82353 Auto Edited-check.docx



Name of Journal: World Journal of Diabetes
Manuscript NO: 82353
Manuscript Type: ORIGINAL ARTICLE

Basic Study
Lomatogonium rotatum extract alleviates diabetes mellitus rats induced by high-fat,

high-sugar diet and streptozotocin

Dai LL et al. LR extract alleviates diabetes mellitus

1/19




Abstract

BACKGROUND

Lomatogonium rotatum (LR) is traditionally used in Mongolian folk medicine as a
hypoglycemic agent, but its evidence-based pharmacological effects and mechanisms of

action have not been fully elucidated.

AIM
To emphasize the hypoglycemic action mechanism of LR in a type 2 diabetic rat model
and examine potential biomarkers to obtain mechanistic understanding regarding

serum metabolite modifications.

METHODS

A high-fat, high-sugar diet and streptozotocin injection-inudued type 2 diabetic rat
model was established. The chemical composition of the LR was identified by high
performance liquid chromotography method. LR extract administrated as oral gavage
at 0.5 g/kg, 2.5 g/kg, and 5 g/kg for four weeks. Anti-diabetic effects of LR extract were
evaluated based on histo-pathological examination as well as the measurement of blood
glucose, insulin, glucagon-like peptide 1 (GLP-1) and lipid levels. Serum metabolites

were analyzed using an untargeted metabolomics approach.

RESULTS

According to a chemical analysis, swertiamarine, sweroside, hesperetin, coumarin, 1.7-
dihydroxy-3,8-dimethoxyl xanthone, and 1-hydroxy-2,3,5 trimethoxanone are the
principal active ingredients in LR. An anti-diabetic experiment revealed that the LR
treatment significantly increased plasma insulin and GLP-1 levels while effectively
lowering blood glucose, total cholesterol, triglycerides, low-density lipoprotein
cholesterol, and oral glucose tolerance test compared to the model group. Furthermore,
untargeted metabolomic analysis of serum samples detected 236 metabolites, among

which 86 were differentially expressed between the model and the LR group. It was
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also found that LR considerably altered the levels of metabolites such as vitamin B6,
mevalonate-5P, D-proline, L-lysine, and taurine, which are involved in the regulation of
the vitamin B6 metabolic pathway, selenium amino acid metabolic pathway,

pyrimidine metabolic pathway, arginine, and proline metabolic pathways.

CONCLUSION
These findings indicated that LR may have a hypoglycemic impact and that its role may
be related to changes in the serum metabolites and to facilitate the release of insulin and

GLP-1, which lower blood glucose and lipid profiles.
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Core Tip: Lomatogonium rotatum (LR) is traditionally used in Mongolian folk medicine
as a hypoglycemic agent, but its evidence-based pharmacological effects and
mechanisms of action have not been fully elucidated. An anti-diabetic experiment
revealed that the treatment of LR caused diabetic rats’ plasma levels of insulin and
glucagon-like peptide 1 (GLP-1) to increase while significantly lowering their blood
sugar, total cholesterol, triglycerides, low-density lipoprotein cholesterol, and oral
glucose tolerance test. These findings indicated that LR may have a hypoglycemic
impact and that its role may be related to changes in the serum metabolites as well as to
facilitating the release of insulin and GLP-1, which lower blood glucose and lipid

profiles.

INTRODUCTION
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Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder characterized by
chronically elevated blood glucose (hyperglycemia) and elevated blood insulin
(hyperinsulinemia)lll. T2DM is treated primarily with six classes of anti-diabetic
medications, including metformin, glimepiride, repaglinide, pioglitazone, sitagliptin,
and acarbosel?l. Traditional medicine has a long history of use as a complementary
alternative therapy and has shown promising results in treating T2DM. The demand for
complementary and alternative medicine has increased owing to its potential to target
multitude metabolic pathways for treating T2DM. Lomatogonium rotatum (LR) is a dried
whole herb derived from the Gentianaceae plant Lomatogonium rotatum (L.) Fries ex
Nym, an important medicinal herb utilized in the formulation and practice of
Mongolian medicine in Chinal®l. According to a previous study, LR could decrease the
body weight of obese rats induced by a high-fat high-sugar (HFHS) dietl*l. The LR
compounds can activate the bitter taste receptors (Tas2Rs), which have advantageous
effects on diabetesl56l. The main compounds of LR include flavonoids and xanthones,
small amounts of iridoids, alkaloids, steroids, and organic acidsl®?. Nonetheless, the
protective effects against diabetes of LR have not been thoroughly examined.

It is widely known that T2DM comprises several abnormalities in the systemic
metabolism of amino acids (AAs), lipids, and glucosel''!l. The metabolites associated
with food metabolism provide a direct functional reading of an organism’s
physiological condition. Metabolomics analysis is the untargeted identification and
quantification of all low molecular weight metabolic end products (metabolites)2.
Metabolomics technology is used to investigate the impact of drugs on endogenous
metabolite variations and to identify specific biomarkers and their key factors/['3l.
Moreover, it provides a perspective image of downstream gene expression and vital
information regarding drug metabolism['4l. Metabolic profiles of cells, tissues, organs,
and biological fluids can be used to infer an individual's health status and help monitor
changes in specific diseasesl'5l. In recent years, metabolomics has been used to
systematically study the metabolites of patients with T2DM, and find biomarkers and

possible metabolic pathways. The dynamic changes of endogenous metabolites are
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closely related to the occurrence and development of diabetes. Understanding the
hypoglycemic effect of LR on T2DM, identifying its biomarkers, and clarifying its

mechanism by metabolomic studies will have considerable clinical significance.

MATERIALS AND METHODS

Materials

The HFHS diet was provided by Liaoning Changsheng Biotechnology Co., Ltd.
(Shenyang, China; Batch No. 20200925). Analytical citric acid and sodium citrate were
obtained from Sinopharm Chemical Reagent Co., LTD. (Shanghai, China). Blood
glucose, insulin, glucagon-like peptide 1 (GLP-1), total cholesterol (TC), triglycerides
(TG), high-density lipoprotein-cholesterol (HDL-C), and low-density lipoprotein-
cholesterol (LDL-C) kits were provided by Shenzhen Icubio Biotechnology Co., Ltd.
(Shenzhen, China). Hematoxylin and eosin (H&E) stain was obtained from Nanjing

Jiancheng Technology Co., Ltd. (Nanjing, China).

Preparation of LR extract

LR was collected from Xilinhaote grassland, Inner Mongolia, China. Five kilograms of
LR was washed, dried and powdered. Then, LR powder was extracted three times with
95% ethanol for 3 h each time. The extract was combined, concentrated and freeze-dried
at 60 °C under vacuum. Carboxymethylcellulose sodium salt (CMC-Na) solvent was
employed to suspend the LR extract and orally gavaged to animals at 0.5 g/kg, 2.5
g/kg, and 5 g/ kg according to the previous reportliel.

Animals and experimental design

SPF grade male Sprague-Dawley rats (batch no. C-NMG2021012507), aged 6-8 wk
(initial body weight of 180-220 g), were obtained from Changsheng Biotechnology Co.,
Ltd (Shenyang, China). Rats were kept individually in the SPF standard animal room
with 30%-40% humidity, 22-25 °C temperature, and a 12-h light/dark cycle. After

adaptive feeding for one week, rats were randomly assigned to six groups: Control
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group, model group, LR-0.5, LR-2.5, LR-5 g/ kg of LR groups, and metformin group (a
clinical anti-diabetic drug). The HFHS diet (30% lard oil, 20% sucrose, and 50%
standard diet) was fed to the diabetic model for four weeks along with an injection of
streptozotocin (30 mg/kg)'7l, whereas the control animals received a commercial
standard diet. After modeling, rats in control and dietetic groups received 0.5% CMC-
Na (Sigma), whereas rats in the LR and metformin groups received 0.5 g/kg, 2.5 g/kg,
and 5 g/kg of LR extract and metformin (150 mg/kg) by oral administration once per
day. All animals were given the treatments outlined for four weeks. At the end of the
experimental day, blood was collected from the retro-orbital sinus and centrifuged at
3500 rpm for 10 min at 4 °C. The supernatant was obtained for enzyme-linked
immunosorbent assay (ELISA) and metabolomic analysis. The liver, kidney, and
pancreas tissues were surgically removed from each rat for H&E staining. The
Institutional Animal Care and Use Committee, Inner Mongolian University for
Nationalities, examined and approved all experimental protocols (approval no. NM-LL-

2021-06-15-1).

High performance liquid chromotography chemical determination

One gram of LR powder was accurately weighed and placed in a 50 mL conical flask.
Then 20 mL of methanol solution was added for 30 min ultrasonic extraction, and the
liquid was cooled and weighed. Swertiamarine (2 mg), sweroside (1 mg), hesperetin (1
mg), coumarin (4.9 mg), 1.7-dihydroxy-3,8-dimethoxyl xanthone (1 mg), and 1-hydroxy-
2,3,5 trimethoxanthone (1 mg) were carefully weighed and put into a 10 mL flask,
dissolved in methanol and diluted to scale, shaken well, and filtered through 0.45 um
microporous filter membrane (each 1 mL contains 0.2 mg swertiamarine, 0.1 mg
swertia, 0.1 mg hesperidin, 0.49 mg coumarin, 0.1 mg 1,7-dihydroxy-3,8-dimethoxone
and 0.1 mg 1-hydroxy-2,3,5-trimethoxone). High performance liquid chromotography
(HPLC) analysis was performed on an Agilent 1260 Lnfinityll HPLC system. ZORBAX
SB-C18 5-Micron column (4.6 mm x 250 mm) with mobile phase water (A) -0.1%
phosphate aqueous solution (B) and gradient elution (0-15 min, 30%-35% B; 15 to 25
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min, 35%-50% B; 25 to 35 min, 50%-65% B; 35 to 45 min, 65%-70% B; 45 to 50 min, 70%-
80% B; 50 to 55 min, 80%-95%. 55-60 min, 95%-100%); The flow rate was set to 1.0
mL/min, the column temperature was set to 30 °C, and the detection wavelength was
set at 234 nm. Standards of six compounds were purchased (Sigma Aldrich) and

calibration curves were performed.

Serum biochemical markers analysis

An automated biochemical analyzer (Ichem-340, Icubio, Shenzhen, China) was applied
to examine the serum levels of TC, TG, HDL-C, and LDL-C. GLP-1 and insulin were
quantified using ELISA kits (Bioswamp, Wuhan, China) according to the
manufacturer’s instructions. Herein, 450 nm was used to measure the absorbance of 100

PL of serum in this experiment.

Oral glucose tolerance test

Rats were fasted for 12 h, after which blood glucose levels were determined using
glucometer by obtaining a blood sample from the tail vein at 0 min. Subsequently, the
rats were orally administered glucose at 2 g/kg body weight, and blood glucose levels
were recorded at 30, 60, 120, and 180 min post-administration. The trapezoidal formula
was applied to calculate blood glucose levels to compute the area under the curve
(AUCQ). The value of blood glucose at x minutes was denoted by BG (x), and the AUC
was determined using the following formula: Oral glucose tolerance test (OGTT)
calculation formula: AUC = 0.5 x (BG0 + BG30)/2 + 0.5 x (BG30 + BG60)/2 + 1 x (BG60
+ BG120)/2 + 1 x (BG0120 + BG180)/2

HG&E staining

The right liver lobe, kidney tissues, and pancreatic biopsy specimens were embedded
with formalin at a concentration of 4% and prepared into paraffin slices measuring 3-5
pm thick. Before being examined under an Olympus microscope equipped with a CCD

camera (Nikon DS-U3, Japan), the tissue sections were stained with H&E. A
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photographic examination software program (Nikon Eclipse E100, Japan) was utilized

for microscopic analysis at x 40 magnification.

Metabolomic analysis of seruin sample

The serum samples were analyzed for untargeted metabolite profiles using the
XploreMET™ (Metabo-Profile Biotechnology, Shanghai, China). A time-of-flight mass
spectrometry system (Pegasus HT, LECO Corp., United States) was used to assay the
component with an Agilent gas chromatograph (GC), and a robotic online
derivatization station was used to assay the plasma components. The list of chemicals
and reagents used in the metabolomic analysis is reported above. The process of
analysis is briefly described in the following parts. Prior to processing, plasma samples
were stored at -80 °C. After thawing the samples on ice, a metabolite extraction
procedure was conducted. Initially, chloroform was removed from the metabolite
extracts using a CentriVap vacuum concentrator. Subsequently, a Free Zone freeze
dryer (Labconco, Kansas City, MO, United States) was employed to lyophilize the
samples into a dry powder. Fifty milligrams of frozen serum samples were deposited in
a microcentrifuge container with 25 mg of zirconium oxide beads and 10 pl of internal
calibration standards. For automated homogenization, 50 pL of 50% pre-chilled
methanol was added in each aliquot. After 20 min of centrifugation at 14000 g and 4 °C
(Microfuge 20R, United States), the supernatant was transferred carefully to an
autosampler vial (Agilent Technologies, Foster City, CA, United States), dissipated to
eliminate chloroform in a CentriVap vacuum concentrator, and then lyophilized
utilizing a Free Zone freeze dryer (Labconco, Kansas City, MO, United States). The
remaining samples were combined for the quality control purposes. The desiccated
sample was derivatized with 50 pL of methoxyamine (20 mg/mL in pyridine) at 30 °C
for two hours, then 50 pL of MSTFA (1% TMCS) containing FAMEs as retention indices
was added at 37.5 °C for one hour. The sample derivatization, and GC-TOF/MS
analysis were conducted with a robotic multipurpose sample with dual heads (Gerstel,

Germany).
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After obtaining the raw data, the ChromaTOF software was used to automatically
export the original GC-TOF/MS data to XploreMET (Metabo-Profile Biotechnology,
Shanghai, China). This enabled programmed baseline denoising and smoothing, peak
selection and deconvolution, the creation of a database of references from aggregated
quality control (QC) samples, metabolite spectrum alignment, missing value
rectification and imputation, metabolite verification, along with data preprocessing
(normalization and standardization). Then, all data was converted into comparable data
matrices for statistical analysis. The standard deviation of the experimental measures
was scaled and applied to each result, which was then mean-centered. The XploreMET
software was used to carry out principal component analysis (PCA) and orthogonal
partial least-square discriminant analysis. The sum of squares of the partial least-
squares weights was weighted using the value of the variable importance in the
projection (VIP). The Kyoto Encyclopedia of Genes and Genomes looked at the

metabolic process of many metabolites.

Statistical analysis

The acquired data have been represented as mean + standard error of the mean.
GraphPad prism 7.04 was used to conduct the statistical analyses. A one-way ANOVA
was applied to the data analysis and the LSD Multiple Comparison Test was used to
evaluate treatment differences. P < 0.05 was considered statistically significant, while P
< 0.10 indicated a trend. Data of differentially expressed metabolites were considered to
be statistically significant when a variable was VIP = 1.2 and a P < 0.05. Univariate

statistical analysis (student’s t-test) was used to analyze differential metabolites.

RESULTS

HPLC determination of main compounds of LR

Herein, six bioactive compounds were identified by HPLC analysis as the main
bioactive constituents in LR, including swertiamarine, sweroside, hesperetin, coumarin,

1.7-dihydroxy-3,8-dimethoxyl xanthone, and 1-hydroxy-2,3,5 trimethoxanthone with
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inclusion of 91.10, 6.09, 7.65, 3.04, 29.28, and 3.70 mg/g of dry mater, respectively
(Figure 1 and Table 1).

LR protected streptozotocin-induced diabetic rats against the onset of hyperglycemia
As shown in Figure 2A, the body weight was significantly increased in the HFHS diet-
fed mice, while streptozotocin (STZ) injection sharply decreased the body weight in
contrast to those in the control group. LR administration and metformin treatment
groups significantly reduced (P < 0.05 and P < 0.01 respectively) the body weight of
mice in comparison with those in the model group. In addition, compared with the
control group, blood glucose in the model group was significantly increased (P < 0.01),
whereas LR at 2.5 g/kg and 5 g/kg doses and metformilhtreatments significantly
decreased the serum blood glucose level (P < 0.05, Figure 2B). The serum insulin level in
the model group was significantly higher (P < 0.001) than in the normal group. In
comparison to the diabetic model group, LR at 2.5 g/kg and 5 g/kg doses, as well as
metformin treatments, significantly (P < 0.05) increased serum insulin concentrations
(Figure 2C). In contrast, the level of GLP-1 was significantly reduced in the model
group by comparison with the control group (P < 0.001), but metformin and LR at a
dose of 5 g/kg enhanced the serum GLP-1 secretion significantly (P < 0.05) as shown in
Figure 2D.

The model group’s TC and TG levels were found to be significantly higher (P < 0.001)
than the control group’s, whereas serum TC content was significantly lower (P < 0.05)
in three LR groups and the metformin group. TG levels were significantly lower in the
LR-25 and LR-5 groups and the metformin group compared to the diabetic model
group (Figures 3A and 3B). Although the level of HDL-C was not changed in the
comparison between the control and model groups, LR treatment at 2.5 and 5 g/kg
doses significantly elevated (P < 0.05) the serum concentration of HDL-C compared to
the model group (Figure 3C). In terms of serum LDL-C levels, diabetic model animals
had significantly higher (P < 0.05) LDL-C levels than control animals, whereas three LR
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treatment groups and the metformin group had significantly lower (P < 0.01) serum

LDL-C levels than the model group (Figure 3D).

Effects of LR on histological changes of pancreas, liver, and kidney tissues in STZ-
induced diabetic rats model

Figure 4 shows that the HFHS diet and STZ-induced diabetic rats had extensive
granulation of the PB-cells and severe vacuolation of the pancreatic islets, while the
control rats had normal pancreatic (-cells in the islets of Langerhans and the acini.
Histological tissue characteristics in the LR and metformin treatment groups showed
reduced cell granulation and decreased Encreatic islet vacuolation compared to the
diabetic model group. On the other hand, the structure of the liver lobule was complete
in the control animals, and cells were organized radially around the central blood
vessel, while diabetic model rats had evident macro-vesicular steatosis of liver cells. In
the LR and metformin groups, the hepatic lobule structure was restored, and the degree
of steatosis was significantly lower than in the model group. H&E staining of the
kidney sections indicated that the diabetic rats had more visible renal lesions, including
glomerular hypertrophy, increased glomerular mesangial cells, and more severe
mesangial matrix damage than the control group. The LR and metformin treatments

significantly alleviated pathological renal damage in the kidneys of diabetic rats.

Effect of LR on OGTT

In the first 30 min after glucose was given, blood glucose levels were much lower in the
LR and metformin groups than in the diabetic group (Figure 5A). Additionally, Figure
5B shows that both LR and metformin treatment significantly improved the AUC values

at 30 min, 60 min, 120 min, and 180 min.

Data quality and identification of metabolites
Using untargeted metabolomics, a total of 236 metabolite annotations were determined

in the serum samples. Among these, significantly deferentially-expressed metabolites
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mainly include alkaloids and derivatives, lipids and lipid-like molecules,
organoheterocyclic compounds, and organic acid and their derivatives. The results of
the PCA indicated that the metabolic profiles of the three experimental groups differed
significantly, as reflected by the variations between the three sample groups.
Furthermore, the QC sample distances were found to be extremely close, suggesting a

high degree of sample data reliability (Figures 6A-C).

Alternation of metabolite levels and biological metabolic pathways

A metabolomic analysis of the differentially expressed metabolites in serum tissues of
diabetic rats and the subsequent volcano plot showed that 144 metabolites (67
downregulated and 77 upregulated) were expressed differently between the control and
the model group, whereas a comparison of the model and LR-5 groups revealed 86
deferentially-expressed metabolites (67 downregulated and 19 upregulated) (Figures 7A
and 7B). According to the order of influencing factors in the LR group comparison, top
13 metabolic pathways were selected, as shown in Figure 7C. Vitamin B6 metabolism
and biosynthesis of terpenoids, taurine and hypotaurine metabolism, lipid metabolism
scabbard of taurine, selenium metabolism of AA metabolism, pyrimidine, the original
generation of bile acid biosynthesis, pantothenic acid salt and histidine biosynthesis and
metabolisms of coenzyme A, fatty acid, biotin, arginine and proline, and aminoacyl-
tRNA biosynthetic pathway. In the LR group, the metabolic pathway of vitamin B6 was
the most influential factor, followed by the metabolic pathway of terpenoid backbone
biosynthesis, selenium AA, pyrimidine, arginine, and proline.

The representative differential metabolites obtained from the major altered pathways
are shown in Table 2. The levels of mevalonic acid-5P, D-proline, L-lysine, taurine,
pyridoxal, marshrin, honyucitrin, isoliquiritigenin, 1H-indole-2,3-dione, oxychlordane,
phosphorylcholine, Se-adenosylselenohomocysteine, 1-methyladenosine,
LysoPE[0:0/18:3(6Z,97,127)], PE[20:4(8Z,11Z,14Z,17Z)/P-16:0], Bakers yeast extract,
Ecgonine methyl ester showed a significant decrease in the model group in comparison

with the control group. By contrast, LR treatment dramatically increased the above
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metabolites in the serum samples. Moreover, the levels of dihydrothy, pantothenic acid,
aromadendrin 4’-methyl ether 7-rhamnoside were greatly elevated in the model group
than in the control group. Nevertheless, LR obviously reduced the level of this
metabolites. The results indicated that most of the metabolites were reversed by LR
extract treatment and were regulated to return to levels that were comparable to those

of the control group.

DISCUSSION

Obesity-related disorders, specifically T2DM, have become one of the world’s greatest
health concerns. According to multiple studies, a disturbance in energy metabolism is
the primary risk factor for the development of T2DM. Current clinical applications have
recommended single-target medications; however, overcoming these drugs’ problem
has been difficult. As a result, traditional medicines with the advantages of multi-
targets and multi-mechanism could be potential treatments for T2DM. LR is a bitter
medicinal herb in traditional Mongolian medicine used for body weight reduction.
However, the pharmacological effects of LR and its specific metabolic changes on T2DM
are not entirely understood. Biological cells respond to a disease state by changing the
concentration of a large number of metabolites to maintain homeostasisl*8l. In this
study, serum metabolic profiles were generated using ultra-high-performance liquid
chromatography (UPLC-TOF/TOF-MS/MS) and the potential mechanisms of LR in
T2D were examined.

Herein, the HFHS diets plus STZ is a relatively stable method for modeling T2D.
According to the results, the HFHS-induced rats had increased body weight and
considerably elevated TC, TG and LDL-C plasma levels compared with normal rats.
Additionally, increased glucose tolerance significantly impaired the plasma levels of
glucose, GLP-1, and insulin. This was confirmed that an HFHS diet causes weight
increase, insulin sensitivity, and impaired glucose tolerancel'’l. So, the HFHF-induced

animal model indicated a typical obesity phenotype.

13 /19




According to an HPLC analysis, six main compounds were identified from the LR
extract. The most abundant components are swertiamarin, hesperetin and coumarin,
which have been previously documented with effects on obesity and hyperglycemial2-
21, making them the likely effectors of the pharmacological activities of the LR extract.
The presence of xanthone, another key component in LR extract, is known to have
numerous pharmacological effects, including antiinflammatory and antimycobacterial
propertiesiZl. Nevertheless, its hypoglycemic action has yet to be investigated. In
addition, experimental results showed that high doses and a medium dose of LR
administration indicated similar outcomes as metformin. The LR administration
significantly reduced the body weight in the model group and showed lower serum
glucose and lipid contents. Several studies have reported that abnormalities of lipid
contents in serum are highly related to hyperglycemial?l. In this study, the level of TC,
TG, HDL-C, and LDL-C was significantly reversed after the LR administration. TC, TG,
LDL-C, and HDL-C are important biomarkers, which indicate hyperlipidemia.
Moreover, lipid abnormalities drive the increase in lipid deposition(2l. Our findings
indicate that LR may have a potent hypolipidemic effect by decreasing plasma levels of
TC, TG, and LDL-C while elevating HDL-C levels. LR could have a positive effect on
the control of hyperlipidemia.

Dyslipidemia is caused in part by a correlation between carbohydrate and lipid
metabolism and aberrant blood glucose levelsi2¢l. Herein, glucose levels were
significantly elevated in the serum, and the OGTT results indicated that diabetic rats
developed impaired glucose tolerance. Regarding glucose meﬂlolism, LR treatment
lowered blood glucose and greatly improved glucose tolerance. The reduction in blood
glucose by LR administration was associated with a significant improvement in glucose
intolerance, as revealed by the decreased AUC value in OGTT response. OGTT was
usually used to assess peripheral insulin action and insulin resistance in vivo. The OGTT
results were accompanied by insulin levels in serum. Insulin resistance is related to
T2DM and is characterized by the decreased response of insulin-sensitive cells or

tissues. It can cause impaired peripheral glucose consumption and develop
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hyperglycemia and compensatory hyperinsulinemia. Moreover, the plasma GLP-1 level
was improved by the LR treatment. GLP-1 is a hormone primarily produced in the L-
cells of the distal ileum and colon. It promotes insulin secretion while inhibiting
glucagon synthesis. It also plays a significant role in glucose homeostasis and is a key
biomarker of abnormalities in glucose metabolism(?’l. The exposure of cultured gut
endocrine cells to bitter substances stimulates the release of hormones, including GLP-
11281, Therefore, LR administration significantly improved insulin sensitivity and GLP-1
secretion in diabetic rats. Taken together, the physiological results expressively revealed
that LR administration had the effect of reducing obesity and improving lipid and
carbohydrate metabolism.

Metabolomics is a high-throuﬁlput technology that have been widely used for
identifying biomarkers, revealing metabolic pathways, and unraveling the mechanisms
of metabolic diseases/?’l. In this study, untargeted metabolomics technology was used to
analyze serum metabolites and the metabolic pathways of LR administration and to
explore its mechanism of lowering blood glucose and anti-diabetic action. Our findings
revealed that the metabolic pathway of vitamin B6 was the most influential factor,
followed by terpenoid backbone biosynthesis, selenium AA, pyrimidine, arginine, and
proline. Metabolites such as pyridoxal, mevalonic acid-5P, proline, lysine and taurine
have been well reported on the regulation of T2DM, dislipidemia, inflammation and
oxidative stressl3-32l. In addition, LR administration promoted energy metabolisms,
related to AA. Recent studies reported AAs may be potentially important in the
prevention of diabetes and diabetes-associated complications(®!. Protein and glucose
metabolisms are strongly interconnected and consequently regulated at the metabolic
and molecular levels. AAs relate to glucose metabolism via gluconeogenesis, which is a
catabolic breakdown of AAs. In metabolomics studies, two important potential
biomarkers, i.e., D-proline and L-lysine, were identified. Lysine supplements decreased
ﬁabetic complications linked with T2DM in the diabetic rat models and in vitrol34351.
Lysine is an essential AA that plays a major role in calcium absorption, building muscle

protein, and the body’s production of hormones, enzymes, and antibodies. Animal and
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human studies have shown that it has also demonstrated Variousﬁeneficial effects in

the treatment/prevention of diabetes and/or its complications. In diabetes-induced
animal models, lysine has shown beneficial effects in lowering blood glucose as well as
acting as an inhibitor of protein glycationl*!. Lysine is known to react with glucose,
with the glycated AA being excreted in the urine, and it has been shown to markedly
minimize the glucose response to dietary carbohydrates without the influence on
insulin responsel”l. And lysine could be catabolized to participate the energy
metabolism. One mechanism involves the conversion of lysine to glutaryl-CoA, which
is then converted to acetyl-CoABSl. In the tricarboxylic acid cycle, lysine is metabolized
to 2-ketoglutaric acid, which then forms succinate. Additionally, proline accelerates
insulin secretion in both clonal B-cells and isolated mouse isletsP%4%. In the current
study, the elevated level of insulin in the LR group could be influenced by the high
proline level. Moreover, proline could be converted to glutamate and metabolized to
pyruvate, which is a key metabolite joining the tricarboxylic acid cyclel4ll. The pyruvate,
metabolized to acetyl-CoA participates in the regulation of energy metabolism.
Subsequently, the inappropriate glucogenic metabolism caused by the HFHS diet could
be recovered by LR administration (Figure 8). In this view, the LR administration has
potential to elevate lysine and proline levels may help with diabetes management and
blood sugar control.

Vitamin B metabolism was modified after LR adminisaation and the levels of
pyridoxal, a key metabolite was restored in the LR groups. Vitamin B6 is an essential
cofactor in various transamination, decarboxylation, glycogen hydrolysis, and synthesis
pathways involving carbohydrate, sphingolipid, AA, heme, and neurotransmitter
metabolism. The active form of vitamin B6, ie., 5-pyridoxine phosphate (PLP), is
associated with protecting cells from DNA damage. PLP acts as a coenzyme in about
160 enzymatic reactions, regulating the metabolism of glucose, lipids, AAs, heme,
DNA/RNA, and many neurotransmittersl#2l. Furthermore, vitamin B supplementation’s
effect in preventing diabetic microvascular complications has long been the subject of

study. Studies of vitamins B6 (pyridoxine, pyridoxine 50-phosphate) and high-dose
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vitamin B1 have shown that proteinuria can be inhibited in diabetic animal models*3l.
In patients with T2DM and nephropathy, the combination of vitamin B1 (thiamine) and
vitamin B6 (pyridoxine) significantly reduced the glycosylation of leukocyte nuclear
DNAB4, Addressing the vitamin B deficiency associated with diabetes that has been
seen in experimental diabetes, particularly in tissues where vascular problems develop,

may help to achieve the therapeutic advantage of vitamin B supplementationl4546].

CONCLUSION

In this study, an HPLC method was used to identify swertiamarine, sweroside,
hesperetin, coumarin, 1.7-dihydroxy-3,8-dimethoxyl xanthone, and 1-hydroxy-2,3,5
trimethoxanthone as the main chemical constituents of LR. Aadministration of LR
extract for our weeks in T2DM rats resulted in improvement in blood glucose, glucose
tolerance, TC, TG, and LDL-C, restoration of insulin and GLP-1 activity, and
improvement in the histological properties of tissues and organs. The results suggest
that the hypoglycemic effect of LR may be associated with alterations in serum
metabolites, which in turn may facilitate insulin and GLP-1 activities, leading to a

reduction in blood glucose and lipid profiles.

ARTICLE HIGHLIGHTS

Research background
Although Lomatogonium rotatum (LR) has a long history of usage as a hypoglycemic
agent in Mongolian folk medicine, the evidence-based pharmacological properties and

mechanisms of action of this medicinal plant have not yet been thoroughly explained.

Research motivation
The current study motivated to explore the hypoglycemic effects and mechanism of LR
in a high-fat, high-sugar (HFHS) diet and streptozotocin induced type 2 diabetic rat

model.
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Research objectives
The current study aimed to emphasize the hypoglycemic action mechanism of LR in a
type 2 diabetic rat model and examine potential biomarkers to obtain mechanistic

insight into the serum metabolite modifications.

Research methods

A combination of feeding HFHS diets and streptozotocin injections were applied to
develop type 2 diabetes in rats. The high performance liquid chromotography technique
was used in order to determine the LR’s chemical compositions. LR extract was given
through oral gavage at doses of 0.5 g/kg, 2.5 g/kg, and 5 g/kg on a weekly basis for a
period of four weeks. The histopathological examination, as well as the assessment of
blood glucose, insulin, glucagon-like peptide 1 (GLP-1), and lipid levels, were used to
evaluate the anti-diabetic effects of LR extract. A method known as untargeted

metabolomics was used in order to study the metabolites found in serum.

Research results

The primary active components found in LR include swertiamarine, sweroside,
hesperetin, coumarin, 1.7-dihydroxy-3,8-dimethoxyl xanthone, and 1-hydroxy-2,3,5
trimethoxanone. When compared to the model group, the LR therapy resulted in a large
increase in plasma insulin and GLP-1 levels while simultaneously resulting in a
significant reduction in blood glucose, total cholesterol, triglycerides, low-density
lipoprotein cholesterol, and an oral glucose tolerance test. Analysis of blood samples
using an untargeted metabolomic approach found a total of 236 metabolites, of which
86 showed altered levels of expression in the model compared to the LR group. In
addition, LR caused significant changes in the levels of metabolites such as vitamin B6,
mevalonate-5P, D-proline, L-lysine, and taurine. These metabolites are involved in the
regulation of the metabolic pathways for vitamin B6, selenium amino acids, pyrimidine,

arginine, and proline.
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Research conclusions
These findings indicated that the hypoglycemic effect of LR may be associated with
alterations in serum metabolites, which in turn may facilitate insulin and GLP-1

activities, leading to a reduction in blood glucose and lipid profiles.

éesearch perspectives
Further research is required to confirm the levels of target gene or protein expression
that are linked to the changed metabolic pathways and to demonstrate how LR extract

lowers blood glucose at the molecular level.
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