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M OST OF THE HISTAMINE of human blood is found iii the buffy

coat.2 ‘ � Earlier attempts to identify the histamine-carrying constituent

of this leukocyte-platelet layer have been unsuccessful.4 Because human platelets,

lymphocytes in lymph nodes, amid momiocytes from exudates have all been found

to contain little histamimie, amid because blood histamine remains normal imi

pathological conditions in which these elememit.s are abnormally abundant., his-

tamimie has been assigned, by exclusion, to the gramiulocytes. It has seemed un-

likely that neutrophils are rich iii histamine because in leukocytosis blood his-

tamine is miot greater than normal.5 Code stated imi 1937 that “the eosinophil is

in most cases a source in blood of the histamine-like activity,” while in 1952 he

wrote that “the histamine comitent of the blood may �r may not be increased when

eosinophils are present.. Ceitainly eosimiophils often do not contain histamine.

Sometimes they may.” The comicept of eosimiophils as facultat.ive histamine car-

riers is also foumid in the somew’hat later publication of Code and Mitchell.6

Because of the high blood level of histamine iii chromiic myelocytic leukemia,

immature forms of granulocytes would be thought to comitaili large amoumlts of

histamimle if it were not for the low blood histamimie accompanying even greater

abumidance of these forms imi acute leukemia, for instance. Until very iecently,m ‘

the H1U(l�C feat.umme of the l)lOOd picture in chronic myelocytic leukemia, marked

l)asophilia,8 has apparently heemi overlooked as a possible explanation of the

equally unique hist.aminemia. Shimkin, Sapirstein, Goetzl, Wheeler and Berliml1

include basophils among the many leukocyte types whose count is not corielated

with histamine level but note a mough parallelism between the total leukocyte

cOUIlt and l)lood histamine in chromiic myelocyt.ic leukemia. Valentine and Law-

iencem#{176}found no close comrelation between the level of blood histamine ammd eit.hel-

total or differential leukocyt.e count, although examination of their figum-es shows

that histamine content tends to imicrease with the iiumbem of basophils pe� cubic

millimeter.

rfhe pm-esent. meport records measumements of the histamine commteiit of platelets

and the various types of leukocytes in human blood, as well as estimates of the

C�)m1t.ril)tlti0Ii of each white blood element. to the whole blood histamine in normal

i I i(lividuals. The normal basophilic granulocyte was found t o cot it am histamine

at so much highei concentration than amiy ot.hei- 1)100(1 elememmt. that, in spite of

its scamcity, it a(-(-olumt.s for ha�f of the histamine in Iiommal blood. Specific gravity

differences I)etWeeli types of leukocytes are also recorded.
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468 DISTRIBUTION OF HISTAMINE AMONG LEUKOCYTES AN!) PLATELETS

METIIODS

1. Segregation of individual leukocyte types was attempted by cemmtrifugation of plasma

containing white cells at 3000 r.p.m., mean radius 20 cm., for an hour, in the hope of mdi-

menting the white cells ill an orderly array determined h�y their specific gravity. This

centrifugation was carried out. at 12 C. ilm special siliconed timbes consistimmg of a wide upper

portion of 18-25 mm. diameter (10-25 ml. capacity) and a lower, narrow thick-walled

segment of 2 or 3 mm. bore and long enough to hold all the formed elements sedimented out

of the suspension. After centrifugation the formed elements were remove(1 by constriction

pipets in as many distinct portions as desired, and the individimal portions were weighed and
analyzed for histamine. The buffv coat was isolated in good yield, but although successive
portions of the centrifugate varied widely in cellular composition, platelets were the only

white blood element obtained sufficiently pure by this technic to provide a satisfactory

estimate of their histamine content.

More successful segregation was oI)tained in specific gravity gradiehmt columns consisting

of mixtures of concentrated albumen with l)lasma contaimmilmg leukocytes. Prolonged cen-

trifugation then distributed the leukocytes through the colulnn accor(ling to their specific

gravities.

The columns were prepared in the following way. Blood was diluted with one-tenth vol-

ume of isotonic potassium oxalate and the erythrocytes were allowed to settle at 12 C.,

leaving most of the leukocytes suspended in the plasma. To favor erythrocyte sedimenta-

tion, isotonic fibrinogen solution* � added.’1 All sul)sequent proce(lures tmmmtil the letmko-

cyte samples were ready for analysis were carried out at 12 C.

From concentrated salt-poor normal serum albumen (human),t a more concentrated,

isotonic solution was prepared by evaporation at room temperature followed by dialysis.

Water, sodium chloride or N/l0 sodium hydroxide was added as needed to give a final solu-

tion of pH 7.0, specific gravity 1.085-1.09, armd freezing point lowering 0.62-0.64 C. To por-

tions of this isotonic albumen solution various volumes of the leukocvte suspension in

plasma with extra fibrinogen were added to make four or five 2 ml. mixtures of specific
gravity decreasing from 1.078 to 1.050. These were then cautiously introduced in order of

decreasing specific gravity into a 12 to 15 ml. siliconed tube (18 cm. long with I cm. bore)

which already contained 2 ml. of the ahh)tmmen solution of specific gravity 1.09. Any excess

suspension was added as a top layer and visible separation between all layers was obliter-

ated by a few strokes of a spiral wire stirrer)2 To secure a smooth, steel) specific gravity

gradient, excess stirring, especially of the upper, lighter layers was avoided.

The columhms were centriftmged for 2 or 3 hormrs at 3000 r.p.mmm. at a meamm ra(lius of 20 cm.

The centrifumgation was terminated without braking, 0.5 ml. portiomms were removed, and

each was sampled for (1) histamitme analysis, (2) measurememmt of specific gravity,tm2 and total

and differential cell count.. To obtain a compact. mass of cells for smearing on a slide, a

small sample from the gradient column �va� dilute(l with 0.9 p�r cent so(lium chloride and

centrifuged.

Although leukocytes are Imot in general completely segregated into immdividual types by

this technic, the separation is stifficient to l)rovide estimates of the histamine cormtent and

measurement of the specific gravity of the various cell types.

2. Statistical analysis by multiple regression offers a means of segregating the contribtm-

tions of differemmt elements imm mixtures of widely differing compositiotm4 This method was

applied to two series of whole blood samples, one from normal adults, one from patients

n�ith chronic mvelocytic leukemia. From the histamine content and total and differential

9 Prepared froln dried Le(lerle Fraction I (Lot. No. 392C), kindly stl1)1)lied i)y Dr. James

McComb, Director of Biologic Laboratories, Dept . of Pul)lic Health, 375 South Street.

Jamaica Plains Station, Boston 30, Massachusetts.

t The alburnemm �%.�j5 donated by time American National Red Cross from blood of volun-

teer donors.

� Time advice of Mrs. Barbara Bartels Hixolm, Professor George \V. Snedecor, and Profes-

sor Harold Hotellimmg in this Part of the iimvestigation is gratefully acknowledged.
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leukocyt.e count of each sample, calculations were n.3ade as outlined by Johnson,’3 starting

out with the full number of independent variables (types of leukocytes; 5 in the normal, 7

in the chronic myelocytic leukemia series), and eliminating those with partial regression

coefficients foummd not significantly different from zero. In the calculations, segmented and

band mmeut rophilic polymorphommuclear grammulocytes s�’ere ptmt i mito one group , myeloblasts

into one group, and all other mieutrophihic forms into time group labelled “myelocytes”.

All eosinophilic forms regardless of degree of maturity were put into the group of eosino-

philic granulocytes, all basophilic forms into the group of basophilic granulocytes.

3. Histamine measurements were made by time chemical muethod already (lescril)e(l.3 III

l)rief, the method consists of elimirmation of most interfering sumbstances in tissue extracts

(and concentration of the histamine in the extracts whelm necessary) by adsorption on Dc-

calso columns followed by formatiomm of the basic monmo-dinitrofluorobenzene (leriVatiVe of

histamim.3e ItI1(I extraction of this derivative into methvl-n-hexvl ketone afl(1 out again into

stroimg hydrochloric acid; the optical (lensity of this acid solution is then read at X360 m�.t.

The method reports as histamitme interfering sul)stahmces in red cells equivalent 01) the aver-

age to 24 �g. histamimme i�er liter of blood;3 except w’hemm otimerwise indicated, the histamine

levels in whole blood given in timis paper include this sptmrious histamine. The �s’et ss’eight of

the samples of bimffv coat. taken for analysis was usually 20-50 n.3g. Smaller saml)les were

OccasiOlmallv umsed when there svas visual evideimce of discolmtilmuity in the Packed cell mass.

All l)uffV coat samples svere dilute(l with at least an equal weight. of ss’rtter before precipita-

tion svith trichloroacetic acid. Samples fron1 the gradiemit columm4lms varied in size from 75 to

350 s.d. accordiimg to the histamine conteimt expected. San1ples of Imorn4al h)lood were al)OtIt

1 ml., those of chronic myelocytic leukemia blood about 0.1 ml. Considerably more hista-

Illihie than the 0.02 .ig. regarded as minilm.3al for satisfactory measnmremelmt was U5ually pres-

ent ill the samples analyzed.

Fl ESULTS

I . A nalysis of �S’egregated White Blood Elements

a. Platelets. By differential centm-ifugation of blood fmom a case of polycyt.hemia

vera with over 9,000,000 platelets pem Cu. mm. (table I ), samples of platelets with

vamious minor degrees of contaminat.iom.3 l)y blood cells were obtained. In the best

sample, elements other than platelets wele rarely seen ; certainly them-c was less

than one leukocyte to 10,000 platelets. The histamine comicentrat.ion of this sam-

plc was only 1280 �g. pei lit.eI (.009 �tg. per 10� platelets) as comparedi to 12,300

j.&g. per liter imi the entire buffy coat. Anothem sample with one white cell per 200

platelets had twice the histamine concentm-ation of the pumer sample.

Almost exactly the same value foi platelets, 1330 jtg. per liter, was obtained

in a similar fashion from a normal blood sample. This may l)e compared with the

value for histamine in the average Imom-mal huffy coat, 8000 �g. per *3 Platelet.

histamine, therefore, accounts for not mom-c than a few per cemmt of iiommal blood

histamine (table 3).

b. Leukocyles. From a 50 ml. poition of oxalated normal blood centrifuged un-

diluted, it was usually possible to obtain only one leukocyte sample reasonably

free of red cells amid platelets. Because of the difficulty in ol)t.aining uniform

smeams, the differential counts from these packed samples weie not satisfactory

fol- counting basophils, which wele numerically few, but which were suspected

of containing much of the histamiime.

Blood fI-om patients with (-hmolmi(- myelocytic leukemia pi-oved somewhat more

* Simmce it is difficult to collect salmmples of t hme lnmffy coat without c-omit amimiatiomi wit hi

Im.3immute fibrin clots, this direct lv mmmeasumred value for whole huffy (-oat is lower than t hat

which might he calculated from the sunm of its rarts.
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TAIII.E 1-Histamine and Number of Leukocytes and Platelets per cu. mon. of Blood

Hista- Leukocytes
mine -� Platelets

T Neutro- Myelo- Myelo- Baso- Eosino- Lympho- Mono-
ota phils cytes blasts phils phils cytes cytes

Normal � �

Example I 49 � 5,500 � 3,250 � 0 � 0 � 6 � 55 1,635

Example2 101 � 7,150 4,127 � 0 � 0 � 43 � 200 2,278

Example 3 147 � 5,000 3,040 � 0 � 0 . 30 8.5 : 1,495

Example 4 222 � 10,400 6,800 0 � 0 � 104 � 198 � 2,674

Mean, 2Ssaniples... 118 7,000 4,150 � 0 � 0 � 44 � 165 � 2,185

St. dci’ 53 2,100 1,719 � 0 0 , 34 � 116 � 578

Leukeniia � � � �

Chr. myelocytic I

Example I 12,180 150,300 66,150 51,100 1,503 22,550 � 4,510 3,006

Example 2 175 5,600 4,985 112 0 168 56 0

Example 3 6,540 79,000 47,400 18,190 0 5,530 2,370 5,530

5,285 66,450 34,108 19,757 7,870 1,945

4,192 51,580 27,198 20,094 1,716 1,833

Chr. lynnphoeytic 124 166,500 833 0 0 165,000

Mean, 13 samples

St. dev

256 2,002

448 8,312

___ � 0 0 __

I’olycytliemia vera

I 122 8,900 5,300 1,024 0 42 934 1,185

2 443 22,450 20,900 0 0 0 1,122 0
3 457 18,900 17,020 0 0 944 0 756

4 594 24,500 18,000 0 0 2,025 226 2,500

5 687 22,550 18,080 1,128 0 1,354 677 1,128

550

502 --

350� -

624� -

456� -
195

1,503 750,000

112 556,000

0 2,360,000

844� -

935, -

833 241,800

418 -

449 1,500,000

189 -
1,790 9,052,000

226 1,550,000

Leukemoid reaction 85

Eosinoplmilia

Trichinosis 111

Lymphosarcoma .. 164

Anemia

12,100 10,280 0 0 0

26,450 3,965 0 0 0

31,000 11,180 0 0 0

605 485

19,310 2,910

15,200 4,030

726 � 241,800

264 -.

620 1,000,000

Acuteaplastic � 249 13,050 � 6,910 ‘ 1,435 � 0 � 2,21st 0 ‘ 1,565 912 -

Macrocytic 54 3,400 136 0 � 0 � 238 � 34 � 2,241 748 ‘ 17,000

Macrocytic�. .. . H 76 3,350 � 168 . 0 � 0 � 168 � 670 � 1,720 640 -

Refractory � 74 8,300 � 5.520 0 0 ‘ 42 1,163 � 954 622 240,000

a Sample from same patient as preceding sample, 6 weeks later, following treatment with X-ray and Pa’.

t The granules in these cells were doubtfully baaophulic.

� Sample from same patient as preceding sample, 6 months later.
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satisfactory. As many as twenty samples of leukocytes weie obtaimied from 50

ml. of this abnormal blood, and these differed widely in histamine content and

cellular composition. Scatter diagrams of the imidividual series of samples from

leukemia blood (a total of 81 leukocyte samples from 7 pat.ieimts with chronic

myelocytic leukemia) plus eight samples fi-om seven normal bloods showed that

the concentration of histamine bears no relation to the frequency of monocytes,

decreases with increasing frequency of lymphocytes, and increases w-it.h increas-

ing frequemicy of mieutrophilic and basophihic gIal.3ulocyt.es. There was question-

able positive correlatiomi with eosinophils. The results of these experiments are

not presented in detail because more convim.3cimmg evidence of the relatioimship

of histamine concentration t.o leukocyte type was scent-ed by the use of centri-

fuged specific gravity gradient columims and by statistical analysis.

The centrifuged specific gravity gradient columns coimtaumed otme or more
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cloudy zomies ill which the leukocytes weie concentrated and to some extelit. segre-

gated imito types. Lymphocytes from a case of chronic lymphocytic leukemia

(table I ) were the only type separated completely from other types of leuko-

cytes (one or two graliulocytes or monocytes to 10,000 lymphocytes). rihese

purest lymphocytes were rather densely localized (200,000 per c-u. mm.) imi the
ZOI1C of the colummi with specific gravity 1.062 to 1.064. Histamine was found

there at. the low level of 0.6 j.tg. per 10� lymphocytes as compared to 17 pg. per

10� leukocyt.es of all types imi the average buffy coat. (table 2). Samples of lympho-

cytes contaminated with a few other leukocyt.es (less than 5 per cent) were ob-

taimied from other zomies of this column and their histamine contents were 2-4

jig. per 10� cells.

Lymphocyte samples of this degree of purity obtained from miormal blood were

likewise found to contain 2-4 jig. histamine per 10� cells. Normal lymphocytes

may therefore be as low in histamimie as leukemia lymphocytes. The histamine

content of lymphocytes is then about twice, and their contribution to normal

blood histamine about half, that of platelets (table 3).

Whemi samples of miormal blood were centrifuged in gI-adient columns, too few

basophils and eosinophils were observed in smears prepared from the layers of

the columiis to permit estimation of the relative histamine concentratioii in the

three types of gramiulocytes. Imi gradiemit. columns prepared from chronic myelo-

cytic leukemia blood, the histamine appeared to be largely determined l)y the

number of basophils (fig. 1). The peak frequency of the basophils occurred at

specific gravity 1 .070, coincident. with the lighter of the two portiomis comitainimig

peak histamine concentration. The histamine found outside the specific gravity

TABLE 2.-Histamine Content of Leukocytes in Normal and Chronic

Myelocytic Leukemia Blood

Histamine, .sg. per 10� cells, calculated by multiple regression from (A) 25 samples of

l)lOOd from 21 normal adults, and (B) 13 samples of blood from 7 patients with chronic

myelocytic leukemia.

A. Normal � B. Chronic myelocytic leukemia

Variables with � Variables with
5 independent significant par- 7 independent significant par-

variables tial regression variables tial regression
__________ � coefficients 1 coefficients

Leukocytes, total � 17* , � 78� �

Granulocytes �

Neutrophilic 7.3(5.3)t � 3.1(4.8)� 143(100) 69(26)

Basophilic 990(248) 1026(236) � 367(240) 305(54)

Eosimmophilic 96.0(81) � 153(66) � 271(966) -

Myelocytes (neutral) � -� . -99(120)

Myeloblasts � - � 763(4276)

Lymphocytes � 18.7(16.3) ‘- ‘ 164(814) -
Monocytes � -58.5(44.8) � - -1527(1813)

Histamine not allocated, �g/L � 14 .7 (36) � 34 (20) � -296 (1403) � 535 (lOt)7)

* 10� X fl1CItIi imistamnimie level divided liv mea�m total leukocvte coimmmt..

.t The figures in parentheses are standard errors.

� See text for explanation of retention of this coefficient here.
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11(15. 1 a :111(1 1 1) . -�\ImiOtIIit 5 of bust a�m’ii�ie tlmd numnl)ers of leukocvt es ins successive 0.5 mmml.

layers of a S1)eI�’i fic gravit y gra(hielit. (‘oltln1Il . Colulnn �.)repared fron1 a leukocvt e stmsl.)ension

derived fromn 2 .46 misl . cimrolmic Im.3velocvt ic leumkem.3�ia 1)100(1 which (‘omit ai mmcd 26 .2 �g. hist tuni ne

:111(1 230 X 10� letlkoc\’tes (lassifie(I as follo�vs : mmeut ro1)hili(- pol’s’n1orphiOlmuclear grammtmlo-

cyt es 130, mmeumt rol)hilic mnyelocytes 46, n.3veloi)lasts 1 , l)asol)hils 31 , cosimmol)hils 9, lvn.3plio-

(‘Vt (‘S 7 , mm.3oImo(-vt es 6 , all )( l0�. Ilistanmi lie recovered fron.3 (‘olimnum i mm(-lu(li mig :3 .7 �.sg. i mm(-lot I #{128}�(l

cell 10:1.1111 at hot tOIm3 of (011113)1) , 15.2 �.sg. (69 p� (‘cot ) ; leukocytes re(-overetl , 1S9 X l0� (52 p�’

(‘(‘lit ) . \IOIIOCvt 1’ � ,tmid mmmVelOl)lltstS tIe hot 1)lot t ed 1)ecause of t hei m r:tm.e aI)l)eam’aml(-e ill t he
gradient colunmin. Note t hat. nummhers of lymphocytes, basophi Is anti eosi no})hmils have beemi

Imlultil)lied 1)V four for plottilmg.
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Fm�. 2.-Lymphocytes amid netmtrol)imilic granulocytes in successive 0.5 mnl. layers of spe-

cific gravity gradient. columns, 1)lotted as per cent of the maximum number found. Normal

lymphocytes and neutrophmils were ohtailme(i from 10 ml. normal blood which contaim.3ed 100 X

106 leukocyt.es, of which 72 l)C� cent were mmeutrol)hils and 19 per cent were lymphocytes.

Leukemmmia lvmphmocvtes ss’ere oh)t aimmetl frolil 2.9 nil . cimronic lyn�phocvtic letmken.3ia 1)100(1

which cOntaine(I 480 X 10’ leukocytes, of which 99 l)�� cem1t were 1yfli�)hmoCyteS.

m’ange of basophils may be ascribed to eosimiophils and mieutiophils in the heavier

layers; the histamine in the lighter layem-s seems too gmeat. to be explailmed by the

mieutrophils piesemit. unless these lighter neutrophils were especially m-ich in his-

tamine. The results of multiple regiession analysis (table 2) suggest. that the

myelocytes cannot accoumit for the hist.amimie present in these layems.

In figure 1 , the peak cOmiceflt.rat.ioIi of myelocytes falls close to that. of basophils,

miear specific giavity 1 .07, that of eosinophils is close to that. of neutrophils, 1.08

or higher. The neut.rophils in the miormal blood used for figure 2 ieach theii peak

concentration at essentially the same specific gravity (1.079). The spe(-ific gravity

distribution of lymphocytes is also closely similar imi normal and chrohiic myelo-

cytic leukemia blood (peak at 1.07), but it appears from figure 2 that. in chronic

lymphocytic leukemia the lymphocytes are lighter (peak at specific gravity

1.063).

2. Relationship between �4mounts 0)’ Histamine and ����Tu,,lbcrs oj’ L(’ukocytes in

lVhole Blood

�fhe above obselvatiohi.s suggest. that the basophihic gm-anulocyt.es are the leuko-

cytes iichest. ill histamilme, at least in chrom.3i(- myelocytic leukemia. A s(atter

diagl-am of w’hole blood histamine vs. 1)asophil couhmt in normal almd (-hrommic

myelocvt.ic leukemia blood (fig. 3) imidicates moreo�’er that in miommal blood the

l)asophils are a(-tually iichei in histamine than ale the basopliils ill chloliic myelo-

(ytic leukemia 1)lood. Liiies di-awmi by eye through the two sets (.)f points in the

figure suggest. a ratio of 3 or 4 in favor of the normal basophil.
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i”IG. 3.-Basophil count and isistamimme comitemmt of whole h)lood. Figures in l)arentheses

()fl both axes ap��1v to normal h)lood samples ( 0 ) ; other figimres (1/50 of scale for normals)

01)1)15’ to 1)100(1 samples fronm � ients wit h (-hmrolmic mnyelo-yt ic leukemia ( #{149})

Iii ordel to oi)taiml mom-c quantitative ihifolmatioll 1-egarding the amoumit of

histamine ili basophils as s�’ell as in other types of granulocyt.es, analysis 1.y

multiple iegression was applied to the sem-ies of samples of normal blood amid of

blood from chronic myelocytic leukemia patients summam-ized in table 1 . A pre-

liminary complete analysis by multiple regression gave partial regression coeffi-

cients (measures of the amount of histamine per cell) for lymphocytes and mono-

cytes with a 20 to 85 per cent probability of not differing sigmiificantly fI-om zero

115 1)0th series (table 2). The coefficients for myelocytes and myelohlasts in the

leukemia series were equally unreliable. Since there is indepemident. evidence that

Ii0hi� of these four types of cells carries much histamilme, they were elimimiat.ed

from the regm-essions by conventional statistical procedumes.

i�he partial regression coeffi(-iemits for neutrophils is not significahit in the hiOF-

ma! semies but has been retained in the table be(-ause it suffices to show that. the

histamine content of these granulocytcs is very mulch less in not-ma! thami in

cli ron ic myelocytic leukemia blood.

In normal blood, eOsihiophils rank miext. 1)elow basophils imi histamine content;

the al)sence of correlation between the eosinophil and basophil counts st.rengt.hemis

the (-om1clusion that both cell types are I-li-h in histamine. The coefficiehmt. for eosino-

phils is not significant. in the chronic myelocytic leukemia series and furnishes

ho helpful clue as to the relative histamine content of eosinophils in the two kinds

of blood. Fom basophils, the values of the coefficient are significant. iii both sem-ies

and differ by a factor of three, but. even so a signifmcant diffel-ence l)etween the

two values caminot be demomist rated statistically.

Valties for the histamine content of the three types of gralmtllo.-yt.es (liffering

colmsi(leral)Ie from those 113 table 2 were ol)tained ill prelimihiamy statistical alialy-

sis of the normal blood sample data.1 ‘ � These earlier values were (-alculated fm-om

differential counts on 200 leukocytes; iii ordem- to obtaiti bet.tem- estimates of the

4’
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frequency of the importamit but normally relatively scarce basophilic alid eOsihio-

philic granulocytes, their counts among 1000 leukocytes were used for the calcu-

latiomms on normal blood in the present report. Imi the earlier calculations as iii

those leading to table 2 here, basophils were found to be the leukocyte type mulch

the richest. in histamine. The coefficient calculated for eosimiophils from the dif-

ferential count of 200 leukocytes was not significant and neutrophils ranked next

to basophils in histamine content. The ext.emit of the change brought about. by the

more extensive enumeration emphasizes the difficulty of obtaining accurate

measures of the frequemicy of basophils amid eosinophils from the examination of

smears.

After the elimination of all non-significant. partial regression coefficients from

the two regressiomi equations of table 2, the equations become: (1) for normal

1)100(1,

Mu- histamine per liter blood = 1076 X 1O� X no. basophils per CU. ?fl�. X 1O�

+ (162 x 1O-� X no. eosinophils per cii mm. X 106) + 43,

and (2) for chronic myeloeyt.ic leukemia blood,

ILIJ. histamine per liter blood = 305 X 1O� X no. basophils per en. �nm. X 106

+ (69 X JO-S X no. neutrophils per cii. mm. X 106) + 535.

The st.amidard error of estimate of the equation for miormal blood is 42 ; therefore,

for normal blood containing, for example, 50 hasophils and 150 eosinophils per

ctl. mm., the expected histamimie, 1076 X 10� X 50 X 106 + (162 X 10� X

150 X 106) + 43 = 121 j.�g. per litersvould bewithin 42 .ig. of the actual amount

in two-thirds of the cases. Similarly, in blood from a chronic myelocytic leukemia

patient with 60,000 neutrophils and 10,000 basophils per cu. mm., the expected

histamine, 69 X 10-s X 60,000 X 106 + (305 X 10� X 10,000 X 106) + 535 =

7725 �g. per liter, in two-thirds of the cases would be within the stamidard error

for this equation, 2276 pg. per liter, of the actual value.

The comist.ant.s in the equation, 43 and 535, represemit histamine from other

sources thami the specified cell types. Although the constant for the chronic

myelocytic leukemia series is larger than that for the normal series, it is smaller

relative to the amount of histamine present, and it is not statistically significant.

There is probably no increase in non-leukocyte histamine in chronic myelocytic

leukemia. With careful handling, plasma from patients with this disease contains

little more histamimie than does normal plasma.’4 Determinations ili this labora-

tory confirm this and indicate that in this disease erythrocyte “histamine” is

also not much greater than normal.

3. Histamine in various abnormal bloods

Observations made on diseases with abnormal l)Iood pictures other than len-

kemia are included lIi table 1.

a. Polycythemia. Valentine, Pearce and Lawrence5 report ami average blood

histamine level in polycyt.hemia about 3 times normal. An ilmCrease iii blood

histamine is confirmed in the present study, and accounted for by the high num-

bers of hasophils and eosimiophils found. It appears, however, that in this condi-
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tiomi the basophils amid possibly the eosinophils contain somewhat less than the

normal amounts of histamine.

b. Leukemoid reaction. The miormal blood histamine reported by Valentine

et al. for subjects with leukemoid reaction has been confirmed by one case in the

present series. No basophils were found in this blood.

C. Eosinophilia. In tivo blood samples showing eosinophilia, the blood histamine

levels were average and high normal values. The high normal accompanied a

large number of mieut.rophilic granulocytes. No basophils were observed in either

blood. The eosinophils in these cases could not have contained more than 3’io

to �o the hiormal amouhit of histamine.

d. Anemia. In the four blood samples from patients with anemia, the histamine

blood level is lower than would be predicted from the numbers of granulocytes

present. Certainly in the case of aplastic anemia and probably in the others,

the “basophils” were relatively poor in histamimie. The eosinophils may also have

contained subnormal amounts of histamine.

The findimigs in these bloods bear out the statement that blood histamine is

high when the basophil count is high.

DIScUsSION

On the basis of the observations presented, it is concluded that histamine is

distributed among normal l)lood elements as shown in table 3. The estimates of

the histamine in neutrophils and monocytes is little more thami a guess. It was

obtaimmed in the following way. From the mean value (43 �tg. per liter of blood)

of the comistant in the miormal regression equation (histamine from other sources

than basophils and eosinophils) , have been subtracted the amounts of histamine

contributed to a liter of blood by plasma (1.4 ,�g.3), by platelets (2.5 jig., table

TAB I.E 3 -Distribution of Histamine among Normal Blood Elements

The figures in parentheses are calculated on the assumption that the concentration of

histamine imi monocytes is the same as that in lymphocytes (see text) . The spurious hista-

mine of ervthrocytes is omittedfrom this table.*

� Histamine Concentration in Normal � Distribution of Normal Blood Histamine
Blood Elements

Histamine Cell or � . . Cells or � Histamine � Fraction of
per l0� cells I)latelet istarnine platelets per � �er liter whole blood
or platelets volume per iter cu. mm. blood blood histamine

�g. �i’ �g. � number � �g.

Granuloc�’tes � �

Neutrophilic � (3.3) 450t (7,000) � 4,200 , (13.5) 14

Basophihic 1080 � 450t 2,400,000 � 44 � 47.0 51

Eosimmophilic 160 450t 360,000 � 165 � 26.7 29

1XIU1)hoc\’tes 0.6 230t 2,600 �, 2,200 ‘ 1.3 1

Monocvtes (1.2) 470t (2,600) � 450 � (0.5) 0.5

Platelets .00�) � 8� 1,280 � 250,000� � 2.5 3

Plasma - � - � 2.6*� � 1 .4 1.5

* Lowry et al.3

1’ Tivey, Li and Osgood’s’5 median volume of neut.rophils assigmied here to basophils

and eosinophiis also; median voluml.3e of lymphocytes; mean volume of momsocytes.

� Wintrobe,’t �. 233.

§ \Vimmtrohe,l* p. 241.
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3), by lymphocytes (1.3 jig., table 3), and by erythrocytes (24 jig. spurious

histamine3). This leaves 14 ,.sg. per liter blood to the neutrophils amid monocytes.

From the volumes adopted for these two types in table 3 and from their average

counts, it is calculated that the neutrophils in a liter of blood occupy about 1.9

ml. and the monocyt.es about 0.21 ml. The monocyte volume is so small that the

COncelitratiOhi of histamine assigned to it makes relatively little difference imi the

over-all picture ; the figures in parenthesis in table 3 are based on the assumption

that. histamine is at the same concentration in monocytes as in lymphocytes.

This leaves 13.5 jig. histamine for the neutrophils which are accordingly entered

11T1 the table as comitaining 3.3 �g. histamine per 10� cells at a concemitration about

three times that in lymphocytes.

Its respect to imicreasing histamine (-on(-entration, the order of the huffy coat

elements of normal blood is platelets, lymphocytes, neutrophils, eosinophils and

basophils. The basophils contain histamine at a concentration 20,000 times that

of platelets and a million times that of plasma. Half of the miormal blood his-

tamine is located in basophils, about a third in eosinophils, and prol)ably most

of the remaiiming sixth imi neutrophils. Imi chronic myelocytic leukemia, depending

oh the differential count, from 10 to 80 per cemit. of the blood histamine may he

present imi the basophils.

How are the intracellular concentrations of histamine achieved? For the haso-

phils it. may be assumed that their granules are somehow associated with the

presence of unusually large amounts of histamine. This assumption follows

naturally from the comicept that the histamine of mast (-ellstm7 . l8 is present in the

metachromatic granules of these cells. This concept in turn is based �n the hy-

pothesis of combination between the base histamine and the acid heparin, heparin

being thought of as fixed imi the granules.’9 ‘ �#{176}That is, heparin is the hasophilic

stuff and histamine is the base which it “loves.” The presence of large amounts

of histamine in basophilic granulocytes led to finding even larger amounts in

mast cells,1 ‘ 18 and conversely the presence of heparin in mast. cells led to evidence

in favor of an anticoagulant of similar chemical structure imi basophilic leulko-

cytes.21 ‘ 22 Although there are a number of differences between these two types

of cell,23 they may well be qualitatively similar irs regard to the mechanism by

which they retain extraordinary amounts of histamine. It remains to l)e seen

whether the not inconsiderable amounts of histamine in eosinophils (amid mien-

trophils) are held by heparin-like substances or through some other l)indmg

mechanism.

The findings presented suggest., but do not prove, that. in chronic myelo(-ytic

leukemia the basophils are poorer and the eosinophils and neutrophils richer than

normal in histamine. This would be reasonable simice in this disease (1) the baso-

phils are smaller and comitain fewer granules than normal,8 (2) basophilic granules

are not infrequently reported in eosinophils24 ‘ 25 amid (3) neutrophilic myelocyt.es

containing “granules which are quite basophilic” occur imi the blood. Bet.weemi

these and true neutrophilic granulocytes, “all transitions” are to be found. The

basophilic-neutrophilic myelocytes are distinguished from basophilic myelocytes

chiefly in size.8 Although the average neutrophil in chronic myelocytic leukemia

contains more histamine than normal, it appears from figure 2, that some of the

neut.rophils are little richer than normal. (For example, if all the histamine in the
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zone of specific gravity 1.081 is assigned to the neutrophils of that zone, there

would he 12 �.tg. per 10� cells.)

The observations included in table 1 on blood samples from other diseases

than chronic myelocytic leukemia suggest that imi these diseases the histamine

contemit not only of basophils but of eosinophils and possibly of neutrophils is

lower than normal. It now seems possible that not only eosimiophils but all types

of gramiulocytes may contain quite different concentrations of histamine under

different comiditions.

From the observations of Valeh.3t.ine et al.5 it is clear that in leukocytosis the

neutrophil may contain less histamine than the 3 pg. per 10� cells reported here

for normal blood. In severe infections as little as 0.3 �zg. per 10� myeloid cells

was found by the earlier workers. Possibly infection or fever causes release of

histamine or calls forth neutrophils containihig subnormal amounts of histamine.

The function of histamine in leukocytes also remains a matter for speculation.

The location of many mast cells alomig blood vessels led to their being considered

as a source of heparin for the circulation,’9 and more recently as a source of his-

tamimie also.26 The store of anticoagulant and of histamine in blood cells is so

much smaller than that in mast cells that the leukocyte storehouse seems super-

fluous svhemm the supplies from mast cells are readily available. However, the dis-

tributioli of mast cells is exceedingly erratic, possibly governed by the conmiective

tissue function that has been suggested for them.� It may be that the histamimie-

bearing lenkocytes constitute a mobile source of a limited amount of histamine

(amid/or anticoagulant material) immediately available wherever needed to

tide over amiy lag period before the arrival of more adequmate supplies from a

nearby, fixed source.

Little quamititative information OH the amount of histamine in specific types

of leumkocytes has been published. Valentine et al.5 reported 25 .tg. histamine per

10� myeloid cells in the blood of normal, non-fasting adults; this value is based

013 the assumption that all blood histamine is contained in myeloid cells. The

corresponding amount calculated from our normal series is 27 j.tg. Humphrey

and Jaques28 recently estimated the histamine content of the whole huffy coat

to be 15 �tg. per 10� lenkocytes, in agreement with the value of 13 .ig. per 10�

mixed leukocytes obtained after correction for eryt.hrocyte “histamine” in the

present report. Humphrey and Jaques conclude however that platelets because

of their number are the predominant contributors to blood histamine. If our

platelet ammalyses are correct-and they agree with the lowest value of Humphrey

amid Jaques-this cannot be true for human blood. Higher values for platelet

histamine in some of their and our results appear to be due to admixture of a

few leukocytes. One average leukocyt.e contains as muich histamine as 1000

platelets.

Except for platelets (sp. gr. 1 .0329) quantitative estimates of the specific

gravity of individual white blood elements are also lacking in the literature, al-

though qualitative, comparative information compatible with the data presented

here is available.30 ‘ �‘ The absolute specific gravities are of course affected by

t.onicity and possibly ot.her environmental factors, and t.he few observations

presented do not define the normal and pathological ranges.
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SUMMARY

1 . Platelets amid lymphocytes free of other white elements of blood have l)eeli

amialysed for histamine by a microchemical method. Platelets were found to con-

tails 1280 �zg. per liter or .009 .ig. per 10� platelets, lymphocytes 2600 pg. per

liter, oi 0.6 j.tg. per 10� cells.

2. The histamine comitent of mieutrophilic, eosinophilic ahid basophilic gramiulo-

cytes has l)een calculated by multiple regression from histamine measurements

011 OflC series of blood samples from normal adults and another from subjects

svit.h chronic myelocytic leukemia. The normal values are 1080 gig. per l0�

basophils and 160 jig. per 10� eosinophils or 2,400,000 amid 360,000 j.sg. per liter

respectively. The corresponding values for neutrophils are 3 �.sg. per 10� cells

and 7000 pg. per liter. The values for the histamine concentratiomi per cell are

statistically sigmiificant for basophils amid eosinophils, but not for neutrophils.

In the leukemia series, the values for mieutrophils and basophils are respectively

69 and 305 �g. per 10� cells, amid they are statistically significant. The difference

from miormal in the value for basophils was not statistically validated. There are,

however, in chronic myelocytic leukemia, histological changes from the miormal

that are consonant with a decreased histamine content in basophils and an in-

creased histamine content in eosinophils and mieutrophils.

3. Although definite values for the histamine comitemit of monocytes and the

immature forms seemi in chronic myelocytic leukemia have not been obtained,

there is reason to believe that the histamimie of these cell types does not exceed

that of mieutrophils.

4. By centrifuging white cells in a specific gravity gradient column, partial

segregation of cell types was obtained. Peak concentrations were observed at the

followihig specific gravities : lymphocytic leukemia lymphocytes, 1 .063 ; myelo-

cyt.es, normal lymphocytes and basophils, all near 1 .070 ; neutrophils, 1.080,

and eosinophils, 1 .080 or higher. Although individumal concentration peaks were

usually quite sharp, there was considerable overlapping at intermediate specific

gravities.

5. About half of the histamine of normal blood is in the basophils, one-third

ihi the eosinophils and the remaining one-sixth in all the other blood element5

combined. In blood samples from patients with chronic myelocytic leukemia

the fraction of blood histamine carried by each type of granulocyte varies \\.idely

SUMMARIO IN INTERLINGUA

1 . Plachet.t.as e lymphocytos libere de altere leucoelernentos del sanguine

esseva analysat.e microchimicamente in re br eontent.o histaniinic. Esseva

constatat.e 1280 j.sg hist.amina per litro plachett.as e 2600 j.sg histamina per

litro lymphocytos. Ist.o es a dicer que 10� plachett.as contineva 0,009 pg hista-

niina e 10� lyniphocyt.os contineva 0,6 �g histamina.

2. Le content.o histaniinic de granulocytos neutrophile, eosinophile, e baso-

phile esseva calculate per niultiple regression super le base de mesurationes

del histamina in un serie de specimens de sanguine ab adult.os normal e in un

altere serie a!) individuos comi chronic leucemia myelocytic. Le valores in le

serie normal es 1080 �g per 10� basophilos e 160 j�g per 10� eosinophilos, i.e.
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2.400.000 �tg histamina per litmo eosinophilos e 360.000 j.�g histamina per litro

basophilos. Le valores (-orrespondente pmo neuit.rophilos es 3 �g per 10� cellulas

e 7.000 �zg per litro. Le valores obtenite pro le colicentratiomi de histamihia in le

cellula imidividual es statisticamnehite sighmifi(-ative in le caso de basophilos e

eosinophilos sed miomi ihi le caso de neutrophilos.

In le serie de patientes de leuceniia, le valores pro neutrophilos e basophilos es

69 e 305 ,.�g histaniina per 10� cellulas. Anibes es statisticamente significat.ive.

In le caso del basophilos le deviation a!) le norma non esseva st.atisticamente

validate. Xomiobstant.e, in chroh.3ic leuceniia myelocytic il occurre cambianientos

histologic lue esserea de accordo co�i un decrescentia del contento de histamnina

ili le basophilos e umi accrescentia del comitento de histarnina ihi le eosinophilos e le

neutrophilos.

3. Ben que nos non ha obt.enite defihiitive valores pro le comitento hist.amimiic

del monocytos e del formas immatur que se observa in chronic leucemia myelo-

cytic, il ha rationes pro comicluder que le comitento histamnimsic de omtie ist.e typos

cellular nOR excede le comitento histaminic del mieutrophilos.

4. Le segregatiomi partial del vane typos cellular esseva ol)telute per centri-

fugar cellulas blanc in nut colunina a gradient.e de gravitates specific. Comicemitra-

tiones maximal esseva constatat.e in conmiexion con Ic sequente gravitates specific:

lyniphocytos de leucemia lymphocytic, 1 ,063 ; myelocytos, normal lymphocytos e

basophilos, omnes vicin a 1,070; neuitrophilos, 1,080; e eosimiophilos, 1,080 o

plus. Ben que le vane maximos de con(-entratiomi esseva generalmente mnulto

clar, il habeva un considerabile interfusion in le areas del gravitates interniediari.

5. Circa umi mediet.ate del histamina de sanguine mmornial es in le basophilos,

un t.ertio es in le eosinophilos, e le remnanent.e sext.o es dist.I-ibuite inter omiine le

altere elementos samiguinee. Imi specimens de sanguine a!) patientes de chronic

leucemia myelocytic, il ha grande differemitias inter le portiones del histamina

sanguinee ciue es portat.e per le vane typos de granulocyto.
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