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Abstract:

The potential antioxidant activity of diphenhydramine (histamine H�-receptor antagonist) and famotidine (histamine H�-receptor

antagonist) was studied. Diphenhydramine inhibited the spontaneous, Fe(II)-induced and Fe(II)/ascorbate-induced lipid

peroxidation, while famotidine showed a biphasic concentration-dependent effect on spontaneous lipid peroxidation (a stimulation

by 1mM and an inhibition by 5mM) and increased Fe(II)-induced- and inhibited Fe(II)/ascorbate-induced lipid peroxidation in the

rat liver and brain. Both drugs decreased �OH-provoked deoxyribose degradation in Fenton-type systems and inhibited

O�

�-provoked reduction of nitro-blue tetrazolium and ferrycytochrome C, but famotidine effect was stronger than that of

diphenhydramine. The significant famotidine-induced inhibition of nitro-blue tetrazolium reduction might be underlain by the

stimulation of superoxide dismutase activity. Famotidine and diphenhydramine did not alter the catalase activity in all tissue

preparations, except for its concentration of 5mM (a complete inhibition). The present results suggest a beneficial effect of histamine

H� and H�-blockers, especially famotidine, as antioxidants and/or metal chelators, which might be an additional explanation of their

therapeutic action.
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Introduction

Free radical processes and peroxidation of important

cell structures underlie the pathogenesis of many dis-

eases, including gastrointestinal mucosa damage [2,

9, 32, 36, 38, 44]. Oxygen free radicals have been

suggested to cause gastric mucosal injury induced by

ischemia-reperfusion in pylorus-ligated rats [40]. Ac-

cording to Kitano et al. [24] this acute mucosal injury

is protected by the histamine H2-receptor antagonist –

cimetidine (CIM), which is due not only to suppres-

sion of the gastric acid secretion but also to CIM anti-

oxidant action when it is present at a high concentra-

tion in the “intragastric environment”. There are data

that pretreatment with CIM prevents ethanol-induced

mucosal lipid peroxidation [34] and decreases CCl4-

induced liver damage [33]. CIM and ranitidine (RAN)

Pharmacological Reports� ����� ��� ������� 221

Pharmacological Reports

����� ��� �������

�		
 �������

��������� � ����

�� ��������� �� �� �! "�#���

��#��� $" %�!� �� 	"���"��



have been found to be good scavengers of the •OH

radicals, generated in a Fe2+-H2O2 reaction mixture

[7, 29, 43]. According to Lapenna et al. [29], the

drugs scavenge •OH radicals with a very high rate

constant but are ineffective in protection against H2O2

and O2
–, while other authors [23, 46] suggest the pos-

sibility of reaction of CIM or of its derivatives with

O2
– radicals.

However, an increased O2
– generation in granulo-

cytes of patients with ulcer disease and in healthy sub-

jects after CIM, but not after RAN or famotidine

(FAM) administration has been reported [21]. Moreo-

ver, pretreatment with CIM or diphenhydramine

(DPH) does not alter the ischemia-induced increase in

the vascular permeability of skeletal muscles, while

the pretreatment with free radical scavengers (super-

oxide dismutase, catalase or dimethylsulfoxide) sig-

nificantly attenuates it [28].

These contradictory data about the potential anti-

oxidant capacity of the different histamine H2-bloc-

kers, as well as the insufficient studies on histamine

H1 antagonists in view to their antioxidant capacity,

justify the present study. Its objective was to investi-

gate the effects of DPH (a histamine H1-blocker) and

FAM (a histamine H2-blocker) on the lipid peroxida-

tion and activities of antioxidant enzymes in different

rat tissues, as well as on the amount of •OH and O2
–

radicals, generated in model systems. Some experi-

ments with other histamine H1 and H2-antagonists:

the H1-antagonist – mepyramine (MEP) and the H2-

antagonist – RAN were also carried out.

Materials and Methods

Materials

The drugs and deoxyribose were from Sigma Chemi-

cal Co., NADP(H) and GSH were purchased from

Boehringer (Mannheim, Germany); K2HPO4 • 3H2O,

KH2PO4 and H2O2 were from Merck (Darmstadt,

Germany), 2-thiobarbituric acid and riboflavine were

from Fluka. All reagents used were of analytical

grade. All solutions were prepared in water redistilled

from glass apparatus.

Animals

Male Wistar rats, weighing 180–200 g, were given

free access to tap water and a standard lab diet. The

animals were starved 24 h before sacrificing and were

killed by exsanguination under light ether anesthesia.

Preparations

Stomach mucosa homogenate. The stomach was

opened and washed with cooled 0.15 M KCl. The mu-

cosa was scraped from the glandular part of the stom-

ach, suspended in 5.0 ml of cooled 0.15 M KCl-10 mM

potassium phosphate buffer, pH 7.4, containing 0.1%

Triton X-100 and centrifuged at 1,000 × g for 10 min.

Liver homogenate. The liver was perfused with

cooled 0.15 M KCl. The 10% homogenate in 0.15 M

KCl-10 mM potassium phosphate buffer, pH 7.4 was

centrifuged at 3,000 rpm for 10 min.

Brain homogenate. The whole brain was washed

with cooled 0.15 M KCl and its homogenate in 15 ml

of cooled 0.15 M KCl-10 mM potassium phosphate

buffer, pH 7.4 was centrifuged at 3,000 rpm for 10 min.

The postnuclear tissue homogenates were used for

measuring of lipid peroxidation, while the frozen (for

one night) residues of them – for measuring of the en-

zyme activities.

Analytical procedures

The lipid peroxidation was determined by the amount

of thiobarbituric acid reactive substances (TBARS)

formed in the fresh tissue preparations [20]. After in-

cubation at 37°C for 60 min (in the presence or ab-

sence of inducers of lipid peroxidation and drugs), the

reaction was stopped by the addition of 0.25 ml of

40% trichloroacetic acid (w/v), 0.125 ml of 5 M KCl,

0.25 ml of 2% of thiobarbituric acid (w/v in 50 mM

NaOH). The samples were heated at 100°C for 15 min

to develop the color and after cooling, the absorbance

was read at 532 nm against appropriate blanks. The

600 nm absorbance was considered to be a nonspe-

cific baseline drift and was subtracted from A532. The

amount of TBARs was expressed in nmoles of malon-

dialdehyde/mg of protein using a molar extinction co-

efficient of 1.56 × 105 M–1 cm–1.

The Cu, Zn-superoxide dismutase activity (SOD)

was determined according to Beauchamp and Frido-

vich [4] and was expressed as units per milligram of

protein. A unit of SOD activity is the amount of the
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enzyme producing 50% inhibition of nitro-blue tetra-

zolium (NBT) reduction.

The catalase activity (CAT) was determined ac-

cording to Aebi [1] and was expressed as A240 per

minute per milligram of protein.

The xanthine oxidase activity was measured in

50 mM potassium phosphate buffer, pH 7.8, 1 × 10–5 M

ferricytochrome C, 0.4 mM xanthine and 0.012 U/ml

xanthine oxidase and the urate formation was meas-

ured at 295 nm.

The hydroxyl radicals were generated in 20 mM

potassium phosphate buffer, pH 7.2, supplemented

with 3.4 mM deoxyribose, 0.1 mM FeCl3, 0.1 mM

ascorbic acid, 0.5 mM H2O2 and additions: 0.1 mM

EDTA and drugs. After incubation of the samples at

37°C for 60 min, the degradation of deoxyribose

(a detector of •OH radicals) was measured in terms of

the formation of TBARSs [16, 19].

The O2
– radicals were generated in: i) 50 mM po-

tassium phosphate buffer, pH 7.8 with 1.17 × 10–6 M

riboflavin, 0.2 mM methionine, 2 × 10–5 M KCN and

5.6 × 10–5 M NBT and O2
– provoked photoreduction

of NBT was measured at 540 nm [3] and ii) 50 mM

potassium phosphate buffer, pH 7.8 with 1 × 10–5 M

ferricytochrome C, 0.4 mM xanthine and 0.012 U/ml

xanthine oxidase and O2
–-provoked ferricytochrome

C reduction was measured at 550 nm [3].

The protein content was determined by the method

of Lowry et al. [30].

Statistical analysis

The results were statistically analyzed by one-way

ANOVA (Dunnett post hoc test), p < 0.01 being ac-

cepted as the minimum level of statistical significance

of the established differences.

The experiments have been performed according to

the “Principles of laboratory animal care” (NIH publi-

cation No. 85–23, revised 1985), and the rules of the

Ethics Committee of the Institute of Physiology, Bul-

garian Academy of Sciences (registration FWA

00003059 by the US Department of Health and Hu-

man Services).

Results

As shown in Table 1A, DPH (1 mM and 5 mM) inhib-

ited the spontaneous lipid peroxidation in the rat liver

and brain, while FAM showed a biphasic concentration-

dependent effect: stimulation by 1 mM and inhibition

by 5 mM. DPH and FAM also differed in their effects

on Fe2+-induced lipid peroxidation in these tissues:

a strong inhibition by 5 mM DPH and a significant

stimulation by 5 mM FAM (Tab. 1B). Both drugs

were similar only in their effects on Fe/ascorbate-

induced lipid peroxidation: an inhibition by 5 mM

drugs was observed (Tab. 3C).
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Tab. 1A. Effects of drugs on spontaneous lipid peroxidation in tissue
homogenates

Drug (mM) Liver Brain Gastric mucosa

Controls 2.5 ± 0.16 4.6 ± 0.22 0.6 ± 0.07

Histamine H�-receptor antagonist

FAM (0.1 mM) 2.6 ± 0.19 5.1 ± 0.32 0.5 ± 0.05

FAM (1.0 mM) 3.2 ± 0.17* 6.2 ± 0.49* 0.4 ± 0.01

FAM (5.0 mM) 0.6 ± 0.07* 1.2 ± 0.23* 0.5 ± 0.05

Histamine H�-receptor antagonist

DHP (0.1 mM) 2.2 ± 0.14 4.4 ± 0.33 0.5 ± 0.05

DHP (1.0 mM) 1.8 ± 0.06* 3.7 ± 0.25* 0.4 ± 0.01

DHP (5.0 mM) 0.4 ± 0.03* 0.7 ± 0.05* 0.4 ± 0.02

The amount of TBARs was measured in tissue homogenates after in-
cubation for 60 min at 37� C in the presence of different concentra-
tions of the drugs. Results (nmoles MDA/mg of protein) are the mean
± SE of 7 separate experiments. * Statistically significant differences
vs. controls at p < 0.01

Tab. 1B. Effects of drugs on Fe(II)-induced lipid peroxidation in tis-
sue homogenates

Drug (mM) Liver Brain Gastric mucosa

Controls 6.1 ± 0.41 12.9 ± 087 0.5 ± 0.05

Histamine H�-receptor antagonist

FAM (0.1 mM) 6.3 ± 0.40 12.7 ± 0.98 0.6 ± 0.09

FAM (1.0 mM) 8.2 ± 0.49* 14.6 ± 0.99 0.5 ± 0.07

FAM (5.0 mM) 14.2 ± 1.29* 17.7 ± 1.27* 0.4 ± 0.05

Histamine H�-receptor antagonist

DHP (0.1 mM) 5.7 ± 0.44 12.4 ± 0.83 0.5 ± 0.05

DHP (1.0 mM) 6.5 ± 0.35 12.2 ± 0.85 0.5 ± 0.04

DHP (5.0 mM) 0.7 ± 0.12* 0.5 ± 0.15* 0.4 ± 0.04

The amount of TBARs was measured in tissue homogenates after in-
cubation for 60 min at 37�C in the presence of 0.05 mM FeSO

�
(a LP

inducer) and different concentrations of the drugs. Results (nmoles
MDA/mg of protein) are the mean ± SE of 7 separate experiments.
* Statistically significant differences vs. controls at p < 0.01



Unlike liver and brain, the stomach mucosa mani-

fested a great stability to peroxidative changes even in

the presence of Fe2+ and Fe/ascorbate (inductors of

lipid peroxidation) and we failed to establish any drug

effects on lipid peroxidation in this preparation (Tab.

1 A, B, C).

The effects of FAM and DPH on the SOD activity,

studied in all tissue preparations were also different.

An increase in the enzyme activity in the presence of

FAM and a slight inhibition in the presence of DPH

were measured (Tab. 2A). However, both FAM and

DPH did not alter the catalase activity, except for their

concentration of 5 mM, which completely inhibited

this enzyme (Tab. 2B).

To explain the different effects of FAM and DPH

on the lipid peroxidation and on SOD activity, model

systems generating •OH and O2
– radicals, were also

used in the present study.

To study of the potential •OH scavenging activity

of FAM and DPH, a deoxyribose (DR) test was used.

It is known that in the presence of ascorbic acid (a

metal reducer), Fe3+, added to H2O2 leads to genera-

tion of •OH radicals: Fe2+ + H2O2 � Fe3+ + •OH +

HO– (Fenton reaction). These radicals provoke DR

degradation, which might be inhibited by metal chela-

tors and •OH scavengers [16].

To obtain more clear drugs effects, EDTA was also

added to the reaction mixture. It is known that in Fen-

ton system EDTA increases the amount of free •OH

radicals [11, 12], facilitates Fe3+-reduction by ascor-

bic acid [5] and affects Fe reactivity in this

ascorbate-dependent system, generating •OH radicals

[17, 18].

As shown in Table 3A, FAM and DPH decreased

DR degradation in Fenton system, as more clear-cut

dose-dependent inhibitory effect was observed in the

presence of EDTA. When copper instead of iron was

added to the reaction mixture, where •OH radicals

were also formed [14, 15, 35, 37], these drugs also in-
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Tab. 1C. Effects of drugs on Fe/ascorbic acid-induced lipid peroxi-
dation in tissue homogenates

Drug (mM) LiveR Brain Gastric mucose

Controls 14.7 ± 1.70 14.9 ± 1.40 0.7 ± 0.09

Histamine H�-receptor antagonist

FAM (0.1 mM) 14.5 ± 1.75 14.7 ± 1.32 0.7 ± 0.09

FAM (1.0 mM) 14.4 ± 1.85 15.9 ± 0.83 0.6 ± 0.05

FAM (5.0 mM) 1.1 ± 0.14* 2.0 ± 0.34* 0.4 ± 0.05

Histamine H�-receptor antagonist

DHP (0.1 mM) 13.6 ± 1.77 14.3 ± 1.59 0.6 ± 0.05

DHP (1.0 mM) 11.5 ± 1.73 11.5 ± 1.60 0.6 ± 0.04

DHP (5.0 mM) 0.8 ± 0.08* 1.3 ± 0.12* 0.5 ± 0.02

The amount of TBARs was measured in the tissue homogenates after
incubation for 60 min at 37� C in the presence of 0.05 mM Fe/0.05 mM
ascorbic acid (a LP inducer) and different concentrations of the
drugs. Results (nmoles MDA/mg of protein) are the mean ± SE of 7
separate experiments. * Statistically significant differences vs. con-
trols at p < 0.01

Tab. 2A. Effects of famotidine and diphenhydramine on superoxide
dismutase activity in tissue homogenates

Drug (mM) Liver Brain Gastric mucosa

Controls 51.2 ± 1.99 14.4 ± 0.30 24.6 ± 1.18

Histamine H�-receptor antagonist

FAM (0.1 mM) 55.6 ± 1.67 16.3 ± 0.60 –

FAM (1.0 mM) 57.0 ± 1.45* 19.1 ± 0.46* 26.1 ± 1.59

FAM (5.0 mM) 57.4 ± 1.75* 20.9 ± 0.67* 39.4 ± 2.14*

Histamine H�-receptor antagonist

DHP (0.1 mM) 45.9 ± 4.35 14.1 ± 0.71 –

DHP (1.0 mM) 46.8 ± 4.52 14.7 ± 0.57 26.7 ± 2.54

DHP (5.0 mM) 33.1 ± 3.32* 12.6 ± 0.29* 26.4 ± 3.19

The superoxide dismutase activity was measured in tissue homogen-
ates after incubation for 30 min at 0� C in the presence of different
drug concentrations. Results (U/mg of protein) are the mean ± SE of
5 separate experiments. * Statistically significant differences vs. con-
trols at p < 0.01

Tab. 2B. Effects of famotidine and diphenhydramine on catalase ac-
tivity in tissue homogenates

Drug (mM) Liver Brain Gastric mucosa

Controls 14.5 ± 0.73 0.31 ± 0.032 0.19 ± 0.007

Histamine H�-receptor antagonist

FAM (0.1mM) 13.5 ± 0.96 0.31 ± 0.028 –

FAM (1.0mM) 14.0 ± 0.96 0.26 ± 0.026 0.16 ± 0.018

FAM (5.0mM) 0* 0* 0*

Histamine H�-receptor antagonist

DHP (0.1mM) 13.5 ± 1.03 0.31 ± 0.036 –

DHP (1.0mM) 14.4 ± 1.03 0.32 ± 0.033 0.17 ± 0.014

DHP (5.0mM) 0* 0* 0*

The catalase activity was measured in tissue homogenates after in-
cubation for 30 min at 0� C in the presence of different drug concen-
trations. Results (E

���
/mg of protein) are the mean ± SE of 5–7 sepa-

rate experiments. * Statistically significant differences vs. controls at
p < 0.01



hibited DR degradation (Tab. 3B). RAN and MEP

showed similar effects on DR degradation in Fenton-

and Fenton-like systems, but it might be mentioned

that the inhibitory effect of FAM was stronger than

that of DPH or RAN. In summary, the results, ob-

tained in Fenton- and Fenton-like systems suggested

an •OH scavenging activity for the histamine H1 and

H2 receptor antagonists under study.

Discussion

It is accepted that compounds possessing chelating

activity can be used in the treatment of “free radical”

pathologies [8, 26, 27], especially diseases associated

with iron overload [6, 25, 27, 39]. According to Van

Zyl et al. [45], the histamine H2-receptor antagonists

are efficient chelators of iron.

It is well known that the toxic effects of iron ions

are a consequence of a catalytic decomposition of hy-

drogen peroxide or hydroperoxides by ferrous ions to

form active hydroxyl and oxyl radicals. It is assumed

that these reactions are the initiation step of many

free-radical damaging processes, including lipid per-

oxidation.

A FAM- and DPH-induced inhibition of Fe/ascor-

bic acid-induced lipid peroxidation, where the •OH

radicals played a significant role was established.

That is why we turned our attention to the study of the

potential •OH scavenging activity of the drugs. It was

found that like CIM and RAN [7, 29, 43] DPH and

FAM were also able to scavenge •OH radicals.

In Fenton-type reactions, substances with metal-

binding affinity higher than those of the detector

molecule (DR) are known to be more efficient •OH
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Tab. 3A. Effects of drugs in Fenton system

Drugs – EDTA + EDTA

E���–E���

Controls 1.077 ± 0.041 2.271 ± 0.047

Histamine H�-receptor antagonists

FAM (0.1 mM) 0.720 ± 0.058* 1.946 ± 0.023*

FAM (0.5 mM) 0.652 ± 0.045* 1.442 ± 0.021*

FAM (1.0 mM) 0.621 ± 0.066* 1.249 ± 0.029*

FAM (5.0 mM) 0.376 ± 0.038* 0.870 ± 0.022*

RAN (0.1 mM) 1.035 ± 0.050 2.001 ± 0.028*

RAN (0.5 mM) 1.064 ± 0.058 1.701 ± 0.021*

RAN (1.0 mM) 1.083 ± 0.077 1.510 ± 0.039*

RAN (5.0 mM) 0.699 ± 0.028* 1.045 ± 0.020*

Histamine H�-receptor antagonists

DPH (0.1 mM) 1.146 ± 0.012 2.112 ± 0.017*

DPH (0.5 mM) 1.143 ± 0.054 1.476 ± 0.022*

DPH (1.0 mM) 0.894 ± 0.017* 1.318 ± 0.015*

DPH (5.0 mM) 0.215 ± 0.007* 0.590 ± 0.008*

MEP (5.0 mM) 0.362 ± 0.005* 0.806 ± 0.023*

Reaction mixture: 20 mM potassium phosphate buffer, pH 7.2 sup-
plemented with 3.4 mM deoxyribose, 0.5 mM H

�
O
�
, 0.1 mM FeCI

�
,

0.1 mM ascorbic acid and additions: 0.1 mM EDTA and drugs. Incu-
bation: 60 min at 37�C. Results are the mean ± SE of 5–7 separate ex-
periments. * Statistically significant differences vs. controls at p < 0.01

Tab. 3B. Effects of drugs in Fenton-like system

Drugs – EDTA + EDTA

E���–E���

Controls 0.633 ± 0.028 0.731 ± 0.039

Histamine H�-receptor antagonists

FAM (0.1mM) 0.429 ± 0.008* 0.581 ± 0.015*

FAM (0.5mM) 0.278 ± 0.007* 0.523 ± 0.008*

FAM (1.0mM) 0.254 ± 0.005* 0.485 ± 0.015*

FAM (5.0mM) 0.227 ± 0.005* 0.451 ± 0.018*

RAN (0.1mM) 0.471 ± 0.020* 0.722 ± 0.022

RAN (0.5mM) 0.464 ± 0.016* 0.675 ± 0.025

RAN (1.0mM) 0.443 ± 0.017* 0.667 ± 0.032

RAN (5.0mM) 0.315 ± 0.016* 0.483 ± 0.019*

Histamine H�-receptor antagonists

DPH (0.1mM) 0.605 ± 0.010 0.666 ± 0.046

DPH (0.5mM) 0.605 ± 0.020 0.731 ± 0.039

DPH (1.0mM) 0.562 ± 0.017 0.743 ± 0.020

DPH (5.0mM) 0.283 ± 0.009* 0.374 ± 0.011*

MEP (5.0mM) 0.302 ± 0.007* 0.445 ± 0.009*

Reaction mixture: 20 mM potassium phosphate buffer, pH 7.2
supplemented with 3.4 mM deoxyribose, 0.5 mM H

�
O
�
, 0.1 mM

CuSO
�

� 5H
�
O, 0.1 mM ascorbic acid and additions: 0.1 mM EDTA

and drugs. Incubation: 60 min at 37�C. Results are the mean ± SE of
5–7 separate experiments. * Statistically significant differences vs.
controls at p < 0.01



scavengers [12]. It is known that the chelating agents

are able either to promote or inhibit the Fenton reac-

tion, depending on the solubility of the complex, the

redox potential of the Fe3+/Fe2+ couple and the pres-

ence of free coordination sites in the complex [11,

12]. Moreover, they can initiate or abolish the iron

pro-oxidant effect on lipid peroxidation [13, 41, 42],

depending on the type of chelator and on the molar

metal/chelator ratio. For example, EDTA, unlike

ADP, exhibits a biphasic effect on the lipid peroxida-

tion in brain microsomes [31].

Hence, if FAM and DPH possess a different-type

chelating activity, they would have different effects

on the spontaneous (induced by endogenous metal

ions, mainly iron ions) and on the Fe-induced lipid

peroxidation. Indeed at the concentrations used, FAM

showed a biphasic concentration-dependent effect on

the spontaneous and increased Fe-induced lipid per-

oxidation in the rat liver and brain, while DHP only

inhibited them.

Using the indirect NBT and ferricytochrome C as-

says, a SOD-like activity of copper/cimetidine com-

plexes has been reported [10, 22]. The studied by us

drugs also inhibited the reduction of NBT and ferricy-

tochrome C. It might be suggested that these drugs,

especially FAM, are able to scavenge the O2
– radicals

generated in the reaction mixture. In a previous study

[23] it was reported that CIM decreased dose-

dependently O2
–-provoked reduction of ferricyto-

chrome C and NBT, as well as the amount of O2
–, di-

rectly generated by KO2. Using the same experimen-

tal models, an inhibition of NBT and ferricytochrome

C reduction by FAM, RAN, DPH and MEP was also

found, but the FAM effect was stronger (Tab. 4). It

could be assumed that the decrease in FAM-induced

ferricytochrome C reduction was not due to an inacti-

vation of the enzyme xanthine oxidase, since 5 mM

FAM completely inhibited the ferricytochrome C re-

duction, but had no effect in the xanthine-xanthine

oxidase enzyme-system (data not shown). O2
– and

H2O2 produced in xanthine-xanthine oxidase system

can collaborate with the production of •OH radicals

[3]; hence, the higher FAM effectiveness in affecting

ferricytochrome C reduction, as compared to that of

the other drugs, might be connected to its stronger
•OH scavenging activity (Tab. 3A). Thus, in the pres-

ence of FAM, the amount of O2
–, taking part in the

ferricytochrome C reduction would be smaller.

The significant FAM-induced inhibition of NBT

reduction would also explain the stimulation of the

SOD activity, observed in the present study, as well as

the in vivo stimulated SOD activity after CIM, RAN

or FAM administration [21, 40]. This SOD-like activ-

ity might be due to the drugs themselves and/or to

their in vitro and in vivo formed metal complexes.

FAM and DPH did not change the activity of cata-

lase in the rat liver, brain and stomach mucosa, except

for their concentration of 5 mM, which completely in-

hibited it. If the drugs are ineffective in influencing

the catalase substrate – H2O2 [29], this inhibition

might be a result of an inactivation of the enzyme

iron, as a consequence of the metal-chelating capacity

of the drugs.

The present results suggested that histamine H1 and

H2 receptor antagonists, especially FAM, possess an

antioxidant activity, which might be due to their abil-
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Tab. 4. Effects of drugs in O
�

�
- generating systems

Drugs (mM) O�
� - provoked reduction of
nitro-blue tetrazolium

O�
� - provoked reduction
of ferricytochrome C

– EDTA + EDTA – EDTA + EDTA

Controls 100 100 100 100

Histamine H�-receptor antagonists

FAM (0.1 mM) 60 ± 4.7* 76 ± 1.1* 60 ± 2.4* 55 ± 8.2*

FAM (0.5 mM) 21 ± 1.1* 42 ± 1.6* 29 ± 5.2* 23 ± 3.1*

FAM (1.0 mM) 9 ± 1.3* 23 ± 0.6* 24 ± 4.1* 18 ± 5.1*

FAM (5.0 mM) 5 ± 0.5* 3 ± 0.5* 0* 0*

RAN (0.1 mM) 84 ± 4.2* 94 ± 1.2* 109 ± 19.1 109 ± 12.7

RAN (0.5 mM) 74 ± 4.2* 78 ± 0.9* 95 ± 4.2* 91 ± 3.2*

RAN (1.0 mM) 51 ± 3.2* 57 ± 1.9* 91 ± 4.3* 82 ± 3.3*

RAN (5.0 mM) 10 ± 0.5* 9 ± 0.5* 71 ± 7.1* 73 ± 4.1*

Histamine H�-receptor antagonists

DPH (0.1 mM) 92 ± 2.1* 99 ± 1.7 100 ± 2.0 96 ± 5.1

DPH (0.5 mM) 77 ± 1.2* 92 ± 0.8* 86 ± 3.2* 86 ± 4.2*

DPH (1.0 mM) 76 ± 2.6* 89 ± 2.2* 71 ± 3.1* 68 ± 5.1*

DPH (5.0 mM) 62 ± 3.7* 87 ± 0.9* 57 ± 2.5* 68 ± 3.3*

MEP (5.0mM) 86 ± 3.1* 95 ± 1.9* 71 ± 2.2* 55 ± 6.3*

Reaction mixture: 50 mM potassium phosphate buffer, pH 7.8 with
1.17 x 10

��
M riboflavine, 0.2 mM methionine, 5.6 x 10

��
M NBT and

additions (0.1 mM EDTA and drugs). II reaction mixture: 50 mM po-
tassium phosphate buffer, pH 7.8 with 1 x 10

��
M ferricytochrome C,

0.4 mM xanthine, 0.012 U/ml xanthine oxidase and additions (0.1 mM
EDTA and drugs). Results (% vs. controls) are the mean ± SE of 9
separate experiments. * Statistically significant differences vs. con-
trols at p < 0.01



ity to scavenge oxygen free radicals and/or to act as

metal chelators. Their antioxidant activity could be an

additional mechanism of therapeutic action and so,

they could be used in the treatment of “free radical”

pathologies, especially diseases associated with metal

overload.

Acknowledgment:

This study was supported by a grant B-601 from the National

Research Fund, Sofia, Bulgaria.

References:

1. Aebi M : Katalase. In: Methoden der Enzymatishen Analyse.

Ed. Bergmeyer HU, Academie, Berlin, 1970, 636–641.

2. Arvidson S, Falt K, Marklund S, Haglund U: Role of

free oxygen radicals in the development of gastrointesti-

nal mucosal damage in Escherichia coli sepsis. Circ

Shock, 1985,16, 383–393.

3. Beauchamp C, Fridovich I: A mechanism for the produc-

tion of ethylene from methional. The degradation of hy-

droxyl radical by xanthine oxidase. J Biol Chem, 1970,

245, 4641–4646.

4. Beauchamp C, Fridovich I: Superoxide dismutase: im-

proved assays and assay applicable to acrylamide gels.

Anal Biochem, 1971,44, 276–287.

5. Butler J, Halliwell B : Reaction of iron-EDTA chelates

with the superoxide radical. Arch Biochem Biophys,

1982, 218, 174–178.

6. Callender ST, Weatherall DJ: Iron chelation with oral

desferrioxamine. Lancet, 1980, 2, 689.

7. Ching TL, Haenen GRM, Bast A: Cimetidine and other

H� receptor antagonists as powerful radical scavengers.

Chem Biol Interact, 1993, 86, 119–127.

8. Cranton EM, Frackelton JP: Free radical pathology in

age associated diseases: treatment with EDTA chelation,

nutrition and antioxidants. J Holistic Med, 1984, 6, 6–37.

9. Doelman CJA, Bast A: Oxygen radicals in lung pathol-

ogy. Free Radic Biol Med, 1990,9, 381–400.

10. Goldstein S, Czapski G: Determination of the superoxide

dismutase-like activity of cimetidine-Cu(II) complexes.

Free Radic Res Commun, 1991, 12–13, 205–210.

11. Graf E, Mahoney JR, Bryant RG, Eaton JW: Iron-

catalyzed hydroxyl radical formation. Stringent require-

ment for free iron coordination site. J Biol Chem, 1984,

259, 3620–3624.

12. Gutteridge JMC: Ferrous-salt-promoted damage to de-

oxyribose and benzoate. The increased effectiveness of

hydroxyl radical scavengers in the presence of EDTA.

Biochem J, 1987, 243, 709–714.

13. Gutteridge J, Richmond R, Halliwell B: Inhibition on the

iron-catalysed formation of hydroxyl radicals from su-

peroxide and of lipid peroxidation by desferrioxamin.

Biochem J, 1979, 184, 469–472.

14. Gutteridge JMC, Wilkins S: Copper-dependent hydroxyl

radical damage to ascorbic acid. Formation of a thiobarbi-

turic acid-reactive product. FEBS Lett, 1982, 137, 327–330.

15. Gutteridge JMC, Wilkins S: Copper salt-dependent hy-

droxyl radical formation damage to proteins acting as an-

tioxidant. Biochim Biophys Acta, 1983, 759, 38–41.

16. Halliwell B, Grootveld M, Gutteridge J: Methods for the

measurement of hydroxyl radicals in biochemical sys-

tems: deoxyribose and aromatic hydroxylation. Methods

Biochem Anal, 1988, 33, 59–90.

17. Halliwell B, Gutteridge JMC: Formation of a thiobarbi-

turic acid-reactive substance from deoxyribose in the

presence of iron salts – the role of superoxide and hy-

droxyl radicals. FEBS Lett, 1981, 128, 347–351.

18. Halliwell B, Gutteridge JMC: Oxygen toxicity, oxygen

radicals, transition metals and disease. Biochem J, 1984,

219, 1–14.

19. Halliwell B, Gutteridge JMC, Aruoma OI: The deoxyri-

bose method: a simple “test-tube” assay for determina-

tion of rate constants for reactions of hydroxyl radicals.

Anal Biochem, 1987,165, 215–219.

20. Hunter F, Gebinski J, Hoffstein P, Weinstein J, Scott A:

Swelling and lysis of rat liver mitochondria induced by

ferrous ions. J Biol Chem, 1963, 238, 828–835.

21. Kedziora-Kornatowska K, Tkaczewski W, Blaszczyk J,

Buczynski A, Chojnacki J, Kedziora J: Effect of the H�

histamine receptor antagonist on oxygen metabolism in

some morphotic blood elements in patients with ulcer

disease. Hepatogastroenterology, 1998, 45, 276–280.

22. Kimura E, Koike T, Shimizu Y, Kodama M: Complexes

of histamine H� antagonist cimetidine with divalent and

monovalent copper ions. Inorg Chem, 1986, 25, 2242–2246.

23. Kirkova M, Atanassova M, Russanov E: Effects of ci-

metidine and its metal complexes on nitroblue tetra-

zolium and ferricytochrome C reduction by superoxide

radicals. Gen Pharmacol, 1999, 33, 271–276.

24. Kitano M, Wada K, Kamisaki Y, Nakamoto K, Kishi-

moto Y, Kawasaki H, Itoh T: Effects of cimetidine on

acute gastric mucosal injury induced by ischemia-

reperfusion in rats. Pharmacology, 1997, 55, 154–164.

25. Kontoghiorghes GJ, Aldouri MA, Hoffbrand AV, Barr J,

Wonke B, Kourouclaris Th, Sheppard L: Effective chela-

tion of iron in thalassemmia with the oral chelator 1,2-

dimethyl-3-hydroxypyrid-4-one. Br Med J, 1987, 295,

1509–1512.

26. Korkina LG, Samochatova EV, Maschan AA, Suslova

TB, Cheremisina ZP, Afanas’ev IB: Release of active

oxygen radicals by leukocytes of Fanconi anemia pa-

tients. J Leukocyte Biol, 1992, 52, 357–362.

27. Korkina LG, Afanas’ev IB, Deeva IB, Suslova TB, Che-

remisina ZP, Maschan AA, Samochatova EV, Rumyan-

zev AG: Free radical status of blood of the patients with

iron overload: the effect of chelating treatment. Drugs

Today, 1992, 28, (Suppl A), 137–141.

28. Korthuis RJ, Granger DN, Townsley MI, Taylor AE: The

role of oxygen-derived free radicals in ischemia-induced

increases in canine skeletal muscle vascular permeabil-

ity. Circ Res, 1985, 57, 599–609.

29. Lappena D, Gioia S, Nezzetti A, Grossi L, Festi D, Mar-

zio L, Cuccurullo F: H� receptor antagonists are scaven-

Pharmacological Reports� ����� ��� ������� 227

Antioxidant activity of diphenhydramine and famotidine
���� �����	� �
 ���



gers of oxygen radicals. Eur J Clin Invest, 1994, 24,

476–481.

30. Lowry OH, Rosenbrough NJ, Farr AL, Randall RJ: Pro-

tein measurements with Folin phenol reagent. J Biol

Chem, 1951, 193, 265–275.

31. Marton A, Sukosd-Rozlosnik N, Vertes A, Horvath I:

The effect of EDTA-Fe(III) complexes with different

chemical structure on the lipid peroxidation in brain mi-

crosomes. Biochem Biophys Res Commun, 1987, 145,

211–217.

32. McCord JM, Roy RS: The pathophysiology of superox-

ide: roles in inflammation and ischemia. Can J Physiol

Pharmac, 1982, 60, 1346–1352.

33. Mera E, Muriel P, Castillo C, Mourelle M: Cimetidine

prevents and partially reverses CC4-induced liver cirrho-

sis. J Appl Toxicol, 1994,14, 87–90.

34. Nosalova B, Petrikova M, Nosal R: Lipid peroxidation in

normal and ulcerated gastric mucosa of rats treated with

pentacaine and cimetidine. Agents Actions, 1989, 27,

160–162.

35. Ozawa T, Ueda J, Hanaki A: Copper(II)-albumin com-

plex can activate hydrogen peroxide in the presence of

biological reductants: first ESR evidence for the forma-

tion of hydroxyl radical. Biochem Mol Biol Int, 1993,

29, 247–253.

36. Perry MA, Wadhwa S, Parks DA, Pickard W, Granger

DN: Role of oxygen radicals in ischemia-induced lesions

in the cat stomach. Gastroenterology, 1986, 90, 362–367.

37. Rowley DA, Halliwell B: Superoxide-dependent and

ascorbate-dependent formation of hydroxyl radicals in

the presence of copper salts: a physiologically significant

reaction? Arch Biochem Biophys, 1983, 225, 279–284.

38. Salim AS: Role of oxygen derived free radicals in

mechanism of acute and chronic duodenal ulceration in

the rat. Dig Dis Sci, 1990, 35, 73–79.

39. Schafer AI, Rabinowe S, Le Boff M, Bridges K, Cheron

R, Dluhy R: Long-term efficacy of desferrioxamine iron

chelation in adults with acquired transfusional iron over-

load. Arch Intern Med, 1985, 145, 1212–1217.

40. Tanaka J, Yuda Y: Role of lipid peroxidation in gastric

mucosal lesions induced by ischemia-reperfusion in the

pylorus-ligated rat. Biol Pharm Bull, 1993, 16, 29–32.

41. Tien M, Morehouse, LA, Bucher JR, Aust SD: The mul-

tiple effects of erhylenediaminetetraacetate in several

model lipid peroxidation systems. Arch Biochem Bio-

phys, 1982, 218, 450–458.

42. Ursuni F, Maiorino M, Hochstein P, Ernster L: Microso-

mal lipid peroxidation: mechanisms of initiation. The

role of iron and iron chelators. Free Radic Biol Med,

1989, 6, 31–36.

43. Ushida K, Kawakishi S: Cimetidine an anti-ulcer drug as

a powerful hydroxyl radical scavenger. Agric Biol Chem,

1990, 54, 2485–2487.

44. Van der Vliet A, Bast A: Role of reactive oxygen species

in intestinal diseases. Free Radic Biol Med, 1992, 12,

499–513.

45. Van Zyl JM, Kriegler A, Van der Walt BJ: Anti-oxidant

properties of H� receptor antagonists. Effects on

myeloperoxidase-catalysed reactions and hydroxyl radi-

cal generation in ferrous-hydrogen peroxide system. Bio-

chem Pharmacol,1993, 45, 2389–2397.

46. Zbaida S, Kariv R, Fischer P, Silman-Greenspan J,

Tashma Z: Reaction of cimetidine with Fenton reagent.

A biomimetic model for the mixed-function oxidase drug

metabolism. Eur J Biochem, 1986, 154, 603–605.

Received:

August 29, 2005; in revised form: December 23, 2005.

228 Pharmacological Reports� ����� ��� �������


	159	REVIEW Œ Asymmetric dimethylarginine (ADMA) as a target for pharmacotherapy.
	Jerzy Be³towski, Anna Kêdra

	179	REVIEW Œ Vitamin E in the prevention of ischemic heart disease.
	Aindrila Chattopadhyay, Debashis Bandyopadhyay

	188	Functional and molecular identification of 5-hydroxy- tryptamine receptors in rabbit pulmonary artery: involvement in complex regulation of noradrenaline release.
	Gerhard J. Molderings, Michael Brüss, Manfred Göthert

	200	Effects of cannabinoids on the anxiety-like response in mice.
	Maria Rutkowska, Joanna Jamontt, Halina Gliniak

	207	Impact of aromatic substitution on the anticonvulsant activity of new N-(4-arylpiperazin-1-yl)-alkyl-
2-azaspiro[4.5]decane-1,3-dione derivatives.
	Jolanta Obniska, Krzysztof Kamiñski, Ewa Tatarczyñska

	215	Bismuth increases hydroxyl radical-scavenging activity of histamine H2-receptor antagonists.
	Margarita Kirkova, Albena Alexandrova, Neli Yordanova

	221	Effects of diphenhydramine and famotidine on lipid peroxidation and activities of antioxidant enzymes in different rat tissues.
	Mila Kesiova, Albena Alexandrova, Neli Yordanova, Margarita Kirkova, Simeon Todorov

	229	Prevention of 1,2-dimethylhydrazine-induced circulatory oxidative stress by bis-1,7-(2-hydroxyphenyl)- hepta-1,6-diene-3,5-dione during colon carcinogenesis.
	Thiyagarajan Devasena, Venugopal P. Menon, Kallikut N. Rajasekharan

	236	Immunosuppressory activity of an isoxazolo[5,4-e]triazepine-compound RM-33 II. Effects on the carrageenan-induced inflammation.
	Micha³ Zimecki, Stanis³aw Ryng, Marcin M¹czyñski, Grzegorz Chodaczek, Maja Kociêba, Jan Kuryszko, Katarzyna Kaleta

	SHORT COMMUNICATIONS
	242	Anticonvulsant effect of amiloride in pentetrazole-induced status epilepticus in mice.
	Atif Ali, Krishna K. Pillai, Farhan J. Ahmad, Yashomati Dua, Divya Vohora


	246	Search for drugs of the combined anti-inflammatory and anti-bacterial properties: 1-methyl-N™-(hydroxymethyl)nicotinamide.
	Maciej Adamiec, Jan Adamus, Ireneusz Ciebiada, Andrzej Denys, Jerzy Gêbicki

	253	MODULATION OF CHEMICAL SIGNALING: CURRENT PROBLEMS AFTER FOUR DECADES OF RESEARCH
	283	Abstracts of THE FIFTEENTH DAYS 
OF NEUROPSYCHOPHARMACOLOGY
	


	334	Note to Contributors


	content
	cont
	contents_3'2005

