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ABSTRACT: In this study, ethanol extract of Botryocladia leptopoda (J. Agardh) Kylin was subjected to 

analysis of its antidiabetic activity in STZ provoked diabetes animals.  This study was undertaken to 

investigate the effect of Botryocladia leptopoda (Et-Bl) ethanol extract on glucose level, biochemical 

parameters, and carbohydrate metabolizing enzymes, in vivo antioxidants, and histological study of the 

pancreas in streptozotocin-induced diabetic rats. Different doses of Et-Bl (100, 200, and 300 mg/kg BW) 

were administered orally for 60 days. The effects were compared with glibenclamide. Treatment with Et-Bl 

and glibenclamide for 60 days resulted in a significant alteration in glucose level, biochemical parameters 

and carbohydrate metabolizing enzymes, in vivo antioxidants, and histological study of the pancreas. The 

effect at a dose of 300 mg/kg of Et-Bl was more pronounced than that of 100 and 200 mg/kg BW and 

brought all the parameters to near normal. Thus, the present findings suggest that Et-Bl may be 

considered an effective therapeutic agent for treating diabetes mellitus. 
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INTRODUCTION 

Diabetes Mellitus (DM) causes hyperglycemia or 

reduced insulin secretions Mukhtar et al. (2020). 

Fasting and ketosis cause insulin deficiency. DM is a 

global pandemic, and the situation in developing 

countries is deteriorating. DM affects millions globally. 

DM will affect 300 million in 2025. Since 2000, India's 

metropolitan areas have improved considerably in 

Aithal et al. (2019). The International Diabetes 

Federation (IDF) predicts that by 2025, India would 

have 69.9 million diabetics. The number of diabetic 

patients is predicted to rise from 171 million in 2000 to 
366 million or more by 2030 Abhari et al. (2019). 

Hyperglycemia causes dysfunctions. These include 

increased polyol pathway flow, changed cellular redox 

state, and elevated lipid profile Kang et al. (2020). 

Patients with diabetes mellitus have alterations in 

metabolic pathways, particularly glucose metabolism 

Miller et al. (2022). Defects in glucose metabolism 

regulation and physiological efforts to repair the 

imbalance overwork the endocrine system, deteriorating 

endocrine control Wishart et al. (2019). Persistent 

endocrine control impairment causes metabolic 

abnormalities and hyperglycemia Poznyak et al. (2020). 
Gluconeogenesis and glycolysis maintain 

normoglycemia. This creates a moving therapeutic 

target that requires different medications to treat the 

condition. 

Increased free radicals and oxidative stress contribute to 
DM development and late complications. Free radicals 

are molecules having unpaired electrons. Free radicals 

can induce cell function interference, oxidative 

membrane issues, and lipid peroxidation intolerances 

Ratera et al. (2021). Increased lipid peroxidation and 

reactive oxygen species (ROS) are implicated in the 

development of several diseases and the toxicity of 

several substances Vo et al. (2020). Antioxidants 

protect against reactive oxygen damage. 

Diabetes mellitus has no cure in current medicine. 

Insulin therapy is used to manage diabetes, however it 
can cause insulin allergy, insulin antibodies, 

lipodystrophy, kidney morphological alterations, and 

serious vascular consequences Sabbagh  et al. (2022). 

Chronic sulfonylurea and biguanide use can cause 

nausea, vomiting, agranulocytosis, aplastic and 

haemolyticanemia, dermatological responses, lactic 

acidosis, and widespread hypersensitivity reaction 

Recently, hypoglycemic agents based on traditional 

medicine plants and chemicals. 

Conventional diabetes treatment is ineffective and 

costly. Traditional medicinal plants and their 

biomolecules have helped manage diabetes for a 
century. In addition to regular antidiabetic treatment, an 

antioxidant therapy could improve diabetes. In recent 

years, the hunt for novel antioxidants in plants and 

plant-derived products to treat diabetes and related 

problems has intensified Hano et al. (2021). Marine 

Biological Forum – An International Journal             15(6): 129-137(2023)  

 

 

 



Suthan  & Selvamaleeswaran       Biological Forum – An International Journal     15(6): 129-137(2023)                        130 

algae contain flavonoids, terpenoids, carotenoids, fiber, 

protein, vital fatty acids, vitamins, and minerals. Marine 

algae are a potential source of bioactive natural 

compounds. Food, confectionery, textile, 

pharmaceutical, dairy, and paper use marine algal 

phytochemicals as gelling, stabilizing, and thickening 

agents Yesuraj et al. (2022). 

Marine algal products have antimicrobial, antiviral, 
antihelminthic, antituberculosis, antimycobacterial, 

antioxidative, anticoagulant, anti-inflammatory, 

antipyretic, analgesic, anticancer, insecticidal, 

antidiabetic, and antiprotozoal bioactivities. 

Researchers face a great test in identifying new 

therapeutic medications for life-threatening disorders. 

Researchers look to natural sources for new chemical 

discovery Brown N, et al., (2018). Insulin and oral 

hypoglycemic medicines have undesirable side effects, 

thus people want natural alternatives. Antidiabetic 

effect of Botryocladia leptopoda in STZ-induced 

diabetic rats remains untested. The current study 
assessed carbohydrate metabolizing enzymes, lipid 

parameters, antioxidants, and pancreatic histopathology 

in STZ-induced diabetic rats to investigate the 

antidiabetic effects of Botryocladia leptopoda (J. 

Agardh) Kylin (Family: Rhodymeniaceae) leaves. 

EXPERIMENTAL PROCEDURE 

Seaweed collection 

Botryocladia leptopoda (J.Agardh) Kylin was obtained 

in September-December 2017 from the rocky intertidal 

beach of Mandapam, Gulf of Mannar, Tamil Nadu, 

India. To eliminate the salt, bacteria, and another 
sediment present in the water, fresh samples were first 

rinsed with saltwater but then with clean water. After 

the samples were allowed to dry for two weeks, they 

were put away at room temperature. 

Preparation of the ethanol extracts 

Plants were cleaned with fresh water, shade dried at 

room temperature, and powdered. The powder was 

soxhlet extracted with ethanol (10 g/400 ml). The 

extraction was continued until a drop of solvent from 

the soxhlet siphon tube did not leave any residue when 

evaporated on a clean glass plate. The solvent was 
removed from the extract under reduced pressure using 

a rotary evaporator (VV2000, Heidolph, and 

Schwabach, Germany). The extract was stored in a -

20oC freezer until use. Ethanol extract of Botryocladia 

leptopoda is represented as Et-Bl. 

Animals used in research. 

Male Wister rats of 170-200 body weight were acquired 

and maintained at the In vivo Biosciences, Bengaluru, 

India, Fed on a healthy pellet diet (VRK nutrition 

solution, Maharashtra, India) and water ad libitum.  The 

study report was accepted by In vivo Bioscience's 

Institutional Ethical Committee (1165/PO/RcBiBt-
S/NRc-L/08/CPCSEA/&09 November 

2018/Invivo/118). 

Induction of Diabetes Mellitus. DM was 

experimentally caused by an intraperitoneal 

administration of Streptozotocin (STZ) (65 mg/kg BW) 

suspended in 0.1M cold citrate buffer (pH 4.5) in 12-

hour fasted rats. After 6h of STZ administration, the 

rats were treated with a 10% blood sugar solution for 

the next 24h to avoid hypoglycemia. No mortality or 

any other adverse reactions have been noted. Rats with 

modest diabetic issues exhibiting glycosuria and 

hyperglycemia were chosen for experimental work after 

having a week of development and aggravation of DM. 

Experimental design. Group I: Control rats; Group 

II: Diabetic induced rats; Group III: Diabetic rats 

administered orally with Et-Bl (100mg/kg bw/rat) for 

60 days; Group IV: Diabetic rats administered orally 

with Et-Bl (200mg/kg bw/rat) for 60 days; Group V: 

Diabetic rats administered orally with Et-Bl (300mg/kg 

bw/rat) for 60 days; Group VI: Diabetic rats 

administered orally with glibenclamide (600µg / kg 

bw/rat). 

The rats were fasted and sacrificed with cervical 

decapitation overnight following the last treatment (60 

days). The blood was hoarded, and after centrifugation, 

the plasma was collected. Then, the glucose estimation 

was done. The pancreas tissues were directly removed 
from the experimental animals and kept in ice-cold 

containers. We are then homogenized with an 

appropriate buffer solution, centrifuged, and stored the 

supernatant. Biochemical estimates have been made 

homogeneous on the same day of sacrifice. 

Biochemical estimations. Rats of the different groups 

fasted overnight, and the blood was withdrawn by retro-

orbital puncture under light and anesthesia. Blood was 

withdrawn from the rats on the 0th, 15th, 30th, 45th, and 

60th day after the induction of diabetes to assess the 

blood glucose Folin et al. (1919). At the termination of 

treatment, i.e., 60 days, animals were deprived of food 

overnight. The levels of the following biochemical 

parameters were estimated according to the respective 

methods as HbA1C Jeppsson et al. (2002), AST, ALT, 

ALP (King 1965), Protein (Lowry et al. 1951), Urea 

(Natelson et al. 1951), Uric Acid(Caraway 1963), 

Creatinine(Husdan and Rapoport 1968), Glycogen 

(Carroll et al. 1956), Hb (Wintrobe et al. 1961), 

RBC(d'Amour et al., 1948), WBC (Wintrobe et al., 

1961), Platelets (Brecher and Cronkite 1950) and 

Insulin was estimated by using radioimmunoassay kit.  

Activities of hepatic hexokinase (Brandstrup and Bruni 

1959), glucose-6-phosphatase (Swanson, 1955), 

glucose – 6- dehydrogenase, fructose-1-6-

bisphosphatase (Gancedo and Gancedo 1971) were 

assayed according to the methods. The levels of lipid 

peroxidation (LPO) in the tissues were evaluated by 

Okhawa et al. (1979). The superoxide dismutase (SOD) 
level was assayed by Mishra et al. (2013). The level of 

catalase (CAT) enzyme was evaluated by Chance et al. 

(1952). Glutathione Peroxidase (GSH-Px) was assayed 

by Rotruck et al. (1973). The level of reduced 

glutathione (GSH) was assessed by the method of 

Moron et al. (1979). 

Histological assessment of pancreas by hematoxylin-

eosin (H/E) staining. All rats were sacrificed under 

mild anesthesia after drug treatment. After blood 

samples were collected, pancreas tissues were fixed in 
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formalin for 48 hours, dehydrated, and embedded in 

paraffin. Semi-automated rotator microtome sections 

were 4 m thick (Suneetha, 1993). 

Statistical Analysis. All data are expressed as mean ± 

S.E.M. One-way analysis of variance (ANOVA) was 

performed, followed by Tukey's test to compare the 

differences between treatments. Differences were 

considered statistically. significant for p < 0.05.  

RESULTS AND DISCUSSION 

Effects of Botryocladia leptopoda on blood glucose 

level in normal & STZ induced diabetic treated rats. 

Table 1 compares control and experimental animals' 

blood glucose levels. STZ-induced diabetic rats had 

higher blood glucose than control rats (p<0.05). Et-Bl 

or glibenclamide brought blood glucose near normal. In 

vivo antidiabetic activity of Et-Bl was studied. Et-Bl 

extract, an anti-diabetes process, provides the 

technological basis for this plant's DM efficacy. In 

STZ-induced diabetic animals, ethanol extract reduced 

glucose levels Owens III et al. (2020). The extract's 

antidiabetic activity is comparable to glibenclamide's in 

diabetic rats. The ethanol extract was clearly enriched 

with energy. The plant normalized animal glucose 

levels. The drug can boost pancreatic secretion or sugar 

uptake. 

Effects of Botryocladia leptopoda on Biochemical 

Markers. Insulin levels of Group II rats dropped 

significantly (p<0.05) a week after STZ injection 

(Table 2). Et-Bl raised insulin levels in normal rats. 

Insulin levels of Diabetic rats rose after 60 days of Et-

Bl and insulin treatment. Group V's insulin level rose 

12.030.46 U/ml. STZ-induced diabetic rats had higher 

HbA1C, AST, ALT, and ALP. All Et-Bl treated groups 

showed a significant decrease in serum AST, ALT, and 

ALP, suggesting the leaves extract may prevent 

diabetes-related hepatic injury. Table 2 showed Group I 

and other experimental groups' proteins, urea, uric acid, 

and creatinine. Group II had lower glycogen levels than 

Group V and VI, which received Et-Bl and 

glibenclamide. Group II rats had different biochemical 

parameters than Group I rats. Et-Bl and glibenclamide 

oral administration resulted in levels similar to Group I, 

with Et-Bl's being more pronounced. Group II rats had 

lower RBC and Hb levels than Group I rats. Et-Bl 

restored these levels in rats. Both treated and untreated 

rats had lower WBC counts than normal. Group II had 

higher platelet counts than normal and drug-treated rats. 

Platelet count decreases gradually in Groups III, IV, 

and V (Table 2). 

STZ reduces insulin in rats. Insulin levels rose in Et-

Bltreated STZ-diabetic rats. Et-Bl scavenges free 

radicals, prevents LPO, inhibits STZ-induced oxidative 

stress, and protects -cells, increasing insulin excretion 

and reducing blood glucose. Quercetin, the Et-Bl 

aglycone, increased insulin release in STZ-induced 
diabetic rats. Quercetin reduced oxidative stress and 

protected pancreatic -cells in STZ-induced diabetic rats. 

Et-Bl stimulated insulin production in diabetic rats' 

islets of Langerhans, boosting -cells. Quercetin-treated 

animals had more pancreatic islets. 

In diabetes, excess glucose reacts with Hb to form 

HbA1c. Diabetic rats have lower Hb levels Çelik et al. 

(2022). The rate of glycosylation is proportional to 

blood sugar at the peak of the glucose tolerance curve, 

correlates with glycosylation, and improves glycemic 
control lowers HbA1c. Estimating Hb glycosylation is 

used in disease management and prognosis. In this 

study, 100, 200, and 300mg/kg bwrat Et-Bl tended to 

normalize Hb and HbA1c levels. 

AST, ALT, and ALP are cytosolic enzymes released 

into the blood after cell membrane damage that reflect 

hepatocellular necrosis. AST, ALT, and ALP levels 

indicate hepatic damage. In the evaluation, free radicals 

damage the liver, and ALP, ALT, and AST are 

measured. Membrane damage or necrosis releases the 

enzymes, so they're measured in serum. High AST 

levels indicate liver injury, muscle damage, and cardiac 
infarction. Therefore, ALT is the best biomarker for 

screening for liver damage. Elevated liver enzymes in 

serum indicate cellular and membrane damage in the 

liver Morgan et al. (2019). STZ caused hyperglycemia, 

free radicals, and liver damage in this study. AST, 

ALT, and ALP levels rose. 

STZ-induced diabetic rats have a negative nitrogen 

balance, developed proteolysis in muscles and tissues, 

and reduced protein synthesis, which decreases total 

plasma protein level. As insulin is required for protein 

synthesis, body protein levels decrease without it Shad  
et al. (2019). In this study, antihyperglycemic property 

of Et-Blmay have increased protein levels in diabetic 

rats. Catabolism of plasma and liver proteins may 

increase urea nitrogen production in diabetes. Insulin 

therapy in diabetes normalizes nitrogen through urea 

synthesis, according to Othman et al. Reduced nitrogen 

and protein synthesis increase blood urea Othman MS 

et al., (2021). Et-Bl reduced blood urea in diabetic rats. 

Diabetic hyperglycemia raises plasma levels of urea, 

uric acid, and creatinine, kidney dysfunction markers. 

After Et-Bl and glibenclamide treatment, these 
parameters returned to near normal levels, proving anti-

diabetogenic activity of Et-Bl. Diabetic rats have high 

uric acid in this study. This may be due to high xanthine 

oxidase, LPO, and triglyceride and cholesterol levels in 

diabetes. 

Protein glycation in diabetes may promote muscle 

wasting and relieve purines. It produces uric acid and 

xanthine oxidase Polito et al.  (2021). Et-Bl controls 

purine catabolism by restoring uric acid levels. 

Creatinine concentration measures kidney impairment. 

Clinical chemistry aims to find medication-related 

kidney toxicities in diabetic rats. In this study, 
creatinine levels in STZ-induced diabetic rats increased 

significantly. Et-Bl treatment prevented creatinine 

elevation. Et-Bl protects the kidneys of STZ-induced 

diabetic rats, according to this study. 

Extracellular glucose concentration and insulin trigger 

glycogen synthesis in liver cells. Glycogen synthase 

and glycogen phosphorylase regulate glycogen 

metabolism in vivo. Reduced glycogen in diabetic rats 
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decreases glycogen synthase and increases glycogen 

phosphorylase Gothandam et al. (2019). In this study, 

Et-Bltreated diabetic rats restored hepatic glycogen. 

This may be due to decreased glycogen phosphorylase 

and increased glycogen synthase. Acute hyperglycemia 

stress affects hybrid grouper plasma glucose, glycogen 

content, and glycogen synthase and phosphorylase 

expression. 
Therapeutic substances or plant extracts can alter 

hematological parameters Enenebeaku et al. (2021). 

Hematological parameters can measure plant extract 

toxicity and clarify blood-related roles. In this study, 

diabetic rats had lower RBC and Hb levels than normal 

rats. Thus, the experimental animals became anemic 

due to haemoglobin suppression. Et-Bl brought these 

parameters close to normal. The defect may be due to 

the extract boosting erythropoiesis to increase RBC 

formation (Van Remoortel et al., 2021) and flavonoids 

decreasing LPO to inhibit RBC hemolysis. This helps 

Et-Bl control anemia. Both treated and untreated 
diabetic rats had lower WBC counts than controls. 

Group II rats had similar platelet levels to Group I. STZ 

may weaken the immune system, reducing WBCs, 

causing "leukopenia". Diabetes-induced stress can 

reduce WBCs, impairing rats' defenses. Diabetic rats 

treated with Et-Bl at 300 mg/kg/rat showed an increase 

in WBCs, which may be due to the plant's constituents 

that boost and encourage WBC development Mao Cet 

al. (2020), suggesting an immune system guard for rats. 

Intraperitoneal STZ causes hyperglycemia, reducing 

platelet count. Long-term platelet deficiency causes 
internal and external bleeding and death. Et-Bl may 

restore platelet levels in diabetic rats due to 

phytochemicals that stimulate clotting factor 

biosynthesis Kumar et al. (2021). 

Effects of Botryocladia leptopoda on Carbohydrate 

metabolizing enzymes. Fig. 1 compares carbohydrate-

metabolizing enzyme levels in control and experimental 

animals. Hexokinase (Fig. 1a), Glucose-6-Phosphatase 

(Figure 1b), and Fructose-1-6-Bisphosphatase (Fig. 1d) 

levels increased (p<0.05) in STZ diabetic rats, and 

Glucose 6 dehydrogenase (Fig. 1c) levels decreased. 

These changes were normalized by Et-Bl or 

glibenclamide. 

STZ-induced diabetic rats had lower hexokinase levels, 

which reduced glycolysis and glucose consumption for 

energyLi et al. (2021). Et-Bl maintains enzyme 

activation, which normalizes diabetes. In this study, 

diabetic rats had lower GK of Liver than normal rats. 

Several researchers have shown decreased hepatic GK 

activity in diabetic animals. The increased range of 

gluconeogenic enzyme glucose-6-phosphatase in 

diabetic rats' livers may be due to the enzyme's 

activation or increased synthesis during diabetes 

Beidokhti et al. (2020). 
Et-therapeutic Bl's role may be based on its modulating 

and regulating the activity of the gluconeogenic 

enzyme, glucose -6- phosphatase, through 31, 51 - 

cyclic adenosine monophosphate (cAMP) and any other 

metabolic activation or inhibition of glycolysis and 

gluconeogenesis. Glucose-6-phosphate dehydrogenase 

converts glucose-6-phosphate to 6-phosphogluconate, 

generating NADPH for bile acid synthesis Schiliro & 

Firestein (2021). This enzyme controls the pentose 

phosphate pathway, which supplies NADPH for 

lipogenesis and ribose for nucleic acid production. 

Glucose-6-phosphate dehydrogenase, a key glucose-

oxidizing enzyme, was altered (p<0.05) in group II 

animals Et-Bl dose-dependently increases glucose-6-
phosphate dehydrogenase activity. Standard drugs 

performed similarly (Group VI). 

Fructose 1, 6 bisphosphatase stimulates the rate-

limiting step of fructose 1-6-bisphosphate to fructose-6-

phosphate. In diabetes, fructose 1, 6-bisphosphatase 

destruction is reduced, which increases hepatic glucose 

synthesis. Diabetic rats had impaired carbohydrate 

metabolic pathways (glycolysis, glycogenolysis, 

glycogenesis, and gluconeogenesis). Probably due to 

insulin deficiency Ogilvy-Stuart & Beardsall  (2020). 

STZ-induced diabetic rats had increased fructose 1,6-

bisphosphatase. This can reduce glycolysis and increase 
gluconeogenesis, increasing blood glucose. Et-Bl 

normalizes diabetes by restoring enzyme activation. In 

the current study, treated experimental diabetic rats had 

lower fructose 1, 6 bisphosphate liver activities than 

Group I rats. 

Effects of Botryocladia leptopodaon In vivo 

Antioxidants Activity. Fig.  2 shows TBARS 

concentrations (Fig. 2a). DM increases tissue TBARS 

and hydroperoxides compared to normal. Et-Bl reduced 

diabetic rats' lipid peroxidation. Figures 2b, 2c, and 2d 

show the functions of SOD, CAT, and GPx in control 

and experimental rats' pancreas. Diabetes-control rats 

had lower GPx, CAT, and SOD activity in pancreatic 

cells than normal rats. Et-Bl increased antioxidant 

levels in diabetic rats compared to Group I rats. Group 

II pancreas GSH is reduced (Figure 2e). Groups III and 

IV diabetic animals had higher antioxidant levels than 

Group I (Fig. 2e). 

Due to STZ's destruction of pancreatic insulin-secreting 

-tissues, diabetics produce more ROS. Muscle injury 

and lipid peroxidation improve with higher ROS levels 

Calkin et al. (2022). Islet cellular material is more 

vulnerable to free-of-charge extreme attacks due to 

lower antioxidant digestive enzymes like SOD, CAT, 

and GPx. Infusing STZ damages or impairs most islet 

tissue. Lack of insulin resistance reimbursement for 
high blood insulin release raises glucose levels. 

Diabetes rats have more excellent free radicals, which 

causes long-term hyperglycemia and damages the 

antioxidant shield. Our study found an increase in 

diabetic rats' TBARS tissues. Improved TBARS levels 

in diabetic rats show peroxidative injuries can cause 

diabetesSadi G et al., (2018). Et-Bl and glibenclamide 

reduced TBARS and liver and kidney hydroperoxides 

in the diabetic control group. Et-effect Bl's promotes 

antioxidant activity and protects cells from lipid 

peroxidation. 
All types of DM improve free radicals or antioxidant 

defense alternatives. During DM, enzymatic (SOD, 

CAT, GPx) and non-enzymatic (ROS) ROS exhaust 

may be collected (GSH). Diabetic rats' kidneys and 
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livers have less antioxidant tissue, per a study. Diabetes 

causes insulin deficiency, which impairs sugar use and 

increases oxidative stress. STZ-stimulated Group I 

tissue SOD action decreases. SOD is a protective 

enzyme that dismutes O2•– to H2O2 and molecular 

oxygen, reducing free radical activity Rowaiye AB et 

al., (2020). ROS could reduce tissue SOD function, it 

was suggested Mistry et al. (2020). H2O2 inactivation or 
enzyme glycation may reduce SOD activity. Et-Bl 

increased diabetic rat liver and kidney SOD function, 

according to this study. Et-Bl can reduce oxygen-free 

radicals and boost hepatic antioxidizing enzyme 

activity. 

Catalase (CAT) catalyzes hydrogen peroxide and 

protects tissues from OH radicals Rakesh et al. (2021). 

Decreased CAT may affect enzyme glycation 

deactivation. CAT reduces the dismutation impulse's 

H2O2 and OH production, protecting peroxisomes from 

oxidative damage. STZ action on H2O2 deposition in 

rats restored CAT functions, causing harmful effects. 
Et-Bl boosted diabetic rats in this study. This method 

uses Et-antioxidant Bl's properties to scavenge free 

radicals. 

GSH, a non-enzymatic antioxidant, prevents free 

radicals and other ROS directly and indirectly through 

enzymatic reactions. STZ-stimulated diabetes rats have 

lower hepatic GSH levels than normal rats. GSH is 

known for preserving redox homeostasis, squeezing 

free radicals, and detoxing side effects Kant et al. 

(2022). It's a potent free radical scavenger and 

glutathione peroxide co-substrate Halim &  Halim 
(2019). The reduction in hepatic GSH was attributed to 

oxidative stress in all forms of DM. Increased oxidative 

stress from lipid peroxidation aldehyde products 

reduces tissue GSH. This review found elevated GSH 

levels in diabetes-cured rats' liver and kidney. Et-Bl and 

glibenclamide may improve GSH biosynthesis, reduce 

oxidative stress, and reduce GSH deterioration, or both. 

Glutathione Peroxidase (GPx) is an enzyme that 

removes peroxide, preventing intracellular hydrogen 

peroxide buildup Linšak et al. (2021). GST acts as a 

peroxidase, reducing peroxide-caused damage. Reduced 
GPx activity is due to enzyme inactivation and 

glycation. Glutathione is a substrate of the GPx 

enzyme, and increased amounts of glutathione increase 

GPx's action. As a result, the GPx process scavenges 

free radicals in diabetic rats. Reduced GPx activity in 

the liver and kidneys is seen in all forms of DM and can 

lead to the deposition of toxic chemicals. Diabetes rats' 

liver and kidney GPx activity is reduced, according to 

other research. Et-Bl and glibenclamide increased GPx 

in diabetic rat tissues. 

Effect of EFx on histopathology of pancreas. 

Pancreas Normal control rats exhibited standard 

histological architecture. Many rounded normal 

proportions of the islet of Langerhans were found all 

around the pancreatic acini. Prominent nuclei with well-

arranged lobules with surrounding islet cells were 

found among normal control rats (Fig. 3). Groups that 

received STZ demonstrated cellular damage to the 

pancreatic acini and islets, which showed pancreatic β-

cell damage and degeneration with asymmetrical 

vacuoles. Et-Bl treated STZ induced-DM rats showed 

marked improvement of the cellular injury (Figure 3), 

as evident from the partial restoration of islet cells, 

reduced β-cell damage, more symmetrical vacuoles, and 

an increase in the number of islet cells. 

STZ is outstanding for its particular pancreatic islet B-

cell cytotoxicity and has been broadly used to initiate 

type – 1diabetes in an exploratory rodent model 

Darwish et al. (2021). It interferes with the cellular 

metabolic oxidative mechanism. Escalating signs in 

both exploratory and clinical examinations suggest that 

oxidative pressure plays an essential role in advancing 

and moving the two sorts of DM. Free radicals are 

shaped excessively in diabetes by glucose oxidation, 
non-enzymatic glycation of proteins, and oxidative 

debasement of glycation proteins Zaman  et al. (2019). 

Weakened antioxidant defenses usually complement 

diabetes. Glibenclamide is regularly utilized as a 

standard antidiabetic medication in STZ actuated 

diabetes to compare the assortment of hypoglycemic 

mixes. The present study was conducted to measure the 

hypoglycemic activity of Et-Bl in Group II rats. In 

diabetic rats of (Group III, IV, V, and VI) treated with 

Et-Bl and Glibenclamide, an increase in the number of 

Beta-cells in the islets was observed, showing the 
rejuvenation of beta cells. Also, the intensity of 

secretary granules in the cells signified that they were 

stimulated for insulin synthesis. 

Table 1: Effect of Botryocladia leptopoda on blood glucose level in normal & STZ induced diabetic treated 

rats. 

 Group I Group II Group III Group IV Group V Group VI 

0th day 71.25±2.98 114.64±4.81 113.15±2.06 104.84±2.61 87.16±3.46 77.95±1.06 

15th day 77.8±2.44 140.86±10.12* 121.11±2.72 110.97±3.48 89.99±1.8a 85±5.76a 

30th day 76.6±2.37 182.81±1.82* 124.5±3.35 114.16±2.94 93.51±2.82a 83.93±3.96a 

45th day 77.13±1.45 211.5±2.93* 117.57±3.96 106.35±5.15 87.46±1.54a 81.95±2.28a 

60th day 77.83±1.66 252.07±10.4*1 108.92±2.75 96.25±3.88 89.19±3.49a 82.8±3.53a 

Values are Mean±SE, n = 6;* p<0.05 statistically significant when compared with Group I; Statistically significant when 
compared to EAC control group; ap < 0.05. 
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Values are Mean±SE, n = 6; * p<0.05 statistically significant when compared with Group I; Statistically significant when 
compared to EAC control group; ap < 0.05. 

Fig. 1. Effects of Botryocladia leptopoda on Carbohydrate metabolizing enzymes in normal & STZ induced diabetic 

treated rats. 

 
Values are Mean±SE, n = 6; * p<0.05 statistically significant when compared with Group I; Statistically significant when 
compared to EAC control group; ap < 0.05. 

Fig. 2. Effects of Botryocladia leptopoda on In vivo Antioxidants activity in normal & STZ induced diabetic treated 

rats. 
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Table 2: Effect of Botryocladia leptopodais on blood glucose level in normal & STZ induced diabetic treated 

rats. 

Parameters Group I Group II Group III Group IV Group V Group VI 

Insulin 13.49±0.51 5.09±0.28* 7.96±0.48 9.31±0.49 12.03±0.46a 12.11±0.67a 

HbA1C 5.05±0.72 8.62±0.1* 7.9±0.16 7.45±0.09 6.55±0.35a 6.15±0.2a 

AST 36.24±1.17 86.33±2.08* 59.94±1.56 43.01±0.85 39.3±1.47a 38.73±1.66a 

ALT 48.8±0.62 77.15±0.67* 72.83±0.8 69.97±1.08 51±1.79a 50.4±0.69a 

ALP 112.48±0.47 210.87±0.98* 168.24±3.12 149.48±4.17 122.05±5.02a 119.8±3.82a 

Protein 11.42±0.64 6.7±0.26* 7.77±0.29 8.52±0.37 10.11±0.42a 10.86±0.56a 

Urea 131.48±0.52 335.83±19.63* 259.36±5.77 201±2.23 140.31±5.78a 138.65±4.26a 

Uric Acid 6.95±0.24 16.83±0.44* 13.25±0.36 10.11±0.44 7.73±0.26a 7.13±0.12a 

Creatinine 0.68±0.03 3.63±0.15* 3.14±0.12 2.85±0.15 0.82±0.06a 0.71±0.04a 

Glycogen 61.53±3.34 10.38±0.49* 26.83±0.89 35.14±1.45 53.57±4.18a 59.72±1.61a 

Hb 14.61±0.5 7.58±0.32* 9.04±0.41 11.31±0.37 12.57±0.81a 13.05±0.56a 

RBC 6.73±0.36 3.83±0.32* 4.11±0.17 5.27±0.25 5.87±0.18a 6.37±0.18a 

WBC 4.75±0.4 11.96±0.49* 9.26±0.32 7.29±0.24 5.53±0.21a 4.78±0.16a 

Platelets 173.92±4.44 324.74±9.76* 296.74±13.22 232±4.29 182.07±4.49a 180.18±5.05a 

Values are Mean±SE, n = 6; * p<0.05 statistically significant when compared with Group I; Statistically significant when compared to EAC 

control group; ap < 0.05. 

 

 
Fig. 3. Effect of Botryocladia leptopoda on the histological profile of pancreas in normal, STZ-induced diabetic 

untreated, and STZ-induced diabetic treated Wistar rats (×100). 

 

CONCLUSIONS 

Our study determines effect of Et-Bl in diabetic rats. Et-

Bl reduces hyperglycemia by increasing external 

glucose consumption and modulating glycolysis and 

gluconeogenesis. Et-Bl was as effective as 

glibenclamide. Et-Bl leaves were taken orally to 

manage diabetes and prevent complications. 

FUTURE SCOPE 

In future studies, detailed safety and toxicity 

evaluations of plant extracts will be conducted. Acute 

and chronic toxicity studies will be carried out to 

determine the safety of the extract, including the effect 
on vital organs, haematological parameters and 

biochemical markers. Assessments will be made for 

possible adverse effects or interactions with other 

medications . 

Acknowledgement. The authors acknowledge the help 
extended to my Research supervisor and Doctor Committee 
members for continuous support of my work. 

Conflict of Interest.  None. 

REFERENCES 

Abhari, S., Kalhori, S.R.N., Ebrahimi, M., Hasannejadasl, H. 
& Garavand, A. (2019). Artificial intelligence 
applications in type 2 diabetes mellitus care: focus on 

machine learning methods. Healthc Inform Res, 25(4), 
248–261. 

Aithal, B.H., Chandan, M.C. & Nimish Gupta (2019). 
Assessing land surface temperature and land use 
change through spatio-temporal analysis: a case study 
of select major cities of India. Arab J Geoscience, 
12(11),1–16. 

Beidokhti, M. N., Eid, H. M., Villavicencio, M. L. S., Jager, 

A. K., Lobbens, E.S., Rasoanaivo, P. R., McNair, 
L.M., Haddad, P.S. &Staerk, D. (2020). Evaluation of 
the antidiabetic potential of Psidium guajava L. 
(Myrtaceae) using assays for α-glucosidase, α-
amylase, muscle glucose uptake, liver glucose 
production, and triglyceride accumulation in 
adipocytes. J. Ethnopharmacology, 257, 1128-77. 

Brandstrup, N. K. J. E. & Bruni C. (1959). Determination of 

hexokinase in serum in liver disease. Clin Chim Acta, 
4, 554–561. 

Brecher, G. & Cronkite, E.P. (1950). Morphology and 
enumeration of human blood platelets. J. ApplPhysiol, 
3(6), 365–377. 

Brown, N., Cambruzzi, J., Cox P. J., Davies, M., Dunbar, J., 
Plumbley, D., Sellwood, M. A., Sim, A., Williams-
Jones, B. I.  & Zwierzyna, M. (2018). Big data in drug 

discovery. Prog Med Chemistry, 57, 277–356. 
Calkin, C. V., Chengappa, K. N. R., Cairns, K., Cookey, J., 

Gannon, J, Alda M, O’Donovan, C., Reardon, C., 
Sanches, M. & Ruuzicková, M. (2022). Treating 
Insulin Resistance with Metformin as a Strategy to 
Improve Clinical Outcomes in Treatment-Resistant 



Suthan  & Selvamaleeswaran       Biological Forum – An International Journal     15(6): 129-137(2023)                        136 

Bipolar Depression (the TRIO-BD Study): A 
Randomized, Quadruple-Masked, Placebo-Controlled 
Clinical Trial. J Clin Psychiatry, 83(2), 3945-3949. 

Caraway, W.T. (1963). Uric Acid. Standard Methods of 
Clinical Chemistry, Volume 4, 239-247. 

Carroll, N. V., Longley, R.W.  & Roe, J.H. (1956). The 
determination of glycogen in liver and muscle by use 
of anthrone reagent. J. biol Chem, 220(2), 583–593. 

Çelik, R., Mert, H., Comba, B. & Mert, N. (2022). Effects of 

cinnamaldehyde on glucose-6-phosphate 
dehydrogenase activity, some biochemical and 
hematological parameters in diabetic rats. Biomarkers, 
1–15. 

Chance, B., Greenstein, D. S. & Roughton, F. J. W. (1952). 
The mechanism of catalase action. I. Steady-state 
analysis. Arch Biochem Biophysics, 37(2), 301–321. 

Damour, F. E., Blood & Frank Raymond (1948). Manual for 

laboratory work in mammalian physiology. Man Lab 
Work Mamm Physiol. 

Darwish, M. A., Abdel-Bakky, M.S., Messiha, B. A. S., Abo-
Saif A. A. & Abo-Youssef, A. M. (2021). Resveratrol 
mitigates pancreatic TF activation and autophagy-
mediated beta cell death via inhibition of CXCL16/ox-
LDL pathway: A novel protective mechanism against 
type 1 diabetes mellitus in mice. Eur. J. 

Pharmacology, 901, 1740-1759. 
Enenebeaku, U. E., Okotcha, E.N., Oguoma, L. M. O., 

Mgbemena, I. C., Enenebeaku, C. K. & Onyeka, C.A. 
(2021). Biochemical and haematological enhancement 
activities of aqueous and methanol leaves, stem and 
roots extracts of Chasmanthera dependens (Hochst) 
and Dictyandra arborescens (Welw.). Bull Natl Res 
Cent, 45(1), 1–15. 

Folin, O. & Wu, H. (1919). A system of blood analysis. J. 
Biol Chem. 38(1), 81–110. 

Gancedo, J. M. & Gancedo, C. (1971). Fructose-1, 6-
diphosphatase, phosphofructokinase and glucose-6-
phosphate dehydrogenase from fermenting and non-
fermenting yeasts. Arch Mikrobiol, 76(2), 132–138. 

Gothandam, K., Ganesan, V. S. Ayyasamy, T. & 
Ramalingam, S. (2019). Antioxidant potential of 
theaflavin ameliorates the activities of key enzymes of 

glucose metabolism in high fat diet and 
streptozotocin--induced diabetic rats. Redox Rep, 
24(1), 41–50. 

Halim, M. & Halim, A. (2019). The effects of inflammation, 
aging and oxidative stress on the pathogenesis of 
diabetes mellitus (type 2 diabetes). Diabetes & Metab 
Syndr. Clin Res & Rev, 13(2), 1165–1172. 

Hano, C. & Abbasi B. H. (2021). Plant-based green synthesis 

of nanoparticles: Production, characterization and 
applications. Biomolecules, 12(1),31. 

Husdan, H. & Rapoport, A. (1968). Estimation of creatinine 
by the Jaffe reaction: a comparison of three methods. 
Clin Chem, 14(3), 222–238. 

Jeppsson, J.O., Kobold, U., Barr, J., Finke, A., Hoelzel, W., 
Hoshino, T., Miedema, K., Mosca, A., Mauri, P. 
&Paroni, R. (2002). Approved IFCC reference method 

for the measurement of HbA1c in human blood. Clin 
Chem Lab Med. 40(1), 78-89 

Kang, Q. & Yang, C. (2020). Oxidative stress and diabetic 
retinopathy: Molecular mechanisms, pathogenetic role 
and therapeutic implications. Redox Biol.,  37, 101799. 

Kant, V., Sharma, M., Jangir, B. L. & Kumar, V. (2022). 
Acceleration of wound healing by quercetin in 
diabetic rats requires mitigation of oxidative stress and 

stimulation of the proliferative phase. Biotech & 
Histochem, 1–12. 

King J. (1965). The transferases-alanine and aspartate 
transaminases. Pract Clin Enzymol. 

Kumar, A., Sreedharan, S., Kashyap, A.K, Singh, P. & 
Ramchiary N. (2021). A review on bioactive 
phytochemicals and ethnopharmacological potential of 
purslane (Portulaca oleracea L.). Heliyon: e08669. 

Li, X., Jayachandran, M. & Xu, B. (2021). Antidiabetic effect 
of konjac glucomannan via insulin signalling pathway 
regulation in high-fat diet and streptozotocin-induced 
diabetic rats. Food Res Int, 149, 110664. 

Linsak, Z., Gobin, I., Linšak, D. T. & Broznić, D. (2022). 

Effects of Long-Term Lead Exposure on Antioxidant 
Enzyme Defense System in Organs of Brown Hare 
(Lepus europaeus Pallas) as a Bioindicator of 
Environmental Pollution in Croatia. Biol Trace Elem 
Res, 1–13. 

Lowry, O. H., Rosebrough, N. J., Farr, A. L. & Randall, R. J. 
(1951). Protein measurement with the Folin phenol 
reagent. J Biol Chem, 193, 265–275. 

Mao, C., Gorbet, M.J., Singh, A., Ranjan, A. & Fiering S. 
(2020). In situ vaccination with nanoparticles for 
cancer immunotherapy: understanding the 
immunology. Int J Hyperth, 37(3), 4–17. 

Miller, L., Berber, E., Sumbria, D. & Rouse, B. T (2022). 
Controlling the Burden of COVID-19 by Manipulating 
Host Metabolism. Viral Immunol, 35(1), 24–32. 

Mishra, V., Agrawal, M., Onasanwo, S. A., Madhur, G., 

Rastogi, P., Pandey, H. P., Palit, G. & Narender, T. 
(2013). Anti-secretory and cyto-protective effects of 
chebulinic acid isolated from the fruits of Terminalia 
chebula on gastric ulcers. Phytomedicine, 20(6), 506–
511. 

Mistry, K. N., Dabhi, B. K. & Joshi, B.B. (2020). Evaluation 
of oxidative stress biomarkers and inflammation in 
pathogenesis of diabetes and diabetic nephropathy. 

Indian J Biochem Biophys, 57(1), 45–50. 
Morgan, K., Martucci, N., Kozlowska, A., Gamal, W., 

Brzeszczyński, F., Treskes, P., Samuel, K., Hayes, P., 
Nelson, L. & Bagnaninchi, P. (2019). Chlorpromazine 
toxicity is associated with disruption of cell membrane 
integrity and initiation of a pro-inflammatory response 
in the HepaRG hepatic cell line. Biomed & 
Pharmacother, 111, 1408–1416. 

Moron, M. S., Depierre, J. W. & Mannervik, B. (1979). 

Levels of glutathione, glutathione reductase and 
glutathione S-transferase activities in rat lung and 
liver. Biochim Biophys acta (BBA)-general Subj, 
582(1), 67–78. 

Mukhtar, Y., Galalain, A. & Yunusa Ujej (2020). A modern 
overview on diabetes mellitus: a chronic endocrine 
disorder. Eur J Biol., 5(2), 1–14. 

Natelson, S., Scott, M. & Lou & Beffa, C. (1951). A rapid 

method for the estimation of urea in biologic fluids: by 
means of the reaction between diacetyl and urea. Am J 
Clin Pathology,  21(3), 275–281. 

Ogilvy-Stuart, A.L. & Beardsall, K. (2020). Pathophysiology 
and Management of Disorders of Carbohydrate 
Metabolism and Neonatal Diabetes. Matern Neonatal 
Endocrinol, 783–803. 

Ohkawa, H., Ohishi, N. & Yagi K. (1979). Assay for lipid 

peroxides in animal tissues by thiobarbituric acid 
reaction. Anal Biochem.  

Othman, M. S., Khaled, A. M., Al-Bagawi, A. H., Fareid, M. 
A., Ghany, R. A., Habotta, O. A. & Moneim, A. E. A. 
(2021). Hepatorenal protective efficacy of flavonoids 
from Ocimumbasilicum extract in diabetic albino rats: 
A focus on hypoglycemic, antioxidant, anti-
inflammatory and anti-apoptotic activities. Biomed & 

Pharmacother, 144, 112287. 
Owens, III F. S, Dada, O., Cyrus, J. W., Adedoyin, O. O. & 

Adunlin, G. (2020). The effects of Moringa oleifera 



Suthan  & Selvamaleeswaran       Biological Forum – An International Journal     15(6): 129-137(2023)                        137 

on blood glucose levels: a scoping review of the 
literature. Complement. Ther Med. 50, 102362. 

Polito, L., Bortolotti, M., Battelli, M. G. & Bolognesi A. 
(2021). Xanthine oxido reductase: A leading actor in 
cardiovascular disease drama. Redox Biol, 48, 102195. 

Poznyak, A., Grechko, A. V., Poggio, P., Myasoedova, V. A., 
Alfieri, V. & Orekhov, A. N. (2020). The diabetes 
mellitus--atherosclerosis connection: The role of lipid 
and glucose metabolism and chronic inflammation. Int 

J Mol Sci, 21(5), 1835. 
Rakesh, H., Mani, S. S. & Basha, P.M. (2021). Chronic cold 

exposure aggravates oxidative stress in reproductive 
organs of STZ-induced diabetic rats: Protective role of 
Moringa oleifera. J. Appl. Biol. Biotechnology, 9(3), 
1–2. 

Ratera, I., Vidal-Gancedo, J., Maspoch, D., Bromley, S.T., 
Crivillers, N., Mas-Torrent, M. (2021). Perspectives 

for polychlorinated trityl radicals. J Mater Chem C. 
9(33), 10610–10623. 

Rotruck, J. T., Pope, A. L., Ganther, H. E., Swanson, A. B., 
Hafeman, D. G. & Hoekstra, W. (1973). Selenium: 
biochemical role as a component of glutathione 
peroxidase. Science, 80, 179(4073), 588–590. 

Rowaiye, A. B, Onuh, O. A., Oli, A. N., Okpalefe, O. A., Oni, 
S. & Nwankwo, E. J. (2020). The pandemic COVID-

19: a tale of viremia, cellular oxidation and immune 
dysfunction. Pan Afr Med J, 36(188). 

Sabbagh, F., Muhamad, II., Niazmand, R., Dikshit, P. K. & 
Kim, B. S. (2022). Recent progress in polymeric non-
invasive insulin delivery. Int J Biol Macromol, 203, 
222-243. 

Sadi, G., Sahin, G. & Bostanci A. (2018). Modulation of renal 
insulin signaling pathway and antioxidant enzymes 

with streptozotocin-induced diabetes: effects of 
resveratrol. Medicina (B Aires), 55(1), 3. 

Schiliro,  C. & Firestein, B. L. (2021). Mechanisms of 
metabolic reprogramming in cancer cells supporting 
enhanced growth and proliferation. Cells, 10(5),1056. 

Shad, B. J., Thompson, J. L., Holwerda, A. M., Stocks, B., 
Elhassan, Y. S, Philp, A., Van Loon, L. J. C. & Wallis, 

G. A. (2019).  One week of step reduction lowers 
myofibrillar protein synthesis rates in young men. Med 
Sci Sports Exerc., 51(10), 2125–2134. 

Suneetha, S. (1993). Histopathological techniques. Revis 
Hand-b Med Lab Technol 2nd ed Karigiri Lab Train 
Comm C, 508–541. 

Swanson, M.A. (1955).  Glucose-6-phosphatase from 
liver.Methods in Enzymology, 2, 541-543. 

Van Remoortel, H., Laermans, J., Avau, B., Bekkering, G., 

Georgsen, J., Manzini, P. M., Meybohm, P., Ozier, Y., 
De Buck, E. & Compernolle, V. (2021). Effectiveness 
of iron supplementation with or without 
erythropoiesis-stimulating agents on red blood cell 
utilization in patients with preoperative anaemia 
undergoing elective surgery: a systematic review and 
meta-analysis. Transfus Med Rev, 35(2),103–124. 

Vo T. T. T, Wu, C. Z., & Lee. I. T. (2020). Potential effects of 

noxious chemical-containing fine particulate matter on 
oral health through reactive oxygen species-mediated 
oxidative stress: Promising clues. Biochem 
Pharmacol., 18, 114286. 

Wintrobe, M. M., Lee, G. R., Boggs, D. R., Bithel, T. C. & 
Athens, J. W. (1961). Foerester. Clin Hematol 5th ed 
Philadelphia, USA. 326. 

Wishart, D. S. (2019). Metabolomics for investigating 

physiological and pathophysiological processes. 
Physiol Rev, 99(4),1819–1875. 

Yesuraj, D., Deepika, C., Ravishankar, G. A. & Ranga Rao A. 
(2022). Seaweed-Based Recipes for Food, Health-
Food Applications, and Innovative Products Including 
Meat and Meat Analogs. In: Sustain Glob Resour 
Seaweeds. Springer, 2, 267–292. 

Zaman, A., Arif, Z., Akhtar, K., Ali, W. M. & Alam K. 

(2019). A study on hepatopathic, dyslipidemic and 
immunogenic properties of fructosylated-HSA-AGE 
and binding of autoantibodies in sera of obese and 
overweight patients with fructosylated-HSA-AGE. 
PLoS One. 14(5), e0216736. 

 

 
How to cite this article: Suthan P. and Selvamaleeswaran P. (2023). Antidiabetic, Pancreas Protective and Antioxidant 
Potential of Ethanol Extract of Botryocladia leptopoda (J. agardh) Kylin on Streptozotocin-Induced Diabetic Rats. Biological 

Forum – An International Journal, 15(6): 129-137. 

 


