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ABSTRACT

Globally, diabetes mellitus (DM) disease is one of the main causes of death. Type-2 diabetes mellitus (T2-
DM) cannot be cured by first-line medications, and long-term use carries a significant risk of serious side
effects. Novel antidiabetic agents with high efficacy are required. In the T2-DM rats’ model, the anti-diabetic
effect of Rhopilema nomadica venom (RNV) and R. nomadica umbrellar extracts (RNUE) was assessed.
Biometric and biochemical measurements were determined. The median lethal doses (LDso) of RNV and
RNUE were estimated, and then Sprague Dawley male rats were split into five groups (n=10) as follows;
group 1 (Gpl) served as a negative control. Gp2 to Gp5 were given a high-fat diet (HFD) and then, injected
with STZ (30 mg/kg) interperitoneal (i.p.). Gp2 was kept as diabetic rats (T2-DM rats). Metformin (Met) (150
mg/kg), RNV (7.5 mg/kg), and RNUE (14.4 mg/kg) were given to Gp3, Gp4, and Gp5, respectively. All
treatments were taken i.p., once every day for eight weeks body weight (b.wt) changes, the levels of glucose,
C-peptide, biochemical parameters, and the histopathological alterations were assessed. R. nomadica diameter
was 35- 40 cm, and its weight was 4- 4.5 kg. RNV and RNUE total antioxidant capacities were 2.39 + 0.18
and 2.92 + 0.26 mg/g. RNV and RNUE protein profiles showed eight and seven bands. Treatment of T2-DM
rats with Met or RNUE led to a hypoglycemic effect as indicated by improvement of b.wt changes, glucose,
C-peptide levels, hepato-renal function, antioxidant/oxidant biomarkers status, and insulin-secreting p-cells in
the pancreatic islets.
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INTRODUCTION

Diabetes mellitus (DM) is ranked among the top ten
global causes of death (1). The current global DM
population is over 462 million and this number could
be increased to approximately 700 million by 2045.
Middle-income countries are predicted to experience
the largest relative increase in the prevalence of
diabetes (21.1%), as opposed to high (12.2%) and
low-income (11.9%) countries (2). Obesity is one of
the most common diabetes risk factors, which
contributes to the increase in its incidence (3).
Generally, DM is linked to several serious diseases
such as; peripheral neuropathy, nephropathy, cancer,
micro-vascular  problems, and cardiovascular
disease (1,4). Type 1 diabetes (T1-DM), type 2
diabetes (T2-DM), and gestational diabetes (G-DM)
are the three main types of the disease. Pancreatic
islet beta cells (B-cells) are being destroyed, and
insulin treatment is necessary for people suffering
from T1-DM. While impaired insulin action or
insufficient insulin secretion occurs in T2-DM. The
variations in insulin levels that occur during
pregnancy cause G-DM (5). T2-DM is characterized
by insulin resistance (IR)
hyperglycemia, therefore, insulin sensitizers, insulin
secretagogues, alpha-glucosidase
incretin-based therapies, and
cotransporter 2 inhibitors could be used for
medications (6). Nowadays, first-line medications

and persistent

inhibitors,
sodium-glucose

cannot treat T2-DM, and long-term use carries a
significant risk of serious side effects, including fatal
hypoglycemia and gastrointestinal reactions (1). For
managing and treating diabetes,
medications with high efficacy and minimal side

anti-diabetic

effects are needed (7).

products are developing
therapeutics to treat DM (8). Marine organisms in
particular have different potential
ingredients that could be used as therapeutic agents
for the treatment of several diseases (9,10). Different
biological and pharmacological applications have
been demonstrated for the bioactive compounds that
are isolated from Cnidaria (11). For instance,

Natural in use for

bioactive
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components of Pelagia noctiluca venom were
reported as anti-inflammatory and anticancer agents
(12). Due to their nutritional value, jellyfish are
eaten in China and Japan, where their consumption
has been linked to a decline in the prevalence of
coronary heart disease (13).

Rhopilema nomadica is a scyphozoan jellyfish
belonging to the Rhizostomeae order and class
Scyphozoa. It is the largest scyphomedusa recorded
in Egypt's Mediterranean Sea (14).
research assessed the biological significance of
several scyphomedusan jellyfish as an antioxidant,
insecticidal,  hypocholesterolemic,  antifatigue,
anticoagulant, anti-analgesic, antihemolytic,
immune-simulative, antimicrobial, anti-
cardiovascular disorder, and antihypertensive agents
(10,15-17). To our knowledge, there are no reports
available on the bioactivity of scyphomedusa to treat
diabetes. Therefore, this study aimed to assess the
anti-diabetic effect of natural products extracted
from R. nomadica (venom and umbrella) that are
widely distributed on the Egyptian coasts.
MATERIAL AND METHODS

Chemicals

Previous

Chemicals and reagents were bought from
commercial chemical companies. Streptozotocin
(STZ) was purchased from Sigma Company (USA).
Metformin hydrochloride was purchased as tablets
of 500 mg from MINAPHARM Pharmaceuticals
Company (10" of Ramadan City, Egypt). Then, Met
was dissolved in phosphate buffer saline (PBS) and
adjusted to 150 mg/kg in 300 pl (18).

Glucose, C-peptide, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), urea,
creatinine, superoxide dismutase (SOD), catalase
(CAT), and malondialdehyde (MDA) kits were
acquired from the Egyptian
Company (Dokki, Egypt).
Scyphomedusa collection

From July to August 2021, fifteen Scyphomedusa
(Cnidaria, Scyphozoa, Rhizostomeae) specimens
have been collected from the Mediterranean Sea at
Alexandria’s Sidi-Bishr station (31°15'564"N latitude
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and 29°59'10"E longitude).
transported in tanks of cold seawater (5+2°C) to the
Invertebrates lab, Zoology Department, Faculty of
Science, Tanta University. The specimens were
identified by a taxonomist.

Morphological measurements of R. nomadica
morphological
investigated, then the umbrella diameter and the
body weight were determined. Immediately, the
umbrella and the oral arms were quickly separated
for further use.

Preparation of R. nomadica venom and extract
Rhopliema nomadica venom (RNV) was prepared
by immersing the oral arms of R. nomadica in 1 L of
100% ethanol for 30 seconds at room temperature to
allow the nematocysts to chemically discharge.
After allowing the discharge to precipitate for 24
hours at 4°C, it was centrifuged for 30 minutes at
14,000 rpm. The precipitate was lyophilized and was
kept as RNV at -80°C until needed (19). For the
preparation of the R. nomadica umbrella extract
(RNUE), the separated umbrella was cut into tiny (1
cm) pieces, soaked in 100% ethanol, and stored at
room temperature. The dissolved materials in
ethanol were centrifuged at 5000 rpm for 15 min and
lyophilized to prepare RNUE. The powder was
collected in clean tubes and stored at - 80°C until
further use (20).

Biochemical analysis and characterization of
RNV and RNUE

The total protein of RNV and RNUE was estimated
according to (21), lipids contents according to (22),
and carbohydrates
according to (23). Additionally, a protein profile
using SDS-PAGE analysis was done (24). The
DPPH scavenging activity was evaluated according
to (25). The DPPH scavenging percentage has been
calculated as follows: DPPH scavenging% = (Ao -
As/A0) X 100, where Ao is the absorbance of the
blank and as is the absorbance of the sample at 515
nm. The median inhibitory concentration (IC50)
necessary to lower the initial DPPH
concentration by 50% was determined. According to

Specimens  were

R. nomadica structure  was

contents were calculated

radical
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(26), the total antioxidant capacity (TAC) was
calculated.

Experimental animals

Rats (Sprague Dawley) with an average weight of
120 £ 4 g were obtained from animal husbandry, at
Alexandria University. Animals were taken to Tanta
University's Faculty of Science and held for a week
for acclimation. The temperature and relative
humidity were around 25 £ 1°C and 55 + 5%,
respectively. The animals were treated following the
animal care and use committee's ethical guidelines
(protocol number IACUC-SCI-TU-0227).

The median lethal dose of RNV and RNUE
determination

A number of seventy-two Sprague Dawley male rats
were divided into twelve groups (n = 6). From group
1 (Gpl) to Gp6, rats were injected with different
doses of RNV (125 to 1000 mg/kg b.wt). From Gp7
to Gpl2, rats were injected with different doses of
RNUE (200 to 2500 mg/kg b.wt). All doses were
injected as a single dose via intraperitoneal (i.p)
technique. Rats were monitored for 24 hours to
assess the median lethal dose (LDso). This value was
calculated using the probit analysis (27).

balanced and high-fat diet food
components

The normal balanced diet (NBD) was used to feed
healthy control rats. NBD contains 3% fat 21%
protein, and 48.8% carbohydrates. The high-fat diet
(HFD) contains 40 % fat 17% protein, and 43%
carbohydrates (28).

Induction of T2-DM in rats

After 12 weeks of HFD feeding, Gp2 to Gp5 were
given a single injection of STZ (30 mg/kg i.p.) (29).

Normal

Blood samples were collected from the tail vein
three days post-STZ injection. The glucose levels
were determined using a portable glucometer (One
Touch Select, Life Scan, Inc., California, USA). T2-
DM rats were defined as animals with a fasting
blood glucose level of greater than 250 mg/dl.
Experimental protocol

Thirty male Sprague Dawley rats were split into five
groups (n = 6) as follows; Gpl was a negative
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control. Gp2 was served as diabetic rats only. Gp3,
Gp4, and Gp5 received Met (150 mg/kg b.wt), RNV
(7.5 mg /kg b.wt), and RNUE (14.4 mg /kg b.wt),
respectively. All treatments were taken i.p., once
every day for eight weeks. At the end of the
experiment, rats were given 2% isoflurane
anesthesia before necropsy.

Determination of the total body weight changes
All the experimental groups were weighted at the
beginning of the experiment at week 0 (WK-0).
Normal and HFD-rats were weighted again at WK-
12 (before treatment) and Wk-20 as initial (I.b.wt)
and final body weights (F.b.wt), respectively.
Determination of the biochemical parameters
Sera glucose and C-peptide levels were determined
in all groups (30,31). Liver aminotransferase (ALT
and AST) activities were determined according to
the method of (32). Urea and creatinine levels were
determined according to (33). Superoxide dismutase
(SOD), (CAT)
malondialdehyde (MDA) levels were determined
according to (34-36).

Histopathological investigations

Small sections of the pancreas were fixed in 10%
neutral formalin, dehydrated in alcohols, cleared in
xylene, and embedded in paraffin. Hematoxylin and
eosin (H& E) staining was used on paraffin slices
that were 5 mm thick (37).
Immunohistochemical

catalase activities, and

staining and image
analysis:

Detection of anti-insulin monoclonal antibodies in
pancreatic tissues was performed using the avidin-
biotin-peroxidase method (38). The

secreting B-cells cytoplasmic sites of reaction were

insulin-

stained brown, and nuclei stained blue. Digital
images were analyzed by a semi—quantitative
scoring system (Figi—image J software, a Java-based
application for analyzing images). The positive
stained cells were analyzed in pancreas sections. The
percentage-colored stained area (area fraction) per
field area was determined by measuring 30
randomly photographed high-power fields at x 40
magnifications from islets of Langerhans (39).
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Statistical analysis

Group’s data expressed as means += S.D. were
analyzed by t-test while percentage data were
analyzed by SPSS software. p < 0.05 was considered
a significant value for all statistical analyses in this
study.
RESULTS
Scyphozoan specimen morphometric
characterization

The scyphozoan R. nomadica was identified from
the collected specimens. The specimens have a
hemispherical bowl-shaped umbrella with no
marginal tentacles and are divided into two parts.
The white-colored umbrella is thick at the central ex-
umbrella and thinning gradually towards the
marginal sub-umbrella. R. nomadica is characterized
by the presence of obvious minute rough granules on
ex-umbrella, and few at the margin. The margin is
divided into 64 rounded velar lappets. The scapulats
are followed by eight adradial stout and smooth icy,
blue-colored oral arms that seem to be branched,
broad, and polystomatous (Figure 1). The umbrella
diameters of R. nomadica ranged between 35- 40
c¢m, and the weight of the specimens ranged between
4- 4.5 Kkg.

Biochemical measurements and protein profile of
RNV and RNUE

The macromolecules as total protein, lipid, and
carbohydrate of RNV were 380 £ 22,122 £ 11.9, and
44 + 5.7 mg/g of dry weight (D.W), respectively.
These macromolecules in RNUE were 240 + 18.5,
102.6 £ 10.3 and 25.6 + 4.8 mg/g D.W, respectively
(Table 1). The protein profile of RNV showed eight
bands from 10 to 50 kDa molecular weight (Mwit).
At the same time, RNUE showed seven bands with
Mwt from 40 to 100 kDa. (Figure 2A and B).

The DPPH scavenging activity percentage, 1Cso of
DPPH, and the total antioxidant capacity (TAC) in
RNV were 7.03 %, 698.56 mg/ml, and 2.39 + 0.18
mg/g. D.W, respectively. These biochemical
parameters in RNUE were 9.67 %, 506.71 mg/ml,
and 2.92 + 0.26 mg/g. D.W (Table 1).

The LDsp values of RNV and RNUE
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Different groups of rats were injected i.p. once with
different doses of RNV or RNUE. The groups were
monitored for 24 hours to determine the mortality
rates. The results showed that the LDso of RNV and
RNUE were 310.72 and 576.9 mg/kg b.wt,
respectively (Figure 3 A, B).

Treatment of T2-DM rats with RNUE potentially
decreased the body weight.

The T2-DM rats showed a slight change in the b.wt,
however, treatment of T2-DM groups with Met or
with RNUE showed a highly significant decrease (p
< 0.01) in the b.wt when compared to the T2-DM
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group. Additionally, T2-DM rats treated with RNV
led to a significant decrease (p < 0.05) in b.wt as
compared to T2-DM rats (Figure 4).

RNUE dramatically decreased glucose and C-
peptide levels in T2-DM rats

The T2-DM rats that were treated with Met or
RNUE showed a significant decrease (p <0.05) in
glucose and C-peptide levels, however, T2-DM rats
that were treated with RVE showed a significant
increase (p <0.05) in the levels of glucose and C-
peptide (Figure 5A, B).

Figure 1. Shows the exumbrellar and subumbreller side of R. nomadica. (a) Exumbrellar side showing thick,
rough central granulated exumbrella (Ex), thin subumbrella (Su) end with marginal lappet (L). (b)
Subumbreller side showing canal system (white arrow), and at the base of the oral cone, the scapulat (Sc) with
frilly mouths (black arrow) and wide polystomatous oral arms (Oa).
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Table 1. The total protein, lipids, carbohydrates contents, the DPPH scavenging activity %, 1Cso of DPPH, and

the total antioxidant capacity of RNV and RNUE.

pISSN: 2356-9174, elSSN: 2356-9182

Total . Total DPPH 1Cso of
proteins Irﬁ;jglg)wi carbohydrates | scavenging DPPH TAS \(Ar}ﬂ)g/g
(mg/g DW) (mg/g DW) activity (%) (mg/ml) )
RNV 380+22¢2 122 +11.9° 44 £5.7°2 7.032 698.567 2.39+0.182
RNUE 240 + 18,5 102.6 +£10.3"° 25.6 +4.8° 9.67° 506.71° 2.92 +0.26%

RNV: R. nomadica venom; RNUE: R. nomadica umbrella extract; TAC: Total antioxidant capacity. p-value < 0.05 was considered

to be statistically significant. The means that do not share the same letter are significantly different.

Figure 2. Sodium dodecyl sulfate—polyacrylamide gel electrophoresis (SDS-PAGE) of R. nomadica venom

(A) and umbrella extract (B). M: protein standard marker 10-200 KDa.
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Figure 3. Shows the medial lethal doses (LDso) of R. nomadica venom (RNV) (A) and R. nomadica umbrella
extract (RNUE) (B).
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Figure 4. The kinetic changes in the total body weight of the different treated groups from wk 12 (Before-
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umbrella extract; D: Diabetic group. The values represented mean + SD. p-value < 0.05 was considered to be
statistically significant. The means that do not share the same letter are significantly different.
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RNUE  treatment improved the liver
transaminases and kidney biomarkers in T2-DM
rats:

The T2-DM rats showed a significant increase (p <
0.05) in liver transaminase (ALT and AST)
activities. T2-DM rats that were treated with Met or
RNUE showed a significant decrease (p < 0.05) in
ALT and AST activities compared to T2-DM rats.
However, T2-DM rats that were treated with RNV
showed a significant decrease in the above-
mentioned liver transaminase activities (p < 0.05)
when compared to T2-DM rats (Table 2). Similarly,
the results that were obtained from kidney biomarker
analysis showed that, as compared to the control
group, the levels of urea and creatinine had a
significant increase (p < 0.05) in the T2-DM rats.
T2-DM rats that were treated with Met or RNUE
showed a significant decrease (p < 0.05) in the levels
of urea and creatinine when compared with T2-DM
rats. However, T2-DM rats that were treated with
RNV showed a significant increase in the above-
mentioned parameters (p < 0.05) when compared to
T2-DM rats (Table 2).

Treatment with RNV or RNUE enhanced the
oxidant/antioxidant status in the T2-DM rats:
The T2-DM rats showed a significant decrease (p <
0.05) in the antioxidant enzymes (SOD and CAT)
activities as compared to the control group. T2-DM
rats that were treated with Met or RNUE showed a
significant increase (p < 0.05) in SOD and CAT
activities compared to T2-DM rats. However, T2-
DM rats that were treated with RNV showed a
significant
antioxidant enzymes (p < 0.05) when compared to
T2-DM rats (Table 3). The level of MDA had a
significant increase (p < 0.05) in the T2-DM rats.
T2-DM rats that were treated with Met or RNUE
showed a significant decrease (p < 0.05) in the level
of MDA, however, T2-DM rats that were treated
with RNV showed a significant increase in MDA
level (p < 0.05) when compared to T2-DM rats
(Table 3).

decrease in the above-mentioned
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RNUE enhanced the pancreatic architecture in
T2-DM rats:

The examination of H&E-stained pancreatic
sections of the control group showed normal
architecture of the pancreatic acini and islet of
Langerhans. As shown in Figure 6A, the pancreatic
acini are made up of pyramidal cells with basal
rounded nuclei, and the cytoplasm of each pyramidal
cell includes acidophilic zymogen granules. The
connective tissue is very little between two acini and
the islets of Langerhans appear as non-capsulated
pale-stained rounded or oval areas inside the
pancreatic lobules. However, the pancreatic sections
of the T2-DM rats showed destruction of islet cells
with an irregular shape, the presence of necrotic
areas, islet cells vacuolation with hypertrophied
nuclei, and atrophied cytoplasm. Also, the
disorganization of acinar cells periphery to the
condensed fibers around the intercalated duct, with
infiltration of the inflammatory leucocytes was
noticed (Figure 6B). In T2-DM rats that were
treated with Met, the pancreatic sections showed
normal of most islet cells with well-outlined
boundaries, minimization of the vacuolated islet
cells, and appearance of normal acinar cells (Figure
6C). The pancreatic tissue of the T2-DM rats treated
with RNV showed severe degenerative changes in
the pancreatic islets and exocrine pancreas with
necrotic areas. Some acinar cells had become
enlarged with foamy or completely vacuolated
cytoplasm. Infiltration of the inflammatory
leucocytes, intense fibrosis around many congested
blood vessels, and dilated ducts were seen (Figure
6D).

Examination of the pancreatic section of T2-DM rats
treated with RNUE revealed a marked improvement
of pancreatic islet and acinar cells to normal
appearance. The vacuolation was also reduced or
absent in many islets, and normal distribution of
fibers around blood vessels was detected (Figure
6E).

Treatment with RNUE restored insulin-secreting
B-cells in T2-DM rats:
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The IHC examination showed strong positive
immuno-stain expression of the insulin-secreting -
cells in the central zone of the islets (Figure 7A).
The pancreatic sections of T2-DM rats showed an
obvious decline in immunoreaction with less
expression of insulin-secreting p-cells (Figure 7B).
However, the T2-DM rats treated with Met showed
an increase in the expression of insulin-secreting p-
cells (Figure 7C). A significant decrease in the
expression of the insulin-secreting B-cells (weak
positive) was reported in the pancreatic tissues of
T2-DM rats that were treated with RNV (Figure
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7D). Interestingly, an obvious recovery of insulin-
secreting B-cells (strongly positive) was noticed in
the pancreatic sections of T2-DM rats that were
treated with RNUE (Figure 7E). The mean values
of percentage area = SD of insulin reactive B-cells
are significantly decreased (p < 0.001) in both T2-
DM rats and T2-DM rats that were treated with RNV
in comparison with control rats. While the T2-DM
rats that were treated with RNUE recorded a major
proliferation in the area of insulin reactive B-cells
(Table 4).

Table 2. ALT, AST activities, urea, and creatinine levels in different experimental groups

Groups (,[AJI/_LI') (ﬁ?l'_l') Urea (mg/dL) Creatinine (mg/dL)
Ctrl 40.60+2.16 ¢# 70.10+10.55 P 42.83 £ 4.26° 0.73 £0.02°
Diabetic 68.81+2.99° 120.80£11.902 67.75 £ 5.562 0.87 +0.022

D/Met 51.25+5.07 95.65+13.30 ¢ 57.93 +2.17¢ 0.74 +£0.06°
D/RNV 85.87+7.512 146.73+5.51¢ 73.67 £ 3.06° 0.95 +0.09¢
D/RNUE 46.17+2.524¢ 85.20+3.61¢¢ 51.67 + 1.53¢: ¢ 0.74 £0.03°
F-Value 231.39 83.89 215.27 14.22

P-Value <0.001 <0.001 <0.001 <0.001

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase. p-value < 0.05 was statistically significant. Ctrl:
Control group; D/Met: diabetic rats that treated with metformin, D/RNV: diabetic rats that treated with R. nomadica
venom; D/RNUE: diabetic rats that treated with R. nomadica umbrella extract. The values represented mean + SD. The

means that do not share the same letter are significantly different.

Table 3. Antioxidant/ oxidant biomarkers in different experimental groups

Groups SOD CAT MDA_
(U/mg tissue) (U/mg tissue) (nmol/mg tissue)

Ctrl 14.89 £ 0.742 82.86 £ 1.162 34.29 £1.34¢
Diabetic 5.85+1.07¢ 51.04 +2.134 81.91+2.16°
D/Met 8.51+0.82° 60.85+2.70° 59.92 +1.984
D/ RNV 3.2+040¢ 42.24 +155° 108.21 +2.132
D/RNUE 11.16 £ 1.06° 76.91+1.41° 46.89 +1.87°¢
F-Value 15.34 185.4 567.0
P-Value <0.001 <0.001 <0.001

Ctrl: Control group; D/Met: diabetic rats that were treated with metformin, D/RNV: diabetic rats that were
treated with Rhopilema nomadica venom; D/RNUE: diabetic rats that were treated with R. nomadica umbrella
extract, SOD: Superoxide dismutase; CAT: Catalase; MDA: Malondialdehyde. The means that do not share
the same letter are significantly different. The values represented mean + SD. p-value < 0.05 was statistically

significant.
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Figure 6. (A) Photomicrograph of a pancreatic section of a normal control rat showing normal architecture of acini (AC) and islets of Langerhans (IL). (B)
Photomicrograph of pancreatic section of T2-DM rats illustrating necrotic areas (NA), vacuolated cells (arrows) in the islets of Langerhans (IL), disorganization
of acinar cells (AC), condensed fibers (F) around intercalated duct (ID) and infiltration of the inflammatory leucocytes (double- arrowheads) is also seen. (C)
Photomicrograph of a pancreatic section of T2-DM rats treated with Met showing the minimization of the vacuolated islet cells (arrows) with the appearance
of normal of most islet cells (IL), The normal form of acinar cells (AC) and intercalated duct (ID) lined with more or less normal cuboidal cells are also seen.
(D) Photomicrograph of a pancreatic section of T2-DM rats treated with RNV demonstrating cytoplasmic vacuolation in most of the islet cells (IL) (arrows),
increasing the necrotic areas (NA) in both IL& AC, anomalous acinar cells (AC), markedly accumulated fibers (F) around dilated intercalated duct (ID) and
congested blood vessels (BV). Infiltration of inflammatory leucocytes is seen (double-arrowheads). (E) Photomicrograph of pancreatic section of T2-DM rats
treated with RNUE dedicating a marked improvement of pancreatic islet (IL) and acinar cells (AC). Recovery of the normal blood vessels (BV) and intercalated
duct (ID) are also demonstrated (E). H&E, scale bar = 6.25um.
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Figure 7. (A) Photomicrograph of pancreatic sections of control rats showing strong expression of insulin-secreting p-cells (arrows). (B) Photomicrograph
of pancreatic section of STZ-diabetic rats demonstrating a decrease in immunostain expression of insulin-secreting p-cells (arrows). (C) Photomicrograph of
pancreatic section of T2-DM rats treated with Met showing an increase in the expression of insulin-secreting B-cells. (D) Photomicrograph of pancreatic
section of T2-DM rats treated with RNV demonstrating a severe reduction of immunostain expression of the insulin-secreting p-cells (arrows). (E)
Photomicrographs of pancreatic sections of T2-DM rats treated with RNUE show a marked increase and recovery in the expression of immunoreactivity to
insulin-secreting B-cells (arrows) (E). Scale bar = 6.25 um.
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Table 4. The percentage of the area of the positive
insulin-secreting B-cell in the pancreas of different
groups.

Groups Insulin
Control 4.91+0.332
Diabetic 1.75+£0.15°¢
D/Met 284 +0.12¢
D/RNV 0.74 +0.08¢
D/RNUE 3.72+0.13°

F-Value 92.84

P-Value <0.001

Ctrl: Control group; D/Met: diabetic rats that treated with metformin,
D/RNV: diabetic rats that treated with R. nomadica venom; D/RNUE:
diabetic rats that treated with R. nomadica umbrella extract. The
values represented mean + SE. p-value < 0.05 is statistically
significant. The means that do not share the same letter are

pISSN: 2356-9174, el SSN: 2356-9182
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significantly different.

Discussion

Diabetes mellitus (DM) has emerged as one of the
most frequent major chronic illnesses, generating
life-threatening complications and diminishing life
expectancy. As a result, ongoing research has been
conducted to identify novel antidiabetic drugs with
high efficacy and minimal side effects for managing
and treating diabetes (40). According to the current
study, the diameters and weights of the collected R.
nomadica were 35- 40 cm and 4-4.5 kg. According
to prior research, its umbrella diameter was 38 cm
while its weight was 4.2 kg (41). The LD50 values
for RNV and RNUE were 0.311 and 0.577 g/kg b.wt,
respectively. Previous studies showed that the LDsg
values of R. octopus venom and Aurelia aurita in
mice were 1.8 and 2 g/kg b.wt, respectively (10,42).
DM rats showed weight loss compared to control
rats. D/Met, D/RNV, and D/RNUE rats lost weight
compared to DM rats. Previous studies showed that
significant change in the body weight in T2-DM rats,
and this change increased by Met treatment (43). A
significant change in the glucose and C-peptide
levels was reported in the T2-DM group. This data
was covenant with a prior study that reported that
T2-DM increased both glucose and C-peptide levels

(44). T2-DM rats that were treated with Met showed
also a significant decrease in the previous
parameters, and these findings were in agreement
with Ibrahim et al, 2023 who reported that Met
decreased glucose and C-peptide levels (45). T2-
DM rats treated with RNV showed non-significant
changes in the levels of glucose and C-peptide, while
T2-DM rats that were treated with RNUE did show
a significant decrease in their levels. Talluri et al,
2018 evaluated the methanolic extract of A. aurita as
an anti-diabetic agent (42).

The current study showed that the T2-DM group did
show a significant increase in ALT and AST
activities. Talluri et al, 2018 revealed that the STZ-
induced T2-DM rats showed elevation in AST, and
ALT activities (42). T2-DM rats that were treated
with Met did show a significant decrease in ALT and
AST activities (46). This study showed that T2-DM
rats that were treated with RNV showed non-
significant changes in the activities of ALT and
AST, while the T2-DM group that was treated with
RNUE did show a significant decrease in their
activities. The decrease in AST and ALT activities
could be due to the potential hepatoprotective
properties of RNUE.
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In this study, the T2-DM group did show a
significant decrease in SOD and CAT activities. This
decrease could be due to the fluctuations in blood
glucose levels which in turn led to elevation in
reactive oxygen species (ROS) which consequently
decreased the activities of these enzymes (46).
Treatment with Met, however, showed a significant
increase in these antioxidant enzymes. Met has been
reported to have antioxidant activity against
oxidative damage caused by ROS (47). T2-DM rats
that were treated with RNV showed non-significant
changes in SOD and CAT activities. In contrast,
RNUE treatment did show a significant increase.
The MDA level increased in T2-DM rats (46).
Treatment with Met or RNUE decreased the MDA
level, while RNV increased this level. The
enhancement in the antioxidant/ oxidant biomarkers
status could be due to the presence of bioactive
ingredients in RNUE. Similarly, and consistent with
this hypothesis, a previous study showed that the
isolated from both Asiatic and
Mediterranean jellyfish have a strong radical

proteins

scavenging activity and reducing power (48).
Additionally,
properties which could inhibit lipid oxidation
through multiple pathways including inactivation of
ROS, scavenging free radicals, and chelation of
prooxidative transition metals (49).
researchers reported the antioxidant activities of
edible jellyfish (48,50-51).

Streptozoticin causes a selective loss of the insulin-
secreting pancreatic f-cells via ROS-dependent
oxidative damage which in turn leads to inhibition of
insulin secretion of B cells, and disruption of glucose

proteins could own antioxidant

Several

metabolism (52). The pancreatic tissues of the T2-
DM rats displayed degenerative and necrotic
changes in pancreatic B cells. Also, dilation of the
intercalated duct and infiltration of inflammatory
leucocyte cells. These changes in pancreatic
architectures are in agreement with Dludla et al,
2023 (53).

D/Met or D/RNUE-treated
reduced and better pancreatic tissue alterations, as

rats demonstrated
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well as increased expression of insulin-secreting -
cells in the islets of Langerhans. Met therapy
improved the histological alterations in pancreatic
islets in a moderate but substantial way. Similarly,
after Met therapy, islet insulin content increased
considerably. Met increases insulin binding to
insulin receptors, lowering blood glucose levels,
indicating that pancreatic -cells are not damaged in
T2-DM. The level of insulin antibody shows signs
of reduction of STZ-induced -cell toxicity following
Met treatment (54). D/RNV demonstrated
substantial degenerative alterations in the pancreatic
islets and exocrine pancreas, as well as necrotic
regions. It is worth mentioning that jellyfish is
enriched in collagenous protein, which is supposed
to have higher antioxidant, and anti-inflammatory
activities, hyperglycemia, and hyperlipidemia (55).
CONCLUSION
This study shed light on the potential anti-diabetic
effect of the RNUE and its ameliorative effect on the
pancreatic architecture of diabetic rats.
Finding: No funding was received for conducting
this study.
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