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Abstract

The present study investigates the antidiabetic
potential of a flavonoid-rich fraction isolated from
the methanolic extract of Nymphaea alba flowers.
Phytochemical screening confirmed the presence of
flavonoids, tannins, phenolics, saponins, and
terpenoids. Quantitative analysis revealed high
levels of phenolic (94.95 mg GAE/g) and flavonoid
(78.96 mg QE/g) content. Column chromatography
yielded several fractions, among which fraction F2
exhibited the highest flavonoid concentration
(13543 mg QE/g) and was selected for
pharmacological evaluation. Acute toxicity studies
demonstrated safety up to 2000 mgkg.
Streptozotocin-induced diabetic Wistar rats were
treated with F2 at doses of 200 and 400 mg/kg for
21 days. Results showed significant improvement in
body weight and a marked reduction in fasting
blood glucose levels compared to diabetic controls,
with effects comparable to glibenclamide. These
findings suggest that flavonoid-rich fraction F2 of
Nymphaea alba possesses potent antidiabetic
activity, likely mediated through enhanced glucose
utilization and modulation of metabolic pathways.
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I. Introduction

Diabetes mellitus is a chronic metabolic
disorder characterized by hyperglycemia resulting
from defects in insulin secretion, insulin action, or
both. It is one of the most prevalent
non-communicable diseases worldwide, with an
alarming rise in incidence due to sedentary lifestyle
and dietary habits. According to the International
Diabetes Federation, approximately 537 million
adults were living with diabetes in 2021, and this
number is projected to increase significantly in the
coming decades [1]. Persistent hyperglycemia leads

to long-term complications affecting the eyes,
kidneys, nerves, and cardiovascular system [2].

Current therapeutic strategies for diabetes
include insulin therapy and oral hypoglycemic
agents such as sulfonylureas, biguanides, and
thiazolidinediones. However, these drugs are often
associated with adverse effects including
hypoglycemia, weight gain, and gastrointestinal
disturbances [3]. Consequently, there is growing
interest in exploring plant-derived bioactive
compounds as safer alternatives or adjuncts to
conventional therapy.

Flavonoids, a  diverse group of
polyphenolic compounds widely distributed in
plants, have been reported to exert antidiabetic
effects through multiple mechanisms. These include
enhancement of insulin secretion, improvement of
glucose uptake in peripheral tissues, modulation of
carbohydrate-digesting enzymes, and antioxidant
activity that protects pancreatic [-cells from
oxidative stress [4,5]. Several studies have
demonstrated the potential of flavonoid-rich extracts
from medicinal plants in lowering blood glucose
levels and improving lipid profiles in experimental
models of diabetes [6].

Nymphaea alba (white water lily),
belonging to the family Nymphaeaceae, is
traditionally used in herbal medicine for its sedative,
anti-inflammatory, and antioxidant properties.
Preliminary phytochemical investigations have
revealed the presence of flavonoids, tannins,
saponins, and phenolic compounds in its flowers [7].
Given the established role of flavonoids in glycemic
control, the present study was undertaken to
evaluate the antidiabetic activity of the
flavonoid-rich fraction isolated from the methanolic
extract of Nymphaea alba flowers in
streptozotocin-induced diabetic rats.

1I. Material and Methods

Extraction
The dried flowers of Nymphae albawere
purchased from the online platform indianjadibooti
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and was authenticated by botanist at RB Science,
Bhopal. The leaves powdered using hand blender at
a slow speed and stored in air tight containers.

The powdered plant material (54 g) was
defatted with hexane at room temperature for 24 h.
The marc was dried and packed in the extractor of
the soxhlet apparatus and extracted with methanol
by hot continuous extraction process for
approximately 5 h. The extract was filtered and the
solvent was evaporated on water bath. The extract
obtained were collected and placed in desiccator to
get rid of the excess moisture content. The dried
extract was stored in desiccator for phytochemical
screening and pharmacological evaluation [8].

Phytochemical Screening of plant material

The  extract was  evaluated by
phytochemical qualitative reactions for identifying
the presence or absence of usual plant secondary
metabolites. The screening was performed for
triterpenes/steroids, alkaloids, glycosides,
flavonoids, saponins, tannins, and phenolic acids.
The color intensity or the precipitate formation was
used as analytical responses to these tests [9].

Quantitative estimation of total phenolics in the
extract

The total phenolic content in the flower
extract was determined quantitatively using Folin-
Ciocalteu reagent method, using gallic acid as the
reference standard. For total phenolic content
determination, 200 pL of sample was mixed with
1.4 mL purified water and 100 pL of Folin-
Ciocalteu reagent. After incubating at room
temperature for 15 min, 300 pL of 20% Na>COs
aqueous solution was added and the mixture was
allowed to incubate at room temperature for 2 h. The
absorbance of the solution was measured at 760 nm
with a UV-Vis spectrophotometer. Standard
solutions of gallic acid (10-100 ppm) were similarly
treated to plot the analytical curve. The control
solution contained 200 pL of methanol and suitable
reagents, and it was prepared and incubated under
the same conditions as the rest of the samples.
Results were expressed as milligrams of gallic acid
equivalent (GAE) per 100 g of the dry sample [10].

Quantitative estimation of total flavonoids in the
extract

Determination of total flavonoids content
was based on aluminium chloride method. 50 mg
quercetin was dissolved in 50 ml methanol, and
various aliquots of 25- 150ug/ml were prepared in
methanol. 0.1 g of dried extract was extracted with

10 ml methanol, filtered, and make up the volume
up to 100 ml. 1 mL of extract solution was mixed
with 1 mL of 5% sodium nitrite solution and set
aside for 5 min. To this, 1 ml of 2% AICl;s
methanolic solution was added and allowed to stand
for 60 min at room temperature; absorbance was
measured at 420 nm [11].

TLC of extract

The extract was dissolved in methanol and applied
on a precoated silica gel GF»s4 TLC plate. The plate
was developed using Toluene : Ethyl Acetate :
Formic Acid (5:4:0.2) as the solvent system. The
plate was visualized in TLC cabinet under UV light
at 254 and 365 nm wavelengths.

Chromatographic fractionation of the extract

The extract was fractionated by column
chromatography. Wet packing method was adopted
for packing the column. Slurry of activated silica gel
(neutral) was prepared in solvent system and was
poured into the column with the help of a hollow
glass cylinder. The column was previously filled
with solvent system. While pouring the slurry the
column was continuously tapped with a rubber cork
so that a compact column was formed devoid of any
air bubble. The solvent was eluted thereafter at a
steady rate till solvent head remained about 2-3 cm
above the column.

Preparation and application of sample

About 10 gm of extract was mixed with 50
gm of silica gel for column chromatography (60-120
mesh) &few quantity of an appropriate solvent was
mixed. This mixture was triturated in amortartill a
homogenous&dryfreeflowingmixturewas
obtained.The mixture as prepared above is fed very
slowly into the column with the help of ahollow
glass cylinder without disturbing the silica bed.
Thereafter appropriate solventsystemwas pouredinto
thecolumn forelucidation of components.

Collectionof elutingsample

The solvent mixture (Toluene:Ethyl acetate:Formic
Acid (5:4:0.2)) was used to separate the components
of the extract. The eluted solvent was collected from
the column with each fraction of about10 ml. Each
fraction was subjected to TLC on silica gel G. The
fractions with sameR; were pooled together &
concentrated [12].
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Total flavonoid content of fractions
The pooled fractions were subjected to
determination of flavonoid quantity using aluminum
chloride method reported previously.

Pharmacological Evaluation

Animals

Healthy male Wistar male rats weighing 180-250g
were used for the study. The animals were housed in
cages during the course of experimental period and
maintained at 12 day and night schedule with a
temperature [17-26°C] maintained at standard
experimental condition. The animals were fed with
standard rodent pellet feed and water ad libitum.
The animals were fasted 12 hours before the
experiment with free access to only water.

Acute Toxicity Study

A total of three animals were used which received a
single oral dose (2000mg/kg) of the flavonoid rich
fraction of Nymphae alba. Animals were observed
individually at least once during the first 30 min
after dosing, periodically during the first 24 h and
daily thereafter for a period of 14 days. Once daily
observations were made for changes in skin and fur,
eyes and mucous membrane (nasal) and also
respiratory rate, circulatory (heart rate and blood
pressure), autonomic (salivation, perspiration,
urinary incontinence, and defecation) and central
nervous  system  (drowsiness, tremors and
convulsion) changes. Mortality, if any, was also
observed over the period of 2 weeks [13].

Induction of diabetes

Animals were allowed to fast for 12h and were
administered freshly prepared streptozotocin (STZ)
at the concentration of 55 mg/kg bodyweight, i.p. in
0.1 mol/L cold citrate buffer, pH 4.5. The STZ-

treated animals were allowed to drink 5% glucose
solution overnight to overcome drug-induced
hypoglycemia. Rats which were having persistent
glycosuria and hyperglycaemia with a fasting blood
glucose >250 mg/dL on the third day after the STZ
injection were considered diabetic and which were
used for further experimentation [14].

Experimental Design

The animals were divided into 5 groups
each constituting 6 rats. Group I serving as normal
received water; Group II represented STZ (55 mg/kg
b.w., i.p) induced diabetic rats serving as diabetic
control group. Group III STZ (55 mg/kg b.w., i.p)
induced diabetic rats were treated with
Glibenclamide Smg/kg b.w/p.o; Group IV STZ (55
mg/kg b.w., i.p) induced diabetic rats were treated
with fraction 200mg/kg b.w/ p.o; and Group V STZ
(55 mg/kg b.w., ip) induced diabetic rats were
treated with fraction 400mg/kg b w/p.o for 21 days
[15].

Fasting blood glucose levels was measured
before the administration of extracts. The blood
glucose levels were checked on 0%, 7%, 14t and 21%
day of the treatment period. Blood was collected
from snipping of the rat tail. Blood glucose levels
were measured by using the glucose oxidase
peroxidase reactive strips and a glucometer.

I11. Results and Discussion

After defatting with petroleum ether, 22.75
%w/w extract was obtained in methanol. The extract
was brown in color with sticky texture. The
methanolic extract tested positive for the presence of
saponin, tannins, phenolics, terpenoids, and
flavonoids in various qualitative tests (Table 1).

Table 1. Phytochemical tests of extract

Chemical Tests

Observation to be tested

Pet. Ether

Methanolic extract
extract

Mayer s reagent

cream colour precipitate - -

Hager s reagent

yellow colour precipitate - -

Wagner s reagent

reddish brown precipitate - -

Dragendorff’s reagent

reddish brown precipitate - -

Legal Test

Pink or red color formation - -

Baljet Test

Orange or yellow color
formation
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Keller-Kiliani Reddish brol\;v;e;:olor in acid ) )
Ferric chloride Test Blue or green color - +
Lead acetate Test Yellow color - +
Shinoda test red color - +
Alkaline reagent test Yellow c;)i?;ig::;tt;;;ns red on - +
Biurets Test Voilet color - -
Ninhydrin Test Purple or bluish color - -
Liberman-Burchard Deep red color ) )

Test
Salkowski Test Yellow color in lower layer + +
Molisch s test Violet color ring + +
Lead acetate Test Yellow or red color - +
Foam Test Foaming of 1 cm - +

- stands for negative test, + stands for positive test

The total phenolic and flavonoid content of
methanolic extract of Nymphae alba was found to
be 9495 GAE mg/g and 7896 QE mg/g
respectively.

TLC and fractionation of extract

The extract was subjected to TLC for detecting
flavonoids and selecting solvent for fractionation
(Figure 1). The TLC solvent was used for
fractionation of components of the extract. A total of
5 fractions of 10 mL each were obtained. The Rf
value of each fraction was monitored by TLC and
fractions with same Rf were pooled (Table 2). The

fractions were tested for total flavonoids using
aluminium chloride method (Table 3).

-
B
Figure 1. TLC of methanolic extract (A) 365 nm

(B) 254 nm

Table 2. Fractions obtained from column chromatography of methanol extract of Nymphae alba

Fraction Collected

Rrvalue

Fractionl

Fraction2

0.74,0.41, 0.28

Fraction3

0.56, 0.44

Fraction4

0.44,0.35

Fraction5

0.44,0.21
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Table 3. Total flavonoid content in chromatographic fractions

Fraction Total Flavonoids (QE
mg/g)
F2 135.43
F3 107.39
Fa 82.88
F3 44.65

F2 with highest flavonoids was selected for
antidiabetic activity study.

Acute Toxicity Study

The acute toxicity test was performed by using F2 at
concentration of 2000 mg/kg to the test animal,
administered orally. No animal died and hence the
dose of upto 2000 mg/Kg was considered to be safe.
As none of the animals died, the LDsy was
considered to be more than 2000 mg/Kg and any

dose less than 2000 mg/Kg would be considered for
evaluation of anti-diabetic action.

Antidiabetic activity of F2

The antidiabetic action of the extract was evaluated
in terms of the effect of extract on body weight and
serum glucose level. Other parameters like

cholesterol and serum urea were also evaluated
(Table 4).

Table 4. Effect of F2 on body weight

Body weight (g)
Group Day 0 Day 7 Day 14 Day 21
I 204.2 + 4.167 201.7 +4.633 211.2 £3.371 216.7 +3.615
11 197.6 £ 3.371 168.3 +5.169 153.4+4.613 141.2 +4.633
111 206.3 + 4.546 190.5+3.619 196.7 + 4.457 203.5 +2.739
v 201.5+4.619 189.2 + 3.371 196.7 + 4.419 196.3 +3.615
\Y 195.8 £ 4.167 182.4 +3.633 185.8 £ 5.451 189.9 +3.167

Experimental induction of hyperglycemia with STZ
is associated with the characteristic loss of body
weight which is due to loss or degradation of
structural proteins it leads to increased muscle
wasting and due to loss of tissue protein, as the
structural proteins are known to contribute to body
weight.

It was found that STZ administration reduced the
body weight of animal significantly in comparison
with the normal control animals (Group I). On the
other hand, administration of glibenclamide or F2
was able to increase the body weight in comparison
to Group II (Table 5).

Table S. Effect of F2 on blood glucose levels

Blood Glucose (mg/dl)
Group Day 0 Day 7 Day 14 Day 21
I 93.65+3.030 97.36£3.636 99.87+1.650 95.24+2.066
11 100.34+3.365 238.24+1.822 281.5+2.010 285.7+1.495
111 103.15+4.875 171.36+1.529 149.4+1.541 125.6+1.757
v 102.634+2.257 223.56+1.487 205.38+2.088 172.34+1.533
\Y 97.18+3.010 186.78+1.445 167.44+1.341 136.28+1.468
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Figure 2. Comparison of blood glucose of test animal in various groups

The result revealed that the serum glucose
levels were highly elevated by the administration of
STZ in all the groups by day 7. In the treatment
groups III to V, the glucose levels dropped in
comparison to group II and by the day 21, the levels
reached almost the level of control group in group
IIT and V. This indicates that F2 exhibits significant
glucose lowering potential (Figure 2).

Reduced glucose transport or absorption
from the gut, extra pancreatic action probably by
stimulation of glucose utilization in peripheral
tissues, increase in glycogenic or glycolytic enzyme
activities in peripheral tissues, decrease in the
secretion of counter-regulatory hormones like
glucagon, growth hormones might be one of the
possible mechanisms involved with lowering the
blood glucose levels.

IV.  Conclusion

The study demonstrates that  the
flavonoid-rich fraction (F2) of Nymphaea alba
flowers exhibits significant antidiabetic activity in
streptozotocin-induced diabetic rats. The fraction
not only reduced hyperglycemia but also improved
body weight, indicating its protective role against
diabetes-associated metabolic disturbances. The
safety profile established through acute toxicity
testing further supports its potential as a therapeutic
candidate. The observed glucose-lowering effect
may be attributed to multiple mechanisms, including
enhanced peripheral glucose utilization, modulation
of glycogenic and glycolytic enzymes, and reduction
of counter-regulatory hormones. Overall, the
findings validate the traditional use of Nymphaea
alba and highlight its promise as a natural source of
flavonoids for the development of safer antidiabetic
agents.
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