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Author Mr. Abdulaziz Wadeng
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Academic Year 2016
ABSTRACT

A degradation profile of the Andrographis Herb under standard storage
conditions (6 months), using *H NMR-based metabolomics approach and multivariate
analysis, was performed on the CHCIs- and aqg MeOH-extracts from four suppliers. The
metabolomics profiles in both extracts changed according to the storage time. Focusing
on the active diterpene lactones, however, only CHCIz can extract the main ingredients,
among which; andrographolide, 14-deoxyandrographolide, and 14-deoxy-11,12-
didehydroan-drographolide, were the indicative markers. Specifically, 14-deoxy-
11,12-didehydro-andrographolide, was the only lactone that increased consistently
throughout the storage period and was identified as the major decomposition product;
therefore it could be proposed as an indicator for the storage age. A stability profile on
the total lactone content was performed. Total lactone contents decreased consistently,
revealing a zeroth order kinetics (k = -0.2545 - -0.9002 mo™). Based on the results, crop
selection for the highest lactone contents would be the most important for longer storage
time of the raw materials. As for the herbal products, the results suggested that raising
the labeled amount to a higher content will allow the lactone contents to remain in an
acceptable range throughout the storage period. This can be in a range of 9 — 11%;

therefore the products can be stored as long as 12 month after the manufacturing dates.
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CHAPTER 1

INTRODUCTION

Andrographis paniculata (Burm. f.) Wall. ex Nees ([#nzanalas], “Fa-Ta-

Lai Chon” [Thai]; %, “Chuan Xin Lian” [Mandarin]; ®13719d, “Kirayat” [Hindi];
FITNY, “Kalmegh” [Bengali]; Hempedu Bumi, [Bahasa]), is an annual herbaceous
plant belonging to the family Acanthaceae. The plant is found widely spread throughout
East and Southeast Asia, and Indian subcontinent, and is well known as one of the most
widely used medicinal plants in several Asian countries, including Thailand, for the

treatment of common cold.

Thai Herbal Pharmacopoeia (Ministry of Public Health, 1998) has

described A. paniculata as followed

...A. paniculata is an annual herb, up to 1 m high, erect, stem acutely
quadrangular. Leaves simple, opposite, lanceolate, acute, glabrous, entire-slightly
undulate, 2 to 12 cm long and 1 to 3 com wide, upper once often bracteiform; petiole
short. Inflorescence plant, in panicle, 10 to 30 cm long; terminal and axillary, bract
small, pedicel short. Calyx 5-partite, small, linear. Corolla tube narrow about 6 mm
long; limb not shorter than the tube, bilabiate; upper lip oblong, white with a yellowish
top; lower lip broadly cuneate, trifid white with violet marking. Stamens 2, inserted in
the throat and far exserted, anthers basally bearded. Superior ovary, 2-celled, style far
exserted. Capsule erect, linear-oblong, 1 to 2 cm long and 2 to 5 mm wide, compressed,
longitudinally furrowed on the broad faces, thinly glandular-hairy. Seed small,

subquadrate...


https://bn.wikipedia.org/wiki/%E0%A6%95%E0%A6%BE%E0%A6%B2%E0%A6%AE%E0%A7%87%E0%A6%98

Andrographis Herb (Herba Andrographitis), which is the term used as a
common herbal drug name of A. paniculata throughout this thesis, is described as the
aerial parts of A. paniculata (both fresh and dried) (Ministry of Public Health, 1998).
The traditional use of the Andrographis Herb has been well documented throughout
several Asian countries. It is an important and widely used medicinal plant particularly
among East and Southeast Asian countries, as well as in Indian subcontinent. For
examples, in Ayurvedic Medicine, Andrographis Herb can be found as an ingredient in
as many as 26 Ayurvedic recipes (Sudhakaran et al., 2012), prescribed for the
treatments of diabetes, dysentery, helminth infections, peptic ulcer, skin infections, and
snake bite (Jarukamjorn et al., 2008). In Chinese traditional medicines, the herb is
described for the treatment of fever, common cold, laryngitis, pharyngitis, and
respiratory infections (Jarukamjorn et al., 2008). In Thailand, A. paniculata has been
recognized and selected as one of the medicinal plants for the treatments of fever,
common cold, non-infectious diarrhea, diabetes, and hypertension (National Drug

Committee, 2016, Jarukamjorn et al., 2008). It has been listed in Thailand’s National

Figure 1. Andrographis paniculata (Burm. f.) Wall. ex Nees (family Acanthaceae),

whole plant (a), flower (b), and capsules (c)



Drug Lists (2016) as drug used in digestive and respiratory system, and is recommended
for the relief of the symptoms of the common cold and non-infectious diarrhea
(National Drug Committee, 2016). This effective use of the Andrographis Herb,
particularly for the treatment of common cold, has led to the recognition of the herb by
WHO to be used for symptomatic treatment of the upper respiratory infections (such as
common cold, uncomplicated sinusitis, bronchitis, and pharyngotonsillitis), acute
diarrhea, lower urinary tract infections (World Health Organization, 2004). The
recommended regimens for common cold and non-infectious bronchitis are 500 mg —
2 g of powdered Andrographis Herb capsules four time daily for three days, and for
infectious diarrhea are 1.5 — 3 g of powdered Andrographis Herb capsules four time
daily for three days. The herb is considered fairly safe to be used as frequently as
needed, with one major caution that it should not be used continuously for longer than

two weeks.

Being clinically proven and acceptably effective as an alternative
approach for the treatment of common cold and non-infectious diarrhea, and officially
recommended both nationally and internationally, it is not surprising that the
Andrographis Herb is among the most cultivated medicinal plants. In Thailand, the
plants can be grown widely in almost every region throughout the country. And with
such a short cultivating period of three months, it can be cultivated multiple times per
year. The first ten production areas in Thailand are Nakhon Pathom, Ratchaburi,
Prachin Buri, Khon Kaen, Chiang Rai, Phayao, Udon Thani, Surin, Chaiyaphum, Sa
Kaeo, and Suphan Buri (Ministry of Agriculture and Cooperatives, 2014). The annual
gross production of the Andrographis Herbs is approximately 25-27 tons per hectare

(4.23 tons per rai) of fresh harvest, which leads to an annual income of about 16,250



Baht per hectare (2,600 Baht per rai) (Ministry of Agriculture and Cooperatives, 2014).
As for the herbal products, the major dosage form of the Andrographis Herb that is
available in market is Andrographis Capsules, containing either 250 or 500 mg of dried
powdered Andrographis Herb. To date, up to seven brands of Andrographis Herb

products can be found in drugstores and health care product shops.

Despite being used worldwide as a clinically proved herbal medicine
with only few minor safety issues, and despite being one of the most widely marketed
medicinal herbs, there is one major problem that has hampered the extensive
development of the Andrographis Herb or any of its active constituents toward a
modern medicine. The diterpene lactones, which are the major components and primary
active ingredients in the herb, are relatively unstable, and have been reported to have as
a short shelf-life as 6-12 months. Under the standard storage conditions (25 °C, 51%
relative humidity) the Thai Herbal Pharmacopoeia recommended that the herb should
be used within one year, and a frequent — up to every three months — quantitative
determination for its active diterpene lactones is recommended throughout the storage
period. An extensive review on the stability of the Andrographis Herb and its active

diterpene lactones will be visited later in section 1.2 of this chapter.
1.1 Chemical constituents and biological activities of A. paniculata

A. paniculata is one of the most extensively investigated medicinal
plants. To date, there have been more than 30 reports documenting as many as 90
chemical constituents isolated from the plant. Among these, the major chemical
components fall into the class of labdane-type diterpene lactones, among which

andrographolide (Table 1) is the major compound. Other classes of compounds that



have been isolated from A. paniculata include flavonoids, xanthones, iridoids, and
quinic acids (Fujita et al., 1984; Rao et al., 2004; Dua et al., 2004; Xu et al., 2012;

Hossain et al., 2014).

As for the diterpene lactones, up to 60 compounds have been isolated
and reported from A. paniculata. Andrographolide, which is the major component, can
be isolated in a range of 1 - 4% of dry herb (Cheung et al., 2001; Sharma et al., 2012).
The Thai Herbal Pharmacopoeia (Ministry of Public Health, 1998) describes the assay
for the Andrographis Herb based either on the total lactone content, using a back
titration method, or on the amount of andrographolide, using an HPLC-based assay,
specifying that the total lactone contents in the Andrographis Herb must not be less than
6% of the dried herb weight, calculating on the basis of andrographolide, or the amount

of andrographolide must not be less than 1% of the dried herb weight.

The diterpene lactones that have been isolated from A. paniculata are
present either in a form of a glycoside or an aglycone, and there are some derivatives
that have also been found in both species. Apart from andrographolide, three additional
diterpene lactones, 14-deoxyandrographolide, 14-deoxy-11,12-didehydroandro-
grapholide, and neoandrographolide (Table 1), all of which are structurally related to
andrographolide, have been isolated in high proportion from A. paniculata (7.17,11.98,
and 7.16 mg-g* of A. paniculata respectively) (Yang et al., 2012), and can also be
considered major chemical constituents. All the diterpene lactones that have been
reported from A. paniculata to date are summarized in Table 1. The atomic numbering
system described throughout this thesis is referred that originally assigned to

andrographolide (Fujita et al., 1984).



Table 1. Chemical constituents in A. paniculata

I. Diterpenoids

Name Structures

References

andrographolide

Fujita et al., 1984,
Matsuda et al., 1994;
Rao et al., 2004; Chen
etal., 2006; Shenetal.,
2006; Chen et al,
2008; Kulyal et al.,

2010; Zou et al., 2010

14-deoxyandrographolide o

Fujita et al., 1984; Rao
etal., 2004; Chenetal.,
2006; Chen et al,
2008; Kulyal et al.,

2010

14-deoxy 11,12- 0

didehydroandrographolide

Fujita et al., 1984,
Matsuda et al., 1994,
Rao et al., 2004; Chen
etal., 2006; Shenetal.,

2006; Chen et al., 2008




Table 1. (cont.)

neoandrographolide

Fujita et al., 1984;
Matsuda et al., 1994,
Rao et al., 2004; Chen
etal., 2006; Shen etal.,
2006; Chen et al.,
2008; Kulyal et al.,

2010; Zou et al., 2010

isoandrographolide

andrograpanin

Matsuda et al., 1994;
Chen et al., 2006; Shen

et al., 2006

Fujita et al., 1984;

Chen et al., 2006




Table 1. (cont.)

Name Structures References
14-deoxy-11-ox0-andro- o Fujita et al., 1984;
XS0
grapholide Kulyal et al., 2010
O\

14-deoxy-11-hydroxyan-

drographolide

14-deoxy-12-hydroxyan-

drographolide

Matsuda et al.,
1994: Rao et al.,

2004

Matsuda et al.,
1994; Kulyal et al.,

2010

3,14-dideoxyandrogra-

pholide

Chen et al., 2006;
Chen et al., 2008;

Kulyal et al., 2010




Table 1. (cont.)

Name

Structures

References

6'-acetylneoandrographo-

lide

Matsuda et al.,1994

andrographolactone

Wang et al., 2009

3-0x0-14-deoxyandrogra-

pholide

Chen et al., 2008

3-O-f-D-glucopyranosyl-
14,19-dideoxyandrogra-

pholide

Shen et al., 2006




10

Table 1. (cont.)

Name Structures References
3-O-p-D-glucopyranosylan- 0 Shen et al.,
) HO"™ o}
drographolide | 2006
HOH,C .
HO QL /4
HO ~ OH
OH

8,17-epoxy-14-deoxyandro- Shen et al., 2006

grapholide

drographolide

o]
%O
-0
HO" ; I:
- H
“—OH
14-deoxy-17p-hydroxyan- 0 Shen et al., 2006
%O
[‘ I ]/ “OH
HO"
- H

“—OH

12S-hydroxyandrographolide Shen et al., 2006

HO'"

HO"



Table 1. (cont.)

11

Name Structures References
3-0x0-14-deoxy-11,12-dide- 0 Chen et al., 2008
X0
hydroandrographolide P

8(17),13-ent-labdadiene-

15,16,19-triol

Chen et al., 2008

15-methoxy-3,19-dihydroxy- HsCO Chen et al., 2008
0
8(17)11,13-ent-labda-trien- X0
16,15-olide
andropanolide 0 Prammanick et al.,
0 OH

2006




Table 1. (cont.)

Name

12

Structures References

andrographatoside

HO Shen et al., 2006

14-deoxy-12-methoxyandro-

o Fujita et al., 1984;

grapholide Matsuda et al.,
1994
12-epi-14-deoxy-12- o Matsuda et al.,
"0
methoxyandrographolide 1994




13

Table 1. (cont.)

Name Structures References
14-epi-andrographolide 0 Matsuda et al.,,
HO 0
| 1994

deoxyandrographiside Chen et al., 2006;

Zou et al., 2010

3-dehydro-14-deoxy-19-nor- Zhang et al., 2006

andrographolide

2,4(18)-diene-14-deoxy-19- Zhang et al., 2006

norandrographolide
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Table 1. (cont.)

Name Structures References

64-hydroxy-2,4(18)diene-14- Zhang et al., 2006
deoxy-19-norandrographo-

lide

19-O-p-D-glucopyranosyl- Zou et al., 2010

ent-labda-8(17),13-dien-

15,16,19-triol
14-deoxy-15-isopropylidene- Reddy et al,
11,12-didehydroandrogra- \O 2003; Rao et al.,
0
pholide _ 2004
HO' o)
“—OH
3,19-dihydroxy-14,15,16- COOH Chen et al., 2006
A
trinor-ent-labda-8(17),11- :
dien-13-oic acid .
HO'




Table 1. (cont.)

Name

Structures
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References

3,15,19-trihydroxy-ent-
labda-8(17),13-dien-16-oic

acid

Chen et al., 2006;

Chen et al., 2008

3,18,19-trihydroxy-ent-
labda-8(17),13-dien-16,15-

olide

3,19-dihydroxy-15-methoxy-
ent-labda-8(17),11,13-trien-

16,15-olide

13,14,15,16-tetranor-ent-

labda-8(17)-ene-3,12,19-triol

Chen et al., 2006

Chen et al., 2006

Chen et al., 2006;

Chen et al., 2008
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Name Structures
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References

3,19-dihydroxy-ent-labda-

8(17),12-dien-16,15-olide

?U

—OH

Chen et al., 2006

8a-methoxyl-14-deoxy-174-
hydroxyandrographolide

CH;0H

19-[(B-D-glucopyranosyl)-
oxy]-19-oxo0-ent-labda- %

8(17),13-dien-16,15-olide

Ma et al., 2010

Chen et al., 2006
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Name Structures
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References

19-hydroxy-3-oxo-ent-labda- ©

8(17),11,13-trien-16,15-olide

Chen et al., 2006

ent-labda-8(17),13-dien- HO

15,16,19-triol X CH20H

14-deoxy-11,12-didehy- 0

droandrographiside

Chen et al., 2006

Matsuda et al.,
1995: Chen et al.,

2006
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Table 1. (cont.)

Name Structures References

andropanoside 0 Fujita et al., 1984

bisandrographolide Matsuda et al.,

ABC 1994

bisandrographolide D Matsuda et al.,

1994
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Table 1. (cont.)

Name Structures References

3,7,19-trihydroxy-8,11,13- o Ma et al., 2009

ent-labdatrien-15,16-olide

8a,17/-epoxy-3,19- 0 Ma et al., 2009
dihydroxy-11,13-ent-

labdatrien-15,16-olide

andrographiside 0 Matsuda et al.,

| 1994; Chen et al.,
P 2006; Shen et al.,
2006; Chen et al.,

2008; Kulyal et al

2010; Zou et al..,

2010
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Name Structures References
(13R,14R)3,13,14,19-tetra- Xuetal., 2010
hydroxy-ent-labda-8(17),11-
dien-16,15-olide
3,19-isopropylidene-14- Xuetal., 2010
deoxy-ent-labda-8(17),13-
dien-16,15-olide
andrographic acid o} OHOH Li et al., 2007

NS0
=

14-acetylandrographolide

Chao et al., 2010
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Structures
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References

7R-hydroxy-14-deoxyandro-

grapholide

Chen et al., 2008

7S-hydroxy-14-deoxyandro-

grapholide

12S,13S-hydroxyandrogra-

pholide

HO"
HO"

0

%O

“'OH

H

0

%O
0

AN

H

“—OH

HO'

Chen et al., 2008

Chen et al., 2008

12R,13R-hydroxyandrogra-

pholide

Chen et al., 2008
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Name

Structures
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References

14-deoxy-14,15-

dehydroandrographolide

Chao et al., 2010

19-O-acetyl-14-deoxy-11,12-

didehydroandrographolide

3,19-dioxolabda-
8(17),11E,13-trien-16,15-

olide

Chao et al., 2010

Chao et al., 2010

3,19-O-diacetylanhydroan-

drographolide

Chao et al., 2010
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Name Structures
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References

19-O-acetylanhydroandro- j 0

grapholide |

Chao et al., 2010

1I. Flavonoids

Name Structures

References

7-O-methylwogonin

Rao et al., 2004

5-hydroxy-7,2',3'-

trimethoxyflavone

Rao et al., 2004

5,7,2',3'-tetramethoxy-

H,CO O
flavanone OCHj;
OCH,

OCHL

Rao et al., 2004
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Name

Structures
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References

5-hydroxy-7,8-

dimethoxyflavanone

OCH;,
H3CO\©;9

Chao et al., 2010

7-O-methyldihydrowo-

gonin

skullcapflavone-12'-

methylether

OCH3

Rao et al., 2004

Rao et al., 2004

5-hydroxy-7,8-

dimethoxyflavone

OCHs
H3CO\©;(‘)jm

Chao et al., 2010

OH ©
andrographidine A OCH; Li et al., 2007
HsCO O
HOH,C
HeX2 o0 ©
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Name Structures
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References

7-O-methylwogonin-5-

glucoside

dihydroskullcapflavone | OCHs
HsCO O

OH
OH O
5-hydroxy-7,2',6"-tri- H3CO O
methoxyflavone H5CO © |
OCHj,
OH O

skullcapflavone | 2'-gluco-

Rao et al., 2004

Rao et al., 2004

Reddy et al,
2003; Rao et al.,

2004

Rao et al., 2004

side

5-hydroxy-7,8-dimethoxy OCHs Li et al., 2007
H5CO o]

(2R)-flavanone-5-O-p-D- O

glucopyranoside Hgmo o
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Name

Structures
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References

5-hydroxy-7,8,2",5 -tetra-
methoxy-flavone-5 - O-f -

D-glucopyranoside

Li et al., 2007

5-hydroxy-7,8,2',5'-

tetramethoxyflavone

Rao et al., 2004

5-hydroxy-7,8,2',3'-

tetramethoxyflavone

Rao et al., 2004

III. Xanthones

Name

Structures

References

1,2-dihydroxy-6,8-di-

methoxyxanthone

H;CO O OH

"
H,CO 0

Dua et al., 2004
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3,7,8-trimethoxy-1-

hydroxyxanthone

27

H;CO O OH Dua et al., 2004

1,8-dihydroxy-3,7- OH O OH Dua et al., 2004
HsCO
dimethoxyxanthone O O
0 OCHj,4
4,8-dihydroxy-2,7- OH O Dua et al., 2004
HsCO OCHj;
dimethoxyxanthone O O
0
OH
IV. Noriridoids
Name Structures References
andrographidoid A HO Xuetal., 2012
grap - §7_ocH,
0
S0
©/\)J\O “H
andrographidoid B HO oH Xuetal., 2012

\OCH,4
0]
‘ o)
7 0" :H
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andrographidoid C HO oH Xuetal., 2012
0
4 o)
andrographidoid D HO oH o Xuetal., 2012
0
.9
andrographidoid E HO o Xu et al., 2012
Iy
HO™ -
V. Quinic acid
Name Structures References
3,4-dicaffeoylquinic acid HO._ LCOOH Hossain et al.,
0
2014
o)
OH
-
OH
OH

Given the long history of A. paniculata as a medicinal plant and one of

the ingredient in herbal drugs used widely throughout several Asian countries, the plant,
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either alone or as an ingredient in the herbal drug formulae, has also been investigated
extensively for its biological activities. As pure compounds, andrographolide, as well
as several other major diterpenes, are also the subjects of interest in the pharmacological
investigations. The pharmacological and/or biological activities that have been focused
on include the effects on common cold, anti-inflammatory, cytotoxic, antimicrobial,
and anti-hyperglycemic activities, most of which are closely related to the
recommendation and the uses of the plant as described above. All the biological
activities of A. paniculata that have been investigated and reported to date are

summarized in Table 2.

Table 2. Biological activities of chemical constituents in A. paniculata

Names Activities References

andrographolide - Analgesic (300 mg-kg™ dose) Madav et al., 1995
- Antihyperglycemic effect (effect- Yuetal., 2003
ive dose 1.5 mg-kg™)
- Cytotoxic (ICso 14.01 pg-mL? Cheunget al., 2005
against HL-60 cells)
- Antiviral (ICso 8.28 pg-mL?! Wiart et al., 2005

against herpes simplex virus 1

(HSV-1)

- Anti-influenza (1C50 1.2 £ 0.4 Ko et al., 2006
ug-mL™)

- Cytotoxic (EDsp 6.5 pug-mL™? Li et al., 2007

against KB cells)
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Names

andrographolide

Activities
- Antiproliferative effect (Glso
9.33 +£0.92 uM against HL-60

cells)

References

Chen et al., 2008

14-deoxyandrogra-

pholide

- Antimalarial (80.9 + 3.7 %

inhibition against Plasmodium
berghei NK 65 at 2.5 mg-kg?)
- Cytotoxic (ECso 2.8 pg-mL*

against T-47D cells)

- Antibacterial (MIC 15.6 pug-mL™*

against Staphylococcus aureus)

- Cardiovascular activity (reduced

coronary perfusion pressure by up

to —19.5 = 7.0 mmHg)
- Antifungal (MIC and MFC 50
ug-mL* against Microsporum

canis)

Misra et al., 1992

Tan et al., 2005

Sule et al., 2011

Awang et al., 2012

Sule et al., 2012

14-deoxyan-11,12-

didehydrodrographolide

- Cytotoxic (ECso 1.5 pg-mL™
against T-47D cells)
- Antiviral (ICsp 11.1 pg-mL™*

against herpes

Tan et al., 2005

Wiart et al., 2005
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Names

Activities

References

14-deoxyan-11,12-

didehydrodrographolide

neoandrographolide

- Antifungal (MIC and MFC 100
and 150 pg-mL™ against
Aspergillus niger and Candida
tropicalis)

- Antimalarial (84.4 + 6.4 %
inhibition against Plasmodium
berghei NK 65 at 2.5 mg-kg™?)
- Antiviral (ICsp 7.97 pg-mL™
against herpes simplex virus 1
(HSV-1)

- Anti-proliferative effect (Glso
26.67 = 0.81 uM against HL-60

cells)

Sule et al., 2012

Misra et al., 1992

Wiart et al., 2005

Chen et al., 2008

isoandrographolide

- Anti-proliferative effect (Glso
6.30 = 0.65 uM against HL-60

cells)

Chen et al., 2008

3,14-dideoxyandrogra-

pholide

- Anti-proliferative effect (Glso
20.01 £ 1.22 puM against HL-60

cells)

Chen et al., 2008
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Names

Activities

References

andrographolactone

- Cytotoxic effect (ICso 0.05 and
0.06 mM against LoVo and NCI-

H460 cells respectively)

Wang et al., 2009

3-0x0-14-deoxyandrogra-

pholide

- Anti-proliferative effect (Glso
22.80 £ 1.55 pM against HL-60

cells)

Chen et al., 2008

3-0x0-14-deoxy-11,12-
didehydroandrogra-

pholide

- Anti-proliferative effect (Glso
19.17 + 2.09 uM against HL-60

cells)

Chen et al., 2008

8(17),13-ent-labdadiene-

15,16,19-triol

- Anti-proliferative effect (Glso
20.41 = 0.73 uM against HL-60

cells)

Chen et al., 2008

15-methoxy-3,19-dihy-
droxy-8(17)11,13-ent-
labda-trien-16,15-olide
3,19-dihydroxy-
14,15,16-trinor-8(17),11-
ent-labda-dien-13-oic

acid

- Anti-proliferative effect (Glso
26.36 £ 1.89 uM against HL-60
cells)

- Anti-proliferative effect (Glso
28.81 £ 1.39 uM against HL-60

cells)

Chen et al., 2008

Chen et al., 2008
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Names

Activities

References

13,14,15,16-tetranor-ent-
labda-8(17)-ene-3,12,19-

triol

- Anti-proliferative effect (Glso
2495 + 2.10 uM against HL-60

cells

Chen et al., 2008

andrographiside

- Anti-proliferative effect (Glso
28.83 + 2.18 uM against HL-60

cells

Chen et al., 2008

7R-hydroxy-14-deoxy-

andrographolide

- Anti-proliferative effect (Glso
22.48 + 1.83 puM against HL-60

cells

Chen et al., 2008

7S-hydroxy-14-deoxy-

andrographolide

- Anti-proliferative effect (Glso
25.18 = 1.47 uM against HL-60

cells

Chen et al., 2008

12S,13S-hydroxyandro-

grapholide

- Anti-proliferative effect (Glso
2443 + 2.19 puM against HL-60

cells

Chen et al., 2008

12R,13R-hydroxyandro-

grapholide

- Anti-proliferative effect (Glso
26.56 = 1.79 puM against HL-60

cells

Chen et al., 2008

1,2-dihydroxy-6,8-di-

methoxyxanthone

- Anti-plasmodial activity (ICso 4

png-mL? against  Plasmodium

falciparum)

Dua et al., 2004
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Table 2. (cont.)

Names Activities References
3,15,19-trihydroxy- - Anti-proliferative effect (Glso Chen et al., 2008
8(17),13-ent-labdadien-  22.42 + 1.88 uM against HL-60

16-oic acid cells

1.2 The stability of the Andrographis Herb and its primary diterpene lactones

Whereas being used as an effective alternative approach for the
treatment of common cold and non-infectious diarrhea, the Andrographis Herb has such
a short shelf-life that hampers its extensive development both as a herbal medicine and
as a modern drug. As described previously, the Thai Herbal Pharmacopoeia states that
the herb should be stored no longer one year, during which time a quantitation should
be frequently conducted. The monograph of the Andrographis Herb, however, did not
provide an extensive detail on the precised shelf-life or kinetics of the decomposition,
nor was the primary decomposition product(s) resulted from such a degradation
mentioned. A few publications have been reporting the degradation/stability of either

the Andrographis Herb or its active components, namely andrographolide, or both.

As a purely isolated, single component, andrographolide in its
crystalline form is highly stable, and showed no traceable decomposition after being
exposed to a temperature as high as 70 °C (75% relative humidity) for a period of 3
months. However, in an amorphous form, a solid dispersion of andrographolide in Poly
Vinyl Pyrrolidone decomposed promptly within two months under the accelerated

conditions. The degradation underwent a second-order kinetics (k = 3.8 x 10 d*) with
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a half-life, calculated for an ambient temperature, as short as 7.83 years. At 70 °C, the
primary decomposition product of andrographolide was 14-deoxy-11,12-
didehydroandrographolide (Lomlim et al., 2003). The decomposition of
andrographolide toward 14-deoxy-11,12-didehydroandrographolide agreed well with
that reported by Pholphana et al (2004). The stability of the ground herb under the
accelerated conditions has also been investigated. The kinetics of the degradation was
also in the second order (k = 6.58x10° d%), with a comparable half-life of 4.2 years

(Plubrukarn et al., 2006)

On the other hand, a study on the whole plant of A. paniculata, stored at
a refrigerated (5 £ 2° C) and ambient (25 £ 2° C, 60% * 5% RH; and 30 = 2° C, 60% +
5% RH) conditions, showed no significant reduction of andrographolide over a period
of three months (Ibrahim et al., 2008). The discrepancy among the latter and the
previous reports may lie on the forms of the materials used (ground vs. whole plants)
and the length of the investigation, which may lead to the different impacts on the
decomposition and transformation of the primary diterpene lactones presented in the

herb.
1.3 Metabolomics and metabolomics workflow

Metabolomics is a term used to describe the science of the simultaneous
measurement and analysis of thousands all of the small molecules, both primary and
secondary metabolites. The metabolome, the term that was coined to reflect the
connection with other omic research subject represents the collection of all the
metabolites present in a biological system, i.e., the collective end products of the

cellular metabolism(s). Relying on the advantages of the advanced separation
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technology, particularly in the areas of LC- and GC-MS, and highly sensitive
spectroscopic measurements of high-field NMR and FT-IR, combined with the
development of statistic software for the multivariate analyses, the approach on
metabolomics therefore has become a powerful tools that can be used extensively in the
biological and chemical research areas, ranging from the quality control, drug toxicity,

microbiology, chemotaxonomy (Liu et al., 2010).

In general, the most straightforward workflow for the metabolomics
studies involves sample or specimen treatments and preparation, data acquisition, and
data mining. Depending on the purposes of the investigation, the sample treatment may
involve a harvesting or collecting of the treated plants or specimens to be investigated
in a systematically organized manner. For the plant metabolomics studies, the specimen
preparation may include size reducing, drying, and extracting in such a way that all the
metabolites of interest are retrieved in a comparable and proportionate fashion.
Specifically for the extraction, universal solvents such as chloroform, methanol, or
ethanol may be employed, either independently or as a two-phase extraction (Kim et
al., 2010). When necessary, a quick, partial purification may be applied. This is of
particular importance in a workflow that focuses on the minor components whose
signals could be overwhelmed by the larger proportion of the major primary
metabolites. Also, in a metabonomics research where the primary foci are the cellular
metabolites in the tested animals or human subjects, in which the prior pharmacological
or physiological experiments have been performed, treatment of the biological samples

to remove cellular metabolic backgrounds is among the primary concerns.

Owing to the need of simultaneous analyses of all the metabolites, the

data acquisition for the metabolomics workflow therefore generally employs the
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analytical methods that allow the determination of all the present analytes within one
single run. For such purposes, the reliable analytical tools are high-performance
chromatography, both GC and LC. Equipped with the universal and highly sensitive
detectors such as a photodiode array detector for HPLC, or a mass spectrometer for
both chromatographic methods, GC and LC are among the most powerful analytical

methods for the metabolomics studies.

The disadvantages of the chromatographic separations are the low
reproducibility and the inability to identify any given compounds without an aid of
reliable standards or extensive databases (Lisec et al., 2006; De Vos et al., 2007). This
can be overcome by the uses of spectroscopic and spectrometric approaches,
particularly IR and NMR spectrometry. The advances in Fourier transformation
technology, and, particularly for the NMR, the development of the superconducting
magnet, have made up and compensated the low sensitivity of both methods, and have
made the IR and NMR spectrometry to become the powerful tools for the metabolomics
research (Kim et al., 2010). The specific signals identified for any relevant markers can
be selected and used to determine the presence, or even the amount, of the selected
compounds. In addition, whereas the spectral complexity could add the difficulty to the
data analysis, signal bucketing or binning, hence simplifying the spectra and data
handling, can be performed without compromising the integrity of the data (Kim et al.,

2010).

Once acquired, all the data from all the chemical analyses will be
compared and analyzed by way of data mining, generally, with multivariate analyses,
either by means of principal component analysis and/or partial least square method. The

principal component analysis (PCA) primarily indicates the similarity (or dissimilarity)
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within the dataset and suggests the most possible variables — whether the chemical
shifts, wave numbers, or retention times — that may govern such a similarity (Kim et

al., 2010; Alonso et al., 2015).

As mentioned earlier, the metabolomics research has become one of the
powerful research approaches that allow the total metabolites in any given living
systems to be studied simultaneously. The approach has been employed in a wide range
of research field. For examples —VVan der Kooy et al (2010) used a rapid NMR targeted
metabolomics approach combined with principle component analysis (PCA) to
examine that the capsules are indeed A. afra and not A. annua, and showed that NMR-
based metabolomics with the multivariate analysis (PCA), the concentration of
artemisinin in the plant material was determined. It can be a rapid and valuable tool in
the quality control of herbal supplements. Farag et al (2010) investigated the metabolic
fingerprint and chemical profile of commercial cultivars of Humulus lupulus L. The
results showed that metabolomics approach provided new insights for the
supplementary and concurrence for the different technology platform applications in
similar plant metabolomics projects. In addition, Yilmaz et al (2010) studied the H
NMR metabolic fingerprinting for discrimination of authenticity of saffron using
principal component analysis (PCA) modeling, and demonstrated that the metabolic
fingerprinting technique can provide immediate means of unsupervised classification

of the saffron samples.
1.4 Research aims and objectives

As described earlier, the Andrographis Herb is one of the most

commonly used herbal medicines for the primary health care as an alternative for the
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treatment of common cold and non-infectious diarrhea. The effectiveness of the
Andrographis Herb is highly appreciated even among the health care personnel.
However, the stability of the diterpene lactones, which leads to such a short storage
period, is the major course that limits the extensive development of the Andrographis
Herb as a modern medicine. Also, the short storage period can be problematic for the
manufacturers and crop producers to implement any reasonable storage and shipping

plans.

Whereas the shelf-life of the diterpene lactones, namely
andrographolide, either as a purely isolated compound or as a component in the herbal
matrix, has already been reported, and the storage time for the herb itself is officially
recommended to be only one year (Ministry of Public Health, 1998), the degradation
paths of andrographolide, particularly with a spontaneous transformation in the plant
matrix over the real-time storage, have never been specifically reported. In addition, the
dynamics of the transformation among the diterpene lactones is practically unknown.
It is of important to align such transformation with the shelf-life of the herb, preferably
in a real-time manner, to determine the fate of the diterpene lactones, and to set up a
strong foundation that could allow a reasonably implementable storage plans and

shelving periods.

In this investigation, an NMR-based metabolomics approach is opted to
determine the composition changes in the Andrographis Herb over a period of six
months under standard storage conditions similar to that be perceivably applied by

general manufacturers. The objectives of this investigation are
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1. To study the degradation profile of chemical constituents in the
Andrographis Herb;

2. To determine the chemical marker(s) for the chemical degradation in
the Andrographis Herb; and

3. To suggest a possible and reasonable storage conditions and shelf life

of the Andrographis Herb.
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CHAPTER 2

EXPERIMENTAL

2.1 Chemicals and instrumentations

All the chemicals and organic solvents for the general purposes are
laboratory grade and were all used as purchase. Chromatographic solvents were
commercial grade and were re-distilled prior to use. Thin layer chromatography was
performed using SiO2 60 Fas4 (0.20 mm thickness) on the aluminum support (Merck®),
visualized (1) under 254-nm light, and (2) after sprayed with Kedde reagent (3,5-
dinitrobenzoic acid in MeOH, followed by 5% methanolic KOH) then heated (purple
spots on white background). Chromatographic separations were performed on SiO, 60
(mesh size 0.04 - 0.06 mm:; Salicycle®). Ultraviolet spectra were record on a UV-
spectrophotometer (Genesis-6). The principle bands (Amax) Were recorded in nm with
log &, using MeOH as a solvent. Infrared spectra were recorded on an FT-IR
spectrophotometer (Bruker; VERTEX 70), and the major bands (v) were recorded in
cm™® (KBr pellets). The *H and *3C NMR spectra used for the chemical identification
were recorded on 500 MHz FT-NMR (Varian Unity Inova 500) spectrometer. The
NMR chemical shifts are recorded in part per million () referencing either CDCl3 (7.24
ppm of residual CHCI3 for *H NMR, and 77.0 ppm for **C NMR), or DMSO-ds (2.50
ppm of residual CDsSOCDs for *H NMR, and 39.5 ppm for **C NMR). The ESI-MS
were performed using a LC mass spectrometer (Waters, Alliance 2690, and Micromass,

LCT)
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2.2 Plant materials

All the plant materials of A. paniculata used throughout this
investigation were identified by Mrs. Pranee Rattanasuwan of the Department of
Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical Sciences,
Prince of Songkla University. A voucher specimen is deposited at the herbarium of the
Department of Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical

Sciences, Prince of Songkla University (SKP 001 01 16 01).

The plant materials of A. paniculata used for preparing the standard
diterpene lactones was purchased as unprocessed dried herbs from Suphan Buri

Province. The materials were used in the further extraction without additional drying.

The Andrographis Herbs from four suppliers were used in the
metabolomics and stability profiling experiments. Three of which were bought as
whole, dried aerial parts from local farmers in Nakhon Pathom, Khon Kaen, and Suphan
Buri Provinces. The other one was obtained in-house from the nursery of the
Department of Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical
Sciences, Prince of Songkla University, Songkhla, Thailand. The sources for the herbs
used in this study were selected primarily to demonstrate the variations due to the
different and unspecified crop productions with no intention to reflect the geographical

impacts that may influent the chemical accumulation or productivity.
2.3 Isolation and purification of standard diterpene lactones

The dried aerial parts of A. paniculata (300 g) was ground and refluxed
in EtOH (3 L, 2 hr), yielding a crude extract (11.02 g) upon solvent removal. An aliquot

of the crude extract (1.63 g) was chromatographed on a column of SiO», eluted with
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gradient eluting solvents, starting from 80% EtOAc in CH2Cl, through 100% EtOAc
and 5% MeOH in EtOAc, to 20% MeOH in EtOAc. Seven major fractions were
collected after the fractional pool. Recrystallization of fraction 2 (CHCI3/MeOH = 2:1)
yielded andrographolide (297 mg). Fraction 1 was chromatographed on a AgNO:z-
impregnated SiO2 (EtOAc/CHCI3/CHsCN = 70:20:10) to afford 14-deoxyandrogra-
pholide (35 mg) and 14-deoxy-11,12-didehydroandrographolide (75 mg). The more
polar fraction 5, which was another major fraction, was subjected to the

recrystallization (MeOH), and neoandrographolide (38 mg) was obtained.

Andrographolide. Tabular crystal, UV (MeOH) Amax (log €) 225 (6.53) nm; IR (KBr)
v 3399, 1727, 1674, 909 cm™; *H-NMR (CDCls, 500 MHz) § 6.95 (1H, td, J=7.0, 1.7
Hz, H-12), 5.01 (1H, t, J = 6.5 Hz, H-14), 4.88 (1H, s, H-17), 4.56 (1H, s, H-17), 4.44
(1H, dd, J = 10.5, 6.1 Hz, H-15), 4.24 (1H, dd, J = 10.5, 2.0 Hz, H-15), 4.17 (1H, dd, J
=11.2, 2.3 Hz, H-19), 3.47 (1H, dt, J = 11.2, 9.5 Hz, H-3), 3.32 (1H, t, J = 10.1 Hz, H-
19), 2.70 (2H, dd, J = 8.7, 2.5 Hz, H-11), 1.96 (1H, m, H-9), 1.83 (1H, m, H-7), 1.80
(2H, m, H-1 and H-6), 1.76 (1H, m, H-2), 1.23 (3H, s, H-18), 0.68 (3H, s, H-20); °C
NMR (CDCls, 125 MHz) ¢ 170.0 (C, C-16), 148.6 (CH, C-12), 146.0 (C, C-8), 127.0
(C, C-13), 108.6 (CH;, C-17), 80.5 (CH, C-3), 74.0 (CH,, C-15), 66.0 (CH, C-14), 64.0
(CH,, C-19), 55.5 (CH, C-9), 55.0 (CH, C-5), 48.8 (C, C-4), 38.0 (C, C-10), 37.5 (CHy,
C-1, and C-17), 27.8 (CHz, C-2), 24.6 (CHa, C-11), 23.6 (CH,, C-6, and CHs, C-18),

15.1 (CHs, C-20); HRESIMS m/z 373.1997 [M+Na]* (cald for C2oHsoOsNa, 373.1991).

14-Deoxyandrographolide. White solid, UV (MeOH) Amax (log ¢) 215 (6.49) nm; IR
(KBr) v 3362, 3079, 2935, 2850, 1749, 1645, 1448, 1347 and 893 cm™*; *H-NMR
(CDCl3, 500 MHz) & 7.07 (1H, t, J = 1.6 Hz, H-14), 4.85 (1H, s, H-17), 4.75 (2H, dd, J

= 4.2, 2.0 Hz, H-15), 457 (1H, s, H-17), 4.15 (1H, d, J = 11.1 Hz, H-19), 3.45 (1H, t, J
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= 5.0 Hz, H-3), 3.30 (1H, d, J = 11.3 Hz, H-19), 2.43 (1H, m, H-12), 2.39 (1H, m, H-
7),2.10 (1H, dt, J = 15.8, 8.0 Hz, H-12), 1.92 (1H, m, H-7), 1.80 (overlapped, H-1, H-
2, and H-6), 1.72 (2H, m, H-11), 1.57 (1H, m, H-9), 1.30 (1H, m, H-6), 1.23 (3H, s, H-
18), 1.18 (1H, dd, J = 12.8, 4.2 Hz, H-5), 1.16 (1H, m, H-1), 0.62 (3H, s, H-20); *C
NMR (CDCls, 125 MHz) 6 174.3 (C, C-16), 146.7 (C, C-8), 144.0 (CH, C-14), 134.6
(C, C-13), 107.3 (CH>, C-17), 80.6 (CH, C-3), 70.1 (CH_, C-15), 64.2 (CH., C-19), 56.0
(CH, C-9), 55.2 (CH, C-5), 42.8 (C, C-4), 39.0 (C, C-10), 38.1 (CH, C-7), 36.8 (CH,
C-1), 28.2 (CHy, C-2), 24.5 (CH,, C-12), 23.9 (CHy, C-6), 22.7 (CHs, C-18), 21.9 (CHy,
C-11), 15.2 (CHs, C-20); HRESIMS m/z 357.2041 [M+Na]* (cald for CoHzO4Na,

357.2042).

14-Deoxy-11,12-didehydroandrographolide. White solid, UV (MeOH) Amax (l0g &)
210 (6.65), 249 (6.72) nm; IR (KBr) v 3437, 2936, 2873, 1748, 1640, and 891 cm™*; 1H-
NMR (CDCls, 500 MHz) ¢ 7.15 (1H, t, J = 2.0 Hz, H-14), 6.82 (1H, dd, J = 15.8, 10.1
Hz, H-11), 6.08 (1H, d, J = 15.8 Hz, H-12), 4.79 (2H, d, J = 2.0 Hz, H-15), 4.74 (1H,
dd, J = 2.0, 1.6 Hz, H-17), 4.49 (1H, dd, J = 1.9, 1.6 Hz, H-17), 4.18 (1H, d, J = 11.0
Hz, H-19), 3.44 (1H, ddd, J = 11.4, 4.8, 1.1 Hz, H-3), 3.32 (1H, d, J = 12.0 Hz, H-19),
2.41 (1H, ddd, J = 13.8, 4.2, H-7), 2.28 (1H, d, J = 10.0 Hz, H-9), 2.01 (1H, ddd, J =
13.0, 10.0, 4.8 Hz, H-7), 1.75 (2H, m, H-6), 1.70 (1H, m, H-2), 1.47 (1H, dt, J = 13.0,
3.4 Hz, H-1), 1.30 (1H, m, H-2), 1.22 (3H, s, H-18), 1.17 (1H, dd, J = 12.7, 2.5 Hz, H-
5), 1.09 (1H, td, J = 14.0, 13.3, 4.1 Hz, H-1), 0.77 (3H, s, H-20); *3C NMR (CDCls, 125
MHz) § 172.4 (C, C-16), 148.1 (C, C-8), 143.1 (CH, C-14), 136.0 (CH, C-11), 129.2
(C, C-13), 121.1 (CH, C-12), 109.2 (CH, C-17), 80.8 (CH, C-3), 69.7 (CH2, C-15),

64.2 (CH2, C-19), 61.6 (CH, C-9), 54.6 (CH, C-5), 42.8 (C, C-4), 38.5 (C, C-10), 38.2
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(CHz, C-1), 36.5 (CHa, C-7), 28.0 (CHz, C-6), 22.9 (CHa, C-2), 22.7 (CHs, C-18), 15.9

(CHs, C-20); HRESIMS m/z 355.1895 [M+Na]" (cald for C2oH2s04Na, 355.1885).

Neoandrographolide. Needles, UV (MeOH) Amax (log €) 225 (6.83) nm; IR (KBr) v
3447, 2929, 2851, 1747, 1644, 1444, 1353, and 909 cm™; *H-NMR (DMSO-ds, 500
MHz) 6 7.45 (1H, dd, J = 2.6, 1.4 Hz, H-14), 4.80 (2H, m, H-17, and H-15), 4.60 (1H,
m, H-17), 3.87 (1H, d, J = 9.6 Hz, H-19), 2.30 (1H, m, H-7), 2.20 (1H, m, H-12), 2.00
(1H, m, H-12),1.90 (1H, m, H-7), 1.83 (1H, d, J = 13.1 Hz, H-3), 1.77 (1H, m, H-6),
1.71 (1H, m, H-1), 1.67 (1H, m, H-11),1.60 (1H, m, H-9), 1.53 (1H, m, H-2), 1.47 (1H,
m, H-11), 1.38 (1H, m, H-2), 1.29 (1H, qd, J = 12.8, 4.1 Hz, H-6), 1.21 (1H, dd, J =
12.9, 2.0 Hz, H-5), 1.00 (1H, td, J = 13.0, 3.6 Hz, H-1), 0.95 (3H, s, H-18), 0.86 (1H,
td, J = 13.3, 3.6 Hz, H-3), 0.60 (3H, s, H-20); *C NMR (DMSO-ds, 125 MHz) § 174.0
(C, C-16), 147.8 (C, C-8), 147.0 (CH, C-14), 132.0 (C, C-13), 106.0 (CH,, C-17), 71.0
(CHs, C-19), 70.5 (CH., C-15), 55.9 (CH, C-9), 55.5 (CH, C-5), 39.0 (C, C-10), 38.5
(CH,, C-1), 38.1 (CH, C-7), 38.0 (C, C-4), 35.8 (CH,, C-3), 27.0 (CHs, C-18), 24.2
(CHy, C-12), 24.1 (CH,, C-6), 21.0 (CHy, C-11), 18.0 (CH,, C-2), 15.0 CHs, C-20);

HRESIMS m/z 503.2631 [M+Na]" (cald for C2sH400sNa, 503.2621).
2.4 Stability and metabolomics profiling
2.4.1 Specimen preparation and extraction

All the herbs purchased from three crop producers in Nakhon Pathom,
Khon Kaen, and Suphan Buri were specified as fully grown crops, harvested at flower
blossom but before fruiting. All were subjected to the stability experiments with no
further drying process. The Songkhla specimens were also harvested as indicated

above. The herbs were rinsed thoroughly, air-dried, and oven-dried (40 — 60 °C) for 24
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- 48 hr. The specimens from each source were processed separately in an individual-
source manner. The herbs were cut into small pieces (3 - 5 cm) (Figure 2), and packed
in a series of light-protected paper sachets (approximately 900 mg per sachet). All the
specimens were stored in the storage unit of the Traditional Medicine Manufacturing
Facility, Faculty of Pharmaceutical Sciences, Prince of Songkla University. The storage
conditions were controlled at 25 £ 5 °C and 51 + 5% relative humidity as recommended

by the Thai Herbal Pharmacopoeia (Ministry of Public Health, 1998).

Starting on the day of arrival at the laboratory as day O, therefore
mimicking the storage conditions that may be practiced by any manufacturers, the herb
specimens from each source were collected in a random manner for the NMR-based
(triplicate) and titrimetric-based (duplicate) stability profiling experiments. The
collecting intervals for the NMR-based experiments were weekly during months 1 and
2, once every two weeks during months 3 and 4, and monthly from month 5 onward.
Hence, the sampling schedules for the samples from each source were on days 0, 7, 14,

21, 28, 35, 42, 49, 56, 70, 84, 98, 112, 140, and 168. The collecting intervals for the

titrimetric-based experiments were monthly, and were carried out for six months; hence

a

b)

Figure 2. Andrographis Herb cut into 3 — 5 cm (a) and packed in a series of light-

protected paper sachets (b)
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the sampling times were scheduled on days 0, 28, 56, 84, 112, 140, and 168. Once
collected, all the samples were preserved separately at -20 °C until the time of

extraction.

The samples to be subjected to the titrimetric method of determination
were assayed for the total lactone contents (Ministry of Public Health, 1998). The assay
protocol is described in section 2.5. As for the NMR-based experiments, each collected
sample was separately ground with the aid of liquid nitrogen. About 100 mg of the
resulting fine powder was accurately weighed and extracted with a mixture of
CHCI3/MeOH/water (4:2:2 mL). This was vortexed for 10 s, and ultra-sonicated for 20
min at room temperature. The mixture was set aside at an ambient temperature for 10
min to allow a clear separation into two fractions. A 3-mL aliquot of each fraction was
brought to dryness under a reduced pressure. The resulting dried extracts were stored

at -20 °C until the dates scheduled for the NMR experiments.
2.4.2 NMR acquisition and bucketing

The NMR acquisition for the metabolomics experiments were
performed at 25° C on a 500 MHz Varian Unity Inova 500 NMR spectrometer,
operating at a *H NMR frequency of 499.7 MHz. A 128-scan for the FID was acquired
and recorded with the following parameters: pulse width 30°; acquisition time 2.7 s;
and relaxation delay 1.5 s. An exponential window function Ib 0.3 was used prior to the
Fourier transformation. For the non-polar CHClz-extracts, each sample was dissolved
in a quantitatively 0.8 mL of CDCl3 (99.9% D, containing 0.05% v/v, tetramethylsilane
[TMS]). Similarly, each polar aqg MeOH-extract was dissolved in a 0.8 mL of D.O

(99.9% D, containing 0.1% v/v 3-[trimethylsilyl]propionic-2,2,3,3-ds acid sodium salt
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[TMSP]), buffered with KH2PO4 (pH 6.0 £ 0.1). TMS and TMSP were referred to as
the internal standards for the chemical shifts (both at 0 ppm in their respective solvents)

and for the quantitative resonance integration.

The recorded FID of each sample was Fourier transformed on
MestReNova 9.0.1 (Mestrelab Research S.L). Each spectrum was phased and baseline-
corrected manually. The peak integration was normalized according to the reference
signal as mentioned above (integral range 0.2 - -0.2 ppm, equivalent to 1 integral unit).
Each spectrum was then bucketed to an equal width of 0.04 ppm per bucket,
corresponding to a spectral range of 8.0 - 0.2 ppm (a total of 196 buckets). The spectral
regions between 1.64 - 1.50 ppm (residual water) and between 7.32 - 7.20 ppm (residual
CHCI3) were excluded from all the spectra of the non-polar extracts, and that between

4.82 - 4.68 ppm (residual HOD) were excluded from the spectra of the polar extracts.
2.4.3. Principal component analysis

The principal component analysis (PCA) was performed on a SIMCA
13.0.3.0 software (Umetrics AB, Umea). The bucketed spectral data from each sample,
once normalized (an equivalent of 1 integration unit for the reference signal in each
spectra, see 2.4.2), were imported into an Excel format (Microsoft Excel 2010). The
resulting normalized buckets were recalculated on a per-weight of dried herb basis. The
processed data were imported to SIMCA for the multivariate analysis using pareto

scaling approach.
2.5 Total lactone content

The sampled herbs set aside for the titrimetric method of quantitative

determination as described in section 2.4.1 was subjected to the assay for the total
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lactone contents according to the protocol in the Thai Herbal Pharmacopoeia (Ministry

of Public Health, 1998). In brief, the assay protocol is as follow;

An accurately about 100 g of finely ground Andrographis Herb was
reflux (2 hr) in 85% EtOH (50 mL). Once cool, the mixture was filtered, and the marc
was washed with 85% of EtOH to a clear, colorless filtrate. To the combined filtrate
and washing was added basic lead acetate (1 mL). The solution was set aside for 15
min, then filtered and washed with EtOH to a clear solution. 25% Na>SO4 (1 mL) was
then added. After setting aside for 1 hr, decolorizing charcoal (500 mg) was added and
the mixture was refluxed for 10 min. The hot solution was filtered through a pad of
charcoal (500 mg), and washed with hot EtOH (2 mL x 3). Once cool, 20 mL of water
was added. This was titrated to an end-point (phenolphthalein) with 0.1 N NaOH. An
additional 0.1 N NaOH (5 mL) was added, and the solution was brought to reflux (30
min). The solution was cooled and titrated with 0.05 N HCI, using phenolphthalein as

an indicator.
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CHAPTER 3

RESULTS AND DISCUSSION

In this study, an NMR-based metabolomics approach is adopted for the
investigation of the changes in metabolomics profiles of the Andrographis Herb over a
period of six months. The primary aim is to determine the most relevant chemical
marker(s), whether primary or secondary metabolites, that may reflect the stability of
the herb. Specifically for the diterpene lactones, the investigation is focusing on the
dynamics in transformation among the major diterpene lactones, namely
andrographolide; 14-deoxyandrographolide; and 14-deoxy-11,12-didehydroandro-
grapholide, during the course of storage in the recommended, standard conditions. The
alignment among the changes in the metabolomics profiles and the transformation
among the major diterpene lactones that were determined using the NMR-based
approach and the stability that was profiled on the basis of total lactone contents will

be attempted.
3.1. 'H NMR spectra of the standard diterpene lactones and the crude extracts

The four major diterpene lactones; andrographolide; 14-deoxyandrogra-
pholide; 14-deoxy-11,12-didehydroandrographolide; and neoandrographolide, which
are used as the reference standards in this investigation, were prepared in-house. All
were identified on the basis of the complete spectroscopic analyses, and by the spectral
comparison with the published data (Fujita et al., 1984; Chen et al., 2006). Their purity

was referred to their *H NMR spectra, in which no detectable impurities were observed.
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Figure 3. The chemical structures of andrographolide, 14-deoxyandrographolide, 14-

deoxy-11,12-didehydroandrographolide, and neoandrographolide

The *H NMR spectra (500 MHz) of the three less polar compounds; i.e.,
andrographolide; 14-deoxyandrographolide; and 14-deoxy-11,12-didehydroandro-
grapholide (Figures 4a-c, respectively), were performed in CDCls, which was also the
solvent that was used to obtain the spectra of the CHCls-extracts (vide infra). Their
spectra showed the close resemblance among each other in the high-field regions (3.5
— 0.8 ppm), belonging to most protons in the trans-decalin moiety. In the low-field
regions (7.5 — 4.0 ppm), the differences in the oxygenated functionalities and the

saturation, particularly those surrounding the lactone moiety, provide the distinctive
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Figure 4. The 'H NMR spectra of andrographolide (a), 14-deoxyandrographolide (b)

(this page), 14-deoxy-11,12-didehydroandrographolide (c) (all in CDCl3z, 500 MHz),

and and neoandrographolide (d) (in DMSO-ds, 500 MHz) (next page)



N do oAb

8.0 75 7.0 6.5 6.0 6.6 5.0 4.6 4.0 3. 3.0 256 2.0 1.6 1.0 0.6
chemical shift (ppm)

d) S;
X (@]

8.0 75 7.0 6.5 6.0 6.6 5.0 4.6 4.0 3. 3.0 256 2.0 1.6 1.0 0.6
chemical shift (ppm)

Figure 4. (cont)

53



54

and indicative resonances of each compounds. Of particular interest were the
resonances at ¢ 6.95 (td, J =7.0, 1.7 Hz), belonging to H-12 of andrographolide; ¢ 7.07
(t, J = 1.6 Hz) belonging to H-14 of 14-dideoxyandrographolide; and 6 7.15 (t, J = 2.0
Hz), 6.82 (dd, J = 15.8, 10.1 Hz), and 6.08 (d, J = 15.8 Hz), respectively belonging to
H-14, H-11, and H-12 of 14-deoxy-1,12-didehydroandrographolide. These are the
indicative resonances that are used to identify and determine the presence of each

compound in the spectra of the extracts (vide infra).

Being a glycosidic derivative of 14-deoxyandrographolide, neoandro-
grapholide is more polar than the other three compounds, and its *H NMR spectrum
(500 MHz; Figure 4d) was obtained in DMSO-ds. Apart from the resonances of the
glucose residue, most of its NMR signals are comparable to that of 14-
deoxyandrographolide. The relevant signal indicative to neoandrographolide isat 6 7.45
(dd, J = 2.6, 1.4 Hz, H-14). Note here that despite being more hydrophilic, the
compound is not soluble in water (or D20), which is the NMR-operating solvent used

for the aqg MeOH-extracts.

Shown in Figures 5 and 6 are the *H NMR spectra of the CHCls- and aq
MeOH-extracts of the Andrographis Herb from the four locations (500 MHz, CDCls
and D.0), representatively selected from the day-0 samples of each location. In the
spectra of the CHCls-extracts, all the three referencing compounds, andrographolide,
14-deoxyandro-grapholide, and 14,deoxy-11,12-didehydroandrographolide, are
present in all four samples, with all the indicative resonances as described above clearly
separated and easily identifiable (Figure 5). All the three compounds will therefore be
used as the indicative markers for the further discussion. The other classes of

compounds that are observable in these spectra are fat and steroids, the signal of which
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Figure 5. *H NMR spectra (500 MHz; CDCls) of CHCls-extracts of the Andrographis

Herbs from (a) Suphan Buri; (b) Nakhon Pathom; (c) Khon Kaen; and (d) Songkhla; all

from day-0 of the samples from each supplier
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Figure 6. 'H NMR spectra (500 MHz; D-0) of ag MeOH-extracts of the Andrographis
Herbs from (a) Suphan Buri; (b) Nakhon Pathom; (c) Khon Kaen; and (d) Songkhla; all

from day-0 of the samples from each supplier
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are unidentifiable and overlapped in the high-field regions (2.2 — 1.2 ppm).

The *H NMR spectra of the aq MeOH-extracts (Figure 6), on the other
hand, are void of any identifiable diterpene lactones. Even the polar neoandro-
grapholide, which was isolated in a good yield, was absent in these extracts. The
characteristic signals at 4.5 — 3.0 ppm, although not fully identified here, can be

deduced to be primarily sugars and amino acids (see Appendix B).
3.2 Metabolomics profiles of the Andrographis Herb from different locations

As stated earlier, this investigation does not intend to identify certain
geographical locations that may facilitate the best crop production for the Andrographis
Herb, nor does it intend to examine any geographical impacts on the crop productivity
or the production yield of the herbs. However, comparing the metabolomics profiles in
the herbs from different sources may help examining the possibility of using the
selected references standards as reliable chemical markers. Also, knowing that the
samples from different crop locations certainly accumulate different initial amounts of
diterpene lactones, comparison across different crops may show whether their stability

profiles are consistent and parallel to each other.

For each location, the samples from day 0O were selected as
representative. This is to avoid the complication due to the degradation and
transformations among the diterpene lactones over the storing period. The *H NMR
spectrum of each sample was acquired and processed. Once normalized and bucketed,
the multivariate analysis was performed. For the CHClz-extracts, PCA yielded a total
of eight principal components (PC), with a final cumulative R? of 0.99. The first two

principal components, however, readily yielded an acceptable ccumulative R? of 0.79.
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The score plots and loading plots from the other principal components were readily
examined to show a similar clustering patterns to those obtained from the analysis based
on the first two components (data not shown). The following discussion is therefore

focusing on only the first two components.

The score plot between PC1 and PC2 (Figure 7a) shows four clearly
discriminating clusters corresponding to the herbs from the four provinces. Among
these, the samples from Songkhla set themselves apart toward the positive quadrants of
PC1. Those from the other three locations aggregate densely on the negative PC1, but
spread out more widely and clearly on PC2 scales. The samples from Nakhon Pathom
lean toward the positive PC2, whereas those from Songkhla and Suphan Buri do toward

the negative scale, and those from Khon Kaen fall in the middle.

The loading plots indicate the influences of the three reference diterpene
lactones in discriminating the herbs of each province from the others. Specifically
focusing on the indicative signals of the three lactones (6 6.95, H-12 of
andrographolide; 7.07, H-14 of 14-deoxyandrographolide; and 7.15, 6.82, and 6.08, H-
14, H-11, and H-12 of 14-deoxy-11,12-didehydroandrographolide; see section 3.1).
The PC1 loading plot (54.2% contribution; Figure 7b), showed that all fell towards the
negative PC scales. This indicates that the three compounds inversely discriminate the
Songkhla samples from those of other three provinces. In other words, the
Andrographis Herbs from Suphan Buri, Khon Kaen, and Nakhon Pathom have been
characterized by the higher amount of the three diterpene lactones — and possibly also
most of other minor related lactone derivatives — than that in the herbs from Songkhla.
The positive scales of the three compounds shown in the PC2 loading plot (24.8%

contribution; Figure 7¢) indicate that the samples from Nakhon Pathom were set apart
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Figure 7. The score plot of PC1 and PC2 score of CHCls-extracts of the Andrographis

Herbs (a), the loading plots; focusing between ¢ 7.5 — 3.0 ppm, for PC1 (b), and PC2

(c) of CHCls-extracts of the Andrographis Herbs, from the day-0 specimens from

Suphan Buri, Khon Kaen, Nakhon Pathom, and Songkhla provinces
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from others by their higher amount of the diterpene lactones.

For the ag MeOH-extracts, a total of three principal components were
obtained, contributing to 93% of cumulative R? after the last PC. Shown in Figure 8a is
the score plot of the ag MeOH-extracts based on the contribution of the first two PC
(cumulative R? 0.80). Four distinctive clusters corresponding to the four provinces can
also be clearly observed. However, with very little, if any, diterpene lactones present in
the aqg MeOH-extracts, the contribution from the diterpene lactones, which are the
major secondary metabolites in the Andrographis Herb, were considered negligible.
Focusing on the loading plots based on PC1 and PC2 (61 and 19% contribution
respectively) (Figure 8b-c), the most prominent signals were those resonating in the
range of 3 - 5 ppm, belonging to the protons on the oxygenated carbons of sugars, and

the a-protons of the amino acids. (see Appendix B).

Specifically focusing on the diterpene lactones, which are the major
secondary metabolites and the active components in the Andrographis Herb, the results
from the CHCls-extracts confirmed that the three major lactones, i.e., andrographolide,
14-deoxyandrographolide, and 14-deoxy-11,12-didehydroandrographolide, can be
used as the markers for the metabolomics study in the following sections. On the other
hand, the ag MeOH-extracts, which contain mainly the primary metabolites, and in
which no diterpene lactones were observed, carry less conclusive information regarding
the stability of the diterpene lactones in the herb. As for the effects of geographic
variation, the Andrographis Herb from different crops naturally and expectedly yielded
different metabolomics profiles both in the CHCI3z- and aqg MeOH-extracts, i.e., the non-

polar and polar compartments of the plants. Whereas this thesis does not attempt to
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specimens from Suphan Buri, Khon Kaen, Nakhon Pathom, and Songkhla provinces
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investigate either the genetic or environmental impacts on such differences, the results
support the generalization that different crops from different locations and agricultural

practices lead to the herbs of different quality.
3.3. Stability profile of the Andrographis Herb
3.3.1 Stability profiles based on the *H NMR-based metabolomics approach

As stated earlier, the primary objectives of this investigation is to
examine the stability profiles of the Andrographis Herb using the NMR-based
metabolomics approach in a real-time manner. That is, to examine if there are any
systematic and consistent changes in the metabolomics profiles of the herb upon an
extended period of conventional storage, and if there is any, which compounds could
be the best indicative markers for such changes. The herbs from each supplier, including
the one that was grown in-house, were stored separately in the storage conditions
similar to those conventionally practiced by any manufacturers; i.e., storing of the
whole, dried, and unprocessed plants as purchased in a series of light-protected
packages. The storage periods started on the day that each purchased plant materials
arrived at the lab as day 0. This is to mimic the real storage conditions as most
manufacturers may have no knowledge on the precise harvesting dates and drying

periods conducted by each supplier.

The stability profiles of the Andrographis Herb were performed on both
the CHCIs- and ag MeOH-extracts of the herbal specimens from each supplier as
described. Using PCA for the statistical analysis, the results from each supplier were
consistent and parallel well to the others (vide infra). Here, the results from Suphan

Buri Province are selected as a representative for the discussion and as an introduction
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for baseline. The extended discussion and comparison with the other three suppliers

will be addressed as an individual supplier basis.

PCA of the CHCls-extracts of the Andrographis Herb from Suphan Buri
Province after six-month storage yielded a total of six principal components, with
cumulative R? of 0.99 and g? of 0.97 from the first three PCs. The score plots based on
the combination of the first three PCs (Figure 9; (a) PC1 vs. PC2, (b) PC1 vs. PC3, and
(c) PC2 vs. PC3) were all parallel, and showed that the dataset clustered according to
the storage time. For example, the PC2-PC3 plot (Figure 9c), which is the clearest
representative, shows that the data from the first two months cluster on the negative
scale of PC2 axis, and the plot gradually shifts toward the positive end as time

progresses (see the scatterplot for PC2, Figure 10b).

Note that, for this dataset (CHCls-extracts of samples from Suphan
Buri), PC2 showed a gradual shift in a good accordance to time whereas the other PCs,
despite allowing the observable clusters, did not conform to a time-wise manner (Figure
9; also see the scatterplots for each PC, Figure 10). This can be attributed to the
variables that fluctuate over the storage period; for examples, compound(s) of which
the transformation is in equilibria with other related derivative(s) or undergoes multi-
step transformations/degradations. Nevertheless, in this study, the discussion is
primarily focusing on the compounds that either incline or decline consistently (i.e., in
this case, the PC2 of CHCls-extracts of Suphan Buri samples), hence allowing the direct

prediction for the stability of the herb itself.

The loading plot based on PC1 from the CHCIs-extracts of Suphan Buri

samples (Figure 11a) showed the significant positive scores for all the indicative signals
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Figure 10. The scatterplots of CHCIs-extracts of the Andrographis Herb from Suphan

Buri Province corresponding to the storage period, (a) PC1, (b) PC2, and (c) PC3
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of the three diterpene lactone markers (o6 6.95, H-12 of andrographolide; 7.07, H-14 of
14-deoxyandrographolide; and 7.15, H-14; 6.82, H-11; and 6.08, H-12 of 14-deoxy-
11,12-didehydroandrographolide). This signifies the importance of the three
compounds to each sample in this dataset. Focusing on the PC2 loading plot (Figure
11b), however, only the indicative signals of 14-deoxy-11,12-didehydroandro-
grapholide (¢ 7.15, 6.82, and 6.08) stood out and yielded their distinguishably positive
scores. Referred to the aforementioned scatterplot based on PC2 (Figure 10b), these
positive scores indicated that 14-deoxy-11,12-didehydroandrographolide was the
compound that influenced the time-wise clustering as seen in PC2/PC3 score plot
(Figure 9c). That is, throughout the storage period of the Andrographis Herb, the
amount of 14-deoxy-11,12-didehydroandrographolide had gradually increased, thus
suggesting that 14-deoxy-11,12-didehydroandrographolide is one of the primary
decomposition products. This agrees well with the previous report by Lomlim et al
(2003), in which 14-deoxy-11,12-didehydroandrographolide was identified as the
major decomposition product of andrographolide upon being exposed to the heat-
accelerated conditions. The mechanism of this decomposition toward 14-deoxy-11,12-
didehydroandrographolide may be proposed as a cascade of elimination/dehydration on

C-11 — C-14 of andrographolide (Scheme 1).

0 0
HOY, o N0
</ t| H,O S)‘

H.—~ -2
HO" ; I: HO" ; Ii
":H = H

—OH “—OH
Scheme 1. Degradation of andrographolide toward 14-deoxy-11,12-didehydroandro-

\

grapholide
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Figure 11. The loading plots of CHCls-extracts of the Andrographis Herb from Suphan

Buri Province corresponding to the storage period, (a) PC1, (b) PC2, and (c) PC3

respectively
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The gradual increase of 14-deoxy-11,12-didehydroandrographolide can
also be seen directly in the NMR spectra of the CHClz-extracts of the stored herb
(Figure 12). The three indicative signals (¢ 7.15, 6.82, and 6.08) had gradually increased
over the storage period. On the other hand, although unable to be accounted for their
changes, the integrations for the signals of andrographolide and 14-deoxyandrographo-
lide (0 6.95 and 7.07, respectively) were inconsistent and did not allow a precise

extrapolation.

Similarly, the score plots based on the samples from the other three
suppliers, i.e., from Khon Kaen, Nakhon Pathom, and Songkhla (Figures 13, 16, and
19, respectively), were examined in the same manner as that for the samples from

Suphan Buri. Whereas the plots seem not allowing a direct comparison due to different
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Figure 12. Overlaid *H NMR spectra (500 MHz; CDCls) of the CHCls-extracts of the

Andrographis Herb from Suphan Buri Province (¢ 7.3 — 6.0 ppm, weeks 0-24)
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Figure 13. The score plots of CHClz-extracts of the Andrographis Herb from Khon

Kaen Province corresponding to the storage period, (a) PC1 vs. PC2, (b) PC1 vs. PC3,

and (c) PC2 vs. PC3 respectively (cumulative R? = 0.84 and g2 = 0.76, after first three

PCs)
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metabolomics baselines (see section 3.2), they are all in fact comparable. In the samples
from each supplier, the dataset clustered according to the storage time, with a gradual
shift in a time-wise manner that can be observed from at least one PC (see the
scatterplots of PC1 for Khon Kaen, PC3,for Nakhon Pathom, and PC2 for Songkhla,
Figures 14a, 17c, and 20b, respectively). The loading plots based on the according PCs
showed the relevance between the indicative signals of 14-deoxy-11,12-
didehydroandrographolide (¢ 7.15, 6.82, and 6.08) and the time-wise shifts discussed
above (Figures 15b, 18c, and 21b, for the samples from Khon Kaen, Nakhon Pathom,
and Songkhla, respectively). The results agreed well those observed in the samples from
Suphan Buri, and confirmed that among the three diterpene lactones, 14-deoxy-11,12-
didehydroandrographolide, as a decomposition product, is the best indicator for tracing
the stability of the Andrographis Herb. In other words, the amount (or the ratio to other
diterpene lactones) of 14-deoxy-11,12-didehydroandrographolide may be used as a
suggestive indicator of how old the Andrographis Herb raw material is and how long
the herb has been storage. This is also supported by the increasing intensity in the H-
NMR signals of 14-deoxy-11,12-didehydroandrographolide as seen in the overlaid

spectra of the extracts from each supplier according to the storage times (Figures 22a-
C).

PCA on the ag MeOH-extracts from each supplier yielded the score plots
in which the dataset formed a series of time-related clusters in a comparable fashion to
that of the CHCls-extracts (Figures 23,26, 29, and 32, for the samples from Suphan
Buri, Khon Kaen, Nakhon Pathom, and Songkhla, respectively). From the score plots
from each suppliers, the relevant loading plots (Figures 25, 28, 31, and 34, for the

samples from Suphan Buri, Khon Kaen, Nakhon Pathom, and Songkhla, respectively),
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Figure 14. The scatterplots of CHClz-extracts of the Andrographis Herb from Khon

Kaen Province corresponding to the storage period, (a) PC1, (b) PC2, and (c) PC3

respectively
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Figure 15. The loading plots of CHClz-extracts of the Andrographis Herb from Khon

Kaen Province corresponding to the storage period, (a) PC1, (b) PC2, and (c) PC3

respectively
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Figure 16. The score plots of CHCIz-extracts of the Andrographis Herb from Nakhon
Pathom Province corresponding to the storage period, (a) PC1 vs. PC2, (b) PC1 vs.
PC3, and (c) PC2 vs. PC3 respectively (cumulative R?= 0.84 and ¢? = 0.76, after first
three PCs)
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PC1/PC3
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Figure 17. The scatterplots of CHCIs-extracts of the Andrographis Herb from Nakhon

Pathom Province corresponding to the storage period, (a) PC1, (b) PC2, and (c) PC3

respectively



74

8099

€899

G66'9¢
L0°L9

GLLe

a)

0.1

10d

-0.1

chemical

-0.2

00’
ale
zee
8r'e
po'e
0g'e
96'c
wr
8zY
vy
osv E
oY o
. S—
67 o
80°G .|m
vz O
ors
mm‘m =
ws @
885 S
v0'9
0z'9
989
259
899
p8'9
0oL
9LL
L

Figure 18. The loading plots of CHCls-extracts of the Andrographis Herb from Nakhon

Pathom Province corresponding to the storage period, (a) PC1, (b) PC2, and (c) PC3

respectively
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Figure 19. The score plots of CHClz-extracts of the Andrographis Herb from Songkhla

Province corresponding to the storage period, (a) PC1 vs. PC2, (b) PC1 vs. PC3, and

(c) PC2 vs. PC3 respectively (cumulative R?= 0.75 and g° = 0.51, after first three PCs)

Note; For clarify, the outlier were removed from the plot between PC1/PC3 and

PC2/PC3
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Figure 20. The scatterplots of CHCIs-extracts of the Andrographis Herb from Songkhla

Province corresponding to the storage period, (a) PC1, (b) PC2, and (c) PC3

respectively
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showed that the NMR signals corresponding to the clusters described above fell into
the range of 3 - 4 ppm, mainly belonging to sugars (see section 3.2). In most cases, the
sugar contents in the herbs gradually decreased over the period of the storage. This
spontaneous loss of sugar and related primary metabolites is not surprising. However,
with no significant presence of the diterpene lactones in the aqg MeOH-extracts from the
herbs from any suppliers, the aq MeOH-extracts have less implication on tracing the

stability of the Andrographis Herb than do the CHCls-extracts.
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Figure 22. Overlaid *H NMR spectra (6 7.3 — 6.0 ppm, 500 MHz; CDCIs) of the CHCls-
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Figure 23. The score plots of ag MeOH-extracts of the Andrographis Herb from

Suphan Buri Province corresponding to the storage period, (a) PC1 vs. PC2, (b) PC1

vs. PC3, and (c) PC2 vs. PC3 respectively (cumulative R?= 0.86 and ¢? = 0.64, after

first three PCs)
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Figure 24. The scatterplots of aqg MeOH-extracts of the Andrographis Herb from

Suphan Buri Province corresponding to the storage period, (a) PC1, (b) PC2, and (c)

PC3 respectively
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Figure 25. The loading plots of ag MeOH-extracts of the Andrographis Herb from

Suphan Buri Province corresponding to the storage period, (a) PC1, (b) PC2, and (c)

PC3 respectively
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Figure 26. The score plots of ag MeOH-extracts of the Andrographis Herb from Khon
Kaen Province corresponding to the storage period, (a) PC1 vs. PC2, (b) PC1 vs. PC3,
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Figure 27. The scatterplots of aqg MeOH-extracts of the Andrographis Herb from Khon

Kaen Province corresponding to the storage period, (a) PC1, (b) PC2, and (c) PC3

respectively
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Figure 28. The loading plots of ag MeOH-extracts of the Andrographis Herb from

Khon Kaen Province corresponding to the storage period, (a) PC1, (b) PC2, and (c) PC3

respectively
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Figure 29. The score plots of ag MeOH-extracts of the Andrographis Herb from
Nakhon Pathom Province corresponding to the storage period, (a) PC1 vs. PC2, (b) PC1
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first three PCs)
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Figure 30. The scatterplots of aqg MeOH-extracts of the Andrographis Herb from

Nakhon Pathom Province corresponding to the storage period, (a) PC1, (b) PC2, and

(c) PCa3 respectively
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Figure 31. The loading plots of ag MeOH-extracts of the Andrographis Herb from

Nakhon Pathom Province corresponding to the storage period, (a) PC1, (b) PC2, and

(c) PCa3 respectively
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Figure 32. The score plots of ag MeOH-extracts of the Andrographis Herb from

Songkhla Province corresponding to the storage period, (a) PC1 vs. PC2, (b) PC1 vs.

PC3, and (c) PC2 vs. PC3 respectively (cumulative R?= 0.86 and ¢? = 0.64, after first

three PCs)
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Figure 33. The scatterplots of aqg MeOH-extracts of the Andrographis Herb from

Songkhla Province corresponding to the storage period, (a) PC1, (b) PC2, and (c) PC3

respectively
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Figure 34. The loading plots of ag MeOH-extracts of the Andrographis Herb from

Songkhla Province corresponding to the storage period, (a) PC1, (b) PC2, and (c) PC3

respectively
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3.3.2 Stability profiles based on the total lactone contents

The samples of the Andrographis Herb that had been stored over the
same period as that described in section 3.3.1 were also subjected to the assay for total
lactone contents. This is to vouch and compare the NMR-based stability profiles with
the official method. The Thai Herbal Pharmacopoeia (Ministry of Public Health, 1998)
recommends either the volumetric method, based on the assay for the total lactone
content, or the reverse phase HPLC-based method for the andrographolide content
(Ministry of Public Health, 2016;—Appendix 3.5), as the standard assay methods for the
Andrographis Herbs. Here, the assay for the total lactone contents is chosen on the
assumption that it is easier and requires less investment than the HPLC-based one;
hence, it is adopted and officially registered by most local manufacturers. In addition,
the method, which analyzes all the saponifiable lactones simultaneously, may reflect

the integrated results and agree well with the metabolomics concepts in this study.

The Andrographis Herbs from the four suppliers similar to that of the
NMR-based experiments were sampled on a monthly basis, and the lactone contents in
the herbs were determined in a duplicate manner (Table 3). Linear correlation between
the storage times and the lactone contents was met (Figure 35). Except for the Songkhla
samples (slope = -0.9002), the plot from the other three suppliers was comparably
parallel (slope of the plots from Suphan Buri, Khon Kaen, and Nakhon Pathom samples
-0.3991, -0.2545, and -0.3052 respectively). The resulting correlation indicated that the
lactone contents in the Andrographis Herb degraded with the zeroth-order kinetics, and

the rate equations can be expressed as,
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c =-0.3991t + 16.144 (1)

c = -0.2545t + 12.634 )

¢ =-0.3052t + 10.851 (3)

¢ =-0.9002t + 17.353 (4)

where C = concentration
t=time

equations (1) - (4) represent the kinetic equations for the herbs from

Suphan Buri (1), Khon Kaen (2), Nakhon Pathom (3), and Songkhla (4), respectively.

The rate constants (k) deduced from the rate equations were -0.3991,
-0.2545, -0.3052, and -0.9902 mo™ for the samples from Suphan Buri, Khon Kaen,
Nakhon Pathom, and Songkhla Provinces, respectively. Although not the same values,

all ks were in a comparable magnitude of 10 mo™.

Whereas the samples from Suphan Buri, Khon Kaen, and Nakhon
Pathom degraded parallelly, the results from Songkhla samples did not follow suit. At
the moment, no account can be given for such an incoherence. However, a close
observation suggested that from month 3 onward, the degradation plot of Songkhla
specimens had become comparably parallel to the others. The major difference among
Songkhla samples and others is that the samples from Songkhla had a real day 0 after
harvesting, whereas others were virtual ones (see 3.3.1). It is reasonable to consider that
the decomposition during the first months after harvesting might undergo different
routes or rates. The transformation among the lactones may arrive to another

equilibrium after certain period of storage.
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The zeroth-order kinetics of total lactone degradation contradicted the
results reported previously for the degradation of andrographolide in the heat-
accelerated conditions, in which andrographolide in the PVVP-solid dispersion and in the
powdered Andrographis Herb degraded with the second-order Kinetics (ks = 3.8 10
and 6.6x10° d, respectively) (Lomlim et al., 2003; Plubrukarn et al., 2006). The
correlations based on the first- and second-order kinetics between the storage time and
the total lactone contents, i.e., reciprocals of the lactone contents for first-order, and the
contents in logarithmic scales for second-order, had been attempted; however, the direct
correlation between storage time and lactone contents, hence zeroth-order Kkinetics,
yielded the best R?s regardless of the herbs suppliers. The differences between the
results reported here and those previously reported are unable to be accounted for;

however, it could be speculated that this discrepancy is resulted from the integrated
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Figure 35. Zeroth-Order Plots for the total lactone content in the Andrographis Herb of
the sample from each supplier (R?> = 0.7961, 0.8409, 0.9814, and 0.9361 for Suphan

Buri, Khon Kaen, Nakhon Pathom, and Songkhla Provinces, respectively)
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transformation among the diterpene lactones presented in the herbs. And such kinetics
as described by the above kinetics equations is the appearing kinetics but not an actual

one.

The fluctuation in the amounts of andrographolide and 14-deoxyandro-
grapholide in the samples from each suppliers as seen in the NMR spectra (see the
overlaid spectra, Figures 12, and 22a-c, from Suphan Buri, Khon Kaen, Nakhon
Pathom, and Songkhla respectively), may reflected the discrepancy in the total lactone
contents encountered above. The amount of both compounds dropped after the first two
month but increased to double the original concentrations after six months. On the other
hand, although consistently increase, the increasing rates of 14-deoxy-11,12-
didehydroandrographolide did not match those of total lactones either. The results
indicate that 14-deoxy-11,12-didehydroandrographolide might be a final product for
total lactone decomposition, whereas the degradation of andrographolide and/or 14-
deoxyandrographolide might be a multi-step transformation, and may involve an

equilibrium that shifted the concentrations of either lactones in a non-linear manner.

Regardless of the disagreeable results, all equations showed the
comparably short half-lives (t;). The calculated tys based on the assay for the total
lactone contents are 20.5, 24.6, 18.0, and 9.4 months, for the samples from Suphan
Buri, Khon Kaen, Nakhon Pathom, and Songkhla, respectively. With the accelerated
conditions, tS reported for andrographolide in solid dispersion and in powdered herbs

were 7.83 and 4.2 years, respectively (Lomlim et al., 2003; Plubrukarn et al., 2006).
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3.4 Half-life, shelf-life, and the storage of the Andrographis Herb

The total lactone contents in the Andrographis Herb from the four
suppliers used in this investigation were in the range of 11-18% on day 0, and decreased
to 9-15% after a six-month storage. With the Thai Herbal Pharmacopoeia stating the
standard for the total lactone contents in the Andrographis Herb not less than 6% wi/w,
the total lactone contents in all the samples passed well above the standard throughout

the storage period.

However, the rate equations established on the assay for the total lactone
contents suggested that the herbs may have the estimated (t.S) in a range of 9-20
months, and shelf-lives (to0s) of 2-6 months. These are slightly shorter than t,s and tgos
suggested in the previous reports (.S and tgs = 7.83 and 0.87 years, Lomlim et al.,
2003; 4.2 and 0.46 years, Plubrukarn et al., 2006), but could be considered in a
comparable range. Having a zeroth-order degradation kinetics, i.e., a non-exponential
decay, ts and tgos of total lactone contents in the Andrographis Herb therefore rely on
the initial lactone contents. That is, as long as the raw materials contain a high contents
of total lactones, they are usable throughout the estimated period or even long after the
recommended ti.s and tgoS. For examples, a hypothetical herb that originally contained
as high as 10.8% of the total lactones would last and be usable as a raw materials for
12 months, calculated based on the equation established from Suphan Buri samples,

equation (1).

As a product with a limited shelf-life, the Thai Herbal Pharmacopoeia
(Ministry of Public Health, 1998) specifically recommends that the Andrographis Herb

should be kept for no longer than one year and air-dried every 2 — 3 months. Given that
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the other diterpene lactones presenting in A. paniculata are also active with a
comparable potency, and no pronounced adverse effects have been reported, a lengthy
storage periods may be allowed as long as the lactone contents remain in an acceptable
quantity (Ministry of Public Health, 1998). With crop selection and good agricultural
and harvesting practices to assure that the raw materials is of high lactone contents, the
manufacturers may manage the storage of the raw materials more practically and even
longer than the recommended ones. Additional recommendation is that the raw
materials could be regularly quantitated for example, every three to six months over the

storage period.

Different consideration is needed when the attention is turned from the
raw materials to the marketed products. The most common herbal preparation of the
Andrographis Herb is the powdered Andrographis Herb capsules (250-500
mg/capsule). For the preparations in which the herb is used in an unprocessed form,
i.e., as a merely dried, powdered herb, but not extracted and compounded into other
dosage forms, The Thai Herbal Pharmacopoeia uses the same limit as that of the raw
materials. This leads to a few questions concerning the quality assurance of the
products. On one hand, the use of herbal products from the very high lactone contents
may assure a longer storage period similar to that for the raw materials. The materials
of higher lactone contents could be economically preferable in the consumers’
viewpoints. On the other hand, from the practitioners’ aspects, the products with higher
lactone contents may add the risk of overdosing in the patients. Despite being
comparatively safe, the Andrographis Herb has a main precaution of causing numbness

on the extremity after a long-term use.
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To compensate such a short shelf-life of the Andrographis Herb, it is
reasonable to consider whether it is possible to raise the lower limit of the total lactone
contents specifically for the herbal preparations containing the Andrographis Herb.
This is based on the assumptions that (1) all the diterpene lactones possess a comparable
potency, and (2) the herb has no severe adverse effects other than the well-documented
numbness. Adopting ks in a similar range to those obtained in equations (1) - (3), the
recommended label amount of total lactone contents in the products containing
Andrographis Herb could be instead in a higher range of 9 — 11%. This will allow the
products of Andrographis Herb to stand on the shelf for 12 months before the expiration

dates, at which time the lactone contents would fall below the standard limit of 6%.
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CHAPTER 4

CONCLUSION

The Andrographis Herb, the aerial part of Andrographis paniculata, is
one of medicinal plants that have been widely used and officially recognized for its
potential and effectiveness as an alternative medicine. The Thailand National Drug
Lists for Herbal Medicines and recommends the Andrographis Herb for the relief of the
symptoms of common cold and non-infectious diarrhea (National Drug Committee,
2016), and WHO recognizes the use of the Andrographis Herb for the symptomatic
treatment of upper respiratory infections, such as the common cold, uncomplicated
sinusitis, bronchitis, pharyngotonsillitis, acute diarrhea, lower urinary tract infections
(World Health Organization, 2004). However, with the limited shelf-life, storage of the
raw materials and processed products have been the major managerial concern among

the manufacturers, and hampered the development process of this herbal medicine.

Employing the !H NMR-based metabolomics approach, this
investigation has shown that the diterpene lactones in the dried herbs changed
significantly over the storage period of six months under the standard storage conditions
recommended by the Thai Herbal Pharmacopoeia. Focusing on four main diterpene
lactones, andrographolide, 14-deoxyandrographolide, 14-deoxy-11,12-didehydro-
andrographolide, and neoandrographolide, the amount of 14-deoxy-11,12-
didehydroandrographolide increases consistently over the storage periods. This agrees
well with the previous report (Lomlim et al, 2003), in which 14-deoxy-11,12-
didehydroandrographolide was reported to be the primary degradation product. The

amounts of andrographolide and 14-deoxyandrographolide, on the other hand, despite
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falling and rising significantly over the storage periods parallelly among different
product suppliers, did not allow a predictable trend. The two compounds hence may be
the transformation intermediates. Otherwise, reverse or multi-step transformations may

involve.

On the other hand, in order to trace the age of the Andrographis Herb
raw materials and products, 14-deoxy-11,12-didehydroandrographolide is proposed
here as a degradation marker. That is, the amount (or ratio) of 14-deoxy-11,12-didehy-
droandrographolide might be used as an indicator for the storage age of the raw
materials and products. An extensive survey on raw materials from multiple sources
and suppliers will allow the upper limit and acceptable level of 14-deoxy-11,12-

didehydroandrographolide to be established.

The stability of the Andrographis Herb based on the assay for the total
lactone contents indicated that the lactone contents in the herbs degraded rapidly with
a zeroth-order kinetics. Among the samples from four supplying sources, except for
Songkhla samples, the herbs from the other three suppliers yielded comparably
paralleled kinetics plots, with ks in a range of -0.2545 - -0.9002 mo™. These resulted in
t,Sin a range of 18 — 25 month, and teos of 3 — 6 month. This decomposition kinetics
did not align well with the previous reports nor with the results from the NMR-based
approach mentioned above. This in fact is not surprising, considering that the results
from this assay method reflect the integrated decomposition from several lactones in a
complex mixture; therefore, the decomposition in each of which might not proceed in
the similar or comparable fashion. Regardless of the misalignment, the resulting t,, and
too were on the same range to those estimated when using other methods. This supports

the short storage period as recommended by the Thai Herbal Pharmacopoeia.
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The Thai Herbal Pharmacopoeia states only the lowest limit of the total
lactone contents (not less than 6%) for the Andrographis Herb. For the raw materials,
the short storage period can be overcome by crop selection and good agricultural and
harvesting practices to assure that the good-quality herbs with high lactone contents are
purchased and used. Also, a frequent quantitation should be performed throughout the
storage period. However, additional concerns may be needed for the herbal products,
i.e; the herbs that are processed and prepared into a ready-to-use dosage forms. The
bottom line is that, once in a preparation, the contents of the active ingredients should
present in a triturated dose with a certain and specific range. Based on the estimated
degradation kinetics, the recommended dose per unit (i.e., dose per capsule of the
Andrographis Herb) may be triturated into a range of 9 - 11% of total lactones. This
will allow a storage time of 12 months, until which time the contents of the diterpene
lactones fall below the standard range of 6% as regulated by the Thai Herbal

Pharmacopoeia.
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