
185Vol.22 No.3 (September-December 2022)

Chemical and Biological Stability under Forced  
Degradation and Accelerated Storage Conditions of  
the Anti-Acne Formulation of Pra-Sa-Mang-Khud  

Ethanolic Extract

Kalyarut Phumlek1, Arunporn Itharat, Ph.D.2*, Ubonwan Saesiw1,  
Weerachai Pipatrattanaseree, Ph.D.3, Krit Piwngam Ph.D.2,  

Papawee Sookdee4, Neal M. Davies, Ph.D., R.Ph.5

Original Article 

Abstract

Introduction: Pra-Sa-Mang-Khud (PSM) formula is the mixture of Garcinia mangostana pericarp and  
Ha-Rak remedy developed for acne treatment. However, the chemical and biological  
stability of PSM extract is necessary for an optimal manufacturing process. Therefore,  
this study was aimed to investigate the stability of PSM ethanolic extract under forced  
degradation and accelerated storage conditions.

Methods: Thermal degradation, moisture hydrolysis, acid hydrolysis, alkaline hydrolysis, and  
oxidation were performed in forced degradation studies. In addition, PSM extract was kept 
in accelerated storage conditions at 40 ± 2ºC with 75 ± 5% RH for 6 months. Finally, PSM 
extracts under forced degradation and accelerated storage conditions were evaluated for 
α-mangostin and pectolinarigenin contents by high performance liquid chromatography and 
antibacterial activity against C. acnes. 

Results:  PSM extract under acid hydrolysis and oxidation conditions had significantly degraded 
α-mangostin content and reduced anti-C. acnes activity. In contrast, the treatments with high 
temperature, moisture hydrolysis, and alkaline hydrolysis increased α-mangostin content. For 
accelerated storage conditions, α-mangostin content, pectolinaligenin content, and anti-C. 
acnes activity were shown to be stable in all samples.

Conclusions: Avoiding preparation in an acidic environment is essential for optimal PSM extract efficacy. 
Moreover, an antioxidant agent that prevents degradation is necessary. Both the hot and 
cold processes can be effectively used to prepare the product containing PSM extract. PSM 
extract can have a tentative shelf-life of two years due to its demonstrated stability under 
accelerated storage conditions.
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Introduction
The International Council for Harmonisa-

tion of Technical Requirements for Pharmaceuti-
cals for Human Use (ICH) guidance suggests that 
stability testing is required to understand how the 
quality of a drug substance or product changes over 
time under a variety of environmental conditions.1 

Forced degradation or stress testing is the study on 
degradation of new drug material and product under 
conditions more severe than accelerated conditions 
to monitor extract stability in the formulation.2  
Accelerated stability testing is a method for  
determining shelf-life and storage stability.1 These 
data can be used in the manufacturing process to 
evaluate degrading products and estimate product 
stability.3 

Pra-Sa-Mang-Khud (PSM) formula  
consists of 50% w/w of G. mangostana (GM)  
pericarp mixed with 50% w/w of Ha-Rak (HR) 
remedy that was developed for acne treatment. In 
Folk medicine, the pericarp of GM, mangosteen 
rind, has an astringent taste and has been used for 
wound healing, eczema, and skin infections.4 In 
addition, previous studies had shown that GM had 
a strong antimicrobial effect against Cutibacterium 
acnes and Staphylococcus epidermidis.5-7 

Listed as a Thai traditional medicine (TTM) 
in the Thai National List of Essential Medicines, 
HR remedy consists of five herbal roots: Capparis  
micracantha, Clerodendrum petasites, Ficus  
racemosa, Harrisonia perforata, and Tiliacora  
triandra and has been used as an antipyretic drug.8 

Additionally, HR has been used to treat fever with 
skin rash in the Takkasila scripture.9 The main cause 
of fever with skin rash in TTM is the increase of  
Pit-ta (fire) which parallels mechanistically the flare 
ups that occur in acne. The bitter and cold taste 
of HR affects the level of Pit-ta (fire). Moreover, 
research on the biological activities of HR have 
demonstrated that the HR ethanolic extract has 
significant antimicrobial activity.10

PSM formula has the potential for  
development as an anti-acne product. However, the 
chemical and biological stability of the extract is a 
major concern since it impacts the drug’s efficacy.1 

Therefore, this study was aimed to evaluate the 
stability of Pra-Sa-Mang-Khud ethanolic extract 
under forced degradation and accelerated storage 
conditions in terms of active chemical constituents 
α-mangostin and pectolinarigenin (Figure 1) using 
HPLC and anti-C. acnes activity. 

Figure 1  Chemical structures of α-mangostin (A) and pectolinarigenin (B).

Methods 
Plant Materials 

The ingredients of PSM consist of six 
herbs, namely G. mangostana (SKP 214 09 13 01),  
C. micracantha (SKP 391 03 13 01), C. petasites 
(SKP 202 03 09 01), F. racemosa (SKP 117 06 18 

01), H. perforata (SKP 178 08 16 01), and T. triandra 
(SKP 114 20 20 01). The ripe fruits of GM were 
collected from Chanthaburi, Thailand. Other plant 
constituents were collected from Chachoengsao, 
Thailand. 



187Vol.22 No.3 (September-December 2022)

Preparation of PSM Extract
The five plant roots were sliced into small 

pieces. The pericarps of GM were separated from 
fruits. Plant materials were washed and dried in a 
hot air oven at 50oC for 3 days. These materials were 
ground and homogeneously combined at the ratio 
of 1:1:1:1:1:5. The dried powdered plant material 
(400 g) was macerated with 95% ethanol (2,000 ml) 
for 72 hours and then evaporated to dryness using 
a rotary evaporator (Rotavapor R-205, Germany). 
The maceration was repeated twice, and the dried 
extracts were combined.

Forced Degradation Studies
Thermal degradation, moisture hydrolysis, 

acid hydrolysis, alkaline hydrolysis, and oxidation 
were performed following the recommendation of 
the ICH guideline.1 In addition, the samples were 
analyzed for α-mangostin and pectolinarigenin 
contents by HPLC and investigated for their  
antibacterial activities.

Thermal Degradation
A 50 mg of extract was weighed into a glass 

tube and heated at 80ºC for 3 hours, then allowed 
to cool to room temperature. 

Moisture Hydrolysis
A 50 mg of extract was weighed into a glass 

tube, followed by 60 µl of deionized water was 
added and heated to 80ºC for 3 hours, then allowed 
to cool to room temperature. 

Acid Hydrolysis
A 50 mg of extract was weighed into a 

glass tube, followed by 60 µl of 3N hydrochloric 
acid was added and heated to 80ºC for 3 hours. The 
sample was allowed to cool to room temperature and  
neutralized with sodium hydroxide. 

Alkaline Hydrolysis
A 50 mg of extract was weighed into a glass 

tube, followed by 60 µl of 3N of sodium hydroxide 
was added and heated to 80ºC for 3 hours. The 
sample was allowed to cool to room temperature 
and neutralized with hydrochloric acid. 

Oxidation
A 50 mg of extract was weighed into a glass 

tube, followed by 60 µl of 30% hydrogen peroxide 
was added and heated to 80ºC for 3 hours, then  
allowed to cool to room temperature. 

Accelerated Storage Conditions
The crude extracts were packed into grass 

vials with caps and stored at 40 ± 2oC with 75 ± 5% 
RH for 6 months according to the ICH guideline.1 

The extracts were prepared in triplicate and taken on 
days 0, 15, 30, 60, 90, 120, 150, and 180 to analyze 
chemical content by HPLC and investigated for 
antibacterial activity. 

Quantitative Analysis of Chemical Contents  
Using HPLC 

The content of α-mangostin and pectoli-
narigenin in PSM ethanolic extract was analyzed 
by HPLC according to Sakpakdeejaroen, Juckmeta, 
and Itharat, 201411 with some modifications. The 
HPLC system (Agilent® 1200) is equipped with a 
photodiode array detector. The HPLC column was 
a C18 column (Agilent®, 4.6 x 250 mm, 5 microns). 
A sample volume of 10 µl was injected into the 
HPLC system. The gradient elution was performed 
as follow: 0.1% phosphoric acid in water (A):  
acetonitrile (B) 95:5 at 0 min; 5:95 at 30 min; 95:5 
at 35 min; at a flow rate of 1.0 ml/min. α-Mangostin 
and pectolinarigenin were determined at 316 nm and 
331 nm, respectively.

Antibacterial Activity
A microtiter plate-based assay was used to 

evaluate MIC following Pan-In et al., 201512 with 
some minor modifications. C. acnes (DMST 14916) 
was cultured on brain heart infusion (BHI) for 72 
hours under anaerobic conditions using GasPak 
systems (AnaeroPack®-MicroAero, Japan). The 
test materials were dissolved in dimethyl sulfoxide 
(DMSO) and 2-fold serially diluted with medium 
to obtain final concentrations ranging from 128 to 
1 µg/ml of PSM ethanolic extract, 16 to 0.125 µg/
ml of α-mangostin, and 1,000 to 7.8125 µg/ml of  
pectolinarigenin. Clindamycin (Sigma-Aldrich, 
USA) was used as the positive control. The broth 
culture containing C. acnes was added into each 
well at a ratio of 1:1. The C. acnes plates were 
incubated at 37oC for 72 hours. Then 10 µl of 
resazurin was added into each well. The lowest 
concentration that still demonstrated blue color 
was the MIC value. An aliquot from the wells that 
inhibited the growth of tested strains was applied 
onto BHI agar. The MBC value was calculated by 
the lowest concentration that showed no growth of 
the tested strain.
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Statistical Analysis
Data were presented as mean ± standard  

deviation (SD) of triplicate independent experiments 
using statistical software. Differences were compared 
with the control group and considered statistically 
significant for P-values lower than .05.

 
Results

PSM Extract
The quality of plant materials; C. micracantha, 

C. petasites, F. racemosa, H. Perforata, T. triandra, 
GM, HR, and PSM were evaluated before  
extraction. The percentage loss on drying ranged 

from 6.52% to 8.84%. The total ash and acid  
insoluble ash were between 3.14% to 7.77% and 
0.02% to 1.90%, respectively. The contents of As, 
Cd, and Pd were from 0.0077 ppm to 0.0739 ppm. 
All plant materials passed the quality standard  
according to requirements in the Thai herbal  
pharmacopoeia. After maceration the yield of PSM 
extract was found to be 15.28% w/w. PSM extract 
showed a significant anti-C. acnes activity with 
MIC value of 4 µg/ml. α-Mangostin was a major 
active compound of GM, and pectolinarigenin was 
a marker of HR. Chromatograms and spectrums 
were shown in Figure 2. 

Figure 2 (A) HPLC Chromatogram of α-mangostin (concentration 400 µg/ml) at 316 nm, (B) Chromato-
gram of pectolinarigenin (concentration 25 µg/ml) at 331 nm, and chromatogram of PSM extract 
(concentration 2.5 mg/ml) at 316 nm (C) and 331 nm (D).

The Stability of PSM Extract Under Forced 
Degradation Studies 

PSM extract under acid hydrolysis and 
oxidation had a degraded α-mangostin content from 

130.12 ± 4.77 mg/g to 22.05 ± 0.27 mg/g and from 
130.12 ± 4.77 mg/g to 66.87 ± 0.22 mg/g, respec-
tively, which resulted in its reduced anti-C. acnes 
activity (from MIC value of 4 µg/ml to 16 µg/ml 
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in acid hydrolysis and from 4 µg/ml to 32 µg/ml in 
oxidation). The effect of high temperature, moisture 
hydrolysis, and alkaline hydrolysis did not degrade 
α-mangostin content and anti-C. acnes activity.  
On the contrary, the content of α-mangostin under 
heating, moisture, and alkaline hydrolysis resulted 
in a significant increase in the PSM extract. 

Pectolinarigenin content was significantly 
decreased after the forced degradation studies. 
However, the percentage of remaining pectolinari-
genin content was more than 90% under thermoly-
sis, moisture hydrolysis, acid hydrolysis, alkaline  
hydrolysis, and oxidation (Table 1 and Figure 3).

Figure 3  (A) α-Mangostin and (B) pectolinarigenin contents of PSM extract treated under forced  
degradation conditions (*P-value < .05).

The Stability of PSM Extract Under Accelerated 
Storage Conditions

α-Mangostin content significantly increased 
on day 120 from 130.12 ± 4.77 mg/g to 175.21 ± 
7.13 mg/g and slightly increased with no significant 
difference on days 15, 60, 90, 150, and 180. In  
contrast, pectolinarigenin content had a very slight 

but significantly decrease. Although pectolinaligenin 
content was decreased after accelerated storage 
conditions, however, the anti-C. acnes activity was 
unchanged in all samples when compared with 
PSM day 0, this could be due to constant α-mangostin 
content in PSM extract (Table 2 and Figure 4). 

Figure 4  α-Mangostin and pectolinarigenin contents of PSM extract after stability test at 40 ± 2oC with  
75 ± 5% RH for 6 months (*P -value < .05).
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Discussion
At present, many commercial products  

containing GM are marketed as anti-acne treatments. 
GM has proven to possess strong antibacterial  
activity against acne-causing bacteria.5-7 The 
major constituent from the pericarp of GM was 
α-mangostin, which has antibacterial activity,6,13  

antioxidant, anticancer, anti-inflammatory, antiallergy, 
analgesic, antifungal, and antiviral properties.13 

Furthermore, Pectolinarigenin and O-methylallop-
taeroxylin, the main chemical compounds in HR 
remedy, showed a strong anti-inflammatory by  
production inhibition of NO with IC50 values 
of 7.15 µg/ml and 14.16 µg/ml, respectively.14  
Therefore, PSM developed from GM and HR  
mixture was considered as a potential candidate for 
acne treatment with dual mechanisms of action i.e.  
antibacterial and anti-inflammatory. 

The results of this study indicated that 
PSM extract was unstable under acid hydrolysis 
and oxidation conditions due to the degradation 
of α-mangostin content and anti-C. acnes activity. 
Interestingly, the content of α-mangostin under 
heating, moisture, and alkaline hydrolysis signifi-
cantly increased in the PSM extract. The previous 
study found that the rise of α-mangostin content in 
the fresh mangosteen pericarp juice was related to 
increased heating temperature up to 65°C.15 This 
research supported the effect of heating temperature 
on α-mangostin content. α-Mangostin, β-mangostin, 
γ-mangostin, gartanin, and garcinone that have a 
close chemical structure were determined in GM. 
The increased temperature may have caused shifting 
of alkyl functional groups onto the structure of 
α-mangostin, resulting in an increase in α-mangostin 
content.16 Although pectolinarigenin content was 
significantly decreased under forced degradation 
studies, the remaining percentage of 90% was  
undegraded.17 From the results, PSM extract should 
avoid intense acidic conditions during preparation, 
and an antioxidant agent should be considered to 
prevent degradation. The hot or cold process can be 
used in product preparation owing to the stability 
of α-mangostin content and antimicrobial activity 
after thermolysis. Moreover, it can be concluded that 
α-mangostin is the most suitable chemical marker 
of PSM extract for anti-C. acnes activity due to the 
exhibited relationship between α-mangostin and 
antibacterial activity. For 6 months of accelerated 

storage conditions, α-mangostin content increased 
on days 15, 60, 90, 120, 150, and 180. This can 
be explained for two reasons. The first reason is 
the effect of humidity or moisture under force 
degradation which showed in Table 1. It was 
found that α-mangostin can be increased in high 
moisture. Thus, α-mangostin can be also increased 
in accelerated storage conditions which had high 
moisture content when compared with day 0. The 
second reason is the effect of temperature. The rise 
of α-mangostin content was related to increased 
heating temperature.15 Therefore, PSM extract 
which was kept at 40 ± 2°C with 75 ± 5% RH had 
the potential to increase α-mangostin content more 
than PSM extract on day 0, which was kept at -20oC 
until used and thawed at the room temperature when 
used. The results of accelerated storage conditions 
indicated that PSM extract showed chemical content 
stability and anti-C. acnes activity. These findings 
suggested that PSM extract can have a shelf-life of 
two years. 

This study supports the further preparation 
and development of anti-acne products containing 
PSM extract for clinical use. As inflammation is an 
important etiological aspect of acne, a further study 
on the anti-inflammatory stability in PSM extract is 
required to investigate its anti-inflammatory activity 
under forced degradation and accelerated storage 
conditions. 
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