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a b s t r a c t

Background and aim: Yahom Navakot (YN), is a Thai traditional medicine, consisting of 54 plants, for
treating fainting and dizziness. Thus, YN might relieve orthostatic hypotension (OH) symptoms, but its
therapeutic action is unclear. Therefore, this study evaluated YN in OH rats, using a head-up tilt test
(HUT).
Experimental procedure: Rats were anesthetized, and OH induced via a 90oHUT, before and after
administering vehicle, a YN powder suspension (10, 100 mg/kg), a YN aqueous extract (100 mg/kg), and
midodrine (5 mg/kg). The systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial
blood pressure (MAP), pulse pressure (PP) and heart rate (HR) were determined via the carotid artery.
Plasma noradrenaline (NA) was evaluated. YN-induced vasoconstriction of isolated rat aorta rings was
determined using organ bath technique.
Results and conclusion: Baseline BP increased with the 100 mg/kg YN powder suspension, the YN
aqueous extract or midodrine, while HR decreased, compared with vehicle and control. 90oHUT rapidly
reduced SBP, DPB and MAP, but increased HR, for control and vehicle-treated groups, but BP was steady
with the 100 mg/kg YN powder suspension, the YN aqueous extract or midodrine. The 90oHUT-increase
in HR was most pronounced with the 100 mg/kg YN powder suspension (the traditional formulation).
This accords with increased plasma NA. YN also induced vasoconstriction in rat aorta via a1-receptor
activation. Thus, the anti-hypotensive action of YN involved a stimulating effect on the heart and blood
vessels via sympathetic activation. The results support the traditional use of YN and demonstrated the
effectiveness of YN for OH prevention.
© 2021 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Orthostatic hypotension (OH) is defined as a reduction in
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systolic blood pressure (SBP) by at least 20mmHg or diastolic blood
pressure (DBP) by at least 10 mmHg within 3 min of attaining an
upright position from supine.1 A drop in blood pressure (BP) in OH
can cause fainting and dizziness, which is considered to be an acute
symptom, and tends to considerably impair the quality of life and
may increase the risk of mortality.2 The prevalence of OH increases
with age and is 5e23% more prevalent in the elderly.3

Yahom is a traditional Thai recipe, popular among the elderly
and commonly used for the treatment of fainting and dizziness.
Yahom is a generic name for preparations sold in themarkets under
different brand names and with different compositions. Most sci-
entific studies on both animals and humans support the traditional
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use of Yahom. In animal studies, Yahom increased BP after oral
administration in rats,4 increased rat regional cerebral blood flow
and plantar blood flow5 and stimulated isolated rat atrial and aortic
ring contraction.6 A study conducted on healthy human females
(aged 20e23 years) reported that the ingestion of 3 g of Yahom
increased mean arterial pressure (MAP) and DBP, but had no effect
on electrocardiogram (ECG) and heart rate (HR).7 A systematic re-
view on the efficacy and safety of Yahomwas summarized from the
scientific evidence obtained from investigations in both animal and
human studies.8 The findings suggested the following. (i) The
commercial Yahom preparations in Thailand are available in many
varying compositions, although the exact components of most of
them are undisclosed; therefore, quality control of this product is
required. (ii) Scientific reports, in particular preclinical studies, on
Yahom's action on the cardiovascular system apparently support its
use as a treatment for fainting. However, its pharmacological action
with respect to specific symptoms, such as the OH, have not been
explored. (iii) The toxicity tests on animals have been performed
only for Yahom Navakot, but no acute nor chronic toxicity was
found.

Yahom Navakot (YN), which consists of 54 medicinal plants and
borneol, as listed in the “National List of Essential Medicine”
(Table S1), has been approved to be used for prevention of fainting
and dizziness.9 An earlier study showed that it increased heart
contraction and HR in rats.10 In addition, an aqueous extract of YN
increased regional cerebral blood flow, due to the vasodilator effect
on cerebral micro blood vessels.5 Oral administration of YN at the
doses of 2 and 4 g/kg in mice did not cause any acute toxic signs or
lethality.11 Chronic oral toxicity test of YN (10e1,000mg/kg/day) for
6 months revealed no change on body weight, food consumption,
behavior, the general health and clinical chemistry in rats.11

Ingestion of Phikud Navakot (a major ingredient in “Yahom Nav-
akot”) increased MAP and DBP.12 Phikud Navakot contains antiox-
idant components including phenolics, flavonoids, and
anthocyanins,13 volatile oils, and many terpenoids and sesqui-
terpenoid glycosides.14

These findings supported the use of YN for the treatment of
fainting, but its efficacy in the prevention or treatment of OH has
yet to be elucidated. Therefore, this study investigated the effects of
YN on cardiovascular function in rats, using the head-up tilt test
(HUT) to induce OH. In addition, we evaluated the chemical profiles
of the 54 constituent herbs in YN, by chromatographic finger-
printing, which offers an efficient way to evaluate the consistency
of the YN preparations.

2. Materials and methods

2.1. Drugs and chemicals

The chromatography standards, b-sitosterol and quercetin, were
purchased from PhytoLab (Germany). The a1 adrenergic agonist
(positive control), midodrine, was purchased from Sigma-Aldrich
(USA).

2.2. Quality control of YN preparation

2.2.1. Plant materials
The YN powder preparation and the 54 dried plant materials

were provided by the Pra Ajan Fhan Arjaro Hospital, Phanna
Nikhom, Sakon Nakhon Province, Thailand. The scientific names
and the plant parts used were identified by using macroscopic
identification, by comparison with the Thai Herbal Pharmaco-
poeia,15 and by consultation with a taxonomist of Department of
Pharmaceutical Botany, Faculty of Pharmacy, Mahidol University,
Thailand (Assist. Prof. Bhanubong Bongcheewin), a taxonomist of
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Department of Medical Sciences, Medicinal Plant Research Insti-
tute, Thailand (Mrs. Pranom Dechwisissakul) and a Thai traditional
practitioner of Sireeruckhachati Nature Learning Park (Mr. Ampol
Boonpleng). The voucher specimens of all crude drugs were
deposited at the Herbarium of Department of Pharmaceutical
Botany (PBM), Faculty of Pharmacy, Mahidol University. The detail
of crude drugs and voucher numbers are provided in Table S1.

2.2.2. Preparation of plant extracts for quality control
The 54 dried plantmaterials were powdered and sieved through

a no. 60 mesh. Each dried plant and YN preparation were extracted
as previously described by Soonthornchareonnon and Ruangwises
(2012).16 Briefly, successive extraction using different solvents in
the increasing polarity order (hexane, ethanol and water) was
carried out in order to yield an extract of the phytochemical com-
pounds in YNwith awide range of different polarities (Fig. S1). Each
powdered plant material was extracted separately with hexane
(extraction ratio 1:4) by sonication for 60mins, and the residue was
removed using Whatman filter paper No.1; the extraction was
repeated 3 times, and the supernatants were combined. Then, the
residue was sequentially extracted with 95% ethanol and distilled
water respectively, as shown in Fig. S1. Finally, all the extracts, i.e.,
hexane, ethanol and water extracts, were evaporated until dry, and
combined (Fig. S1.). The yields of the YN extracts were 29.35% (w/
w) of the YN preparation. All dry extracts were kept at 4 �C until
used. For phytochemical analysis, the extracts were re-dissolved in
methanol: dichloromethane: water (90:5:5) at a concentration of
10 mg/mL.

2.2.3. Phytochemical analysis using thin layer chromatography
(TLC) technique

The chromatographic fingerprint analysis represents a
comprehensive qualitative approach for the determination of the
phytochemical constituents of the raw materials in the YN prepa-
ration. Thus, the detailed chemical profile of the plant is critical to
ensure the consistency, reliability17 and repeatability of pharma-
cological effects.18,19 TLC was run on a silica gel 60 GF254 plates
(Merck, Darmstadt, Germany), using a mixture of hexane: ethyl
acetate (1:1) as a mobile phase system. The running distance was
8 cm and 15 mL of sample solutions were applied. The anisaldehyde-
sulphuric acid and the natural product spray reagent were used to
detect the terpenes and flavonoids, respectively. The chemical fin-
gerprints were detected under visible light, UV 254 and 366 nm.

2.3. Measurement of hemodynamic changes in postural
hypotension rats induced by the head-up tilt test

2.3.1. Preparation of the YN aqueous extract and the YN powder
suspension for animal study

The YN aqueous extract was used to compare its efficacy with
the YN powder suspension, which represents the traditional use in
humans. To obtain the YN aqueous extract, the powder of the YN
preparation (500 g) was boiled with distilled water (5 L) for 15min,
and then centrifuged at 5,010 g for 20min (Fig. S1). The filtrate was
lyophilized (yield 14.9%) and kept in an airtight light-protected
container at �20 �C until used.

The test solution for the animal study was freshly prepared by
either dissolving the YN aqueous extract or by suspending the YN
powder in 1 mL of 35 �C distilled water. The animals were orally
administered the YN aqueous extract solution at a dose of 100 mg/
kg, and were administered the YN powder suspension at the dose
of 10 and 100 mg/kg via an esophageal feeding tube. The YN
powder dose used in the present study was extrapolated from the
human dose (1e2 g) recommended for the treatment of fainting
and dizziness as indicated in the Thai National List of Essential
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Medicine. A 1e2 g human dose is equivalent to a rat dose of
~77e154 mg/kg.20 Therefore, 100 mg/kg was chosen. A lower dose
of 10 mg/kg was also investigated in order to establish the dose-
dependent response. Moreover, based on the previous study,
these dosages of YN showed no sign of toxicity.11 The YN aqueous
extract was also used in the animal study in order to clarify whether
the polar compounds contribute to the pharmacological action of
YN or not by comparing its efficacy with YN powder suspension
which contains both polar and non-polar compounds.
2.3.2. Experimental animals
The experiments were approved by the Ethics Committee of

Naresuan University Animal Care and Use Committee (NUACUC),
protocol number NUAE 601020. Male Wistar rats (Nomura Siam
International Co. Ltd., Bangkok, Thailand), 72 weeks old and
weighing 450e500 g were used. The rats were housed under the
environmental conditions at 22 ± 1 �C, 12 h light and dark cycle, fed
with a standard rodent diet and tap water in Naresuan University
Center for Animal Research (NUCAR) according to the guidelines for
care and use of laboratory animals.

Each rat was anesthetized by intraperitoneal injection (i.p.) with
a mixture of ketamine (80 mg/kg) plus xylazine hydrochloride
(20 mg/kg). The left common carotid artery was cannulated with a
polyethylene tube to monitor the systemic arterial pressure and for
final blood sampling. The systemic arterial pressure was monitored
by a pressure transducer, and the output was amplified through a
bridge amplifier and stored in a computer through a data acquisi-
tion and analysis system. An esophageal feeding tube was inserted
into the rat for later administration of 5 different treatments, i.e.,
vehicle (distilled water), 10, 100 mg/kg YN powder suspension,
100 mg/kg YN aqueous extract, or 5 mg/kg midodrine (a1 adren-
ergic agonist). Then, the rat was placed on an HUT table and sup-
ported under the shoulders in the supine position by straps and the
experiment was carried out according to the study protocol shown
in Fig. 1.
2.3.3. Measurement of cardiovascular parameters in HUT-induced
OH rats

HUT-induced OH in rats was performed by modifying the pro-
tocol described in several previous studies.21,22 Briefly, after the BP
and HR stabilized, the control (no vehicle/drug treatment) baseline
values were measured and recorded in a supine position (0oHUT)
(Fig. 1). OH was induced by raising the table from a horizontal
position to a 90oHUT positionwithin approximately 1s and held for
4min. Control measurements of BP, including SBP, DBP, MAP and
HR, were performed immediately after the change of position at 1,
2, 3 and 4minwithout vehicle or drug administration. Then, the rats
were returned to the horizontal position within approximately 1s,
and rested for another 10min in the supine position, while the
baseline measurements of BP and HRwere repeated. Then the table
Fig. 1. Experimental protocol of Yahom Navakot effects on
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was raised to a 90�HUT angle from the horizontal, in order to orally
administer the rats with either vehicle, YN powder suspension (10,
100 mg/kg), YN aqueous extract (100 mg/kg) or midodrine (5 mg/
kg), and held for 5min before returning to a supine position and
rested for 5min. Then, the same 90�HUT as described above was
performed and all BP values and HRweremeasured. Finally, a blood
sample was collected in the supine position from a catheter
introduced into the carotid artery for plasma noradrenaline (NA)
assay.

2.3.4. Plasma noradrenaline assay
Fresh blood was centrifuged at 3,000 rpm for 10min, then the

plasma supernatant was stored at �80 �C until assayed. Plasma NA
levels were measured using a rat norepinephrine ELISA Kit
(MyBiosource, Inc, San Diego, CA, USA).

2.4. Vascular contractile function study

2.4.1. Preparation of YN solution
YN solution was freshly prepared by dissolving the YN powder

in warm water, then centrifuged at 3,000 rpm for 10min and the
supernatant was collected. The solution was added to the organ
bath to give a final concentration of 1-1,000 mg/ml.

2.4.2. Rat isolated aorta preparation
Rats were anesthetized by intraperitoneal injection (i.p.) with a

mixture of ketamine (80 mg/kg) plus xylazine hydrochloride
(20 mg/kg) after which the aorta was dissected and cleaned of
connective tissue and cut into rings (2e3 mm in length). Then, the
rings were mounted in an organ bath containing a Krebs solution
(mM): NaCl 118, KCl 4.7, KH2PO4 1.2, MgSO4 1.2, CaCl2 2.5, NaHCO3
25, glucose 12, pH 7.3), bubbled with 95% O2 and maintained at
37 �C. The vessel segments were allowed to equilibrate for 60min at
resting tension of 1 g23 and the Krebs solution was changed every
15min. The viability of the vessels was tested according to their
vasoconstriction in response to 80mMKþ solution. The presence or
the absence of the endothelium was assessed by measuring the
relaxation response to acetylcholine (10�5 M) in rings pre-
contracted by phenylephrine (10�5 M). The endothelium-intact
rings were considered to have more than 70% relaxation, whereas
the endothelium-denuded rings were considered to have less than
10% relaxation. Changes in tension were obtained via force trans-
ducers (CB Sciences Inc., Milford, USA) connected to a Powerlab
Data Acquisition System with the Lab Chart software version 7.0
(A.D. Instrument, Castle Hill, Australia).

2.4.3. Experimental protocols for vascular contractile function
A cumulative concentration of YN solution (1-1,000 mg/ml) was

added to the organ bath to produce contractile response in either
endothelium-intact or endothelium-denuded aortic rings. The
haemodynamic changes in rats with OH using HUT.
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same volume of water was added to the control group. The effects
were expressed as a percentage of the maximum contraction
induced by 80 mM Kþ solution. To investigate the involvement of
a1-adrenergic receptor, the endothelium-denuded aortic rings
were pre-incubated (30min) with prazosin (10�7M),24 an a1-
adrenergic receptor blocker, then the cumulative concentration
response to YN solution was performed.

2.5. Data analysis

The results were expressed as mean ± SEM. These values were
compared using Student's t-test or analysed by analysis of variance
(ANOVA) followed by the TukeyeKramer post hoc test using
GraphPad Prism Software Inc. (San Diego, CA, USA), and the dif-
ferences at P < 0.05 were considered to be statistically significant.

3. Results

3.1. Plant material identification and quality control using the TLC
technique

From the 54 plant material samples, 46 of them were success-
fully identified, and a further 5 of them could be identified at the
genus level i.e., Cinnamomum (no. 36 and 41), Ophiopogon (no. 43),
Pinus (no. 49) and Santalum (51), whereas no. 5, 9 and 50 were
unidentified (Table S1, Fig. S2). Foeniculum vulgare Mill. (no.15) was
used in double portion for substitution of Pimminella anisum L.
(Thai name: Thian sattabut, Table S1).

The qualitative phytochemical analysis of the YN preparation
and its components were performed using the TLC technique
(Fig. 2A and B). The TLC fingerprints showed the presence of ter-
penes (Fig. 2C) and flavonoids (Fig. 2D), after derivatisation with
anisaldehyde-sulphuric acid and with the natural product spray
reagents, respectively.
Fig. 2. The phytochemical fingerprints of the Yahom Navakot preparation and its compo
derivertization with anisaldehyde-sulphuric acid (C) and natural product (D) spray reagent
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3.2. Effect of Yahom Navakot on hemodynamic parameters in HUT-
induced OH rats

Across all groups, before administering the drugs, the values of
the parameter readings (baselines of SBP, DBP, MAP, PP and HR)
showed no significant difference when in the supine position
(0oHUT). (Table S2). Raising the table from the supine position to a
90oHUT position without any treatment (so called control 90oHUT,
Fig. 1) reduced SBP, DBP and MAP in all animal groups (P < 0.01 vs
control baseline, Table S2). These BP values rapidly dropped around
10e20 mmHg from the baseline (~10e15% reduction) within 1min
after conducting 90oHUT, then they tended to remain stable
throughout the period of 4min (Table S2). In contrast to BP, the HR
increased from the baseline (~2%) within 1min in the 90oHUT
control for all groups (P < 0.01 vs control baseline, Table S2).
Treatment with vehicle (distilled water) had no effect on the
baseline values of all cardiovascular parameters, while 90oHUT in
the presence of vehicle reduced SBP, DBP andMAP but increased HR
(P < 0.01 vs vehicle baseline, Table S2). The percentage of reduced
BP (Fig. 3A1) and increased HR (Fig. 3A4) throughout the 4min of
90oHUT after treatment with vehicle was no different from that of
the control 90oHUT.

Oral administration of a low dose of YN powder suspension
(10 mg/kg) to rats had no effect on the baseline values of SBP, DBP,
PP, MAP and HR, when compared with control baseline (Table S2).
Performing a 90oHUT in rats treated with the 10 mg/kg YN powder
suspension slightly decreased BP from the baseline, but the effect
was not significant, although HR was significantly increased
(P < 0.05, 0.01 vs drug baseline, Table S2). As for BP, the control
showed a greater reduction in DBP and MAP at 1min of 90oHUT,
compared to the 10 mg/kg YN powder suspension treatment
(P < 0.05, Fig. 3B2 and B3).

Oral administration of a higher dose of YN powder suspension
(100 mg/kg) increased baselines of SBP, PP and MAP, but decreased
nents. TLC normal phase visualized under UV 254 nm (A), 366 nm (B), and post-
.
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HR, compared to the control baseline (P < 0.05, 0.01, Table S2).
There was no change in all BP values compared with the drug
baseline throughout the period of the 4min 90oHUT conducted
after the 100 mg/kg YN powder suspension treatment (Table S2).
Comparing the percentage change of BP from the baseline after
90oHUT between the control and the 100 mg/kg YN powder sus-
pension treatment, it was found that the latter significantly
ameliorated the profound drop of BP seen in the control (Fig. 3C1,
C2 and C3). Interestingly, the percentage increases of HR
observed during 90oHUT in both 10 and 100 mg/kg YN powder
suspension treatment groups were significantly greater than in the
control 90oHUT (P < 0.05, 0.01, Fig. 3B4 and C4).

In the YN aqueous extract (100 mg/kg) group, there was sig-
nificant increase in the baseline values of DBP and MAP, but
decreased HR, when compared with the control baseline (P < 0.01,
Table S2). Performing the 90oHUT after the 100 mg/kg YN aqueous
extract administration did not significantly decrease SBP, DBP, PP
and MAP, but it increased HR (P < 0.05 vs drug baseline, Table S2).
The percentage changes in BP from the baseline after the 90oHUT
under the 100 mg/kg YN aqueous extract treatment (Fig. 3D),
revealed less reduction in SBP (Fig. 3D1), DBP (Fig. 3D2) and MAP
(Fig. 3D3) after 1 and 2 min of the 90oHUT compared to the control
(P < 0.05, P < 0.01). Similarly, the 100 mg/kg YN aqueous extract
treatment also increased HR during 90oHUT (P < 0.05 vs drug
baseline, Table S2) and the percentage change from the baseline of
HR was significantly greater than in the control at 4min of 90oHUT
(Fig. 3D4).

Treatment with 5 mg/kg midodrine remarkably increased the
baselines of SBP, DBP and MAP, but decreased HR, compared to the
control baseline (P < 0.01, Table S2). Midodrine did not change the
BP response during the 90oHUT for 4min, while HR showed a slight
increase at 1min, when compared with the drug baseline (P < 0.05,
Table S2). The percentage change from the baseline of BP during the
90oHUT (Fig. 3E), showed greater reduction of SBP (Fig. 3E1), DBP
(Fig. 3E2) and MAP (Fig. 3E3) in the control than in the midodrine
group (P < 0.05, 0.01), while there was no difference in the per-
centage change in the HR (Fig. 3E4).

In order to assess the differences in the preventive efficacy
against OH of the treatments, the percentage change from the
baseline of MAP (Fig. 4A) and HR (Fig. 4B) induced by the 90�HUT
was compared in different treatment groups. Clearly, treatment
with either the 10 or 100 mg/kg YN powder suspension, or with
5 mg/kg midodrine, ameliorated the reduction of MAP caused by
the 90oHUT (P < 0.05, P < 0.01, Fig. 4A), while the 100 mg/kg YN
powder suspension significantly accentuated the increase of HR in
response to the 90oHUT (P < 0.05, Fig. 4B). Since the 90oHUT
induced a rapid drop in MAP at 1min, we compared the effect of
different treatments on MAP at 1min after the 90oHUT (Fig. 5).
Rapid BP reduction in response to a 90oHUT was significantly
prevented by both the YN powder suspension and the YN aqueous
extract (P < 0.05, 0.01, 0.001, Fig. 5). Apparently, the 100 mg/kg YN
powder suspension was the most effective in prevention against
OH (P < 0.001 vs vehicle and control) and its action was dose-
dependent (Fig. 5). Midodrine also showed positive results (Fig. 5).
3.3. Plasma noradrenaline level

The plasma level of NA significantly increased after adminis-
tration of the 100 mg/kg YN powder suspension, while it was un-
changed after the administration of the 10 mg/kg of YN powder
suspension, the 100 mg/kg YN aqueous extract or 5 mg/kg mido-
drine (Fig. 6).
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3.4. Vasoconstrictor effect of YN

YN powder solution (1-1,000 mg/ml) induced concentration-
dependent contractions of rat aorta. The response reached ~38%
of the contraction induced by the 80 mM Kþ solution. The
endothelial-denuded aortic rings showed less contractile response
compared to the endothelial-intact rings (Fig. 7). Preincubation of
10�7M prazosin (a1-adrenergic receptor antagonist) attenuated the
vasoconstrictor induced by YN solution (Fig. 7).

4. Discussion

YN is a traditional Thai herbal recipe comprising 54 medicinal
plants and borneol. Correct botanical identification, authentication
and quality control are an essential measurement for ensuring the
safety, efficacy and therapeutic potency of YN. The TLC chemical
fingerprint of the YN preparation and each of its components was
performed to serve as the reference qualitative data for further
research. Three different polarity solvents were used to prepare YN
preparation, i.e., hexane, ethanol, and water, to ensure that all the
compounds found in YN powder were extracted. The chemical
fingerprints showed the presence of terpenes and flavonoids in
both the YN preparation and each ingredient. These results are in
accordance with previous studies showing that terpenes and fla-
vonoids were found in Phikud Navakot13 and constituent herbs of
YN,14 which have previously been showed to possess a cardiovas-
cular effect.25e27

The present study, conducted in aged rats, demonstrated that
the YN powder suspension and the aqueous extract prevented a
reduction in BP induced by the 90oHUT. The plasma NA level
significantly increased in the rats treated with the YN powder
suspension (100 mg/kg), suggesting that its mechanism of action
partly involved NA action that caused the increase in HR, myocar-
dial contractility and vascular tone, thus counter-acting the
reduced BP and ameliorating OH induced by 90oHUT.

OH is a marked decrease in BP after the upright posture is
assumed.1 It occurs in 5% of the middle-aged (45e64 years)28 and
up to 20% of elderly29 probably because of a decrease in barore-
ceptor reflex sensitivity and other forms of autonomic impair-
ment.30 Hence, employing aged rats in the present study to
investigate the protective effect of YN against OH would provide a
reliable data and can be appropriately extrapolated to human re-
sponses. In the animal model, OH can be evoked by HUT,30 a ma-
neuver used to clarify various aspects of cardiovascular
compensatory mechanisms in OH and to determine the efficacy of
drugs used for preventing or treating OH.31,32 Our HUT-induced OH
experiments were conducted in anesthetized rats because this
could trigger the cardiovascular responses to acute stress that may
influence the sympathetic reactivity involved in the reflex of car-
diovascular changes.33

In control rats, BP transiently decreased during 90oHUT, while
HR was slightly increased. Such cardiovascular responses were
observed in previous HUT experiments on aged rats,34 stressed-
induced autonomic imbalance rats35 and rats lacking the barore-
ceptor reflex.36 During HUT, the gravitational fluid shifts toward the
lower part of body, resulting in venous blood pooling, then
reduction of venous return and cardiac output (CO), leading to an
immediate decrease in BP. Since the baroreceptor reflex plays an
important role in BP regulation during HUT,32 if BP does not rapidly
return to normal in response to HUT, it is likely that the barore-
ceptor reflex is not working efficiently. In the present study, the
reduction in BP due to 90oHUT was gradually restored back to
normal, while HR was slightly increased, thus implying an age-
impaired baroreceptor reflex.37 Treatment with vehicle (distilled
water) produced the same hemodynamic changes evoked by



Fig. 3. The percentage change of systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial blood pressure (MAP) and heart rate (HR) from the baseline (0oHUT),
measured at 1, 2, 3, 4min after conducting a 90oHUT in anesthetized rats orally treated with (A1-4) vehicle (distilled water), (B1-4) 10 mg/kg YN powder suspension (YNS), (C1-4)
100 mg/kg YN powder suspension (YNS), (D1-4) 100 mg/kg YN aqueous extract (YNE) and (E1-4) 5 mg/kg midodrine. A control (no vehicle/drug treatment) HUT experiment was
performed before each treatment. Values are expressed as mean ± SEM, n ¼ 6; *P < 0.05,**P < 0.01, compared with control (paired t-test).
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90oHUT as observed in the control, suggesting that vehicle did not
interfere with the cardiovascular compensatory responses to
90oHUT.

This study used midodrine, a prodrug routinely prescribed for
OH,38 as a positive control. Its active metabolite, desglymidodrine,
is a selective a1 adrenergic receptor agonist, which produces
vasoconstriction and venoconstriction leading to the increases in
total peripheral resistance (TPR), venous return and CO, thereby
elevating BPwithout direct stimulating action on the heart.39,40 Our
results showed that midodrine increased the baseline BP, while the
baseline HR was decreased. The decrease in HR was likely due to a
compensatory cardiovascular response to counteract the increased
185
BP, via stimulating the baroreceptor reflex, resulting in the inhibi-
tion of the sympathetic activity and in the facilitation of para-
sympathetic output.41 This is consistent with several previous
pharmacological studies showing that midodrine caused a pro-
longed elevation of BP and a reduction in HR after oral adminis-
tration in both animal39,42,43 and clinical studies.44 With respect to
its vasopressor action, midodrine therefore could effectively
attenuate the decrease in BP induced by 90oHUT. Our study
demonstrated no fall in BP during 90�HUT in the rats treated with
midodrine, thus supporting its effectiveness in OH prevention.
Similar results were previously obtained in anesthetized dogs with
OH, where midodrine attenuated the decrease in BP during HUT,



Fig. 4. Comparison of %change from the baseline of (A) mean arterial blood pressure (MAP) and (B) heart rate (HR) measured at 1, 2, 3, 4min after conducting a 90oHUT in
anesthetized rats orally treated with vehicle (distilled water), 10 mg/kg YN powder suspension (YNS), 100 mg/kg YN powder suspension (YNS), 100 mg/kg YN aqueous extract (YNE)
and 5 mg/kg midodrine. A control (no vehicle/drug treatment) HUT experiment was performed before the treatment. Values are expressed as mean ± SEM, n ¼ 6;
*P < 0.05,**P < 0.01 compared with vehicle and control.

Fig. 5. Changes in mean arterial blood pressure (MAP) at 1min after conducting a
90oHUT of 5 animal groups orally treated with vehicle (distilled water), 10 mg/kg YN
powder suspension (YNS), 100 mg/kg YN powder suspension (YNS), 100 mg/kg YN
aqueous extract (YNE) and 5 mg/kg midodrine. A control (no vehicle/drug treatment)
HUT experiment was performed before the treatment. Values are expressed as
mean ± SEM, n ¼ 6; *P < 0.05,**P < 0.01,***P < 0.001 compared to control.

Fig. 6. Plasma level of noradrenaline from rats treated with vehicle (distilled water), 10
and 100 mg/kg YN powder suspension (YNS), 100 mg/kg YN aqueous extract (YNE) and
5 mg/kg midodrine. Values are expressed as mean ± SEM, n ¼ 6; **P < 0.01 compared
with vehicle.
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with increases in CO, cerebral blood flow, vertebral arterial blood
flow and femoral arterial blood flow.45 Midodrine also showed a
beneficial effect in neurocardiogenic syncope patients by increasing
venous return, hence producing less syncope during HUT.46

Another study confirmed that midodrine significantly increased
MAP and middle cerebral artery blood flow during HUT in patients
with tetraplegia.47

Similar to midodrine, oral administration of either the YN
powder suspension (100 mg/kg) or its aqueous extract increased
baseline values of MAP, but decreased HR compared with control.
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These results were in accordance with previous studies in rats
showing that Yahom elevated BP.4,12,48 Moreover, increases in the
rat microvascular cerebral blood flow5 and local plantar blood
flow49 in response to the Yahom aqueous extract were also re-
ported. In humans, ingestion of 3 g of Yahom, increased MAP and
DBP.7 Our study demonstrated that either the 100 mg/kg YN
powder suspension or the YN aqueous extract attenuated the de-
creases in SBP, DBP and MAP during 90oHUT, indicating that YN
powder suspension and YN aqueous extract counter-acted OH by
stabilizing BP. The increase in HR during 90oHUT after treatment
with the YN powder suspension and the aqueous extract was more
pronounced than in the control andmidodrine-treated rats. Thus, it
is likely that the anti-hypotensive effect of YN could involve direct



Fig. 7. Concentration-response curve for Yahom Navakot (YN) induced vasoconstric-
tion in endothelium-intact (þEndo), endothelium-denuded (-Endo) and endothelium-
denuded (-Endo) pre-incubation with prazosin (10�7 M) rat isolated aorta. Values are
expressed as mean ± SEM, n ¼ 6; *P < 0.05, **P < 0.01 compared with control and YN
plus prazosin.
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stimulating action on the heart, leading to the increases in HR,
myocardial contractility, CO, and consequently, elevating BP.
Although further experiment is required to clarify YN mechanism
of action, a previous investigation showed that in isolated perfused
rat heart, YN aqueous extract increased heart contraction and HR,
possibly by stimulating the influx of Ca2þ through Ca2þ channels
and inhibiting Naþ/Kþ ATPase, while ß1-adrenergic receptor stim-
ulation may not play a part in YN action because it was not
inhibited by propranolol, a ß1-adrenergic receptor antagonist.10

Vasopressor action of YN might also play role in its preventive ef-
fect against OH, as a previous report revealed that Yahom extract
increased BP by stimulating the aortic ring contractions via acti-
vating a1 receptors on the vascular smooth muscle.6 Indeed, the
present study also showed vasoconstrictor response to YN solution
in rat aorta, which could be blocked by prazosin, an a1-adrenergic
receptor antagonist, thus confirming that YN mechanism of action
involved a1-adrenoceptor activation.

Since the 90oHUT induced a sudden fall in MAP within 1min, we
compared the effect of different treatments on MAP at 1min after
the 90oHUT. YN powder suspension showed promising efficacy in
preventing OH in a dose-dependent manner and with rapid onset,
implying that besides the direct effect on cardiovascular function,
its underlying mechanism of action may also involve neuronal
modulation such as improving baroreceptor sensitivity and
enhancing sympathetic activity. Underpinning this hypothesis, our
result revealed that 100 mg/kg YN powder suspension increased
the NA plasma level. This implies an increase in sympathetic
outflow, leading to the release of catecholamines from the adrenal
medulla and the spillover of NA from postganglionic nerve endings
into the blood stream.50 An equivalent dose of YN aqueous extract,
however, had no effect on the NA level, suggesting that its cardio-
vascular effect may involve only the direct stimulating action on the
heart and blood vessels. This discrepancy could be due to the loss of
some volatile oils, which might be the active components, during
the extraction process with boiling water. In addition, compared
with YN powder suspension, the aqueous extract may contain low
non-water-soluble ingredients, which may also contribute to the
cardiovascular action of YN.

YN is composed of 54 herbal plants, thus the pharmacological
actions of the individual plants could not be easily ascertained to
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explain the holistic action of YN. Nevertheless, previous studies
have revealed cardiovascular actions of some components of YN.
For instance, oral administration of nine herbs called “Phikud
Navakot”, a major ingredient in YN including the roots of
A. dahurica, A. sinensis, and A. lappa; the rhizomes of A. lancea,
Ligusticum chuanxiong, and Picrorhiza kurrooa; the roots and rhi-
zomes of Nardostachys jatamansi; the aerial parts of A. annua and
the galls of T. chebula, has been shown to increase BP in rats.12

Intravenous injection of A. sinensis increased coronary, cerebral
and peripheral blood flow in anesthetized dogs.51 The crude extract
of T. crispa and its bioactive components exerted a positive iono-
tropic effect on isolated left atria of the rat via the adrenergic re-
ceptors.52 In contrast, several herbs in YN for example N. sativa,53

T. ammi,54 K. galangal,26 M. elengi27 and Cinnamomum sp.55

possessed anti-hypertensive activity. The vasorelaxant activities
in isolated rat aortic rings were also reported in YN components
including A. dahurica,56 N. sativa,57 Z. officinale58 and J. Sambac.59

Taken together, the efficacy of YN should be viewed as a whole,
as it could result from synergism or antagonism of several
ingredients.

4. Conclusions

This is the first study demonstrating that YN powder suspension
and its aqueous extract can ameliorate a rapid fall in BP due to the
postural change. The YN powder suspension, the native formula-
tion commonly used in humans, was apparently effective for pre-
venting OH in a dose-dependent manner. Thus, the study provides
persuasive fundamental therapeutic in vivo data for YN, which
supports its traditional use for dizziness and fainting. Nevertheless,
further clinical trials designed to evaluate the efficacy and safety of
YN in participants or elderly experiencing relevant symptoms or
pathologies of OH are still required.
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