OBJECTIVE PHOTOMETRY AS A METHOD OF ASSESSING
ALLERGIC CHANGES IN LEUKOCYTES
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A method of photography of lcukoeytes stained with acridine orange and photometry of negatives is
described. During investigation of leukoeytes of patients with pollinoses, after contact with the specifie
allergen changes in inteasity of luminescence of the modified cells were discovered to o2cur in two phases
with an increase In intensity of luminescence of undeformed leukoeytes and a decrease in luminescence of
deformed, disintegrated cells.
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Changes in the intensity of luminescence of cells provide a sensitive test for detecting the early stages
of tissue injury In various pathologieal processes {2-5). The blocd leukocyies undergo allergic modification
during speeific sensitization and structural changes after contact with the allergen: bothin vivo and in vitrs
{6-9]. However, until now these structural changes in preparations stained vitally with acridine dyes have
been assessed only visually {1},

In the present investigation we altempted to study the character of luminescence of the structurally
modilicd leukocytes at varinus slages of fnjury by using a method of cbjcctive (photographic) photometry,

EXPERIMENTAL METHOD

We studied 92 patlenis with pollinoses, hypersensitive to pollen of certalin grasses {tinothy grass,
socksfoot, fescue) and glving a positive allergic skin reaction {o injection of allergen from timothy grass
pollen, Blood wus taken from the patienis® {inger. A 1.5% solution of the discdium salt of EDTA I 0.9%
physiolegical saline was used as anticongzulant. Blood was mixed with anticoagulant in the vatio of 2:1,

Allergens from pollen of timothy grass {Phleum pratense} and cak pollen {Quercus roburl, prepared
in Cock's extracting {luid at the Research Laboratory of Allergology, AMN SSSR, were aused In the experi-
ments,

Blood in 2 volume of 0.45 ml vas collocted in silleone-treated Widal tubes, after which 0.05 ml of
dmothy grass pollen exiract, diluled 1:10 in Simms® solution, was added to one tube. The same volume of
aonspeciiie allergen {extruct of oak pollen) was addzed to another tube. The contents of the tube were cars-
fully mixed and kept at room temperaiuse {or i b,

Stalning was earried cut with a solution of aeridine orange In saline concontrations of 1:20,000 and
1:100,000. After stalning,the contents of the tubes were carefully mixed and 0.05 mi of dye was added to
each {exposure 5 min}. A drop of working mixture was placed on 2 slide and vital preparalion mads for
tnvestigation with the ML-2 luminescence mlcrescopa.

Luminescent neutrophils were photographed on the same RF-3 fllm using a magnification of 450
times and an exposure of 3 see, The films were developed with metolhydroquinone for 19 min. The pro-
perties of the photegraphie film In different parts were determined by plotiing charcleristics curves. For
this purpose, under identical working conditions, leukocytes weve photographed on the {ilm o ssrles
of Increasing exposures. From changes in the inl2nsity of blackening, acurvewas ploticd and the region ¢f
rormal intensity for the particular {ilm determined. Under cur experimental condiiions the intonsities of
blackening to be Investigated lay within the region of normal values of the characterisile curve,
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TADLE 1. Change In Intensity of Blackening of Negatlve Image of Leukocvies
in Relation to Degree of Damage

Intensity of blackening (S: M a2 m)

experiment (leukoéytes +
Dye Dilution Control specific allergen) P
Jundeformed | deformed
‘ cells cells '
Acridine 1:100,000 0.226 £ 0.003{ 0.371 = 0.005' 0,171 £0.007{ <0.01
orange 1:20,00 0.405 % 0.002 0.406 +0.002] >0.9
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Fig. 1, Curves showing change In intensity of lumlnescence of modi-
ficd leukocytes. Concentration of dys 1:100,000. a) Conlrol: intensRy
of luminescence of group of leukoeytes after contact with nonspeclile
allergen; b} experiment: intensity of luminescence of undeformed
leukocytes after contact with spectiic allergen; ¢) experiment: intensity

of luminescence of deformed leukocytes after contact with specliis
allergen; d) dlameter of negative Image of cell {in mm; recording
$:100). Remainder of explanation in texs.

EXPERIMERTAL RESULTS

By means of a type MF-4 recording microphotometer {wo groups of {ilma wore Investizaled. Ono
rroup corresponded to stalning of the preparations with acrldine orange Ina concentraiion of 1:100,800
175 films), and the other in a concentration of 1:200,000 (17 films). Leukocyies of control and experimenial
sreparations wore photographed en each {ilm.

The leukocytes of the control preparations had a normal, unchanged shape with an eme reid-green
wucleus and bright ved granules In the eytoplasm. In the experimental preparations the leukocytes wers
subdivided Into two groups: undeformed, with no visible disturbances of cell structurs , and deformed, wilh
sbvious disturbance of shape, rupture of the cell membrane, and liberation of granule.

The largest diameter of the cells {n different directions was plotied on a logarithmie scale. The in-
srease In deasity of blackeninz of the negative under identical conditions was regarded as the vesult of an
increase in intensity of lumincscence of the esid,

As Table 1 shows, with low concentration of dys (1:100,000) luminescence of colls with no extsrnal
signs of injury ia the experimental preparations wus more intensive than thal of the colls in the contrel,
Lumirsscancs of the deformad leukecyizs was relatively wealk, With an Inerease in conceniration of fluorg-

20 000 Tuminescerceof 140 leukocyies in both the experimental and

chrome in the working solution to L¢80 830
control prevavaiions was identieal, and tiey could be distinguished only by thelr structural changod {which

were considerable in the experiimental prsparalivia
The mean inlensity of blackealsz (3, In the conirel and & In the experimental) was calculaled Do

each geries of experiments, The differesce bolwoea 8, and 8, for low concentrations of dy2 was slalistizale

ly significant in every cass, whereas with an Increass In concentration of dye In the working solution the

difference botween Sy ard 85 was net statistically significand,
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As & result of automatic recording of the photometry a scries of curves was obtatned showing the
total intensity of blackening of the celt and corresponding to different initial intensitics of luminescenco of
the object., Analysis of these curves showed that the maximum of intensity of luminescence of the cclis
{peak of the curve) in both the experimental and control preparations occurred in the case of {luorochroming
with the dye in a dilution of 1:20,000. With lower concentrations of dyc in the working solution (1:160,000)
the curves were different in character. For instance, a higher curve was obtilned for undeformed leuko-
cytes in the experimental preparations, whereas the maximum of intensity of luminescence of the deformed
leukocytes was appreciably lower (Fig. 1),

Evidently, in the initial stage of structural modification of the leukocytes, before any marked morpho-
logical changes occur, the absorption propertics of the cell cytoplasm are Increased. The dye is {ixed by
the cell in large quantities and causes an increase in infensity of luminescence compared with the intact
cell in the control. The deformed cell, having lost part of the substrate with which the dye is usually fixed,
natarally gives weaker luminescence. With an increase in the total concentration of dye In the working mix-
ture, this difference becomes negligeable.

The method of objective (photographlic) photometry can thus be used to study allergic changes in louko-
cytes at the carly stages of this process. The changes in intensily of luminescence of the modified leuko-
cytes take place in two phases: an increase in intensity of luminescence of st undeformed cells and a
decreasze In fatensity of luminescence of damaged, delormed leukocytes, If the concentration of dye i3 In-
creased, the Intensities of luminescence of the damaged and normal cells becoma equal,
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