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ABSTRACT: Coprinus comatus is known for its antihyperglycemic benefits. This study aimed to identify the effect
of bioactive compounds of C. comatus extract as an antidiabetic agent linked to glucagon-like peptide 1 (GLP-1) and
antioxidant properties in increasing glutathione (GSH) levels. This study used six groups of Wistar rats (n = 24). Group
1 comprised the healthy control. Groups 2—6 received 45 mg of streptozotocin/kg body weight (BW) once. Group 3 was
also given 45 mg of metformin/kg BW, whereas groups 4—6 were also given 250, 500, and 750 mg of C. comatus ethyl
acetate extract’kg BW for 14 days. Antidiabetic effects of alkaloids and saponin were seen in blood glucose and glycated
hemoglobin (HbAlc) degradation, increased insulin, and increased inhibition of GLP-1 through dipeptidyl peptidase-4
activity. Flavonoid antioxidants, ascorbic acid (vitamin C), and a-tocopherol (vitamin E) are useful in protecting pan-
creatic B cells from free radicals. Data were analyzed using analysis of variance and Duncan’s multiple range test. C.
comatus ethyl acetate extract at doses of 250, 500, and 750 mg/kg BW worked as an antidiabetic and antioxidant agent
that contained flavonoids (16.4 mg/L), alkaloids (2.97 mg/L), saponin, rutin (351.13 ppm), vitamin C (132.342 mg/L),
and vitamin E (102.320 g/L). The 250-mg dose was effective in increasing insulin (8.11 mlU/mL) and reducing blood
glucose (23.92%) and HbA1c (3.775%), whereas the 500-mg dose was effective in increasing levels of GLP-1 (1056.923
ng/L) and GSH (4.62 pmol/L).
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ABBREVIATIONS: AGE, advanced-glycation end product; DM, diabetes mellitus; DPP-4, dipeptidyl peptidase-4; ELISA, en-
zyme-linked immunosorbent assay; GLP-1, glucagon-like peptide 1; GLUT, glucose transporter; GPx, glutathione peroxidase;
GSH, glutathione; GSSG, glutathione disulfide; HbAle, glycated hemoglobin; HC, healthy control; HPLC, high-performance
liquid chromatography; iNOS, inducible nitric oxide synthase; NC, negative control; NEG, nonenzymatic glycation; NO, nitric
oxide; NOS, nitric oxide synthase; *OH, hydroxyl anion; OH~, hydroxyl radical; ONOQO-, peroxynitrite; PC, positive control,
ROS, reactive oxygen species; STZ, streptozotocin; T1, treatment group 1 (given 250 mg extract); T2, treatment group 2 (given
500 mg extract); T3, treatment group 2 (given 750 mg extract); WHO, World Health Organization

I. INTRODUCTION

Diabetes mellitus (DM) is a metabolic disorder that is linked to carbohydrate metabolism disorders and to
degradation of insulin production and sensitivity, or both.! In Indonesia, the number of patients with DM
was 7 million in 2009 and the International Diabetes Federation estimates this will reach 12 million in
2030.2 The worldwide prevalence of DM is continuously increasing. The prevalence of DM in adults aged
20—79 years was 6.4% (285 million) in 2010 and is predicted to increase to 7.7% (429 million) in 2030. The
Ministry of Health of the Republic of Indonesia considers DM a disease of public health, and the preva-
lence of DM is estimated to reach 21.3 million by 2030.% This significant increase in prevalence motivates
scientists to find an effective option in providing DM treatment and therapy through herbal medicine, as
recommended by World Health Organization (WHO).? The American Diabetes Association and WHO have
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recommended herbal medication as an alternative to synthetic drugs.! In this study, herbal medication refers
to extract of the shaggy ink cap mushroom, Coprinus comatus (O. F. Mull.) Pers. (Agaricaceae, Agaricomy-
cetes), which is expected to have antihyperglycemic effects by increasing glucagon-like peptide 1 (GLP-1)
hormone levels and bioactive compounds such as antioxidants.*

C. comatus grows in the tropical forest, utilizing decomposed organic forest wastes (leaves, twigs,
and weathered logs) as substrate and available nutrients.’ This mushroom is also known to have medicinal
potential because it contains bioactive compounds (e.g., comatin) that lower blood sugar.® A recent study
showed that comatin and ergothioneine are found in C. comatus ethanol extract, with potential to act as
immunomodulatory, hypolipidemic, hypoglycemic, anticancer, and antioxidant agents.” Consumption of
synthetic drugs such as metformin often causes side effects, especially with long-term use. Insulin is ex-
pensive and less effective for long-term use.” Thus, the development of herbal medicines (e.g., the use of
C. comatus here) is essential.®

A recent study compared the ethanol extract, alkali-soluble polysaccharide fraction, protein fraction, and
crude fiber fraction of the C. comatus fruiting body and found that the polysaccharide fraction achieves the
best results in lowering glucose blood levels.® Several studies developed in China report that C. comatus ex-
tract can lower blood glucose levels in DM.? For example, C. comatus ethanol extract at a dose of 500 mg/
kg body weight (BW) lowered blood sugar levels from 331.2 to 100.5 mg/dL (69.65%) after 14 treatments. '’
Comatin works as an antidiabetic agent. An experiment using C. comatus ethanol extract at a dose of 80 mg/
kg BW lowered the blood glucose concentration from 92.52 to 77.04 mg/dL (16.73%) within 3 h."!

GLP-1 is incretin hormone in the intestine that works as insulinotropic agent (i.e., stimulates insulin pro-
duction). In the normal state, GLP-1 is degraded immediately by the dipeptidyl peptidase-4 (DPP-4) enzyme,
and only 65% can reach its receptor in pancreatic § cells. Inhibition of DPP-4 is needed to prevent its rapid
degradation of GLP-1 in DM conditions. Thus, C. comatus extract containing comatin and alkaloids is essen-
tial. Comatin can inhibit DPP-4 from degrading GLP-1. Alkaloids can also work as DPP-4 inhibitors to pre-
vent GLP-1 degradation." Hyperglycemia during DM stimulates the formation of reactive oxygen species
(ROS), especially in the form of superoxide anions (O,"), resulting in a chain reaction of damaged lipid per-
oxide that begins from cells to tissues and then to organs. C. comatus extract containing vitamin C, vitamin E,
and flavonoids can resolve pancreatic 3-cell damage. Flavonoids in the form of rutin compounds can donate
H* and neutralize free radicals, and they also stop the lipid peroxidation that damages the pancreas. Vitamins
Cand E in C. comatus ethyl acetate extract work as antioxidants. Vitamin C can donate H" to O,” and convert
it to hydrogen peroxide, nonreactive monodehydroascorbic acid, or dehydroascorbic acid. This change can
also be reversed into ascorbic acid by the monodehydroascorbate reductase and dehydroascorbate reductase
enzymes. Vitamin E is fat soluble and can maintain cell membrane integrity and complexity in preserving
cells from free radical attack. Vitamin E contains an OH group that functions similarly to vitamin C as an H"
donor.'? The imbalance between free radicals formed in DM to the small amount of endogenous antioxidants
in pancreatic 3 cells could cause oxidative stress or lead to lipid peroxidation and cell necrosis. Endogenous
antioxidants, such as glutathione peroxidase (GPx), cannot handle the formed free radicals. Thus, an exoge-
nous antioxidant in C. comatus ethyl acetate extract (e.g., flavonoid, rutin, vitamin C, or vitamin E) is needed
to increase protection. As a result, insulin production by pancreatic  cells remains uninterrupted.'®

Improvement is needed in the development of herbal medicines as an alternative treatment for DM in
Indonesia, especially the use of C. comatus cultivated in Cianjur, Indonesia. This study aimed to identify the
effectiveness of C. comatus ethyl acetate extract as an antidiabetic agent by increasing insulin and GLP-1
levels and lowering blood glucose and glycated hemoglobin (HbA1c). This study also aimed to determine
the effect of increasing glutathione (GSH) levels as an antioxidant. Studies of C. comatus as an antidiabetic
agent have been conducted; however, the effects of endogenous antioxidant levels on GLP-1 levels in DM
still need to be evaluated. Herbal medicines could be further developed, especially those that act as antiox-
idant supplements in addition to antidiabetic agents. This study hypothesized that a 500-mg/kg BW dose of
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C. comatus ethyl acetate extract could lower blood glucose and HbA ¢ levels and increase insulin, GLP-1,
and GSH levels.

Il. MATERIALS AND METHODS

A. Materials

C. comatus mushrooms obtained and utilized in this research were cultivated by commanditaire venootschap
(CV), Asa Agro Corporation located in Cianjur, Indonesia, according to a previous study.' Wistar rats were
obtained from the animal breeding house of usaha dagang (UD) in Bantul, Yogyakarta, Indonesia. The anal-
ysis was conducted using a GlucoDr glucometer and an HbA 1¢ kit (BioHermes glycohemoglobin test kit), a
plasma insulin kit, and a GLP-1 hormone kit (BT Laboratories, Shanghai, China). This study was conducted
in mycology and phytopathology laboratories (Universitas Jenderal Soedirman) and plant physiology lab-
oratory of biology faculty (UNSOED), pharmacology laboratory and veterinary house of sciences faculty,
research laboratory of medical faculty, and integrated research laboratory of medical faculty, as well as the
Universitas Jenderal Soedirman (UNSOED) in Purwokerto, Indonesia, and the Universitas Diponegoro
integrated research laboratory in Semarang, Indonesia.

B. C. comatus Ethyl Acetate Extract

Up to 1.5 kg of C. comatus fruiting body was cut and dried in an oven at a temperature of 40—-45°C. The
dried fruiting body was blended and macerated with 1000 mL of absolute ethyl concentration solvent at the
ratio of 1:5, 1:3, and 1:2. The macerate was then filtered with a Millipore vacuum and mixed and evaporated
with a rotary evaporator vacuum to obtain a thick extract.!

C. Qualitative and Quantitative Analysis of Bioactive Compounds of C. comatus Ethyl
Acetate Extract

Qualitative analysis of total flavonoids was conducted using amyl alcohol reagent Mg + HCI, alkaloids of
Dragendorff color reagent, and saponin with aquadest and boiling treatment.'* For quantitative analysis of
total flavonoids and alkaloids, spectrophotometry at a wavelength of 510-530 nm was used."” Specific iden-
tification with high-performance liquid chromatography (HPLC) was done qualitatively and quantitatively
in a phase C-18 column (Develosil ODS-UG-3). 25% acetonitrile was the organic solvent used for mobile
phases in HPLC analysis.'

D. Streptozotocin Induction Method

The rats were acclimated for 14 days and then their body weight was measured. Food and water were given
to rats through ad libitum access during the acclimation period. Streptozotocin (STZ) induction was done
through intraperitoneal injection by using STZ diluted into a 2.5-mL solution with 0.5 M (pH 4.5) of citrate
buffer at a dose of 45 mg/kg BW (based on dose conversion to rats).!” STZ induction was done on all treat-
ment groups, except the HC group.

E. Animal Treatment

Twenty-four male Wistar rats were divided into six groups: healthy control (HC; without treatment), nega-
tive control (NC; induction with 45 mg of STZ), positive control (PC; given 45 mg of metformin/kg BW),
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treatment group 1 (T1; given 250 mg of ethyl acetate extract’kg BW), treatment group 2 (T2; given 500 mg
of ethyl acetate extract’kg BW), and treatment group 3 (T3; given 750 mg of ethyl acetate extract/kg BW).
C. comatus ethanol extract and metformin were given orally at day 5 after STZ induction. The extract was
given for 15 days.

F. Sample Collection

Before blood samples were collected in the animal cage, all rats were fasted for 8-10 h. Initial blood glu-
cose was taken from the rats’ lateral veins at day 4 after STZ induction and directly dripped onto glucose
strips. At day 15, blood was taken from the orbital veins for use in the measurement of final glucose, insulin,
GLP-1, HbAlc, and GSH levels.

G. Measurement of Main Parameters

Measurement of the main parameters used blood serum samples taken at day 15 after treatment. Blood
glucose was measured using a GlucoDr glucometer. Plasma insulin and GLP-1 hormone were measured
using the enzyme-linked immunosorbent assay (ELISA; with the rat insulin procedure and ELISA GLP-1
kit from BT Laboratories).'”® HbAlc was measured with the glycohemoglobin analyzer method using the
AICEZ 2.0 procedure (BioHermes glycohemoglobin test kit). GSH was measured using the Ellman method
based on 5-5'-dithiobis-2-nitrobenzoic acid reaction.

H. Statistical Analysis

Data obtained from all parameters are presented as means = SD. The statistical comparison was carried out
using analysis of variance. Differences among the means were determined through Duncan’s multiple range
test at a significance level of P < 0.05.

lll. RESULTS AND DISCUSSION

A. Qualitative and Quantitative Analysis of C. comatus Extract

Extraction of 500 g of C. comatus fruiting body powder with 2000 mL of ethyl acetate solvent resulted in
4.5 g of thick extract. The results of qualitative and quantitative identification with spectrophotometry are
shown in Table 1.

Qualitative analysis of the bioactive compound content of C. comatus ethyl acetate extract showed
similar results to the prior research, which demonstrated the presence of flavonoids, alkaloids, and sapo-
nin.'” The prior study assessed C. comatus by using HPLC. The results showed that extract of C. comatus

TABLE 1: Analysis and identification of bioactive compounds

No. Bioactive compound Qualitative result* Quantitative result, mg/L (%)
1 Flavonoids Reddish yellow (++) 16.40 (32.8)
2 Alkaloids Dark orange (+) 2.97 (5.94)
3 Saponins Formed foam (+) —

The dash indicates that it is not quantitatively analyzed.
*Plus signs indicate the following: + (low) and ++ (middle). Tested with spectrophotometry of 510 nm (flavonoid) and 530 nm
(alkaloid).
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mushroom fruiting body contained 26.80 ug of quercetin flavonoid compounds and 0.77 pg of rutin."
Although HPLC results for the C. comatus ethyl acetate extract detected rutin compounds (351.133
ppm), quercetin was not detected here. The difference in detected compounds was influenced by the
solvent used (Table 2).!° This study used ethyl acetate with semi-polar solvent properties. Semi-polar
solvents can attract polar and slightly nonpolar substances or compounds in the extraction process. The
prior study used ethanol solvent, which is included in polar solvent; hence, the affinity to attract polar
and nonpolar substances and compounds was larger than that of a semi-polar solvent like ethyl acetate.
Ethanol is categorized as a strong polar solvent.?’ The bioactive compounds identified by HPLC are pre-
sented in Table 2.

Rutin is a flavonoid (polyphenol) with several OH groups in its chemical structure. The activity and
reaction of rutin in neutralizing free radicals is equal to that of quercetin.?! Rutin works as an ion H* do-
nor on free radicals such as quercetin, thus preventing the cell membrane from forming lipid peroxidation
reactions. Rutin contains many OH groups and could work as an electron H* and quercetin donor.?' Rutin
works as a lipid peroxidation reaction inhibitor of the cell membrane and protects the cell membrane from
damage.?

B. Blood Glucose Level

In a study by Firdaus et al., male rats weighing 120—140 g and induced with streptozotocin (40 mg/kg BW)
were categorized as hyperglycemic and had a fasting blood sugar level > 126 mg/dL within 4 days after in-
duction.? Prior studies used male rats weighing 150 g that were induced with streptozotocin (40 mg/kg BW),
and their results showed a mean blood glucose level of 189.92 + 5.27 mg/dL 48 h after STZ induction in all
groups.’ In this study, blood glucose levels with the 45-mg/kg BW dose changed in 4 days after induction with
> 150 mg/kg BW, indicating that the rats were hyperglycemic. Blood glucose levels are presented in Table 3.

Blood glucose levels of the NC group increased to 49.91% (Table 3), thus indicating that glucose me-
tabolism was inhibited due to STZ damage of pancreatic f cells. STZ caused pancreatic B-cell damage and
hyperglycemia, which increased free radical production. Increased free radicals, especially ROS, damaged
the cell membrane, protein, and DNA. As a result, insulin production by Langerhans pancreatic f cells was
disturbed.?* Group T1 had the highest mean initial blood pressure, whereas the HC group had the lowest
blood pressure (Table 3). The increased blood glucose level in the NC group was affected because STZ
formed highly reactive free radicals that could damage the cell membrane, protein, and DNA, thus dis-
rupting insulin production by pancreatic B cells. Streptozotocin entered the Langerhans pancreatic f cells
through glucose transporter 2 (GLUT-2) and caused alkylation. This was initiated through the limitation of
adenosine triphosphate formation in mitochondria due to the formation of free radicals, increased xanthine
oxidase, and inhibition in the Krebs cycle.?

TABLE 2: HPLC analysis results

No. Target compound Detected compound Retention  Concentration
time*
1 Flavonoids (quercetin and rutin) Flavonoids: Rutin and quercetin (ND) 3.517 351.133 ppm
2 Vitamin C Ascorbic acid 1.856 132.342 mg/L
3 Vitamin E (a-tocopherol) a-tocopherol 2.731 102.320 g/L

ND, not detected.
*Flavonoid standard (quercetin): 4.334 (100 ppm); flavonoids (rutin): 3.682 (100 ppm); vitamin C: 1.839 (500 mg/L); and vitamin
E (a-tocopherol): 2.844 (150 g/L).
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TABLE 3: Blood glucose levels

No. Treatment group Blood glucose level, mg/dL
Initial* Final®

1 HC 96.75 £+ 6.49° 109.75 + 4.60°

2 NC 157.50 £17.75% 236.11 £ 108.05°
3 PC 155.75 £21.68® 142.75 £ 10.91?
4 Tl 186.67 £ 40.4° 142.00 + 10.95°
5 T2 157.80 + 6.91% 142.00 + 6.53%

6 T3 159.57 +13.08% 140.40 + 13.69°

Data are presented as means + SD (n = 4). Scores marked with the same letter in the same column are not significantly different
(P <£0.05). HC, healthy control; NC, negative control (induction with 45 mg of STZ); PC, positive control (45 mg of metformin);
T1, administration of 250 mg of Coprinus comatus ethyl acetate extract; T2, administration of 500 mg of C. comatus ethyl acetate
extract; and T3, administration of 750 mg of C. comatus ethyl acetate extract.

*Blood glucose level by day 4 after STZ induction.

"Blood glucose level by day 15 after STZ induction.

Initial blood glucose levels were higher in the T1 group than in the T2 and T3 groups. Blood glucose was
measured by day 4 after STZ induction. Differences in glucose levels occurred due to the differing physio-
logical response of each animal. Although the animals were given the same food and treatment, each animal
showed a different response. Some rats showed more active movement and eating responses compared to
the others. Responses after STZ induction would go directly to the pancreatic B cells with the GLUT-4
mechanism; STZ led to severe degeneration, necrosis, and degranulation in the [ cells of the pancreatic
islets, causing an increase in serum glucose levels.?® The conditions in which STZ affected B-cell damage
and caused increased blood pressure in rats depended on the physiology, biochemistry, and immunity of
each rat. Biochemical conditions caused by increasing glycoxidation reactions of glucose generate ROS
such as superoxide, hydrogen peroxide, and hydroxyl radicals; these accelerate the formation of advanced
glycosylation end-products (AGEs), which in turn generate more free radicals and can damage pancreatic
B cells.?” Although this results in the same effect of increasing blood glucose levels, the immunity and anti-
oxidant levels of each rat are different.?® These factors significantly affected the difference in blood glucose
levels between groups T2 and T3. STZ stimulated nitric oxide synthase (NOS) syndrome (i.e., inducible
NOS [iNOS]) to form nitric oxide (NO") free radicals. The reaction between O,”and NO~ formed, and the
peroxynitrite (ONOO") radical was toxic to endothelial NOS. Hyperglycemic rats contained > 310.20 pg/
mL NO- produced by iNOS, compared to 108.2 ug/mL for healthy rats,?” which caused blood glucose to in-
crease further. Free radical formation occurred continually and caused oxidative stress; therefore, it affected
the increase of blood glucose since pancreatic 3 cells were damaged by lipid peroxide.?

A significant decrease in glucose levels occurred in rats given C. comatus ethyl acetate extract at all
doses. Various doses of C. comatus ethyl acetate extract decreased blood glucose levels by 23.92% (250
mg/kg BW), 10.01% (500 mg/kg BW), and 12.01% (750 mg/kg BW). Metformin was used as an oral di-
abetes treatment in the PC group and decreased blood glucose levels by 9.63% (Table 3). The decrease in
blood glucose with the highest presentation in group T1 was affected by the high increase in insulin in that
group, which was 8.11 mlU/mL compared to group T1 or T3 (Table 4). This occurred because the insulin
hormone in DM tended to be low and caused high blood glucose levels.

C. comatus ethyl acetate extract at a dose of 250 mg/kg BW was given to hyperglycemic rats induced
with alloxan, and it decreased blood glucose levels by 17.05% (from 331.25 to 274.75 mg/dL).!° The
decrease in blood glucose levels by C. comatus ethyl acetate extract was made possible by bioactive com-
pounds such as alkaloids, which activate in GLUT-4 in peripheral tissue or muscle to maximize glucose
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TABLE 4: Insulin hormone levels

No. Experimental group Insulin hormone level, mlU/mL
1 HC 8.20 £ 0.463°
2 NC 6.85+0.199°
3 PC 7.96 +£0.418°
4 Tl 8.11 £0.774°
5 T2 7.82 +0.653°
6 T3 7.59 +£0.110®

Data are presented as means + SD (n = 4). Scores marked with the same letter in the same column are not significantly different
(P <0.05). HC, healthy control; NC, negative control (induction with 45 mg of STZ); PC, positive control (45 mg of metformin);
T1, administration of 250 mg of Coprinus comatus ethyl acetate extract; T2, administration of 500 mg of C. comatus ethyl acetate
extract; and T3, administration of 750 mg of C. comatus ethyl acetate extract.

conversion. Results of qualitative and quantitative analysis showed that C. comatus ethyl acetate extract
contained polysaccharides that could decrease blood glucose levels by 42.78%.*° The extract contained
flavonoids that could work as antioxidants to protect pancreatic f cells,'® and saponin played a role in ade-
nosine monophosphate kinase activity to boost glucose catabolism reaction.’!

The decrease in blood glucose levels after administration of C. comatus ethyl acetate extract was pos-
sible because of the role of flavonoids in the form of rutin and quercetin.!” According to a recent study,
quercetin can inhibit the excessive activity of GLUT-2 in absorbing glucose in the intestinal mucosa of
experimental animals.*? Control of GLUT-2 activity by quercetin is essential because it can optimize glu-
cose that is only required by the body; hence, there will not be an excessive buildup that has the potential
to increase blood glucose. Polysaccharides from extract of the C. comatus fruiting body could inhibit non-
enzymatic glycosylation (NEG).”® NEG is the reaction between glucose and amino groups of protein that
produce AGEs. Inhibition of the NEG reaction could decrease AGE formation that might increase toxic
dicarbonyl compounds, which leads to free radical formation. A prior study showed that NEG inhibition
could decrease the blood glucose concentration.*®* Alkaloids also work as an antidiabetic agent by con-
trolling the mechanism of GLUT-2 in the intestine and preventing excessive glucose absorption. Alkaloids
could increase GLUT-4 activity in muscle and in liver tissues. The referred excessive glucose could imme-
diately be stored in other forms (glycogen or fat) in muscle or liver through GLUT-4 regulation, in which
performance is improved by alkaloids.*

C. Insulin Hormone

The increase of free radicals allows damage and degeneration of pancreatic j cells, leading to decreased
insulin levels. Insulin production and release also depends on the stimulation of GLP-1. The NC group
had the lowest insulin levels, whereas the HC group had the highest (Table 4). Insulin hormone levels are
presented in Table 4.

Membrane lipid peroxidation occurs when ROS react to polyunsaturated fatty acids that might cause
cell leakage, necrosis, and cell death.’ Nitric oxide has a significant effect because of its interaction with
other free radicals like superoxide anion (O,), which can form additional peroxynitrite (ONOO") that is
more cytotoxic to the cell membrane. Pancreatic B-cell damage occurs because ROS are formed in a large
quantity (not controlled), exceeding the capacity of endogenous antioxidants; thus, the cells could cause
necrosis.* The pancreatic $-cell membrane will attack easily and has lipid peroxidation capability, which
will further interfere with insulin production. This may have occurred in the NC rats, as their insulin level
was very low (< 7 mlU/mL).
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STZ-induced hyperglycemic rats had the lowest insulin level (< 7 mlU/mL) compared with their nor-
mal level of 7 mlU/mL (in the fasting state); the normal insulin level is > 7—-10 mlU/mL.*" Increased levels
of insulin in the treatment groups by administration of C. comatus ethyl acetate extract could occur due to
the presence of flavonoid compounds that donated H*, thus neutralizing free radicals and stopping the lipid
peroxidation that damaged the pancreas.®®

Flavonoids work as antioxidants, offering protection against free radicals that could attack pancreatic 8
cells. Some flavonoids act in the modulation and signaling activity of pancreatic f§ cells in insulin hormone
stimulation and release.” C. comatus polysaccharides could also stimulate insulin release from pancreatic
B cells directly with the help of Ca?".’° The antioxidative properties of flavonoids, vitamin C, and vitamin
E that inhibit polyADP-ribosylation can weaken STZ toxicity on pancreatic  cells; hence, this inhibition
prevents DNA damage by STZ.*

This study indicates that inactivation and degradation by the DPP-4 enzyme against GLP-1 in DM
produces metabolites in the form of GLP-1 (9-36) amide, which cannot stimulate insulin formation and
production.*® GLP-1 that is unbound to the GLP-1 receptor on the surface of pancreatic B cells could cause
decreased insulin levels and increased blood glucose levels.*!

D. GLP-1 Level

The administration of C. comatus ethyl acetate extract varied in the experimental groups. The HC and T2
groups had the highest GLP-1 level, whereas the NC group had the lowest (Table 5). GLP-1 levels are pre-
sented in Table 5.

All groups of hyperglycemic rats that were given C. comatus ethyl acetate extract showed positive re-
sults (significantly different), and each group experienced an increase in GLP-1 hormone levels.

GLP-1 was measured in this study to determine 1) the effectiveness of bioactive compounds of C. co-
matus ethyl acetate extract, 2) the regulation of glucose metabolism involving GLP-1 hormone and insulin,
and 3) the function of GLP-1 in regulating blood glucose levels of the gastrointestinal tract and its role as
an insulinotropic (insulin release stimulator).*’

GLP-1 hormone degradation by DDP-4 in hyperglycemic rats occurred in < 2 min, which could de-
crease GLP-1 levels and affect decreased insulin levels and increased blood glucose levels.*> The GLP-1
level of the NC group was <450 ng/L (Table 5).

Different results were shown for hyperglycemic rats administered C. comatus ethyl acetate extract in
groups T1, T2, and T3 where GLP-1 was high. Group T2 had the highest GLP-1 level compared to the

TABLE 5: Glucagon-like peptide 1 hormone levels

No. Experimental group GLP-1 hormone level, ng/L
1 HC 1052.360 + 199.930¢
2 NC 404.002 + 214.345°
3 PC 555.712 + 341.968®
4 Tl 510.063 £ 249.786°
5 T2 1056.923 + 176.728°
6 T3 950.649 +217.816"

Data are presented as means + SD (n = 4). Scores marked with the same letter in the same column are not significantly different
(P <0.05). HC, healthy control; NC, negative control (induction with 45 mg of STZ); PC, positive control (45 mg of metformin);
T1, administration of 250 mg of Coprinus comatus ethyl acetate extract; T2, administration of 500 mg of C. comatus ethyl acetate
extract; and T3, administration of 750 mg of C. comatus ethyl acetate extract.
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others. Although group T3 was given a high dose of C. comatus ethyl acetate extract (750 mg), its GLP-1
levels were lower than those of group T2. The difference in GLP-1 hormone levels was highly affected by
the rats’ physiological response. The alkaloids and comatin in the C. comatus ethyl acetate extract worked
as DPP-4 inhibitors and prevented GLP-1 acceleration by DPP-4. DPP-4 inhibition by alkaloids affected
increased GLP-1 activity.* The GLP-1 level of the T3 group was normal (> 450 ng/L), which was slightly
lower than that for the T2 group. Dose differences for each experimental animal were significantly affected
by various internal factors such as DDP-4 enzyme level, bioactive compound level on each dose, and the
animal’s immune and physiological responses.!!

GLP-1 activity occurs when luminal substrate (food) enters the intestine. GLP-1 can directly break
down carbohydrates, which might attach to the GLP-1 receptor on the surface of pancreatic 3 cells to stim-
ulate insulin secretion. GLP-1 activity that is directly degraded by DPP-4 could result in decreased insulin
production.** GLP-1 decomposition by DPP-4 is inhibited by the comatin compounds in the extract of the
C. comatus fruiting body.

Comatin binds to DPP-4 and causes DPP-4 to be inactive.** Comatin can work as a DPP-4 inhibitor
by inhibiting DPP-4 binding to GLP-1. Comatin also binds to the active sides of GLP-1, so DPP-4 cannot
further bind GLP-1; thus, the effects of DPP-4 inactivation and degradation on GLP-1 can be minimized.”

E. HbAlc

HbA Ic is the bond between hemoglobin and glucose, which is also referred to as glycated hemoglobin or
hemoglobin Alc, and is the mean blood sugar level bound to hemoglobin. The results of this study showed
that the increase in blood glucose levels was related to the increase in HbAlc levels (Fig. 1). HbAlc levels
are presented in Fig. 1.

High and low levels of HbA 1c also depend on the blood glucose level in the body. Hence, it is crucial to
monitor HbA 1¢ parameters in the hyperglycemic state. HbAlc levels in the experimental treatment groups
given C. comatus ethyl acetate extract (T1, 3.77%; T2, 3.94%; and T3, 3.9%) were similar to the HC group
(3.9%). The mean HbA 1¢ rate of the three groups given the extract was 3.85%. The HbA1c level of the NC
group was 4.77%, which was the highest among all groups because the rats were not given the extract or
metformin (Fig. 1).

HbAlc levels in NC rats were > 4.5%, whereas the normal level was 3.5%-4.5% in the fasting state.* The
increase in hemoglobin concentration was significantly glycolyzed, along with the increased blood glucose
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FIG. 1: HbAlcs level. Bars marked with the same letter are not significantly different (P < 0.05). HC, healthy control;
NC, negative control (induction with 45 mg of STZ); PC, positive control (45 mg of metformin); T1, administration of
250 mg of Coprinus comatus ethyl acetate extract; T2, administration of 500 mg of C. comatus ethyl acetate extract;
and T3, administration of 750 mg of C. comatus ethyl acetate extract.
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concentration in the body of patients with DM.*® A constantly increasing blood glucose level increases the oxi-
dative reaction of hemoglobin, resulting in increased HbA 1c and blood glucose levels of patients with diabetes.*’

The fungi interconnectedness of C. comatus bioactive compounds (e.g., flavonoids, alkaloids, saponin,
vitamin C, and vitamin E) worked synergistically in the HbA1c reduction effect that occurred in the treat-
ment groups. STZ-induced rats had hyperglycemia that could increase free radical production. Flavonoids
protect pancreatic 3 cells that contain a few endogenous antioxidants. The decrease in blood glucose levels
in treatment groups given C. comatus ethyl acetate extract (Table 3) was correlated with the decrease in
HbA Ic levels. Antioxidants such as flavonoids, vitamin C, and vitamin E can prevent hemoglobin oxidation
as blood glucose increases in DM.!3

Flavonoids protect 3 cells from free radicals by neutralizing free radicals formed in DM by donating H"
ions to free radicals and forming a nonreactive flavonoid radical. Flavonoids can prevent lipid peroxidation
from pancreatic -membrane cells and allow [ cells to produce the insulin hormone to regulate glucose in
the body.

F. GSH

GSH is an intracellular antioxidant and cosubstrate of GPx, and it is instrumental in increasing the body’s
defenses against the increase of free radicals in DM. GSH blood measurements of hyperglycemic rats given
C. comatus ethyl acetate extract and metformin showed various results between each treatment group as
follows (Fig. 2). GSH levels are presented in Fig. 2.

The NC group had the lowest GSH value (< 4 umol/L), whereas the HC group had the highest. GSH
levels among groups given C. comatus ethyl acetate extract and metformin had GSH levels > 4 pmol/L
compared with 4.4 umol/L for group T1, 4.62 umol/L for T2, and 4.21 umol/L for T3. The PC group had a
GSH value of 5.23 pmol/L (Fig. 2). Based on previous research, the total GSH level in normal rats is 5-6
umol/L, compared with 3.025 umol/L (< 5 pmol/L) in diabetic rats.*® With normal conditions and a level of
5 umol/L, GSH is capable of working as an antioxidant and is able to reduce free radicals.?!

The increase of free radicals in DM occurs through three main mechanisms: a cycle of polyol sorbitol
(aldose reductase reaction), nonenzymatic glycation, and glucose autoxidation that occurs due to increased
blood glucose levels.*” GSH at a high concentration has the potential to inhibit radical formation (O,",
ONOO™, and NO"), dialuric acid autoxidation, and hydroxyl radical (OH") formation. GSH at high concen-
trations can also inhibit hydroxyl anion (*OH) formation and directly neutralize hydroxyl radicals.** The
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FIG. 2: GSH levels. Bars marked with the same letter are not significantly different (P < 0.05). HC, healthy control;
NC, negative control (induction with 45 mg of STZ); PC, positive control (45 mg of metformin); T1, administration of
250 mg of Coprinus comatus ethyl acetate extract; T2, administration of 500 mg of C. comatus ethyl acetate extract;
and T3, administration of 750 mg of C. comatus ethyl acetate extract.
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flavonoids in C. comatus ethyl acetate extract are the biochemistry agent responsible for protecting pancre-
atic B cells against the damaging effects of ROS, which can also contribute to their antitumor, anti-inflam-
matory, and antioxidant activity.*

The decrease in GSH levels in the NC group occurred due to increased free radical attack during DM.>!
Hyperglycemia due to STZ induction can cause oxidative stress in B cells due to the increase in free radicals
formed.?* Endogenous antioxidants in pancreatic 3 cells can resolve this because of the low concentration.”!
This is worsened by high content of the amino acid cysteine, which contains the -SH groups that play a role
in GSH production. The -SH group is very vulnerable to ROS attack and can cause GSH to lose its ability
to fight free radicals. Diabetogenic (STZ) compounds can release the H' cluster from -SH GSH, which can
cause the decrease in GSH activity.>

GSH is found in almost all tissues of mammals, including in the heart, and it is active as an antioxi-
dant. There are two forms of GSH in the body, which are reduced GSH and oxidized glutathione disulfide
(GSSG).” GSSG is an active free radical scavenger.’! Flavonoids, vitamin C, and vitamin E contained in
C. comatus ethyl acetate extract act as antioxidants to improve defense against ROS." Through a chemical
process, GSH is able to react with ROS directly, such as superoxide radicals, hydroxyl radicals, and singlet
oxygen, and directly serves as a ROS scavenger.”!

IV. CONCLUSION

This study demonstrated the effect of ethyl acetate extract of C. comatus as an antidiabetic agent and its
role in increasing endogenous antioxidant levels. The results showed that C. comatus ethyl acetate extract
could decrease blood glucose and HbA lc¢ levels, increase the highest insulin level at a dose of 250 mg, and
increase GLP-1 and GSH hormone levels at a dose of 500 mg. The qualitative identification results showed
that C. comatus ethyl acetate extract contains flavonoids, alkaloids, and saponins. The quantitative analysis
results with HPLC show that C. comatus contains rutin compounds, vitamin E, and vitamin C, which are
significantly beneficial as antioxidant supplements.
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