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Background: Oryeongsan (Wulingsan, Goreisan) has long been used for the treatment of impaired body fluid 

metabolism. However, the action mechanisms have not been clearly defined. Recently, effects of Oryeongsan on 

the body fluid and Na+ metabolism and the action mechanisms have been shown more clearly. The present review 

focuses on the recent findings on the effects of Oryeongsan in the cardio-renal system in relation with body fluid 

metabolism and action mechanisms leading to a decrease in blood pressure in animal models of hypertension. 

Methods: The new and recent findings were searched by using searching systems including PubMed-NCBI and 

Google-Scholar. 

Results: Oryeongsan induced an increase in glomerular filtration rate, and natriuresis and diuresis with a de- 

creased osmolality and resulted in a contraction of the body fluid and Na+ balance. These findings were asso- 

ciated with a suppression of abundance of Na+ - H+ -exchanger isoform 3 expression and V2 receptor/aquaporin2 

water channel signaling pathway in the kidney. Further, treatment with Oryeongsan accentuated atrial natri- 

uretic peptide secretion in the atria from spontaneously hypertensive rats in which the secretion was suppressed. 

In addition, Oryeongsan ameliorated impaired vasodilation in spontaneously hypertensive rats. 

Conclusion: The effects of Oryeongsan in the kidney, atria, and vessel were accompanied by a suppression of 

AT1 receptor and concurrent accentuation of abundance of AT2 /Mas receptors expression and modulation of the 

natriuretic peptide system in these organs from hypertensive rats. The review shows multiple sites of action of 

Oryeongsan and mechanisms involved in the regulation of volume and pressure homeostasis in the body. 
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. Introduction 

Herbal formula Oryeongsan (Wulingsan, Goreisan) has long been

sed for the treatment of imbalance of body fluid homeostasis includ-

ng edema. The formula is composed of five medicinal herbs. Although

he ratios in the amount of each component herb are slightly differ-

nt among the different areas, the formulas, Oryeongsan (ORS, in Ko-

ea), Wulingsan (WLS, in China) and Goreisan (GRS, in Japan), are

omposed of the same five medicinal herbs: Alisma orientalis Juzep,

oria cocos Wolf, Atractylodes macrocephala Koidez, Polyporus umbel-

atus Fries, and Cinnamomum cassia Presl. The ratio of the compo-

ent herbs is 5:3:3:3:2 in weight for WLS. The ratio is 5:3:3:3:1 for

ormula ORS from traditional Korean medicine book, Donguibogam.

he ratio is 6:4:4:4:3 in weight for GRS ( https://kampo.ca/herbs-
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ormulas/formulas/goreisan/ ). Although the ratios of the component

erbs are slightly different in the areas, reported effects of ORS, WLS

nd GRS are largely similar in the field of our discussion here. 

The formula Wulingsan was first appeared in the traditional Chi-

ese Medicine book, Shanghanlun (Treatise on Febrile Diseases) writ-

en by Zhang ZhongJing in the third century. The formula Oryeongsan

ppeared in the Donguibogam, “Treasured Mirror of Eastern Medicine ”

ritten by Heo Jun in the early seventeenth century in Korea. ORS,

LS and GRS have been known to possess curative effects in human

ubjects in the field of diseases including nephrolithiasis, 1 , 2 chronic sub-

ural hematoma 3-5 and fluid imbalance (the present review). 6 The pur-

ose of the present study is to review the recent opinions on the effects

f ORS in the excretory function of the kidney, atrial natriuretic pep-

ide hormone (ANP) secretion, and the regulation of the blood pressure
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omeostasis in particular and action mechanisms involved. Actions of

RS are associated with modulation of glomerular filtration rate (GFR),

a+ - H+ -exchanger isoform 3 (NHE3), vasopressin subtype 2 receptor

V2 R)/aquaporin2 water channel (AQP2) system in the kidney and ANP

ecretion through mechanochemical signaling in the atria via the cardio-

enal hormone systems, renin-angiotensin system (RAS) and natriuretic

eptide system (NPS), in hypertensive animal models. 

. Methods 

The information discussed in this review was searched online using

earch databases including PubMed-NCBI and Google-Scholar. 

. Cardio-renal effects of Oryeongsan (Wulingsan) 

.1. ORS increases urinary volume and excretion of Na+ 

ORS increases urinary volume and excretion of Na+ through inhi-

ition of NHE3 and V2 R/AQP2 signaling pathways in association with

odulation of the RAS and NPS in the cortex and medulla of the kid-

ey [ tory on the urinary flow (UV), urinary excretion of Na+ (UNa V),

ody fluid and Na+ balance-antihypertensive effect]. Previously, it was

hown that an intravenous injection of ORS water extract (equivalent to

ried ORS crude powder 87 mg/kg body weight) increased UV and ex-

retion of electrolytes including Na+ and Cl- in rabbits anesthetized with

hiopental sodium. 6 ORS-induced diuresis and natriuresis were accom-

anied by an increase in creatinine clearance (GFR) without significant

hanges in fractional excretion of Na+ (FENa %). It was further observed

hat the treatment with ORS (0.1 ∼ 10 mg/kg body weight/day orally

or 1 week) increased UV, UNaV, UK V and UCl V, and contraction of the

ody fluid and Na+ balance along with suppression of the plasma levels

f renin activity (PRA) and aldosterone (ALDO) in rats. 7 ORS increased

V with a decreased urinary osmolality ( vide infra ). These findings sug-

est that ORS-induced natriuresis, diuresis and an increase in GFR are

ssociated with modulation of the RAS. 

Recently, it was further found that chronic treatment with ORS

100 mg/kg/day orally) suppressed abundance of NHE3 expression in

he cortex of the kidney along with natriuresis and diuresis in the Gold-

latt model of renovascular hypertensive rats (Goldblatt hypertensive

ats) and spontaneously hypertensive rats (SHR). 8 , 9 NHE3 is the ma-

or system involved in the regulation of the renal proximal tubule re-

bsorption of the filtered Na+ (more than 60 % of the glomerular fil-

rate) in the cortex of the kidney. 10 , 11 Abundance of NHE3 expression

as significantly suppressed in the cortex of the kidney from Goldblatt

ypertensive rats compared to Sham rats. 8 The suppression was simi-

arly observed in both of clipped and non-clipped kidneys. In contrast,

n SHR, abundance of NHE3 gene expression was accentuated compared

o that of WKY. 9 Chronic treatment with ORS significantly suppressed

bundance of NHE3 gene expression in the cortex of the kidney, where

he renal proximal tubules are located, from both models of hyperten-

ion. 8 , 9 ORS suppressed abundance of NHE3 expression in association

ith an increase in Angiotensin II subtype 2 receptor/Angiotensin con-

erting enzyme 2-Mas receptor (AT2 R/ACE2-MasR) signaling pathways

nd concurrent decrease in Angiotensin converting enzyme-Angiotensin

I subtype 1 receptor (ACE-AT1 R) expression in the renal cortex (Gold-

latt hypertensive rats and SHR) and medulla (in Goldblatt; not tested

n SHR) ( Fig. 1 ). Recently, it has been shown that AT2 R activation with

 selective agonist Compound-21 (C-21) induced natriuresis via inter-

alization and inactivation of NHE3 in association with protein phos-

hatase PP2A subunits binding to AT2 R physically in the renal proximal

ubule cells from WKY 

12-14 ( vide infra ). This signaling pathway of the

T2 R is known to be defective in SHR. 12-15 ORS-induced suppression

f NHE3 expression and accentuation of Na+ excretion was accompa-

ied by an increase in AT2 R expression in the kidney from Goldblatt

ypertensive rats and SHR. 8 , 9 It has been shown clearly that AT R is
1 

2

ocalized mainly in the renal proximal tubule brush border and baso-

ateral membranes, and then, distal tubules, and cortical and medullary

ollecting ducts. 16 The molecular mechanism by which ORS controls the

xpression of NHE3 in the kidney is not clear at present. 

ORS-induced increase in urinary volume was characterized by a de-

rease in osmolality with suppression of the expression of V2 R/AQP2

ignaling pathway in the medulla of the kidney from Goldblatt hyper-

ensive rats 8 ( Fig. 1 ) ( vide infra ). These are consistent with the previous

eports on the regulation of urinary osmolality (urine concentration) via

QP2 signaling in association with modulation of AT1 R expression. 17-19 

2 R/AQP2 water channel signaling pathway in the medulla (collecting

uct) of the kidney is the main site for the regulation of water reabsorp-

ion. 

ORS-induced accentuation of GFR and renal excretory function, and

uppression of the NHE3 and V2 R/AQP2 expression in hypertensive rats

ere closely associated with modulation of the NPS as well as the RAS

xpression in the kidney. 8 , 9 Treatment with ORS induced an increase in

FR in rabbits 6 and normotensive or hypertensive rats. 7-9 ORS-induced

ncrease in GFR was accompanied by a decrease in the plasma levels of

enin activity (PRA) and an increase in the plasma levels of ANP along

ith a suppression of AT1 R expression and an accentuation of AT2 R in

he kidney. 8 Further, ORS induced a suppression of intra-renal renin syn-

hesis and contents and an accentuation of ANP gene expression and a

uppression of the ANP-clearing NPR-C expression in the kidney which

xpected to further increase intra-renal ANP concentration. 9 ANP di-

ates preglomerular arterioles and constricts glomerular efferent arteri-

les 20-22 leading to an increase in GFR. Glomerular afferent and efferent

rterioles express selective receptors for ANP to increase GFR (affer-

nt arterioles to be dilated and efferent constricted). 22 It has also been

nown that intra-renal blockade of AT1 R signaling pathway increases

FR. 23 , 24 Increase in GFR contributes to induce natriuresis. 25 Further,

hronic treatment with ORS accentuated ANP secretion in the cardiac

tria from SHR 

26 which is associated with antihypertensive effects of

RS administration in hypertensive animals ( Fig. 1 ). ANP induces an

ncrease in GFR, natriuresis, diuresis, and vasodilation. 27 

Treatment with ORS induces an increase in urinary volume and ex-

retion of Na+ through an accentuation of GFR and atrial ANP secretion,

nd suppression of NHE3 and V2 R/AQP2 expression in the kidney, and

esults in a contraction of the body fluid and Na+ balance leading to a

ecrease in high blood pressure in (primary or secondary) hypertensive

ats. These are closely associated with modulation of the intra-renal RAS

nd NPS ( Figs. 1 and 2 ). 

.2. ORS modulates the RAS in the cardio-renal system 

ORS modulates the RAS in the cardio-renal system through suppres-

ion of ACE-AT1 R pathway and concurrent accentuation of AT2 R/ACE2-

asR signaling along with suppression of the renin synthesis. ORS/ WLS

as been known to modulate the RAS. 7-9 , 26 , 28 , 29 WLS (480 mg/kg/day

rally for 4 weeks) suppressed the adriamycin-induced increase in Ang

I contents in the renal cortex from rats treated with adriamycin along

ith an increase in urinary volume. 28 Similarly, chronic treatment with

uling Powder (WLS water extract, high, medium and low doses, for 8

eeks) decreased high blood pressure with suppression of plasma lev-

ls of renin activity, Ang II, and ALDO, and modulated the gene ex-

ression (suppression of AT1 R expression and accentuation of ACE2) in

he cardiac muscle (cardiac apex) from SHR. 29 Further, treatment with

RS decreased PRA and intra-renal renin synthesis and modulated the

AS expression in the kidney or atria from normotensive and hyper-

ensive rats. 7-9 ORS decreased intra-renal (cortex and medulla) renin

ynthesis and contents in the clipped kidney from Goldblatt hyperten-

ive rats. 8 Also, ORS suppressed intra-renal ACE-AT1 R expression, and

ccentuated AT2 R and ACE2-MasR expression in Goldblatt hypertensive

ats and SHR. 8 , 9 Further, ORS increased atrial secretion of ANP in per-

used beating atria from SHR via modulation of the RAS: accentuation

f AT R expression was associated with a suppression of ANP secretion,
1 
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Fig. 1. Treatment with ORS increased UV and UNa V along with an increase in GFR and suppression of NHE3 and V2 R/AQP2 signaling pathway in the renal cortex 

and medulla, respectively, and accentuated ANP secretion in the atria. These processes were accompanied by an accentuation of AT2 R and concurrent suppression of 

AT1 R expression in the kidney and atria. Intrarenal ANP is also involved in the regulation of GFR, NHE3 and AQP2/V2 R signaling. RAS, Renin-angiotensin system; 

AT2 R, AT2 receptor; NPS, Natriuretic peptide system; Pl, Plasma level; ANP Syn, Atrial natriuretic peptide synthesis; NPR-C; Natriuretic peptide receptor-C; Low 

Osm, Low osmolality; + , Accentuation; -, Suppression; ↑ , Increase; ↓, Decrease; SBP, Systolic blood pressure; C, Cortex; M, Medulla. 
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hile AT2 R was with an accentuation of ANP secretion. 26 These are

onsistent with the previous reports. Previously, it was shown that an

ctivation of AT1 R with Ang II is associated with a suppression of ANP

ecretion in perfused beating atria from Goldblatt hypertensive rats, 30 

hile activation of AT2 R with Ang III is an accentuation of the hormone

ecretion in the atria from normotensive rats. 31 

ORS affected the regulation of body fluid and Na+ balance homeosta-

is and vascular function via modulation of the RAS and NPS. Activation

f AT1 R is for anti-diuresis and anti-natriuresis in the kidney; decrease

n ANP secretion in the atria; impaired vasodilation: while activation of

T2 R/ACE2-MasR is for diuresis and natriuresis; increase in ANP secre-

ion in the atria and amelioration of the impaired vasodilation. 8 , 9 , 26 

.3. ORS suppresses NHE3 expression 

ORS suppresses NHE3 expression through modulation of the RAS

nd NPS in the renal cortex. ORS induced an increase in UV and UNa V

nd contraction of the body water and Na+ balance. 8 , 9 The process

as closely associated with a suppression of NHE3 expression along
3

ith modulation of the RAS and NPS in the cortex of the kidney where

he renal proximal tubules are located ( Figs. 1 and 2 ). Chronic treat-

ent with ORS increased UV and UNa V with a decrease in PRA in nor-

otensive or hypertensive rats. 7-9 Further, the treatment with ORS sup-

ressed intrarenal renin contents and its gene expression in the renal

ortex from Goldblatt hypertensive rats and SHR. 8 , 9 Intra-renal effects

f ORS on the RAS and NHE3 were similar in both of Goldblatt hyper-

ensive rats and SHR. Activation of ACE-AT1 R pathway was associated

ith anti-natriuresis via an increase of NHE3 expression while that of

T2 R/ACE2-MasR was natriuresis via decrease of NHE3 signaling. 

NPS is also directly involved in the regulation of NHE3 function in

he cortex of the kidney. ANP administration inhibits Na+ -coupled an-

iport of the NHE3 in the renal proximal tubules. 32-34 In addition, in

uman proximal convoluted tubules, corin, a protease responsible for

onversion of pro-ANP to ANP, pro-ANP/ANP and natriuretic peptide

eceptor (NPR)-A protein and mRNA are expressed. 35 ANP is found to-

ether with Corin. Corin protein presents in the apical membrane of the

roximal convoluted tubules and ANP degrading protease neprilysin is

bundant in the brush border of the same segment. Further, Corin is
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Fig. 2. A, Body Na+ balance was significantly higher in the hypertensive SHR-V 

group treated with vehicle compared to normotensive WKY-V group treated with 

vehicle ( Fig. 2 A). SHR-ORS group treated with ORS increased urinary volume 

and excretion of Na+ leading to a contraction of body water and Na+ balance 

close to the levels of those of WKY-V ( Fig. 2 A). ORS induced contraction of 

body (water and) Na+ balance resulted in a reduction of high blood pressure in 

SHR-ORS ( Fig. 2 A and 2 B). B, SBP continuously increased in SHR-V group. ORS 

significantly decreased SBP in SHR-ORS group. On the days of blood pressure 

measurement no urine samples were collected. SHR-V, SHR group treated with 

vehicle; SHR-ORS, SHR group treated with Oryeongsan; ∗ , ∗ ∗ , ∗ ∗ ∗ , P < 0.05, 

P < 0.01, P < 0.001 vs WKY-V; #, ##, ###, P < 0.05, P < 0.01, P < 0.001 vs 

SHR-V. Fig. 2 is modified from Figs. 1 E and 4 from Ahn et al., 2024 (Ahn et al., 

Integr Med RES. 2024;13:101,007). 
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lso found in the proximal tubules of rat kidney. 36 In this occasion, the

ontrol levels of ANP is 5.6 ± 0.1 ng/mg tissue protein. Because the treat-

ent with ORS accentuated ANP synthesis and suppressed ANP clearing

atriuretic peptide receptor (NPR)-C in the renal cortex, 9 the concentra-

ion of ANP is expected to be further increased in the surrounding ISF in

he cortex of the kidney ( Fig. 1 ). One of the roles of NPR-C is to remove

irculating natriuretic peptides from the circulation. 37 These findings

uggest that ORS modulates intrarenal autocrine mechanism of ANP in

he regulation of volume and pressure homeostasis through NHE3. This

otion indicates that the NPS-NHE3 signaling could be a pathway af-
4

ected by a treatment with ORS ( Fig. 1 ). Increased ANP concentration

n the renal cortex is expected to increase UNa V and UV through an inhi-

ition of NHE3 activity. These findings show that ORS regulates NHE3

unction through modulation of the systemic and intra-renal expression

f the RAS and NPS. 

.4. ORS increases urinary volume with a decreased osmolality 

ORS increases urinary volume with a decreased osmolality in associ-

tion with a suppression of V2 R and AQP2 expression in the medulla of

he kidney. Treatment with GRS water extract (100 or 300 mg/kg/day

or 3 days orally) induced diuresis with a suppression of AQP2 mRNA ex-

ression in the cortex and medulla of the kidney from rats. 38 In this occa-

ion, GRS had no significant effect on the V2 R expression in the kidney. It

as further shown that the treatment with ORS (0.1 ∼ 10.0 mg/kg/day

rally for 7 days) induced natriuresis and diuresis with a decreased os-

olality in rats. 7 Also, in Goldblatt hypertensive rats, chronic treatment

ith ORS (100 mg/kg/day orally for 3 weeks) induced natriuresis and

iuresis with a decreased osmolality along with a suppression of the

evels of V2 R and AQP2 expression in the renal medulla 8 ( Fig. 1 ). These

ndings were associated with a suppression of ACE-AT1 R signaling path-

ay and concurrent accentuation of AT2 R/ACE2-MasR pathways in the

enal medulla as well as in the cortex. 

It has also been shown that expression of AQP2 gene expression and

ts function in the medulla of the kidney is closely associated with mod-

lation by changes in the NPS as well as the RAS 39 ( vide supra ) ( Fig. 1 ).

NP is inhibitory on the V2 R/AQP2 signaling in collecting duct prin-

ipal cells. 39 ANP inhibits AVP-induced changes in water permeability

hrough suppression of the AVP-dependent trafficking of AQP2 to the

lasma membrane of collecting duct principal cells with decreased S256

hosphorylation via NPR-A/cGMP/PKG signaling pathway. 

Further, ORS attenuated the hypertonic stress-induced increase in

QP2 protein expression and its apical membrane insertion in the cul-

ured inner medullary collecting duct cell line (mIMCD-3). 40 

These findings show that the treatment with ORS/WLS/GRS induces

atriuresis and diuresis with a decreased urinary osmolality accompa-

ied by a suppression of the V2 R/AQP2 signaling pathway along with a

odulation of the intra-renal RAS and NPS ( Fig. 1 ). 

.5. ORS accentuates ANP secretion in the atria 

Treatment with ORS accentuates ANP secretion in the atria from SHR

ia modulation of the RAS and M2 mAChR-K+ 

ACh channel signaling in

hich the secretion is suppressed. Both the RAS and NPS are involved in

he regulation of the body fluid and blood pressure homeostasis through

he cardio-renal system. Treatment with Wuling powder 41 or ORS 8 in-

uced an increase in plasma levels of ANP in normotensive mice or

oldblatt hypertensive rats, respectively. Further, treatment with ORS

ccentuated ANP secretion in the atria from SHR in which the secretion

as suppressed. 26 ANP is synthesized in the cardiomyocytes of the atria

nd stored as secretory granules in the myocytes. The stored ANP is re-

eased into the interstitial space (interstitial fluid, ISF) of the atria in re-

ponse to stretch of the cardiomyocytes during atrial distension and then

ollowed by translocation of the released ANP to the atrial lumen (cir-

ulation) by atrial contraction. 42-44 Therefore, atrial secretion of ANP

s accomplished by a “two-steps of sequential mechanism. ”45 The first

tep cardiomyocyte release of ANP to the ISF surrounding the cardiomy-

cytes by atrial distension (stretch-induced release of ANP from the car-

iomyocytes) 46 is followed by translocation of the released ANP with the

SF to the atrial lumen (atrial secretion of ANP) by contraction of the

tria. 45 Plasma levels of ANP are controlled by atrial secretion of ANP

nd degradation by enzymes and clearing of the circulating hormone

y natriuretic peptide receptor (NPR)-C located at the plasma mem-

rane. 37 , 47 Atrial distension is main and the most important stimulus

or the stimulation of ANP secretion. 44 , 48-50 
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ACh is another secretagogue stimulating ANP secretion in the

tria. 26 , 51 , 52 It was further shown that endogenous ACh is involved pos-

tively in the regulation of ANP secretion in the atria from rats. 52 ACh

timulates ANP secretion via activation of the M2 muscarinic (m) ACh

eceptor-Gi/o -K
+ 

ACh (M2 mAChR-K+ 
ACh ) channel signaling pathway in

erfused beating atria. 26 , 51 , 52 

Stepwise increase in atrial distension elevated atrial ANP secretion

roportionally in perfused beating atria from normotensive WKY. How-

ver, the ANP response induced by atrial distension was severely im-

aired in the atria from SHR compared to that in the atria from WKY. 26 

mpaired ANP response of the atria was accompanied by an accentu-

tion of abundance of AT1 R expression and concurrent suppression of

T2 R, and M2 mAChR and G protein-coupled inwardly rectifying K+ 

hannel (GIRK4), a molecular component of K+ 
ACh channel in the atria

rom SHR compared to WKY. 26 

Chronic treatment with ORS or losartan, an AT1 R blocker used as a

ositive control for ORS, reversed the suppression of ANP secretion to

n accentuation of the atrial secretion of ANP, that is, an increase in car-

iomyocyte release of ANP, in perfused atria from SHR in response to

trial distension or ACh administration. 26 , 53 Further, the treatment with

RS (or losartan) suppressed abundance of gene expression of AT1 R and

ccentuated AT2 R/Mas R and M2 mAChR-GIRK4 signaling pathway in

he atria compared to that in the atria from SHR treated with vehicle.

reatment with ORS or losartan reversed the impaired atrial ANP re-

ponse to atrial distension or ACh administration with a reciprocal re-

ation of the expression of the M2 mAChR/GIRK4 to AT1 R in the atria

rom SHR 

26 or Goldblatt hypertensive rats. 53 

Similarly, atrial distension- or ACh-induced activation of atrial ANP

ecretion was also suppressed but was reversed by treatment with losar-

an in perfused atria from Goldblatt hypertensive rats. 53 The suppressed

esponse of ANP secretion was accompanied by an accentuation of AT1 R

xpression and concurrent suppression of AT2 R and M2 mAChR-K+ 
ACh 

hannel signaling pathway in the atria from Goldblatt hypertensive

ats 53 and SHR. 26 Previously, it was shown that Ang II-AT1 R signal-

ng is associated with a suppression of ANP secretion in the perfused

eating atria from Goldblatt hypertensive rats, 30 while AT2 R activation

ith Ang III, a selective AT2 R agonist, is associated with an accentu-

tion of ANP secretion in the atria from normotensive rats. 31 These

ndings show that atrial distension- or ACh-induced activation of atrial

NP secretion is suppressed in animal models of hypertension. 26 , 30 , 53 

urther, impaired ANP secretion is closely associated with an accentua-

ion of AT1 R expression and concurrent suppression of the AT2 R in the

tria. 26 , 53 AT1 R blockade with losartan reversed the suppression of ANP

ecretion with reversion of AT1 R and AT2 R expression in the atria from

ypertensive rats. 26 , 30 , 31 , 53 

Treatment with ORS reversed the impaired ANP response to the atrial

istension or ACh administration in the atria from SHR. Expression of

he M2 mAChR-K+ 
ACh channel signaling pathway was suppressed along

ith an accentuation of AT1 R and concurrent suppression of AT2 R in

he atria from SHR treated with vehicle but reversed by treatment with

RS. 26 

ANP secretion activated by atrial distension or ACh administration

s impaired in the atria from hypertensive animal models. 26 , 30 , 31 , 53 Im-

aired ANP secretion is associated with an accentuation of AT1 R and

oncurrent suppression of AT2 R and M2 mAChR signaling pathway in

he atria from hypertensive rats. 26 , 53 Treatment with ORS accentuated

trial distension- or ACh-induced increase in ANP secretion along with

uppression of AT1 R expression and concurrent accentuation of AT2 R

nd M2 mAChR-K+ 
ACh channel signaling pathway in the atria from hy-

ertensive rats. 26 

.6. Effects of component herbs of the ORS formula on the renal excretory 

unction 

The component herbs of the ORS formula affects the renal excretory

unction via V R/AQP2 signaling pathway. Oral intake of Alisma orien-
2 

5

alis Juzep ethanol extract (0.9–4.0 g/kg body wt, orally) induced diure-

is and natriuresis in rats. 54 The renal effects of Alisma orientalis Juzep

ere accompanied by decreased levels of AQP2 expression in rat renal

edulla. Treatment with the extract also decreased AQP2 expression in

uman renal tubule epithelial cell line HK-2 cells. 

Poria cocos water extract inhibited the hypertonic stress-induced in-

rease in AQP2 water channel expression in the inner medullary col-

ecting duct cell culture (mIMCD-3) model. 55 In addition, Poria cocos

uppressed the puromycin-induced increase in AQP2 expression in the

edulla of the kidney. 56 Further, oral administration of Poria cocos wa-

er extract (0.6 - 2.4 g/kg/day orally) induced diuresis with a decreased

rinary osmolality accompanied by an inhibition of V2 R and AQP2 ex-

ression and reduced plasma levels of arginine vasopressin (AVP) in rats

ith chronic heart failure induced by acute myocardial infarction. 57 

Atractylodes macrocephala Koidez inhibits hypertonicity-induced in-

rease in AQP2 water channel and its trafficking into the plasma mem-

rane in the mouse inner medullary collecting duct (mIMCD-3) cell cul-

ure in the range of non-cytotoxic concentrations. 58 

A component herbal medicine of the ORS formula, Polyporus umbel-

atus Fries (zhuling) water extract showed similar effects to ORS formula

n the diuresis and natriuresis. 59 Treatment with water extract of Poly-

orus umbellatus Fries (50 ∼ 500 mg/kg BW/day orally for 8 days) in-

uced diuresis and natriuresis along with suppression of V2 R and AQP2

ene expression in the medulla of the kidney from rats. 

A major portion of the five medicinal herbs of the ORS formula in-

uced diuresis and/or natriuresis with a suppression of V2 R/AQP2 ex-

ression in rats, mice, or cultured cells. 

It is worthwhile to test effects of chemical components of the compo-

ent herbs of ORS formula. Wang et al. investigated effects of Polyporus

mbellatus and its main bioactive component ergone in the renal failure

odel of rats. 60 Serum level of creatinine, an indicator of the renal func-

ion, increased in the renal failure. Treatment with Polyporus umbellatus

r ergone improved impaired renal function and significantly decreased

erum levels of creatinine. 

Further, ergone, a marker component of Polyporus umbellatus, in-

uced natriuresis by blocking mineralocorticoids in rats. . 61 

Recently, it was further found that 19 different kinds of chemical

omponents are present in the ORS formula. 62 

.7. ORS reduces high blood pressure 

ORS reduces high blood pressure along with a decrease in abun-

ance of NHE3 and V2 R/AQP2 expression and an increase in GFR and

trial ANP secretion via modulation of the RAS and NPS. Treatment

ith WLS (4.8 ∼ 19.2 g/kg/day orally for 8 weeks) significantly de-

reased high blood pressure in SHR. 29 The effects were accompanied

y a decrease in the plasma levels of renin activity, Ang II, and ALDO.

LS further decreased AT1 R gene expression in the myocardial tissue.

hese findings suggest that WLS decreases high blood pressure in asso-

iation with suppression of the RAS in SHR. Similarly, treatment with

RS (200 mg/kg/day orally for 3 weeks) significantly decreased sys-

olic blood pressure with a decrease in tubulointerstitial fibrosis in the

idney from SHR. 63 

The plasma levels of renin activity and ALDO were increased in Gold-

latt hypertensive rats compared to those of Sham-operated rats. 8 The

evels of renin contents and its gene expression in the clipped (left) kid-

ey from Goldblatt hypertensive rats were higher than those from Sham

ats, while those of non-clipped (right) kidney were suppressed com-

ared to those of the (right) kidney of Sham rats treated with vehicle.

T1 R gene expression was accentuated in the renal cortex from hyper-

ensive rats compared to those from sham rats treated with vehicle. Re-

al proximal tubules located at the cortex of the kidney are the major

ite for the reabsorption of the filtered Na+ . Chronic treatment with ORS

ecreased abundance of Na+ transporter NHE3 expression located at the

enal cortex 8 , 9 ( vide supra ). ORS further decreased expression of the wa-

er channel signaling pathway V R/AQP2 system located at the medulla
2 
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collecting duct) of the kidney. 8 These effects by ORS were associated

ith a suppression of the expression of ACE-AT1 R signaling pathway

nd concurrent accentuation of ACE2-MasR and AT2 R expression in the

ortex and medulla of the kidney. Similarly, treatment with ORS sig-

ificantly reduced the high blood pressure as observed in SHR. 9 ORS

ncreased UV and UNaV in SHR compared to SHR treated with vehi-

le. These changes resulted in a contraction of the body fluid and Na+ 

alance leading to reduction of high blood pressure along with modula-

ion of GFR, NHE3, and V2R/AQP2 signaling pathway in the kidney 8 , 9 

 Figs. 1 and 2 ). ORS-induced suppression of the NHE3 expression in the

enal proximal tubules and accentuation of renal excretory function are

onsistent with the previous reports on the roles of NHE3 involved in

he regulation of proximal tubule function for the filtered Na+ reab-

orption, and maintenance of basal and high blood pressure. 64-67 The

ole of NHE3 in the proximal tubules of the kidney is essential in main-

aining the basal levels of blood pressure and lowering of high blood

ressure in animal models of hypertension. 65 Chronic treatment with

RS decreased high blood pressure through an increase in UV and UNa V

ia accentuation of GFR and suppression of abundance of NHE3 and

2 R/AQP2 expression. The process was conducted via modulation of

oth the RAS, AT1 R and AT2 R, and NPS signaling in the cortex and

edulla of the kidney from animal models of hypertension ( vide supra ).

hese changes resulted in a contraction of the body water and Na+ bal-

nce in the primary or secondary hypertensive rats 8 , 9 ( Figs. 1 and 2 ).

hese findings support the previous report on the systems pharmacol-

gy approach showing importance of the role of the RAS to define the

echanisms of antihypertensive effects of Oryeongsan. 68 

In addition, the treatment with ORS ameliorated impaired vasodi-

ation in SHR. 9 ACh-induced vasodilation was impaired in the isolated

orta strips from SHR compared to that from WKY. The impaired re-

ponse of the aorta to ACh was accompanied by an accentuation of AT1 R

ene expression and concurrent suppression of AT2 R. Chronic treatment

ith ORS ameliorated the impaired vasodilation and reversed the ex-

ression of AT1 R and AT2 R, that is, an accentuation of AT2 R and con-

urrent suppression of AT1 R in the aorta from SHR treated with ORS.

reviously, it has been shown that vasodilation is impaired in the carotid

rtery strips in association with an accentuation of AT1 R expression. 69 

. Conclusions 

In summary, the action sites of ORS in association with the regulation

f the body fluid and Na+ balance and blood pressure homeostasis are

he glomeruli and renal proximal tubules in which the major portion of

he glomerular filtration is reabsorbed. The roles of the glomeruli and

HE3 in the renal proximal tubule, and V2 R/AQP2 in the collecting

uct are involved in amelioration by ORS of the impaired regulation of

he body fluid and Na+ balance in hypertension via modulation of the

AS and NPS. This notion is in agreement with Guyton’s proposal on the

long-term arterial pressure control ” through “the kidney-fluid volume

ystem ” in the regulation of volume and pressure homeostasis of the

ody. 70 ORS/WLS/GRS-induced modulation of the RAS and NPS are

nvolved in the regulation of body fluid and blood pressure homeostasis

hrough the kidney directly or indirectly. 
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