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Abstract

The methanolic extract of Iphiona aucherileaves and its n-hexane, chloroform
and aqueous fractions were screened for phytochemicals, cytotoxic effects,
total phenolic contents, antioxidant and anti-diabetic properties. The
methanolic extract was assessed for its in vivo anti-diabetic effects. The results
indicated the presence of alkaloid, protein and amino acids, carbohydrates,
glycosides, flavonoids, and saponins along with the highest brine shrimp
lethality (90.7 £ 1.8%), a-amylase inhibition (60.2%) and free radical scaven-
ging properties. The diabetic control indicated a significant (p<0.05) decrease
in weight and high-density lipoprotein and elevated level of blood glucose,
bilirubin, creatinine, urea, triglyceride, low density lipoprotein, very low-
density lipoprotein, transaminases, and alkaline phosphatase. All these
changes were restored significantly (p<0.05) by treatment of diabetic rats with
methanolic extract of I. aucheri. The results show the potential of I. aucheri as a
source of therapeutic compounds against diabetic, hyperlipidemia and free
radical associated disorders.

Introduction

are continuously exploring natural products especially
phytochemicals.

The common problems in diabetes mellitus include the
occurrence of hypercholesterolemia, hypertriglyceri-
demia and low serum high-density lipoprotein
cholesterol (HDL-C) in diabetics as compared to normal
individuals (Schofield et al., 2016, Vijayaraghavan,
2010). Microvascular impediments resulting from
chronic hyperglycemia affects nerves, kidneys, eyes,
and increasing the risk for cardiovascular diseases
(Skyler et al., 2017).

Diabetes mellitus and its complications are treated with
synthetic anti-diabetic drugs such as glibornuride,
glipizide, biguanides, pioglitazone, bromocriptine
glitazones, rosiglitazone, pioglitazone, saroglitazar,
bezafibrate and metformin (Holt et al., 2010, Jani et al.,
2013, Kharbanda et al., 2014, Mehanna, 2013, Piero et
al., 2009, Proks et al., 2005, Tschope et al., 2013, Varas-
Lorenzo et al., 2014, Yousef et al., 2017) but they have
side effects. To overcome this problem, the researchers

Anti-diabetic activities of several plants like Eclipta alba
(Ananthi et al., 2003), Artemisia vulgaris (Daradka et al.,
2014), Glossocardia bosvallea (Chethan et al., 2014),
Wedelia  chinesis (Senthilkumar et al., 2008), Wedelia
trilobata (Gallé et al., 2014) Crassocephalum crepidioides
(Bahar et al., 2017) and Brachylaena elliptica (Sagbo et al.,
2018) have been documented. Hence, plant-derived
bioactive compounds are accessible, less expensive,
effective, safe, and is an important source for the
treatment of diabetics.

Iphiona aucheri belongs to the family Asteraceae. The
non-toxic pyrrolizidine alkaloid have been isolated
from the aerial parts of I aucheri (Stewart and
Steenkamp, 2000). Antibacterial and antifungal
activities of I. aucheri have been reported (Kakar et al.,
2012, Shah et al., 2019). It has also showed hepato-
protective activity (Ahmed et al., 2019).

This work is licensed under a Creative Commons Attribution 4.0 License. You are free to copy, distribute and perform the work. You must attribute
BV the work in the manner specified by the author or licensor.
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The intention of the current project was to find out the
phytochemicals constituents, total phenolic contents,
cytotoxicity, antioxidant and anti-diabetic activities of
methanolic extract and its n-hexane, chloroform and
aqueous fraction of I. aucheri leaves.

Materials and Methods
Plant material

The leaves of I. aucheri were collected in March 2017
from the District, Bannu, Pakistan. Its taxonomic
recognition was carried out by Prof. Abdur Rehman,
Govt. Post Graduate College Bannu, Khyber
Pakhtunkhwa, Pakistan. A specimen voucher (AR-123)
was submitted in the herbarium of University of
Science and Technology Bannu, Khyber Pakhtunkhwa,
Pakistan.

Preparation of crude extract

Fresh leaves of I aucheri were shade dried and
pulverized into a fine powder with the help of pestle
and mortar. The powdered leaves (500 g) were put into
70% methanol (1.5 L) and kept at room temperature for
72 hours with frequent agitation and then filtered using
Whatman No. 3 filter paper. The filtrate was dried
under rotary vacuum evaporator (Strike202, Italy) at
40°C to obtained concentrated dry extract. The resulting
gummy methanolic extract (29.6 g) was put into a
falcon tube and stored for use.

Preparation of fractions

The stored gummy methanolic extract was subjected to
fractionation. 20 g of the methanolic crude extract of I.
aucheri was sequentially extracted each with 300 mL n-
hexane, chloroform and water using separating funnel
to avoid any sort of damages to the filtrate. Filtrate of
organic solvents was dried under rotary vacuum
evaporator at 40°C while aqueous fraction was obtained
using lyophilizer. The resulting extracts of n-hexane (2.7
g), chloroform (5.2 g) and water (8.9 g) were stored for
further designed assays.

Phytochemicals screening

The phytochemicals screening of the methanolic extract
of leaves and its various fractions was conducted using
standard methods to identify the presence of protein,
amino acids, glycosides, saponins, flavonoids and
carbohydrates (Trease and Evans, 1989; Rice-Evans et
al., 1996).

Cytotoxic assay

The cytotoxic activity of methanolic extract and its
various fractions of I. aucheri were carried out by brine
shrimp lethality bioassay (Meyer et al., 1982). The
artificial seawater (4%) was prepared and placed in a
small tank comprising of two cabins with pores in the

central wall. A small amount of brine shrimp eggs (1
mg) was placed in one cabin, covered with aluminum
foil to produce darkness inside it and the other
illuminated with energy saver light for 24 hours. The
working solutions having different concentrations of
test samples in methanol i.e. 100, 250, 500, 1000 pg/mL
was prepared and were put in test tubes arranged in
duplicate such that the control was without test sample.
The tubes were placed at room temperature for
complete evaporation of methanol, added 10 brine
shrimps to each test tube and were placed at room
temperature for 24 hours. Then the shrimps were
counted in each test tube, calculated %lethality by using
Abbot’s formula and compared the results (lethality) of
control with experimental.

% Death = (Sample-control/control) x 100
Total phenolic content

The total phenolic content contained in the plant extract
and its various fractions were measured by using Folin-
Ciocalteu reagents (Singleton and Rossi, 1965). 2.5 mL
Folin-Ciocalteu reagents (10x diluted in distilled water)
was mixed with 250 pL sample solution (1-5 mg/mL)
and incubated for 5 min at room temperature. 2.5 mL
saturated solution of sodium carbonate (60 mg/mL)
was added to the reaction mixture and incubated again
for 2 hours at room temperature. Gallic acid solution (1-
5 mg/mL) was used as a standard. The absorbance was
measured at 725 nm spectrophotometrically (UV-1602,
Biotechnology Medical Services). The results were
expressed as gallic acid equivalent.

ABTS radical cation assay

The 2, 20-azinobis (3-ethyl-benzothiazoline)-6-sulfonic
acid disodium salt (ABTS*) free radical scavenging
assay was carried out by following Roberta and
Pellegrini protocol (Re et al., 1999). 7 mM ABTS solution
was mixed with potassium persulfate (2.5 mM) solution
and incubated in dark for eight hours due to its
sensitivity to light. Followed by the incubation, the
stock solution was diluted with the relevant solvent
(50%) to adjust the absorbance of about 0.900 (+ 0.02) at
745 nm at 30°C. 3 mL of the diluted ABTS solution was
mixed with 300 pL (62.5-2,000 pg/mL in a respective
solvent) of extract and measured the absorbance
spectrophotometrically. The percentage scavenging
effects of the samples were calculated by using the
formula:

Scavenging effect (%) = (Control absorbance (ABTS)-
Sample absorbance)/(Control absorbance) x 100

Hydrogen peroxide scavenging (H,0;) assay

The plant possesses natural hydrogen peroxide
scavenger that can be estimated according to Wetta-
singhe and Shahidi (Amarowicz et al., 2000) hydrogen
peroxide scavenging assay. A sample (125-2,000 pg/
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Box 1: DPPH method

Principle

The DPPH (1,1-diphenyl-2-picrylhydrazyl)
scavenging assay was done

free radical

Requirements

Ascorbic acid; DPPH (1, 1-diphenyl-2-picrylhydrazyl); Extract
Procedure

Step 1: DPPH (3 mg) was dissolved in 100 mL relevant solvent

Step 2: Incubate at 25°C for about 30 min in the dark because
of its sensitivity to light

Step 3: Check its absorbance on the spectrophotometer at 517
nm.

Step 4: 200 uL from each sample solution i.e. 62.5, 125, 250, 500,

1000, 1500 and 2000 pg/mL were taken and mixed it with 1800
uL of DPPH solution.

Step 5: The same process was repeated with the ascorbic acid
solution.

Calculation

By using the following equation the potential of the samples to
scavenge the DPPH free radicals was calculated;

%DPPH free radicals scavenging effect = (A1-Az/ A1) x 100

Where, A= the absorbance of DPPH (control) and A= the absorbance
in the presence of samples

Reference
Gyamfi et al., 1999
Reference (video)

Shylaja et al., 2018

mL; 300 pL) was added with 1.4 mL of 100 mM
phosphate buffer (pH 7.4), followed by mixing of 300
pL of 43 mM hydrogen peroxide solution in the said
buffer. The reaction mixture was incubated at room
temperature for 40 min and measured its absorbance
values at 230 nm. The percentage of scavenging
properties of plant extract was calculated as:

Scavenging effect (%) = [(Control absorbance (H>O»)-
Sample absorbance)/ (Control absorbance)] x 100

All tests were done in triplicate and the results were
presented as means + SD.

Alpha-amylase inhibition

The Worthington enzyme manual (Kwon et al., 2007)
was opted to determine the a-amylase inhibitory
properties of the plant extract. Plant extract (300 uL)
was mixed with 500 pL of 1% starch solution in sodium
phosphate buffer (20 mM, pH 6.9 with 6 mM NaCl)
followed by the addition of 500 upL of sodium
phosphate buffer (20 mM, pH 6.9 with 6 mM NaCl)
containing 0.5 mg/mL of a-amylase and pre-incubated
the reaction mixture for 10 min at 25°C.

Dinitrosalicylic (DNS, 1.0 mL) acid, a color reagent was
used to stop the reaction and incubated the test tubes in
boiling water for 5 min and then cooled to room
temperature. Distilled water (3 mL) was added to each
test tube to dilute the reaction mixture. The absorbance
of blank containing buffer instead of plant extract and
experimental was measured at 540 nm spectrophoto-
metrically. The percentage of a-amylase inhibition is
calculated by the following formula:

Amylase inhibition (%) = [(Control absorbance (blank)-
sample absorbance)/ (Control absorbance)] x 100

In vivo study on experimental animals

Male Wister albino rats (200-250 g) were purchased
from the animal house, National Institute of Health

Sciences, Islamabad, and were used during this study.
Fresh tap water and pellet diet procured from the
market in Bannu were provided to the experimental
animals. The animals were kept in cages under
standard husbandry environment (12 hours light/dark
cycle; 25 £ 0.5°C). The animals were acclimatized to the
local laboratory situations for 1 week before launch the
experiment. The animals described were deprived of
food and water for 16 hours before experiments.

Toxicity study

Healthy male rats were arranged in one normal and
two experimental groups each with 6 rates, deprived
them all of food overnight and gave free access to water
the day before the experiment. The possible toxicity of I.
aucheri leaves extract was determined by oral adminis-
tration (1 mL) of its different doses (1 and 2 g/kg) to
experimental groups once. Behavioral modification as
well as mortality of the experimental animals were
monitored for 24 hours (Chinedu et al., 2013). The signs
of acute toxicity and mortality in extract-fed rats during
observation period were not found which indicate that
LDso of I. aucheri leaves extract is >2,000 mg/kg. On the
basis of acute toxicity test result, 150 and 300 mg/kg
doses of 1. aucheri extract were chosen for the
determination of its anti-diabetic activities.

Induction of diabetic in experimental rats

The mentioned animals were deprived of water and
food for 16 hours fasting. Thereafter, the Wistar albino
rats (260-290 g body weight) were injected with single
intra-peritoneal dose of freshly prepared alloxan (120
mg/kg) in normal saline in a volume of 1 mL/kg in
order to induce experimental diabetes in the rats
(Negres et al., 2013; Etuk, 2010; Kulkarni, 2005; Mule et
al., 2016). The fasting blood glucose levels of rats were
examined after 72 hours (Borgohain et al.,, 2002) and
animals with fasting blood glucose level of 2200 mg/dL
were considered diabetic (normal range of blood
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glucose in rat is 80-120 mg/dL) (Kulkarni, 2005;
Borgohain et al.,, 2002; Annida and Prince, 2005) and
chosen for further experimentation.

Experimental protocol

In the present experiment 25 albino Wistar rats were
divided into five groups of five rats each. Group 1:
Normal rats (control); Group 2: Untreated diabetic rats
(negative control); Group 3: Diabetic rats treated with
glibenclamide at 10 mg/kg body weight; Group 4:
Diabetic rats treated with methanolic extract of L. aucheri
leaves at 150 mg/kg body weight; Group 5: Diabetic
rats treated with methanolic extract at 300 mg/kg body
weight. Gastric intubation of 16 gauge was used to
nourish the rats orally with plant extract and gliben-
clamide, every morning for 15 days as the people tradi-
tionally use ethnomedicines orally for the treatment of
various ailments (Suleman and Alemu, 2012).

Measurement of blood glucose level and weight

The fasting blood glucose levels were estimated prior to
the start of treatment (t=0) and on day 7, 14 and 21 of
treatment by using I. aucheri leaves glucometer
(Medisign, England). Blood samples from rats were
acquired by puncturing the tail vein aseptically.

Collection of serum samples

After the day 21 of oral administration, the animals
were fasted overnight and on the day 22 the animals
were anesthetized with chloroform and then sacrificed.
Collected the animal’s blood by cardiac puncture and
put into plain sample bottles. For recovery and analysis
of serum, the blood was allowed to clot for 2 hours and
centrifuged at 3,000 rpm for 10 min. The supernatant
(serum) was collected and poured into test tubes for
further analyses.

Determination of serum lipid profile

The concentration of total cholesterol, HDL and trigly-
cerides in blood serum was evaluated on a chemistry
analyzer (Selectra, Netherlands) using commercially
available kits (Gesan productions, Italy) and following
the instructions and methods of the manufacturer. The

Friedwald equation was wused to find out the
concentration of very low density lipoproteins (VLDL)
and the concentration of low density lipoproteins
(LDL).

Determination of some indicators of liver and kidney
function

Alanine and aspartate aminotransferase activities (ALT
and AST), total bilirubin and creatinine were deter-
mined wusing the chemistry analyzer (Selectra,
Netherlands) using commercially available kits (Gesan
productions, Italy) and following the instructions and
methods of the manufacturer.

Statistical analysis

It was conducted by using GraphPad Prism software.
All the experiments were performed in triplicate and
recorded the results as mean + SD (standard deviation).
Experimental results were further analyzed
for Pearson correlation coefficient between total
phenolic contents and different antioxidant and anti-
diabetic assays. One way ANOVA and Dunnett’s-test
were used in vivo analysis. The p<0.05 was considered
to be statistically significant.

Results
Phytochemical screening

Protein and amino acids, carbohydrates, glycosides,
flavonoids and saponins were present in the methanolic
extract whereas they were absent in the n-hexane
fraction except flavonoids. Protein and amino acids,
carbohydrates and glycosides were found in both
aqueous and chloroform fractions (Table I).

Cytotoxic assay

The crude methanolic extract, chloroform, aqueous and
n-hexane fraction indicated brine shrimp lethality up to
90.7 £ 1.8, 603 + 14, 80.2 £ 1.2 and 403 + 1.7%
respectively at the concentration of 1,000 pg/mL during
brine shrimp lethality bioassay.

Table I

Phytochemical screening of I. aucheri leaves methanolic extract and its different fractions

Crude methanolic extract and its fractions

Phytochemical Tests Aqueous Methanol Chloroform n-Hexane
Saponins Alkaline reagent test - + - -
Alkaloid Wagner’s reagent + + + _
Flavonoids Ferric chlorides test + + = +
Glycosides Fehling + + + -
Carbohydrates Millon’s test + + + -
Protein and amino acids Biuret test + + +
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Figure 1: DPPH (A), ABTS (B) and H>O: (C) free radical scav-
enging capability of L aucherileaves methanolic extract and its
fractions

Total phenolic contents

The highest amount of phenolic contents was found in
chloroform fraction (32.6 + 2.0 mg GAE/g) while the
lowest was observed in hexane fraction (5.0 + 1.2 mg
GAE/g).

Antioxidant assays

Antioxidant activities are measured indirectly. The anti-
oxidant activities are based on the ability of compounds
to interrupt free radicals by scavenging or trapping
methods.

DPPH (1, 1-diphenyl -2- picrylhydrazyl) method

The crude methanolic extract exhibited maximum anti-
oxidant activity (76.7%) followed by an aqueous frac-
tion (51.4%) while chloroform fraction showed mini-
mum activity (31.2%) at the concentrations of 2 mg/mL.
At the same concentration ascorbic acid indicated 86%
antioxidant activity. Figure 1A illustrates the anti-
oxidant activities of applied standard and extracted
samples.

The antioxidant activity of the I. aucheri methanolic
extract and its various fractions were concentration
dependent.

ABTS radical cation assay

In the current study, the maximum antioxidant activity
was expressed by methanolic extract (97.3%) followed
by an aqueous fraction (92.8%) and chloroform fraction
(46.1%) (Figure 1B). The correlation between phenolic
contents and antioxidant was well-known, however in
the current study this correlation was different, the
chloroform fraction containing higher phenolic contents
(19.8 mg GAE/g) indicated lower antioxidant activity
(46.1%), the methanolic extract had moderate phenolic
contents (12.7 mg GAE/g), had the highest antioxidant
activity (97.3%).

Hydrogen peroxide (H,O:) scavenging capacity

The applied extracts showed scavenging of hydrogen
peroxide in a concentration-dependent manner (Figure
1C). The methanol extract (2,000 pg/mL) and its
aqueous and chloroform fractions expressed 50.8, 49.0
and 4.7% free radical scavenging characteris-
tics respectively whereas ascorbic acid revealed 71.0%
at the same concentration.

Anti-diabetic: a-Amylase inhibition assay

Results of in vitro anti-diabetic activity of crude
methanolic extract of I. aucheri and its different fractions
by using alpha-amylase enzyme inhibition assay are
presented in Figure 2A. The mentioned activities of
glucophage (commercially available medicine used as a
standard), methanolic extract and its aqueous fraction
were found 49.3, 60.2 and 14.2% respectively.

Correlation among total phenolic contents, anti-
oxidant and anti-diabetic activities

The correlation among total phenolic contents and
percentage of antioxidant and anti-diabetic activities of
the crude methanolic extract and its different fractions
were represented by the Pearson correlation coeffi-
cient and found that it was non-significant in all cases.
DPPH, ABTS and H>O methods expressed that the
chloroform fraction with the higher phenolic content
(32.6 mg GAE/g) indicated lower antioxidant and anti-
diabetic properties.
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Figure 2: Anti-diabetic activity of I. aucheri leaves methanolic extract and its fractions as represented by %amylase inhibition (A).
Chloroform extract had no effect; Effect of I. aucheri extract on blood glucose levels of diabetic rat (B). Data is represented as mean
+ SD; aSignificance at p<0.05 (Dunnett’s test); Normal was compared with the diabetic control, diabetic control were compared

with the standard and extract-treated groups

Acute toxicity test

A single oral dose of I. aucheri methanolic extract (2 g/
kg) did not reveal any symptom of acute toxicity or
mortality in rats within 24 hours. The acute toxicity
assessment expressed that the extract of I. aucheri was
safe up to 2 g/kg and the approximate LDsp value is
more than 2 g/kg.

Effect of extract on blood glucose levels

The treatment of diabetic rats with the extract of I
aucheri (150 and 300 mg/kg) indicated considerable
(p<0.01) decrease in their blood glucose level (Figure
2B), hence expressing hypoglycemic nature of the
applied extract. The diabetic control group showed a
significant increase in the glucose level of blood during
the study period with respect to normal control group.

Effect of extract on liver function tests

In experimental animals, the alloxan effects pancreas as
well as it induces injuries in other organs like kidney
and liver. To evaluate the hepatic injuries, the level of
biochemical makers, serum transaminoferases, alkaline
phosphatase and total bilirubin level, which were
exceptionally susceptible to oxidative stress and toxic
chemicals were used. The protective effects of
methanolic extract of I aucheri and glibenclamide
against the alterations in the level of liver serum
markers are indicated in Table II. The treatment of rats
with alloxan considerably elevated the activity of liver
serum marker enzymes which were lessened
appreciably (p<0.05) near to control group by oral
administration of extract of I. aucheri in a dose-
dependent manner. Likewise 10 mg/kg, of
glibenclamide treatment considerably (p<0.05) reversed
the effects caused by alloxan intoxication.

Effect of extract on serum lipid levels

Increased level of lipid parameters like triglyceride,
total cholesterol, LDL-cholesterol and VLDL-cholesterol
were found in the serum of diabetic rats while HDL-
cholesterol level has decreased (Table II). The
parameters were considerably restored in dose-
dependent manner in experimental rats treated with
extract (150 and 300 mg/kg) of I. aucheri.

Effect extract on serum urea and creatinine levels

The defensive effect of I. aucheri extract at the concen-
tration of 150 and 300 mg/kg had significantly (p<0.05)
recovered the raised serum level of kidney profile;
serum creatinine and urea (Table III).

Discussion

The antioxidant and anti-diabetic activities of of L.
aucheri leaf methanolic extract and its various fractions
were found during in vivo and in vitro studies.

In the present study, the highest amount of total
phenolic contents was found in chloroform fraction
while the lowest was observed in hexane fraction.
Another study of Mimosa pudica ethyl acetate fraction
exhibited higher phenolic contents than chloroform
fraction (Patro et al., 2016). The methanolic extract
contains maximum quantity of total phenolic contents
(Mahfuz et al., 2019). An indirect correlation between
total phenolic content and antioxidant activity was
found in this study. Several authors have found direct
correlation between total content and antioxidant
activity (Patro et al., 2016, Mahfuz et al., 2019) while
others found inverse correlation (Ismail et al., 2004).
The anti-diabetic activities of glucophage, methanolic
extract and its aqueous fraction were found. The
hexane fraction didn’t show the mentioned activity
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Table II
Effect of I. aucheri methanolic extract on serum enzymes, total bilirubin and lipid profile levels
Tests Normal control ~ Diabetic control Diabetic rat
Glibenclamide Extract Extract
(10 mg) (150 mg) (300 mg)
Alanine transaminase (umol/L) 145+1.9 236 +3.4 158 +£2.9v 154 + 25.6> 143 +5.9»
Aspartate transaminase (umol/L) 65+£32 107 £4.6 96.4 +2.4b 91.6 £3.4> 74 £3.9a
Alkaline phosphatase (umol/L) 217+£2.8 416 £3.7 298 £5.7b 256 £8.7° 235 £ 5.4b
Total bilirubin (umol/L) 11+03 196 £ 0.4 1.2+0.9° 1.3+£0.2a 1.1+£0.1°
Triglycerides (mg/dL) 9% +19 175+11 112 £4.2b 122 +7.8> 114 +£7.2b
Cholesterol (mg/dL) 88+19 97 +32 93+29 95+4.5 91+22a
LDL (mg/dL) 27+21 49+19 32+ 2.6b 30+ 4.4b 27 +4.4b
VLDL (mg/dL) 19+0.38 35+23 22 +0.84b 24 +1.6° 23 +1.4b
HDL (mg/dL) 45+58 28+1.7 36 +2.4a 41+5.70 45+ 5.6b
Data are represented as mean + SD; Significance at 2p<0.01 and bp<0.001 (Dunnett’'s-test), Normal was compared with the diabetic control, dia-
betic control were compared with the standard and extract treated groups

Table III
Effect of I. aucheri leaves methanolic extract on se-
rum level of serum creatinine and urea
Creatinine Urea
(mg/dL) (mg/dL)

Normal control 06+0.1 36.6+1.6
Diabetic control 1.6+0.2 53+42
Glibenclamide (10 mg) 1.0+0.2 424 £24a
Extract (150 mg) 0.9+0.3a 40.2+3.72
Extract (300 mg) 0.7+0.1a 37.4+28
Data is represented as Mean * SD, aIndicate significance at p<0.05
(Dunnett’s-test), compared the normal with the diabetic control and
in turn diabetic control was compared with the standard and extract
treated groups

while in other studies hexane, ethyl acetate fractions
and aqueous extract were found most active (Goel et al.,
2012; Gurjar et al., 2016).

Identification of the mentioned phytochemicals
provided the base for further study of plant extract. The
results of the cytotoxic potential of I. aucheri methanolic
extract and its various fractions were congruent with
the cytotoxic activates Chrysophthalmum montanum
(Aktiviteleri, 2017), Arcangelisia  flava, Coscinium
blumeanum and Fibraurea tinctoria (Keawpradub et al.,
2005). It suggests that the applied extracts are possible
potential sources of anticancer
compounds. The phenolic compounds in the applied
extract undergo a complex oxidation-reduction reaction
with phosphotungstic and phosphomolybdic acids
available in the Folin-Ciocalteu reagent. However
this assay is not only specific for phenols but can be
employed to any substance that could be oxidized by
the said reagent and a number of researchers have
mentioned the poor specificity of the assay (Singleton et
al., 1999; Escarpa and Gonzalez, 2001). Moreover, the

number of phenolic groups in phenolic compounds
triggers variation in its response to the Folin-Ciocalteu
reagent (Keawpradub et al, 2005). These results
resemble with Eclipta alba, Elephantopus scaber and
Pluchea indica that exhibited high total phenolic contents
but lower antioxidant activities were observed (Indradi
etal., 2017).

In the current study, we employed three different
methods (DPPH, ABTS and H>O, methods) to estimate
antioxidant activities of plant methanolic extract and its
aqueous, chloroform and hexane fractions because it is
recommended to implement more than one method to
achieve more confirmed results (Kazazic et al., 2016,
Zengin et al, 2011). The observed differences in
scavenging properties of applied extracts and its
fractions against different systems may reveal that
diverse antioxidant reactions mechanisms are adopted
in the different assays. The higher free radical
scavenging property of Iphiona aucheri leaves
methanolic extract to scavenge more free radicals
(ABTS*) might be due to higher molecular weight
phenolics (tannins) and their usefulness depends on the
number of aromatic rings, molecular weight and nature
of hydroxyl group’s substitution than the specific
functional groups. Similar observations were reported
in previous studies (Keawpradub et al, 2005,
Hagerman et al., 1998). Different antioxidant activities
are contributed by diverse antioxidant components,
such as P-carotene, tocopherol, selenium, vitamin C or
phenolic compounds (Ismail et al., 2004). Metabolic
disorder of carbohydrate may lead to serious health
problems including obesity and diabetic where
deterioration in function or secretion of insulin causes
reduction in the breakdown of disaccharides and
polysaccharides and the ultimate onset of diabetes
mellitus (Funke and Melzig, 2006).
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In inhibition of alpha-amylase, carbohydrate digestive
enzyme increases the time of carbohydrate digestion
and decreases the glucose uptake by intestines (Cheng
and Fantus, 2005). Thus, in vitro alpha-amylase
inhibition assay was used to search out anti-diabetic
properties of plant extract. The higher anti-diabetic
properties of methanolic extract than glucophage
provided a signal that the said extract is a potent source
of phytochemicals having significant anti-diabetic
characteristics. Congruent, in vitro results were shown
by the extract of P. guajava leaves (Manikandan et al.,
2016) and Taraxacum officinale leaves (Mir et al., 2015).
Moreover, plants possess alpha-amylase inhibitors and
are using for their protection from insects. The said
inhibitors change the digestive action of alpha-amylases
and proteinases in the gut of insects and reduce their
usual feeding behavior (He, 1998). Owing to highest
alpha amylase inhibition/anti-diabetic activities
expressed by methanolic extract, it was subjected to in
vivo studies and achieved good results. It has reported
that phytochemical compounds have been effective
antihyperglycemic, hypolipidemic, and antioxidant
activity (Saxena and Vikram, 2004) The
phytoconstituents can also restore enzymatic functions
by healing pancreatic islets and repairing the kidneys
and liver.

The methanolic extract of I. aucheri considerably restor-
ed the changes induced by alloxan in diabetic rats. Shie-
kuma and coworker, reported that the Sorghum-tigernut
Ibyer extract due to its restorative effects on altered
glucose level, enzyme and tissue damages, prevent the
loss of weight in diabetic rats (Shiekuma et al., 2019).
Similar results were obtained in previous anti-diabetic
studies of sorghum bicolor grains (Olawole et al., 2018).
As a rule, an increase in aminotransferases is a common
sign of liver disease and is more common in patients
with diabetes than in the general population. In
addition, a number of diabetic complications, such as
retinopathy, neuropathy, and limited joint mobility, are
associated with liver enzyme activity, despite body
mass index, alcohol consumption, and metabolic
control of diabetes (Arkkila et al., 2001). A significant
increase in the activity of certain enzymes, such as N-
acetyl-beta-glucosaminidase, beta-glucuronidase, leu-
cine aminopeptidase, and lysosomal acid phosphatase
and cathepsin D, was noted after the introduction of
alloxan in earlier studies (Witek et al., 2001).

In animals with diabetes, attenuation in serum enzymes
is directly related to the metabolic changes in which
these enzymes are involved. In the absence of insulin,
the higher transaminase activity is due to the greater
availability of amino acids in diabetes and is
responsible for the enhanced ketogenesis and
gluconeogenesis observed in diabetes. Therefore, a
marked improvement in the level of these enzymes was
the result of improved metabolism of carbohydrates,

fats and proteins. Recovery of bilirubin and ALT levels
after treatment also indicated restoration of insulin
secretion. Previous studies have also reported
restorative characteristics of plant extracts of ALT, ALP,
total bilirubin and AST in rats with alloxan diabetes
(Khan et al, 2017, Rajaram, 2013). Diabetic
hyperglycemia caused an increase in serum urea and
creatinine, which were considered important markers
of renal dysfunction (Saeed et al., 2008, Doi et al., 1991)
and reflected a decrease in glumerular filtration rate.
Congruent results were observed in an antidiabetic
study of three varieties (Chal sorghum, Heuin sorghum
and Hwanggeumchal sorghum) from Korean sorghum
(Sorghum bicolor) (Chung et al., 2011).

The occurrence of hypercholesterolemia with alloxan
diabetes in rats has been reported and, therefore, of
apparent hyperlipidemia which describes the state of
diabetes can be considered as a result of inhibition of
lipolytic hormones and, as a result, a decrease in the
catalysis of fat deposits (Fernandes et al., 2007). The
lipid-lowering effect may be associated with inhibition
of fatty acid synthesis. As a rule, insulin activates
lipoprotein lipase during metabolism which hydrolyzes
triglycerides, while in a diabetic state insulin deficiency
leads to inactivation of these enzymes and, therefore,
causes hypertriglyceridemia (Khan, 2017). A significant
decrease in serum lipid levels in diabetic rats after
treatment with methanolic extract can be directly
associated with an improvement in insulin levels.
Similar results were obtained in an antidiabetic study of
the aerial parts of tricornutum extracts (Khan et al,,
2017). This finding suggests that the different chemical
present in a plant did not separate according to the
polarity of solvents applied in this study but may be
accumulated and distributed non-directionally in terms
of yield (Batool et al, 2019). The changes in
characteristics of extract might be ascribed to the joint
influences of both growing conditions and genetic
factors (Kaur and Arora, 2009, Ghahremanimajd et al.,
2012).

Conclusion

I. aucheri leaves possess significant cytotoxic, anti-
oxidant, hypolipidemic and anti-diabetic activities.
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