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~ ABSTRACT . "
" A review has been prepared of «the present\state of
knowledge concerning the eosinophil celis of blood in rela- -
~ tion to stress. Eosinophil test-which is being widely used as
an index of adrenal activation or stress has been discussed
particularly with reference to its scope and limitation. As the
" counting of circulating eosinophils forms an integral part
of this test, a critical evaluation of the various methods for
. determining the eosinophil count in blood has also been: " .- - .
meade. ‘ IR
Introduction - . SR
The object of this report is (3) to review the present state of knowledge
ceoncerning the eosinophil cells of blood with particular reference to the signi-
ficance of eosinophil test in studies on physiological stress and (#¢) to make an
appraisal of the various methods used in the determination. of eosinophil count,
Some Characteristies of Eoéindl_)hils_ :  S o 2 | .
~ (a) Morphological and ‘IIistologiCa.l ‘Pr(fnpérté'éé—:—m 1865 Max Schultze
recognised eosinophil cells as a separate entityl. The cells are distinguished by
certain morphological and histological properties?, 3, 4, For instance, their
cytoplasm is filled by large, round or oval, pink staining granules. The cellular
protein is basic and hence stains with. such acidic dyes as eosin, phloxine, etc.
They have a diameter of 8—12 microns and their life span- is reported to be
8—12 days as compared with 2—4 days in the case of neutrophils’. They
originate in the bone marrow and normally constitute about 1-—4 percent of the
total circulating leucocytes.

(b) Factors Stimulating the Formation and Liberation of t]z,g?Oells——-The sti-
mulus to formation and release of the cells from bone marrow seems to be under
the influence of four possible factors, (¢) chemotaxis, (4%) a leucocytosis promot-
ing factor, (:i7) the spleen and (w) the endocrine system. Conditions favouring
eosinophilia (an increase in the number of circulating eosinophils) relate to cer-
tain clinical states of the body such asinfestation, infections, allergy and some
other diseases and the eosinophil test has a clinieal value in such cases.

(¢) Functronal Properties—In the case of human subjects it has been shown
that these cells possess less phagocytosing power than the peutrophil leucocytes®
The eosinophils carry histamine or histamine like substances from the mar-
row to the tissues for inactivation 7. It wonld be interesting to see if these cells
contain any histaminase. However, one may assume thatthey serveas a second
line of defence in the system. ' '
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Mechanism of Response-to Stress - - - i

In order -to understand now the significance of blood eosinophil count
* whenthe body isin a state of internal or external stress, it is necessary to ex-
plain the mechanism of response to stress. When a stressor acts. upon some part
of the body, a stimulus travels through some unknown pathway from the injured
ed area to the anterior pituitary which is induced thereby to discharge adreno-
corticotrophic hormone (ACTH). To most stressors the first response may possibly
be the secretion of adrenaline by the adrenal medulla. The adrenaline stimulates
the pituitary to secrete more ACTH, which in turn acts on the adrenal
cortex, causing an increased secretion of adrenocortical hormones. It is through
these corticoids that different biochemical processes are set in motion to enable
~ the animal t0 resist the action of a wide variety of stressors. A few salient points

relating to systemic stress have been discussed eleswhere®, A comprehensive
- treatment of the subject has been given in several reports?—12,

The importance of adrenaline in the regulation of the activity of the
pituitary-adrenal axis has been the subject of many studies'®—17, While it has
been reported that adrenaline may play a primary role in the activation of the .
pituitary-adrenal axis, more recent data have raised doubts rezarding the role
of adrenaline'”. -It has been suggested that adrenaline and other stressors may
increase the inactivation or utilisation of -adrenal cortical hormonests, 8,  As
a result of this suggested process, a-diminished level of circulating corticoste-
roids has been postulated. Consequent to this diminished circulating titer the
secretion of ACTH by the pituitary is thought to océur. The data collected by
Bachus’® sugzest that adrenaline in large doses fails to elevate the circulat-
ing levels of 17-hydroxy corticosteroids and fails to detectably alter the levels
of these substances following the injection of cortisone into adrenalectomized
rats, or of ACTH into intact rats. In vitro experiments fail to demonstrate any v

effect of adrenaline on the metab'o1ism of cortisone. “ o

With regard to eosinophils, the most spectacular effect is thesfall in the
pumber of these cells following the action of & stressor. In other words; the ac-
tion of cortical hormones on eosinophils is an important point to study, if the
eosinophil test is to be used as an index of stress. : e T

In the light -of several reportsl®—23 it willbe equally important to study
also the factors other than the adrenal steroids which can cause eosinopenia.
For example, adrenalectomized ‘dogs maintained on . desoxycorticosterone
(DCA) were subjected to stress procedures of various kinds (e.g., muscular exer-,
tion, electrical stimulation, injection of anti-adrenergie drug such as ‘regitine,
and of anticholinergic drug such as antrenyl) and all showed eosinopenia. 2—7.
hours following stress. In order te remove-doubts regarding the absence -of
adrenal accessories, 2 few dogs which had already shown eosinopenia as a result
of stress were permitted to develop adrenal insufficiency by withholding DCA, -

Probable Clavkes of Ecsinopenia S S

Quantitative aspect “of the action of corticoids on eosinophils will be
discussed. later. Here it may be stated that eosinopexia (fall in the number of
circulating eosinophils) has been observed not only with one kind ‘of stress
factor, but with various types such as emotional stress?!, 25, surgical opera-
tions®, 27 coronary  occlusions®,  electroshock?®, heat and cold3,
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low oxygen tension®, secretion.of adrenaline3?, etc. Though the exact na-

ture of the reaction leading to eosinopenia is not clearly known, the question has

been raised whether eosinopenia may be due to decreased production, sequest-

ration in blood vessels of large organs, movements into tissue beds, or increased

destructions3—%. Some idea as to the probable causes ma.y, however, be
‘ obta.lned from the following observations— o

(@ )- At the time of maximum eosinopenia there was no deerease in the
eosinophils in the bone marrow3, Further, an increase in imma-
ture eosinophils was noted®, a finding which suggested an inhi-
bition of maturation.

(#2) The evidence for sequestration in the spleen is conflicting. Although
some - workers3® found 'that eosinophils accumulate in spleens of
mice during the period of eosinopenia, the majority of investi-
gators®®—38 were unable to demonstrate eosinophil sequestration
in rat spleens. In fact eosinopenia has been reported to occur in
splenectomlsed animalg®,

(v49) There has been a suggestion that eosinopenia may result in part
from movement of eosinophils from the blood into the extravascular
loose connective tissues?®, Pycnosis and fragmentation of blood

_ eosinophils have been observed by some?l—43, '

(t) Destruction and subsequent phagocytosis of eosinophils in perito-
neal fluid of epinephrine-treated rats were found to take place®.
Heparin appears to prevent the i n vitro and in vivo eosinopenie
effect of cortisone®!, 44,

Although the evidence thus far expressed tends to favour the concept
that adreno-cortical hormones act on the eosinophils in a similar
manner as on lymphocytes, that is. by eosinolytic. action®, the
necessity of further work in this direction is quite clear.

Now the question may be asked as to how the eosinophil count will -
help in assessing the degree of stress. One has therefore to turn to
such studies which have aimed to find a quantitative relationship
between the degree of stress and eosinophil fall.

Relatxonshlp between Hormone Dosage and the Fall in Eosinophil Count

In order to ascertain the relationship between eosinophil test and stress
it is necessary to estimate the amounts of corticoids secreted in stress and the
. corresponding fall in eosinophil count. As quantitative estimation of'the corti-
“coids secreted is rather a problem, the stress is indirectly measured by deter-
mining the dose of ACTH or cortisone, which produces an equivalent change
in the éosinophils. How far such a procedure gives a true picture is difficult to
state. That exogenous supply of ACTH, cortisone, ete. at frequent intervals may
affect the normal activities of the glands cannot be ruled out.

It has been reported that quantitative relationship exists between hormone
dosage (ACTH, cortisone and compound F) and the degree of eosinopeniall, 4749,
Compound ¥ and cortisone are apparently. the most effective eosinopenie
agents whereas compound A, sex steroids and DCA are -relatively inactive?s,
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The latter compound and compound A are effective in producing eosinopenia
when massive doses are given to adrenalectomized animals?®, %, ~The obser-
vations of Thorn et al®l are worth quoting here— C ,

() Almost complete- disappearance of ¢irculating eosinophils may ocour
long before the maximum secretory response of the gland has been
attained. Therefore, quantitative evaluation of the degree of adrenal
cortical activation produced by either endogenous or exogenous
ACTH s valid only within the range of 3090 per cent eosinophil
fall. AR

Whereas the eosinopenia observed with' ACTH almost certainly re-
flects increased adrenal cortfeal secretion, adrenaline may induce
eosinopenia in completely bilaterally adrenalectomized patients,
who are unresponsive to ACTH. Interpretation of the eo0sinophil
fall in severe stress may be difficult, :

(#6) A change in the total 17-hydroxycorticoid excretion appears to be
a more sensitive indicator of adrenal activation following ACTH
administration than is the alteration in urinary 17-ketosteroid ex-
cretion, ' I :

(¢i2) The intravenous infusion of ACTH provides a more repfoducible
means of investigating lower levels of adrenal activation than does
the intramuscular administration of a single dose of ACTH.

() In evaluating the quantitative response of the adrenal cortex bo in-
travenously administered ACTH, the duration of the infusion as-

sumes an importance equal to or even greater than the total dose of
material administered. '

Using a 4-hour period of intravenous infusion of ACTH, titration
curves were constructed for several normal subjects, employing do-
sages of ACTH ranging from 12-5 to 0-125 units per hour. With
~ quantities as small as 0-25 uuit per hour over a 4-hour period an in-
crease in 17-hydroxycorticoids and a fall in eosinophils was consis-
tently observed. It was of interest to note that in no instance was a
significant fall in circulating eosinophils observed without a signi-
ficant rise in 17-hydroxycorticoid excretion. . .- S

The intravenous infusion of 1 unit of ACTH over an 8-hour period
- resulted in a much more intensive adrenal cortical stimulation than
that produced by the same dose administered during four hours.

The intravenous infusion of 20 to 25 units of ACTH over a period of
8 hours or more is capable of inducing a near-maximal response of
the adrenal cortex. ‘ -

(v) Continuous intravenous infusion of relatively large quantities of com-
pound F produced similar effects as observed with ACTH adminis-
tration in short term experiment. A delay of 1 to 2 hours occurred
in the appearance of increased 17-hydroxycorticoids in the urine
with hydrocortisone, as well as with ACTH infused intrairenously.
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. Theinterval between the activation of the pltziitary adrenal axis and
- the excretion of 17-hydroxycorticoids in urine. mlght therefore be
expected to be 1-to 2 howurs, : B S

(vi) Following the infusion of 1 mg. of adrenaline over a 4- hour p°r10d
in normal subjects, there occarred a significant fall in the level of
circulating eosinophils. With 0-3 mg. infused intravenously over a
4 hour period an insifignicant change in circulating eosinophils was
observed, whereas when a total dose of 0:3 mg. was administered
in & shorter time, ¢.e. 30 seconds, intravenously, a significant decrease
in circulating eosinophils was noted. In none of these experiments
was there any indication of increased adrenal cortical activation as
reflected by a significant rise in the excretion of 17-hydroxycorti-

- coids. Similar results were obtained by stimulating endogenous
secretion of adrenaline. Simultaneous administration of small quan-
tities of adrenaline and ACTH results'in & greater eosmophll fall
than that produced by ACTH alone, without significant increase in
17-hydroxycorticoid excretion. It appears therefore that the eosino:
penic effect of adrenaline does not involve either an increase d secre-
tion of ACTH, or an enhanced effect of ACTH upon the adrenal cor-
tex.

Ths above findings are of great value in differentiating the eﬁecbs of adre-
naline from those of AC TH, cortisone and compound F and hence urinary ana-
lvsis of 17-hydroxy corticaids is a seasitive ind>x of th> fall of eoanophll count
dae to adranocorsical response to stress.

It appears also that a comparison of the oha.nges m 17- hydroxycorbwcud
excretion providss » means of assessing the extent to whieh activation of the
adranal cortex contributas to the total stress response of man,

. As an exposure to a changed environment means a kmd of stress it WOU:ld
also be interesting to study th° relatlonshlp batween the process of a.ccllm&tlzan
tion and the activation of the pituitary-adrenal system in human subjects. 4

With regard to acclimation in rats, the recent:works of Heroux and
Hart 52, 5 and of others 3%, 55 may be mentloned here,

Tt has besn showa that under adranalectomizad condition the amount of
adrenal sortical hormone (ACH) raquired to maintain body weight is no greater
in cold-acclimated than in warm-acclimated animals. In othér words, the sug-
gestion has been made that the initial rise in ACH secretion during cold accli=
mation may ba followad by a redussd secretion n fully agclimated animals. Siz
mllar trend has been observed durlng adaptatlon to other kinds of chronic

stress 3, 55

Va.nous lndlc have b*en us 3(1 in a.%%sma adrenal corbma.l activity during

development of acclimation to cold and warm environments. For example, the
thymus weight, adrenal ascorbic asid cencentratlon and lveratkaline phospha-
tase activity wers maintained at similar levels in some rats acelimated to warm
and cold environments 5. . Application of absolute éosinophil counts and
change in eosinophil level 4 hours after 1nJect10n of ACTH (Thron index, 11) a8
further indices has led_ to the following results %,
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.- Absolute: eosinophil level did not indicate an increased rate 6f<ACH secre-
tion during development of cold acclimation and did net parallel eosinophil
trends found during adaptation to trawmatic shock® and ' museular - work?,
Eosinophils of rats. exposed to 10°C and 6°C remained at the initial level
throughout the entire period of cold expostre, though there was a fall in
absolute eosinophil levél duting acclimation to ‘30°C. The latter fall has not,
however been adequately expla,med by the authors.

Usefulness of this index is recogaised under shock conditions when a sud-
den discharge of ACH rapidly decreases thie eosinophil level, But in a chronic
stress, such as prolonged cold exposure, production of new eosinophils might
balance any increased disappearance caused by adrenal steroids.

ACTH, injected at different interval during acclimation to 6°C, produced
an increasing fall in eosinophils up to the 20th day, followed by a gradually de-
creasing response up to the 53rd day. The observed trend-in eosinophil response
to ACTH indicates that the higher-adrenal activity, known to occur during the
first few days of exposure to cold, gradually reaches a maximum in about 20
days and then returns to its pre-acclimation level. The Thorn index further

shows that the adrenals of fully acclimated rats, although hypertrophied, are
not hyperactive. While acclimation would reduce the ACTH requirement, it
would not affect the postulated adrenal weight - factor’” secretion which
would persist as long as the animal is exposed to a cold environment., The dis-
appearance of hypertrophy when the cold acclimated animal is returned to a
normal environment was supposed to be related to a decrease in this
secretion®s, :

It has been known that ACTH administration produces by an unknown

mechanjsm an increasein'eosinophil level in adrenalectomized animals®—#4

or inorganisms that have deficient adrenals't, In other words, in adrenalec-

tomized or adrenal deficient animals, the eosinophilic elect would naturally
predominate. The balance between the action of ACTH (s.e. ACTH secre-

tion) and the activation of ‘adrenal gland (i.e.- cortical secretion) will deter-

mine the level of eosinophil. This subtle mechanism may. play a great role in

explaining the variations in eosinophil count under different conditiors.

Clinical Value of Eosinovhil Test

~ The eosinophil response is also used to assess the functional state of

the anterior pituitary and the adreual cortex in patients®. Scme of the

tests for these glands are carried out as follows — o

(3) Adrenaline test—A dose of 0-2 mg. of adrenaline in 200 cc of
saline is infused  intravenously in one hour. In normals the ecsino-
phil count 4 hours later falls on an average by 60 per cent. In
patients with severe hypopituitarism or Addison’s disease no c¢hange
occurs. With the above dose the total white cell count after 4 hours
is increased owing to a rise in the neutrophils; there is an irregular
rise in the lymphocytes followed by a fall.

@) ACTH test—A dose of 25 mg. of ACTH is m]eoted mtramuscularly
"~ In normals the average fall in the eoqmophllb 4 hours i fater is 75
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;.. per cent. In Addison’s disease there is no response. In"hypopi-
tuitarism the responseis smaller than normal owmg to the atrophic
: condition of the adrenal cortex. o

- (#9) Corticoid test—A positive respome with th1s ‘test proves that
unknown peripheral meachanism which lowers the = cosinophil
bount are not reactive, The adrenal amorphous fraction, cortisone
and -compound F may be used for this purpose, whereaq desoxy-
corticosterone- (DCA) isineffective.

- InCushing’s syndrome which is assoclated Wmh hypercorticalism; the
eosinophil count, as expected, is low. The value of the eosinopenic response as
compared to the lymphopenic response as a clinical test for adrenal insuffi-
ciengy hasbeen expounded by Thron et al'* and Roche et al2?, Many
investigators "have cautioned that such a test must be better standardized
atid that more thanone determination must be made on each subject to draw
valid - conclusion®—%9, Roninger®® found - that . in infants the- 1ympho—
peni¢- response is more rehable followmg ACTH administration than is the
eosmopemc responsé. - . :

However, _certain substances besides (/11—-—0quter01ds induce eosinge
peniain the Addisonian patient for, according to Recant et al%, large doses
of adrenaline are effective in this respect..

Knowlton™. has reported similar observations on the salt maintained
patient, and other investigators state that both the cortisone maintained
Addisonian and the bilaterally adrenalectomized human subject®, 7! also
showeda pronounced fa.l] in eosmophlls When 1n]ected with adrenaline.

Varlatxon in Eosmophll count under Norma.l Gondxtlon

) Apart from the 1nduced eosinopenia discussed " above and the eosi-
nop}uha oceurring in certain clinical states of the body, there is variation in
the eosinophil count of individuals even under normal condition. It has been
noted, for instabce, that there may be (i)individual variation, (4) diurnal
variatien, (717) daily variation, (/v). variation due to -food ingestion or inanition
and (v) variations due to other ill- defined factors.

It is necessary to consider these variations' while ‘asses ing the effect of an
& xternal or internal stress factor,

(z) Individul variation—This is noticeable even “when observa.tlons
- . are taken under strictly controlled conditions. If the necessary
- details of the subjects under 1nvest1gat10n prior to observations are
not available, it becomes very difficult some tites to draw any
conclusion. One may even dlscard the eosmophll test as an index of

cortlcal response. /

(¢7) Dwfnal vriation—This has been observed bv a large number of
workerst5, 281, Rud™ in a very elaborate statistical analy-
‘sis’ of the behaviour of normal eosinophils showed that in may

" instances there were hourly variations of eosinophil levels with a
.- drop in the forenoon and a rise in the afternoon and evening,
-and this variation was independent of food -intake, but.ina sufficient
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number of cases fasting caused the number of eosinophile to
drop. However, the eosinophil counts were reproducible wathin
a normal range in the same subject from day to day and seasen to.

_ Season, regardless of body position, sex, age and constitutional
type. : ,

Thorn et al”® and Bonner™ also noticed the difference in the counts
~ between morning and evening. The latter author pointed out further that the.
daily pattern of eosinophil count might vary widely. :

Dorato and Stramis” noticed & diurnal cycle with a low point at
- nooband a higher orieat night, ' ’

Halberg et 21 made a study in the case of eleven individusls in a
controlled environment and six with unlimited activity and diet. There
was a tegular diurnal rhythm in the eosinophil count of circulating venous
blood with an average morning drop of 430 to 231 cells per c.mm. during 6- 30
to 9:30 a.m. in the elgven controlled individuals. A rough inverse relation
between oral temperature and eosinophil level was observed in the controlled
subjects. In seven patients with Addison’s disease, bilateral adrenalectomy
and hypopituitarism failed to show normal diurnal eosinophil rhythm, It
seemed to the authors that the adrenal cortical hormones might play a role in
- the fluctuations of the eosinophil level in normal subjects. '

Observations in this laboratory in the case of limited number of subjects

remaining in air conditioned room also pointed to a tendency of the eosis
. nophillevel torise during the afternoon 77 : -

Halberg et al™ reported that intact dogs of both sexes showed an
early afternoon fall in numbers of circulating eosinophils. Dogs with bilateras
arteriovenous anastomoses showed a rise in number of eosinophils during the
morning. Superposition of adrenalectomy upon arteriovenous anastomoges had
no observable effect upon this morning rise. - e

That physiological short term and diurnal variation occur in éo‘sinnphj)
levels has been considered by Best et al*5 while performing clinical
eosinophil test. : ’

According to Godlowski® sleep - itself tends to speed  up the -
covery of normal levels-of eosinophils after an -eoginopenia produeed in his
case by insulin shock and the consequent release of adrenaline. The abové
author and also others! independently have suggested that parasymgpg-
thetic stimulation, for example, pilocarpin stimulates an eosinophilia, whils
sympathetic stimulation produced an eosinopenia.

(407) State of Nutrition and Eosinophil Level—Adequate information
in the case of human subject is lacking. That fasting causes
eosinopenia in many cases has been noted by Rud"™, Bonner™
and others, , ' o ' : ‘

Butler and Morgan # reported that blood eosinophil levels of

pyridoxine-deficient and paired-weighed young and adult msle

rats were similar and significantly lower than those of full-fed

normal controls, Thisindicated that inanition alone Was the shuss
® i
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_of the chronic eosinopenia. When healthy ; volunteers swallowed
test meals of casein and tyrosine, the number of eosinophils circulat-
“ing in their blood dropped. The effect was much quicker when
“the test meal consisted of gelatin. It has been suggested. that
proteins and amino acids in foods might produce changes similar
to those caused by epinephrine and that proteins ‘could be
. considered as stimulants. of the sympathetic nervous. systems2a,

. . : e o
The effect of prolonged fasting and realimentation on the capillary
resistance and circulating eosinophils of dogs and rats has been
studied by Kramar et al®®. When dogs-were subjected to a
prolonged fast there wasa progressive risein capillary resistance
and a fall. in circulating eosinophils. Realimentation of fasted
dogs ‘with luxus consumption diets highin earbohydrate tended
to maintain the fasting levels of capillary resistance ‘and eosino- .
phils. Realimentation of fasted dogs  with luxus consumption diets
highin protein, either initially or subsequept to a diet highin
carbohydrate, caused a rapid return of-capillary resistance to
control level, The rise of the eosinophils was slower, often with

- marked initial overshooting. In the albino rat capillary resis-
tance increased during the fasting period, dropped to pa.thologma.lly ,
-low levels upon realimentation, remained there for various lengths
of time, and finally returned to normal. The number of eosinophils -

. changed inversely with the capillary resistance. These changes are
" similar to those found previously following various other forms
of stressin the rat. In contrast to the dog the ‘realimenting diet

* (high in protein or in carbohydrates) did not influence the described

- capillary response in the rat. Similar investigation in the case
+ - of human subjects rema.ms to be ‘carried out.. . )

Applwatmn ot ‘Eosinophil Test in Av1a,txon Medicine

: Though eosinophil count has been w1dely used in recent years'_\;ﬁ,_:
in viation medicine #—88 it should not be construed that the test is free-
from any shortcoming. Gofton et al®t reported that noconsistent relation- .
ship could be shown between the drop in the eosinophil count and the length of -
flight nor were there consistently lower levels of eosinophils on flying days. The .
crew members who consistently showed the lowest eesinophil count seemed, .
to be most subject to fatigue. If the testis valid ‘within 30—90 per cent fall in,

eosinophil count, as pointed out by Thorn et al®’ v ‘greater fall would be

difficult to interpret and herce it would be futile to establish a -correlation

between the degree of stress above a certain limit and the eosinoph'il’ fall. ’

. The eosinophil response to exercise in 21 R.C.A.F. ground crews is re-
ported'by Wake et al*é. The subjects were given exercise in a gymnasium
for 12hours from 8 am. to 8 p.m. On another day they were given rest
for a similar period. On each occasion eosinophil counts were obtained every
two hours.-Statistical evaluation of the data indicated that the counts other
than the first and second were mgmﬁcanﬂy lower on the day of exercise
1llustrat1ng the fact that exercise of this order causes activgtion of the adrenal

coroex
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~ Domenski and Nuttall®” made use of the blood eosinophil count as a
possible aid in the subjective recognition of excessive strain in flying personnel
and in the evaluation of physiological toll associated with specific .duties and
assignments relative to both training and combat " air operations. R

However, the problem of differentiating the effect of mental activity from
that of physical exertion remains to be studied more, although in flying
personnel eosinopenia is believed to be associated with a mental in contrast - -
to muscular activity. From the magnitude of diurnal variation and of varia-
tion caused by other causes, itvappears that a decreasein count of more than
B0 per cent may be regarded as eosinopenia for the purpose of studying stress.

The above authors®” swggest that the occurrence of a count of the order of
40 cells per cmm. of bloodkconstitutes an eosinopenia. In this connection one
may refer to the work of Thorn et al®! for more detail.

Before the eosinophil test could be applied to yield reliable results in
the case of flying personnel, preliminary experiments with a few subjects
should show a definite relationship between the fall in eosinophil count and
urinary 17-hydroxy-cortiésids: This will enable oneto know that the stress
hag eaused activation of the adrenal cortex. Ifthe drop in eosinophil count
follows excessive secretion of adrenaline as might be encountered in emotion,
the various biochemical and physiological changes associated with adrenaline
have to be studied simultaneously. But a direct approach will' be to deter-
mine adrenaline concentration in blood at frequent intervals. This is not,
however, going to be convenient at the present moment. A few other prob-
lems of this nature have been indicated elsewhere ®.

Standardisation of Eosinophil Test o ‘
Standardisation of eosinophil test -which- is an essential step in its
applieation must take = into account all the salient facts stated above. If
proper conditions are not met with regard to the control of subjects, planning
of the experiment and the method of determining eosinophil count, the
results will be simply erroneous. This also has been evident from the works of -
several -authors?s 51, 67,84 85,87,89 Tt would be desirable, however, to doa
good deal of preliminary "'work in this -direction. -Facts emerging - from
such studies may throw further light onthe reliability andlimitation of eosino-
phil test asa measurd®f stress or responsiveness of the adrenal cortex. In
other words, one will be in a better position to understand whether or:not the .
eosinophil count can constitate a general method forthe above purpose. ’

In the course of an inﬁres(}qigatio'n on stress, it would be desirable to study
the following points as well. (i) At what time of the day the test should be
carried out, (#7) what is the time lag between the application or action of a
stress factor and initiation of reactionleading to eosinopenia, (¢i¢) how long
the reaction persists after a stimulus is applied and hence how many samples’
are to be collected and finaily (t) whether the test should be conducted on

fasting or non-fasting subjects. o ‘ ,
The usual Thorn test!! for examining adrenal response in patients is s

performed with. fasti .

1.p.m. Working with both patientsand normal subjects, Bonner™ points out

taht the test* should be catried out under non-fasting condition from 1p.m. to .

5 p.m. Similar view has also been expressed by Swanson et al®®, o

ng subjects at 8am. and-12 noon or at 9 a.m. and %
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The next question relates to the determination of oirculatingr eosinophil
count. This has been discussed below. ‘ S

Determination of Eosinophil Count

It has been quoted by Bonner™ that by 1888 observers were
studying differential counts and in the same year Mayet described his eosin-
glycérine method. In the next few years methods requiring the use of a counting
chamber were devised by many authors, but none was successful; these
methods were superseded by Dunger’s méthod in 19109, which
met with competition from exponents of the smear technique, -

" Inview of the relationship between adrenal function or stress and change
in eosinophil count, increasing interest in the development of methods for
eosinophil count has been displayed in recent years. An attempt has been made
to evaluate the various methods as follows: ; :

. (A) Comparison of Direct and Indirect Methods—Determination of .eosis -
nophil count can be donein two ways, either by.an indirect method or &
direct method. The former is used commonly in clinical practice and has
been described by several authors®l 92, For this, it is-necessary to do white
cell differential count on stained blood film and alsoto make white cell count
independently. From a  knowledge of the proportions of eosinophils in a
definite number of white cells, eosinophil count per c.mm. of blood is calculat-
ed. The blood film procedure is reported to involve a great variation in cell
counts and is impractical especially when the eosinophil counts are
low#$: 72, The entire procedure is quite time consuming and laborious. On'the
other hand, the direct method does not involve an additional step of determin~
ing the proportion of eosinophils in a definite number of total white cells and
hence is preferred by many workers. Even if the proportion is wanted, the
entire procedure will still be less time consuming -than the differential count:

method.

Though the direet method is subject to many sources of error, several
modifications of it for counting these cells have been developed’s 9398, -
The advantages, disadvantages and problems encountered with the technique
nowin use havebeen discussed very recently by  Bonner™ and Speirs®,
In spite of the various limitations, direct methods have gained much favour in
most of the recent studies on eosinophil counts in connection with stress. '

In an exhaustive work to evaluate the methods of counting eosinophils in
_ the case of 550 subjects, Rud™ concluded that the chamber method; using.
asa diluent 0-1 cc of 10 per cent magdola red, 6 cc. of acetone, 14 to 20 drops
of 10 per cent sodium carbonate solution, and 45 cc of water was superior to
the smear method and that the eosinophil counts were reproducible within a
normal range in the same subject, - .
An  evaluation of the methods described by Rud? and by Dunger® °
shows they are reliable only when 500 or more cells are counted?®?. ' o

Bonner 7 also has made a similar study quite recently. In the direct .
method he used propylene glycol as the base and a mixture of pholoxine and
methylene blue as the staining material. The method will, however, be des-
oribed later. In the indirect method, blood smear wason a glass slide as

&
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‘usual and stained with Wright's solution. The two methods paralleled. eagh
other, provided that 4 chambers were counted and averaged or 800 cells were
-counted on the smear. The choice of method depends on the local = circuri-
stances. In a laboratory whers many- eosinophil counts are done by the same
personnel, the chambet method is probably preferable because it is more rapid.
A technician will develop the proficiency required for good results with this
method. For those who do only occasional eosinophil counts, it is perhaps
advisable to use the smear method, because most technicians are experienced
in the preparation of blood smears and in doing differential white blood cell
counts. The results obtained from freely flowing finger blood or from oxalat-
ed venous blood do not differsignificantly, but either one or the other should
be used consistently. .. ' .. .- e

" With regard to the relative accuracy it has been stated that provided proper

precautions are taken, the direct counting procedure is more accurate®.
However, it would be desirable to verify this point before one decides
to apply the direct procedure. - ’

s : Tt has been proposed to deal here with the direet counting proéédure ina

more elaborate way.

(B) Direct. Method—In contrast to the examination of a stained blood
film on a slide which is a part of the indirect method, the direct procedure
employs pipetting whole blood into a solution called diluent and transferring
subsequently a part of the diluted mixture to a counting chamber having a
definite area and depth. The eosinophil cells get selectively stained and are
counted under the microscope. : L

- What seems to be most importantin this connection is the choice of
diluent. The various eosinophil diluents have been outlined'and the action of
each component discussed by Speirs®. Depending on their composition,
they may be classified into different categories as follows: :

. (a) Hosinophil Diluting: Fluids

Aeetone Diluents— -

{sy Dunger’s original §lution (90)

[ X%

Aqueous eosin , . .. e . . . 0:1 gm,
Acetone . .. .. .. .. . e i 10:0 oc.” -
Distilled water . .. . 100-0 ce.
(i) Modification A (Thorn, 11)
: Aqueous eosin' . . .. . . o 0:1 gm,
Acetone .. .. K e .o , 50 cc.
. Distilled water .. . .o . -95-0 co.
o (i) Modifieation B (Rud, 72) ' s
Magdala Red .. . oo .o . e . 002 gm, i
(possibly phloxine) ‘ '
- Acetone .. .. .. 12:0 ce.
Sodium carbonate (10%,) .. .. e Jee 1-2:¢e.
Distilled water . . . . - 90-0 co,
(4v) Modification C (Speirs, 98) .
Phloxine B 0-02 gm,
o ~ Acetone . . . .. e o 1540 ce.
e Distilled water. . e . - 8B8:0 eo, i
Detergent (Alconox) . e e . o 0:02 gm
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“Propylene Glycol Diluent
(i) Modified Randolph Diluent (93—97)

Phloxine .. .. - e 0-05 g,
Propylene glycol e . i e 50-0 ce,
Distilled water ~~ .. - . Ge e 0T lo - B00Ge.
Urea Diluent (Mamners, 100) o o
. . R
Urea .. ' 50-0 gm,
Trisodium citrate .i ve 0:06 gm,
Phloxine . e 0-1 gm,
Distilled water to WL . 100-0 ml.

; The composition of an eosinophil diluent is based upon the specific stain-
.. ing properties of the eosinophil grahules and the relatively-increased resistance
 to lysis of eosinophil cells over other white and red blood cells. 4

With the above diluents, 1 part of blood is mlxe& with 20 parts of diluent,
usually in a white blood cell pipette. If proper precautions are taken other pro-
portions such as 1 to 10 or 1 to 100 may be used.

The functions of the various components making up each class of diluent
1nay hbe explained as follows: o

Eosm or phlozine—Each i is an acid dye and stains the eosmophﬂ granules
which contain basic proteins. :

Water—It causes the blood cell to swéll and aids in rupturing the blood
cell membranes. Eosinophils are more resistant to lysis than other

blood cells.
Acetone—TIt possesses inhibiting effect on the lytic action of water and the

effect isiproportional to the concentra,tlon used. A 15 per cent solu-
tion is optimal for normal human bleod i m 2 1:20 dilution.

Detergent——The use of detergent helps n reducmg the surface tension of
water and ultimately hastens. mlxmg of blgbd and diluent. The rate
of staining of the eosinophils is also increased.

Alkah——Small amounts of alkali solution i mcrease the Iytic action of water

' especially on the red blood cells and nputrophlls It also increases

< . thestaining rate of eosinophil granules, poss1b1y by affecting the per-
meability of eell memberanes. ,

Diethyl Glycol or Propylene Glycol~—It increases. the viseosity of the dilu-
' ent and offers an: advantage in situations where the acetone may
evaporate rap1dly It is also isotonic and does not rupture cell mem-
branes. It is particularly suitable when speed is not important or
when citrated blood is sampled over prolonged periods

Urea—This compound has also been used in place of acetone or propy-

. Jene glycol. But the difference is that the staining is more delayed

"4 " than when acetone or propylene glycol is“used. In the presence of
C 2t yectony stalning is more rapid. .

b
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The criterion of a good eosmoph_ll dl]uent is'a solutlon ‘which will p;foduce

the following:
() The eosinophil cells will stand out as distinct units with unruptured
membranes and granules stained for easy identification,

(¢t) The white blood cells except the eosmophlls should be seen only as
ghost cells or pale cells with wrinkled or broken cell membranes.

(¢¢t) There should be no red blood cells or pre01p1tated dye present.
Actual procedures followed in using some of the above dlluents may be des-

cribed as follows:

(6) Randolph’s Teckmque%—Thls represents a typloal example utilizng
propylene glycol as a base and phloxine as the dye. Two stock solutions aze pre-
pared and placed in dropper bottles. Solution No. 1-consists of 0+1 per cent

‘ methylene blue in propylene glycol. Solution No. 27is'a 0-1 per cent solution of
phloxine in propylene -glycol. For use, each is diluted with an equal volume
of distilled water. To obtaln the final stain, an equal number of drops of the two
diluted solutions are mlxed The stain mlxture remains usable for approximately

"4 hours.

The final mixture is used on freshly drawn oxalated bloqd in the same man-

ner as the diluting fluid for leucocytes. About 15 minutes are required to ohtain

maximum staining of eosinophils. Counts are made iu the standard counting
chamber after allowing cells to settle for about 5 minutes. .

The eosinophilic granules stain red and stand out in contrast to the green
colour of the nuclear elements. The eosinophils.in all 9 large squares:are counted -
and the total is multlphed by 22-2 t¢ obtam the eos1noph11 count per c.min. of

blood.
The method is relatively accurate but is said to have an inherent error of

* about 18 per cent. This technique has been adopted with minor changes by

several workers and ha¥'constituted in principle a general method.

(t) Procedure followed by Domanski et al '—In this procedure, the
eosinophil “counts were made on periphetal blood (finger puncture)
using the@®andolph technique, except that the pipetfes were allowed
to stand for:20 minutes after filling, rotated for 10 seconds and shaken
for 30 seconds prior to transfer to a Fuchs-Rosenthal chamber
(0-2 mm. depth) It was furthermore found desirable to delay the
countmg procedure for 15 minutes after the chamber had been filled,
in order to achieve an adequate fading of the red blood cells and a

settling of the white blood cells. .

Blood specimens (finger puncture) were obtained in trlphcate for
each count using certified or calibrated pipettes. Each of the counts
reported was arithmetic mean of at least two separate counts, using

different pipettes.
(#4) Procedure followed by Bonner™—Bonner whose work - has already
been mentioned also used a similar procedure but employed a differ-
.. ent concentration of the dyes in the fluid base. Equal parts of 0-1
4. per cent phloxine and 0-1 per cent methylerie blue in propylene gly-
" col were mlxed and used as the staining solution. Blood from a finger
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puncture was, deawn into a standard white blood cell count pipette
- in the usual manner, using the fluid as a diluent. The pipette was
- shaken by hand for 2 minutes and then 4 counting chambers were
. charged. The chambers were allowed to stand for 15 minutes, and
the eosinophils seen in the 9 squares of each chamber were counted
aud averaged. The figure obtained was multiplied by the factor 22-2
to obtain the final eosimophil count. If the-number in one chamber
varied greatly from the results in the othez three, the figure was not
used in calculating the average. :
The time factor appears to be 1mp0rtant in connection with staining
and coynting the eosinophils. The differences in the procedures based
on Ra,ndolph’s techmque are summarized as follows:
R | Total time
-+ Author +Cone. of dye in diluent | Time requlred A various opera- excluding
. LT . tions- : the time
of.
counting
Rﬂndq}ph_ (95) .. | Phloxine 0- 0257 .. | 15 min. in staining or after fili- 20 min,
) Methylene blue 0- 025% ing the pipette, and 5 min,
allowed in the chamber before
‘ ) B counting. )
Domanski (101) ... | As above .. «+ | 20.min. after filling the pipecte, | 35 min.
. . ) ) 10-sec., for rotation of the pip. | 40 sec.
- ette, 30 sec. for shaking and
15 min. allowed in the cham-
ber before counting,
Bonner (74): - Phloxine 0:05%, | 2'min, for shakmg immediately | 17 min, '_
: PR Methylene blue 0- 05% after filling. the :pipette, and. :
15 min. allowed in the chamber
before countm
Henneman (97) .. | Phloxine O -0259%, 2 min, for shaking immediately 17 min.
’ ) (dilution of blood—1 : 10) after filling the_pipette, and
15 min. for complete stain-
ing. -

(m)

(w)

T
3]

Procedure Followed by leotloz—A countmg flaid that has beén
used incorporates 50 per cent aqueous propylene glygol solution
" which renders the red cells invisible and 0-1 per cent sodium carbo-
nate which lyses all leucocytes except eosinophils. ~ Phloxine at a
level of 0-1 per cent is used a$ staining material. A modification
of Pilot’s method has been reported by MacFarlane and Cecil103,

Procedure followed by Donato cmd Stmmza“—These authory claim
to, work out an exact method for the chamber count of eosinophils
in capillary blood. Oxalated blood is hemolysed with saponin and
‘he eosmophds are stained with eosin Y. The eosinophils are thenv
counmd in.a counting chamber, :
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() Procedure followed by Férrington and - Jetter'®:These ‘authors have

~ " described an improved staining solution for counting eosinophils in

dogs. The solution employs eosin Y (0-25%) and phloxine B.(0-25%,)

In an aqueous propylene glycol base to.which are added 0-5 ml. each

' of concentrated formalin and phenol. It is claimed ‘to be particu-

lazly adaptable for counting deg’s eosinophils and may also be used

satisfactorily in a 0-1 per cent dye concentration .for eosinophil
counts in man. R BRI

(¢) Discombe’s Technique'®>—This - represents. a - technique employing
acetone as the base and eosin Y as the dye. Blood is diluted 1 in 20, with the
fluid (19 aqueous eosin Y ‘and acetorie 5-vols. each, distilled water to 100

. vols.), which keeps some weeks, and-after mixing allowed to stand 5 minutes,
After this, the pipette is shaken vigorously for 2-3 minutes by hand; a Fuchs-
‘Rosenthal chamber filled and when the cells have settled (1-2 min.), the Prepara-
tion is examined with: a 2/3 in. objective and x 10 eyepiece under the miost
brilliant illumination .tolerable.- Under these conditions. unstained leucocytes

* cannot be seen at all, ahd the stained eosinophils appear as deep red pazticles
and can easily be counted; in case of doubt one may examine individual cells

.'with the 1/6 in. objective. It is stated that with this technique there can be no

-confusion between eosinophils and other cells. Clumping is unusual; if it ‘de-
velops, the preparation must be rejected. = . Lo Sl

Henneman et al®” have made a comparative study of eosin-acetone and
phloxine-propylene glycol diluents. The concentration of eosin employed was
2 per cent as against 1 per cent in the formula. of Discombel0s; -Speirs® has
‘made a suggestion as to how the results. obtained by eosin-acetone - diluent

could be improved.

In spite of the fact that-so. many diluents have been worked out so far for
direet counting of eosinophils, comparative results based on- direct and indirect
-procedures are not frequently reported. More information along this line will be
desirable. " S

The criterion of a'good diluent has already been mientioned above, Not only
should the staining'be specific but the base must not also volatilise quickly with-
in the time of observation. In addition, the diluent should preferably be simple
in composition. Needless to mention that clumping of the cells in the dilient
should always be avoided. The diluent should not be unusually unstdble, The
importance of time factor has ‘already been pointed out. Optimum time’ for
staining of eosinophils, settling and fading of red blood: corpusles’and the time
to be allowed for actual counting and obtaining reproducible results need to be
worked out. L IRET S SN

(d) Improved Chamber—In most, of the studies, Fusch-Rosenthal chamber

with a depth of 0'2'-mm. has been recommended. Recently an improved eosino-

phil counting slide has been described by Speirs!®, ‘Specification for a four
chamber slide with ten1 sq, rmm. ruled’area per chamber ‘and 0°2 mm.
chamber depth-are given. TIt‘is claimed that this chamber helps in' the:
counting quite promptly and accurately. R R
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(¢) Sources of Error—According to Kolmer et al®, the following consti-
tute some of the common sources of error in erythrocyte counts. This would give
an idea as to how error can be minimized in counting eosinophils as well—

. (¢) Inaccurate dilution due to faulty pipette or technique.
(i7) Too slow. mampulatlon, allowmg some of the blood to coagulate.

. {#7) Inaccuracy in the counting chamber and especw,lly its depth due to
an inaccurate cover glass of faulty manufacture.

(iv) Presence of yeasts or other artefacts in the diluting ﬂuld
(v) Delay in filling the counting chamber after shaking pipettes.

(m) Improper filling of the countmg chamber with too large or too small
a drop.
(vir) Not allowing sufficieat time for the cells to se‘btle before_counting.

* Some of these errors can be avoided or minimised. A considerable source of-
error is inherent in the method itself.
Berkson'” has made a satistical study of the error in blood. cell count.
. The-error of the blood count as made with the haemocytometer has been ana-
lysed into three components, the field error, the chamber error, and the pipette
error. Total error of the count is given as follows:

For a count of 5,000,000 erythrocytes per-c.mm. obtained from - smgle
specimen sample counted in 80 small squares, the coefficient of variation is 7-8
per cent. Following the usual practice of taking twice the standard error as signi-
ficant limits, such a count is, therefore, determmed significantly within- 4-16

* per cent. ,
Applying the same statistical procedures it was found that for a leucocyte

count of 7,000 per c.mm. obtained by counting 4 sq. mm. the coefficient of varia-
‘tion was 10+7 per cent, and count was determined significantly within :l;21 per

cent.
It is apparent theref)re, that wide variations may occur in successive

counts, even if the counting is done precisely and accurately. Consequently, the
need for care in avoiding the introduction of additional factors, which would ex-

tend the Tange of probable error, cannot be over emphaswed

As”in normal condition eosinophil count isabout1 to 4 per cent of the
total leucocyte count, it would be desirable to find out the above type of error
in the case of eosinophil count by the direct counting procedure ,

Summary and eonclusmn

1. The present state of knowledge concemmg circulating eosinophils
in relation to stress hasbeen reviewed. A number of fundamental problems.

' regard.mg the scope and llmlta.tlon of eosinophil test have been indicated. -

2. The eosinophil test as an index of cortical activation in normal persons’
appears to be valid within 3040 90 per cent fall, Interpretatlon of eosmoph.ll’

fallin severe stressis dlﬁicult
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3. Though the eosinopenic effect of corticoids and adrenaline is well
established, other probable causes of eosinopenia during stress should be
explored. S v
4. Tt is also necessary to work out methods, for differentiating ' the
eosinopenic effect of several stress factors. Such investigation may help in the
proper interpretation of eosinophil data in the case of flying personnel,
5.1t willbe desitable at the same time to correlate ¢hanges in eosinophil
count with other bio-chemical changes occurring in the body under the in-
fluence of a particular stress agent, - B - '
6. A critical - evaluation of the various methods for- determining eosino-

phil count has been made. The nature of a few analytical problems requiring
 further investigation has been explained.

7. Studies on the application of eosinophil test as‘a'measure of stress in the
case of Indian subjects have so far been rare, and hgnqe it would be Worth_

“undertaking some problers in this direction.
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