
make a course of experiments on the plan I have followed
at the lower levels, for two or three seasons, and thus to see
if a patient would escape the disorder in such situations.
This I have not been able to do, and consequently cannot
say from the data obtained by actual experiment that a
patient will to any extent escape the malady by going
into districts considerably above the sea-level in England.
I think it is, however, highly probable that in most
instances he would do so, and that in some particular
situations the immunity will be almost complete. To the
consideration of this I shall return in another chapter.
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300 to 500 feet. The day was very hot, and there was
during the whole of it scarcely a cloud in the sky. The
wind was W.NW.W,, and came from the open country
where a large quantity of hay-grass was growing. I fully
expected that pollen would be found in the upper atmosphere,
but that it would be in smaller quantity than-in the lower.
I found, however, in this instance, that the pollen in the
upper strata was very largely in excess of that of the lower
strata, The number of pollen grains obtained with the
lower slide was fen. On the upper slide the number was
one hundred and four. 1 was considerably surprised at
this result, and felt sure the slides must have been changed
in some accidental way after being taken out of the instru-
ments to be examined under the microscope.

As I had no opportunity of repeating the experiment
during the hay-season of 1868 the matter bad to stand over
until the following year, the impression remaining on my
mind that the numbers would be reversed when further
trials were made.

§ 284, In 1869 two other experiments were tried, the
first of these on July 10th. The altitude attained varied,
according to the force of the wind, from 600 to 800 feet.
The experiment occupied six hours. The wind blew all the
time from the east, and consequently would pass over a
large portion of the southern side of the city before it came
in contact with the instrument. The nearest grass-land
would be from two and a half to three miles distant. Five
hundred and eighty-four pollen grains were deposited on
the upper slide in the six hours. Unfortunately the slide
placed on the instrument at the lower level was accidentally
damaged before it had been examined, so that I could not
make any comparison between the two quantities. A slide
exposed, however, for twenty-four hours on the previous
day gave only sixteen pollen grains, whilst the one exposed
on the following day had sixty-four on it.

The second experiment was tried on July Idth. The
weather had been fine for a portion of the day. A tolerably
strong wind was blowing from the north-west, consequently
this did not come much over the town. No rain had fallen
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the centre of the county of Cheshire, The number of
pollen grains obtained on the upper slide was fifty-eight, on
the lower slide fous only.,

§ 286. Other observations by means of the kite were
made at Filey Bay in 1870. Only one of these was
successful. In the former experiments at high altitudes
my object was to see what the difference was between
.the pollen floating in the upper and lower strata of the
atmosphere. Here, however, I had a slightly different
object in view ; I was wishful in this case to ascertain if
the upper part of the atmosphere contained any pollen, or
any other form of organic matter after passing over about
four hundred miles of ocean, and also, if possible, I was
wishful to get to know at what altitude it ceased to be
present.

It was not entirely on account of the important conneec-
tion this phase of the subject had with the study of hay-
fever that I was wishful to throw a little more light upon
it; but, as I have previously intimated, partly for the
explanation it might help to give of the way in which the
causes of disease may be conveyed from one continent to
another. IS5 was not without interest, however, in its con-
nection with those attacks of hay-fever which are said to
have come on whilst the patients have been out at sea. If
it can be shown that pollen will cross large tracts of ocean,
it is not at all difficult to believe that at times it will
descend to the lower part of the atmosphere and be de-
posited on board any ship that comes in its way. In this
manner some of those anomalous cases of hay-fever which
are said to have occurred out at sea may be reasonably
accounted for.

§ 287. The instrument shown at figs. 11 and 12 (Plate
VIL) was devised specially to assist this form of the investi-
gation, and is so constructed that it can be got up to any
required altitude before pollen is allowed to come1n contact
with the squares of thin glass which it is made to carry. It
consists of a thin brass case which contains an arrangement
of wheel-work, much like that of an ordinary wateh, and
which is driven by a spring in a similar manner.











































190 Experimental Researches on Hay-Fever :

§ 304, These statistics of the occupations of hay-fever
patients bring out prominently the very curious cireum-
stance that the persons who are most subjected to the
action of pollen belong to a class which furnishes the fewest
cases of the disorder, namely, the farming class. This
remarkable fact may be accounted for in two different ways :
it may, on the one hand, be due to the absence of the pre-
disposition which mental culture generates; or, on the
other hand, it may be that in this disease there is a possi-
bility of a patient being rendered insusceptible to the
action of pollen by continued exposure to its influence. If
this latter hypothesis be correet, it shows that, in one case
at least, the enjoyment of health does not merely depend
upon a high state of vitality, but also, to some extent, upon
the acquisition of a certain degree of insusceptibility to the
action of the exciting cause of the disease. In this instance
I believe that the immunity enjoyed is as much due to the
latter influence as it is to the absence of that predisposition
which education brings. How then has the disorder arisen,
and why has it become more common in England in these
later times? A glance at the state of education and at the
condition of the town and rural population five or six
hundred years ago, as well as at a few of the changes which
* have since taken place, may throw some light on the subject,
and may partially answer these questions.

§ 305. There was a time in the history of this country
when education, such as it was, was for the most part
confined to the members of the various monastic orders;
and even amongst these it was very unequally distributed.
With the nobility also learning was not by any means
general, and in the class which stood between these and tIEa
working classes education was as much the exception asitis
now the rule, whilst for the latter class it could scarcely be
said to have any existence. If, therefore, it is true that
the condition which mental training induces acts as a pre-
disponent to attacks of hay-fever, we should expect th.at at
this early period this predisposition would be very sparingly

developed. . _ ‘
§ 306. But even if we admit the existence of a certain
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combined with the growth of commerce and the general
increase of wealth and luxury, must have led to a very large
demand for the article upon the growth of which the pre-
sence of the active cause of hay-fever depends, namely,
polien. These circumstances must not only have led to an
increased aggregate production of hay-grass, but also to a
large local production. In ordinary times it does not pay
to carry hay very long distances, and whatever increase
there happens to be in the local demand there must to some
extent be an increase in the local production®* Thus it must
be that in the neighbourhood of all large towns there will
be a greater amount of pollen generated than will be found
in other parts; and in estimating the relative frequency of
cases of hay-fever at the present day, it should be borne in
mind that this increase occurs for the most part close to the
places where a relatively large number of persons susceptible
to the influence of pollen are to be found.

§ 513. We have thus seen that at one time the influences
which lead to a predisposition to hay-fever were very scanty,
and that the production of the exciting cause was at its
lowest point. We have also seen that at a later period a
large proportion of the population was subjected to the pro-
tective influence which a rural occupation seems to afford,
and I have shown that large numbers of the people have
been transferred from the country to the workshops and
mills of the towns, and have thus been placed in circum-
stances where the predisposition to hay-fever would be most
rapidly developed in those who rise to a place amongst the
educated class. And lastly, I have shown that the produc-

1700. Sheffield seems to have far exceeded other towns in the rate of
its increase. At the present time it contains more than 240,000 in-
habitants, or above one hundred and twenty times the number it had
in the year 1700.

® One of the largest farmers in my own neighbourhood tells me
that the growth of hay-grass has, on his own farm—nearly three hun-
dred acres in extent—increased immensely during the time he and
his father have occupied the farm. The reason for this, he says, is :
1st, the increased local demand for hay; and 2nd, the abundant
supply of cheap manure near at hand,
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CHAPTER VI.
ON THE NATURE AND SYMPTOMS OF HAY-FEVER.

§ 314. BevoND the circumstance of the predisposition to
hay-fever being more common amongst the educated than
it is amongst the illiterate, we have scarcely anything to
guide us in forming an opinion as to the class of persons, or
the kind of individuals, most likely to be affected by the
malady. In this respect it does not much differ from many
other diseases. If a number of individuals belonging to any
class of society were taken promiscuously and examined, it
would, without some knowledge of their proclivities, be im-
possible to say beforehand whether, and to what extent,
they would be liable to be affected by any disease with the
exciting causes of which they might be brought in contact.
It is precisely the same in hay-fever: we have no marks by
which the liability to the malady can be recognised, nor do
we know of any signs by which the severity of the attacks
cari be foretold. The disease seems to affect persons of all
temperaments and all kinds of constitutions, but if there is
one temperament which more than another predisposes to
attacks of hay-fever, it is the nervous temperament. Upon
this point, however, sufficient evidence to base a conclusive
opinion upon has not yet been obtained.

§ 315, Age exercises some influence upon the commence-
ment of the attacks. According to a table given by Dr.
Pheebus,* showing the ages of thirty-nine patients at the
time the first attack came on:

* Der Typische Friihsommer Katarrh oder das sogenannte Heuficber
Heu-Asthma, von Philipp Phabus, M.D., ete., Giessen, 1862, p. 71.
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the first attack came on, and one of my correspondents, as
we have seen (§ 91), has stated that he knows of one patient
who was sixty years of age when the malady first began
to trouble him.

From these statistics it would seem that the disease may
begin at a very early age, and, whilst a very advanced time
of life is not exempt from the possibility of attacks, there is
the greatest susceptibility to them between the fifteenth
and forty-fifth years.

§ 317. Hay-fever is without doubt strongly hereditary
in its character. It is to Dr. Wyman that the credit of
having first investigated this part of the subject is due.*
Six members of his own family are sufferers from the malady.
In another family consisting of six individuals, five had
either autumnal catarrh or June cold. Seventy-seven
cases are recorded (in the table), and in fifteen of these
more than one member of the same family was affected.

In the statistics relating to this question more than one-
third of the patients from whom Dr. Beard obtained replies
are stated to have had relatives who suffer from some form
of hay-fever.+ In some cases the patients have as many
as five relatives who are sufferers.

In my own investigations this question has not been lost
sight of, but only in three cases have T met with patients
who have had relations who were affected with hay-tever;
but I have no doubt that when the question comes to be
more closely inquired into, we shall find this tendency to be
almost as strongly marked in England as it is in America.

§ 818. No information that can be relied upon has yet
been obtained upon the effect which attacks of other diseases
have upon those of hay-fever. In one case a mild attack of
gastric fever, attended with congestion of the lungs, seemed
to cause the attacks of hay-fever which followed it to be
milderin character than they usually were ; but, asno expe-
riments on the quantity of pollen in the atmosphere were
made at the time, no inference of any value can be drawn from
this case. In a certain number of cases patients who suffer

o Autumnal Catarrk, by Dr. Wyman, p. 83.
+ Hay-Fever, by Dr. Beard, p. 46.
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no such investigation has taken place, we are left to the
observation of the effects which pollen produces in attacks of
hay-fever and when used in the way of experiment. The
question of the vitality of this body need not trouble us here,
as onr present object is to ascertain the nature and extent
of the derangement which it produces, but not to determine
the nature of the power which causes that derangement.
This may be due to the vitality—or at least may be partly
due to it—or may possibly depend upon the presence of some
substance which may yet beisolated. The settlement of this
question will have to be left to future investigations, but is
not without interest in the bearing it has upon the study of
the nature and mode of action of other causes of disease.

§ 3820. First attacks of lhay-fever are often milder and
less persistent than they are after a patient has suffered for
some years: this is no doubt due to the fact that the sus-
ceptibility to the action of pollen is not so marked on its
first appearance as it is at a subsequent time, There is also
in some cases a tendency for the disorder to take on the
asthmatic form in later years. In the case of the young
patient I have mentioned, although he lives in the country
the attack only came on when he was in the midst of a
meadow of hay-grass in full bloom, In my own case, when
the attacks first commenced they were induced only when
I was in the immediate neighbourhood of hay-grass in full
flower; now it is sufficient for me to be anywhere outside
the city to have the symptoms unpleasantly severe at any
time during the hay season.

Whether the actual attacks increase the susceptibility, or
whether this increase is due to other causes, cannot at present
be determined; but whatever may be the cause, there does,
in most cases, appear to be a tendency for the susceptibility
to become more marked in each succeeding year. It should,
however, be borne in mind that, for the reasons already given

and barinm—were found in the pollen of Loliwm perenne,and also in
the pollen of Secale cereale. So far as a few experiments of this
nature could show, they corroborated the remarks made above on the
difficulties that must attend the investigation of the properties of
pollen by chemical tests.
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is at all cool the patient may imagine that this latter has
been the principal cause of the derangement, whereas it is
mainly due to the extra quantity of pollen which the in-
creased velocity of the wind brings into contact with the
conjunctiva,

¢ 329. When once the production of pollen has, during
the hay-season, passed beyond a certain point, the quantity
may increase so rapidly that in twenty-four hours, or even
in less time, the attack may pass from its milder form to
the true catarrbal stage. This is characterised by the dis-
charge of thin watery serum from the nostrils, by violent
attacks of sneezing, and in many cases by swelling of the
eyelids and severe lachrymation. Generally the violent
attacks of sneezing precede the discharge from the nostrils,
but the coryza in a mild form may be the first symptom of
an attack. In the earliest stage of the disorder the fits of
sneezing are not very long nor very severe, but when the
malady has become fully developed they become so violent
and seem to take such entire possession of the patient, when
they do come on, that, for the time being, he loses all con-
trol over himself. In some cases the patient will sneeze
twenty or thirty times in succession, and whatever he may
be occupied with when the fit comes on he is obliged to set
it aside and resign himself to the paroxysm until it is over.
In some instances also a profuse cold sweat will break out
at the termination of each of the violent attacks of sneezing.

§ 530. After the attack has lasted for a short time the
submucous tissue in the nasal passages begins to swell, and
if the quantity of pollen in the air becomes moderately large
this will go on increasing so rapidly that in a short {ime no
air whatever can be drawn through the nostrils. This
swelling and stoppage in the pares often alters in a very
curious and apparently uraccountable manner. After both
passages have been equally closed for a time, if the patient
gets into a recumbent position, so as to lie on one side, the
nasal passage which is uppermost becomes after a short time
quite open, whilst the lower one becomes still more com-
pletely occluded. This change is caused by the fluid in the
submucous tissue gravitating towards the lowest part, and
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mucous tissue continues—subject to the variations above al-
luded to—and the alw nasi, as well as the lining membrane of
the nares, become tender and inflamed, and have a tendency
to bleed slightly if rubbed. TUnder these circumstances
the patient frequently finds that air can only be drawn
through the oral aperture, and if he sleeps he finds on
awaking that the tongue and the whole buccal cavity are
more or less parched. As the disorder progresses the dis-
charge from the nostrils becomes more inspissated and puri-
form, especially early in the morning. This is found by
many patients to be more marked in the descending scales,
shown in Tables I. and II,, than in the ascending scales, and
when once convalescence has fairly set in the symptoms will
closely resemble those of the subsiding stage of ordinary coryza.
§ 333. When pollen is brought into contact with the eye
the phenomena exhibited are very marked, and in one of its
symptoms very characteristic of its mode of action. Gener-
ally, however, these show themselves later than the other
symptoms do ; the reason for this I shall refer to presently.
In addition to phenomena of a purely physiological
character we have also some which are due to mechanical
irritation. Whilst the quantity of pollen is small, the ordi-
nary fluid secretions of the eye will be sufficient to clear it
away by the natural channel—the nasal duct—just as they
do other foreign matters deposited by the atmosphere.
When, however, the quantity of pollen becomes large, it will
not be so readily cleared away, and a portion will get be-
tween the ocular and palpebral layers of the conjunctiva,
and thus severe irritation may be set up ; and this will be
all the more likely to be the case after the patient has been
out in a tolerably strong wind during the height of the hay-
season. The difference there is between the quantity of
pollen inhaled and that which is thrown against the eyeball
by the force of the wind, may be judged of by the results of
the experiments which will presently be given. In one
sense it is a fortunate thing for the patient that this differ-
ence does exist, for if the same quantity of pollen that is
inhaled came in contact with the eyeball, his condition
would be almost unbearable. This difference will also, as 1
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derangement were gone. A single night, even in the Leight
of the disease, will in most cases bring about some improve-
ment, for the simple reason that during the night-time the
patient does not come in contact with pollen, and in this
way it may seem to some that the malady has somewhat of
avemittent character. Taking the eye symptoms as a whole,
I believe they disappear rather sooner than the nasal symp-
toms; that is to say, the nasal muecous membrane is longer
In recovering its healthy condition than the conjunctiva is,
but in this respect as well as in others there will be some
difference in different eases.

§ 340. With some patients who are extremely sensitive to
the action of pollen, the skin of the face and neck will oc-
casionally show signs of irritation. There is no doubt that
all the subjects of hay-fever are liable to have the normal
condition of the skin disturbed, but it is only under some
circumstances that this disturbance is severe enough to
attract notice. My attention was forcibly drawn to this
phase of the subject on several occasions, and with results
that somewhat puzzled me for a time. On most days when
the quantity of pollen in the air was very considerable
I had no itching of the skin of the face; but on other
days I oceasionally had considerable irritation, although the
quantity of pollen was not greater than when the face was

free from irritation. For some time I was not able to account
for the difference, and was at first inclined to believe that it

was due to a difference in the power of the sun’s rays render-
ing the skin more sensitive at times. The problem was solved
for me in an accidental and very simple manner, and in a way
that showed that the sun had no direct influence in producing
the irritation.

§ 541. Happening, during the summer of 1874, to be called
away a distance from town into a neighbourhood where I
found a field of Secale cercale in full bloom, I gathered a
large bunch of this plant for the purpose of experimenting
with the pollen in a way Ishall speak of presently. Having
nothing to wrap it in, it was placed carefully in the hat. The
day was hot, and having some distance to walk, profuse
perspiration soon came on. In a short time that portion
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§ 343, Deglutition is very rarely interfered with, but
there is occasionally a sense of dryness and obstruction in
the throat on awaking in the morning. If we examine the
throat in the earliest stage of the disease very little change
will be seen, but later on there may be redness and swelling
of the mucous membrane, There is also in the daytime a
little extra secretion going on, and especially when the
attack is getting near to its highest point of intensity; but,
as I have before intimated, this is so intermixed with the
ordinary glandular secretions that it is difficult to arrive at
any precise notion of its quantity or its character. And on
account of the tendency there is for the effusion in the sub-
mucous tissues to diffuse itself, it is not easy to distinguish
it or to say whether it is much or little. The throat symp-
toms, like those of the buccal cavity, to which, indeed, they
really belong, vary much in intensity in different individuals ;
they may in a few cases be somewhat severe, but generally
they will be very mild. .

§ 944, The asthmatic symptoms of hay-fever are by far
the most important of any of the groups, because they are
the most troublesome and the most dangerous. Like all the
other derangements caused by pollen, they vary in intensity
in different individuals and in different seasons. In some
cases there is only a very slight sense of obstruction in the
breathing ; in others the derangement may cause great
suffering and at times may seem to endanger life. The
symptoms are,as I think I shall be able to show, prineipally
due to the obstruction caused by the altered condition of the
submucous cellular tissue of the larynx, trachea and bronchial
tubes, for effusion into the connective tissue of any one of
these will give rise to the asthmatic symptoms.

In many of its symptoms hay-asthma closely resembles
ordinary asthma ; and unless we know the exact history of
the case we may be investigating, we shall find it always
difficult and sometimes impossible to decide which species
the case belongs to. In both there is the same sense of
tightness across the breast at the commencement, and as the
disease advances there is the same loud wheezing and slow
inspiration and expiration. There is also at first dry cough
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may or may not be got up with difficulty. If the quantity -
of polleP should rise by a sort of regular progression the
sputa will gradually increase, but not always in the same-

ratio. In the discharge from the nares the quantity seems
to be governed by the quantity of pollen inhaled; it is not
so, however, in the asthmatic phase of the disorder. The
reason for this difference I have never been able satisfactorily

to make out, but I believe it is highly probable that it is-

often due to the presence of the accidental causes to which
allusion has been made above.

There is also another change which occurs in the discharge -

from the nares in a much more marked degree than it does
in that from the trachea and bronchial tubes. In the de-

clining stage of the disorder, or even when the quantity of

pollen becomes suddenly lessened for more than a couple of
days, there is a marked tendency for the discharge from the-
nostrils to become puriform ; but if by chance the patient

becomes again exposed to a large quantity of pollen, the

discharge of thin serum will ecommence again and will be
mingled, or alternated, with the muco-pus. In the asthmatic
form of the disorder the same thing is seen, but by no means.
to the same extent, and very often some portion of the sputa
will come up in the shape of small pellets of semi-transparent
starchy-lonking material.

§ 850. It has been shown at § 299 that at times the

granular matter of the pollen escapes from the pollen sac:

and floats in the air as free granular matter. There is reason.
to believe that when this is the case this matter will, when.

inhaled, penetrate much farther into the bronchial tubes.

than the entire pollen grain will, and that it causes less:
catarrh but more severe asthmatic symptoms than the pollen
does. I have never, for cbvious reasons, been able to
demonstrate this very clearly, and can only therefore give ib
as an opinion which I have not as yet been able to verify;
but if the opinion is correct, it will help us partly to account
for the differences we find in the severity of the asthmatic
symptoms at various times, and which the quantity of pollen
in the air does not always quite account for.

The duration of these symptoms will be found to differ
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When once the stage of convalescence has set in, if the
patient keeps free from the influence of pollen, the recovery
1s very rapid. This may, however, appear to set in two or
three times in the course of a season. If there is a fall of
rain for three or four days in suecession, and especially if
this is tolerably continuous, the symptoms moderate so
quickly that the patient may think the stage of convales-
cence has commenced. Unless the hay has been got in, how-
ever, he may generally expect a return of the disorder before
the season is over.

§ 356. When the patient does get fairly from under the
influence of pollen, the change is very marked. A single
night is sufficient to produce a very agreeable alteration.
However profuse the discharge from the nostrils may have
been, it rapidly lessens and becomes more inspissated and
puriform. The swelling of the submucous tissue subsides,
the heat and tenderness of the al® nasi and of the lining
membrane of the nares lessens, and in the course of three
or four days the patient considers himself quite well.
‘Generally, however, the convalescence is much more slow
than this, for the reason that in most seasons the quantity
of pollen diminishes slowly. So much depends upon acei-
dental circumstances that no rule can be laid down. A
rapid growth of hay-grass with a very favourable hay-
making season will make a short—though it may be sharp
—attack, and vice versd.

§ 357. Oneimportant matter which influences the severity
of the attacks I must not omit to notice here, although in a
brief manner. If active exercise is taken when the disorder
has become fully established, the irritation in the hard palate,
the nostrils, and the fauces will become very marked. The
fits of sneezing also will become more violent and prolonged,
and if the patient suffers from the asthmatic form of the
complaint the breathing will become very laboured. When
we remember that the quantity of air inhaled in violent
exercise is three to four times the quantity we take in in a
state of rest, it is easy to see that rest and exercise must
make a wide difference in the severity of the symptoms.
Many patients have thought that exposure to the heat of
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attacks have been very severe, and after they have occurred
periodically for years, emphysema of the lung, which is so
apt to come on in the course of long-continued attacks of
ordinary asthma, is rarely, if ever, seen to follow hay-
asthma. These considerations bring us to other important.
points in the investigation of the character and nature of
this curious malady.

§ 360. Instudying the nature of hay-fever and in observ-
ing the changes which the affected parts undergo in its
course, one of the questions which naturally oceurs is as to
whether the disease is, at its onset, really inflammatory. In
considering this question we shall have to look at the mode
in which pollen affects different tissues. Its leading and
prineipal action is to produce effusion, but that this eannot
always be considered inflammatory I think I shall be able
to show. -

When a part is inflamed and ‘when liquor sanguinis is
exuded, it generally coagulates and constitutes a foreign
body in the texture of the parts affected, which it becomes
the object of nature to remove from the system, or so to
modify that its presence may be rendered conducive to the
wants of the economy. In order to accomplish this, two
kinds of changes may take place—1st, the exudation serves
as.a blastema in whieh new vital structures originate and
are developed; 2nd, it exhibits no power of becoming
ovoanised, and the exuded matters, together with the
textures involved in them, die.'*

§ 361. In the experiments on the action of pollen on the
ahraded skin, as we have seen, neither of these events came
to pass. The exudation probably consists only of serum; and
as pollen does not, unless applied artificially in very large
quantity, give rise to either pain, heat, or redness, and leaves
no mark of its presence behind it after the exudation has
been absorbed, it cannot be considered inflammatory in the
proper sense of the term at its commencement. Tt is a re-
markable fact, too, that when pollen is applied only in small
quantity to the abraded skin, the capillaries of the corium—

% Olinical Lectures on the Principles and Practice of Medicine, by
John Hughes Bennett, M.D., F.R.5.E., Edinburgh, 1858, p. 133.
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free nuclei from pus-cells. In some of these the outline is
irregular, as if there was some attempt at division, but in
others the outline is circular. If dyed (on Beale’s method)
with an ammoniacal solution of carmine, or with a weak
aleoholic solution of chloride of aniline, they are very dis-
tinctly seen, on account of the avidity with which they seize
upon the colouring matter; in this rvespect they closely re-
semble the nuclei of pus-cells. After the exudation has
continued for a short time, cells which are not easily dis-
tinguished from the white cells of the blood are intermingled
with the nuclei. Still later perfect pus-cells are present,
but these are at first very few in number. In the earliest
stage epithelial cells may be seen here and there, and,
generally, these are of the ciliated kind.

After the irritation has been kept up for a length of time
by the constant inhalation of pollen, very few cells of any
kind will be seen in the effused fluid, the principal ingre-
dient being the granular matter of which I have just spoken.
It should be observed, however, that a single drop of the
exudation will make three or four microscopic cells—each
containing about 700 ‘fields — and that, as the character of
the exuded fluid varies at different parts of the day, it
would require a much greater amount of time than I could
spare to enable me to say definitely what its constituents
are.

§ 364. When the pollen in the air begins to diminish, the
number of pus-cells in a given quantity of the effusion in-
creases, but whether it is because they are formed more
rapidly, or because they are carried away less rapidly by
the diminished discharge, it is impossible to say ; but certain
it is that, relatively to the amount of the discharge, they
continue to increase until the patient becomes nearly well.
It is a singular circumstance, too, that in all my examina-
tions of the effused fluid by the microscope I have seen very
few perfect pollen grains, and, compared with the number
inhaled, very few empty ones. Whether this must be attri-
buted to the solvent power of the serum, or to the fact that
they are to a large extent carried away by it, cannot be
determined ; but if T had depended upon my examinations
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to the nares produce slight redness of the eyeball, but this
has generally been when a tolerably large quantity of pollen
has begn applied. Another way in which reflex action may
manifdst itself is when the irritation in the nostril is trans-
terred to the bronchial tubes, and produces slight asthmatic
symptoms ; this, also, T have experienced on two occasions.

§ 367. In attempting to classify hay-fever, a different
position has been given to it by different authors. In the
excellent article on hay-fever written by Dr. Zuelzer, of
Berlin, for Ziemssen’s Cyclopsedia,* it is placed amongst the
acute infectious diseases. If we accept this classification, it
will be necessary to bear in mind the distinction which has
been made between the terms miasm and confagium by
Professor Leibermeister in his admirable introduction to the
papers on typhus and typhoid fever, Infectious diseases, he
says, may be divided into miasmatic and contagious .—

“ Migsm, in the original and broadest sense, is the name
for any material contained in the air that can produce
disease. . . . . It is usual now to speak of confagium as a
specific excitant of disease, which originates in the organism
suffering from the specific disease; while miiasm, on the
other hand, is used of a specific excitant of disease, which
propagates itself outside of and disconnected from, a pre-
viously diseased organism. Contagion can be conveyed by
contact from a diseased person to a sound one, produce the
disease in him, and then again reproduce itself. Miasm ori-
ainates from without ; taken up into the body, it can call a
specific disease into action, but it cannot spread the disease
any further by conveying it from a diseased to a sound
person.’t

The exciting cause of hay-fever answers to this definition
of the term miasm admirably. The disease is generated by
an agent which originates outside the susceptible organism,
and floats in the atmosphere, and the malady to which it
oives rise cannot be conveyed from one susceptible person

to another.

* Cyelopeedia of the Practice of Medicine, edited by Dr. H. Von
Ziemssen. London : Sampson Low and Co. Vol. il pp. 539— 552.

T Ibid. vol. i. p. 25.







202 Eaperimental Researches on Huy-Fever :

but although most writers on hay-fever Lave attributed the
dyspneea which oceurs in the asthmatic form of the disorder
to spasm of the cireular muscles of the bronchial tubes, I
shall, T think, be able to show that there is no necessity for
believing in the constant presence of spasm to account for
the dyspneea. o :

§ 370. If we hreathe through a tube which has the same
diameter as the trachea, we find that air enters the lungs
freely, and that there is appavently a certain amount of
surplus space in the tube. This is proved by the eircum-
stance that we can breathe through tubes of a much less
- diameter than that of the trachea without producing any
unpleasant difficulty of breathing. If, instead of using a
single tube the size of the trachea, we use two tubes the
diameter of the bronchial tubes which form the first division
of the trachea, we find the same rule holds good. If we
carry the experiment still further and use tubes of a
gradually decreasing diameter, we find that to bring on the
amount of dyspneea which oceurs in hay-asthma, tubes of a
very small diameter would have to be used ; and that conse-
quently, if such a diminution in the size of the bronchial
tubes is brought about, the circular muscles must act
with a force which they cannot reasonably be supposed to
PUSEESE.

§ 371. The free transmission of air through the trachea
and bronchial tubes is the one prime condition necessary to
the proper fulfilment of their function, and wherever this is
interfered with to any great extent, we have another im-
portant factor in the production of dyspnoea brought into
play, namely, the imperfect oxygenation of the blood. What
proportion of the effect may be due to this cause in hay-
asthma or in ordinary asthma, it is impossible to say; but
whatever the proportion may ¢be, it is quite certain that
whether the imperfect supply of air is brought about by
the spasm of the bronchial muscles, or in the way I am
endeavouring to prove, the prime factor is the deficient
supply of air. But even if we grant that the circular
muscles have some power, it is difficult to understand what
purpose they could serve if they could contract the bronehial
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recumbent position for a time, a change from one side to
the other would close the nasal aperture on the lower side,
and at the same time open the upper one; but, curiously
enough, if the patient placed himself on his back when the
passage of fluid from one nostril to the other was only half
completed, the closure of both would be almost complete, and
in this state he would find it impossible to pass sufficient
air through the nostrils to keep up healthy respiration. I
have again and again tried the experiment of attempting to
breathe through the nostrils only when they have been in
this condition, and have always found that I could produce
all the distress of a true asthmatic attack by keeping up the
experiment for a few minutes only.

§ 874. The same swelling of the submucous tissue is
present in the larynx and trachea, and probably also in the
larger bronchial tubes ;* and we have only to suppose that
the same changes which oceur in the nares take place in the
larynx or at the bifurcation of the traches, and we have
all the conditions necessary for the production of a fit of
-asthma, apparently by spasm, and for its relief by the so-
called relaxation.

Then again, when once the disease has been fairly com-
menced, exacerbations of an asthmatic attack may often
oecur in the night; and sometimes when the day has been
comparatively free from difficulty of breathing a sudden
attack may come on in the night. This also I believe is
often due to a change in the position and quantity of flnid
in particular parts of the cellular tissue of the air passages,
nor do I think it always necessary for the bronchial tubes
themselves to be affected in order to produce an asthmatic
seizure. If the fluid in the cellular tissne of the buceal
eavity and pharynx should gravitate towards the larynx and
upper part of the trachea, this, in addition to the fluid which
may already be present in these parts, would be quite suf-
ficient to bring on severe dyspncea. Such an alteration as

* Tt is not probable that any great quantity of pollen penetrates to
the smaller bronchial tubes, because, if this were the case, such an
amount of cedema would be produced that fatal consequences must

often speedily ensue.
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that suffer from pollen asthma and pollen catarrh is a rela-
tively large and an increasing number.

§ 377. The preceding observations on the nature and
symptoms of hay-fever have applied principally to the
disease as we see it in England. In America, if one may
Judge by the descriptions given, they have the malady in a
much more severe form than we have it in this country.
Not only are the symptoms more severe as a whole, but,
amongst those who do suffer, there appears to be a larger
proportion who are affected by the asthmatic form of the
malady. But there can be no doubt that it is essentially
the same disease. The total number of patientsin America
seewns also, in proportion to the population, to be greater
than in England. Tt is said there areat least 50,000 people
who suffer from one or other form of the malady in America.*

It 1s highly probable that this relatively large number of
patients may be partly accounted for by the fact that the
two plants (the Indion corn and the Roman wormwood)
which are said to be the principal causes of the malady in
America flower exactly at the time that antumnal catarrh
comes on, and thus furnish a double supply of pollen.

§ 378. If it were possible for us to have thrown into the
atmosphere, from another source, as much pollen as that fur-
nished by the growth of the hay-grass, and at the same time
of the year, we can easily imagine that hay-fever in England
would be much more severe in each individual case than we
now have it. It is also highly probable that it would not
only be more severe in each case, but that a larger propor-
tion of the people would suffer from it. We have, however,

* So numerous do the patients seem to have become of late, that an
Association of those who suffer from the malady has been formed under
the title of ‘The United States Hay-fever Association ; its head-
quarters being at Bethlehem, New Hampshire. The object of the
Association is to collect and to diffuse information on the subject of
hay-fever. Article V. of the Association strikes one as somewhat
singular in the wording of the latter part of it. It is as follows :—* It
shall be the duty of each member to report to the recording secretary
the discovery of any remedy, source of relief, or exempt district which
may come to his or her knowledge during their natural life, and after-
wards, if permitted.’
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CHAPTER VIL

ON THE QUANTITY OF POLLEN NECESSARY TO PRODUCE
HAY-FEVER.

§ 379. Berore I could hope to deal successfully with the
treatment and prevention of hay-fever, I found it necessary
to get to know the actual weight of pollen in the atmosphere
that sufficed to commence and to sustain the attacks of the
malady throughout its course. The solution of this problem
was one of the most difficult of any with which I had had
to deal, and it was only by the slow accumulation of small,
and in some cases apparently unimportant, facts, as well as
by persistent effort in getting at the more important ones,
that success was at last attained. The whole matter hinged
upon the average weight of single pollen grains. If this
could be ascertained, the rest would be comparatively easy.
Again and again attempts had been made to weigh on the
balance a number of pollen grains, such as could be counted
under the microscope, but again and again I had failed. The
largest number that could be counted accurately in a space
of one square centimétre was three thousand, but this num-
ber did not affect a balance (one of Oertling’s) that turns
easily with one two-hundredih of @ grain. 1 began to think
I should have to give up the task without aeccomplishing
anything more ; but I did not like to acknowledge this, and
still persevered in my efforts, and, by the aid of the micro-
scope, the balance, and the instrument shown in fig. 13, I
have, I think, been enabled to solve the problem satis-

factorily.
§ 380, The first step in the process was to note the num-
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purpose. A small pateh of land near to the cottage ocen-
pied by the patient had this year been sown with the
seeds of rye-grass, which was allowed to get into flower,
and when the wind was in a southerly direction, it came
directly to the spot he occupied. Twenty-four experi-
ments were tried under exactly the same regulations as
those described in my own case (§ 235), the temperature,
the wind, the rain, and the appearance of the sky, as far as
possible, being all noted. The slides were sent to me by
post, the patient making a record of his symptoms each day
in the meantime. Each slide was examined under the micro-

scope before the record of symptoms was seen by me, and in
~ this way afforded a fair test of the extent to which one may
be enabled to predict t.hE appearance of symptoms by know-
ing the quantity of pollen floating in the air.

§ 382. The experiments commenced on the 24th of June,
and ended on the 17th of July. Pollen was found on the
slides on twenty-three days, the highest number being sixty-
giw and the lowest number one. The patient had slight
symptoms of hay-fever on four days only, and on these days
the numbers collected were twwenty-five, thirty-two, fifty-four,
and sizty-siz. The object of the experiments was not men-
tioned to the patient, and it is perhaps as well to note here
that he had no means of knowing how far the quantity of
pollen agreed with the symptoms recorded. As we have
seen, the smallest number that produced symptoms was
twenty-five. On two other days, when no disturbance was
noticed, the numbers were respectively eighteen and twenty.
When I come toshow what the average weight of the pollen
grain is, it will be seen how exceedingly small is the quan-
tity that will give rise to symptoms, and also how marvel-
lously narrow is the margin between the quantity that can
produce perceptible disturbance, and that which is free from
it. By referring again to Table I. it will be seen that the
highest number collected at the height of the season was
eight hundred and eighty. We have thus the numbers
which pmduced the mildest form of the symptoms, and
also the quantity that gave rise to the most severe attacks

of the season.
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three times the quantity would be inhaled during violent
exereise, the number would be 6900 ; or, in other words, we
should have an extra deposit of 4600 on the same space of
mucous membrane. This number is rarvely, if in any case,
reached, because it seldom happens that a patient passes
ten hours consecutively in the open air, and very rarely
does it come to pass that violent exercise is taken for so
long a period. In proportion, however, to the amount of
exercise taken and the length of time passed in the open air
during the period the grasses are in flower, so will be the
approach to the results here given; and if we make an exact.
estimate of the difference between the number of respira-
tions and the volume of air taken into the lungs, during
active exercise and in a state of rest, we shall find that the
percentage of inerease given above, large as it is, will be
rather under than over the mark. The inevitable con-
sequence of this must be that exercise in the open air must,
during the hay-season, increase the severity of the attacks
of hay-fever,

§ 385. We are now in a position to determine the actual
weight of pollen that suffices to produce the attacks of hay-
fever in their mildest as well as their severest form. The
first step in the process was to weigh on the balance 1-100th
of a grain of pollen, and to use the instrument figured on
Plate VIIL in the manner described below.* On this plan

# Tn using this instrument the screws K K & are firsé adjusted so
that the points are about one line below the mouth of the graduated
tube (equal to four turns of the serews). The serew 1 is now turned
down until the compressor J has driven the air from the india-rubber
tube. We now take 1-100th of a grain of pollen and place it in one
hundred grains of a fluid composed of siz parts of aleohol (proof
spirit) two of glycerine and two of distilled water. After this has
been well shaken so as to distribute the pollen evenly through
the liquid, the bottle is placed under the tube ¢ and raised until
the point fairly dips into the liquid. The screw J is now turned
up until the fluid rises to the uppermost mark of the graduated
tube. If the screw is now turned gently down again until the upper
surface of the fluid has passed jive divisions, a drop of the fiuid
equal to one-fourth of a grain will hang from the mouth of the
tube. This drop will contain 0:000,025 of a grain of the pollen. A
microscopic slide with a circular cell of varnish upon it, half an inch













»
244 Ewperimental Researches on Hay-Fever :

pollen ; and just in the same proportion will the intensity of
the symptoms vary in any given year. The caleulations
which follow are based on the results of experiments speci-
ally made in the summer of 1876.

§ 387, We are now in a position to determine the weight
of pollen necessary to bring on the malady. For this we
have already some data collected. We know for example
that the quantity of pollen deposited, as compared with
that inhaled, in a period of twenty-four hours is as 1:0
to 4:4. But as a patient is not in the open air exposed to
pollen more than eight hours out of the twenty-four, it will
be necessary to reduce the 44 to 20, or less than one half.

The quantity of pollen collected on the day when the
disorder was fairly commencing was 74, and if we multiply
this by 240 we have 148 as the product. The pollen of
Loliwm perenne contains 6,052,000 in one grain by weight,
and as this is a fair average of the size of the pollens of the
English meadow grasses, we may take it as a standard. IFf
the number inhaled be divided by the number contained in
one grain of this pollen, we get the exact weight of pollen
that will bring on the disorder. Thus ﬁ{} =
0,000,245 gr., or in other words less than 1-40,000th of a
grain inhaled in each twenty-four hours suffices to bring on
the malady in its mildest form. But we have seen that so
small a quantity as twenty-five pollen grains, inhaled in each
twenty-four hours, sufficed to produce perceptible symptoms
in the case of the young patient in Scotland, as well as in
my own case, so that the first indications of the adveut of
the malady may be produced by the inhalation of about
the 1-120,000th of a grain of pollen.

§ 388. When the quantity of pollen in the atmosphere
was the largest, and the symptoms of the disorder were the
most severe of any day in the season,the deposit was 880 in the

1760
6,032,000
000029 grain. Thus rather less than 1-3427th of a grain
of pollen inhaled in each twenty-four hours will keep up
hay-fever in its severest form.

P

twenty-four hours; 880 x 2 = 1760; and
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fifteen or twenty days in succession, and that the largest
dose of this should be fully twenty times the quantity that
sufficed to produce the first symptoms, we could easily con-
ceive that the complete control of the disease in such a case
would be very difficult, if not impossible, And yet this
rapid increment of the dose is, as we have seen, exactly the
condition with which we have to deal in the treatment
of hay-fever.

The steady diminution of the dose of pollen in the
latter half of the critical season is also another difficulty
that has often prevented us from forming a correct esti-
mate of the value of a remedy; and in the hands of
some physicians, who are but imperfectly acquainted with
the mtiology and the natural history of hay-fever, reme-
dies have been credited with effects which were due
simply to the diminution of the quantity of the exciting
cause.

§ 392. The treatment and preventmn of llﬂ.}-fE\?El may
be looked at from different points of view, and our choice
of the means to be used will be largely influenced by the
amount of success which is possible with any one or more
of the methods we contemplate using. No doubt the
most desirable mode of dealing with a patient would be
to rid him of the susceptibility altogether; but, although
I do not give up the hope that this may one day be
accomplished, there is, so far as can now be seen, not
much likelihood of this being done without a consider-
able amount of careful experimentation. ‘We must, there-
fore, look to more readily practicable methods of dealing
with the subjects of hay-fever. These methods may be
said to divide themselves naturally into the prophylactic,
the preventive, the curative, and the palliative. As we
proceed, it will be seen what is intended to be understood
by each of these terms.

§ 393. During the trials made with the drugs named in
the list just given, and also with some not specified, not-
withstanding the general want of success, I was impressed
with the idea that some of the drugs exercised a perceptible
control upon the severity of the symptoms up to a certain
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spheric experiments. In the other case, a small cell, similar
to the one shown at Fig. 12 (Plate VIL) was fixed to some
prominent part of the dress of the patient, and was worn
by him during the day-time. The amount of the deposit
was ascertained at the end of each day, and the severity of
the symptoms was compared with the amount of pollen
gathered.® The great difficulty in using these two methods
was that they were essentially different in their results, and
had to be judged of by different standards. The pollen
collected by exposing the slides in the open country always
gave an aggregate quantity much above that obtained by
fixing the glass to the dress of the patient. The reason of
this difference was that the latter was either wholly or par-
tially beyond the reach of pollen often for several hours in
the day. By testing the drugs separately on each method,
tolerably correct estimates of their value could be formed.

§ 396. The drugs tried on these different plans were:
Arsenic; Arsenite of Quinine; Arsenite of Potash (Sol Fow-
lerii); Todide of Arsenic; Bromide of Potassium ; Todide of
Potassium ; Iodide of Mercury cum Iodide of Potassium (a
double salt); Quinine; Salicyn and Sulphur.

Quinine proved, in my hands, an entire failure; and as T
have met with other patients to whom it had been pre-
viously administered without any benefit, I conclude that
it has no power to modify the attacks of hay-fever when
given internally. In two different years it was also used
on Professor Helmholtz's plan, which is to inject a saturated
solution of the drug into the nostrils several times a day.
In the case of two patients for whom it was presecribed, it
did not give the slightest relief; and in my own case the
nostrils were more irritated after the use of the solution than
before it, and after two or three days’ trial of it, I was glad to

* Another method which was tried was to distribute a certain
weight of pollen in the air of a room containing a given cubic
space. Thiswas inhaled after being tested by the instrument shown at
Plates IL. and IIL. This method promises to be the most thoroughly
scientific of any yet adopted ; but as the trials have not been numer-
ous, T cannot speak of it with any certainty. Of another important
use I have made of this method, I shall have to speak further on.
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followed out, lead to valuable results. One important result
will be, that not only may the really trustworthy remedies
be singled out, but also that the worthless ones may be
climinated. If this could be done in the case of some
other diseases, it would be a great boon to the art of
medicine. :

§ 402. With a view of determining whether it would be
possible to exhanst the susceptibility to the action of pollen
in any given part of the integument, by inoculating the
part with pollen in the manner described at § 170, experi-
ments were tried during the winter of 1875-6. A second-
ary object of the experiments also was, to ascertain if pollen
had any zymotic properties. Judging from the experience
gained by the yearly attacks, it did not seem likely that
pollen had anything of this character ; but as it had only
been applied to the abraded skin on two occasions, it was
quite possible that, under some circumstances, the system
might resist the influence of one or two applications, whilst,
a larger number might produce a different result.

Twenty applications in all were made to abraded spots
on one forearm, on a surface about an ineh square ; 1-100th
of a grain of pollen was applied each time, and the appli-
cations followed each other at intervals of twenty-four to
thirty-six hours. The effect did not differ at all from
that deseribed in the former experiments, and apparently
the susceptibility was just as great at the conclusion of
the experiments as at the beginning. No constitutional
symptoms were developed, so that it is not at all probable
that pollen has any zymotic properties.

§ 403, In the investigations described in the preceding
pages the exaet quantity of pollen that came in contact with
the eyeball, as compared with that which entered the nares,
had never been determined; consequently no correct esti-
mate could be formed of the part which each organ took in
the production of the whole effect. Experience showed that
pollen in contact with the nasal mucous membrane would
inflame the conjunetiva, and, on the other hand, that pollen
collected on the eyeball passed into the nasal duct and the
nostril, and caused irritation there ; but how much or how
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material in the nostrils generally brought on a discharge
of serum, and sometimes attacks of sneezing ; and, on
the whole, the annoyance and irritation were almost as
bad to bear as that occasioned by moderate quantities of
pollen.

With this experience there was not much hope of being
able to train the sensitive mucous membranes to bear the
contact of any solid body. I determined, however, to try
to make them to bear the contact of an apparatus suitable
for intercepting pollen for at least a short period. I had no
expectation of doing more than to make a few short experi-
ments on some one or two of the days when the largest
quantity of pollen was present in the atmosphere.

§ 405, The first idea that presented itself was to make a
metal case to fit each nostril, and to place in this a layer of
wire gauze of a texture sufficiently close to intercept the
pollen at one operation, as it were.

My first care was to take an exact cast of each nasal
cavity from the margin of the ala nasi and septum narium
to the inferior turbinated bone, taking care to avoid any
entanglement with either of the turbinated bones—an acci-
dent which is very likely to occur, unless great care is
exercised. From these casts I constructed, by the aid of
the galvanic battery, cases of silver that fitted every depres-
sion of the mucous membrane of the nares. Into the upper
part of each case was fitted a layer of fine wire gauze, and
the instrument was then ready for use. When tried, how-
ever, it was found that the great amount of debris floating
in the atmosphere quickly stopped the openings in the
gauze, so much as to make the respiration difficult. But,
independently of this, there was another cause that pre-
vented the method being workable. Each opening in the
wire gauze was really a transverse section of a very small
capillary tube® and, after being in use for a short time,

* The diameter of the pollen grains of the grasses (in their dried
state) varies from 0°001 to 0°0015 of an inch in their longest diameter,
and from 0°0007 to 0001 of an inch in their shortest diameter. To
insure their being intercepted by a wire gauze, the openings in this
would have to be rather less than 1-1500th of an inch in diameter.
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it capable of intercepting a very large percentage of the
floating pollen. And lastly, before this could be of any use,
1t was necessary to train the sensitive mucous membrane to
bear the daily contact of the instrument for eight or ten
hours at a time during the whole of the hay-season. The
accomplishment of these objects taxed my patience and
perseverance very considerably, and I am free to confess
that had it not been for the self-interest that was thrown
into the scale, in the shape of a hope of controlling my own
attacks of the malady, T should more than once have given
up the attempt. In two successive years, however, there
had been some signs of the disorder taking on the asthmatic
form with me ; and as this, if allowed to go on, would pro-
bably have compelled me to be absent from professional duty
for at least a tenth part of each year, this prospect of
enforced idleness perhaps gave a little persistence to my
efforts.

§ 408. Strange as it may seem, it is nevertheless true,
that the smallness of the quantity, combined with the
extreme minuteness of each separate particle of the exciting
cause, constituted one of the great difficulties in the way of
barring its ingress to the mucous membranes. A more
bulky agent and a larger quantity would have been more
easily managed, and, in order to overcome the difficulties
spoken of, it was found necessary to deal with the subject
in a thoroughly systematic manner. Thke first thing to be
done was to ascertain how much of the actual breathing-
space in the nares could be taken up with the intercepting
sieve, or in other words, what size of opening would, with a
given cirenmference of the thorax, allow of a fair amount of
freedom in breathing. It was found that with a chest cir-
cumference of thirty-three inches (measured on a level with
the nipples), a circular opening in each nostril of fowr milli-
méires in diameter was sufficient to maintain respiration
with moderate freedom whilst walking at the rate of two to
three miles per hour.*®

* Tt was also found that in order to produce the distress of a severe
asthmatie attack, the breathing spacein each nostril must be reduced
to a circular aperture of one milltmétre in diameter (=1-25th of an
inch),
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was found necessary to give more time than had been
allowed for the mucous membrane of the nares to become
accustomed to the contact of the silver cases the time
required.®

In 1878 the first fair trial was made, and the experiments
were commenced earlier. By placing the silver cases in sifu
a short time each day for some weeks before the hay-season
came on, and by using the ointment, the formula for which
is given below, the cases were easily borne in position the
whole of the day by the time the grass began to be fully in
flower. The administration of the Iodide of Arsenic had
been commenced at the latter end of May, and was continued
to the beginning of July (gr. iij. 3rd dec. trit. quater in die).
The Arsenite of Quinine was then taken to the termination
of the season (gr. v, 3rd dec. trit. quater in die). Fuphrasic
officinalis was, however, taken in alternation with the above
during the middle part of the season (gtt. v. 1st dec. atten.
quater in die).

The experiments were fairly commenced on the 12th of
June, and as I was anxious to see what part the eyes took
in the total amount of irritation produced, no glasses were
worn during the first seven days. Each day my professional
work called me more or less into the midst of the hay-
making districts, During this time, i.c. from the 12th to
the 19th of June, there was scarcely any sneezing ; but there
was a slight though continuous drip from the nostrils, with
some itching of the eyes, and slight engorgement of the
vessels of the conjunctiva.

§ 412. On the 20th of June the glasses with the cell one
centimétre square upon one of them began to be worn ; the
wire gauze guards which had been attached to them fitted

© Vulcanised india-rubber, and also vulcanite, cases were tried, but
did not answer any better than the silver cases.

+ B Zinci Ox, Dj.
Ac. Tannici, gr. x.
Ung. Cer. Alb. 3j.
Misce ut fiat unguent.
A small portion to be applied to the mucous membrane of each
nostril two or three times a day.
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very imperfectly, however. Nevertheless, as the opportunity
offered, I determined to put this method of prevention to
the severest test I could find. Two fields of rye-grass which
were coming rapidly into flower had been kept under
observation, and on the day the grass commenced to be
mowed and made into hay, I went into the midst of it, and
stayed some time whilst the men were at work. Previous
to this experiment being tried, I had no conception of the
immense quantity of pollen that can be thrown off from
orass in favourable seasons, because I had never before dared
to put myself in a position tosee it. It isno exaggeration to
say that the pollen came away in small clouds as the
mowing-machine in one field passed through the grass; and
as the ‘tedding-machine’ in another field threw up the grass
that had been already mowed, the pollen that came from it
looked like a thin yellow haze in the atmosphere,
§ 413. Previously to going to the hay-field, the cell on
the spectacle-glass had been charged with the prepared
fluid. In examining this under the microscope in the
evening, siwteen hundred pollen grains were found upon
the surface of one square centimétre. This number
was gathered with about seven hours’ exposure in various
districts (including three quarters of an hour in the hay-
field), and when we remember that twelve hundred was the
highest number obtained in the experiments of 1866, where
“the slide was exposed for twenty-four hours at a time, we
may conclude that the number in this latter experiment was
relatively very large. In referring to the entry in my note-
book for this day I find the following:—The test to-day
has been the most severe I have ever tried, and on the
whole I have stood it remarkably well. No sneezing whilst
in the field : there was a little discharge from the nostrils,
and these felt somewhat warm, and itched a little. After
walking a mile, had one very mild attack of sneezing ; in an
hour had another similar attack, and a third one in the
evening after being out in the neighbourhood of the hay-
field. The whole, however, did not make up a twentieth

park ::-f the suffering I usually have at this p*wt of the
season,’
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§ 414. On June 22nd the experiment was reversed by
my going about the whole of the day withous any means of
protection in the shape of glasses and nasal respirators,
The entry in my note-book for this day is as follows:
‘ Made one journey of six miles by rail into the country,
and then went four miles in the opposite direction in the
early part of the day. Had violent attacks of sneezing on
each occasion, with profuse discharge of serum from the
nostrils. The conjunctivee were congested, and the eyes
itched and burned severely.” The contrast here was very
marked ; but taken altogether the suffering was not quite
so severe as it usually was with the same amount of ex-
posure at this part of the season, and with the same kind
of weather. The 23rd was again warm and sunny—just
such a day as would produce severe suffering with hay-
fever patients. On this day the glasses and the respirators
were again used when in the open air, and were so con-
tinued to the end of the season, the intercepting sieve
being moistened with a mixture of glycerine and water.
The entry in my note-book for this day gives the follow-
ing: ‘No sneezing, and very little irritation in the eyes ;
slight drip from the nostrils, which are still a little swollen
from yesterday’s experiment” For six or eight days the
symptoms took on this mild character. After this a rapid
improvement occurred, so that complete convalescence was
established at a much earlier date than in former years.
On looking over my list of visits, it was found that from the
12th of June to the 20th of July, fifty visits had been
made in districts in which an enormous quantity of hay-
grass is grown. Under ordinary circumstances this would
have led to severe suffering, which happily for me had been
to a large extent escaped, thus showing that the improve-
ment on the former state of things was very considerable.

§ 415. Before the season of 1879 commenced, one or two
important changes were made in the methods adopted. At
§ 191 we have seen that when pollen comes in contact
with the vapour exhaled from the lungs, it bursts and dis-
charges its granular matter onto the surface of the mucous
membranes. This change no doubt depends upon the vitality
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§ 419. The measures I have just deseribed are no doubt
more applicable to the catarrhal than to the asthmatic form
of hay-fever, but from the fact that, during all the experi-
ments of 1878-9, there was no return of the indications I
had previously had of the malady taking on the asthmatic
form, the means used must be more or less beneficial in all
asthmatic cases, '

To a very considerable extent the irritation in the eyes is
reflex in character, and it lLas for this reason been found
exceedingly difficult to determine how much of the irrita-
tion of the conjunctiva is due to the pollen that comes into
actual contact with it. Judging from all the evidence
gathered from the experiments made, I should say that
fully eighty per cent. of the irritation is due to the pollen
that passes into the nares; and it is also highly probable
that some portion of the asthmatic condition is due to the
reflex action from the nares. However this may be, there
can be no doubt that where pollen is intercepted in the
manner I have shown, to a similar extent will the asthmatie
symptoms be kept in abeyance, if the respiration is princi-
pally performed through the nostrils.

§ 42C. Of all the methods of prevention, the removal of
the patient to some place beyond the reach of pollen is the
most effective ; and the open ocean is, as I have shown, the
most free from the presence of this agent. Where a patient
can spare the time, a sea-voyage is an unfailing remedy in
ninety-nine cases out of a bundred. Failing this, a residence
at the seaside is the next best thing, if the place is well-
selected. A place situated on the extreme point of a
peninsula will in some instances be almost as efficacious as
a voyage. But the more the place selected approaches the
character of a deeply indented bay, the smaller will be the
patient’s chance of escaping his attacks, if hay-grass is
largely grown in the district. Where, however, the land is

tion to other forms of these maladies, but I cannot help believing that,
in some at least, it may be found to be helpful. The extreme
subtlety of some of the miasmata may make it difficult to deal with
them on this plan. Influenza is, however, one of the diseases that will
probably one day be dealt effectively with on this same method.
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fall to the floor, but if the air is constantly renewed the
supply of pollen is kept up, and a certain amount of it must
be inhaled by those who come in contact with it.

§ 422. To attempt to give all the details of the effects of
the remedies tried in the earlier years of my attacks would
be a profitless task, because I had then no means of deter-
mining their value. In addition, however, to those that
have been referred to as having been used in a prophylactic
way, it will be necessary to speak of some that have been
found useful in various ways in recent years. It will also
be well to notice the conditions that help to prevent the
disorder coming on, as well as some circumstances that have
a favourable or unfavourable influence upon its progress.
And first T shall speak of the great importance there is in
a patient attending carefully to the condition of the stomach
and bowels, before the time for hay-fever comes on. De-
rangement of the functions of either of these organs, if it
comes on at a time when hay-fever is occurring, will help
to make it more severe than it would otherwise be. In the
asthmatic form of the complaint especially, an attack of
dyspepsia is sure to make the suffering more acute than it
would be without it.

Some patients have imagined that their attacks were
partly due to weakness, and that it was on this account
necessary to take a more plentiful supply of nutriment
during the hay season than at other times, This isa great
‘mistake. Although it is not necessary to live on what is
technically termed ‘low diet,” it is important that the diet
should not be too generous. In the asthmatic form of the com-
plaint especially, a patient should not as a rule take animal
food more than once a day, and never in the evening.

§ 423. Another important point is the avoidance of
sudden changes of temperature, or, to speak more correctly,
a sudden lowering of the temperature. This is very apt to
occur if the patient allows himself to get into a profuse per-
spiration, and then remains still in the open air or where
there is a strong current of cool air. In such circumstances
the already irritated mucous membranes of the air passages
ave very apt to take on some degree of inflammatory action,
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The eyes are to be bathed in a small portion of the
collyrium three or four times a day.

§ 425. Another important precaution I advise all hay-
fever patients to adopt, is to wear a loosely-fitting overcoat
(or cloak), of very thin material, when out in the open air,
and always to have this taken off and well shaken or
brushed after being out. To wear the same article of cloth-
ing, indoor and outdoor, during the whole of the hay-
season, 1s to carry a very effective means of infection about
with one. If a patient, however, lives in a large town, and
does not venture into the country much in the hay-season,
this precaution is not so necessary unless he has to come
much into contact with those who go often into the hay-
grass distriets. For those patients who live in the midst
of the hay-making districts, the precautionary measures
spoken of at § 421 will be found very necessary, and at the
same time very valuable. If carefully and persistently
carried out, they will often enable the patient to dispense
with the necessity of leaving home for some weeks. With
patients who are at other times strong and healthy, the
confinement to the house which this method of prevention
involves is exceedingly irksome; but I have met with some
cases in which it has been a matter of the most vital im-
portance that they should be able to remain at home, and
almost equally so that they should escape the hay-fever as
much as possible.

§ 426. We must now notice some of the remedies that
have been found beneficial, in one way or another, under
cireumstances that often accompany attacks of hay-fever.

For those patients who suffer from habitual constipation,
or from a tendeney to hemorrhoids, the use of Nux vomica
(gtt. v. to gbt. x. 2nd dec. atten. ter vel quater in die), in
alternation with one of the remedies I have previously
spoken of as prophylactic in their action, will be found very
useful ; and in cases where there is much dyspepsia com-
bined with the constipation, it will often give great relief.
Sulphwr is a drug that is useful, not only as a pruphylactif:-,
but also in cases where there are hemorrhoids and chronic
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this paper are burned in the room where the patient usually
sits, it will be found, in those cases that are amenable to
the action of Stramoniwm in this form, to give almost as
much relief as the smoking of it, but without the unpleasant
effects of the latter, Tt is, in fact, as I have intimated
above, a combination of the two favourite. remedies in
desperate cases of ordinary asthma; but the quantity of
Stramoniwm inhaled can be regulated in a much more
exact manner than by the other method.

§ 431. Stramoniwm is also useful when given internally
in the later stages of the disease. When the conjunctiva
becomes injected after the slightest exposure to a current of
air, and when occasional fits of hard dry cough come on,
although the quantity of pollen is rapidly declining, Stra-
monium may be given with great advantage (gtt. v. 2nd
dec. atten. quater vel sexter in die).

Opiwm is a remedy that often does good service in the
asthmatic form of hay-fever when paroxysms of suffocation
come on during sleep, and when these are apt to be followed
by violent fits of dry racking cough that are relieved for a
time by drinking a glass of water. Another indication for
the administration of opium is the tendency to severe and
long-continued constipation. Gtt. ij. ad gtt. v. 1st dee.
atten. may be given. In the later stages of the disease,
when there is a copious discharge of thick puriform mucus,
or when the nostrils are stopped in the morning by plugs of
hardened mucus, and when the al® nasi remain tender and
swollen, the administration of Nitric acid (gtt. jv. 3rd dec.
atten. sexter in die) will give marked relief.

For the prostration which is present in many cases of
hay-fever, and especially in the middle and later periods of
the disease, the Arsenite of Quinine is, as 1 have before
intimated, the principal remedy; but in some cases the
Phosphate of Quinine will be found more useful.

§ 432. I have thus briefly reviewed the principal remedies

the paper, it may be saturated twice or three times before it is finally
saturated with the Nitrate of Potash. By increasing or diminishing
the strength of the Nitrate solution, the paper may be made to burn
more or less slowly, as circumstances may require.
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