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8-Methoxycoumarin (8-methoxy-chromen-2-one), isolated from R. graveolens L., is able to alleviate arthritis
by inhibition of proinflammatory cytokines. However, its effects on melanogenesis have largely remained unre-
ported. The present study examined the effects of 8-methoxycoumarin on melanogenesis in B16F10 murine
cells, together with its effect on the mechanism of melanin synthesis. The cells were treated with different
concentrations of 8-methoxycoumarin; a-MSH was used as the positive control. We found 8-methoxycou-
marin to significantly increase the melanin content of the cells without exerting any cytotoxicity. In addition, it
significantly upregulated the expression of tyrosinase and tyrosinase-related protein-1 and 2 via inducing the
expression of microphthalmia-associated transcription factor. Furthermore, we demonstrated the involvement
of mitogen-activated protein kinase (MAPK) pathway-mediated phosphorylation of p38 and c-Jun N-terminal
kinase (JNK), and inhibition of phosphorylation of extracellular signal-regulated kinase (ERK) to be responsible
for enhanced melanin production. Use of SB203580 (p38 inhibitor) and SP600125 (p-JNK inhibitor) corroborated
these findings. Additionally, we investigated the effects of 8-methoxycoumarin on protein kinase B (AKT) phos-
phorylation and protein kinase A (PKA) signaling pathway (using H89, a PKA inhibitor). These results suggested
that 8-methoxycoumarin increases melanogenesis via the MAPK signaling pathway. Based on these findings,
we conclude that 8-methoxycoumarin could serve as a potential compound for treating hypopigmentation disor-
ders. It could also serve as a promising chemical for hair depigmentation treatment in the cosmetic industry.

1. Introduction

Melanin is the major pigment produced by specialized organelles,
called melanosomes present in the melanocytes (Bonaventure et
al. 2013; Briganti et al. 2003). Melanocytes are dendritic cells
derived from the neuroectoderm and are found in the basal layer
of the skin epidermis; these produce vesicles called melanosomes
and deliver them to the surrounding keratinocytes (Sturm et al.
2001; Tadokoro et al. 2005; Schadendorf et al. 2015; Gibbs et al.
2000; Cichorek et al. 2013). Melanin has many types, such as the
brownish black eumelanin and reddish yellow pheomelanin, which
are responsible for determining the skin and hair color (Thody et
al. 1991; Lamoreux et al. 2001; Hearing et al. 2005). Another
important function of melanin in the epidermis is to prevent the
skin from damage from harmful UV radiation by scavenging free
radicals or dispersing the incoming UV light (Anderson et al. 1981;
Brenner et al. 2008). Consequently, a defective melanin synthesis
or melanogenesis leads to hypopigmentation and increases the risk
of skin cancer and various pigmentary disorders.

Melanin biosynthesis is a complex process that occurs inside mela-
nocytes and involves tyrosinase and other melanogenic enzymes,
such as tyrosinase-related protein (TRP)-1 and 2. Tyrosinase serves
as the rate-limiting enzyme in a two-step synthesis of melanin: It
catalyzes the hydroxylation of I-tyrosine to 3,4-dihydroxyphenyl-
l-alanine (I-DOPA; diphenol) and oxidation of I-DOPA to dopaqui-
none (Hearing et al. 1987). The expression of tyrosinase is regu-
lated by microphthalmia-associated transcription factor (MITF)
that binds to the M-box of the tyrosinase promoter to activate its
expression and of other melanogenic enzymes (Bentley et al. 1994;
Vachtenheim et al. 2010).
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Recent studies have implicated mitogen-activated protein kinase
(MAPK), extracellular signal-regulated kinase (ERK), c-Jun
N-terminal kinase (JNK), and p38 in melanogenesis through
regulation of MITF expression (Ahn et al. 2008; Widlude et al.
2003; Saha et al. 2006). An increased phosphorylation of p38
and JNK increases the expression of MITF and melanogenic
enzymes, leading to melanogenesis (Kang et al. 2015; Han et al.
2016). In addition, a reduced phosphorylation of ERK increases
the transcription of tyrosinase, which activates melanogenesis (Wu
et al. 2011). Thus, regulation of the MAPK signaling pathway is
considered a strategic target for the regulation of melanogenesis.
Furthermore, c-AMP-dependent protein kinase A (PKA) has
been reported to activate MITF transcription via phosphorylation
of cyclic adenosine monophosphate (cAMP) response element
binding protein (CREB) (Chan et al. 2014; Kim et al. 2013). Other
reports suggest inhibition of the phosphatidylinositol-3-kinase
PI3K/AKT signaling pathway to upregulate melanogenensis by
MITF degradation (Kim et al. 2015; Chung et al. 2018).

Recently, many researchers have focused on melanogenesis stim-
ulators as potential options to treat hypopigmentation of skin and
hair (Niu et al. 2017). For instance, several compounds, especially
methylated compounds isolated from natural sources, have been
reported to induce melanogenesis in B16F10 cells (Niu et al. 2017;
Alesiani et al. 2009; Yang et al. 2006; Yoon et al. 2015; Chung et
al. 2017; Yoon et al. 2007).

Ruta graveolens L., an herb commonly known as rue, has
been used in traditional medicine for treating diseases such
as rheumatism and dermatitis, and eye ailments (Gentile et al.
2015). Recently, a study demonstrated the inhibitory activity
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Fig. 1: (a) Structure of 8-methoxycoumarin. (b) The cell viability test that BI6F10 cells were treated with 8-methoxycoumarin (50, 100, 200, 400, and 800 uM) for 48 h. (c) The
melanin content, and (d) tyrosinase activity test that BI6F10 cells were treated with 8-methoxycoumarin (50, 100, 200, and 400 uM) for 72 h. o-MSH (100 nM) was used
as the positive control. Cell viability, melanin content, and tyrosinase activity test are expressed as percentages compared to the respective values obtained for the control.
The data are presented as mean + standard deviation (SD) of at least three independent experiments. * indicates p < 0.001, ** indicates p < 0.001.
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Fig. 2: Effect of 8-methoxycoumarin on TRP-1, TRP-2, and tyrosinase expression in BI6F10 cells. Cells were treated with various concentrations of 8-methoxycoumarin (50,
100, 200, and 400 pM) for 48 h. Protein levels were examined by western blotting. (a) Result of western blotting, and protein levels of (b) TRP-1, (¢) TRP-2, and (d)
tyrosinase. Results are expressed as a percentage of the control. The data are presented as mean = SD of at least three independent experiments. * indicates p < 0.01,
whereas ** indicates p < 0.001. SD: standard deviation, TRP: tyrosinase-related protein.

of 8-methoxycoumarin (8-methoxy-chromen-2-one), isolated
from R. graveolens L. against proinflammatory cytokines (Sahu
et al. 2015). However, its effect on melanogenesis has not been
elucidated. Thus, the present study investigated the melanogenic
effect of 8-methoxycoumarin on B16F10 cells and the underlying
molecular mechanisms.
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2. Investigations and results

2.1. Effect of 8-methoxycoumarin on cell viability of
BI16F10 cells

To determine whether 8-methoxycoumarin has a cytotoxic effect
on B16F10 melanoma cells, we investigated cell viability using
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Fig. 3: Effect of 8-methoxycoumarin on MITF expression in BI6F10 cells. Cells were treated with various concentrations of pratol (50, 100, 200, and 400 uM) for 24 h. (a) Result
of western blotting, and (b) protein levels MITF were examined by western blotting. Results are expressed as a percentage of the control. The data are presented as mean
+ SD of at least three independent experiments. * indicates p < 0.01, whereas ** indicates p < 0.001. MITF: microphthalmia-associated transcription factor, SD: standard

deviation.

the MTT assay. Briefly, the cells were treated with various concen-
trations of 8-methoxycoumarin (50, 100, 200, 400, and 800 uM)
for 48 h. No significant differences on cell viability were observed
with concentrations ranging from 50 to 400 uM. However, the cells
treated with 800 uM MTT showed a 20% decrease in viability,
indicating cytotoxicity (Fig. 1B). Therefore, we used 50, 100, 200,
and 400 uM concentrations of 8-methoxycoumarin for further
investigations.

2.2. Effect of 8-methoxycoumarin on melanin production

To verify the effects of 8-methoxycoumarin on melanin synthesis,
we examined melanin content in cells treated with various
concentrations of 8-methoxycoumarin for 72 h. We observed a
dose-dependent increase in the melanin content upon treatment
with 8-methoxycoumarin. In particular, 8-methoxycoumarin at
400 uM enhanced the intracellular melanin content by 46% as
compared with the untreated group, which was 18% higher than
that observed for the positive control (Fig. 1C).

2.3. Effect of 8-methoxycoumarin on intracellular tyros-
inase activity

Tyrosinase is the key enzyme for inducing melanogenesis in
B16F10 cells. To determine the effect of 8-methoxycoumarin on
melanogenesis, we examined the intracellular tyrosinase activity
in 8-methoxycoumarin-treated B16F10 cells. As shown in Fig. 1D,
all concentrations of 8-methoxycoumarin increased the tyrosinase
activity as compared with the control group. In particular, 400 uM
of 8-methoxycoumarin increased the tyrosinase activity by 360%
as compared with the untreated group, which was 120% higher
than that observed for the positive control.

2.4. Effect of 8-methoxycoumarin on expression of mela-
nogenic enzymes and MITF in BI6F10 cells
The expression of melanogenic enzymes, such as TRP-1, TRP-2,

and tyrosinase, is related to melanogenesis in B16F10 cells (Bentley
et al. 1994; Vachtenheim et al. 2010). On the other hand, MITF
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Fig. 4: Effects of 8-methoxycoumarin on phosphorylation of p-ERK, p-p38, and p-JNK. The B16F10 cells were treated with 8-methoxycoumarin at the indicated concentrations
for 4 h. (a) Result of western blotting and protein levels of (b) p-ERK, (c) p-JNK, and (d) p-p38. The data are presented as mean + SD of at least three independent exper-
iments. * indicates p < 0.01, whereas ** indicates p < 0.001. ERK, extracellular signal-regulated kinase, JNK: c-Jun N-terminal kinase, P: Phosphorylated, S: standard

deviation, T: Total.
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Fig. 5: Effect of MAPK inhibitors on 8-methoxycoumarin-induced tyrosinase activation in BI6F10 cells. To determine the involvement of MAPK enzymes in melanogenesis,
(a) western blotting and (b) a cellular tyrosinase activity were conducted using the following MAPK inhibitors: SP600125 (JNK inhibitor) and SB203580 (p38 inhibitor).
The data are presented as mean + SD of at least three independent experiments. ** indicates p < 0.001. JNK: c-Jun N-terminal kinase, MAPK: mitogen-activated protein

kinase, SD: standard deviation.

is an important transcriptional regulator that binds to the M-box
in the promoters of melanogenic enzymes, thereby inducing their
expression. To determine the effect of 8-methoxycoumarin on the
expression of MITF and melanogenic enzymes, western blotting
was performed in B16F10 cells. As shown in Fig. 2, the expression
of TRP-1 and tyrosinase was significantly increased in 8-methoxy-
coumarin-treated B16F10 cells. To understand the relationship
between melanogenic enzymes and MITF expression, we treated
B16F10 cells with various concentrations of 8-methoxycoumarin.
Figure 3 depicts western blot results, showing a dose-dependent
increase in MITF expression. Therefore, these results suggested
that 8-methoxycoumarin enhances expression of melanogenic
enzymes by increasing MITF expression.

2.5. Effect of 8-methoxycoumarin on MAPK phosphory-
lation in B16F10 cells

Recent studies have reported MAPK signaling pathways to be
related to melanin production (Ahn et al. 2008; Widlude et al.
2003; Saha et al. 2006). To determine the effect of §-methoxy-
coumarin on MAPK phosphorylation, western blot analysis was
performed in B16F10 cells treated with various concentrations
of 8-methoxycoumarin. As shown in Fig. 4, 8-methoxycoumarin
dramatically inhibited phosphorylation of ERK while increased
phosphorylation of JNK and p38 in a dose-dependent manner.
To determine whether an increase in JNK and p38 phosphoryla-
tion upregulates tyrosinase production, we treated the cells with
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Fig. 6: Involvement of cAMP pathway in melanogenesis. The PKA inhibitor (H-89) was subjected to (a) western blotting assay and (b) a cellular tyrosinase activity test. The data
are presented as mean = SD of at least three independent experiments. ** indicates p < 0.001. cAMP: cyclic adenosine monophosphate, PKA: protein kinase A.

specific inhibitors of JNK and p38 pathways, namely SP600125
and SB203580. As shown in Fig. 5, western blot and tyrosinase
activity test results indicated a reduced tyrosinase expression after
treatment with inhibitors as compared with 8-methoxycoumarin
treatment alone.

2.6. Effect of 8-methoxycoumarin on PKA signaling
pathway

Activation of PKA causes phosphorylation of CREB, which, in turn,
induces MITF expression, resulting in melanogenesis via increased
expression of melanogenic enzymes, such as TRP-1, TRP-2, and
tyrosinase (Chan et al. 2014; Kim et al. 2013). To understand the
involvement of PKA signaling pathway in 8-methoxycouma-
rin-regulated melanogenesis, B16F10 cells were treated with H-89
(PKA inhibitor) in the presence or absence of 8-methoxycoumarin.
As shown in Fig. 6, western blot and tyrosinase activity test results
showed that the combination of 8-methoxycoumarin and H-89
did not result in a significant change in PKA activity as compared
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to 8-methoxycoumarin treatment alone. These results indicated
8-methoxycoumarin was not related to PKA signaling pathway in
enhancing tyrosinase expression in BI6F10 cells.

2.7. Effect of 8-methoxycoumarin on AKT signaling
pathway

Recent studies have reported the role of PI3K/AKT signaling
pathways in regulating melanogenesis (Kim et al. 2015; Chung
et al. 2018). To determine the effect of 8-methoxycoumarin on
AKT phosphorylation in BI6F10 cells, western blot analysis was
performed after treatment of cells with varying concentrations of
8-methoxycoumarin. The result showed a dose-dependent increase
in the expression of AKT and its phosphorylation (Fig. 7). To
further understand the involvement of AKT signaling pathway
in 8-methoxycoumarin-regulated melanogenesis, B16F10 cells
were treated with LY294002 (AKT inhibitor). As shown in Fig.
8, treatment with 8-methoxycoumarin increased tyrosinase expres-
sion as compared with untreated cells. In addition, treatment with

Pharmazie 74 (2019)
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Fig. 7: Effects of 8-methoxycoumarin on AKT phosphorylation. The B16F10 cells were treated with various concentrations of 8-methoxycoumarin (50, 100, 200, and 400 uM)
for 4 h. (a) Protein expression levels were investigated by western blotting. (b) Results are expressed as a percentage of the control. The data are presented as mean + SD
of at least three independent experiments. * indicates p < 0.01, whereas ** indicates p < 0.001. P: Phosphorylated, SD: standard deviation, T: Total.
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Fig. 8: Effect of AKT inhibitors on §-methoxycoumarin-induced tyrosinase activation in B16F10 cells. To determine the involvement of AKT in melanogenesis, (a) western blot-
ting assay and (b) a cellular tyrosinase activity were conducted using LY294002 as the AKT inhibitor. The data are presented as mean = SD of at least three independent

experiments. ** indicates p < 0.001. SD: standard deviation.

the inhibitor significantly enhanced the expression of tyrosinase
as compared with 8-methoxycoumarin treatment alone. However,
a combination of the inhibitor and 8-methoxycoumarin resulted
in a decreased tyrosinase expression as compared with inhibitor
treatment alone. These results suggested 8-methoxycoumarin-in-
duced increase in melanin to be independent of the AKT signaling
pathway.

3. Discussion

Melanogenesis, the production of melanin pigments, is an
important process that is responsible for the specific color of skin
and hair. Several compounds have been isolated from natural
sources that are able to stimulate melanogenesis in B16F10 cells
(Niu et al. 2017). For example, coumarins that are widely distrib-
uted in many plants, such as Ammi majus L., Psoralea corylifolia
L., Ficus carica L., and R. graveolens L., and isolated from their
seeds, leaves, and fruits, are known to regulate the biosynthesis of
melanin (Spith et al. 1936; Ekiert et al. 2000; Innocenti et al. 1982).
In addition, various coumarin derivatives, especially methoxy-cou-
marins, have been reported to increase melanogenesis (Alesiani et
al. 2009; Yang et al. 2006). The current study evaluated the effects
of 8-methoxycoumarin on melanogenesis in B16F10 murine
melanoma cells with respect to melanin content and tyrosinase
activity. Further, to understand the mechanism of melanogenesis in
B16F10 cells, we studied the expression of tyrosinase gene family
(TRP-1, TRP-2, and tyrosinase), as well as their regulators, such as
MITF, and signaling pathways. The results of our study show that
8-methoxycoumarin induces melanogenesis in B16F10 melanoma
cells. Western blot analysis confirmed the phosphorylation of
AKT and MAPK, regulators of MITF expression. Increased MITF
expression was shown to be responsible for enhanced tyrosinase
expression observed in 8-methoxycoumarin-treated cells.
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The MTT assay showed 8-methoxycoumarin to exert cytotoxicity
at concentrations above 800 pM; however, it did not affect cell
viability at concentrations ranging from 50 to 400 uM. In addi-
tion, 8-methoxycoumarin treatment resulted in a dose-dependent
increase in tyrosinase activity and melanin content (Fig. 1).
Recent studies have reported the tyrosinase gene family to be
positively regulated by MITF (Hearing et al. 1987; Jiménez-Cer-
vantes et al. 1994; Tsukamoto et al. 1992), resulting in activation
of the tyrosinase gene family and stimulation of melanogenesis in
B16F10 cells. This is evident by the increased expression of MITF
as well as TRP-1 and tyrosinase in 8-methoxycoumarin-treated
cells in a dose-dependent manner (Fig. 2 and 3). Thus, 8-methoxy-
coumarin increases the expression of MITF, which results in
increased TRP-1 and tyrosinase expression and finally increased
melanin synthesis.

Recently, phosphorylation of various signaling pathway proteins,
such as MAPK, p38, and JNK, has also been linked to enhanced
melanogenesis by increasing MITF expression. In addition, previous
studies have identified phosphorylated ERK to induce MITF
degradation and thus melanogenesis (Ahn et al. 2008; Widlude et
al. 2003; Saha et al. 2006; Kang et al. 2015; Han et al. 2016; Wu
et al. 2011). The western blot analysis in the present study demon-
strated 8-methoxycoumarin to hyperphosphorylate p38 and JNK
and decrease ERK phosphorylation. We further checked tyrosinase
expression using SB203580 (p38 inhibitor) and SP600125 (JNK
inhibitor) to study the relation of this pathway to melanogenesis.
The reduced expression of tyrosinase in 8-methoxycoumarin-treated
B16F10 cells post inhibitor treatment indicated the role of MAPK
signaling pathway in 8-methoxycoumarin-induced melanogenesis
in BI16F10 cells (Figs. 4 and 5). Results from the present study
show the ability of 8-methoxycoumarin to induce melanogenesis
in B16F10 murine melanoma cells without exerting cytotoxicity. In
addition, 8-methoxycoumarin decreased expression of p-ERK and
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increased that of p-p38 and p-JNK in the MAPK pathways, with
no involvement of AKT and PKA signaling pathways. To conclude,
8-methoxycoumarin may serve as a potential compound for treating
hypopigmentation disorders and for development of skin-tanning
and anti-gray hair products.

4. Experimental

4.1. Chemicals and reagents

8-Methoxycoumarin, dimethyl sulfoxide (DMSO), a-MSH, NaOH, 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), radioimmunoprecipitation
assay (RIPA) buffer, L-DOPA, and H-89 (PKA inhibitor) were obtained from
Sigma-Aldrich (St. Louis, MO, USA). Dulbecco’s Modified Eagle’s Medium
(DMEM), fetal bovine serum (FBS), penicillin/streptomycin, and trypsin-ethylenedi-
aminetetraacetic acid were purchased from Thermo Fisher Scientific (Waltham; MA,
USA). LY294002 and antibodies against tyrosinase, TRP-1, TRP-2, and MITF were
purchased from Santa Cruz Biotechnology (Dallas, TX, USA). Antibodies against
p-p38, p38, p-JINK, JNK, p-ERK, ERK, p-AKT, AKT, and f-actin were procured
from Cell Signaling Technology (Danvers, MA, USA). SP600125 (JNK inhibitor)
and SB203580 (p38 inhibitor) were purchased from Cayman Chemical (Ann Arbor,
MI, USA) and Calbiochem (San Diego, CA, USA), respectively. Enhanced chemilu-
minescence (ECL) kit and 2x Laemmli sample buffer were obtained from Biosesang
(Seongnam, Gyeonggi-do, Korea) and Bio-Rad (Hercules, CA, USA), respectively.

4.2. Cell culture

Murine melanoma cells, BI6F10, were purchased from the Korean Cell Line Bank
(Seoul, Korea). These were cultured in DMEM supplemented with penicillin (100 U/
mL), streptomycin (100 pg/mL), and 10 % FBS. The cells were incubated in a humid-
ified atmosphere containing 5 % CO, at 37 °C and were sub-cultured every 4 days.

4.3. Measurement of cell viability

The B16F10 cells (1.5 x 10'4 cells/well) were pre-incubated into 24—well plates for
24 h; the cells was treated with various concentrations of 8-methoxycoumarin (50,
100, 200, 400, and 800 puM) for 48 h. The MTT solution was added to the wells for
3 h, after which the solution was removed and the insoluble formazan crystals were
dissolved in 1 mL DMSO for 1 h. The solution in each well of the 24-well plate was
transferred to a 96-well plate, and absorbance of the wells was measured at 540 nm
using a microplate reader (Tecan; Ménnedorf, Switzerland).

4.4. Measurement of intracellular melanin content

The B16F10 cells were treated in a 6-well plate with various concentrations of
8-methoxycoumarin (50, 100, 200, and 400 uM) and a-MSH (100 nM) for 72 h. Here,
a-MSH served as the positive control. After removal of DMEM, cells were twice
washed with cold phosphate-buffered saline (PBS) and dissolved in 1 N NaOH for 1
h at 80 °C. Next, 200 pL of aliquots of the media were placed into 96-well plates, and
absorbance was measured at 405 nm using a microplate reader. All experiments were
performed in triplicate.

4.5. Measurement of intracellular tyrosinase activity

The B16F10 melanoma cells (1.5 x 10° cells/well were seeded into 100-mm dishes
and treated with various concentrations of 8-methoxycoumarin (50, 100, 200, and
400 uM) and o-MSH (100 nM) for 72 h. After DMEM was removed, cell pellets
were collected into micro-tubes and lysed with RIPA buffer containing 1 % protease
inhibitor cocktail. Lysates were clarified by centrifugation at 15,000 rpm for 30 min.
The amount of protein in each lysate was quantified using the bicinchoninic acid
(BCA) kit. Next, 20 pL of each lysate was mixed with 80 pL of L-DOPA (2 mg/mL)
in a 96-well plate. After incubation at 37 °C for 2 h, the absorbance was measured at
490 nm using a microplate reader.

4.6. Western blot analysis

The B16F10 cells were seeded into 100-mm dishes and then incubated with o-MSH
(100 nM) and various concentrations of 8-methoxycoumarin (50, 100, 200, and 400
uM). After incubation, the cells were washed thrice with cold PBS and treated with
trypsin/EDTA to collect cell pellets into 1.5 mL micro-tubes. The cells were then
lysed for 1 h in RIPA buffer containing 1% protease inhibitor cocktail. After centrif-
ugation at 15,000 rpm for 15 min at -4 °C, the supernatant was collected into a new
micro-tube. The amount of protein in each cell lysate was quantified using the BCA
kit. After adjusting the protein levels, the western blot samples were denatured at
100°C for 5 min, following which 20 pL of each sample was loaded onto 10% sodium
dodecyl sulfate (SDS) polyacrylamide gels for 1 h at 150 V. The gels were transferred
to polyvinylidene difluoride membranes for 7 min. Membranes were blocked using
TBST containing 5 % skim milk solution for 1 h. These were then washed six times
every 10 min with Tris-buffered saline (TBS; 20 mM Tris base, 137 mM NaCl, pH
7.6) containing 0.4% Tween 20 (TBST) for 1 h. Next, the membranes were incubated
for 24 h at 4 °C with specific primary antibodies (1:1,000). The membranes were
washed with TBST every 10 min for 1 h to wash off any unbound primary antibody;
each membrane was then incubated with rabbit anti-mouse secondary antibody
(IgG, 1:3,000) for 1 h, and then washed with TBST every 10 min for 1 h. The anti-
body-bound protein bands were detected using the ECL kit.
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4.7. Statistical analysis

Student’s r-test was used for statistical analysis and p < 0.01 (*) or p < 0.001 (**) was
considered statistically significant. All data are expressed as means = SD of at least
three independent experiments.
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