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Introduction. Opiates are traditionally used for treatment of some 
acute heart disorders. There are only few reports on the effects 
of long-term treatment of cardiovascular diseases with morphine. 
This study aimed to investigate the effects of chronic low-dose 
morphine use on the cardiovascular system in two-kidney one-clip 
(2K1C) hypertensive rats.
Materials and Methods. Male Wistar rats were divided into two 
groups as the sham and 2K1C groups and each group was further 
subdivided into saline and morphine treatment subgroups. Blood 
pressure, heart rate, plasma rennin activity, serum nitric oxide 
concentration, and baroreflex sensitivity were measured.
Results. Morphine significantly attenuated systolic blood pressure, 
diastolic blood pressure, and mean arterial pressure in the 2K1C 
animals. In addition, morphine decreased plasma rennin activity 
in the 2K1C group. Serum concentrations of nitric oxide were also 
decreased, and morphine prevented the reduction of nitric oxide. 
The baroreflex sensitivity was also improved following morphine 
administration in the 2K1C group.
Conclusions. According to the results presented in this study, 
chronic administration of low-dose morphine reduces regulated 
hypertension in the 2K1C rats, probably via a nitric oxide-dependent 
pathway.
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INTRODUCTION
Hypertension is considered as a major public 

health issue. Hypertensive patients are at risk of 
several cardiovascular complications related to 
endothelial dysfunction, baroreflex sensitivity 
(BRS), and rennin-angiotensin-aldosterone system 
(RAAS) imbalance.1,2 Endothelial dysfunction is 
defined as an imbalance between the production 
and bioavailability of endothelium-derived relaxing 
factors.3 Nitric oxide (NO) has been identified as the 

most known endothelium-derived relaxing factor. 
Various physiological stimuli induce NO synthesis 
from L-arginine in endothelial cells.4 Baroreflex 
sensitivity is amongst the most important nervous 
regulatory mechanisms by which the blood pressure 
is regulated.5 The arterial baroreflex is a negative-
feedback mechanism, essential for maintaining 
arterial pressure at constant levels. The RAAS 
inhibitors are one of the key therapeutic targets in 
patients with hypertension, as an overactive RAAS 
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is strongly associated with high blood pressure.6

Opioids regulate cardiovascular activity, and 
the strong effects of opioid peptides on blood 
pressure and heart rate suggest that these peptides 
may consider as one of the important endogenous 
substances in central cardiovascular control.7,8 
Studies demonstrate that prolonged administration 
of morphine decreases the plasma rennin activity 
(PRA), increases NO synthesis, improves BRS, and 
modulates RAAS.9-11

Most of previous studies have focused on 
investigating the cardiovascular effects of high 
dose and acute use of morphine. There exist reports 
indicating a high dose of morphine has cytotoxic 
effects on macrophages,12 vascular endothelium,13 
mesangial cells, and epithelial cells.14 However, few 
studies are available regarding the effect of chronic 
low dose of morphine on cardiovascular-related 
changes in hypertensive animals. In the present 
study, we sought to examine the effects of prolonged 
low-dose morphine on some cardiovascular related 
changes (BRS, PRA, and NO) in two-kidney one-
clip hypertensive (2K1C) rats.

MATERIAL AND METHODS
Animals

Thirty-two male Wistar rats (weighting of 
200 ± 20 g) were enrolled in this study. The rats 
were housed at a controlled temperature (22ºC) 
and had free access to food and water. They were 
randomly divided into 4 groups of sham operated 
(2 groups) and 2K1C induced hypertensive rats 
(2 groups). Sham operated animals were further 
allocated into saline and morphine groups. Also, 
2K1C hypertensive rats were further allocated 
into saline and morphine groups (n = 8). In the 
morphine-treated groups, 3 mg/kg of morphine 
sulphate was injected intraperitoneally for 8 weeks. 
Saline groups received the same volume of saline 
according to a similar protocol. The experimental 
protocols used in this study were approved by the 
Ethics and Animal Care Committee of Rafsanjan 
University of Medical Sciences and were performed 
in accordance with the National Institutes of Health 
Guidelines for the Care and Use of Laboratory 
Animals.

Preparation of Hypertensive Rats 
Using the Goldblatt  method as  describe 

earlier,2 the rats were anesthetized with ketamine 

hydrochloride, 60 mg/kg, and xylazine, 7.5 mg/kg, 
injected intraperitoneally. The left kidneys were 
exposed via a flank incision and a silver clip with 
an internal gap of 0.2 mm was set around the renal 
artery. In the sham group, the same procedure 
was done without using silver clip. Penicillin G, 
25000 U IM, was injected after the surgery. The 
rats were fed with commercial rat chow (Razi 
Institute, Iran) and had free access to tap water. 
After 8 weeks, the animals were anesthetized and 
direct blood pressure was measured by a catheter 
which was inserted into the femoral artery. Blood 
samples were taken for further determination of 
PRA and NO concentrations.

Measurement of Arterial Pressure and 
Baroreflex Sensitivity

To measure arterial pressure and BRS, the rats 
were anesthetized by intraperitoneal urethane 
injection with a dosage of 150 mg/100 g. In order 
to infuse phenylephrine and sodium nitroprusside, 
the femoral vein was cannulated. The femoral 
artery was also cannulated for recording both blood 
pressure and heart rate. Since a period of blood 
pressure, mean arterial pressure (MAP), and heart 
rate were recording, the injection of phenylephrine 
and sodium nitroprusside were simultaneously 
performed to measure BRS. The baroreflex was 
tested with a pressure dose of phenylephrine (8 
μg/kg, intravenous; Sigma Chemical, USA) and a 
depressor dose of sodium nitroprusside (50 μg/kg, 
intravenous; Sigma Chemical, USA). The baroreflex 
was calculated as the ratio of changes in heart rate 
to the changes in MAP. There was an interval of 
at least 15 minutes between the infusions to allow 
the recovery of basal values.2

Measurement of Serum Nitric Oxide 
Concentration

The serum concentrations of NO were measured 
by the Griess reagent system (Promega Corporation, 
Madison, USA). Serum samples were added into 
wells of a 96-well flat-button enzymatic assay plate 
and subsequently sulfanilamide solution was added 
to the samples. Finally, N-1-naphtylethylenediamine 
dihydrochloride reagent was added. The absorbance 
was read at 520 nm to 550 nm by a microreader.15 
The samples’ NO concentration was determined 
against nitrite standard curve. The limitation of 
detection was 2.5 μM.
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Assessment of Plasma Rennin Activity Assay 
The PRA was measured with a kit which was 

purchased from DiasorinInc by the use of 125-I 
Angiotensin I generation. Angiotensin I-coatedtube 
radioimmunoassay16 was performed in two aliquots 
of the same sample so that one of them was 
incubated at 37°C for generation while the other 
was not. The PRA was calculated as nanogram 
of angiotensin I generated per milliliter per hour 
(Renctk P2721, Sorin-Biomedica Diagnostic Division 
RIA kit, Italy). The PRA assay sensitivity was 0.13 
ng/ml and intra and interassay coefficients of 
variation were 7.5 and 7.7%, respectively.

Statistical Analysis
Data were analyzed using the SPSS software 

(Statistical Package for the Social Sciences, version 
11.5, SPSS Inc, Chicago, Ill, USA). Comaprisons were 
made with the unpaired t test or the analysis of 
variance method and the Tukey test as a posttest, 
where appropriate. The results were presented as 
mean ± standard error of mean. Differences were 
considered significant when the P value was less 
than .05.

RESULTS
Blood Pressure and Heart Rate

Systolic blood pressure, diastolic blood pressure, 
and MAP were significantly increased in the 
2K1C group as compared to the sham operated 
group (P < .001). In the sham operated groups, 
administration of low-dose morphine significantly 
downregulated diastolic blood pressure (P < .01) 
and MAP (P < .05), while it had no effects on either 
systolic blood pressure or heart rate as compared 
to saline. In the 2K1C groups, administration of 
low-dose morphine significantly decreased systolic 
blood pressure (P < .01), diastolic blood pressure 
(P < .05), and MAP (P < .01), as compared with 
saline (Figures 1 to 3).

Baroreflex Sensitivity 
The BRS was significantly decreased in the 

2K1C group as compared to the sham operated 
group (P < .01). In the sham operated groups, 
administration of low-dose morphine significantly 
upregulated the BRS (P < .05), when compared 
with saline. In the 2K1C groups, the BRS was 
significantly improved (P < .05) by administration 
of a low-dose morphine (Figure 4).

Figure 1. Systolic blood pressure in the sham and two-kidney 
one-clip (2K1C) rats treated with morphine and saline. 
*P < .001, compared with sham-saline 
†P < .01, compared with 2K1C-saline

Figure 2. Diastolic blood pressure in the sham and two-kidney 
one-clip (2K1C) rats treated with morphine and saline. 
*P < .01, compared with sham-saline
†P < .001, compared with sham-saline 
‡P < .05, compared with 2K1C-saline
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Plasma Rennin Activity
The PRA levels were significantly higher in the 

2K1C groups (P < .01), as compared with the sham 
operated groups. In the sham operated groups, 
administration of low-dose morphine had not 
effect on PRA, as compared to the saline-treated 
group, while in the 2K1C groups, administration 
of low-dose morphine significantly decreased PRA 
(P < .01; Figure 5).

Serum Nitric Oxide
Serum NO concentrations were significantly 

decreased in the 2K1C group (P < .001),  as 
compared with the sham operated groups. In the 
sham operated groups, administration of low-
dose morphine had no effects on the serum NO 
concentrations, as compared to the saline-treated 
group. In the 2K1C groups, administration of 
low-dose morphine significantly increased serum 
NO concentrations (P < .01), as compared with the 
2K1C saline-treated group (Figure 6).

DISCUSSION
The present study was undertaken to evaluate 

the effects of chronic administration of low-dose 
morphine on NO concentrations, PRA, and BRS in 

Figure 3. Mean arterial pressure in the sham and two-kidney 
one-clip (2K1C) rats treated with morphine and saline. 
*P < .05, compared with 2K1C-saline 
†P < .001, compared with sham-saline 
‡P < .01, compared with sham-saline

Figure 4. Baroreflex sensitivity in the sham and two-kidney one-
clip (2K1C) rats treated with morphine and saline. 
*P < .05, compared with sham-saline
†P < .01, compared with sham-saline 
‡P < .05, compared with 2K1C-saline

Figure 5. Plasma renin activity levels in the sham and two-
kidney one-clip (2K1C) rats treated with morphine and saline. 
*P < .01, compared with sham-saline
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2K1C hypertensive rats. Our results demonstrated 
that serum levels of NO and BRS were improved, 
following long-term administration of morphine, 
while PRA was decreased. The Goldblatt 2K1C 
hypertension rat model is a well-established widely 
employed model for investigating the renal artery 
stenosis and renovascular hypertension.17,18 Previous 
studies indicate that reduced renal perfusion pressure 
stimulates rennin production in clipped kidney 
which may lead to increased blood pressure.19-21 In 
agreement with those studies, we also found that 
PRA was upregulated in the 2K1C rats.

There exist reports demonstrating that acute 
morphine downregulated blood pressure and 
PRA in rats. Jimenez and Fuentes reported that 
subchronic administration of morphine inhibits the 
hypertension induced by stresses of isolation in rat.22 
It is also well established that acute administration 
o f  morphine  decreases  b lood  pressure  in 
spontaneously hypertensive rats.23 It was reported 
that PRA was elevated in response to naloxone 
administration in morphine addictedrats.9 More 
recently, we have demonstrated that both acute 
and chronic morphine treatment downregulated 
systolic and diastolic blood pressure in rats.24 In the 

present study, we showed that chronic low dose of 
morphine attenuated levels of PRA and diastolic 
blood pressure in 2K1C hypertensive rats. Taken 
together with previous reports, one can conclude 
that both acute and chronic morphine consumption 
could reduce blood pressure.24,25

Moreover,  our results demonstrated that 
serum NO concentrations were reduced in 2K1C 
hypertension rats. In agreement with our findings, 
compelling evidences showed that NO secretion 
decreased following hypertension in animal models 

and in clinical studies.2,26,27 It has been proposed 
that disrupted NO pathway in hypertension is 
probably due to either down regulation of NO 
production or up regulation of NO degradation. 
The low NO production in 2K1C hypertensive rats 
is possibly due to reduced L-argenine concentration 
or suppression of endothelial NO synthase activity.28 
It has also been indicated that reduced renal 
artery diameter in 2K1C model induces rennin-
angiotensin-aldosterone dependent hypertension, 
thus, a further explanation for reduced NO 
bioavailability in this model of hypertension might 
possibly be due to the fact that high angiotensin II 
level downregulated the NO level via induction of 
oxidative stress.29 We also found that prolonged 
low dose morphine reversed the changes in blood 
pressure and serum NO concentrations close to 
normal level. Antihypertensive properties have 
been revealed for endogenous morphine-nitric oxide 
signaling events.30 Morphine showed to modulate 
vascular endothelial cells functions via local 
paracrine-autocrine regulatory pathways. These 
pathways regulate endogenous expression of NO.30 
Furthermore, evidences are in favor of the fact that 
NO signaling is crucial for opioid receptor-mediated 
responses in the neurocardiovascular system.2 
The BRS was attenuated in 2K1C hypertensive 
rats and chronic low-dose morphine improved 
BRS in these animals. Previous studies indicated 
that BRS was lower in hypertensive patients.24,31 
Recent investigations described the importance of 
NO in baroreflex function in hypertensive rats.32,33 

CONCLUSIONS
Results of present study demonstrated that 

chronic administration of low-dose morphine 
could increase serum level of NO and improve 
BRS, while it decreased PRA in 2K1C rat model 
of hypertension.

Figure 6. Nitric oxide levels in the sham and two-kidney one-clip 
(2K1C) rats treated with morphine and saline. 
*P < .01, compared with sham-saline 
†P < .01, compared with 2K1C-saline



Regulatory impacts of low dose morphine on hypertension—Rezazadeh et al

199Iranian Journal of Kidney Diseases | Volume 8 | Number 3 | May 2014

FINANCIAL SUPPORT
This study was financially supported by a grant 

from Rafsanjan University of Medical Sciences.

CONFLICT OF INTEREST
None declared.

REFERENCES
1. Viazzi F, Leoncini G, Ratto E, et al. Vascular permeability, 

blood pressure, and organ damage in primary 
hypertension. Hypertens Res. 2008;31:873-9.

2. Pourshanazari A, Allahtavakoli M, Hassanshahi G. Effects 
of Low-dose Morphine on Nitric Oxide Concentration and 
Angiogenesis in Two-kidney One Clip Hypertensive Rats. 
Iran J Basic Med Sci. 2011;14:560-7.

3. Silva BR, Pernomian L, Bendhack LM. Contribution of 
oxidative stress to endothelial dysfunction in hypertension. 
Front Physiol. 2012;3:441.

4. Knowles RG, Palacios M, Palmer RM, Moncada S. 
Formation of nitric oxide from L-arginine in the central 
nervous system: a transduction mechanism for stimulation 
of the soluble guanylate cyclase. Proc Natl Acad Sci U S 
A. 1989;86:5159-62.

5. Honzikova N, Fiser B. Baroreflex sensitivity and essential 
hypertension in adolescents. Physiol Res. 2009;58:605-
12.

6. van Vark LC, Bertrand M, Akkerhuis KM, et al. 
Angiotensin-converting enzyme inhibitors reduce mortality 
in hypertension: a meta-analysis of randomized clinical 
trials of renin-angiotensin-aldosterone system inhibitors 
involving 158,998 patients. Eur Heart J. 2012;33:2088-97.

7. Schaz K, Stock G, Simon W, et al. Enkephalin effects 
on blood pressure, heart rate, and baroreceptor reflex. 
Hypertension. 1980;2:395-407.

8. Atweh SF, Kuhar MJ. Autoradiographic localization of 
opiate receptors in rat brain. I. Spinal cord and lower 
medulla. Brain Res. 1977;124:53-67.

9. Delle M, Ricksten SE, Haggendal J, Olsson K, 
Skarphedinsson JO, Thoren P. Regional changes in 
sympathetic nerve activity and baroreceptor reflex function 
and arterial plasma levels of catecholamines, renin and 
vasopressin during naloxone-precipitated morphine 
withdrawal in rats. J Pharmacol Exp Ther. 1990;253:646-
54.

10. Chen M, Lee JG, Malvin RL, Huang BS. Naloxone 
attenuates development of hypertension in two-kidney 
one-clip Goldblatt rats. Am J Physiol. 1988;255:E839-42.

11. Dortch-Carnes J, Russell Randall K. Morphine-induced 
nitric oxide production in isolated, iris-ciliary bodies. Exp 
Eye Res. 2009;89:660-4.

12. Bhat RS, Bhaskaran M, Mongia A, Hitosugi N, Singhal 
PC. Morphine-induced macrophage apoptosis: oxidative 
stress and strategies for modulation. J Leukoc Biol. 
2004;75:1131-8.

13. Pacifici R, di Carlo S, Bacosi A, Pichini S, Zuccaro P. 
Pharmacokinetics and cytokine production in heroin 
and morphine-treated mice. Int J Immunopharmacol. 
2000;22:603-14.

14. Singhal PC, Pamarthi M, Shah R, Chandra D, Gibbons N. 
Morphine stimulates superoxide formation by glomerular 
mesangial cells. Inflammation. 1994;18:293-9.

15. Miranda KM, Espey MG, Wink DA. A rapid, simple 
spectrophotometric method for simultaneous detection of 
nitrate and nitrite. Nitric oxide. 2001;5:62-71.

16. Czernichow S, Bertrais S, Blacher J, et al. Effect of 
supplementation with antioxidants upon long-term risk of 
hypertension in the SU.VI.MAX study: association with 
plasma antioxidant levels. J Hypertens. 2005;23:2013-8.

17. Braam B, Navar LG, Mitchell KD. Modulation of 
tubuloglomerular feedback by angiotensin II type 
1 receptors during the development of Goldblatt 
hypertension. Hypertension. 1995;25:1232-7.

18. Ploth DW. Angiotensin-dependent renal mechanisms in 
two-kidney, one-clip renal vascular hypertension. Am J 
Physiol. 1983;245:F131-41.

19. Navar LG, Zou L, Von Thun A, Tarng Wang C, Imig 
JD, Mitchell KD. Unraveling the Mystery of Goldblatt 
Hypertension. News Physiol Sci. 1998;13:170-6.

20. Guyton AC. Blood pressure control--special role of the 
kidneys and body fluids. Science. 1991;252:1813-6.

21. Naess PA, Christensen G, Kirkeboen KA, Kiil F. Effect on 
renin release of inhibiting renal nitric oxide synthesis in 
anaesthetized dogs. Acta Physiol Scand. 1993;148:137-
42.

22. Jimenez I, Fuentes JA. Subchronic treatment with 
morphine inhibits the hypertension induced by isolation 
stress in the rat. Neuropharmacology. 1993;32:223-7.

23. Mahinda TB, Lovell BM, Taylor BK. Morphine-induced 
analgesia, hypotension, and bradycardia are enhanced in 
hypertensive rats. Anesth Analg. 2004;98:1698-704, table 
of contents.

24. Shanazari AA, Aslani Z, Ramshini E, Alaei H. Acute and 
chronic effects of morphine on cardiovascular system 
and the baroreflexes sensitivity during severe increase in 
blood pressure in rats. ARYA Atheroscler. 2011;7:111-7.

25. Petty MA, Reid JL. The effect of opiates on arterial 
baroreceptor reflex function in the rabbit. Naunyn 
Schmiedebergs Arch Pharmacol. 1982;319:206-11.

26. Luscher TF, Richard V, Tschudi M, Yang ZH, Boulanger 
C. Endothelial control of vascular tone in large and small 
coronary arteries. J Am Coll Cardiol. 1990;15:519-27.

27. Zhang C, Hein TW, Wang W, et al. Upregulation of 
vascular arginase in hypertension decreases nitric oxide-
mediated dilation of coronary arterioles. Hypertension. 
2004;44:935-43.

28. Crabos M, Coste P, Paccalin M, et al. Reduced basal 
NO-mediated dilation and decreased endothelial NO-
synthase expression in coronary vessels of spontaneously 
hypertensive rats. J Mol Cell Cardiol. 1997;29:55-65.

29. de Gasparo M. Angiotensin II and nitric oxide interaction. 
Heart fail Rev. 2002;7:347-35.

30. Zarrindast MR, Javadi-Paydar M, Delphi L, Vousooghi N. 
Morphine-induced nitric oxide production in PC12 cells. 
Arch Iran Med. 2012;15:404-8.

31. Gribbin B, Pickering TG, Sleight P, Peto R. Effect of age 
and high blood pressure on baroreflex sensitivity in man. 
Circ Res. 1971;29:424-31.



Regulatory impacts of low dose morphine on hypertension—Rezazadeh et al

200 Iranian Journal of Kidney Diseases | Volume 8 | Number 3 | May 2014

32. Waki H, Murphy D, Yao ST, Kasparov S, Paton JF. 
Endothelial NO synthase activity in nucleus tractus solitarii 
contributes to hypertension in spontaneously hypertensive 
rats. Hypertension. 2006;48:644-50.

33. Lameu C, Pontieri V, Guerreiro JR, et al. Brain nitric 
oxide production by a proline-rich decapeptide from 
Bothrops jararaca venom improves baroreflex sensitivity 
of spontaneously hypertensive rats. Hypertens Res. 
2010;33:1283-8.

Correspondence to: 
Ali Asghar Pourshanazari, PhD
Physiology-Pharmacology Research Center, Rafsanjan 
University of Medical Science, Rafsanjan, Iran
Tel: +98 391 523 4003
Fax: +98 391 523 5209
E-mail: aapoursha@gmail.com

Received April 2013
Revised August 2013
Accepted September 2013


