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Abstract

Background:Depression is known as the “mental cold” and is also considered a major

cause of disability worldwide. It is estimated that over 300 million people world-

wide suffer from severe depression, equivalent to 4.4% of the world’s population.

The monoamine hypothesis of depression predicts the underlying pathophysiologi-

cal mechanisms of depression, but in-depth research has failed to find convincing

evidence.

Method: In this study, we will dynamically and strictly quantitatively monitor the

concentration changes of monoamine transmitters in the cerebrospinal fluid (CSF) of

macaques, based on our previous work. In the experiment, timed and quantitative

collection of CSF samples from macaques was performed and the concentration of

monoamine transmitters was determined.

Result: The results showed that after 2months of chronic stress, the concentrations of

high vanillin acid (HVA) and 3,4-dihydroxy-phenylacetic acid were significantly higher

in the maternal separation (MS) group, whereas there was no significant difference in

dopamine and 5-hydroxyindoleacetic acid.

Conclusion: This study is the first to observe the long-term dynamic relationship

between early adversity, chronic stress, adolescent depression, and CSF monoamine

concentrations. The research suggests that MS and chronic stress play an undeniable

role in the pathogenesis of depression and that concentrations of HVA and dihydrox-

yphenylacetic acid are likely to serve as early markers of depressive-like symptoms in

macaques.
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1 INTRODUCTION

Depression is known as the “mental cold” and is considered the main

cause of disability worldwide, even leading to suicide (Lopez & Mur-

ray, 1998; Marwaha et al., 2023). It is estimated that over 300 million

peopleworldwide suffer from severe depression, equivalent to 4.4% of

theworld’s population (Chodavadia et al., 2023), andamong theelderly,

the incidence rate has reached an astonishing 35.1% (Cai et al., 2023).

In 2008, theWorldHealthOrganization identifiedmajor depression as

the third greatest contributor to the global burden of disease and pro-

jected that it would become the leading cause by 2030 (Malhi &Mann,

2018).

Numerous epidemiological and clinical research findings suggest

that early adversity (EA) is a widely accepted risk factor for the onset

of depression in later life (Goff & Tottenham, 2015). EA encompasses

various formsof stress encountered in early life, includingphysical, sex-

ual, and emotional abuse, parental neglect or loss, substance abuse,

and incarceration by parents or caregivers. Such experiences can dis-

rupt physiological and psychological functions and have a deleterious

impact on physical well-being (Brenhouse et al., 2019; Brown et al.,

2009). Research indicates that children who experience abuse and

other negative childhood events, known as adverse childhood experi-

ences, are at a heightened risk of developing a range of diseases, such

as cancer, liver disease, substance abuse, and depression (Hunt et al.,

2017). Another study also found a strong dose-dependent relation-

ship between poor childhood experience scores and the probability of

lifelong and recent depressive disorders (Chapman et al., 2004). How-

ever, not all individuals who have experienced EA ultimately exhibit

depression or depressive like behavior. In fact, in our previous research

on nonhuman primates, rhesus monkeys that have experienced EA

(usually simulated using maternal separation [MS] in animal models),

although considered an ideal animal model for simulating EA, did

not exhibit the internationally recognized typical depressive pheno-

type (Hudding up) (Feng et al., 2011). It is apparent that MS results

in prolonged neurological alterations; however, it does not directly

instigate a depressive phenotype. In essence, macaques experienc-

ing MS still require an external trigger factor to develop depressive

symptoms.

Regarding the external trigger factors of depression, it is interna-

tionally recognized that chronic stress is an undeniable external trigger

factor. Studies have shown that long-term exposure to chronic stress

increases susceptibility to anxiety, depression, and other emotional

disorders (Cohen et al., 2007; McEwen & Morrison, 2013; Nemeroff,

2004). Therefore, based on the team’s aforementioned MS model in

macaques, this study introduces an external factor of chronic stress

to prove that MS after birth can increase the risk of depression in

macaques and is a reliable etiological animal model of depression. This

part of the work has also been internationally recognized (Zhang et al.,

2016).

A dependable animal model for pathogenic depression is essential

in uncovering the disease’s associated mechanisms. The monoamine

hypothesis is among the widely accepted theories in explaining the

mechanism behind depression (Hirschfeld, 2000; Jiang et al., 2022;

López-Muñoz & Alamo, 2009). The close connection between the

monoamine system and depression has been confirmed from mul-

tiple perspectives. The monoamine pathway has always been the

center of psychopharmacology and has been targeted by multiple

drugs from multiple perspectives (López-Muñoz & Alamo, 2009). A

research study investigating the functional connectivity of the default

mode network (DMN) in depressive states has demonstrated that

5-hydroxytryptamine norepinephrine reuptake inhibitors resulted in

improved DMN hyper-connectivity in rats (van Wingen et al., 2014).

Meanwhile, pertinent research has indicated that dopamine (DA) reup-

take inhibitors may have antidepressant properties by boosting DA

availability in striatal synapses (Argyelán et al., 2005). There are also

studies providing evidence of reduced levels of high vanillin acid (HVA)

(Ogawa & Kunugi, 2019) and 5-hydroxyindoleacetic acid (5-HIAA) (Fu

et al., 2023) in the cerebrospinal fluid (CSF) of patientswith depression,

which aremetabolites of catechol amines.

Numerous studies have indicated a strong correlation between

depression and a reduction in levels of monoamine neurotransmitters

(serotonin, norepinephrine, 3,4-dihydroxy-phenylacetic acid [DOPAC],

and/or DA) in the central nervous system. Nevertheless, research find-

ings are inconsistent regarding changes in monoamine transmitters

in depression, with some even contradicting one another. Current

research reports indicate that in patients with depression, there are

reports of decreased and increased (Ogawa&Kunugi, 2019; Post et al.,

1986) and increased (Aberg-Wistedt et al., 1985; Jori et al., 1975) con-

centrations of 5HIAA and HVA in the CSF. The inconsistent research

findings on changes in CSF monoamines in depression may be due

to: (1) There may be differences in the regulatory ability and manner

of the DA system among rodents, nonhuman primates, and humans

due to differences in experimental subjects (Meador-Woodruff et al.,

1994). Therefore, in this study, nonhuman primates with the closest

brain development to humans were used as experimental subjects; (2)

The collection sites of monoamines are different. Some studies mea-

sure monoamine levels in blood or urine, whereas in depression, as a

brain dysfunction disease, it is more intuitive to measure monoamine

levels in CSF. Therefore, this study plans to use CSF as the sam-

ple; (3) Due to different collection times, there may be differences in

the levels of monoamine neurotransmitters at different times, such

as early, middle, and late stages of depression. To date, most studies

have used post-onset sampling. It should be noted that continuous and

dynamic monitoring of monoamine levels during and after the onset

of depression can more comprehensively measure the role of changes

in brain monoamine levels in the onset of depression. This study used

a high-performance liquid chromatograph (HPLC) to continuously and

dynamically monitor the levels of monoamine transmitters in the CSF

of macaques.

In this study, we used the rhesus monkey, a nonhuman primate that

is closest to humans in terms of brain development. Based on previous

research, the concentration ofmonoamine transmitters in the CSFwas

measured dynamically and strictly quantitatively from the beginning

to the end of the chronic stress application. The relationship between

MS, chronic pressure, and changes in the content of monoamine trans-

mitters in the CSF was investigated, and its profound correlation was
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further explored. Our research can provide some theoretical basis for

the possible biochemical mechanisms of depression.

2 MATERIALS AND METHODS

2.1 Subjects

Eight newborn male rhesus monkeys (Macaca mulatta) were selected

and randomly divided into two groups: MS (n = 4) and mother reared

(MR, n = 4). The MS newborns were separated from their mothers

at birth and reared solely for the first month in an incubator. Then,

the MS infants were paired off and lived together in a steel cage

(0.74× 0.71× 0.74m3) for about 6months. TheMRmonkeys had been

livingwith theirmothers for 7months since theywere born. After that,

both the MS and MR monkeys were moved into a connected indoor

(2.61 × reared 2.46 × 2.58 m3) and outdoor (2.67 × 2.66 × 2.67 m3)

colony and lived together.

All animal procedures have been approved by the National Institute

of Health’s Guidelines for the Care and Use of Experimental Animals,

andall 8macaques (n=8) used in this experimenthavebeenauthorized

by the Animal Care and Use Committee of Kunming Animal Research

Institute. It has passed the ethical review of animal experimentwelfare

of Kunming Institute of Zoology, Chinese Academy of Sciences.

2.2 Experimental design

These eight monkeys were reared together for a period of time

prior to chronic stress and then placed in separate cages. After a

1-month adaptation period, several unpredictable chronic stressors

(spatial restriction, intimidation, prolonged illumination, and fasting)

were randomly administered. Before the administration of the chronic

unpredictable stressors, baseline levels of monoamines transmitters

were measured in the CSF of the rhesus monkeys until the end of the

chronic unpredictable stressors. The concentration of monoamines in

theCSFwas quantified dynamically and rigorously throughout the pro-

cess. With the exception of long-term illumination, the illumination is

maintained at a 14/10 light/dark cycle and the temperature at 22◦C.

Unless the day of fasting, the monkeys were provided sufficient com-

mercial monkey biscuits twice a day and fruits or vegetables once daily

with tap water ad libitum.

2.3 Sample collection

First, anesthetize the animals with a dose of 0.08 mL/kg of Zoletil 50.

Before lumbar puncture, youngmonkeys must be deprived of food and

water for 2 h to prevent gastric reflux caused by anesthesia. The punc-

ture site is usually located in the upper or lower intervertebral space of

the fourth lumbar vertebral process in monkeys (i.e., the 3rd to 4th or

4th to 5th lumbar vertebral spaces) and the 7th intervertebral space in

humans. Store the CSF in 2–3 sterile cryopreservation tubes, approxi-

mately 300 μL each. A 1.5 mL EP tube was then filled with a 1:1 ratio

F IGURE 1 This figure shows the process of collecting
cerebrospinal fluid (CSF) samples. Collect CSF samples from eight
macaques (Macaca mulatta), mix them evenly with 0.1mol/L perchloric
acid solution in a 1:1 ratio, centrifuge at a speed of 16,000 g for 15min
in a high-speed centrifuge, store them in a−80◦C refrigerator, and
finally perform electrochemical detection of the concentration
changes of high vanillin acid (HVA), 5-hydroxyindoleacetic acid
(5-HIAA), dopamine (DA), and 3,4-dihydroxy-phenylacetic acid
(DOPAC) in the CSF using high-performance liquid chromatograph
(HPLC).

of 0.1 mol/L perchloric acid solution, placed in a centrifuge at 4◦C,

centrifuged at 16,000 g for 15 min, packed, and stored in a −80◦C
refrigerator. It should be noted that the collected CSF must be clear,

without blood color, turbidity, or pale yellow. The collected CSF should

be rapidly frozen and stored in liquid nitrogen (Figure 1).

2.4 HPLC

HVA, 5-HIAA, DA, and DOPAC were detected electrochemically by

HPLC (Scheinin et al., 1983). First prepare 500 mL of 20% methanol-

water and 200 mL of 80% methanol-water and detoxify with ultra-

sound, then replace the 20% methanol-water for washing the needles

and cleaning the pump heads, replace the 80% methanol-water for

running the column, and switch on the power in turn. The start-up

flow rate of the pump is set to 40 μL/min, and 80% methanol-water

is used to purge the bubbles in front of the column (PA = 13.9 bar

and PB= 20.0 bar). When the bubbles have been completely removed,

the two columns are connected to the system. Then replace the col-

umn with 20% methanol-water, pump to pressure (PA = 80.0 bar and

PB= 153.3 bar), prepare themobile phase (ultrasonic degassing) of the

long and short column respectively, replace themobile phase, pump the

system to mobile phase pressure (PA = 70.7 bar and PB = 132.2 bar)

overnight, prepare the injection, and draw the standard curve once

the baseline is stable. Finally, add the sample to be tested to the sam-

ple tray. When the chromatogram is displayed, calculate the content

of the substance to be tested in the sample and generate a report

(Figure 2).
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F IGURE 2 Flowchart for the determination of monoamines transmitters in cerebrospinal fluid (CSF) by high-performance liquid
chromatograph (HPLC). The concentration of four substances, high vanillin acid (HVA), 5-hydroxyindoleacetic acid (5-HIAA), dopamine (DA), and
3,4-dihydroxy-phenylacetic acid (DOPAC), in CSFwas detected by HPLC electrochemical detection. Overall, 20% and 80%methanol water were
used for detoxification, needle washing, and pump head cleaning. Subsequently, mobile phases of long and short columns were prepared
separately, and parameters were set for monitoring and analysis.

2.5 Statistical data analysis

Figure 3 uses unpaired t-tests for statistical analysis of changes in

monoamine concentration in CSF after MS, whereas Figure 4 uses

Tukey’s multiple comparison test to analyze the effect of chronic stress

on monoamine concentration in CSF of rhesus monkeys. Before con-

ducting statistical analysis, normality testing should be conducted.

*p < .05, **p < .01, and ***p < .001. All p values were generated by

two-tails tests. The difference was not statistically significant (p> .05).

3 RESULTS

3.1 Changes of DA concentration

Prior to the addition of chronic stress, there was no statistically sig-

nificant difference in changes in CSF DA concentrations between the

MS andMRmacaques (Figure 3a, unpaired t test, t= .2415, p= .8172).

When both groups of macaques were subjected to the same 2-month

chronic stress at a later stage, therewas still no significant difference in

DA concentration between theMS group and theMR group (Figure 4a,

Tukey’s multiple comparisons test, LSR = −3.455, p > .9999), and the

level of CSFDA remained relatively stable.

3.2 Changes of 5-HIAA concentration

Compared with theMR group, the concentration of 5-HIAA in the CSF

of macaques (MS group) that had experienced MS was significantly

increased (Figure 3b, unpaired t test, t= 3.116, *p= .0357). After intro-

ducing the same 2-month stress to both groups of macaques at a later

stage, there was no significant change in the concentration of 5-HIAA

in the CSF of the MS group macaques compared to the MR group,

and no significant change was observed compared to the previous

concentration level of theMS groupmacaques (Figure 4b).

3.3 Changes of HVA concentration

Compared to theMRgroup,monkeys that had experiencedMShad sig-

nificantly elevated HVA levels prior to the addition of chronic stress

(Figure 3c, unpaired t test, t=7.118, **p= .0021). After introducing the

same 2 months of stress to both groups of macaques, it was observed

that HVA levels in the MS group were still significantly higher than

those in the MR group (Figure 4c, Tukey’s multiple comparisons test,

LSR = −141.6, *p = .0166; LSR = −98.41, *p = .0429), whereas the

changes in HVA concentration levels in the MR group were relatively

stable.

3.4 Changes of DOPAC concentration

After experiencing MS, there was no significant change in the con-

centration of DOPAC in the CSF of the MS group compared to the

MR group (Figure 3d, unpaired t test, t = 1.997, p = .1165); however,

2 months after the addition of chronic stress, the concentration of

DOPAC in the CSF of the MS group macaques significantly increased

compared to before, and the concentration also significantly increased
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F IGURE 3 The concentration changes of dopamine (DA),
5-hydroxyindoleacetic acid (5-HIAA), high vanillin acid (HVA), and
3,4-dihydroxy-phenylacetic acid (DOPAC) in the cerebrospinal fluid
(CSF) of macaques after experiencingmaternal separation (MS)
(before introducing chronic stress). (a) After experiencingMS, it was
found that there was no significant change in the concentration of DA
in the CSF of macaques in theMS group compared to theMR group
(unpaired t test, t= .2415, p= .8172). (b) After experiencingMS, it was
found that the concentration of 5-HIAA in the CSF of macaques in the
MS groupwas significantly higher than that in theMR group (unpaired
t test, t= 3.116, *p= .0357). (c) After experiencingMS, it was found
that the concentration of HVA in the CSF of macaques in theMS group
was significantly higher than that in theMR group (unpaired t test,
t= 7.118, **p= .0021). (d) After experiencingMS, it was found that
there was no significant change in the concentration of DOPAC in the
CSF of macaques in theMS group compared to theMR group
(unpaired t test, t= 1.997, p= .1165).

compared to theMRgroup. After the end of chronic stress, the concen-

tration of DOPAC in theMS group ofmacaques decreased significantly

(Figure 4d).

4 DISCUSSION

CSF comes into contact with the brain’s interstitial fluid and is largely

isolated from the peripheral circulation by the blood–brain barrier

(Strittmatter, 2013). Therefore, CSF is considered an ideal material to

study biomarkers of the central nervous system. In this study, we found

that the concentrations ofHVAand5-HIAA inmacaques afterMSwere

significantly higher than those in theMR group (both p< .05), whereas

there was no significant difference in DA and DOPAC between theMS

and MR groups (p > .05). After 2 months of chronic stress, significant

increases in CSF HVA and DOPAC concentrations were observed in

the MS group of macaques (p < .05). Compared to the MR group, no

significant changes in DA and 5-HIAA concentrations were observed

between the twogroups. The relevant key factors, includingonset time,

monoamine accumulation, controlled patterns, and duration of EA and

chronic stress, provide more reliable data on the relationship between

EA, chronic stress, and depression.

In addition, previous studieshavemostly focusedon the relationship

between EA andCSFmonoamine concentrations in patients diagnosed

with depression, but few studies have conducted long-term dynamic

studies of adolescent depression. This study is the first to dynamically

monitor changes in CSF monoamine concentrations in macaques that

have undergoneMS under various unpredictable chronic stresses.

After the MS, the concentrations of HVA and 5-HIAA in the CSF

of the macaques increased significantly, whereas the concentrations

of DA and DOPAC did not show any significant changes, in agree-

ment with previous research by Jori et al. 1975, Scheinin et al. 1983,

and others. This also provides indirect evidence for our previous

research findings that MS may increase susceptibility to depression in

macaques. Recently, a study showed a significant negative correlation

between depression scores and CSF HVA in patients with depression

(Faustman et al., 1991), which is inconsistent with our findings. Fol-

lowing chronic stress, the concentration of HVA and DOPAC in the

CSFof themacaques increased significantly. Andour previous research

confirmed that this group of macaques showed significant depressive

behavior -Hudding up (Zhang et al., 2016). It can be seen that the levels

of HVA andDOPAC are likely to serve as early predictors of depressive

symptoms inmacaques (Ogawa&Kunugi, 2019; Ogawa et al., 2018).

It is worth noting that prior to the application of chronic stress, the

monoamine transmitter concentrations of both groups of macaques,

except for DA, showed a significant upward trend in HVA and 5-HIAA.

After adding unpredictable chronic stress as a triggering factor for 2

months, we observed significant changes in HVA and DOPAC concen-

trations but not in DA and 5-HIAA concentrations, which is inconsis-

tent with the results reported in some related studies (Aberg-Wistedt

et al., 1985; Post et al., 1986).

To this end, we propose the following explanations. First, it is

reported that EA can have a significant impact on brain development,

even on a whole brain scale. There is also preclinical evidence that EA

may lead to long-term disturbances in the DA nervous system trans-

mission that persist into adulthood (Oswald et al., 2014). This may

cause macaques that have experienced MS to show alterations in the

DA response to stress during later chronic stress (Brake et al., 2004;

Chocyk et al., 2011; Jahng et al., 2010), and the macaque brain may

still be in the DA system disorder caused by EA; therefore, no signifi-

cant changes in the concentration of monoamine transmitters (except

for HVA and DOPAC) were observed. Second, a striking example is

the research report published in nature by Chaudhury et al. (2013),

which suggests that stressors of EAand chronic stressmay regulate the

inhibitory excitation pathway through different pathways, with differ-

ent emphasis on brain regions, which may lead to inconsistent results

in changes in the levels of some biochemicalmetabolites (Venzala et al.,

2013). Macaques show certain differences in behavioral phenotypes

when experiencing MS and chronic stress, which may correspond to

different stress circuits as mentioned above. Therefore, we did not
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F IGURE 4 After 2months of chronic stress, continuously monitor the concentration changes of dopamine (DA), 5-hydroxyindoleacetic acid
(5-HIAA), high vanillin acid (HVA), and 3,4-dihydroxy-phenylacetic acid (DOPAC). (a) After 2months of chronic stress, there was no significant
change in DA concentration in thematernal separation (MS) group of macaques compared to before experiencing chronic stress (Tukey’s multiple
comparisons test, LSR=−3.455, p> .9999). (b) After 2months of chronic stress, there was no significant change in the concentration of 5-HIAA in
theMS group of macaques compared to before experiencing chronic stress (Tukey’s multiple comparisons test, LSR= 21.19, p= .9974). (c) After
experiencing 1month of chronic stress, the concentration of HVA in theMS groupmacaques significantly increased compared to theMR group
macaques (Tukey’s multiple comparisons test, LSR=−141.6, *p= .0166), after 2months of chronic stress, the concentration of HVA in theMS
groupmacaques significantly increased compared to theMR groupmacaques (Tukey’s multiple comparisons test, LSR=−98.41, *p= .0429). (d)
Introducing 2months of chronic stress, it was found that the concentration of DOPAC in theMS group showed a significant upward trend. After
the end of 2months of chronic stress (Tukey’s multiple comparisons test, LS=−1.482, *p= .0469; LSR=−1.931, and *p= .0136), the
concentration of DOPAC decreased (Tukey’s multiple comparisons test, LSR= 1.789, *p= .0198).

observe significant changes in the levels of HVA and 5-HIAA in theMS

and MR groups of chronically stressed macaques. In addition, studies

in experimental animals and humans have shown that measurement of

major monoamine metabolites provides an indicator of maternal neu-

rotransmitter conversion. In clinical trials, measurement of metabolite

levels in lumbar CSF may provide the most direct assessment of cen-

tral neurotransmitter function. However, these measurements reflect

overall central nervous systemactivity and cannot reflect local changes

in neurotransmitter release.

Previous studies have shown that after 1 month of chronic stress

application, the MS group of macaques showed a significant decrease

in autonomous movement, whereas stereotyped and curled up behav-

iors significantly increased. Even after 2 months of chronic stress, the

MS group exhibited abnormal behavioral phenotypes. However, for

the MR group, there was almost no change in exercise levels from pre

stress to 2 months after stress, such as stereotypes and social behav-

ior. In addition, compared with the MR group of macaques, there were

significant changes in cortisol levels and body weight (Zhang et al.,

2016). Thedifferences inHVAand5-HIAAconcentrationsbetweenMS

and MR macaques before the addition of chronic unpredictable stress

are related to MS, whereas the significant differences in HVA and

DOPAC concentrations betweenMS andMRmacaques after the addi-

tion of chronic unpredictable stressmay be related to external triggers

(chronic stress). This may be related to a key brain region—the amyg-

dala, as the amygdala projects to the DA and serotonin-enriched areas

(Asim,Wang,Waris et al., 2024), whereas previous studies have shown
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that in stress-induced depression, the amygdala is closely related to

changes in its neurotransmission (Asim et al., 2023), and enhanced

neuronal activity in the basal lateral amygdala of GABA can alleviate

stress-induced depressive behavior (Asim, Wang, Chen et al., 2024).

This suggests that changes inmonoamineneurotransmitters in theCSF

of macaques can be closely related to the amygdala, a brain region,

after experiencing chronic stress. Of course, this requires further

exploration to explain the specific connections between them.

Specifically, the differences in CSF monoamine concentrations may

result fromdifferent stress environments (MS and chronic stress). Sim-

ilarly, differences in stress environments may lead to behavioral and

cognitive differences (Zhang et al., 2016). This theory does not negate

our main findings that EA and later chronic stress may be important

factors that cannot be ignored in the onset of depression. In addi-

tion, our previous studies have confirmed that macaques experiencing

chronic stress followingMSshowsignificantdepressivebehavior (Hud-

ding up), and there are also significant differences in the levels of HVA

and DOPAC in the CSF of these macaques. HVA and DOPAC are likely

to serve as early markers of depressive behavior in macaques. In con-

clusion, we believe that our data can provide valuable insights into the

underlying biochemical mechanisms of depression.

There are limitations to this study, as we did not collect data from

magnetic resonance imaging throughout the entire study. Therefore,

we are unable to clarify the brain region associations involved in

EA, chronic stress, behavior, and changes in CSF monoamine con-

centration, which requires further exploration. In addition, after the

establishment of the macaque depression model (i.e., after removing

chronic stress), we only observed the following month without long-

term dynamic tracking, and long-term monitoring may search for new

therapeutic targets and directions for the treatment of depression.

5 CONCLUSION

We have confirmed that EA and chronic stress may be important fac-

tors that cannot be ignored in the development of depression, not only

in adults but also in adolescents. EA and chronic stress have an impact

on brain development, which is also reflected in changes in the concen-

tration ofmonoamine transmitters in theCSF.However,more research

is needed to clarify the relationshipbetween the trendof changes in the

concentration ofmonoamine transmitters in the CSF and EA, as well as

the presence of chronic stress. However, based on previous research

and the results of this study, we speculate that HVA and DOPAC con-

centrations are likely to serve as earlymarkers of depressive symptoms

inmacaques.
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