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ABSTRACT 
 

The prevalence of treatment failures from dietary patterns and oral medications associated with diabetes 

have generated adverse effects and are oftentimes expensive. Recently, food-based therapies such as 

Rauwolfia serpentina (serpentina) and Costus igneus (insulin plant) have been received much attention 

due to the urge for an alternative and safe solution against diabetes. Thus, the hypoglycemic effects of 

serpentina and insulin plant leaf crude extracts were determined on the blood glucose level of test rats. 

Twenty-four alloxan-induced male albino rats were subjected to this experimental study distributed into 

six groups in a completely randomized design. The negative control (NEG) comprised of diabetic rats 

receiving no treatment; while the positive control (MET) comprised of diabetic rats treated with 

metformin; experimental groups include IN1X and IN2X for the diabetic rats treated with extracts of 

insulin plant leaves administered once and twice daily and SER1X and SER2X for the diabetic rats 

treated with extracts of serpentina leaves administered once and twice daily. Results of the study 

revealed that both serpentina and insulin plant leaves crude extract demonstrated hypoglycemic effects 

due to the presence of zinc that potentiated insulin action. Further, the insulin plant improved glucose 

and insulin levels due to quercetin which reduced oxidative stress and protects DNA damage, β-amyrin 

and β-L-arabinose methyl glucoside which builds-up insulin for glucose metabolism. The presence of 

significant phytochemical contents in the insulin plant has been attributed to the stimulation of β cells. 

In conclusion, insulin plant leaf crude extract elucidated better hypoglycemic activity than the serpentina 

plant leaf crude extract in the blood glucose levels of alloxan-induced diabetic rats. 
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1 Introduction  

The body’s response to blood sugar is coordinated by a variety of 

mechanisms. To avoid the build-up of glucose in the blood, the 

insulin regulation, secretion, uptake, or breakdown of insulin in the 

body must not fail (Mahmoud et al. 2017). Drugs like alloxan 

monohydrate are used for introducing diabetes in animals (Qinna 

and Badwan 2015). According to Rohilla and Ali (2012), alloxan 

selectively destroys the insulin-producing β cells found in the 

pancreas and causes diabetes. Alloxan monohydrate has been 

widely used to induce experimental diabetes due to its pancreatic-

selective β-cell toxin that induces random, rapid, and irreversible 

severe necrosis of β-cells and damages the pancreas (Ramadan et 

al. 2017). The insulin-producing cells in the pancreas are 

selectively destroyed and appeared to build a redox cycle with the 

development of superoxide radicals (Ojo et al. 2016). With a 

consequent lack of insulin secretion caused by alloxan induction, it 

has been widely used to induce experimental diabetes mellitus and 

many studies have been performed using this model to performed 

pancreatic damage (Helal et al. 2013).  

There are several approaches currently available to treat diabetes 

including insulin therapy and treatment with biguanides such as 

metformin (Cheng and Fantus 2005). In recent years, several major 

insulin-sensitizing agents have been developed, including 

metformin as a modern oral hypoglycemic agent from the 

derivatives of a natural plant product (Lee et al. 2006).  The 

frontline anti-diabetic drug metformin also known as dimethyl 

biguanide was developed from a plant-based molecule of Galega 

officinalis (Annadurai et al. 2012). Metformin causes weight 

reduction, improved insulin sensitivity, and lipid-lowering in both 

human and animal models of insulin resistance cell (Saenz et al. 

2005) which is thought to have beneficial effects by activating the 

stress-activated kinase protein that signifies cellular stress in the 

treatment of type 2 diabetes and obesity (Leverge et al. 2003). 

Unfortunately, biguanide therapies have restricted viability with 

several side effects including hypoglycemia and weight gain. 

Therefore, the quest for alternative drugs from medicinal plants, 

such as R. serpentina (serpentina) and C. igneus (insulin plant), is 

fundamental to overcoming these problems (Kazeem et al. 2015).  

Serpentina is globally recognized as antihypertensive 

phytomedicine and is a medicinally significant plant utilized to 

obtain drugs. It is said to appear in Sanskrit as an Ayurvedic 

medicine named Sarpgandha and Chandra which are referring to 

an antidote for snake-bite (Malviya and Sason 2016). Serpentina is 

a small annual shrub belonging to the family Apocynaceae that 

grows erect to a height of 30-110 cm in moist and shady places 

with a dark green slender stem, lance-shaped leaves with hairless 

blades measuring up to 2 cm long by 2.5 cm wide (Kumar et al. 

2012). Known for its diversified ethnomedicinal usefulness, 

serpentina can cure snake bites, gastrointestinal tract disorders, 

breast cancer, and skin problems (Azmi et al. 2015). Many present 

studies emphasize the potential of serpentina as an anti-fungal, 

anti-inflammatory, anti-oxidant, anti-proliferative, anti-cancerous, 

anti-diuretic, anti-dysentery, and tranquilizing agent (Malviya and 

Sason 2016). The dynamic constituent of the serpentina is utilized 

adequately as commercial drugs in modern science (Azmi and 

Quereshi 2016).   

On the other hand, the insulin plant has gained increased 

popularity in recent years due to its incredible cure for diabetes and 

contains a very potent effect of anti-diabetes (Aruna et al. 2014). 

Insulin plant, previously known as Costus pictus, is commonly 

referred to as fiery costus, spiral flag, spiral ginger, step ladder, or 

insulin plant. It is a perennial flowering plant belonging to the 

family of Costaceae and was recently separated from the family of 

Zingiberaceae due to the presence of spirally arranged leaves and 

rhizomes and no content of essential oils (George et al. 2007; Joshi 

et al. 2013).  Due to its anti-hyperglycemic activity, the leaves of 

the insulin plant were utilized generally as a dietary food 

supplement in the management of diabetes (Gireesh et al. 2009). 

The leaves have been accounted to build insulin pools in the blood 

and assist with working up insulin in the body (Annadurai et al. 

2012). Many diabetics claimed a lowering blood glucose levels 

after consuming the leaves of the insulin plant which lead to it 

being named insulin (Shetty et al. 2010). Although the insulin plant 

is being generally utilized for diabetes, there are still no available 

details about its formulation (Aruna et al. 2014) and possible 

business opportunities (Annadurai et al. 2012). Thus, this study 

was conducted to identify the effects of serpentina and insulin 

plant leaves crude extracts on the blood glucose levels of alloxan-

induced albino rats.  

2 Materials and Methods  

2.1 Research Design 

This is an experimental study carried out on 24 test rats that were 

subjected to the induction of alloxan monohydrate to increase 

blood glucose levels. The animals were distributed equally in a 

complete randomized design (CRD) employed with 6 groups 

namely, NEG (negative control) composed of diabetic rats 

receiving no treatment, MET (metformin drug) as a positive 

control composed of diabetic rats treated with commercial 

antidiabetic drug metformin, the animals of group IN1X and IN2X 

are diabetic rats treated with the extracts of insulin leaves 

administered once daily and twice daily, respectively, while the 

members of group SER1X and SER2X are diabetic rats treated 

with the extracts of serpentina leaves administered once and twice 

daily.  Each group has four rats including replicates. Ethics review 

certification was issued by the DLSU-D Ethics Review Committee 

(DERC) before the conduct of the study. 
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2.2 Acclimatization and Maintenance of Laboratory Rats 

Control and experimental rats were raised as per the protocols of 

the Philippine Association of Laboratory Animal Science 

(PALAS) Code of Practice for the Care and “Use of Laboratory 

Animals” in the Philippines and John Hopkins University “Use of 

Experimental Animals (2002)”.  Rats were individually caged and 

kept in good condition in a well-ventilated and well-lighted room 

at room temperature in a veterinary clinic. Fifty grams of food 

pellets were fed to rats 3 times daily at 6 am, 12 pm, 6 pm, and 

water was provided ad libitum.  

2.3 Preparation and Administration of Drug Inducer 

After the acclimatization period, alloxan monohydrate was used to 

induce diabetes in rats through a single intra-peritoneal injection of 

a freshly prepared solution in normal saline at a dose of 150 mg/kg 

body weight once a day for three successive days (Azmi et al. 

2015). 

2.4 Preparation of Different Treatments 

Standardized Metformin Gludin


 oral hypoglycemic tablets were 

prepared based on the weight of rats using the standard dose of 500 

mg/kg and further diluted in distilled water. Fresh leaves of the test 

plants about 2 kg were collected from a local horticultural farm. 

The leaves were collected, cleaned, and washed with distilled 

water, shaded dried for 21 days, and coarsely powdered; this 

powder was well soaked in a plastic container at about 8L 95% 

laboratory-grade ethyl alcohol. It was kept overnight at room 

temperature. The supernatant was collected and evaporated to 

dryness using a rotary evaporator (Heidolph) and the final 

residue was lyophilized using a lyophilizer (Azmi et al. 2015; 

Ashwini et al. 2015; Nicolas et al. 2016).  

2.5 Administration of Treatment 

Prepared oral hypoglycemic tablets and leaf crude extract 

treatments were administered to diabetic rats via the oral route 

using the gavage method.  A standard dosage of 500 mg/kg body 

weight for the Metformin and 250 mg/kg body weight for the 

leaf crude extracts were given at every 24-hr interval during the 

entire period of the experiment.  The treatments were inserted 

into the mouth of the albino rats using the flexible ball tip of a 

needle. The rats were restrained by holding onto the scuff or the 

loose folds of the skin on the neck and back portion of the rat. 

Once the rat was properly restrained, the gavage needle was 

inserted carefully into the mouth of the rat to ensure proper 

administration of treatment. The administration started 72-hours 

post-induction of alloxan monohydrate at an interval of every 24 

hours thereafter for 21 days (Gireesh et al. 2009; Shetty et al. 

2010; Nicolas et al. 2016).  

2.6 Data Collection and Statistical Analysis 

Blood samples were collected 3 hours after the administration of 

the treatments. A drop of blood was placed on the blood glucose 

test strips and the strip was inserted on a glucose meter. The 

reading displayed on the screen was recorded. The results were 

expressed in terms of a milligram per decilitre of blood. Rats with 

fasting blood glucose of more than 200 mg/ dl were considered 

diabetic and included in the experimentation after 72-hour post-

induction of alloxan monohydrate. Results of blood glucose levels 

were compared with the standard hematologic data for rats to 

investigate the efficacy of serpentina and insulin plant leaves crude 

extract against diabetes mellitus (Gireesh et al. 2009). 

Two-way analysis of variance (ANOVA) was used to compare for 

significant differences between the treatments with serpentina and 

insulin plant leaves crude extract. Likewise, a posthoc test was 

used to find out if a significant interaction among the groups in the 

hematologic data. All statistical analyses were done at a 5% 

probability level. 

3 Results 

3.1 Blood Glucose Test Analysis 

Blood glucose tests performed in positive control and treated rats 

showed remarkable results (Figure 1). The blood glucose level of 

all treatment groups showed a significant increase at post-induction 

of alloxan monohydrate. Administration of alloxan monohydrate 

led to a highly significant increase in the blood glucose level of the 

rats when compared to the pre-induction period.  

One-week post-treatment, all rats that received different treatments 

showed a notable decrease (>23 mg/dl) of blood glucose level. The 

highest value of blood glucose decrease was observed from the 

IN2X group while the NEG group has the least decrease.  After 

two weeks, the IN1X group continued to show a decreasing blood 

glucose level. On the other hand, IN2X and MET group started to 

increase their blood glucose level while SER2X is almost the same 

as the status of the NEG (within 222-263 mg/dl). However, all 

treatment groups had not reverted to normal blood glucose levels 

(>200 mg/dl).  After three weeks, the MET group showed the 

highest decrease of blood glucose level while the lowest decrease 

was observed from the IN1X group. On the other hand, the 

constant blood glucose level was observed from the IN2X group. 

Comparing the decrease, SER1X and NEG group have a 

comparable increase of blood glucose level, while SER2X group 

already started to show the highest increase of blood glucose value. 

It is worth noting that the decrease (or increase) during the 1
st
 

week, 2
nd

 week, and 3
rd

 week were highly significantly varied 

(p<0.05) within treatment groups (Table 1). During the first 

week, IN2X, IN1X, and MET groups, statistically, have a 
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comparable decrease while NEG has the least decrease among 

the treatments. Hence, while constant blood glucose level was 

observed in IN2X during the 2
nd

 and 3
rd

 week, it has statistically 

the highest decrease among the treatments for three weeks. 

Although NEG has the least decrease during the 1
st
 week, it has 

statistically the lowest increase during the 2
nd

 week. On the other 

hand, a significant decrease in IN1X was observed during the 2
nd

 

week only, however, the MET group started to decrease 

significantly with the highest decrease observed among the 

treatments during the 3
rd

 week. Comparing the decrease in the 

blood glucose level of the different treatment groups during the 

1
st
 week, 2

nd
 week, and 3

rd
 week, the IN2X group has the highest 

decrease at 221 mg/dl while SER2X has the lowest decrease at 

225 mg/dl. 

 
Figure 1 Average blood glucose level on rats prior to and after alloxan monohydrate induction and post treatment 

 
Table 1 Average decrease (increase) of blood glucose value (mg/dl) on rats prior to and after alloxan monohydrate induction and 3 weeks 

after treatment 

Treatment Group Pre-induction Post-induction Post-treatment after 3 weeks Difference 

NEG 94.00±1.41A 219.67±11.90B 224.00±13.95B 4.33±3.09X 

MET 103.33±9.39A 252.67±8.65B 226.00±12.33C -26.67±4.50Y 

IN1X 104.00±6.16A 240.67±12.23B 218.67±14.73C -22.00±3.56Y 

IN2X 99.67±4.92A 261.00±11.86B 221.33±7.72C -39.67±8.50Z 

SER1X 95.67±1.25A 236.33±12.28B 236.67±11.79B 0.33±0.94X 

SER2X 94.67±6.02A 263.67±28.24B 225.66±28.61C -18.92±0.69Y 

*Normal values (Emordi et al.2016; Qinna and Badwan 2015; Helal et al. 2013); Different letters denote statistically significant (p<0.05). 

Letters ABC compare the blood glucose levels during pre- and post-induction of alloxan and after 3-week treatment.  Letters XYZ compare 

the difference (3-week treatment - post-induction) of blood glucose level between treatment groups; Legend: NEG = negative control, MET = 

metformin, IN1X = Insulin leaf crude extract administered once daily, IN2X = Insulin leaf crude extract administered twice daily, SER1X = 

Serpentina leaf crude extract administered once daily, SER2X = Serpentina leaf crude extract administered twice daily. 
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4 Discussion 

Insulin plant leaf crude extract has shown a potent anti-diabetic 

effect and ameliorates hyperglycemia which enhanced insulin 

secretion (Gireesh et al. 2009; Joshi et al. 2013; Ashwini et al. 

2015). The administration of insulin plant leaf extract on rats 

showed the highest marked decrease in the blood glucose level 

measured in mg/dl in the serum one week post-treatment than the 

administration of serpentina plant leaf extract in double dosage.  

These findings can be attributed to the strong -amylase inhibitory 

activity of the insulin plant, which was not observed in the 

properties of serpentina.  The enzyme -amylase hydrolyzes the -

bonds of large -linked polysaccharides such as glycogen and 

starch to yield glucose and maltose. In addition, -amylase 

inhibitors bind to -bond of polysaccharide and prevent the 

breakdown of polysaccharide into monosaccharide and 

disaccharide, thus preventing the absorption of glucose in the 

bloodstream (Aruna et al. 2014). Therefore, even in a single dose, 

the insulin leaf crude extract showed improvement in the blood 

glucose level of rats than the administration of serpentina leaf 

crude extract twice a day. Moreover, based on the results of 

phytochemical analysis, insulin plant crude leaf extract contains 

highly significant quantities of polyphenolic compounds, such as 

flavonoids, than serpentina crude leaf extract. Consumption of 

foods high in polyphenolic compounds was associated with a 

lower risk of diabetes (Hanhineva et al. 2010).  Further, recent 

studies have demonstrated that insulin plant leaf crude extract was 

effective in preventing insulin resistance by improving insulin 

sensitivity at the peripheral level through its anti-oxidant and 

inflammatory effects that involve stress-sensitive signaling cascade 

at the molecular level (Ashwini et al. 2015).  The lowest decrease 

of blood glucose level was observed in IN1X three weeks post-

treatment but proved to be effective in maintaining the constant 

value of blood glucose level and body weight as shown in the 

IN2X group. Hence, it is interesting to note that the prolonged use 

of the insulin leaf crude extract may potentiate the hypoglycemic 

action due to the release of insulin-sensitizing action against 

oxidative stress and regeneration of the β cells in a slow action 

after three weeks. This agreed with the findings of Emordi et al. 

(2016) that show a dramatic decrease in plasma glucose 

concentration as a result of the slow recovery of insulin releases 

from the regenerated β cells of the damaged pancreas. The blood 

glucose lowering effect of insulin plant crude leaf extract was due 

to its role as an antioxidant enzyme that protects against free 

radicals that contribute in the oxidative stress by scavenging 

oxygen free radicals, caused by the pancreatic β cell necrosis 

which released abundant free radicals (Hoque et al. 2011). One of 

the noteworthy aspects of the insulin plant leaf crude extract was 

the anti-inflammatory actions of phenolic compounds that are 

hence the possible explanation for the improvement in insulin 

sensitivity and glycemic control seen in the study of Dragan et al. 

(2015). This conformed to the study of Pitchai et al. (2010) that the 

productive effects were majorly due to the presence of various 

secondary metabolites which enhance the versatile 

ethnopharmacological properties of medicinal plants with almost 

negligible side effects. Therefore, this study led to the idea that 

insulin plant leaf crude extract showed an anti-hyperglycemic 

effect and improvement in insulin sensitivity in the alloxan-

induced diabetic rats with no side effects exhibited.  

It was worth noting that the effect of serpentina leaf crude extract 

in lowering the blood glucose level was slower as compared to 

insulin plant leaf crude extract, primarily due to its mode of action 

in stimulating the release of insulin from the pancreatic β cells 

through ATP-sensitive potassium channels (Akbar 2011). Both 

short and long-term antidiabetic activities of serpentina have been 

reported by Azmi and Quereshi (2016). Advanced computational 

studies on alkaloids of serpentina highlighted the role of insulin 

receptor activators and aldose reductase inhibitors, which 

strengthens the anti-diabetic activity of this plant (Pathania et al. 

2013). In this study, the administration of serpentina on diabetic 

rats caused by an alloxan-induced drug proved effective as 

expressed by the decreased level of blood glucose one week post-

treatment. The hypotriglyceridemic effect of serpentina was due to 

its ability to enhance insulin sensitivity for the receptor due to a 

significant amount of alkaloids and polyphenolic compounds 

which are involved in improving glucose and lipid homeostasis 

(Azmi et al. 2015). Therefore, serpentina can be effective in 

improving insulin resistance which can improve glucose uptake in 

target tissues and stimulate anabolic processes of insulin-like 

glycogenesis and lipogenesis. Further, the hypoglycemic effect of 

serpentina was also due to its extra-pancreatic action via inhibiting 

fructose absorption in the intestine and reducing insulin resistance. 

However, it was not observed in this study, since based on the 

result, constant supplementation of serpentina for two weeks post-

treatment recorded the lowest decrease of blood glucose. In the 

same manner, a similar result was reported by Nicolas et al. (2016) 

that the effect of serpentina was slower in decreasing the blood 

glucose level.  

Conclusion 

Based on the result of this study, the antioxidant activities of the 

insulin plant might have elucidated better compared to that of 

serpentina since the insulin plant caused a more consistent 

decreasing pattern of blood glucose level which was also 

comparable to metformin drug. The insulin plant exerts an 

antidiabetic effect by stimulating insulin secretion from the 

pancreas under insulin-resistant conditions. Insulin plant leaf 

extract decreases hyperinsulinemia by improving insulin sensitivity 

through its anti-oxidant and anti-inflammatory effects caused by β-

amyrin. At a molecular level, the insulin plant decreased activation 
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of molecules involved in stress-sensitive signaling cascade and 

resulted in the downregulation of pro-inflammatory cytokines. In 

addition, the presence of quercetin, a class of flavonoids, in the 

insulin plant, plays a vital role in the reduction of oxidative stress, 

low-grade inflammation, and down-regulates the gene expression 

and production of the pro-inflammatory cytokines in the blood 

cells. The high content of phenolic compounds and flavonoids in 

the insulin plant was postulated to contribute to its antidiabetic 

activity through scavenging oxygen free radicals. Hence, the blood 

glucose lowering effect of insulin plant leaf crude extract was due 

to its role as an antioxidant enzyme that protects against free 

radicals that contribute to oxidative stress which leads to the 

induction of systemic insulin resistance cells.  

Furthermore, serpentina obtained the lowest reduction in the blood 

glucose level in the entire period of three-week post-treatment. The 

gradual reduction of blood glucose level by serpentina was due to 

its mode of action that stimulates the release of insulin from 

pancreatic β-cells through ATP-sensitive potassium channels. 

Moreover, the anti-diabetic activity of serpentina is due to the 

increase in glucose utilization by delaying or preventing glucose 

absorption that is caused by the potential inhibitors of alpha-

glucosidase and alpha-amylase that have been yielded in the plant. 

But since, in this case, alloxan-induction caused permanent 

diabetes due to the destruction of the β cells and therefore, the 

available pancreatic β cells to be stimulated were not present or if 

present, in insignificant number.  
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