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Abstract 
Background. Heme oxygenase (HO) catalyzes the conversion of heme to biliverdin with the release of iron and 
carbon monoxide. Various HO-1 modification factors are known, but blood vessel reactivity to them has not been 
established. 
Objectives. To evaluate the impact of Co-protoporphyrin IX (a HO-1 inducer) and Sn-protoporphyrin IX (a HO-1 
inhibitor) on the reactivity of rats’ isolated mesenteric blood vessels. 
Material and Methods. Male Buffalo rats weighing 155 to 185 g were given Co-protoporphyrin IX (CoPPIX) or 
Sn-protoporphyrin IX (SnPPIX) intraperitoneally at a dosage of 1.5 mg/kg b.w. Control rats were given 0.9% NaCl 
solution. The rats were anesthetized with ketaminum (300 mg/kg intramuscularly) and the superior mesenteric 
artery was isolated, cannulated and removed with its small resistance vessels. 
Results. The reactivity of mesenteric vessels to norepinephrine (NE) given in doses from 0.1 to 5.0 µg did not dif-
fer significantly in the rats treated with porphyrins and in the controls. However, the NE50 dose estimated for the 
SnPPIX- and CoPPIX-treated rats was lower in comparison to the controls (p < 0.02 and p < 0.01, respectively). 
The mesenteric vessels from the SnPPIX-treated rats showed an increased response to NE50 in comparison to the 
controls (p < 0.001). Also, L-ω-NOARG (1.0 µg/ml/min) infused into the mesenteric arteries from the SnPPIX- 
-treated rats induced higher perfusion pressure (p < 0.05). NE injected after L-ω-NOARG infusion caused similar 
changes in perfusion pressure in all preparations. The reactivity of the mesenteric bed to an injection of NE50 after 
infusions of acetylcholine (0.5 µg/ml/min) or propranolol (0.3 µg/ml/min) was also similar in all groups of rats. 
Conclusions. The study showed an increased response of the mesenteric artery wall to the vasoconstrictor action 
of norepinephrine in rats treated with a heme oxygenase-1 inhibitor. Decreased production of carbon monoxide is 
at least partially responsible for this altered response (Adv Clin Exp Med 2010, 19, 5, 555–561). 
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Streszczenie
Wprowadzenie. Oksygenaza hemu (HO) katalizuje konwersję hemu do biliwerdyny z uwalnianiem żelaza i tlenku 
węgla. Znane są różne czynniki modyfikujące oksygenazę hemu, nie określono jednak dotychczas ich wpływu na 
reaktywność ściany naczyń krwionośnych. 
Cel pracy. Określenie wpływu kobaltowej i cynowej protoporfiryny IX (aktywatora i inhibitora HO-1) na reaktyw-
ność izolowanego łożyska tętnicy krezkowej szczura. 
Materiał i metody. Szczury Buffalo o masie ciała 155 do 185 g otrzymały Co-protoporfirynę IX (CoPPIX) lub 
Sn-protoporfirynę IX (SnPPIX) w dawce 1,5 mg/kg m.c. dootrzewnowo. Szczury z grupy kontrolnej otrzymały 
0,9% roztwór NaCl. Zwierzęta znieczulano ketaminą (300 mg/kg domięśniowo), izolowano i kaniulowano tętnicę 
krezkową górną i usuwano ją z organizmu wraz z towarzyszącym łożyskiem małych naczyń oporowych. 
Wyniki. Reaktywność naczyń trzewnych na NE stosowaną w dawkach 0,1–5,0 µg nie różniła się istotnie w naczy-
niach szczurów otrzymujących porfiryny i z grupy kontrolnej. Dawka NE50 wyznaczona dla szczurów otrzymu-
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Heme oxygenase (HO) catalyzes the conver-
sion of heme to biliverdin with the release of iron 
and carbon monoxide (CO). This enzyme is one 
of the microsomal enzymes important in cellular 
adaptation and the anti-oxidative defense system. 
Oxidative stress is involved in a variety of patho-
logical processes and diseases like atherogenesis, 
reperfusion tissue injury, carcinogenesis, inflam-
mation, obstructive sleep apnea, metal intoxica-
tions, hypertension and aging [1–3]. The over-
expression of HO associated with a protective 
anti-oxidant effect is induced by heme, inflamma-
tory factors, cytokines, angiotensin II, hypoxia or 
hyperoxia [4]. 

Three isoforms of HO are known. The hu-
man genes encoding HO-1 or HO-2 are located 
in chromosome 22q12 and chromosome 16p13.3 
respectively. HO-1 is an inducible isozyme and 
HO-2 is thought to be a constitutively expressed 
enzyme. HO-3 isoenzyme exhibits approximately 
90% amino acid sequence homology to HO-2. The 
HO-1 isoform is present in endothelial cells; it is 
also referred to as heat shock protein 32 (hsp 32). 
This form plays an anti-apoptopic and cytoprotec-
tive role [5, 6]. 

Carbon monoxide, generated in reactions cata-
lyzed by HO-1, has vasodilating, anti-inflammato-
ry and antiproliferative effects. CO and nitric oxide 
(NO), synthesized by inducible NO synthase, par-
ticipate in the regulation of the vascular resistance 
in hypertensive subjects [7]. Both nitric oxide and 
carbon monoxide relax vascular smooth muscle, 
however CO can also promote endothelium-de-
pendent vasoconstriction by interfering with the 
nitric oxide system. Probably a specific amount 
of CO is required for vasopressor effects, whereas 
too much CO eliminates endothelium-dependent 

vasorelaxation [8]. In the heart, HO-1-derived car-
bon monoxide protects the cardiac muscle from 
transplant-associated ischaemia reperfusion injury 
[9–11]. 

The effect of HO-1 on vessels walls can protect 
against atherosclerosis. Up-regulation of HO-1 by 
hemin attenuated atherosclerosis, whereas inhibi-

tion of HO activity with tin protoporphyrin accel-
erated lesion formation in LDL-receptor knock-
out mice and Watanabe heritable hyperlipidemic 
rabbits [12]. Observations from animals models 
were supported by the first human case of HO-1 
deficiency, which developed early atherogenesis as 
fatty streaks and fibrous plaque. The potential for 
gene therapy as a strategy for selected cardiac and 
vascular diseases has also been discussed [10]. Vig-
ilant plasmid-mediated human HO-1 gene trans-
fer can provide cardiac-specific protection in the 
ischemic heart and has therapeutic potential [11].

The induction and repression of HO expression 
is an important mechanism for the maintenance 
of cellular homeostasis. Various HO-1 inducers 
(heme, hypoxia, hyperoxia, Co-protoporphyrin 
IX) and inhibitors (SnCl2, Sn-protoporphyrin IX, 
cadmium) are known. Up-regulation of HO-1 can 
be achieved through the use of some HMG-CoA 
reductase inhibitors [13]. HO-1 expression may 
be transcriptionally regulated by PPARalpha and 
PPARgamma in human vascular endothelial cells 
and smooth muscle cells. The dependence of the 
cardiotoxic effect of low lead levels on gene vari-
ants related to iron metabolism has also been 
shown [14].

The aim of this study was to evaluate the im-
pact of Co-protoporphyrin IX (CoPPIX) and Sn-
protoporphyrin IX (SnPPIX) on the reactivity of 
rats’ isolated mesenteric vessels. Metalloporphy-
rins are known as effective modulators of HO ac-
tivity and provide a well established and accepted 
explanation of the role of HO in neoplastic disease, 
nephrotoxicity, proliferation of intima in vascular 
allografts and skin immunology. However, the 
impact of CoPPIX and SnPPIX on blood vessels’ 
reactivity to vasoactive agents has not been estab-
lished. 

Material and Methods
The study protocol was performed in accor-

dance with the International Convention on Ani-

jących SnPPIX lub CoPPIX była jednak mniejsza niż w grupie kontrolnej (p < 0,02 i p < 0,01, odpowiednio). 
Wykazano zwiększoną, w porównaniu z grupą kontrolną (p < 0,001), odpowiedź naczyń szczurów otrzymujących 
SnPPIX na NE50. Także L-ω-NOARG (1,0 µg/ml/min.) stosowany w infuzji do tętnicy krezkowej szczurów SnPPIX 
indukował wyższe (p < 0,05) ciśnienie perfuzyjne. NE stosowana w iniekcji po infuzji L-ω-NOARG powodowała 
zmiany ciśnienia perfuzyjnego podobne we wszystkich preparatach. Reaktywność łożyska trzewnego na norepine-
frynę podawaną w dawce NE50 po infuzji acetylocholiny (0,5 µg/ml/min.) lub propranololu (0,3 µg/ml/min) także 
była podobna we wszystkich grupach szczurów. 
Wnioski. Badanie wykazało zwiększoną odpowiedź ściany naczyń łożyska trzewnego na naczyniokurczące działa-
nie norepinefryny u szczurów otrzymujących inhibitor oksygenazy-1 hemu. Ta zmieniona odpowiedź jest spowo-
dowana, przynajmniej częściowo, zmniejszonym wytwarzaniem tlenku węgla w naczyniach oporowych (Adv Clin 
Exp Med 2010, 19, 5, 555–561). 

Słowa kluczowe: oksygenaza hemu, protoporfiryny, norepinefryna, naczynia krezkowe.
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mal Experimentation. Twenty-three male Buffalo 
rats weighing 155 to 185 g were used; animals were 
kept in a room with controlled temperature and 
humidity, and had free access to standard rat feed 
and to water. They were given 1.5 mg/kg b.w. of 
either CoPPIX or SnPPIX, administered intraperi-
toneally in the same dose. The control rats were 
given 0.9% NaCl solution in a volume correspond-
ing to the volume of porphyrins.

Feeding was stopped and the next day the rats 
were anesthetized with a 300 dose of ketaminum, 
administered intramuscularly. The abdomen was 
opened via a midline incision and the superior 
mesenteric artery was isolated, cannulated, and 
removed with its small resistance vessels. The 
mesenteric arterial vessels were then immediately 
flushed with warm modified Krebs solution of 
the following composition (in mM): 112.0 NaCl, 
5.0 KCl, 1.0 NaH2PO4, 0.5 MgCl2, 2.5 CaCl2, 25.0 
NaHCO3, and 11.2 D(+) glucose. The perfusate 
was aerated with a 95% O2 and 5% CO2 mixture 
and maintained at 30oC. The pH and osmolarity of 
the perfusate were 7.4 and 284 mOsm, respective-
ly. A peristaltic pump (Zalimp, model 335b) was 
applied to perfuse the mesenteric vessels at a con-
stant rate of 8 ml/min, while changes in perfusion 
pressure were monitored with a Statham pressure 
transducer and Biazet pressure unit (model 8041) 
and recorded on a Trendscope monitor (Unitra 
Biazet, model 8031). Once the perfusion of the 
mesenteric vessels was started, 30 minutes were al-
lowed for stabilisation of the basal perfusion pres-
sure. Responses to pressor agent were induced by 
norepinephrine (NE) in doses of 0.01 to 5.0 µg dis-
solved in Krebs solution and injected in a volume 
of 100 µl. A dose-effect curve was plotted for each 
experiment, and a dose of NE inducing an effect 
equivalent to 50% of the maximal response (NE50) 
was estimated. After the perfusion pressure had 
returned to the basal value, changes in vascular 
resistance were induced with nitric oxide synthase 
blocker – L-ω-nitro-L-arginine (L-ω-NOARG) in 
a dose of 1.0 µg/ml/min, acetylcholine (ACh; 5 µg/ 
/ml/min) and propranolol (0.3 µg/ml/min). NE 
was injected at the NE50 dosage directly after the 
infusion of each of these preparations. At the end, 
potassium chloride and papaverine were injected 
in doses of 10.5 and 0.4 mg respectively. Changes 
in mesenteric vascular resistance were measured 
as increases or decreases in perfusion pressure in 
the constant flow system. All drug concentrations 
were expressed in terms of the base and were pre-
pared ex tempore.

The drugs used were: norepinephrine HCl 
(Sigma-Aldrich Chemie, GmbH), N-ω-nitro-L- 
-arginine (L-ω-NOARG – Sigma-Aldrich Chemie, 
GmbH, Steinheim, Germany), acetylcholine chlo-

ride (Fluka, Steinheim, Germany), propranolol 
(WZF Polfa S.A.), potassium chloride, papaver-
ine (Polfa, Kutno, Poland), Co(III)PPIX chloride 
(Frontier Scientific, Inc.) and Sn(IV)PPIX dichlo-
ride (Frontier Scientific, Inc.).

The doses and dosing of CoPPIX or SnPPIX 
used in this study are based on the regimen used in 
a study published by Kato et al. [15]: 0.5 mg Sn(IV)
PPIX dichloride in 0.5 ml 0.2 M NaOH (pH = 7.4) 
and Co(III)PPIX chloride in 0.5 ml 0.2 M NaOH 
(pH = 7.4).

Statistical analysis
Values are presented as the mean ± standard 

deviation (SD). The significance of differences be-
tween the mean values was determined by post hoc 
comparison using the Newman-Keuls test. Statisti-
cal analysis was performed with STATISTICA 6.0 
software. A p-value less than 0.05 was considered 
statistically significant.

Results
The mean basal perfusion pressure (PPo) in 

the mesenteric bed of rats treated with protopor-
phyrins IX – both cobalt and tin – was similar to 
the controls (Table 1). The reactivity of mesenteric 
vessels to NE given in a dose of 5.0 µg (the dose 
used to obtain the maximal increase in perfusion 
pressure in our previous study [16]) did not differ 
significantly in the rats treated with protoporphy-
rins and in the controls. However, at NE dosages 
ranging from 1.0 to 4.0 µg, the mean response of 
the protoporphyrin-treated rats’ mesenteric ves-
sels was somewhat weaker than in the controls 
(Table 1). Simultaneously, the NE50 doses estimat-
ed for SnPPIX-treated rats (0.287 ± 0.155 µg) and 
CoPPIX- treated rats (0.250 ± 0.160 µg) were lower 
than in the controls (0.414 ± 0.037 µg): p < 0.02 
and p < 0.01, respectively.

This study showed an increased response of 
mesenteric vessels obtained from SnPPIX-treated 
rats to NE50, as compared to the controls. The re-
sponse of the mesenteric bed to NE50 in rats treated 
with CoPPIX was similar to the controls (Table 2). 
Similarly, L-ω-NOARG (1.0 µg/ml/min.) infused 
into the mesenteric vessels of rats given SnPPIX 
induced a higher perfusion pressure (p < 0.05) 
than in controls. However, NE injected into the 
mesenteric artery in a dose of NE50 after the L-ω- 
-NOARG infusion caused only slight changes in 
perfusion pressure in comparison to the controls 
(Table 2).

Perfusion pressure measured after acetylcholine  
(0.5 µg/ml/min) or propranolol (0.3 µg/ml/min) 
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Table 1. Values of basal (PPo) perfusion pressure and changes in perfusion pressure (ΔPP) induced by norepinephrine (NE) 
injected in doses of 0.1 to 5.0 µg into the mesenteric artery of rats treated with CoPPIX or SnPPIX and controls 

Tabela 1. Wartości wyjściowego ciśnienia perfuzyjnego (PPo) i zmiany ciśnienia perfuzyjnego (ΔPP) indukowane przez 
norepinefrynę (NE) w dawce 0,1–0,5 µg w naczyniach krezkowych szczurów otrzymujących protoporfiryny CoPPIX lub 
SnPPIX i z grupy kontrolnej

Perfusion pressure
(Ciśnienie perfuzyjne)
mm Hg

CoPPIX
(n = 8)

SnPPIX
(n = 8)

Controls
(Grupa kontrolna)
n = 7  

Basal perfusion pressure (PPo)
(Podstawowe ciśnienie perfuzyjne) (PPo)

101.7 ± 21.6 106.5 ± 29.1 96.4 ± 19.5

ΔPP in response to NE at a dose of 0.01 µg
(ΔPP w reakcji na NE w dawce 0,01 µg)

 18.4 ± 7.9  15.0 ± 6.6 14.4 ± 4.4

ΔPP in response to NE at a dose of 0.05 µg
(ΔPP w reakcji na NE w dawce 0,05 µg)

 22.2 ± 5.3  21.2 ± 5.6 17.6 ± 7.1

ΔPP in response to NE at a dose of 0.1 µg 
(ΔPP w reakcji na NE w dawce 0,1 µg) 

 24.5 ± 7.3  21.7 ± 5.6 21.4 ± 7.1

ΔPP in response to NE at a dose of 0.4 µg
(ΔPP w reakcji na NE w dawce 0,4 µg)

 35.9 ± 10.4  33.0 ± 7.1 35.7 ± 12.3

ΔPP in response to NE at a dose of 0.5 µg
(ΔPP w reakcji na NE w dawce 0,5 µg)

 37.9 ± 10.4  36.5 ± 8.9 45.7 ± 21.2

ΔPP in response to NE at a dose of 1.0 µg
(ΔPP w reakcji na NE w dawce 1,0 µg)

 41.6 ± 17.3  42.7 ± 11.8 54.6 ± 22.3

ΔPP in response to NE at a dose of 2.0 µg
(ΔPP w reakcji na NE w dawce 2,0 µg)

 44.7 ± 20.9  44.0 ± 13.9 60.9 ± 23.6

ΔPP in response to NE at a dose of 3.0 µg
(ΔPP w reakcji na NE w dawce 3,0 µg)

 47.5 ± 21.3  47.5 ± 14.0 60.9 ± 28.0

ΔPP in response to NE at a dose of 4.0 µg
(ΔPP w reakcji na NE w dawce 4,0 µg)

 41.3 ± 14.1  44.7 ± 4.0 63.2 ± 33.9

ΔPP in response to NE at a dose of 5.0 µg
(ΔPP w reakcji na NE w dawce 5,0 µg)

 43.0 ± 17.0  45.0 ± 0.0 45.5 ± 23.3

The results were expressed as mean ± SD; n – number of rats.

Wyniki przedstawiają wartości średnie ± SD, n – liczba szczurów.

Table 2. Changes in perfusion pressure induced by norepinephrine (NE50) injected into the mesenteric artery of rats treat-
ed with CoPPIX or SnPPIX and controls before (on the basis of PP1) and after (on the basis of PP2) infusion of L-ω- 
-NOARG (1 µg/ml/min) 

Tabela 2. Zmiany podstawowego ciśnienia perfuzyjnego indukowane przez norepinefrynę (NE50) w naczyniach krezkowych szczu-
rów otrzymujących protoporfiryny CoPPIX lub SnPPIX i z grupy kontrolnej przed i po infuzji L-ω nitro-argininy (1 µg/ml/min)

Perfusion pressure
(Ciśnienie perfuzyjne)
mm Hg

CoPPIX
(n = 8)

SnPPIX
(n = 8)

Controls
(Grupa kontrolna)
n = 7

Before L-NOARG infusion (PP1)
(Przed infuzją L-NOARG) (PP1)

102.7 ± 25.1 100.9 ± 14.9 95.9 ± 26.7

∆PP in response to NE50 on PP1

(∆PP w reakcji na NE50 przy PP1)
 35.9 ± 10.4  52.0 ± 3.9** 35.7 ± 12.3

After L-NOARG infusion (PP2)
(Po infuzji L-NOARG) (PP2)

106.1 ± 25.0 140.9 ± 14.5* 99.7 ± 30.2

∆PP in response to NE50 on PP2

(∆PP w reakcji na NE50 przy PP2)
 24.3 ± 4.7  40.9 ± 14.5 30.7 ± 11.7

*, ** difference statistically significant in comparison to controls *p < 0.05; **p < 0.01. 
The results are expressed as mean ± SD, n – number of rats.

*, ** różnice istotnie statystyczne w porównaniu z grupą kontrolną; *p < 0,05; **p < 0,01. 
Wyniki przedstawiają wartości średnie ± SD, n – liczba szczurów.
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infusion was similar in all groups of animals, but 
the changes in perfusion pressure induced by ace-
tylcholine were the biggest in the SnPPIX-treated 
rats (Tables 2–3). The reactivity of the mesenteric 
bed to NE injected in a dose of NE50 after both in-
fusions (acetylcholine and propranolol) was simi-
lar in all groups of animals.

In comparison to the controls, the response 
of the isolated mesenteric vessels from SnPPIX-
treated rats to potassium chloride was decreased 
(p < 0.01), but the response to papaverine was in-
creased (p < 0.05) (Table 4).

Discussion 
The induction of HO-1 is involved in restoring 

normal blood pressure in various models of acute 
[13, 14] or chronic hypertension [15, 17]. On the 
other hand, increased endogenous CO production 
is associated with augmented mRNA expression of 
vasoconstrictor factors and promotes hypertension 
and endothelial dysfunction in experimental meta-
bolic syndrome [17]. The slightly lower responses 
of the mesenteric beds obtained from protpor-
phyrin-treated rats, in comparison with the con-
trols, to NE injected into the mesenteric artery in 
the 1.0-4.0 µg dosage range is consistent with the 
stimulatory effect of CoPPIX on HO-1 activity, but 
does not explain the inhibitory action of SnPPIX. 

However, the effect of HO-1 may be differen-
tial. It has been demonstrated that “in hamster fi-
broblasts low levels (< 5-fold) of HO-1 expression 
protect, whereas high levels (> 15-fold) of over-
expression actually worsen cell injury caused by 
hyperoxia. Optimal levels of HO-1 induction may 

be required for cytoprotective benefits of HO-1” 
[8]. Moreover, “CO can stimulate mitochondrial 
generation of free radicals and poison haem pro-
teins, and ferrous iron can catalyse free radical 
reactions” [8]. In previous studies an unexpected 
response to catecholamines following SnPPIX use 
in animal models was also observed. Govindaraju 
et al have reported that at a concentration of 10 
microM, SnPPIX did not change the response 
to phenylephrine or endothelin-1 in aortal rings 

obtained from normoxic rats, whereas „in rings 
from rats exposed to 16-h hypoxia, maximum ten-
sion generated in response to these agonists was 
higher in the presence of SnPP IX” [18]. In a rat 
tumor model, SnPPIX exhibited different activity 
in pathological tissue than in normal tissue: It re-
duced tumor blood flow by 17%, but had no ef-
fect on normal tissues [19]. Various HO-1 effect 
in different environmental conditions may partly 
explain these differences. 

On the other hand, in rats treated with SnP-
PIX the dose of NE50 was lower (p < 0.02) and the 
vascular response to NE50 was greater (p < 0.01)  
than in the controls. These differences are con-
sistent with the inhibitory effect of SnPPIX on 
HO-1 activity leading to diminished CO-medi-
ated vasodilatation. Furthermore, the mesenteric 
beds obtained from SnPPIX-treated rats displayed 
a greater (p < 0.05) pressor response to NE50 given 
after endothelial nitric oxide synthase inhibitor 
(L-ω-NOARG), which is also consistent with the 
decreased vasodilatory effect mediated by CO. In-
terestingly, in rats treated with SnPPIX, infusion 
with L-ω-NOARG and next acetylcholine altered 
perfusion pressure by an average of 40 mm Hg 
and 30 mm Hg, respectively (Table 2–3). Simul-

Table 3. Changes in perfusion pressure induced by NE50 injected into the mesenteric artery of rats treated with CoPPIX or 
SnPPIX and controls after infusion of ACh (0.5 µg/ml/min.) or propranolol (0.3 µg/ml/min) 

Tabela 3. Zmiany podstawowego ciśnienia perfuzyjnego indukowane przez (NE50) w naczyniach krezkowych szczurów 
otrzymujących protoporfiryny CoPPIX lub SnPPIX i z grupy kontrolnej po infuzji acetylcholiny (0,5 µg/ml/min)  
lub propranololu (0,3 µg/ml/min)

Perfusion pressure
(Ciśnienie perfuzyjne)
mm Hg

CoPPIX
(n = 8)

SnPPIX
(n = 8)

Controls
(Grupa kontrolna)
n = 7

After ACh infusion (PP3)
(Po infuzji ACh (PP3))
∆PP in response to NE on PP3

(∆PP w reakcji na NE50 przy PP3)

101.7 ± 25.1

 23.7 ± 6.9

111.3 ± 20.1

 24.3 ± 4.1

97.0 ± 27.4

24.4 ± 6.6

After propranolol infusion (PP4)
(Po infuzji propranololu (PP4))
∆PP in response to NE on PP4

(∆PP w reakcji na NE50 przy PP4)

110.9 ± 28.6

 25.8 ± 11.9

116.4 ± 27.3

 28.2 ± 12.3

93.3 ± 28.9

41.3 ± 20.5

The results are expressed as mean ± SD, n – number of rats.

Wyniki przedstawiają wartości średnie ± SD, n – liczba szczurów.
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taneously, in rats treated with CoPPIX and in the 
controls, these drugs changed perfusion pressure 
by only a few millimeters. The increased response 
to L-ω-NOARG indicated increased NO-mediated 
vascular tone regulation when HO-1 activity had 
been inhibited. A correlation between nitric oxide 
and carbon oxide function has previously been 
observed, i.e. in brain capillary vasodilation upon 
exposure to oxidative stress [20]. Both NO and CO 
activate soluble guanylate cyclase to increase cyclic 
GMP but probably do not act independently, but 
rather can modulate each other’s activity [21, 22].  
The increased ACh-induced vasodilation in this 
study, observed after HO-1 and eNOS were in-
hibited, could be caused by an enhanced effect 
of prostacyclin or the endothelium-derived hy-
perpolarizing factor (EDHF). Changes in EDHF-
mediated responses in various conditions related 
to endothelial dysfunction have been described 
[23], and coud explain the decreased pressor effect 

induced by potassium chloride in SnPPIX-treated 
rats after L-ω-NOARG and propranolol infusions 
(Table 4). Heme oxygenase-1 stimulation or inhi-
bition did not influence the beta-adrenergic com-
ponent of NE-induced vasoconstriction. Vascular 
responses to propranolol or NE injected after be-
ta-blocker infusion were similar in all the studied 
groups (Tables 3–4). 

Summarizing, this study showed an increased 
response of the mesenteric arterial wall to the va-
soconstrictor action of norepinphrine in rats treat-
ed with a heme oxygenase-1 inhibitor. Decreased 
production of carbon monoxide is at least partially 
responsible for this altered response. It is probable 
that the increased reactivity to catecholamines 
in rats poisoned with a heavy metal – cadmium 
or lead – partially results from a modification of 
heme oxygenase activity. This mechanism may be 
involved in the pathogenesis of metal-induced car-
diovascular diseases.

Table 4. Changes in perfusion pressure (mm Hg) induced by a potassium chloride (10.5 mg) or papaverine (0.4 mg) injec-
tion into the isolated mesenteric vessels of rats 

Tabela 4. Zmiany podstawowego ciśnienia perfuzyjnego indukowane przez chlorek potasu (10,5 mg) lub papawerynę  
(0,4 mg) w naczyniach krezkowych szczurów

ΔPP induced by:
(ΔPP indukowane przez:)
mm Hg

CoPPIX
(n = 8)

SnPPIX
(n = 8)

Controls
(Grupa kontrolna)
(n = 7)

KCl (10.5 mg)  29.4 ± 10.6  20.5 ± 4.2**  42.7 ± 18.4

Papaverine (0.4 mg)
(Papawerynę (0.4 mg))

–16.9 ± 13.1 –24.1 ± 7.3* –13.5 ± 6.4

*, ** difference statistically significant in comparison to controls; *p < 0.05; **p < 0.01. 
Each value represents the mean ± SD, n – number of rats.

*, ** różnice istotnie statystyczne w porównaniu z grupą kontrolną; *p < 0,05; **p < 0,01. 
Wyniki przedstawiają wartości średnie ± SD, n – liczba szczurów.
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