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Abstract  

 Tectona grandis has been reported for its composition of two 5α-reductase inhibitors, specifically 
(+)eperua-8,13-dien-15-oic acid (1) and (+)eperua-7,13-dien-15-oic acid (2). These compounds exhibit 
potential as markers, enabling the standardization of leaf extracts during pre-formulation and formulation 
development. This study examined the effects of solvent system, pH, temperature and light on the stability 
of compounds 1 and 2 in the ethanolic extract and the ethanolic extract in PG with PEG-40 as a solubilizer. 
The remaining amount of the compounds at all test conditions was analyzed using HPLC. Compounds 1 
and 2 exhibited greater stability in acidic solutions compared to neutral or basic environments. Their 
degradations were susceptible to light, particularly compound 1 of the ethanolic extract in PG. Both 
compounds in the solution form of the extract degraded rapidly at high temperature, whereas the present of 
PG minimized their degradation when the light was protected. According to the Q10 method, the calculated 
shelf-life of the extracts was 1.48 years. The extracts should be stored or prepared as a non-aqueous form 
or otherwise in a slightly acidic solution with appropriate light protection measures. The pre-formulation 
information obtained from this study holds significant value in informing the design and development of 
forthcoming anti-hair loss medications. 
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Introduction 

 Tectona grandis L.f. (also known as Jatus grandis (L.f.) Kuntze), which is native to South and South-
East Asia, is a high-value timber plant of the Lamiaceae family, popularly known as teak. Various parts of 
T. grandis have been traditionally used for treating fever, cancer, bronchitis, inflammation, biliousness, 
skin diseases, stomatitis and urinary retention [1,2]. Seeds have been advised as a hair growth stimulator in 
traditional Indian medicine [1]. The pharmacological effects of T. grandis, including antioxidant, 
antimicrobial, antiplasmodial, anti-inflammatory, hypoglycemic, cytotoxic, antipyretic, antibacterial, hair 
growth and wound healing effects, have been extensively studied [3-11]. The hexane and ethyl acetate 
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extracts of T. grandis leaf were reported to exhibit a potent 5-reductase inhibitory activity. Fachrunniza 
et al. [12] also described their anti-testosterone properties and anti-inflammatory via the suppression of 
interleukin 1 beta (IL-1β) secretion. These findings suggest that the T. grandis leaf extract might be a useful 
active ingredient in pharmaceutical products to treat hair loss. 

Our group recently identified 2 diterpenes from the leaves of T. grandis: (+)eperua-8,13-dien-15-oic 
acid (1) and (+)eperua-7,13-dien-15-oic acid (2) (Figure 1). They potentially inhibited 5-reductase, 
which converts testosterone to dihydrotestosterone, with IC50 values about 14 µM, similar to the inhibitory 
activity of curcumin, a natural 5-reductase inhibitor used as a positive control. The level of two -
reductase inhibitors (1 and 2) in T. grandis leaf extracts was quantified using high-performance liquid 
chromatography (HPLC). The T. grandis leaf extract, extracted with 95 % ethanol, yielded a higher amount 
of 1 and 2 than was found in the hexane extract, indicating that ethanol is a suitable solvent for extraction 
[13]. 
 

   

Figure 1 Chemical structures of two 5-reductase inhibitors (1 and 2) in T. grandis leaf extract. 
 
 In pre-formulation and formulation steps, crude extracts are usually prepared or dissolved with 
various carrier solvents. Propylene glycol (PG) and polyethylene glycol (PEG) are among the most 
pharmaceutical excipients widely used as solvents and solubilizers in formulations. These materials can 
absorb water and maintain moisture in many product formulae [14-16]. The crude T. grandis ethanolic 
extract prepared in PG solvent containing PEG-40 as a solubilizer is therefore one of the samples targeted 
for pre-formulation studies in the current investigation. T. grandis leaf extract has potential applications in 
pharmaceuticals and health products for the treatment of hair loss, so the effect of solvent and its chemical 
stability is essential. The effect of solvent on stability of these two 5-reductase inhibitors, 1 and 2, present 
in T. grandis extract has not yet been published in the literature. Therefore, the purpose of this work was to 
assess the effect of PG and PEG-40 on stability of 1 and 2 in T. grandis leaf ethanolic extract. We 
specifically examined their chemical stability under various pH, temperature and light conditions. The data 
from this pre-formulation study will be useful for future product design and development. 
 
Materials and methods 

Chemicals 
HPLC grade of acetonitrile and methanol were purchased from RCI Labscan Ltd (Bangkok, 

Thailand). Formic acid was from KemAus (Cherrybrook, New South Wales, Australia). Ethanol (95 %) 
was from CHEMIPAN (Bangkok, Thailand). Polyethylene glycol-40 (PEG-40) hydrogenated castor oil 
was bought from Phitsanuchemicals (Phitsanulok, Thailand). PG was sourced from Ajax Finechem (New 
South Wales, Australia). All reagents were of analytical grade. Two 5-reductase inhibitors (1 and 2) were 
used as the reference standards. They were isolated from T. grandis leaf extract and their structures were 
elucidated using NMR, MS and IR spectroscopic data as previously reported [13]. The purity of these 2 
compounds was greater than about 99 % as measured by HPLC. 

 
Plant material and preparation of T. grandis extracts  
Fresh mature T. grandis leaves were collected in September 2019 from Ban Na District, Nakhon 

Nayok Province, Thailand. The voucher specimen (collection number 05721) is kept at the Department of 
Biology, Faculty of Science, Naresuan University, Phitsanulok, Thailand. The leaves were cleaned and 
chopped which were then dried for 3 days at 55 °C. After drying, the material was pulverized and sieved 
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through a 60-mesh sieve. A crude ethanolic extract and a crude ethanolic extract in PG were prepared. 
Firstly, the leaf powder (292 g) was macerated 3 times with 95 % ethanol at room temperature in the ratio 
of 1:4 w/v for at least 5 days each time. The filtrates were combined and evaporated at low pressure to 
afford a viscous, deep-green crude ethanolic extract (32.90 g, 11.27 % yield). Secondly, a crude ethanolic 
extract was solubilized with PEG-40 hydrogenated castor oil at a 1:3 w/w ratio, followed by PG at a 1:4 
w/w ratio to give a dark brown liquid of ethanolic extract in PG. The extracts were frozen at −20 °C until 
used. 
 

Stability studies 
Effect of pH  
The optimal pH at which the stability of compounds 1 and 2 in the T. grandis extract is at a maximum 

was determined through acid-base degradation studies. Four different pH levels were tested: 2.0, 5.5, 7.4 
and 9.0. The buffer solution systems were prepared using phosphate buffer solutions. One g of crude 
ethanolic extract was mixed with 2.5 mL PEG-40 before adding to the buffer solution to make a final 
volume of 100 mL. Then 1 mL solution was transferred into a glass vial. The vials were protected from 
light and stored at room temperature (25 °C). These samples were collected on days 0, 3, 5, 7, 15 and 30. 

 
Effect of temperature 
The degradation of compounds 1 and 2 in ethanolic extract and ethanolic extract in PG was assessed 

at various temperatures, encompassing 50, 60, 70 and 80 °C, over a period of 6 months. Glass vials 
containing 10 mg of the extracts were employed for the evaluation. Additionally, diluted solutions of both 
extracts were subjected to test. The diluted solutions were prepared by combining the extracts at a 
concentration of 10 mg/mL with a mixture of PEG-40 and buffer solution pH 5.5 (2.5:97.5 v/v). All samples 
were shielded from light during the storage period. At predetermined times (0, 30, 60, 90, 120, 150 and 180 
days), the samples were examined and analyzed. 

 
Effect of light 
The effect of light on the degradation of compounds 1 and 2 in the extracts at various prepared forms 

was also investigated. The samples were stored according to ICH guidelines for photostability testing [17] 
by placing in a xenon test chamber (model Q-SUN XE-1-BC, USA) for 13.5 h with the following 
parameters: 420 nm wavelength at 1.10 W/m2, UV irradiance at 49.7 W/m2, the illuminance at 89.5 Klx, 
and the visible light dose at 1.21 million lux-h. All samples were conducted in triplicate and the remaining 
contents of 1 and 2 were analyzed. 

 
Prediction of shelf-life by the Q10 method  
A Q10 method is a technique for predicting product shelf life. The ratio of time to equal harm at 2 

temperatures is assumed to increase at a constant rate for a 10 °C rise in temperature [18,19]. The shelf-life 
of 1 and 2 in ethanolic extract and crude ethanolic extract in PG at 30 °C (Zone IV mean kinetic 
temperature) was estimated using the following equation: 

 

t90(T2) = 
t90 (T1)

Q(∆T/10)                         (1) 

 
where t90 (T2) is the predicted shelf-life at 30 °C and t90 (T1) is the time at a tested temperature (50 °C) at 
which the active compounds 1 and 2 remained 90 % or higher. The Q value is set at 3 as the activation 
energy of many drugs is in the range of 18 - 20 kcal/mol. The △T is the temperature difference between T2 
and T1 in degrees Celsius (°C). 

 
Quantitative analysis of the active compounds remaining in extracts 
The remaining of compounds 1 and 2 in T. grandis extracts were studied quantitively using HPLC-

UV (Agilent Technology, model 1260 infinity with fraction collector, Santa Clara, CA, USA) connected 
with a C18(2) column (1504.6 mm2, 5 µm particle size, USA). The HPLC determination was carried out 
following the validated HPLC method previously described [13]. The isocratic elution system was used, 
with a flow rate of 0.8 mL/min of 85:15 (v/v) acetonitrile: 0.1 % (v/v) formic acid in purified water. The 
20 µL injection volume and 220 nm UV detection wavelength were established. The linearity of 1 and 2 
was determined at concentrations ranging from 1.56 - 200 µg/mL by correlation coefficient (r2) values of 
0.9997 for 1 and 0.9995 for 2. The retention time for 1 was 14.52 min and 13.15 min for 2. 
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Identification of temperature-degradation products 
To identify the temperature-degradation products of 1 and 2, the mixtures of 1 and 2 (6.3 mg) were 

kept at 80 °C for 14 days. The test samples were characterized at day 0 and day 14 (after the test) using 
thin-layer chromatography (TLC) and liquid chromatography-mass spectrometry (LC-MS). For TLC 
analysis, 2.0 µL of a 20 mg/mL sample (in methanol) was applied to a TLC silica gel 60 F254 plate. The 
plate was developed in a mixture of hexane and ethyl acetate (7:3 v/v), and the results were then monitored 
under UV light at 254 nm. For LC-MS analysis, an ESI-Q-TOF-MS (Agilent 1260 Infinity Series) was 
used, and analytical settings were set to negative mode with a mass range of 50 - 500 amu. The 
chromatographic separation was conducted with an isocratic mobile phase system containing acetonitrile 
and purified water (85:15 v/v), both of which contained 0.1 % (v/v) formic acid for ionization enhancement. 
The stationary phase, flow rate and injection volume were carried out under the same conditions as indicated 
in the section on quantitative analysis of the active compounds remaining in extracts. TLC fingerprints and 
LC-MS profiles revealed polar degradation compounds of mixtures 1 and 2 after 14 days of storage at 80 
°C. The sample (6.3 mg) was fractionated over a silica gel column with a gradient of hexane and ethyl 
acetate as the eluent to give 4 sub-fractions (A-D). The major polar spot was observed at Rf = 0.43 for 
fraction C, which was then preliminarily identified using the LC-MS technique under the described analysis 
conditions.  
 

Statistical analysis 
The results of at least 3 experiments were presented as the mean ± standard deviation (SD). Statistical 

comparisons were evaluated using one-way analysis of variance (ANOVA) followed by Duncan’s test. In 
all cases, p < 0.05 was considered statistically significant. 
 
Results and discussion 

Effect of pH 
The ethanolic extract was dissolved in various pH buffer solutions (pH 2.0, 5.5, 7.4 and 9.0) and kept 

at 25 ± 2 °C. After predetermined incubation periods, the remaining 1 and 2 contents were measured by 
HPLC (Figure 2). Similar trends of degradation were observed for both 1 and 2. Compounds 1 and 2 were 
stable in acidic solutions (pH 2.0 - 5.5) for up to 30 days, while in neutral to basic environments (pH 7.4 - 
9.0), they showed a slight but statistically significant degradation after 7 days. This finding suggests that 
the degradation of 1 and 2 in basic solutions was possibly deprotonated at the carboxylic acid position to 
produce the carboxylate anion [20]. However, the residual contents of 1 and 2 remained above 90 % at pH 
2.0 - 9.0 for at least 30 days. As topical drug products are often designed with a pH range of 4 to 6, [21] a 
pH value of 5.5 was employed in subsequent testing.  

 

 

Figure 2 The effect of various pH conditions (pH 2.0, 5.5, 7.4 and 9.0) on the stability of (A) compound 1 and 
(B) compound 2 in buffered solution of T. grandis ethanolic extract analyzed by HPLC (*p < 0.05 against data 
of day 0). 
 

Effect of temperature 
The ethanolic extract and ethanolic extract in PG were stored for up to 180 days variously at 50, 60, 

70 and 80 °C. The extracts in diluted solution forms (at pH 5.5) were also tested. The degradations of 1 and 
2 are depicted in Figure 3 (for 1) and Figure 4 (for 2). After being stored for 30 days at 50 and 60 °C, the 
remaining contents of 1 and 2 in ethanolic extract and ethanolic extract in PG were slightly decreased. 
However, after 180 days of storage, the remaining contents of 1 and 2 in extracts were still present at greater 
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than 80 %. At the higher temperatures (70 and 80 °C), the difference in degradation profiles of the 2 markers 
in the extract of different solvents was obvious. At 80 °C, it was clear that 1 in the buffered solution (pH 
5.5) of the ethanolic extract degraded most rapidly, with significant degradation as early as 90 days, and 
was completely degraded after 120 days (Figure 3(C)). Similarly, after 90 days, there were statistically 
significant differences in the same sample kept at 70 °C, and after 180 days there was a complete loss 
(Figure 3(C)). On the other hand, the degradation was delayed when PG was present in the extract and 
kept at 70 and 80 °C (Figure 3(D)). Additionally, 1 in the ethanolic extract as the prepared extract form 
was sensitive to temperature, especially at 80 °C, which also showed significant degradation after 60 days 
of storage (Figure 3(A)), whereas it was more stable in PG, with a remaining of 86.33 ± 0.76 % at day 60 
(Figure 3(B)).  

 
 

 

Figure 3 The effect of temperature on the stability of 1 in (A) ethanolic extract (B) ethanolic extract in PG 
(C) buffered solution (pH 5.5) of ethanolic extract and (D) buffered solution (pH 5.5) of ethanolic extract 
in PG. (*p < 0.05 against data of day 0). 

 
 
The content of 2 in the ethanolic extract significantly decreased after 30 days when stored at 80 °C 

(Figure 4(A)). Unlike the remaining content of 2 in the ethanolic extract in PG stored under the same 
conditions, it was stable for at least 180 days (Figure 4(B)). Likewise, the degradation of 2 in the buffered 
solution of ethanolic extract was highly at 80 °C after only 30 days and it was completely degraded after 
90 days (Figure 4(C)). Furthermore, compound 2 was found to be unstable in the buffered solution of 
ethanolic extract stored at 70 °C. After 90 days in this condition, 2 began to degrade significantly. After 
180 days, it was completely degraded (Figure 4(C)), similar to what we observed in 1 (Figure 3(C)). Over 
120 days at 70 °C, the content of 2 in the buffered solution of ethanolic extract in PG was stable, with more 
than 80 % remaining (Figure 4(D)). Specifically, 1 was more stable at high temperatures than 2. This may 
be associated with the number of substituents connected to the double bonds at C8 - C9 (for 1) and C7 - C8 
(for 2). In general, a higher level of substituted alkene is more stable than a lower level of substituted alkene 
due to hyperconjugation and bond strength effects [22]. This may explain the difference in the stability of 
the 2 compounds. As a result, a tetrasubstituted alkene of 1 has more stability than a trisubstituted alkene 
of 2. 
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Figure 4 The effect of temperature on the stability of 2 in (A) ethanolic extract (B) ethanolic extract in PG 
(C) buffered solution (pH 5.5) of ethanolic extract and (D) buffered solution (pH 5.5) of ethanolic extract 
in PG. (*p < 0.05 against data of day 0). 

 
 
In our investigation, the stability profiles of 1 and 2 in the buffered solution of the ethanolic extract 

in PG were notably superior to those observed in the buffered solution of ethanolic extract. Remarkably, 
our findings align with the stability study of Kao et al. [14], where they reported that the 4 major 
components of Scutellaria baicalensis (baicalin, baicalein, wogonin and wogonoside) exhibited greater 
stability in a 20 % PG solvent compared to a water-based storage solvent. It has been proposed that 2 
hydroxyl (OH) groups in PG are easily hydrated by the surrounding water molecules via the donation and 
acceptance of hydrogen bonds [16]. Adding PG may thus reduce water activity to prevent chemical 
degradation. As well, the polarity of the aqueous medium and the dielectric constant was also reduced in 
PG/water mixtures. Such a reason might be a decrease in the rate constant of degradation, thereby increasing 
its stability [23]. As well, the addition of PEG-40 to the ethanolic extract in PG may prevent the degradation 
of its bioactive compounds. This may be because the formation of a covalent bond with PEG facilitates the 
stabilization and solubilization of active ingredients, thereby reducing their oxidation processes by forming 
micelles [24,25]. As expected, our data showed that both prepared extracts were more thermally stable than 
those in the buffered solution form. The observed finding suggests that compounds 1 and 2 were susceptible 
to degradation under high temperature conditions when they were present in an aqueous environment. This 
susceptibility to degradation may be attributed to the accelerated occurrence of oxidative reactions [26,27].  

 
Identification of temperature-degradation products 
As depicted in Figure 5(A), the spot of unidentified polar compounds was observed on the TLC 

fingerprint at the Rf value of 0.43 when a mixture of compounds 1 and 2 was maintained at 80 °C for 14 
days. These polar degradation products were also detected in the baseline peak chromatogram (BPC) from 
LC-MS (Figure 5(B)). Comparing the degradation profiles of these 2 samples at days 0 and 14 revealed 
that the peak intensities of polar compounds increased after keeping at 80 °C for 14 days, while the peaks 
of compounds 1 and 2, particularly 2, decreased (Figure 5(B)).  
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Figure 5 The degradation profiles of compounds 1 and 2 mixture before (day 0) and after being kept at 80 
°C for 14 days using (A) TLC and (b) LC-MS techniques. 
 
 These degradation products were re-chromatographed using silica gel column chromatography to 
yield 4 sub-fractions (A - D). Sub-fraction C (1 mg) contained the major polar spots at Rf = 0.43, which 
were then identified using the LC-MS method. Two degradation products were detected at the retention 
time of 2.78 min for peak A and 3.55 min for peak B (Figure 6(A)). The ESI-MS spectra revealed m/z 
331.1934, 367.1707 for peak A and 317.2002, 335.2096 for peak B (Figure 6(B)), which differed from the 
molecular masses of 1 and 2 as previously reported [13]. Their structures could not be exactly confirmed 
due to a low yield of isolated degradation products. Additional research is required to clarify the structure 
of degradation products, which should be done in the future.  
 

 

Figure 6 The (A) baseline peak chromatogram (BPC) of sub-fraction C (10 mg/mL) from LC-MS and (B) 
mass fragmentation (in negative mode) of peaks A and B.  

 
 Effect of light 
 The prepared extracts (ethanolic extract and ethanolic extract in PG), as well as the diluted solution 
of the extracts in buffer solution pH 5.5, were kept in well-closed containers and exposed to 1.21 million 
lux-h of light for 13.5 h during which time the presence of 1 and 2 of the ethanolic extract in PG rapidly 
degraded by ⁓ 90 % for 1 and ⁓ 40 % for 2, whereas 1 and 2 in the ethanolic extract showed superior stability 
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profile (Figure 7(A)). The buffered solution prepared from an ethanolic extract in PG lost 1 faster than that 
from the ethanolic extract without PG during the 13.5 h period of light exposure. The remaining content of 
2 was statistically significantly more stable than that of 1 (Figure 7(B)). In both preparations, the ethanolic 
extract in PG was degraded faster than the ethanolic extract. 

 

 

Figure 7 Degradation of compounds 1 and 2 in (A) ethanolic extract and ethanolic extract in PG, (B) 
buffered solution (pH 5.5) of ethanolic extract and buffered solution (pH 5.5) of ethanolic extract in PG 
after exposed to light for 13.5 h. (*p < 0.05, **p < 0.05 vs compound 2). 

 
 

 The data clearly indicate that the impact of light-induced degradation on 1 and 2 degradations in 
solvents containing PG surpasses that observed in solvents without PG. This may occur due to the ability 
of light components such as UV to activate the PG which in turn acts as a radical initiator to promote the 
oxidation reaction of 1 and 2 in solution [28]. These results suggest that the use of light-protective 
packaging and UV absorbents could improve the photostability of 1 and 2 in T. grandis extract. 

 
Calculation of the shelf-life of 1 and 2 by the Q10 method 
The shelf-life estimation of 1 and 2 in ethanolic extract and ethanolic extract in PG was calculated 

using the Q10 equation, which predicts the potential shelf-life of compounds with heat-sensitive 
degradation. At 60 days, the remaining content of 1 and 2 in the ethanolic extract and ethanolic extract in 
PG stored at 50 °C was approximately 90 % or higher. The value of Q was set to 3 due to the activation 
energy of most compounds is in the range of 18 - 20 kcal/mol and the estimated shelf-life of 1 and 2 was 
calculated as follows: 

 

t90(30 °C) = 
60

3(30 – 50)/10  = 540 days or 1.48 years                   (2) 

 
Therefore, with respect to the remaining amount of both 1 and 2, the shelf-life of the prepared extracts 

(ethanolic extract and ethanolic extract in PG) and their buffered solutions pH 5.5 at 30 °C is estimated to 
be 1.48 years. 

 
Conclusions 

Two 5-reductase inhibitors ((+)eperua-8,13-dien-15-oic acid (1) and (+)eperua-7,13-dien-15-oic 
acid (2)) in an ethanolic extract demonstrated greater stability in an acidic solution than in neutral or basic 
solutions. The presence of PG in the extract exerted a protective effect against the degradation of both 
compounds. However, caution should be exercised when employing PG in situations where protection 
against light exposure is not feasible. Furthermore, it was noted that the degradation of 1 and 2 was more 
pronounced in a solution form rather than in the extract. Utilizing Q10 method, the estimated shelf-life of 
prepared extract forms (ethanolic extract and ethanolic extract in PG) and their solution forms at pH 5.5 
was determined to be 1.48 years. It is worth considering further research on the degraded products of the 
compounds. Based on our finding, it is recommended that PG be included in the extract of T. grandis leaf, 
as well as in their solution forms, to enhance stability. Additionally, the use of light-protective containers 
is strongly recommended as a standard practice to mitigate the effect of light on the chemical degradation 
of the compounds.  
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