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uercetin has attracted numerous beneficial 
health claims1 and is the most abundant 

flavonoid polyphenolic compound present in human 
dietary vegetables and fruits.2 In the cardiovascular 
system, it has been shown to be antihypertensive in 
various rat models of hypertension.1,3 In vitro, 
quercetin is a vasorelaxant independent of the 
endothelium4 yet in addition also increases 
endothelial NO production.5 On the other hand, 
quercetin itself is poorly absorbed, has a high 
susceptibility to metabolic conjugation, and exists 
mostly in a conjugated form in the systemic 
circulation, that results in its low bioavailability.6-7 
Thus quercetin is largely ineffective in vivo. This low 
bioavailability is mainly due to an efficient system for 
conjugation of its polyhydroxylated groups with 
glucuronic acid and sulfate in normal situations. 
However, it has been reported that the intestinal 
transportation of this flavonoid could be much 
improved through methylation. In an in vivo 

experiment in the rat, oral administration of one 
methylated flavone resulted in a higher bioavailability 
and tissue distribution with no detectable levels of its 
unmethylated analogue. Thus, methoxylation appears 
to be a simple and effective way to increase both the 
metabolic resistance and the transport of the 
flavonoid into the circulatory system.8-9 Some 
methoxylated flavonoids occur naturally including 
methoxylated quercetins, quercetin 3,7,3',4'-tetra-
methylether and quercetin 3,5,7,3',4'-pentamethyl-
ether (3,5,7,3',4'-pentamethoxyflavone) found in 
some medicinal plants such as Achyrocline 
satureioide10 and the rhizomes of Kaempferia 
parviflora.11-12 A further ten other polymethoxy-
flavones are found in the peel of Citrus fruits that are 
used in several traditional medicines from Eastern 
China.13-15 At least three of these i.e., tangeretin, 
nobiletin (5,6,7,8,3,4́–hexamethoxyflavone) and 
sinensetin, have biological activity on G1 cell cycle 
arrest in human breast and colon cancer cells, on 
cardiovascular protection via its antihypertensive 
actions, and show attenuation of atherosclerosis, are 
anti-inflammatory, have antiangiogenesis activity, 
inhibit platelet adhesion, and have anti-adipogenic 
properties on mature 3T3-L1 adipocytes.16-21 To date, 
there seem to have been no reports on the effects of 
polymethoxyflavone on the endothelial-vascular 
smooth muscle unit of isolated blood vessels. 

Rhizomes of Kaempferia parviflora (Zingibera-
ceae family) have been used in Thai traditional 
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Abstract 
 Pentamethoxyflavone (PMF) was isolated from the rhizomes of Kaempferia parviflora, a plant that is 
claimed to have anti-hypertensive effects. We have investigated the activity of the PMF on isolated rat 
thoracic aortic rings. PMF caused a relaxation of phenylephrine precontracted aortic rings, and this effect was 
inhibited by NG-nitro-L-arginine (LNA), ODQ (guanylyl cyclase inhibitor), or by removal of the vascular 
endothelium. In the presence of LNA or removal of the endothelium, ODQ potentiated the relaxant activity of 
the PMF, and this effect was inhibited by DL-propargylglycine (PAG, a cystathionine-γ-lyase inhibitor) and 
SQ22536 (an adenylyl cyclase inhibitor). Glybenclamide, but not tetraethylammonium, potentiated the 
relaxation of the PMF whether LNA was present or not, and the potentiation was inhibited by PAG and 
SQ22536. In normal Krebs solution with nifedipine, or in a Ca2+-free Krebs solution, PMF caused a further 
inhibition of the phenylephrine concentration- response (C-R) curve of the aortic ring. In the aortic ring treated 
with thapsigargin, PMF suppressed the phenylephrine C-R curve and a further suppression was found when 
nifedipine, SKF-96365 (store-operated Ca2+ channel inhibitor) and/or Y-27632 (Rho-kinase inhibitor) was 
also added. These results revealed that PMF caused a relaxation of thoracic aortic rings by stimulating the 
release of nitric oxide and H2S, that act as an adenylyl cyclase stimulator, and an inhibitor of intracellular 
calcium mobilization.  
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medicine for many purposes, including its use as an 
aphrodisiac, as an anti-hypertensive compound, to 
improve blood flow, and to promote longevity with 
good health and well being.11-12 There is some limited 
scientific support for these therapeutic claims. 
Chaturapanich et al.22 demonstrated that a 
Kaempferia parviflora alcohol extract produced a 
significant increase in blood flow to the testis in male 
rats. Later Murata et al.23 showed that a methanolic 
extract of Kaempferia parviflora caused an 
improvement to the blood clotting mechanism where 
the active principles were methoxyflavones. One of 
these compounds, 3,5,7,3',4'-pentamethoxyflavone 
(PMF), relaxed isolated human cavernosum by 
inhibiting both voltage-dependent Ca2+ channels and 
intracellular calcium mobilization.24 Hnatyszyn et 
al.10 showed that quercetin 3,7,3',4'-tetramethylether, 
quercetin 3,5,7,3',4'-pentamethylether and quercetin 
itself were all equally effective relaxants of isolated 
guinea-pig cavernosum. For isolated blood vessels, 
quercetin molecules with an increasing number of 
methoxylations showed different activity profiles for 
potency and mechanism of action on vasorelaxa-
tion.25 Thus in rat thoracic rings, 5,7-dimethoxy-
flavone (DMF) produced an endothelium-dependent 
relaxation via an increased K+ efflux and by 
inhibition of extracellular Ca2+entry through the NO-
cGMP and cyclooxygenase pathways. Trimethoxy-
flavone had similar effects except that it failed to 
activate the cyclooxygenase pathway.26 

Thus, polymethoxylated flavonols promise to 
offer a quantal leap forward in the efficacious 
cardiovascular treatment regimens hitherto unrealised 
by quercetin and other polyphenols in the clinic. The 
simplest starting point would be 3,5,7,3',4'-penta-
methoxyflavone since it works in other tissues and 
complete methoxylation improves absorption, allows 
for greater systemic stability and improves cellular 
uptake.8-9,11,27 Although we have already studied 
corpus cavernosum, the greatest clinical impact is 
likely to be on vascular function. Therefore, in the 
present work we aim to analyze the action of PMF on 
isolated rat aorta with such an application in mind. 
 

Materials and Methods 
 

Plant material 
Fresh rhizomes of Kaempferia parviflora (black 
ginger or kra-chai-dum in Thai) were collected in 
Phurua District, Loei Province, Thailand. Authentica-
tion was achieved by comparison with the herbarium 
specimen in the Department of Biology Herbarium, 
Faculty of Science, Prince of Songkla University, 
Thailand, where a voucher specimen (Collecting No. 
2548-03) of the plant material has been deposited. 
 

Extraction and isolation of the 3,5,7,3',4'-penta-
methoxyflavone (PMF) from rhizomes of 
Kaempferia parviflora 
The method used to isolate the pure PMF and the 

HPLC method used for its assay has been previously 
fully described by Jansakul et al.24 

 

Preparation of thoracic aortic rings 
Adult female Wistar rats were supplied by the 
Southern Laboratory Animal Facility, Faculty of 
Science, Prince of Songkla University. The animals 
were housed in controlled environmental conditions 
at 24-26 ºC on a 12 h dark and 12 h light cycle with 
access to standard rat food and tap water ad libitum. 
The methods employed and the experimental 
protocols were approved by the Prince of Songkla 
University Ethical Committee (Ethic No. 166/1724) 
and the investigation conformed to the Guide for the 
Care and Use of Laboratory Animals. 

Adult female Wistar rat in estrous weighing 220-
250 g were killed by cervical dislocation. The 
thoracic aorta was removed and carefully cleaned of 
adhering fat and connective tissue. Two adjacent 
rings of 4-5 mm in length were cut. In one ring the 
endothelium layer was removed mechanically by 
gently rubbing the intimal surface with a stainless 
steel rod, using the method of Jansakul et al.28 The 
aortic rings with or without a functional endothelium 
were mounted horizontally between two parallel 
stainless steel hooks, with extreme care not to 
damage the endothelium of the endothelium-intact 
aortic rings, and resuspended in a 20-ml organ bath 
containing Krebs-Henseleit solution of the following 
composition (mM): NaCl 118.3, KCl 4.7, CaCl2 1.9, 
MgSO4·7H2O 0.45, KH2PO4 1.18, NaHCO3 25.0, 
glucose 11.66, Na2EDTA 0.024 and ascorbic acid 
0.09, maintained at 37 oC and continuously bubbled 
with a 95% O2 and 5% CO2 gas mixture. One hook 
was fixed at the bottom and the other was connected 
to a force displacement transducer that was connected 
to a Grass polygraph for the recording of changes in 
the isometric tension. Prior to testing, tissues were 
equilibrated for 60 min under a resting tension of 1 g 
and the bath solution was replaced with pre-warmed 
oxygenated Krebs-Henseleit solution every 15 min. 

As a prelude to testing, a functional endothelium 
of the intact thoracic aortic rings was verified in every 
preparation as follows: The thoracic aortic ring was 
precontracted with 3 µM phenylephrine until the 
response reached a plateau (5-8 min), and then 
acetylcholine was added (30 µM). Ring viability was 
judged by a > 80% vasorelaxation back to the tension 
generated by the ring before adding phenylephrine. 
Denudation was confirmed by the complete absence 
of vasorelaxation following the response to the 
addition of acetylcholine. The preparations were then 
washed several times with Krebs-Henseleit solution, 
and allowed to fully relax for 45 min before the 
experimental protocol began.  
 

Experimental protocol 
Effects on nitric oxide, guanylyl cyclase, adenylyl 
cyclase, H2S stimulation, and K+ channels 
After equilibration, the thoracic aortic rings were 
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precontracted with 3 µM phenylephrine for 10 min 
(plateau reached), and the cumulative concentration- 
response (C-R) relationships of the thoracic aortic 
ring to PMF (0.0003-0.1 mM) was determined. 
Following several washings and re-equilibration of 
the thoracic aortic ring for another 60 min with 
changes to the Krebs-Henseleit solution every 15 
min, the thoracic aortic rings were incubated with NG-
nitro-L-arginine (LNA, 0.3 mM, inhibitor of nitric 
oxide synthase); 1H-[1,2,4]oxadiazolo[4,3-a]quinox-
alin-1-one (ODQ, 0.01 mM, a soluble guanylyl 
cyclase inhibitor); glybenclamide (0.01 mM, an ATP 
sensitive K+ channel inhibitor); tetraethylammonium 
(TEA, 1 mM, a voltage activated K+ channel blocker) 
for 40 min; and/or by an addition of DL-propargyl-
glycine (PAG, 10 mM, a cystathionine-γ-lyase 
inhibitor or an H2S inhibitor); or 9-(tetrahydro-2-
furanyl)-9H-purin-6-amine (SQ22536, 0.1mM, an 
adenylyl cyclase inhibitor) as required. Then the PMF 
(0.003-0.1 mM) cumulative C-R relationships were 
determined on the phenylephrine-induced contraction 
in the continuous presence of each drug.  
 

Inhibition of voltage-dependent calcium channels, 
intracellular Ca2+ mobilization, store-operated 
calcium channels, and Rho-kinase  
In all the experiments described in this section, the 
thoracic aortic rings were first equilibrated for 60 min 
in Krebs solution, followed by a functional 
assessment of the endothelium as above, after which 
they were incubated with Krebs solution in the 
presence of LNA (0.3 mM) for 60 min with a 
replacement of the incubation medium every 20 min. 
Thereafter LNA was present throughout.  

To determine whether PMF played a role as a 
voltage-dependent Ca2+ channel blocker, the C-R 
curve to phenylephrine was studied in the normal 
Krebs medium. This was followed by several 
washings and re-equilibration for 40 min, then the 

thoracic aortic rings were incubated with nifedipine 
(3 µM) for 20 min and again the C-R curve to 
phenylephrine was determined in the presence of 
nifedipine. The same procedure was repeated in the 
presence of nifedipine with PMF (0.03 mM).  

To determine whether PMF inhibited intracellular 
Ca2+ mobilization, a similar protocol was carried out 
with another set of thoracic aortic rings in Ca2+-free 
Krebs solution before and after incubating the 
thoracic aortic ring with PMF. 

To determine the role of PMF on the store-
operated Ca2+ channel and/or the Rho-kinase 
inhibitor, eight sets of thoracic aortic rings were used. 
Each set of the thoracic aortic rings was first 
constructed with the C-R curve to phenylephrine in 
the presence of LNA, followed by several washings 
and re-equilibration for another 40 min. The thoracic 
aortic rings were then incubated with thapsigargin (3 
µM), a sarcoplasmic reticulum ATPase inhibitor, for 
40 min by which time the small contraction (~ 0.1-0.2 
g) of the thoracic aortic rings had reached a plateau, 
in one set of these the C-R relationship to 
phenylephrine was determined in the presence of 
thapsigargin. For the others, PMF (0.03 mM), 
nifedipine (3 µM), SKF-96365 (100 µM, a store-
operated Ca2+ channel blocker) and/or Y-27632 (30 
µM, a Rho-kinase inhibitor) were added sequentially 
as required and incubated for 20 min, at which time 
the thoracic aortic ring had relaxed to its original 
basal level, then the cumulative C-R relationship to 
phenylephrine was obtained in the presence of 
thapsigargin together with their corresponding 
cocktails. 
 

Drugs 
The following drugs were used: acetylcholine 
chloride, nifedipine, NG-nitro-L-arginine (LNA), 
phenylephrine hydrochloride, tetraethylammonium 
(TEA), DL-propargylglycine (PAG, cystathionine-γ- 

Table 1  EMax and EC50 values of the relaxation of the endothelium-intact (Endo) or denuded- (No endo) thoracic aortic ring 
precontracted with phenylephrine to 3,5,7,3΄,4΄-pentamethoxyflavone (PMF) either in the presence of NG-nitro-L-arginine 
(LNA), ODQ, Glybenclamide (Glyben), TEA, DL-propargylglycine (PAG) and/or SQ22536 (SQ). 
 

 EC50 in µM (95% confidence limit)  EMax (%) 

 Endo Endo+LNA No endo  Endo Endo+LNA No endo 
 

PMF 3.6 (2.1-6.2) 28.7 (21.4-38.4) 31.5 (26.9-35.9) 95.6±9.9 94.6±6.6 95.3±4.4 
PMF+ODQ 11.7 (9.5-14.5)b 11.8 (9.0-15.5)a 13.5 (10.5-17.3)a 107.8±4.5 99.8±4.2 99.5±3.8 
 

PMF  29.4 (20.2-43.1)   116.1±9.7  
PMF+PAG  32.2 (25.4-40.1)   111.3±5.6  
PMF+PAG+SQ  28.6 (19.6-39.2)   109.5±7.0  
 

PMF  33.4 (28.3-39.4)   95.3±3.4 98.5±3.8 
PMF+ODQ  10.2 (8.9-11.6)a   100.2±2.6 101.4±2.5 
PMF+ODQ+PAG  25.1 (20.2-28.8)   112.4±1.8b 100.8±1.4 
PMF+ODQ+PAG+SQ  36.5 (31.5-42.6)   103.4±1.9 103.5±3.1 
 

PMF 8.1 (5.9-11.0) 31.3 (27.2-36.1)  102.5±11.6 96.3±5.2  
PMF+Glyben 3.3 (2.2-5.1)a 13.9 (9.9-16.5)a  92.1±4.6 101.2±2.9  
PMF+Glyben+PAG  23.6 (18.8-27.4)   105.8±3.5  
PMF+Glyben+PAG+SQ  29.7 (26.5-35.9)   99.6±3.4  
PMF+TEA 7.8(5.1-10.4)   106.6±3.1   
 

Values were obtained from 6 aortic rings each from a different rat (n = 6).  a Significantly lower than control and  b significantly 
higher than control. 
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and a further inhibition was found when PMF was 
also added (Figure 3A). A similar result was found in 
the Ca2+ free Krebs medium (Figure 3B).  
 

Store-operated calcium channels, Rho-kinase  
In the normal Krebs solution in the presence of LNA 
and thapsigargin, nifedipine (3 µM), SKF-96365 (100 
µM), Y-27632 (30 µM) or PMF (0.03 mM) caused a 
significant inhibition of the phenylephrine C-R curves 
on the thoracic aortic ring. In this situation, the 
depression of the phenylephrine C-R curve by PMF 
was bigger than the one produced by nifedipine and 
SKF-96365 at a low concentration of the phenyl-
ephrine but not at its high concentrations where the 
maximal responses were the same (Figure 4A and B). 
When compared to the effect of Y-27632, the C-R 
curve of the phenylephrine in the presence of PMF 
was significantly lower than the one with Y-27632 
throughout (Figure 4C). When nifedipine and/or 
SKF-96365 were added together with PMF, a further 
depression of the phenylephrine C-R curve was 
obtained (Figure 4D). A further significant inhibition 
of the phenylephrine C-R curve was found when Y-
27632 was also added together with nifedipine, SKF-
96365 and PMF (Figure 4E). 
 

Discussion 
 

The present study has clearly demonstrated that PMF 
has a relaxant activity on the isolated thoracic aortic 
rings in an endothelium-dependent and -independent 
manner. Possible mechanisms responsible for the 
relaxation were explored to determine if PMF acted 
1) as a nitric oxide stimulator, a guanylyl cyclase-, an 
adenylyl cyclase- or H2S stimulator and/or by 
opening of K+ channels, 2) by blocking voltage-
dependent calcium channels, 3) by inhibition of 
intracellular calcium mobilization, 4) as a store-
operated calcium channel inhibitor, or 5) as a Rho-
kinase inhibitor. 
 

Possible actions as a nitric oxide stimulator, a 
guanylyl cyclase-, an adenylyl cyclase- or H2S 
stimulator and/or by the opening of K+ channels 
Our finding that LNA inhibited the relaxant activity 
of the PMF indicated that PMF stimulated nitric 
oxide release. ODQ alone was also found to inhibit 
the relaxant activity of the PMF on the endothelium-
intact thoracic aortic rings, however no further 
additional inhibition was obtained when LNA was 
also present. These results indicated that PMF would 
not act directly via a stimulation of the guanylyl 
cyclase in the vascular smooth muscle. The inhibitory 
effect of the ODQ could be indirect via the soluble 
guanylyl cyclase that was activated by the endothelial 
NO that resulted from the PMF stimulation. These 
results are different from our previous reports on the 
human cavernosum, in which it was found that PMF 
showed very little effect on the nitric oxide 
stimulation with no effect on the soluble guanylyl 
cyclase stimulation.24 The reason for this is most 
likely due to the different types of blood vessels, and 
human cavernosum might have a different underlying 
mechanism for its relaxant activity to the PMF: the 
relaxation of the cavernosum is predominantly a 
response as the result of neuronal NO transmission.29-

30 However, a further study would be needed to 
clarify this possibility. In addition, it was a surprise to 
see that in the presence of LNA with the 
endothelium-intact thoracic aortic ring, ODQ 
potentiated the relaxant activity of the PMF, in a 
situation when the nitric oxide and soluble guanylyl 
cyclase was being inhibited. Thus, it is possible that 
PMF might also activate other signalling pathways: 
such as the H2S and/or adenylyl cyclase pathways.  

It has now been accepted that H2S is the third 
endogenous gasotransmitter with pivotal roles in 
regulating vascular homeostasis.31-34 H2S is released 
from the vascular endothelium as well as from the 
vascular smooth muscles by cystathionine-γ-lyase 
(CSE), the key enzyme that utilizes L-cysteine as a 

Figure 3 Contractile responses of the endothelium-intact thoracic aortic ring in the presence of LNA to phenylephrine in 
normal Krebs solution before and after blocking the L-type Ca2+ channel with nifedipine (3 µM, left) for 20 min or in a Ca2+-
free medium (right) and with 3,5,7,3',4'-pentamethoxyflavone (PMF, 0.03 mM). Each point represents a mean value ± SEM
of 6 aortic rings each from a different rat (n = 6). * Significantly lower than the control () group, P < 0.05.  †Significantly 
lower than that with nifedipine () or in Ca2+-free medium () and the control groups, P < 0.05. 
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when ODQ was added together with LNA, the PAG 
significantly inhibited the PMF C-R curve, and when 
the SQ22536 was also added with the PAG, the PMF 
C-R curve was restored to the same level as that of 
the control groups (Figure 1E and F). These results 
indicated that the PMF might stimulate the release of 
H2S as well as affecting an increase in the generation 
of cAMP by the adenylyl cyclase from the vascular 
smooth muscle and this resulted in vasodilatation.  

TEA did not modify the PMF C-R curve, whereas 
glybenclamide potentiated the PMF C-R curve of the 
endothelium-intact thoracic aortic rings whether LNA 
was present or not. This indicated that PMF did not 
open the Ca2+ sensitive K+ channel (KCa), nor did it 
open the ATP sensitive K+ channel (KATP).

44-46 These 
results are similar to those found in the human 
cavernosum.24 The potentiation of the PMF C-R 
curve by glybenclamide would result from a 
stimulated release of H2S and/or cAMP by the PMF 
from the thoracic aorta (Figure 2C and D). This 
confirmed the above finding that the PMF stimulated 
H2S release and cAMP formation. The finding that 
the stimulated release of H2S by the PMF on the 
thoracic aortic ring was not inhibited by 
glybenclamide, a KATP channel blocker, was 
analogous to what occurred in the middle cerebral 
artery where it was found that the exogenous H2S 
mediated relaxation, yet received no contribution 
from the KATP channel.36 Although a few 
investigators have reported that the mechanism 
responsible for the vasodilatory effect of the H2S, 
involved KATP channel, because its effect was 
inhibited by glybenclamide,32,47-48 this was different 
from our finding. However, in a recent report, an 
H2S-mediated relaxation of the endothelium-denuded 
blood vessels did occur by inhibition of the L-type 
calcium channels with an additional contribution by 
the K+ channels, probably Kv7 but not KATP, KCa, or 
Kir subtypes.31, 34, 36 Therefore, a further study would 
be needed to confirm the present finding. 
 

Possible reactions via voltage- or store-operative 
calcium channels, Rho-kinase and intracellular 
Ca2+ mobilization 
Our finding that PMF antagonized the phenylephrine-
induced contraction of the thoracic aortic ring in the 
normal Krebs solution with Ca2+channel blocker, 
nifedipine, as well as in the Ca2+ free Krebs medium 
indicated that PMF might inhibit Ca2+ mobilization 
from the intracellular stores.49-52 These results were 
also similar to those  found in the isolated human 
cavernosum.24 

PMF might act as a store-operated Ca2+ channel 
inhibitor, and further experiments were carried out in 
the presence of thapsigargin, a specific sarcoplasmic-
endoplasmic reticulum Ca-ATPase (SERCA) pump 
inhibitor,53-54 to deplete the intracellular Ca2+ store, 
which then would stimulate the opening of the 
plasma membrane store-operated Ca2+ channels to 
add to the refilling of the intracellular stores.55-56 Thus 

it would be expected that if PMF played a role as a 
voltage-, store-operated Ca2+-channel blocker, or a 
Rho-kinase inhibitor, the phenylephrine C-R curve of 
the thapsigargin that induced the intracellular Ca2+ 
depleted-thoracic aorta could not be further inhibited 
by addition of the PMF after having been pre-
incubated with nifedipine, SKF-96365, or Y-27632 
respectively. As shown in the result section, when 
PMF was added together with nifedipine, SKF-96365 
and/or Y-27632, a complete inhibition of the 
phenylephrine C-R curve was obtained. These results 
indicated that PMF did not act as an L-type Ca2+ 
channel inhibitor, a store-operated Ca2+ channel 
inhibitor or a Rho-kinase inhibitor. These results are 
consistent with those for human cavernosum except 
for the blockade of the voltage operated Ca2+ channel 
that was found in the isolated human cavernosum.24 
This also confirmed that different types of smooth 
muscle from different animals can have different 
mechanism of reaction to PMF. 
 

In conclusion, the present study has demonstrated that 
PMF exerted a relaxant activity on the isolated 
thoracic aorta by stimulating the release of nitric 
oxide and H2S from the blood vessel. In addition, it 
also acted as an adenylyl cyclase stimulator, and 
might act as an inhibitor of the intracellular Ca2+ 
mobilization from the sarcoplasmic reticulum. It does 
not appear to act as an opener of KATP- or KCa 
channel, an inhibitor of Rho-kinase or an L-type- or a 
store-operated Ca2+channel. At the present time, this 
is the first report to demonstrate that PMF also 
stimulates the release of H2S, the third endogenous 
vasodilatory gasotransmitter, in addition to the nitric 
oxide of the rat thoracic aorta. Taken together PMF 
caused a vasorelaxation of the thoracic aortic ring via 
concerted reactions with several different pathways 
that provided significant advantages in that one could 
compensate if another signalling pathway had 
undergone defection. Therefore, PMF is a novel 
vasodilatory compound to be considered for the 
development of an alternative treatment for 
hypertension.  
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