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Abstract--The serine esterase inhibitor diisopropyl fluorophosphate (DFP) had been reported previously 
to inhibit IgE-dependent histamine release. Recently, it has been demonstrated that lower concentrations 
of DFP enhance lgE-dependcnt histamine release and inhibit desensitization. This manuscript describes 
the abilities of several estcrase inhibitors to cause release of histamine from human leukocytes 
(basophils). by a process that is lgE-independent. This esterase inhibitor-induced histamine release 
appears to be by a non-cytotoxic mechanism that requires calcium and is temperature dependent. These 
histaminc release processes occurred over a longer period of time than IgE-dependent release. Direct 
release of histamine by these small molecular weight inhibitors and inhibition of desensitization both 
suggest that one or more serine esterases arc involved in the regulation of histamine release from human 
basophils. 

After Becker [1] demonstrated that diisopropyl 
fluorophosphate (DFP+) could be used to study 
complement activity, Austen and Brocklehurst [2] 
showed that DFP, when it is present at the time of 
challenge, completely inhibits the antigen-dependent 
release of histamine from chopped guinea pig lung. 
This effect of DFP was studied in rat mast cells and 
human lung fragments [3]. These findings led to 
the conclusion that release of mediators from these 
tissues requires activation of an esterase inhibitable 
by DFP. The work of Katz and Cohen [4] demon- 
strated the release of histamine when the appropriate 
antigen is added to human blood. Many investigators 
have used this model to stud)' the mechanism of IgE- 
dependent histamine release [5-7]. When human 
leukocytes are incubated in the presence of 
5 x 10-aM or higher concentrations of DFP while 
being challenged, or prior to challenge, with antigen, 
their ability to release histamine is inhibited [5]. 
Histamine secretion by human basophils appears to 
require participation of a DFP-inhibitable esterasc. 
However, the present rcsults indicate that the high 
concentrations of DFP, which inhibited IgE-depen- 
dent histamine release in these earlier studies, caused 
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+ Abbreviations: DFP, diisopropyl fluorophosphate; 
GD. soman = pinacolyl methylphosphonofluoridate: 
NAD', nicotinamide adenine dinuclcotide: LDH, lactate 
dehydrogenase; AgE, ragweed antigen E; MVF, 3-[4,5- 
dimethylthiazol-2-ylJ-2,5-diphenyltetrazolium bromide; 
and HEPES, N-2-hydroxyethylpiperazine-N'-2-ethanesul- 
fonic acid. 

a decrease in NAD- ,  which would result in a marked 
change in cellular metabolism. 

Further investigation of the mechanism of his- 
tamine release showed that this cellular response 
could be divided into two types: (a) sensitization 
of the cell to the appropriate signal--resulting in 
activation of the histamine secretory mechanism, and 
(b) desensitization of the cell to the same or all 
similar signals--resulting in termination of the 
secretory process [6]. Recent work, using DFP to 
dissect these two cellular processes, has demon- 
strated that desensitization is inhibited by lower con- 
centrations of DFP (10 -4 tO 5 × 10 -4 M) than used 
in the above investigations [7]. The inhibition of 
desensitization of the basophils resulted in enhance- 
ment of histamine release, suggesting that there was 
a DFP-inhibitable esterase that regulates the release 
of basophil mediators. 

Until now, DFP appeared to have a dual role 
in antigen-dependent histamine release processes: 
inhibiting IgE-dependent release at concentrations 
of 5 x 10 .3 M or higher, and enhancing IgE-depen- 
dent release at concentrations between 10 -4 and 
5 x 10 "M. The present work indicates that DFP 
and other small molecular esterase inhibitors (e.g. 
soman) also bring about an antigen-independent his- 
tamine release. When mixed leukocytes were incu- 
bated in the presence of DFP or soman, they spon- 
taneously released histamine. 

METHODS 

Materials. The following chemicals were 
purchased: diisopropyl fluorophosphate (DFP) 
(Aldrich Chemical Co., Inc., Milwaukee, WI); Tris 
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base. potassium thiocyanate,  t LDTA ,  monobasic and 
dibasic sodium phosphate,  sodium metabisullite.  
sodium bicarbonate ,  dextrose,  and sodium chlor- 
ide (Fisher Scientific Co. ,  Pittsburgh, PA):  and 
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium 
bromide (MTT tetrazolium),  phenazine ethosulfate,  
alcohol dehydrogenase  Cat. No. A1762, physo- 
stigmine, pyridostigmine bromide,  sodium bicine, 5.:- 
2-hy'droxycthylpiperazine-N'-2-ethancsulfonic acid 
(HEPES) ,  ethanol,  bovine serum albumin, and I,D1 ! 
assay kit 500 (Sigma Chemical  Co. .  St. Louis, MO).  
A ('ornilag pH meter ,  a Yellow Springs conductiviD 
meter ,  and a Beckman DU-8 spec t rophotometer  
were used to determine pl-t. conductivitv,  and 
absorbance respectively. Soman (pinaeolyt methvl- 
phosphonol luor idate)  was obtained from the ( 'hemi-  
cal Research and Development  ( ' enter .  Aberdeen  
Proving Ground.  MD.  and was assayed weekly b,, 
both nuclear magnetic resonance and gas-liquid 
chromatography to ensure that purity was greater  
than 95~i. Ragweed antigen E was provided by Dr. 
Donald MacGhtshan.  The Johns Hopkins School of 
Medicine. Bal t imore,  MD. 

Preparation of  inhihitor~ and analogs. Neat soman 
obtained from the Chemical  Research and Devel- 
opment  Center  was diluted in 11.99,; saline to z, con- 
ccntration of 10 2 M by the I . JSAMRICD Analytical 
Chemistry Branch. The diluted soman was then div- 
ided into aliquots and frozen at -7(F' until use. 
Tvrodc ' s  buffer (4g NaCI, (I. l g KCI. 11.()25g 
N]tt IzP()4. (1.2 g Ca('12, 0.1 g Mg('12, 1.0 g N a H ( ' O  3 
and 1.(1 g dextrose per liter of double-distil led H, ( )  
[8]) plus().003c/- albumin and l ( )mM I | E P E S ,  pH 
adjusted to 7.4, was used for all dilutions and as the 
incubation buffer, unless otherwise specified. The 
diluted soman (2 mg,.'nfl saline) was thawed at room 
tempera ture  in a fume hood and handled under 
U S A M R I C D  rcguhttions tor chemical surety 
materiel.  

Hydrolyzed soman was prepared by incubation of 
1 ml of 10 : M soman with ll)!t[ of 1 N NaOl- |  for 
3()min at 3T  followed by addition of 82,;ml of 
"Fvrode's buffer containing 0.003q} albumin and 
26 mM IIKPKS. DFP was diluted in Tvrode ' s  buffer 
containing albumin and HEPES.  Hydrolyzed DFP 
was prc, duced by incubating 1 rnl of 10 i M DFP with 
2/)(I ,ul of 2 N N a O t !  for 30 rain at 3T: before adding 
8.8 ml of Tvrodc ' s  buffer. 

Hi~tamim" reh'uw, t l istamine release was inves- 
tigated on d e x t r a n - E D T A  isolated human leukocvtcs 
[6[. l - )cxtran-EDTA sedimcnted cells were washed 
twice with Tvrodc ' s  buffer without Ca( ' l ,  and Mg( ' l :  
except where calcium dependence  was studied. In 
the experiments  designed to measure the calcium 
requirement ,  lcukocytes wcrc washed twice in 
Tvrode ' s  buffer without (-'at'l- and MgCI., and con- 
taining 5 × 1{) ~3,1 [2.DI'A before being suspended 
m Tvrode ' s  buffer without Ca( ' l , .  After  washing. 
cells v,cre rcsuspcndcd in l'vrodc'~s buffer and incu- 
bated with the agents of interest for 611 rain at 37' 
unless othcr'.~isc indicated. After  incubation, cells 
,,yore centrifuged at 14.(1(1(1 g for 1 rain. The histamine 
content of I}.g Illl ~'~f t h e  supernatant  fraction ,.,,;is 
acidified with I).2 ml of IIV/, perchloric acid and 
determined bv the automated  fluorometric method 
[9 i in I)r. l_ichtensicin's hlboratorv ('Fhe Johns l top- 

kins School of Medicine,  Balt imore,  MD).  Each data 
point represents a single histamine determinat ion 
based on the results of three separate samples. All 
experiments  presented in this paper have been repro- 
duced on at least three separate occasions. 

Nicotinamide adenine dinuch'otide tN/I l)*j deter- 
minations. The cell pellet and the remaining (I.2 ml 
of supernatant fraction were extracted overnight with 
0.8 ml of 0.5 N pcrchloric acid and then neutralized 
with (1.2 ml of 2.1} M KOI t--0.66 M potassium phos- 
phate,  p l l  7.,'4. After  removal of the K('I(-)4 pre- 
cipitate by centrifugation at 14.0()Og for 2 min. the 
N A D -  content  was determined t~x an alcohol 
dehydrogenasc cycling assay using 0.5 ml of leu- 
kocyte extract or appropriate N A D "  standards [lll]. 

l,uctate dehydrogena,se ¢I,I)H) det('r, tination~. 
I . D I I  determinat ions  were pert(~rmed b~ use of the 
Sigma reagent kit [111. 

Stati,stical anahsis. Relalixc risk (RR)  was cal- 
culated using the formula 

RR = (n:n.."nl). n:l .n ) 

REbiLI.IS 

DH~-dependent histumine release. The leukocvtes 
of six atopic (three with allergic asthma) and five 
normal wflunteers were mcubated with various con- 
centrations of DFP. Leukocvtcs  from all eleven indi- 
viduals released histamine when exposed to DFP 
concentrat ions between 5 :< I(I 4 and 4 ~<: I0 ~Xl 
(Fig. 1). Leukocvtes  from both allergic and non- 
allergic individuals exhibited maximum histamine 
release at 5 x 10 4 to 10 3 M DFP and inhibition of 
release occurred at 3 × I() ~ M DFP. Two individuals 
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Fig. 1. l)FP-indt,ccd histamine release Irorn mixed human 
h.'ukocvtex. [.cukocvlc~, deri',cd lrom 2 rnl of blood were 
incubated ",~.ith the indicated concentration of agent lor 
60 mm at 37". Each point is the a,,cragc of three separate 
d c t c r m i n ; l l i o n s  and Ix expressed as at pc r ccn l agc  ol total  
histan'lmc. Control tubes released 3'i of their histamine 
v. hich ,.~,as not subtracted Iro111 lhc results obtained lor 
the DFP-treatcd cell',. Total histamine per sample w'a~, 
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Fig. 2. Soman-induced histamine release from mixed 
human leukocytcs. Leukocytes derived from 2 ml of blood 
were incubated with the indicated concentration of agent 
for60 min at 37 °. Each point is the average of three separate 
determinations. Histamine release is expressed as the per- 
centage of total histamine with control cells releasing 6% 
of their total histamine (37.9 ng/ml). The control histamine 
release value was not subtracted from the results obtained 

for soman-treated cells• 

kocytes  to release h i s tamine  when  incuba ted  with 
soman  is re la ted  to the i r  an t i - lgE  s t imula ted  his- 
t amine  release.  A n  individual  who releases less than  
25% of thei r  total  h i s t amine  to an t i - lgE  has a relat ive 
risk of  5.5 tha t  they will re lease less than  25% of 
the i r  leukocyte  h i s tamine  to soman.  An  individual  
whose  leukocytes  release more  than 25% of thei r  
total  h i s tamine  to an t i - lgE  has a relat ive risk of 1.85 
that  this individual ' s  leucocytes  will re lease g rea te r  
than 25% of the i r  h i s t amine  to soman.  A l t h o u g h  
the concen t r a t i on  of s o m a n  that  caused maximal  
h is tamine  release appea red  cons tan t  for most  indi- 
viduals,  the percen t  h i s tamine  release a m o n g  indi- 
viduals var ied f rom 0 to 87% of the total  cellular 
h is tamhte  conten t .  The  leukocytes  f rom three  of 
the  individuals  who were relat ively good h is tamine  
releasers  to soman  (60-87% total  h i s tamine  re lease)  
were cha l lenged on  th ree  separa te  occasions and 
re leased approx imate ly  the same level of h is tamine 
(within 8%) .  However ,  s o m a n  tha t  was hydrolyzed 
(as measu red  by a f luoride specific e lec t rode)  and  
possessed no es terase  inhib i tory  activity failed to 
cause an}' h i s tamine  release (Fig. 2). 

Physos t igmine ,  a relat ively weak revers ible  neut ra l  
es terase  inhib i tor ,  and  pyr idos t igmine ,  a relat ively 
weak revers ible  charged  es terase  inhib i tor ,  bo th  car- 
bama te s  failed to release h i s tamine  at concen t ra t ions  
as high as 10 -2 M. Figure 3 compare s  the abilit ies of 

with allergic a s t h m a  re leased  75 and  86% of thei r  
cellular h i s t amine ,  c o m p a r e d  to the  o the r  nine indi- 
viduals  whose  h i s tamine  re lease  r anged  f rom 39 to 
60%.  

Soman-dependent histamine release. O t h e r  types 
of small  molecu la r  weight  ser ine es terase  inhib i tors  
were e x a m i n e d  to d e t e r m i n e  the i r  abili t ies to release 
h i s t amine  f rom h u m a n  leukocytes .  A n  o rganophos -  
phona t e ,  soman ,  and  two ca r bam a t e s ,  physos t igmine  
and  pyr idos t igmine ,  were  s tudied to measure  the i r  
abil i t ies to cause  h i s t amine  release f rom h u m a n  leu- 
kocytes.  S o m a n  (Fig. 2) caused  a h i s tamine  release 
from h u m a n  leukocytes  s imilar  to tha t  of DFP.  
Soman  was the  most  po ten t  h i s t amine  re leaser  of the  
es terase  inhib i tors  invest igated•  It caused h is tamine  
release at concen t r a t i ons  as low as 9 x I0 --s M and 
showed  m a x i m u m  h i s tamine  re lease  at 3 x 10 -4 M. 
Hi s t amine  re lease  dec reased  progress ively  at con- 
cen t ra t ions  of s o m a n  exceed ing  4 x 10 -4 M. Thir ty-  
four individuals  (bo th  allergic and  non-al lergic)  were 
sc reened  to d e t e r m i n e  w h e t h e r  the i r  leukocytes  
release h i s t amine  w h e n  exposed  to soman  and how 
this re lease c o m p a r e s  to h i s tamine  release when  
exposed to an t i - IgE (Table  1). Only  one  individual  
failed to release a significant a m o u n t  of his tamine•  
It appea r s  tha t  the  abili ty of an individual ' s  leu- 

Table 1. Relationship between the histamine release 
induced by anti-IgE and soman 

Histamine release to anti-lgE 

.+/"} ('7 - .5 ,c 25-50c/t >50% 

Histamine <25C,~ 6 3 3 
Release 25-50c:4 1 5 4 
To soman >50¢4 1 7 4 
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Fig. 3. Comparative abilities of DFP, soman, physostigmine 
and pyridostigmine to induce histamine release from mixed 
human leukocytes obtained from a single individual. Leu- 
kocytes derived from 2 ml of blood were incubated with 
the indicated concentrations of agents for 60rain at 37 ~. 
Each point is the average of three separate determinations 
(bars represent standard deviations). ( 'ontrol release of 
histamine was 6.7(I-" 1.71ng/mlout  of a total of 86.4n#/ 
ml. "[he control histamine release value was not subtracted 

from the results obtained for soman-treated cells. 
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Fig. 4. (A) EI)'IA inhibition of histamine release induced by soman. [.eukoc.~.tes dcmcd  ir~lln 2 ml el 
blood were incubated with the indicated concentration of agent in the presence el ahsencc el 2 ~' III " M 
EDTA for 60 rain at 37 ° . Each point is the average of three separate dctcrminalions (bars represent 
standard deviations). Control histamine release ,,,,as 2.5C: of the total histamine (43.2 ng n'lll. Thc 
control histamine release value was not subtracted from the results obtained for the ",oman-ircatcd cells. 
(B) Calcium dependence of soman-initiated histamine release. Dependence v.iis c,,tablishcd hy washing 
dextran-EDTA sedimented leukocytes twice in Tyrode's buffer containing EI)'I'A to remove all a~ tillable 
calcium (?ells were then added to the incubation mixture containing "lvrodc's I~uller v, ithout (':.l('l, 
The indicated calcium concentrations were added to the incubation mixture, and the abilitx ul 3 :" I(i ~ M 
soman to release histamine was determined. The control histamine release value was not sublractcd 

from the results obtained for the soman-treated cells. Total histamine per tut3c s~as 4114 ng. ml. 

these four esterase inhibitors (soman,  DFP,  physo- 
st igmine,  and pyridost igmine)  to release his tamine 
from leukocvtes derived from the same individual. 
Leukocytes  were  more  susceptible to soman- induced  
histamine release (maximal at 3 × 10 a) than to DFP- 
induced release (maximal at 5 x 10 ~ to 3 × l0 ) M) 
but appeared  to be totally insensitive to the two 
carbamates ,  p.vridostigmine and physost igmine.  

Because all of these compounds  are potent  inhibi- 
tors of acetylchol inesterase ,  carbachol ,  a non-hydro-  
lyzable acetvlchol inesterase  agonist,  and atropine.  
an antagonist  of the muscarinic acetylcholine recep- 
tor. were examined  for their  abilities to release his- 
taminc.  Nei ther  carbachol  nor a t ropine  caused his- 
tamine release at concent ra t ions  be tween  10 ~ and 
10 : M. 

Histamine release by esterase inhibitors by a 
secretory #riecltattism. I-our criteria were usec] to 
establish that the observed histamine release bv 
esterase inhibitors was a secretory process and not 
the result of cell Ivsis: (1) hick of release of cellular 
const i tuents .  (2) inhibition of his tamine release by 
excess esterase inhibitor.  (3) calcium dependence  of 
the inh ib i to r -dependen t  release,  and (4) t empera tu re  
dependence  of his tamine release. Supernatant  frac- 
tions from the his tamine relcase mixturc were 
assayed not only for histamine,  but also for LDI-| 
and N A D ' .  None  of the es terase  inhibitors caused 
release of the cytoplasmic enzyme,  I .DII ,  or of the 
nuclear const i tuent ,  N A D ' .  into the superna tant  
fraction (data not shown).  Soman,  at concent ra t ions  
higher than 2 × 10 ~ (Fig. 2), and DFP,  at con- 
centrat ions  higher than 2 × 10 ~ M (Fig. 1 ), induced 

less his tamine release than Iov,¢r concentra t ions  
which caused peak histamine release. At con- 
centrat ions  higher than 1()-2 M of both soman and 
DFP,  the agents cven inhihited spontaneous  his- 
tamine release (data not shown).  ! t is tamine release 
bv soman was inhibited b', 2 × 10 ~ M E D T A .  indi- 
cating that bivalent cation (calcium) is required for 
histamine release (Fig. 4A).  E D T A  completely 
inhibited the soman- induced  histarnine release e ' ,en 
at the optimal releasing concentra t ion  of soman.  This 
inhibition of E D T A  of soman ' s  ability to release 
his tamine ex tended  to conccnt ra t ions  as high as 
10-: Yl. To cor robora te  that calcium was the impor- 
tant cation,  leukocvtes were incubated with soman 
in the presence  of various concent ra t ions  of calcium 
(Fig. 4B). Soman did not begin to initiate histamine 
release until the calcium ctmcentrat ion reached 
3 x 1(I 4 M. l )FP- induced  hishimine release was also 
shown to be calcium dependen t .  The release of his- 
famine b~ esterasc inhibitors disphiyed a sharp tem- 
perature  dependellce. Figure 5 shov,s that soman,  
the most potent  histamine releaser,  failed to release 
histamine at II, 22, and 46". but \~.as effecti~.'t_ • at 37 :  
relcasing 40<~ nlore hiMamine than did untreated 
controls.  Also noted ~as  the inhibition by son`tan <,if 
the spontaneous  histamine release which occnrred at 
46 ° . Thus.  histamine release induced by >oman. the 
potent  csterase inhibitor,  appe;irs to i~c a physio- 
logical response us iudged b \  the four ;ibovc criteria. 

Kinetics ot II£waminc rclcu,~e t n  c~terct~e iMlibitor~. 
I | uman  leukocytes x~. ere cxposcd to buffer containing 
ei ther  rag',vced antigen t- or ,,oman for II. I. 2 .5 ,  I(I, 
15.31), 6(I. 12(I. :lnd 2411 mill It) s tud \  the time course 
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Fig. 5. Temperature dependence of soman-induced his- 
tamine release from human leukocytes. Leukocytes derived 
from 2 ml of blood were incubated with 4 x 10 a M soman 
for 60 min at the indicated temperatures. Each point is the 
average of three separate determinations (bars represent 
standard deviations). The total histamine per sample was 
83.7 ng/ml, and the values for histamine released by soman 

were calculated independently of controls. 

of h i s tamine  release.  Figure 6 i l lustrates some of  the 
soman  results  which show a relat ively slow release 
of h i s t amine  ( c o m p a r e d  to tha t  of r agweed  an t igen  
E [6]). This  was typical of all the  es terase  inhibi tors  
s tudied.  The  re lease  of h i s t amine  did not  appea r  to 
level off unt i l  60 min.  A l t h o u g h  h is tamine  release by 
soman  was s lower  than  it was by ragweed ant igen E,  
s o m a n  re leased the  same a m o u n t s  as, or  more  than ,  
ant igen E. 

Concomitant inhibition of histamine release and 
cellular metabolism As expec ted ,  these po ten t  ester-  
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Fig. 6. Kinetics of soman-induced histamine release from 
human leukocvtes. Leukocytes derived from 2 ml of blood 
were incubate'd with buffer containing either 3 × 10-" M 
soman or 0.1 ug,/ml ragweed antigen E (AGE) for the 
indicated times at 37% Each point is the average of three 
separate determinations. Control release was the leakage 
of histamine with the time of incubation. The total his- 
tamine per sample was 46 ng/ml. The control histamine 
release value was not subtracted from the results obtained 

for the soman- or AgE-treated cells. 

r 2b  P e ~ e l e \  50 . o - -o  NAD + 
A----A H i s t a m l n ,  

/ °; T' 
, o o e  ' .  I x. 4o 

I 3 0  
'~ I o . :  ? 

z I l i  

g I 20 o 50 

0 

I "--"a't  

O ._//llld i Lllillll I I llJllh i I llill -5 - 4  - -3  - 2  

Concentrct:on of somon (log molor,ty) 

Fig. 7. Comparative effects of soman on leukocyte NAD" 
levels and histamine release. Leukoeytes derived from 2 ml 
of blood were incubated with the indicated concentration 
of soman for 60 rain at 37 °. Each point is the average of 
three separate determinations for both histamine release 
and NAD-.  Percent histamine release was calculated inde- 
pendently of control histamine release which was 4.5c/~.. 
NAD" level in control cells was 245 pmoles/ml and total 

histamine level was 56 mg,,'ml. 

ase inhib i tors  appea r  to have mult iple  effects on 
leukocytes.  At  the  concen t r a t ions  of es terase  inhibi-  
tors  where  bo th  I g E - d e p e n d e n t  and es te rase -depen-  
dent  h i s tamine  release were inhibi ted ,  there  were 
paral lel ,  d o s e - d e p e n d e n t  decreases  in N A D -  (Fig. 
7). The  s teep decrease  in N A D -  levels indicates that ,  
at these  high concen t r a t ions  of soman,  there  was an 
inhibi t ion of me tabo l i sm which could result  in the 
deple t ion  of energy  requi red  for h is tamine  secret ion.  
The  decrease  in N A D -  appears  to parallel  the 
decrease  in the h i s tamine  release at concen t ra t ions  
h igher  than  2 x 10 -a M soman.  DFP  showed a similar 
re la t ionship  of  decrease  in h is tamine  release with 
a decrease  in N A D  + levels. DFP  began  to cause 
h i s tamine  release at 5 × 10 -4 M and reached  its peak 
release at 10 3 M. The  N A D -  levels of leukocvtes  
did not  begin to decrease  until 3 x 1{) 3 M, where  
bo th  h is tamine  release and N A D "  levels d ropped  
rapidly. 

I)ISCUSSION 

The small molecu la r  weight  ser ine es terase  inhibi- 
tors have been  shown to inhibi t  t h E - d e p e n d e n t  his- 
t amine  release (e.g. 5 × 1(I - ~ M  DFP)  from many 
cell types [2-5 I. These  findings resul ted in the for- 
mula t ion  of a mechan i sm requi r ing  the presence  of 
an active serine es terase  for secret ion of his tamine.  
DFP  has also been  shown to inhibi t  desensi t iza t ion,  
resul t ing in e n h a n c e m e n t  of I gE-dependcn t  his- 
t amine  release ( < 5  x 10 a M  D F P ) [ 7 ] .  The  present  
work demons t r a t e s  a third role of the es terase  inhibi- 
tors  in the release of h i s tamine  and  offers an a l terna-  

iP I~ : . : l  > 
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ti~c exp lana t ion  for inhibi t ion of h is tamine  release 
bx cs terase  inhib i tors  at high concen t ra t ions  as 
repor ted  in the l i tera ture  [3 I. An  a l te rna t ive  reason  
for inhibi t ion of h is tamine  release by high con- 
ccn t ra t ions  of these o r g a n o p h o s p h a t e  ser ine es terase  
inhibi tors  may be that  these c o m p o u n d s  directly 
in terfere  with cellular me tabo l i sm or inhibi t  an 
enzyme requi red  for energy  product ion .  This  study 
also shows thvt  these es terase  inhibi tors  are potent  
h is tamine  releasing agents .  Not only was DFP,  an 
o rgan t )phospha le ,  a po ten t  releaser ,  but  soman ,  an 
t~rganophosphonate ,  was also effective at l ibera t ing 
h is tamine  from h u m a n  leukocytes .  Since soman  was 
m~st effective at causing h is tamine  release and is a 
more  potent  es terase  inhib i tor  than DFP,  it was 
~tudicd as an example  of this class of compounds  
to d e m o n s t r a t e  that  h i s tamine  release occurs  by a 
physiological  mechan i sm.  Soman  did not  cause the 
rele~,se of e i the r  L D H  or N A D -  from leukocytes .  
indicat ing that  leukocvtes  were not  undergo ing  gen- 
eral ized cell Ivsis. Since basophi ls  compose  such a 
small pe rcen tage  of the h u m a n  leukocyte  popula t ion .  
preferent ia l  lvsis of basophi l s  could not  be ruled out.  
The re fo re ,  o the r  cri teria had to be employed  to 
study' the release mechan i sm:  cellular N A D *  levels, 
t e m p e r a t u r e  and  calcium d e p e n d e n c e ,  and  high dose 
inhibi t ion.  Our  data  indicate tha t  there  was no 
decrease  in cellular levels of N A D "  until  the con- 
cen t ra t ion  of inh ib i to r  exceeded  the concen t r a t ion  
requi red  for m a x i m u m  his tamine  release (Fig. 7). 
I lowever ,  p referen t ia l  basophi l  lysis would not be 
expected  to exhibi t  such a sharp  t e m p e r a t u r e  opti- 
mum as sh(~wn for inh ib i to r - induced  h is tamine  
release (3T) .  F u r t h e r m o r e ,  lysis-induced release 
~ o u l d  be expec ted  to be g rea te r  at 46 ° , whereas  
the results show that  the soman- induced  h is tamine  
release was, in fact. inhibi ted .  These  es terase  inhibi-  
tors also exhib i ted  a calcium d e p e n d e n c e  similar to 
that of o the r  physiologic h i s tamine- re leas ing  agents  
[~'q. The  most  impor t an t  cr i ter ion cons idered  to elim- 
inate nonspecific cell lysis was inhibi t ion of  h is tamine  
release by an excess concen t r a t i on  of es terase  inhibi-  
lors. The  excess inhib i t ion  is not consis tent  v,.ith the 
exp lana t ion  that  ]ov,er releasing concen t ra t ions  of 
cs terasc  inhib i tor  would e n h a n c e  ]vsis. t t oweve r ,  it 
should  bc no ted  that  high concen t ra t ions  of es terase  
inhibi tors  also caused a decrease  of cellular N A D -  
levels, in parallel  with inhibi t ion of h is tamine  release 
(Fig. 7). All of these results  arc cons is tent  with the 
not ion that  the es te rasc - inh ib i to r - induced  h is tamine  
release is physiological  in na ture .  

"lhesc es lerasc  inhib i tors  appea r  to have mult iple  
effect,,, since they e n h a n c e d ,  ini t ia ted,  or inh ib i ted  

h i s tamine  release,  depend ing  on thei r  concen t ra t ion .  
At  concen t r a t ions  where  they inhib i ted  h is tamine  
release,  they also caused a dep le t ion  of leukocyte  
cellular N A D -  to less than  50% of control  levels. 
This obse rva t ion  indicates  tha t  these high levels of 
inhibi tors  cause p ro found  metabo l ic  effects [12]. It 
appears  that  these  small  molecular  weight esterase 
inhibi tors  inhibi t  two or more  esterases.  One  of the 
es terases  appea r s  to involve a control l ing  mechan i sm 
conce rned  with h i s tamine  release.  By inhibi t ing this 
regula tory  es tcrase ,  the desensi t iza t ion process is 
inhibi ted.  The  present  stud}' also demons t r a t e s  that  
slightly h igher  concen t r a t ions  of inhibi tor  can. in 
fact, induce direct  h i s tamine  release.  These  inhibi- 
tors appea r  to affect ano the r  es terase  which regulates  
h is tamine  release.  This  es terase  does not appear  to 
require  pr ior  ac t ivat ion (unless the basophi l  enzyme 
is act ivated dur ing  the isolat ion process [13]). As a 
result  of these  studies,  our  concept ion  of the mech- 
anism of regula t ion  of h is tamine  release will have to 
be modi t ied  to include an es terase  whose  activity 
appears  to cont ro l  the a m o u n t  of h is tamine  which a 
cell will release,  
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