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Background: As a functional food factor, quinoa saponins are valuable as additives and in medical care,
pharmaceutical development, cosmetics and other fields. However, few studies have investigated the
toxicity of saponins. The main purpose of this study was to evaluate the toxicity of crude saponins
extracted from quinoa husks. Thus, acute toxicity and excretion experiments were carried out in rats.
The Ames test, micronucleus test and mouse sperm aberration test were carried out in mice. Results: In
the acute toxicity study, the obtained LDsg was more than 10 g per kg per bw for both sexes, the food
intake of all rats decreased over a period of time, and some rats developed diarrhea. In the case of large-
dose gavage, the saponin excretion time in rats was approximately four days. When the dosage was
10 mg kgfl, quinoa saponins were hydrolyzed into aglycone within 24 hours and excreted out of the
body. The results of the mutagenicity experiment showed that saponins had no mutagenicity in mice.
Conclusion: This work has demonstrated that quinoa saponins have limited acute toxicity effects, which

rsc.li/rsc-advances

Introduction

Quinoa is a traditional food in the Andes." Recently, there has
been a large amount of interest in quinoa, which contains a very
high content of protein, minerals, vitamins and phytochemicals
such as phenolic acids, flavonoids and saponins.> Due to the
lack of gluten, some people classify this pseudocereal as
a “superfood”.** In addition to its high nutritional value,
quinoa can be grown on marginal lands because it adapts to
different climate and soil conditions.> As saponins affect the
taste of quinoa, some varieties of sweet quinoa were invented.
However, these varieties contain few saponins (<0.11% free
saponins) and tend to have a low resistance to insects and
birds.*” Quinoa can increase endurance, promote health and
prevent and treat obesity, cardiovascular diseases, diabetes,
cancer and other diseases.? In the late 1970s, quinoa production
started to experience a renaissance within South America, not
only for domestic consumption but also for export.® Quinoa
cultivation is in the process of rapid expansion outside its
traditional cultivated areas with good yields. To date, quinoa is
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provides a theoretical basis for their rational utilization.

presently cultivated or tested in 95 countries worldwide.'>"*
However, the processing of quinoa for food can produce
approximately 8-12% husks, which are usually discarded
because of their bitter saponins. Moreover, quinoa husks are
usually burned or discarded without being utilized.*?

The saponins in quinoa are triterpenoid glucoside
compounds and are distributed throughout the plant, mainly in
the mammary cells of the outermost layer (husks), with a total
content of approximately 2-6% of the grain weight."*** They
have a bitter and anti-nutritional effect, impeding consump-
tion, and in order to improve sensory quality and consumer
acceptance, the amount of this substance is usually reduced or
removed from the outside of grain by grinding or washing.'®*”

Most of the reported bioactive compounds of quinoa are
polysaccharides and phenolic acids.'**® In recent years, many
studies have characterized saponins from various perspectives
(e.g., bacteriostatic, anti-inflammatory, antidiabetic, antioxi-
dant, antiobesity, etc.).”** In addition, Ruiz and other
researchers made a molluscicide from quinoa saponins, which
had good effects.?® What's more, Ruiz did some basic toxico-
logical studies including acute oral/dermal/inhalation toxicity of
saponin powders in rats, acute eye/dermal irritation/corrosion
effects of saponin powder in rabbits, skin sensitization of
saponin powder in guinea pigs and other acute toxicity tests for
fish/algae/microcrustaceans.” However, few studies on the toxicity
and excretion of quinoa saponin have been performed,”* no
information is available on the mutagenic, teratogenicity and sub-
chronic (90 day) oral toxicity of quinoa saponin. Regardless of
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discarding quinoa husk or removing saponins, a large amount of
saponins will be exposed to the living environment. At present,
saponins have been proved to have a large number of biological
active functions, and eating saponins is beneficial to human
health. However, the consequences of long term consumption of
saponins for human health are still unknown. Therefore, it is
necessary to study the safety evaluation of saponins. We isolated
crude saponins from quinoa, identified their chemical properties,
and selected 4 tests to evaluate their safety. The present study was
undertaken to assess the potential toxicity of quinoa saponin and
better understand the safety of quinoa saponins and to research
whether quinoa saponins are harmful to human health. The work
flow of this study are shown in Fig. 1.

Materials and methods
Drug and chemicals

Chenopodium quinoa Willd was obtained from Jingle Yilong
Quinoa Co., Ltd. Quinoa saponin Q; (3-O-B-p-glucopyranosyl-(1—
3)-o-t-arabinopyranosyl-phytolaccagenic acid 28-O-B-p-glucopyr-
anosyl) was prepared in the laboratory with >98% purity. Chro-
matographic grade methanol and acetonitrile were obtained from
Fisher (America). All other reagents were analytical grade. The
Ames kit was obtained by Huizhi Taikang Biochemical Co., Ltd.

Extraction of the crude saponins

Saponins were extracted from quinoa husks according to
a previously described method.*® Briefly, quinoa husk powder
was ultrasonically extracted twice with 75% ethanol (1 : 8 and
1:6) for 1 h and for 30 min, respectively, and the supernatants
were combined. Rotary evaporation was conducted and
condensed at 60 °C. The concentrate was extracted with ethyl-
acetate (3 x), petroleum (3 x), and n-butanol (3 x) until colorless.
The n-butanol fraction was collected, evaporated and lyophi-
lized by freeze-drying and stored at —20 °C until usage to obtain
the crude quinoa saponin.

The chromatographic conditions

HPLC analysis was performed, the SHIMADZU Prominence LC-
20A HPLC instrument (Shimadzu Corporation) and a YMC-ODS
Pack column (4.6 mm x 250 mm, YMC Co., Ltd.) was used. The
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Fig.1 A work flow of this study.
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Table 1 Toxicity grading standards

Toxicity classification One oral (mg kg ™)

Level 6, very poisonous <1

Level 5, highly toxic 1-50

Level 4, moderate poison 51-500
Level 3, low toxicity 501-5000
Level 2, practically non-toxic 5001-15 000
Level 1, non-toxic >15 000

parameters of the HPLC were conducted according to the methods
of Xue Peng." The detection wavelength was set at 202 nm and the
column oven was maintained at 25 °C. Solvent A was water and
solvent B was acetonitrile. The linear UPLC gradient elution
programs were used as follows: 5 min 10% B; 10 min 15% B;
15 min 20% B; 35 min 28% B; 50 min 40% B; 60 min 60% B;
70 min 70% B and 75 min 10% B. The separation was operated at
a flow rate was of 1 mL min~" and the injection volume was 10 pL.

LC-MS analysis

Chromatographic analysis was performed on Thermo Scientific
Ultimate Standard system (Thermo, America) equipped with
a binary pump, an auto plate-sampler, an online degasser, and
a thermostatically controlled column compartment. Sample
separation was achieved on a Hypersil GOLD™ column
(Thermo Scientific, 1.9 p particles, 100 mm x 2.1 mm) with
a constant flow rate of 0.3 mL min~'. The mobile phase was
composed of acetonitrile (solvent A) and water (solvent C), using
a gradient elution of 90-54% C at 0-10 min, 54-26% C at 10—
15 min, 26-0% C at 15-22 min, 0-90% C at 22-30 min. The
sample volume injected was set at 4 pL.

Detection was performed by a Q-Exactive mass spectrometer
(Thermo Scientific, America) with HESI source. The operating
parameters were optimized as follows: sheath gas flow rate, 30
L min; aux gas flow rate, 8 L min~*; spray voltage, 3.2 KV; capillary
temperature, 320 °C and aux gas heater temp, 310 °C. Mass spectra
were recorded across the range m/z 150-2000 in negative modes.

Animals and treatment

Male and female specific pathogen-free (SPF) adult Wistar rats
(140-180 g) for acute toxicity and SPF Kunming mice (20-30 g)
for the mouse sperm aberration test and micronuclear experi-
ment were obtained from Jinan Pengyue Experimental Animal
Breeding Co., Ltd. under license number SCXK (LU) 20140007.

Animal rooms were maintained at a temperature of 25 + 3 °C
and a relative humidity of 40%, and animals had free access to
tap water and a standard diet. An automatic air circulation
system was used for air exchange to ensure the normal
breathing of rats, and disinfection was regularly performed. All
rats were acclimatized for one week before starting the experi-
ments, and then they were kept individually in cages.

Acute toxicity study

Experimental design. To determine the toxicity of quinoa
saponins and to identify the LDs,, experiments were conducted

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig.2 (A) Liquid phase map of saponins in Chenopodium quinoa husks. (B) (A) Monomer structure formula of Q1. (B) Monomer structure formula

of Q2. (C) Monomer structure formula of Q3. (D) Monomer structure formula of Q4. (E) Monomer structure formula of Q5. (F) Monomer structure

formula of Q6.

according to the methods of GB/T 21757-2008 and Li.*”” After a few
days of quarantine and acclimation, fifty SPF-grade Wistar rats
were randomly divided into five groups, with 10 rats in each group
(5 females and 5 males), and reared in cages. Saponins were dis-
solved in purified water and administered by oral gavage once
a day at the doses of low-dose group (1.00 g kg™ '), medium-dose
group (2.15 g kg™ "), high-dose group (4.64 g kg™ ') and ex high-
dose group (10.0 g kg™ ") after fasting for 24 h. The control group
was given the same volume of water. Clinical signs were monitored
continuously for 4 h after dosing. Each rat was observed for 14

© 2021 The Author(s). Published by the Royal Society of Chemistry

days, and clinical signs, mortality and the body weight of each rat
were measured with an electronic scale. The LD5, was calculated
according to Horn's method.” If the LDs, was not detected, no
further testing was required because the concentration of the
highest dose group reached 10.0 g kg™, which is far greater than
the pharmacologically relevant equivalent dose. According to
toxicological toxicity classification standards, it is already practi-
cally nontoxic. The classification standards are shown in Table 1.

Clinical observation. Animals were observed for any mori-
bundity, general health status and signs of toxicity. Clinical

RSC Adv, 2021, 11, 4829-4841 | 4831
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Saponin dose (g per

Food utilization

Sex kg per body weight) Food intake (g) Body weight (g) rate (%)
Male 0 444.00 £ 6.07 138.00 + 10.66 31.06 £+ 1.84
1 420.00 £ 7.32%* 106.00 + 14.78* 25.35 + 2.88*
2.15 410.00 £ 6.98** 95.00 £+ 9.66** 23.14 £ 2.05**
4.64 428.00 £ 7.57** 108.00 + 17.78* 25.28 + 4.39%
10 375.00 £ 9.29%* 97.00 £+ 13.57** 25.68 + 2.80*
Female 0 262.00 £ 4.56 67.00 £ 9.27 25.54 £ 3.09
1 247.00 £ 5.01%* 51.00 £+ 3.81* 20.63 £+ 1.12*
2.15 233.00 £ 7.68** 44.00 + 6.53** 18.84 + 2.18**
4.64 242.00 £ 8.52* 46.00 + 0.57** 19.02 £ 0.43**
10 226.00 £ 13.10%* 44.00 + 10.58%* 19.33 + 3.57%*

“ All data are means + standard deviation (n = 5 in each group, **Significant difference at P < 0.01 level when compared with the control group,

*Significant difference at P < 0.05 level when compared with the control group).

observations were carried out, including monitoring eating and
drinking behaviors, skin, fur, gait, posture, abnormal sensitivity
to external stimuli, abnormal urine and feces, shortness of
breath, stereotyped or bizarre behavior and other toxic reactions
or death. The food conversion efficiency (weight gain/100 g food
consumed) during the 14 days of the study was also calculated.

Hematology, serum biochemistry and histopathological
examinations. At the end of the experiment, all remaining rats
were euthanized by anesthesia, and blood samples were
collected from the retroorbital plexus for hematology and serum
biochemistry analysis. The hematological evaluations included
red blood cell count (RBC), neutrophil count (NEUT), lympho-
cyte count (LYMPH) and white blood cell count (WBC). Serum
chemistry parameters included total protein (TP), albumin
(ALB), alanine aminotransferase (ALT) and aspartate amino-
transferase (AST). A complete necropsy was performed for each

control ex high-dose

intestine

liver

spleen

hjgh-dose

animal. During the necropsies, the organs of each animal,
including the kidneys, liver and spleen, were weighed separately
(Mettler-Toledo PL203; USA), and the viscera coefficient was
calculated. Kidney, liver, spleen and intestine were preserved in
10% oxymethylene. After routine processing, 5 pm paraffin
sections of the above organs were cut and stained with eosin for
microscopic examination.

Ames test. The assays were modified according to the plate
incorporation procedure described by Maron and Ames.* The
following solution concentrations were used: 4, 2, 1 and 0.5 mg
mL ™. Experiments with all strains were conducted with and
without the addition of S9 mix. Negative and positive controls
were performed in parallel in each experiment. The positive
control contained only the standard mutagen without the test
substance, the solvent control included all the reagents except
the test substance and the standard mutagen, and the negative

low-dose

Fig. 3 H&E staining of the intestine, liver, spleen and kidney (200x). Scale bar = 50 pm.
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Table 3 ~Yya

Effect of quinoa saponin on organ index in rats (mg g

Biochemical parameters (M + SD) (%)

Gender Dose level Liver index Spleen index  Kidney index

Male Control 33.21 £1.97 1.72 £ 0.09 7.56 £ 0.47
Low-dose 34.03 £ 2.65 1.69 £ 0.04 7.57 £0.53
Medium-dose 31.47 £ 3.63 1.84 £ 0.13 7.45 £ 0.68
High-dose 4.16 £2.47 1.87 £ 0.06 7.54 £0.48
Ex high-dose  38.44 £2.39 2.11 £ 0.17** 7.74 £ 0.50

Female Control 30.47 £1091 2.33 £0.15 8.47 £0.36
Low-dose 31.39 £ 2.63  2.21 £+ 0.09 8.96 + 0.42
Medium-dose 29.70 £ 2.08  2.15 £ 0.07 8.50 £0.18
High-dose 30.86 & 1.63  2.20 &£ 0.15 8.27 £ 0.07
Ex high-dose  33.42 +£1.80 2.78 £ 0.11** 8.29 £ 0.12

4 **Significant difference at P < 0.01 level when compared with the
control group.

control contained only the bacterial solution. The plate was
mixed well and poured into the plate, and the result was
observed after incubation at 37 °C for 48 h. The experiment was
repeated three times, and the average was obtained. The test
substance was considered mutagenic if it reproducibly induced
a two-fold increase in the number of mutants with at least one
concentration in strains TA97, TA98, TA100 and TA102, both
compared to the corresponding negative controls. A dose-effect
relationship was also considered as an indication of mutagenic
potential.

Micronuclear test. Fifty SPF-grade Kunming mice were
randomly divided into five groups, with 10 mice in each group
(20-30 g), and reared in cages. Saponins were dissolved in
purified water for the three experimental groups, the high-dose
group (5.00 g kg~ "), medium-dose group (2.50 g kg™') and low-
dose group (1.25 g kg '), which received an 20 mL per kg per bw
oral gavage. The negative control group was given the same
volume of water by oral gavage, and the positive control group
was given cyclophosphamide (CTX) at 40 mg kg™ ' by intraper-
itoneal injection. The bone marrow was squeezed into one end
of the glass slide with bovine serum. Then, another clean glass
slide was used to completely mix the serum and bone marrow,
the slide was quickly pushed and air dried. The slides were fixed
with methanol for 15 min, stained with Giemsa for 15 min and

Table 4 Hematology analysis of rats®

View Article Online

RSC Advances

washed with distilled water. The number of micronucleated
polychromatic erythrocytes (MNPCEs) per 1000 polychromatic
erythrocytes (PCEs) was analyzed by an automatic micronucleus
analyzer. The cytotoxic index [PCEs/(PCEs + NCEs) (normo-
chromatic erythrocytes)] of quinoa saponins was calculated
based on the evaluation of 200 erythrocytes per animal.*

Mouse sperm aberration test. The mouse sperm aberration
test was conducted according to OECD genetic toxicology
guidance and Wang literature,*" and some steps were modified.
Forty male mice were randomly divided into five groups by the
random number method. The dose, gavage volume, and nega-
tive and positive controls were the same as in section acute
toxicity study, and the animals were continuously exposed for 5
days. On the 30th day after exposure, the mice were sacrificed.
After exposing the testicles, the mouse abdominal cavity was cut
open. The bilateral epididymides of mice were collected and
placed into a culture dish containing physiological saline, and
then the epididymides were cut vertically by using ophthalmo-
logical scissors once or twice. The sperm suspension was
squeezed onto a glass slide and pushed by another slide, air
dried and fixed in methanol for 15 min. After air drying, the
slide was stained with 1% eosin for 1 h and washed with
distilled water. A microscope was used to observe the sperm
after staining, and the number of sperm with no hook, a fat
head, a folded tail, two heads, or two tails or that appeared
banana-shaped or amorphous, which were considered
abnormal sperm, per 1000 sperm, were counted, and the inci-
dence of sperm deformity was calculated and analyzed by
appropriate statistical methods.** The criteria were a sperm
deformity rate of the test substance that was a multiple of the
negative control or a significant difference after statistical
analysis and a dose-response relationship.

Study on the transformation of saponins in the rat intestine.
Four Wistar rats (2 females and 2 males) were reared in each
cage. Qs (3-O-B-p-glucopyranosyl-(1— 3)-a-L-arabinopyranosyl-
phytolaccagenic acid 28-O-B-p-glucopyranosyl) was dissolved
in purified water and orally administered at a dose of 10 mg
kg ! after acclimatization. Fecal samples were collected 0 h, 6 h,
24 h, 48 h, 72 h and 96 h after intragastric administration and
dried at 60 °C. While conducting acute toxicity tests, fecal
samples were collected twice daily at 14 : 00 and 20 : 00 on days

Group WBC RBC NEUT% LYMPH%
Male Control 9.76 + 1.24 7.78 + 0.14 7.75 + 1.51 89.46 + 1.01
1gkg™ 10.26 + 0.94 7.41 + 0.38 5.72 + 0.34 90.71 + 0.55
2.15 g kg ™! 9.57 + 2.15 7.94 + 0.20 8.70 + 1.05 88.62 + 0.40
4.64 gkg™! 9.43 + 1.25 7.73 £ 0.12 9.53 + 1.53 86.47 + 1.12
10 g kg™ 8.03 + 2.10 7.42 + 0.48 7.61 + 1.84 86.58 + 3.37
Female Control 7.32 + 0.20 8.26 + 0.40 14.25 + 0.95 92.52 + 5.99
1gkg™ 8.44 + 0.49 7.82 + 0.33 24.37 + 1.24% 76.83 + 1.30*
2.15 gkg™! 8.13 + 0.29 7.81 + 0.30 26.37 + 4.98% 77.84 + 0.48*
4.64 g kg™ 7.13 + 0.55 8.01 + 0.26 27.40 + 0.85% 78.27 + 0.41*
10 g kg 7.80 + 1.01 7.53 + 0.73 23.36 + 0.15% 77.74 + 2.70%

“ Values are presented as the mean + SD (n = 10). *Significant difference at P < 0.05 level when compared with the control group.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Table 5 Serum biochemical analysis of rats®
Dose group ALT (UL AST (UL TP (g L) ALB (gL
Male Control 48.42 + 1.18 90.56 + 7.98 54.53 + 3.05 39.3 £+ 2.75
1gkg! 41.27 + 2.37* 107.29 + 14.18 51.52 + 2.25 34.40 + 1.81
2.15g kg ! 38.36 + 7.25* 84.40 + 2.05 49.36 + 1.82 33.53 + 1.63
4.64 g kg ! 39.30 + 4.35* 90.90 + 10.75 54.50 + 3.08 36.13 + 2.24
10 g kg™" 37.17 £ 2.76* 96.07 + 0.87 51.97 + 3.20 35.80 + 2.95
Female Control 31.68 + 2.29 165.27 + 14.74 48.37 + 1.96 34.38 + 2.37
1gkg™ 31.41 + 2.82 114.93 + 10.11* 48.27 + 2.01 34.46 + 2.48
2.15gkg ! 35.50 £ 1.30 160.21 & 19.82 49.40 + 1.81 36.52 + 2.38
4.64 gkg™! 32.50 + 4.35 137.33 & 5.03* 46.16 + 0.40 39.71 + 0.72
10gkg ! 32.11 £ 6.51 174.13 4 3.36 46.37 £ 2.57 37.47 £+ 1.82

“ Values are presented as the mean + SD (n = 10). *Significant difference at P < 0.05 level when compared with the control group.

1-4 and stored at —40 °C until analysis.*® Fifty milligrams of the
fecal sample was dissolved in 5 mL of 70% methanol in
a centrifuge tube. The tube was kept in an ultrasonic for 30 min
until dissolution and centrifuged for 10 min at 4000 rpm. Then,
5 mL of solution was placed into the test tube and blown with
nitrogen at 60 °C until dried. After dissolving with 1 mL of
methanol, the solution was filtered into the sample vial with
a 0.45 pm filter membrane. The analysis was carried out
according to the chromatographic conditions of reference,**
and the injection volume was 10 pL.

Statistical analysis. All data were analyzed by SPSS statistics
17.0 software. One-way analysis of variance (ANOVA) was used
to compare the difference in population mean among multiple
groups of samples with homogeneous variance. Data with
heterogeneous variance in the micronuclear experiment and
sperm malformation experiment were compared by two inde-
pendent samples test. P < 0.05 or 0.01 was considered statisti-
cally significant. All data are presented as the mean =+ standard
deviation (std). The structural formulas were drawn with Chem
Draw Ultra12.0 software and a nuclear magnetic map with
MestReNova software was used for processing analysis.

Results
Separation and identification results

According to previous research, a large amount of crude sapo-
nins can be extracted from quinoa husks with a purity of 62.6%.
Six kinds of saponins were obtained after separation, purifica-
tion and HPLC/NMR identification (Fig. 2A): Q4, Q, Q3, Q4, Qs
and Qe. Q; was mainly used in this experiment because its
content was the highest. In addition, Q1 and Qs were heder-
agenin saponins, and Q,, Qs;, Q, and Q¢ were phytolaccagenic
acid saponins. The structure of the Q;-Qs monomer saponin is
shown in Fig. 2B.

Acute toxicity

All male and female rats survived. It can be inferred that the
LD;, of saponin was more than 10.0 g kg™, which is limited
acute toxicity effects. These results are in agreement with Verza
and Ruiz.**** No signs of toxicity or behavioral changes were
observed after the treatment with quinoa saponin. Only saponin

4834 | RSC Adv, 2021, 11, 4829-4841

at the ex high-dose (10.0 g kg™") caused rough hair, depression
and diarrhea. According to Table 2, quinoa saponins had an
effect on the dietary amount, weight gain and food utilization
rate of rats, which were statistically different compared with the
control group.

Organ index and histopathological observation

No significant pathological changes in the colors and textures of
vital organs, including the intestine, liver, spleen and kidney,
were observed via macroscopic examination (Fig. 3). No
treatment-related changes were observed in the absolute or
relative liver and kidney weights of male or female rats. The
spleen index was notably increased in the ex high-dose group
compared with the control group for both sexes, and the
difference was statistically significant (P < 0.05) (Table 3).
However, no obvious changes were found during the histo-
pathological examination. The difference in spleen coefficient
may be due to the fact that Chenopodium quinoa saponins can
enhance the immune function of animals and then cause
immune cell proliferation, but it does not cause substantial
damage to the structure of the spleen, so there is no obvious
change in spleen sections. However, the difference of spleen
coefficient only exists between the high dose group and the
control group, and there is no obvious dose-effect relationship,
and its biological significance needs to be further verified.

Hematological and biochemical analysis

In the hematology analysis, a significant increase in NEUT%
was found in female rats treated with different doses compared
with control female rats (P < 0.05) (Table 4). Additionally,
a significant decrease in LYMPH% was also observed in the
female rats in the experimental groups compared with the
control group (P < 0.05). No significant changes in hematology
were observed between the experimental and control male rats.
As shown in Table 5, the examination of the serum biochemistry
of rats showed that the difference in ALT between each dose
group and the control group was statistically significant for
male rats (P < 0.05), while there was no statistically significant
difference between each dose group. The AST of female rats
administered 1 and 4.64 g kg™ ! quinoa saponins was lower than
that of the control female rats (P < 0.05) (Table 5).

© 2021 The Author(s). Published by the Royal Society of Chemistry
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revertants/dish

Quinoa Saponins(ug/dish)
Quinoa Saponins(ug/dish)

1A100 TA102

Quinoa Saponins(ug/dish)

Fig. 4 (A) Mean number of revertants induced by different doses of
quinoa saponins and the control groups. TA97, TA98, TA100, TA102
strains of Salmonella typhimurium were used in these experiments.
Values are expressed as the mean + SD.*The number of revertants
induced was two or more times higher than the number of revertants
observed in the control and vehicle control groups. (B) Bacterial
reversion mutation of TA102 strain in different dose groups (ng per
dish). (A) 400 + S9; (B) 400 — S9; (C) 200 + S9; (D) 200 — S9; (E) 100 +
S9; (F) 100 — S9; (G) 50 + S9; (H) 50 — S9; (1) control + S9; (J) control —
S9; (K) vehicle control + S9; (L) vehicle control — S9; (M) positive
control + S9; (N) positive control — S9.
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Table 6 Summary of the micronucleus test of the quinoa saponins in
Kunming mice (mean + SD)*

Group (mg kg ')  PCE/(PCE + NCE) (%,)  MNPCE/1000 PCEs (%)

1250 29.04 £ 0.02 5.36 + 0.86
2500 39.27 £ 0.01 7.67 £ 1.67
5000 42.96 + 0.21 7.55 £ 2.79
Positive control 39.59 + 0.23 24.30 + 2.80%*
Negative control 48.13 £ 0.08 6.04 + 1.19

¢ PCE, polychromatic erythrocyte; NCE, normochromatic erythrocyte;
MNPCE, micronucleated polychromatic erythrocyte. *P < 0.05 vs. the
negative control group.

Fig. 5 Polychromatic erythrocytes with micronucleus images in each
groups (400x). Scale bar = 50 pm.

Ames test

The test substance was considered mutagenic if it reproducibly
induced a two-fold increase in the number of mutants with at
least one concentration in strains TA97, TA98, TA100 and
TA102, both compared to the corresponding negative controls.
The results of the Ames test showed that the four doses of
quinoa saponins were not mutagenic for the strains tested even
in the presence of excretion activation. The specific results are
shown in Fig. 4A. Taking strain TA102 as an example, the
bacterial reversion effect is shown in Fig. 4B.

Micronucleus test

To evaluate the mutagenic potential of quinoa saponins in bone
marrow cells derived from Kunming mice, a micronucleus test
was performed by determining the frequency of micro-
nucleated polychromatic erythrocytes (MNPCEs) per 1000
polychromatic erythrocytes (PCEs) per animal. As shown in
Table 6, there was no significant increase in the frequencies
of MNPCEs at all test doses of quinoa saponins compared
with the negative control. CTX, a positive control,

RSC Adv, 2021, 11, 4829-4841 | 4835
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Fig. 6 (A) Results of sperm aberration assay in mice.*P < 0.01 vs. negative control. (B) Micrographs of sperm aberration in each group (400x).
Scale bar = 50 pm.

significantly increased the frequency of MNPCEs, as ex- comparable to those of the negative and positive control
pected. The cytotoxic index [PCEs/(PCEs + NCEs)] of quinoa treatments. Fig. 5 shows the results of mice bone marrow
saponins ranged from 29% to 42% at all test doses, which was erythrocyte micronucleus study.
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Fig.7 The changes of saponin content in rats. (A) Male rats; (B) female
rats. Data are presented as the mean + SD; *P < 0.05, **P < 0.01vs. the
low-dose group.

Mouse sperm aberration test

As shown in Fig. 6A, the difference in the sperm aberration rate
between the negative control group and the positive control
group (40 mg per kg per bw CTX) was statistically significant (P <
0.01). The sperm aberration rate in all treatment groups and the
negative control group was significantly lower than that in the
positive control group, indicating that the saponins at the doses
above did not result in abnormal sperm morphology. The sperm
sections of each dose group are shown in the Fig. 6B.

Analysis of intestinal excretion products in rats

As shown in Fig. 7, the saponin content increased from days 1-3
in both sexes after intragastric administration. On day 3,
saponins reached the highest level in the rats. There was
a significant decrease in the saponin content of rats at day 4,
and the content of excreted saponins was less than 0.01 ug g™,
which is equivalent to all saponins excreted from the body. As
shown in Fig. 8(A and B), the low-dose saponins were absorbed
and excreted by rats at 6 h, and almost all saponins were
excreted after 24 h (the red part in Fig. 8B shows the peak time
of saponins). The initial cytoplasmic ratio (m/z = 971.49 [M —
H]") of Q; was analyzed by mass spectrometry. After a series of
cleavages and absorption in rats, two molecules of glucose and
one molecule of arabinose were removed. After removing the
sugar chain, this was the mother nuclear structure of phyto-
laccagenic acid saponins. The m/z values were 516.34 [M],
515.34 [M — H]™ and 517.34 [M + H]" (Fig. 8D). Therefore, the
14.97 min peak was identified as the ion peak of saponins.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 8 (A) TIC diagram of the content of saponins in the feces of O h
rats after intragastric administration; (B) TIC diagram of the content of
saponins in the feces of 6 h rats after intragastric administration; (C)
TIC diagram of the content of saponins in the feces of 24 h rats after
intragastric administration; (D) ion fragments of saponins in 6 h feces in
negative mode; (E) ion fragments of Qz in negative mode.
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Discussion

As an anti-nutritional substance, saponins can resist the harm
of external adverse factors. However, these bitter ingredients
may interfere with the digestion and absorption of various
nutrients.* Additionally, saponins have many activities that can
be used in the fields of food, pharmaceuticals and cosmetics.**
Recent studies have shown that the saponins in quinoa can
inhibit Pomacea maculata, Candida albicans and other organ-
isms.*”*® In addition, some researchers have used quinoa
saponin extracts as a biological pesticide to control the repro-
duction of Oncomelania hupensis.*® In this experiment, the
content of crude saponins extracted from quinoa was mainly
phytolaccagenic acid-type (PA) saponins. This type of saponin
has extreme bactericidal and bacteriostatic effects on Gram-
positive bacteria such as S. aureus, B. cereus and S. epi-
dermidis, which mainly damage fungal membrane integrity by
connecting steroids of membranes.

In the acute toxicity evaluation, Horn's method was used to
estimate the LDs, of quinoa saponins in rats.”® Four different
doses of quinoa saponins (1.00, 2.15, 4.64, and 10.0 g per kg per
bw) were administered orally to both males and females. It is
generally accepted that substances with LDs, values greater
than 5.00 g kg™ by the oral route can be considered practically
nontoxic (Table 1). The present experimental results showed
that the LDs, of quinoa saponins was more than 10.0 g kg™,
making them limited acute toxicity effects. However, quinoa
saponins may affect the daily eating of rats. It was presumed
that the reason might be the bitter taste of saponins. After the
rats are administered quinoa saponins by gavage, they may eat
less in a period due to stomach discomfort. In addition, sapo-
nins can cause diarrhea and affect the food and water intake
and food utilization of rats (Table 2). Moreover, previous reports
showed that soya saponins can induce enteritis in Atlantic
salmon.*® We speculated that saponins may have a certain
irritating effect on the intestinal tract, so we performed excre-
tion experiments. The results show that saponins were almost
completely excreted on the fourth day, and there were very few
saponins in vivo (Fig. 7). Combined with the daily observations
during the acute toxicity test, these results show that saponins
can stimulate the intestinal tract to a certain extent, but not for
a long time. As long as the intake of saponins is controlled,
saponins will not have a very large effect on the intestinal tract.

Rats were intragastrically administered saponins, and fecal
samples were collected. As evidenced by pretreatment and mass
spectrometry analysis, the metabolites of saponins were found
in feces after 6 h. Combined with mass spectrometry informa-
tion, it can be judged that the sugar chain was removed from
the saponins. Interestingly, it is known that large doses of
saponins will remain in the body for 4 days after intragastric
administration, while small doses of saponins will be hydro-
lyzed into sapogenins and excreted from the body (Fig. 7 and
Fig. 8). Because saponins are poorly absorbed and reside for
a long time in the intestinal tract, when a large amount of
saponins enter the body, very little is absorbed by the small
intestine; thus, saponins accumulate and slowly degrade in the
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colon. However, small doses of saponins are converted into
sapogenin by intestinal bacteria and metabolic enzymes in the
intestine."®*" Sapogenin is a low polar saponins and is highly
irritating to the intestines, so eating large amounts of saponins
can lead to diarrhea,** which is in concordance with previous
reports about saponins toxicity.*

The organ coefficient, also known as the relative weight of
organs, is an important indicator of animal physiology and
pathology.**** In the current study, saponins changed the organ
index of some rat organs, especially the spleen organ index,
which was significantly different in the saponin-treated group
compared with the control group (P < 0.01) (Table 3). However,
no obvious pathological or histological changes were observed
(Fig. 3), indicating that quinoa saponins did not cause
substantial damage to the viscera of the rats.

Hematological and serum biochemical examination results
can be used to evaluate the damage to organs and tissues,
especially to the liver, caused by drugs or chemicals.*® Current
research showed that compared with the control condition,
quinoa saponin treatment could cause statistically significant
changes (P < 0.05) in NEUT% and LYMPH% in female rats
(Table 4). However, these variations had no biological signifi-
cance because the observed values were within the normal
range of the species.

The liver is the main organ involved in the metabolism of
endogenous and exogenous substances and is the location of
cholesterol synthesis and degradation. ALT and AST are sensi-
tive indicators of liver cell damage.”” In the present investiga-
tion, the ALT level of male saponin-treated rats and the AST
level of female saponin-treated rats at doses of 1 and 4.64 g per
kg per bw were significantly different from those of the control
groups (P < 0.05) (Table 5). However, there were no abnormal-
ities in liver histopathology, and it was assumed that quinoa
saponins did not produce toxicological reactions to liver tissue
and liver function.

Assessment of genotoxic potential is very important for food,
pharmaceutical and chemical safety since classic genotoxic
substances result in carcinogenicity and fertility defects.*®**° In
this study, the Ames test, micronucleus test and sperm aber-
ration assay were used to evaluate the genotoxicity of quinoa
saponin.

The Ames test is the most widely used method for detecting
gene mutations, and it is the first choice in a group of experi-
ments for detecting environmental mutagens.’® This test is
usually employed as a preliminary screen to determine the
mutagenic potential of new chemicals and drugs, especially
their ability to induce point mutations, including the substitu-
tion, addition or deletion of one or more DNA base pairs.” In
the current test, the number of revertants in all treatment
groups did not reach twice as high as that in the negative
control group among the four bacterial strains with and without
S9 (Fig. 4A). The results demonstrated that quinoa saponins did
not cause gene mutations in the tested bacterial strains.
Considering that the study of DNA damage at micronuclei
formation is a vital part of genetic toxicity screening, we then
performed mouse micronucleus test.*> Chromosome fragments
without centromeres or the loss of the whole chromosome due

© 2021 The Author(s). Published by the Royal Society of Chemistry
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to spindle damage will become micronuclei in the cytoplasm
during anaphase in cell division. In this study, in bone marrow
cells from the femurs of Kunming mice, there was no significant
or dose-related increase in the amount of MNPCE in the quinoa
saponin treatment groups at any dose. In addition, the ratio of
PCEs/(PCEs + NCEs), a cytotoxic index, was not significantly
different between the treatment and control groups (Table 6).
The results revealed that quinoa saponins did not induce
micronuclei in mice. Some saponins have been demonstrated
to be lack of mutagenic effects.* In the sperm aberration assay
in mice, even when the dose of quinoa saponin reached 10 mg
per kg per bw, no significant difference in the sperm malfor-
mation rate was observed from the negative control. The results
showed that quinoa saponins did not induce sperm malfor-
mation. To date, there have not been systematic toxicological
studies on quinoa saponin. However, the safety of the saponins
extracted from the Bamboo rhizoa and tuber of Liriope muscari
was evaluated. Both the saponins and steroidal saponins
showed limited acute toxicity effects and genetic safety,***®
which was consistent with the results of this study.

As an anti-nutritional factor, previous studies focused on the
removal of saponins and technology to extract saponins and
their biological activity. Chenopodium saponins, as triterpenoid
saponins with amphiphilic activity, can stimulate the digestive
tract at high dosages. In addition, the excretion time of Che-
nopodium saponins in the body is long. Therefore, people with
digestive tract diseases should pay attention to the content of
dietary saponins, and adequate safety evaluations should be
conducted before the widespread use of quinoa saponins. In
this study, the preliminary safety evaluation of Chenopodium
saponins showed that it was a limited acute toxicity effects plant
active ingredient, and no mutagenesis was found under the
current experimental conditions. It can be further developed
and utilized to make it a new type of resource. However, other
toxicological tests still need to further confirm the safety of
long-term intake.
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