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ABSTRACT

Introduction: Even though papaya seeds are usually thrown away as agricultural waste they actually contain a
variety of phytochemicals with great pharmaceutical value. In a previous study, researchers found out that the
seeds are not only rich in antioxidants but also antimicrobial and antidiabetic properties are present. Still, the
detailed evaluation on their phytochemical composition in combination with their antibacterial plus anti-hyper-
glycemic effect is missing. This study was therefore intended to examine the biological activities of the ethanolic
extract of the Carica papaya seeds under both in vitro and in vivo conditions.

Objectives: This study aimed to identify the phytochemical constituents present in the ethanolic extract of Cari-
ca papaya seeds, evaluate its antibacterial activity against Bacillus subtilis and Escherichia coli, and determine its
anti-hyperglycemic activity in alloxan-induced diabetic Sprague-Dawley rats.

Method: Dried Carica papaya seeds were extracted by maceration using 95% ethanol for 14 days, followed by
solvent removal using a rotary evaporator. Qualitative phytochemical screening was performed using standard
colorimetric tests. Antibacterial activity was evaluated using the broth dilution method followed by determina-
tion of the minimum bactericidal concentration (MBC). For the anti-hyperglycemic study, diabetes was induced
in Sprague-Dawley rats using alloxan monohydrate, after which the animals were treated with Carica papaya
seed extract for 21 consecutive days. Fasting blood glucose levels and body weight were monitored throughout
the treatment period.

Result: Qualitative phytochemical screening confirmed the presence of alkaloids, carbohydrates, and tannins
in the ethanolic extract. The antibacterial study demonstrated inhibitory activity against Bacillus subtilis during
the broth dilution assay, whereas no inhibitory activity was observed against Escherichia coli within the tested
concentration range. However, no bactericidal activity was detected against either bacterial species during the
MBC assay. In the anti-hyperglycemic study, treatment with Carica papaya seed extract reduced fasting blood
glucose levels and improved body weight in alloxan-induced diabetic rats compared with the diabetic control
group, with the greatest improvement observed at the highest extract dose.

Conclusion: The findings of this study demonstrate that ethanolic Carica papaya seed extract contains bioactive
phytochemicals, particularly alkaloids and tannins, which may contribute to its biological activities. The extract
exhibited selective antibacterial activity against Bacillus subtilis and showed promising anti-hyperglycemic ef-
fects in alloxan-induced diabetic Sprague-Dawley rats. These findings support the potential of Carica papaya
seeds as a natural source of bioactive compounds for future pharmaceutical and therapeutic applications. Fur-
ther studies involving quantitative phytochemical analysis, mechanistic investigations, toxicity evaluation, and
clinical validation are recommended to further establish its efficacy and safety.

Keywords: Carica papaya seeds; Phytochemical screening; Antibacterial activity; anti-hyperglycemic activity;
Alloxan; Sprague-Dawley Rats

Abbreviations: MBC: Minimum Bactericidal Concentration; DM: Diabetes Mellitus; AGEs: Advanced Glycation
End-Products; WBCs: Weakens White Blood Cells; MIC: Minimum Inhibitory Concnetration; BITC: Benzyl-Iso-
thiocyanate; LPS: Lipopolysaccharides; CMC: Carboxymethylcellulose; FBG: Fasting Blood Glucose; SEM: Standard
Errors of THE Mean; OECD: Organization for Economic Co-operation and Development’s; IDF: International Di-
abetes Federation
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Introduction
Background of the Study

Diabetes Mellitus (DM) is far beyond a chronic illness; it rep-
resents a global healthcare challenge that tests the capacity of our
contemporary medical systems. Persistent hyperglycemia is the
hallmark of the disease that occurs when the body either doesn’t
produce insulin or doesn’t use the insulin produced effectively. Pro-
jections from the International Diabetes Federation (IDF) estimated
that the number of diabetic adults worldwide will be around 783
million by 2045 (Zhang, et al. 2019). The disorder results in a sys-
temic breakdown that can mostly be associated with oxidative stress
and the formation of advanced glycation end-products (AGEs). Apart
from regulating their blood glucose levels, diabetics quickly run into
an unnoticed but very dangerous threat that is the risk of bacterial
infections. Constant hyperglycemia results in a “pro-bacterial” state
where elevated sugar levels in the blood and tissues serve as a nu-
trient-rich environment for bacteria to thrive. At the same time, high
glucose weakens white blood cells (WBCs), especially neutrophils
as their chemotaxis and phagocytosis are significantly reduced. This
is why diabetic complications such as foot ulcers are often infected
with multidrug-resistant bacteria like Bacillus subtilis and Escherichia
coli. Hence, a diabetic patient of the present day is supposed to have a
well-integrated treatment plan involving both metabolic and antimi-
crobial therapies.

Importance of Natural Products in Modern Medicine

Previously, the pharmaceutical market was flooded with synthet-
ic molecules only like Metformin, Glibenclamide, and antibiotics from
different groups being used for treating these disorders. Albeit these
synthetic drugs have been lifesavers for many of us, they unfortunate-
ly come with a price. Long-term use of antidiabetic drugs can cause
side effects such as bowel problems, getting extra weight, and even
severe hypoglycemia. On the flip side, indiscriminate consumption of
synthetic antibiotics has given rise to the so-called “superbugs,” thus
leading to the failure of standard antimicrobial agents. To this end,
there has been a major reorientation toward Pharmacognosy—con-
sidered as the discovery of plant or natural product-based drugs. Sec-
ondary metabolites include flavonoids, alkaloids, polyphenols, and
more, which often produce synergistic effects. While synthetic drugs
typically antagonize one signaling pathway at a time, botanicals may
offer multiple therapeutic effects, such as lowering blood glucose and
concurrently exerting antioxidant and antibacterial activities, in ad-
dition to having very few side effects [1]. It is worth mentioning that
in most developing countries, local herbal medicines are still the first
line of defense against illnesses for about 80% of the population be-
cause pharmaceutical drugs are either too costly or unavailable.

Introduction to Carica papaya and Seed Bioactivity

Carica papaya, a family member of Caricaceae, is a tropical-
ly-grown perennial plant that was initially introduced in Central
America but is now widespread globally. Although the brightly col-

ored orange pulp of papaya is popularly consumed worldwide as a
rich source of vitamins and natural enzymes that aid digestion, its
small, dark, and pungent seeds are almost always discarded as waste.
Nevertheless, from the pharmacological point of view, these seeds
represent the “chemically-laden” part of the plant. Ethnomedicinal
records reveal that in the past, different societies have utilized papaya
seeds for their anthelmintic (anti-parasitic) and anti-inflammatory
virtues. Now, researchers are gradually discovering the scientific ba-
sis for these traditional applications. It has been found that the seeds
contain Benzyl Isothiocyanate, which is a very powerful antimicrobial
agent, and also have relatively large amounts of oleic and palmitic ac-
ids [2]. Additionally, there are enzymes and phenolic fractions pres-
ent in the seeds, which have demonstrated their potential in the in-
hibition of a-amylase and a-glucosidase enzymes-the main enzymes
responsible for the conversion of carbohydrates into glucose in the
human intestine [3]. Hence, the reuse of these ‘waste’ seeds is a step
towards a sustainable, ‘waste-to-wealth’ model of drug discovery.

Problem Statement and Justification

The main issue the present study intends to tackle is the absence
of a “dual-action” therapeutic agent capable of simultaneously con-
trolling the metabolic and infectious facets of diabetes. Even though
there are numerous studies concerning the antihyperglycemic im-
pacts of papaya leaves and the health benefits of the fruit, the medical
potential of the seeds has not been fully exhausted, and their thera-
peutic properties are seldom found in formal pharmacological liter-
ature. The vast majority of diabetic patients currently follow a ‘po-
ly-pharmacy’ therapeutic regimen, where they take one medication
for blood glucose and another for infections. This mode of treatment
increases the likelihood of drug-drug interactions and lowers patient
adherence. Research that would test whether one plant extract can
solve both issues is greatly needed. The present work is motivated by
the fact that its subject matter-seeds-is cheap and naturally available
and that the employment of the Sprague-Dawley rat model closely
parallels human diabetic reactions from a biological standpoint. By
providing scientific evidence for the seed extract’s simultaneous an-
tibacterial and blood glucose-lowering properties, this work aims at
opening the door to fresh, plant-derived medicine.

Research Objectives

This study is based on four main objectives to fill the above-men-
tioned gaps:

e  Phytochemical Profiling: To conduct a qualitative and quan-
titative phytochemical analysis of the ethanolic extract of C.
papaya seeds for the detection of alkaloids, flavonoids, tan-
nins, and saponins.

e Antibacterial assay: To determine the in vitro antibacterial
activity of the seed extract against the major diabetic bacterial
pathogens, namely Bacillus subtilis (Gram-positive) and Esch-
erichia coli (Gram-negative) using the Minimum Inhibitory
Concnetration MIC) and Minimum Bactericidal Concentration
(MBC).
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e Hyperglycemic Activity Assessment: To evaluate the blood
glucose-lowering potential of the extract using an animal
model of diabetes in Alloxan-induced diabetic Sprague-Daw-
ley rats.

e  Comparative Evaluation: To compare the antidiabetic effica-
cy of the seed extract with a standard drug (Glibenclamide)
and to check its potential as a single therapy or as an adjunct
to a standard one.

Scope and Significance of the Study

The value of this endeavor is reflected in its potential to advance
the doctrine of ‘Green Pharmacology’ Successful completion of this
project will not only add a new function to an agricultural by-product
but also deliver a scientific justification for a cheaper, natural alter-
native for the management of diabetes and its associated infections.
This aspect of the research is quite crucial for the low-income sectors
where the price of modern insulin and antibiotic treatment can make
it unattainable.

Botanical Classification and Ethnomedicinal History of
Carica papaya

Carica papaya belongs to the Caricaceae family, which is a group

of plants that typically grow quickly and have latex-producing cells
(laticifer cells) scattered throughout their tissues. Even though the
papaya is often called a tree because of its height and the fact that it
looks like it has a single stem, it s, in fact, a giant herb from a botanical
standpoint because it does not have true woody growth of the second-
ary type. A C. papaya fruit is a berry in the strict botanical sense, and
inside, there are many seeds surrounded by a slimy seed coat called
sarcotesta, under which there is a hard, black endotesta. These seeds
are a structurally and chemically highly developed part of the plant,
which is in line with their function as protectors of the developing em-
bryo. Fruit, Seeds and Leaves of Carica papaya L. are shown in Figure
1. Traditional use of papaya seeds in medicine has been mentioned
in various old medical systems, especially those of Central America,
Southeast Asia, and West Africa. In the old days, people often dried
and ground the seeds and then gave them to their children mixed with
honey to get rid of worms from the intestine. Today, we can prove by
chemistry that this is a good idea because papaya seeds have chemical
substances in them that can act as medicine, for instance, carpaine
(an alkaloid) that can immobilize parasites, and benzyl isothiocyanate
that has a wide spectrum of antimicrobial effect. According to Ayurve-
dic medicine, papaya seeds were also considered a “hot” herb, and
they were used to enhance digestion and liver function.

Figure 1: Fruit, Seeds and Leaves of Carica papaya L.

That papaya seeds were used for a long time to fight against para-
sitic and microbial infections means that the seeds should have some
kind of a natural immune system to protect themselves, and one of the
functions could be their defense against soil pathogens during seed

germination. Modern medical research has started to take another
look at the benefits of papaya seeds by linking the seeds’ plant chem-
ical contents to the observed antibacterial and metabolic effects. This
harmony of plant anatomy, folklore wisdom, and contemporary bio-
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chemical insight could be the basis for a deep dive into the antibacte-
rial and anti-hyperglycemic effects of Carica papaya seed extracts [4].
Taxonomical classification and botanical description of Carica papaya
L. are given in Table 1.

Table 1: Taxonomical Classification and Botanical Description of Car-

ica papaya L.
Rank Classification Characteristics
Kingdom Plantae Autotrophic eukaryotes
Order Brassicales Known for producing glucosinolates
Family Caricaceae Latex-producing herbaceous plants
Genus Carica Rapid growth, palmate leaves
. . Tropical perennial, dioecious or her-
Species Carica papaya L. maphrodite
Seed Mor- Black, wrinkled, contains BITC and
Endotesta L
phology oleic acids

Phytochemical Architecture of the Seeds

The health benefits of papaya seeds are due to a complex system
of chemicals highly specialized. By far, people mainly associate the
fruit with papain; nevertheless, the seeds are extremely rich in sever-
al secondary metabolites.

e Isothiocyanates: It is this family of chemicals that play an
essential role in the drug capacity with the major compound
being Benzyl-Isothiocyanate (BITC). Overall, the “Glucosino-
late-Myrosinase” system generates this sulfur-containing
compound. When there is damage to the seed cells, the en-
zyme myrosinase comes into contact with glucotropaeolin,
and BITC is released. In effect, BITC is a fiercely antielectro-
philic chemical entity, which penetrates bacterial cell walls
and interferes with their metabolic pathways [5].

e Polyphenols and Flavonoids: They constitute, in addition to
vitamins, what is known as the extract’s antioxidant frame-
work. It is through them that the cellular damage brought
about by free radicals during a hyperglycemic condition can
be inhibited [6].

e Alkaloids and Saponins: Saponins resemble soap in their
natural origin, and this characteristic has been pointed as
possibly responsible for the bacterial lipid membranes being
compromised by the extract. Among the alkaloids, Carpaine is
worthy of mention, as it is known for being beneficial to the
cardiovascular system as well as having antimicrobial proper-
ties. Major phytochemical constituents of C. papaya Seeds and
their functions are shown in Table 2.

Table 2: Major Phytochemical Constituents of C. papaya Seeds and

Their Functions.

Phtho:‘I;z?lcal Spe;lj::niom- Known Biological Activity
. Glucotropae- | Precursor to Benzyl Isothiocynate
Glucosinolates olin (BITC)
Isothiocynates Benzyl Isothio- Strong Antibacterial and An-
y cynates ti-cancer properties
. . Anthelmintic and Cardiovascular
Alkaloids Carpaine modulation
Flavonoids Quercetin,Kae- | Antioxidant; neutralizes ROS in
mpferol diabetic rats
. . Ferulic Acid, Improves insulin sensitivity and
Phenolic Acids Caffeic Acid reduces inflammation
Saponins Triterpenoid Permeabilizes bacterial cell
P Saponins membranes
Fattv Acids Oleic Acid, Acts as a carrier for fat-soluble
y Palmitic Acid phytochemicals

Pathophysiology of Hyperglycemia and Enzyme Inhibition

The pathogenesis and pathophysiology of hyperglycemia in dia-
betes mellitus are largely dependent on the extent to which carbohy-
drates in the diet are quickly digested and absorbed. Postprandial hy-
perglycemia, which is considered as one of the main features of Type
2 diabetes, is largely a consequence of two main carbohydrate-hydro-
lyzing enzymes: a-amylase and a-glucosidase. Hence, control of these
enzymes is a crucial step in the treatment of diabetes with drugs.
Both salivary glands and pancreatic a-amylase secrete this enzyme
which kick-starts the digestion of carbohydrates by breaking down
a-1,4-glycosidic bonds in starch and glycogen to release oligosaccha-
rides and disaccharides. Then, these intermediate compounds are
further broken down by a-glucosidase which is an enzyme present
in the brush border membrane of the small intestine. a-Glucosidase
is responsible for the last step of carbohydrate digestion when small
oligosaccharides are converted into glucose molecules that are taken
up by the blood stream. In diabetic patients, the body’s inability to
produce enough insulin leads to uncontrolled enzyme action result-
ing in an excessive rise in blood glucose levels after a meal. Various
research works have confirmed that Carica papaya seed extracts can
significantly inhibit the activity of both a-amylase and a-glucosidase.
For instance, Agada [3] suggested that papaya seed bioactive compo-
nents especially flavonoids and tannins act as competitive inhibitors
of these enzymes.

These natural compounds are similar in structure to carbohy-
drate substrates and therefore they can attach to the enzyme active
sites preventing the enzyme from acting on the substrate. The result-
ing effect of less enzymatic degradation of starch is less glucose being
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available for absorption, thus the mitigation of post-meal hyperglyce-
mia. The therapeutic strategy of papaya seed extracts is on par with
that of drugs such as acarbose which is a clinically used a-glucosidase
inhibitor although the former is generally associated with less gas-
trointestinal side effects [6]. Besides enzyme inhibition, papaya seed
extracts seem to have antihyperglycemic properties which are medi-
ated by additional mechanisms. Papaya seeds’ benzyl isothiocyanate
(BITC) and diverse phenolics can modulate the intestinal glucose
transport by the epithelial cells. In fact, these phytochemicals may
interfere with glucose transporter production and/or activity, result-

Table 3: Comparative Enzymatic Inhibition Potential.

ing in decreased glucose absorption even if enzymatic digestion of
carbohydrates has been accomplished. This two-pronged approach
of simultaneous blocking carbohydrate digestion and glucose uptake
allows an extended glycemic control compared to monotherapy with
an enzyme inhibitor. Taking advantage of each intervention has been
shown to be very effective and as such, Carica papaya seed extract can
be viewed as a useful tool in combination treatment of hyperglyce-
mia [6]. Comparative enzymatic inhibition potential is shown in Table
3. Table 4 is the Summary of Antidiabetic Mechanisms of C. papaya
Seeds.

Enzyme Source in Body Primary Function

Papaya Seed Inhibitor Effect on Glucose

alpha-Amylase Saliva/Pancreas Breaks starch into maltose

Flavonoids & Tannins Reduces initial carb breakdown

alpha-Glucosidase Small intestine Breaks maltose into glucose

BITC & Phenolic Acids Slows final glucose absorption

Intestinal Wall

SGLT1 Transporter Moves glucose into blood

Saponins Lower rate of sugar entry into plasma

Table 4: Summary of Antidiabetic Mechanisms of C. papaya Seeds.

Mechanism Bioactive Component Resulting Biological Effect Reference
Competitive Inhibition Polyphenols Reduced postprandial glucose spikes Agada [3]
Pancreatic Protection Antioxidants (Vitamin C/E) Regeneration of pB-cells in STZ-rats Sitompul [30]
Insulin Mimicry Alkaloids Increased glucose uptake in muscle cells Cao [15]
Oxidative Cleanup Flavonoids Neutralization of ROS/ Superoxide radicals Agada [6]

The Microbiology of Diabetic Infections

Diabetes mellitus causes changes in body that make it more
vulnerable to bacterial infection. Long-term hyperglycemia causes
non-enzymatic glycation of proteins in circulation and tissues, result-
ing in advanced glycation end-products (AGEs). The buildup of AGEs
Play a role in the damage of small blood vessels by leading to thicken-
ing of the basement membrane of capillaries and endothelial dysfunc-
tion. Consequently, there is a significant decrease in oxygen supply
and immune cell migration to the peripheral tissues, thus, localized
hypoxia occurs. At the same time, high glucose levels in tissues and
body fluids offer a rich nutrient source. These factors combined cre-
ate an environment conducive to bacterial colonization and infection.
In this scenario, Bacillus subtilis and Escherichia coli are commonly in-
volved and represent two different fundamental types of bacteria. Ba-
cillus subtilis is a Gram- positive cocci with a thick peptidoglycan cell

wall that enables it to survive tough conditions. It is one of the most
common bacteria causing diabetic foot infections and is also capable
of producing biofilms that promote attachment to the tissue and pro-
tect the bacteria from the immune system. Furthermore, the produc-
tion of virulence factor such as coagulase helps in immune evasion
through the formation of fibrin clots around the bacterial cells.

Escherichia coli, a Gram-negative rod-shaped bacterium, is the
primary cause of urinary tract and skin infections among diabetics.
The outer membrane of this bacterium contains lipopolysaccharides
(LPS) which play a vital role as they keep out the entry of molecules
limiting antibiotic effectiveness, thereby making it intrinsically re-
sistant to many conventional drugs. These antimicrobial drugs thus
become very difficult to work with, especially in situation of hypergly-
cemia when the immune system has been weakened. Comparison of
target pathogens and potential extract mechanisms is shown in Table
5.

Table 5: Comparison of Target Pathogens and Potential Extract Mechanisms.

Pathogen Gram Type Common Diabetic Complication Mechanism of Extract Inhibition
S. aureus Positive Diabetic Foot Ulcers, Abscesses Disruption of peptidoglycan cross-linking
E. coli Negative UTlIs, Secondary Sepsis Penetration of LPS membrane & protein denaturation
P.aeruginosa Negative Chronic non-healing wounds Inhibition of biofilm formation
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Alloxan-Induced Experimental Diabetes Mellitus

Alloxan is a known diabetogenic and has been used extensively
in the induction of experimental diabetes mellitus in laboratory an-
imals especially rodents. Alloxan is one of the most commonly used
chemical agents for studying the pathophysiology of diabetes mellitus
and the antihyperglycemic activity of new therapeutic agents, as it se-
lectively destroys pancreatic -cells. Alloxan induced diabetic model
mimics insulin deficient diabetes as it results in chronic hyperglyce-
mia after destruction of pancreatic 3-cells and hence is applicable for
pharmacologic screening of compounds derived from plants [7]. An
advantage of the alloxan diabetic model is the speed of the induction
of diabetes which makes it a suitable model for the rapid evaluation of
potential anti-hyperglycemic agents in a relatively short experimen-
tal period. Moreover, the model is well known for being reproducible
and inexpensive, and can be used for initial pharmacological studies.
However, there are some drawbacks mentioned. The susceptibility to
alloxan is individual and may cause diabetic induction to vary from
person to person; high doses may cause high mortality rates because
of excessive destruction of the (3-cells and acute hypoglycemia. Thus,
correct dose selection and proper management of animal e.g. supple-
mentation of glucose after alloxan administration is necessary to en-
hance the animal survival and experiment consistency [8].

The anti-hyperglycemic effect of medicinal plants is usually tested
in alloxan induced diabetic model, where the reduction of the blood
glucose level and body weight are easily measurable after treatment.
Phytochemicals such as alkaloids, flavonoids, phenolic compounds
and tannins have been shown in previous studies to have antioxidant
properties that help to limit any additional damage to the remain-
ing pancreatic 3-cells and oxidative stress. In the present study, the
anti-hyperglycemic potential of Carica papaya seed extract was thus
evaluated in the alloxan diabetic Sprague-Dawley rat model after 21
days of treatment, as these compounds are likely to improve insulin
secretion, insulin sensitivity and peripheral glucose utilization, lead-
ing to an overall improvement in glycemic control [3,6].

Comparative Pharmacology: Papaya Seeds vs. Synthetic
Agents

Glibenclamide: A second-generation sulfonylurea that works by
stimulating the pancreas to release more insulin. While effective, it
can cause dangerous hypoglycemia.

C. papaya Extract: Appears to work through a multi-targeted ap-
proach—slowing glucose absorption, protecting the pancreas from
oxidative damage, and providing an antibacterial shield. Unlike Glib-
enclamide, it is unlikely to cause a “sugar crash” because its primary
mechanism is the modulation of carbohydrate digestion rather than
the forced release of insulin.

Summary of Research Gaps

There is a large amount of literature on the pharmacological ben-
efits of Carica papaya but a few essential gaps that this research wants

to close still remain. To illustrate, the fruit pulp and leaves have been
most often described for their nutritional and anti-dengue properties
whereas the seeds are mostly ignored and discarded as waste. Studies
on seeds are mostly isolated, one of them focusing on their anthel-
mintic (parasite-killing) properties and the other on their antioxidant
capacity. Very few research efforts have explored a single seed extract
that can simultaneously treat hyperglycemia resulting from meta-
bolic dysfunction and bacterial infections associated with it. Besides
that, only a few works have used macerating extraction for evaluating
antibacterial activity against both Gram-positive and Gram-negative
bacteria along with glucose regulation in Sprague-Dawley rats. The
goal of this paper is to offer a detailed pharmacological profile of C.
papaya seed extract, underlining its multi-target therapeutic poten-
tial instead of discarding it as simple waste.

Methodology
Chemicals, Reagents, and Equipment

Analytical-grade chemicals and reagents were used throughout
the study. Alloxan monohydrate (Sigma-Aldrich) was used for dia-
betes induction, while Glibenclamide served as the standard antihy-
perglycemic drug and ciprofloxacin powder was used as the positive
control for antibacterial testing. Ethanol (95%) was used as the ex-
traction solvent for Carica papaya seeds. The bacterial strains Ba-
cillus subtilis (ATCC 6633) and Escherichia coli (ATCC 25922) were
obtained from the microbiology laboratory. The principal laboratory
equipment included a 1 L conical flask, rotary evaporator, centrifuge,
analytical balance, digital glucometer, incubator, autoclave, and other
standard laboratory apparatus required for extraction, phytochemi-
cal screening, antibacterial assays, and animal studies.

Laboratory Equipment and Materials

Plant Processing & Extraction: Mechanical grinder, analytical
digital balance, 1L conical flask, hoop-frame muslin cloth filter, glass
test tubes, and a centrifuge apparatus.

Microbiological Assays: Nutrient agar plates, nutrient broth,
incubator (37°C), autoclave unit, sterile inoculating loops, and a 0.5
McFarland standard visual reference tube.

In Vivo Antidiabetic Study: Polycarbonate animal cages, cal-
ibrated digital glucometer, sterile injection needles (25G), and cali-
brated plastic water feeding bottles.

Chemical Reagents

All chemicals and reagents used in this study were of analytical
grade.

Solvents & Carrier Mediums: Absolute ethanol (100%), distilled
water, and 0.5% carboxymethylcellulose (CMC) solution.

Phytochemical Screening Reagents: Dragendorff’s reagent,
Fehling’s solutions A and B, concentrated sulfuric acid (H2S0,), chlo-
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roform, acetic anhydride, sodium hydroxide (NaOH) solution, hydro-
chloric acid (HCI), ferric chloride (FeCls) solution, and 10%lead ace-
tate solution.

Pharmacological & Microbiological Controls: Alloxan monohy-
drate, glucose powder (10% solution preparation), and Ciprofloxacin
powder.

Plant Material Collection and Preparation

Sourcing and Initial Processing: Fresh Carica papaya seeds
were supplied by the project supervisor. Before collection the seeds

were pre-washed to remove the attached fruit pulp and impurities
from the seeds.'No information was available about the geographic
origin of the papaya fruits, at the time of collection.

Manual Sorting and Air-Drying: The seeds were visually in-
spected and manually sorted to remove damaged seeds and foreign
materials. The chosen seeds were placed on a newspaper evenly and
allowed to air dry at room temperature (25 + 2°C) for 2 days. The
dried seeds were then ground to a fine powder in a mechanical grind-
er and kept in airtight containers for extraction (Figure 2).

Figure 2: Drying of Carica papaya seeds.

Extraction and Phase Separation

Extended Maceration Protocol: A total dry mass of 263.75g
of the pulverized Carica papaya seed powder was placed directly in
a clean conical 1L flask to start the extraction. The matrix was then
completely covered with 1000 mL of the ethanol solution (95%). The
mixture was preserved in the conical flask because of the temporary
technical unavailability of the rotary evaporator apparatus to enable
extended maceration for complete extraction of secondary metabo-
lites of the seed matrix [1,9]. This mixture was shaken by hand for
about 15 minutes daily for the purpose of enhancing the penetration
and extraction ability of the solvents. At least 15 minutes of daily
shaking were applied to each shaking.

Filtration and Phase Isolation: After the extraction period of 14
days the crude mixture was filtered using muslin cloth. The filtration

was performed quickly to reduce losses of the solvents in the air. The
residue on muslin cloth was weighed immediately after filtration,
which was recorded as 408.64 g. The fluid was then filtered a second
time in the same hoop-frame filter assembly to remove fine particu-
late matter, giving a final clear liquid filtrate mass of 572.2g.

Concentration via Rotatory Evaporator and Phase Separation
via Centrifugation: The concentration was achieved by a Rotatory
Evaporator and the separation of the phases was done by Centrifu-
gation. After passing through the filter the clear ethanolic filtrate was
concentrated by rotatory evaporator. The fluid was mechanically cen-
trifuged to separate out the individual chemical phases in the concen-
trated matrix. The process resulted in a division of the concentrate
into two layers: A top hydrophobic layer that gave 8.47 g of Carica
papaya seed oil. A lower layer of low density hydrophilic extract with
ayield of 4.23 g of crude ethanolic extract (Figure 3).
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Figure 3: Concentration of extract using rotatory evaporator.

Percentage Yield Calculation: Following the
ples obtained through the concentrating process, the per-
centage yield was calculated by using the formula below:

Weight of Extract
Weight of Starting Powder

sam-

Yield % = x 100

Qualitative Phytochemical Screening: Qualitative evaluation
was done by making stock solution by completely dissolving 0.15 g of
the crude ethanolic extract in 10 mL of 95% ethanol solution. To con-
duct the ten separate qualitative phytochemical tests, 2 mL aliquots
of this stock solution were carefully placed in separate test tubes ac-
cording to the standard qualitative phytochemical test adapted from
Fajarwati [10].

In Vitro Antibacterial Assay

Bacterial Strains and Maintenance: The antibacterial activity
of the extract was tested against the reference strains of Escherichia
coli (Gram-negative) and Bacillus subtilis (Gram-positive) following
the criteria outlined in previous literature [11]. All stock strains were
first streaked onto nutrient agar plates to obtain viable mother plates.
A second set of subcultures were then picked on new nutrient agar
plates to obtain pure colonies.

Inoculum Standardization (McFarland Alignment): Fresh sub-
cultures were grown in isolated colonies in conical flasks of nutrient
broth. All the liquid cultures were incubated until the turbidity was
equal with the freshly prepared 0.5 McFarland standard solution and
the bacterial count in the liquid cultures was approximately 1.5 x 102
cfu/mL before testing was conducted as described by Ugbogu [2].

N,

_ .

Minimum Inhibitory Concentration (MIC) Assay

Gradient Preparation and Controls: The crude extract was
diluted to produce a concentration gradient across five respective
treatment levels: 20 mg/mL, 40 mg/mL, 60 mg/mL, 80 mg/mL, and
100 mg/mL. Ciprofloxacin was integrated into the assay layout as the
positive control, while sterile distilled water served as the negative
control.

Broth Dilution Evaluation: Each prepared concentration test
tube and control test tube was inoculated with a uniform volume of
the standardized bacterial suspension. The total setup was incubated
at 37°C for a 24-hour. After incubation, the experimental tubes were
evaluated visually to observe for changes in turbidity to identify the
minimum inhibitory concentration (MIC) capable of preventing visi-
ble bacterial replication [12].

Minimum Bactericidal Concentration (MBC) Assay: Follow-
ing determination of the minimum inhibitory concentration (MIC),
samples from all tubes showing no visible bacterial growth were
aseptically streaked onto freshly prepared nutrient agar plates. The
inoculated plates were incubated at 37°C for 24 hours. The minimum
bactericidal concentration (MBC) was defined as the lowest concen-
tration of Carica papaya seed extract that produced no visible bacte-
rial colony growth on the agar surface, indicating complete bacterial
killing. Where bacterial growth was observed after subculture, the ex-
tract was considered to exhibit bacteriostatic rather than bactericidal
activity at the tested concentration.
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In Vivo Antidiabetic Study

Animal Husbandry and Acclimatization: The healthy adult
Sprague-Dawley rats (n = 36) weighing 180 -- 182 g were kept in
standard polycarbonate cage with structured climate parameters (25
+ 2°C, 12 hours light-dark cycle) under model parameters validated

Figure 4: Distribution of rats for acclimatization.

Chemical Induction of Diabetes: The experimental diabetes was
induced by a single intraperitoneal injection of alloxan monohydrate
(150 mg/kg body weight) in overnight fed (12 hours) Sprague-Daw-

by Fajarwati [10]. After the arrival, the animals were acclimatized for
2 weeks to ensure adaptation to the facility environment and stabili-
zation of baseline physiological parameters. The rats had ad libitum
access to normal pellet food and water. Distribution of rats for accli-

matization is shown in Figure 4.

ley rats according to the procedure described by Lenzen [7,8] (Figure
5).

Figure 5: Alloxan induction to rats.
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Hypoglycemia Prophylaxis Regimen: After alloxanization, rats
were given 10% of glucose solution for 24 h to avoid acute hypogly-
cemia due to the abrupt release of insulin into the blood stream from
damaged pancreatic 3-cells [10]. Fasting blood glucose was deter-
mined from a blood sample taken from the tail vein on Day 7. A fasting
blood glucose (FBG) greater than 11.0 mmol/l was used as a cut-off to
define diabetes and was included in the treatment phase.

Treatment Protocol and Dosing Schedule: The rats were ran-
domly allocated to 6 experimental groups (n = 6 in each group). Treat-
ments given once a day for 21 days via the drinking bottles. Papaya
seed extract and Glibenclamide were both suspended in 0.5% of car-
boxymethylcellulose (CMC).

1) Group I (Normal Control): Uninduced, normal rats fed on
0.5% carboxymethylcellulose (CMC) vehicle solution.

2) Group II (Alloxan Control / Diabetic Negative Control):
Alloxan induced diabetic rats given 0.5% CMC vehicle solution.

3) Group III (Positive Control): Alloxan induced diabetic rats
treated with standard Glibenclamide (10mg/kg body weight) in 0.5%
CMC.

4) Group IV (Low Dose Papaya Seed Extract): Alloxan in-
duced diabetic rats were given 125mg/kg of body weight of extract
suspended in 0.5% CMC.

5) Group V (Medium Dose Papaya Seed Extract): Alloxan
induced diabetic rats received 250mg/kg of body weight of extract
suspended in 0.5% CMC.

6) Group VI (High Dose Papaya Seed Extract): Alloxan Dia-
betic rats were treated with 500mg/kg body weight extract suspend-
ed in 0.5% CMC.

Monitoring of Body Weight and Blood Glucose

Table 6: Shows the number of rats required and Figure 6 shows
the blood sample collected by digital glucometer.

Table 6: Number of Rats Required.

Group Type Number of Rats
Normal Control 6
Diabetic Control 6

Standard Drug Control 6
Diabetic (125 mg/kg extract) 6
Diabetic (250 mg/kg extract) 6
Diabetic (500mg/kg extract) 6

Subtotal 36 Rats

Figure 6: Blood sample collected by digital glucometer.

Body Weight: The body weight of each individual was carefully
measured on Day 1, Day 7, Day 14 and Day 21 using an electronic
analytical balance.

Blood Glucose Monitoring: Blood samples were collected by
tail vein needle puncture on Day 7, Day 14 and Day 21, and were im-
mediately measured in millimoles per liter (mmol/L) by a calibrated
digital glucometer.

Statistical Analysis

Data are presented as means + standard errors of the mean
(SEM). The one-way analysis of variance (ANOVA) with Tukey’s post
hoc test was used for statistical analysis. Statistically significant dif-
ference was considered at P< 0.05.
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Ethical Clearance

Animals for scientific research are used in this project. In order to
ensure compliance with ethical principles and standards, the follow-
ing measures will be implemented:

1)

2)

3)

4)

Institutional Ethical Approval: The ethical approval from
AIMST University will be obtained before the commencement
of the research. The committee’s criteria will be met by the
animal experimental protocol thus ensuring the welfare and
humane care of the animals during the research.

Guidelines Followed: The National Research Council’s Guide
for the Care and Use of Laboratory Animals and the Organi-
zation for Economic Co-operation and Development’s (OECD)
guidelines for animal welfare will be strictly followed in the
research. In the main, animal suffering, pain, and distress are
minimized.

Animal Housing and Care: The animals in the experiment
will be housed in a standard laboratory setting where the
12-hour light/dark cycle, controlled humidity (50-60%), and
temperature (22-25°C) are maintained. Besides, the standard
laboratory diet and water will be available to them free of any
restriction.

Methods of Experimentation: To mitigate pain and discom-
fort, all the procedures including tissue harvesting and blood

sample collection will be done under proper anesthesia. Stan-
dard operating procedures will be followed during the admin-
istration of treatments and collections of samples to ensure
accuracy and also use humane methods.

5) Justification for Animal Use: The use of female Sprague-Daw-
ley rats is justified as they provide a reliable model for study-
ing Type 2 diabetes mellitus and thus mirror the human dis-
ease pathology. The number of animals used (n=6 per group)
is statistically enough to achieve reliable results while also
following the principle of minimizing the number of animals
used in experiments.

6) Documentation for Approval: An ethics clearance letter will
be requested from AUAEC/AUHEC and the reference number
of the approved protocol will be included in the final report. A
copy of the letter will be filed in the research library.

Results
Extraction and Phase Separation Yields

The 263.75 g dried Carica papaya seeds were extracted by 14-
day maceration and centrifugation in ethanol, which yielded two frac-
tions: oil fraction and crude extract fraction. The percentage yield and
yield of extraction for each fraction and physical properties of each
fraction are given in Table 7 (Figure 7).

Figure 7: Further concentrating of extract by dry evaporation.
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Table 7: Yield and Physical Properties of Carica papaya Seed Fractions.

Fraction Raw Yield Obtained (g) Percentage Yield Calculation (%) Visual Appearance
Upper Phase (Seed Oil 8.47 8.47 Clear, pale amber liquid
PP ( ) & x 100 =3.21% P a
263.75
Lower Phase (Crude Extract 423 4.23 Dark brown, highly viscous paste
( ) & x 100 =1.60% o ’

263.75

Total Combined Extract 1270 g 12.70 Semi-solid emulsion (pre-centrifugation)
36375 x 100 =4.81%

Note: Wet residue after filtration (Immediately Post-Filtration): 408.64 g

Recovered Liquid Filtrate Mass: 572.2 g.

Qualitative Phytochemical Screening

The qualitative phytochemical screening of the ethanolic extract

indicated the presence of alkaloids, carbohydrates and tannin, while
the other phytochemical tests were negative. The results of the color
reaction are tabulated as Table 8.

Table 8: Qualitative Phytochemical Content of Carica papaya Ethanolic Extract.

Phytochemical Screening Test Targeted Class of Compounds Ollzse,:;\i:d Specific Visual Marker Coloration
Dragendorff’s Test Alkaloids (+) Positive Formation of a distinct reddish-brown precipitate
Molisch’s Test Carbohydrates (+) Positive Prominent purple-violet ring at the interface
Lead Acetate Test Tannins (+) Positive Formation of a bulky, opaque white precipitate
Fehling’s Test Reducing Sugars (-) Negative Remained clear blue; no brick-red precipitate
Frothing Test Saponins (-) Negative Absence of any persistent honeycomb foam layer
Salkowski Test Steroids () Negative No color transition at the chloroform interface
Borntrager’s Test Anthraquinones (-) Negative No color development in the ammoniacal phase
Glycosides Test Glycosides () Negative Absence of a brown/blue-reen interface ring
Ferric Chloride Test Phenols (-) Negative Clear solution; no dark green or violet coloration
Alkaline Reagent Test Flavonoids (-) Negative Remained faint yellow; no intense color shift

In Vitro Antibacterial Activity of Carica papaya Seed Ex-
tract

The minimum inhibitory concentration (MIC) assay showed
a selective visible growth inhibition between Gram-positive and
Gram-negative reference strains, when the inoculum was set accord-
ing to the 0.5 McFarland reference. The antibacterial activity of Carica
papaya seed extract was tested using broth dilution method and de-
termination of the minimum bactericidal concentration (MBC). The

variable growth inhibition was seen against Bacillus subtilis, no bac-
teria growth was observed at 40 mg/mL and 100 mg/mL while bac-
teria growth continues at the remaining concentrations tested. Esche-
richia coli showed visible growth at all concentrations of extracts. No
growth was seen after 100 mg/mL of Bacillus subtilis was subcultured
on nutrient agar, suggesting that the MBC assay indicated that Bacillus
subtilis was bactericidal at this concentration and shown in Figure 8.
No bactericidal effect against Escherichia coli was found in the range
of concentrations tested, however (Table 9,10).
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Figure 8: Observed results of MBC for B.subtilis.

Table 9: Minimum Inhibitory Concentration (MIC) Visual Growth Profiles.

Tested Strain 20 mg/mL 40 mg/mL 60mg/mL | S0mg/mL | 100mg/mL | T °Si?'c"i‘;§f)““°l Negative Control (H,O)
Escherichia coli ) (+) (+) (+) (+) ©) )
Bacillus subtilis +) ©) (+) () ©) ) )

Note: (+) indicates visible bacterial turbidity (growth); (-) indicates complete solution clarity (inhibition of growth).

Table 10: Minimum Bactericidal Concentration (MBC) of Carica papaya Seed Extract.

Tested Strain MIC (mg/mL) MBC (mg/mL) Interpretation
Bacillus subtilis 40 & 100 100 Bactericidal activity achieved at 100 mg/mL.
Escherichia coli Not achieved Not achieved No bactericidal activity observed within the tested concentration range.

In Vivo Metabolic and Glycemic Profiles

The body weight changes induced by C. papaya seed extract
during the 21 days of treatment are shown in Table 11. The physio-
logical profiles are presented below. There were no significant differ-
ences in body weight among all the experimental groups at the start
of the study (Day 1), suggesting that all the animals were randomly al-
located and were similar in their physiological condition at the begin-
ning of the study. Body weight of the normal control group increased
steadily and progressively from day 1 (180.56 + 0.51 g) to-day 21
(199.96 * 0.69 g), indicating normal growth and metabolic homeo-
stasis. Rats in the alloxan-induced diabetic group, on the other hand,
showed a significant and progressive decrease in body weight from

Day 7 (P < 0.001) and by Day 21, body weight decrease to 159.58 +
0.89 g. The significant weight loss found in the diabetic control group
is in line with the catabolic effect of insulin deficiency after the alloxan
injection. The weight loss was significantly reduced by Glibenclamide
(10 mg/kg) treatment group in comparison with alloxan group. Body
weight slightly decreased during the first week after induction of di-
abetes but gradually returned during treatment period to 191.19 +
0.72 g (P < 0.001 compared with the alloxan control). Likewise, the
body weight of diabetic rats was increased in a dose-dependent man-
ner following administration of Carica papaya seed extract. The body
weight of rats treated at 125 mg/kg showed slight improvement with
the body weight reaching 177.74 + 0.67 g after Day 21 (Figure 9).
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Figure 9: Line Graph for effect on body weight.

Table 11: Effect of Carica papaya Seed Extract on Animal Body Weight (g).

Day 1 Day 7 Day 14 Day 21
Normal Control 180.560. 51 182.87+0.64 190.96%0.68 199.96%0.69
Alloxan control 180.55+0.50 174.33+0.54*** 167.32+0.86*+* 159.58+0.89***
Glibenclamide (10mg/kg) 180.60+0.54 179.6520.50**&« 183.9440.63*++&&& 191.1940.72% &
Papaya Seed Extract125 mg/kg 180.48+0.48 176.61+0.59*** 175.76+0.61 ***&4& 177.74+0.67***&5&
Papaya Seed Extract250 mg/kg 180.64+0.56 178.57+0.59* k& 181.99+0.68***&4 187.11:40.74***tk
Papaya Seed Extract500 mg/kg 180.72+0.53 179.63+0.49%*&k 184.62+0.60 & 191.930.74 k&

Note: Values are expressed as mean + SEM (n = 6).
**P <0.01, ***P < 0.001 compared with the normal control group.

&&P < 0.01, &&&P < 0.001 compared with the alloxan control group.

Statistical analysis was performed using one-way ANOVA followed by Tukey’s post hoc test.
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The rats that received 250 mg/kg and 500 mg/kg showed better
recovery with final body weight of 187.11 + 0.74 gand 191.93 + 0.74
g, respectively. The 500 mg/kg treatment was comparable to 500 mg/
kg of Glibenclamide, indicating that it may have a higher therapeu-
tic efficacy at higher doses. The effects of Carica papaya seed extract
on fasting blood glucose levels in alloxan-induced diabetic rats over
the 21-day treatment period are presented in Table 12. The effect of
Carica papaya seed extract on fasting blood glucose level of alloxan
diabetic rats is shown in Table 4.6. In the normal control group, blood
glucose level remained stable from Day 7 (4.82 + 0.15 mmol/L) to Day
21 (5.00 £ 0.13 mmol/L) showing good glucose homeostasis. Diabetic
control rats, however, induced with alloxan, had blood glucose levels

that remained high throughout the experimental period. In diabet-
ic rats the blood glucose was significantly elevated on Day 7 (15.38
+ 1.09 mmol/L) and Day 21 (18.05 + 0.78 mmol/L) compared with
blood glucose in the normal control group (P < 0.001). The results are
in accord with the successful induction of diabetes mellitus after ad-
ministration of alloxan. In those treated with Glibenclamide, a signif-
icant decrease in blood glucose levels throughout the treatment peri-
od was seen. Levels of blood glucose on Day 21 (5.98 + 0.40 mmol/L)
were significantly lower than those of the diabetic control group (P <
0.001) and were approaching levels of the normal controlgroup, on
Day 7 (6.88 + 0.47 mmol/L.) (Figure 10).

—#- Normal Control

=~ Alloxan Control

== Glibenclamide (10 mg/kg)
18 4 == Papaya 125 mg/kg

8- Papaya 250 mglkg
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16 L e
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Figure 10: Line graph for effect on blood glucose.

Table 12: Effect of Carica papaya Seed Extract on Blood Glucose Levels (mmol/L).

Day 7 Day 14 Day 21
Normal Control 4.82+0.15 4.90+0.13 5.00£0.13
Alloxan control 15.38+1.09*** 16.7240.73*** 18.05+0.78***
Glibenclamide (10 mg/kg) 6.88+0.47%%« 6.17+0.34%%& 5.98+0.40%«
Papaya Seed Extract 125mg/kg 13.75£1.09%*+* 12.82+].02+#tk& 11.47+0.96* &4k
Papaya Seed Extract 250mg/kg 11.2540.29**+&& 9.25+0.22**#ékke 10.5741.36** &k
Papaya Seed Extract 500mg/kg 10.63+0.47+*+&k& 9.60+0.40%**tk 8.50£0.60* ¢«

Note: Values are expressed as mean + SEM (n = 6).

*P <0.05, **P < 0.01, ***P < 0.001 compared with the normal control group.
&P < 0.05, &&P < 0.01, &&&P < 0.001 compared with the alloxan control group.

Statistical analysis was performed using one-way ANOVA followed by Tukey’s post hoc.
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Furt'ermore, Carica papaya seed extract lowered significant-
ly the blood glucose level of diabetic rats. The hypoglycaemic effect
increased as duration of treatment, and concentration of extract
increased. The blood glucose levels of rats treated with 125 mg/kg
gradually decreased from 13.75 + 1.09 mmol/L at Day 7 to 11.47 +
0.96 mmol/L at Day 21. The 250 mg/kg group showed more improve-
ment, and the glucose level has reduced from 11.25 + 0.29 mmol/L to
10.57 + 1.36 mmol/L during the same period. The greatest reduction
was seen in the 500mg/kg group where on Day 7, the blood glucose
was 10.63 * 0.47 mmol/L, and on Day 21, the blood glucose reduced
to 8.50 * 0.60 mmol/L. The results showed that the anti-hyperglyce-
mic effect of Carica papaya seed extract is dose dependent and time
dependent.

Discussion
Discussion of Extraction Yield and Phase Separation

The ethanolic extraction of the Carica papaya seeds yielded two
different fractions: an upper oil fraction and a lower crude extract
fraction. This phase separation implied that the papaya seeds have
a multi-chemical composition with both lipid-rich and polar com-
ponents in the seed extract. The higher concentration of oil fraction
compared to the crude extract aligns with previous studies where
papaya seeds were reported to be good source of fixed oils such as
oleic acid, palmitic acid, stearic acid, and linoleic acid which make up
a significant portion of the overall extract composition [1,4]. The ex-
traction solvent chosen was ethanol, because it can be used to extract
a wide spectrum of plant phytochemicals of different polarities. Etha-
nol permeates the plant tissues during maceration, and promotes dif-
fusion of soluble compounds into the extraction solvent. Ethanol can
extract polar compounds like alkaloids, tannins, and carbohydrates as
well as a certain amount of non-polar lipid compounds, which may be
the reason why the extract was separated into oil and crude fraction
after removing the solvents. The results are in line with those of some
previous studies, which found that the seeds of C. papaya could be
extracted using ethanol to obtain high amounts of fixed oils as well as

biologically active phytochemicals [1]. The lower recovery of crude
fraction as compared to oil fraction could also have contributed to the
subsequent phytochemical screening and biological assays.

The partitioning of bioactive constituents between the two frac-
tions can create a decrease in the concentration of individual phyto-
chemicals present in the crude extract, altering their detection in the
latter and as a result, variations in antibacterial activity. In addition,
extraction time, solvent composition, temperature and natural vari-
ability of plant material can also affect the extraction efficiency and
phytochemical yields [9]. The recovery of the major bioactive constit-
uents of Carica papaya seeds by the extraction method was successful
in recovering enough extracts for phytochemical screening, antibacte-
rial evaluation and anti-hyperglycemic assessment.

Discussion of Qualitative Phytochemical Screening:

A significant disparity is observed between the screening pro-
files and the baselines obtained from the literature, which is standard
for the entire Carica papaya seed. Table 13 shows the comparison of
standard expected outcomes vs. Actual Observed Results. Qualitative
phytochemical screening revealed the presence of alkaloids, carbo-
hydrates, and tannins in ethanolic extract of Carica papaya seeds,
whereas flavonoids, glycosides, saponins, proteins, phenolic com-
pounds, steroids and terpenoids were not found under the extraction
conditions used in the present study. The presence of these phyto-
chemicals suggests papaya seeds have several bioactive compounds
that could help explain their potential pharmacological activity. Of
the phytochemicals identified, those known as alkaloids are known
to have a variety of biological activities, such as antimicrobial, anti-
oxidant and anti-hyperglycemic properties. Papaya seeds are rich in
occurrence of carpaine and other alkaloids that have been reported
to be capable of disrupting microbial metabolism, inhibiting bacterial
growth, and regulating blood glucose levels by enhancing insulin se-
cretion and improving peripheral glucose utilization [2,3]. Likewise,
tannins can also act as precipitants of proteins, disrupt cell mem-
branes of bacteria and inhibit microbial enzymes, which is attributed
as antibacterial activity.

Table 13: Comparison of Standard Expected Outcomes vs. actual observed results.

Phytochemical Class Standard Expected Outcome Actual Observed Result Discrepancy Status

Alkaloids Positive (Reddish-brown precipitate) (+) Positive Consistent with literature

Carbohydrates Positive (Purple-violet interface ring) (+) Positive Consistent with literature

Tannins Positive (Bulky white precipitate) (+) Positive Consistent with literature
Reducing Sugars Positive (Brick-red precipitate) (-) Negative Inconsistent with literature
Saponins Positive (Persistent honeycomb foam) () Negative Inconsistent with literature
Steroids Positive (Reddish-brown interphase) (-) Negative Inconsistent with literature
Anthraquinones Positive (Pink/red ammoniacal layer) (-) Negative Inconsistent with literature
Glycosides Positive (Brown/blue-green ring) (-) Negative Inconsistent with literature
Phenols Positive (Dark green or violet-black color) () Negative Inconsistent with literature
Flavonoids Positive (Intense yellow coloration) (-) Negative Inconsistent with literature
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Moreover, tannins have antioxidant properties, which can lead to
the reduction of oxidative stress due to diabetes mellitus and main-
taining the function of pancreatic 3-cells [1]. In addition, the extract
contained carbohydrates which are considered as a nutritional com-
ponent and not as the main bioactive compounds responsible for the
pharmacological activities of papaya seeds. However, the biological
effects observed in the present study are more likely to be attribut-
ed to the presence of secondary metabolites, especially alkaloids and
tannins, which have been reported, consistently, as one of the major
contributors for the medicinal properties of Carica papaya seeds [9].
Flavanoids and phenolic compounds, which were reported in other
studies, were not detected in the present study. These variations are
not unusual, and could be explained by the different extraction sol-
vents used, extraction method, geographical origin of plant material,
maturity of the seeds, storage conditions and different sensitivity of
qualitative phytochemical tests. Also, it is worth noting that some of
the compounds in the extract could have been partitioned into the oil
fraction, thereby causing a loss of concentration in the crude extract
subjected to phytochemical screening [1,4].

In general, the phytochemical profile uncovered in this study jus-
tifies the possible biological activities of the extract of Carica papaya
seed. The presence of alkaloids and tannins are a plausible explana-
tion for the antibacterial and anti-hyperglycemic activities detected
in the further experiments and warrant further investigation on these
bioactive components.

Discussion of Antibacterial Activity

Antibacterial activity of Carica papaya was assessed by broth di-
lution method and the minimum bactericidal concentration (MBC)
was determined. During the broth dilution assay, the extract did not
show any bacterial growth at 40 mg/mL and 100 mg/mL in the case
of B. subtilis, which is a Gram-positive bacterium. Escherichia coli
showed growth at all concentrations used which showed that the ex-
tract lacked antibacterial activity against E. coli within the range of
concentrations studied. Besides that, there were no bactericidal ac-
tivity against both types of bacteria in the MBC assay. The observed
antibacterial activity against Bacillus subtilis can be explained by the
presence of alkaloids and tannins as revealed by the phytochemical
screening. Such secondary metabolites have been found to be inhib-
itory in bacterial growth in a variety of ways such as disruption of
the integrity of cell membrane, essential metabolic enzyme inhibition,
protein synthesis inhibition and precipitation of cellular proteins.
Further, Carica papaya seeds contain a bioactive compound called
benzyl isothiocyanate (BITC), which has been reported to possess
antimicrobial properties against various bacteria due to its ability to
inhibit the cellular functions of bacteria by disrupting intracellular
metabolic processes [4,5]. The higher susceptibility of Bacillus sub-
tilis to Escherichia coli is in accordance with the structural difference
between gram positive and gram- negative bacteria.

In the Gram-positive bacteria, the cell wall is thick and made of
peptidoglycan, whereas the Gram-negative bacteria have an addition-
al outer lipopolysaccharide (LPS) membrane. The outer membrane
is an extra permeability barrier that prevents many antimicrobial
agents from killing Gram-negative organisms, decreasing the effec-
tiveness of these antibiotics [5]. Thus, the phytochemicals present in
the ethanolic extract could have taken better penetration to the cell
wall of B. subtilis than E. coli. Bacterial growth was not completely in-
hibited during MBC assay but bacterial growth and inhibition of Bacil-
lus subtilis was noted in selected concentrations during broth dilution
assay. This means that the extract acted bacteriostatically, keeping the
bacterial growth from reaching a lethal level within the range of con-
centrations used in this study. A variable inhibition pattern was found
during the broth dilution assay and may be explained by the lack of
consistency in the distribution of the inocula, the homogeneity of the
extracts, and/or by the manual preparation of the dilution series in
this initial single run study. Hence, it is suggested to repeat experi-
ments to validate the repeatability of the results. In general, it can be
concluded that ethanolic extract of Carica papaya seeds has selective
antibacterial activity against Gram-positive bacterium Bacillus subtilis
and has weak antibacterial activity against Escherichia coli under the
experimental conditions used.

Future studies at higher extract concentrations should be con-
ducted to confirm if the extract can have bactericidal effect and include
biological replicates and should include a wider range of clinically rel-
evant bacterial species to further characterize the antibacterial po-
tential of the extract as no bactericidal activity was observed in the
concentration range tested.

Discussion of Body Weight

One of the important physiological indicators to assess progress
of diabetes mellitus and therapeutic efforts is the body weight. Allox-
an diabetic rats showed a steady decline in body weight during the
experimental period while Carica papaya seed extract rats showed
the body weight was improved gradually as compared to the diabet-
ic rats. The effect of the extract on the maintenance of body weight
was found to be dose dependent, becoming more apparent with in-
creasing doses of extract. The decrease in body weight of the diabetic
control group is in line with the diabetic pathological changes that
occur due to insulin deficiency. Alloxan destroys pancreatic (3-cells
and decreases insulin production which leads to a decrease in cellu-
lar uptake of glucose. As a result, the body turns to stored fats and
proteins as alternative energy sources, resulting in greater lipolysis,
protein catabolism, muscle wasting and weight loss [7,8]. It is a phe-
nomenon that is well known to be one of the common clinical signs of
uncontrolled diabetes mellitus. The body weight loss in diabetic rats
was partially reversed by Carica papaya seed extract. The progressive
weight gain can be correlated with the increase in the glucose utiliza-
tion due to the anti-hyperglycosimic effect of the extract.
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The antioxidant activity of phytochemicals in papaya seeds, such
as alkaloids, tannins, and phenolic compounds, has been suggested
to prevent oxidative stress and potentially maintain some insulin se-
cretion by preserving a portion of pancreatic $-cell function, which
could enhance insulin secretion and glucose metabolism [3,6]. Better
glycemic control may then lead to a decrease in protein catabolism
and more efficient utilization of nutrients which can result in pro-
gressive gain in body weight. The present results agree with previous
reports on the effect of CPE on diabetic rats showing weight loss after
CPE treatment. However, individual animal variability, food and water
consumption, metabolism and variation in the concentration of bio-
active compounds in the extract may have played a role in the extent
of body weight restored in the present study. Changes in body weight
should be assessed in experimental models of diabetes with reference
to these variables. In general, the reduction in body weight observed
in the extract treated groups indicates that Carica papaya seed ex-
tract can help reduce diabetes induced weight loss due to the effects
on insulin deficiency and enhanced metabolic function. The findings
confirm the possible anti-hyperglycemic activity of the extract as was
seen in the present study.

In general, the reduction in body weight observed in the extract
treated groups indicates that Carica papaya seed extract can help re-
duce diabetes induced weight loss due to the effects on insulin de-
ficiency and enhanced metabolic function. The findings confirm the
possible anti-hyperglycemic activity of the extract as was seen in the
present study.

Discussion of Blood Glucose Levels

The hallmark of diabetes mellitus is hyperglycemia which is a
good parameter to assess the effectiveness of anti-hyperglycemic
therapy. The diabetic group of animals had significantly high blood
glucose level in the fasting State during the experimental period of
21 days while the rats treated with Carica papaya seed extract had
blood glucose level which gradually decreased during 21 days. This
glucose-lowering effect increased with the increase in the extract
dose, suggesting a dose-dependent anti-hyperglycemic effect. The
most significant reduction in the fasted blood glucose was seen in
the treatment groups that received the highest dose of extract, indi-
cating improved glycemic control after extended treatment. Anti-hy-
perglycemic activity seen in this study could be due to synergistic ef-
fect of the bioactive phytochemicals present in the ethanolic extract.
The anti-hyperglycemic effects of the various bioactive compounds
of these plants have been reported in the literature due to different
complementary mechanisms: inhibition of carbohydrate hydrolyzing
enzymes (such as a-amylase and a-glucosidase) [3,6], stimulation of
insulin secretion, improvement of peripheral glucose utilization, and
attenuation of oxidative stress related to pancreatic (3-cell damage
[3,6]. Such antioxidant activity of these phytochemicals could also
be protective in preserving residual pancreatic -cells from oxidative
stresses caused by alloxan and help maintain glucose homeostasis.

The success achieved in lowering fasting blood glucose level after
giving Carica papaya seed extract is in line with other studies that
showed the antidiabetic effect of papaya seed extract in chemically
induced diabetic animal model. Agada [3] showed that papaya seed
extract was able to significantly inhibit the activity of a-amylase and
a-glucosidase, which causes a delay in carbohydrate digestion, and
ultimately an inhibition of the glucose absorption in the intestine. In
the same way, Agada [6] found that the antioxidant properties of phy-
tochemicals found in papaya seeds can aid in regulating blood glucose
levels and improve pancreatic function. The current results thus cor-
roborate the previous studies which found that Carica papaya seeds
are potentially anti-hyperglycemic. While changes in blood glucose
levels were seen after treatment, the exact mechanism behind the an-
ti-hyperglycemic action was not examined in the current study. Other
biochemical tests such as serum insulin determination, glycated he-
moglobin (HbA1c), antioxidant enzyme activity and histopathological
examination of pancreatic tissue would be useful for understanding
the mechanism of action of the extract. In addition, an individual
phytochemical quantification would allow to establish correlations
between the bioactive compounds and their glucose-lowering effects.

The results of the present study reveal the anti-hyperglycemic
potential of ethanolic extract of C. papaya seeds in alloxan induced
diabetic (Sprague-Dawley) rats. Collectively, the reduction in fasting
blood glucose that was observed, along with improved body weight,
indicates that the extract may have a positive effect on glucose me-
tabolism and may help to partially reverse the metabolic effects of
diabetes mellitus. In conclusion, the results of this study suggest that
Carica papaya seeds could serve as a natural source of bioactive com-
pounds for future studies on their potential as natural antidiabetic
agents [13-32].

Conclusion and Future Perspectives

The present work was the first to systematically characterize and
assess both the antibacterial and antidiabetic properties of the etha-
nolic extract of Carica papaya seeds. The presence of alkaloids, carbo-
hydrates, and tannins in the ethanolic extract of the seeds has already
been qualitatively confirmed by previous researchers. The extract
was found to be active predominantly against Bacillus subtilis, espe-
cially at 100 mg/mL where bactericidal activity was observed in the
microdilution test to evaluate minimum bactericidal concentration
(MBC). Surprisingly, the tested extract had no effect on the growth
of Escherichia coli, indicating a possible species-specific nature of the
antibacterial efficacy of Carica papaya seed extracts. Feeding the rats
with Carica papaya seed extract for a month resulted in an apprecia-
ble fall in their glucose (fasting blood glucose) levels and increased
body weight in alloxan-induced diabetic Sprague-Dawley rats. The
reduction could probably be attributed to the cooperative effect of
different phytochemicals mainly alkaloids and tannins in the Carica
papaya extract which are known for their free radical scavenging
and glucose lowering abilities. Therefore, the results of this research
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confirm that Carica papaya seed phytochemicals which are of natural
origin can serve either as standalone sources for medicinal prepara-
tions or in combination to produce drugs with both anti-perative and
antimicrobial properties.

This finding may be a foundation for new investigations aimed at
pharmacologically validating these compounds and their derivatives
and at the same time will help to shift attention from an agricultural
waste product to a highly valuable natural product.

Limitations of the Study

In order to better interpret the results, several aspects such as
the phytochemistry of Carica papaya seed extracts may need further
investigation or may have only limited relevance at this stage. As a
first limitation, only phytochemical screening at a basic level was
performed, thus making it very difficult to know the exact chemical
identity of the individual bioactive molecules, nor their quantitative
distribution, responsible for the biological effects. Secondly, a pre-
liminary test was employed for testing the antibacterial activity only
with two different bacterial species, so the antimicrobial efficacy data
are not reproducible in terms of the species spectrum, and thus their
generalizations are limited. Besides, the use of the alloxan-induced
diabetic rat model for the evaluation of potential antidiabetic activity
has a number of shortcomings such as its limited similarity (only in
terms of some of the physiological and biochemical characteristics) to
the human system and lack of investigations in terms of, for example,
measuring levels of HbAlc and assessing insulin, measuring stress
oxidative markers, and studying pancreatitis at the histological level.

Acknowledgement

The authors are much grateful to the Faculty of Pharmacy, AIMST
University for providing all facilities at MDL 4 in order to complete
the present research project. MDL 4 staff were also very helpful and
cooperative during the entire course of practical.

References

1. Alara OR, Abdurahman NH, Alara JA (2022) Carica papaya: Comprehen-
sive overview of the nutritional values, phytochemicals and pharmacolog-
ical activities. Advances in Traditional Medicine 22(1): 17-47.

2. Ugbogu EA, Dike ED, Uche ME, Etumnu LR, Okoro BC, et al. (2023) Eth-
nomedicinal uses, nutritional composition, phytochemistry and potential
health benefits of Carica papaya. Pharmacological Research - Modern Chi-
nese Medicine 7(2): 100266.

3. Agada R, Usman WA, Shehu S, Thagariki D (2020) In vitro and in vivo in-
hibitory effects of Carica papaya seed on a-amylase and a-glucosidase en-
zymes. Heliyon 6(3): e03618.

4. Ugbogu E A, Emmanuel O, Chinedu E (2023) Exploring the bioactive com-
pounds of Carica papaya: Role in combatting antibiotic-resistant bacterial
pathogens. Phytomedicine Plus 3(2): 100420.

5. Jiao M, Liu C, Prieto MA, Lu X, Wu W, et al. (2023) Biological Functions and
Utilization of Different Part of the Papaya: A Review. Food Reviews Inter-
national 39(9): 6781-6804.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Agada R, Thagriki D, Esther Lydia D, Khusro A, Alkahtani ], et al. (2021)
Antioxidant and anti-diabetic activities of bioactive fractions of Carica
papaya seeds extract. Journal of King Saud University - Science 33(2):
101342.

Szkudelski T, Szkudelska K (2011) On the mechanisms of diabetogenic
effects of alloxan and streptozotocin. Physiological Research 51(2): 111-
121.

Lenzen S (2008) The mechanisms of alloxan- and streptozotocin-induced
diabetes. Diabetologia 51(2): 216-226.

Ying CK], Perveen N, Paliwal N, Khan NH (2021) Phytochemical Analysis,
Antioxidant and Antibacterial Activity Determination of Ethanolic Extract
of Carica Papaya Seeds. Biomedical Journal of Scientific & Technical Re-
search 33(5): 26171-26174.

Fajarwati [, Wresdiyati T, Solihin DD, Irmanida Batubara (2023) Self-re-
covery in diabetic Sprague Dawley rats induced by intraperitoneal alloxan
and streptozotocin. Heliyon 9(5): e15533.

AC Emeruwa (1982) Antibacterial substance from Carica papaya fruit ex-
tract. Journal of Pharmacobio-Dynamics 45(2): 123-127.

Wiegand I, Hilpert K, Hancock REW (2008) Agar and broth dilution meth-
ods to determine the minimum inhibitory concentration (MIC) of antimi-
crobial substances. Nature Protocols 3(2): 163-175.

Ayodipupo Babalola B, Ifeolu Akinwande A, Otunba AA, Ebenezer Adeba-
mi G, Babalola O, et al. (2024) Therapeutic benefits of Carica papaya: A
review on its pharmacological activities and characterization of papain.
Arabian Journal of Chemistry 17(1): 105369.

Badillo V m, Leal F (2020) Taxonomy and Botany of the Caricaceae. John
Wiley & Sons 47.

Badri S, K Harshitha, SK Nasreen, SK Afreen, B Indravathi (2025) A review
on pharmacological activity of carica papaya. UPI Journal of Pharmaceuti-
cal, Medical and Health Sciences 8(3).

Cao Y, Zhou Y, Agar OT, Barrow C, Dunshea F, et al. (2024) A Comprehen-
sive Review on Papaya Phytochemistry Profile, Bioaccessibility, Pharma-
cological Effects and Future Trends of Papaya Phytochemicals. Food Re-
views International 40(8): 2147-2166.

Jeane Rebecca Roy, Coimbatore Sadagopan Janaki, Selvaraj Jayaraman, Vi-
jayalakshmi Periyasamy, Thotakura Balaji, et al. (2026) Carica papaya Re-
duces Muscle Insulin Resistance via IR/GLUT4 Mediated Signaling Mech-
anisms in High Fat Diet and Streptozotocin-Induced Type-2 Diabetic Rats.
Antioxidants 11(10): 2081.

Dotto JM, Abihudi S A (2021) Nutraceutical value of Carica papaya: A re-
view. Scientific African 13(1): e00933.

Haruna M, Abdulmumin Y, Abdulmumin TM, Murtala M, Dalhatu MM
(2022) Hypoglycemic and Antihyperlipidemic Effects of Ethanolic Fruit
Peel Extract of Carica papaya (pawpaw) in an Alloxan-induced Diabetic
Rats. Journal of Advances in Medical and Pharmaceutical Sciences 24(2):
31-41.

Igbashio MD, Eluehike N, Oriakhi, K (2024) Anti-diabetic activity of hy-
dro-ethanol extract of mature (yellow) Carica papaya leaf on streptozoto-
cin-induced diabetic Wistar rats. Scientia Africana 23(4): 21-32.

Kong YR, Jong YX, Balakrishnan M, Bok ZK, Weng JKK, et al. (2021) Benefi-
cial Role of Carica papaya Extracts and Phytochemicals on Oxidative Stress
and Related Diseases: A Mini Review. Biology 10(4): 287.

Li H, Beg OU, Rafie AR, Kanwal S, Ovalle Cisneros A, et al. (2023) Charac-
terization of Green and Yellow Papaya (Carica papaya) for Anti-Diabetic
Activity in Liver and Myoblast Cells and Wound-Healing Activity in Fibro-
blast Cells. Nutrients 15(8): 1929.

Copyright@ : Naeem Hasan Khan | Biomed ] Sci & Tech Res | BJSTR.MS.ID.010438.

59483


https://dx.doi.org/10.26717/BJSTR.2026.67.010438
https://link.springer.com/article/10.1007/s13596-020-00481-3
https://link.springer.com/article/10.1007/s13596-020-00481-3
https://link.springer.com/article/10.1007/s13596-020-00481-3
https://www.researchgate.net/publication/370961360_Ethnomedicinal_Uses_Nutritional_Composition_Phytochemistry_and_Potential_Health_Benefits_of_Carica_papaya
https://www.researchgate.net/publication/370961360_Ethnomedicinal_Uses_Nutritional_Composition_Phytochemistry_and_Potential_Health_Benefits_of_Carica_papaya
https://www.researchgate.net/publication/370961360_Ethnomedicinal_Uses_Nutritional_Composition_Phytochemistry_and_Potential_Health_Benefits_of_Carica_papaya
https://www.researchgate.net/publication/370961360_Ethnomedicinal_Uses_Nutritional_Composition_Phytochemistry_and_Potential_Health_Benefits_of_Carica_papaya
https://www.cell.com/heliyon/fulltext/S2405-8440(20)30463-1?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2405844020304631%3Fshowall%3Dtrue
https://www.cell.com/heliyon/fulltext/S2405-8440(20)30463-1?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2405844020304631%3Fshowall%3Dtrue
https://www.cell.com/heliyon/fulltext/S2405-8440(20)30463-1?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2405844020304631%3Fshowall%3Dtrue
https://www.tandfonline.com/doi/full/10.1080/87559129.2022.2124415
https://www.tandfonline.com/doi/full/10.1080/87559129.2022.2124415
https://www.tandfonline.com/doi/full/10.1080/87559129.2022.2124415
https://jksus.org/antioxidant-and-anti-diabetic-activities-of-bioactive-fractions-of-carica-papaya-seeds-extract/
https://jksus.org/antioxidant-and-anti-diabetic-activities-of-bioactive-fractions-of-carica-papaya-seeds-extract/
https://jksus.org/antioxidant-and-anti-diabetic-activities-of-bioactive-fractions-of-carica-papaya-seeds-extract/
https://jksus.org/antioxidant-and-anti-diabetic-activities-of-bioactive-fractions-of-carica-papaya-seeds-extract/
https://pubmed.ncbi.nlm.nih.gov/18087688/
https://pubmed.ncbi.nlm.nih.gov/18087688/
https://biomedres.us/fulltexts/BJSTR.MS.ID.005459.php
https://biomedres.us/fulltexts/BJSTR.MS.ID.005459.php
https://biomedres.us/fulltexts/BJSTR.MS.ID.005459.php
https://biomedres.us/fulltexts/BJSTR.MS.ID.005459.php
http://pubmed.ncbi.nlm.nih.gov/37159693/
http://pubmed.ncbi.nlm.nih.gov/37159693/
http://pubmed.ncbi.nlm.nih.gov/37159693/
https://pubmed.ncbi.nlm.nih.gov/7097295/
https://pubmed.ncbi.nlm.nih.gov/7097295/
https://pubmed.ncbi.nlm.nih.gov/18274517/
https://pubmed.ncbi.nlm.nih.gov/18274517/
https://pubmed.ncbi.nlm.nih.gov/18274517/
https://arabjchem.org/therapeutic-benefits-of-carica-papaya-a-review-on-its-pharmacological-activities-and-characterization-of-papain/
https://arabjchem.org/therapeutic-benefits-of-carica-papaya-a-review-on-its-pharmacological-activities-and-characterization-of-papain/
https://arabjchem.org/therapeutic-benefits-of-carica-papaya-a-review-on-its-pharmacological-activities-and-characterization-of-papain/
https://arabjchem.org/therapeutic-benefits-of-carica-papaya-a-review-on-its-pharmacological-activities-and-characterization-of-papain/
https://onlinelibrary.wiley.com/doi/10.1002/9781119625407.ch6
https://onlinelibrary.wiley.com/doi/10.1002/9781119625407.ch6
https://uniquepubinternational.com/journals/index.php/jpmhs/article/view/149
https://uniquepubinternational.com/journals/index.php/jpmhs/article/view/149
https://uniquepubinternational.com/journals/index.php/jpmhs/article/view/149
https://www.tandfonline.com/doi/full/10.1080/87559129.2023.2255892
https://www.tandfonline.com/doi/full/10.1080/87559129.2023.2255892
https://www.tandfonline.com/doi/full/10.1080/87559129.2023.2255892
https://www.tandfonline.com/doi/full/10.1080/87559129.2023.2255892
https://www.mdpi.com/2076-3921/11/10/2081
https://www.mdpi.com/2076-3921/11/10/2081
https://www.mdpi.com/2076-3921/11/10/2081
https://www.mdpi.com/2076-3921/11/10/2081
https://www.mdpi.com/2076-3921/11/10/2081
https://www.researchgate.net/publication/353894499_Nutraceutical_value_of_Carica_papaya_A_review
https://www.researchgate.net/publication/353894499_Nutraceutical_value_of_Carica_papaya_A_review
https://journaljamps.com/index.php/JAMPS/article/view/551
https://journaljamps.com/index.php/JAMPS/article/view/551
https://journaljamps.com/index.php/JAMPS/article/view/551
https://journaljamps.com/index.php/JAMPS/article/view/551
https://journaljamps.com/index.php/JAMPS/article/view/551
https://www.ajol.info/index.php/sa/article/view/284190
https://www.ajol.info/index.php/sa/article/view/284190
https://www.ajol.info/index.php/sa/article/view/284190
https://www.mdpi.com/2079-7737/10/4/287
https://www.mdpi.com/2079-7737/10/4/287
https://www.mdpi.com/2079-7737/10/4/287
https://www.mdpi.com/2072-6643/15/8/1929
https://www.mdpi.com/2072-6643/15/8/1929
https://www.mdpi.com/2072-6643/15/8/1929
https://www.mdpi.com/2072-6643/15/8/1929

Volume 67- Issue 1

DOI: 10.26717/BJSTR.2026.67.010438

23.

24.

25.

26.

27.

Ogunlakin AD, Onifade TR, Ojo OA, Adesanya EO, Berena GA, et al. (2023)
Antidiabetic potential of Carica papaya L. and its constituents: From folk-
loric uses to products development. Bioactive Compounds in Health and
Disease 6(6): 126-144.

Olubode 00, Odeyemi OM, Aiyelaagbe 100 (2023) Papaya. In Tropical and
Subtropical Fruit Crops. Apple Academic Press 83.

Ugwu MELVIN Nnaemeka, HA Ogwoni, Edward Odey Emuru, Ogbonna
Chidera Gloria (2026) Antidiabetic, Antioxidant and Haematopoietic Po-
tentials of Aqueous, Methanol and Petroleum Ether Extracts of Unripe
Carica Papaya Seed on Streptozotocin-Induced Diabetic Rats. Research-
Gate 8(1): 1-13.

Jaweriya Fazal, Lubna Naz, Sumaira Sohail, Ghazala Yasmeen, Nazish Igbal
Khan, et al. (2022) Anti-diabetic activity of Carica Papaya Linn in Allox-
an-Induced diabetic rats. International Journal of Endorsing Health Sci-
ence Research 10(1).

Pokhrel S, Karki P (2021) Phytochemical Screening, Antioxidant and Anti-
diabetic Activities of Extracts of Leaves and Seeds of Carica papaya. Nepal
Journal of Science and Technology 20(1): 126-135.

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2026.67.010438

Naeem Hasan Khan . Biomed ] Sci & Tech Res

N0l

This work is licensed under Creative
Commons Attribution 4.0 License

Submission Link: https://biomedres.us/submit-manuscript.php

28.

29.

30.

31

32.

123(0)\%1210) (VNS

RESEARCHES °

ISSN: 2574-1241

Prabhakar P, Banerjee M (2025) Antidiabetic Activities of Carica papaya L.
In Secondary Metabolites and Drug Discovery John Wiley 439-457.

Saini T, Sharma S, Dash KK, Sandhu R, Dadwal V, et al. (2025) Role of
bioactive phytochemicals in plant seeds and leaves for diabetes control
and prevention: A comprehensive review. Phytochemistry Reviews 24(6):
5083-5108.

Sandhya Rani S, Vedavijaya T, Sree PK, Shanmugasundaram ], Deepalatha
C, etal. (2023) A Comprehensive Analysis of Phytochemical Composition,
Acute Toxicity Assessment, and Antioxidant Potential of Ethanolic Extract
of Carica Papaya Seeds. Cureus 15(11): e49686.

Sitompul F, Christy CAD, Sani Y, Simatupang A (2024) Histopathological
Picture of The Pancreas of Mice (Mus Musculus) Diabetes Induced by
Streptozotocin- Sukrosa by Giving Pepaya Seed Extract (Carica Papaya L.).
Journal of Social Research 3(3): 1-11.

Ugo CH, Ngwu EK, Eze PN, Afiaenyi IC, Agbo EC, et al. (2024) Nutrient
and Hypoglycemic Effect of Carica papaya Seed Flour on Alloxan-Induced
Diabetic Adult Male Wistar Rat. Current Developments in Nutrition 8(2):
102828.

Assets of Publishing with us

Global archiving of articles

¢ Immediate, unrestricted online access
¢ Rigorous Peer Review Process

¢ Authors Retain Copyrights

e Unique DOI for all articles

https://biomedres.us/

Copyright@ : Naeem Hasan Khan | Biomed ] Sci & Tech Res | BJSTR.MS.ID.010438.

59484


https://dx.doi.org/10.26717/BJSTR.2026.67.010438
https://dx.doi.org/10.26717/BJSTR.2026.67.010438
https://www.ffhdj.com/index.php/BioactiveCompounds/article/view/1108
https://www.ffhdj.com/index.php/BioactiveCompounds/article/view/1108
https://www.ffhdj.com/index.php/BioactiveCompounds/article/view/1108
https://www.ffhdj.com/index.php/BioactiveCompounds/article/view/1108
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003305033-9/papaya-olubode-odeyemi-aiyelaagbe
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003305033-9/papaya-olubode-odeyemi-aiyelaagbe
https://www.researchgate.net/publication/387798263_Antidiabetic_Antioxidant_and_Haematopoietic_Potentials_of_Aqueous_Methanol_and_Petroleum_Ether_Extracts_of_Unripe_Carica_Papaya_Seed_on_Streptozotocin-Induced_Diabetic_Rats
https://www.researchgate.net/publication/387798263_Antidiabetic_Antioxidant_and_Haematopoietic_Potentials_of_Aqueous_Methanol_and_Petroleum_Ether_Extracts_of_Unripe_Carica_Papaya_Seed_on_Streptozotocin-Induced_Diabetic_Rats
https://www.researchgate.net/publication/387798263_Antidiabetic_Antioxidant_and_Haematopoietic_Potentials_of_Aqueous_Methanol_and_Petroleum_Ether_Extracts_of_Unripe_Carica_Papaya_Seed_on_Streptozotocin-Induced_Diabetic_Rats
https://www.researchgate.net/publication/387798263_Antidiabetic_Antioxidant_and_Haematopoietic_Potentials_of_Aqueous_Methanol_and_Petroleum_Ether_Extracts_of_Unripe_Carica_Papaya_Seed_on_Streptozotocin-Induced_Diabetic_Rats
https://www.researchgate.net/publication/387798263_Antidiabetic_Antioxidant_and_Haematopoietic_Potentials_of_Aqueous_Methanol_and_Petroleum_Ether_Extracts_of_Unripe_Carica_Papaya_Seed_on_Streptozotocin-Induced_Diabetic_Rats
https://journals.aeirc-edu.com/index.php/ijehsr/article/view/392
https://journals.aeirc-edu.com/index.php/ijehsr/article/view/392
https://journals.aeirc-edu.com/index.php/ijehsr/article/view/392
https://journals.aeirc-edu.com/index.php/ijehsr/article/view/392
C://Users/admin/Downloads/126-135.pdf
C://Users/admin/Downloads/126-135.pdf
C://Users/admin/Downloads/126-135.pdf
https://onlinelibrary.wiley.com/doi/book/10.1002/9781394204595
https://onlinelibrary.wiley.com/doi/book/10.1002/9781394204595
https://link.springer.com/article/10.1007/s11101-025-10065-1
https://link.springer.com/article/10.1007/s11101-025-10065-1
https://link.springer.com/article/10.1007/s11101-025-10065-1
https://link.springer.com/article/10.1007/s11101-025-10065-1
https://ijsr.internationaljournallabs.com/index.php/ijsr/article/view/1962
https://ijsr.internationaljournallabs.com/index.php/ijsr/article/view/1962
https://ijsr.internationaljournallabs.com/index.php/ijsr/article/view/1962
https://ijsr.internationaljournallabs.com/index.php/ijsr/article/view/1962
https://cdn.nutrition.org/article/S2475-2991(24)00762-5/fulltext
https://cdn.nutrition.org/article/S2475-2991(24)00762-5/fulltext
https://cdn.nutrition.org/article/S2475-2991(24)00762-5/fulltext
https://cdn.nutrition.org/article/S2475-2991(24)00762-5/fulltext

