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3.1 Introduction

3.1.1 Hemolysis study

Liposomes due to thewr similarnity with biological membranes are biocompatible
and principally nontoxic to blood cells. However occasionally, hemolvtic actwity is
seen with the liposomal components {1, 2). It has been also documented that several
lipids containing short-chain phosphati dylcholines and lipid metabolites like free fatty
acids and lysophosphatidylcholine induce erythrocyte lysizs by some non-specific
destruction of cell wall causing various Sodium (IMat) and potassium (K+) 1on
permeabdlity defects (2, 53 This tight be related to the hetnolytic activity of various
liposomes and lipid component.

Phospholipids are susceptible to underge warious physicochemical changes on
exposure to different conditions (4, 21 Chemically phospholipids are wulnerable to
hydrolytic reactions at the ester bonds  Hydrelysiz  induces formation of
lysophosphatidylcholine and free fatty acids (&) and causes increase in membrane
permeability (7). Such changes alse encourage changes in organization of liposomes
initating transformation of liposomes to micellar solutions (7). Such components as
listed above can cause erythrocyte lysizs by getting incorporated in erythrocyte
membrane and causing ion permeability defects. This necessitates the evaluation of
hemolysis potential of liposomes Hemolvtic toxicity of formulated liposomes was
checked by incubating the formulation with Eed Blood Cells separated from Eat blood
by centrifugation at low speed (8) and analysing the samples for hemoglobin release at
540 nm (1), The hemolysiz with different formulations was compared with that
obtained with Triton-X 100 az a positive control (9).

8.1.2 Pharmacokinetic study

Although ix vifro methods give an idea about the evaluation of test sample or
formul ati on without using animal and simulate the conditions of ix vive studies, in vive
studies contribute inpottantly to know and understand the phatmacology, toxicology
and efficacy of drugs and formulations 1n development. Finding the ADME (absorption,
distribution, metabolism and elimination) parameters of dmigs and formulations is
essential to evade the falure in clinical trials. Combining iz vifre data with iz vive data

provides the most comprehensive representati on about behawiour of the formulation and
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drugs. The pharmacol ogical effect of drug directly correlates with the concentration of
the drug required, which i1z related to the drug concentration in bloodiplasma
Therefore, the data and understanding of effective blood/plasma concentration of the
drug in animals can serve as a beneficial guide 1n human clinical trials. Eodents are
typically used for obtaining preliminary pharmacokinetic data.

Pharmacokinetic modelling can ke petformed by non-compartmental o
compartmental methods. Non-compartmental methods estimate the exposure to a drug
by estimating the area under curve of a concentration-time graph whereas, the
compartmental methods estimate the concentration-time graph using kinetic models
MNon-compartmental methods are often more versatile in that they do not assume any
specific compartmental model and produce accurate results that are also acceptable for
bicequivalence studies. The final outcome of the transformations that a drug undergoes
in an organism and the rules that determine this fate depend on a number of interrelated
factors.

The area under the plasma concentraton-titne curves from fime zero to
time infinity (ATTCY was calculated by the trapezoidal rule-extrapolation method
(100, thiz method employs the logarithmic trapezoidal rile, recommended by
Chicu {11) for the calculation of area during the declining plasma-level phase, and
the linear trapezoidal rule for the rsing plasma-level phase The area from the
last data point to infinity was estimated by dividing the last concentration by the
apparent terminal rate constant Standard methods (10, 12) were used to calculate
time-averaged total body clearance (CL), area under the first moment of plasma

concentration-time curve (ATTMCY, mean residence time (WET) and half-life.

8.1.3 Acute T oxacity Study

M vive acute toxicity studies on animals are an essential part of drug
devel opment process. Such acute toxicity studies are carried out for various objectives

1.E.

1. To determine the Median Lethal Dose (LDsg) after a single dose administered
through one or more routes, one of which 1z the intended route of administration

in humans.

-
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2. To determine Mamimum Tolerated Dose (MTD) and Mo Observable Effect
Lewel (NOEL).

3. To identify potential target organs for toxmicity, determine reversibality of
toxicity, and identify param eters for clinical monitonng.

4 To help select doses for repeated-dose toxicity tests.

A number of methods are avalable to have an insight about the acute toxicity
of any chemical or drug product. These include classical Litchfield and Wilcoxon
method (Dosing of animals of both sex with increasing amounts of chemical and
plothng dose-response curve to determine LDspWITD). This type of study has a
dizadvantage that it uzes alarge number of animals. So two methods are avalable now
as alternatves which reduces the use of animals 1.e Fized Dose Procedure (FDE) (13
and Up-Down Procedure (UDE) (14). Both methods produce data consistent with
classical LDsp methods (15, 16). Among these methods Up-Down procedure requires
the least number of animals (6-10) of single sex and provides results in terms of LD sg
along with data for the hazard classification system, unlike FDFP that does not estimate
results in terms of LDsp walue {17). Instead FDP gives better evaluation of the

maximumn tolerated dose of drugfdrug product.

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

dose with acceptable side effects 15 found Toxicity parameters to be considered

include,
1. Mortality
2. Clinical pathology
3. (3108 necropsy
4 Weight change
5. Signs of toxicity — convulsions, rashes, akinesia, licking, trem ors

Dirug doses at or below this level should not induce {15)
&  Overt toxicity, for example appreciable death of cells or organ dysfunchion,
o Toxic manifestations that are predicted materially to reduce the life span of the
animals except as the result of neoplastic devel opment or
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o 10% or greater retardation of body weight gain as compared with control

animals.

8.2 Materials and Instruments

Materials:
Sr No  ChemicalsvIaterials Source/Manufacturer
1. Triton 3-100 Himedialab. Prt. Ltd, India
2. Flactal Acetic Acid (HFLC) Spectrochem, Tndia
3. Acetonitnle (HPLC) spectrochem, India
4 Idethanol (HPLC) wpectrochem, India
Instruments:
Sr Mo  Instruments Company
1. BCOD Shaker Incubator Crbitele, Scigenics
2. Centrifuge Eemi Sci. Equipment, India
& TV Visible Spectrophotometer (18000 Schumadzu, India
4 EP-HPLC =himadzu LC-20AT, JTapan
Animals:

wprague Dawley (5D female rats weighing 220 £ 20 g and Balk/c female mice
weighing 25 + 3 g were obtained from Zydus Eesearch Center, Ahmedabad, India. 4l
the protoceols were approved by the Institutional Animal Ethics Committee. 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 in animal housing. The animals were housed
individually. For feeding, conventional rodent laboratory diets was used with an
unlimited supply of dnnking water. All experuments and protocol described in the
present study were approved by the Institutional Animal Ethical Committee (TAEC) of
Pharmacy Department, The M 5 University of Baroda and with permission from
Committee for the Purpose of Control and Supervision of Expenments on Animals

(CPCEEA), Ministry of Social Tustice and Empowerment, Governtment of India.
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8.3 Methods

3.3.1 Hemolysis study

For determination of toxicity of the formulation to the red blood cells, hemaolysis
study was carnied out as reported earlier {19). Samples of Taxol®, DLPL: and ILs were
ewaluated for their hemolytic potential. The samples were diluted with normal saline to
2000, 500, 50 and 5 pgiml. Blood was collected by retroorbatal puncture from rats in
heparinized tubes and was centrifugedin cooling condition for 10 min at 3000 rpm. The
resulting cell pellet was then reconstituted in nottmal saline to obtan 2 % EBC
suspension. The resulting EBC suspension was then treated with 0.5 % w'v solution of
trton X-100 to completely hemolyze the EBC and the absorbance values were
considered as 100 %0 Similarly, the absorbance walues for the normal saline treated
EBC suspension, that did not produce any hemolysis were taken as blank The above
dilution samples for Taxol®, DLPL: and ILs were mixed with the EBC suspension and
incubated for period of 1 hr at 37+1 °C in incubator. After incubation, the samples were
centnifuged at 3000 rpm for 10 min at 4 "C to sediment the non-lysed cells from the
suspension. The absorbance walues of the resulting supernatant were measured after
appropriate dilution using FBS (pH 74) at wavelength of 240 nm. The relative

hemolysis (in percentage) of each sample was calculated using the following formula

Hemolysis (%) = {Abs sample — Abs saline)/(Abs triton — Abs saline ) = 100

“Where Abs  sample, Abs  saline, and Abs  triton  are the absorbance of the samples
(Tazel®, DLEPLs and ILs), negative control (0.5% Macl) (0% hemolysis) and 0.5% wiv
Triton 2 100 as positive control (for 100 % hemolysis) respectively.

83.3.2 Pharmacokinetic study

Female Sprague-Dawley rats (220 + 20 g) were used for pharmacokinetic
evaluation of prepared formulation. Eats were divided into three groups, with six in
each group. All the animals were fasted owernight on the day prior to experiment.
Comparison of Pharmacokinetic profile of Taxol®, DLFL: and IL: was camied out

Dilution of all the formulation was prepared using 2% dextroze solution to achieve dose

-
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of 3 mgks Formulations were injected to the tail wein of rats wia single intravencnus
injection. At definite time interval of 0, 0.5, 1, 2,4, &, &, 12, 24 h post injection, blood
samples were collected from retroorbital puncture in tubes containing hepanin solution.
The blood samples were centrifuged at 2000 rpm for 10 min at 4°C in cooling
centnfuge to separate plasma The samples were stored at -20°C until analysis. The
plasma samples were analysed for PTX content using EP-HPLC. Data were analysed
using Einetica software (Wersion 2.1) for non-compartment modelling to obtain varnious

pharmaceolkinetic param eters.

8.3.3 Acute Toxicity Study

The mazimum tolerated dose (T and 50% lethal dese (LDS0Y for Taxol®
and DLFLs were assessed in healthy female Balbic mice for IV, route after a single
dose. Animals were randomly divided into twelve groups each containing & mice. The
samples were dilutedfreconstituted 1n 5% dextrose solution. The first group of animals
acted as mock control and did not receive any treatment. The second group served as a
control, received dextroze solution and remaining two groups received Taxel® and
DLFLs diluted with 5 % dextrose. Doses were escalated in 2-fold increments starting at
6 mgfkgie 6, 12,24, 48, 96 and 192 mgikg and Taxzol® was 6, 12, 24 and 48 mgikg.
Wice were observed for up to 14 days fellowing treatm ent for wvanation in weight, signs

of toxicity, death and latency to death.

3.4 Result and Discussion

3.4.1 Hemolysis study

Hemolysis assay 15 auseful iz vitro hematological test as an indicator of toxicity
and physiologic compatibility of the formulation. Toxic formulations tend to cause
membrane damage to the EBC leading to its rupture and releaze of haemoglobin.
Eesults of the hemolvtic potential of the Taxel®, DLPL: and ILs at various
concentration range are presented in the Figure 8.1 Tt was observed that both the tested
formulation exhibited concentration dependent hemnolysis. At highest concentration
tested, 1.2 5 mgfml, for Taxol® hemolysizs was ~48.5 %, whereas that for DLPLs and
ILs was only 12.10 % and 11.59% respectively (p<0.02) The relative % hemolysis for

both the formulations (DLFPLs and ILs) at 0.5 and 5 pgiml were approzimately 4. 5f¢ld

-
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and 4-fold lower respectively than the cotresponding tested concentration of the
Taxzol®. The low toxmicity potential of our DLPLs and ILs systemn was due to use of

phosphaolipi ds that mimic biclogical membrane and are biocompatible.

B8 Taxcl
B DLPLs

60 -

% Hem olysis

Conceniration {(pz/m 1}

Figure 8.1: Hemolytic potential of DLPLs and IL s in comparison to T axol®
{(*p=0.05)

83.4.2 Pharmacokinetic study

The plasma concentration -fime profiles of PTI after single intravenous bolus
administration of the PTX formulatons (O mgikg) were charactenzed in Sprague
Dawley rats. The main pharmacokinetic parameters of PTX are summarized in Table
8.1 As shown in Figure 8.2, PTH in Taxol® was quickly eliminated after intravenous
administrati on with MET and t12 of 361 and 282 hr, respectively. Howewer, PTX 1n
DLPL: and ILs was more slowly eliminated from the circulation than Taxol®. The
values of MET and tyz in the treatment groups significantly increased to 12.8%9 hr and
1068 hr for DPLPs and for ILs respectively. This indicates that DLPLs and ILs were
able to act as PTX reservoirs in blood giving a prolonged release profile. Consequently,
the resultant values of ATTC in the DLPLs and ILs treatment groups were significantly
increased of the order of 4 37 and 4 10 folds compared with those in the Taxol® Due
to superior ix vidre cytotozicity of DLPLs and ILs as compared to FLs, only DLELs

was taken forward for iz vive evaluation along with ILs and PLs were not taken.

-
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Tahle8.1: The pharmacokinetic parameters of PTX after intravenous
administration of Taxol®, DLPLs and ILs at 5 mg'lkg PTX in SD rats imean+8.D.,

n=56).
Pharmacokinefic
it Texol® DLPLs ILs
Parcmetar
Cy pigimd 8.344+1.98 8. 48+1 56* 10,9241 26%*
712 hr 2.82+1.06 12,2440 59%* 12 460 65%*
AUC hr.igimi B.07+1.68 39 6344 33%* 372154 1%*
MRT hr 361036 12 8940 72%* 10,6840 86%**
Cl il ogihr 551 3948860 126 17£15.23%* 175 844121 49%=*
Vss Likg 1.99+0 25 1 6340 26%* 1.69+£0.39*
o= WO ve Taxal group
¥ = 05 ve Taxal group
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Figure 8.2: Pharmacokinetic profile of PTX after single intravenous injection of
Taxol®, DLPLs and ILsin rats. (A) full profile (B) magnified profile in
concentration range of 1500-1000 ng/ml. Data are presented as mean + SD.

Both our formulaton displayed supenor pharmacolianetic effect that may be
attributed to the longer circulation time due to PEGylation along with the higher
loading of the wesicles. Further, a rapid decrease in the plasma concentration profile of
Taxol® may be due to its rapid clearance from the circulation and tissue redistnbution
whereas for the DLPLs and ILs, after a phase of tnitial steep decrease due to release of
PTX from the hilaver and its clearance, a subsequent gradual decrease in the
concentration profile was observed. This may be correlated and 1z consistent with the
in vitra release profile from DLFPLs and ILs that exhibit an initial burst release followed
by aphase of slow release. But, it can also be noted that an exact correl ation between i
vitre release profile and plasma concentration time profile cannot be estimated as the
formulation encounters more barriers that the simple i vifre release test could not

simul ate.

8.4.3 Acute T oxacity Study

The main objective of acute toxicity study was to 1dentfy toxicity profile of
DLFL: in companson to Taxol®. The study was conducted in the dose range of & to

192 mgflg and was administered by intra venous route (1.v). Tables 8.2 sumimanze the
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result of acute toxicity of DLFPLz and Taxel® WMTD for DLPL: and Taxol® was found
tobe 120 and 12 mgilg, respectively. The LD50 was found to be 136 9 mgilkg and 197
mgkg, respectively for DLPLs and Taxol ® Clinical signs for toxicity were observedin
groups treated with higher dose of DLPLs and Tazol®. There were no treatment related
mottality and toxic symptoms in amimals treated with liposomal formulation at dose
upte 120 mgfkg and in the Tazol® upto 12 mgikg. All animals showed normal behavior
and no treatment related clinical symptoms were shown as those in the control group.
Howewver, at the higher dose of DLPLs and Taxol® clinical signs of toxicity such as
lethargy, skin pallor, rough fur and hair loss were observed. Food consumption was also
found to decrease at a higher dose of treatment. MNormal weight gain was observed at
lower dose treatment upto 120 mgikg and 20 mglkg in liposomal and Tazol®,
respectively. Decrease in body weight was observed at higher dose of treatment (Table
4. Thus, the results of acute toxicity study confirmed the safety of PTX dipozome
formulation in healthy female BALE/c mice than Taxol & formulation after a single L'V
dose. The MTD and LD 30 for DLEPLs were 10-folds and 7-fold higher compared to
Tazol®.
Table 8.2: Acute toxicity study results for DLPLs vs Taxol®.

% Change
Formuulation  Sumwival Mﬂm? Toxic Ashingr i j_lﬂdy
Group (iroka) Rate laterncy Bt cil weight
{hr) changes  after 14
detys
1 Control B 6 Mo Hone Hone +1.8 £0.3
PTX DIPLs
2 3] 6 o Hone Hone +2.1+06
3 12 &6 Mo Mone Hone i e o s
4 24 B 6 Mo Hone Hone +1.6£0.7
5 48 &6 o Hone HMone 2l 0
6 96 ) Mo Mone Hone +202 05
7 192 16 < 24 Convulsions Lethargy -4.8£03
Texol®
3 & ) o Hone HMone 18 3
9 12 ) Mo Mone Hone +1.8+0.3
10 24 a6 =24 & =42 Convulsions Lethargy  -5.1£06
11 43 1/ < 24 Convulsions Lethargy  -5.3 204

Data are prasented as mean £ S0 (2=0) a=Time io death in hr after injection

-
Development af Target Based Therapy jor Cvarian Cancer. Fage 279



Chapter 8: In Five Sudies

3.5 References

10

11,

Clku N, Namba Y. Glucurenate-modified, long-circulating liposomes for the
delivery of anticancer agents. Methods in enzymology. 2005;291: 14562,
Lundback J& Andersen OS5 Lysophospholipids medulate channel function by
altering the mechanical propetties of lipid bilayers. The Journal of general
physiology. 1994, 104(4). 64573,

Tanaka T, Mashine E, Inoue E, Nojima 3 MMechanism of human erythrocyte
hemolysis induced by short-chain rhosphatidylcholines and
lysophosphatidylcholine Joumal of biochemistry. 1983940383540,

arit M, Crommelin DIA Chemical stability of iposomes: implications for their
physical stakality. Chemistry and Physics of Lipids. 1993640 1):5-15

Heurtault B, Saulnier P, Pech B, Proust J-E, Benoit J-P. Physico-chemical
stability of colloddal lipid particles. Biomaterials 2003, 240235 :4283-300.

Egli TH, Streuli EA, Dubler E. Influence of oxygenated sterol compounds on
rhase transitions in model membranes. A study by differential scanning
calorimetry. Biochemistry, 1984, 23(1) 148-52.

Zuidam NI, Gouw HE, Barenholz Y, Crommelin DI, Physical {in) stability of
liposemes upon chemical hydrolysis: the role of lysophospholipids and Fatty
actds. Biochimica et biophysica acta. 1995;,1240(13:101-10.

Eosch FH, Werre I, Ecerdinkholder-Stoelwinder B, Huls TH, "Willekens FL,
Halie ME. Characteristics of red blood cell populations fracticnated with a
combination of counterflow centrifugation and Percoll separation. Blood
19927901 254-60.

Prete PEC, Malheiros SVE, Meirelles NC, de Paula E. Quantitative assessment
of human erythrocyte membrane solubilization by Triten 3-100 Biophysical
Chemistry. 2002;97(1):1-5.

Chen ML, Thiou WL Tissue metabolism and distribution of methotrexate in
rabbits. Drug Metab Disp. 1982;10:706-7.

Chion WL Critical evaluations of potential error in pharmaceokinetic studies
using the linear trapezcidal rule method for the calculation of the area under the

plasma leveltime curve. J Pharmacokinet Biopharm. 1978;6:53%-46

-
Development af Target Based Therapy jor Cvarian Cancer. Fage 280



Chapter 8: In Five Sudies

12. Eiegelman 2, Collier P. The application of statistical moment theory to  the
evaluaticon of ih wive dizsclution titne and absorption time J Pharmacolkinet
Biopharm. 1980 (8):509-34

13 OECD GUIDELIME FCE TESTING OF CHEMICALS ACQTEFDE, Guideline
420, 1-14 (2001},

14, QOECD GUIDELINE FOE TESTING OF CHEMICALES ACTU-a-DP,
Guideline 425, 1-14 (20013,

15, Whitehead &, Curnow EIN. Statistical evaluation of the fized-dose procedure.
Food and Chemical Tozicology. 1992, 3004). 213-24

16, Lipnick EL, Cotruwve J&, Hill EN, Bruce ED, Stitzel EA, Walker AP, et al
Comparison of the up-and-down, conventional LD50, and fized-dose acute
toxicity procedures. Food and chemical toxicology © an international journal
published for the British Industrial Biological Eesearch Aszociation.
1995, 33030 223-31.

17, Festing MF. The design and statistical analysis of aninal experiments. ILAR
joumal { Mational Eesearch Council, Institute of Laboratory Amimal Eesources.
2002;43(43:191-3.

15, IOPAC, Compendium of Chemical Terminology netGBECHADMMaAWEESP,
Oxford (1997 XML ondine corrected wersion: http Wooldbook iupac org
{2006-) created by W Mic, I Jirat, B. Eosata, updates compiled by & Jenkins
ISBIN 0-2678550-9-8. doi: 1001351 gol dboaok

19, Ttreja P, Jain 5, Tiwary AK Localized delivery of paclitazel using elastic
liposomes:  formulation  development and  evaluation. Drug  delivery.
2011, 18(5%: 367-76.

20, Chan PE, Haves &'W. Acute Toxicity and Eve Irritation. In: Hayes AW, editor.
Principles and Methods of Toxicology. Mew York, TS Eaven Press, Ltd , 1994

Development af Target Based Therapy jor Cvarian Cancer. Fage 281



	15_Chapter 8 In vivo studies_Page_01
	15_Chapter 8 In vivo studies_Page_02
	15_Chapter 8 In vivo studies_Page_03
	15_Chapter 8 In vivo studies_Page_04
	15_Chapter 8 In vivo studies_Page_05
	15_Chapter 8 In vivo studies_Page_06
	15_Chapter 8 In vivo studies_Page_07
	15_Chapter 8 In vivo studies_Page_08
	15_Chapter 8 In vivo studies_Page_09
	15_Chapter 8 In vivo studies_Page_10
	15_Chapter 8 In vivo studies_Page_11
	15_Chapter 8 In vivo studies_Page_12
	15_Chapter 8 In vivo studies_Page_13

