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Abstract
Lepidium meyenii Walp (red maca) is a high Andean plant cultivated since the time of the Incas, and has
innumerable therapeutic properties. The study aims to identify its phytochemical composition using UHPLC–
Q/Orbitrap/MS/MS, and to evaluate its effects on acrylamide-induced oxidative stress. The lyophilized
aqueous extract of red maca (LAqE-RM) was orally administered in doses of 1 and 2 g/kg body weight for 4
weeks. Malondialdehyde (MDA) levels in erythrocytes, brain and liver, as well as hepatic levels of alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) were determined. Administration of
acrylamide for 2 weeks and 4 weeks significantly increased (p <0.001) MDA levels in erythrocytes, brain, and
liver. However, LAqE-RM was able to prevent (p <0.001) an increase in MDA levels in all tissues studied.
Likewise, the groups treated with LAqE-RM presented significantly (p <0.001) lower levels of ALT and AST
compared to the control. Treatment with LAqE-RM ameliorated the acrylamide-induced oxidative stress by
reducing MDA levels in erythrocytes, brain, and liver, and by reducing liver levels of ALT and AST in a dose
dependent manner. Twenty-five secondary metabolites were identified and characterized from LAqE-RM based
on UHPLC mass spectrophotometry, these include; carbolines, alkamides, fatty acids and macamides, which
are probably involved in their antioxidant protective role.

Introduction
Acrylamide is considered by the International Agency for Research on Cancer as a probable class 2A human
carcinogen [1], and a chemical highly reactive substance [2]. Studies have showed that acrylamide are
involved in kidney, endometrial and ovarian cancer [3]. The mechanism involved in acrylamide induced cancer
is still not clear, but genotoxic and non-genotoxic pathways have been suggested [4]. This substance is
absorbed from the gastrointestinal tract, transported to various organs, and metabolized by two pathways.
First, direct conjugation with glutathione, and second, by the formation of glycidamide via cytochrome P450
and subsequent conjugation with glutathione, with both pathways possibly inducing genotoxicity on the
deoxyribonucleic acid [5].

The Swedish National Food Administration reported the presence of acrylamide in food in the year 2002 [6],
obtained as a by-product of the cooking process, when reducing sugars react with asparagine during the
Maillard reaction [7]. Acrylamide concentration are reportedly influenced by cooking temperature, cooking
time, moisture content, and the amount of reducing sugar and asparagine in raw foods [8–10]. Recently, a
higher dietary acrylamide intake was significantly associated with poor physical performance, as well as a
possible risk factor for sarcopenia [11].

Acrylamide induces a disruption of proteins, lipids, nucleic acids functions, activation of the apoptotic
pathway and oxidative stress in the nervous system [12, 13]. Oxidative stress is considered as an imbalance
between pro and antioxidant species, and plays a crucial role in the development of age-related diseases [14].
And Acrylamide also impairs the antioxidant system, causing elevation of reactive substances derived from
thiobarbituric acid, glutathione S-transferase superoxide dismutase in plasma, and decreased glutathione in
liver, kidney, and brain [15]. Polyunsaturated fatty acids in cell membranes are extremely sensitive to increased
ROS [16] and lipid peroxidation of these membranes leads to generation of products, such as
malondialdehyde (MDA). ROS also causes detrimental to DNA, proteins, and certain enzymes [16, 17].
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The use of complementary and alternative medicine (CAM) has increased among patients with different
morbidities, as well in the general population for the general health improvement and maintenance [18]. The
Cruciferae family (Brassicaceae) has 350 genera and more than 2,500 species distributed throughout the
world, among them, the most important is Lepidium meyenii Walp, known as 'maca'. Up to thirteen varieties of
maca are described with different biological properties [19]. Since Inca times, this herbaceous plant is
cultivated at altitudes between 3,800 and 4,500 meters above sea level (m.a.s.l.), and is used by the native
communities for its high nutritional and medicinal value [20]. Currently, maca is no longer only consumed in
the areas of the central Andes, where it is produced, but its use has spread throughout the country [21].
However, despite the species having at least five chemical markers of the macamide class, differences in
chemical profile are often observed between maca varieties and according to geographic origin, and thus,
chemical analysis of the sample is always necessary in studies of biological/pharmacological activities, when
an explanation of the mechanism of action is desired [22].

In this study, we sort to understand the protective effect of Lepidium meyenii Walp (red maca) on acrylamide-
induced oxidative stress in whole organism, such as rat brain, liver, and plasma, and the possible medicinal
components involved.

Material And Methods

Chemicals
2-Thiobarbituric (TBA), iron (III) chloride hexahydrate (FeCl3•6H2O), hydrochloric acid (HCl), sodium chloride
(NaCl), Potassium chloride (KCl), potassium phosphate monobasic (KH2PO4), potassium phosphate dibasic
(K2HPO4), butylhydroxytoluene (BHT), pyridine, acetic acid, glycine, and acrylamide were from Merck- Perú.
Trichloroacetic acid (TCA) was from Fisher Chemical, n-butanol was from Riedel-de Haën and 1,1,3,3-
tetraethoxypropane was from Sigma-Aldrich (St Luis, MO, USA). Ketamine (500mg/10mL) was from
Laboratorio Sanderson S.A. and saline solution (NaCl 0.9%) was from BRAUN MEDICAL.

Plant Material
Dry hypocotyls of Lepidium meyenii Walp (red maca, Juvens) from Carhuamayo, Junín at 4000 m.a.s.l. were
used. Traditionally, dried Maca hypocotyls are boiled and served as juice. For the present study, the aqueous
extract of the hypocotyls was prepared according to the traditional method [23].

Uhplc-ms-ms Chemical Identification Of The Laqe-rm
An equipment UHPLC Waters XEVO TQ-XS system was used for the chemical analysis of L. meyenii extract
(red maca). For the analysis, 10 mg of the dry material were dissolved in 2 mL of methanol and filtered
through a 0.22 µm PTFE filter. Liquid chromatography was performed using an ACQUITY UHPLC HSS C18
column (100 mm × 2.1 mm, 1.8 µm, Waters) operated at 25°C. Mobile phases were 1% formic aqueous
solution (A) and acetonitrile 1% formic acid (B). The gradient program time was started at 10% B at zero time,
then going to 20% B for 6 min, increasing to 50% B in 1 min, then going to 55% B within 7 min, then going to
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90% B in 12 min and, finally, returning to the initial conditions within 4 min. The flow rate was 0.3 mL per min,
and the injection volume was 10 µL. Detection of all compounds was performed using a triple quadrupole
mass spectrometer equipped with an electrospray ion source (ESI) operated in positive and negative
ionization mode. The "cone voltage" was maintained at 40 V. The drying temperature was set at 450°C and the
dry gas flow rate was set at 13 L/min. Nitrogen was used as dry gas, fogging gas and collision gas. The
collision energy was set to 30 eV. HRESIMS and MS/MS spectra were acquired over an m/z range from 50 to
2000 amu.

Animal Treatments
Forty-two Female Sprague-Dawley rats weighing between 150 and 200 g, kept under controlled conditions (12-
h dark/12-h light cycle, 23–25 ºC and 50–60% humidity) as mentioned earlier. The animals received a
standard food pellet and before experiments they were fasted overnight with water ad libitum. The rats were
randomly distributed into seven experimental groups (n = 6 per group), as shown in the following scheme:

Biochemical Procedures
Twenty-four hours after the last day of treatment, the animals were weighed and sacrificed through
decapitation in accordance with the experimental protocols approved by the Ethics Committee for animal
research of the Universidad Nacional de Trujillo.

Malondialdehyde (Mda) Measurements In Erythrocytes
MDA levels were quantified using a method published previously [24]. Briefly, packed erythrocytes were placed
in a test tube with 1.0 mL of phosphate buffered saline (PBS, pH 7.0). The mixture was incubated in a water
bath for 30 min at 37°C. Then proteins were precipitated by adding equal volumes (1.5 mL) of acetic acid (5%,
v/v) and TBA (0.8%; w/v) and the mixture was incubated for 60 min at 90°C. Next, 1.0 mL of KCl (2%, w/v) and
3.0 mL of butanol/pyridine (1:10; v/v) were added. Then, the mixture was shaken and centrifuged at 3000 rpm
for 10 min. Finally, MDA levels were measured spectrometrically at 532 nm.

Lipid Peroxidation In Brain
MDA levels were measured according to a previously described procedure [23]. The brain was kept at 4°C, then
homogenized in ice-cold potassium phosphate buffer (20 mM, pH 7.4) containing 140 mM KCl. Subsequently,
it was centrifuged at 1700 g for 10 minutes at 4°C, the supernatant was collected and incubated in a water
bath at 37°C and in the dark for 60 minutes; Finally, 20 µL of TCA (10%, w/v) were added and it was
centrifuged at 960 g for 10 minutes at 4°C. 1 mL of the supernatant obtained above was taken and 2 mL of
TBA (0.67%, w/v) was added, the mixture was incubated at 100°C for 60 minutes and after cooling on ice for
15 minutes, 4 mL of n-butanol/pyridine (15:1, v/v) and 0.5 mL of distilled water were added. The supernatants
of each of the test tubes were centrifuged at 960 g for 10 minutes at 4°C, the supernatant was removed, and
the reading was performed at 532 nm.
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Lipid Peroxidation In Liver
Initially, the liver was perfused with ice-cold 0.9% NaCl via the portal vein before homogenization. 2 g of the
sample was crushed and homogenized with 50.0 mM of phosphate buffer (pH 7.4) and centrifuged at 10000
rpm for 10 min at 4°C. Then, 50 µL of phosphate buffer (50 mM, pH 7.4), 1 mL of 10% (w/v) of TCA and 450
µL of supernatant were transferred into a new tube and centrifuged at 10000 rpm for 10 min at 4°C. To
measure malondialdehyde levels, 1 mL of TBA (0.67%; w/v) and 1.0 mL of supernatant were taken and mixed.
The mixture was kept in a boiling water bath for 30 min. 4 mL of n-butanol and pyridine (15:1; v/v) was added
after the mixture was cooled down. The values were read using spectrophotometer at 532 nm [24].

Transaminases Levels
Blood samples were centrifuged immediately after extraction at 10,000 rpm for 10 minutes. The supernatant
serum was extracted and frozen. Once all the samples were collected, the serum was thawed at room
temperature and transaminases were quantified using a commercial kit for ALT (alanine aminotransferase)
and AST (aspartate aminotransferase). The results were indicated in IU/L.

Statistical Analysis
GraphPad Prism software (San Diego, CA 92037, USA) was used, n represents the number of animals studied,
and values were expressed as the mean ± standard deviation (SD). For the statistical analysis of the groups, a
one-way or two-way ANOVA was used as appropriate, followed by a Bonferroni post hoc test. A value p of < 
0.05 was considered statistically significant.

Results And Discussion

Characterization of the LAqE-RM by UHPLC–
Q/Orbitrap/MS/MS
Twenty-five compounds were identified in the chromatogram of the LAqE-RM (Fig. 2, Table 1). Fig. S1 (a-h)
(Supplementary materials) shows spectra of compounds detected as examples.

Methyltetrahydro-β-carbolines
Compounds 1–3 were characterized as methyltetrahydro-β-Carbolines. Peaks 1, 2 and 3 with a
pseudomolecular ion [M + H] at m/z: 233, 231 and 235 are tentatively identified as (1R,3S)-1-methyltetrahydro-
beta-5,6-hydridecarboline-3-carboxylic acid, (1R,3S)-1-methyltetrahydro-beta-5,6-hydridecarboline-3-carboxylic
acid and (1R,3S)-1-methyltetrahydro-beta-5,6-hydridecarboline-3-carboxylic acid, presenting in common the
fragment m/z = 91 amu, related to the C2H4NH2 from methyltetrahydro ring and its attached COOH [25].

Alkamides
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Alkamides were represented by the substances 6, 10, 13 and 14. Pseudomolecular ions [M + H] at m/z: 227,
291, 353 and 357 were identified as 1-benzyl-2-propane-4,5-dimethylimidazilium, 1,3-dibenzyl-2,4,5-
trimethylimidazilium, 1,3-dibenzyl-2-phenyl-4,5-dimethylimidazilium and 1,3-dibenzyl-2-pentyl-4,5-
dimethylimidazilium, respectively [25]. Substances 6 and 10 presented the characteristic loss of benzylic
function (m/z = 91 amu), at m/z = 135 and 200 amu, respectively, while the substances 13 and 14 gave the
fragments m/z = 185 and 277 amu, related to the loss of benzylic and phenyl groups and pentyl group,
respectively.

Fatty Acids
Substances 7, 8, 11 and 14–18 were identified as 16-hydroxy-9-oxo-10E,12E,14E-octadecatrienoic acid, 9,16-
dioxo-10E,12E,14E-octadecatrienoic acid, 9-hydroxy-10E,12Z,15Z-octadecatrienoic acid, 13-oxo-9Z,11E-
octadecadienoic acid, 13-oxo-9E,11E-octadecadienoic acid, 9-oxo-10E,12Z-octadecadienoic acid, 9-oxo-
10E,12E-octadecadienoic acid and 5-oxo-6E,8E-octadecadienoic acid, respectively. The two first fatty acids
presented pseudomolecular ions [M + H] at m/z: 309 and 307, while the other substances presented ions [M + 
H] at m/z 295, according to the literature [26]. The substances 14 and 15 presented characteristic fragments
at m/z: 124 amu, related to the fragmentation between the two double bonds and loss of COOH, and 189,
related to consequently loss of C5H5. The substances 16 and 17 presented the fragment at m/z: 151 amu,
related to the fragmentation between the two double bonds and loss of COOH. The same type of
fragmentation is also seen in the substance 18, generating a fragmentation at m/z: 95 amu, followed by the
loss of methyl terminal group (m/z: 81 amu). These fragmentation mechanisms were also observed for the
substances 7, 8 and 11, generating the fragments at m/z: 185 and 171 amu.

Macamides
The compounds 19–25 were identified as the macamides N-benzyl-13-oxo-9Z,11E-octadecadienamide, N-
benzyl-13-oxo-9E,11E-octadecadienamide, N-benzyl-9-oxo-10E,12Z-octadecadienamide, N-benzyl-9-oxo-
10E,12E-octadecadienamide, N-benzyl-5-oxo-6E,8E-octadecadienamide, presenting pseudomolecular ions [M + 
H] at m/z: 384, and N-(3-Methoxybenzyl)-(9z,12z,15z)-octadecatrienamide and N-benzyl-9-oxo-12E-
octadecenamide, with pseudomolecular ions [M + H] at m/z: 398 and 386, respectively [26]. The substances
19–23 presented two characteristic fragments at m/z: 91 and 108, which in turn, came from the cleavages at
amide group, including or not the nitrogen atom. The substance 24 generated the same mechanism of
fragment, which gave the m/z: 124 and 138 amu. In its turn, the substance 25 presented the fragment m/z = 
260, related to the loss of C9H16 from the cleavage between the carbonyl group and adjacent carbon.

Other Compounds
The substance 4 was identified as the benzyl isothiocyanate, presenting a pseudomolecular ion [M + H] at
m/z: 150, with fragments at m/z: 91 and 77 amu, related to the loss of NCS group and the consequently loss
of CH2, respectively. The substance 5 was tentatively identified as N-(3-hydroxy-benzyl)-2Z-
fivecarbonacrylamide, with a pseudomolecular ion [M + H] at m/z: 180, and a consequently loss of water,
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generating the m/z = 162 amu. The next loss of fivecarbonacrylamide group is also seen with the fragment
m/z = 82 amu [25, 27]. Furthermore, the substance 9 was identified as 3-benzyl-1,2-dihydro-N-hydroxypyridine-
4-carbaldehyde, presenting a pseudomolecular ion [M + H] at m/z: 216 and the fragments at m/z: 198 and 91
amu, related to the loss of water and the benzylic group, respectively [25].
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Table 1
Chemical composition of the LAqE-RM extracts by UHPLC-MS-MS

N° Compounds Rt [M + H]
(m/z)

Main Fragments
(m\z)

Ref.

1 (1R,3S)-1-methyltetrahydro-beta-5,6-
hydridecarboline-3-carboxylic acid

5.30 233 187, 91 [25]

2 (1R,3S)-1-methyltetrahydro-carboline-3-carboxylic
acid

5.71 231 143, 91 [25]

3 (1R,3S)-1-methyltetrahydro-beta-5,6,7,8-
dihydridecarboline-3-carboxylic acid

7.29 235 189, 91 [25]

4 Benzyl isothiocyanate 7.93 150 91, 77 [27]

5 N-(3-hydroxy-benzyl)-2Z-fivecarbonacrylamide 8.21 180 162, 82 [25]

6 1-benzyl-2-propane-4,5-dimethylimidazilium 8.88 227 135, 91 [25]

7 16-hydroxy-9-oxo-10E,12E,14E-octadecatrienoic acid 9.64 309 277, 185, 124, 91 [26]

8 9,16-dioxo-10E,12E,14E-octadecatrienoic acid 9.75 307 292, 215, 185,
121, 91

[26]

9 3-benzyl-1,2-dihydro-N-hydroxypyridine-4-
carbaldehyde

9.83 216 198, 91 [25]

10 1,3-dibenzyl-2,4,5-trimethylimidazilium 9.84 291 200, 91 [25]

11 9-hydroxy-10E,12Z,15Z-octadecatrienoic acid 10.09 295 277, 175, 121,
93, 81

[26]

12 1,3-dibenzyl-2-phenyl-4,5-dimethylimidazilium 11.07 353 185, 171, 91 [26]

13 1,3-dibenzyl-2-pentyl-4,5-dimethylimidazilium 12.56 347 277, 199, 91 [25]

14 13-oxo-9Z,11E-octadecadienoic acid 20.24 295 277, 189, 135,
124

[25]

15 13-oxo-9E,11E-octadecadienoic acid 20.38 295 277, 189, 135,
124

[26]

16 9-oxo-10E,12Z-octadecadienoic acid 20.72 295 277, 217, 151,
124

[26]

17 9-oxo-10E,12E-octadecadienoic acid 20.90 295 277, 217, 151,
124

[26]

18 5-oxo-6E,8E-octadecadienoic acid 21.29 295 277, 95, 81 [26]

19 N-benzyl-13-oxo-9Z,11E-octadecadienamide 23.01 384 367, 283, 277,
260, 108, 91

[26]

20 N-benzyl-13-oxo-9E,11E-octadecadienamide 23.15 384 367, 283, 277,
260, 108, 91

[26]

21 N-benzyl-9-oxo-10E,12Z-octadecadienamide 23.63 384 367, 277, 260,
108, 91

[26]
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N° Compounds Rt [M + H]
(m/z)

Main Fragments
(m\z)

Ref.

22 N-benzyl-9-oxo-10E,12E-octadecadienamide 23.82 384 367, 277, 260,
108, 91

[26]

23 N-benzyl-5-oxo-6E,8E-octadecadienamide 23.86 384 277, 91 [26]

24 N-(3-Methoxybenzyl)-(9z,12z,15z)-
octadecatrienamide

24.20 398 275, 138, 124, 89 [26]

25 N-benzyl-9-oxo-12E-octadecenamide 24.72 386 259, 91 [26]

As shown in Table 1, macamides are N-benzylamides of long-chain fatty acids (LCFAs) and are the key
bioactive components of red maca. Therefore, its improvements in neural cell viability are attributed to the
prevention of mitochondrial membrane depolarization and reduced induction of ROS [28]. Also, there have
been reported that supplementation with N-benzyloleamide and N-benzylinoleamide of L. meyenii significantly
reduced MDA content in liver and brain, thus protecting against oxidative damage induced by prolonged
exercise [29]. Another previous study suggested that L. meyenni exhibits strong antioxidant activity and
inhibition of lipid peroxidation in rats with hereditary hypertriglyceridemia [30]. A recent study showed that red
maca aqueous extract decreased serum MDA levels in rats, both at sea level and at high altitude [20].

Laqe-rm Prevents Pro-oxidant Effects Induced By Acrylamide
To the best of our knowledge, this study is the first to report that red maca prevents oxidative stress induced
by acrylamide in the whole rat organism. We found that treated group with LAqE-RM for 4 weeks significantly
(p < 0.001) decreased MDA levels induced by acrylamide exposure (4 mg/Kg body weight) for 2 weeks. For
erythrocytes (1.0 g/kg: 3.47 ± 0.09 nmol/mL and 2.0 g/kg: 2.92 ± 0.08 nmol/mL vs. control: 5.55 ± 0.12
nmol/mL; Fig. 3a), brain (1.0 g/kg: 4.72 ± 0.16 nmol/g tissue and 2.0 g/kg: 3.77 ± 0.12 nmol/g tissue vs.
control: 5.7 ± 0.35 nmol/g tissue; Fig. 3c) and liver (1.0 g/kg: 3.91 ± 0.18 nmol/mL and 2.0 g/kg: 2.85 ± 0.42
nmol/mL vs. control: 5.83 ± 0.29 nmol/mL; Fig. 3e).

Even after a 4-week treatment with acrylamide, LAqE-RM significantly (p < 0.001) decreased lipid peroxidation
on erythrocyte (1.0 g/kg LAqE-RM: 5.5 ± 0.07 nmol/mL and 2.0 g/kg LAqE-RM: 3.76 ± 0.07 nmol/mL vs.
control: 6.85 ± 0.08 nmol/mL; Fig. 3b), brain (1.0 g/kg LAqE-RM: 5.98 ± 0.24 nmol/g tissue and 2.0 g/kg LAqE-
RM: 5.14 ± 0.09 nmol/g tissue vs. control: 8.63 ± 0.52 nmol/g tissue; Fig. 3d) and liver (1.0 g/kg LAqE-RM:
4.86 ± 0.28 nmol/mL and 2.0 g/kg LAqE-RM: 3.93 ± 0.07 nmol/mL vs. control: 6.97 ± 0.06 nmol/mL; Fig. 3f ).
Therefore, these findings and above strongly suggest that the treatment with red maca prevents oxidative
stress induced by acrylamide in vivo. Zhang et al. [31] demonstrated that the polysaccharides of L. meyenii
could have high antioxidant activity in vitro and in vivo. The authors based their conclusions on the observed
increase of superoxide dismutase, glutathione peroxidase and glutathione S-transferase, leading to the
decrease of MDA.

Red maca has a higher percentage of glucosinolates compared to other varieties [32], among the main
glucosinolates found we have; glucosinalbin, glucotropaeolin, glucolimnanthin and glucoalyssin [33–35],
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which has been reported for their antioxidant effect [36].

Since treated group with acrylamide presented the highest MDA levels compared to the naïve group, it
confirmed the pro-oxidant effects of acrylamide on the erythrocyte, brain, and liver of rats (Fig. 3). Previous
studies reported that acrylamide increases oxidative stress characterized by a significant increase in ROS and
MDA levels, as well as an increase in superoxide dismutase and catalase activities [37, 38]. Exposure to
acrylamide can attenuate glutathione (GSH) content and elevate MDA level and damage different tissues like
brain and liver, showing an important role of oxidative stress in acrylamide-induced toxicity [13].

Laqe-rm Prevents Liver Toxicity Effects Induced By
Acrylamide
Additionally, two parameters were used to evaluate liver toxicity: alanine aminotransferase (ALT) and
aspartate aminotransferase (AST). ALT is more sensitive and specific as an indicator of liver cell integrity and
function; therefore, a higher ALT level is an excellent predictor to indicate liver damage [39]. Meanwhile, AST is
found equally abundant in liver and cardiac cells, thus elevated AST can detect liver or cardiac damage, or
both [39].

In the present study, acrylamide (4 mg/kg body weight) significantly increased ALT and AST levels (Fig. 4)
compared to the naive group. In agreement with previous studies, these data show that acrylamide impairs
several biochemical parameters, such as transaminase levels, which are directly related to liver dysfunction
[40, 41].

In contrast, treated group with LAqE-RM for 4 weeks significantly (p < 0.001) decreased ALT and AST levels
induced by acrylamide exposure (4 mg/kg body weight) for 2 weeks. Rats treated with the LAqE-RM had
significantly (p < 0.001) lower levels of ALT (1.0 g/kg LAqE-RM: 44.37 ± 0.64 IU/L and 2.0 g/kg LAqE-RM:
36.37 ± 0.88 IU/L vs. control: 64.77 ± 0.91 IUI/L; Fig. 4a) and AST (1.0 g/kg LAqE-RM: 40.61 ± 0.61 IU/L and
2.0 g/kg LAqE-RM: 34.75 ± 0.51 IU/L vs. control: 50.69 ± 1.1 IU/L; Fig. 4c) when acrylamide was given post-
treatment for 2 weeks.

In similar way, after 4 weeks exposure of rats to acrylamide, LAqE-RM pretreatment significantly (p < 0.001)
reduced liver damage, as evidenced by low ALT levels (1.0 g/kg LAqE-RM: 56.2 ± 0.96 IU/L and 2.0 g/ kg LaqE-
RM: 41.13 ± 0.56 IU/L vs. control: 83.07 ± 1.62 IU/L; Fig. 4b) and AST (1.0 g/kg LaqE-RM: 53.06 ± 0.55 IU/L
and 2.0 g/kg LaqE-RM: 38.61 ± 0.59 IU/L vs. control: 72.89 ± 0.64 IU/L, Fig. 4d).

On the other hand, a directly proportional correlation can be seen between the increase in ALT and AST levels
and the increase in MAD levels in the liver (Fig. 5).

This protective effect on liver function was dose dependent. Polysaccharides from L. meyenii have been
shown to possess hepatoprotective activity, reducing AST and ALT levels in mice with alcohol-induced liver
injury [31]. Pretreatment with L. meyenii significantly suppressed the production of aminotransferases and
inflammatory cytokines, through a molecular mechanism involving the NF-Κb, IFN-γ/STAT1 and IL-6/STAT3
molecular pathways [42]. Finally, the presence of polyphenols, glucosinolates, alkamides and polysaccharides
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in L. meyenii would be responsible for the antioxidant effect [43]; although, the alkaloids present would
contribute better to the antioxidant capacity compared to phenols [44], on the other hand; a 1067.3 kDa
polysaccharide called MP-1 could be directly responsible for the hepatoprotective activity of L. meyenii [31].

Conclusions
Treatment with Lepidium meyenii Walp (red maca) attenuates acrylamide-induced oxidative stress, as it
reduces MDA levels in erythrocytes, brain, and liver, and prevent liver toxicity, as well as levels of ALT and AST
in a dose-dependent manner. Twenty-five secondary metabolites were identified and characterized in Lepidium
meyenii Walp (red maca) based on UHPLC mass spectrophotometry analysis. These include; carbolines,
alkamides, fatty acids, and macamides. Natural product such as macamides are likely to support the
protective antioxidant role of maca on oxidative stress and liver toxicity.
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Figures

Figure 1

Scheme of treatment in the model of oxidative stress induced by acrylamide. Two protocols were carried out.
First, rats treated with acrylamide for 2 weeks: Control I, Problem Ia and Problem Ib. Second, rats treated with
acrylamide for 4 weeks: Control II, Problem IIa and Problem IIb. Schematic representation of treatments made
in https://biorender.com/ (accessed on 27 March 2022)
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Figure 2

Chromatogram of UHPLC-MS-MS analysis of LAqE-RM presenting the main substances of each class
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Figure 3

Effect of the LAqE-RM on acrylamide-induced oxidative stress. Animals were treated with LAqE-RM for 4
weeks and then exposed to acrylamide for 2 weeks or 4 weeks. Lipid peroxidation levels expressed as MDA in
(a,b) erythrocytes, (c,d) brain and (e,f) liver. Significant differences between groups (mean ± SD). *** p<0.001
compared to respective control group and ### p < 0.001 compared to naïve group
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Figure 4

The LaqE-RM prevents an increase of (A) Alanine aminotransferase and (B) Aspartate aminotransferase levels
on acrylamide-treated rats. Animals were treated with LaqE-RM for 4 weeks and then exposed to acrylamide
for 2 weeks or 4 weeks. Significant differences between groups (mean ± SD). *** p<0.001 compared to
respective control group and ### p < 0.001 compared to naïve group
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Figure 5

Alanine aminotransferase (ALT) and Aspartate aminotransferase (AST) levels and its correlation with liver
malondialdehyde levels on rats exposed to acrylamide for 2 weeks (a,c) or 4 weeks (b,d). Pearson's r
correlation coefficient shows a highly significant positive correlation (p < 0.001) between the levels of MDA
and hepatic transaminases
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