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Abstract: To evaluate the dichloromethane extract of Ficus carica leaves (FCL) had a hypoglycemic
impact in diabetic mice, as well as to identify the bioactive components in the extract and analyze
their anti-hyperglycemia potential in HepG2 cells. The antidiabetic activity of dichloromethane
extract of Ficus carica leaves was evaluated in diabetic mice induced by streptozotocin (STZ,100
mg/kg) combined with high-fat diet. The fasting blood glucose (FBG), blood lipids, oral glucose
tolerance, glycated hemoglobin (HbALc), and pathological change effects of the extract were
measured after administering two doses of the extract (500 and 1000 mg/kg). The hypoglycemic
activity of isolated compounds was investigated in palmitic acid (PA)-induced HepG2 cells. FCL
extract lowers blood glucose and improves blood lipids and the pancreatic -cell also tend to recover
whether the psoralen is removed or not. Meanwhile, three coumarins except psoralen were isolated
from dichloromethane extract: 3,4-dihydrop-soralen, umbelliferone and 7-hydroxyl-6-
methylcoumarin. Psoralen and umbelliferone promoted glucose uptake in HepG2 cells.
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Introduction:

Diabetes is a group of metabolic disease characterized by hyperglycemia resulting from defects in
insulin secretion, insulin action, or both. According to the International Diabetes Federation, there are
roughly 463 million diabetics worldwide in 2019, with that number anticipated to rise to 700 million
by 2045.! Diabetes has become much more common in recent decades, with type 2 diabetes
accounting for more than 90% of cases.? Chronic hyperglycemia has already shown to increase the risk
of cardiovascular disease and organ failure.®> As a result, effective blood glucose control is a critical
step preventing or correcting diabetic complications and enhancing the quality of life of diabetic
patients. Nowadays, the agents used for diabetes treatment mainly are synthetic drugs such as
biguanides, sulfonylureas, thiazolidinediones, SGLT2 inhibitors and GLP-1.*> Synthetic drugs are
effective and can improve glucose concentration to varying degrees. However, all these medications
have specific toxic side effects. Long-term use of insulin causes decreased insulin receptor sensitivity,
resulting in insulin resistance and eventually leading to worsening of control conditions.® Biguanides
are often associated with gastrointestinal adverse reactions. Major concerns related to the use of
sulfonylureas are hypoglycemia and weight gain. The use of pioglitazone has been associated with
an increased risk of edema, heart failure and weight gain.’Genital and urinary tract infections are
common side effects of modern anti- diabetic medicines such SGLT2 inhibitors.® Therefore, searching
for high efficiency and low toxicity hypoglycemic agents is a hot topic. Plant materials are considered
promising sources of novel medications to counteract numerous diseases, including diabetes mellitus.®
Traditional Chinese medicine offers the advantages of moderate action and multi- component-multi-
target therapy. Many plant-derived substances, such as astragalus polysaccharide,® resveratrol*! and
ginsenoside Rb1'? have anti-diabetic properties. Ficus carica leaves (FCL) is another example.

Ficus carica belongs to Moraceae family that has therapeutic potential. Its leaves, fruits and seeds have
long been utilized traditional medicine to treat various ailments, including antioxidant,
hepatoprotective and hypoglycemic.'®* Experiments have proven that FCL decoction has a
hypoglycemic effect. In Spain, decoction of FCL was used in the folklore treatment of diabetes.!® A
study reported that water decoction from FCL has been shown to possess hypoglycemic effects in
diabetic rats and diabetic patients.® Researchers discovered that FCL aqueous extract has the ability to
lower glucose levels and may also have the power to minimize insulin dosage.!’ Research has also
shown that aqueous extract of FCL lowered blood glucose in diabetic rats in a dose dependent way,
and speculated that the extract contained active components that protect pancreatic cells.*® The results
of Ramadan et al'® also showed that MeOH extracts of FCL attenuated pancreatic B-cell damage.
Furthermore, data reported that FCL water and MeOH extracts inhibited a- glucosidase and a-amylase
significantly, with the water extract having stronger inhibitory activity than the MeOH extract.?
Subsequently, the study by Mopuri et al?! also confirmed that FCL extract has different inhibitory
activities on a-glucosidase and a-amylase. In streptozotocin (STZ)-induced diabetic mice, Irudayaraj et
al?? discovered that psoralen extracted from FLC dramatically lowered blood glucose levels. FCL
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dichloromethane extract dramatically lowered blood glucose in diabetic mice, according to previous
research in our lab.% To our knowledge, the systematic isolation of the chemical composition of FCL

and the hypoglycemic studies of the isolated compounds have not been reported. Hypoglycemic
research on FCL is still at crude extract level, and the primary active components are unclear. As a
result, we investigated the chemical elements of FCL as well as its hypoglycemic activity to identify

the most effective molecules and develop novel anti-diabetic drugs. Even though psoralen in FCL has 8212
been shown to have hypoglycemic properties,?? the chemical composition of FCL is complex, and
more research is needed in addition to psoralen.

Materials and Methods:
Plant Material
The Leaf samples of F. carica were harvested in September 2021 (Botanical Garden, Oriental

University, Indore, M.P., India). The collected plants were identified and authentication was done by
Dr. S. N. Dwivedi, HOD, Dept. of Botany, Janta PG College, A.P.S. University, Rewa, M.P., India.

Preparation of Dichloromethane Extract:
The dried FCL (1.0 kg) were soaked in 95% ethanol. After that, the filtrate was evaporated in a rotary

evaporator, yielding extract. With distilled water, the whole extract was dispersed and deposited in a
separatory funnel. Petroleum ether was used to defeat the filtrate, which was then followed by an
equivalent amount of dichloromethane (4 extractions of each solvent). To obtain the dichloromethane
extract, the filtrate was evaporated in a rotary evaporator. The dichloromethane extract was dissolved
with 2% sodium hydroxide, and the pre-treated D101 macroporous adsorption resin column is placed
on the dissolving solution. The macroporous adsorption resin was rinsed with water for about 3
column volumes to remove the psoralen, and the substance on the macroporous adsorption resin was
completely eluted with 95% MeOH and the dichloromethane extract containing almost no psoralen
was obtained after concentration.

Animals and Preparation of Diabetic Mellitus Model

SPF C57BL/6J male mice (6—7 weeks old, weighing 18-20 g) were purchased from Experimental
Animal of university animal house. All animals were kept under standard environmental conditions of
temperature (25+£2°C), relative humidity (40-70%), and 12/12-h dark/light cycles. All animals had
free access to pellet food and water ad libitum. All animals (including the mice euthanasia procedure)
were approved by the animal ethics committee of the Second affiliated hospital of BR Nahata
University, Mandsaur M.P., India according to the IACUC guidelines. In addition, maximum efforts
were made to minimize pain and suffering of the animals.

In the study, all mice were divided into normal control (NC) group and experimental group after 2
weeks of adaptive feeding. NC group was fed normal pellet diet and experimental group was high fat
diet (HFD: 17.9% of energy from fat, 12.6% of energy from sugar, 17.5% of energy from protein,
2.5% of energy from cholesterol, 1% of energy from sodium cholate, and 48.5% of energy from

carbohydrate. After 4 weeks of dietary manipulation, the HFD feeding mice received an
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intraperitoneal injection of 100 mg/kg STZ (Sigma, USA).24,25 The NC group was injected with
equal volumes of citrate buffer. The fasting blood glucose (FBG) levels were assessed 3 days after
STZ injection using a glucometer (Dr. Morepen, Mumbai, India), and only mice with FBG levels over
11.1 mM were diabetic mice 26-28 and used for future study. All animals, except for NC group, are
still fed HFD.

Drug Administration 8213
The anti-hyperglycemia activity of dichloromethane extract was tested using Arafa’s method.29 The

animals were randomly divided into 7 groups (n = 7 per group). NC group: normal mice were treated
with vehicle alone. Diabetic model (DM) group: diabetic mice were treated with vehicle alone.
Pioglitazone (Pio) group: diabetic mice were treated with pioglitazone (20 mg/kg). Ficus carica leaves
dichloromethane extract (FCLE-500) group: diabetic mice were treated with FCLE (500 mg/kg). Ficus
carica leaves dichloromethane extract (FCLE-1000) group: diabetic mice were treated with FCLE
(1000 mg/kg). Ficus carica leaves dichloromethane extract removed the psoralen (FCLP-500) group:
diabetic mice were treated with FCLP (500 mg/kg). Ficus carica leaves dichloromethane extract
removed the psoralen (FCLP-1000) group: diabetic mice were treated with FCLP (1000 mg/kg). Oral
gavage was used to administer the drug to all animals once a day for 6 weeks.

Biochemistry
On days of 0, 7, 14, 21, 28, 35, and 42, the FBG levels were measured. The oral glucose tolerance test

(OGTT) was performed on day of 41 of treatment. After an overnight (12h) fasting, all animals were
gavaged with 2% glucose (2.0 g/kg). After loading glucose, blood was drawn from the tail vein at
0,30,60 and 120 min. Glucose contents were calculated as the areas under the curve (AUC). The
animals were anesthetized with 1% pentobarbital and euthanized on day 42, after a 12-hour fast. Blood
was collected from mice orbits before euthanized. The blood was centrifuged for 10 minutes at 4°C
and 3500 r/min. Serum was tested for triglycerides (TG) and total cholesterol (TC) using commercial
assay kits (Beckman, Coulter, Brea, CA, USA) according to the manufacturer’s recommendations. The
whole blood was tested for glycosylated hemoglobin (HbAlc) using HbAlc kits (Beckman, Coulter,
Brea, CA, USA) according to the manufacturer’s recommendations.

Hematoxylin and Eosin (H & E) Staining of Mice
The pancreatic tissue samples were preserved in 10% formalin. The pancreas was dehydrated and

embedded in paraffin, and cut into 3-5 um thickness. To observe the structure of pancreatic tissue,
sections were stained with hematoxylin and eosin (H&E). The sections were visualized using light
microscopy (OLYMPUS BX53),30 and digital images were captured and analyzed.

Extraction and Purification of Dichloromethane Extract
The dried FCL (15 kg) were extracted 4 times with 95% EtOH for 7 days. The EtOH filtrate was

concentrated under vacuum using a rotary evaporator to obtain the residue. The EtOH extract was
suspended in distilled water (6 L) and extracted with petroleum ether (6 L x 3) and dichloromethane (6
L x 3), successively (JB chemicals, Mumbai, India). The fraction was concentrated in vacuo to get the
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dichloromethane fraction (700 g). Then, the dichloromethane fraction was chromatographed on D-101
macroreticular resin (Merck Co., Ltd, USA) eluting with a gradient of MeOH (60%—90%) to afford
three fractions (Fr.1-3). The fraction 1 (427 g) was subjected on a silica gel column (Sigma Aldrich,
USA) chromatography eluting with a gradient of CH2CI2-MeOH (20:1—10:1) to afford 4 subfractions
(Fr.1-1~1-4). The subfraction 1-4 (6.2 g) was recrystallized to give compound 1 (3 g). Subfraction 1-2
(4.2 g) was further chromatographed on a silica gel column chromatography eluting with a gradient of 8214
CH2CI2-MeOH (80:1—10:1) to afford 6 subfractions (1-2-1~1-2-6). Then, fraction 1-2-1 (500 mg)
was subjected to silica gel column chromatography eluting with a gradient of CH2CI2-MeOH
(30:1—>5:1) to give compound 2 (19 mg). The subfraction 1-2-2 (200 mg) was subjected to silica gel
column chromatography eluting with a gradient of petroleum- CH2CI2 (9:1—2:1) and CH2CI2-
MeOH (20:1—5:1) to get compound 3 (20.6 mg) and compound 4 (6.9 mg).

Cell Culture and Cell Viability Assessment
The HepG2 cell was bought from the Sri Aurobindo Hospital and Research center, Indore M.P. Cells

were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM; GIBCO, Invitrogen Inc., Carlsbad,
CA, USA), supplemented with 10% fetal bovine serum (FBS; Hyclone, Thermo Fisher Scientific,
Waltham, MA, USA). The cells were maintained at 37°C in a humidified atmosphere with 5% CO2.
HepG2 cells (1 x 104) were seeded in 96-well plates. When the confluence reaches 80%, DMEM with
a concentration of glucose (4.5 g/L) is changed, and different concentrations (25, 50, 100, 200 uM) of
compounds isolated from FCL extracts are added to each well for 24h, the culture medium was
removed and 10 puL of Cell Counting Kit-8 was added to each well. After 30 minutes of incubation at
37°C, the absorbance was measured at 450 nm. Each group has 3 replicate wells and repeated 3 times.

Glucose Uptake Assay
HepG2 cells (1x104) were plated in 96-well plates. The experiment was divided into normal control

group, palmitic acid (PA) group, pioglitazone group and different treatment groups. Except for the
normal control group, all the other groups were given 0.25 mM PA31 for 16 hours on HepG2 cells to
create an insulin resistance model. After 16 hours of PA induction, the medium was discarded and then
the treatment groups were treated for 24 hours in FBS-free DMEM supplemented with 0.25% bovine
serum albumin with various doses of isolated compounds. The concentration of glucose in the medium
was determined by the glucose oxidase-peroxidase assay kit (Megazyme, India). The glucose uptake
(GU) was calculated by the glucose concentration of blank group subtracting the remaining glucose in
cell plated wells. After the glucose uptake experiment, the CCK8 was performed to evaluate the effect
of compounds on cell viability. The result of CCK8 was used to normalize the glucose utilization
results. Glucose uptake due to the cell proliferation can be deducted by calculating the ratio of the GU
and CCKa8.
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Statistical Analysis
The results were presented as means = SD. Statistical analysis was performed using one-way analysis
of variance (ANOVA), followed by Student-Newman-Keuls test or Dunnett’s T3 test. All data was
performed by using the SPSS 19.0 software (IBM, Armonk, NY, USA). Differences between groups
were considered statistically significant when P < 0.05.

8215

Results
The Antihyperglycemic of Dichloromethane Extract in Diabetic Mice
The mice’s FBG levels were measured once a week during the 6-week treatment period, as indicated

in Figure 1. The diabetic mice had a significant (P < 0.01) rise in FBG levels. After treatment with
FCLE-500 and FCLE-1000, blood glucose levels were lowered significantly (35.75% and 44.17%,
respectively) compared to DM group. The blood glucose levels were significantly lowered (39.04%
and 27.20%, respectively) when psoralen was removed from dichloromethane extract (FCLP-500 and
FCLP- 1000). The results reveal that after removing psoralen, it still includes additional
hypoglycemic active components.

Effect of Dichloromethane Extract on OGTT
In OGTT, the blood glucose levels in each group peaked at 30 min after the glucose load (Figure 2A).

Compared to the DM group, NC group and the other treatment group showed a decline within 30 to
120 min. As seen from the AUC (Figure 2B), compared to the DM group, the FCLE-1000 and FCLP-
1000 groups significantly reduced (P < 0.01). When compared to the extract following psoralen
removal, the dichloromethane extract was not statistically significant. The above data show that
FCLP also contains active ingredients for hypoglycemia.

Effect of Dichloromethane Extract on TG, TC and HbAlc
T2DM is often associated with dyslipidemia. Untreated diabetic mice had considerably increased

serum TG and TC levels. FCLE- 1000 and FCLP-1000 can significantly (P < 0.01) reduce TG levels
(Figure 3A). FCLE-1000 and FCLP-500 significantly (P < 0.05) reduced TC levels (Figure 3B). The
change trend of HbAlc was the same as that of TC (Figure 3C).
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Figure | Effects of the dichloromethane extract on FBG (mmol/L) level in diabetic mice.

Notes: #P < 0.05 vs NC group; *P < 0.05 vs DM group; **P < 0.01 vs DM group. Data were expressed as means +SD (n = 7).

Abbreviations: NC, normal control; DM, diabetic model; Pio, pioglitazone; FCLE-500, Ficus carica leaves dichloromethane extract (500 mg/kg); FCLE-1000, Ficus carica
leaves dichloromethane extract (1000 mg/kg); FCLP-500, Ficus carica leaves dichloromethane extract removed the psoralen (500 mg/kg); FCLP-1000, Ficus carica leaves
dichloromethane extract removed the psoralen (1000 mg/kg).
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Figure 2 Effects of the dichloromethane extract on glucose tolerance in diabetic mice. (A) OGTT; (B) AUC.

Notes: #P < 0.05 vs NC group; *P < 0.05 vs DM group; ** P < 0.01 vs DM group. Data were expressed as means +SD (n = 7).

Abbreviations: NC, normal control; DM, diabetic model; Pio, pioglitazone; FCLE-500, Ficus carica leaves dichloromethane extract (500 mg/kg); FCLE-1000, Ficus carica
leaves dichloromethane extract (1000 mg/kg); FCLP-500, Ficus carica leaves dichloromethane extract removed the psoralen (500 mg/kg); FCLP-1000, Ficus carica leaves
dichloromethane extract removed the psoralen (1000 mg/kg).

Protective Effects of Dichloromethane Extract on Pancreas
To investigate the effect of dichloromethane extract on pancreas in T2DM mice, HE staining was

performed. HE staining showed that the pancreatic morphology of mice in the NC group was complete
and regular, the pancreatic volume was large, and the pancreatic cells were evenly distributed (Figure
4A). In the DM group, the pancreatic structure was incomplete, pancreatic volume was significant smaller
and atrophic, the number of pancreatic cells was small and the arrangement was loose. There is also a
large area of densification in the nucleus (Figure 4B). Pioglitazone has a positive effect on pancreatic cell
preservation. The islets have
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Figure 3 Effects of the dichloromethane extract on blood lipids and HbA1c in diabetic mice. (A) TG; (B) TC; (C) HbA1c.

Notes: #P < 0.05 vs NC group; *P < 0.05 vs DM group; **P < 0.01 vs DM group. Data were expressed as means +SD (n = 7).

Abbreviations: NC, normal control; DM, diabetic model; Pio, pioglitazone; FCLE-500, Ficus carica leaves dichloromethane extract (500 mg/kg); FCLE-1000, Ficus carica
leaves dichloromethane extract (1000 mg/kg); FCLP-500, Ficus carica leaves dichloromethane extract removed the psoralen (500 mg/kg); FCLP-1000, Ficus carica leaves
dichloromethane extract removed the psoralen (1000 mg/kg).

clear borders and a regular oval shape, and the cells in the islets are evenly distributed (Figure 4C).
Dichloromethane extract had a protective effect on the pancreas of diabetic mice. The islets of the
FCLE-500 group were more regular than those of the DM group, with a higher number of islet cells and
a little more even distribution, but still lower than those of the NC group (Figure 4D). Compared with
the DM group, the islets in the FCLE-1000 group also showed a regular oval shape, with clear
boundaries and a slightly larger volume. The number of cells in the islets increased and the distribution
was uniform. The degree of islet cell degeneration and necrosis was lighter than that in the FCLE-500
group (Figure 4E). While most of psoralen was removed from dichloromethane extract, it remained
protective of the pancreas in diabetic mice (Figure 4F and G). The FCLP-500 group’s islets were still
irregularly shaped, and their cells were not equally distributed. The islets in the FCLP-1000 group, on
the other hand, were oval and had a very uniform cell distribution. These results also suggest that
besides psoralen, dichloromethane extract still has other active compounds that can inhibit the apoptosis
of pancreatic cells in diabetic mice.

N

Figure 4 Histopathology of pancreatic tissue in mice of each group (HE 200X). The arrows show the islets of the pancreas. (A) NC group; (B) Pio group; (C) DM group;
(D) FCLE-500 group; (E) FCLE-1000 group; (F) FCLP-500 group; (G) FCLP-1000 group.
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Effects of Isolated Compounds 1, 2, 3 and 4 on HepG2 Cell Viability

The cytotoxicity of the compounds was examined using HepG2 hepatocytes. HepG2 hepatocytes were
exposed to various concentrations of compounds (25,50,100 and 200 um) and the cytotoxicity was
determined using the CCK8 assay. Under basic conditions, cell viability was unaffected by compounds
with all the used concentrations for 24 hours treatment (Figure 6). In this experiment, 50 uM and 100 uM
were selected as the low and high-dose, respectively.

Effects of Psoralen and Umbelliferone on Glucose Uptake in HepG2 Cell

To further investigate the effects of compounds on insulin resistance, the glucose uptake was studied in
human HepG2 cells. As shown in Figure 7, glucose uptake was significantly up-regulated in PA-
stimulated HepG2 cells following psoralen (100 uM) or umbelliferone (100 uM) treatment. However,
the compound low-dose (50 uM) group failed to promote glucose uptake when compared with the PA
group. The glucose uptake was significantly increased in PA- stimulated HepG2 cells following psoralen
(100 uM) or umbelliferone (100 uM) treatment (Figure 7).
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Figure 6 Effects of the isolated compounds on HepG2 cells viability
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Figure 7 Effects of compounds on glucose consumption of HepG2 cells.
Notes: #P < 0.05 vs the NC group; *P < 0.05 vs the PA group; **P < 0.01 vs the PA group.

Discussion
Our research showed that dichloromethane extract of FCL can significantly reduce the FBG and oral

glucose tolerance levels in diabetic mice (P<0.01). It also showed a significant improvement in blood
lipids in diabetic mice. Four compounds were isolated from the dichloromethane extract: psoralen,
3,4-dihydropsoralen,  umbelliferone  and  7-hydroxy-6-methylcoumarin, which psoralen and
umbelliferone promoted glucose uptake of insulin resistance in HepG2 cells. Diabetes mellitus is a
common chronic metabolic disease of the endocrine system characterized by hyperglycemia. Due to the
long-term presence of hyperglycemia, it is often accompanied by a variety of diabetic complications, such
as diabetic cardiomyopathy,® diabetic ketoacidosis,*® which not only has a tremendous impact on the
patient’s body and mind, but also brings great pressure to the society. Therefore, drugs designed for a
single target sometimes fail to produce effects, while traditional Chinese medicine and its active
ingredients have the characteristics of multiple targets, multiple pathways and multiple effects in the
treatment of diabetes, which have their unique advantages in clinical applications. Ficus carica belongs to
the family of Ficus mulberry. In the past few decades, many studies have reported that crude extracts and
isolated compounds from various Ficus species (F. benghalensis, F. religiosa, F. glumosa, and F. carica)
have significant anti-diabetic potential in vitro and in vivo.3” These Ficus plants have hypoglycemic
effects mainly by inducing insulin secretion, inhibiting glucose absorption, increasing glucose uptake
and enhancing insulin sensitivity.®® Mahmoudi et al®® isolated psoralen, bergapten, ferulic acid and
quercetin from FCL. Zhang et al*® showed that Ficus carica mainly reduce blood glucose through
antioxidant mechanism, the antioxidant substances in FCL contribute to hypoglycemic effect are
quercetin* and psoralen.?? The FCL extract exhibited a hypoglycemic effect in STZ-induced diabetic
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mice. A similar hypoglycemic activity of FCL extract on STZ-induced diabetic mice has been
demonstrated.*?

All the above studies suggested the presence of antihyperglycemic active components in FCL, but the
specific hypoglycemic active components have rarely been studied, and this experiment mainly focuses
on the study of its hypoglycemic active components. The data of this study showed that whether psoralen
is removed or not, dichloro- methane extract can significantly reduce the FBG levels of diabetic mice,
indicating that there are other effective components in FCL besides psoralen. The hypoglycemic effect
was still achieved after the removal of psoralen, indicating that there are other hypoglycemic active
ingredients in addition to psoralen. In vitro tests also confirmed that umbelliferone can stimulate
glucose consumption. It was found that STZ-induced diabetic rats significantly enhanced PPAR vy and
GLUT4 expression in adipose tissue after psoralen treatment.??> Additionally, the most prevalent glucose
transporter in muscle and fat cells that are sensitive to insulin is GLUT4. Under insulin resistance or
insulin shortage, GLUT4 cannot be efficiently transferred from an intracellular pool to the plasma
membrane.*® Therefore, we dared to hypothesize that FCL might produce a hypoglycemic impact via
promoting the expression of insulin in adipose tissue. Whether psoralen and umbelliferone have a
synergistic effect depends on their similar chemical structures.

It is argued that postprandial blood glucose level is more reflective of glucose control than FBG.* The
normal body causes blood glucose concentration to increase after glucose load, and high blood glucose
concentration stimulates pancreatic islet cells to secrete insulin, thereby lowering blood glucose
concentration. Dichloromethane extract has the effect of improving OGTT in diabetic mice. The
protective effect of dichloromethane extract on pancreatic p-cell was also observed from pathological
histology. The previous experiment of our group showed that FCL could inhibit pancreatic [B-cell
apoptosis by inhibiting the AMPK/JNK/caspase-3 signaling pathway and by antioxidant properties.*> We
speculate that one of the hypoglycemic mechanisms of action of dichloromethane extract of FCL may
be the protective effect on pancreatic islet cells, while the psoralen and umbelliferone isolated in this
study can promote glucose uptake in vitro. Whether psoralen and umbelliferone are the main active
components of pancreatic islet 3-cell protection remains to be confirmed by further study.

In diabetic patients, hyperglycemia is often accompanied by disorders of lipid metabolism. According to
the results of the experiment, the serum TG and TC were significantly reduced. The presence of bioactive
metabolites in Ficus carica, such as triterpenoids, coumarins and flavonoids have been reported to have
hypoglycemic and lipid-regulating effects.®’

In this experiment, four coumarins were isolated from FCL. FCL may promote fat storage in adipose
tissue, lower circulating TG, and block the absorption of dietary cholesterol from the intestine to explain
its reduced effect on hyperlipidemia. It is hypothesized that the coumarin compounds contained in
dichloromethane extract may lower blood glucose levels by promoting the release of insulin from
adipose tissue.

Our study is the first time to describe the hypoglycemic active components of FCL from the perspective
of systematic separation, and isolated three other coumarin compounds except psoralen: 3,4-
dihydropsoralen, umbelliferone and 7-hydroxy- 6-methylcoumarin. Although psoralen has been reported
to have hypoglycemic effect, we found that another coumarin, umbelliferone also has hypoglycemic
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effect, which is another hypoglycemic compound isolated from FCL for the first time. It is assumed that
coumarin compounds in FCL are the main hypoglycemic active components. The results of this
experiment enriched the research on the chemical constituents of coumarin in FCL and provided an
experimental basis for the in-depth exploration of the medicinal value of FCL.

Conclusion
In this study, animal experiments showed that the dichloromethane extract of FCL had anti-diabetic

activity. It is mainly reflected in lowering blood glucose, improving blood lipids, glucose tolerance and
pancreatic pathology in diabetic mice. Other than psoralen, the following coumarins were isolated from
dichloromethane extracts: 3,4-dihydropsoralen, umbelliferone, and 7-hydroxy-6-methylcoumarin. In
vitro experiments, psoralen and umbelliferone could promote glucose uptake in HepG2 cells.
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