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Abstract!
!Within Ayurveda, gotu kola is utilized for its rejuvenative properties, including on 

the skin for it ability to counteract aging related changes. Oxidative and inflammatory 
stresses are mediators of aging. Furthermore, gene expression correlative studies have 
shown that oxidative stress and inflammatory pathways have been linked to pitta and 
vata1. Skin fibroblasts play an important role in maintaining the homeostasis of collagen 
in skin. Alternations in the normal function of fibroblasts contribute to the aging process. 
Here, we investigate the use of gotu kola in its ability to protect skin fibroblasts from 
oxidative stress injury. In particular, we examined whether pre-exposing fibroblasts to 
gotu kola could protect them from the effects of oxidative stress. !

!Aqueous 5% gotu kola extracts were compared against ethanol and acetone 5% 
gotu kola extracts by measuring their antioxidant abilities with the ferric reducing 
antioxidant power assay. The aqueous extracts were found to have 1.7 and 3.5 fold 
more antioxidant ability in comparison to the ethanol and the acetone extracts, 
respectively. Subsequently, aqueous gotu kola extracts were used to pretreat adult skin 
fibroblasts in cell culture prior to exposing them to oxidative stress. Three forms of 
oxidative stresses were used. Ultraviolet radiation type A (UVA – 6 J/cm2) was used to 
mimic oxidative stress that typically results from overexposure to sunlight. Hydrogen 
peroxide (100 µM) was used to mimic the oxidative stress generated by neutrophils that 
may infiltrate inflamed skin. Finally, benzoyl peroxide (100 µM) was used to mimic the 
oxidative stress that is intentionally used as an allopathic acne treatment. We found that 
gotu kola pretreatment reduced hydrogen peroxide, benzoyl peroxide, and UVA  induced 
release of the inflammatory cytokine interleukin-6 (IL-6). To better understand the cellular 
mechanisms of how gotu kola may alter the antioxidant defenses of fibroblasts, the 
protein and messenger RNA levels of nuclear factor (erythroid-derived 2)-like 2 (NRF2) 
were investigated. NRF2 is a transcription factor that is considered one of the primary 
cellular defenses against oxidative stress as it increases the synthesis of multiple other 
antioxidant enzymes. !

! Our results show that the extraction solvent significantly affects the final 
antioxidant ability with aqueous extracts having higher antioxidant ability compared to 
ethanol or acetone. Furthermore, pretreatment with aqueous extracts of gotu kola 
protect adult skin fibroblasts from oxidative stress injuries and resultant release of the 
inflammatory mediator IL-6. NRF2 allows for assessment of the cellular mechanisms in 
regards to how gotu kola protects fibroblasts and how they modulate collage breakdown. 
In Ayurveda, gotu kola is a rejuvenative herb and our cell culture results appear to 
support this notion in adult skin fibroblasts. However, further research is needed to better 
identify the cellular mechanisms and pathways in understanding how gotu kola exerts its 
effects on skin fibroblasts. !

Extraction Method: !
!The herbs were donated in dry powder form by Mountain Rose Herbs (Eugene, 

OR). Aqueous extracts were prepared by heating 2.5g of the herb in 50ml water at 80˚C 
with constant stirring for 30min. The resulting precipitate was allowed to cool to room 
temperature and then centrifuged at 2000 rpm for 10min at 37˚C. The supernatant was 
filtered at 100µm, 40µm, and 0.2µm. The extracts were prepared to a 5% concentration.!

Antioxidant Assays: !
!The DPPH assay was done according to the method of Brand-Williams et al2 

with some modifications. The stock solution was prepared by dissolving 6.6mg DPPH 
with 28mL methanol. The working solution was obtained by mixing 20mL stock solution 
with 100mL methanol to obtain an absorbance of 1.1 at 515nm using the 
spectrophotometer. The extracts were diluted to a 1:100 dilution and 50µL of the diluted 
extract was allowed to react with 950µL of the DPPH solution for 30min in the dark. The 
absorbance was measured at 515nm. !

! The FRAP assay was done according to Benzie and Strain3 with some 
modifications. The stock solutions included 300mM acetate buffer (3.1g C2H3NaO2.3H2O 
and 16mL C2H4O2, pH 3.6), 10mM TPTZ (2, 4, 6-tripyridyl-s-triazine) solution in 40mM 
HCl, and 20mM FeCl3.6H2O solution. The fresh working solution was prepared by 
mixing 100mL acetate buffer, 10mL TPTZ solution, and 10mL FeCl3.6H2O solution. The 
extracts were diluted to a 1:100 dilution and 50µL of the diluted extract was allowed to 
react with 950µL of the FRAP solution for 30min in the dark. Readings of the colored 
product [ferrous tripyridyltriazine complex] were then measured at 593 nm. !

ELISA Assay:!
! The concentration of IL-6 in the supernatants was measured by Quantikine 

Human IL-6 ELISA kit (R&D Systems, Minneapolis, MN, USA).!

Quantitative real-time PCR:!
! Total RNA was extracted using an RNeasy kit (Qiagen, Valencia, CA, USA). 

Quantitative real-time PCR was performed targeting human NRF-2. The levels were 
normalized to the geometric mean of B2M, and GAPDH. !

Western Blotting:!
! Adult human fibroblasts were subjected to 4hr pretreatment to Aloe Vera, 

Echinacea, Gotu Kola, Neem, and Turmeric aqueous extracts. For immunoblotting of 
cell lysates, the protocol was followed as previously reported4. The blot was incubated 
overnight at 4˚C with antibodies against NRF2 (Abcam) at a dilution of 1:500. The 
immunoreactive proteins were detected using anti-rabbit horseradish peroxidase-linked 
anti-IgG (Santa Cruz Biotechnology) visualized with ECL western blotting detection 
reagents (Amersham Life Science).!

Oxidative stressors:!
!a) 100µM Hydrogen peroxide (H2O2): 1µL of 1.25M H2O2 was added to 

12.5mL of PBS (Phosphate buffered saline) solution, resulting in a 100µM 
solution of H2O2.!

! b) 100µM Benzoyl peroxide (BPO):  2.32mg of benzoyl peroxide was 
added to 100µL of DMSO (dimethylsulfoxide). This resulted in a 100mM stock 
solution. The stock solution was added to PBS at a dilution of 1:1000, resulting in 
a 100µM solution of BPO.!

!c) Ultraviolet type A (UVA): Partial Body UV Therapy System UV 236 
was purchased from Waldmann (Germany). Calibrated UVA lamps were used to 
irradiate samples with a total dose of 6 J/cm2.!

Figure 1. Left. Total antioxidant activity was measured by ferric reducing antioxidant power (FRAP) and by reduction of the free radical 2,2-
diphenyl-1-picrylhydrazyl (DPPH). Trolox equivalent antioxidant activity shown is relative to turmeric. From the above graph, it can be seen that 
aqueous gotu kola extract has higher antioxidant activity than turmeric (* = p < 0.001). Right. Aqueous extractions have higher antioxidant activity 
for gotu kola while organic extractions have higher antioxidant activity for turmeric (* = p < 0.01).   

Methods!

Figure 3. Left. Western blot analysis after exposure to extracts of Aloe Vera (AV), Echinacea (E), Gotu Kola (GK), Neem (N), or Turmeric (T) did 
not alter NRF2 expression compared to control (C). Right. Exposure to UVA significantly reduces NRF2 mRNA but this decrease can be 
abrogated by pretreatment with aqueous extract of GK (* = p < 0.05) !

Background and Hypothesis!
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Figure 2. Left. Oxidative stress in the form of 100 µM hydrogen peroxide (H2O2) and 100 µM benzoyl peroxide (BPO) increased interleukin 6 (IL-6) 
released from fibroblasts. Pretreatment with aqueous extracts of gotu kola significantly reduced the IL-6 released by the fibroblasts after exposure 
to oxidative stress (* = p < 0.05). Right. Pretreatment with gotu kola reduced the IL-6 released by fibroblasts after exposure to ultraviolet radiation 
type A (UVA) (* = p < 0.01).  
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! Oxidative stress is an contributes to both inflammation and 
aging. Although there are many contributors of oxidative stress, three 
of the major oxidative stressors to the skin are hydrogen peroxide 
(H2O2), benzoyl peroxide (BPO), and ultraviolet radiation type A 
(UVA). In the skin, H2O2 is typically found at sites of inflammation as 
it is generated by neutrophils. BPO is used as a topical allopathic 
treatment control the level of P. acnes, a bacterium associated with 
acne. Finally, UVA generates singlet oxygen species that are highly 
reactive and may cause oxidative damage to DNA, cells, and 
collagen. !

! Fibroblasts are an important cell in the skin as they are 
responsible for production of collagen and maintenance of the skinʼs 
elasticity and integrity. Fibroblast function is impaired in response to 
oxidative stress. Antioxidants are typically used to counteract 
oxidative stress and plants are an excellent source of antioxidants. As 
such, gotu kola was studied because of its purported rejuvenative 
qualities. We investigated whether exposure to gotu kola could prime 
fibroblasts to protect them from oxidative stress and the resulting 
inflammatory response. !

Therefore we hypothesized that: !

Pre-exposure to aqueous gotu kola extract mitigates the 
effects of hydrogen peroxide, benzoyl peroxide, and 
ultraviolet type A mediated oxidative stress by priming the 
fibroblastʼs native antioxidant defense mechanisms.  "

Conclusions: !
1) The solvent of extraction affects the final composition of the extract and may alter the 

extractsʼ antioxidant activity.!
2) Pretreatment with aqueous extracts of gotu kola reduces decreases the inflammatory 

response of adult skin fibroblasts in response to exogenous oxidative stress!
3) Aqueous gotu kola extract does not increase NRF2 in fibroblasts. However, gotu kola 

protects against UVA induced decreases in NRF2 mRNA. !

Future Studies:!
1) Evaluate the botanical extracts by high performance liquid chromatography and mass 

spectroscopy to analyze which phytochemicals are involved in gotu kolaʼs effects!
2) Perform immunocytochemistry to determine the sub-cellular compartments expressing 

NRF2 and how this is affected with exposure to gotu kola!


