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Chapter 10
10.1. Acute Toxicity Study

Jr vive acute toxicity studies on animals are an essential part of drug devel opment

process. Such acute toxicity studies are carried out for various objectivesi.e.

1. To determine the Median Lethal Dose (LDso) after a single dose administered
threugh one or more routes, one of which 13 the intended route of administration in

humans.
2. To determine Masmimum Telerated Dose (WITD) and Mo Observable Effect Level

(IMOEL).

2. Toidentify potential target otgans for toxicity, determine reversibility of tomicity,
and 1 dentify parameters for clinical monitoring .

4. Tohelp select doses for repeated-dose toxicity tests.

L number of methods are avalable to have an insight about the acute toxmicity of
any chemical or drug product. These include classical Litchfield and Wilcoxzon method
(Daosing of animals of both sex with increasing amounts of chemical and plotting dose-
response curve to determine LDso' BT, This type of study has a disadvantage that it uses
a large number of animals. So two methods are awvaillable now as alternatives which
reduces the use of anmimals 1.e. Fized Dose Procedure (FDF) (1) and Up-Down Procedure
(TDE) {(2). Both methods produce data consistent with classical LDso methods (3, 40
Among these methods Up-Down procedure requires the least number of anitmals (6-10) of
single sex and provides results in terms of LDa along with data for the hazard
classification system, unlike FDP that does not estimate results in terms of LDsovalue (30

Instead FDP gives better evaluation of the masimum tolerated dese of drugl/drug product.

MTD of a diug can be defined as the highest dose of a drug or treatment that does
not cause unacceptable side effects. The mamimum tolerated dose 15 determined in clinical
trials by testing increasing doses on different groups of people until the highest dose with

acceptable side effects 1z found. Toxicity parameters to be considered include..

Wlortality

Clinical pathology

(Iross NECropsy

Weight change

signs of toxicity — convulsions, rashes, aliinesia, licking, trem ors

bhodeo b
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Diug dozes at or below thiz level should notinduce (6)

o Owert toxicity, for example appreciable death of cells or organ dysfunction,

o Toxic manifestations that are predicted materially to reduce the life span of the
amimals except as the result of neoplastic development or
o 10% or greater retardation of body weight gain as compared with control animals.

In some studies, toxicity that could interfere with a carcinogenic effect 15 specifically

excluded from consideration.

For determination of MTD of APOE lipoplexes, fized dose procedure of OECD-
Organization for Econotnic Cooperation and Dewvelopment was used Typical protocol
includes administration of a drug/drug product in escalating doses through intravenous

route and observing anitmals for any signs of toxicity.

10.1.1 Method
Al expenments and protocel descnibedin the present study were approved by the

Institutional Animal Ethical Committee (TAECY of Pharmacy Department, The W =
Tniverzity of Baroda and with permission from committee for the purpose of control and
supervision of experiments on Animals (CPCSEL), Ministry of Social Justice and

Empowerment, Government of India.

101 1.1 KSelection of animeals species

Male CHTBLMG mice were used for the study as females are generally slightly more
sensitive to such studies (4. Healthy yvoung adult animals (with 8-12 weeks age) which

were nulliparous and non-pregnant were used for study

10.1.1.2 Housing and feeding conditions

The temperature in the animal room was 20-25°C. Artificial lighting with the
sequence of 12 hr light and 12 hr dark was kept 1n animal housing. The animals were
housed individually. For feeding, conventional rodent laboratory diets was used with an

unlimited supply of drinking water.

10.1.1.3. Preparation of animals

The animals were randomly selected, marked to permit individual identification,
and kept in their cages for at least 2 days prior to dosing for acclimatization to the

laboratory conditions.
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10.1.1.4. Preparation of dosas

Test substances (lipoplexes) were administered in a constant dose wolume of 4
mlikg by varying the concentration of the dosing preparation. (The dosing volume was
chosen such that the volume did not exceed 0.4 mL/100z bodyweight). All doses were
prepared prior to administration. Abowe certain dose, only liposomal carrier was tested to

ascertain the safety profile of developed iposomal carmer systems.

Lipoplexes were lyophilized and lyophilized lipoplexes were reconstituted with
sufficient quantities of normal saline to produce pDINA concentrations desired for
administration. All the test substances were sterilized by filtenng through 0.2 p membrane

filter priot to administration.

10115 Pracedures

a) Administration of doses
Prior to dosing, all the animals were fasted by withholding food but not water for

34 hr. The fasted body weight of each animal was determined and the dose was

calculated according to the body weight.

The test substances were administered via tail vein of animals using sterile single
use disposable polystyrene syringes (BD syringes). In the citcumnstance that a single dose
was not possible, the dose was given 1n smaller fractions over a period not exceeding 24 hr

at Thr tine gap between two doses.

b] Maintest

The test substance was administered 1n a single dose by intravenous injection
using apolystyrene single-use disposable injection. In the circumstance that a single dose
was not possible, the dose was given 1n smaller fractions over a period not exceeding 24

hr..

Lrnimals should be fasted prior to dosing (e.g. with the mice, food but not water
was withheld for 3-4 hr). Following the period of fasting, the animal s weighed and the test
substance was administered. After the substance was administered, animals were provided

with food and water ad fbifum.
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o] Sighting Study

The purpose of the sighting study was to allow selection of the appropriate starting
dose for the main study. The test substance was administered to single animals in a
sequential manner starting from DOSEfirst to DOSElast. The sighting study was
completed when a decision on the starting dose for the main study was made (or if a death

15 seen at the lowest fixed dose).

The starting dose for the sighting study was zelected from the fized doze levels as

described in Table 10.1. Starting dose selection was obtained from the available literature

showing toxicological data for specific chemical 5.

d] Main study - MTD Determination

single amimals were dosed in sequence usually at 45 hr interval. The first animal

was dozed at alevel zelected from the sighting study (

Tahle 10.3). A penod of at least 24 hr was allowed between the dosing of each
animal. All animals were observed for at least 14 days for any signs of tomicity. If the
amimal survived, the second animal received a higher dose. If the first amimal died or
appeared moribund (MMonbund status: being in a state of dying or inakility to survive, even
if treated), the second animal was administered a lower dese. Amimals were to be
euthanized by intraperitoneal injection of pentobarbital (30 mgiml) after study or if
moribund status (nability to ambulate, inflammation, anorexia, dehydration, or more than
20% weight loss) was observed. The weight of each animal was recorded immediately

before intravenous injection, 1 day after injection, and at the end of study.

g] MNumbers of Animals and Dose Lewvels
The action to be taken following testing at the starting dose level 13 indicated based on
1

the observations, One of three actions wall be required; either stop testing and assign
the appropriate hazard classification class, test at a higher fized doze or test at a lower
tized dosze. However, to protect animals, a dose level that caused death in the sighting

study was not revisited 1n the main study.
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2. A total of five animals of male sex were used for each dose level investigated The
tive anitnal s were made up of one animal from the sighting study desed at the selected

dose lewel together with an additional four anttmals.

3. The time interval between dosing at each level was determined by the onset, duration,
and severity of tomic sighs Treatment of animals at the next dose was delayed until
there was confidence of survival of the previously dosed animals A period of 3 or 4
days between dosing at each dose level 15 recommended, if needed, to allow for the
observaton of delayed tozicity. The time interval may be adjusted as appropriate, eg.,

in case of inconclusive response.

f] Observations

LArnimals were observed individually after dosing at least once during the first 30
min, perodically during the first 24 hr, with special attention given during the first 4
hours, and daly thereafter, for atotal of 14 days, except where they needed to be removed

from the study and humanely killed for anim al welfare reasons or were found dead.

Obzervations included were changes in skun and fur, eves and mucous membranes,
and also respiratory, circulatory, autonomic and central nervous systems, and
sofnatom otor activity and behawior pattern. Aftention was directed to observations of
tretnors, convulsions, salivation, diarrhea, lethargy, sleep and coma Amimals found 1in a
moribund condition and animals showing severe pain or endunng signs of severe distress

were humanely kalled.

Lozs of weight, if more than 20% of initial, or death of animal was considered a
positive response at shott term outcome {during first 24 hr). For long term cutcome death
waz used as a termination point to stop the test The duration of ohservation was
determined by the toxic reactions, time of onset and length of recovery period The times
at which sighs of toxicity appear and disappear were considered important, especially if
thete was a tendency for tomc signs to be delayed (7). All chservations were

systematically recorded, with individual records being maintained for each amimal.

10.1. 2 Results and discussion

APCE hipoplexes were administered intravencusly to the male COTBL/E mice as

per the dosing protocel given in Table 101 for sighting study. Dunng sighting study,
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formulations were administered to a single mouse for each dose level and observed for

signs of toxioity for 24 hr.

Table 10.1 Sighting Study: Dosing protocol

Group Dose of lipoplexes equivalent to
Hormal Saline =
EIBESE }'lpc'pl = 50 pglkg of | 100pghkg of | 500 pglkg of
1Poplexe 5 gy iy ey
G-HDSPE lipoplexes P P P
i3-CDEPE lipoplexes

All animals were found healthy and no sighs of any toxicity were observed Eesults for
sighting studies are sumtnanized in Table 10.2.
Tahle 10.2 Results of Sighting Study

{Jb servation

Group/Formulation Dose T oxicological :
Signs/symptoms# Dt Eality

Hormal saline - Mone Hone

on waiks of pDIA HMone Hone

HDEFE lipoplexes 100 poikg of pDITA Mone Mone

00 paileg of pDIA Mone Hone

50 weflks of pD A HNone Mone

CDEPE lipoplexes 100 paikg of pDINA Mone Hone

o200 pailg of pDITA Mone Hone

90 poikg of pDINA Mone Mone

G-HDEPE lipoplexes 100 paikg of pDINA Mone Hone

500 pgikg of pDIA Mone Hone

20 paikg of pDIA Mone Mone

F-CDEPE lipoplexes 100 paikg of pDINA HMone Hone

500 paikg of pDIA Mone Hone

#Hbgervations included were changes in slin and fur, eves and puicous membranss,
respiratary distress, symploms related o auionomic and central nervous systems such as
tremars, convilsions eic., lethargy, and comn.

After performing the sighting stady, 100 pgbkg of pDIMNA and 200 pgikg of pDINA were

considered for the main study. Iain test was performed using the dosing protocol show in

Table 10.3. Four animals were administered with the selected doses of pDIA making up

total of 5 animals per group including one animal from sighting study.
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Table 10.3 MTD Study: Dosing Protocol

Group Daose of lipoplexes equivalent to
Hormal =Haline - -
HDZPE lipoplexes 100 wgikg of pDIA | 500 poikg of pDIA
D =PE lipoplexes 100 pofkeg of pDMA | 500 ugikg of pDITA
-HDEPE lipoplexes 100 pgikg of pDIA | 500 poilg of pDILA
3-CDEPE lipopl exes 100 weikg of pDIA | 500 paikg of pD A

Eesults for the WTD study are summoanzed in Tabhle 104, All groups showed no

signs of tomicity after administration of test substance In all groups, formulation was
considered safe at the mamimum dose of 500 pgkg of pDIMNA administered as the

lipoplexes.

Ls study was not petformed on the higher concentrations of pDIA, actual WMTD
was not reached 1n the study. The WTD might be considered higher than the evaluated
dosze. However, the total dose evaluated 15 considerably higher that would provide the iz

vive therapeutic efficacy.

Tahle 10.4 Results for MMain test

{Jbservations
{Group il;?;lhg:;} . T oxicological Mortality
animals Nigns symptom s#

Mormal Saline - Hone Hone
HDEFPE lipoplexes x Mone Hone
CDEPE lipoplexes % Mone Hone

3-HDEPE lipopl exes o Mone Mone
3-CDEFE lipoplexes b Mone Mone

# O bzervations included were charges in slin and fur, eyves and pucous membranes,
respiratary distress, syvmpioms related o auionomic and central nervous systems such as
tremors, comvidsions ete., lethargy, and com.

M indicates statistically insignificant change in weight after 14 days with p=0005.

Considenng the fact that the formulations 15 targeted to the cells inhakiting the
liver cells, the locally expressed quantity of the APOE protein will be sufficiently high to
provide therapeutic activity high encugh to induce formation of ApoE protemn. This
provide higher plasma levels for longer peniod of time reducing the frequencies of
administration and at doses lower enough than used in this study. Based on these acute
toxicity studies, the developed formulations and synthesized lipids can be considered safe

for 32 vive administrations.
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10.2 fz vive performance study

In vitro study of the therapeutic activity of a gene delivery system demonstrates
the ahility of the swstem to act on the target cells. However, the delivery system when
administered in vivo, 15 going to face several hurdles before 1t reaches the therapeutic site.
In vitre simulation studies such as serum stability studies, effect of electrolytes, etc. may
give preliminary 1dea on the potential of the delivery system. Thus, performing in vive
studies in amimals more close idea to the actual performance of the gene delivery system

can be achieved.

Selection of a model and chotce of animal species depend on several factors such
as disease conditton simulation; differences between animal and human physiology;

animal size, gender and age; ease andtime for osteoporosts induction etc.

In the present investigation, male C3VELMS mice model has been used for
investigation of therapeutic potential of the APOE gene delivery system. Atherosclerosis
induced mice were given the intravenous dose of APOE lipoplexes and aorta was 1solated
for estimation of remissionf/decrease 1n lesion area along with monitoring the plasma lipid

profile.

1021 Dict induced atherogenesis

Matericls
Table 10.5 Atherogenic diet comp osition
Reggent/Chemical Tngrediont Saurce
Pelleted chow for rats Lmrut Feed, Pranav Agro, India
Cholesteral mpectrochem, India
Coconut o1l Hiledia, Mumbai, India
Cholic acid Hildedia, Mumbai, India
2-Thiouracil Hiledia, Mumbai, India
Cazein =D Fine Chemicals, India
Sudan Bed TV Hildedia, Mumbai, India
Hydroxypropyleellulose (HPC) Gift sample from Wockhardt Ltd. |
Aurangabad India
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Test compound (MMCE -755) synthesized in Pharmaceutical Chemistry
Lakoratory of Pharmacy Dept,
The M. = Thiversity of Baroda, Gujarat,
India

Eits for Total cholesterol, triglyceride and | Coral Clinical Systems, Mumbat, India
HDL C estimation

solvents =l Fine Chemicals, India
{dieth¥l ether, methanol, 1zopropy] alcchol)

Atheregenic Diet Compasitian

The composition of the diet was as follows: Chelesteral (2%), Coconut ol (1%7,
Cheolic acid (1%), Propylthiouracil {0.5%%), Casein (16.3%) and powdered chow and
hydroxypropyl cellulese (HPC) binder (g2 te 100%) After accurately weighing all the
ingredients casein, cholic acid and propylthiouracil were ground in a mortar pestle until a
homogenous solid mizture was formed. This dry mixture was added to a large wessel and
mixzed with required amount of powdered chow. Mext, cholesterol was dissolved in
approprate volume of diethyl ether and this ethereal solution was properly mixed with the
powder mass. The ether was allowed to evaporate for 2-2 hours. Once the ether
evaporated, required amount of coconut ol was mixed properly. For every kulogram of
diet to be prepared 200 ml of 1% HPC sclution was prepared by stirring for about half an
hour. This solution was added at once to the dry mass and vigorously kneaded to evenly
mixz all the HPC. The consistency achieved was such that the lumps formed neither
crumbled nor were too sticky. The lumps were hand cured to form suitably shaped lumps
which locked like pelleted chow. The final pellets were dred overnight in a hot-air oven
at 45-50%C This step improves long term storage and prevents growth. The pellets were
stored in a perforated bag at 2-8°C. The formed pellets were not stored for more than 7

days.

10.2.1.1 Method

Mice fed high fat diet with induced atherosclerosis were used as an animal model
for evaluating the therapeutic activity of the developed gene delivery system. Study
protocels were approved by [AEC (Institutional Animal Ethical Committes, Pharmacy
Department, The Maharaja Savajiras University of Baroda, Vadodara, India) CS57BELE
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mice of 5-6 weeks age were selected Animal care was observed according to the
gutdelines of CPCSEA (Committee for the Purpose of Control and Superviston of
Ezxzpenments on Animals, India). The animal s were divided in several groups (Table 1053
The control group received normal chow diet, while other groups received HFD. The
plasma lipid profile was estimated at initiation of diet. After 3 months of feeding the lipid
profile was again measured and 2 animals from each group recetving HED were sacrificed
for determination of aortic lesions. Following detection of lesions, one group was given
oral solutton of atorvastatin (20mgfleg) each day. Whereas, the other groups were given IV
dose of APCE lipoplexes (equivalent to 50 wg pDMA per mice per week). Atthe end of 1-
month and = months of treatment, lipid profile was measured and 4 animals were

sactificed each time from each of treatment group and actta were sectioned.

Tahle 10.6 Animal groups for atherogenesis induction and treatment

Group Condition Treatment N of sl
per group
Control group Hone Mone H
Posttive control e 1ndu|:e.d NMone W
atherogenesis
HEFD induced Cral solution of 10
Treatment I : :
atherogenesis Atorvastatin
Treatment IT B 1nduu::e.d gHDEPE lipoplexes 1
atherogenesis

Collection of Sersim:

The blood samples were withdrawn from the retro-orbital plexus under light ether
anesthesia without any anticoagulant and allewed to clot for 10 tninutes at rootn
temperature and centnifuged at 4000 rpm for 20 minutes. The serum obtained was kept at

49 until use.

10.2.2 Estimation of total cholzstzrol:’
(CHOP-PAP Method)

Total cholesterol in serum was estimated using kit obtained from Eeckon

Diagnostics Lid

Principle: i
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Cholesterol esters are hydrolysed by Chelesterol Esterase (CE) to give free
Cheolesterol and Fatty acids In sunsequent reaction, Chelesterol OCmidase {(CHOD)
oxidizes the 3-CH group of free Cholesterol to liberate Cholest-4-en-3-one and Hydrogen
Percaide. In presence of Percmidase (POD), Hwydrogen Percmide couples with 4
Lminoantipyrine (4-4AF) and Phenol to produce Eed Quinoneimine dye. Absorbance of
coloured dye 15 measured at 505 nm and 13 proportional to amount of Total Cholesters]

concentration in the sample.

E
Cholesterolesters E— Cheleterol+ Fatty acids
CHOD
Cholesterol + Cr _— Cholest-d-en-3-one + HaOz
FOD

2H20n + Phenol + 4- 44— Cuincneimine dye + HaO.

Procedure:

Three test tubes were labeled az Blank, Standard and Test, and as per the

following table different reagents were used and further process was carried out.

Solution Blank Standard T est
Tnknown - - 10pL
Cholestersl standard - 10pL
Cholesterol Eeagent 1000pL 1000pL 1000p L

Solutions were mixed well and incubated at 37° C for 10 minutes. Absorbance of standard
and test were measured against blank at 505 nm and results were calculated as per

following formula.

Calculation:

Cholesterol concentration (mg/dL) = Absorbance of Test/ Absorbance of Std » 200

10.2.3 Estimation of HDL cholesterol:®
(PEG-CHOD-PAP Method)
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HDL cholestersl in setum was estimate d using kit obtained from Span Diagnostics
Ltd
Principle:

Low Density Lipoprotein (LDL) Chelesterol, Very Low-Density Lipoproteins
(VLDL) Cholesterel and Chylomicron fractions were precipitated by addition of
Polyethylene Glycol 6000 (PEG). After centrifugation, the High-Density Lipoprotein
(HDL) Cholestersl fraction remains in the supermatant and 1s determined with CHOP-FPAFP
method as described in Total Cholesters] estimationST82
Procedure:

Other cholesterel were precipitated using precipitating reagent.
Step: 1 HD'L-Cholesterel separation

serurn sample which was treated as per following procedure.

solution Test
Serum sample 200 L.
Precipitating Eeagent 200 pL

Mized well and kept at Eoom Temperatire (12-30° ) for 10 minutes. Centrifuge for 15
minutes at 2000 rpm clear supernatant was separated. The supernatant was used for HDL-

Cholestersl estimati on.
Step: 2 HDL-Cholesteral estitnation.

Three test tubes were labeled as Blank, Standard and Test, and as per the following table

different reagents were used and further process was carned out.

Solutions Blank Standard Test
cupernatant from step 1 - - 100 pL
HDOL-Z Standard - 100 L -

Cholesterol Eeagent 1000 uL 1000 pL 1000 p L

solutions were mixed well and incubated at 27° C for 10 minutes. Absorbance of standard
and test were measured aganst blank at 505 nm and results were calculated as per

following formula

Calculation:
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HDL -Cholesterol concentration (mgfdL) = Abs of Test/ Abs of Std = 20

10.2.4 Estimation of Trighcerides:
(GPO Method)

Triglycerides in serum was estimated using ENZOPAE Eit.

Principle:

Lipase hydrolyses tnglycerides sequentially to Dn & MMonoglycerides and finally to
glycerol Glycerol Einase (GE) using ATP az PO4 source converts Glycerol liberated to
Glycerol-3-Phosphate {(5-3-Phosphate). G-2-Phosphate Omidase {(GPO) omdizes G3-3-
Phosphate formed to Dihydroxy acetone phosphate and hydrogen percxide. Peroxidase
(PODY uses the hydrogen peromde formed to omdize d-Amincantipyrine and

chloropheneol to a purple coloured complex. The absorbance of the coloured complex 15

measured at 520nm".

Lipaze
Tnglycerides + HaO ’ Glycerol + Fatty Acids

GE

Glycerel + ATP —" (Glycerol-3-Phosphate + ADP

GPO
Glycerol-3-Phosphate + 02— Dihydroxyacetone Phosphate + H2O2

FoD
HoCo+ 4-Amincantipyrine + DHES  ———%* (unoneimine + HzO

Procedure:

Three test tubes were labeled as Blank, Standard and Test, and as per the following table

different reagents were used and further process was carnied out.

Solutions BElank Standard Test
Wotling Eeagent (ml) 1.0 1.0 1.0
standard (ml) - 0.05 -
mample (ml) - - 0.05
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Mized well and incubated at 27°C for 20 minutes.

Distilled water (ml) 1.5 1.4 1.5

solutions were mized well and incubated at 27° C for 10 minutes. Absorbance of standard
and test were tmeasured against blank at 520 nm and results were calculated as per

following formula
Calculation:
Triglyceride concentration (mg/dl) = Absorbance of Test / Absorbance of Std = 200

1025 Estimation of LDL Cholesterol:
Estimation of LDL chelesterol depends on the amount of total cheolesterel, triglycerides

and HDL cholesterol.
Estimation of LDL Cholesterol was done using Friedewald formula

LDL Cholesterol =Total chelesteral — (Triglycendes/S + HDL cholesteral)

10.2.6 Histopathelogy of atherasclerotic lzsions:
Mice were euthanized humanely. The heart and the arten al tree were perfused with

saline solution under physiological pressure. The aortas were isolated and paraffin
embedded Cross sequential sections 5 mim thick were prepared and stained with
hematoxylin—eosin. Images of the acrtas were captured with a Mikon digital camera and
the atherosclerotic lesions were quantified using the image analvsiz software OPTIMAS
6.2..

Statistical analysis:

statistical analvses of the results was carned out using Prism 6.0 software using ANOWVA
with Tukey s multiple comparison test considering the p <0.05 as a significant difference
for other estimations. All graphical presentations show mean values &+ standard deviation

(5D Morphometric  evaluations show mean walues =+ standard  error  (SE)L
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10.2.7 Rasults and discussion:
Healthy tale mice were selected for the expeniment The effect of high fat diet on the

physiological changes was evident from the increase in weight of the mice along with
lipid profile. At the end of one month the aorta 1sclated from the mice showed minimal
amount of lesions and hence the feeding was continued for two more months, The feeding
of diet led to atheromatous lesion in the aorta at the end of three months After the
induction of atherosclerosis, treatment was inifiated that led to reduction in total lipid
amount 1n all the three treatment groups. The data are presented in as seen in case of
lipoplexes of HDEFE, the lipid profile was more favorable than compared to the oral
solution of statin. However, the highest reduction in the total chelesterol and LDL level

was observed in casze of targeted lipoplexes.

Tahle 10.7 Lipid profile in mice prior to treatment

HFD
AL ENiELeE Goouteal wroup {for initiation of lesions)
Initial weight 10 3M
B ody weight (grams) 21 56+1 4 26 9541 9 22 6342 2
Total cholesterol (mgf/dl) 32021 439430 659438
HDL (mg/dl) 15.6+1.1 12.3+0.9 132815
Triglycendes (maldD 9546 it 10545
LDL (ma/dh 285 4+15 407 14£38.2 627 2842

Contrel — Nermal chow dier
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Positive Control — No treafment

Treatment -1 Month

Oral Sol 1 Oral Solution

|
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Treatiment =1 Mownih

Treatment - 2 Mowth

Oral Solution

Figure 10.1 Histop athologic evaluation of aorta isolated fr om mice at different time
points for various treatment groups {(T0- initial time point; T-1M: at one month; T-
2MVE: at 2 month)
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Figures indicate the lesion in the transverse section of acrta for the various treatment group. The Figure represents the aortic lesion area for the
targeted and non-targeted lipoplexes. As ewident at the end of treatment period of 2 months, the greatest efficacy was shown by the targeted
formulation, which may be due to higher accumulation of ApoE inside the liver parenchymal cells leading to higher production of ApoE protein

that could have increased the metabolism of Triglyceride and lipoprotein remnants from the plasma.

T ahle 10.8 Lipid profile in mice during treatm ent

Param eter Control group HFD During treatment period in mice having atherosclerotic lesions
Oral Atorvastatin HDSPEIV. gH:DSPE | LT
Atedof20L | oM 1M M 1M M 1M M
B"g;"nesifht D4 63+1.9 2063422 | 3350421 | 2162212 | 2426418 | 351425 | 354402 24 6+0.9
TOtE‘l{;};ﬁ;tml 331419 650438 | asax33 | 381e25 | 406436 | 304z | 3m6a31 294419
HDL (mg/dl) 15.541.8 112415 | 123210 | 132815 | 136+1.1 | 159414 | 14.1£1.0 16.120.6
T“(gél-‘f;rﬁdes 9649 10545 10244 98+4 100+0.6 9441 5 99+1 1 9340 8
LDL (mg/dl) S E 6070447 | 4317426 1 | 348 24200 | 37245180 | 2693184 | 352 1£17.6 | 259.4+10.7
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Figure 10.2 The areas of atherosclerotic lesions in untreated (HFD) and treated
{HDSPE lipoplexes and gHDSPE lipoplexes) anim als {n = 4 in each group) are shown
in the graph (overlapping dots are not shown) at end of 2 months. The line indicates

the mean value.

Thus, the targeted system performed effectively and have shown efficacy in the animal

model for effective remizsion of the disease based on the treattment duration of 2 months.
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