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ABSTRACT
Maca (Lepidium meyenii) is an Andean plant, has been cultivated and used as a traditional

medicine for over 2, 000 years. Maca is well documented for anti-inflammation, anti-
oxidation and immunoregulatory activities. Chronic stress and depression are lacking clinical
available and effective therapeutic agents. The aim of this study was to investigate the anti-
depressant function of refined Maca ethanolic extract and discuss the underlying mechanism.
70 Sprague-Dawley rats were randomly divided into 7 groups as blank, chronic-stressed,
chronic-stressed + positive control, chronic-stressed + maca crude (2.4g/kg and 1.2g/kg),
chronic-stressed + maca ethanolic extract (2.4g/kg and 1.2g/kg). Sucrose preference test, open
-field test and elevated plus maze test were adopted as depression-related behavioral tests. Hy-
pothalamic corticotrophin releasing hormone, plasma adrenocorticotropic hormone and corti-
sol were measured by radioimmunoassay. Sugar consumption of the maca ethanolic extract
group was significantly lower compared with chronic-stressed group (p<0.05). Behavioral
tests showed the total travel time in the open field and open-arm enter times in the maze in-
creased significantly (p<0.05). Radioimmunoassay showed hypothalamic corticotrophin re-
leasing hormone, plasma adrenocorticotropic hormone and cortisol were decreased by the
maca ethanolic extract group. The maca ethanolic extract might have regulatory properties
against chronic stressed and might function through a hypothalamic-pituitary-adrenal axis.

Keywords: Maca, antianxiety, anti-depression, chronic unpredictable mild stress.

WWW.SIFTDESK.ORG 729 Vol-4 Issue-4



SIFT DESK

1. INTRODUCTION

Traditional Chinese medicine (TCM) originated in
ancient China and has evolved over thousands of
years. TCM encompasses many different practices,
including acupuncture, moxibustion, Chinese herbal
medicine, Chinese therapeutic massage and so on.
Other Asian countries, including Japan and Korea
also contribute to TCM practicing systems (Leung et
al, 2004; Uchibayashi et al, 2008). Among the vari-
ous TCM practices, Chinese herbal medicine (CHM)
is employed as a complementary health approach by
many people all over the world (Linde et al. 2017).
Although CHM is extensively used in the East and
West nowadays, its scientific evidence of its effec-
tiveness is still limited and are being questioned
(Snow et al. 2017). It is difficult for researchers to
study CHM in a traditional way because its treat-
ments are often complex and based on ideas that are
quite different from modern Western medicine. Thus,
modern TCM is focusing on 1. building a suitable
model of the indication of specific disease or symp-
tom, to valid the designated CRM; 2. finding the bio-
active ingredients of specific CHM, which is already
verified using the indicated model.

Maca (Lepidium meyenii Walp.), is a cruciferous

plant, though mainly growing in the Peruvian Central
Andes, has now been planted widely in the Yunnan-
Guizhou Plateau and are being employed as an ingre-
dient of various CRM formulas. Previous studies in-
dicated that maca may have the therapeutics proper-
ties of antioxidant, anti-inflammation, and anti-
radiation. polysaccharides, amino acids, phenolics,
alkaloids and minerals (Li et al, 2018). According to
the index of Google patent database, those formulas
containing Maca are verified for their effectiveness
on treatment of hyperglycemia, prostatic hyperplasia,
and to regulate immunity (Sanchez et al, 2018).

Recently, maca are also reported to benefit psycho-
logical symptoms in clinical trials, including anxiety,
fatigue, and depression (Shin et al, 2010). However,
those results are mostly conducted in menopaused
women subjects and failed to explain the underlying
mechanism. Moreover, the bioactive antianxiety and
anti-depressant component of Maca remains un-

known.

Chronic restraint stress is responsible to cause anxiety
- and depression-like behavior in rodent models and
proved for its validity (Chiba et al, 2012). Therefore,
we aimed to examine the effectiveness of maca etha-
nolic extract and the mechanism of its medical bene-
fits using a restraint stressed rodent model.

2. MATERIALS AND METHODS

2.1 Materials and chemicals

The maca powder were obtained from New Era
Health Industry Co., Ltd., Beijing, China. The materi-
als were air-dried at room temperature. Other rea-
gents were of analytical grade as commercially avail-
able. The ethanolic extraction and macamides of
maca was prepared according to a reported publica-
tion (Zheng et al, 2000). Briefly, the root of maca was
rinsed clean and sliced. The slices were lyophilized,
smashed into powder, and filtered through an 80-
mesh sieve. Dried maca powder was reflux extracted

by 12 volumes of petroleum ether at 50° C for 30

min, and ultrasonically extracted for 15 min. The fil-
trate was collected by vacuum suction filtration and
dried to a powdered extract.

2.2. Animal Maintenance and maca administra-
tion

Male Sprague Dawley rats (n = 70) were purchased
from SPF Biotechnology Co.,Ltd. Beijing, China) at
5 weeks of age. Animals were housed in a controlled
environment under a light—dark cycle (lights on at
0700 and off at 1900). The experimental procedures
followed the Guiding Principles for the Care and Use
of Animals in the Academic Research Ethical Review
Committee of Beijing University of Chinese Medi-
cine. All rats were randomly divided into four groups:
control group (CON), depression model group (DM),
2.4g/kg maca ethanolic extract group (MEH), 1.2g/kg
maca ethanolic extract group (MEL), 2.4g/kg maca
powder group (MH), 1.2g/kg maca powder (ML), and
positive control group (XP, Xiaoyao Pill, consists of
chai hu (radix bupleuri), dang gui (Angelica sinensis),
bai shao (radix paeoniae alba), chao bai zhu (roasted
rhizoma atractylodis macrocephalae), fu ling
(Wolfiporia extensa), zhi gan cao (radix glycyr-
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rhizae), bo he (mint), and sheng jiang (rhizoma zin-
jiberis recens).

Rats were maintained on ad libitum diet. Maca pow-
der or maca polysaccharide was dissolved in distilled
water and gavaged indicated amount of maca or
Xiaoyao pill (2.4g/kg or 1.2g/kg; 0.24g or 0.12g/ml
for all maca group, 4.032g/kg, 0.4032g/mL for
Xiaoyao pill) per day for 3 weeks before behavioral
testing. Control rats received an equal amount of sol-
vent.

2.3. Chronic unpredictable mild stress(CUMS)
depression model

The chronic unpredictable mild stress (CUMS) proce-
dure was performed as described previously with mi-
nor modifications. Briefly, the non-stressed control
animals were housed in groups of four per cage in
standard plastic cages in a separate room and had no
contact with the stressed groups. For another three
groups, rats were assigned to four per cage accompa-
nied with stress treatment. Animals were exposed to
the weekly stress regime consisting of 48 h food dep-
rivation, 24 h water deprivation, 1 min tail pinch (1
cm from the end of the tail), 45° cage tilt, 5 min cold
swimming (at 4°C), 2 h physical restraint and over-
night illumination. One of these stressor episodes was
applied daily to each rat in a random order for a con-
tinuous six-week period.

2.4. Open field and elevated plus-maze tests

Rats were transferred to the observation room least 2
h prior to behavioural testing and were there kept in
an entirely darkened (by means of black curtains)
compartment of the same room. All behavioural ob-
servations were carried out during the second half of
the dark phase in a darkened room.

Open field. Rats were placed in a corner of a wooden
box (56 x 66 cm; comparable to the apparatus de-
scribed by Prut and Belzung with its floor divided
into 9 equal squares by means of red adhesive tape
(Prut and Belzung, 2003). The field was bordered by
12-cm side walls. Besides manually recording any
crossings (an animal touching a new square with both
front paws) and rearings (standing upright on the hind
legs), but not head-dippings, separate registrations

were done for entries into, and/or passages through,
the central square. These were subsequently ex-
pressed as a percentage of total crossings. At the end
of the 10-min session, rats were removed, any boli
counted (defecation score) and the floor of the box
was wiped.

Elevated plus-maze. The elevated plus-maze was
constructed with the exception of the arm width (12
cm instead of 10 cm). The maze, consisting of two
opposing open and two closed arms was elevated 50
cm above the floor. At the start the rat was placed
into the center of the maze (facing a closed arm) and
any subsequent visit to one of the 4 arms was record-
ed provided the rat had entered with all 4 paws. After
termination of the 10-min trial the number of entries
into open arms was calculated as a percentage of total
entries (general activity) and this ratio was taken as a
measure of the rat's situational fear. Only the number
of entries into, but not the time spent in open arms
was recorded.

2.5. Sucrose preference test

This test was previously described (Lakkab et al,
2018). Briefly, at the beginning of the test all the
groups were singly housed during 48 h in individual
cages. Two bottles were available in each cage, one
with 200 ml of 32% sucrose (w/v) and the other also
with 200 ml of tap water. Preference was measured as
follows: (1) sucrose consumption (ml) 200 ml; (2)
water consumption (ml) 200 ml; and (3) total liquid,
sucrose consumption + water consumption. At the
end of 48™ hour, the bottles were removed, the con-
sumption was recorded.

2.6. Radioimmunoassay (RIA) protocol

Serum of hippocampus protein was determined by
commercial RIA kits (R&D systems, Minneapolis,
USA). Briefly, Tissue was homogenized in 2 M ace-
tic acid and immersed in boiling water for 5 min. Af-
ter centrifuging at 25.000 after 20 min. the superna-
tant fluid was lyophilized. The residue was reconsti-
tuted in RIA buffer solution and aliquots were used
for RIA according to manufacturer’s protocol.

2.7. Statistical analysis
The data were expressed as means + S.D. The signifi-
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cance of difference was evaluated with one-way
ANOVA, followed by Student’s t- test to statistically
identify differences between the control and treated
groups. Significant differences were set at *p<0.05,
**p<0.01, and ***p<0.001.

3. RESULTS

3.1. General results

Body weights were recorded before the experiment (0
d), 7™ day, 14™ day and on the 21 day (final). As

presented in Table 1, significant difference was ob-
served on body weights of the rats between the Con
group and DM group since after modeling, indicating
a depression condition caused by CUMS in the DM
mice. However, the decrease of the body weight
caused by CUMS were alleviated by XP administra-
tion (positive control), MEH or MEL. Maca crudes,
including MH or ML, did not show inhibiting effects
of CUMS-induced weight loss.

Table 1. Effects of Maca products on body weight (g)

Groups 0d 7d 14d 21d

Con 208.80+12.70 260.33+15.35 311.87+13.57 334.75£19.07
DM 208.50+15.23 224.88+14.21 252.12+24.63 273.87+18.84
XP 208.40+10.75 236.88+13.78 280.25+7.38"" 298.50+11.40"
MEH 208.30+12.42 235.88+13.22 271.87+20.75% 297.50+28.68%
MEL 208.70+16.04 231.88+18.21 271.12+18.31% 289.25+19.89%
MH 208.20+15.74 225.77+11.24 250.37+7.48 268.00+11.40
ML 208.6014.03 234.11+17.86 254.50+27.20 273.87+18.29

*p<0.05, **p<0.01, ***p<0.001 compared with Con group. Ap<0.05, Ap<0.01, AAAp<0.001 compared with

DM group.

3.2 Behavior test results
As presented in Figure. 1A, CUMS induced a de-
crease of locomotor activities.

Obvious decreases were observed in numbers of step-
across (54% preserved) and numbers of standing-up
(56% preserved), compared with control groups, indi-
cating inhibitory effects on both horizontal activities
(HA) and vertical activities (VA). XP has been re-
ported for its anti-depressant effects and was thus
employed as positive control. XP significantly allevi-
ate the decrease of locomotor activities caused by
CUMS. XP treated rats retain 90% HA and 85% VA
of Con rats. Among other treated groups, only high
dose administration of maca ethanolic extract (MEH)

helped to restore locomotor activities. MEH treated
rats retain 94% HA and 84% VA of Con rats.

As presented in Figure. 1B and 1C, CUMS also in-
duced a decrease on both entries into opened arms
and total time stayed still. However, CUMS also in-
duced an increase on total time stayed still in the
closed arm, while the total entry time was decreased.
These may be attributed to the decreased locomotor
activity and the loss of exploration. In the positive
control (XP) group, entries into the open arms and
total time were both restored. In the other treated
groups, only high dose administration of MEH
helped to restore the exploration activities.
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Figure 1. Effects of XP, MEH, MEL, MH and ML on
CUMS-induced anxiety and depression behavior. A.
Results of open-field test. B. and C. Results of elevate
-maze test, B, total entries into closed arms or opened
arms; C, total time stayed still in closed arms or
opened arms. Con, control group. DM, depression
model group. XP, xiaoyao pills. MEH, administration
of maca ethanolic extract for 2.4g/kg. MEL, admin-
istration of maca ethanolic extract for 1.2g/kg. MH,
administration of maca crude for 2.4g/kg. ML, admin-
istration of maca crude for 1.2g/kg. Results were ex-
pressed as means = S.D. Statistical significance test
for comparison with control (untreated) group was
done by Student’s t-test. **, p <0.01 compared with
Con; # p < 0.05 compared with DM.

3.3. Sucrose preference test results

Sucrose preference test was employed to detect the
depressant activity of rats. At the beginning of the
experiment (the day 0), the sucrose preference had no
difference between groups, but significant difference
was observed at the end of the experiment (the 21
day). The sugar consumption in normal rats did not
change, and that of the

DM rats was significantly reduced. Maca ethanolic
extract at doses of 2.4 g/kg and XP at dose of 2.4 g/kg
increased intake of sucrose significantly, whereas
maca ethanolic extract at dose of 1.2 g/kg and maca
crude dose of 2.4 g/kg or 1.2 g/kg had no obvious
effect on sucrose consumption. (Table 2).

Table 2. Effects of Maca ethanolic extract on sucrose
preference test in CUMS rats (mL).

Groups 0d 21std

Con 87.62+2.87 87.37+£2.70
DM 86.9549.65 60.87+6.31***
XP 87.47£3.12 73.22+8.88A
MEH 86.37+£5.98 74.04+11.34A
MEL 85.26+4.60 66.79£7.46
MH 85.51+£5.80 72.80+16.86A
ML 85.06+4.33 72.02+17.89A

*p<0.05, **p<0.01, ***p<0.001 compared with Con

group. Ap<0.05, AAp<0.01, AAAp<0.001 compared with
DM group.

3.4. Radioimmunoassay results

Corticotropin releasing hormone (CRH), adreno-
cortico-tropic-hormone (ACTH) and cortisol (CORT)
were measured using commercial ELISA kits. As
shown in Figure 2, CRH, ACTH and CORT were
both increased by CUMS stimulation, indicating
stress-induced hormones were up-tuned by CUMS.
However, significant decrease was observed in the
positive control (XP) group and high concentration
maca extract group (MEH), indicating the alleviation
of MEH on CUMS-induced stress-related hormone
secretions.
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Figure 2A.
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Figure 2. Effects of XP, MEH, MEL, MH and ML on
CUMS-induced hormone secretion. A. Results of
corticotropin releasing hormone concentration. B.
Results of adreno-cortico-tropic-hormone concentra-
tion. C. Results of cortisol concentration Con, control
group. DM, depression model group. XP, xiaoyao
pills. MEH, administration of maca ethanolic extract
for 2.4g/kg. MEL, administration of maca ethanolic
extract for 1.2g/kg. MH, administration of maca
crude for 2.4g/kg. ML, administration of maca crude
for 1.2g/kg. CRH, Corticotropin releasing hormone.
ACTH, adreno-cortico-tropic-hormone. CORT, corti-
sol. Results were expressed as means = S.D. Statisti-
cal significance test for comparison with control
(untreated) group was done by Student’s t-test. **, p
< 0.01 compared with Con; # p < 0.05 compared
with DM.

4. Discussions

Maca and its extracts were reported for anti-fatigue
effects, immunoregulatory effects, sexual behavior-
regulatory effects and other biological activities (Li
et al; Shin et al; Zheng et al; Gasco et al, 2008). The
present study was designed to evaluate the effects of
maca extract on antianxiety and anti-depressant in
CUMS stimulated rodents. The results indicated that
supplementation with ethanolic extract of maca (2.4
g/kg) significantly improved the performance in be-
havior tests including open-field test, exploration de-
sire in an elevated plus maze test, and preference to
sucrose. An important hormonal response system to
stress—the hypothalamic—pituitary—adrenal (HPA)
axis—may be involved in this process, particularly
stress hormones known as CRH, ACTH and primari-
ly cortisol (Zarei et al, 2017; Nilakanthan et al,
2016). To explore the underlying mechanisms, we
analyzed the stress-induced hormones in those sub-
jects. Results of our study indicate that the improving
effects toward anxiety and depression may be linked
with the regulatory effect on those hormones above.
The actions of HPA hormone system normally are
tightly regulated to ensure that the body can respond
quickly to stressful events and return to a normal
state (Nilakanthan et al, 2016). Genetic background
and environmental stress are main determinants of
HPA axis activity. Among the components of HPA
hormone system, CRH is a peptide hormone involved
in the stress response (Koob et al, 1993; Witnall,
1993). It is a releasing hormone that belongs to corti-
cotropin-releasing factor family. ACTH is often pro-
duced in response to biological stress (along with its
precursor CRH from the hypothalamus). Its principal
effects are increased production and release of corti-
sol by the cortex of the adrenal gland (Bale et al,
2000). Deficiency of CRH and ACTH is a sign of
secondary adrenal insufficiency or tertiary adrenal
insufficiency (Niu, 2018). Conversely, chronically
elevated ACTH levels occur in primary adrenal in-
sufficiency (e.g. Addison's disease) when adrenal
gland production of cortisol is chronically deficient.
Moreover, CRH and ACTH is also related to the cir-
cadian rhythm in many organisms and was related to
suicide behaviors (Blasiak, 2017; Choi et al, 2018;
Helfrich- Forster, 2017). Cortisol is produced by the
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zona fasciculata of the adrenal cortex within the ad-
renal gland. It is released in response to stress and
low blood-glucose concentration. It functions to in-
crease blood sugar through gluconeogenesis, to sup-
press the immune system, and to aid in the metabo-
lism of fat, protein, and carbohydrates. It also de-
creases bone formation (A De Giorgio, 2017; Zorn et
al, 2017). Sustained stress can lead to high levels of
circulating cortisol, which can create an allostatic
load (McEwen et al, 2018). An allostatic load can
lead to various physical modifications in the body's
regulatory networks (Hough et al, 2017; McEwen
and Rasgon, 2018). Changed patterns of serum corti-
sol levels have been observed in connection with ab-
normal ACTH levels, mood disorders in numerous
studies, fundamentally or clinically (Su et al, 2015,
Winters, 1974). To make a brief summarization, the
HPA axis plays an important role in the pathogenesis
of depression disorder and has been recognized by
the academic community. CUMS may stimulate the
HPA to over-excite state, and the adrenal gland then
secrete corticosterone content to stimulate the body
to adapt to the new environment. However, with the
HPA function being continuous intensified, serious
effects on the physical and mental health of the body
may happen and deteriorate the whole-body status. In
the present study, we showed that maca ethanolic
extract could alleviate depressant and anxiety behav-
iors and may contribute to improving the HPA axis
function through adjusting CRH, ACTH and cortisol
profile in CUMS-stimulated rat models. However,
the specific functioning compound is unclear. Based
on the character of ethanolic extraction, we suppose
that macamide may be the functioning compound. A
in silico or in vitro study may help to unveil if maca-
mide possess anti-depressant and antianxiety proper-
ties. Further studies should focus on the underlying
mechanisms as well.

5. CONCLUSIONS

The maca ethanolic extract showed potential regula-
tory activities against chronic unpredicted mild stress
in rats. Evidence showed that the maca ethanolic ex-
tract might function as a regulator by adjusting the
secretion pattern of CRH, ACTH and CORT, through
the hypothalamic-pituitary-adrenal axis.
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