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Ellinger (1948) suggested that histamine might be a mediator of the stress response.
Attempts by Tepperman, Rakieter, Birnie & Diermeer 1951) to test this hypothesis
showed that the antihistaminics, phenoxadrine and tripelenamine, inhibit adrenal ascorbic
acid depletion produced by histamine but not that produced by carbon tetrachloride.
Nasmyth (1954 ; 1955) showed that histamine depletion modifies the influence of
morphine on the ascorbic acid content of adrenal glands, and suggested that released
histamine plays a role in the action of compound 48/80 in producing adrenal ascorbic
acid depletion. Selye, Jean & Cautin (1960) and Cass & Marshall (1962) have presented
data which suggests that stress causes histamine release in the rat. Wells, Briggs, and
Munson (1956) have shown that exogenous histamine is a potent and reproducible
stressing agent.

Paton (1951) demonstrated that compound 48/80 is a potent histamine liberator. The
liberation of histamine by compound 48/80 takes place only from mast cells (Riley, 1956).
This compound elicits a marked adrenal ascorbic acid depletion in rats (Nasmyth, 1955)
- after a single dose.

The purpose of the present work was to clarify the role of endogenous histamine in the
events leading to the activation of the pituitary-adrenal axis in rats following various
stressors. At the same time the mechanism of the stress produced by compound 48/80
was investigated.

METHODS

Male rats of the Holtzman strain weighing between 180 and 280 g. were used throughout this study.
They were maintained on commercial laboratory chow and water ad libitum. Rats were used not
earlier than one week after being received from the supplier and were maintained in a room with
controlled temperature (24° C), and alternating 12 hr periods of light and darkness. The administra-
tion of drugs, stressing procedures, and decapitation were always performed in the animal room.
In all experiments rats were killed between 8.30 a.m. and 11.30 a.m. within 30 sec of removal from
the cage. Animals (10 to 12) were maintained in community cages. Free-flowing blood after
decapitation was collected in test tubes containing crystals of potassium oxalate. After centrifuga-
tion to remove red cells the plasma was placed in vials and frozen at —15° C. Adrenal glands
were removed and immediately frozen until analysed for ascorbic acid.
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Adrenal ascorbic acid was determined by the method of Maickel (1960). The method of Guillemin,
Clayton, Lipscomb & Smith (1959) was used for the determination of corticosterone in plasma using
an Aminco Bowman Spectrophotofluorometer at the following settings: excitation wavelength of
475 mU, fluorescent wavelength at 550 mU ; slit 0.5 ; and sensitivity 40.

Rats were stressed by the following procedures: Chlorpromazine hydrochloride 10 mg/kg, intra-
peritoneally ; Placing in individual cages in a refrigerator at 4° C for two hr (cold stress) ; Formalde-
hyde, 0.2 ml, 10% solution subcutaneously : Histamine 20 mg/kg, intraperitoneally ; Compound
48/80, 200 pg/animal intraperitoneally. Controls received saline 1 ml./kg, intraperitoneally.

Histamine depletion was accomplished using the histamine liberator, compound 48/80, as reported
by Riley & West (1955). Compound 48/80 was administered to rats twice daily (9 a.m. and 9 p.m.)
via the intraperitoneal route starting at 100 pg per dose and increasing the dose by 100 ug each
day until a dose of 500 ug was reached on the fifth day. Control animals received saline. Thirty-six
hr after the final administration of saline or compound 48/80 the rats were subjected to the various
stressors and then killed. Groups of rats were treated with compound 48/80 as mentioned plus
inhibitors of histidine decarboxylase as follows: D-2-hydrazine-3-(4(5)-imidazole) propionic acid
HCI (e-HH, MK-785) 100 mg/kg, intraperitoneally every 12 hr for four days starting on the third
day of compound 48/80 treatment. Other animals received 4-bromo-3-hydroxybenzyl oxyamine-
dihydrogen phosphate (NSD-1055) 100 mg/kg, intraperitoneally every 12 hr for two days starting
on the fifth day of compound 48/80 treatment ; control animals received saline.

Levels of significance were calculated using Student’s “t” test.
Histamine was used as its diphosphate, doses were calculated as the free base.

In other experiments the ability of UML-491 and dexamethasone pretreatment or hypophysectomy
to inhibit adrenal ascorbic acid depletion and/or plasma corticosterone elevation by compound 48/80
or histamine was assessed.

RESULTS

Effect of various stressors on plasma corticosterone and adrenal ascorbic acid in rats
pretreated with compound 48 [80

Rats treated with compound 48/80 exhibited prostration, oedema of the paws and nose,
itching (as evidence by pawing of the face), and cyanosis accompanied by polydipsia
within 5 min of drug administration. A 109% mortality was noted, most deaths occurring
on the second or third day of treatment. Rats treated with the histamine liberator did
not gain weight during the five days’ treatment, while the body weight of saline controls
increased by 10 to 15%. The mean adrenal weight of 29 histamine-depleted rats
(45.0 + 1.32 mg) was significantly greater than that (36.5 + 1.25 mg) of 18 control animals
(P<0.01).

The response of histamine depleted rats to chlorpromazine, cold exposure, formal-
dehyde, compound 48/80, and histamine itself was assessed by measuring plasma corti-
costerone and adrenal ascorbic acid levels.

The data obtained with the different stressors are presented in Table 1. There was a
significant (P<<0.05) difference between the level of adrenal ascorbic acid in rats pretreated
with compound 48/80 and those pretreated with saline. This suggests that the ability
of these stressors to affect depletion of adrenal ascorbic acid is inhibited in histamine-
depleted rats. Such differences are not of a similar magnitude nor statistically significant
when plasma corticosterone levels are used as an index of adrenocortical activation.

Data in Table 1 reflect the inability of compound 48/80 itself to produce plasma
corticosterone elevation and adrenal ascorbic acid depletion in histamine-depleted rats,
while the administration of histamine can still elicit these effects.
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Effect of chlorpromazine on plasma corticosterone and adrenal ascorbic acid levels of rats
pretreated. with compound 48|80 and histidine decarboxylase inhibitors

As shown in Table 2 the action of chlorpromazine in producing plasma corticosterone
elevation and adrenal ascorbic acid depletion in rats pretreated with compound 48/80
plus histidine decarboxylase inhibitors is similar to that obtained with compound 48/80
alone (Table 1).

TABLE 1

EFFECT OF VARIOUS STRESSORS ON PLASMA CORTICOSTERONE AND ADRENAL
ASCORBIC ACID LEVELS IN HISTAMINE-DEPLETED RATS

Rats were pretreated with compound 48-80 for 5 days, as described under Methods; thirty-six hr later
(12 hr in the case of formaldehyde) these animals received either chlorpromazine (10 mg/kg, intraperitoneally)
formaldehyde (0/2 ml., 109 solution, subcutaneously, histamine (20 mg/kg, intraperitoneally), compound
48/80 (200 ug/animal, intraperitoneally), or were subjected to cold (4° C.) exposure for 2 hr duration.
Control animals received saline (1 ml./kg, intraperitoneally). In parenthesis, under Treatment, duration

of experiment
Plasma Adrenal Number of
Cortiscosterone . Ascorbic acid animals
Treatment (pg/100ml.+-S.E.) (mg%+S.E.) per group

A. Chlorpromazine (CPZ) 48/804-CPZ (60) 5374 6°1 290-3 4151 15
Saline+CPZ (60) 597+ 3-3 22934139 13

48/804-CPZ (120) 4574+ 54 29494151 10

Saline+CPZ (120) 5994+ 4-5 209:94-16'5 9

48/80--saline (60) 31-1+ 32 3855+ 40 5

Saline-}saline (60) 23-84+ 43 417-84+27-3 5

B. Cold exposure 48/80+cold 55-5+£13-3 31344197 5
Saline+-cold 5864 61 209-24+16'9 5

C. Formaldehyde 48/80+ formaldehyde 700+ 54 339-8+ 24 5
Saline+-formaldehyde 678+ 18 238341147 | 5

D. Compound 48/80 48/80-+48/80 3544 7-5 397:34-20-9 10
Saline+48/80 5494 2:9 281-0+11+6 10

48/80-saline 3111+ 3-2 3855+ 40 5

E. Histamine 48/80+ histamine 671+ 68 32884 34 5
. Saline-+ histamine 649+ 3-5 323:14-25°1 5
48/80+saline 3114 32 3855+ 40 5

TABLE 2

EFFECT OF CHLORPROMAZINE ON PLASMA CORTICOSTERONE AND ADRENAL ASCORBIC
ACID LEVELS IN RATS PRETREATED WITH COMPOUND 48/80 AND HISTIDINE
DECARBOXYLASE INHIBITORS

Rats were treated for 5 days with compound 48/80, as described under Methods, and were treated twice
daily for four days with o-HH (100 mg/kg per dose beginning on the third day of 48/80 administration,
intraperitoneally), or twice daily for two days with NSD-1055 (100 mg/kg per dose beginning on the fifth
day of 48/80 administration, intraperitoneally) and subsequently with chlorpromazine (10 mg/kg, intra-
peritoneally) or saline (1 ml./kg, intraperitoneally) twelve hr after the last administration of the histidine
decarboxylase inhibitor. In group 5 saline (1 ml./kg, intraperitoneally) was administered in lieu of com-
pound 48/80 and «-HH. Rats were killed 60 min after chlorpromazine or saline. In parenthesis number

of animals per group
Plasma corticosterone Adrenal ascorbic acid
Treatment (pg/100 ml. +S.E.) (mg%+S.E.)
48/80+ «-HH-+CPZ 49-617-3 (6) 30901135 (6)
48/80+ a-HH--saline 16:6 162 (6) 503:3+17-7 (6
48/80-+NSD-1055+-CPZ 77°5+£79 (9) 389-4415-5
48/80-+NSD-1055+saline 31:34-6:1 (5) 526:04-22-4
Saline--saline+CPZ 743162 (7) 253:6+12:0(7)
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Studies on the mechanism of the stress produced by compound 48/80

Dexamethasone pretreatment: Data presented in Table 3 indicate that dexamethasone
blocks the action of histamine but not that of compound 48/80.

UML-491 (1-methyl-d-lysergic acid butanolamide tartrate) pretreatment: Data
presented in Table 4 indicate that this compound inhibits (P<<0.05) the plasma corti-
costerone elevation produced by compound 48/80, but fails to block adrenal ascorbic
acid depletion caused by the histamine liberator.

Hypophysectomized rats: The administration of compound 48/80 or histamine to
hypophysectomized rats did not affect plasma corticosterone elevation or adrenal ascorbic
acid depletion as shown in Table 5.

TABLE 3
BLOCK OF HISTAMINE AND COMPOUND 48/80 STRESS BY DEXAMETHASONE IN THE RAT

Fourteen hr after receiving dexamethasone (300 ug/rat, intraperitoneally) or saline (1 ml./kg, intraperi-

toneally), rats received compound 48/80 (1 mg/kg, intraperitoneally), histamine (20 mg/kg, intraperi-

toneally), or saline (1 ml./kg, intraperitone?lly) ax;:i were killed 30 min thereafter. Five rats were used
or each treatment

Adrenal ascorbic acid
Treatment (mg% +S.E.)
Dexamethasone-+48/80 386'44-32-2
Dexamethasone- histamine 46334365
Saline--48/80 400-64-18-9
Saline+ histamine 337-8+199
Salinesaline 487-6 4+ 59

TABLE 4

EFFECT OF UML-491 PRETREATMENT ON PLASMA CORTICOSTERONE ELEVATION AND
ADRENAL ASCORBIC ACID DEPLETION BY COMPOUND 48/80 IN RATS

Five min before treatment with compound 48/80 (2C0 ugjrat, intraperitoneally) or saline (1 ml./kg, intra-

peritoneally) rats received UML-491 (0-5 mg/kg, intraperitoneally) or saline (1 ml./kg, intraperitoneally).

All animals were pretreated for five days with saline (1 ml./kg, intraperitoneally), and were killed 30 min
after compound 48/80 or saline

Plasma corticosterone  Adrenal ascorbic acid  Number of

Treatment (#g/100 ml. +-S.E.) (mg % +S.E.) animals
UML-491 4-saline 23-8+4-2 382-8+36°1 1Q
UML-491+-48/80 40-8 451 29554282 10
Saline--48/80 59-24+59 264-0+25'5 9
Basal levels 14-8 427 423-0+24+6 11
TABLE 5
BLOCK OF COMPOUND 48/80 AND HISTAMINE-INDUCED STRESS IN HYPOPHYSECTO-
MIZED RATS

Histamine (20 mg/kg, ifxtraperitoneally), compound 48/80 (1 mg/kg, intraperitoneally), or saline (1 ml./kg,
intraperitoneally were administered approxima}ely 24 hr after hypophysectomy. Rats were killed 60 min
after treatment

Plasma corticosterone  Adrenal ascorbic acid  Number of

Treatment (ug/100 ml.4+-S.E.) (mg % +S.E.) animals
Histamine 461406 456:2+4-2 6
Compound 48/80 2:04+0-7 436-4+50 5
Saline 2:6101 429-2422-0 6
Intact controls 8:84-09 446-04-38-8 6
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DISCUSSION

Compound 48/80 at doses and time sequences used in these experiments has been
reported to decrease the histamine content of subcutaneous connective tissue from 32 to
1 ug/g and the histamine content of the ear from 44 to 3 ug/g in rats (Riley & West,
1955). The abdominal skin histamine content of rats is reduced from 58.1 to 7.5 pg/g
(Nasmyth, 1955) by similar treatment with compound 48/80. It must be emphasized
that complete histamine depletion is not achieved with compound 48/80 alone or together
with histidine decarboxylase inhibitors (Levine, Sato & Sjoerdsma, 1965). Compound
48/80 liberates only mast cell histamine and even this histamine pool is not completely
emptied ; there are significant amounts of non-mast cell histamine in the rat which cannot
be liberated by compound 48/80 and this histamine pool may play a role in the stress
response (Cass & Marshall, 1962). In any study on the role of histamine in mediation
of the stress response the determination of a minimum or threshold amount of histamine
required to produce adrenocortical activation is difficult because of the experimental
impossibility of producing animals completely depleted of histamine as has been stated
by Kahlson, Rosengreen & Thunberg (1963).

Of the stressors used in this study, chlorpromazine, cold exposure, and formaldehyde
are known to liberate histamine in the rat by disruption of mast cells (Le Blanc, 1963 ;
Bray & Van Arsdel, 1961 ; Jamieson & Van den Brenk, 1961).

The release and/or depletion of histamine by stressors could be explained by at least
two mechanisms. First, after a stressful stimulus which triggers ACTH secretion either
by a direct stimulation of the pituitary or by stimulation of afferent pathways to the
hypothalamus, there may be a release (followed by tissue decrease) of histamine. A
second mechanism may be a consequence of the increase in plasma corticoids produced
after adrenocortical stimulation. Schayer (1956) reported that depletion of histamine
may occur because of interference with its tissue binding by corticoids. The finding of
Selye et al. (1960) that corticosterone pretreatment can prevent gastric ulcer production
by compound 48/80 in the rat appears to support the second mechanism.

The fact that known histamine liberators such as morphine and chlorpromazine produce
adrenocortical stimulation after a single dose while they fail to produce such stimulation
after repeated administration and, moreover, can block adrenocortical stimulation by
other stressors may be due, in part, to histamine depletion.

Data shown in Table 1 tend to confirm that compound 48/80 produces stress by
histamine release. It appears that compound 48/80 only produces stress, as measured
by adrenal ascorbic acid depletion and plasma corticosterone elevation, in the presence
of releasable histamine. In a similar experiment Nasmyth (1955) found that in rats
depleted of histamine (with compound 48/80 at the same dose schedule used in this
experiment), the adrenocortical activation produced by compound 48/80 (5 mg/kg,
subcutaneously) was modified but not to the degree shown in the present study. Data
showing significant plasma corticosterone elevation and adrenal ascorbic acid depletion
by administered histamine in histamine-depleted rats suggest that the absence of a
response to compound 48/80 is not due to an altered sensitivity to histamine.

Levine et al. (1965) have reported that the histidine decarboxylase inhibitors used
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herein do not further lower tissue histamine content after treatment of rats with com-
pound 48/80. Results shown in Table 2 confirm the observation of Levine et al. (1965).

While histamine is undoubtedly not the only substance or its release the only
mechanism involved in mediation of the stress phenomenon, the action of various
stressors in rats pretreated with compound 48/80, or compound 48/80 in combination
with histidine decarboxylase inhibitors, suggest a role of endogenous histamine in the
stress response, as evidenced by adrenal ascorbic acid depletion.

De Wied (1964), Ashford & Jones (1963), and Cann & Stephenson (1963) have demon-
strated the blockade by dexamethasone of histamine stress in the rat. Results obtained
in the present study (Table 3) confirm the dexamethasone block of histamine stress but
do not indicate a block of compound 48/80-induced stress. This suggests that compound
48/80 may induce stress by means in addition to release of histamine. The possibility
also exists that the dose of compound 48/80 used liberated enough histamine, at an
appropriate site, to overcome the dexamethasone block.

The apparent failure of UML-491 and dexamethasone pretreatment to block adrenal
ascorbic acid depletion by compound 48/80 may suggest different control mechanism
for plasma corticosterone elevation and adrenal ascorbic acid depletion in the rat.
Further, these data cast doubt on the question of a correlation between plasma cortico-
sterone and adrenal ascorbic acid as stress indicators.

In the present study, an interval of 5 min elapsed between the administration of
UML-491 and compound 48/80. When an interval of one hr was used, no antagonism
could be shown. The use of other UML-491 pretreatment intervals is indicated for
further analysis of compound 48/80 antagonism. The possibility of a direct effect of
compound 48/80 on the adrenal glands can be eliminated as shown by the experiment
with hypophysectomized rats. Further experiments with central nervous system lesioned
rats should be carried out to eliminate the possibility of a direct effect of compound
48/80 on the hypophysis. The high corticosterone reading in hypophysectomized rats
found in this experiment is not surprising. Yates, Leeman, Glenister & Dallman (1961),
Hedner (1961) and other workers have also reported high residual fluorescence in plasma
from hypophysectomized or/and adrenalectomized rats.

SUMMARY

1. The effect of various stressors on adrenal ascorbic acid and the plasma corticosterone
levels in histamine depleted rats has been studied.

2. Pretreatment of rats with compound 48/80 significantly inhibited adrenal ascorbic
acid depletion induced by chlorpromazine, formaldehyde, and cold exposure. Such
pretreatment blocked completely the adrenal ascorbic acid depletion and plasma cortico-
sterone elevation induced by compound 48/80, but did not affect that caused by
exogenous histamine.

3. Pretreatment of rats with compound 48/80 and histidine decarboxylase inhibitors
inhibited the adrenal ascorbic acid depletion caused by chlorpromazine.

4. UML-491 inhibited the plasma corticosterone elevation, but did not affect the adrenal

ascorbic acid depletion produced by compound 48/80 when administered five min prior
to the histamine liberator.
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5. Dexamethasone blocked adrenal ascorbic acid depletion by histamine but failed
to block adrenal ascorbic acid depletion by compound 48/80 when administered 14 hr
prior to histamine or compound 48/ 80.

6. Hypophysectomy blocked plasma corticosterone elevation and adrenal ascorbic acid
depletion by histamine or compound 48/80.

7. These data indicate that histamine released may be of significance in mediating the
ascorbic acid depletion produced by stressors such as cold exposure, chlorpromazine and
formaldehyde.

8. A significant conclusion of this study is the lack of a quantitative inverse relationship
between changes in plasma corticosterone and adrenal ascorbic acid levels after exposure
of the rat to various stressors. The measurement of stress by a single parameter is thus
not an absolute indication that a complete response to stimulation of the pituitary-adrenal
axis has taken place.

This work was supported by grants MH 2405 and AM-087 52 from the National Institutes of
Health, Bethesda, Md.
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