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ABSTRACT
Background: Licorice, one of the most commonly used phytomedicines in 
Asia, has detoxication and anti-oxidation properties. Due to the exhausted 
wild resources, licorice is obtained mainly from cultivation, and the 
suitable conditions under cultivation lead to a serious decline in quality. 
Objectives: To establish a method to improve the quality of cultivated 
licorice by environmental stress. Materials and Methods: The fresh roots 
of Glycyrrhiza uralensis were soaked in 5%, 10%, and 20% polyethylene 
glycol-6000 (PEG) for 4 days to construct a physiological state of drought. 
The changes in hydrogen peroxide (H2O2) and enzymes related to secondary 
metabolism in the treated licorice were observed, and their detoxication 
and anti-oxidation were verified by reducing aconite-induced cardiotoxicity 
and free radical scavenging rate experiments. Results: The H2O2 content 
notably boosted, and gene expression and allosterism of enzymes related 
to secondary metabolism such as 3-hydroxy-3-methyl-glutaryl-coenzyme 
A reductase (HMGR), squalene synthase (SQS), β-amyrin synthase (β-AS), 
and phenylalanine ammonia-lyase  (PAL) were promoted, and enhance 
their activities. Under a drought stress of 10% PEG, secondary 
metabolites significantly increased, and the effectiveness of the drug 
also intensified. For the myocardial injury caused by aconite, compared 
with the untreated, creatine kinase  (CK), cardiac troponin-T  (cTn-T), and 
lactate dehydrogenase  (LDH) decreased by 9.3%, 14.6%, and 6.3% in 
the 10% PEG. Meanwhile, the clearance rates of 1,1-diphenyl-2-picryl 
hydrazyl radical  (DPPH·) and hydroxyl radical  (OH·) heightened by 7.5% 
and 13.1%, separately. Conclusion: Drought stress can greatly increase 
the secondary metabolites of licorice and enhance its detoxication and 
anti-oxidation.
Key words: Anti-oxidation, detoxication, drought stress, flavonoids, 
licorice, triterpenoids

SUMMARY
•  The fresh roots of licorice were treated with 5%, 10%, and 20% PEG-6000 

to simulate drought stress
•  After treatment, the H2O2 content raised significantly, and the contents of 10 

kinds of secondary metabolites increased greatly

•  Detoxication and anti-oxidation of licorice were enhanced, and the increase 
in secondary metabolites contents was achieved through the H2O2 pathway, 
thereby enhancing the efficacy.
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Abbreviations used:  PEG: Polyethylene glycol-6000; H2O2: hydrogen 
peroxide; HMGR: 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase; 
SQS: squalene synthase; β-AS: β-amyrin synthase; PAL: phenylalanine 
ammonia-lyase; CK: creatine kinase; cTn-T: cardiac troponin-T; 
LDH: lactate dehydrogenase; DPPH·: 1,1-diphenyl-2-picryl hydrazyl radical; 
OH·: hydroxyl radical; -OH: phenolic hydroxyl; ROS: reactive oxygen species; 
O2

•-: superoxide radical; MVA: mevalonate; ChP: 
Chinese Pharmacopoeia; RT-qPCR: quantitative 
real-time PCR.
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INTRODUCTION
Licorice, the root of Glycyrrhiza uralensis Fisch.,[1] has been used for 
more than 2,000  years[2] and has various pharmacological effects such 
as detoxication, anti-oxidation, bacteriostasis, anti-inflammatory, 
anti-virus, and anti-depression.[3-5] Among them, detoxication is the most 
popular in the recipes, known as “ten prescriptions, nine licorices”,[6] and 
even can alleviate the cardiotoxicity caused by aconite, a highly toxic 
phytomedicine.[7] Flavonoids in licorice with phenolic hydroxyl (–OH) 
can react with oxygen radicals to generate stable semiquinone radicals 
and terminate the radical chain reaction and have strong anti-oxidation.[8] 
Due to its remarkable efficacy and characteristics of mild and non-toxic, 
licorice is widely used, with an annual requirement of 10 million tons.[9]

G. uralensis grows mostly in arid areas, and drought is not only the main 
ecological stress that affects the growth and development but also the 
environmental factor that affects the quality of herbs.[10,11] The ecological 
role of secondary metabolites, that is, medicinal compositions, is 

to improve the adaptability of plants under stress.[12,13] Secondary 
metabolites will be heavily synthesized only under stress and vary with the 
adversity level.[14] Therefore, the growing environment has an important 
influence on the plant’s secondary metabolism.[15] The secondary 
metabolites of licorice are complex, mainly containing triterpenoids and 
flavonoids.[16] Triterpenoids such as glycyrrhizic acid and glycyrrhetinic 
acid are synthesized through the pathway of mevalonate  (MVA),[17] 
involving 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase (HMGR), 
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squalene synthase  (SQS), and β-amyrin synthase  (β-AS). Flavonoids, 
for instance, liquiritin, isoliquiritin, liquiritigenin, isoliquiritigenin, 
liquiritin apioside, isoliquiritin apioside, echinatin, and licochalcone 
B, are biosynthesized through the pathway of phenylpropanoid under 
the regulation of phenylalanine ammonia-lyase  (PAL).[18] Drought 
or dehydration will stress plants to synthesize large amounts of 
triterpenoids,[11] or flavonoids,[10] in a short time. The scarcity of wild 
resources and the huge market demand lead to cultivated licorice 
becoming popular, but the good cultivation environment results in 
a serious decline in the quality of phytomedicine.[19,20] Of the two 
most important medicinal compositions in the cultivated licorice, 
glycyrrhizic acid is lower than 20.0 mg·g–1, liquiritin is less than 5.0 
mg·g–1,[21,22] far below that of the wild  (glycyrrhizic acid is 62.8 mg·g–1 
and liquiritin is 30.3 mg·g–1),[23] even fail to meet the standard of Chinese 
Pharmacopoeia (ChP, 2020). The decreased secondary metabolites will 
greatly reduce the medicinal effect of the licorice.[24]

The serious decline in quality due to cultivation has threatened the healthy 
and steady development of Chinese medicine, and how to improve the 
quality of cultivated medicinal materials is the key and difficulty. The 
aqueous solution of polyethylene glycol-6000 (PEG), a polymer that can 
reduce the water potential of the solution, is often used to create drought 
stress.[25,26] Plant cells all have a complete secondary metabolic system. 
The fresh roots of G.  uralensis directly exposed to PEG can avoid the 
influence of growth metabolism and may present better results. Based on 
it, a method to enhance licorice’s quality will be explored and evaluated.

MATERIALS AND METHODS
Plant roots
Three-year-old G.  uralensis fresh roots, identified by Prof. Xiang-
Cai Meng, were collected from the medicinal botanical garden of 
Heilongjiang University of Chinese Medicine, China, on October 25, 
2020. Some uniformly cylindrical roots were selected and cleaned. All 
roots were equally divided into 4 parts, 3 of which were soaked in 5.0%, 
10.0%, and 20.0% PEG, severally, placed at 20 to 25℃ for 4 days, and 
the remaining 1 part was directly sampled without any treatment. For 
each part, about 30  g of fresh roots were dried at 55°C for 48  h and 
then crushed to determine secondary metabolites contents. 0.3 g ×3 of 
phloem was collected to determine gene expressions and activities of 
HMGR, SQS, β-AS, and PAL.

Animals
A total of 72 Sprague Dawley rats, with a body mass of 160 to 200 g, were 
purchased from the Center for Safety Evaluation of Drugs at Heilongjiang 
University of Chinese Medicine (Harbin, China). The production license 
number of experimental animals is SCXK  (Hei) 2013-0004. Animals 
were raised in the animal laboratory where the temperature was 18 to 
22℃ and the relative humidity was 55% to 70%.

Reagents
Liquiritigenin  (578-86-9), isoliquiritigenin  (961-29-5), liquiritin 
apioside (74639-14-8), isoliquiritin apioside (120926-46-7), isoliquiritin 
(5041-81-6), and glycyrrhetinic acid  (471-53-4) were obtained from 
Chengdu Purechem-standard Co., Ltd. (Chengdu, China). Glycyrrhizic 
acid (1405-86-3) and liquiritin (551-15-5) were obtained from Shanghai 
Jinsui Biological Technology Co., Ltd. (Shanghai, China). Licochalcone 
B (58749-23-8) was obtained from Chengdu Lemeitian Pharmaceutical 
Technology Co., Ltd. (Chengdu, China). Echinatin  (34221-41-5) 
was obtained from Nanjing Yuanzhi Biological Technology Co., 
Ltd. (Nanjing, China).
Kits of hydrogen peroxide  (H2O2, 20210320), creatine kinase  (CK, 
20211201), lactate dehydrogenase  (LDH, 20211203), and 
PAL (20210914) were purchased from Nanjing Jiancheng Bioengineering 
Institute (Nanjing, China). Kits of cardiac troponin-T (cTn-T, 20211208) 
were obtained from Bio-Swamp Life Science  (Shanghai, China). Kits 
of HMGR  (20210510), SQS  (20210604), and β-AS  (20210623) were 
obtained from Meimian Industrial Co., Ltd.  (Wuhan, China). The 
UNIQ-10 column TRIzol total RNA isolation kit (B511321) was obtained 
from Sangon Biotech Co., Ltd. (Shanghai, China).

H2O2 content in fresh roots
The content of H2O2 was determined using the kits, and there was a 
characteristic absorption at 405 nm.[27] The content is calculated using the 
following equation: H2O2 (mmol·g–1prot) = [(A sample/A standard) × C standard]/ 
C sample’s protein, where A is the absorbance, and C is the concentration.

Gene expressions of HMGR, SQS, β-AS, and PAL
Total RNA was extracted according to the instructions of the kit, and 
cDNA was synthesized by reverse transcription. The mRNA of HMGR, 
SQS, β-AS, and PAL were amplified and quantified with quantitative 
real-time PCR (RT-qPCR). The sequences of all primers are shown in 
Table  1. The amplification conditions were pre-denaturation at 95℃ 
for 3 min, denaturation at 95℃ for 5 s, annealing at 60℃ for 30 s, and 
45 cycles. Using actin as the internal reference gene, the expression of 
each treatment relative to the untreated was calculated in 2–ΔΔCt.

Activities of HMGR, SQS, β-AS, and PAL
The activities of HMGR, SQS, and β-AS were determined using the 
kits. The absorbance was measured at 450 nm, and the activity of each 
sample was calculated according to the linear regression equation of the 
standard. PAL activity was determined by counting the change in value 
at 290 nm.[28] One unit of PAL was defined as the absorbance increase of 
0.01 per min. The above enzymes’ activities in the samples (0.3 g) before 
and after drought treatment were measured in these directions.
A total of 0.3 g of G. uralensis fresh root was ground into a homogenate, 
fixed capacity up to 10  mL with precooled phosphate buffer 

Table 1: Primer sequence for biosynthetic enzymes related to secondary metabolic pathways in G. uralensis

Name Sequence oligos (5’→3’) Amplicon length (bp) Genbank accession No.
actin forward, TGAATTGCGTGTTGCTCCTGAGG 163 EU190972

reverse, ACATGGCAGGCACATTGAAGGTC
HMGR forward, TGGCTGGTGCTCTTGGTG 140 GQ845405

reverse, CTTGCCATCATTCACTGCTTC
SQS forward, CACTATGTGGCAGGACTTGTTG 114 MN567154

reverse, TACCTGAAGAAACAGACCCATTG
β-AS forward, TGGATCAGCAATTCAGGCAC 174 MN567155

reverse, GCGAACCAAGAACCGTAAGT
PAL forward, CCAAGTTGCCAAGAGGACAC 154 MK341789

reverse, CTTTTGCATCAATGGGTACGT
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solution (pH = 7.8), and then centrifuged to get the supernatant. A total 
of 100 μL of H2O2 with different concentrations (including 0.0, 0.0001, 
0.001, 0.01, 0.1, and 1.0 μM) were directly added to 400 μL of the 
supernatant, separately. After 20  min  (25℃), the activities of HMGR, 
SQS, β-AS, and PAL were determined according to the above-related 
methods.

Secondary metabolite contents
A total of 0.5 g of herbal powder was placed in a 50 mL volumetric flask, 
added with 70% ethanol, ultrasonically extracted for 30  min, and then 
filtered with a microporous membrane  (0.45 μm). HPLC analysis used 
the Diamonsil C18 column (250 × 4.6 mm, 5 μm). The injection volume 
was 10 μL. The flow rate was 0.8 mL·min-1. The column temperature was 
40℃. The peaks of liquiritigenin, liquiritin, liquiritin apioside, glycyrrhizic 
acid, and glycyrrhetinic acid were obtained at 250  nm. The detection 
wavelengths of isoliquiritigenin, isoliquiritin, isoliquiritin apioside, 
echinatin, and licochalcone B were obtained at 360  nm. The mobile 
phases consisted of ultrapure water with 0.05% phosphoric acid (A) and 
acetonitrile  (B). The elution gradient was as follows: 0 to 10  min, 86% 
A→77% A; 10 to 24 min, 77% A→70% A; 24 to 30 min, 70% A→66% A; 30 
to 35 min, 66% A → 64% A; 35 to 42 min, 64% A→58% A; 42 to 48 min, 
58% A→49% A; 48 to 53 min, 49% A→30% A; 53 to 75 min, 30% A→10% A.

Detoxication
Aconite (50.0 g) was taken, added with 10 times the amount of water, 
soaked for 12 h, decocted for 1 h, then concentrated under low pressure 
to 50.0 mL, and a single decoction of aconite was obtained. A combined 
decoction of licorice and aconite was obtained in the same way, and the 
compatibility ratio was 1 to 1.
72 rats were randomly divided into the control  (distilled water), 
model  (single decoction of aconite), untreated  (combined decoction 
of untreated licorice and aconite), 5% PEG  (combined decoction of 
5% PEG-treated licorice and aconite), 10% PEG (combined decoction 
of 10% PEG-treated licorice and aconite), and 20% PEG  (combined 
decoction of 20% PEG-treated licorice and aconite), with 12 rats in 
each group. Samples were taken after 28 days of continuous intragastric 
administration (10 mL·kg–1).
Sampling was carried out as follows:  (1) According to body weight, 
the rats in each group were anesthetized by intraperitoneal injection 
of the mixture of ketamine  (50 mg·kg-1) and xylazine  (5 mg·kg-1).  (2) 
The abdominal cavity was opened, and 5 mL of blood was drawn from 
the aorta using a disposable vacuum blood collection tube without the 
anticoagulant. After standing for 45 min, blood was centrifuged at 4 ℃ 
and 3000 r·min–1 for 15 min. The supernatant was stored in a refrigerator 
at –80 ℃. At the end of the experiment, the animals were euthanized 
with a high dose of pentobarbital sodium.
The supernatant was used to determine the CK, LDH, and cTn-T via the 
kits.[29,30]

Anti-oxidation
A total of 0.5 g of licorice powder was placed in a 25 mL volumetric flask, 
added with anhydrous ethanol up to the tick mark, and ultrasound-
assisted extraction for 30 min. After centrifugation, the supernatant was 
taken as the sample solution.
Clearance rate of the 1,1-diphenyl-2-picryl hydrazyl (DPPH) radical: [31] 
The same volume of DPPH  (0.6 mmol·L-1) was added to 3  mL of the 
sample, mixed well, and reacted at 25℃ (light-sheltered) for 30 min, and 
then the absorbance was measured at 517 nm, which was denoted as A1. 
DPPH was replaced with anhydrous ethanol, and the absorbance was 
recorded as A2. The sample was replaced with anhydrous ethanol, and 

the absorbance was recorded as A3. The ability for scavenging DPPH ·was 
calculated as [1 - (A1 - A2)/A3] × 100%.
Clearance rate of the hydroxyl radical  (OH·):[32] 1  mL of ferrous 
sulfate  (6.0 mmol·L–1) and 1  mL of H2O2  (6.0 mmol·L–1) were added 
to 1 mL of the sample, mixed well, stood for 10 min, then added with 
1 mL of salicylic acid (6.0 mmol·L-1), and reacted at 37°C for 30 min; the 
absorbance was measured at 510 nm, which was recorded as A4. Salicylic 
acid was replaced with ultrapure water, and the absorbance was denoted 
as A5. The sample was replaced with ultrapure water, and the absorbance 
was recorded as A6. The calculation formula was as follows: Clearance 
rate (OH·) = [1 − (A4 − A5)/A6] × 100%.

Statistical analysis
The SPSS version  23.0 statistical software package was used for 
statistical analysis, and significant differences were detected by analysis 
of variance  (ANOVA) using LSD. All pictures were obtained using 
Origin 2021. Ten kinds of secondary metabolites of licorice in different 
treatments were analyzed by OPLS-DA with SIMCA version 14.1.

RESULTS
Effect of drought stress on H2O2 contents
Figure 1 shows that the H2O2 contents in fresh roots of G. uralensis were 
heavily boosted under drought stress, and the 5%, 10%, and 20% PEG 
raised by 99.7%, 59.8%, and 93.3%, separately.

Effect of drought stress on gene expressions and 
activities of HMGR, SQS, β-AS, and PAL
Figure 2 and Figure 3 show that drought stress can greatly improve the 
gene expressions and activities of HMGR, SQS, β-AS, and PAL in fresh 
roots of G. uralensis. Compared with the untreated, 10% PEG showed 
the greatest rise, its activities increased by 107.9%, 53.2%, 50.5%, and 
42.3%, respectively. The order of influence on the gene expressions of 
the above indexes was 10%, 20%, and 5% PEG, and the enhancement of 
the 10% PEG was about 1.3 times that of 5% PEG (or 20% PEG) for the 
HMGR and PAL.

Effect of exogenous H2O2 on activities of HMGR, 
SQS, β-AS, and PAL
With the rise of exogenous H2O2, the activities of HMGR, SQS, β-AS, and 
PAL showed a trend of increase first and then decrease in the grinding 
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solution of fresh roots of G. uralensis, as displayed in Figure 4. For the 
activities of various enzymes, 0.01 μM H2O2 had the greatest effect, in 
the same trends, and HMGR, SQS, β-AS, and PAL increased by 42.4%, 
40.2%, 36.4%, and 38.6%, separately, compared with 0.0 μM H2O2.

Contents of secondary metabolites
Figure  5 presents that secondary metabolites of licorice significantly 
increased after treatment. Compared with the untreated, 5% PEG 
increased liquiritigenin by 69.7%, 10% PEG raised liquiritin apioside, 
licochalcone B, isoliquiritigenin, isoliquiritin, glycyrrhizic acid, 
isoliquiritin apioside, and liquiritin by 34.0%, 35.9%, 54.1%, 57.0%, 
59.1%, 50.5%, and 35.7%, respectively, 20% PEG raised echinatin 
and glycyrrhetinic acid by 34.2% and 66.4%. The OPLS-DA analysis 
showed that the most notable of all was 10% PEG, followed by 5% 
PEG [Figure 6].

Activities of CK and LDH, contents of cTn-T
Figure  7 presents that compared with the model, each treatment 
reduced CK and LDH activities and cTn-T contents. Compared with the 
untreated, 10% PEG had the best detoxication, which reduced CK, LDH, 
and cTn-T by 9.3% (P < 0.01), 6.3% (P < 0.05), and 14.6% (P < 0.01). The 
detoxication of 5% PEG was slightly better than that of the 20% PEG, and 
its CK, LDH, and cTn-T decreased by 6.6% (P < 0.05), 5.2% (P < 0.05), 
and 7.8% (P < 0.01), respectively.

Clearance rates of DPPH· and OH·
Figure 8 shows that compared with the untreated, each treatment could 
improve the clearance rates of DPPH· and OH·, especially 10% PEG, the 
clearance rates enhanced by 7.5% (P < 0.01) and 13.1% (P < 0.01), 5% 
PEG increased by 6.1% (P < 0.05) and 10.2% (P < 0.01), slightly better 
than 20% PEG.

DISCUSSION
Effects of drought stress on the quality of licorice
H2O2 in fresh roots
The essence of stress damage to plants is reactive oxygen species (ROS) 
which includes many types.[33] Superoxide radical  (O2

•−) is the first 
generated ROS, with strong activity but a short life cycle, and easily 
converted into H2O2.

[34] H2O2 has high stability and a relatively long 
survival cycle, easily penetrates biofilms, and is transported over long 
distances in cells. H2O2 can regulate the structure of enzymes and 
therefore exhibit a stronger ability to regulate the metabolic process.[35,36]

Figure  1 exhibits that under drought stress, H2O2 is greatly enhanced. 
The improvement of 10% PEG was less than that of 5% or 20% PEG, 
probably because 10% PEG had the greatest enhancement on the 
flavonoids  [Figure  5 and Figure  6], especially, in the flavonoids with 
3-OH, the content of isoliquiritigenin (-OH located at C-5, C-7, and C-4′) 
being about 1.9 times that of 20% PEG, and the content of licochalcone 
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B (-OH located at C-7, C-3′, and C-4′) about 1.6 times that of 5% PEG. 
Flavonoids with -OH can directly scavenge ROS and alleviate oxidative 
damage.[37,38]

Enzymes related to the secondary metabolic pathway
HMGR, the first rate-limiting enzyme in the MVA pathway, determines 
the rate of triterpenoid biosynthesis.[39] SQS can catalyze farnesyl 
pyrophosphate to squalene which is a precursor for the synthesis of 
triterpenoids.[40] β-AS can catalyze 2,3-oxidosqualene to β-amyrin which 
is a basic skeleton of glycyrrhizic acid and glycyrrhetinic acid.[41] PAL, 
the first critical and rate-limiting enzyme regulating the downstream 
signaling pathway,[42,43] is responsible for catalyzing the deamination 
of phenylalanine to trans-cinnamic acid that is a precursor for the 
synthesis of flavonoids.[44] Therefore, HMGR, SQS, β-AS, and PAL are 
indispensable for the synthesis and accumulation of triterpenoids and 
flavonoids in G. uralensis.
Figure 2 shows that under drought stress, the gene expressions of HMGR, 
SQS, β-AS, and PAL in fresh roots of G. uralensis were heavily enhanced. 
Of these, 10% PEG had the most significant effect, and it was about 
1.3 times that of 5% PEG (or 20% PEG). Meanwhile, the activities also 
notably improved [Figure 3], indicating that drought stress could improve 
the activities of enzymes related to secondary metabolic pathways. 
Enzymes are mainly proteins with high catalytic efficiency produced by 
living cells. Gene expression is just the enhancement of protein synthesis 
under the guidance of genes, and their final activities also depend on 
the tertiary or quaternary structure, so it is difficult to reflect the activity 
of enzymes only by gene expression. The enzyme has at least two sites 
in space, that is, the regulatory site and catalytic site. Some substances 
can interact with the regulatory site to change the conformation of the 
enzyme and affect the catalytic effect.[45] Exogenous H2O2 was directly 
added to the grinding solution of fresh roots, and it was found that H2O2 
had a regulation on the above enzymes [Figure 4], 0.01 μM H2O2 showed 
the greatest enhancement, and it was about 1.4 times that of 0.0 μM H2O2. 

However, with the increase of H2O2, the activity of the enzyme showed 
a downward trend, probably because enzymes are proteins containing 
multiple hydrogen bonds which are easily oxidized, and excessive H2O2 
will cause great damage to the structure of the enzymes. Based on the 
above, it can be concluded that H2O2 produced by drought stress on 
the activities of enzymes was achieved through the dual effects of gene 
expression and allosterism.

Secondary metabolites change
The 10 kinds of secondary metabolite contents in licorice hugely improved 
under drought stress  [Figure  5 and Figure  6]. In particular, 10% PEG 
raised glycyrrhizic acid and liquiritin by 59.1% and 35.7%, exceeding 
the quality standards stipulated in ChP, especially, the aglycones such 
as liquiritigenin, isoliquiritigenin, licochalcone B, echinatin, and 
glycyrrhetinic acid, which have higher bioactivity and bioavailability due 
to more -OH and lack of glycosyl affecting absorption[46,47] also increased 
by 49.9%, 54.1%, 36.0%, 22.8%, and 58.3%, respectively. Also, 10% 
PEG also heightened isoliquiritin, liquiritin apioside, and isoliquiritin 
apioside by 57.0%, 34.0%, and 50.5%. The increase of 20% PEG was lower 
than that of 10% PEG, which may be because excessive H2O2 produced 
under drought stress seriously interfered with the metabolic process.[11]

In summary, drought stress increased H2O2, and an appropriate amount 
of H2O2 could heavily promote the synthesis of triterpenoids and 
flavonoids by increasing the gene expression and activities of related 
enzymes in the pathway of MVA and phenylpropanoid and improve the 
quality of cultivated licorice.

Quality evaluation of drought-stress licorice
The secondary metabolites in phytomedicine are complex, and the 
contents and effectiveness of each compound vary.[46] The increase 
of secondary metabolites cannot fully ensure the enhancement of 
pharmacological actions. Therefore, it is very necessary to evaluate the 
quality of licorice with pharmacological effects.
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Figure 5: Effects of drought stress on secondary metabolites

Figure 6: OPLS-DA of secondary metabolites
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Detoxication
Licorice has detoxication on a variety of toxic phytomedicine. Aconite 
is a common phytomedicine with analgesic, anti-inflammatory, and 
cardiotonic properties.[48] However, the diester alkaloids, aconitine, 
neoconitine, and hypaconitine, contained in it have cardiotoxicity,[49,50] 
which is too strong to be used alone unless licorice is present,[51,52] so 
aconite is a good material to study licorice’s detoxication. Myocardial 
zymogram  (CK, LDH, and cTn-T) is an important index to judge a 
damaged myocardium.[53,54] Compared with the control, CK, LDH, and 
cTn-T in the model greatly increased [Figure 7], designating that aconite 
can cause serious damage to the heart. Compared with the model, CK, 
LDH, and cTn-T in each group with licorice were significantly decreased. 
Compared with the untreated, 10% PEG is the most outstanding and 
decreased CK, LDH, and cTn-T by 9.29%, 6.30%, and 14.61%, indicating 
that the detoxication of the drought-stress licorice on the cardiotoxicity 
caused by aconite greatly enhanced.
Glycyrrhizin acid and glycyrrhetinic acid of triterpenoids are considered 
to be the main substances to relieve the toxicity of aconite. Glycyrrhizin 
acid can reduce the contents of free alkaloids by promoting the hydrolysis 

and lipid exchange of diester alkaloids.[55] Glycyrrhetinic acid has the 
structural characteristics of adrenocortical steroid hormone, can enhance 
the anti-stress ability,[56] and can also maintain the balance of calcium 
ions in cardiomyocytes through reducing the expression of calmodulin 
in the excitation–contraction coupling system of cardiomyocytes so as to 
alleviate the cardiotoxicity induced by aconitine.[57] In addition, the acid–
base neutralization reaction of glycyrrhizin acid (or glycyrrhetinic acid) 
with diester alkaloids also can reduce cardiotoxicity.[58] Figure  5 and 
Figure 6 showed that the glycyrrhizin acid and glycyrrhetinic acid were 
heavily raised under drought stress, especially with 10% PEG (59.1% and 
58.3%), which was consistent with the detoxification trend [Figure 7].

Anti-oxidation
As a natural antioxidant, licorice has been widely used in many fields, for 
instance, medicine, food, chemical industry, animal husbandry, etc.[59,60] 
The membrane lipid peroxidation induced by radicals is an important 
factor leading to a variety of diseases, and the pharmacological activities 
of licorice such as bacteriostasis, anti-inflammatory, anti-virus, and 
anti-depression are closely related to its anti-oxidation.[61] DPPH· and 
OH· are the main radicals in organisms, and the clearance rates of the 
two can directly reflect the anti-oxidation.[62,63] Figure 8 shows that the 
clearance rates of DPPH· and OH· of the drought-stress licorice heavily 
increased, especially, 10% PEG raised by 7.5% and 13.1%, showing that 
moderate drought stress notably enhanced the anti-oxidation of the 
drought-stress licorice.
Flavonoids take 2-phenylchromone as the basic nucleus and contain one 
or more -OH; the hydrogen atom in the -OH can combine with radical 
to form a resonance-stable semiquinone structure, terminate the radical 
chain reaction, and exert anti-oxidation.[64,65] The number and positions 
of -OH have vital effects on the anti-oxidation, especially located at C-5, 
C-7, and C-4′.[66,67] Figure 5 showed that flavonoids in the drought-stress 
licorice greatly were raised, particularly, isoliquiritigenin (-OH located at 
C-5, C-7, and C-4′), licochalcone B (-OH located at C-7, C-3′, and C-4′), 
liquiritigenin (-OH located at C-7 and C-4′), and echinatin (-OH located at 
C-7 and C-4′). The above four components of 5% PEG increased by 51.7%, 
23.0%, 69.7%, and 15.2%, those of 10% PEG by 54.1%, 35.9%, 49.9%, and 
22.8%, those of 20% PEG by 28.7%, 6.6%, 48.2%, and 34.2%, separately. On 
the whole, 10% PEG showed the greatest increase of aglycones.
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CONCLUSION
Drought stress simulated with PEG could induce a massive accumulation 
of H2O2, which enhanced the gene expression and activities of HMGR, 
SQS, β-AS, and PAL; with this, the biosynthesis of secondary metabolites 
greatly boosted, and the detoxication and anti-oxidation of licorice also 
enhanced. Drought treatment could effectively solve the problems of the 
quality decline of cultivated licorice.

Acknowledgements
The authors wish to thank for providing financial support from the 
National Natural Science Foundation of China  (81573523), National 
Survey of Traditional Chinese Medicine Resources (GZY-KJS-2018-004), 
and Scientific Research fund of Heilongjiang University of Chinese 
Medicine (2019MS27).

Ethics statement
Licorice, the root of G. uralensis Fisch., was collected in full compliance 
with the guidelines and regulations of Heilongjiang Province, China. 
Meanwhile, the collection was carried out in accordance with relevant 
legislation and with the permission of regulatory authorities.
All protocols involving animals were conducted in accordance with 
the guidelines and provisions of the Laboratory Animal Management 
Regulations of Heilongjiang Province, China. Moreover, the number and 
discomfort of animals were also minimized according to the guidelines 
for experiments with living animals in China.

Financial support and sponsorship
This work was supported by the National Natural Science Foundation of 
China (81573523), the National Survey of Traditional Chinese Medicine 



JIAN FAN, et al.: Effects of drought stress on the quality of licorice

Pharmacognosy Magazine, Volume 18, Issue 80, October-December 2022 983

Resources  (GZY-KJS-2018-004), and the Scientific Research fund of 
Heilongjiang University of Chinese Medicine (2019MS27).

Conflicts of interest
There are no conflicts of interest.

REFERENCES
1. Chinese Pharmacopoeia Commission. Pharmacopoeia of the People’s Republic of China. 

Beijing: China Medical Science Press; 2020. p. 88-9.

2. Wang LQ, Yang R, Yuan BC, Liu Y, Liu CS. The antiviral and antimicrobial activities of licorice, 

a widely used Chinese herb. Acta Pharm Sin B 2015;5:310-5.

3. Wang  ZF, Liu  J, Yang  YA, Zhu  HL. A  review: The anti-inflammatory, anticancer and 

antibacterial properties of four kinds of licorice flavonoids isolated from licorice. Curr Med 

Chem 2020;27:1997-2011.

4. Luo P, Liu D, Li J. Pharmacological perspective: Glycyrrhizin may be an efficacious therapeutic 

agent for COVID-19. Int J Antimicrob Agents 2020;55:105995. doi: 10.1016/j.ijantimicag. 

2020.105995.

5. Fukuchi  K, Okudaira  N, Adachi  K, Odai-Ide  R, Watanabe  S, Ohno  H, et  al. Antiviral and 

antitumor activity of licorice root extracts. In Vivo 2016;30:777-85.

6. Wang C, Jin YJ, Jin YJ. Promoting effect of licorice extract on spermatogonial proliferation 

and spermatocytes differentiation of neonatal mice in  vitro. In vitro Cell Dev Biol Anim 

2016;52:149-55.

7. Sun  B, Wang  XB, Cao  RL, Zhang  Q, Liu  Q, Xu  MF, Zhang  M, Du  XB, Dong  FT, Yan  XZ. 

NMR-based metabonomics study on the effect of Gancao in the attenuation of toxicity in 

rats induced by Fuzi. J Ethnopharmacol 2016;193:617-26.

8. Panche AN, Diwan AD, Chandra SR. Flavonoids: An overview. J Nutr Sci 2016;5:e47.

9. Liu JN, Wu LJ, Wei SL, Xiao X, Su CX, Jiang P, et al. Effects of arbuscular mycorrhizal fungi 

on the growth, nutrient uptake and glycyrrhizin production of licorice (Glycyrrhiza uralensis 

Fisch). Plant Growth Regul 2007;52:29-39.

10. ElSayed  AI, El-Hamahmy  MAM, Rafudeen  MS, Mohamed  AH, Omar  AA. The impact 

of drought stress on antioxidant responses and accumulation of flavonolignans in Milk 

thistle (Silybum marianum (L.) Gaertn). Plants (Basel) 2019;8:611.

11. Hosseini MS, Samsampour D, Ebrahimi M, Abadía J, Khanahmadi M. Effect of drought stress 

on growth parameters, osmolyte contents, antioxidant enzymes and glycyrrhizin synthesis in 

licorice (Glycyrrhiza glabra L.) grown in the field. Phytochemistry 2018;156:124-34.

12. Song Q, Cao WL, Jiang H, Zhang AH, Meng XC. H2O2 improves quality of Radix scutellariae 

through anti-oxidant effect. Pharmacogn Mag 2016;12:84-90.

13. Yang L, Wen KS, Ruan X, Zhao YX, Wei F, Wang Q. Response of plant secondary metabolites 

to environmental factors. Molecules 2018;23:762.

14. Almeida T, Pinto G, Correia B, Gonçalves S, Meijón M, Escandón M. In-depth analysis of 

the Quercus suber metabolome under drought stress and recovery reveals potential key 

metabolic players. Plant Sci 2020;299:110606. doi: 10.1016/j.plantsci. 2020.110606.

15. Zhang  JT, Xu  B, Li  M. Relationships between the bioactive compound content and 

environmental variables in Glycyrrhiza uralensis populations in different habitats of North 

China. Phyton Int J Exp Bot 2011;80:161-6.

16. Wang ZJ, Zhao XH, Zu YG, Wu WW, Li YY, Guo ZJ, et al. Licorice flavonoids nanoparticles 

prepared by liquid antisolvent re-crystallization exhibit higher oral bioavailability and 

antioxidant activity in rat. J Funct Foods 2019;57:190-201.

17. Gastaldo C, Lipko A, Motsch E, Adam P, Schaeffer P, Rohmer M. Biosynthesis of isoprene units 

in Euphorbia lathyris laticifers vs. other tissues: MVA and MEP pathways, compartmentation 

and putative endophytic fungi contribution. Molecules 2019;24:4322.

18. Li YY, Wang L, Sun GW, Li X, Li XH, Chen ZG, et al. Digital gene expression analysis of the 

response to Ralstonia solanacearum between resistant and susceptible tobacco varieties. 

Sci Rep 2021;11:3887.

19. Wang CC, Cai H, Zhao H, Yan Y, Shi JJ, Chen SY, et al. Distribution patterns for metabolites 

in medicinal parts of wild and cultivated licorice. J Pharm Biomed Anal 2018;161:464-73.

20. Qiao J, Luo ZL, Li YP, Ren GX, Liu CS, Ma XJ. Effect of abscisic acid on accumulation of five 

active components in root of Glycyrrhiza uralensis. Molecules 2017;22:1982.

21. Yang R, Li WD, Ma YS, Zhou S, Xue YT, Lin RC, et al. The molecular identification of licorice 

species and the quality evaluation of licorice slices. Yao Xue Xue Bao 2017;52:318-26.

22. Wei SL, Wang WQ, Wang JY, Sun ZR, Liu CS, Wang H, et al. Preliminary study in glycyrrhizin 

content and its influencing factors of wild and cultivated in different region of China. 

Zhongguo Zhong Yao Za Zhi 2012;37:1341-5.

23. Zhu S, Sugiyama R, Batkhuu J, Sanchir C, Zou K, Komatsu K. Survey of Glycyrrhizae Radix 

resources in Mongolia: Chemical assessment of the underground part of Glycyrrhiza 

uralensis and comparison with Chinese Glycyrrhizea Radix. J Nat Med 2009;63:137-46.

24. Tao WW, Duan JA, Zhao RH, Li XY, Yan H, Li JP, et al. Comparison of three officinal Chinese 

pharmacopoeia species of Glycyrrhiza based on separation and quantification of triterpene 

saponins and chemometrics analysis. Food Chem 2013;141:1681-9.

25. Bernau VM, Jardón Barbolla  L, McHale LK, Mercer KL. Germination response of diverse 

wild and landrace chile peppers  (Capsicum spp.) under drought stress simulated with 

polyethylene glycol. PLoS One 2020;15:e0236001.

26. Thayale Purayil F, Rajashekar B, Kurup SS, Cheruth AJ, Subramaniam S, Tawfik NH, et al. 

Transcriptome profiling of Haloxylon persicum (Bunge ex Boiss and Buhse) an endangered 

plant species under PEG-induced drought stress. Genes (Basel) 2020;11:640.

27. Wang HB, Kou XH, Wu CE, Fan GJ, Li TT. Nitric oxide and hydrogen peroxide are involved in 

methyl jasmonate-regulated response against Botrytis cinerea in postharvest blueberries. 

J Agric Food Chem 2020;68:13632-40.

28. González-Mendoza  D, Troncoso-Rojas  R, Gonzalez-Soto  T, Grimaldo-Juarez  O, 

Ceceña-Duran C, Duran-Hernandez D, et al. Changes in the phenylalanine ammonia lyase 

activity, total phenolic compounds, and flavonoids in Prosopis glandulosa treated with 

cadmium and copper. An Acad Bras Cienc 2018;90:1465-72.

29. Gao XG, Song XH, Zuo RN, Yang D, Ji CL, Ji H, et al. Ionophore toxin maduramicin produces 

Haff disease-like rhabdomyolysis in a mouse model. Int J Environ Res Public Health 

2020;17:7882.

30. Meng  ZJ, Wang  C, Meng  LT, Bao  BH, Wu  JH, Hu  YQ. Sodium tanshinone IIA sulfonate 

attenuates cardiac dysfunction and improves survival of rats with cecal ligation and 

puncture-induced sepsis. Chin J Nat Med 2018;16:846-55.

31. Behdad  A, Mohsenzadeh  S, Azizi  M. Comparison of phytochemical compounds of two 

Glycyrrhiza glabra L. populations and their relationship with the ecological factors. Acta 

Physiol Plant 2020;42:133.

32. Xia  Y, Qin  SK, Shen  YQ.  Probiotic potential of Weissella  strains isolated from horse 

feces. Microb Pathog 2019;132:117-23.

33. Choudhury S, Panda P, Sahoo L, Panda SK. Reactive oxygen species signaling in plants under 

abiotic stress. Plant Signal Behav 2013;8:e23681.

34. Augsburger  F, Filippova  A, Jaquet  V. Methods for detection of NOX-derived superoxide 

radical anion and hydrogen peroxide in cells. Methods Mol Biol 2019;1982:233-41.

35. Sies H. Hydrogen peroxide as a central redox signaling molecule in physiological oxidative 

stress: Oxidative eustress. Redox Biol 2017;11:613-9.

36. Černý M, Habánová H, Berka M, Luklová M, Brzobohatý B. Hydrogen peroxide: Its role in 

plant biology and crosstalk with signalling networks. Int J Mol Sci 2018;19:2812.

37. Kopustinskiene DM, Jakstas V, Savickas A, Bernatoniene J. Flavonoids as anticancer agents. 

Nutrients 2020;12:457.

38. Xu D, Hu MJ, Wang YQ, Cui YL. Antioxidant activities of quercetin and its complexes for 

medicinal application. Molecules 2019;24:1123.

39. Pütter KM, van Deenen N, Unland K, Prüfer D, Schulze Gronover C. Isoprenoid biosynthesis 

in dandelion latex is enhanced by the overexpression of three key enzymes involved in the 

mevalonate pathway. BMC Plant Biol 2017;17:88.

40. Zhang B, Liu Y, Chen MM, Feng JT, Ma ZQ, Zhang X, et al. Cloning, expression analysis 

and functional characterization of squalene synthase  (SQS) from Tripterygium wilfordii. 

Molecules 2018;23:269.

41. Chen  O, Deng  LL, Ruan  CQ, Yi  LH, Zeng  KF. Pichia galeiformis induces resistance in 

postharvest citrus by activating the phenylpropanoid biosynthesis pathway. J  Agric Food 

Chem 2021;69:2619-31.

42. Jun  SY, Sattler  SA, Cortez  GS, Vermerris  W, Sattler  SE, Kang  CH. Biochemical and 

structural analysis of substrate specificity of a phenylalanine ammonia-lyase. Plant Physiol 

2018;176:1452-68.

43. Barros  J, Dixon  RA. Plant phenylalanine/tyrosine ammonia-lyases. Trends Plant Sci 

2020;25:66-79.

44. Li JH, Tian CF, Xia YH, Mutanda I, Wang KB, Wang Y. Production of plant-specific flavones 

baicalein and scutellarein in an engineered E. coli from available phenylalanine and tyrosine. 

Metab Eng 2019;52:124-33.

45. Garcimartín A, López-Oliva ME, González MP, Sánchez-Muniz FJ, Benedí J. Hydrogen peroxide 

modifies both activity and isoforms of acetylcholinesterase in human neuroblastoma 

SH-SY5Y cells. Redox Biol 2017;12:719-26.



JIAN FAN, et al.: Effects of drought stress on the quality of licorice

984 Pharmacognosy Magazine, Volume 18, Issue 80, October-December 2022

46. Shen Y, Cong W, Zhang AH, Meng XC. Complexity of active medicinal ingredients in radix 

scutellariae with sodium hydrosulfite exposure. PLoS One 2020;15:e0238927.

47. Yang JM, Jiang H, Dai HL, Wang ZW, Jia GZ, Meng XC. Feeble antipyretic, analgesic, and 

anti-inflammatory activities were found with regular dose 4′-O-β-D-glucosyl-5-O-meth

ylvisamminol, one of the conventional marker compounds for quality evaluation of Radix 

Saposhnikoviae. Pharmacogn Mag 2017;13:168-74.

48. He YF, Wei ZH, Xie Y, Yi XL, Zeng Y, Li YZ, et al. Potential synergic mechanism of Wutou-Gancao 

herb-pair by inhibiting efflux transporter P-glycoprotein. J Pharm Anal 2020;10:178-86.

49. Zong  XX, Yan  XJ, Wu  JL, Liu  ZQ, Zhou  H, Li  N, et  al. Potentially cardiotoxic diterpenoid 

alkaloids from the roots of Aconitum carmichaelii. J Nat Prod 2019;82:980-9.

50. Miao LL, Zhou QM, Peng C, Meng CW, Wang XY, Xiong L. Discrimination of the geographical 

origin of the lateral roots of Aconitum carmichaelii using the fingerprint, multicomponent 

quantification, and chemometric methods. Molecules 2019;24:4124.

51. He YF, Wei ZH, Ci XY, Xie Y, Yi XL, Zeng Y, et al. Effects of liquorice on pharmacokinetics of 

aconitine in rats. Xenobiotica 2019;49:1485-93.

52. Yan  P, Mao  W, Jin  LS, Fang  MS, Liu  X, Lang  JL, et  al. Crude radix Aconiti Lateralis 

Preparata  (Fuzi) with glycyrrhiza reduces inflammation and ventricular remodeling in 

mice through the TLR4/NF-κB pathway. Mediators Inflamm 2020;2020:5270508. doi: 

10.1155/2020/5270508.

53. Cinar I, Yayla M, Tavaci T, Toktay E, Ugan RA, Bayram P, et al. In vivo and in vitro cardioprotective 

effect of gossypin against isoproterenol-induced myocardial infarction injury. Cardiovasc 

Toxicol 2022;22:52-62.

54. Ahmad S, Panda BP, Fahim M, Dhyani N, Dubey K. Ameliorative effect of Beraprost sodium 

on celecoxib induced cardiotoxicity in rats. Iran J Pharm Res 2018;17:155-63.

55. Ma LN, Ye ZG, Zhang GP. Analysis on mechanism of toxicity reduction through compatibility 

of Aconiti Lateralis Radix Praeparata-Glycyrrhizae Radix et rhizoma from in vitro component 

changes, in vivo metabolism and biological effects antagonism. Zhongguo Zhong Yao Za Zhi 

2019;44:4165-70.

56. Jiang M, Liu DM, Chen W, Chang L, Li W, Fu CM. Antagonistic effect of glycyrrhetinic acid 

against aconitine induced arrhythmia in rats. Pharmacol Clin Chin Mater Med 2021;37:132-7.

57. Zhang  YY, Yu  L, Jin  WF, Fan  HJ, Li  M, Zhou  TM, et  al. Reducing toxicity and increasing 

efficiency: Aconitine with liquiritin and glycyrrhetinic acid regulate calcium regulatory 

proteins in rat myocardial cell. Afr J Tradit Complement Altern Med 2017;14:69-79.

58. Zhang  JM, Liao  W, He  YX, He  Y, Yan  D, Fu  CM. Study on intestinal absorption and 

pharmacokinetic characterization of diester diterpenoid alkaloids in precipitation derived 

from Fuzi‑Gancao herb-pair decoction for its potential interaction mechanism investigation. 

J Ethnopharmacol 2013;147:128-35.

59. Kwon YJ, Son DH, Chung TH, Lee YJ. A review of the pharmacological efficacy and safety of 

licorice root from corroborative clinical trial findings. J Med Food 2020;23:12-20.

60. Yang FL, Chu TT, Zhang YJ, Liu XT, Sun GX, Chen ZH. Quality assessment of licorice (Glycyrrhiza 

glabra L.) from different sources by multiple fingerprint profiles combined with quantitative 

analysis, antioxidant activity and chemometric methods. Food Chem 2020;324:126854. doi: 

10.1016/j.foodchem.2020.126854.

61. Cai  YZ, Luo  Q, Sun  M, Corke  H. Antioxidant activity and phenolic compounds of 112 

traditional Chinese medicinal plants associated with anticancer. Life Sci 2004;74:2157-84.

62. Reigada I, Moliner C, Valero MS, Weinkove D, Langa E, Gómez Rincón CG. Antioxidant and 

antiaging effects of licorice on the Caenorhabditis elegans model. J Med Food 2020;23:72-8.

63. Zhang  XM, Guo  XH, Zhao  P, Zhang  XM, Gao  WY, Li  X. Chemometric analysis of active 

compounds and antioxidant and alpha-glucosidase inhibitory activities for the quality 

evaluation of licorice from different origins. Biomed Chromatogr 2021;35:e5215.

64. Rice-Evans CA, Miller NJ, Paganga G. Structure-antioxidant activity relationships of flavonoids 

and phenolic acids. Free Radic Biol Med 1996;20:933-56.

65. Bors W, Michel C. Chemistry of the antioxidant effect of polyphenols. Ann N Y Acad Sci 

2002;957:57-69.

66. Yang H, Su W, Wang LH, Wang C, Wang CY. Molecular structures of nonvolatile components in 

the Haihong fruit wine and their free radical scavenging effect. Food Chem 2021;353:129298.

67. Zhu LC, Chen JQ, Tan J, Liu X, Wang BC. Flavonoids from Agrimonia pilosa Ledeb: Free 

radical scavenging and DNA oxidative damage protection activities and analysis of 

bioactivity-structure relationship based on molecular and electronic structures. Molecules 

2017;22:195.


