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Abstract -Administration of a variety of drugs led to an increased histamine formation or
release in the system, as evidenced by an enhanced histidine decarboxylase activity of gastric
mucosa and increascd urinary histamine level. In the rat, administration of ascorbic acid
along with the drugs decreased the urinary histamine level, indicating detoxification of hista-
mine in vivo. In the guinea pig. histamine-producing or histamine-releasing drugs resulted
in a decreased urinary ascorbic acid level, indicating greater utilization of the vitamin.

RECENTLY, we have shown that autooxidation of ascorbic acid in the presence of his-
tamine results in rupture of the imidazole ring leading to the biological inactivation
of histamine, and we have indicated a function of ascorbic acid for detoxification of
histamine in wvivo.! There arc somc scattered reports in the literature that
administration of some typical drugs like adrenaline, acetylsalicylic acid, phenylbuta-
zone, chlorpromazine, morphine, pethidine and tetracyclines lead to an excess forma-
tion or release of histamine in the system.>~> An excess of histamine, on the other
hand, would be toxic to the body and should be relegated to the sphere of patho-
logy.® We were, therefore, interested to study the effect of ascorbic acid on detoxifica-
tion of histamine after drug administration.

MATERIALS AND METHODS
Inbred female rats of Charles Foster strain of average body weight 160 g, raised
and maintained in our laboratory colony, were used throughout the experiment.
Male short hair guinea pigs, weighing on average 200 g were acclimatized to our ani-
mal colony condition and stock diet for 3—4 days. The stock diet* used for both rats
and guinca pig had the following composition in g/100 g diet: wheat flour: 63; suc-
rose: 10; casein: 15; groundnut oil: 5; shark liver oil: 2; USP XVII salt mixture:
4; A.O.A.C* vitamin mixture: 1. The guinea pigs received 5 mg ascorbic acidsday
orally in the form of an aqueous solution. For normal growth and maintenance of
the guinea pigs. 2 mg ascorbic acid/guinca pig per day was sufficient. However, to
sec the effect of drugs, 5 mg ascorbic acid/animal was given to produce a compara-

tively higher and steady basal urinary level of the vitamin.

* Ascorbic acid free diet.
+ See Official Methods of Analysis of the Association of Officiul Agricultural Chemists, 10th edition, p.
785 (Ed. W. Horwitz), Washington, D.C. (1965).
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For histamine, urine was collected in 4 ml of 6N HCI and the histamine was
extracted and estimated fluorimetrically using O-phthalaldehyde by the method of
Shore et al.” Urinary ascorbic acid was estimated titrimetrically using 2,6-dichloro-
phenol-indophenol.? The histamine-forming capacity of the gastric mucosa (HFC)
was assayed in the 35000 ¢ supernatant fraction according to the fluorimetric
method of Skidmore and Whitehouse.” Plasma histaminase was estimated following
the method of Kapeller-Adler.!°

The HFC of the gastric mucosa and the plasma histaminase values were deter-
mined approximately 48 hr after drug treatment. These values were maximum at that
stage and did not increase on prolongation of the treatment. The food was with-
drawn from both the control and the treated groups approximately 18 hr before sac-
rifice to nullify the effect of any drug induced inanition on the HFC of gastric mucosa.?
To see the effect of ascorbic acid on the urinary excretion of histamine under drug
treatment, the vitamin was administered on the 4th day of the treatment when the
urinary level of histamine reached a maximum. The control groups of rats received
no ascorbic acid. The histamine was estimated on the 5th day. In some other control
experiments using chlorpromazine, phenobarbitone, penicillin and streptomycin,
ascorbic acid was also given from the start of the treatment.

The drugs used were chlorpromazine, phenobarbitone, sulphadiazine, sulphamer-
azine and sulphaguanidine from May & Baker; asprin, phenacetin and streptomycin
from Pfizer; tetracycline, pethidine and morphine from Dey’s Medical Company;
chlorcyclizine and epinephrine from Burroughs Wellcome; penicillin and griseoful-
vin from Glaxo Laboratories; trifluoperazine from Smith, Kline & French; phenyl-
butazone and oxyphenbutazone from Suhrid Geigy; chloramphenicol from Parke
Davis and tolazoline from CIBA.

Histamine dihydrochloride and histidine dihydrochloride were from Sigma
Chemical Company, U.S.A. L-ascorbic acid (G.R.) was from S. Merck (India).

RESULTS AND DISCUSSION

The results presented in Table 1 show that administration of a number of drugs
led to a marked increase in the urinary excretion of histamine by rats. Kahlson® and
Gaddum'! have shown that the urinary level of histamine is an index of histamine
production or release in the body. Table 1 also shows that the increased urinary
excretion induced by drugs was in some cases probably due to enhanced formation
of histamine, as evidenced by the increased histamine-forming capacity (HFC). The
HFC of the gastric mucosa has been given because it represents about half the total
histamine formed in the body. Antibiotics and other compounds (Table 1) which did
not induce HFC but led to an enhanced urinary excretion of histamine, may be con-
sidered as histamine releasers in the system.® The plasma histaminase from normal
rats (3-1 + 0-2 ImU/100 ml plasma) was not significantly changed by treatment with
any of the drugs used.

Table 1 further indicates that irrespective of the nature of the drug examined,
whenever there was an elevation in the urinary level of histamine, administration of
ascorbic acid along with the drug resulted in a significant fall in the urinary hista-
mine level. The decrease in the urinary level of histamine by ascorbic acid was not
due to its indirect effect on inhibition of histidine decarboxylase or enhancement of
histaminase activity. The activity of none of these enzymes was affected by



Detoxification of histamine under drug treated conditions 639

TaBLE 1. HFC AND EFFECT OF ASCORBIC ACID ON THE URINARY HISTAMINE LEVEL OF RATS UNDER DRUG

TREATED CONDITIONS
Urinary
excretion of
Dosage HFC histamine
used/rat of after
per gastric Urinary ascorbic acid
Treatment day* mucosat histamine} administration§

None — 135+ 6 28 +02 19 + 02
Phenobarbitone 25 mg 342+ 5 135 + 02 80 + 01
Chloretone 20 mg 318+ 5 128 + 02 79 + 02
Chlorpromazine 5 mgb.d 398 + 6 134 + 01 78 + 01
Meprobamate 10 mg b.d. 304 + 6 82+ 02 43 + 01
Aspirin 10 mg b.d. 238 + 4 61 +02 37+ 01
Phenacetin 10 mg b.d. 242 + 6 61 + 02 34 + 01
Pethidine 2 mg (i.m.) b.d. 208 + 3 59 + 02 3 +02
Morphine 033 mg (i.m.) 218 + 4 58+ 02 32402
Epinephrine 0-05 mg (i.m.) 235+ 3 61 + 01 33+02

Phenylbutazone S mg b.d. 332+5 | |
Oxyphenbutazone 5 mg b.d. 308 + 3 63 +01 35+01
Penicillin 10,000 LU. (im.)bd. 107 £ 6 198 + 03 69 + 03
Streptomycin 20 mg (i.m.) 115+5 21:8 + 02 73+02
Chloramphenicol 20 mg b.d. 196 + 3 114 + 03 43 + 01
Tetracyline 20 mg b.d. 126 + 4 146 + 02 57 +02
Griseofulvin 10 mg b.d. 108 + 4 214 + 02 83 +03
Trifluoperazine 1 mg 111 + 4 56 + 01 29 + 01
Chlorcyclizine 1 mg 128+ 3 59 + 01 24 + 01
Histamine 1 mg (i.p.) 139 + 4 1M+ 03 30 + 01
Sulphadiazine 25 mg b.d. 136 + 6 22402 1-8 +02
Sulphamerazine 25 mg b.d. 24 + 01 21 +£01
Tolazoline 4 mg 141 + 3 26 + 02 19 + 041
Reserpine 0-05 mg b.d. 105 + 6 22101 21 + 01
Prednisone 10 mg — 25+ 01 19 + 02
Cortisone acctate 4 mg 134 + 5 23+ 0t 1-8 + 01

* Unless otherwise stated in parentheses as i.p. or i.m. (intraperitoncal or intramuscular) all drugs were
administered orally either as an aqueous solution or as a suspension in groundnut oil; b.d. denotes twice
daily.

t Values given for HFC (ng histamine formed mg protein per 90 min) is mean of six observation +
S.E.M. Gastric mucosa from two rats were pooled for two separate observations.

t For urinary histamine (ug/rat per day), each value given is a mean of six observations + S.E.M. from
six rats. P values for HFC between normal and treated: P < 0-01 for phenobarbitone, chloretone, chlor-
promazine, meprobamate, phenylbutazone and oxyphenbutazone. P < 0-02 for aspirin, phenacetin and
epinephrine. P < 0-05 for pethidine, morphine and chloramphenicol; P values for others were not signifi-
cant. See “Methods and Material” for experimental details. Media for drugs used: chloretone, aspirin,
phenacetin were administered as suspension in groundnut oil. Pethidine, morphine, cpinephrine, penicil-
lin, streptomycin, chlorcyclizine and histamine were administered as solutions in sterile water. The rest
were administered as suspensions in water.

§ 100 mg/rat per day given orally half an hour after drug administration.

Could not be estimated due to interference with fluorimetric assay.

administration of ascorbic acid either under the normal condition or the drug treated
condition (Table 2). When instead of the drugs, 1 mg of histaminc was injected into
the rats, the increase in the urinary histamine was about four-fold but it was brought
back almost to the normal value after administration of ascorbic acid (Table 1). The
results would indicate a function of ascorbic acid for detoxification of histamine in
vivo. However. the mechanism of histamine destruction by ascorbic acid is not clear.
We have indicated that in vitro the imidazole ring is broken.!
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TABLE 2. EFFECT OF ASCORBIC ACID ADMINISTRATION ON HFC AND PLASMA HISTAMINASE OF RATS UNDER
NORMAL AND DRUG TREATED CONDITIONS

HFC of gastric mucosa

(ng histamine formed; Plasma histaminase*

Treatment mg protein per 90 min) (ImU/100 ml plasma)
None 135+ 6 31 +02
Ascorbic acid 126 + 4 30 + 01
Phenylbutazone 332+5 34 1+ 01
Phenylbutazone + ascorbic acid 3315 34 + 01
Aspirin 238+ 4 36 +02
Aspirin + ascorbic acid 244 = 3 34 + 02
Phenobarbitone 342 +5 34 + 03
Phenobarbitone + ascorbic acid 352+ 6 32+02
Penicillin 107 £+ 6 29 +02
Penicillin + ascorbic acid 111 £ 3 33101

* Each value given is a mean of six obscrvations + S.E.M. from six rats. ImU denotes international
milliunit which is equivalent to destruction of 1 nm histamine/min. All other conditions and details are
same as in Table 1.

When ascorbic acid administration was continued along with the drug, the urinary
level of histamine remained low for an experimental period of 7 days (Fig. 1). With-
drawal of ascorbic acid resulted in a sharp rise of the urinary histamine level. On
the other hand, ascorbic acid administration at any stage of drug treatment resulted
in a sharp fall of the urinary level of histamine (Fig. 1).
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F1G. 1. Effect of ascorbic acid on the urinary excretion of histamine by rats in the drug treated condition.

(@), Normal; (O). chloretone treated: ( x ), chloretone treated and after administration of ascorbic acid

on and from the 4th day of treatment, { indicates ascorbic acid administration; (A), after administration

of chloretone and ascorbic acid; (A), after administration of chloretone and ascorbic acid followed by

discontinuation of ascorbic acid on and from the 4th day of chloretone treatment. 1t indicates ascorbic

acid discontinuation. Similar results were obtained with .chlorpromazine, phenobarbitone, penicillin and
streptomycin. Conditions are same as in Table 1.
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A maximum fall in the urinary histamine level was obtained with an oral dose of
ascorbic acid of 100 mg/rat per day. A dose smaller than this was less effective. On
the contrary, a dose more than 100 mg/rat per day did not further decrease the uri-
nary histamine level. Also, a divided dose of ascorbic acid (50 mg b.d. or 20 mg five
times a day) produced similar results obtained with a single dose of 100 mg/rat per
day.

The drugs which induced HFC in the rat tissue also induced the HFC of the guinea
pig tissue. The HFC of 35,000 g supernatant fraction from gastric mucosa of normal
guinea pigs was 9-5 + 0-5 ng histamine formed/mg protein per 90 min, and the value
rose to 16 + 0-4 25-3 + 0-6 after treatment with the histamine producing drugs men-
tioned in Table 1. As observed in the case of rats, the plasma histaminase value from
normal guinea pigs (59 + 0-2 ImU/100 ml plasma) was not significantly changed
after drug administration. It was observed that excretion of ascorbic acid by the nor-
mal guinea pigs (0-40 + 0-02 mg/guinea pig per day) fell significantly to 0-20 + 0-02-
0-30 + 001, (P < 0-0l)after administration of the histamine producing or histamine
releasing drugs as mentioned in Table 1. A similar picture was obtained by intraperi-
toneal injection. of histamine instead of the drugs. Since the guinea pig cannot synthe-
size ascorbic acid, the fall in the urinary ascorbic acid level would indicate a greater
utilization of the vitamin. Compounds which did not induce HFC or release hista-
mine did not lower the urinary level of ascorbic acid in the guinea pig.

The fall in the urinary level of ascorbic acid after treatment with drugs or hista-
mine could be brought back to the normal value (0-40 + 0-02 mg/guinea pig per day)
by an oral administration of an extra dose of 5 mg ascorbic acid/guinea pig per day.

Histamine obviously plays some physiological role, but an increased formation or
release is considered to be a pathological state.® Therefore, excess formation or
release of histamine by drug administration should be considered as a side effect of
the drugs. The results presented in this communication would indicate a function of
ascorbic acid for detoxification of histamine after administration of histamine-pro-
ducing or histamine-releasing drugs.
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