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ORIGINAL ARTICLE

Potent antihypertensive activity of Thai-Lanna medicinal plants and

recipes from “MANOSROI Il database

Aranya Manosroi'?, Warangkana Lohcharoenkal®, Parirat Khonsung?, Worapaka Manosroi?, and Jiradej Manosroi'~

"Faculty of Pharmacy, *Natural Product Research and Development Center (NPRDC), Science and Technology Research Institute (STRI), >Department
of Pharmacology, Faculty of Medicine, and *Department of Medicine, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand

Abstract

Context: Traditional medicines have long been used by Thai practitioners for the treatment of
many diseases including hypertension. The antihypertensive recipes and plants were searched
and selected by a computer program from Thai/Lanna medicinal plant recipe database
“MANOSROI llI" using hypertensive symptoms as keywords.

Objectives: To evaluate the antihypertensive potential of 30 recipes and 10 Thai-Lanna
medicinal plants selected from “MANOSROI IlI"” database using L-NAME induced hypertensive
rat model.

Materials and methods: Extracts from the selected recipes and plants were prepared according
to the traditional indications. Antihypertensive activities including the decrease of the mean
arterial blood pressure (MABP) and heart rate (HR) of the extracts as well as duration of action
were investigated by intra-arterial assessment technique. All extracts were screened for
phytochemicals including anthraquinone, glycoside, xanthone, tannin, carotenoid, flavones and
alkaloids using standard methods.

Results and conclusions: All 12 of the 30 selected recipes (40%) demonstrated antihypertensive
activity with the maximum decrease of MABP at 27.17 4 3.17% that was 2.41-fold of prazosin
hydrochloride. Most recipes exhibiting antihypertensive activity contained plants in the families
of Zingiberaceae and Piperaceae. The top five antihypertensive recipes showed the presence of
glycosides, xanthones and alkaloids. Ten single plants from these recipes were extracted and
evaluated for antihypertensive activity. The cassumunar ginger extract exhibited the maximum
decrease of MABP at 39.83 4 3.92%, which was 3.54-times that of prazosin hydrochloride. This
study demonstrated the potent antihypertensive activity of Thai medicinal plants and recipes
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that can be further developed as antihypertensive agents.

Introduction

High blood pressure is a prevalent risk factor for cardiovas-
cular disease. It affects over 72 million people in the United
State and over 1 billion people worldwide (Patel et al., 2010;
Rosamond et al., 2007). The burden of hypertension increases
with age. Among individuals aged 60 and above, hypertension
prevalence is 65.5%. Also, hypertension is associated with
many chronic conditions such as insulin resistance, obesity,
carbohydrate tolerance, concomitance, haemaglutinin, hyper-
uricacidemia, atherosclerosis and cardiovascular diseases
(Zhu, 1997). The Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure (JNC7) recommends the
blood pressure treatment goal of <140/90 mmHg for most
patients and <130/80 mmHg for patients with diabetes
mellitus (DM) or kidney disease (Cheng, 2008). Also
known as the ‘‘silent killer,”” hypertension is estimated to
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cause 4.5% of the current global disease burden and is as
prevalent in many developing countries as in the developed
world (Whitworth, 2003). Since the proportion of the
hypertensive patients will increase dramatically worldwide,
the prevention, detection, treatment and control of  this
condition should be a top priority (Kearney, 2005).
However, most people in the developing countries have
poor access to modern health care in using of the
antihypertensive drugs and their combinations.
Antihypertensive drugs can be divided into six categories,
including diuretic, B-blocking agents, calcium antagonists,
angiotensin-converting enzyme inhibitors, angiotensin II
receptor antagonists and o-receptor blocking agents (Ke,
2004; Wang, 2004). The efficacy of these drugs is only 40—
60% and usually two or more antihypertensive drugs from
different categories are needed to be combined to achieve the
optimal results. However, side effects from these medications
are an important concern (Du & Chen, 2005). Recently,
attention has been focused on herbal and mineral preparations
that have been traditionally used in the prevention and
management of cardiovascular diseases as the potential
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source for the new therapeutic agent development
(Bhatt et al., 1998). In fact, medicinal plants are used to
treat several diseases based on the folklore traditional
wisdoms that have been perpetuated along several gener-
ations. It has been estimated that approximately 25% of all the
prescribed medications today are of natural plant sources
(Gamaniel, 2000).

The Natural Product Research and Development Center
(NPRDC) at Chiang Mai University in Thailand by Prof. Dr.
Jiradej Manosroi has developed the Thai medicinal plant
recipe database ‘‘MANOSROI III"” since 1993. This database
contained the recipes collected from all over Thailand
including institutes, temples and folklore doctors (Manosroi
et al., 2006). At present, 658 Thai medicinal plant textbooks
with over 200 000 recipes, with different local names of 7994
diseases and 3735 medicinal plants have been collected and
about 62000 recipes were translated, interpreted and put in
the ““MANOSROI IIT’’ database. Interestingly, a large number
of antihypertensive medicinal plant recipes have been found
in this database to treat hypertension symptoms such as
persistent high blood pressure, dizziness, headache, blurred
vision, palpitation, tinnitus and nose bleeding. In this study,
30 antihypertensive medicinal plant recipes selected from the
100 antihypertensive recipes in the ‘‘MANOSROI III"’
database and the ten single plants selected from the selected
recipes were examined for antihypertensive activity using the
N-(G)-nitro-L-arginine methyl ester (L-NAME)-induced rat
model in order to evaluate their potential to develop as an
antihypertensive agent.

Materials and methods
Recipe selection

One hundred antihypertensive medicinal plant recipes were
collected in the ““MANOSROI III"* database. The associated
symptoms of hypertension including flushing, dizziness,
headache, blurred vision, palpitation, tinnitus and nose
bleeding with no apparent reasons were the keywords for
the selection of these recipes. All medicinal plants in these
100 recipes were scored and ranked by the frequency of the
medicinal plants appeared in the recipes. Then, thirty recipes
with the highest total scores of the medicinal plants were
selected for the experiment.

Preparation of the recipe crude extracts

Parts of plants as indicated in the recipes were collected from
the medicinal plant garden at Faculty of Pharmacy, Chiang
Mai University in Thailand from October to November in
2010. The voucher specimens of each plant (Manosroi 0029-
0172) were kept at the NPRDC herbarium. The recipe extracts
were prepared according to the instructions of the recipes.
Briefly, the plant materials were dried in an oven at 50-60 °C
for 72 h and ground into powder with a grinding mill (HiPlan
Associated, Thailand). Each plant powder was separately kept
in an air tight container and stored in a dry cool place. An
amount of each plant powder indicated in the recipe were
mixed with the total of 40g and placed in a beaker. The
mixture was boiled in 800 ml of the distilled water for 2 h and
filtered through Whatman® paper No.l (Whatman®, Kent,
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England). The filtrate was concentrated and dried under
vacuum with a freeze-dryer (Alpha 1-2 LD Model Christ,
Osterode am Harz, Germany). The dried extracts were kept in
a tight container at 4 °C until use.

Plant selection

All medicinal plants in the 12 recipes which showed
antihypertensive activity were scored and ranked by the
total frequency of the medicinal plants appearing in the
recipes. Ten single plants with the highest total scores were
selected for the study.

Preparation of the single plant crude extracts

Parts of the selected plants as indicated in the recipes were
collected. The voucher specimens of the ten plants (Manosroi
0029, 0030, 0032, 0036, 0037, 0039, 0051, 0060, 0067, 0083)
were kept at the NPRDC herbarium. The plant extracts were
prepared according to the instructions of the recipes. Briefly,
the plant materials were dried in an oven at 50-60°C and
ground into powder. The plant powder was kept in an air-tight
container and stored in the dry cool place. The plant powder
(40 g) was boiled in 800 ml of the distilled water for 2h and
filtered through Whatman® filter paper No.l (Whatman®,
Kent, England). The filtrate was concentrated and dried under
vacuum by a freeze-dryer (Alpha 1-2 LD Model Christ,
Osterode am Harz, Germany). The dried extract was kept in a
tight container at 4 °C until use.

Extract fractionation

The top three plant crude extracts which indicated the highest
antihypertensive activity were fractionated by solvent parti-
tion. The crude extract (1g) was dissolved in 200ml of
distilled water and transferred to a separatory funnel. Ethyl
acetate and butanol fractions were obtained by partitioning
3-times with 200 ml of ethyl acetate or butanol. The fractions
were dried using a rotary evaporator (R-124 Buchi,
Switzerland) and the percentage yields of each fraction were
calculated. The dried fractions were kept in an air-tight
container at 4 °C until use.

Phytochemical assays

All crude extracts and fractions were analysed for phyto-
chemicals including anthraquinone, glycoside, xanthone,
tannin, carotenoid, flavones and alkaloid using the standard
methods. For anthraquinones, about 0.05 g of the sample were
placed into a dry test tube and 2 ml of chloroform was added
and shaken for 5 min. The extract was filtered and the filtrate
was mixed and shaken with an equal volume of 10% ammonia
solution. A pink violet or red color in the ammoniacal layer
(lower layer) indicated the presence of anthraquinone
(Odebiyi & Sofowora, 1978). For glycosides, a few mg of
the sample were dissolved in 4ml of distilled water and
filtered. The filtrate was resolved on TLC plate coated with
silica gel 60. The mobile phase was butanol/acetic acid/
diethyl ether/water (9:6:1:3). The spot was detected by
spraying with 10% H,SO,4 and heated. Sucrose, glucose and
fructose were used as standards (Vadivu & Lakshmi, 2008).
For xanthones, an amount of 0.05 g of the sample was heated
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in 2ml of methanol for 10 min and centrifuged. The clear
solution was reacted with 100 ul of 5% KOH solution. The
positive result was indicated by the yellow precipitate
(Sofowora, 1982). For tannin, the sample was treated with
15% ferric chloride test solution. The blue color indicated the
presence of hydrolysable tannin (Odebiyi & Sofowora, 1978).
For carotenoids, an amount of 0.05g of the sample was
extracted with 2ml of chloroform and centrifuged. The clear
solution was reacted with 100 pl of sulfuric acid. A positive
result was indicated by blue or blue-green solution (Banso &
Ngbede, 2006). For flavones, an amount of 0.05g of the
sample was heated in 2ml of methanol for 10min and
centrifuged. Magnesium wire was added into the clear
solution. Then, 100 pul of hydrochloric acid were added.
Dark red or yellow color of the solution indicated the
presence of flavanone or flavones (Williamson et al., 1996).
For alkaloids, an amount of 0.05 g of the sample was boiled in
2 ml of 1.5% v/v hydrochloric acid and filtered. Dragendorft’s
reagent (100 pl) was added into 2 ml of the filtrate. Formation
of the orange-brown precipitate indicated the presence of
alkaloids (Swarup & Umadevi, 1998).

Effects of the recipe, plant crude extracts and fractions
on blood pressure and heart rate in the .-NAME-
induced hypertensive rat model

Animals

Male Sprague-Dawley rats (National Laboratory Animal
Centre, Mahidol University, Salaya, Nakhon Pathom,
Thailand) weighing between 300 and 350 g were used. The
rats were maintained in the animal house at the Faculty of
Pharmacy, Chiang Mai University in Chiang Mai, Thailand,
fed and allowed access to clean water ad libitum. All animal
experiments were conducted in accordance with the directive
2010/63/EU and the guidelines for the care and use of
laboratory animals of Chiang Mai University, Thailand.

Experimental

The rats were anaesthetized by an intraperitoneal injection of
pentobarbital sodium (40 mg/kg). The experiment was per-
formed as previously described with some modification
(Magos & Vidrio, 1991). The anaesthetized rats were fixed
on the supine position on a dissecting table. A longitudinal
midtracheal incision, approximately 2 cm long, was made in
order to expose the trachea, right jugular vein and both
common carotid arteries. The trachea was cannulated with a
polyethylene tube (2.75 mm diameter) to maintain the free air
way. For the administration of the extracts and the isotonic
saline solution, the right jugular vein was cannulated with a
saline filled polyethylene tube (1 mm diameter). The exposed
surface of the cannulation was covered with the cotton wool
moist with warm saline. Systemic blood pressure was
recorded from the left carotid arterial cannula that was
connected to a physiological pressure transducer (Statham
P23 AC Strain Gauge Transducer, Laboratories, Inc. Hato
Rey, Puerto Rico) and displayed on the Grass 7D Polygraph
(Grass Instrument Co., Quincy, MA). The cannulation of the
carotid artery was the same as of the jugular vein using the
polyethylene tube (1 mm diameter) filled with heparin sodium
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in saline solution. Blood pressure (BP) and heart rate (HR)
were monitored until the steady baseline levels were obtained.
L-NAME at 3mg/kg BW was administered via venous
cannula for hypertension induction. After the BP was
stabilized as indicated by steady blood pressure for at least
20min, the crude extracts (10mg/kg BW) were injected
through the jugular vein cannula. For the fractions, the doses
of each fraction were calculated from the percentage yields of
each fraction and the administration dose of the crude extract
(10 mg/kg BW) as follows:

Dose (mg/kg BW)
= (10 x % yield of the fractions)/100

The changes in BP were determined as the difference
between the steady-state value before and after injection at the
lowest reading. The mean arterial blood pressure (MABP)
was calculated as the diastolic BP plus one-third pulse width.

MABP = Pd + 1/3(Ps — Pd) mmHg

where Pd = diastolic blood pressure and Ps = systolic blood
pressure

Prazosin hydrochloride at 2 mg/kg BW was used as the
standard antihypertensive drug.

Statistical analysis

All data were expressed as means == SEM (n = 6). The means
of the different groups were compared using one-way analysis
of variance (p <0.05).

Results and discussions
Recipe selection and extraction

Compositions, percentage yields and physical characteristics
of the 30 crude extracts of the antihypertensive recipes
selected from the Manosroi III database are shown in Table 1.
Most recipes contained plants from the Piperaceae (24/30)
and Zingiberaceae (22/30) families. The numbers of the plant
species in each recipe were ranging from 3 to 40 species.
Yields (%) and physical characteristics of the recipe extracts
are demonstrated in Table 1. The yields of the extracts were in
the range of 8.46-32.20%. The colors of the extracts were
either yellow or brown. All extracts were soluble in water.

Plant selection and extraction

The 10 single plants with the highest frequency appeared in
the 12 antihypertensive recipes including ginger (Zingiber
officinale Roscoe [Zingiberaceae]), garlic (Allium Sativum
Linn. [Amaryllidaceae]), galangal (Alpinia galanga Linn.
[Zingiberaceae]), szechwan lovage rhizome (Ligusticum
chuanxiong Hort. [Umbelliferac]), Indian long pepper
(Piper chaba Trel & Yunck [Piperaceae]), pepper (Piper
nigrum Linn. [Piperaceae]), cassumunar ginger (Zingiber
cassumunar Roxb. [Zingiberaceae]), golden shower (Cassia
fistula Linn. [Fabaceae]), myrtle grass (Acorus calamus Linn.
[Acoraceae]) and myrobalan wood (Terminalia chebula Retz.
[Combretaceae]) were selected. Most of these selected plants
are routinely used as spices or seasoning in Thai culinary.
The yields (%) of the plant extracts in the range of
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Table 1. Compositions, percentage yields (%) and physical characteristics of the 30 antihypertensive recipes selected from the ‘“MANOSROI III”’
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database.
Percentage Color of the Solubility in
Recipe Example of plants yield (%) extracts water
HTO001 Cassia fistula, Cyperus rotundus, Lawsonia inermis, Nigella sativa, 17.12 Brown Soluble
Asclepias curassavica, Anethum graveolens, Cassia siamea,
Eugenia aromatic, Diospyros decandra, Dracaena loureiri,
Glycyrrhiza glabra, Mimusops elengi, Zingiber officinale, Zingiber
cassumunar
HTO002 Aegle marmelos, Plumbago zeylanica, Zingiber officinale, Piper 20.26 Dark brown Soluble
ribesioides, Piper longum
HTO003 Plumbago zeylanica, Piper longum, Coriandrum sativum, Mesua 16.89 Brown Soluble
ferrea
HTO004 Allium sativum, Piper nigrum, Piper longum, Kaempferia galangal 21.39 Brown Soluble
HTO005 Allium sativum, Piper nigrum, Zingiber officinale, Piper longum 27.87 Brown Soluble
HTO006 Kaempferia galangal, Phyllanthus emblica, Chrysopogon zizanioides, 21.98 Brown Soluble
Nelumbo nucifera, Terminalia chebula, Zingiber officinale
HTO007 Piper nigrum, Piper longum, Kaempferia roscoeana, Acorus calamus 21.43 Brown Soluble
HTO008 Alpinia galanga, Piper nigrum, Piper longum, Kaempferia roscoeana 16.08 Brown Soluble
HTO009 Lawsonia inermis, Zingiber officinale, Piper nigrum, Piper longum 15.29 Light brown Soluble
HTO10 Piper longum, Cyperus rotundus, Coriandrum sativum, Acorus 22.90 Brown Soluble
calamus
HTO11 Piper nigrum, Piper longum, Zingiber officinale 32.20 Creamy white Soluble
HTO012 Alpinia galangal, Zingiber officinale, Piper longum, Piper ribesioides 16.32 Brown Soluble
HTO13 Zingiber officinale, Piper longum, Cyperus rotundus, Glycyrrhiza 24.42 Brown Soluble
glabra
HTO14 Piper nigrum, Zingiber officinale 25.82 Red brown Soluble
HTO15 Piper ribesioides, Solanum trilobatum, Citrus aurantifolia 9.68 Red brown Soluble
HTO16 Allium sativum, Cassia fistula, Zingiber officinale, Capsicum 20.54 Brown Soluble
frutescens, Blumea balsamifera, Alpinia officinarum
HTO017 Piper longum, Piper nigrum 11.53 Red brown Soluble
HTO018 Combertum extensum, Piper ribesioides, Citrus aurantifolia, Solanum 10.67 Red brown Soluble
trilobatum
HTO19 Allium sativum, Piper longum, Piper nigrum, Cyperus rotundus 25.29 Brown Soluble
HTO020 Zingiber officinale, Piper longum, Eugenia aromatica 25.04 Yellowish brown Soluble
HTO021 Zingiber officinale, Piper nigrum, Saccharum officinarum 22.97 Light brown Soluble
HTO022 Boesenbergia rotunda, Allium sativum, Alpinia galangal, Zingiber 29.12 Dark brown Soluble
officinale
HTO023 Azima sarmentosa, Diospyros decandra, Citrus aurantifolia, Nelumbo 11.89 Red brown Soluble
nucifera, Zingiber cassumunar
HTO024 Plumbago zeylanica, Piper nigrum, Cyperus rotundus, Vitex tritolia, 22.26 Dark brown Soluble
Moringa oleifera
HTO025 Plumbago zeylanica, Piper nigrum, Zingiber officinale, Oryza sativa, 18.67 Brown Soluble
Croton crassifolius
HTO026 Tiliacora triandra, Harrisonia perforate, Tinospora crispa, Cassia 13.59 Red brown Soluble
siamea, Nelumbo nucifera, Ficus racemosa, Artocarpus hetero-
phyllus, Mesua ferrea, Mimusops elengi, Capparis micracantha
HTO027 Diospyros decandra, Dracaena loureiri 8.46 Yellow Soluble
HTO028 Alpinia galangal, Zingiber officinale 15.67 Dark brown Soluble
HTO029 Piper longum, Citrus aurantifolia, Allium sativum 27.97 Dark brown Soluble
HTO030 Spondias mombin, Zingiber cassumunar, Saccharum officinarum 20.72 Light brown Soluble

7.29-65.17% are shown in Table 1. All extracts were soluble
in water.

Effects of the extracts on blood pressure and heart
rate

In Table 2, 12 recipe extracts demonstrated antihypertensive
activity with the decrease percentage changes of MABP in the
range of 8.33-27.17%. A total of 9 of the 12 recipe extracts
exhibited higher MABP than the standard drug (prazosin
hydrochloride). The highest percentage decrease of MABP
at 27.17+3.17% was observed in recipe HTO16 that was
2.41-times more potent than standard drug. On the contrary,
18 of the 30 recipe extracts demonstrated the increase MABP
in the range of 4.75 to 35.00 with the highest activity at
35.00 £ 13.53% found in recipe HTO18. This may be due to

the recipe selection process since the keywords of the
symptoms were used, but the symptoms indicated in the
recipes recorded by the practitioners may be confusing to
imply for treatment or to cause the symptoms. It appeared
that 50% of the recipes were increasing and decreasing
blood pressure equally. For the effect on heart rate, extract
of recipe HT010 showed the highest percentage changes of
HR from the baseline at 19.50 4-23.33%. Recipe HT016 gave
the highest decrease percentage changes of MABP and
decreased heart rate by 8.17%, while the standard drug gave
the decrease % MABP of 11.254+1.72 and an increase of
heart rate at 3.10 = 5.05%. In all, 12 and 18 recipe extracts of
the 30 recipes showed an increase and decrease in percentage
change of heart rates, respectively. Also, no specific relation-
ship between the MABP and HR was observed. This may
be due to the different compositions of the mixed plants in
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Table 3. Percentage yield, percentage decrease of the mean arterial blood pressure (MABP), heart rate change and duration of action of the aqueous
extracts of the 10 selected plants evaluated with the L-NAME-induced hypertensive rat model in comparison with the standard antihypertensive drug,

prazosin hydrochloride.

Decrease of MABP (%)

Folds of Duration of
Percentage % prazosin HR action
No. Extract yield (%) decrease hydrochloride change (%)° (second, s)
1 Cassumunar ginger (Zingiber cassumunar) 29.19 39.83 +3.92% 3.54 (4+)11.50 +4.33 180.00 + 88.99
2 Garlic (Allium Sativum) 65.17 35.83 +£3.79* 3.18 (—)8.00£1.03 362.50+117.37
3 Ginger (Zingiber officinale) 26.94 21.00 £+ 2.56* 1.87 (+)8.33£1.17 490.00 + 118.66
4 Galangal (Alpinia galanga) 21.35 17.67+3.38 1.57 (+)9.50 £2.74 287.50 £ 114.46
5 Indian long pepper (Piper chaba) 16.25 17.17+£1.35 1.53 (—)8.83£3.04 316.67 £96.63
6 Pepper (Piper nigrum) 8.01 16.33+1.52 1.45 (—)7.83£1.70 183.33+90.36
7 Myrobalan wood (Terminalia chebula) 17.68 16.17 £2.94 1.44 (+)7.83+£2.12 220.83 +119.95
8 Szechwan lovage rhizome (Ligusticum chuanxiong) 40.05 13.33+1.77 1.84 (—)4.17£2.06 84.17£55.35
9 Golden shower (Cassia fistula) 7.29 10.17+1.28 0.90 (—)9.17£2.99 25.83 £4.36
10 Myrtle grass (Acrous calamus) 18.35 10.00+ 1.06 0.89 (—)8.50+£0.92 24.17+3.75
11 Prazosin hydrochloride (2 mg/kg) - 11.25£1.72 1 (+)3.10£5.05 >1h

#=significant difference from the standard drug (p <0.05), ®(+) =increase,

the recipes. All recipes exhibited short duration of MABP
and HR in the range of 50.17 to 749.17 sec with the highest
duration of 749.17 sec observed in recipe no. HT001 which
also gave the high decrease of the % MABP at 23.33 +2.94
(2.07-fold more potent than the standard drug) and a slightly
increase of the % HR of only 1.57 £+3.32. Recipe HT001
appeared to be the best recipe with the superior %
MABP and HR, but a duration of about 5-times shorter
than prazosin hydrochloride. The mechanisms of these recipe
extracts to cause the change of % MABP and HR were
still not clear. According to the BP induction in this study,
the sustained elevation of the BP after administration of
L-NAME [a nitric oxide synthase (NOS) inhibitor] was from
the increase of the peripheral vascular resistance in NO-
deficient rats resulting in systemic vasoconstriction, endothe-
lial dysfunction and finally hypertension. Thus, the MABP
reduction effects of the recipe extracts may be from the
decrease of the total peripheral resistance (Loeb &
Longnecker, 1992; Noll et al., 1997; Pechanova et al.,
1999). However, the increase blood flow may be from some
compounds or plants in the recipes, for example, Piper
longum. In addition, the very short duration of action of the
recipe extracts may be due to the instability of the
antihypertensive active compounds that are susceptible to
the degradation in the blood circulation environment
(Srivastava et al., 2011). In fact, this problem can be solved
by formulation development strategies of the extracts. Most
recipe extracts (12 recipes) which gave the antihypertensive
effects are composed of plants in the Zingiberaceae and
Piperaceae families. Several plants in the Zingiberaceae
family are reported to lower the BP, such as Aframomum
melegueta and Zingiber cassumunar. The precise mechanism
is not known, but some mechanisms have been proposed. The
peptides from the pepsin hydrolysis of the protein from the
rhizome extract of some Zingiberaceae plants have been
shown angiotensin-I converting enzyme inhibitor (ACEI)
activity (Lawal et al., 2007). Also, the hypotensive activity in
rats of amide mixture isolated from Piper tuberculatum Jacq
(Piperaceae) has been reported (Duarte et al., 2004).
Therefore, plants in the recipes belonging to these two

(—) = decrease.

families
activities.
For the 10 selected plant extracts, the administration dose
of each plant extract at 10 mg/kg BW was used. Interestingly,
all extracts from the selected plants demonstrated antihyper-
tensive activity with the highest decrease of MABP at
39.83+3.92% observed in the cassumunar ginger extract
(Table 3), which was 3.54-times significantly more active
than the standard antihypertensive drug (prazosin hydrochlor-
ide). Garlic and ginger also showed a significant BP lowering
effect of 3.18- and 1.87-times more potent than the standard
drug, respectively. In fact, the lowering of arterial blood
pressure in the anesthetized rats of ginger and galangal at the
given doses from 0.3 to 20mg/kg BW has been reported
(Ghayur & Gilani, 2005). Surprisingly, these three plants were
in the compositions of the recipes including recipe nos. HT
001, 016, 023, 029 and 030 which exhibited high antihy-
pertensive effects (Table 1). This result can also confirm the
suitability of the plant selection criteria from the antihyper-
tensive recipes in the ‘“MANOSROI III’” database. These
plants have been demonstrated to have effects on the vascular
smooth muscle relaxation and the blockade of the voltage-
dependent calcium channels causing the BP lowering activity
(Ghayur & Gilani, 2005). The peptides from the pepsin
hydrolysis of the protein from the rhizomes extract of
cassumunar ginger have been reported to be a potent source
for angiotensin I-converting enzyme inhibitor (ACEI) bio-
active compounds (Yodjun et al., 2012) which were related to
the antihypertensive effects. According to the mechanisms of
high blood pressure induction by L-NAME mentioned previ-
ously, these plant extracts may reduce total vascular resistance
(Loeb & Longnecker, 1992; Noll et al., 1997; Pechanova
et al., 1999). All plant extracts gave the percentage changes of
HR from the baseline in the range of —8.83 to 11.50%, while
the standard drug gave 3.10%. The highest increase HR of
11.50% was found in the cassumunar ginger extract that gave
the highest BP lowering activity. Fifty percentage of the
selected plants gave an increase and decease HR, equally. The
mechanisms of the heart rate alleviation by ginger, galangal,
cassumunar ginger and myrobalan wood extracts might be

may be responsible for the antihypertensive
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Table 4. Percentage yield (%), dose (mg/kg), percentage decrease of the mean arterial blood pressure (MABP), heart rate change (%) and duration of
action of the extracted fractions of cassumunar ginger (Zingiber cassumunar), garlic (Allium Sativum) and ginger (Zingiber officinale) in the L-NAME-

induced hypertensive rat model.

Decrease of MABP (%)

Folds of
Percentage Dose % prazosin % HR Duration of
Extract Fraction yield (%) (mg/kg) decrease hydrochloride changeb action (second, s)
Cassumunar ginger Water (F1) 43.20 4.32 10.83 +0.87 0.92 (—)4.67 £0.82 22.76 +3.33
(Zingiber cassumunar)

Butanol (F2) 21.12 2.11 17.67 +3.16* 1.57 (+)5.83+1.38 80.00 +26.46

Ethyl acetate (F3) 10.59 1.06 12.67 +1.83 1.13 (—)1.50+0.67 31.67 £6.54
Garlic (Allium sativum) Water (F4) 62.55 6.26 27.17 +£1.83* 242 (—=)7.00+1.30 232.504+74.87

Butanol (F5) 3.275 0.33 13.83+2.34 1.23 (—)3.33+£0.56 132.50 +£48.13

Ethyl acetate (F6) 2.67 0.27 20.33 +1.69% 1.81 (+)0.50 £ 0.50 107.50 £ 62.74
Ginger (Zingiber officinale) ~ Water (F7) 62.31 6.23 12.33+1.38 1.09 (-+)2.17+2.17 108.33 £ 86.43

Butanol (F8) 6.49 0.65 18.00 4 1.63* 1.60 (+)4.67+£0.84 127.50 +£44.12

Ethyl acetate (F9) 4.18 0.42 15.67 £ 1.11 1.39 (+)3.00 £ 1.03 36.67 +5.87
Prazosin hydrochloride - - 2 11.25+1.72 1 (+)3.10£5.05 >1h

#=significant difference from the standard drug (p <0.05), ®(+) =increase, (—) = decrease.

Doses of each extract were calculated from the amount of the recipes administration as the traditional bolus dose as follows: Dose (mg/kg) = [% yield of
the extract (g/100 g)/60 (average human BW, Kg)] x 25, where, the weight of 1 pill is about 1 g. The tolerance in rats was equal to 25-times of human.
The bioavailability of the oral administration was approximately equal to 10%.

Table 5. Phytochemical constituents of the top 5 aqueous recipes extracts selected from the ““MANOSROI III"’ database.

Phytochemical constituents®

Glycoside

Recipes Triterpene Alkaloid Anthraquinone

Flavonoid Carotenoid Tannin Xanthone

HT 001 —
HT 016 -
HT 023 -
HT 029 —
HT 030 -

4+
[
+++++ |m

I
t++++ |o

\

!

I

- - - +

+ 1+

? + = presence, — = absence.

from the baroreceptor reflex, one of the body’s homeostatic
mechanisms for maintaining blood pressure, which provided
the negative feedback loop in order to raise the BP (Berne
& Levy, 2001). In contrast, some extracts demonstrated
negative chronotropic effects indicated by a decrease of HR
(Patel et al.,, 2010). All plant extracts indicated shorter
antihypertensive activity than the standand drug. The longest
duration of the antihypertensive action of the extracts at
490.00 &= 118.66 sec was found in the ginger extract that was
7.34-times shorter than the standard drug. Again, this might
be due to the instability of the antihypertensive bioactive
compounds in the plant extracts that may be degraded in the
blood circulation environment (Srivastava et al., 2011).
Cassumunar ginger, garlic and ginger extracts which
demonstrated the highest antihypertensive activity, were
selected for fractionation and tested for antihypertensive
activity. Cassumunar ginger, garlic and ginger are popular
spices considered as essential components of the kitchen
pharmacy. These medicinal plants have been used since
ancient times as food additives to impart its taste and smell
and also for its therapeutic value in a wide variety of diseases,
especially in gastrointestinal disorders such as constipation,
diarrhea and dyspepsia. The yields (%) of the water, butanol
(BuOH) and ethyl acetate (EtOAc) fractions of the selected

three plant crude extracts are shown in Table 4. The water
fractions of all crude extracts gave high yield in the range
of 43.2 to 65.5%, while the low yield was from the ethyl
acetate fraction of 2.67 to 10.59%, since all fractions were
from the aqueous crude extracts. The effects of the fractions
on BP and HR in the L-NAME-induced hypertensive rat
model were evaluated (Table 5). All fractions demonstrated
antihypertensive activity with the highest decrease of MABP
at 27.17£1.83% found in the water fraction of the garlic
crude extract followed by the ethyl acetate fraction of
garlic (20.33+£1.69%), the butanol fraction of ginger
(18.00 £1.63%) and the butanol fraction of cassumunar
ginger (17.67 £3.16%), which were significantly (p<0.05)
more potent than the standard drug and similar to those
obtained from their crude extracts. The antihypertensive
effects of different solvent fractions from different crude
extracts may be due to the different antihypertensive bioactive
compounds that were soluble in different polarity solvents.
The changes of the HR from the baseline of all fractions were
in the range of 0.50+0.50 to 7.00 & 1.30%, similar to the
standard drug, with less severe heart rate side effect than their
crude extracts. This may imply that after fractionation, some
compounds which cause the HR changes may be removed
resulting in the lesser effect on the HR. In addition, all
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Table 6. Phytochemical constituents of the 10 selected single plant extracts from the 12 antihypertensive medicinal plant recipes.

Phytochemical constituents®

Sugar®

Extract Triterpene Alkaloid Anthraquinone F G S Flavonoid Carotenoid Tannin Xanthone
Cassumunar ginger (Zingiber cassumunar) — + — - - - ++ — _ _
Garlic (Allium Sativum) - + — [ — — — _ _
Ginger (Zingiber officinale) +-+ ERNINE — - - - + + _ _
Galangal (Alpinia galanga) + - — - - 4+ ++ — + _
Indian long pepper (Piper chaba) + + — - — 4+ 44 + + _
Pepper (Piper nigrum) ++ + - - ++ + — _
Myrobalan wood (Terminalia chebula) — ++ - - — 4+ +4+ — T Lt
Szechwan lovage rhizome (Ligusticum chuanxiong) — +++ — — — 44+ ++ — + +
Golden shower (Cassia fistula) +++ - ++ - - - Lt _ et 4+
Myrtle grass (Acrous calamus) — ++ — - ++ _ _

4 = presence, — = absence.
°F = fructose, G = glucose and S = sucrose.

fractions gave a HR effect similar to their corresponding
crude extracts. For example, all fractions from ginger extract
tended to increase HR, whereas most of the fraction from the
garlic extract decreased HR in the same trend as their crude
extracts. For the duration of action, all fractions gave shorter
duration than their crude extracts and the recipe extracts
where they were containing. The longest duration at
232.50 £ 74.87 s was obtained from the water fraction of the
garlic crude extract, but was still shorter than its crude extract
and recipe. The active antihypertensive constituents in the
environment of the plant mixture in the recipe or the
compound mixture in the crude extracts may be more
chemically stable than when they were semi-purified as
fractions. In addition, the effects on the changes of HR
appeared to be decreased when the plant crude extracts were
semi-purified by fractionation. Also, this study indicates that
the compounds in each fraction may contribute to the total
antihypertensive activity and the duration of action of its
crude extract.

Phytochemical screening

The five aqueous recipe extracts which gave the highest
antihypertensive activity including HT016, HT023, HT001,
HTO030 and HTO029 with the decrease of MABP at
27.17+£3.17, 24.00+1.75, 23.33+2.94, 19.33+1.78 and
16.50 £ 0.99%, respectively, were selected to test for phyto-
chemical constituents (Table 5). All extracts contained
glycosides which are molecules with a sugar bound to a
non-carbohydrate moiety. Xanthones and alkaloids were also
found in some recipe extracts. In fact, the ACEI inhibitory
effect of several glycosides, such as acteoside from Syringa
vulgaris Linn. (Oleaceae) and procyanidin glycoside from
Rhamnus lycioides Linn. (Rhamnaceae) has been reported
(Ahmad et al., 1995; Terencio et al., 1991). Furthermore, the
extraction of acteoside from various plants in Piper genus,
which was the component in recipes HT016, HT023, HT001
and HTO030 has been indicated (Watanabe et al., 2007). In
addition, alkaloids such as reserpine from Rauwolfia
serpentina and alkaloid fraction from Moringa oleifera, one
of the component in recipe no. HT029, were widely used in
the traditional medicine for antihypertensive activity (Dangi
et al., 2002). Several xanthone derivatives have also been

reported to exhibit effective hypotensive activity in anesthe-
tized rats from the vasodilating properties of these compounds
via calcium channels and the beta adrenergic blocking
pathway (Wang et al., 2002)

The phytochemical constituents of the selected plant
extracts are shown in Table 6. Alkaloids and flavonoids
were presented in most extracts. Flavonoids such as total
flavonoid extract from the seed of Astragalus complanatus
has been reported to reduce BP in both renal hypertensive rats
(RHR) and spontaneously hypertensive rats (SHR) by plasma
angiotensin II decreasing effect resulting in the decrease of
the total peripheral resistance (TPR) (Li et al., 2005). Thus,
glycosides, alkaloids, flavonoids, and xanthones might be
responsible for the antihypertensive activities of these
selected plant extracts.

Conclusions

Potent antihypertensive effects of the traditional antihyper-
tensive medicinal plants and recipes selected from the
““MANOSROI III"” database are described. A total of 12 of
the 30 (40%) recipes showed antihypertensive activity with
the highest percentage reduction of MABP at 27.17 £ 3.17%
observed in recipe HT016 which was 2.41 folds higher, but
10.75-times shorter duration, in comparison to the standard
drug (prazosin hydrochloride). Plants in the Zingiberaceae
and Piperaceae families were found in most active recipes.
The phytochemical constituents found in the recipes were
glycosides, xanthones and alkaloids. Ten Thai medicinal
plants appearing frequently in the 12 active recipes were
selected to test for anti-hypertensive activities. All selected
aqueous plant extracts demonstrated antihypertensive activity
with the highest decrease of MABP at 39.83+£3.92% in
the cassumunar ginger extract which was 3.54-fold of the
standard drug, whereas garlic and ginger extracts gave the
percentage decrease of MABP at 35.83+3.79 and
21.00 +2.56%, respectively. All plant extracts demonstrated
changes of HR from the baseline in the range of 4.17 £2.06
to 11.50 £4.33%. For the phytochemical test, alkaloids and
flavonoids were observed in most plant extracts. For the
duration of action, the selected recipe extracts gave shorter
action than the standard drug. All three plant crude extracts
(cassumunar ginger, garlic and ginger) demonstrated
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antihypertensive activity. When they were fractionated into
water, butanol and ethyl acetate fractions, all fractions
demonstrated antihypertensive activity with the highest
decrease of MABP at 27.17+1.83% found in the garlic
water fraction. The plant crude extracts appeared to give
higher antihypertensive effects with lesser effects on HR
changes than their corresponding recipe extracts. However,
the selected plant fractions gave lower antihypertensive
activity with lesser effect on HR changes than their corres-
ponding plant crude extracts. In addition, both the plant crude
extracts and their fractions exhibited shorter duration of
action than their corresponding recipes and plant crude
extracts, respectively. The results from this study have not
only confirmed the folklore wisdom of the Thai traditional
antihypertensive medicinal plants and recipes selected from
the ““MANOSROI III"’ database, but also the potential of
these plants and recipes to be developed as modern
antihypertensive drugs as well.
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