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Abstract. SIRT1 is a mammalian candidate molecule 
involved in longevity and diverse metabolic processes. The 
present study aimed to determine the effects of certain herbs 
and spices on SIRT1 expression. Human cell lines Daudi, 
Jurkat, U937 and K562 were cultured in RPMI-1640. Herb 
and spice powders were prepared and the supernatants were 
collected. RT-PCR was used to quantify the expression level 
of the gene. Protein samples were then analyzed by Western 
blotting. Western blotting revealed the down-regulation of 
SIRT1 protein expression in Daudi cells treated with extracts 
of black pepper or turmeric. On the other hand, the effect on 
the SIRT1 gene expression examined by reverse transcrip-
tion polymerase chain reaction was unaltered. In conclusion, 
component(s) of certain herbs and spices may induce the 
down-regulation of SIRT1 protein.

Introduction

Mammalian SIRT1 (the closest relative of yeast Sir2) is an 
NAD+-dependent deacetylase that plays a role in longevity and 
diverse metabolic processes (1). The enzymatic activity may 
be regulated by cellular energy, and SIRT1 may serve as a key 
regulator of certain obesity comorbidities related to antioxidant 
status (2). Transgenic mice with an overexpression of SIRT1 
exhibit normal insulin sensitivity but decreased food intake 
and locomotor activity, resulting in decreased energy expen-
diture (3). Furthermore, SIRT1 transgenics exhibit improved  
glucose tolerance due to decreased hepatic glucose produc-
tion and increased adiponectin levels without changes in 
body weight or composition. SIRT1 primes the organism 
for metabolic adaptation to insulin resistance and decreases 
whole-body energy requirements. SIRT1 overexpression also 

reduces the level of oxygen consumption, which is associated 
with non-alcoholic fatty liver disease (NAFLD). Conversely, 
the expression of SIRT1 protein is significantly decreased in 
NAFLD induced by a high-fat diet in rats (4). A hypocaloric 
diet up-regulates SIRT1 expression, since it is inversely asso-
ciated with total antioxidant capacity and directly related to 
nitric oxide and mitochondrial oxidation. Alterations in food 
intake, such as caloric restriction, modulate the expression 
of SIRT1 protein (5), which may provide novel targets for 
treating certain diseases associated with oxidative stress such 
as obesity. Accordingly, SIRT1 may be a useful therapeutic 
target for age-related diseases, including metabolic disorders.

Certain herbs have been suggested to possess a wide 
variety of beneficial activities. Herbal medications are 
currently widespread for clinical use in therapy, as the herbs 
have relatively mild bioavailability and low toxicity (6). 
However, insufficient scientific data are available on the 
efficacy of herbal therapies. The precise mechanisms for the 
effects of these herbs remain to be elucidated, and limited 
data and little convincing evidence have been provided at 
the molecular level (7). Therefore, basic research and devel-
opment with the objective of elucidating the mechanisms 
of action underlying the herbal effects should be a priority. 
Resveratrol, a well-known SIRT1 activator, is considered to 
be one of the beneficial components contained in red wine (8). 
In addition, the methanol extract of Myristica fragrans Houtt 
(nutmeg) has been reported to induce the down-regulation of 
SIRT1 mRNA expression in Jurkat cells (9). We hypothesized 
that certain herbs or spices affect the expression of SIRT1, 
since it is well known that certain herbs are administered as 
an alternative treatment for preventing metabolic diseases. 
Therefore, we tested the in vitro effect of various herbs on the 
expression of SIRT1 in cultured cells.

Materials and methods

Cell culture. The human cell lines Daudi, Jurkat, U937 and 
K562 were maintained in RPMI-1640 supplemented with 
10% fetal bovine serum (FBS), penicillin and streptomycin at 
37˚C in a humidified atmosphere containing 5% CO2.

Extract preparation. Herb and spice powders were purchased 
at a food market in Japan. The powders were dissolved in 
80% ethanol and subsequently diluted in 40% ethanol at a 
stock concentration of 50 mg/ml. The mixtures were vortexed 
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rigorously for 3 min followed by 3 min sonication. Following 
centrifugation (1500 x g, 5 min), the supernatants were 
collected and stored at -20˚C until use. For the cell treatments,  
0.5-10.0 µl were added to 1 ml of cell culture medium.

Reverse transcriptase polymerase chain reaction. SIRT1 and 
GAPDH messenger ribonucleic acids (mRNAs) were analyzed 
by semiquantitative Reverse transcriptase polymerase 
chain reaction (RT-PCR). Total ribonucleic acid (RNA) was 
extracted by an RNA isolation kit (TAKARA BIO, Takara, 
Japan). Total RNA (2 µg) was reverse-transcribed using a 
Phusion RT-PCR kit (New England BioLabs, Finnzymes, 
Finland) according to the manufacturer's protocol. Cycle-
based PCR was used to semiquantitate the SIRT1 gene level. 
Semiquantitative RT-PCR was performed using primers 
specific to SIRT1 or GAPDH on 100 ng total RNA prepared 
from Jurkat cells treated with garlic, red pepper, cinnamon, 
coriander, turmeric, basil and black pepper, respectively, 

or without herb extracts at a final concentration of 50 µg/ml  
for 48 h. GADPH was also used as an internal loading 
control. The samples were determined within 3 months 
of collection. The primers used for the PCR were: 
SIRT1 Fw: AAGGTTCATTTGTATGATA, SIRT1 Rv: 
AATTCTTAGCACCAAGTAT (expected size: 380 bp); 
GAPDH Fw: TCCCATCACCATCTTCCA, GAPDH Rv: 

Figure 1. Semiquantitative RT-PCR was performed using primers specific to 
SIRT1 or GAPDH on 100 ng total RNA prepared from Jurkat cells treated 
with (lanes 2-8: garlic, red pepper, cinnamon, coriander, turmeric, basil 
and black pepper, respectively) or without (lane 1) herb extracts at a final 
concentration of 50 µg/ml for 48 h. The specific expression was determined 
in relation to the expression of the housekeeping gene GAPDH, which was 
used as an internal loading control. At least four independent experiments 
were carried out and typical paired results are documented. 

Figure 2. Fluorescence data for PCR amplification plots of SIRT1 in Daudi 
cells stimulated by each herb or spice. Data were generated by the Thermal-
Cycler software on Illumina eco real-time PCR detection system. No product 
was amplified in the no-template sample or when reverse transcriptions were 
omitted. Similar results were obtained when PCR products of U937, Jurkat 
and K562 cells were analyzed.

Figure 3. Black pepper or turmeric extracts reduced the expression of SIRT1 
protein. Daudi cells were treated with (lanes 2-6: garlic, red pepper, cin-
namon, coriander, turmeric, basil and black pepper, respectively) or without 
(lane 1) extracts of herbs at a final concentration of 50 µg/ml for 72 h. 
Following treatment, cell lysates were isolated and the levels of SIRT1 pro-
tein were detected by Western blot analysis using an anti-SIRT1 antibody. 
Western blotting with anti-Erk2 antibody revealed equal levels of protein 
loading. At least three independent experiments were carried out, and 
typical paired results are shown.

Figure 4. Dose-dependent inhibition of SIRT1 protein expression by black 
pepper. Daudi cells (upper panel) or U937 cells (lower panel) were treated 
with (lane 2) or without (lane 1) black pepper extract at final concentrations 
of 25 µg/ml, 50 µg/ml (lane 3) and 100 µg/ml (lane 4) for 72 h. Protein levels 
were detected by Western blot analysis using an anti-SIRT1 antibody as in 
Fig. 3. Western blotting with anti-Erk2 antibody also revealed equal levels of 
protein loading in each experiment.
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CATCACGCCACAGTTTCC (expected size: 376 bp). For 
real-time PCR, the reactions were performed in a real-time 
PCR system (Illumina, San Diego, CA, USA) using KAPA 
SYBR FAST Reaction Mix (Genetics, Japan). Thermo-cycling 
was performed according to the manufacturer's instructions 
at 60˚C annealing temperature in a final volume of 10 µl 
including Taq DNA polymerase. To correct for differences in 
both RNA quality and quantity between samples, data were 
normalized using the ratio of the target cDNA concentration 
to that of GAPDH.

Western blot analysis. Equal amounts of protein samples were 
used for Western blot analysis using anti-SIRT1 (Abnova) and 
anti-Erk2 (Epitomics) antibodies, and quantified by densito-
metry. All of the Western blots were repeated at least three 
times and the representative data were shown.

Results and Discussion

Extracts of garlic, red pepper, cinnamon, coriander, turmeric, 
basil and black pepper were added into cell culture media of 
Daudi, Jurkat, U937 and K562 cells and the levels of genes, 
including SIRT1, were examined. RT-PCR analysis was 
employed to quantify the expression level of the gene. Total 
RNA was isolated 48 h after herbal extract treatment for the 
detection of SIRT1 and the levels of mRNA were determined by 
conventional semiquantitative RT-PCR. As shown in Fig. 1, the 
SIRT1 gene expression level was not altered by the administra-
tion of herb or spice extracts at final concentrations of 50 µg/ml, 
compared with the untreated ethanol vehicle. The expression of 
SIRT2 (data not shown) and the housekeeping gene GAPDH 
were also unaltered (Fig. 1). Similar results were obtained from 
the quantitative real-time PCR analysis (Fig. 2). Differences 
between the gene expression profiles of Daudi, Jurkat, U937 
and K562 cells were insignificant (data not shown). To exclude 
the possibility of carry-over DNA contamination, reactions 
containing the RT-PCR reagents, including primers without 
sample RNA, were preformed as negative controls. No such 
RNA contamination was detected (data not shown).

To examine the expression status at the protein level,  
Western blot analysis was used to analyze the SIRT1 protein 
in the cells stimulated by herbs and spices. As shown in 
Fig. 3, the black pepper and turmeric extracts markedly 
reduced the protein expression of SIRT1, but not Erk2 protein, 
in Daudi cells, when cell cultures had been maintained in 
the spice stimulation for 72 h. The SIRT1 protein expression 
down-regulated by a number of the herb extracts approxi-
mately agreed with the result of early-harvested (48 h after 
herbal stimulation) cells (data not shown). After treating the 
cells with a set of concentrations of black pepper, Western 
blotting revealed that SIRT1 protein, but not Erk2, expres-
sion was decreased with the increasing concentrations of the 
extracts. Final concentrations of 100 µg/ml of turmeric extract 
inhibited SIRT1 expression by more than 80% in the Daudi 
and U937 cells (Fig. 4). We then addressed the question of 
whether capsaicin, which is a component of pepper, is capable 
of reducing SIRT1 expression. However, capsaicin did not 
down-regulate SIRT1 (data not shown).

An increased expression of SIRT1 is capable of extending 
the life span of model organisms and it appears that the 

activity of Sir2 (a homolog of SIRT1) is required for the life-
extending benefits of caloric restriction in organisms such as 
yeast and flies (10). SIRT1 levels are regulated by microRNAs 
(miRNAs) that have emerged as significant metabolic regula-
tors (1). SIRT1 deacetylase may be involved in some manner 
in protecting cells from nutrient stress. It has been noted that 
chronic caloric restriction augments the level of SIRT1 (11). 
Conversely, SIRT1 levels are decreased in chronic inflam-
matory conditions and aging where oxidative stress occurs. 
Oxidants covalently modify SIRT1, decreasing enzymatic 
activity and demarcating the protein for proteasomal degra-
dation, which has implications in inflammatory conditions 
(12). Recently, it has been reported that ionizing radiation 
triggers the down-regulation of SIRT1 protein expression 
but not the transcript level, indicative of post-transcriptional 
cleavage of the protein (13). Investigators have proposed that 
SIRT1 down-regulation was directly or indirectly associated 
with p38 kinase as opposed to the NF-κB pathway. Since 
the proteasome is responsible for the removal of oxidatively 
damaged proteins in the cytosol and nucleus during oxida-
tive stress and aging (14), it is plausible that SIRT1 protein 
is degraded by the proteasome pathway, in which case herbs 
and spices such as black pepper or turmeric may accelerate 
the degradation.  Our results reveal that component(s) of 
black pepper or turmeric induced down-regulation of the 
SIRT1 protein, suggesting that including a large amount of 
these spices in one's daily diet may be harmful to health. 
Further studies, including in vivo experiments, are required 
to elucidate the precise molecular mechanisms of these herbs 
and spices.
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