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Triptolide is a compound found in Tripterygium wilfordii and reported to have an anti-inflammatory 
and anti-oxidant activities. A previous study shows that the dietary supplementation with triptolide 
increases resistance to environmental stressors, including oxidative stress, heat shock, and ultraviolet 
irradiation, and extends lifespan in C. elegans. Here, we investigated the underlying mechanisms in-
volved in the lifespan-extending effect of triptolide. The effect of triptolide on age-related diseases, 
such as diabetes mellitus and Alzheimer’s disease, was also examined using animal disease models. 
The longevity phenotype conferred by triptolide was not observed in the eat-2 mutant, a well-known 
genetic model of dietary restriction, while there was an additional lifespan extension with triptolide 
in age-1 and clk-1 mutants. The long lifespan of age-1 mutant is resulted from a reduced insulin/ 
IGF-1-like signaling and the clk-1 mutant lives longer than wild-type due to dysfunction of mitochon-
drial electron transport chain reaction. The effect of dietary restriction using bacterial dilution on life-
span also overlapped with that of triptolide. The toxicity of high glucose diet or transgenic human 
amyloid beta gene was significantly suppressed by the supplementation with triptolide. These findings 
suggest that triptolide can mimic the effect of dietary restriction on lifespan and onset of age-related 
diseases. We conclude that triptolide can be a strong candidate for the development of dietary re-
striction mimetics.
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Introduction

Aging is one of the most complicated biological processes 

observed in all organisms. To explain aging process, many 

theories of aging have been suggested. The genomic in-

stability theory emphasizes the role of genome integrity on 

aging and the telomere theory suggests telomere shortening 

causes aging. These two theories can be classified as ‘the 

genetic control theory of aging’ [4]. The free radical theory 

of aging suggests that the accumulation of free radicals with 

aging can lead to cellular damages and is one of causal fac-

tors of aging [6]. The mitochondrial theory of aging focuses 

on harmful effect of reactive oxygen species (ROS), free radi-

cals produced from mitochondria as byproducts of ATP gen-

eration [29]. In spite of numerous theories intending to eluci-

date aging process, there is no single theory of aging that 

can explain diverse phenomena observed with aging. People 

believe that those aging theories are interlinked each other.

Besides the understanding the aging process, people have 

sought to find the intervention that can extend lifespan and 

delay age-related pathophysiological changes. So far, the on-

ly intervention showing lifespan extension and retardation 

of age-related alterations in experimental organisms is diet-

ary restriction (DR). The effect of DR on lifespan was first 

reported in rats, showing that DR in rats can increase life-

span, extend reproductive period, and reduce cancer [22]. 

Then, the lifespan-extending effect of DR has been reported 

in Saccaromyces cerevisiae, Caenorhabditis elegans, Drosophila 

melanogaster [2, 7, 8]. Gene expression profiling studies show 

that DR can reverse transcriptional alterations observed with 

normal aging in different tissues of mice [14, 15]. A recent 

study found that dietary-restricted rhesus monkeys live lon-

ger and are less susceptible to many age-related diseases, 

including cancer, type 2 diabetes, and cardiovascular disease 

[3].

Triptolide is found in Tripterygium wilfordii, which is 

widely used as a traditional medicine in China. It has anti-in-

flammatory activity and is used for the treatment of rheuma-

toid arthritis [35]. Triptolide also shows a therapeutic effect 
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on pancreatic cancer and polycystic kidney disease through 

the induction of apoptotic cell death [34]. Recent studies re-

veal that triptolide can retard the onset of age-related neuro-

degenerative diseases, including Alzheimer’s disease (AD) 

and Parkinson’s disease (PD) [9, 13]. Our previous study 

shows that dietary supplementation with triptolide can in-

crease resistance to environmental stressors, such as oxida-

tive stress, heat shock, and ultraviolet irradiation, and extend 

both mean and maximum lifespan in C. elegans [12].

In the present study, we intend to identify the underlying 

mechanisms involved in the lifespan extension with tripto-

lide. Three different long-lived mutants, which represent 

known lifespan-extending mechanisms in C. elegans, are em-

ployed for this purpose. In addition, the effect of triptolide 

on age-related diseases is determined using disease model 

animals. The results of this study will broaden the under-

standing of anti-aging activity of triptolide and provide sci-

entific backgrounds for the practical application of triptolide 

in medical and pharmaceutical fields.

Materials and Methods

Worm strains and culture conditions

All the strains used in this study were purchased from 

the C. elegans Genetics Center (CGC, Minneapolis/St. Paul, 

MN, USA). The N2 strain was used as a wild-type and age-1 

(hx546), clk-1 (e2519), and eat-2 (ad465) mutants were studied 

for lifespan assay. The CL4176 containing muscle-specific 

human amyloid beta (Aβ)1-42 (dvls27 [myo-3/Aβ1-42/let UTR, 

rol-6]) were used for Aβ-induced toxicity assay. Worms 

were grown on solid Nematode Growth Media (NGM) 

plates containing 1.7% agar, 2.5 mg/ml peptone, 25 mM 

NaCl, 50 mM KH2PO4 pH6.0, 5 μg/ml cholesterol, 1 mM 

CaCl2, and 1 mM MgSO4. Escherichia coli OP50 was pro-

vided as a food source.

Lifespan assay

To obtain age-synchronized worms, five young adult 

worms were let lay eggs on a fresh NGM plate for 4 hr 

at 20℃. After removing all adult worms, the remaining eggs 

were allowed to hatch and grow at 20℃ for 3 days. Then, 

sixty age-synchronized worms were transferred to fresh 

NGM plates with or without 50 μg/l of triptolide, which 

was the most effective concentration on stress response and 

lifespan extension in the previous study [12]. 5-fluoro-2’- de-

oxyruridine (12.5 mg/l) was also added to prevent a bagging 

(internal hatching). The number of dead worms was re-

corded every day until all worms were dead. Killed, lost, 

or bagged worms were eliminated from the assay. For the 

statistical analysis, we employed the log-rank test [25].

DR using bacterial dilution

Sixty age-synchronized worms were transferred to fresh 

NGM plates containing triptolide (50 μg/l) and 5-fluoro-2’- 

deoxyuridine (12.5 mg/l). Ampicillin (500 μl of 1,000x Ampi-

cillin, final 100 mg/l) was added to prevent the change in 

bacterial concentration during the assay by inhibiting bacte-

rial growth. For the control group, we fed worms with 200 

μl of OP50 (5×109 bacteria/ml) and for the DR group, 200 

μl of OP50 (5×108 bacteria/ml) were spotted on NGM plates.

Diabetes Mellitus (DM) disease model

Sixty age-synchronized worms were randomly selected 

from NGM plates and transferred to a fresh NGM plate con-

taining 5-fluoro-2’-deoxyruridine (12.5 mg/l). To induce 

DM, glucose (40 mM) was added to NGM plates. The surviv-

al of DM-induced worms was compared between the un-

treated control and triptolide-treated group at 20℃. The 

number of living and dead worms was recorded every day, 

until all worms were dead. 

Paralysis assay using AD model

Five L4/young adult CL4176 worms were transferred to 

a fresh NGM plate and the eggs laid for 5 hr were incubated 

at 15℃ for 5 d after removing all adults. Thirty young-adult 

worms were transferred to a fresh NGM plate and allowed 

to lay eggs for 2 hr at 15℃. The eggs were maintained at 

25℃ for 24 hr. Then, paralyzed worms were counted every 

hours until all worms were paralyzed. A worm not respond-

ing to mechanical stimuli or moving only head part after 

stimuli was considered to be paralyzed.

Measurement of ROS level

After age-synchronization, young adult worms were 

treated with or without 50 μg/l of triptolide at 20℃ for 5 

days. Twenty worms were transferred individually to a 96- 

well black plate containing 190 μl of PBST and 10 μl of 

H2DCF-DA (Sigma-Aldrich, St. Louis, USA). The fluorescence 

intensity of each well was measured at 1, 2, and 3 hr after 

transferring worms using a fluorescence multi-reader (Infin-

ite F200, Tecan, Grodig, Austria).
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Fig. 1. The effect of triptolide on lifespan of long-lived mutants. The lifespan of N2 (A), age-1 (B), clk-1 (C), and eat-2 (D) was 

compared between the untreated control and worms treated with 50 μg/l of triptolide. Sixty age-synchronized worms were 

counted every day until all worms were dead.

Results and Discussion

The effect of triptolide overlaps with that of eat-2 

mutation on lifespan

A previous study revealed that dietary supplementation 

with triptolide can increase lifespan in C. elegans [12]. In this 

study, we investigated the underlying mechanism involved 

with the lifespan-extending effect of triptolide using three 

well-known genetic mutants showing a longevity phenotype 

through a different cellular mechanism. As shown in Fig. 

1A, the supplementation with triptolide increased lifespan 

significantly. The mean lifespan was increased from 14.4 d 

in the untreated control to 18.3 d with the supplementation 

with triptolide (p<0.001). The lifespan of age-1 and clk-1 mu-

tants, which confer an increased lifespan due to reduced in-

sulin/IGF-1-like signaling and reduced function in mi-

tochondrial electron transport chain reaction, respectively, 

was also significantly extended by triptolide (Fig. 1B and 

Fig. 1C). The mean lifespan of age-1 mutant was 34.1 d and 

that of age-1 mutant treated with triptolide was 37.7 d 

(p=0.037). In the clk-1 mutants, the mean lifespan was in-

creased up to 24% (from 18.1 d to 22.4 d, p<0.001). However, 

the supplementation with triptolide did not affect the life-

span of eat-2 mutants (Fig. 1D). The mean lifespan was 25.7 

and 27.3 d in the untreated eat-2 mutant and tripto-

lide-treated eat-2 mutant, respectively. Independent repeated 

experiments showed the same eat-2-specific overlapping ef-

fect of triptolide on lifespan (data not shown). These findings 

suggest that the lifespan-extending effect of triptolide over-

laps with the longevity phenotype conferred by eat-2 

mutation. The eat-2 mutant is a widely-used genetic model 

of DR in C. elegans due to its reduced pharyngeal food 

pumping rate [17]. Anti-oxidant N-acetyl-L-cysteine has a 

lifespan-extending activity in C. elegans [19]. A recent study 

revealed that N-acetyl-L-cysteine and eat-2 mutation modu-

late the same cellular pathway for lifespan extension [20]. 

Novel DR-specific genes, nlp-7 and cup-4, were also found 

to be required for the longevity phenotype of eat-2 mutant, 

but not for the lifespan extension observed in age-1 or clk-1 

mutants [23]. Therefore, our data indicate that triptolide can 

increase lifespan of C. elegans via modulating DR response 

specifically.

Triptolide can mimic the lifespan-extending effect 

of DR

Having observed the overlapping effect of triptolide with 

eat-2 mutation, we next examined the effect of triptolide on 

dietary-restricted animals. DR markedly increased both 
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Fig. 2. Overlapping effect of triptolide and DR on lifespan. The 

bacterial dilution method was used for DR: 5×10
9 and 

5×10
8 bacteria/ml culture media was used as a food 

source for the control and DR group, respectively. The 

effect of simultaneous treatment with 50 μg/l of tripto-

lide and DR was also examined.

Fig. 3. Suppression of high-glucose-diet-induced toxicity. The 

survival under high glucose diet (40 mM) was compared 

to that of the untreated control. The effect of triptolide 

on reduced survival by high glucose diet was monitored.

mean and maximum lifespan in C. elegans (Fig. 2). The mean 

lifespan of DR group was 22.0 d, while the mean lifespan 

of the untreated control was 17.8 d (24% increase, p<0.001). 

The supplementation of triptolide also extended mean life-

span up to 21. 3 d (20% increase, p<0.001). The maximum 

lifespan was increased from 24 d in the untreated control 

to 30 d with DR or triptolide supplementation. Interestingly, 

simultaneous intervention with DR and triptolide failed to 

show an additional increase in the lifespan of C. elegans. The 

lifespan of worms treated DR and triptolide simultaneously 

was not significantly different from that of worms treated 

DR or triptolide alone (Fig. 2). Since lifelong DR is not suit-

able for humans, people has been focusing on the identi-

fication of DR mimetics. Resveratrol, a polyphenol com-

pound rich in red wine, increased lifespan of many species 

via stimulating SIR2 signaling, which mediates DR-induced 

lifespan extension [8, 33]. Dietary supplementation with cur-

cumin from larval stage extended lifespan in Drosophila mela-

nogaster and its effect overlapped with DR on lifespan [32]. 

A recent study reported that D-allulose can increase both 

resistance to oxidative stress and lifespan by mimicking DR 

response in C. elegans [30]. Our result shows that triptolide 

can be a novel mimetic for DR-induced longevity. Further 

studies focusing on genetic pathways involved with the ef-

fect of triptolide and possible role of triptolide on age-related 

physiological changes in other model organisms should be 

followed in the foreseeable future.

The survival of DM disease model was enhanced 

by triptolide

In addition to the longevity phenotype, DR retards many 

age-related pathophysiological changes, including immune 

dysfunction, cognitive decline, and muscle dysfunction [1, 

18]. DR improves glucose homeostasis modulating glucose 

intolerance and insulin resistance [1]. High glucose diet 

causes reduced lifespan in C. elegans due to glucose toxicity 

[28]. Here, we determined the effect of triptolide on glucose 

toxicity using high-glucose-diet-induced DM model. As 

shown in Fig. 3, high glucose diet significantly reduced the 

survival. However, dietary supplementation with triptolide 

partially restored the survival of worms with high-glu-

cose-diet. The mean survival time was decreased from 11.2 

d in the control to 4.4 d with high glucose diet. The mean 

survival time was recovered up to 8.1 d by the supplementa-

tion with triptolide (55% increase, p<0.001) (Fig. 3). Previous 

studies found that metformin, a drug used for type 2 dia-

betes, can increase lifespan via DR process and chicoric acid 

also has both lifespan-extending and anti-diabetic activities 

[21, 27]. Our findings suggest that triptolide can ameliorate 

glucose toxicity and support our hypothesis that triptolide 

can be a possible mimetic for DR.  

Triptolide reduced Aβ-induced toxicity

DR decreases incidence or delays onset of many age-re-

lated diseases, including cancer, AD, and cardiovascular dis-

ease [1, 5]. We examined the effect of triptolide on Aβ-induc-

ed toxicity using C. elegans AD model. The rate of paralysis 

caused by transgenic human Aβ was significantly reduced 

by the supplementation with triptolide (Fig. 4). The time 

when 50% of worms were paralyzed were 4.8 d in the un-

treated control and 7.3 d in the triptolide-treated worms 
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      Time (hr)

Fig. 4. Delayed paralysis induced by transgenic Aβ. Muscle-spe-

cific expression of human Aβ leaded to paralysis in 

animals. The supplementation with triptolide on paraly-

sis caused by the induction of Aβ was determined.

         Time (hr)

Fig. 5. Reduced ROS levels by triptolide. Cellular ROS levels 

were compared between the untreated control and trip-

tolide-treated 5-day-old worms. Fluorescence intensity 

was measured at 1, 2, and 3 hr after H2DCF-DA 

treatment. Asterisk indicates a significant difference 

(p<0.05 by the student’s t test). Error bars indicate SEM.(54% increase, p<0.001). Recent studies revealed that cysteine 

derivatives, N-acetyl-L-cysteine and S-ally cysteine, increased 

resistance to oxidative stress and significantly reduced para-

lysis caused by Aβ in C. elegans [11, 20]. N-acetyl-L-cysteine 

also showed a lifespan-extending effect, which overlaps with 

that of DR [20]. Triptolide also has a strong anti-oxidant ac-

tivity and increases lifespan in C. elegans in the previous 

study [12]. Taken together, our findings suggest that tripto-

lide can increase resistance to oxidative stress and lifespan 

via DR responses, possibly using its anti-oxidant activity.

  

Cellular ROS levels was decreased by triptolide

The free radical theory of aging suggests that age-related 

accumulation of cellular oxidative damage resulted from 

ROS is one of major causal factors of aging [6]. Cellular ROS 

is also associated with onset of age-related diseases. Many 

anti-oxidants reducing cellular ROS levels increase lifespan 

and reduce the incidence of age-related diseases [10, 16, 24, 

26, 27]. Based on the effect of triptolide on lifespan and 

DM/AD animal model, we asked whether triptolide can re-

duce cellular ROS levels. The fluorescence intensity de-

termined by cellular ROS levels was significantly decreased 

by the supplementation with triptolide (Fig. 5). The fluo-

rescence intensity observed in 5-day-old worms was 12,213± 

1,648.7(mean of 20 individuals ± SEM) after 1 hr and in-

creased up to 18,670±2,030.6 after 3 hr in the untreated 

control. However, the treatment with triptolide reduced the 

fluorescence intensity to 6,531±652.9 after 1 hr and 13,771± 

1,810.9 after 3 hr (p<0.05). Fluoxetine, an anti-oxidant drug 

used for depression, significantly extends lifespan and re-

duces Aβ-induced toxicity in C. elegans [10, 26].  Electrolyzed- 

reduced water are produced by electrolysis of water and can 

scavenge cellular ROS [31]. A recent study reveals that elec-

trolyzed-reduced water increases lifespan and has a ther-

apeutic effect on AD [16, 24]. Chicoric acid is also known 

to reduce cellular ROS levels and shows lifespan-extending 

and anti-diabetic effect [27]. These findings suggest that the 

effect of triptolide on lifespan and DM/AD model animals 

may depend on the ROS-reducing activity. In this study, we 

identify the underlying mechanism involved with the life-

span-extending activity of triptolide and report a possibility 

of triptolide to be developed as a therapeutic for age-related 

diseases. Our data also suggest that the previously men-

tioned effect of triptolide on age-related diseases, including 

cancer, AD, and PD, could be based on the mimicking of 

DR, found for the first time in this study. The study on mo-

lecular basis of triptolide’s activity as a DR mimetic should 

be followed for a deeper understanding of the effect of trip-

tolide on aging and age-related diseases.  
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록：트립톨라이드가 식이제한에 의한 수명연장과 노화 련 질환에 미치는 향

백선미․박상규*

(순천향대학교 의료과학대학 의료생명공학과)

뇌공등에 함유되어있는 트립톨라이드는 뛰어난 항염증, 항산화 효능을 가지고 있음이 보고되었다. 예쁜꼬마선

충을 이용한 이전 연구에서 트립톨라이드의 섭취가 개체의 항스트레스 효능을 높이고, 수명을 연장시킴이 밝혀졌

다. 본 연구에서는 트립톨라이드에 의한 수명연장에 관여하는 세포 내 기전과 트립톨라이드가 노화관련 질환인 

당뇨병과 알츠하이머병에 미치는 영향을 평가하였다. 트립톨라이드는 인슐린/IGF-1-like 신호전달 저하에 의한 

수명연장 돌연변이인 age-1과 미토콘드리아 전자 전달계 저하에 의한 수명연장 돌연변이인 clk-1의 수명을 유의적

으로 증가시킨 반면, 식이제한 유도 돌연변이인 eat-2의 수명에는 유의적인 변화를 유도하지 못했다. 또한 박테리

아 희석을 이용한 식이제한에 의해 연장된 수명을 추가적으로 더 연장시키지 못했다. 트립톨라이드 섭취는 고농

도의 당 섭취에 의한 체내 독성과 사람 아밀로이드 베타 형질전환 유전자로 인한 체내 독성을 유의적으로 저하시

켰다. 이러한 결과들은 트립톨라이드에 의한 수명연장이 식이제한에 의한 수명연장 기전과 중복되며, 트립톨라이

드가 노화관련 질환을 저해하는 효능이 있음을 보여준다. 따라서, 트립톨라이드는 식이제한 효능을 대체할 수 있

는 식의약품 개발에 활용될 수 있다.
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