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Nano flavonoids might aggravate the abnormal
expression of IGF1 R in Rat Brain-An alarming
note necessitating careful Dose and Route
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Abstract

Recent decades have a greater attention towards the nanoparticles and their therapeuticaspectsin human
health. Further, nanoparticles of effective active components of herbal extracts are being investigated
widely as an alternative medicine. However, the precise data on such aspects are till scarce. In this study we
aimed at elucidating the efficacy and safer dose as well routé of nano flavonoids which have been claimed
to have neuroprotective role. We used a potential target namely Insulin like growth factor 1 receptor
(IGF 1R) of rat brain tissuesto evaluate the efficacy as IGF 1R critically involved in neurological homeostasis.
We analyzsed the impact of two different doses (50mg & 100mg/kg bw) of crude extract of orange (rich in
flavonoids), isolated fraction of flavonoids and nano flavonoids administered in two different routes [oral
and Intravenous V)] on synaptic plasma membrane and on IGF 1R. We inferred that the oral route of
extract and nano flavonoids were not detrimental while an alarming influence of IV mode of flavonoidsin
nano form showingasignificantincreasein the expression of IGF 1R which is not a desirable in normal rats
as it would result in abnormal conditions such as malignancy. In addition, the isolated flavonoids (V) also
showed asignificantincreaseinthe expression of IGF 1Rin normal rats at the examined doses which also do
require attention. The partial and preliminary study stresses the significance of careful designing of nano
medicines using naturally occurring and beneficial flavonoids.

Keywords: Nanoflavanoids, Oraland IV delivery, Synapticplasmamembrane, Insulin like growth factor
1 receptor (IGF1R)

Introduction

Profound potential of nanoparticles (NP) led these nano
dusts to find their way in various fields of science and
engineering including human health. Thus, it becomes
inevitable to evaluate the efficacy of such high potential NPs
molecule toimprove the value and suitability of nanoparticle
exactly for the purpose where it would be employed.
Reports on nanomaterials stress the safety measures in the
use of nanoparticles® especially in treating different disease
conditions of the body. NP are best studied for treating
various neuroconditions however it is quite unexplored fact
till date whether NP would cause brain injury or not. On

the other hand, our traditional practices in India stress the
need for naturalinterventionin challenging various medical
ailments. Thus, it conceived to evaluate the NP of naturally
occurring flavonoids in influencing the expression of Insulin
growth factor 1 receptor in brain tissue which is critical for
both normal neurophysiological and neuropathological
processes.?* Flavonoids are polyphenol compounds that
are ubiquitous in nature and are categorized according to
chemical structure, into flavonols, flavones, flavanones,
isoflavones, catechins, anthocyanidine and chalcones. Over
4,000 flavonoids have been identified, many of which occur
in fruits, vegetables and beverages (tea, coffee, beer, wine
and fruit drinks). There has been increasinginterestinthe
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research offlavonoidsfrom dietary sources, due to growing
evidence of the versatile therapeutic benefits of flavonoids
through variousstudies. Manyflavonoidsareshownto have
anti oxidative activity, free-radical scavenging capacity,
antiviral, anti-allergic, antiplatelet, anti- inflammatory,
antitumor, anticancer activity, and coronary heart disease
prevention, while some flavonoids exhibit potential for
anti-human immunodeficiency virus functions.*

Flavonoids are said to be effective neuromodulators and
are also found to cross the blood brain barrier effectively.
However, there is a difficulty, still, in understand the
therapeuticbenefitand theintake of flavonoids, because of
the complexity ofexistence of flavonoids from various food
sources, the diversity of dietary culture, and the occurrence
of a large amount of flavonoids itself in nature. Accordingly,
an appropriate model for a precise assessmentofflavonoids
needs to be developed. The studyaims at elucidating silver
nanoparticleswhich are considered asimportant players in
modern medicinetoassessthe efficacyofnano flavonoidsin
normal brain tissue samples with respect to the expression
of IGF1R.

Materials and Methods

At preclinical level, the study is aimed at elucidating the
potency of flavonoids on the expression of insulin growth
factor 1 receptors (IGF1R), biochemical assessment of
synaptic plasma membrane (SPM) in normal rats. IGFIR
and SPM were studied as the expression of the former and
integrity of the latter are closely related and implicatedin
manyofthenervoussystemdisorders. The study evaluates
the effect of flavonoids administered via two routes viz.
oral ingestion, intravenous (IV); both as simple extract and
as a nanoparticle.

Experimental Animals

Albino rats of Wistar strain (100-150mg) purchased from
the kinginstitute, Guindy, Chennai and Tamil Nadu Animal
Science University, Chennai: were received at 5 week of
age and housed for acclimatization, at the animal house,
Department of Biochemistry, Madras University; until
the startof the experiment. The animals were weighted
periodically, food pellets and water ad libitum provided
uniformly, and housed under hygienic conditions. Attheend
of thetreatment periodall the experimental animals were
euthanized by painless procedures and the tissues used
for study for studying the biochemical and markerenzymes.

Experimental Groups

Each group were served with 3 animals

Group | Served as control.

100mg/kg body weight of the cold extract
was given orally to the normal rats.

Group Il

50mg/kg body weight of the crude extract
was given intravenously (IV) to the normal
rats.

100mg/kg body weight of the isolated
flavonoids was given orally to the normal
rats.

Group Il

Group IV

50mg/kg body weight of theisolated
flavonoids was given intravenously (V) to
the normal rats.

Group V

50mg/kg body weight of the nano flavonoids
sample was given intravenously (1V) to the
normal rats.

Group VI

Group VIl | 100mg/kg body weight of the nano
flavonoids tagged sample was given orally

to the normal rats.

Group VIII | 100mg/kg body weight of the nano tagged

cold extract sample was given orally to the

normal rats.

Drug Preparation (Crude Sample)

The peel of orange was collected and dried in shade. This
was powdered and extraction fraction was mixed with
0.1% DMSO.

Preparation of Orange Peel Extraction

The outer skin of orange was shade dried for 20 days and
pulverized to powder. The coarse powder was weighed.
500gm of the dried peel was extracted in methanol using
soxhlet apparatus. After 48 hours, the extract obtained
was concentrated by open drying. The crude extract was
subjected to column chromatography using ethyl acetate,
n-butanol, methanol and the fractions were collected. The
residue of the fraction was used as drug. The fractions are
administered to rats in two dosage forms as 50mg/kgbody
weight and 100mg/kg body weight.

Cold Extracts

A50g of dried powdered fruit peel were macerated witha
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200ml of pure methanolina 500 mlflaskand left for 8ndays
then the extract was filtered andthe residual plant material
were collected and evaporated to dryness under reduced
pressure using rotary evaporator at a temperature not
exceeding 40°C, then the dry extract was weighed and
further purified through column chromatography using
ethyl acetate, n-butanol and methanol as a mobile phase
solvent.

Isolation of Flavonoids

Plantscollected were washedinrunningtap waterto remove
dust. Aerial part (stems, leaves, flower) of collected plants
were separated, shade dried powdered weighed and stored
separately for extraction. Each of the dried powdered and
weighed samples was soxhlet extractedin 80% methanol for
24 hrs and filtered. The filtrate obtained from each sample
was subsequently extracted in petroleum ether, diethyl
ether and ethyl acetate following the method reported
by Subramanian(1969).>

Petroleum ether fraction was discarded due to its being
rich in fatty substances. Ether fraction was used for free
flavonoids whereas ethyl acetate fraction for bound
flavonoids. Ethyl acetate fraction of each sample was
hydrolyzed further with 7% H2So4 for 24 hr sand was
then re-extracted with ethyl acetate. The fraction obtained
was repeatedly washed with distilled water to neutrality,
dried and weighed.®

Test for Flavonoids
Shinoda’s Test

About0.5gofeachextract wasdissolvedinethanol, warmed
and then filtered. Three pieces of magnesium chips was
addedtothefiltrate followed byfew drops of concentrated

added. A green-blue coloration
indicated the presences of a phenolic hydroxyl group.?
Preparation of Nanoparticles from Fruit Extract

Five grams of fresh orange peel was sliced into small pieces
and added 100ml of milliQ water and the mixture was
boiled for 5min.After cooling the fruit extract was filtered
with what mann No.1 filter paper. The filtrate was stored
at 4°C for future use.

Synthesis of Silver Nanoparticles of Crude Extract

The synthesis of Ag-NPs from crude extract was done by
taking 10 ml of the sample and mixing with 90 ml of 2 mM
silver nitratesolution (AgNO3).The mixture was then stirred
using a magnetic stirrer in dark at room temperature for 2
hours. The synthesis of NPs was observed by a change in
color of the silver nitrate solution. Periodical UV-visible
spectroscopic monitoring of the sample mixture was done
at 300-750 nm.®

Flavonoid Silver Nanoparticle Synthesis

Silver nanoparticles were prepared by chemical reduction
of salt solution of silver nitrate using the flavonoid fraction.
Aqueous silver nitrate solution was prepared with the
strength of 1ImM. In a flask, 10mg flavanoid fraction in
methanol was subjected to sonication for 5Sminsin order to
ensurethatthere is no particle matter left in the solution.
The resultant strength of the solutions was 100 pgm/
mL. About 90ml of aqueous solution of silver nitrate was
taken in a flask and kept on a magnetic stirrer into which
10ml of flavanoid solution was added drop by drop using a
micropipette.®®

Table 1.The activities of membrane bound enzymes in control and experimental groups of rats. The results are
expressed as mean = SD. (The activities were expressed as pmoles of phosphorus liberated/min/mg of protein)

Form of Drug administration

Expression of IGFIR mRNA (as compared to the con-
trol animals)

Extract-oral 100mg/kg body weight

Non-significant

Extract-IV 50mg/kg body weight 0.04

Flavonoids-Oral 100mg/kg body weight 0.05
Flavanoids-IV 50mg/kg body Non-significant

Nano flavonoids-oral 100mg/kg body weight 0.03

Nano flavonoids = IV 50mg/kg body weight

Non-significant

HCI. A pink orange or red to purple coloration was an
evidence for the presence of flavonoids.”

Ferric Chloride Test for Flavonoids

About 5 mg of the compounds was dissolved in 2ml of
ethanol. A few drops of 10%ferrric chloride solution were

Results and Discussion

Thestudyhadprovidedaninterestinghintaboutthe flavonoids
with regard to its form of and route of administration. Table
1 depicts the activities of membrane bound enzymes of
SPM. The activity of AChE, 5’Nucleotidase, Na*/K*-ATPase
(expressed inU/min/mgprotein)insynaptosomesisolated
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from brains of normalratsdifferamongthegroupstested. The
activities of AChE, 5’ Nucleotidase were found tobe normal
in brain synaptosomes isolated from all groups. However,
the activity of Na*/K*-ATPase showed alarming reduction
in groupswhichreceived flavonoids both as non nano form
and as nano form in either of the routes (oral and iv). As
syanpatosomes, the membrane vesicles are suitable for
studies which aim to appreciate neurotransmission and also
useful for studying structure-function relationship!**2 the
observed decreaseintheNa*/K*-ATPaserepresenttheimpact
of the administered neuromodulator and thus necessitates
finetuning of the administration. While the crude extract,
nano extract (50mg/kg bw) and nanoflavonoids (100mg/
kg bw) when administered via the oral route did not
cause any significant changes in the expression of IGF 1R
reflecting the safer route, dosage and forms of flavonoids,
oral mode ofisolated flavonoids resulted, alarmingly,in an
over expression ofIGF 1R (p<0.03) (Table2and Fig. 1B & 1C)
which is said to one of the major feature of CNS diseases
such as glioma.® Point to be noticed is that the oral route

of nanoflavanoids did not cause any abnormal expression
of IGF1Rin rats. The IV route of administration of isolated
flavonoids also could up regulate the expression of IGFIR
significantly(p<0.001)thushighlightingthe dosage of 50mg/
kg bw (IV) of flavonoids is not ideal for normal rats Inthe
case of nano flavonoids, we did notice an increase in the
expression of IGF1R (p<0.001) when nano flavonoids were
administered via IV route (50mg/kg bw), in contrast to the
oral nanoflavonoids (at double the dosage), thus raising
concerns about the effectiveness of the dosageaswellasthe
routeofnanoflavonoids which would not cause any adverse
side effects. IGF1R plays important role in the pathology
of degeneration!**> and malignancy conditions*® thus was
employed in the current study as a powerful target for
the comparative evaluation of the flavanoid treatment.
The study analyzed the effectiveness of dose and route
of flavonoids (nanoforms) as neuromodulators in normal
animals which may be, in long run, beneficial as future
therapeutic nano-agent against neurological diseases such
as glioma with further and finer pharmaco investigations.
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Table 2.Activities of membrane bound enzymes from the synaptic plasma membrane isolated from brain
tissues of the control and experimental groups of rats. n=6 for each group. Values are represented by Mean +

SD. *, ** represent p< 0.05, p<0.01 respectively.

Enzymes Group | Group Il Group Il Group IV Group V Group VI Group VI Group VIiI
Na+K+ATPase 0.51+0.02 0.45+0.03* 0.46+0.04* 0.34+0.03** 0.37+0.01** 0.36+0.02** 0.36+0.03** 0.31+0.03**
5’Nucleotidase 0.31+0.01 0.33+0.03 0.32+0.03 0.41+0.04* 0.32+0.07 0.38+0.03 0.31+0.05 0.33+0.03
AchE 0.18+0.02 0.13+0.02 0.17+0.04 0.17+0.06 0.15+0.03 0.15+0.03 0.15+0.03 0.16+0.02
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Lane 1 - Control .
Lane 2 - Cold extract (oral) Lane 5 — Isolated flavanoids (I'V 50mg/kg bw)

Lane 3 - Cold extract (IV) Lane 6 — Nanoflavanoids (IV, 50mg/kg bw)
Lane 4 — Isolated flavonoids (oral 100mg/kg bw) Lane 7 —Nanoflavanoids (oral. 100me/ke bw)

Figure 1.A. Isolation of RNA from rat brain tissue showing 28SrRNA and 18SrRNA. B. Expression of IGFIR in
control and experimental groups. The IGF1R expression in Group V& VI was significantly when compared to
that of control. C. Densitometric scanning pattern of IGF1R expression. Three independent experiments were

performed. Data was represented by Mean = SD. P value < 0.05 considered as significant.
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The simple report recommends a cautious approach in
utilizing nano preparations of the beneficial flavonoids in
the appropriate route for attaining maximal health benefits
with minimal side effects.
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