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Abstract:

Background: The study’s aim was to evaluate the anti-inflammatory effect and influence on gastric mucosa after the combined ad-

ministration of ketoprofen and zinc hydroaspartate (ZHA, 60 mg/kg).

Methods: Antiedematous activity was determined according to Winter et al., analgesic activity according to the Randall and Selitto

test, the influence on gastric mucosa in accordance to Komatsu.

Results: Single and subchronic administration of ZHA and single ketoprofen po caused a significant reduction of the rat hind paw

edema in comparison to the control groups. ZHA alone administrated ip four times was active after the 1st, 2nd and 3rd h from the car-

rageenan injection.

Conclusions: ZHA enhanced the anti-inflammatory effect of ketoprofen.
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Introduction

Zinc is one of the most important trace elements in the

human body, crucial to the structure and function of nu-

merous proteins, including enzymes regulating cellular

processes and cellular signaling pathways. It is responsi-

ble for the growth and development of cells, regulation

of gene expression and immune response. The anti-

inflammatory and analgesic activity of the divalent zinc

cation is scientifically proven, as well as its role in

wound healing, especially in gastric ulcers [4, 9, 17, 18].

Recent studies indicate that oxidative stress and in-

flammation are closely linked. It has been demon-

strated that cytokines TNF-a (tumor necrosis factor-

alpha) and IL-1b (interleukin-1 beta) produced during

an inflammatory response increase the synthesis of re-

active oxygen species (ROS). On the other hand, con-

tinued oxidative stress can lead to chronic inflamma-

tion and chronic diseases. Zinc ions cause a decrease

in plasma oxidative stress markers by NADPH-

oxidase inhibition and metallothionein stimulation.

Maintaining zinc concentrations at the appropriate

level provides the correct functioning of many en-

zymes, such as superoxide dismutases (SOD), and

helps to maintain the oxidative-antioxidative balance

[9, 10, 12]. Furthermore, zinc has been shown to in-

duce production of the protein A20, which inhibits

NF-kB (nuclear factor kappaB, light-chain-enhancer
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of activated B cells) and consequently decreases gen-

eration of inflammatory cytokines in human tissues

[1, 8–10].

Since pain conduction mechanisms remain unclear, the

analgesic activity of zinc is widely discussed. The latest

results suggest that modulation of glutamatergic transmis-

sion by binding to the NR2A subunit on the NMDA-

receptor plays a key role in pain formation process [6].

The efficacy of zinc in skin lesion and wound heal-

ing has been appreciated for many years. Since 1994,

when the first gastroprotective chelate of zinc and

L-carnosine (polaprezinc) was introduced to the Japa-

nese market, studies have been carried out to explain

the mechanism of antiulcer properties of the com-

pound. It has been demonstrated that polaprezinc acts

as an antioxidant, stabilizes cell membranes, increases

mucosal secretion, stimulates the generation of en-

dogenous prostaglandins, and heats the shock proteins

HSP 70 and HSP 32 [1, 2, 4, 7]. Moreover, zinc sul-

fate has been found to prevent indomethacin-induced

changes in the content of mucosal lipids and sugars

followed by translocation of luminal bacteria [16]. In

accordance with recently conducted research, treat-

ment with zinc hydroaspartate stimulates gastric mi-

crocirculation, significantly reduces gastric secretion

and increases the plasma gastrin level [7]. The above

studies show that zinc ions may be universally appli-

cable to the prevention and casual treatment of gastric

ulcerations.

The study’s aim was to evaluate the anti-

inflammatory effect and influence on gastric mucosa

after acute and subchronic (4×) administration of

ZHA combined with single ketoprofen administration.

Materials and Methods

Animals

Male albino Wistar rats, weighing between 150–250 g,

were used for the anti-inflammatory and analgesia

tests. The animals were housed and fed in a laboratory

and kept at a constant temperature of 22°C under stan-

dard conditions (12 : 12 h L/D cycle, standard pellet

diet, tap water). Treatment of laboratory animals in

the present study was in full accordance with the re-

spective Polish and European regulations and was ap-

proved by the Local Ethics Committees.

Drugs

Ketoprofen (Sigma-Aldrich, Germany) and zinc hy-

droaspartate (ZHA) (Farmapol, Poznañ) for po ad-

ministration were suspended ex tempore in 0.5% solu-

tion of methylcellulose (MC) (Loba-Chemie, Aus-

tria). The zinc hydroaspartate for ip administration

was dissolved ex tempore in saline.

Six separate experiments were conducted. The ani-

mals were divided into groups, one of them being the

control. Each group consisted of 6 animals. The control

group in each trial received 0.2 ml/100 g of 0.5% meth-

ylcellulose solution po. Experimental groups in the

first two trials were given po ketoprofen in doses 5, 10,

20, 50, 100, 200 mg/kg suspended in MC. In the third

and fourth experiment, the rats received po ZHA at

a dose of 60 mg/kg together with ketoprofen in doses

of 5, 10, 20, 50, 100, 200 mg/kg, respectively. One of

the experimental groups was given po ZHA (60 mg/kg)

alone. The fifth experiment was preceded by threefold

po administration of ZHA (60 mg/kg) during three

days preceding the experiment. On the day of the trial,

the animals received po ZHA (60 mg/kg) together with

ketoprofen in doses of 5, 10 and 20 mg/kg, respec-

tively. One of the experimental groups was given po

ZHA (60 mg/kg) alone. The last experiment was pre-

ceded by threefold ip administration of ZHA

(60 mg/kg) during the three days preceding the experi-

ment. On the day of the trial, the animals received ip

ZHA (60 mg/kg) and po ketoprofen in doses of 5, 10

and 20 mg/kg, respectively. One of the experimental

groups was given ip ZHA (60 mg/kg) alone.

Determination of anti-inflammatory activity

of the investigated compounds using

the carrageenan-induced hind paw edema test

Animals fasted for 24 h before the experiment were

used in the hind paw edema test. Rats were given the

investigated compounds according to the above de-

scription. After one hour and in order to produce in-

flammation, 0.1 ml of 1% carrageenan solution in wa-

ter was injected into the hind paw subplantar tissue of

the rats, according to the modified method of Winter

[19] and Lenèe [5]. The development of the paw

edema was measured pletysmographically (Ugo

Basile, Italy). Paw diameters were measured and re-

corded prior to the carrageenan injection and after the

1st, 2nd and 3rd h, the percentage of the edema inhibi-

tion was calculated according to the following

formula:

Pharmacological Reports, 2013, 65, 214�219 215

The influence of zinc on the activity of ketoprofen
Magdalena Gawe³ et al.



Edema inhibition % =
( –N N

N

1 100
)

•

where: N – paw diameters measured 1, 2 and 3 h after

injection of carrageenan to the control group – paw di-

ameters at the beginning. N1 – paw diameters meas-

ured 1, 2, and 3 h after injection of carrageenan to the

test groups – paw diameters at the beginning.

Analgesic activity test

Analgesic activity was evaluated according to Randall’s

and Sellito’s method [11]. The pain threshold in the hind

paw of rat affected by inflammation was measured using

an analgesimeter 4 h after administration of the com-

pounds. The mean pain thresholds were calculated for

treated and control groups and the percentage change in

relation to the control was determined.

Irritant action on the gastric mucosa according

to Komatsu

The ulcerogenic effect was determined by the method

devised by Komatsu et al. [3]. The tested compounds

were administered to fasted rats having free access to

drinking water. Twenty four hours after administration of

the compounds, the rats were sacrificed, the stomach was

removed and, after incision along the lesser curvature,

rinsed with a tap along with a warm (37°C) saline soak,

then spread on a cork board and pinned down. The

mucosa of the glandular part of the stomach were in-

spected using a binocular microscope (10-fold magnifica-

tion). The mucosal lesions were evaluated using the five-

point scale (0 – no lesions, 1 – erythema, 2 – punctiform

ulcers, 3 – small ulcers, 4 – large ulcers, 5 – perforation).

Statistical analysis

The data are expressed as the means ± SD. In the

carrageenan-induced hind paw edema test, the

obtained data were evaluated by a one-way analysis

of variance (one-way ANOVA), followed by Bonfer-

roni’s multiple comparison test; p < 0.05 was consid-

ered significant. In analgesic activity the test data

were evaluated by a one-way analysis of variance

(one-way ANOVA), followed by Tukey’s test; p <

0.05 was considered significant.

Results and Discussion

The results of the carrageenan-induced hind paw

edema test are summarized in Table 1. It was ob-

served that the single and subchronic po administra-

tion of ZHA did not influence the rat hind paw edema.

ZHA administrated ip four times reduced the edema

after the 1st, 2nd and 3rd h from carrageenan injection,

by 56.5, 64.5 and 70.6%, respectively.

The single administration of ZHA and ketoprofen

(5, 10, 20, 50, 100 and 200 mg/kg) po and the sub-

chronic administration of ZHA and ketoprofen (5, 10

and 20 mg/kg) po caused a statistically significant re-

duction of the edema after the 2nd and 3rd h from car-

rageenan injection in comparison to the control group.

The reduction of the edema growth after the 1st h was

enhanced by the combined administration of ZHA and

ketoprofen in doses of 5, 10 and 20 mg/kg when com-

pared to the administration of ketoprofen (5, 10 and

20 mg/kg) alone. After the 2nd h from the carrageenan

injection, the percentage of edema inhibition for the

administration of ketoprofen at doses of 5 and

10 mg/kg was higher than for the combined admini-

stration of ZHA and corresponding doses of ketopro-

fen, whereas the results after the 3rd h were similar. We

suspect that simultaneous po administration of ZHA

and lower doses of ketoprofen accelerates drug absorp-

tion, but does not affect the overall antiedematous ef-

fect obtained after the 3rd h. For higher doses of keto-

profen (50, 100 and 200 mg/kg) the same relation was

not observed; the inhibition of the edema was stronger

for the administration of ketoprofen alone.

The combined po subchronic administration of

ZHA and ketoprofen, in doses of 5, 10 and 20 mg/kg,

produced a stronger antiedematous effect after the 1st

and 2nd h from the carrageenan injection in compari-

son to other experimental groups receiving po ZHA

and ketoprofen (5, 10 and 20 mg/kg) or ketoprofen (5,

10 and 20 mg/kg) alone. After the 3rd h, the effect de-

creased by several percent in comparison to the other

groups and in comparison to the effect obtained after

the 2nd h. Zinc supplementation for three days before

the simultaneous po administration of ZHA and keto-

profen results in shortening the time needed to obtain

the full antiedematous effect of the employed mixture.

The most potent antiedematous activity has been

observed for the combined administration of ZHA ip

and ketoprofen (5, 10 and 20 mg/kg) po, preceded by

the triple ip administration of ZHA (Fig. 1). The per-
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Tab. 1. Results of the carrageenan-induced hind paw edema test according to the modified method of Winter [19] and Lenèe [5]

Used compounds
Ketoprofen

doses
Percent of edema inhibition

1 h 2 h 3 h

Ketoprofen
in single administration po [mg/kg]

5

10

20

50

100

200

13.8

26.8

–0.4

49.3b

49.6b

62.3c

50.4d

55.1d

54.1d

58.9d

57.0d

68.4d

58.5d

62.8d

67.4d

69.0d

70.3d

85.3d

ZHA 60 mg/kg in single administration po 21.0 –15.6 –21.8

ZHA 60 mg/kg
+ ketoprofen in single administration

po [mg/kg]

5

10

20

50

100

200

24.1

30.4

22.1

–1.7

11.0

29.1

37.7a

49.0c

57.7d

47.9c

50.6c

55.1d

60.6d

62.5d

65.1d

56.3d

59.6d

60.5d

ZHA 60 mg/kg in subchronic administration po –0.7 8.9 –8.9

ZHA 60 mg/kg in subchronic
administration po + ketoprofen in
single administration po [mg/kg]

5

10

20

41.7a

53.2b

54.7b

56.4d

66.0d

73.9d

52.0d

54.8d

63.2d

ZHA 60 mg/kg in subchronic administration ip 56.5b 64.5d 70.6d

ZHA 60 mg/kg in subchronic
administration ip + ketoprofen in single

administration po [mg/kg]

5

10

20

83.9d

84.5d

95.5d

85.3d

77.5d

86.6d

84.7d

97.3d

97.8d

The results are expressed as a percentage. a p < 0.05, b p < 0.01, c p < 0.001, d p < 0.0001 indicate the results which were statistically
significant

Fig. 1. The increase in rat hind paw edema volume
1, 2 and 3 h after the injection of carrageenan.
Experimental groups received ip ZHA (60 mg/kg)
and po ketoprofen in doses of 5, 10 and 20 mg/kg.
The experiment was preceded by triple intraperito-
neal administration of ZHA (60 mg/kg) during the
three days before the experiment. Data expressed
as the means ± SD; evaluated by a one-way analy-
sis of variance (one-way ANOVA), followed by
Bonferroni’s multiple comparison test; ** p < 0.01,
**** p < 0.0001 vs. control. n = 5–6



centage of the edema inhibition was higher in those

experimental groups than in groups receiving keto-

profen in doses of 50, 100 and 200 mg/kg po, without

ZHA. The subchronic ip administration of ZHA re-

duces over ten times the dose of the ketoprofen neces-

sary to obtain the same antiedematous effect. What is

more, the four times ip administration of ZHA by

itself causes an antiedematous effect comparable to

a single administration of ketoprofen at a dose of

100 mg/kg po.

For several years, an Indian research team has con-

ducted studies on the anti-inflammatory properties of

non-steroidal anti-inflammatory drugs in combination

with zinc [14]. So far, chemical complexes and physi-

cal mixtures of zinc and aspirin, indomethacin and

naproxen have been tested. Each of the experiments

demonstrated the significant increase in antiedema-

tous activity of the employed complexes and mixtures

po when compared to the administration of the drug

itself. The strongest activity was observed for chemi-

cal complexes; and weaker for physical mixtures of

the drug and zinc sulfate [14, 15].

Based on our study, we cannot evaluate unambigu-

ously the analgesic effect after combined administra-

tion of ZHA and ketoprofen. Most of the results were

statistically insignificant. The analgesic activity

(59.1%) has been observed after combined subchronic

administration of ZHA ip and single administration of

ketoprofen at a dose of 5 mg/kg po by comparison to

the control group.

To date, no reports on analgesic activity of

NSAIDs in combination with zinc ions have been

published. However, the research has been carried out

to prove the activity of zinc alone and to explain the

mechanism of that action. One of the studies demon-

strated that single ip administration of 20 nmoles of

zinc chloride reduces pain reaction in the early stage

of CFA (complete Freund’s adjuvant) or LPS induced

inflammation [13].

Our present study also shows that a single com-

bined administration of ZHA and ketoprofen po, as

well as the subchronic administration of ZHA ip and

ketoprofen po, slightly reduce the ulcerogenic effect

on gastric mucosa caused by ketoprofen alone (data

not shown). Those promising results need to be con-

firmed in rats receiving ZHA chronically in different

doses.

Intensification of gastric ulcerations has been ob-

served in the subchronic administration of ZHA and

ketoprofen po. In view of the well-documented antiul-

cer activity of zinc ions, the observed effect is quite

surprising. However, after taking into consideration

the outcome of Sharma et al. [14], the reason of the

effect in question may be connected with an overdos-

age of zinc hydroaspartate and its conversion into

highly irritant zinc chloride. This research demon-

strated the increase in the ulcerogenic effect after

a single po administration of a physical mixture of

naproxen (100 mg/kg) and zinc sulfate (62.42 mg/kg)

when compared to naproxen itself and to its chemical

complex with zinc ions [14]. We can therefore pro-

pose a hypothesis that zinc acts as an adjuvant in gas-

tric ulcer healing only when the organism requires its

replenishment; the overdosage of non-complex ions

in healthy subjects may adversely affect gastric mu-

cosa if combined with non-steroidal anti-inflam-

matory drugs.

Conclusions

Our studies confirmed the antiedematous activity of

ZHA in its subchronic intraperitoneal administration.

ZHA given po and ip enhanced the antiedematous ef-

fect of ketoprofen and shortened the time needed to

obtain the effect. The results of the analgesic activity

test demonstrated that the lowest dose of ketoprofen

after subchronic intraperitoneal administration of

ZHA inhibited pain in rats. ZHA given po once and ip

repeatedly slightly decreased the ulcerogenic effect

caused by ketoprofen alone, although more research

needs to be conducted to confirm the gastroprotective

properties of ZHA.
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