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ABSTRACT

The Sahastara (SHT) remedy is a Thai traditional medicine that has long
been used to treat muscle and joint pain. The SHT remedy was published in
Thailand National List of Essential Medicine (NLEM). It contains 21 medicinal plants.
The main ingredients are pepper (Piper nigrum Linn.) and long pepper (Piper
retrofractum Vahl.) which have piperine as a major compound. The SHT remedy
extract has high anti-inflammatory activity by inhibition of NO and PGE, (ICs, = 2.81
ug/ml and 16.97+1.16 pg/ml, respectively). The SHT remedy extract did not show
acute and chronic toxicity in the rat model. Moreover, the SHT remedy powder drug
has good efficacy and safety to treat patients of knee osteoarthritis. This information
indicated that SHT remedy has potential to be developed as a modern drug in
extracted form. Thus, this study was the first investigation on clinical safety and
pharmacokinetics of SHT remedy extract capsules in healthy volunteers.

The study was investigated to be in 2 parts including preclinical part and

clinical part. The preclinical part was a study on quality standards of the SHT remedy
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extract and capsules. The SHT remedy was extracted by 95% ethanol maceration.
The anti-inflammatory activity with NO production inhibition by Griess reagent assay
was performed as biological activity assessment while total phenolic content by
Folin-Ciocalteau’s reagent assay and the values of piperine content which was
measured by HPLC were performed as chemical content assessment. The SHT
remedy extract capsules were also quality-tested according to Thai herbal
pharmacopeia including the moisture test (loss on drying), contamination test, weight
variations and disintegration time. The SHT remedy extract capsules were kept in
accelerated conditions (40 °C and 75%RH) for 0, 15, 30, 60, 90, 120, 150 and 180 days
according to stability test method of ICH harmonized tripartite guideline. Then, anti-
inflammatory activity by NO inhibition and piperine content measurement by HPLC
were performed with SHT remedy extract capsules at each time interval, compared
with Day 0 which confirmed that anti-inflammatory activity and chemical content
were not changed.

The preclinical results demonstrated that SHT remedy ethanolic extract
has percentage of yield as 9.80%. The SHT remedy ethanolic extract had good
quality which passed all standard criteria including anti-inflammatory activity by NO
inhibition (IC5,=6.274 pg/ml), total phenolic compound (42.69+3.18 mg.GAE/g.extract)
and piperine content (224.94 mg/g.extract). The SHT remedy ethanolic extract and its
capsules also passed the standard criteria including moisture test, contaminant test,
weight variations and disintegration time. The stability test of SHT remedy ethanolic
extract capsules not only show no significant difference from day 0 but also they
passed the acceptable criteria of SHT remedy extracts including anti-inflammatory
activity and chemical content. These data meant that SHT remedy ethanolic extract
capsules could be kept at room temperature for 2 years which covered the period of
this study.

In clinical part, forty-eight healthy volunteers of both sexes and between
20-45 years of age were screened by history taking, complete physical examination
and laboratory tests including complete blood count (CBQO), lipid profile, renal

function test, liver functions test, blood electrolyte and urine analysis. The healthy
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volunteers were included in the study. Volunteers who had severe peptic ulcer, high
blood pressure (systolic >140 mm.Hg. and diastolic > 90 mm.Hg.), impaired renal and
liver functions were excluded from the study.

Twenty-four eligible volunteers were recruited into the clinical safety trial
of SHT remedy ethanolic extract capsules in healthy volunteers. They were divided
into 2 dose groups (6 males and 6 females each group) and were assigned to take 1
or 2 capsules of 100 mg of SHT extract orally 3 times a day before meals for 28 days.
The follow-up including history taking, complete physical examination, liver function
test and renal function test were performed every 14 days for 28 days and extended
for 14 days after the volunteers finished taking SHT ethanolic extract capsules.

The SHT remedy ethanolic extract capsules in clinical trial phase 1 in
healthy volunteers were quite safe for continuously use in humans for 28 days. The
results show that the most common adverse events of 300 mg/day and 600 mg/day
dose groups were abdominal discomfort (66.67% and 58.33% respectively). The
severity effect was mild to moderate grade. Laboratory results show no significant
difference between dose groups for AST, ALT, ALP, BUN and creatinine inclusively.
(P>0.05) In addition, all values on 28 days have no significant different when
compared with values at day O for both dose groups.

For pharmacokinetics study, twenty-four eligible volunteers were
recruited into this study. The piperine content in SHT extract capsule with single oral
dose in healthy volunteers were determined by HPLC. They were also divided into 2
dose groups (6 males and 6 females each group). They were assigned to take 100 or
200 mg of SHT remedy ethanolic extract capsules. Then, they were appointed for
admission to hospital. The volunteers were required to have had nothing via a
mouth at least 8 hours (fasting) before receiving SHT remedy ethanolic extract
capsules. The volunteers received a single oral dose depending on which dose that
they were assigned, 1 capsule for 100 mg dose or 2 capsules for 200 mg dose. Blood
was collected in heparin tube before taking medicine (time 0) and after taking
medicine as follows by: 0.5, 1, 2, 4, 6, 8, 12, 18, 24 and 48 hours. All urine was

collected over 24 hours after taking SHT capsules. Then, 100 ml sample was taken
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for piperine measurement. The safety characteristic and symptoms were monitored
over the whole study. The piperine concentration in blood and urine were
determined by LC/MS/MS.

The pharmacokinetics of piperine following SHT administration showed
rapid absorption and slowly excretion. The peak of piperine concentration was 3,766
ng/mL at 4.46 hours and 6,586 ng/mL at 1.88 hours in SHT 100 mg and 200 mg
respectively. The SHT ethanolic extract capsules 200 mg had double the volume of
distribution of piperine compared to 100 mg group (0.14 and 0.07 L/kg respectively).
The piperine concentration in plasma was slightly decreased to baseline within 48
hours. The elimination half-life of piperine in 200 mg group showed approximately a
2-fold longer half-life than group of 100 mg (19.48 and 8.74 hours respectively).
However, the piperine was not detectable in urine. A secondary maximum
concentration was observed in this study. This phenomenon is common in
enterohepatic recirculation.

From the present study it can be concluded that SHT remedy
ethanolic extract capsules passed the acceptable standard criteria. It has a shelf-life
of 2 years at room temperature which covered the period of the study. The SHT
remedy was very safe to continue use in humans for 28 days. The SHT remedy did
not show serious side effects and did not affect liver and renal functions in healthy
volunteers. The piperine in SHT remedy ethanolic extract showed dose dependent
manner the double dose of SHT can increase absorption, maximum concentration
and residual time of piperine in human. However, this study suggested 100 mg of
SHT dose 3 times a day was an appropriated dose to use in humans because it has
less side effect than 200 mg dose which was also acceptable efficacy. Moreover, SHT
dose was taken for 3 times a day can cover the half-life of piperine in SHT remedy

ethanolic extract capsules.

Keywords: Sahastara remedy, Clinical safety, Anti-inflammation, Pharmacokinetics,

Piperine,
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CHAPTER 1

INTRODUCTION

1. 1 Introduction (Research rationale)

As a result of lower fertility rates and longer life expectancy, the world is
an aging society. The 2014 world population data sheet from Populations Reference
Bureau (PRB) show that age structure has changed. The share of global population
under age 20 decreased to 35 percent from 48 percent in 1970 while the population
aged 65 and older increased to 7 percent.(PRB, 2014) This data was confirmed by the
World Health Organization (WHO) that estimated the population aged 60 and older
were projected to be 1.5 billion in 2050 from 524 million in 2010.(WHO, 2011) Not
only economic problems but also public health problems are becoming important
global issues especially non-communicable diseases (NCDs) such as heart disease,
diabetes and musculoskeletal diseases from degenerative change.

The most common degenerative disease of the musculoskeletal system is
osteoarthritis (OA). The increase in number of OA patients is correlated with the
number of elderly. OA leads patients to disability of joint functions and poor quality
of life. Inflammation is the main cause of joint pain, so anti-inflammatory drugs
especially non-steroidal anti-inflamsnmatory drugs (NSAIDs) are commonly prescribed to
treat OA. However, the NSAIDs still have many side effects such as peptic ulcer, liver
and renal toxicity. In Thailand, the increase of musculoskeletal disease may be
estimated from the increase in imported and domestic expenses of this drug group
which has increased every year. The data from Bureau of Drug Control shows imported
expenses and domestic expenses are up to 7,424.41 and 3,907.26 million baht,
respectively in 2010.

Musculoskeletal diseases are the most common problem that lead
patients to visit the Thai Traditional Medicine Department, including degenerative joint

disease as OA. There are several ways to treat this problem including massage, hot
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herbal ball compression, topical medicine and oral medicine. The Sahastara (SHT)
remedy is the most commonly oral medicine used for this purpose. The SHT remedy
is a Thai traditional medicine that has long been used to treat problems of the
musculoskeletal system. The SHT remedy has been listed in National List of Essential
Medicine (NLEM) since 2011 which assumes it was quite safe for use in humans. It
consists of 21 medicinal plants. The main ingredients are pepper (Piper nigrum Linn.),
long pepper (Piper retrofractum Vahl.) and Plumbago indica Linn. Previous studies
demonstrated that SHT remedy ethanolic extract showed high anti- inflammatory
activity by inhibition of nitric oxide production (NO) and prostaglandin E, (PGE,) with
1C502.81 pg/mland 16.97+1.16 ug/ml, respectively(Kakatum, Jaiarree, Makchucit, &
ltharat, 2012) which are similar in potency to NSAIDs. The SHT remedy extract showed

no toxicity either acute or chronic in rats.(Iltharat & Sireeratawong, 2014)

A clinical study on efficacy and safety of SHT powdered drug in treating
patients with osteoarthritis of the knee (OA knee) was supported by previous result
that SHT remedy can reduce pain in OA knee patients and improved quality of life
with equal efficacy as diclofenac. ( Pinsornsak, Kanokkangsadal, & Itharat, 2015)
However, the SHT powder is associate with poor patient compliance because they
have to take 6 capsules per day. The SHT remedy ethanolic extract capsule could be
solved this problem by reducing the number of capsules. Thus, the ethanolic extract
of SHT remedy has potential to be developed as a modern anti-inflammatory drus.
The safety and pharmacokinetics of SHT remedy ethanolic extract in healthy

volunteers needs to be studied.

1.2 Objectives

1.2.1 Investigation on clinical safety of Sahastara remedy ethanolic
extract capsule in healthy volunteers
1.2.2 Study of pharmacokinetics of piperine, a major bioactive

compound of Sahastara remedy ethanolic extract in healthy volunteers
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1.3 Advantages expected

1.3.1 Increased knowledge on safety of Sahastara remedy ethanolic
extract capsules in healthy volunteers

1.3.2 Increased knowledge on pharmacokinetics of piperine, a major
bioactive compound of Sahastara remedy ethanolic extract capsule in healthy
volunteers

1.3.3 The data indicating the next phase of clinical trial

Ref. code: 25605711301548IKQ



CHAPTER 2
REVIEW OF LITERATURE

2.1 Sahastara Remedy

2.1.1 History

The Sahastara (SHT) remedy is a Thai traditional medicine. It appears
in the ancient Thai traditional medicine textbook call “Kum-Phee-Pad- Thai- Pan-Bo-
Ran”, written by Khun-So-Pit-Bun-Na-Luk (Umpan Kittikajorn). It is categorized into the
medicinal group regarding the wind element which refers to blood
circulation.(Khunsopitbunnalak, 1970) The SHT remedy has long been used and is well-
known in Thai traditional medicine practice as the drug for treatment of muscle and
joint pain especially complicated with numbness. However, there is no evidence

indicating who originated SHT remedy.

2.1.2 The Sahastara remedy in National List of Essential Medicines
The SHT remedy was published in National List of Essential Medicine
(NLEM) for the first time in 28 June 2011 and has remained in NLEM until now. In NLEM
the SHT remedy is categorized under musculoskeletal system drugs. According to the
recruiting criteria of medicines in NLEM, the SHT remedy is quite safe to use in humans.
The SHT remedy is considered to be type A (tradition medicine or ancient medicine)

group. The description of SHT remedy in NLEM is follow:

Formulation 1,000 grams consist of
1. Prik-Thai 240 gram
Jet-Ta-Mul-Plerng-Dang (root) 224 gram
Dee-Plee (fruit) 96 gram
Hus-Sa-Khun-Tade 48 gram
2. Sa-Mhor-Thai (fruit) 104 gram

Tong-Tank (root) 80 gram
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3. Wan-Nam (rhizome) 88 gram
4. Ka-Ra-Boon 14 gram
Dok-Chan 13 grams Tien-Dang 11 gram
Luk-Chan 12 gram
Tien-Ta-Tuk-Ka-Tan, Ma-Ha-Hing 10 gram each
Tien-Sut-Ta-But 9 grams
Tien-Khao, Jing-Jor (root) 8 gram each
Tien-Dum 7 gram
Kote-Kag-Kra 6 grams
Kote-Ka-Mao 5 grams
Kote-Kan-Prao 4 grams
Kote-Pung-Pla 3 grams
(The scientific names are shown in Table 3.1)
Dose and Usage 1-1.5 grams orally three times a day before meal
Indication Release wind (Fuanluidu),
Rough wind treatment (LAlsAannesneIu)
Warning Do not use in pregnant women and patients with
fever
Precaution - Use Carefully in patients with hypertension,
congestive heart disease, peptic ulcer and gastric
esophageal reflux disease (GERD) because SHT
remedy is a hot formulation
- Use carefully in patients on phenytoin,
propranolol,  theophylline and  rifampicin
because pepper is a main ingredient in the
formulation
Side effect Abdominal hot sensation, abdominal pain,

nausea, dry throat, itchy and rash
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2.1.3 The Biological activities related with Sahastara remedy
2.1.3.1 Anti-inflammation activity

Anti-inflammatory activity by inhibition of Nitric Oxide (NO)
production and Prostaglandins E, (PGE,) have been reported for Sahastara remedy and
its ingredients. According to the report, the study in murine macrophage cells
(RAW264.7) demonstrated SHT remedy ethanolic extract has high anti-inflammatory
activity by inhibition of NO (IC5p=2.81ug/ml). It was about 10-fold more potent than
the modern anti- inflammatory drug, indomethacin as a positive control
(IC50=20.32ug/ml). In the same report, SHT remedy ethanolic extract also showed
inhibition of PGE, even though less than indomethacin (ICs5o= 16.97 and 1.02ug/ ml,
respectively). It could explain the reason that SHT remedy ethanolic extract has high
anti-inflammatory activity and its plant ingredients have anti-inflammatory effect via a
different mechanism.(Kakatum et al., 2012)

The ingredients in SHT remedy ethanolic extract have also
shown anti-inflammatory activity such as Piper nigrum Linn., Terminalia chebula Retz.
(Table 2.1) Previous studies showed that the plant ingredients in SHT remedy have
several mechanisms for anti-inflammation. These results support the anti-inflammatory

activity of SHT remedy ethanolic extract.

Table 2.1 Anti-inflamsnmatory activity of medicinal plants in Sahastara Remedy

Activity Medicinal plant Results

Piperine inhibited PMA-induced COX-

2 expression in murine macrophage
Anti-
Piper nigrum Linn. cells (RAW264.7) at concentrations of

inflammatory
10-100uM. It also showed inhibition

of PGE, release.(Kim et al., 2012)
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Table 2.1 (Cont.)

Activity Medicinal plants Results

Piper nigrum Linn. In vitro study on interleukin( IL)
1B(IL1B) stimulated fibroblast- like
synoviocytes derived from
rheumatoid arthritis patients
demonstrated that piperine inhibited
the expression of IL6 and MMP13 in a
dose- dependent  manner  at

concentrations of 10 to 100 pg/ml. It

Anti- also reduced the production of PGE2
inflammatory significantly at 10pg/ml.(Bang et al.,
2009)

Plumbago indica Linn.  Plumbagin  that was found in
Plumbaginaceae showed significant
reduction of paw edema of rats
induced by carrageenan and various
pro-inflammatory mediators in range
of dose from 5 to 20 mg/kg.(Luo et
al., 2010)

Plumbagin showed inhibition of TNF-
a, IL- 1[3 and IL- 6 of murine
macrophage cells induced by LPS at
concentration 2. 5- 7. 5uM. It also
showed reduction of NO production,
expression iNOS activity at the same

concentration.(Wang et al., 2014)
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Table 2.1 (Cont.)

Activity Medicinal plants Results

Acorus calamus Linn.  The ethanolic extract demonstrated
15. 16% and 54.51% of writhing
protection at dose 250 and 500
mg/ kg, respectively. (Khan & Islam,

2012)
Cuminum cyminum 0.01% Cumin essential oil extract
Linn. (CUEO) from seeds showed anti-

inflamsnmatory effect by inhibition of
iINOS, COX-2, mRNA expression, ||_—1B,
IL-6 and also reduced the nuclear NF-
kappa B p65 level in LPS-stimulated
RAW264.7 cells. (Wei et al., 2015)

Myristica fragrans The crude alkaloid extract from seed
Ay Houtt. showed analgesic effect in acetic acid
inflammatory induced writhing models. It has

significantly  reduced number of
writhing response in female mice at
dose 1 ¢/kg.(Hayfaa, Sahar, & Awatif,
2013)

The compound belonging to neolignan
derived  from  Myristica  fragrans
demonstrated  inhibition  of  the
production of NO in RAW264.7. The
most  potent inhibitors of NO
production were myrislignan and
machilin D (IC5,=21.2 and 18.5 pg.ml,
respectively).(Cao, Xu, Yang, Gonzalez,

& Li, 2015)
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Table 2.1 (Cont.)

Activity Medicinal plants Results
Terminalia chebula Chebulagic  acid derived  from
Retz. Terminalia chebula ( fruits) showed

inhibition of COX-1, COX-2 and LOX-5
with 1Csq 15+0. 288, 0. 92+0. 011 and
2.1+0.057 pg/ml, respectively.(Reddy et
al., 2009)
In Vivo study of fruit extract at 250
me/kg p.o. showed 69.96% reduction in
carrageenin-  induced rat paw
edema. ( Bag, Bhattacharyya, Pal, &
Chattopadhyay, 2013)
Chebulanin showed significantly
decreased severity of arthritis in a dose-
Anti- dependent manner at 80 and 160 mg/kg
inflammatory in mice model. However, at dose of 40
mg/ kg it showed improvement of the
severity of arthritis but not statistically
significant. (Zhao et al., 2015)
The leaf gall ethanolic extract of
T.chebula show maximal LOX inhibition

(52.67%) at 800 pg/ml.(Eshwarappa et

al,, 2016)
Anethum graveolens Dill oil, ( contain dill extract 100mg)
Linn. showed significantly reduced paw

edema of rat induced by formalin in 8™
day. It also showed more decreased
paw volume when compared with

diclofenac gel. (Naseri et al., 2012)
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Table 2.1 (Cont.)

Activity Medicinal plants Results
Picrorhiza kurroa Rhizome powder at dose 100 mg/ kg
Benth. b.w. exhibited decreased volume of

Wistar albino rat paw induced by 2%
carrageenan. ( Kantibiswas, Marjit, &
Maity, 1996)

Hydroalcoholic extract of rhizome at
dose 50,100 and 200 mg/kg showed
reduced joint swelling induced by
formaldehyde in rat. It also showed
anti-arthritic activity with inhibition
effect of adjuvant and decreased
joint inflammation dose-
dependently. In addition, the extract
showed decreased expression of IL-
1[3,|L—6, TNF-R1 and vascular
endothelial growth factor. (Kumar,
Gupta, Singh, & Arunraja, 2016)

2.1.3.2 Anti-oxidant activity

Not only anti-inflammatory activity could alleviate symptoms
of muscle and joint problems, but also anti- oxidation could assist in terms of
prevention. Sahastara remedy has been studied for anti-oxidant activity by DPPH assay.
The report shows that SHT remedy has higher anti- oxidant activity than BHT that was
used as positive control (ECso= 9.42 and 12.88 pg/ml respectively). Moreover, the total
phenolic content, which are chemical compounds related with anti-oxidant activity,
was also detected in SHT remedy.(Kakatum et al., 2012)

The study on correlation of extraction with biological activities

showed the SHT remedy ethanolic extract has anti- oxidant scavenging effect
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(DPPH assay) when macerated for 3 day (ECs=18.00 pg/ ml). (Kanokkangsadal,
Pinsornsak, Makchuchit, & Itharat, 2013)

The ingredients in SHT remedy namely Piper nigrum Linn.,
Terminallia chebula Retz., Cinamomun camphora Linn have also shown anti-oxidant
activity such as. (Table 2.2).These reports could be explained the anti- oxidant

properties of SHT remedy.

Table 2.2 Anti-oxidant activity of medicinal plants in Sahastara Remedy

Activity Medicinal plant Results
Piper nigrum Linn. Piperine was found to act as hydroxyl
radical scavenger at low

concentration. It also showed as a
powerful superoxide scavenger with
ICsp value 1.82 mM and 52% inhibition
of lipid peroxidation was observed at
a dose of 1400 pM with an ICs, of 1.23
mM.(Mittal & Gupta, 2000)

] Terminalia chebula Retz. The MeOH extract showed anti-lipid
Y peroxidation, anti-superoxide radical
Oxidant

formation and free radical scavenging
with ICso= 4.44, 0.48, 0.005 mg/ml,
respectively.(Cheng, Lin, Yu, Yang, &
Lin, 2003)

Cinamomum camphora The EtOAc and BuOH extract exhibited

Linn. anti- oxidative activity with ICs, values
14 and 15 pM respectively when
tested with DPPH and XO assays. (Lee

et al.,, 2006)
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Table 2.2 Cont)

Activity Medicinal plants Results
Kleinhovia hospital The methanol leaf extract showed
Linn. anti- oxidant activity similar to

Vitamin C with 96 and 98%
respectively when tested with DPPH
assays. (Arung et al., 2009)

Acorus calamus Linn. The hydroalcoholic extract of at dose
100 and 200 mg/kg p.o. in CCl tested
show tissue biomarker changing
including superoxide anion (inhibition
value of 77.39 and 86.46% ), total
calcium in sciatica nerve (inhibition
value of 75.16 and 84.21% ) and
myeloperoxidase activity in surround
sciatic nerve tissue (inhibition value of
76.62 and 82.28% ). ( Muthuraman,
Singh, & Jaggi, 2011)

2.1.4 The chemical marker of Sahastara remedy

The SHT remedy was subjected to chemical composition study. The
main herbal ingredients of SHT remedy are Piper species (Piper Nigrum and Piper
retrofractum) with 34% (Figure 2.1) Several previous reports showed Piper spp. have
piperine which is a major component of pepper.(Meghwal & Goswami, 2013) However,
the SHT remedy is a mixture of medicinal plants. There is report on the chemical
composition of SHT remedy by Thin Layer Chromatography technique (TLC) and High-
Performance Liquid Chromatography (HPLC). According to the results, the report was
unsurprising in that SHT remedy has piperine as a marker of the remedy. The report

also found other components such as plumbagin from Plumbago indica.(ltharat, 2014)
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Proportion in Sahastara remedy ()
[l P-nigrum [l P.indica [ P.retrofractum ] T.chebula [ A.calamus [ B.montanum
W Khospita [l C.camphora [ L.sativum W M.fragrans | Mfragrans [l F.assafoetida
[ Agraveolens [l P.anisum [ Ccyminum [ M.vitifolia [ N.sativa [7] A.pyrethrum

Il Alancea [l P-kurroa [ T.chebula(gall)

Figure 2.1 The proportion in Sahastara remedy
2.1.4.1 Piperine
Piperine [ 1- [ 5- [ 1,3- benzodioxol- 5- yl] - 1- oxo-
2,4, pentadienyl] piperidine] is the major pungent alkaloid of Piper species such as
pepper and long pepper.(Meghwal & Goswami, 2013) In the fruits of P.nigrum L. ,
piperine presented with chavicine (Figure 2.2), its sterecisomer slowly transformed to

piperine on storage, leading to a loss in pungency.(Kozukue et al., 2007)

o 7 >—.O

N

) s o On storage o~ o
(o]
chavicine >

piperine o

Figure 2.2 The structure of piperine and chavicine
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2.1.5 The toxicity study of Sahastara remedy

Toxicity of SHT remedy has been reported in Sprague Dawley rats. In
acute toxicity, the rats were given SHT extract in a single oral dose of 5,000 mg/kg body
weight. The toxic signs and behaviors were observed within 14 days. There was no
significant abnormalities or difference compared to the control group that was fed with
distilled water. The results showed the body and organ weights were not significantly
different from control groups. The internal gross anatomical characteristics also
showed the same results. The results indicated that the SHT remedy at dose 5,000
me/kg body weight did not significantly cause acute toxicity.

In the chronic toxicity study, the rats were given the SHT extract at
the dose orally of 10,100 and 1,000 mg/ kg body weight daily for 270 days. The
hematology, blood chemistry, microanatomy, and the information of signs, behavior
and health monitoring results indicated the SHT remedy extract as an oral
administration at dose 10,100 and 1,000 mg/ kg body weight for 270 days did not
changed on clinical values and it did not destroy organ so it is safe and does not

produce chronic toxicity.(Itharat & Sireeratawong, 2014)

2.1.6 Clinical study of Sahastara remedy

The SHT remedy was used as powdered drug according to traditional
usage for treating muscle and joint pain. Although SHT remedy has long been widely
use in Thai traditional medicine, there are only two reports on clinical trial of SHT
remedy powdered drug.

First report, in a double blind randomized study on efficacy of SHT
remedy powdered drug in muscle pain was compared with diclofenac. Patients with
muscle pain of shoulder and neck were recruited in this study. They received 400 mg
SHT powdered capsule orally 3 times a day or 25 mg diclofenac capsule orally 3 times
a day for 7 days. The study showed SHT remedy capsule can reduce pain significantly
between day 0 and day 7. However, the SHT remedy was not significantly different
when compared with diclofenac. The study concluded that SHT remedy at the dose

of 1200 mg/day was equally efficacy when comparable to diclofenac at the dose of

Ref. code: 25605711301548IKQ



15

75 mg/day for muscle pain treatment(Nootim, Bunchuailua, & Kapol, 2013) but this
study did not regard on safety issues.

Second report, a double blind randomized control trial on efficacy
and safety of SHT remedy powdered drugs in osteoarthritis of the knee patients.
Patients who were diagnosed as osteoarthritis of knee were recruited into this study.
The study was conducted based on NLEM usage with minimum dose of SHT remedy
powdered drugs (3,000 mg/day). The patients received SHT remedy 1,000 mg orally 3
times a day or 25 mg diclofenac 3 times a day for 28 days. The efficacy was assessed
as pain level with visual analogue scale (VAS), 100 meters walk times and quality of
life by WOMAC index score. The safety issue was evaluated by history taking, complete
physical examination and renal and liver function tests. The results showed SHT
remedy can reduce pain level significantly in day 14. It also showed reduced 100
meters walk time and improved quality of life. The SHT remedy powdered drug did
not show significant difference from diclofenac in every efficacy outcome except stiff
index, which in WOMAC index score, showed diclofenac has more improvement than
SHT remedy. However, the SHT remedy was safer than diclofenac especially on liver
functions. The study concluded that SHT remedy has equal clinical efficacy to relieve
symptoms of OA knee and has less systemic side effects when compared with

diclofenac. (Pinsornsak et al., 2015)

2.2 Pharmacokinetics (Katzune & Trevor, 2015)

In medication treatment, rational use of drug is an important factor to
consider. The goal is to achieve therapeutic effect with minimal adverse effects. The
clinicians have to understand the patient, the diseases and the dose of medicine to
achieve the goal. The dose-effect relationship can be separated into pharmacokinetic
and pharmacodynamics.

Pharmacokinetics may have a short definition as “ What the body does to
the drug”. The principle is to deliver the active pharmaceutical ingredient (API) from
site of administration to site of action. Thus, pharmacokinetics is kinetics of absorption,

distribution, metabolism and elimination (ADME). By contrast, pharmacodynamics
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describes maximum response and sensitivity to determine the maximum effect at a
particular concentration.

In drug development and production, standard dose is based on healthy
volunteers and patients with average ability to absorb, distribute and eliminate drug.
These measurements are not appropriate for every patient. The pharmacokinetics
parameters that are used to control dosage adjustment in individual patients are

clearance and volume distribution.

2.2.1 Absorption
Absorption is the transfer process of drug from administration to
systemic circulation. Absorption requires drug movement across a barrier by diffusing
through the lipid or attaching to membrane transport molecules that carry them
across.(Bennett, Brown, & Sharma, 2012)
Bioavailability
Bioavailability is the fraction of unchanged drug reaching the
systemic circulation following administration by any route. The bioavailability depends
on many factors including solubility, dosage form, route of administration, first pass
effect and salt form. For example, in the intravenous route, bioavailability is assumed
to be equal to unity whereas the oral route is less than 100% because of incomplete

absorption and 1° pass elimination by liver.(Katzune & Trevor, 2015)

Table 2.3 Routes of administration, bioavailability, and general characteristics

Route Bioavailability (%) Characteristics

Intravenous (IV) 100 (by definition) Most rapid onset

Intramuscular (IM) 75 to < 100 Large volumes often feasible; may be painful
Subcutaneous (SC) 75 to < 100 Smaller volumes than IM; may be painful

Oral (PO) 51to < 100 Most convenient; first-pass effect may be important
Rectal (PR) 30 to < 100 Less first-pass effect than oral

Inhalation 51to <100 Often very rapid onset

Transdermal 80 to < 100 Usually very slow absorption; used for lack of first-

pass effect; prolonged duration of action
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Plasma concentration (Cp)

The drug is absorbed at site of administration into system of
circulation and then to the site of action. The parameter that clinician considers for
efficacy and safety is plasma drug concentration. The plasma concentration is assumed
to be equal to drug concentration at site of action.

Maximum serum concentration (C,,.,)

The peak concentration of the drug that has been administered.

(Segen, 2006)

Time peak concentration (T .,

The amount of time that a drug is present at the maximum

concentration in serum. (Segen, 2006)

Chax (peak concentration)

Drug concentration

Tmax (time to peak concentration)

Time

Figure 2.3 Time to peak concentration

2.2.2 Distribution
Distribution concerns the rate and extent of parent drug movement
from blood into the tissue after administration and its return from tissue into blood

during elimination.(Bennett et al., 2012)
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Volume of distribution (V)
Volume of distribution (Vy) is the measure of apparent space in
the body available to contain the drug that relates the amount of drug in the body to

the concentration of drug in blood or plasma as in the equation below.

Amount of drug in the body

Vd:
Concentration of drug
Drugs with high volume of distribution have higher concentrations in

extravascular tissue than intravascular part. Drugs that are restricted to plasma have

volume of distribution 0.04 L/kg body weight or 2.8 L/70kg.(Katzune & Trevor, 2015)

Table 2.4 Physical volumes (in L/ kg body weight) of some body compartments into
which drugs may be distributed

Compartment and Volume Examples of Drugs

Water
Total body water (0.6 L/kg%) Small water-soluble molecules: eg, ethanol
Extracellular water (0.2 L/kg) Larger water-soluble molecules: eg, gentamicin
Plasma (0.04 L/kg) Large protein molecules: eg, antibodies

Fat (0.2-0.35 L/kg) Highly lipid-soluble molecules: eg, diazepam

Bone (0.07 L/kg) Certain ions: eg, lead, fluoride

“An average figure. Total body water in a young lean person might be 0.7 L/kg; in an obese person, 0.5 L/kg.

2.2.3 Metabolism(Tomlin, 2010)
Drug metabolism takes place mostly in liver. Metabolism can be
divided into two phases. Phase 1 is catabolic in nature and involves oxidation,
reduction, and hydrolysis. Phase 2 is anabolic reaction such as glucoronidation and

sulfation that converts to more water soluble compounds.
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Phasel Metabolism
The cytochrome p450 (CYP450) is a superfamily of membrane
bound haemoprotein enzymes that are responsible for most drug metabolism. Phasel
reactions include oxidation and reduction. The CYP450 enzyme-mediated oxidation
reaction requires sufficient enzyme, drug and oxygen.
Phase2 Metabolism
Phase2 is a synthetic step that adds a large and polar moiety.
The resulting compound is inactive, less lipid soluble and better able to pass into
urine. The addition groups are sulfate, methyl, acetyl, slutathione and glucuronic acid.
Most conjugation reactions occur in the liver.
First pass metabolism
First pass metabolism refers to the metabolism of drug received
by liver from portal circulation after absorption from Gl tract. Parenterally administered

drug will avoid first pass metabolism.

2.2.4 Elimination
Elimination is the removal of drug from the body and may involve
metabolism, which transforms it into a different molecule and excretion.(Bennett et
al,, 2012)
Clearance (CL)
Clearance is the ability of the body to eliminate the drug that
relates the rate of elimination to the drug concentration as shown in the equation

below.(Katzune & Trevor, 2015)

Rate of elimination

CL =
concentration of drug

Drug elimination from the body involves many organs such as

liver, kidney, lung, so systemic clearance is the sum of all organ drug clearance

Rate of elimination on kidney

CL kidney=
concentration of drug
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Rate of elimination on liver

CL liver=
concentration of drug

CL systemic= CL kidney+ CL liver+ CL other

Major organs of drug elimination are liver and kidneys. For most

drugs, clearance is constant over the concentration.

Half life (t1/2)
Half-life is the time taken to eliminate half of drug in the body,

which depends on volume of distribution and clearance. (Katzune & Trevor, 2015)

0.7x Vd

t 1=
CL
Half-life indicates the time required to attain 50% of steady state.
Disease states affect both pharmacokinetics parameters. A

change in half-life will not necessarily reflect a change in drug elimination.

Drug accumulation
With repeat drug doses, drug will accumulate in the body until
dosing is stopped because elimination time is infinity. In practice, accumulation can be

detected if the dosing interval is shorter than four half-lives. (Katzune & Trevor, 2015)

1

Accumulation index =
Fraction lost in one dosing

1

_1—Fraction remaining
For a drug given once every half-life, the accumulation factor is 2.
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2.3 The Pharmacokinetics study of Piperine (main compound in SHT remedy)

The pharmacokinetics of piperine has only been studied in rats. In a
study to investigate pharmacokinetics of piperine, 54.1 mg/kg orally in five male
sprage-dawley shown that piperine was rapidly absorbed after administration and
cleared slowly. Mean plasma concentration-time profile for piperine after oral gavage
(Figure 2.3). The main pharmacokinetics parameters for piperine are shown in Table

2.5 (J. Liu, Bi, Luo, & Wu, 2011)

10000.0 —e— Piperine

g-r/ Bl N

—m— Piperlonguminine

10.0

Concentration (ng/mL)

1.0} Sy —d

0.1 L ! . L . '
0 4 8 12 16 20 24

Time (hr)

Figure 2.4 Mean plasma concentration-time profile of piperine determined by LC-
MS/MS method after oral administration of 100 mg/ kg (piperine=54mg/kg) alkaloids
from Piper longum Linn. to rats. Each point represents mean+SD (n=5)(J. Liu et al.,

2011)
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Table 2.5 Pharmacokinetics parameters of piperine after oral administration of alkaloids

from Piper longum Linn. to rats. (n=5)

PK parameters Unit Value (mean + SD)
ti h 4.10 + 2.05

tnax h 245+ 2.12

Crnax ng/ml 4292 + 967

AUC 5t ng.h/ml 22,803 + 7062

AUC, ng.h/ml 23,107 + 7189

MRT h 4.63 +0.71

The study on tissue distribution and elimination of piperine at a dose of

170me/kg to rat, shows that piperine was distributed to various tissues including blood,

liver, kidney and intestine (Table 2.6). The piperine cannot be detected in any of the

tissue samples beyond 24 h.(Suresh & Srinivasan, 2010) A previous study showed

increased excretion of conjugated glucoronate, sulfates and phenols in the urine for

up to 8 days following oral administration of piperine in rats(Bhat & Chandrasekhara,

1986) that indicated the major pathway of metabolism of piperine are glucoronidation

and sulfication pathway. The major excretion route of piperine metabolite in rats is

urine as no metabolite could be detected in feces.(Suresh & Srinivasan, 2010)

Table 2.6 Tissue distribution of orally administered piperine in rat(Suresh & Srinivasan,

2010)
Time Serum Blood Liver Kidney Intestine
(h) (pg/ml) (ug/total blood) (ng/whole tissue) (ug/whole tissue)  (pg/whole tissue)
1 6.07 + 0.82 35.53 + 4.82 56.12 + 1.01 12.51 + 1.95 1450.0 + 137.2
3 9.75 + 1.07 57.03 + 6.28 73.75 £ 2.05 22.0 + 3.53 1725.2 + 150.2
6 11.06 + 0.80 64.71 + 4.68 96.62 + 5.71 91.75 + 6.51 2450.3 + 162.0
24 0.93 +0.16 548 +0.73 37.87 £ 3.81 28.75 £ 3.35 700.1 £ 112.5
48 0.37 + 0.05 2.19 + 0.36 4.77 + 0.88 4.62 + 0.47 62.3 + 1.08
96 0.078 + 0.005 0.46 + 0.03 0.33 + 0.04 0.66 + 0.13 4.47 +0.88
192 0 0 0 0.63 = 0.11 0

Data represent; mean + SEM of 6 rats, Piperine was orally administered to rats at dose 170 mg/kg
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Even though there is no study on pharmacokinetics of piperine directly in
humans, there has been an investigation of the pharmacokinetics of piperine following
administration of Benjakul (BJK) remedy in humans. In this study, a single oral dose at
100 mg and 200 mg of BJK remedy that contained 6 and 12 mg of piperine respectively
was given to healthy volunteers. The results showed piperine was rapidly absorbed
from the gastrointestinal tract after oral administration as piperine was detected in
plasma within 0.5 h. of dosing in most cases. The median of maximum concentration
(Cina) Of piperine following dose 100 and 200 mg¢ of BJK remedy administered was 467
and 1078 ng/ml respectively, with median t,,., of 1 h. Piperine could be not detected
after 48 h. The median plots of serum concentration-time profiles of piperine are
shown in Figure 2.4(Jumpa- ngern, Kietinun, Sakpakdeejaroen, Cheomung, & Na-
Bangchang, 2013)

According to a previous study, piperine was rapidly absorbed not only in
rats but also in humans. Although piperine was absorbed more rapidly in humans when
compare with rats (median of 1 versus mean of 2.45 h.), the maximum concentration
of piperine in humans was approximately one-fourth of that reported in rats following

an equivalent dose, 12 mg piperine. (Table 2.7)

3000
3000

2500 2500

2000 2000
1500 1500
1000 1000

500

Piperine Concentrations (ng/ml)
Piperine Concentrations (ng/ml)

0051 2 4 6 9 12 18 24 48
Time (h) Time (h)

(a) (b)
Figure 2.5 Median (filled circle) and individual serum concentration-time profiles (line) of
piperine following oral administration of a single dose of (a) 100 mg (n=10) and (b) 200
mg (n=10) Benjakul remedy in healthy volunteers(Jumpa-ngern et al., 2013)
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Table 2.7 Pharmacokinetics parameters of piperine compared between rat and human

Parameter In rat (n=5, mean)(. Liu In human (n=10,
et al,, 2011) mean)(Jumpa-ngern et al.,
2013)
ty 4.10 h. _
ta 2.45 h. 1.35 h.
Crnax 4292 ng/ml 1139 ng/ml

AUCpqt 22803 ng.h/ml (24 h.) 17286 ng.h/ml (48 h.)
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CHAPTER 3

RESEARCH METHODOLOGY

3.1 Preclinical part

3.1.1 Plants preparation
The Sahastara (SHT) remedy was prepared according to National List
of Essential Medicines (NLEM) 2011. Plant Ingredients of SHT remedy were collected
from several parts of Thailand or purchased from drug stores. The medicinal plants
were identified and given specimen voucher numbers (Table 3.1). These herbs were
thin sliced, washed and dried by hot air oven. After that, all medicinal plants were
coarse ground to prepare for extraction.
3.1.2 Extraction
The coarse ground plants of SHT remedy were mixed according to
the proportions in NLEM. These were macerated with 95% ethanol for 3 days, then
the solvent was filtered and the filtrate was evaporated by rotary evaporator. The
residue of SHT remedy was repeatly macerated 2 more times (Figure 3.1). All extracts

were combined and percentage of yield was calculated using the equation below.
Weigth of extract
- . x 100
Weigth of dried plants

% vyield =

Collected medicinal plants of SHT remedy

Y
Rough ground and mixed > Macerated with 95% S _].
according to SHT formula in ethanol for 3days fI= — = = = = 7
l I The residues I
I .
Percentage of yield of extract L repeated twice JI

calculated R Solvent was evaporated |

by rotary evaporator

Figure 3.1 Extraction method
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Table 3.1 The medicinal plants in Sahastara remedy formulation (for 1,000 ¢ of

powdered drug)

Voucher Part- Weight
Thai name Scientific name Collected from
specimen used (¢)
Chanthaburi,
Prik-Thai Piper nigrum Linn. SKP146161401 Fruit 240
Thailand
Jet-Ta-Mul-Plerng-
Plumbago indica Linn. SKP148160901  Root 224 Laos
Dang
Sakaeo,
Sa-mhor-thai Terminalia chebula Retz. SKP049200301  Fruit 104
Thailand
Chanthaburi,
Dee-Plee Piper retrofractum Vahl. SKP146160301  Fruit 96
Thailand
Kanchanaburi,
Tong-Tank Baliospermum montanum MuellA. SKP121021301 Root 80
Thailand
Nonthaburi,
Wan-Nam Acorus calamus Linn. SKP015010301 Rhizome 88
Thailand
Kanchanabuiri,
Has-sa-khun-tade Kleinhovia hospita Linn. SKP183110801  Root a8
Thailand
Ka-ra-boon Cinnamomum camphora Linn. SKP096030301 - 14 China
Aril of
Dok-Chan Myristica fragrans Houtt. SKP121130601 q 13 China
see
Luk-Chan Myristica fragrans Houtt. SKP121130601  Seed 12 China
Tien-Dang Lepidiums ativum Linn. SKP057121901  Seed 11 India
Tien-Ta-Tuk-Ka-Tan  Anethum graveolens Linn. ~ SKP199010701  Fruit 10 India
Ma-Ha-Hing Ferula assafoetida Linn. SKP199060101  Resin 10 India
Tien-Sut-Ta-But Pimpinella anisum Linn. SKP199160101  Fruit 9 China
Tien-Khao Cuminum cyminum Linn. SKP199030301 Fruit 8 India
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Table 3.1 (Cont)

Voucher Part- Weight
Thai name Scientific name Collected from
specimen used ()
Kanchanaburi,
Jing-Jor Merremia vitifolia (Burm.f.) Hallier f. SKP054132201 Root 8
Thailand
Tien-Dum Nigella sativa Linn. SKP160141901  Seed 7 China
Kote-Kag-Kra Anacyclus pyrethrum (L) DC.  SKP051011601  Root 6 China
Kote-Ka-Mao Atractylodes lancea (Thunb) DC. SKP051011201 Rhizome 5 China
Kote-Kan-Prao Picrorhiza kurroa Benth. SKP177161101  Root 4 India
Kote-Pung-Pla Terminalia chebula Retz. SKP019200301 Gall 3 India

3.1.3 Quality standardization of Sahastara remedy extract
3.1.3.1 Biological activity control
1) Nitric oxide production inhibition activity (Griess’ reagent
assay) (Tewtrakul & Itharat, 2007)
Principle
Nitric Oxide (NO) is an essential mediator in mammalian life.
NO has been shown to be involved in inflammation. NO production increases when
the body detects inflammation. However, NO measurement in biological studies needs
careful consideration. NO has a short half-life and is oxidized to nitrite and/or nitrate
rapidly by oxygen.(Sun, Zhang , Broderick, & Fein, 2003) Thus, the Griess’s reagent
assay measures nitrite (NO,) which is stable and as a nonvolatile compound was
breakdown of NO production.
The Griess’ reagent assay is a colorimetric assay based on
chemical reaction. The nitrite forms a transient diazonium salt by reaction with a
diazotizing reagent e.g. sulfanilamine (SA) in acidic (phosphoric acid) condition. Then,
this intermediate reacts to form a stable azo compound with N- naphthyl-
ethylenediamine (NED) which is a coupling reagent. The azo compound has intense

purple color resulting from NO2- reaction, so it can be used to measure nitrite
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concentration. If the sample can inhibit NO production, the purple color will be
decreased. The color was assessed with absorbance at 570 nm.

MTT assay

The MTT assay is a colorimetric assay that measures the
amount of cell viability. The assay determines mitochondrial activity. The succinate
dehydrogenase which is an enzyme in mitochondria of viable cell reacts with yellow
3-[4,5-dimethylthiazol-2-yl]-2,5diphenyl tetrazolium bromide (MTT) to form formazan
crystals (dark purple). The organic solvent (e.g. isopropranol) is used to dissolve
formazan, the formazan solution is measured optical density (OD) at 570 nm

Procedure (Tewtrakul & Itharat, 2007)

The RAW264. 7 cell line was cultured in RPMI medium
supplemented with 0.1 % sodium bicarbonate and 2mM glutamine, penicillin G (100
units/ml), streptomycin (100 pg/ml) and 10% fetal bovine serum (FBS). The cells were
cultured in 250 ml flask in CO, incubator at 37 °C. After cell growth filled the flask, the
cells were washed with phosphate buffer saline (PBS) free of magnesium and calcium.
The PBS was poured off and cells harvested with 0.25% trypsin-EDTA and was diluted
to a suspension in a fresh medium. The viable cells were counted by trypan blue
exclusion in hematocytometer. 100 pl of suspended cell medium was seeded into 96
well-plate (10°cell/well or 10°cell’ml) and incubated at 37 °C with 5% CO, for 24
hours. Then, the medium was replaced with LPS 100 pl/ well (except control). The
sample extract was dissolved with DMSO and diluted to different concentrations ( 10,
1, 0.1, 0.01, 0.001 pg/ml) with medium and 100 ul/well were added to 96 well-plate.
After being incubated 24 hours at 37 °C with CO,, 100 pl/well of supernatant was
removed to another 96 wells-plate and 100 pl/well Griess reagent added and OD
detected at 570 nm. 10 pl/well of MTT was added to another 96-well plate and
incubated at 37 °C with CO, for 2 hours. After that, supernatant was removed and
0.04M in HCl added at 100 pl/well. Then, OD was detected at 570 nm. The OD values

were used to produce % inhibition (Griess reagent) and % survival (MTT)
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Data analysis

The ICso was calculated from the dose response curve of %
inhibition. The study was triplicated. The data of ICs, represent mean + standard error

of mean (SEM)

3.1.3.2 Chemical control
1) Total phenolic compounds by Folin- Ciocalteu’ s reagent
assay
Principle

Phenolic compounds are commonly substance in plants.
Phenolic compound contains one or more acidic hydroxyl groups attached to an
aromatic arrene (phynyl) ring that is easily to reduced. There are many available
methods to measure total phenolic compounds. The Folin-Ciocalteu (F-C) assay is a
colorimetric method for this purpose. The F-C reagent is a yellow colored reagent that
is a complex with the heteropoly acid, phosphomolybdic and phosphotungstic acid.
The phenolic compounds transfer electrons in alkaline medium to F-C reagent to form
a blue complex that is defined spectroscopically at approximately 760 nm. However,
this method is not specific and detects all phenolic compounds. The interpretation
needs careful consideration because other oxidation substrates in the sample extract
such as ascorbic acid, sulfur and sulfate dioxide can interfere in an inhibitory, additive
or enhancing way.(Ainsworth & Gillespie, 2007; Abgbor, Vinson & Donnelly, 2014)

Gallic acid is commonly used as standard for calculating total
phenolic compounds. A standard curve was produced from concentrations of gallic
acid and OD at 765 nm. The total phenolic content was calculated as gallic acid
equivalents using a regression equation between gallic acid standard and OD at 765
nm.

Procedure

The stock solution of gallic acid was prepared, with 10.0 mg of

gallic acid dissolved in 10 ml absolute ethanol. The stock solution was diluted to five

different concentrations (100, 80, 40, 20 and 10 pg/ml).
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The sample stock of SHT remedy extract was prepared, with
10 mg of SHT remedy extract dissolved in 10 ml absolute ethanol.
The Folin solution was 10-fold diluted with MQ water and
sodium carbonate anhydrous (Na,CO3) was dissolved with MQ water. (7.5¢ /100 ml)
This procedure was applied to a 96 well-plate. Gallic acid of
every concentration and 20 pl of sample extract was added to a 96 well- plate. Then,
100 pl Folin’ s solution was added, followed by 80 pl Na,CO,. The 96 well-plate was
kept for 30 minutes at room temperature and measured OD at 765 nm.
Data analysis
A regression equation and co-efficient of correlation (r?) of gallic
acid standard was performed. The total phenolic content was calculated as gallic acid
equivalents using regression equation between gallic acid and OD value. The study
was triplicated. The data represent mean+SEM.
2) Piperine content by High Performance Liquid
Chromatography (HPLC)

Chemicals and reagents

The piperine was purchased from Merck, Germany. The other
HPLC grade reagents, including Methanol (MeOH), Acetonitrile(ACN) and Water were
purchased from RCl Labscan, Thailand.

Analytic condition

The analytic condition was performed according to the analytic
of piperine in Benjakul remedy. (Itharat & Sakpakdeejaroen, 2010) Injection volume is
10 pl at room temperature and the flow rate is 1 ml/min. Detection was performed at
340 nm with 70 min runtime. The mobile phase (Water and Acetonitrile) is gradient

elution (Table 3.2) that was filtered through 0.45um Millipore filter.
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Table 3.2 The gradient solvent elution and time setting for piperine content analysis

Time Water Acetonitrile

0 60 a0

30 50 50

50 5 95

60 0 100

65 60 a0

70 60 a0

Instruments

The study was performed on HPLC (Agilent®, LC1200) with
Photodiode array detector (DAD) and autosampler. Analytic column was Luna C18(2)
( Phenomenex®), 250x4. 6 mm, 5 pm. 3. Guard cartridge (C18), 4x3.0 mm
(Phenomenex®) with guard holder.

Procedure

A stock solution of piperine standard was prepared, 1.0 mg of
piperine standard was weighted accurately and dissolved in 1 ml ACN. The stock
solution of piperine standard was diluted to five different concentrations (400, 200,
100, 50 and 25 pg/ml) with ACN, and 1 ml of each concentration prepared. The five
concentrations of piperine standard were injected to produce the standard curve. The
regression equation and co- efficient of correlation (r?) of piperine standard was
performed.

10 mg the sample SHT extract was weight accurately and

dissolved in 1 ml ACN. The sample was injected under the same conditions as piperine.
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The piperine content in sample extract was calculated from the regression equation
of piperine standard.
3.1.4 Encapsulating Sahastara remedy ethanolic extract

The minimum dose of SHT remedy extract for this study is 100 mg.
The SHT remedy extract is sticky and half-fluid, so it is necessary to use capsule No.0
(500 mg) to encapsulate the SHT remedy extract. The best formulation was Rx3 which
was showed low moisture and easiest to encapsulation. The formulation for SHT
remedy extract capsule includes drug excipients as shown in Table 3.3. These were
mixed together. The SHT remedy extract capsules passed standard quality parameters

including contaminant testing, weight variation and disintegration time.

Table 3.3 The formula of Sahastara remedy capsules

Weight (mg)
Ingredients
Rx1 Rx2 Rx3 Rx 4 Rx5
SHT remedy extract 100 100 100 100 100
Avicel® 101 100 150 175 195 195
Avicel® 102 200 100 195 195 175
Aerosil - = il il q
Magnesium stearate 4 a 4 4 4
Lactose 50 50 = = -
Total 454 404 478 498 478

3.1.4.1 Stability test
The stability test will take place under accelerated conditions
(40 °c and 75% RH). The SHT remedy extract capsules were stored for 8 different
duration times, namely 0, 15, 30, 60, 90, 120, 150 and 180 days. Then, the NO
production inhibition assay and determination of piperine by HPLC was performed on

SHT remedy extract capsules for each time interval, and compared with DayO.

Ref. code: 25605711301548IKQ



33

3.2 Clinical Part
3.2.1 Research design
This study is an open label, clinical trial phase 1 on healthy
volunteers.
3.2.2 Subject

The volunteers were recruited followed the criteria below

3.2.2.1 Inclusion criteria

1) Both sexes aged between 20-45 years

2) No pregnancy, the female who were reproductive age or
married must have contraception. (Pregnancy test performed to confirm in uncertain
cases)

3) No serious medical condition that considered from
history taking, complete physical examination and laboratory results ( CBC, FBS,
Cholesterol, Triglyceride, HDL-c, LDL-c, BUN, Cr, Liver function test) within 1 month of
study beginning

a) No addictive substances

5) Not while during taking supplementary food or vitamins
(stop using at least 7 days before recruited in the study)

6) Co-operated with recommendations during the study

7) Not be participant in another study

3.2.2.2 Exclusion criteria

1) Hypertensive disorder ( Blood pressure more than
140/90 mm.Hg.)

2) BMI > 30 kg/m?

3) Has serious underlying disease including peptic ulcer,

GERD, liver or renal dysfunction

4) Currently using medicine including phenyltoin,

propranolol, theophylline and rifampicin

5) Hypersensitivity with medicinal plants in SHT remedy
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3.2.2.3 Discontinuation criteria

1) Serious adverse drug reaction related with SHT remedy
such as edema, severe nausea and vomiting, chest discomfort and/ or liver enzymes
(AST, ALT) and blood urea nitrogen (BUN) increased more than 2.5 times upper normal
limit (UNL) and/or creatinine increased more than 1.5 times UNL

2) The doctor decides to discontinue medication from
serious GI symptoms

3) The female volunteers want to be pregnant.

a) Non- cooperation with recommendations during the
study

3.2.2.4 Stopping rule

If the volunteers develop a life-threatening condition related
with SHT remedy, or related to any causes, the whole study will stop.
3.2.3 Sample size
This study is a clinical trial phase 1 that was performed on at least
10 healthy volunteers. The study was performed with 2 different doses of SHT remedy
extract capsules. Thus, 12 males and 12 females volunteers were needed for the
clinical safety study and also the same number of volunteers in the pharmacokinetics
study. There are 48 healthy volunteers in total were recruited into the study; 24 males
and 24 females were recruited into the study
3.2.4 The clinical safety of Sahastara ethanolic extract capsules in
healthy volunteers
3.2.4.1 Drug and chemistry
The capsules used in the study contain 100 mg of SHT
ethanolic extract. The SHT ethanolic extract capsules passed quality control standards.
3.2.4.2 Procedure
The volunteers received information about the study and were
advised to report to the investigator and sign in the consent form. The screening
included history taking, complete physical examination, blood and urine collection for
laboratory testing (complete blood count, fasting blood sugar, lipid profile, liver

function, renal function and urine analysis). The eligible volunteers were recruited into

Ref. code: 25605711301548IKQ



35

the study. They were divided into 2 groups by doses, 6 males and 6 females each
group, for 300 mg/day and 600 mg/day of SHT remedy extract capsules. In dose 300
me/ day, the volunteers each received 100 mg SHT remedy extract 1 capsule before
meals 3 times per day while dose 600 mg/day received 100 mg SHT remedy extract 2
capsules before meal 3 times per day. They received SHT capsules for 28 days. The
follow up was performed every 14 days (day 14, day 28) and also performed for 14
days after the last capsules had been taken (Day42).
The study began with 300 mg/day. If there is no problem in
the trial of 300 mg/day, the study on 600 mg/day dose was begun.
3.2.4.3 Data analysis
The history taking, complete physical examination and daily
note was used to evaluate side effects in the safety aspects. The laboratory test data
including liver function test and renal function test were represented as mean+ SD.
The repeated measure ANOVA was used to compare value change from baseline, P-
value<0.05 indicating a significant difference.
3.2.4.4 Ethical issue
The study on clinical safety was approved by the Medical
Ethics Committee of the Faculty of Medicine, Thamsnmasat University (registry number

MTU-EC-TM-1-179/57).

3.2.5 The clinical pharmacokinetics of SHT remedy ethanolic extract
capsules in healthy volunteers
3.2.5.1 Drug and chemistry
The capsules containing 100 mg of SHT ethanolic extract were
used in the study. The SHT ethanolic extract capsules passed quality standards.
3.2.5.2 Procedure
The healthy volunteers received information about the study
and were advised to report to the investigator and sign the consent form. Screening
was performed including history taking, complete physical examination, blood and
urine collection for laboratory tests (complete blood count, fasting blood sugar, lipid

profile, liver function, renal function and urine analysis). The eligible volunteers were
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recruited into the study. They were divided into 2 groups by dose, 6 males and 6
females each group, for 100 mg and 200 me. The volunteers were appointed for
admission at the Thammasat University hospital. The volunteers must have had
nothing through the mouth at least 8 hours (fasting) before admission to hospital. At
the hospital, history taking, complete physical examination and laboratory test data
were recorded as baseline data (time 0). Then, the volunteers received a single oral
dose of SHT remedy capsules according to which dose they were assigned, 1 capsule
for 100 mg dose and 2 capsules for 200 mg dose. Not more than 240 ml drinking water
was permitted for taking medicine. 10 ml of blood was collected in heparin tubes at
the following times: 0.5, 1, 2, 4, 6, 8, 12, 18, 24 and 48 hours. All urine was collected
over 24 hours after taking SHT capsules. Then, 100 ml of urine sample was taken for
piperine measurement.

The whole blood at each time point was centrifuged at 3000
rom for 10 min, at 4 °c to separate serum and red blood cells (RBC). 4 ml of serum
and 4 ml of red blood cells were kept in 4 tubes (1 ml/tube), 1 tube for PK study 1
tube for blood chemistry analysis and 2 tubes for reserve. These samples were stored
at -20 or -80 °c until analysis with LC-MS/MS.

3.2.5.3 Data analysis

The pharmacokinetic parameters were calculated by non-
compartmental analysis using PK solution 2.0™ (Summit Research Service, USA).
Maximum concentration of piperine (C.) and time to maximum concentration of
piperine (T.,) were obtained directly from plasma concentration-time profile of each
individual. The area under curve (AUC) was obtained by trapezoidal method from
concentration-time profile of piperine from time zero to observed time (0-t). The data
represents mean+SD. Comparison of pharmacokinetics parameters between the two
dosages of SHT remedy was performed by Mann-Whitney U test, with P-value<0.05
indicating a significance difference.

3.2.5.4 Ethical issue

The study on clinical pharmacokinetics was approved by the

Medical Ethics Committee of the Faculty of Medicine, Thammasat University (registry

number MTU-EC-TM-6-121/58)
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 Preclinical part

4.1.1 Extraction
The SHT remedy extract was a brown color and sticky. The

percentage of yield is 9.80% (Figure 4.1)

Figure 4.1 The Sahastara remedy ethanolic extract

4.1.2 Quality control of Sahastara remedy ethanolic extract
4.1.2.1 Biological activity control
1) Nitric oxide production inhibition activity (Griess’s reagent
assay)

The SHT remedy ethanolic extract was tested anti-
inflammatory activity to establish potency standard level of potency for quality
control. The results show SHT remedy extract has anti-inflammation activity by NO
production inhibition as ICsg = 6.274+0.796 pg/ml which was accepted by quality
control criteria and related with previous study which ICsy value have to less than 30

ug/ml.(Kanokkangsadal et al., 2013; Pinsornsak et al., 2015) (Table 4.1)
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Table 4.1 Anti-inflammation activity of SHT remedy ethanolic extract by NO inhibition

Mean of
Concentration ICsg
Extract N %inhibition %survival IC502SEM
(pg/mU) (ug/mU)
(ug/ml)
10 92.23 108.19
1 24.52 107.36
1 6.010
0.1 5.32 103.98
0.01 -0.96 106.36
10 88.30 81.57
SHT remedy 1 19.32 1531903
2 7.766
(95%ethanol) 0.1 286 104.07 6.274+0.796
0.01 -5.20 126.12
10 75.59 98.56
1 26.26 85.06
3 5.047
0.1 12.58 89.49
0.01 9.46 91.96

In addition, the same criterion was used in the study of SHT

remedy powder drug in OA knee patients. The previous study demonstrated good

efficacy to reduce pain in OA knee patients. This current study can support that the

anti-inflammatory value of SHT remedy related the potency level of the previous

study. Thus, the anti-inflammatory value by NO inhibition which exhibit good efficacy

should be used for standardized SHT ethanolic extract in the future

4.1.2.2 Chemical control

1) Total phenolic content by Folin-Ciocalteu’s reagent assay

The Total phenolic content was performed for chemical

quality control. The SHT remedy extract showed 42.69+3.18 mg.GAE/g.extract which

passed chemical control criterion (not less than 30 mg.GAE/g.extract).(Kanokkangsadal

et al., 2013) (Table 4.2)
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Table 4.2 Total phenolic content of SHT remedy ethanolic extract

Total phenolic content Mean +SEM
Extract n
(mg.GAE/g.extract) (mg.GAE/g.extract)
1 38.00
SHT remedy
48.75 42.69+3.18
(95% ethanol)
3 41.33

Total Phenolic contents was a quality measurement that a
previous study also proposed. It was an easy method to establish chemical content in
SHT remedy without complicated method. Although the phenolic content is not
directly related to the biological activity, it confirmed the good chemical quality of
SHT remedy ethanolic extract. The previous study was proposed a phenolic content
was not less than 30 mg. GAE/g.extract. In this current study SHT remedy extract
showed a higher the phenolic content than that.

2) Piperine content by High Performance Liquid
Chromatography (HPLC)

Piperine from SHT remedy ethanolic extract was analyzed by
HPLC. The retention time of piperine was 18-20 minutes (Figure 4.2). There is 224.94
me/ ¢ of piperine in SHT remedy ethanolic extract. It passed the acceptable standard
of 190 mg/g extract. These results refer to the efficacious dose of SHT remedy powder

drug in OA knee patients.(Pinsornsak et al., 2015)
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Figure 4.2 Piperine content in SHT remedy ethanolic extract

There are many studies showing that piperine was related to
anti-inflammatory activity and it is the main compound to reduce pain.(Meghwal &
Goswami, 2013) The clinical study of SHT remedy powdered drug in OA knee patients
showed that piperine approximately 190 mg/¢ extract has good efficacy to reduce
pain and inflammation. It may be assumed that piperine content in SHT ethanolic
extract at lease190 mg/g extract will be an efficacious dose to use forclinical trials in
the future, so this study used the same criteria to determine the chemical content of

SHT ethanolic extract for quality control of drug.

4.1.3 Encapsulating Sahastara remedy ethanolic extract
The standardization of SHT remedy ethanolic extract capsules was
performed including moisture test (loss on drying), weight variation, disintegration
time and contamination test. The SHT remedy extract capsules was passed the

standard requirements. (Table 4.3)
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Table 4.3 The quality standards of SHT remedy ethanolic extract capsules (Ministry of

Pulic Health, 1998)

Standard
Quality control testing Result Summary
value

Moisture test (Loss on drying) 8.12% <10 % Pass
Bacterial contamination <10 CFU/¢ <5x10° CFU/g Pass
Yeast & Mold contamination 10 CFU/g <5x10° CFU/g Pass
Disintegration time 14.01minutes < 30 minutes Pass
Weight variation: average

534 mg >462.5 mg Pass

weight*

* No more 2 capsules had weight difference >5% of average weight.

Not only SHT remedy extract pass quality standards, but also the

capsule of SHT remedy extract has to pass quality standards as dosage form. The

quality control was performed according to Thai herbal pharmacopeia. The results

confirm that the capsules of SHT extract were safe because they were no contaminate

from microbes and all capsules had the same quality.

4.1.4 Stability test

The stability test was performed to confirm that SHT remedy

extract capsule has long enough shelf life for the whole study. The stability of SHT

ethanolic extract capsule by using accelerated condition was indicated by biological

activity (NO inhibition) and chemical content (Piperine content).
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4.1.4.1 Nitric oxide production inhibition test

The SHT extract capsules were kept in accelerated conditions
for 180 days. The capsules were sampling at different time interval, namely at day 15,
30, 60, 90 120, 150 and 180. The samples were extracted and tested for anti-
inflammatory activity by NO inhibitions compared with baseline (Day 0). The results
showed ICs, of SHT extract capsules was not significantly different from baseline data
(P>0.05). Moreover, the mean of ICs, in NO inhibition passed the acceptable value of
anti-inflammatory activity (ICsq <30 pg/ml) in every time points (Table 4.4). It assumed
that SHT remedy extract has potent NO inhibition activity when stored at room

temperature for 2 years. (ICH, 2003)

Table 4.4 The NO inhibition testing in stability study by accelerated condition

Sample Mean of ICsin NO +SEM P-value*

(n=3) inhibition (ug/mU)

Day 0 2.56 0.81 N/A
Day 15 1.88 1.01 0.525
Day 30 4.86 1.69 0.213
Day 60 6.13 2.11 0.141
Day 90 5.79 1.75 0.77
Day 120 4.43 1l 0.289
Day 150 2.03 0.74 0.406
Day 180 1.11 0.59 0.398

¥ Statistical analysis ; Paired t-test which compared with Day0, N/A ; not analysis, singnificant
diferent (p<0.05)
4.1.4.2 Piperine Content by HPLC
The capsules of SHT remedy extract were stored in accelerated
conditions (40 °c+75%HR) for 0, 15, 30, 60, 90, 120, 150 and 180 days. The result show
piperine content of SHT ethanolic extract capsule was not less content than 19
mg/ capsule so, it also passed the acceptable requirement of SHT remedy extract.

(Table 4.5)
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Sample Piperine content (mg/capsule) %piperine
Day 0 24.35+0.21 100+0.00
Day 15 22.20+0.21 91.19+0.01
Day 30 22.50+0.14 92.41+0.32
Day 60 33.30+0.23 136.79+0.63
Day 90 22.83+0.27 93.77+0.33
Day 120 23.18+3.83 95.17+14.77
Day 150 25.84+0.08 106.14+1.56
Day 180 23931391 98.27+16.93

Data represented by mean+SD

Piperine content at each time was not less than 90% when

compared with day 0. There is no significant different when compare between day 0

and at each time points. (Figure 4.3) From this result assumed that the SHT remedy

ethanolic extract capsule could be stored in room temperature for 2 years without

losing of piperine content following by acceleration stability ICH harmonised tripartite

guided line method.

160
140
120
100
80
60
40
20

%PIPERINE

DAY 0O DAY 15 DAY 30 DAY 60 DAY 90 DAY 120 DAY 150 DAY 180

TIME

Figure 4.3 Percentage of piperine at each time, the significant difference at

each time was compared with Day 0 (P>0.05)
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4.2 Clinical Part

4.2.1 The clinical safety of Sahastara remedy ethanolic extract
capsules in healthy volunteers
4.2.1.1 Baseline Characteristics

A total of twenty-four eligible volunteers were recruited into
the study. No volunteer was excluded from the study, so all volunteers completed
the study. (Figure 4.4) There was no significant difference between the two dose groups
in baseline characteristics including sex, age, body mass index (BMI), systolic blood
pressure (SBP), diastolic blood pressure (DBP), blood urea nitrogen (BUN), creatinine,
aspartate aminotransferase ( AST), alanine aminotransferase ( ALT) and alkaline
phosphatase (ALP). All volunteers showed good compliance with average of more than

90% that was assessed from daily notes and count of remaining capsules. (Table 4.6)

Table 4.6 Baseline Characteristics of volunteers in clinical safety study

Results
Baseline characteristics P-value**
SHT 300 mg/day SHT 600 mg/day

Sex (n, %) 12 (100%) 12(100%)

Male 6 (50%) 6(50.0%) 1.000°

Female 6 (50%) 6(50.0%)
Age (years) 29.17 (5.33) 29.17(5.32) 0.954™
Body mass index : BMI (kg/m?) 22.72 (3.05) 21.48(3.48) 0.143™
Systolic blood pressure :SBP (mm.Hg) 105.83 (11.65) 110.83(10.84) 0.378™
Dyastolic blood pressure : DBP (mm.Hg) 73.75(7.11) 75.83(9.00) 0.630™
Blood urea nitrogen : BUN (mg/dL) 11.96(3.60) 10.24(2.45) 0.370™
Creatinine (mg/dL) 0.82(0.18) 0.80(0.19) 0.751™
AST (U/L) 20.75(5.28) 18.58(3.15) 0.309™
ALT (U/L) 34.50 (16.21) 24.83(7.58) 0.2717
ALP (U/L) 67.75(14.01) 71.92(26.63 0.514™

"Data represent ; mean(SD) **Statistical analysis; © chi-square-test,” Mann-whitney U test
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4.2.1.2 Adverse Events (AEs)

a5

Abdominal discomfort was the most common AE that was

found in both dose groups. It was found in 600 meg/day group more than 300 mg/day

(as 66.67% and 58.33% respectively). The severity of abdominal discomfort was mild

to moderate grade. However, the abdominal discomfort, in most volunteers

(approximately 50% ), was relieved after taking the capsule for 2 weeks. The second

AE was belching in the 300 mg/day dose groups while hot bodily sensation was second

AE, occurring in the 600 mg/day dose groups. It was similar to the abdominal discomfort

in that it was relived about 14 days after take medicine. It may indicate that the higher

dose causes more side effects. Either way, the hot bodily sensations is a more serious

side effects than belching. (Table 4.7)

Table 4.7 Adverse events in clinical safety study

SHT 300 mg/day (n=12)

SHT 600 mg/day (n=12)

Adverse events
n (%)

Day
1-14

Body hot sensation 3(25)
Abdominal discomfort 7(58.33)
Dry lip and throat 4(33.33)

Dizziness 2(16.67)
Nausea 1(8.33)
Sleepy 4(33.33)

Diarrhea 1 (8.33)

Belch 6(50)

3e,g,h
6a,c—d,e,g,i-j
4d,g,i
18
0
380
1%

6a,c—e,g,i

Day Day Day
n (%)
1-14 15-28  29-42
7(58.33) 7MoPntux  3tux 0
8(66.67) 8MOLVWX  3mux 0
1(8.33) 19 19 1
1(8.33) 1° 0 0
0(0) 0 0 0
4(33.33) gntvw 0 0
3(25) 3NV onx 0
6(50) gMOoPSts 3PS 0

Data represented as amount of person, a-x = volunteers number 1-24
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Enrollment Assessed for eligibility (n=26)

y

Screening (n=26)

® History taking, Complete Physical

a6

Exclude (n=2)

® Not meeting

examinations

® |aboratory test

Randomized

(n=24)

v

\4

inclusion criteria
(n=2)
® Declined to

participate (n=0)

v

v

Allocated to SHT remedy 100 mg (n=12)

® Received SHT remedy 100 mg

(h=12) Allocation

® Did not receive allocated intervention

Allocated to SHT remedy 200 mg (n=12)
® Received SHT remedy 100 mg (n=12)

® Did not receive allocated

intervention (n=0)

(n=0)
v v
Follow-up (14 Days) Follow-up (14 Days)
® [ost follow-up (n=0) ® | ost follow-up (n=0)
® Discontinued intervention (n=0) Follow- UPJ ® Discontinued intervention (n=0)

Follow-up (28 Days) Follow-up (28 Days)
® | ost follow-up (n=0) ® |ost follow-up (n=0)
Follow- up
® Discontinued intervention (n=0) ® Discontinued intervention (n=0)

v

Follow-up (42 Days)

® Lost follow-up (n=0)
Follow- up

® Discontinued intervention (n=0)

Follow-up (42 Days)

® |ost follow-up (n=0)

® Discontinued intervention (n=0)

® Exclude from Analysis (n=0)

Analysed (n=12) Analysed (n=12)

®  Exclude from Analysis (n=0)

Figure 4.4 Flow chart of study on clinical safety in healthy volunteers
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There are few reports on SHT remedy extract especially in
human applications. Powdered SHT drug has been studied on OA knee patients. This
current study is the first SHT remedy extract study on humans. The doses of 300 and
600 mg/ day are close to efficacious dose in OA knee patients which was calculated
from percentage of yield of SHT remedy extract (approximately 10%). (Pinsornsak et
al., 2015) The results related with the previous study on safety of SHT powder drug
where abdominal discomfort was found as the most common AEs. The AEs may be
explained as arising from spicy medicinal plants in SHT remedy such as Piper species
(pepper, long pepper) with piperine as a major constituent. (Pinsornsak et al., 2015)
Piperine is a pungent alkaloid and might be the reason for AEs in this current study.
This study is supported by A study of piperine which is an agonist of transient receptor
potential vanilloid 1 (TRPV-1).(McNamara, Randall, & Gunthrope, 2005) The receptor is
believed to transduce the sensation of noxious heat and pain.(Caterina, 2003) TRPV1
expressing sensory nerve is found in the stomach and duodenum.(Holzer, 2002) In
addition, TRPV1 activation also stimulates the thickening of a protective layer in the
stomach and duodenum.(Akiba et al., 2001) It may explain the reduction of side effects
after taking SHT remedy for 2 weeks. The SHT remedy extract shows similarity to a
study on Benjakul (BJK) remedy extract which contains piperine as a main compound.
The most common side effect of BJK in healthy volunteers was abdominal discomfort.
The side effect was also relieved after taking the medicine for 2 weeks.(Amorndoljai,
Kietinun, & Somparn, 2011)

4.2.1.3 Blood Pressure; BP

Blood pressure is an important issue with SHT remedy because
SHT remedy is to be used with caution in hypertensive patients. Blood pressure was
monitored in this study.

Blood Pressure of SHT remedy ethanolic extract 300
mg/day

Systolic Blood Pressure (SBP) and Dyastolic Blood pressure
(DBP) had reduced from Day0. Only DBP in Day 28 showed significant decrease from

Day0 (P<0.05). However, blood pressure was not changed outside the normal ranges.
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It may be assumed that SHT remedy 300 mg/day did not affect blood pressure in

healthy volunteers. (Table 4.8)

Table 4.8 Blood pressure monitoring of SHT ethanolic extracts capsules 300 mg/day

SBP (mm.Hg.)
Day0 Day 14 Day 28 Day 42
(ref. range<140)

Day0 105.83(11.65)  106.67(8.88)  100.00(7.11) 103.33(6.51)
P-value* 0.773 0.149 0.490
Day 14 100.00(7.11) 103.33(6.51)
P-value* 0.054 0.305
Day 28 103.33(6.51)
P-value* 0.206

DBP (mm.Hg.)
Day 0 Day 14 Day 28 Day 42
(ref. range <90)

Day0 7 35781 138s3(600) 70.00(4.26) 69.17(2.88)
P-value* 0.949 0.034 0.058
Day 14 70.00(4.26) 69.17(2.88)
P-value* 0.102 0.096
Day 28 69.17(2.88)
P-value* 0.564

*Statistical analysis = Wilcoxon sign rank test

600 mg/day

Blood Pressure of SHT remedy ethanolic extract capsule

In the same manner as 300 mg/day, DBP and SBP of SHT extract

capsules 600 mg/day reduced from Day0. SBP on Dayl4 and Day32 were significant

decrease from Day0. DBP on Day32 was significantly decreased from DayO and Day28.

However, these changes did not exceed the reference ranges. These results show SHT
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remedy extracts capsule 600 meg/ day did not affect blood pressure in healthy
volunteers when used for 28 days. (Table 4.9)

Table 4.9 Blood pressure monitoring of SHT extracts capsules 600 mg/day

SBP (mm.Hg.)
Day0 Day 14 Day 28 Day 42
(ref. Range < 140)
Day0 110.83(10.83)  104.17(9.96)  106.67(8.88) 101.67(8.35)
P-value* 0.023 0.206 0.005
Day 14 106.67(8.88) 101.67(8.35)
P-value* 0.317 0.366
Day 28 101.67(8.35)
P-value* 0.124
DBP (mm.Hg.)
Day 0 Day 14 Day 28 Day 42
(ref. Range < 90)
Day0 75.83(9.00) 72.92(6.89) 73.33(6.51) 70.00(4.26)
P-value* 0.149 0.257 0.020
Day 14 73.33(6.51) 70.00(4.26)
P-value* 0.888 0.066
Day 28 70.00(4.26)
P-value* 0.046

*Statistical analysis = Wilcoxon sign rank test

Blood pressure comparison between SHT remedy 300
mg/day and 600 mg/day

The comparison of BP between 2 dose groups show a
statistically significant difference in SBP and DBP but these changes did not exceed the

reference range. These results could be indicated that dose of SHT remedy might be
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related with changing of blood pressure. It showed trend of reducing blood pressure.

However, this effect need more study to establish a link. (Table 4.10)

Table 4.10 Blood pressure compared between 2 dose groups

Results’
Physical .
Follow up P-value
examination SHT 300 SHT 600
mg/day (n=12) mg/day (n=12)
Day 0 105.83(11.65) 110.83(10.83)
SBP Day 14 106.67(8.88) 104.17(9.96)
0.048
(ref. <140 mm.Hg.) Day 28 100.00(7.11) 106.67(8.88)
Day 42 103.33(6.51) 101.67(8.35)
Day 0 73.75(7.11) 75.83(9.00)
DBP Day 14 73.33(6.51) 72.92(6.89)
0.005
(ref. <90 mm.Hg.) Day 28 70.00(4.26) 73.33(6.51)
Day 42 69.17(2.88) 70.00(4.26)

* = data represented by mean(SD), ** = statistical analysis : Friedman’s test

Although SBP and DBP had significantly reduced from baseline

in both dose groups and was significantly different between the 2 groups, it was not

outside the reference range. It can be assumed that SHT remedy ethanolic extract

does not affect blood pressure. This current study is related with the study of piperine
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and SHT remedy in hypertensive rats that demonstrated piperine and SHT remedy did
not affect blood pressure in hypertensive and normal wistar rats. In addition, SHT
remedy showed vasorelaxation effect by increased acetylcholine and
vasculoprotective effect in nitric oxide impaired rats.(Booranasubkajorn et al., 2017)
This study also confirms the previous work with OA knee patients that showed no
significant change in blood pressure from baseline when powdered SHT remedy was
taken for 28 days. For the above reasons, SHT remedy extract is not only appropriate
to use in OA knee patients, but also might be considered for use in hypertensive
patients that often present in elderly people as well as OA knee. Moreover, the
precaution of SHT remedy in hypertensive patients should be reconsidered and
discussed.
4.2.1.4 Renal functions

Renal function of SHT remedy ethanolic extract 300
mg/day

The renal function (BUN and creatinine) was performed to
monitor safety. The SHT remedy 300 mg/day showed statistically significant increase
only in BUN of Dayl4 when compared with Day 0. However, the increased was not
outside the reference range. It assumed that SHT remedy extract capsule did not affect

BUN. (Table 4.11)

Table 4.11 BUN monitoring of SHT remedy ethanolic extract capsules 300 mg/day

BUN (mg/dL)

Day 0 Day 14 Day 28 Day 42
(ref. range = 7.0-18.0)
Day0 11.96(3.60) 13.36(4.05) 11.51(1.96) 11.65(2.54)
P-value* 0.041 0.530 0.666
Day 14 11.51(1.96) 11.65(2.54)
P-value* 0.158 0.060
Day 28 11.65(2.54)
P-value* 0.814

*Statistical analysis = Wilcoxon sign rank test
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In the same way, creatinine of 300 mg/day group did not show

significant difference within groups. The results show SHT remedy extract capsules did

not affect creatinine. (Table 4.12)

Table 4.12 Creatinine monitoring of SHT remedy ethanolic extract capsules 300 mg/day

Creatinine (mg/dL)

Day 0 Day 14 Day 28 Day 42
(ref. range = 0.7-1.3)
Day0 0.82(0.18) 0.84(0.18) 0.83(0.19) 0.83(0.16)
P-value* 0.167 0.875 0.474
Day 14 0.83(0.19) 0.83(0.16)
P-value* 0.349 0.858
Day 28 0.83(0.16)
P-value* 0.894

*Statistical analysis = Wilcoxon sign rank test

Renal function of SHT remedy ethanolic extract capsules

600 mg/day

The renal function (BUN and creatinine) was performed to

monitor safety. The BUN of SHT remedy 600 mg/day showed statistically significant

decrease when Day 14 is compared with Day 0 while Day 42 show significant increase

after stopping taking medicine. However, BUN was not changed more than the

reference range. It may be assumed that SHT remedy 600mg/day did not affect BUN.

(Table 4.13)
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Table 4.13 BUN monitoring of SHT remedy ethanolic extract capsules 600 mg/day

BUN (mg/dL)

Day 0 Day 14 Day 28 Day 42
(ref. range = 7.0-18.0)
Day0 10.24(2.45) 9.09(2.85) 9.45(2.81) 12.26(3.08)
P-value* 0.036 0.136 0.045
Day 14 9.45(2.81) 12.26(3.08)
P-value* 0.432 0.019
Day 28 12.26(3.08)
P-value* 0.041

*Statistical analysis = Wilcoxon sign rank test

Similarly, for creatinine, the results show no statistically

significant difference within group. Even though creatinine was slightly increased from

baseline, it still is in normal range. It may be assumed that the SHT extract capsules

600 mg/day did not affect to creatinine. (Table 4.14)

Table 4.14 Creatinine monitoring of SHT remedy ethanolice extract capsules 600 mg/day

Creatinine (mg/dL)

Day 0 Day 14 Day 28 Day 42
(ref .range = 0.7-1.3)
Day0 0.79(0.20) 0.83(0.18) 0.84(0.21) 0.78(0.19)
P-value 0.230 0.091 0.723
Day 14 0.84(0.21) 0.78(0.19)
P-value 0.323 0.075
Day 28 0.78(0.19)
P-value 0.050

*Statistical analysis = Wilcoxon sign rank test
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Renal function comparison between SHT remedy ethanolic
extract capsules 300 mg/day and 600 mg/day

The results of renal functions compared between SHT remedy
300 mg/day and 600 me/day show no significant difference between dose groups
either BUN or creatinine. (Table 4.15)

Table 4.15 Renal functions comparison between 2 dose groups

Laboratory Follow up fesllt P-value**
SHT 300 mg/day SHT 600 mg/day

Day 0 11.96(3.60) 10.24(2.45)

BUN (mg/dL) Day 14 13.36(4.05) 9.09(2.85) 0.684
(ref. range = 7.0-18.0) Day 28 11.51(1.96) 9.45(2.81)
Day 42 11.65(2.54) 12.26(3.08)
Day 0 0.82(0.18) 0.79(0.20)
Creatinine (mg/dL) Day 14 0.84(0.18) 0.83(0.18)

(ref .range 0.7-1.3) Day 28 0.83(0.19) 0.84(0.21) 0.129
Day 42 0.83(0.16) 0.78(0.19)

*Data represent = mean(SD) , ** Statistical analysis = Friedman’s test

The SHT extracts either 300 or 600 mg/day dose did not show
toxicity on renal functions which is similar to the report on toxicity in rats that
demonstrated SHT extract single oral dose 5,000 mg/kg body weight in rats and the
SHT extract at the dose 10, 100 and 1,000 mg/ kg body weight oral feeding daily for
270 days did not show significant acute or chronic toxicity in rats. ( Itharat &
Sireeratawong, 2014) It also agrees with the SHT remedy powder drug in OA knee
patients that did not show toxicity on renal functions. BUN and creatinine values in
both doses did not change, before, during or after finishing the medicine. This confirms

that SHT remedy is safe to use in human without renal toxicity.
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4.2.1.5 Liver functions
Liver function of SHT remedy 300 mg/day
The liver functions including AST, ALT and ALP were also
performed to monitor safety especially for long term continuous use. The AST of 300
mg/ day showed slightly increase after start SHT extract capsules and turn to baseline
after stop the SHT extract capsules. However, the results showed no statistically
significant difference within groups and changed values were within normal range. In

the other words, there is no impact on clinical practice. (Table 4.16)

Table 4.16 The AST of SHT remedy ethanolic extract capsules 300 mg/day

AST E) Day 0 Day 14 Day 28 Day 42
(ref. range 15-37)
Day0 20.75(5.28) 21.33(8.51) 22.58(9.81) 18.83(4.41)
P-value* 0.969 0.637 0.197
Day 14 22.58(9.81) 18.83(4.41)
P-value* 0.878 0.271
Day 28 18.83(4.41)
P-value* 0.285

*Statistical analysis = Wilcoxon sign rank test
The ALT of 300 mg/day in day 42 (after finishing SHT) shows

significant decreased when compared with day0 (P=0.012) and day 28 (P=0.009).

However, the ALT change was still within the normal range. (Table 4.17)
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Table 4.17 The ALT of SHT remedy ethanolic extract capsules 300 mg/day

ALT (U/L)
Day 0 Day 14 Day 28 Day 42
(ref. range 30-65)

Day0 34.50(16.21)  3292(16.10)  34.32(16.91)  29.00(12.76)

P-value* 0.582 0.918 0.012
Day 14 34.32(16.91)  29.00(12.76)

P-value* 0.366 0.074
Day 28 29.00(12.76)

P-value* 0.009

*Statistical analysis = Wilcoxon sign rank test

The ALP of SHT extract capsules 300 mg/ day show no

significant difference within the group. There is no changing outside the reference

range. (Table 4.18)

Table 4.18 The ALP of SHT remedy ethanolic extract capsules 300 mg/day

ALP (U/L)

Day 0 Day 14 Day 28 Day 42
(ref.range 50-136)

Day0 67.75(14.01)  66.25(13.89)  66.17(14.20)  66.00(12.68)

P-value” 0.260 0.443 0.476
Day 14 66.17(14.20)  66.00(12.68)

P-value” 0.812 0.656
Day 28 66.00(12.68)

P-value” 0.812

*Statistical analysis = Wilcoxon sign rank test
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Liver function of SHT remedy ethanolic extract capsule 600
mg/day

The AST of 600 mg/day was not significantly different from
baseline data and still within reference range. In the other words, the SHT extract

capsules did not affect AST. (Table 4.19)

Table 4.19 The AST of SHT remedy ethanolice extract capsules 600 mg/day

AST (UL) Day 0 Day 14 Day 28 Day 42
(ref. range 15-37)
Day0 18.58(3.15) 19.58(3.80) 18.92(3.85) 18.58(5.90)
P-value* 0.287 0.682 0.694
Day 14 18.92(3.85) 18.58(5.90)
P-value* 0.474 0.199
Day 28 18.58(5.90)
P-value* 0.752

Data represent = mean(SD) *Statistical analysis = Wilcoxon sign rank test

The ALT of SHT extracts 600 mg/day showed slight increase
from baseline even after finishing SHT extract capsules. However, on day 28, it is
significantly different from baseline data (P=0.020). The changing of ALT was not
outside the reference range. In other words, the effect of 600 mg/day of SHT extract

capsules was not significant in clinical terms of ALT. (Table 4.20)
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Table 4.20 The ALT of SHT remedy ethanolic extract capsules 600 mg/day

ALT (UL) Day 14 Day 28 Day32
(ref. range 30-65)
Day0 24.83(7.58) 26.67(9.34) 28.75(9.44) 30.25(10.15)
P-value* 0.372 0.020 0.062
Day 14 28.75(9.44) 30.25(10.15)
P-value* 0.193 0.146
Day 28 30.25(10.15)
P-value* 0.609

*Statistical analysis = Wilcoxon sign rank test

In similar fashion to AST, ALP did not show significant changing

from baseline data over 32 days. The results show that SHT extract capsules at 600

mg/day did not affect ALP. (Table 4.21)

Table 4.21 The ALP of SHT remedy ethanolic extract capsules 600 mg/day

ALP (U/L) Day 14 Day 28 Day32
(ref. range 50-136)
Day0 71.92(26.63)  71.08(22.82) 68.58(24.26) 70.75(24.70)
P-value* 0.688 0.119 0.814
Day 14 68.58(24.26) 70.75(24.70)
P-value* 0.184 0.969
Day 28 70.75(24.70)
P-value* 0.271

*Statistical analysis = Wilcoxon sign rank test
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Even though liver functions of 300 mg/day and 600 mg/day

show some statistically significant variation within groups, it is not significant in clinical

practice. The results of all liver functions also show no significant difference when

compared between 300 mg/day and 600 mg/day. (Table 4.22)

Table 4.22 The comparison of liver functions between 2 dose groups

Results”
Laboratory Follow up P-value**
SHT 300 mg/day SHT 600 mg/day
Day 0 20.75(5.28) 18.58(3.15)
AST (U/L) Day 14 21.33(851) 19.58(3.80)
0.354
(ref. range 15-37) Day 28 22.58(9.81) 18.92(3.85)
Day 42 18.83(4.41) 18.58(5.90)
Day 0 34.50(16.21) 24.83(7.58)
ALT (U/L) Day 14 32.92(16.10) 26.67(9.34)
0.224
(ref. range 30-65) Day 28 34.32(16.91) 28.75(9.44)
Day 42 29.00(12.76) 30.25(10.15)
Day 0 67.75(14.01) 71.92(26.63)
ALP (U/L
(UL Day 14 66.25(13.89) 71.08(22.82)
(ref. range 50- 0.697
136) Day 28 66.17(14.20) 68.58(24.26)
Day 42 66.00(12.68) 70.75(24.70)

*Data represent = mean(SD) , ** Statistical analysis = Friedman’s test

4.2.1.6 Blood chemistry (GBS, Lipid profile, Blood electrolyte)

Other blood chemistry tests were also performed to assess

health status of volunteers, including glucose blood sugar (GBS), lipid profile (i.e. total

cholesterol, HDL, LDL and triglyceride) and blood electrolyte. There was no statistically

significant difference between the 2 dose groups in blood chemistries except HDL and

LDL. The HDL of 600 mg/day group was higher than 300 mg/day group while LDL of
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300 mg/day group was higher than 600 mg/day. (Table 4.23) However, the changing of

HDL and LDL might not be related with SHT remedy because the diet control was not

applied in this study. Moreover, this study did not exclude volunteers who had high

cholesterol so the baseline of cholesterol might have been higher than normal range.

Table 4.23 The comparison of blood chemistry between 2 dose groups

Results®
Laboratory Follow-up SHT 300 SHT 600 mg/day  P-value
mg/day (n=12) (n=12)
Blood Sugar
Day 0 87.00(7.77) 83.67(5.61)
Gl
- Day 14 87.67(8.48) 84.25(5.48)
(ref. 74-106 0.579
Day 28 85.67(7.68) 86.08(6.56)"
mg/dL)
Day 42 85.08(7.42) 85.50(5.27)
Lipid profile
Day 0 53.50(12.89) 59.67(12.06)
HDL-Cholesterol ~ Day 14 56.50(14.27)" 64.67(15.02)"
<0.001
(ref. 40-60 mg/dL)  Day 28 58.25(15.36)"" 66.50(15.31) 1
Day 42 53.00(13.07) 61.25(14.98)
Day 0 233.83(52.60) 204.67(41.37)
Total "
Day 14 222.92(49.60) 194.75(27.36)
Cholesterol 0.086
Day 28 223.83(50.82) 199.33(27.41)
(ref. 0-200 mg/dL)
Day 42 220.50(42.71) 202 (20.27)
Day 0 147.08(45.41) 119.5(33.85)
LDL-Cholesterol Day 14 139.75(42.48)" 114.25(24.17)
0.023
(ref. 0-100 mg/dL)  Day 28 130.83(33.58)" 113.67(25.83)
Day 42 138.42(33.58) 126.33(23.75)
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Table 4.23 (Cont.)

Results®
Laboratory Follow-up SHT 300 mg/day SHT 600 mg/day P-value
(n=12) (n=12)
Lipid profile
Day 0 108.25(67.30) 82.83(54.45)
Triglycerides Day 14 78.25(41.00) 89.17(56.93)
0.458
(ref. 0-150 mg/dL) Day 28 96.67(57.24) 81.75(51.97)
Day 42 105.00(75.92) 85.92(52.94)
Liver functions
Day 0 7.96(0.43) 7.83(0.48)
Total protein Day 14 7.88(0.33) 7.91(0.35)
0.471
(ref. 6.4-8.2 g/dL) Day 28 7.80(0.39) 7.84(0.44)
Day 42 7.73(0.33) 7.83(0.28)
Day 0 4.18(0.21) 4.24(0.27)
Alubumin Day 14 4.27(0.23) 4.32(0.24)
0.100
(ref. 3.4-5.0 g/dL) Day 28 4.28(0.24) 4.29(0.22)
Day 42 4.27(0.21) 4.33(0.24)
Day 0 3.78(0.36) 3.58(0.45)
Globurin Day 14 3.63(0.27)" 3.60(0.30)
0.005
(ref. 1.5-3.5 g/dL) Day 28 3.61(0.26)" 3.52(0.35)
Day 42 3.46(0.28)"" 3.54(0.30)
Day 0 0.67(0.26) 0.62(0.19)
Total bilirubin
Day 14 0.61(0.27) 0.53(0.28)
(ref. 0.2-1.0 0.170
Day 28 0.79(0.20) 0.50(0.26)
mg/dL)
Day 42 0.71(0.23) 0.43(0.20)""
Day 0 0.18(0.06) 0.12(0.04)
Direct bilirubin
Day 14 0.13(0.05) 0.11(0.03)
(ref. 0.0-0.2 . N/A
Day 28 0.13(0.05) 0.14(0.05)
mg/dL)
Day 42 0.13(0.05) 0.12(0.04)

*Data represent = mean(SD) , ** Statistical analysis = Friedman’s test
t= significantly difference from day 0 within group (P<0.05), tt= significantly difference from
day 0 within group (P<0.01).
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The biochemistry results demonstrate that SHT did not affect
biochemistry. However, the HDL and LDL might be considered for further study
because in the previous study of SHT powder drug, was also show HDL was increased
after using SHT remedy for 28 days. Meanwhile, LDL did not clearly show significant
changing in SHT powder drug use. (Kanokkangsadal, 2013) The next study on
cholesterol should also include diet control into the design to eliminate other
confounders in the study.

4.2.1.7 Hematology (completed blood count: CBC)

The complete blood count (CBC) was performed to monitor
health status of volunteers. There is no statistically significant difference when
compared between 2 dose groups. In addition, all of the results fell within reference
range. It may be assumed that SHT extract at both dose rates did not affect CBC in
healthy volunteers. (Table 4.24)

Table 4.24 The comparison of complete blood count between 2 dose groups

Results*
Laboratory Follow up  SHT 300 mg/day SHT 600 mg/day P-value**
(n=12) (n=12)
CBC
Day 0 6.11(1.96) 6.34(2.09)
WBC Day 14 6.04(1.51) 6.12(2.01)
0.096
(ref. 4.0-11.0 K/cumm.) Day 28 6.27(1.46) 6.07(2.06)
Day 42 6.31(1.53) 6.74(1.50)
Day 0 58.16(9.73) 57.73(9.64)
Neutrophil Day 14 59.08(9.07) 58.27(8.99) 0.789
(ref. 45-75%) Day 28 56.04(7.94) 60.11(13.66)
Day 42 58.53(8.62) 55.97(9.91)
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Results*
Laboratory Follow up  SHT 300 mg/day SHT 600 mg/day P-value**
(n=12) (n=12)
CBC
Day O 34.15(8.27) 34.33(9.69)
Lymphocyte Day 14 32.72(6.55) 33.97(8.93) 0.604
(ref. 20-45%) Day 28 35.15(6.27) 32.34(12.83)
Day 42 32.95(7.50) 35.82(8.98)
Day O 4.05(1.70) 4.87(1.67)
Monocyte Day 14 4.49(1.62) 4.09(1.73) 0161
(ref. 2-10%) Day 28 5.18(1.38) 5.03(1.74)
Day 42 4.98(1.78) 4.07(2.09)
Day O 2.95(1.76) 2.71(1.44)
Eosinophil Day 14 3.36(2.85) 3.06(1.89) 0.129
(ref. 4-6%) Day 28 3.13(1.59) 2.05(1.14)
Day 42 3.04(1.38) 3.38(1.98)
Day O 0.70(0.65) 0.37(0.17)
Basophil Day 14 0.43(0.19) 0.62(0.20)
0.092
(ref. 0-1%) Day 28 0.53(0.23) 0.47(0.17)
Day 42 0.51(0.17) 0.80(0.36)
Day O 4.91(0.50) 4.89(0.59)
RBC count Day 14 4.90(0.57) 5.01(0.62)
(ref. 4.50-6.00 0.773
105 /curnm) Day 28 4.94(0.55) 4.92(0.65)
Day 42 4.86(0.54) 5.00(0.64)
Day O 12.97(1.58) 13.54(2.01)
Hb Day 14 12.93(1.52) 13.67(1.83)
(ref. 14.0-18.0 gm/dL) Day 28 12.98(1.60) 13.44(1.98) oo
Day 42 12.79(1.39) 13.62(1.75)
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Table 4.24 (Cont.)

Results*
Laboratory Follow up  SHT 300 mg/day SHT 600 mg/day P-value**
(n=12) (n=12)
CBC
Day O 38.88(3.96) 39.99(5.40)
Hct Day 14 38.63(3.92) 40.83(5.27)
0.873
(ref. 41.0-51.0 %) Day 28 38.98(4.25) 40.31((5.70)
Day 42 38.23(3.48) 40.90(4.89)
Day O 300.25(63.56) 252.42(65.11)
Platelets Day 14 298.58(55.70) 255.58(71.78)
(ref. 150-400 K/cumm)  Day 28 312.25(76.15) 247.00(67.62) ooer
Day 42 298.25(59.62) 255.25(66.09)

*Data represent = mean(SD) , ** Statistical analysis = Friedman’s test

4.2.2 The clinical pharmacokinetics of SHT ethanolic extract capsules

in healthy volunteers
4.2.2.1 Baseline Characteristics
From a total of twenty-four eligible volunteers recruited into

the study, no volunteers were excluded from the study. They all completed the
study. (Figure 4.5) There was no significant difference between the two dose groups
in baseline characteristics including sex, age, body mass index (BMI), systolic blood
pressure (SBP), diastolic blood pressure (DBP), blood urea nitrogen (BUN), creatinine,
aspartate aminotransferase (AST), alanine aminotransferase and alkaline phosphatase
(ALP) over all volunteers (Table 4.25). These laboratory data indicate that all

volunteers were healthy.
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Table 4.25 Baseline characteristics of volunteers in pharmacokinetics study

Results*
Characteristics p-value**
SHT 100 mg SHT 200 mg

Sex, n (%) 12 (100) 12 (100)

Male 6 (50) 6 (50) 1.000¢

Female 6 (50) 6 (50)
Age (years) 26.78 (3.69) 27.33 (5.45) 1.000™
BMI (kg/m?) 22.95 (3.91) 22.39 (3.83) 0.729™
SBP (mm.Hg) 107.50 (10.55) 112.5 (10.55) 0.271"
DBP (mm.Hg) 75.0 (5.22) 73.33(9.85) 0.449"™
BUN (mg/dL) 12.38 (2.47) 11.58 (2.30) 0.340™
Creatinine (mg/dL) 0.84 (0.17) 0.79 (0.18) 0.488™
AST (U/L) 19.08 (7.35) 22.92 (15.25) 0.602"™
ALT (U/L) 37.17 (23.47) 28.08 (8.66) 0.309™
ALP (U/L) 62.00(12.48) 63.17(19.97) 0.931™

*data represent; mean(SD) **Statistic analysis f chi-square-test, ™ Mann-Whitney U test

4.2.2.2 LC-MS/MS analysis

The concentration of piperine was analysed by Eksigent
ekspert™ UHPLC 100 liquid chromatograph equipped with a QTRAP® 6500 mass
spectrometer, controlled by Analyst® software version 1.6 (AB Sciex, USA). The UHPLC
system was equipped with Synergi™ Fusion-RP C18 column as stationary phase
(Phenomenex Inc., USA). 100% methanol and 0.2% formic acid in water (pH 2.5) was
applied in mobile phase. The gradient elution was started at 10% methanol for 0.5
min then increased to 90% at 1.5 min until 3.0 min, after that it decreased to 10%
methanol at 4.0 until 4.5 min. The retention times of piperine was 1.9 min. MS analysis
was conducted by positive mode ionization. Parent ion and daughter ion of piperine
were 286.3 and 201.0 dalton respectively. Optimised MS conditions including
decluttering potential, entrance potential, collision energy and collision exit potential

were 80, 5, 25 and 13 volts respectively. The calibration curves of piperine showed
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good correlation coefficients (R>0.99) over the concentration range from 0.5 to 1000
ug/L (1000, 500, 250, 125, 62.50, 31.25, 15.64, 7.81, 3.90, 1.95, 0.97, and 0.48 ug/L).
4.2.2.3 Safety issue: tolerability

The safety was monitored including adverse events, renal
functions and liver functions. The adverse events were recorded before, during and
after study for 24 hours. The results show no serious adverse event occurred in the
study. There is only 1 volunteer who had mild abdominal pain after taking SHT extract
capsules 200 meg. In addition, there is no significant change of renal and liver functions
within groups and between groups of doses before and 24 hours after taking SHT

extract capsules. (Table 4.26)

Table 4.26 Safety monitoring of healthy volunteers in pharmacokinetics study

. SHT -
Data Time (h) p-value
100 mg (n=12) 200 mg (n=12)

Renal functions

BUN (mg/dL) 0 12.38(2.47) 11.58(2.30) 0.340
(ref. range = 7.0-18.0) 24 12.00(1.94) 11.57(1.68) 0.885
Creatinine (mg/dL) 0 0.84(0.17) 0.79(1.78) 0.488
(ref .range 0.7-1.3) 24 0.80(0.17) 0.75(0.17) 0.487

Liver functions

AST (U/L) 0 19.08(7.35) 22.92(15.25) 0.602
(ref. range 15-37) 24 18.25(7.26) 19.67(9.16) 0.908
ALT (U/L) 0 37.17(23.47) 28.08(8.66) 0.309
(ref. range 30-65) 24 35.50(24.85) 32.33(19.78) 0.707
ALP (U/L) 0 62.00(12.48) 63.17(19.97) 0.931
(ref.range 50-136) 24 58.53(10.48) 57.41(16.25) 0.862

" The data were represented by mean(SD) , “statistical analysis ; Mann-whitney U test
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Figure 4.5 Flow chart of study on clinical pharmacokinetics in healthy volunteers
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This is the first investigation on pharmacokinetics of piperine
following the administration of SHT remedy. The administration dose 100 and 200 mg.
is based on a safe dose in healthy volunteers and close to efficacious dose in OA knee
patients which was calculated from percentage of yield of SHT remedy extraction
(approximately 10%).(Pinsornsak et al., 2015) No volunteer was excluded from study.
There are no severe adverse events except only one volunteer had mild abdominal
pain which was relieved after volunteers had meal in 2 hours after administration of
SHT. This adverse event was related with the study of SHT remedy extract in healthy
volunteers and SHT powder drug in OA knee patients in which the abdominal pain was
found to be the most common event. Moreover, all the laboratory results including
renal and liver functions did not show significant movement before and 24 hours after
medicine through oral passage. These results indicate the tolerability of volunteers to

SHT remedy extract.

4.2.2.4 Pharmacokinetics parameters

The volunteers received 100 and 200 mg of SHT extract single
oral dose containing with piperine equivalent 20 or 40 mg respectively. The plasma
concentration of piperine in 100 mg SHT extract slightly increased from time zero and
reached a maximum level of 3,766 ng/mL at 4.46 hours. Meanwhile, the plasma
concentration of piperine in 200 mg SHT extract increased more rapidly and reached
a maximum level of 6,586 ng/mL at 1.88 hours. (figure 4.6) The SHT extract capsules
200 mg had double the volume of distribution of piperine as double of 100 mg group
(0.14 and 0.07 L/ kg respectively). The plasma concentration of piperine slightly
decreased to baseline within 48 hours. The elimination half-life of piperine in the 200
mg group was approximately twice the half-life of the piperine in the 100 mg group
(19.48 and 8.74 hours respectively). The other pharmacokinetics parameters was shown

in Table 4.27
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Figure 4.6 Plasma concentration time profile

Piperine following SHT administration exhibited rapid
absorption. It was found at 0.5 hour (the first time point of blood collecting after
administration) and the peak concentration was found approximately 4 hours and 2
hours in 100 mg (20 mg piperine) and 200 mg (40 mg piperine) of SHT extract capsules
respectively. This absorption was similar to the previous study in rats that also showed
rapid absorption. Piperine was found at 0.5 hour and at maximum concentration about
6 hours after oral administration of piperine at a dose of 170 mg/ kg. ( Bhat &
Chandrasekhara 1986; Suresh & Srinivasan, 2010) The absorption of piperine was more
rapid in humans when compared to the rat. In additional, the pharmacokinetics study
of SHT remedy powder drug (1,000 mg/kg) and piperine (50 mg/kg) in normal wistar
rats showed similar T, (1.67 and 3.83 hours respectively) to SHT extract capsules in
humans in current study.(Booranasubkajorn et al., 2017) This confirms that piperine in
SHT extract was absorbed better than piperine standard. This result may be due to

SHT extract containing other constituents which assisted the piperine absorption.
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Table 4.27 The pharmacokinetics parameters of piperine following SHT remedy

ethanolic extract administrations

SHT 100 mg SHT 200 mg
Parameters* P-value**
(n=12) (n=12)
Crnax (ng/mL) 3,766(+1,630) 6,586(+2,855) 0.008
Trmax (h) 4.46(+5.21) 1.88(+1.19) 0.160
AUCq 4gn, (ng.n/mL) 54,584(+20,996) 77,725(£45,401) 0.178
AUCq ¢ (ng.h/mL) 58,408(+23,502) 106,639(+87,065) 0.178
V4/F (LZkg) 0.07(+0.09) 0.14(+0.15) 0.242
MRT (h) 16.76(+8.24) 28.27(+34.38) 0.590
Half-life (h) 8.74(+8.95) 19.48(+29.53) 0.977
Clearance (ng/h/mL) 0.01(+0.002) 0.01(x0.01) 0.198

*Datapresented as mean(SD) , **Statistic analysis; Mann-whitney U test

However, a Previous study on PK of piperine in humans

following the BJK remedy was found the maximum concentration about 1 hour which

was faster than piperine in SHT remedy ethanolic extract.(Jumpa-ngern et al., 2013)

The different results may be due to the different of ingredients of both remedies. The

SHT remedy contains 21 medicinal plants which has more constituents than BJK

remedy, thus interfering with absorption rate. It also should be noted that the previous

studied used the different detection method by HPLC that might show the different

results.
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The previous studies found piperine was absorbed about 96%
and distributed through various tissues including kidney, liver, spleen, stomach and
small intestine.(Bhat & Chandrasekhara, 1986; Suresh & Srinivasan, 2010) The previous
study on PK of piperine in BJK was observed on secondary C,,,.. This phenomenon
shows that piperine undergoes the enterohepatic recirculation. (Jumpa-ngern et al.,
2013) The present study also show the same phenomenon in some volunteers (6 of
12in 100 mg and 9 of 12 in 200 mg). This might assume that piperine in SHT remedy
is similar to piperine in BJK which also underwent enterohepatic recirculation. (Table
4.28) However, the pharmacokinetics study of piperine standard in normal wistar rats
did not show the secondary C,,,, but it showed only in SHT remedy.(Booranasubkajorn
et al,, 2017) A possible explanation is that not only piperine in SHT remedy underwent
enterohepatic recirculation but also SHT remedy has other components with structure
similar to piperine such as piperanine (H. L. Liu et al., 2015) and piperidine(Li et al.,
2011) which was metabolized to piperine and reabsorbed via enterohepatic
recirculation.

The piperine in SHT remedy was slowly excreted. The
piperine following SHT remedy was not detectable in urine (data was not present)
which was similar to previous study in the rat. This present study has perhaps
confirmed that piperine was not excreted as unchanged form through urine but that
piperine might be found piperine in the feces (Suresh & Srinivasan, 2010) .
Unfortunately, the feces were not collected in this study because of the limitation
volunteer’s inconvenience. However, there is report of piperine metabolite form
excreted in urine (Bhat & Chandrasekhara, 1986; Suresh & Srinivasan, 2010) with major
metabolic pathway including reduction, hydroxylation, glucuronidation and
sulfation.(Gao, Xue, Lu, Zhang, & Han, 2017) These data suggest that glucuronidation
reaction in urine of SHT remedy should be analyzed in the next study.

In addition, the PK parameter of piperine following the SHT
administration was a dose-dependent mechanism. The increasing of double dose
exhibited 2-fold changed in Cpay, AUCq 4gn, and AUCy ;. There is only C,.. showed
significant different between 100 mg and 200 mg. (P=0.008). This may indicate that

piperine following SHT extract administration was dose proportional because C,,, and
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AUC. ;s increased 2-fold with increase of the double dose. However, the dose
proportionality study should be conducted in three or more doses to confirm the
linear pharmacokinetics.

Furthermore, there is report on piperine being a drug
enhancer by inhibition of hepatic enzyme CYP3A4 and p-glycoprotien.(Bhardwaj et al.,
2002) The inhibition effect of piperine on CYP3A4 decreased hepatic metabolism that
lead to increase of unchanged piperine for absorption. It was similar to inhibition effect
of piperine on p-glycoprotein which was efflux of many drugs in intestine, so piperine
could be absorbed after p-glycoprotein was inhibited. These might be the reasons that
Trmax iIN 200 mg dose group was shorter than 100 mg dose group. It also affected V4
which was higher in the 200 mg dose when compared with 100 mg dose approximately
2 fold. It indicates that SHT extract could be more widely distributed and retained
through various tissues at the higher dose. It follows that t;, was also expanded with
increasing dose. The result means that mean residence time (MRT) of piperine in SHT
extract in 200 mg dose group is longer than 100 mg dose group (28.27 and 16.76 hours
respectively). Piperine in SHT extract has more sustained presence in tissues at high
dose when compared between 200 mg and 100 mg doses. These confirm clinical
application of SHT remedy in NLEM was appropriated to take 3 time a day with 100
mg extract (or 1,000 mg powder drug) and might add to double dose when need more
rapid and sustain in body. However, this study suggested the minimum dose 100 mg
of extract was appropriated for clinical application because of less systemic side effect.

Although, there are studies on pharmacokinetics of piperine,
which study on pure piperine. This current study was focus on piperine follow SHT
administration which was contain not only piperine but also other constituents. Even
piperine is a main compound, the other constituents should be studied in the future

work.
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Table 4.28 The observation of secondary maximum concentration of piperine in SHT remedy

SHT 100 mg SHT 200 mg
Subject
Sex
No.
1 Male 2,422.10 2 36,347.80 37,139.40  1,684.43 8 3,049.10 4 29,247.20  29,283.40  1,672.55 12

3 Male 4,278.40 4 62,433.00 62,819.30  3,317.45 8 7,613.90 4 86,801.30  99,014.30  2,367.39 48

5 Male 7,821.80 18 93,897.70 93,948.80 3 = 8,714.50 2 78,541.30  81,231.00  4,065.40 6

7 Female 4,162.10 2 61,815.30 62,004.30  3,395.94 4 4,908.90 2 82,507.00  82,604.20  3,532.38 12

9 Female 2,482.40 2 36,115.30 36,278.90 = = 8,102.20 0.5 160,707.90 303,711.50 - -

11 Female 3,868.70 12 57,416.30 57,506.80 = = 6,431.20 2 62,536.50  96,049.90  2,356.50 8

Mean - 3,766.32 4.46 54,584.23 58,048.16  2,432.20 8.67 6,586.38 1.88 77,725.89  106,639.09 2,388.67  16.44
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CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS

5.1 Preclinical study; the standardization and quality control of SHT remedy

ethanolic extract and capsules

The SHT remedy extract has good quality for clinical trial study. The biological
activity which was anti-inflammatory with NO inhibition and chemical content which was
piperine passed the acceptable criteria. This is may be used as a standard for quality
control of SHT remedy extract for the future study on SHT remedy extract. Moreover, the
quality control of capsules also passed the criteria according to Thai herbal pharmacopeia.
The SHT remedy extract capsule had stable anti-inflammatory activity and piperine
content at room temperature for 2 years. This study was finished within 2 years, so the

SHT remedy extract capsules had same quality through whole period of study.

5.2 The safety of SHT remedy ethanolic extract capsule in healthy volunteers

The SHT remedy extract capsule has good safety to use in humans for 28
days with few systemic side effects. The most common side effect was mild to
moderate abdominal pain. The higher dose has more side effects. This study suggested
100 mg of SHT remedy 3 times a day was an appropriate dose to use in humans.
However, the side effects were relieved within 14 days and could be prevented by
immediately taking medicine after the meal or by drinking more water. The results of
this study support usage and precautions in NLEM. The data of the study are useful to

the clinical trial phase 2 in patients.
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5.3 The pharmacokinetics of piperine of SHT remedy ethanolic extract in healthy

volunteers

The piperine that was a major constituent in SHT remedy extract capsule had
rapid absorption in humans. The piperine could be found in blood at 0.5 hours until 48
hours. The peak concentration was found about 2-4 hours. The half-life of piperine was
approximately 7 hours in 100 mg of SHT. Piperine was not detectable as unchanged form
through urine. The results suggested the SHT should taken 3 times a day in clinical
applications. The piperine following SHT remedy administrations was dose-dependent. A
double dose of SHT remedy show 2-fold proportion change in C, and AUC. The SHT
remedy could be used at increased dose with the purpose of more rapid absorption and
retention in body. The pharmacodynamics should be conducted to determine the

appropriate dose in human.

5.4 Recommendations

According to this study, there are recommendations for clinical application

and further study as follow;

5.4.1 NO production inhibition activity and piperine content can be used to
test quality of SHT remedy in future clinical trials. These tests may also be used as a
standard of SHT remedy to confirm that the result in clinical application was not different
form this study.

5.4.2 With the exception of piperine, the other constituents should be
measured to clarify all constituents which are contained in SHT extract. The LC-MS/MS
(QTOF) may be used to perform the measurement.

5.4.3 The suggested dose of SHT remedy extract capsules is 100 mg 3 times a
day which has few side effects and is appropriated for elimination time of piperine.

However, 200 mg 3 times a day is still more safe to use in human.
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5.4.4 The precautions in using SHT remedy on hypertensive patients in NLEM
should be reconsidered and discussed because SHT remedy might not affect blood
pressure. This issue might change the usage of SHT remedy in elderly patients who often
have complication with hypertension.

5.4.5 Side effects of SHT remedy may be prevented by immediately taking
medicine after meals or drinking more water after taking medicine. The side effects are
often relieved after taking medicine for 14 days.

5.4.6 The data of this study support further study on clinical trial phase 2 in
patients such as muscle pain and joint pain patients. However, the SHT extract capsules
should be administered after meals instead of before meal, to reduce side effects.

5.4.7 Pharmacokinetics investigation should be conducted on the other
constituents in SHT remedy, although piperine is the major active compound. Moreover,
metabolites of piperine should be also study in the future, especially in urine in which

the unchanged form of piperine was not detected.
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APPENDIX D
SCREENING FORM OF CLINICAL SAFETY STUDY

LUUAANTDID18183AT (Screening Form)
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Fu/dou/d idufin__/ /
oA
Yayadiuiienanaing
wet O oo O wida Jwdeud e/ /. 97y ¥

dayaniludmsunisAansasananaiing

Utln . Alandu | dauge : BMI kg/m?

LYUFLUNT

HeyeUNauAN (vital signs)

a

UnNI:BT °C ANUAULATIR : BP / mm.Hg

2 | O

W3 PR bpm snsn1smela : RR bpm

As293WANS (Reflex)

Rt Lt
Biceps
Triceps
Knees

Ankles
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criteria)

1.

finneanuiuladings (11nn31 140/90 mm.Hg)

2.

A1 BMI > 30 kg/m?

0| O

0| O

Msavszdin viieluszimdulsaunalloamdfn nn
Inadeu fusyinlsaiala Tsndu Tsaln  agsening
N1550UTENIULN A9l phynytoin, propranolol,

theophylline uag rifampicin
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10. kYUY O O FIEY e

11. szuudszam | | *FEUY vrnrrrnenrisssss st sssnsesens

12. Bu 9 O O FIEY e
[ un@ [ Exclusion

d3Unan13nga .

. WUZU Y uerrvreneesssssssessssessssessssssssssssssssssssssssssssssssssessssssssses

39NY

dayansnsanisisuifnisvesenandas

NaN15M393 (result)
318NI9 dnd 13jﬂﬂa NRN8LYR

Hematology Test (CBC)

WBC O O (Ox O

Neutrophil | (| Ox O

Lymphocyte O O On O

Monocyte M| (| On O

Eosinophil O O On O

Basophil | (| On O

RBC o O (O« O

Hb | O (Ox O

Hct ] O O+« O
Blood chemistry test

FBS Glucose O O On O
Lipid profile

Total Cholesterol | (| On O

Triglycerides O O Onx O
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dayan1snsramsiasujianisvasenanding

WaN159m523 (result)

318N19 Jni "Llhjna NRN8LYR

HDL-cholesterol M| (| On O

LDL-cholesterol | (| On O
Liver function test

Total Protien O O On O

Albumin n O (O« O

Globulin O O (Ox O

Total Bilirubin O O (Ox O
Direct bilirubin O O (Ox O
Aspartate aminotranferase : AST O O On O
Alanine aminotranferase : ALT | (| O« O
Alkaline Phosphatase : ALP M| (| On O
Renal function test

Blood urea nitrogen (BUN) | (| Ox O

Creatinine O O Elnd/ L

Creatinine clearance | | On OL
Electrolyte

Sodium (Na) O O On O

Potassium (K) | (| On O

Chloride (CU) O O (Ox O

Bicarbonate (HCO,) | (| On O
MDA O O (Ox O
Urinary analysis (U/A)

Color O O Onx O

Clarity (Appearance) O O Ox OL
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WNaN15M393 (result)
319019 WUIYLAA
Unf Tsiun® ;
Sp.gr. M| (| On O
oH O O [Ox O
Leukocyte M| (| On O
WBC ] O (O« O
RBC O O (Ox O
i Wiz
A5UNaNTIATIINNBIUNUANTS O O
ayudayasnemsnsiafansasaranadling
3189N13ATIVAANTDIDIEENAT iy | laeinu
1. sﬁaa&amiﬁmﬂiaqmmaﬁm (Inclusion criteria/ Exclusion criteria) | |
2. YoyansdnuseTRenanadas | ]
3. YayAnNTINTIRTNNILRIAAlAT O |
4. Yeyansamiamaissuiinisenanadag | |
B9TD e 398

ae

=).

Ref. code: 25605711301548IKQ




103

APPENDIX E

CASE RECORD FORM OF CLINICAL SAFETY STUDY

LUURARINDINITNE8UAS (Case Record Form)

133115338 1399 NsAnwANAUaaaiEvaLAlYaa1TainLaanagaRefIsy diAs11ly

21ENENATEVAINA (MUTeNeARTinszazn 1)

asi Su/deowA iduiin__/
—
e
Hoyavly
dwdn . Alandu dauge _wuuns | BMI ke/m?
Teusyaudn (vital signs)
QaUNN:BT §C ANUGUlaNe : BP-
/A mm.Hg
TINAT: PR bpm dmnsnsmela : RR -
bpm
dayan1sdnuszifenanadiag
Useianisidutae
o | & FTAUAUTULTS NUELNA
(81n19)

1. unthen Cviee O dwnene O

0o an)
2. welaguin wiles Cl<iee O vwnens 0O
Neld 0o 170
3. Tadu C+iee O vwane 0O

0o 1N
a. pAulA C<iee O vwnene 0O

O o 170
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O
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O
110
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O
110
12 o3 Oiee O vrunans
|
110
13. 119990119990 Oilee O vrwunans
O
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O
110
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O
110
16. greduiden Oilee O Jrunans
O
110
17. JagzUssRauni Oilee O vrunans
|
110
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110
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110
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110
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dayansnsaniesiesuufnisvesendanins
NanN15m993 (result)
318013 17 i RUBLYAR

Hematology Test (CBC)

WBC O O (Ox O

Neutrophil O O Onx O

Lymphocyte O O Ox OL

Monocyte | (| On O

Eosinophil | | On O

Basophil | (| Ox O

RBC O O (O+x O

Hb O O |[Ox Ot

Het O O (O+x O
Blood chemistry test

FBS Glucose | (| Onx O
Lipid profile
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dayan1snsramsiasujjianisvasenanding
Nan19m993 (result)
318N1T Jni "ngﬂna NRN8LYR

Total Cholesterol 'l O Onx O

Triglycerides | (| On O

HDL-cholesterol M| (| On O

LDL-cholesterol | (| On OL
Liver function test

Total Protien O O On O

Albumin n O (Ox O

Globulin O O (Ox O

Total Bilirubin O O |On O
Direct bilirubin ] N By Y] |
Aspartate aminotranferase : AST M| (| On O
Alanine aminotranferase : ALT | 1| O« O
Alkaline Phosphatase : ALP M| (| On O
Renal function test

Blood urea nitrogen (BUN) | | Ox O

Creatinine O O On O

Creatinine clearance | (| On OL
Electrolyte

Sodium (Na) O O On O

Potassium (K) | (| On O

Chloride (CV) O O (Ox O

Carbondioxide(CO,) | (| On O
MDA O O (Ox O
Urinary analysis (U/A)
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NaN13n323 (result)
318013 s T LB

Color M| (| On O
Clarity (Appearance) O O Ox OL
Sp.gr. M| (| On O
oH O O |[Ox O
Leukocyte M| (| On O
WBC O O (Ox O
RBC O O (Ox O

agUnan1InsIanIeiasufunnig O O A\
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APPENDIX F

ETHIC APPROVAL DOCUMENT OF PHARMACOKINETICS STUDY

Certificate of Approval
Human Research Ethics Committee of Thammasat University No.1 (Faculty of Medicine)
95 Moo 8, Paholyotin Road, Auphur Klongluang, Pathumthani. Thailand 12120,
Tel 662-9269704 and Fax 662-5644444 ext 7535

Number of COA 069/2558

110

Title of Project The Clinical Safety of Alcoholic extract Sahastara remedy of extract capsule in healthy

volunteers (Clinical trial Phase I)

Project No MTU-EC-TM-1-179/57

Principal Investigator Puritat Kanokkangsadal
Associate Professor Preecha Wanichsetakul (M.D.)
Associate Prof. Dr.Arunporn Itharat

Study Center Thammasat University Hospital

Responsible Department Thai Traditional Medicine Office , Faculty of Medicine.
Thammasat University,Prathumthani, Thailand 12121

Tel. 081-732-3241

Document Reviewed

1. Protocol Revised No 3 : dated April 9, 2015.

2. Information Sheet Revised No 3 : dated April 9, 2015.

3. Consent Form Revised No 3 : dated April 9, 2015. ’
4. Case record form Revised No 3 : dated April 9, 2015.

5. Advertising boards Revised No 3 : dated April 21, 2015.

The Human Ethics Committee of Thammasat University No.1 (Faculty of Medicine) is in full compliance with

international such as Declaration of Helsinki, The Belmont Report, CIOMS Guidelines and the International Practice (ICH-GCP)

This document is a record of review and approval / acceptance of a clinical study protocol. The Human Research

Ethics Committee of Thammasat University No.1 (Faculty of Medicine) has approved the above study and the following

documents for use in the study at the Ethics Committee meeting on December 23, 2014, (20/2014)
Approval period 1 years.

Progress report deadline : October 30, 2015
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(Assistant Prof. Sumalee Kondo, (Ph.D.))
Assistant Secretary and Committee of the Human Research Ethics Committee of Thammasat University

(No.1: Faculty of Medicine)

(Associate Professor Waipoj Chanvimalueng (M.D.))

Chairman of the Human Research Ethics Committee of Thammasat University No.I (Faculty of Medicine)

Date of Approval: May 1, 2015
Date of Expire : April 30,2016
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APPENDIX G

INFORMAITON SHEET OF PHARMACOKINETICS STUDY
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APPENDIX H

CONSENT FORM OF PHARMACOKINETICS STUDY
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APPENDIX |

SCREENING FORM OF PHARMACOKINETICS STUDY

LUUAANTDID18183AT (Screening Form)
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Sundou/A iuiin___/ /
LA
Yayadiunienanailng
et O ane O v Jwideud i/ / 91Y ¥

dayanaludmiunisAnnsesananddiag

Wt . nlandu | duge : BMI kg/m?

LYURLURNS

AeyeUIaUAN (vital signs)

uNnABT € AUAUlain : BP / mm.Hg

R | O

N3 PR bpm snsn1mela : RR bpm

As293WANS (Reflex)

Rt Lt
Biceps
Triceps
Knees

Ankles

519131159u

O 5w O «i O au O I
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dayan1sAnnsasaranadling
InaEin1sARLaNadNANATLU1393TATINS (Inclusion
To Taila
criteria)
8. WAYIELATVIYT 818 20-45 T O O
9. oradasmdilaiinsd liogsevindviuayas fms
auiilnfiuaonsoidedels - -
10. sifformsvFelsnduisuuss (nnsdnuse iR nee
INNY UagHaNWioaU URNT - -
11. lslianansiania VLajﬁlmqiw O O
12. ldSudsemuommsiasumieiniiuls o O O
13. @uaﬂﬁﬂ’ammﬁwLLuzﬁ’ﬁdeﬁﬁﬂmiﬁﬂm O O
14, lalegluszminslasensidedu O O
nausin1shisuanandadasidnsaulasenis (Exclusion
criteria)
5. danzanuauladings (11nnd 140/90 mm.Hg) | O
6. 3@ BMI > 30 kg/m? O O
7. flsausyandn wieliuseiRidulsaunadennddn nsa
Inadeu fusyinlsaiala Tsndu Tsaln  agsening
nsSuUsEmuen feil phynytoin, propranolol, = =
theophylline uag rifampicin
8. fuseiRuneayulnslugssuaniasns O O
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10. kYUY O O FIEY e

11. szuudszam | | *FEUY vrnrrrnenrisssss st sssnsesens

12. Bu 9 O O FIEY e
[ un@ [ Exclusion

d3Unan13nga .

. WUZU Y uerrvreneesssssssessssessssessssssssssssssssssssssssssssssssssessssssssses

39NY

dayansnsanisisuifnisvesenandas

NaN15M393 (result)
318NI9 dnd 13jﬂﬂa NRN8LYR

Hematology Test (CBC)

WBC O O (Ox O

Neutrophil | (| Ox O

Lymphocyte O O On O

Monocyte M| (| On O

Eosinophil O O On O

Basophil | (| On O

RBC o O (O« O

Hb | O (Ox O

Hct ] O O+« O
Blood chemistry test

FBS Glucose O O On O
Lipid profile

Total Cholesterol | (| On O

Triglycerides O O Onx O
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dayan1snsramsiasujianisvasenanding

WaN159m523 (result)

318N19 Jni "Llhjna NRN8LYR

HDL-cholesterol M| (| On O

LDL-cholesterol | (| On O
Liver function test

Total Protien O O On O

Albumin n O (O« O

Globulin O O (Ox O

Total Bilirubin O O (Ox O
Direct bilirubin O O (Ox O
Aspartate aminotranferase : AST O O On O
Alanine aminotranferase : ALT | (| O« O
Alkaline Phosphatase : ALP M| (| On O
Renal function test

Blood urea nitrogen (BUN) | (| Ox O

Creatinine O O Elnd/ L

Creatinine clearance | | On OL
Electrolyte
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