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Abstract. [Purpose] The purpose of this review was to elucidate the deoxycorticosterone acetate (DOCA)-salt-
related hypertensive mechanism and to contribute to future studies of cardiovascular physiotherapy. [Methods] This 
paper focuses on the signal transductions that control hypertension and its mechanisms. We include results reported 
by our laboratory in a literature review. [Results] Our results and the literature show the various mechanisms of 
DOCA-salt hypertension. [Conclusion] In this review paper, we carefully discuss the signal transduction in hyper-
tension based on our studies and with reference to cardiovascular physiotherapy research.
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INTRODUCTION

An increase in sympathetic activity has been generally 
reported to have an intimate relation with the trigger and 
exacerbation of hypertension1–3). Understanding hyperten-
sion and its mechanisms is very important in specialized 
cardiovascular physiotherapy2, 4, 5). The development of 
hypertension is also associated with altered vascular reac-
tivity and increased transmural pressure or stretch, which 
directly affects vascular smooth muscle cells6–9). The 
vascular smooth muscle is an important effector in the regu-
lation of vasomotor tone6, 8). In particular, a structural and 

functional impairment in the regulation of vascular smooth 
muscle contraction may be important in the pathogenesis 
and maintenance of increased peripheral vascular resistance 
in hypertension5, 6, 8). The total peripheral resistance and the 
vascular reactivity to contractile agonists are increased in 
patients and experimental animal models with essential and 
secondary hypertension5, 6, 8). Various experimental animal 
models have been used in the research of the pathophysiol-
ogy of hypertension. Spontaneously hypertensive rats have 
been widely used as a pathophysiological animal model of 
genetically linked hypertension such as a human essential 
hypertension8). The Dahl salt-sensitive rat was developed 
by selective breeding of rats for sensitivity or resistance to 
the hypertensive effects of a high salt diet10), and the first 
experimental model of renovascular hypertension via a two-
kidney, one clip maneuver demonstrated that renal ischemia 
is the cause of this disease11). Specifically, the deoxycortico-
sterone acetate (DOCA)-salt hypertensive models, models 
of volume-expanded hypertension, were used to describe 
the natural history of malignant hypertension and the bio-
chemical and hormonal characteristics of each stage of the 
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disease5–7, 12, 13). The purpose of this review was to collate 
the body of knowledge on DOCA-salt hypertension and the 
signal transduction involved in order to prepare a basic refer-
ence for cardiovascular physiotherapy research.

REVIEW

Deoxycorticosterone acetate-salt hypertension and 
physiotherapy

One cause of hypertension is generally excessive salt 
consumption in conjunction with stress, which has a direct 
correlation with the DOCA-salt hypertensive model1, 2, 5). 
In reality, when an increase in blood pressure occurs, the 
blood flow and volume are elevated by retention of water 
and sodium in the renal tubule, which is affected by the 
renin-angiotensin-aldosterone axis exposure to chronic 
stress1, 2, 5, 6). In our experimental process, which was in 
accordance with the Guide for the Care and Use of Labo-
ratory Animals published by the US National Institutes 
of Health (NIH Publication No. 85-23, revised 1996), the 
animals underwent uninephrectomy via flank incision under 
intramuscular anesthesia5–7) (Fig. 1A). The adrenal glands 
of both sham-operated rat and DOCA-salt hypertensive 
rat were not removed because adrenalectomy prevents the 
development of hypertension14). After DOCA implantation 

surgery, DOCA-salt hypertensive rats received 0.9% NaCl 
plus 0.2% KCl drinking solution (Table 1, Fig. 1A)5–7). 
Induction of DOCA-salt hypertension is directly related to 
the increased vascular resistance that is widely known to be 
caused by an increase in vessel wall tension or other factors 
related to tension (Fig. 1), such as mitogen-activated protein 
kinase (MAPK), protein tyrosine kinase (PTK), protein ki-
nase C (PKC), phosphoinositide 3-kinase (PI3 K) and Rho-
associated coiled coil-forming protein kinase (ROCK)5–9). In 
particular, activation of MAPK is essential for the increase 
of muscle contraction and elevation of blood pressure5–7). 
Meanwhile, several previous studies have indicated that 
electrical stimulation, massage, moxibustion, medicinal 
herbs such as Ligusticum wallichii and cordycepin and 
electroacupuncture may be used as alternative therapies for 
hypertension1, 2, 15–19) in particular, but more systematic and 
scientific physiotherapy studies are still needed4) (Fig. 1F).

Abnormal vascular tension caused by stimuli and deoxy-
corticosterone acetate-salt hypertension

It has been widely reported that hypertension is charac-
terized by an increased responsiveness to vasoconstrictor 
agonists5, 7, 12). In previous studies, catecholamine supersen-
sitivity has preceded the development of hypertension20). 
Specifically, the DOCA-salt hypertensive model is associ-

Fig. 1. Schematic representation of deoxycorticosterone acetate-salt hypertension-induced responses and cardiovascular physiotherapy 
SD: Sprague-Dawley rats; Sham: sham-operated normotensive rats; DOCA: deoxycorticosterone acetate-salt hypertensive rats; 
N: nephrectomy; NTs: necrotic tissues; CCA: common carotid artery; SP and DP: systolic and diastolic blood pressure; CW: 
circulating water; WO: wash out; S: sample; PSS: physiological salt solution; [Ca2+]i: intracellular or cytosolic Ca2+; R340/380: 
ratio of fluorescence at the wavelengths of 340 and 380 nm; Kv current: voltage-dependent K+ current; PSS: physiological salt 
solution; Mesenteric a.: mesenteric artery; ET-1: endothelin-1; ETA: subtype A of endothelin receptor; ERK1/2: extracellular 
signal-regulated protein kinase 1 and 2; p38MAPK: p38 mitogen-activated protein kinase; SAPK/JNK: stress-activated protein 
kinase/c-Jun NH2-terminal kinase; MLCK: myosin light chain kinase; PKC: protein kinase C; ROCK: Rho-associated coiled 
coil-forming protein kinase; PI3 K: phosphatidylinositide-3 kinase; MAPK: mitogen-activated protein kinase; ET-Acu: elec-
troacupuncture
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ated with marked changes that regulate vascular smooth 
muscle contraction due to increased adrenoceptor reactivity 
and activation of the sympathetic nervous system21). Actu-
ally, the responsiveness of vasculature to norepinephrine 
is increased in DOCA-salt hypertension22, 23). 5-Hydroxy-
tryptamine markedly increases when contractions are 
stimulated in vascular smooth muscle strips isolated from 
animal models of experimental and/or genetic hypertension 
compared with normotensive animals24, 25). Furthermore, 
one of our previous studies was the first to demonstrate 
that vasoconstrictors such as endothelin-1 (ET-1) decreased 
muscle contractility and the activity of p38 MAPK in aortic 
smooth muscle from DOCA-salt hypertensive rats com-
pared with normotensive rats5). These results imply that the 
MAPK pathway plays a central role in the control of muscle 
contraction and DOCA-salt hypertension5, 22). Epidermal 
growth factor (EGF), one of the various growth factors, 
is an important regulator of cell regulation in a variety of 
cells7, 26). EGF, a mitogenic polypeptide with a molecular 
weight of approximately 6 kD, is excreted in human urine in 
nanomolar quantities26). It is also found in platelets, kidneys, 
and salivary glands27–29). EGF, once released, can bind to 
its receptors found on vascular smooth muscle cells, in the 
submandibular gland, and in the rat liver30). Although EGF 
acting via its tyrosine kinase receptor is widely recognized 
for its mitogenic and acid-inhibitory activity31), it is now ap-

preciated that this peptide can also modulate the contractility 
of a variety of smooth muscle cells and is related to the hy-
pertension7, 32, 33). In kinase-inactive mutants, EGF directly 
activates hypertension-related MAPK family members34). 
The major findings of one of our previous studies were 
that EGF contracts aortic smooth muscle from DOCA-salt 
hypertensive rats but not sham-operated rats and that EGF 
increases the activity of MAPK in DOCA-salt hypertensive 
rats7). These findings indicate that significant changes in 
EGF responsiveness occur during the development of hyper-
tension and may allow for the development of a contractile 
response to EGF. Moreover, the EGF receptor is activated 
and is capable of interacting with proteins, including Grb2, 
guanine nucleotide exchange factor Sos, Shc, c-Src, Ras and 
Raf-1, leading to activation of the tyrosine kinase-dependent 
MAPK pathway35). However, in one of our previous studies, 
inhibition of the PI3 K pathway, but not ROCK, attenuated 
EGF-induced muscle contraction and MAPK activation but 
not SAPK/JNK in DOCA-salt hypertension. Furthermore, 
understanding the mechanisms of growth factor-induced 
contraction should be a critical issue in cardiovascular phys-
iotherapy4). In this review, we have summarized DOCA-salt 
hypertension and its mechanisms (Fig. 1). When scientific 
studies are performed in the fields of thermo-, hydro-, and 
electrotherapy, neurophysiotherapy, manipulative therapy, 
and therapeutic massage, we expect remarkable growth both 

Table 1.  The characteristics of deoxycorticosterone acetate-salt hypertensive rats

Variable Normotensive control DOCA-salt hypertensive rats References
Body weight (g) 256 ± 18 to 437 ± 8 204 ± 18 to 345 ± 8 12, 23, 43, 45, 47, 48, 50–52)

4 weeks SBP (mmHg) 109 ± 4 to 141 ± 6 184 ± 2 to 225 ± 6 5, 23, 43, 46–52)

MCFP (mmHg) 6.7 ± 0.4 8.0 ± 0.4 50)

Heart rate (b/m) 379 ± 13 to 426 ± 13 370 ± 10 to 432 ± 15 50, 51)

Aortic weight (mg/cm) 9.7 ± 0.2 to 11.2 ± 0.3 13.0 ± 0.6 to 12.9 ± 0.5 43, 52)

Wall thickness (μm) 123 ± 2 to 142 ± 4 149 ± 5 to 190 ± 3 43, 52)

Wall area (mm2) 0.676 ± 0.015 0.853 ± 0.033 43)

Wall-to-lumen ratio 0.324 ± 0.004 0.401 ± 0.016 43)

Media thickness (μm) 10.8 ± 0.7 16.0 ± 1.0 44)

Media-lumen ratio (%) 4.7 ± 0.3 7.4 ± 0.4 44)

Media CSA (μm2) 8,230 ± 701 to 8,657 ± 626 11,879 ± 1,327 to 14,475 ± 3,123 44, 45)

Aortic CSA (mm2) 3.8 ± 0.6 4.8 ± 0.4 47)

Lumen diameter (μm) 230.6 ± 6.7 217.9 ± 12.5 43)

Femoral ring weight (mg) 0.2154 ± 0.0056 0.2279 ± 0.0062 23)

Heart weight (g) 0.995 ± 0.02 to 1.22 ± 0.09 1.329 ± 0.02 to 1.42 ± 0.07 44, 45)

Heart weight (mg/100 g BW) 275.79 ± 6.68 392.73 ± 14.51 23)

HW/BW (g/kg) 2.91 ± 0.06 3.62 ± 0.09 43)

Heart weight (%/TBW) 0.35 ± 0.02 0.51 ± 0.01 12)

LV weight (g) 0.84 ± 0.06 1.02 ± 0.06 45)

RV weight (g) 0.19 ± 0.01 0.21 ± 0.02 45)

VW-to-BW ratio (g/kg) 3.3 ± 0.1 4.5 ± 0.1 49)

Kidney weight (g) 3.7 ± 0.2 4.5 ± 0.3 45)

Kidney weight (%/TBW) 0.65 ± 0.02 0.92 ± 0.04 12)

LKW/BW (g/kg) 5.23 ± 0.10 8.20 ± 0.21 43)

Values are means ± SE. %/TBW indicates the % of total body weight; SBP: systolic blood pressure; MCFP: mean circulatory 
filling pressure; BW: body weight; HW: heart weight; VW-to-BW ratio: ventricular weight-to-body weight ratio; LKW: left 
kidney weight; CSA: cross-sectional area
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in research and clinical applications in the field of cardiovas-
cular physiotherapy36–42) (Fig. 1F).

REFERENCES

1) Chon KY, Kim IS, Choi KK, et al.: The noxiousness of the salt-dependent 
hypertension and the effect of the physical stimulation on the change of the 
hypertension-related sympathetic neurotransmitter. J Kor Gerontol Soc, 
2004, 24: 1–11.

2) Kim JH, Kim JH: The effects of physical therapy on activation of sympa-
thetic nerve system among older adults participating to welfare centers for 
the elderly. J Kor Gerontol Soc, 2010, 30: 311–322.

3) Kim JH, Lee JU, Kim IH, et al.: Noxiousness of hypertension-related nor-
epinephrine and upregulation of norepinephrine induced by high intensity 
electrical stimulation in healthy volunteers. J Phys Ther Sci, 2012a, 24: 
795–800.  [CrossRef]

4) Kim JH, Lee LK, Lee WD, et al.: A review of signal transduction in mech-
anisms of smooth muscle contraction and its relevance for specialized 
physical therapy. J Phys Ther Sci, 2013a, 25: 129–141.  [CrossRef]

5) Kim B, Kim J, Bae YM, et al.: p38 mitogen-activated protein kinase con-
tributes to the diminished aortic contraction by endothelin-1 in DOCA-salt 
hypertensive rats. Hypertension, 2004a, 43: 1086–1091. [Medline]  [Cross-
Ref]

6) Kim J, Lee YR, Lee CH, et al.: Mitogen-activated protein kinase contrib-
utes to elevated basal tone in aortic smooth muscle from hypertensive rats. 
Eur J Pharmacol, 2005, 514: 209–215. [Medline]  [CrossRef]

7) Kim J, Lee CK, Park HJ, et al.: Epidermal growth factor induces vaso-
constriction through the phosphatidylinositol 3-kinase-mediated mitogen-
activated protein kinase pathway in hypertensive rats. J Pharmacol Sci, 
2006, 101: 135–143. [Medline]  [CrossRef]

8) Lee CK, Han JS, Won KJ, et al.: Diminished expression of dihydropteri-
dine reductase is a potent biomarker for hypertensive vessels. Proteomics, 
2009, 9: 4851–4858. [Medline]  [CrossRef]

9) Won KJ, Lee P, Jung SH, et al.: 3-morpholinosydnonimine participates 
in the attenuation of neointima formation via inhibition of annexin A2-
mediated vascular smooth muscle cell migration. Proteomics, 2011, 11: 
193–201. [Medline]  [CrossRef]

10) Dahl LK, Heine M, Tassinari L: Effects of chronia excess salt ingestion. 
Evidence that genetic factors play an important role in susceptibility to 
experimental hypertension. J Exp Med, 1962, 115: 1173–1190. [Medline]  
[CrossRef]

11) Goldblatt H, Lynch J, Hanzal RF, et al.: Studies on experimental hyperten-
sion: the production of persistent elevation of systolic blood pressure by 
means of renal ischemia. J Exp Med, 1934, 59: 347–379. [Medline]  [Cross-
Ref]

12) Lee CK, Kim J, Won KJ, et al.: Phorbol ester-induced contraction through 
p38 mitogen-activated protein kinase is diminished in aortas from DOCA-
salt hypertensive rats. Arch Pharm Res, 2006, 29: 1024–1031. [Medline]  
[CrossRef]

13) Bae YM, Kim A, Lee YJ, et al.: Enhancement of receptor-operated cation 
current and TRPC6 expression in arterial smooth muscle cells of deoxy-
corticosterone acetate-salt hypertensive rats. J Hypertens, 2007, 25: 809–
817. [Medline]  [CrossRef]

14) Gómez Sánchez EP: What is the role of the central nervous system in min-
eralocorticoid hypertension? Am J Hypertens, 1991, 4: 374–381. [Medline]

15) Aourell M, Skoog M, Carleson J: Effects of Swedish massage on blood 
pressure. Complement Ther Clin Pract, 2005, 11: 242–246. [Medline]  
[CrossRef]

16) Paterno JC, Bergamaschi CT, Campos RR, et al.: Electroacupuncture and 
moxibustion decrease renal sympathetic nerve activity and retard progres-
sion of renal disease in rats. Kidney Blood Press Res, 2012, 35: 355–364. 
[Medline]  [CrossRef]

17) Lin CF, Liao JM, Tsai SJ, et al.: Depressor effect on blood pressure and 
flow elicited by electroacupuncture in normal subjects. Auton Neurosci, 
2003, 107: 60–64. [Medline]  [CrossRef]

18) Kim B, Kim J, Kim A, et al.: Ligusticum wallichi-induced vasorelaxation 
mediated by mitogen-activated protein kinase in rat aortic smooth muscle. 
J Ethnopharmacol, 2004b, 90: 397–401. [Medline]  [CrossRef]

19) Won KJ, Lee SC, Lee CK, et al.: Cordycepin attenuates neointimal forma-
tion by inhibiting reactive oxygen species-mediated responses in vascular 
smooth muscle cells in rats. J Pharmacol Sci, 2009, 109: 403–412. [Med-
line]  [CrossRef]

20) Katovich MJ, Soltis EE, Iloeje E, et al.: Time course alterations in vascular 
adrenergic responsiveness in the DOCA/NaCl-treated rat. Pharmacology, 
1984, 29: 173–180. [Medline]  [CrossRef]

21) Calderone A, Oster L, Moreau P, et al.: Altered protein kinase C regulation 
of phosphoinositide-coupled receptors in deoxycorticosterone acetate-salt 
hypertensive rats. Hypertension, 1994, 23: 722–728. [Medline]  [CrossRef]

22) Lee YR, Lee CK, Park HJ, et al.: c-Jun N-terminal kinase contributes to 
norepinephrine-induced contraction through phosphorylation of caldes-
mon in rat aortic smooth muscle. J Pharmacol Sci, 2006, 100: 119–125. 
[Medline]  [CrossRef]

23) Soltis EE, Field FP: Extracellular calcium and altered vascular responsive-
ness in the deoxycorticosterone acetate-salt rat. Hypertension, 1986, 8: 
526–532. [Medline]  [CrossRef]

24) Thompson LP, Webb RC: Vascular responsiveness to serotonin metabo-
lites in mineralocorticoid hypertension. Hypertension, 1987, 9: 277–281. 
[Medline]  [CrossRef]

25) Watts SW, Gilbert L, Webb RC: 5-Hydroxytryptamine2B receptor medi-
ates contraction in the mesenteric artery of mineralocorticoid hyperten-
sive rats. Hypertension, 1995, 26: 1056–1059. [Medline]  [CrossRef]

26) Saika T, Tsushima T, Nasu Y, et al.: Epidermal growth factor in urine 
from patients with bladder cancer. Urol Res, 2000, 28: 230–234. [Medline]  
[CrossRef]

27) Cossu M, Perra MT, Piludu M, et al.: Subcellular localization of epider-
mal growth factor in human submandibular gland. Histochem J, 2000, 32: 
291–294. [Medline]  [CrossRef]

28) Oka Y, Orth DN: Human plasma epidermal growth factor/beta-urogas-
trone is associated with blood platelets. J Clin Invest, 1983, 72: 249–259. 
[Medline]  [CrossRef]

29) Quigley R, Kennerly DA, Sheu JN, et al.: Stimulation of proximal convo-
luted tubule phosphate transport by epidermal growth factor: signal trans-
duction. Am J Physiol, 1995, 269: F339–F344. [Medline]

30) Kashimata M, Sayeed S, Ka A, et al.: The ERK-1/2 signaling pathway is 
involved in the stimulation of branching morphogenesis of fetal mouse 
submandibular glands by EGF. Dev Biol, 2000, 220: 183–196. [Medline]  
[CrossRef]

31) Gregory H: Isolation and structure of urogastrone and its relationship to 
epidermal growth factor. Nature, 1975, 257: 325–327. [Medline]  [Cross-
Ref]

32) Hollenberg MD: Tyrosine kinase pathways and the regulation of smooth 
muscle contractility. Trends Pharmacol Sci, 1994, 15: 108–114. [Medline]  
[CrossRef]

33) Zheng XL, Renaux B, Hollenberg MD: Parallel contractile signal trans-
duction pathways activated by receptors for thrombin and epidermal 
growth factor-urogastrone in guinea pig gastric smooth muscle: blockade 
by inhibitors of mitogen-activated protein kinase-kinase and phosphatidyl 
inositol 3′-kinase. J Pharmacol Exp Ther, 1998, 285: 325–334. [Medline]

34) Fanger GR, Johnson NL, Johnson GL: MEK kinases are regulated by EGF 
and selectively interact with Rac/Cdc42. EMBO J, 1997, 16: 4961–4972. 
[Medline]  [CrossRef]

35) Rosen LB, Greenberg ME: Stimulation of growth factor receptor signal 
transduction by activation of voltage-sensitive calcium channels. Proc Natl 
Acad Sci USA, 1996, 93: 1113–1118. [Medline]  [CrossRef]

36) Kim JH, Choi YD, Kim MJ, et al.: Correlation between the changes in 
heat-induced digital infrared thermography imaging and body compo-
nents in healthy volunteers. Toxicol Environ Health Sci, 2013b, 5: 107–112.  
[CrossRef]

37) Kim JH, Kim IH, Lee JU, et al.: Change of muscular activity and dynamic 
stability of the knee joint due to excessive and repetitive jumping or cutting 
by female athletes. J Phys Ther Sci, 2012b, 24: 715–719.  [CrossRef]

38) Kim MY, Kim JH, Lee JU, et al.: Temporal changes in pain and sensory 
threshold of geriatric patients after moist treatment. J Phys Ther Sci, 2011, 
23: 797–801.  [CrossRef]

39) Kim MY, Kim JH, Lee JU, et al.: The effects of functional electrical stimu-
lation on balance of stroke patients in the standing posture. J Phys Ther 
Sci, 2012, 24: 77–81.  [CrossRef]

40) Lee LK, Jeon HJ, Choi YD, et al.: Change in the interferential current 
therapy-induced sensory threshold on the bodies of elderly people. Toxicol 
Environ Health Sci, 2013, 5: 41–47.  [CrossRef]

41) Lee LK, Kim JH, Kim MY, et al.: A pilot study on pain and the upregu-
lation of myoglobin through low-frequency and high-amplitude electrical 
stimulation-induced muscle contraction. J Phys Ther Sci, 2014, 26: 985–
988. [Medline]  [CrossRef]

42) Cambron JA, Dexheimer J, Coe P: Changes in blood pressure after various 
forms of therapeutic massage: a preliminary study. J Altern Complement 
Med, 2006, 12: 65–70. [Medline]  [CrossRef]

43) Intengan HD, He G, Schiffrin EL: Effect of vasopressin antagonism on 
structure and mechanics of small arteries and vascular expression of endo-
thelin-1 in deoxycorticosterone acetate salt hypertensive rats. Hyperten-
sion, 1998, 32: 770–777. [Medline]  [CrossRef]

http://dx.doi.org/10.1589/jpts.24.795
http://dx.doi.org/10.1589/jpts.25.129
http://www.ncbi.nlm.nih.gov/pubmed/15051668?dopt=Abstract
http://dx.doi.org/10.1161/01.HYP.0000125995.85427.fd
http://dx.doi.org/10.1161/01.HYP.0000125995.85427.fd
http://www.ncbi.nlm.nih.gov/pubmed/15910808?dopt=Abstract
http://dx.doi.org/10.1016/j.ejphar.2005.03.030
http://www.ncbi.nlm.nih.gov/pubmed/16766857?dopt=Abstract
http://dx.doi.org/10.1254/jphs.FP0060021
http://www.ncbi.nlm.nih.gov/pubmed/19743417?dopt=Abstract
http://dx.doi.org/10.1002/pmic.200800973
http://www.ncbi.nlm.nih.gov/pubmed/21204247?dopt=Abstract
http://dx.doi.org/10.1002/pmic.200900834
http://www.ncbi.nlm.nih.gov/pubmed/13883089?dopt=Abstract
http://dx.doi.org/10.1084/jem.115.6.1173
http://www.ncbi.nlm.nih.gov/pubmed/19870251?dopt=Abstract
http://dx.doi.org/10.1084/jem.59.3.347
http://dx.doi.org/10.1084/jem.59.3.347
http://www.ncbi.nlm.nih.gov/pubmed/17146972?dopt=Abstract
http://dx.doi.org/10.1007/BF02969287
http://www.ncbi.nlm.nih.gov/pubmed/17351373?dopt=Abstract
http://dx.doi.org/10.1097/HJH.0b013e3280148312
http://www.ncbi.nlm.nih.gov/pubmed/1647798?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16290894?dopt=Abstract
http://dx.doi.org/10.1016/j.ctcp.2005.02.008
http://www.ncbi.nlm.nih.gov/pubmed/22473039?dopt=Abstract
http://dx.doi.org/10.1159/000336095
http://www.ncbi.nlm.nih.gov/pubmed/12927228?dopt=Abstract
http://dx.doi.org/10.1016/S1566-0702(03)00103-6
http://www.ncbi.nlm.nih.gov/pubmed/15013207?dopt=Abstract
http://dx.doi.org/10.1016/j.jep.2003.11.003
http://www.ncbi.nlm.nih.gov/pubmed/19305122?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19305122?dopt=Abstract
http://dx.doi.org/10.1254/jphs.08308FP
http://www.ncbi.nlm.nih.gov/pubmed/6091157?dopt=Abstract
http://dx.doi.org/10.1159/000138009
http://www.ncbi.nlm.nih.gov/pubmed/8206569?dopt=Abstract
http://dx.doi.org/10.1161/01.HYP.23.6.722
http://www.ncbi.nlm.nih.gov/pubmed/16474208?dopt=Abstract
http://dx.doi.org/10.1254/jphs.FP0050777
http://www.ncbi.nlm.nih.gov/pubmed/3710558?dopt=Abstract
http://dx.doi.org/10.1161/01.HYP.8.6.526
http://www.ncbi.nlm.nih.gov/pubmed/2434424?dopt=Abstract
http://dx.doi.org/10.1161/01.HYP.9.3.277
http://www.ncbi.nlm.nih.gov/pubmed/7498967?dopt=Abstract
http://dx.doi.org/10.1161/01.HYP.26.6.1056
http://www.ncbi.nlm.nih.gov/pubmed/11011960?dopt=Abstract
http://dx.doi.org/10.1007/s002400000102
http://www.ncbi.nlm.nih.gov/pubmed/10939516?dopt=Abstract
http://dx.doi.org/10.1023/A:1004036929006
http://www.ncbi.nlm.nih.gov/pubmed/6603475?dopt=Abstract
http://dx.doi.org/10.1172/JCI110964
http://www.ncbi.nlm.nih.gov/pubmed/7573482?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10753509?dopt=Abstract
http://dx.doi.org/10.1006/dbio.2000.9639
http://www.ncbi.nlm.nih.gov/pubmed/1161035?dopt=Abstract
http://dx.doi.org/10.1038/257325a0
http://dx.doi.org/10.1038/257325a0
http://www.ncbi.nlm.nih.gov/pubmed/8016894?dopt=Abstract
http://dx.doi.org/10.1016/0165-6147(94)90046-9
http://www.ncbi.nlm.nih.gov/pubmed/9536028?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9305638?dopt=Abstract
http://dx.doi.org/10.1093/emboj/16.16.4961
http://www.ncbi.nlm.nih.gov/pubmed/8577724?dopt=Abstract
http://dx.doi.org/10.1073/pnas.93.3.1113
http://dx.doi.org/10.1007/s13530-013-0163-8
http://dx.doi.org/10.1589/jpts.24.715
http://dx.doi.org/10.1589/jpts.23.797
http://dx.doi.org/10.1589/jpts.24.77
http://dx.doi.org/10.1007/s13530-013-0154-9
http://www.ncbi.nlm.nih.gov/pubmed/25140079?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.985
http://www.ncbi.nlm.nih.gov/pubmed/16494570?dopt=Abstract
http://dx.doi.org/10.1089/acm.2006.12.65
http://www.ncbi.nlm.nih.gov/pubmed/9774378?dopt=Abstract
http://dx.doi.org/10.1161/01.HYP.32.4.770


307

44) Matsumura Y, Kuro T, Kobayashi Y, et al.: Exaggerated vascular and renal 
pathology in endothelin-B receptor-deficient rats with deoxycorticoste-
rone acetate-salt hypertension. Circulation, 2000, 102: 2765–2773. [Med-
line]  [CrossRef]

45) Oyekan AO, McAward K, Conetta J, et al.: Endothelin-1 and CYP450 
arachidonate metabolites interact to promote tissue injury in DOCA-salt 
hypertension. Am J Physiol, 1999, 276: R766–R775. [Medline]

46) Giulumian AD, Molero MM, Reddy VB, et al.: Role of ET-1 receptor bind-
ing and [Ca(2+)](i) in contraction of coronary arteries from DOCA-salt 
hypertensive rats. Am J Physiol Heart Circ Physiol, 2002, 282: H1944–
H1949. [Medline]

47) Seidel CL, Strong R: Metabolic characteristics of aorta from spontane-
ously hypertensive and renal and deoxycorticosterone acetate-salt hyper-
tensive rats. Hypertension, 1986, 8: 103–108. [Medline]  [CrossRef]

48) Tostes RC, Traub O, Bendhack LM, et al.: Sarcoplasmic reticulum Ca2+ 

uptake is not decreased in aorta from deoxycorticosterone acetate hyper-
tensive rats: functional assessment with cyclopiazonic acid. Can J Physiol 
Pharmacol, 1995, 73: 1536–1545. [Medline]  [CrossRef]

49) Hagen EC, Webb RC: Coronary artery reactivity in deoxycorticosterone 
acetate hypertensive rats. Am J Physiol, 1984, 247: H409–H414. [Medline]

50) Fink GD, Johnson RJ, Galligan JJ: Mechanisms of increased venous 
smooth muscle tone in desoxycorticosterone acetate-salt hypertension. 
Hypertension, 2000, 35: 464–469. [Medline]  [CrossRef]

51) Dawson R Jr, Nagamhama S, Oparil S: Central serotonergic alterations in 
deoxycorticosterone acetate/NaCl (DOCA/NaCl)-induced hypertension. 
Neuropharmacology, 1988, 27: 417–426. [Medline]  [CrossRef]

52) Jones AW, Sander PD, Kampschmidt DL: The effect of norepinephrine on 
aortic 42K turnover during deoxycorticosterone acetate hypertension and 
antihypertensive therapy in the rat. Circ Res, 1977, 41: 256–260. [Medline]  
[CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/11094045?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11094045?dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.102.22.2765
http://www.ncbi.nlm.nih.gov/pubmed/10070137?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11959662?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2417951?dopt=Abstract
http://dx.doi.org/10.1161/01.HYP.8.2.103
http://www.ncbi.nlm.nih.gov/pubmed/8789405?dopt=Abstract
http://dx.doi.org/10.1139/y95-212
http://www.ncbi.nlm.nih.gov/pubmed/6383078?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10642342?dopt=Abstract
http://dx.doi.org/10.1161/01.HYP.35.1.464
http://www.ncbi.nlm.nih.gov/pubmed/3419540?dopt=Abstract
http://dx.doi.org/10.1016/0028-3908(88)90151-7
http://www.ncbi.nlm.nih.gov/pubmed/872301?dopt=Abstract
http://dx.doi.org/10.1161/01.RES.41.2.256

