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Centella asiatica (CA), has traditionally been used as a

neuroprotective medicinal herb and serves as a

fascinating source for discovery of novel anti brain

aging agents (1). We have previously shown that the

water extract of Centella asiatica (CAW) resulted in

cognitive improvement, in aged wild type mice, with

differences in young and old, female and male mice

(1). Here we explore the molecular effects of CAW on

the cortex and hippocampus, two regions of brain that

are responsible for memory and cognition, of healthy

young and aged mice in both genders, in both genders.

Metabolomics studies of the brain tissue were

conducted on the extracted samples from mice cortex

and hippocampus by using liquid chromatography and

mass spectrometry (LC-MS) technique.

Figure 1. Centella asiatica leaves
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Sample preparation: Young (3 month) and old (21

month) old mice in female and male C57Bl/6 mice were

divided into control and centella-treated groups. After 5

weeks of treatment with 2g/L CAW, both groups of mice

were sacrificed and their hippocampal and cortical

tissues were harvested for LCMS analysis. Metabolites

were extracted from the tissues using methanol: water:

acetonitrile solvent system.

HPLC-MS/MS: HPLC-MS/MS was carried out in both

positive and negative ion modes on an Inertsil phenyl-3

column (150 x 4.6 mm2, particle size: 5 µm, GL

Sciences Inc., Rolling Hills Estates, CA, USA), as

reported previously (2) on a Shimadzu Nexera system

(Shimadzu; Columbia, MD, USA) coupled to a high-

resolution hybrid quadrupole-time-of-flight mass

spectrometer (TripleTOF 5600; AB SCIEX; Framingham,

MA, USA).

Data Analysis: In house library, vendor sources,

and online programs were applied for peak picking

and to annotate metabolites and analyze them

among the groups statistically. A workflow for the

peak-picking by Elements (3) is shown:

88 metabolites were identified among 

>6000 features in different pathways.

PLS-DA Plots of features in a)cortex b)hippocampus. 

Age is the main differentiator factor. 

Age specific alterations of endocannabinoids in 

response to CAW in cortex

Using several in-house, vendor, and online programs we were able to identify a wide range of metabolites in the brain tissue extract of mice using HPLC-MS metabolomics approach. Metabolomics analysis

of young and old, female and male mice brain tissues revealed that CWA treatment affected the metabolite composition of all groups of study; however the effect was highly age specific and brain region

specific, and to some extent gender specific. Overall, the effect of CAW treatment was more significantly pronounced in the brain tissue metabolite composition of aged mice compared to their young

counterparts. This implies that CAW can possibly manipulate metabolic pathways that are different in the old mice as a result of aging process compared to the young mice. Moreover, CAW treatment

affected cortex and hippocampus differently. Among significant metabolic alterations in old mice, polyamine metabolism alteration was a clear signature in hippocampal tissue in response to CAW, while in

cortex, endocannabinoids oleamide, stearamide and plamitamide, showed the most striking alterations in response to CAW. Hippocampus tissue was also affected by CAW treatment in its level of a different

endocannabinoid- oleoyl glycerol. The fact that endocannabinoids are affected by CAW treatment in both brain regions implies that their metabolism can be a mechanism of action for the neuroprotective

effects of CW in old mice. However, endocannibinoids showed gender-specific pattern of alteration in the hippocampus, and their overall changes were more significant in the female group mice compared

to the male mice.
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HPLC-MS-driven metabolomics analysis of the brain tissue provided a readout of the metabolic pathways that were altered in

response to the memory enhancing medicinal herb, Centella asiatica. It was revealed that the old mice had more significant

alterations in response to centella treatment in their metabolome composition. Moreover, the treatment effects were more significant

on female mice compared to male mice. Endocannabinoid and polyamine metabolism were the pathways that showed to be

significantly altered by centella in different regions of the brain. We assume that estrogen can be involved in the gender specific

differences in response to centella. Further mechanistic studies are being conducted to explain the details of the differences between

genders and brain regions in their metabolic composition upon treatment with centella.
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Abbreviations:

Centella treatment: C

Old: O

Young: Y

Female: F

Male: M


