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ABSTRACT: This study examined the anti-aging effect of Chinese perfume (Aglaia odorata) and Indian camphorweed
(Pluchea indica) leaf extracts on Saccharomyces cerevisiae as a model system. Investigation of the antioxidant activity and
bioactive compounds using GC-MS and qualitative anti-aging spot tests were performed to determine the anti-aging
effects. In addition, a quantitative anti-aging test was conducted using high-throughput chronological lifespan analysis.
The results showed that the antioxidant enzyme activities of SOD, APX, and CAT in Chinese perfume leaves were 393.96
units/min/g FW, 215 pmoles HxO,/min/g FW, and 5.6 pmoles H O, decomposed/min/g FW, respectively; the values
in Indian camphorweed leaves were 717.57 units/min/g FW, 48 umoles H>O,/min/g FW, and 12.33 pmole H;O»
decomposed/min/g FW, respectively. The antioxidant activity of Chinese perfume and Indian camphorweed was 577.2
pg/mL and 348.86 ng/mL. The antioxidant bioactive compounds of Chinese perfume extract included n-hexadecanoic
acid, B turmerone, and 2-propenoic acid, 3-phenyl-, methyl ester (methyl cinnamate) and those from Indian
camphorweed included n-hexadecanoic acid and neophytadiene. Treatment with both extracts prolonged the life of
yeast after 15 days of incubation. In addition, H>O, stress conditions, the yeasts showed better growth with the addition
of both leaf extracts. This study revealed that the extracts of Chinese perfume and Indian camphorweed leaves
demonstrate promising potential as ingredients for anti-aging cosmetics.
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1. INTRODUCTION

Aging is the gradual reduction in physiological functions caused by progressive damage of various
cellular components and machineries [1- 3]. Cellular aging due to oxidative stress might be initiated by the
accumulation of reactive oxygen species (ROS) [4]. The impact of cellular aging is mainly apparent on the
skin, such as wrinkles and pigmentation [5, 6]. Therefore, skin-aging prevention has become an important
concern in recent years thereby promoting intensive research in anti-aging skincare. Cosmetics for skin care
are encouraged to adhere to the cruelty-free concept, which advocates cosmetics that do not involve animals,
both in the ingredients and the testing method. In addition, the general public has become highly selective in
choosing anti-aging skincare that is free of animal components. Therefore, alternative ingredients for anti-
aging skincare have garnered attention, particularly bioactive substances derived from plants [7-9]. Natural
ingredients from plants show antioxidant activities in detoxifying ROS in the form of O,—, OH-, and H>O»
[10, 11]. Furthermore, antioxidants can eliminate free radicals through enzymatic or nonenzymatic reactions
[12]. Some of the enzymes with antioxidant activities include superoxide dismutase (SOD), ascorbate
peroxidase (APX), and catalase (CAT) [13]. Meanwhile, vitamins C, B3, and E, polyphenols, flavonoids, and
phenolics are phytochemical compounds with nonenzymatic antioxidant properties [14, 15].

Indonesian natural ingredients, like Indian camphorweed (Pluchea indica) and Chinese perfume
(Aglaia odorata) leaves, have been found to possess antioxidants and potential anti-aging effects. Indian
camphorweed contains antioxidant compounds from the phenolic class, such as caffeoylquinic acid
derivatives [16]. Meanwhile, the Chinese perfume secretes various compounds with antioxidant activity,
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including hesperitin-7,3"-O-dimethylether, 5a-dammar-20-ene3f3, 24,25-triol, odorine, odorinol, triterpenes,
and aglain that are useful as anti-inflammatory and anticancer agents [17, 18] and rocaglamide, rocaglaol,
and flavagline that exhibit neuroprotective properties [19].

Cosmetic testing methods without involving experimental animals are also urgently required. SIR2,
an essential gene in the regulatory mechanisms of aging, and the target of rapamycin (TOR), which is
essential in nutrient sensing in mammals, are conserved in budding yeast Saccharomyces cerevisiae [20]. A
growing body of research demonstrated that the life span of yeast can be extended by calorie restriction (CR)
[21]. Therefore, S. cerevisiae has been widely used as a model system for studying anti-aging [22-24]. This
study aimed to determine the phytochemical content and antioxidant ability of Chinese perfume and Indian
camphorweed leaf extracts. The anti-aging activity of the extracts was also tested using budding yeast
through spot test and high-throughput rapid chronological lifespan (HTRCL) test.

2. RESULTS

The Chinese perfume and Indian camphorweed are plants that commonly grow in home gardens
and are widely utilized by the community as food or dyes (Figure 1)

Figure 1. Plant sample. (A) Chinese perfume and (B)
Indian camphorweed

Both leaf extracts displayed enzymatic antioxidant activity, with SOD exhibiting the highest value
(Figure 2).
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Figure 2. Enzymatic activity of Chinese perfume and Indian camphorweed. (A) Catalase, (B) Ascorbate
peroxidase, and (C) Superoxide dismutase
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The crude ethanol extract of Chinese perfume and crude ethyl acetate extract of Indian
camphorweed leaves were selected for DPPH antioxidant tests and compared with ethanol and ethyl acetate
solvents, which are commonly used in the manufacturing of cosmetic products. Indian camphorweed
showed higher antioxidant activity than Chinese perfume, but both were less effective than the positive
control (Table 1).

Table 1. Antioxidant activity of Chinese perfume and Indian camphorweed leaves

Extracts ICso Value (ug/mL)
Ethanol extract of Chinese perfume 577.2a £ 2.60
Ethyl acetate extract of Indian camphorweed 348.86b + 2.45
Ascorbic acid (control) 10.016¢ + 0.167

Note: P < 0.05, different words indicate significant differences through Duncan’s tests at the 95%
confidence level.

Profile analysis was also carried out to determine compounds with antioxidant activities (Table 2)

Table 2. Profile of bioactive compounds in Chinese perfume and Indian camphorweed

Extract Compounds Peak Class Bioactivity
area (%)
Methyl palmitate 3.21 antioxidant, anti-
Fatty acid inflammatory [27]
n-Hexadecanoic acid 1.77 antioxidant [28]
2-Methyl-6-(4-methylenecyclohex-2-en-1-  1.52 antioxidant, anti-
yl)hept-2-en-4-one or B-Turmerone Sesquiterpencid inflammatory [29]
Chinese perfume Turmerone 0.39 q p antioxidant, pro-
proliferation [30]
3,7,11,15-Tetramethyl-2-hexadecen-1-ol 1.06 Terpenoid anti-inflammatory,
(phytol) antioxidant [31]
2-Propenoic acid, 3-phenyl-, methyl ester 0.43 Carboxylic acid  antioxidant, skin
(methyl cinnamate) integrity protector [32]
Indian n-Hexadecanoic acid 36.01 Fatty acid antioxidant [28]
Neophytadiene 3.3 Sesquiterpenoid antioxidant, anti-
camphorweed

inflammatory [33]

The antioxidant activities of Chinese perfume and Indian camphorweed leaves might be attributed
to their bioactive compounds. A total of 34 and 24 compounds were detected in Chinese perfume and Indian
camphorweed extracts, respectively. Table 2 shows the compounds with antioxidant and anti-inflammatory
activities and both extracts found n-Hexadecanoic, which are fatty acids is commonly used to produce
cosmetics and soaps [34].

The viability of yeast cells incubated for 15 days in a mixture of medium and extract was observed to
determine the anti-aging potential of Chinese perfume and Indian camphorweed leaves. Figure 3 shows the
growth of yeast cells on the medium without oxidative stress. The growth of the negative control gradually
decreased from day 1 to 15. The cells treated with CR (Calorie Restriction) exhibit better cell growth
compared with the negative control, indicating that the CR group served as a good positive control. The
Chinese perfume extract consistently promoted and maintained cell growth on day 1 to 15 compared with
the positive control (CR), indicating that the Chinese perfume extract prolongs the life of yeast. On day 1 to
15, Indian camphorweed promoted cell growth relative to that in the control. All concentrations of this
extract exhibited the same effect on yeast growth. Overall, both extracts promoted growth consistently across
concentrations and extended yeast lifespan.
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Figure 3. Growth of budding yeast supplemented with Chinese perfume and Indian camphorweed
extracts. CR: calorie restriction.

In cell viability analysis, the negative control viability decreased gradually, while the CR group

showed increased viability on the 5th and 10th days and a decrease on the 15th day. In general, the CR
group demonstrated a higher viability than the negative control (Figure 4).
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Figure 4. Cell viability after treatment with (A) ethanol extract of Chinese perfume and (B) ethyl acetate
extract of Indian camphorweed leaves. Note: *P < 0.05, indicates significant differences through Duncan’s
tests at the 95% confidence level.
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As shown in Figure 4A, the Chinese perfume extract at concentrations of 600 and 750 ppm increased
cell viability on days 5 and 10; however, the cell growth decreased on day 15. Although all variations in
concentration decreased on day 15, yeast cell viability was still higher than that of the control and CR group.
This finding indicated that the Chinese perfume extract can maintain cell viability better than the control
treatment and CR.

Furthermore, the yeast treated with all extract concentrations showed that the cell viability increased
on day 5 (Figure 4B) but decreased on days 10 and 15 indicating the onset of cell death. However, the
decreased cell viability was significantly higher than the cell viability values on days 10 and 15 of the control
and CR group. Until day 15, the Chinese perfume and Indian camphorweed extracts at a concentration of
750 ppm displayed the best cell viability-promoting activity, suggesting that this concentration should be
adopted for the production of cosmetics.

Quantitative test with HTRCL assay and qualitative test with spot methods (without H>O; stress)
showed the same pattern. The Indian camphorweed extract had a better ability to maintain yeast cell
viability than the Chinese perfume extract. Both extracts could maintain yeast viability significantly better
than the control.

In terms of the viability of S. cerevisine under H,O; stress, the negative control showed no grow until
the 15th day, indicating that H>O: inhibits yeast growth. Meanwhile, the positive control CR grew on days 5
and 10 but not on day 15. The yeast treated with the Chinese perfume extract showed better growth
compared with the control. In the presence of the Chinese perfume extract, the yeast grew optimally on day
5. On day 15, the yeast treated with the Chinese perfume extract showed better growth compared with the
control. Meanwhile, treatment with the Indian camphorweed extract can maintain the yeast growth, which
was better than the growth of the control on days 5, 10, and 15. In the medium containing 1 mM H>O5, the
yeast supplemented with the Indian camphorweed extract showed better growth than that supplemented
with the Chinese perfume extract. Meanwhile, both extracts could prolong yeast lifespan under 1-mM H>O»
stress (Figure 5A).

As shown in Figure 5B, 3-mM H>O, oxidative stress inhibited cell growth in the negative control.
Meanwhile, cell growth in the CR group could be observed on day 10. These results indicated that the yeast
treated with CR required a long adaptation time under high H>O: stress (3 mM). In addition, CR helped
maintain yeast growth under 1-mM HyO stress. The yeast supplemented with the Chinese perfume extract
grew optimally on day 5. However, on day 10, growth was only observed for the yeast treated with the
Chinese perfume extract at a concentration of 750 ppm. These data suggested that CR and 750 ppm Chinese
perfume extract had the same potential to maintain yeast growth under 3-mM H>O; stress. Meanwhile, the
yeast treated with the Indian camphorweed extract grew optimally on day 5 but showed a decrease in
growth on day 10 and 15. The Indian camphorweed extract prolonged the life of the yeast compared with
the control and CR groups and performed better than the Chinese perfume extract in prolonging the life
span and maintaining the growth of yeast under 3-mM H,Os stress.

3. DISCUSSION

This study determined the anti-aging activity of two extracts using budding yeast as a model in an
attempt to minimize the use of animal models in anti-aging skincare development. Budding yeast S.
cerevisiae is a model system commonly used in studying various biological mechanisms of eukaryotic cells
[35-37]. Yeast has served as the main model system for molecular and systems biology owing to the various
experimental approaches available for altering its cell components [38, 39]. In anti-aging research, yeast has
been employed as a prime model system. It demonstrates an outstanding ability to enter a stationary phase
and cease to divide upon starvation, such as in nutrient-limited batch cultures, thus prolonging its age in the
absence of nutrients. Yeast might live for a few days to several weeks during the postmitotic period
depending on the culture conditions and strain. Large-scale aging studies, which commonly use aging
model system and can last between 20 days and 3 years, are feasible to be performed using yeast in a
relatively short time [40].

The addition of Hibiscus sabdariffa crown extract successfully prolonged the life span of S. cerevisiae
[21]. Several phytochemical compounds and other substances, such as carnitine [41], hesperidin [42],
Melannurca campana fruit extract [43], and Syzygium aromaticum extract [44], are also known to prevent
aging and other factors affecting the life span of yeast cells [45].

In this study, CR was used as a positive control. CR increases the activity of metabolic pathways,
including the modulation of mitochondrial activity and reduction of oxidative damage [46]. The effect of CR
on the aging mechanisms is related to the presence of nutrient signaling-induced cascade reactions, such as
insulin/insulin-like growth factor-1 signaling, TOR pathway, adenosine monophosphate-activated protein
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kinase signaling pathway, and sirtuin [47]. CR, with the limitation of glucose supply, is also related to the
glycation theory of aging [48]. Glucose limitation decreases TOR/Sch 9 and Ras-protein kinase A signals and
increases SIRT1 deacetylation [49], which in turn affects histones, decreases P53 gene activity, and inhibits
inflammation through the NFkB signaling pathway. As a result, cell division and growth are halted,
resulting in extended cell-life span [50].
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Figure 5. Effect of Chinese perfume and Indian camphorweed on cells cultured in medium containing (A)
1-mM H,O, and (B) 3-mM H,O, (B).

The negative control experienced aging due to the respiratory threshold factor. When yeast is grown
in normal glucose medium, the glucose level gradually decreases over time and makes the yeast unable to
remodel its normal metabolism, resulting in a short life span [51]. Meanwhile, the negative control
supplemented with H>O> could not grow due to the produced ROS acting as oxidative stress.

Spot-test results showed that Chinese perfume and Indian camphorweed induce anti-aging activity
in yeast in the absence or presence of HO2. HxO, was added to increase the level of intracellular ROS, which
causes oxidative stress and accelerates aging [52]. The yeast supplemented with the Indian camphorweed
extract grew optimally in the presence of 3 mM H»O,, indicating that this treatment exhibited better anti-
aging activity than the Chinese perfume extract. However, our preliminary study showed that yeast cells
could not grow in H>O; at concentrations higher than 3 mM.
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Bioactive compounds with antioxidant properties might act as a radical scavenger [53]. Kavitake et
al. [54] carried out the antioxidant analysis of galactan exopolysaccharide (EPS) using the DPPH method and
found that the supplementation of antioxidants in the form of EPS with ICso of 450 ng/mL could extend the
life of yeast under oxidative stress of 1-mM HzO». In the present work using the same method, Chinese
perfume and Indian camphorweed extracts showed ICs values of 577.2 and 348.86 pg/mL, respectively. The
Chinese perfume and Indian camphorweed crude extracts were able to maintain the cell growth and prolong
the life of yeast under H;O: stress. These results indicated that both crude extracts deliver anti-aging activity
better than EPS, which is a purified compound.

Indian camphorweed and Chinese perfume contain enzymatic and nonenzymatic antioxidants. In
this study, both extracts exhibited higher SOD activity than CAT and APX activities because SOD is the first
line of defense against O,— dismutation [25]. SOD promotes the initial stages of ROS in singlet oxygen form
and free radicals that are expelled sequentially with the help of APX and CAT [12]. Meanwhile, CAT and
APX show differences in converting H,O» into water molecules [13].

In addition to the enzymatic antioxidants, the nonenzymatic antioxidant found in both extracts was
n-hexadecanoic acid, which belongs to the group of fatty acid compounds and exhibits antioxidant and anti-
inflammatory activities [55]. Fatty acids could protect the skin from stress-induced aging [56]. Therefore,
Chinese perfume and Indian camphorweed extracts have the potential as natural anti-aging which can be
formulated as promising ingredients in anti-aging cosmetics.

4. CONCLUSION

The ethanol extract of Chinese perfume and the ethyl acetate extract of Indian camphorweed leaves
prolong the lifespan of budding yeast in the presence or absence of H.O, oxidative stress. The leaf extracts
contain bioactive compounds with antioxidant properties that might be useful as ingredients of anti-aging
cosmetics.

5. MATERIALS AND METHODS
5.1 Plant Materials

Chinese perfume and Indian camphorweed leaves were obtained from the Center for Research and
Development of Medicinal Plants and Traditional Medicines, Tawangmangu, Central Java, Indonesia

5.2 Leaf extraction

To evaluate the antioxidant enzyme activities such as SOD, CAT, and APX, fresh leaves samples
were mixed with 0.1 M potassium phosphate buffer (pH 7.0) containing 1-mM Na-EDTA and 1% polyvinyl
pyrrolidone to obtain extracts. The fresh leaf extracts were centrifuged at 5,000 rpm and 17°C for 30 min to
obtain leaf supernatants.

For the antioxidant activity test, bioactive compounds analysis, spot test, and HTRCL test, leaf
powder (100 g) was macerated using ethyl acetate (Indian camphorweed) and ethanol (Chinese perfume)
solvents with a ratio of 1:2. The samples were immersed in the respective solvent for 2 days, followed by two
rounds of additional maceration. The filtrate was evaporated at room temperature, and the extract was
stored in dark bottles at 4°C.

5.3 Superoxide dismutase activity assay

The SOD activity was measured as previously described [25] with modifications. Reducing buffer
solution (1 mL) containing Tris HCI (pH 8,2), 1-mM Na-EDTA, ddH,O (1 mL), and pyrogallol solution (10
nL) were added to 8 pL of leaf supernatant. The absorbance was repeatedly scanned at a wavelength of 325
nm at intervals of 1-3 min using a GENESYS 10UV scanning spectrophotometer. Enzyme activity was
recorded at a 1-3 min interval, which is suitable for monitoring the absorbance change to calculate the
reaction rate of antioxidant enzymes [26].

5.4 Catalase activity assay

CAT activity was measured as previously described [25] with modifications. Leaf supernatant (200
uL) was mixed with 1 mL of 50 mM sodium phosphate buffer (pH 7) and 1 mL of 30% H,O,. Absorbance
was immediately measured at a wavelength of 240 nm with time interval of 1-3 min.
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5.5 Ascorbate peroxidase activity assay

The APX activity was measured as previously described [25] with modifications. Each leaf
supernatant (100 pL) was mixed with 0.4 mL of a mixture of 0.1-mM Na-EDTA and 0.05-mM sodium
phosphate buffer (pH 7), 0.4 mL of 0.05-mM ascorbic acid solution, 0.4 mL of ddH>O, and 0.8 mL of 3%
H,O,. Absorbance was monitored at a wavelength of 290 nm every 1 min for 3 min.

5.6 Antioxidant activity test

The antioxidant activity of leaf extracts was tested using the DPPH method. The extracts were
dissolved in pro-analytical methanol at concentrations of 1000, 500, 250, 125, 62.5, and 31.25 g/mL. Each
extract was added with 0.1 mM DPPH at 1:2 ratio. The mixture was incubated at room temperature and in
the dark for 30 min. After incubation, absorbance was measured using a UV-vis spectrophotometer
(Genesys) at a wavelength of 517 nm. Ascorbic acid was used as a control with concentrations of 2, 4, 6, §,
and 10 g/mL.

5.7 Bioactive compound analysis

The bioactive compounds of the leaf extracts were analyzed using GC-MS (AGILENT 7890A and MS
5977B) at 50°C-325°C. GC column DB-5MS (30 m x 250 pm x 0.25 pm) and helium was used as the mobile
phase. Compounds were identified by comparing the sample MS spectra with the NIST17 database.

5.8 Spot test

S. cerevisine (FNCC 3012) was cultured in liquid YPD medium for 24 h. The initial OD600 was
calculated at 0.1. Yeast was also cultured in a medium containing 2% glucose and extracts (150, 300, 450, 600,
and 750 ppm) dissolved in DMSO. As a positive control, yeast was cultured in 0.5% glucose medium
(Calorie Restriction; CR). Each culture was incubated in an incubator shaker at 120 rpm and 30°C. Spot tests
were carried out on days 1, 5, 10, and 15 after extract treatment to examine the effect of oxidative stress. All
spot experiments were performed at least three times. Growth was observed after 3 days of incubation at
30°C in solid medium without or with H,O, (1 and 3 mM).

5.9 High Throughput Rapid Cronological Lifespan test

HTRCL test was performed using the MTT method. This test aimed to determine the viability of
yeast cells after 0, 5, 10, and 15 days of extract incubation quantitevely. In brief, 50 puL of culture was
transferred to a 96-well microplate, followed by the addition of 50 uL of RCL solution (4% glucose, 1 mg/mL
MTT, and 0.2 mM phytomenadione. The cultures were incubated for 30 min at 30°C in a gyratory shaker,
added with 100 pL of solubilization solution (0.2% triton X and 20-mM HCI in 100% isopropanol, and
incubated for 30 min. Absorbance was measured using an ELISA reader at a wavelength of 595 nm. Cell
viability was calculated by the following formula:

Proportion of cell viability on day n = (A595 on day-n)/(A595 on day-0)

5.10 Data analysis

Spot density was analyzed qualitatively to determine the anti-aging activity of the extracts against
yeast. The proportion of cell viability was analyzed quantitatively using Microsoft Excel and SPSS version 22
(SPSS, Inc. USA). HTRCL and antioxidant enzyme analysis used one-way ANOVA (95% confidence),
followed by Duncan test (P < 0.05) for significant differences.
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