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Elevated Blood Glucose after Compound 48/80 Treatment Is Not Related
to Hepatic Mast Cell Degranulation in Rats'? (42425)
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Abstract. Blood glucose, hepatic glycogen, and the histological integrity of hepatic mast cells,
were evaluated in anesthetized rats receiving iv injections of 0.125 mg/kg body weight compound
48/80 (a mast cell degranulator) and/or of 0.001 to 10.0 mg/kg body weight lodoxamide tro-
methamine (an inhibitor of mast cell degranulation). A nonglucogenic dose of lodoxamide, 0.001
mg/kg body weight, prevented dissipation of histochemically demonstrable fluorescence in mast
cells (degranulation) without inhibiting compound 48/80-induced hyperglycemia and hepatic
glycogenolysis. These results suggest that this glucotropic response is independent of compound

48/80-evoked release of mediators such as serotonin from mast cells.
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Even though many functions of the mast
cell have been identified, the complete scope
of its activity remains a mystery and the “rid-
dle of the mast cell” continues unsolved (1).
As each component of the mast cell was dis-
covered, the proposed function(s) of these cells
was modified (2). In 1938, when heparin was
identified as a constituent and widely accepted
as the final answer to Ehrlich’s “riddle,”
Michels listed 25 hypotheses of mast cell func-
tion (3). With the addition of histamine in
1952 (4) and serotonin in rodents in 1955 (5),
the list was revised even further (see 1, 2, 6-9).

Previous studies from this laboratory indi-
cated that compound 48/80, serotonin, or en-
dotoxin produce microvascular constriction
and decreased (lobular) perfusion in the liver
of rats (10~12). Lodoxamide tromethamine,
an inhibitor of mast cell degranulation (13),
reversed the compound 48/80- or endotoxin-
elicited responses, thereby providing putative
evidence, implicating mast cell constituents in
the generation of low flow (10-11). The results
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of these investigations also suggested that mast
cells stimulated systemic hyperglycemia by
triggering hepatic glycogenolysis during con-
ditions of hypoperfusion (14). Exogenous ad-
ministration of two mast cell mediators, se-
rotonin or histamine, each elicited hepatic
glycogen hypercatabolism with resultant hy-
perglycemia (15, 16). In addition, the well-
known secretogogue, compound 48/80, pro-
voked such glucoregulatory dyshomeostasis
(17). These results raised the unresolved ques-
tion as to whether compound 48/80-induced
glycogenolytic responses were mediated by re-
leased mast cell constituents (17). The current
study was designed to answer this question by
utilizing lodoxamide tromethamine to inhibit
mast cell degranulation and mediator release.

Materials and Methods. Animals and phar-
macology. Sixty-one male Sprague-Dawley
rats (260-425 g) that had been fed ad libitum
were anesthetized with intraperitoneal (ip) in-
jections of urethane (2.0 mg/g body wt). One
carotid artery was cannulated to collect sam-
ples of blood for determinations of glucose.
Experimental drugs were given by femoral in-
travenous infusion in 0.5 ml of Ringer’s so-
lution as a carrier per 100 g body weight. Rats
were injected twice; the first injection was
given 5 min prior to the second. The doses
and intervals chosen for injection were based
upon results of previous studies (10, 13, 14,
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TABLE 1. MEAN BLOOD GLUCOSE, HEPATIC GLYCOGEN, AND NUMBER OF FALCK-HILLARP POSITIVE MAST

CELLS IN RATS FOLLOWING INJECTION (iv) WITH RINGER’S SOLUTION (0.5 ml/100 g), LODOXAMIDE

TROMETHAMINE (0.001 TO 10.0 mg/kg), AND/OR COMPOUND 48/80 (0.125 mg/kg)”

Time (min): 0 5 15 20 25 35 35 35
Treatment
Second Hepatic
Ist injection injection glycogen Mast
(time 0) (5 min) Blood glucose (mg/dl) (% wet wt) cells
Ringer’s Ringer’s 194 204 222 225 228 231 4.19 392
(n=25) (13) (16) (20) (26) 23) (20) 0.42) 7)
Lodoxamide
(mg/ke)
0.001 (n=06) 117 182 176 178 180 192 4.25 418
4) (10) (6) @) (7) (8) 0.37) (14)
0.01 (n=15) 207 226 256 266 284 316 4.29 439
(16) (16) (17) 20) 21) (15) (0.34) )
0.1 (n=15) 232 252 284 302 316 338 3.74 425
asy (19 a4  (10) ©® 12 (0.55) (12)
1.0 (n=4) 168 188 230 228 248 256 5.61 446
(12 @y (32  @6) 3D @43 (0.55) (14)
10.0 (n=15) 228 216 258 276 292 318 4,70 440
(17) (20) (17) (18) (20) (24) (0.34) (6)
Ringer’s Compound 210 222 281 303 342 367 2.41 179
48/80 (20) 21 (18) (16) (16) (32) (0.18) (8)
(n=16)
Loxamide
(mg/kg)
0.001 (n=17 188 194 246 267 284 282 2.87 456
(14) (13) ()] (18) (20) (22) (0.48) (14)
0.01 (n=75) 238 248 274 304 312 336 2.36 396
(15) (14) (12) (12) (14) (22) (0.53) (18)
0.1 (n=Y5) 196 204 212 242 270 286 3.28 436
(13) (15) (16) (17) (18) (12) (0.25) (10)
1.0 n=4) 173 173 218 240 284 303 2.95 229
(16) (24) (40) (40) (50) (50) (0.24) (1)
10.0 (n=4) 205 208 240 — 268 300 3.36 440
21) (20) (16) — (11) (11) (0.17) (8)

¢ Values are means (+SEM) for the number (n) of rats per treatment regimen.

17-20). The solutions administered® and the
number of rats injected are given in Table I.
Biochemistry and histochemistry. Blood
glucose was measured prior to the first injec-
tion, and at 5-, 15-, 20-, 25-, and 35-min in-
tervals thereafter. The 5-min reading was made
Just prior to the second injection. Because
multiple samples were taken from each rat for
glucose determinations, dextrostrips (Ames
Co., Elkhart, Ind.) and an Ames eyetone re-

3 Compound 48/80 was purchased from Sigma Chem-
ical Company, St. Louis, Missouri. Lodoxamide trometh-
amine was generously donated by The Upjohn Company,
Kalamazoo, Michigan.

flectance meter were used, for they require
only a single drop of blood (<0.1 ml) for anal-
ysis (14). To ensure accurate sampling, blood
(0.5 ml) within the arterial cannula was re-
moved prior to, and reinfused following, the
sampling procedure. Glycogen was measured
in samples of liver taken at 35 min using a
phenol-sulfuric acid method (14). To deter-
mine the number of serotonin-containing
(Falck-Hillarp positive) mast cells in portal
areas, sections of hepatic tissue were prepared
and analyzed according to procedures de-
scribed by Dimlich and co-workers (14, 21).
Analysis of data. Differences among glucose
values (mg/dl) and the number of hepatic mast
cells were determined using a one-way analysis
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of variance (ANOVA) at no less than the 95%
level of confidence. For results that were sig-
nificant, Duncan’s multiple range test was used
to indicate which values were statistically dif-
ferent among control and experimental groups
(22). Since hepatic glycogen values are repre-
sented as percentage wet weight, hepatic gly-
cogen data also were analyzed by ANOVA
following an arcsine transformation and ap-
plication of Anscombe’s correction (23).

Results. Circulating blood glucose increased
and hepatic glycogen content decreased sig-
nificantly in rats treated with compound 48/
80 when compared to control (Table I, Figs.
1, 2). All doses of lodoxamide, except 0.001
mg/kg, also caused an increase in blood glu-
cose without a concomitant decrease in stored
hepatic glycogen (Table I, Figs. 1, 2). Fur-
thermore, glycogen was not significantly af-
fected by treatment with 0.001 mg/kg lodox-
amide (Table I, Fig. 2). Pretreatment with the
nonglycemic and nonglycogenic dose of lo-
doxamide (0.001 mg/kg) did not modify com-
pound 48/80-induced systemic hyperglycemia
and glycogenolysis (Table I, Figs. 2, 3).

The mean number of serotonin-containing
fluorescent cells in rats treated with compound
48/80 was significantly less than control (Table
I, Fig. 3). In rats injected with 0.01, 1.0, or
10.0 mg/kg lodoxamide, the mean number of
fluorescent cells was significantly greater than
control (Table I). However, the number of cells
in rats receiving compound 48/80 plus lodox-
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amide at all doses except 1.0 mg/kg was not
significantly different from control (Table I,
Fig. 3).

Discussion. A number of drugs, including
antihistamines and agents that prevent the re-
lease of histamine from mast cells, have been
used to treat allergic diseases (19, 20, 24, 25).
One of the most promising of these drugs, so-
dium cromoglycate, has some disadvantages;
it does not show oral activity (13) and some
asthmatics fail to benefit from aerosol treat-
ments with this agent (26).

A newer drug, lodoxamide tromethamine
(U-42,585E) [N,N-(2-chloro-5-cyano-m-
phenylene) dioxamic acid, dithan salt] (26),
has oral activity and is 2500 times more effec-
tive than disodium cromoglycate as an inhib-
itor of mast cell-mediated passive cutaneous
anaphylaxis (13). Lodoxamide has been stud-
ied extensively with respect to its effect on his-
tamine release from in vitro preparations of
peritoneal mast cells in rats (13) and on lung
function in IgE-mediated diseases in primates
and humans (18, 26). These studies indicate
that the major disadvantage encountered using
lodoxamide is its nonlinear dose-response re-
lationship.

The present study produced similar results.
The numbers of mast cells counted in the livers
of rats treated with lodoxamide (0.01, 1.0, or
10.0 mg/kg) were significantly greater than in
those of nonpretreated (control) rats. Further-
more, all but the 1.0 mg/kg dose of lodox-
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FIG. 1. Mean blood glucose concentrations (mg/dl) following treatment (iv) with (a) Ringer’s solution,
(b) lodoxamide (0.001 mg/kg), and/or (c) compound 48/80 (0.125 mg/kg). Note that lodoxamide alone
does not affect blood glucose levels and that pretreatment with lodoxamide does not prevent compound 48/
80-induced increase in blood glucose. Range SEM, +4-32; range coefficient of variation, 6-36.
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FIG. 2. Mean hepatic glycogen (% wet wt) in rats 35
min after injection (iv) of (a) Ringer’s solution (control),
(b) lodoxamide (0.001 mg/kg), and/or (c) compound 48/
80 (0.125 mg/kg). Note the significant difference (P < 0.01)
in glycogen content between rats treated with compound
48/80 alone when compared to rats treated with Ringer’s
or lodoxamide alone. Also note that glycogen in rats stim-
ulated by compound 48/80 were not different from those
in rats treated with lodoxamide and compound 48/80.
Range SEM, +0.18-0.54; range coefficient of variation,
10-50.

—

amide prevented compound 48/80-induced
loss of fluorescence. Lodoxamide at every dose
except 0.001 mg/kg produced an increase in
blood glucose in a nonlinear manner. Since
lodoxamide at 0.001 mg/kg inhibited mast cell
degranulation and was not glycemic, it was
used to evaluate the relationship among he-
patic mast cell degranulation, hyperglycemia,
and hepatic glycogenolysis. The ability of this
dose to prevent dissipation of fluorescence (i.e.,
mast cell degranulation) without suppressing
the glucotropic effect of compound 48/80 sug-
gests that (a) release of mast cell constituents
does not mediate compound 48/80-induced
hyperglycemia and hepatic glycogenolysis, and
(b) provocation of a glycemic response to stress
is not a function of the mast cell.

Care was taken to prevent the production
of artifacts when using histochemical methods
to quantify serotonin-containing cells within
sections of liver. Although older rats have more
mast cells than younger ones (27, 28), rats in
this experiment were paired with controls of
similar size and weight, and therefore age. As
a result, differences in number of cells counted
should not be due to variations in this param-
eter. Shrinkage due to freeze-drying that as in
fixation might affect cell counts (29) was con-
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trolled for by comparing sections of control
with experimental tissue. Shrinkage of cells
that might occur due to compound 48/80 was
not evident when rats were treated with as
much as 0.5 mg/kg iv compound 48/80 (30).
Therefore, compound 48/80 at half that dos-
age should not affect cell size. Another safe-
guard limiting erroneous cellular counts was
restricting quantification to portal areas of
standardized cross-sectional area in liver sec-
tions of fixed thickness (10 um) (21). However,
since quantitation is dependent on the con-
centration of mediator, it is conceivable that
the apparent increase in the number of cells
may be due to a lodoxamide-induced uptake,
synthesis, and/or storage of mediators in cells
that ordinarily would not be visualized and
counted in nonpretreated sections. Since
quantitation also depends on the total number
of cells found in the microscopic field of eval-
uation and since mononuclear leukocytes have
been seen adhering to endothelium in asso-
ciation with hepatocytes in lodoxamide-pre-
treated rats (31), apparent increases in flu-
orescent cells might be attributed to an influx
of circulating precursors destined to become
connective tissue mast cells (32).
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FIG. 3. The number of hepatic mast cells as determined
by the Falck-Hillarp histochemical technique in 150 portal
areas of rats treated with (a) Ringer’s solution (control),
(b) lodoxamide (0.001 mg/kg), and/or (c) compound 48/
80 (0.125 mg/kg). Note the significant difference (P < 0.01)
in the number of cells in rats treated with compound 48/
80 alone when compared to all other groups. There was
no significant difference among rats treated with Ringer’s
solution, lodoxamide, or compound 48/80 plus lodox-
amide. Range SEM, +7.2-14.0; range coefficient of vari-
ation, 3-9.
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Compound 48/80 mimicked numerous
features of histamine-induced and anaphylac-
tic shock, e.g., edema formation and hypoten-
sion (33). Systemic hypotension has been im-
plicated as the effector of numerous com-
pound 48/80-mediated responses, e.g., the
increased release of renin from juxtaglomer-
ular cells of the kidney (34). Hypotension and
reduced perfusion also have been postulated
to provoke anoxia in the liver which in turn
might trigger hyperglycemia and glycogenol-
ysis (35). However, data reported in other
manuscripts suggested that glycogenolysis and
hyperglycemia are independent of changes in
systemic blood pressure and hepatic blood flow
(14, 16). Subsequent studies showed that pre-
treatment with lodoxamide at 0.001 mg/kg
antagonized systemic hypotension and low
flow elicited in the liver by either compound
48/80 or a nonhypotensive dose of endotoxin
(10, 11).

Since the activation of a-l-adrenergic re-
ceptors in the rat produce hepatic glycoge-
nolysis and hyperglycemia (36-38), studies are
in progress to evaluate the role of these recep-
tors in lodoxamide or compound 48/80-in-
duced glucogenesis. However, a variety of fac-
tors other than hepatic glycogen metabolism
regulate circulating levels of blood glucose in
the intact animal, e.g., glucagon and insulin
release from the pancreas as well as the rate
of peripheral uptake of glucose (36). Therefore,
the glycemic effect of lodoxamide or com-
pound 48/80 also may relate to the effects of
these agents on these other organs.

Most pathophysiological responses to com-
pound 48/80, including an increase in uterine
glycogen 6 hr after the intraluminal admin-
istration of compound 48/80 (39), have been
attributed to the activities of mast cell media-
tors, e.g., histamine and heparin, as well as
serotonin in the rat (e.g., 40-42). However
more recent evidence has suggested that com-
pound 48/80 has activities that are unrelated
to its function as a mast cell degranulator.
Compound 48/80 is a highly specific inhibitor
of calmodulin-mediated Ca*-dependent cell
functions and enzyme systems (43, 44). For
example, it inhibits calmodulin-dependent
platelet aggregation (45) and reacts with sub-
stance P receptors, producing a noncytotoxic
noncalmodulin-related inhibition of the re-
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lease of phosphatidyl choline from respiratory
Type 11 epithelial cells (46). In addition, com-
pound 48/80 may affect cells indirectly by way
of its metabolites, especially the aldehydes that
can interfere with collagen maturation (47)
and that have been reported to be toxic to the
liver (48). Although compound 48/80 does not
produce pathologic changes in hepatocyte
morphology such as edema (30), decreases in
the uptake of fluorescent latex particles by
Kupffer cells and corroborative changes in
Kupffer cell morphology have been reported
which are suggestive of inactivation (49).
Therefore, compound 48/80 either directly or
indirectly may produce a wide range of effects
when given in vivo, and the activities previ-
ously attributed to mast cell mediators may
result from other properties of compound
48/80.
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