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Guinea pigs passively sensitized by intrathoracio injeotion of rabbit antisernm were 
subsequently desensitized by pare&era1 introduction of sublethal doses of antigen, 
and the amount of histamine released from the perfused, chopped lwngs by specific 
antigen 18 or 24 hours later was compared with that liberated in parallel tests from 
lungs of animals not desensitized. The average amount of histamine released from the 
lungs of $0 desensitized guinea pigs originally sensitized with 50 or 100 fig antibody 
nitrogen was approximately 13 per cent of that liberated from the lungs of 20 
similarly sensitized controls (0,019 1.19 per 100 mg. lwng tissue as opposed to 0.147 
pg). Twelve desen.siti&ed anknals among 24 gtinea pigs originally sensitized with 150 
to 400 pg antibody nitrogen released on the average 0.039 gg per 100 mg. lung tissue 
as opposed to 0.380 pg for the 1.2 oontrols, or about 14 per tend of the mean for the 
sensitmed lwngs. Relatively large amounts of antigen were required for maximum 
histamine release in this grozlp. The total histamine content of the gwinea pig lwngs 
was not reduoed by desensitization; on the contrary, both the sensitized and desensi- 
tized bangs contained nearly twice the average amount present in normal guinea pig 
lungs. Measurements of the probable reduction in available specific antibody in the 
desensitized lwngs was not feasible without special techniques. It is though,t that the 
classical specific desensitizing procedures employed may have cansed a change in the 
sensitized lung tissue which subsequently suppressed normal activity of the histamine- 
releasing enzyme system. The findings gain interest from the fact that a similar 
reduction in hiktamine release from leukocytes of allergic human patients is known 
to follow successful hyposensitization. 

T he addition of specific antigen under controlled conditions in vitro to 
chopped lung tissue of adequately sensitized guinea pigs regularly results in 
the release of histamine and slow-reacting substance (SRS) .I, 2 Important ad- 
vances have been made in recent years toward understanding the mechanism of 
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the histamine-releasing process in the sensitized anima1.l~ ’ Meanwhile, com- 
parable studies of desensitized guinea pigs exhibiting the specific refractory 
(antianaphylactic) state, which so characteristically follows recovery of the 
sensitized animal from a subclinical or sublethal anaphylactic shock, have not 
been described. Preliminary to further investigation of the desensitized state, 
the experiments reported here were carried out. The well-established technique 
for demonstrating the in vitro antigenic release of histamine from guinea pig 
lung” was extended to passively sensitized animals made refractory by specific 
desensitization. It was found that histamine release was significantly inhibited 
when antigen was incubated with the lung tissue of desensitized guinea pigs. 

METHODS 

Guinea pigs of 300 to 350 grams weight were sensitized passively by the intra- 
thoracic injection of rabbit antiserum prepared against purified crystalline egg 
albumin (CEA) or crystalline bovine serum albumin (BSA). Commercial 5 
times crystallized CEA was further refined by ammonium sulfate treatment and 
lyophilization before use as antigen, as suggested by Dr. C. D. Dukes. Minimal 
sensitization of the lung tissue of 42 guinea pigs was obtained by injection of 
50 or 100 pg of antibody nitrogen ( AbN) of an anti-CEA serum. The lung 
tissue of a second group of 24 animals was sensitized more thoroughly by intro- 
ducing into the thorax 150 to 400 pg AbN, using anti-BSA serum. 

Desensitization was accomplished by the slow injection of a sublethal amount 
of specific antigen. Usually a first dose (for example, 0.05 mg.) was given intra- 
peritoneally, followed some 20 or 30 minutes later by a second injection (0.01 to 
0.03 mg.) intracardially or intravenously. When the doses were correctly cal- 
culated, the animals recovered after reactions varying from slight to moderately 
severe. Desensitizing doses were given 30 or 48 hours after sensitization, and the 
lungs of these animals, and of control guinea pigs not desensitized, were tested 
for histamine release at 48 hours, or at 72 hours, respectively. 

Techniques used for the rapid excision of the heart and lungs, for perfusion 
of the lungs with Tyrode’s” so1ution,4 and for chopping, washing, and incubating 
the washed tissue with antigen were essentially those described by Austen and 
Brocklehurst,3 with minor modifications. A McIlwain tissue choppers was used. 
In the routine finally adopted, a minimum of twelve 100 mg. aliquots of the 
moist, perfused chopped lung tissue were weighed out from each lung, and each 
aliquot was suspended in 5 ml. Tyrode’s solution in a 50 ml. Erlenmcyer flask. 
The tissue was washed by incubating the flasks in a water bath shaker at 37’ C. 
for 45 minutes. After decanting the supernatant Tyrode’s solution, the tissue 
was again washed briefly; then it was resuspended in fresh, warm Tyrode’s 
solution (pH 7.8). Two of the suspensions were made in 3.0 ml. of Tyrode’s 
solution for duplicate controls without antigen, eight were made in 2.7 ml. for 
duplicate tests with increasing concentrations of antigen (0.01 mg. per milli- 
liter, 0.1 mg. per milliliter, 0.5 mg. per milliliter, and 1.0 mg. per milliliter), 

*Tyrode’s solution: NaCl 8.0 Gm., KC1 0.2 Gm., glucose 1.0 Gm., MgCl, 9 6H,O 0.1 Gm., 
CaCl, 0.2 Gm., NaH,PO, 0.05 Gm., NaHCO, 0.1 Gm. per liter, pH 7.8. For histamine assay 
with Schultz-Dale apparatus, atropine was added (0.1 mg. per liter). 
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and the remaining two were made in 10 ml. of Tyrode’s solution for tlupli(*:lt(’ 

tests of the boiled tissue for total histamine cont.ent. Antigen (0.3 ml.) in thcl 
different concentrations was added to the appropriate, well-stirred suspensions, 
and the flasks were incubated at once in bhe water bath shaker for 15 minntcs at 
39 to 40’ C. Supernatants were then decanted into stoppered test tubes, and 
refrigerated until assayed for histamine on the Same day. Total histamine con- 
tent of the duplicate 100 mg. bissue suspensions reserved for this purpose was 
assayed on the supernatants obtained after t,he suspensions were boiled for 5 
minutes, and then allowed to sta,nd at room tempcraturc for one hour. 

Assays for histamine were carried out with a sensitive Schultz-Dale apparatus 
using normal guinea pig ileum. Contractions were recorded electronically with 
aid of a Physiograph. * Individual tests of contract,ility were always separat,ed 
by an interval of 3 minutes, and earh pair of duplicate tests with unknown 
supernatants from the lung tissue was bracketed, before and after, by a test with 
a standard histamine dose (0.0072 pg histamine base per milliliter of Tyrodc’s 
solution in the 5 ml. tissue bath). This amount of histamine caused a contraction 
giving a curve of convenient height (about 5 cm.) on our recorder with which 
to compare the response of unknown solutions (Fig. 1). The routine assay pro- 
cedure permitted demonstration of the presence of as little as 0.001 to 0.002 ,~*p 
histamine base in 0.5 ml. amounts of the supernatants from lung tissm SLW~WI~- 

SlOIlS. 

RESULTS 

The desensitizing procedure used, which involved only the production of 
mild or moderately severe anaphylactic reactions to the specific antigen, was 
sufficient to produce a marked change in the washed lung tissue of the desensi- 
tized guinea pigs, so that incubation with antigen generally failed to release 
more tha.n minimal amounts of histamine. The degree in which histamine release 
was inhibited in individual animals could not be correlated with the severity of 
the reaction provoked by the desensitizing injections. In 14 instances, parallel 
guinea pigs, sensitized and desensitized in the same manner as the animals whose 
lungs were tested, were shown to be relatively refractory to systemic anaphylactic 
shock. 

No significant differences were found in histamine release from the lungs 
of sensitized or desensitized guinea pigs when the tests were performed at 48 
or at 72 hours after sensitizat.ion (18 or 24 hours after desensitization). Hence, 
these time differences were disregarded in tabulating the results. The principal 
findings are summarized in Table I. 

The average amount of histamine (0.147 pg per 100 mg. lung tissue) rc- 
leased by antigen from the lungs of 20 guinea pigs, originally sensitized with 
50 or 100 pg AbN of anti-CEA serum and not desensitized (Group Al, Table I), 
was more than 7 times greater than the amount liberated from the lungs of the 
corresponding 20 desensitized guinea pigs (Group A2). Histamine release in the 
latter was consistently low, averaging 0.019 pg per 100 mg. lung tissue, or ap- 
proximately 13 per cent of the mean quantity liberated from the sensitized lungs. 

“E and 11 Instrument Company, Inc., Houston, Texas. 
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SENSITIZED LUNG 

Stondord Control Control Standard CEA CEA Standard 

Histamine No Antigen Histamine O.lmg/ml Histamine 
0.036pg 0.036JJg 0.036)Jg 

DESENSITIZED LUNG 

Standard Control Control Stondord CEA CEA Standard 

Histamine No Antigen Histamine Histamine 

0.036yg 0.0 3 6pg 
O.lmg/ml 0.036pg 

Fig. 1 
Histamine release from guinea pig lung. Examples of reactions of nowm.1 guinw pig ileum 
in a Schultz-Dale apparatus to supernatants from perfused, washed,, chopped lung tissue of 
passively sensitized and of desensitized guinea pigs. A 3 minute mterval \Vits allo~rd bc- 
town srparate challenges of the ileum. 

I I’nssice 
scnsi- Histamine?’ C/G of total 
lising wlcaded from histamine rr~lcusccl 

, dose Guinea pigs 100 mg. hng &WC (pg) f,rom 100 mq. Turin tisszcf, 

Group (,uy AbN) No. / State I Mean +_ S.E. ( Eange / Xean + S.E. ( Enngc 

Al 50 or 100, 
anti-CEA 20 kh’ensitized 0.147 + 0.008 0.11E - 0.260 3.i 2 O.Bt l.i- 6.7t 

A2 50 or 100, 
anti-CEA 20 Desensitized 0.019 + 0.003 0.000 - 0.046 0.3 2 0.1 t 0.0 - 1.1t 

Xl 150 - 400, 
anti-BSA 12 Sensitized 0.280 f 0.053 0.080 -0.765 x.9 + 2.1 1.3 - 28.3 

B2 150-400, 
anti-BSA 12 Desensitized 0.039 k 0.010 O.OOi - 0.1.20 1.0 5 0.2 O.l- 2.i 

“In terms of histamine haw. 

tEight animals only. 

When the maximum amowts released by any concentration of antigen UYJ~C 
averaged, the mean was 0.176 pg for the sensitized and 0.026 p*g for the descnsi- 
lizrd. On the basis of the percentage of the total histamine released, the lungs 
of the sensitized animals (Group Al) yielded, on the arcrage, 12 timw th(h 
amount obtained from Group A? 



With the lung suspcrrsions Rwn the minirtiall~ sensitzizod guinea pigs ((~roul~s 
A\1, A?), the arnomits of thr specific illlti#~rl causing I~lilXi1~Ulll histamine rclcasc 
I’ollo\ved no particular I)iltt~~~rr. AI;rGrrrrrrrr IT~WSC OWLHTYX~ US OCtcttl with 0.0 I 

ring. antigen per milliliter of’ the suspcrision as wit11 1.0 riig. arrtigerr p01* millilitt~r. 
With the mow thoronghly scnsitiactl 1 mugs (Groups B 1, W), lrow~-or, t,hc cow 
wntratiorr of antigen used had an apparently significant &&at, cxpwially with 
tlcsensit~ized tissue. I II (:rwp 132 rnnximrurr histnminc Iibcration was rwor~lctl 
three times with 0.1 rug. pw millilitc~ antigen, thrw times with 0.5 mg. jwr 
milliliter, and six times with 1.0 mg. per* milliliter. In sevwal instances (TabIt> 
II) no measurable histamine ( OY almost llonc) was rclcascd frwm thr tlcscnsit~iz:cvi 
lungs by the Icssw amonnts of antigen, wliilc the grwter coriccntrxtions (O..> 01’ 
1.0 rng. per millilitr~) liberated relatively large illnOlllltS. AlthOU~ll, 011 t tl(’ 

areragc, tho inhibiting effect of desensitization in these mow f’nlly scnsitiwtl 
guinea pigs was as strong ilS in those riiinimall~ sensitized, tllc inhibition \V i IS 

ilt least partially OV(‘l’COrll(’ in Se\-(‘Yill i11Stilrl(2c1S with tllo lliglwr c~onc,cntrwtions 

of antigen. 
In agreement with obscrvat,ions of otlrcr in\-estigatoryti the capwity ol’ tlrch 

lung tissue from differcrrt individual guinea pigs to release histamine on irrcuba- 
tion with ant,igcrr show-cd marked variation. The six animals of (+roup Bl, for 
clsamplc, a11 of which were sensit,ized with 100 pg AbX of an anti-B%4 svwn1 

liistnminP rcleawtf pc’r 300 mg. 1wng tissw (pg) 

0.01 my. 0.1 nag. ’ 
nntigm/ml. ’ 

0.5 nr{J. I 1.0 my. ’ 
cmtigcn/ml. nntipn/ml. nnti,qwa/‘mz. 
suspcrwion suspcnsiow suspension suspension 

0.012 0.012 0.015 0.018 t 

0.000 0.012 0.006 0.018 t 

0.063 0.033 0.051 0.066t 
0.000 0.000 0.000 0.10?3t 

0.000 0.000 0.000 0.168t 

0.039 0.024 0.069 O.lTit 
0 . ow - 1).01X 0.069t 0.039 
0.024 0.096 0.108 t 0.000 



intrathoracicaky, yielded averages ranging from 0.080 to 0.4% pg hist,aminc per 
100 mg. tissue. In the whole group of 12 guinea pigs of Group Bl, three released 
especially large amounts of histamine, averaging 0.410, 0.423, and 0.765 PX, 
representing 10.1, 16.3, and 28.5 per cent of the available histamine in the rc- 
spective lung suspensions. The highest areragc yield amon, w the other nine lungs 
was 0.276 pg, and the highest avcragc pcrccntage of total histaminc~ rclcascd was 
S.3 per cent. 

A similar, esccptionally high histamiilc-relcasill~ capacity may cuplain tZhcl 
results okkned with two descnsitizcd guinea pigs, originally scnsitizcd with 50 
il,nd 100 ,~g Ahh- of anti-CEA serum. Thcsc results have been c~clud~l from 
Table I. Although both of thcsc animals had typical, moderately SCWI’C’ ana- 
phylactic reactions following desensitizing injections, their lungs, t,cstrd 24 hours 
lat,cr, released averages of 0.133 and 0.216 JL~ histamine per 100 mg. tissnc. Thcsr 
\-alucs wcrc within the ra,nge recorded with other guinea pigs sensitized simi- 
larly, but not desensitized. It is impossible to say whether or not these figures 
represent a reduction in the amount of histamine that thcsc lungs wol~ld IY~~CWSC~ 
hacl there been no desensitization. 

\TillllW for total histamine in 100 mg. samples of chopped, ~~slied lungs from 
-40 of the guinea pigs included in Table I, and from 16 normal animals IRVCI~ 
inoculated. arc summarized in Table III. The average amount of hist,anlinc con- 
tained in the lungs from all of the 40 sensitized and desensitized gninca pigs 
was 1.5 pg per 100 mg. sample, whereas t,he comparable amount for the 16 nor- 
mal lungs was 2.7 pg. The latter figure is virtually within the range of \-alucs 
(5 t,o 25 ,ug histamine per gram) quoted by Austen and Humphrey2 as a char- 
actcristic of normal guinea pig lung. The much higher valncs obtain4 with thr 
lungs of the cspcrimcnt,al animals suggests that the sensitization procedure used 
may involve the local accumulation or mobilization of extra stores of bountl 
histamine. Another point of special interest was the finding that desensitization 
was not, accompanied by any reduction in available histamitic in the Inii~s. 

DISCUSSION 

The present studies ha\-c demonstrat,ed that passive sensitization of guinc;r 
pigs (at least ~~hcn the antiserum is introduced intrathoracically) results in i\ 

Passicr 

scnsitiziny 
d0.W 

anti-CEA s Swsit izcvl 4.T t- 0.6 2.6 - 7.1 
.\” 50 or 100. 

anti-CEd R lkwnsitizcvl 4.6 I! 0.6 3.0 - T.4 
n1 150 to 400, 

anti-BSA 1” Hcnsit,izfvl 4.0 2 0.6 1.4 - <s.L’ 
R2 150 to 400, 

anti-BRA 12 Thsensitizcvl 4.T It 0.6 1.7 7.6 

c so1lc’ 16 Normal 2.7 +_ 0.3 0.9 - 5.1 
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material increase in t,he stores of bound histarriinc~ in tlrch lungs 4X lronfx 1;11(~1’. 
The importance of the ra,pid rcleasc of this l,h;rrrrr;rcologicalI~ activc~ suhstatrc+c* 
in the production of acute anaph,vlactic shock in the #ninea pig has been U-VI I 
c~stablished.‘. The decreased capacity of the dcsc~nsitizc~d lung tissue to ~IYV~ 
Ilistillllirlc on incubat,ion with irntig(>n offc~, tlicrcforc, a logical c~splanation, 
at least, in part., for the rela.tirc refractoriness of the intact,, desensitized animal. 

This reduction in histamine yield from the drsc&tizcd lungs is ;L clear indi- 
cation of interference with the callain ol’ cvc9ts which normally is set, off 1)) 
c+allengc of the tissue with iIrrtig:cn. Furtllcr c~?rpe~irncntirtiori will 1)(x necessal’~~. 
lion-ever, before the mccha.nism of desensitization C’RII hc cstahlishcd. It may b(l 
assumed a priori that tlrcl descnsitizctl (01’ h\-poscnsitizrd) state nriry 1)~ the 
result of loss or reduction of some csserrtial c~lcmrnt required for the visual 
allergic response c~spcctcd from the fully sclnsitiscd individual; or it may bc due 
to the addition to the tissues of new, inhibitory clcments; or to both of thcsc 
in viva cliang;cs occnri%r, 0 sirnultarrcouslv. Kroder and Schild’ list at lcnst foul* 
apparent, filCtOl3 tllilt may be in\-olvcd in dcscnsit,ization : (1) saturation of avail- 
able antibody, (2) cuhaustion of the cnxymc system which is actiratcd by thcx 
antigen-antibody reaction, (3) cshaustion of the stores of pharmacological ma- 
terials and their precursors, or (4) ;I dccrcascd rmponsircncw of tlic c7rtl 
organ(s) to the released mediator materials. 

The probable reduction in available specific antibody is usually regarded as 
of primr importance. It should be noted, howe~r*, that the only antibodies in- 
volved in these present studies arr thoscl which arc fixed to the perfused lung 
18 hours after intmtlioracic injection of antiserum, and remain there after 
t,horongh washing of t hc tissue. Qu;rrrtZitative measurement of thcsc ant,ibodies 
\v\‘;rs not l’casiblc without the USC of special techniques beyond the scope of t,ht> 
present study. It may be significant that, there were enough a.ntibodics in tlrcs 
desensitized lungs of (:roup B 2 puinca pigs (Table JI ) t,o permit release of corr- 
siderable quantities of histamine when sufficient concentration of antigen was 
IHX~. LZt the same timrl, the amount yicldcd bp lesser amounts of antigen was 
materially reduced in comparison with that obtained from the lungs of fully 
sensitized animals. Additional cxpcriments, especially designed to investigate the 
specificity of the desensitizing procrss and to quantitatc the probabl(a antibotl;- 
loss, will be required to define thr role of ~d~wcd specific a.ntibody. 

Points 3 and 4 do not apply in the prcsrnt cspclriments; there is no lilck 01’ 
histamine in the desensitized lungs a\~;rilablc for yelease by antigen, and th(l 
rcsponsireness of the “end ory’an” (lnng tissncl) to free histarninc is not in 
question. 

Thcrc remains the possibility that in the lungs of the desensitized grrirrcaa pigs 
\vc cncountrred a change which intcrfcrrd with the funct,ioning of the histaminc~- 
releasing enzyme system. The rcsponsiblc c’nzymc in antigcnie histamine relcascx 
from guinea pig lung has been describecl ils arr tlst(lrasc having a chymotrypsin- 
like substrate specificity.‘* ’ It Inay ha\<> thch clraracter?stic* of a phospholipasc A.!’ 
Enzymatic histamine release 1)) antigen occurs in vitro only when conditions 
ilre precisely suitahlc,‘. “. “’ and it is readi1.v inhibited by a variety of chemicals, 
as well as hy lack of ~illcill~?l, low tcmpcrxtnrc, and other circumstancc~s which 
I)rcl-cnt normal activity of the essential c~nzymc system. Moreorer. thr reaction 
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is affected markedly by compounds normally present in mammalian tissue. R:n- 
hancement of histamine release, for example, is produced by certain dibasic 
aliphatic acids, such as succinic or maleic, whereas monobasic fatty acids are 
inhibitors.‘, 3, lo It seems a reasonable assumption that following desensitizing 
n.ntigcn injections, biochemical changes may occur in the lung itself, or in the 
body fluids, causing inhibition of the chain of events which, in the sensitized 
animal, leads to release of significant amounts of histamine. Perhaps inhibitor- 
substances appear which could be demonstrated experimentally. 

There is considerable evidence that the same basic mechanism governs the 
anaph,vlactic release of histamine from both the guinea pig and the human 
lung.l”, I1 Closelv similar, if not identical, mechanisms appear to operate also in Y 
release of histamine from the whole blood or sensitized leukocytes of allergic 
patients.‘“, I2 Recent observations on reduction in the quantity of histamine re- 
leased from the leukocytes of ragweed-sensitive patients, by contact with the 
allergen after a course of hyposensitization,lYt I4 offer a striking pa,rallel to these 
reported here with desensitized guinea pig lungs. The probable presence of a 
humoral inhibitor in the plasma of patients after hyposensit,ization has been 
report,ed.l”’ ‘A 

I’urther studies on possible mechanisms of desensit,ization are in progress. 

The technical assistance of Steveanna Lewis is gratefully acknowledged. 
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