Supplementary Materials and Methods

Monkey welfare and ethics statement

All experimental procedures and animal care protocols were approved by the Ethics Committee of the Kunming Institute of Zoology and Kunming Primate Research Center, Chinese Academy of Sciences (AAALAC accredited) (approval number: SMKX-SQ-20200414-060). 

Fifty-six rhesus monkeys (Macaca mulatta) were selected for collection of cerebrospinal fluid (CSF) based on restrictive conditions (age: 4–26 years old; healthy and without any prior experimental operations). The monkeys were divided into three groups depending on age: young (4–7 years old, n=15), middle-aged (10–15 years old, n=22), and aged (19–26 years old, n=19). All monkeys were housed in colonies with a natural light/dark cycle. All animals were provided with a commercial monkey diet twice a day with tap water ad libitum and were fed fruits and vegetables once daily. During and after CSF sample collection, monkeys remained under careful veterinary oversight to ensure health. Best efforts were made to minimize the number of monkeys involved in this study and their suffering.

Cerebrospinal fluid collection

The monkeys were anesthetized with 10 mg/kg body weight ketamine by intramuscular injection. The lumbar area was shaved and prepared with iodophor and 75% alcohol. A lumbar puncture was performed by experienced experimenters with animals positioned in lateral recumbency. A 22-gauge spinal needle was inserted into the lumbar interspace at the same level of the palpated iliac crest, and approximately 1.5 mL of CSF (divided into three 0.5 mL fractions) was withdrawn through the lumbar puncture. The CSF samples were then immediately frozen in liquid nitrogen and stored at −80 °C until analysis.

Measurement of formaldehyde levels by Fluo-HPLC

All CSF samples were collected and immediately frozen in liquid nitrogen and stored at −80 °C until further processing. After centrifugation (20 000 g, 4 °C, 15 min), supernatant fractions were used for analysis of formaldehyde by high-performance liquid chromatography with fluorescence detection (Fluo-HPLC) as described in previous study 
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(Tong et al., 2011)
. Briefly, 0.2 mL of CSF was pipetted into a 2 mL glass vial, with 0.8 mL of water, 0.1 mL of ampicillin solution (2.5 mg/mL, in water), and 0.25 mL of trichloroacetic acid (TCA) (20%, w/v, in water). The vial was capped (airtight) and vortexed vigorously for 30 s and then heated in a 90 °C water bath for 1 h. After cooling to room temperature, the contents of the vial were transferred to a 10 mL glass centrifuge tube. The vial was rinsed twice with 1 mL of diethyl ether, which was also transferred to the centrifuge tube. After the addition of a small amount of sodium chloride (about 0.5 g) the centrifuge tube was vortexed vigorously for 1 min. After centrifugation (1 000 g, 4 °C) for 5 min, the upper layer (organic phase) was transferred to a 5 mL test tube. The aqueous phase in the centrifuge tube was extracted with another 2 mL of diethyl ether and the ether extracts were combined. The diethyl ether was evaporated to dryness under a gentle stream of nitrogen. The residue was redissolved in 0.5 mL of acetonitrile-water (50:50), ready for LC analysis.
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