AsdszivaatnnayulnsiitunIatuavInIInaaululdsainealng
Quality Assessment of Centella asiatica (L.) Urban from Herbal Suppliers in Thailand

auan Usesugnine* uay 2 dnasal navaau?

Laedruadunanseans ansadumans mninndouiaa ngomw 10400
2¢h, 1 yafld Tsowenuatdwsee 2.2l fuys a.unauyd 25000

* Corresponding author: Sompop.pra@mahidol.ac.th

215815 INennFAANTATURSTNUIN15FUNIN 2568;20(1):15-20.

unAata

Taguszaed: Lﬁaﬁnmqmmwmaﬁﬂqﬁuayu"lmﬁwnmn%ﬁuﬁmmzJ
ﬁ&guleiLLaZﬁYuﬁLL%édﬂQﬂIuﬂi:mﬁ‘l‘ﬂil ABns@ns: unniagiy
ayu"stu”'mn 12 ghaEng (mni’m’-ﬁmmU'Lunymwumuﬂi 4 G089 Uae
Lma’aﬂgnaguvlws 8 ¢18t19) NTInTayTTug nuoadndn awaaw
wazdinys WwndioufsudTnadesscmsanauazlTnmssddy
Taun saenalalad tafudlaled nsauaaadn nsatalBadn uazans
InTmnesAnasdiiy Han1sENEN: NUUSHIMENTANAMIBLENIBEAIN
fagsunimuadullaunasivasimunasgmeayulnglng fo
laivenninfanar 15.0 lagsimin LﬁanﬁnuLﬁmui’mqﬁuaqﬂwsﬂwnmn
i"masguvlwmanmsioﬂgn wuindadsesarasanalidiein (fonay
23.54 + 4.35 uaz 23.78 + 5.04 lagtinnein awd1aL P-value = 0.990) uaz
arlnaimesiuendsan (Fouaz 1.20 £ 0.53 uaz 1.98 + 0.59 lasinsin
@NE1AU P-value = 0.346) i'mqﬁuaaguvl,wsu”'mnﬁ%ammmdaLﬁmn”ulu
Frnmfiseiunuamnaudsiwasasssasana (Jauaz 16.06 + 0.22 waz
25.20 + 1.31 lagsinnein P-value < 0.01) uazanslnsmasfinasdmu (fay
8% 1.98 + 0.20 Uaz 1.04 + 0.07 lagsiwiin P-value = 0.010) WUUINHENT
Inanafivesdudazafiadnany lasdaduvasangulnalaled @uama
lrloduaziafodlaled) dearsnguezlnalau (nsauuaaiadnuaznia
LaLBu@n) agj;"lumasfuwi 0.4: 1 4 36.9: 1 Fouviarilu 2 ngy g nzﬁuﬁmi
wanidulnalaloduazazlnalan agu: 'j”ﬂqﬁuaguvlwsu”'mnﬁmmvlajmﬁ
°uaaqmmwi’mqﬁumﬂmmﬂﬁwmU Lmum@iaﬂgnﬁ@mﬁmﬁmivl,mma§ﬁ
wopduazanangdwlnalaled uazundadgnidoanudeliuinaasdayudag
ThAGING

ardrary: 1aun; ;mylnunasivesd; quanwianavayulns; USinmans

ANAAILLANIHER

Editorial note
Manuscript received in original form: April 24, 2024;
Revision notified: May 29, 2024;
Revision completed: June 2, 2024;
Accepted in final form: July 14, 2024;
Published online: March 30, 2025.

Sompop Prathanturarug* and Wachiraporn Thong-on?

1 Department of Pharmaceutical Botany, Faculty of Pharmacy, Mahidol Unzivers'rty, Bangkok 10400, Thailand
2Research and Development Department, Chao Phya Abhaibhubejhr Hospital Foundation, Muang, Prachinburi,
25000 Thailand

* Corresponding author: Sompop.pra@mahidol.ac.th

Thai Pharmaceutical and Health Science Journal 2024;20(1):15-20.

Abstract

Objective: To investigate the quality of C. asiatica raw material obtained from
Thai herbal stores and cultivation sites. Methods: Twelve C. asiatica raw
material samples were obtained, 4 from stores in Bangkok and 8 from
cultivation sites samples from Buri Ram, Nong Bua Lamphu, Maha Sarakham
and Prachin Buri. These samples were investigated for extract yields and
active compound contents (madecassoside, asiaticoside, madecassic acid,
asiatic acid and total triterpenoids). Results: All the ethanol-soluble extracts
met the Thai herbal pharmacopoeia (THP) criteria (i.e., > 15.0% w/w).
Between herbal stores and plantation sites, there were no differences of the
average extract yields (23.54 + 4.35 and 23.78 = 5.04% w/w, respectively,
P-value = 0.990) or total triterpenoid contents (1.20£0.53 and 1.98+0.59%
w/w, respectively, P-value = 0.346). Nevertheless, variability of the yields
(16.06 + 0.22 and 25.20 + 1.31% w/w, respectively, P-value < 0.01) and
triterpenoid contents (1.98 + 0.20 and 1.04 + 0.07% w/w, respectively, P-
value = 0.010) was found among the raw materials purchased from the same
store at different times. The ratios of the triterpenoids (madecassoside and
asiaticoside) to the aglycones (madecassic acid and asiatic acid) varied from
0.4:1 to 36.9:1, and the ratios could be divided into two groups: glycoside-
dominant and aglycone-dominant groups. Conclusion: The variation in the
quality of C. asiatica from the same herbal store indicated that it is an
unstable herbal material on the market. C. asiatica from different plantation
sites contained different triterpenoids, mostly glycosides in various amounts.

Plants in the same site also had different patterns of active compounds.

Keywords: Centella asiatica; triterpenoids; herbal material quality; ethanol-
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Introduction

Centella asiatica (L.) Urban is a medicinal plant that is
widely used as food, drug and cosmetic, especially for
dermatological purposes such as wound healing™®, anti-
inflammatory activity?, and venous insufficiency treatment.®
The major triterpenoids are madecassoside, asiaticoside,
madecassic acid and asiatic acid®, which are used to indicate

the quality of raw materials in global regulations. The World
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Health Organization (WHO) monograph’ recommends that the
madecassoside and asiaticoside contents be greater than 2%,
and the United States Pharmacopoeia (USP) shows this value
for determining the content of triterpene derivatives.® In
Thailand, the Thai Herbal Pharmacopoeia (THP) indicates that
ethanol-soluble extracts should be greater than or equal to

15% or 24% for water-soluble extracts.® According to the
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National List of Essential Medicines of Thailand, C. asiatica
products are categorized into three forms including: herbal tea,
capsules and cream, and leaf extract preparations which are
recommended for wound healing.’® The use of C. asiatica as
a cosmetic and pharmaceutical ingredient is increasing. The
raw material supply is derived from two main sources, the
herbal market and cultivation sites. The largest trading place
is in Bangkok, where the raw material originates from
domestic farms and imported material. For cultivation sites,
the major cultivation site of this plant is in the northeastern
region of Thailand, which supplies C. asiatica raw material to
the herbal industry. This study aimed to investigate the quality
of C. asiatica raw material obtained from Thai herbal stores

and cultivation sites.

Materials and Methods

Plant material sources

Twelve C. asiatica samples were obtained from two
sources: four dried whole plant materials were purchased from
three herbal stores in Bangkok (CA1 to CA4), and CA3 and
CA4 were obtained from different batches of the same store.
There was no information from sellers about plant origin,
accession or age. The dried whole plant materials were initially
organoleptic evaluated. For cultivated plant samples, eight
samples were harvested from 4 provinces of Thailand
specifically Buri Ram (CA5: Na Pho District), Prachin Buri
(CAB6: Na Di District, and CA12: Noen Hom District), Nong Bua
Lamphu (CA7: Na Klang District) and Maha Sarakham (CAS8,
CA9, CA10 and CA11). The CA8 to CA11 samples were
cultivated in the Na Dun District, Maha Sarakham, and were
collected from different plots. The aerial parts were washed
and dried in a hot air oven at 50 °C for 48 hours, after which
the dry biomass was recorded. Their chemical characteristics
were evaluated by thin layer chromatography (TLC), and the
chemical characteristics of all the materials were compared
with those of authentic C. asiatica plants according to the Thai
Herbal Pharmacopoeia (THP) procedure.® The plant material

sources are summarized in Table 1.

Methods

Plant sample extraction

Each dried plant samples was homogenized into powder,
passed through a No. 40 sieve and then extracted by

maceration according to the Thai herbal pharmacopoeia
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(THP) procedure.® Fifty grams of powder was macerated with
100 ml of ethanol by shaking for 8 hours and incubated at
room temperature for 16 hours. The extracted solutions were
filtered through filter paper (Whatman no. 1), evaporated until
dryness, kept at 4 - 6 °C and protected from light before
analysis. The extract yields (% w/w) from three replications

were recorded.

Table 1 sources of plant materials.

Plant

Source
material No.
CA1 Herbal store 1, Bangkok
CA2 Herbal store 2, Bangkok
CA3* Herbal store 3, Bangkok
CA4* Herbal store 3, Bangkok
CA5 Plantation site 1, Na Pho District, Buri Ram
CAB*™ Plantation site 2, Na Di District, Prachin Buri
CA7 Plantation site 3, Na Klang District, Nong Bua Lamphu
CA8*** Plantation site 4, Na Dun District, Maha Sarakham
CA9*** Plantation site 4, Na Dun District, Maha Sarakham
CA10*** Plantation site 4, Na Dun District, Maha Sarakham
CA11*** Plantation site 4, Na Dun District, Maha Sarakham
CA12** Plantation site 5, Noen Hom District, Prachin Buri

* same store ** different accession *** same plantation

Triterpenoid content analysis

All sample extracts were diluted with methanol to a
concentration of 5,000 pyg/ml and filtered through a 0.45 pm
filter for triterpenoid content analysis by a Thermo® HPLC
model Ultimate 3000. The protocol followed the validated
criteria of the Association of Official Analytical Chemists
(AOAC) guidelines." A LiChroCART® column (LiChrospher®
100 RP-18, 250 mm x 4 mm [|.D., particle size 5 ym), an
acetonitrile gradient (solvent A) and 0.1% H3PO, (solvent B)
were used. The mobile phase of solvent A was varied as
follows: 20 — 35% (10 min), 35 — 65% (15 min), 65 — 80% (5
min), 80 — 20% (5 min) and 20% (10 min). The injection
volume was 20 pl, the flow rate was 1 ml/min, and detection
was performed at 206 nm. Four reference standards,
asiaticoside, madecassoside, asiatic acid and madecassic
acid, were prepared at five concentrations: 12.5, 25.0, 50.0,
100.0 and 200.0 pg/ml. The validated method of Thong-on et
al'? was applied to estimate the amounts of four triterpenoids
in C. asiatica samples. Figure 1 and Figure 2 show HPLC
chromatograms of four reference standards at 100.0 uyg/ml

and C. asiatica extract at 5,000 pug/ml, respectively.
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Figure 1 HPLC chromatogram of madecassoside,

asiaticoside, madecassic acid and asiatic acid at 100.0 pg/ml.
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Figure 2 HrLC chromatogram of C. asiatica extract at

5,000 pg/ml.

Statistical analysis

The data were analyzed using PASW ver. 18.0. Significant
differences were determined using ANOVA, and multiple
pairwise comparisons of means were carried out using
Duncan’s multiple range test (DMRT) at a 95% confidence

level (P-value < 0.05).

Results

Centella asiatica yields and triterpenoid contents from
herbal stores and plantation sites

C. asiatica plant materials from 12 sources in Thailand
exhibited variations in yield and triterpenoid content (Table 2).
The highest extract vyield was obtained from CAS8
(27.79+0.38% w/w). All extract yields were within the Thai
herbal pharmacopoeia (THP) criteria, which indicated that the
ethanol-soluble extract of the dried aerial part should be
greater than or equal to 15.0% w/w. When comparing plant
material sources, herbal stores (CA1 to CA4) and plantation
sites (CA5 to CA12), there were no significant differences in
average extract yields (23.54+4.35 and 23.78+5.04% wi/w,
p = 0.990)

(1.20£0.53 and 1.98%0.59% w/w, respectively, p = 0.346).

respectively, or total triterpenoid contents
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Among the raw materials purchased from the same store at
different times, CA3 and CA4 had different yields (16.06+0.22
and 25.20+1.31% w/w, respectively, p < 0.01) and triterpenoid
contents (1.98+0.20 and 1.04+0.07% wi/w, respectively, p =
0.010), which indicated unstable herbal material quality in the
herbal market. Moreover, the storage conditions (temperature,
humidity, and light protection) of plant materials may be the
main factors affecting yields and active ingredient contents

and may directly affect product quality.

Table 2 vied in dry plants (%w/w) and triterpenoid ratio

of C. asiatica samples from herbal stores and plantation sites.

Yield in dry plant (%w/w)

Plant
material Extract Glycosides Aglycones
TT
number 9
yield ms As MA AA
CA1  27.02£0.30° 0.31£0.01" 022+002° 0.16+0.08" 0.11+0.06  0.80 £ 0.17
CA2  2589:0.10° 0.19:003" 0.16+003°  036:021° 027+017° 0980439
CA3  16.06+0.22° 1.03%0.06° 0.49+0.06% 0.30%0.05“ 0.14 £0.02"  1.98 + 0.20
CA4  2520%1.31®° 027+0.02" 021+002° 0.32+0.01" 0.24£0.01° 1.04 % 0.07°0
CA5  2281+177% 070£0.36* 051+022 021£003° 0.16+0.02* 157+ 063
CA6 2547 +0.23° 0.61+004°  0.69+0.02° 0.05+0.00°  0.04+0.00° 1392 0.07%
CA7  20.62+0.51° 1.51:004° 065%003° 065+0.03°  0.02%000°  2.83%0.10°
CA8  29.79+0.38° 0.51+0.08" 027004  070+0.09°  044%003° 1.931 024"
CA9  27.02+0.09° 0.38+0.03%" 0.4 +0.02° 0.98 +0.10° 0.67 + 0.08% 2.27 +0.23°
CA10  26.31+0.83° 046 £0.01°" 034+0.01°  041£0.04° 028%003° 149 +0.09%
CA11  1579+0.94° 093+0.11¢ 055+0.09°  0.04 +0.02' 0.02 +£0.00°  1.54 +0.21°
CA12  2245:4.35 1.82+0.38  093:0.02° 005:001  003£000° 282061
Note: MS = i AS = Asiati MA = ic acid; AA = Asiatic acid; TT = Total triterpenoids.

The data are presented as the mean + standard deviation (SD) (n=3). Different letters within the same

column indicate significantly different samples (DMRT, ANOVA p < 0.05).

Centella asiatica yields and triterpenoid contents at
different plantation sites

To avoid the degradation of active compounds in
medicinal plant materials during the postharvesting process'®,
we contacted five plantation sites to obtain eight fresh C.
asiatica materials (CA5 to CA12). Plant materials from
different plantation sites, CA5 to CA12, had extraction yields
ranging from 15.79-29.79% w/w, and total triterpenoid
contents ranging from 1.39-2.83% w/w. In the sample from
plantation site 4 at Maha Sarakham, CA8 to CA10 had the
highest yields, ranging from 26.31-29.79% w/w, except for
CA11, which had lower yields, at 15.79+0.94% w/w. CA9 had
the greatest content of the aglycones madecassic acid (0.98
+ 0.10% w/w) and asiatic acid (0.67 + 0.08% w/w), whereas
CA12 had the greatest content of the glycosides
madecassoside (1.82 + 0.38% w/w) and asiaticoside (0.93 +
0.02% w/w), which were significantly different from those at
the other plantation sites. Moreover, CA12 and CA7 had the
highest triterpenoid contents, at 2.83+0.10 and 2.82+0.61%
and contained more than 2% wiw

wiw, respectively,
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asiaticoside and madecassoside, respectively, following the
acceptable WHO and USP criteria.

Figure 3 shows that the ratios of glycosides to aglycones
in the plant materials varied widely from 0.4:1 (CA9) to 36.9:1
(CA12). These ratios could be divided into two groups: a
glycoside-dominant group (CA1, CA3, CA5, CA6, CA7, CA10,
CA11 and CA12) and an aglycone-dominant group (CAZ2,
CA4, CA8 and CA9).

Glycosides and aglycones percentage ratio in dry plant
100% -
90% +
80% -+
70% 4
60% 4
50% 4
40% H
30% -+
20%
10%

0% <
CA1 | CA2 | CA3 | CA4 | GA5 | CA6 | CAT | CA8 | CA9 | CA10 | CA11 | CA12

[ Aglycones| 0.28 | 0.63 | 0.45 | 0.56 | 0.36 [ 0.09 | 0.67 | 1.16 | 1.65 | 0.70 | 0.06 | 0.07

M Glyosides | 0.52 [ 0.35 | 1.53 | 0.48 | 1.21 [ 1.30 | 216 | 0.78 | 0.62 | 0.80 | 1.48 [ 2.74

Figure 3 The percentage ratio of glycosides to aglycones
in dry plants.

Discussion and Conclusion

This investigation revealed variations in the vyield,
triterpenoid content and composition of the extracts of C.
asiatica raw materials from 2 supplier groups, 3 herbal stores
and 5 plantation sites in Thailand. Plants collected from
different plantation sites tended to produce more triterpenoids
than did those from purchased sites. The variation from the
same herbal store indicated the unstable quality of the herbal
materials on the market. Plants grown at different plantation
sites exhibited different yields and active compound patterns.
Previous reports of C. asiatica triterpenoids have shown that
the ratios of these triterpenoids vary widely. In Madagascar,
the ratios ranged from 5:1 to 30:114, whereas in South Africa,
the ratio was 2.5:115. The factors affecting the chemical
composition of C. asiatica have been reported previously.
Genetics essentially influence the triterpenoid content;
madecassoside, asiaticoside, madecassic acid and asiatic
acid of C. asiatica. Similar to those in other plants, the
synthesis and accumulation of secondary metabolites are
controlled by individual plant genetics.'®'® In Thailand, Thong-
on et al investigated the effects of C. asiatica genetics and

harvesting time on yield and triterpenoid content. The
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tetraploid plants, which are C. asiatica raw materials with
double chromosome sets, demonstrated greater yields and
active compound contents than did the diploid mother plants.
Moreover, four-month-old plants, as the optimal harvesting
time for producing the highest biomass and triterpenoid
content, grew longer (five or six months), turned yellow and
wilted, and a new growth cycle started.'® With respect to the
effect of light intensity reported by Sritongkul et al, higher light
intensity (0% shading) had the greatest effect on
madecassoside and asiaticoside?, similar to the results of a
study in Nepal in which plants grown under light conditions
produced more asiaticoside than those grown under shading
conditions, whereas less asiatic acid was produced.?! For the
effect of season, Algahtani et al reported that the total content
of four triterpenoids reached its highest levels in the summer
season and lowest in the winter.?? Similar results in India
showed that a humid and warm climate generally supported
improved biomass and triterpenoid productivity.?® Therefore,
the major factors that directly affect the growth and triterpenoid
content of C. asiatica can be divided into two main groups:
intrinsic (i.e., genetics) and extrinsic factors (i.e., cultivation
conditions). Moreover, post-harvesting and storage conditions
could affect the stability of triterpenoids and the ratio of
glycosides to aglycones in plant materials. The amounts of
active compounds in medicinal plants are related to their
pharmacological action. We observed the variation in the
proportions of glycosides and aglycones (C8 - C11), even
when the plant grown in the same plantation site. C. asiatica,
glycosides and aglycones have different pharmacological
effects. For example, several in vivo models have reported
that asiaticoside and madecassoside have major effects on
wound healing, especially burn wounds?*?’, while recent
studies of asiatic acid have demonstrated neuroprotective
properties and cognitive benefits, such as the prevention of
Alzheimer’s disease.?®*° The impact of different proportions of
glycosides (asiaticoside and madecassoside) and aglycones
(asiatic acid and madecassic acid) in C. asiatica raw materials
affected pharmacological

activities, bioavailability, and

therapeutic applications. The consistent proportions of
glycosides and aglycones are beneficial for use as quality raw
materials for pharmaceutical or cosmeceutical purposes.
Measuring the ratio of glycosides to aglycones is important in
the standardization and quality control of C. asiatica raw

materials.
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Therefore, the quality control of seedling genetics by using
micropropagation could be developed to produce consistent
plantlets before planting. Agricultural practices, cultivation
conditions (i.e., soil type, irrigation, light intensity), harvesting
protocols, postharvest processes and storage conditions
should be controlled to produce a chemical composition
consistent with that of C. asiatica as a high-quality raw
material for cosmetic, cosmeceutical and pharmaceutical
applications.

In summary, the findings of this study suggest that the
cultivation of C. asiatica under controlled conditions, post-
harvesing processes and storage conditions should be
optimized to produce raw material with the desired amounts

of each group of active compounds.
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