
EFFECTS OF ADRENERGIC AGENTS, THEOPHYLLINE 
AND OTHER DRUGS ON DEXTRAN EDEMA AND 

HISTAMINE RELEASE IN RATS 

Abstract---Prctrentment of rats with various ~ate~ho~~min~s. theoph~llin~ and dil~utyr~l 
cvclic AMP decreased the reaction to dextran and reduced the associated release of hista- 
r&e into the plasma. Protection by the catecholamines was inhibited by the /$-blocker. pro- 
pranolol. Some of these protective drugs owed their effectivenessin large part to the produc- 
tion of hyperglycemia. However. it appeared likely that they also acted directly on the mast 
cells to prevent the release of histamine and other vasoactive factors. as previously observed 
irk c,ino. Phenoxyhenzamine, nicotinamide and ethanol also afforded protection not explain- 
able by effects on blood sugar. 

THE RELEASE of histamine from rat mast cells by dextran. like a~~~phylacti~ histamine 
release,’ was found to be inhibited in ritro by drugs that can increase intracellular 
cyclic AMP.” However. there have been few studies to determine if the same types 
of drugs also prevent release of histamine in oivo. We investigated this question by 
testing the drugs in rats treated with dextran. An intravenous injection of dextran 
in the rat causes an acute anaphylactoid reaction, characterized by edema. hypoten- 
sion and collapse.” The reaction is caused by the discharge of histamine, serotonin 
and perhaps other vasoactive factors from the tissue mast celkG7 For the purpose 
of this study. the protective effect of various drugs was assessed by the ability to sup- 
press histamine release into the plasma and the development of anaphylactoid symp- 
toms after dextran treatl~ent. A further question which was investigated was whether 
hy~~erglycei~i~~ induced by the drugs contributed to the protection observed it? fi~o. 

METHODS AND MATERIALS 

The rats, Spr~lgue--Hawley females, about 125 g, were fed a normal pellet diet with 
water u;d lib. Germ-free rats (Sprague-Hawley) were obtained from the Division of 
Research Services, NIH, and were used inlnlediately. 

Dextran (Pharmacia, average mol. wt. 2 x iOh), 50 mg. and Evans blue dye, 1.5 
mg. were administered simultaneously into the vein in I ml saline. In some exper- 
iments, dextran with a covalently linked dye (Blue Dextran) was used. so that the 
persistence of dextran in the plasma could be easily detected. 

The rats were pretreated with saline or various drugs. The doses and routes of 
~ld~n~l~;str~~tion are given with the results. The doses r&r to the ~~tll~)~ll~t 
~idministered to a 125 g rat. Drugs were given 10-30 min or, in the case of phcnoxy- 
benzamine. 2 hr before dextran. Compound 48/80 was administered four times over 
48 hr. with the last dose 4 hr before dextran. Nicotinamide was given in S”,, solution 
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and ethanol in XI”,, solution. Glucose was givrn in 5- W,, solution bq stomach tuhc 
(Lg.) 1 S--30 min before dextran injection. This route was chosen in order to obtain 
a sustained and stable elevation of blood glucose. A large dose (2.5 3 in 5 n-21) was 
adopted in the study of cllects of various pr~tre~lt~~~~ilts on the dextran rcnction. 
Smaller doses (0.12 to 25 g in 5 ml) were used to determine the level of blood glucose 
required to protect against dextran. 

In some experiments rats received I.-tryptophan (6.5 mg) i.p. 15 min hcforc 
administration of the drugs to inhibit hyperglycemia.” A few rats in which hypoglyce- 
mia occurred were discarded. 

‘3%~ reaction to dcxtrnn after 10 min u’as zz~~cd \isuaIly 13) netting the dcgrco 
of swelling and blueing, prostration. and evidencu of hcmocotlcenrration ~dif~~ult~ 
in obtaining blood from the aorta and decrease in volume of plasma). The usual dose 
of dextran ~nv~rj~b~~ ~~rod~lced a severe reaction (which is described later) in tm- 
treated rats. Because grading the reactions was subjective and di~cl~lt to document. 
the ~oI~owi~g procedure was adopted to compare reactions in different groups. The 
reaction in each rat was classified as “no reaction”. ‘“moderate reaction” (edema. 
blueing and prostr~~tio~l ~olls~derabl~ less than that produced by dextran alone) or 
“severe reaction” (not ctenrly dj~er~nt from the normal dextran reaction). The per- 
centage of rats falling into each category was then calculated. Protection was evident 
when some or a11 of the rats fell into the “moderate reaction” or “no reaction” cate- 
gories. Reactions after shorter times were graded I?! ~(~nli~~~~-~sotl with similar reac- 
tions in control rats and by ev~~l~i~~tiIig the subsequent CWI-so. 

Blood samples (0.3 ml) were taken from the tail immediately before the dcstran 
injection and nt 5 -,I0 min t]~er~~I~ter. Each sample was delivered into 4.0 ml of ice- 
cold water, and proteil~~free fiitrates were ~~rolnpti~ prepared for glucose d~~er~~il~~~- 
tions. At the end of the experiment (30 min after dextran), ;I lurgitr volume of’ blood 
was drawn into a heparinized syringe from the abdominal aorta, after the rat had 
been anesthctizcd with Nemhutal. The blood was centrifuged at 4 and the plasma 
was ~el~~lr~~tcd and stored at - 15 for his[~~~l~iil~ assay. 

Small pieces of skin and sllbcLit~ii~e~lis tissue wcrc taken l’rom the I’ront feet in some 
experi~n~r~ts for microscopic ~~~tt~~n~~tioli. The tissue tvas stiiincd sLl~?r~lvit~tll~ with 
neutral red or toluidinc hlt~c and examined for degranuI:ttion of mast cclIs. Standard 
squares of skin were removed from the abdomen for assay of ~~ist~~~~i~~~. 

Blood glucose was determined by the enL!;matic Clucostnt mcthoct (~/~~rtl~ii~~t~~~~ 
Chemical Co., Freehold. N. J. 077% ). after precipitation of proteins with barium hyd- 
roxide and zinc sulfate. Values were verified in some samples b> the copper reduction 
method of Nelson.” 
PIasma and tissue lli~t~ln~ii~e was det~r~l~~ll~d by the ~~l~~~~~~~t~~ ~~ro~~d~lre 01 

Snyder ci G!. “) as modifed by Beaven iat ~1.” ’ 111 this procedure, hist~lI~liI1~ is con- 
verted to ~‘“CI-m~thylhistamine by incubation with ’ *C(methq~ltgndcnc,s~fnlCt1Z- 
ioninc and l?istamine-rV-methyltransfer~~se :trtd the labeled amine extracted for assay 
of i ‘C. The nlet~lod is specific and permits assay of n~~l~~~~r~lrn ~~I~~~Llnts of ~~~st~~rni~~~. 
The presence of Evans blue or the various drugs in plasma did not interfere with 
the assay. 

C’rystallinc ~-iso~~roteren~~l WCI was obttlined From Sterling ~il~ti~r~~~~ Labora- 
tories. p~?et?ox~/ben~~lrn~ne WC1 from Smith Kline & French ~~~bor~t~~ri~~. Nr’. O”- 
dihut~rq,ladenosine llion~~~~llosph~~te Nn salt (dit?ut~r~~ cyclic AMP) from Boeh- 
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ringer Mannheim Corp., and 48/80 (lot 46664) from Burroughs Weldome & Co. Pro- 
pranolol WC1 was from Imperial Chemical Industries. Ltd., I-epinephrine HCI from 
Parke, Davis & Co., and I-norepinephrine bitartrate from Winthrop Laboratories. 

RESL’LTS 

Drxtr’utr wutctio~ irt noosed wts. After dextran injection. the classical reaction de- 
veloped. Uneven swelling of the feet and other parts of the body began within 3 5 
min and confluent swelling of the feet was evident by 10 min. Diffusion of the Evans 
blue into tissues ~~~~o~ip~~l~ied the edema. The reaction reached a peak in about 20 
min, at which time there was h~p~~te]~sioIl. l~einoco~~ce~~tr~~tio~~ and prostration. A 
slow recovery of the rats then ensued, ~~ltl~ough dextrart was still present in the circu- 
lation. Plasma histamine levels also increased to a maxim~lm by 20 min and then 
declined as the rats were recovering (Fig. 1). Intact mast cells were still present in 
the skin after the reaction reached a peak, and abdominal skin histamine levels 
ranged from 29 to 66 pg/g (n = 4) compared with 24.48 ,Llg/g (82 = 4) in untreated 
rats. These data indicate that a substantial part of the mast cell histamine stores in 
certain areas remained intact. 

TIME AFTER DEXTRAN INJ. (min) 

FIG. 1. Time course of plasma histamine level after intravenous injection of dcxtran in control rats and 
in rats that hnd been prctrwtetl with epinephrine. theoph>lline or compound 48:8(X 

Germ-free rats reacted to dextran in the same manner and degree as did normal 
rats. The dextran reaction therefore did not appear to depend on prior sensitization 
by bacteria. 

lZ@ct qf‘rfruys an file dewran twcrion. In the course of this study, various doses 
and times of pretreatment were tested. To simplify presentation, some of the data 
have been pooled in Table 1, since the drugs appeared to be equally effective over 
the range included. The average interval before dextran was IS-20 min for theophyl- 
line, dibutyryl cyclic AMP, epinephril~~ (01 mg) and isoproterenol(O.1 to 0.2 mgt and 
about 25 min for the other drugs and doses with the exceptions already stated. 

The incidence and severity of the dextran reaction as well as release of llistarnii~e 
into the plasma were greatly reduced after pre-treatment with epinephrine (Table 1, 
Fig. I). Isoproterenol was much less effective and, even after large doses, moderate 
reactions often occurred (Table I). Norepinephrine in large doses was also effective. 
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TABLE 1. REACTION OF RATS TO MXTKAN AFTER PKETWATM~NT WI H st.Lr c IN DKWS 

Drug 

Pretrcatmenl 

Route 
DO%! 

(me, 

Response to destran (after 20 min) 
_ 

Reaction Plasma histnminc” 

No. of None Moderaw Severe <‘oncn 
rats (“J (“J (“J No. (nglmll 

None (no dextfan) 
None 
Epincp~rine 
Epinephrine 
Isoprotcrenol 
Isoproterenol 
Norepinephrine 
The~~ph~llitlc 
Dihutyryl-cyclic- 

AMP 
Phcnoxyhenzaminc 
Nicotinamide 
Ethanol 
Compound 4x30 
I,-Glucose 
Insulin 

SC. 

S.C. 

SC. :i.p. 

s.c. ;i.p. 
s. c. 
i.17. ;i,v. 

i.v. h -8 
iv. 0.X 
S.C. 150 200 
i.p. 460 960 
i.p. 4 x 0.125 
i.p. ‘500 
S.C. 6 X units 

04175 
0.1 
0.1 0.2 
fxl 

0. I s- 0.2 
10 

* Values arc mean 2 S.D. Plasma histamine was not mcasured in all experiments, but the animals in 
which it was measured appeared to be reprcsentativc of all the animals treated similarl\i. 

? Significantly different (P < 0~03~ from deutran result without prctrcatmcnt 

The B-adrenergic blocker, propranolol (0.5 mg, s.c.). virtually abolished the protcc- 
tive effect of epinephrine, whereas the x-blocker, phenoxybenzamine (0.5 to I.5 mg, 
i.g.). did not (not shown). The blockers alone, as employed with the catecholamines, 
may have had some effect on the dextran reaction, and phenoxybenzamine. OX mg 
intravenously, completely prevented reactions and histamine release. 

Theophylline in doses of IO--l2 mg/rat prevented severe reactions and release of 
histamine (Table 1, Fig. 1). Dibutyryl cyclic AMP also exerted a significant protective 
effect, although its effectiveness was variable. Nicotinamide in doses of lSO-2X~ mg 
afforded almost complete protection, and large doses of ethanol gave partial protec- 
tion. Among other tested drugs not included in Table 1. glucagon. hydrocortisonc 
and ACTH appeared ineFfective. 

Pretreatlnent of the rats with compound 48/X0, which lowered the skin hist~lniinc 
to 13 ,~tg/g (range X-16). did not prevent the reaction to dextran, but did abolish the 
rise in plasma histamine levels (Table 1. Fig. i ). 

Glucose in large doses (2500 mg) prevented severe reactions and histamine release. 
Insulin, in contrast, enhanced release of histamine (Table 1). 

Role t?f‘h~p~~~l~~(~,nicr. The studies with large doses of glucose (2.500 mg) indicated 
that hyperglycemia alone could inhibit the dextran reaction. Experiments with 
smaller doses of glucose (120--X00 mg) resulted in variable increases in blood glucose 
(Fig. 2), and only rats with levels of 150 mg:lOO ml or greater were protected against 
dextran. As shown in Fig. 2, blood glucose rose above 150 mgjlO0 ml in certain rats 
after treatment with epinephrine, dibutyryl cyclic AMP and theophylline. However. 
in some of the animals receiving each of these drugs as well as the other drugs shown 
in Fig. 2. blood sugar did not exceed 150 mg;lOO ml and the animals were fully pro- 
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THEOPHYLLINE 

TM AFTER DEXTRAN INJECTION (mm) 

FIG 2. Changes in blood glucose and the response to dextran in individual rats pretreated with glucose 
(0.12 to 2.5 g) and various protective drugs. The horizontal line, 150 mg/lOO ml, depicts the level of blood 
sugar which appeared to prevent severe anaphylactoid rcacnon in the group of glucose-treated rats. The 
assumption was made that in animals whose blood sugar remained below this level, the protection after 
drug treatment was not through changes in blood glucose. Several rats received drug doses which differed 

from the usual dew shown. 

tected. In other experiments (not shown) rats received theophylline, IO-12 mg, and 
were protected, but the blood glucose level when dextran was injected was only 126 
i 15 mg/!!‘tOO ml (n = 6). Ethanol produced no increase in blood sugar, and nicotina- 
mide caused little increase. 

Some rats were given ~_-tryptophan without loss of protection. Blood glucose levels 
in these rats remained relatively low. 

Glucose levels in blood taken from the aorta at the end of the experiments were 
conside~dbIy higher than those in the earlier tail-vein samples, even in rats not pre- 
treated with any drug. These high values may have been due to the removal of large 
amounts of blood and to anesthesia, and for this reason have not been included in 
Fig. 2. The correlations of dextran reactions and blood glucose levels involved a 
degree of uncertainty, because of the dynamic aspects and the necessity of grading 
early lesions or assuming stable glucose Ievels. 

It is of interest that many of the rats that were protected by drugs never developed 
definite reactions to the dextran, even after effects of the drugs had worn off and des- 
pite the fact that dextran could still be demonstrated in the plasma. 

DISCUSSION 

The basic rnecilanisl~ by which dextran acts on the mast cells is still unclear, but 
its action is reminiscent of ~ln~~phylaxis.z~i ? and the presence of antibodies to dextran 
is one possible mechanism. Antibodies to dextran have not been found,13 however, 
and, as the present study showed, the reaction occurs in rats that have not been 



exposed to bacteria. The dextran-ind~lc~d histamine release and a~~~t~~~~yl~~ctoid reac- 
tion are prevented by pretreatment with glucose and are enhanced by pr~tr~~Itrn~nt 
with insulin. as shown by this and earlier studies by Goth cf uI.” and by Adamkicw- 
icz and Sacra.” Dextran is a glucose polymer and glucose is thought to protect b> 
competing with dextran for mast cell receptors.‘” However, there is some evidence 
that glucose may inhibit various immune reactions it? cico. ’ 5.1 ’ I” 

The present studies show that the same types of drugs that inhibit histamine 
release by dcxtran ir? zitd also inhibited histamine release and development of ma- 

phylactoid symptoms in L+W. The effectiveness of epinephrine has been observed prc- 
viousiy in cir~.‘~ but its mode of action was not determined. It is likely that these 
drugs protect by preventing the discharge of ilistarnirl~ and other vasoactive sub- 
stances from tissue mast cells. Although these drugs are capable of acting dire&?; 
on mast cells it? rifto, possibly through the cyclic AMP system. other factors ma! 
come into play in ci~‘o. Because many of the drugs are 1lyperg~yceKnic agents, effects 
on blood sugar were specifically investigated. By comparison with effects of glucose. 
the increases in blood sugar produced by the drugs appeared to be insulficicnt. in 
various degrees, to account for the level of protection observed. It U;IS impossible, 
however, to assess precisely the role of hyperglycemia and of other possible indirect 
effects of the drugs irl tliro. 

Although the same drugs were effective ill ~irro and irk ri~o, quantitative differences 
were noted. 1~ tlitr~, inhibition of histamine release by the catecholamines was never 
complete (usually less than 50 per cent), whereas. irl I?W, complete protection was 
observed in some instances. Another discrepancy was that isoproterenol was more 
effective than epinephrine in rirr~, but much less effective irr riro. These discrcpancics 
were undoubtedly explained in part by the presence of glucose in various amounts 
in z:iz:o. Distribution and metabolism could also alter the cffectivcness of these com- 
pounds ir? biro. Dibutyryl cyclic AMP was less efTective in r+t-r~ than might have been 
expected from results ir7 rim, despite its strong hyperglycemic action. 

Of the c~ltechol~~nlines investigated. epinephrine was p~~rticul~lrIy effective. Studies 
with adrenergic blocking agents suggested that the protection was through a /Leffect. 
as previously suggested.’ ’ 

The protection which in some cases persisted after p~~~~rlnacolo~ic~ll effects of the 
drugs had subsided. presumably resulted from desensitization of the mast cells to 
dcxtran during the time that the drugs wcrc cfl&tivu. as noted irl c.jtr.cr.” 

Although the present results are consistent with the concept that histamine rcleasc 
is regulated through intracellular cyclic AMP. this may not be the only mechanism 
Drugs which have no known action on the cyclic AMP system, such as ethanol and 
nicotinamide. achieved considerable protection. as they also did irt r~iwo.’ 

Factors other than histamine have been implicated in the ~~ilapt~y~~~ctoid reac- 
tion.‘.’ and the present observation that dextran produced reactions accompanied 
by little histamine release in rats pretreated with 48/80 supports this concept. Most 
of the other drugs, however, changed histamine release and ~tn~lpllyl~l~toid reactions 
in parallel fashion. showing that h~st~rni~~ and the other factors are controlled by 
common mechanisms and that liistamine release generalIy reflects release of all the 
factors. 
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