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Functionalized Nanocarriets for Effective Treatment of Liver Fibrosis

Chapter 7 In-vive Studies
7.1 INTRODUCTION

Animal models of liver fibrosis remain a vital experimental tool. Animal models are
essential to the investigation of liver fibrosis and other fibrotic diseases because they
provide the only model in which the serial sampling of tissue, which facilitates the
dissection of the cell and molecular processes that underlie ﬁbrdsis, can be made. The
“importance of studying human models of disease cannot be overemphasized.
Neverfhek:ss, at best they can only provide a snapshot of a disease process which may
develop over weeks or months. In addition, the morbidity, poténtial mortality, and
-~ ethical issues associated with liver biopsy in humans, significantly limits the use of
biopsy material for research. Finally, it is, of course, ethically impossible to
manipulate the pathogenic process of liver fibrosis expérimentally in vivo in human
beings. For these reasons, animal models of liver fibrosis remain a vitai_experiinental

-tool.

‘Many experimental models of hepatip-ﬁbnosis have been described. These include
- those associated with toxic damage [e.g., carbon tetrachloride, d‘iamethylnitrozamine,
thioacetamide (Ala-Kokko et al., 1989; Cameron and Kafunaratne, 1936; Igarashi et
al., 1986; Madden et al., 1970; Morrione, 1949; Martinez-Hernandez, 1985;
‘ Nékamura et al., 1975;YR0jkind and Dlinn, 1979; Rubin et al., 1963; Zimmerman,
1976)], immunological damage [e.g., that mediated by heterologous s_eruni and
experimental schistosomiasis (Ballardini et al., 1983; Yokoi et al., 1988)], biiiary
fibrosis [e.g., common bile duct Iigatioﬂ (Issa et. al., 2001; Tams, 1957)], and
" alcoholic liver disease {e.g., the baboon etha-nol diet or the Tsukamoto/French model

in rats (Tsukamoto et al., 1990)].

Carbon tetrachloride-induced fibrosis and cirthosis is one of the oldesf- and probably
the most widely used toxin-based experimental model for the induction of fibrosis. It
has the advantages that it has been clearly characterized and in many respects mirrors
the pattern of disease seen in human fibrosis and cirrhosis associated with toxic
damage (Tsukamoto et al., 1990; Perez Tamayo, 1983). In addition, there is extensive
experience with this model with respect to the characterization of histological and
biochemical changes and changes associated with injury, inflammation, and fibrosis
(Perez Tamayo, 1983; Maher and McGuire, 1990). Most specifically, the cellular

sources of key matrix components, including collagen-1 in addition to the matrix
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degrading metalloproteinases (matrix metalloproteinases [MMPs]) and their inhibitors
(tissue inhibitors of metalloproteinases [TIMPs]), have been determined (Maher and
McGuire, 1990; Iredale et al., 1996; Iredale et aI.,'1998). Finally, in experienced
hands, and even with outbreed rats or mice, this model elicits a reproducible énd
predictable fibrotic response, making it a valuable basis for study. For these reasons,
there is a relatively extensive experience and growing literature in which CCls-
induced fibrosis is used as a basis for mechanistic study, either through the use of
geriet,ically modified mice (Issa et al., 2003) or the manipulation of the process via a
drug or other mediator (Ala-Kokko et al., 1989; Nakamura et al,, 1975; Yokoi et al,,
1988; Wright et al., 2001).

of course, the CCL model has disédvantages.,ln comparison, as a model, it has no
direct human disease counterpart (Perez Tamayo, 1983). Additionally, unlike human
liver fibrosis, there is more pronbﬁnqed cholangiolér cell hypérplasia in advanced
CCly fibrosis and, in rats; in the presence of CCls-induced cirrhosis, and there is
failure to progress to the development of hepatocellular carcinoma (this has been
‘reported in mice subjected to CCly injury, 'however)‘ (Perez Tamayo, 1983). A final
consideration is‘ that, in comparison with studies of human tissue and murine tissue,
the availability of protein-based reagents such as antibodies, which work effectively
in rat models, is relatively limited. These comments notwithstanding, this article will

describe the methods for using CCly as an in vivo model of fibrosis in rats.

Carbon tetrachloride, like other halokanes, is ‘activated by oxidases to yield a
trichloromethy! radical. This free radical initiates lipid peroxidation and can react with
the sulphydrol group of proteins. CCly has been administered to rodents by inhalation,
" gastric gavage, and by subcutaneous and intraperitoneal injections. Because of the
necessity for bioactivation, the severity of CCly injury will be strongly influenced by
the type of diet and the presence of other xenobiotics. Specifically, microsomal
cytochrome p450 induction significantly enhances CCly-mediated damage
‘(Tsukamoto et al., 1990; Perez Tamayo, 1983). Thus, diet or drugs that activate
cytochromé p45() enhance CCH4 toxicity and the speed of development of fibrosis.
This evidence has been used to increase the speed of development of fibrosis via the
addition of barbiturates to drinking water in conjunction with CCly intoxication
(Tsukamoto et al,, 1990). Conversely, of course, p450 inhibitors will reduce the

toxicity and fibrosis induced by CCL; intoxication.

262



Functionalized Nanocarriers for Effective Treatment of Liver Fibrosis

Chapter 7 In-vivo Studies
In vitro diffusion studies are dependent on the instrument’s hydrodynamic condition
and the diffusion medium. The in vivo parameters that help in assessing the rate and
extent of absorption, AUC, Cmax and Tmax may not be sufficient to evaluate the
pharmacokinetic performance, particularly the diffusion rate of controlled release
liposomal formulations. However, when in vivo and in vitro data are combined it
would add another useful dimension for the evaluation of a product’s performance
(Mojaverian et al., 1997). _' |

Researchers have used CCly experiments in a-series?éf experimental models of liver
injury and fibrosis. These include using CCla: to induce acute'injﬁ:y characterized by
- self-limiting hepatic stellate cell (HSC) activation and hepatocellular regeneration
(Oakley et al., 2003), to develop early and established fibrosis [4-6 wk of CCly,
administered as described later (Iredale et al., 1996; Iredale et al.,, 1998)], to develop
early reversible cirrhosis (8 wk of CCl4 infoxicatioh),' ahd to develop cirrhosis that
demonstrates only partihl ‘reirersi‘bility a2 wk CCl@intoxicatipﬁ')._In the current in
vivo sﬁdies, using CCly induced model of liver fibrosis, We determined the
pharmacokiﬁetic properties and the biodistribution of M6P-HSA conjugated

liposomes in diseased animals.
7.2 ANIMALS

Specified pathogen free ,méle Sprague-Dawley rats of 180 to 220 g were obtained
from Torrent Research Centre (TRC), Gandhiﬁagar, India. All experiments and
protocols described in preéent study were approved by the Institutional Animal Ethics
Committee (IAEC) of lPharmaby Department, The M.S. University of Baroda and
with permission from Committee for the Purpose of Control and Supe;vision of
Experiments on Animals (CPCSEA), Ministry of Social Justice and Empowerment,
Government of India. All animals were housed in-group of 3 animals and maintained
under standardized conditions (12-h light/dark cycle, 24 + 2 °C, 35 to 60% humidity)
and provided free access to pelleted CHAKKAN diet (Nav Maharashtra Oil Mills Pvt.
Ltd., Pune) and purified drinking water ad libitum.

7.3 CAUTION

Carbon tetrachloride is toxic to humans by inhalation and ingestion. Preparation of
carbon tetrachloride should take place in a fume hood. Injection of animals should

take place, where possible, in a fume hood; although for experienced users,.if a sealed
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stock solution of CCly is being used and only opened for filling syringes, then useina
well-ventilated room is probably acceptable. All unused solutions containing CCly

should be disposed of in accordance with local regulations.

7.4 CCL4+INDUCED LIVER FIBROSIS MODEL AN]) EXPERIMENTAL
DESIGN

Experimental liver fibrosis was developed, using an established protocol
(Constandinou et al., 2005) with slight modification, that involved: intraperitoneal
(i.p.) injections of 0.2.mL/100 g of the CCl4:olive oil mixture (equal parts of CCL; and
olive oil i.e. 1:1), twice weekly at equal intervals, for 2 week followed by 0.1 mL of
_ the 1:1 ratio CClg:olive oil mixture for 8 weeks (i.e., rats received 0.1 mL/100 g of |
CCly for 2 week followed by 0.05 mL CCl4/100 g for rest of the duration). After 4
~ weeks from the first injection of CCl4, -the rats were randomly divided into 9

subgroups n=8):

Gfoup 1 (control): Animals received standard laboratory diet and drinking water ad

libitum and served as a control group.
Group 2 (CCLy): Animals recéived only CCl, as per the standard protocol.

Group 3 (Plain M6P-HSA conjugated liposomes + CCly): Animals received plain
M6P-HSA conjugated liposomes (equivalent to amount of liposomes required in

group 5, intravenous) along with CCls.

Group 4 (RGZ + CCly): Animals received RGZ (1 mg/kg/day, intravenous) along
with CClg. 5

Group 5 (RGZ loaded uqconjugated liposomes + CCly): Animals received RGZ
loaded unconjugated liposomes (equivalent to RGZ 1 mg/kg/day, intravenous) along
with CCls.

Group 6 (RGZ loaded M6P-HSA conjugated liposomes + CCly): Animals received
RGZ loaded M6P-HSA conjugated liposomes (equivalent to RGZ 1 mg/kg/day,

intravenous) along with CCls.

Group 7 (CDS + CCL): Animals received CDS (3 mg/kg/day, intravenous) along with
CCla. |
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Group 8 (CDS loaded unconjugated liposomes + CCly): Animals received CDS
loaded unconjugated liposomes (equivalent to CDS 3 mg/kg/day, intravenous) along
with CCls.

Group 9 (CDS loaded M6P-HSA conjugated liposomes + CCly): Animals received
CDS loaded M6P-HSA conjugated liposomes (equivalent to CDS 3 mg/kg/day,

intravenous) along with CCl.
All formulations were administered via the tail-vein injection.
7.5 BIOCHEMICAL ESTIMATION

After 8 weeks from the first injecti_ori of CCly, animals were sacrificed and blood
samples were >collccted and serum separated from each sample and used for the
biochemical analysis. Serum albumin (ALB), globulin (GLB), total protein, alanine
amino—transferasé (ALT); glutamate-pyruvate transaminase (AST) and blood glucose
were measured 4by.: routine biochemical -meth‘qu‘ utilizing kits - according to the
manufacturer’s instructions (described in chabter‘ 3). Serum levels of hyaluronic acid

" were measured by ELISA kits according to the manufacturer’s instructions (described
in chapter 3). Immediately after sacrifice, liver -was isolated in ice cold condition.
They were blotted free of blood and tissue fluids. Then were weighed and stored at -
80 °C +ill further use for the furthef analysis (CryoScientific, India). Liver weight to
body weight ratio (liver coefficient) was calculated by dividing liver weight (g) by
body weight (g) and multiplying it with 100 (Ye and Liu, 1985).

7.6 HYDROXYPROLINE CONTENT OF LIVER TISSUE

Hydroxyproline content of the liver tissue was determined according to Boyd R.
-Switzer’s method as previously reported (described in chapter 3) (Switzer, 1991). The
data was expressed as hydroxyproline (pg)/wet liver weight (g).

7.7 HISTOPATHOLOGY

After sacrificing the animals, liver Was immediately removed and washed with saline
and fixed in 10% buffered formalin. The fixed tissues were embedded in paraffin, five
um thick serial sections were cut and then processed for hematoxylin and eosin
(H&E), masson’s trichrome, picro-sirius red and a-SMA staining according to

standard procedures (Constandinou et al., 2005).
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7.7.1 Hematoxylin and Eosin Staining '

Hematoxylin and eosin staining provides a specimen in which the overall architecture,
degree of inflammation, necrosis, cellular apoptosis, and cellular mitosis can be

assessed. For paraffin-embedded tissue sections:

Dip tissue sections in filtered Mayer’s Haemalum for approx 30 s to.1 min.
Thoroughly wash tissue sections in tap water until the water is clear.

Blue tissue sections in Scott’s tap water for 1 min.

Thoroughly wash tissue sections in tap water.

Dip tissue sectiqxis in eosin for 30 s.

Thoroughly wash tissue sections in tap water until the water is clear.

- R e N

Dehydrate tissue sections through IMS twice, followed by xylene twice, each
time for 5 min. o ‘
8. Sections were mounted using cover slips with distrene, plasticizer, xylene
(DPX) medium. o '
7.7.2 Masson's Trichrome Staining
Description: This method is used for the detection of collagen fibers in tissue
~ specimens on formalin-fixed, paraffin-embedded sections, and may be used for frozen

sections as well. The collagen fibers will be stained blue and the nuclei will be stained -

black and the background is stained red.
Fixation: 10% formalin or Bouin's solution
Solutions and Reagents:

Bouin's Solution;

Picric acid (saturated) =esmmeeemmmmmmnmmms 75 ml
Formaldehyde (37-40%) =mmem=m=mmammnm-m= 25 ml
Glacial acetic acid 5 mi

Mix well. This solution will improve Masson Trichrome staining quality.

266



Functionalized Nanocarriers for Effective Treatment of Liver Fibrosis

-Chap ter 7 In-vivo Studies

Weigert's Iron Hematoxylin Solution:

Stock Solution A:

Hematoxylin : lg
95% Alcohol 100 ml
Stock Solution B:

29% Ferric chloride in water -----—--- 4 ml
Distilled water --—- : 95 ml

Hydrochloric acid, concentrated ---- 1ml
Weigert's Iron Hematoxylin Working Solution:

- Mix equal parts of stock solution A and B. This working solution is stable for 3 '

months (no-good after 4 months)

Bicbrich Scarlet-Acid Fuchsin Solqtio‘n:

Biebrich scarlet, 1% AQUEOUS ==n=-== 90 m]
-Acid fuchsin, 1% aqueous --------------10 ml
Acetic acid, glacial - I ml

Phosphomolybdic-Phosphotungstic Acid Solution:

5% Phosphomolybdic acid -~---------- 25 ml

5% Phosphotungstic acid --------~-—--- 25 ml
Aniline Blue Solution:

Aniline blue 25g

Acetic acide, glacial 2 ml

Distilled water 100 ml

. 1% Acetic Acid Solution;

Acetic acid, glacial 1 ml

Distilled water 99 ml
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Procedure:

L.
2.

het

® N o owoa

9.

Deparaffinize and rehydrate through 100% alcohol, 95% alcohol 70% alcohol.
Wash in distilled water.

For Formalin fixed tissue, re-fix in Bouin's solution for 1 hour at 56 C to
improve staining quality although this step is not absolutely necessary.

Rinse running tap water for 5-10 minutes to remove the yellow color.

Stain in Weigert's iron hematoxylin working solution for-10 minutes. -

Rinse in running warm tap water for 10 minutes. |

Wash in distilled water. “

Stain in Biebrich scarlet-acid fuchsin solution for 10-15 minutes. Solution can

-be saved for ﬁzmrc use.
- Wash in distilled water.

10. Differentiate in phosphomolybdic-phosphotungstic ‘acid solution for 10-15 ‘

 minutes or until collagen is not red.

1.

12.
13.

Transfer sections directly (witheut rinse) to aniline blue solution and stain for

5-10 minutes. Rinse Brieﬂy in distilled water and differentiate in 1% acetic
acid solution for 2-5 minutes. |

Wash in distilled water.

Dehydrate very quickly through 95% ethyl alcohol, abéohite efhyl alcohol

(these step will wipe off Biebrich s_cérlet—acid‘fuchsin staining) and clear in '

| xylene.

14.

Mount tissue sections ilsing cover slips with DPX.

7.7.3 Sirius Red Staining

Sirius Red staining identifies the collagens in a section and provides an excellent

visual index of the extent and distribution of fibrosis. The following protocol is for

paraffin-embedded tissue sections.

L.
2.

Thoroughly wash all tissue sections in distilled water.

Place tissue sections into 0.2% phosphomolybdic acid at room temperature for
5 min.

Transfer tissue sections into picro-Sirius Red éolution (0.1 g Sirius Red F3B in

100 mL saturated aqueous picric acid for 2 h).
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4. With the excepﬁon of the GMA tissue samples, briefly wash tissue sections in
0.01% hydrochloric acid. '

5. Thoroughly wash ALL tissue sections in tap water.

6. Counter stain tiésue sections in filtered Mayer’s Hemalum for approx 30 s to 1
min.

7. Thoroughly wash tissue sections in tap water until the water is clear.

8. Blue tissue sections in Scott’s tap water for 1 min.

9. Thoroughly wash tissue sections in tap water.

10. Dehydrate- tissue sections through IMS twice, followed by xyléne twice, each
time for 5 min.

11. Mount tissue sections using cover slips with DPX.

The sections were examined under the light microscope,(OlyrAnpus BX10, Tokyo,
Japan) for histopathological changes and photomicrographs (Olympus DP12 camera,

Japan) were taken.

" Histopathological . grading was blindly executed by an independent pathologist
according to the Ishak Knodell score (Goodman, 2007), which allows quantifying
hepatic fibrosis in gradés [0 =No fibrosis, 1 = Fibrous expansion of some portal areas,
with or without short fibrous septa , 2 = Fibrous expansion of most portal areas, with
or without short fibrous septa, 3 = Fibrous expansion of most portal areas with
occasional pbrtél to portal bridging, 4 = Fibrous expansion of portal areas with
marked bridging (portal to portal as well as portal to central), 5 = Marked bridging
(portal—portal and/or portal-central) with occasional nodules (incomplete cirrhosis)

and 6 = Cirrhosis, probable or definite]

The activation of liver stellate cells indicated by the staining of a-SMA filaments is
also considered as a marker for the degree of hepatic fibrosis. Paraffin-embedded
serial liver sections were stained for a-SMA, using a-SMA monoclonal antibodies
according to the Constandinou, Henderson, and Iredale method as previously reported
(Constandinou et al., 2005).

7.7.4 0-SMA Staining

a-SMA staining will identify activated HSCs and other tissue myofibroblasts in liver
sections. It provides a excellent visual index of the extent and distribution of activated

HSCs in areas of liver injury and fibrosis. For paraffin-embedded tissue sections:
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1.
2.

Wash all tissue section in 1X D—PBS for 5 min at room temperature.

Retrieval of antigens masked by crosslinkages occurring during the tissue-

fixation process can be accomplished by placing tissue sections in preheated
0.1% trypsin in 1X D-PBS and incubating at 37°C for 20 min.

3. Thoroughly wash all tissue sections in 1X D-PBS.

10.
11.

12..

13.

14.
15.
16.

Endogenous peroxidase activity can be blocked by placing tissue sections into
0.6% hydrogen peroxide in methanol solution for 15 min at room temperature.

Thoroughly wash all tissue sections in 1X D-PBS.

To reduce background secondary' staining, add 100 pL of fnormal horse

blocking serum (from the VECTASTAIN Universal Quick kit) diluted 1:40 in

1X D-PBS to the tissue section and inciibate at room temperature for 10 min.

- Remove excess serum and add 100 pL of a-sma diluted 1:40 in 1X D-PBS.

Incubate the tissue sections in a humidity chamber at 4°C overnight. No
primary antibody and/or equivalent concentrations of mouse I_gGZa can be
added to tissue sections to act as negative controls. Vascular structures in the
liver tissue sections or muscle tissue can act as positive controls.

Wash tissue sections in 1X D-PBS for 5 min. v

Add 100 pL of biotinylated universal secondary antibody (from the
VECTASTAIN Universal Quick kit) diluted 1:20 in 1X D-PBS with blocking
serum diluted 1:10. Incubate the tissue sections at room temperafurg for 15
min. . - | ‘

Wash tissue sections in 1X D-PBS for 5 min.

Add 100 pL of streptavidin/peroxidase preformed complex aﬁtibody (from the
VECTASTAIN Universal Quick kit) diluted 1:40 in 1X D-PBS. Incubate the
tissue sections at room temperature for 10 min. |
Wash tissue sections in 1X D-PBS for 5 min. :
Antigen visualization can be performed adding 100 pL of DAB (from the
DAB substrate kit, to 5 mL distilled water add two drops of buffer, pH 7.5;
four drops of DAB; and two drops of H202). a-sma antigen bound substrate is
converted to an insoluble brown product.

Wash tissue sections thoroughly in tap water.

Dip tissue sections in filtered Mayer’s Hemalum for approx 30 s to 1 min.

Thoroughly wash tissue sections in tap water until the water is clear.
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17. Blue tissue sections in Scott’s tap water for 1 min.Thoroughly wash tissue
sections in tap water.
18. Dehydrate tissue sections through IMS twice, followed by xylene twice, each
time for 5 min.

19. Mount tissue sections using cover slips with DPX.
7.8 PHARMACOKINETIC AND BIODISTRIBUTION

After 8 weeks of first injection of CCly, rats were injected with drug loaded M6P-
HSA conjugated liposomes [(equivalent to RGZ 1 mg/kg, intravenous) or (equivalent
to CDS 3 mg/kg, intravenous)], drug loaded unconjugated liposomes [(equivalent to
RGZ 1 mg/kg, intravenous) or (equivalent to CDS 3 mg/kg, intravenous)] and plain
drug (RGZ: | mg/kg or CDS: 1 mg/kg). Blood samples were collected at different
time intervals of 5, 10, 20, 30 min and 1 h after injection. Total amount of the drug
present in serum at each time point was measured by HPLC method (described in
chapter 3). Similar experiments were performed for conjugated liposomes in rats pre-
injected with M6P-HSA or HSA at the dose of 13 mg/kg of body weight (intravenous)
5 min before the injection of drug loaded M6P-HSA conjugated liposomes
[(equivalent to RGZ 1 mg/kg, intravenous) or (equivalent to CDS 3 mg/kg,
intravenous)]. From the obtained serum concentration data, the pharmacokinetic
parameters were derived for each group using the Thermo Kinetica program. (Version

5.0, Thermo Fisher Scientific).

After one hour of injection, liver, spleen, kidneys, lungs and heart were excised, made
free from any adhering tissues, weighed and drug content was measured in each organ

by HPLC method after extraction (described in chapter 3).
7.9 RESULTS AND DISCUSSION
7.9.1 Biochemical Estimation and Histopathological Examination

The physical parameters such as liver fibrosis grade and liver:body weight ratio (i.e.
liver coefficient) were significantly increased in the CCl, induced liver fibrosis group
rats compared to control group. Biochemical parameters such as serum AST, ALT,
total bilirubin, hyaluronic acid and liver hydroxyproline were significantly increased
and serum albumin/globulin ratio was significantly reduced in fibrotic rats. Plain

RGZ, plain CDS, RGZ as well as CDS loaded unconjugated liposome treated groups
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' demdnstrated very modest improvement in the physical and _biochemiéal parameters.
Blank conjugated liposomes displayed slight improvement due to présence of
bioactive lipid DLPC and targeting ability. Most improvement, i.e. 13 to 70% in
physical and biological parameters, had been observed in RGZ loaded conjugated
liposome and CDS loaded conj'ugatg:d liposome treated animal groups. Fibrosis grade,
liver coefficient, serum AST, ALT, total bilirubin, hyaluronic acid and liver
hydroxyproline content were significantly reduced and serum albumin/globulin ratio
was increased as compared to CCly induced liver ﬁbrosfs model group rats as givén in
the table 7.1 and 7.2. Significant reduction in serum glucose level was observed for
plain RGZ and RGZ loaded unconjugated liposomes but no significant change was
observed for RGZ loaded M6P-HSA conjugated liposomes suggesting very minimal

or no systemic side effects of RGZ when given in conjugated lipésbmes.

The sections were stained with hematoxylin and eosin (H&E), iﬁason’s trichronie,
picro-Sirius red and for a-SMA and then examined under the light microscope for - |
histopathological changes and photomiérographs were taken (figure 7.1). Sections
taken from rats of the control - group showed normal architecture and have very less
collagen and a-SMA deéposition. The tissue architecture was véry much disordered in
the sections from fibrosis model group. Collagen and a-SMA depdsi‘tions were also
much more extensive. Here aléo the improvemeht was in order of RGZ loaded
conjugated liposome = CDS loaded conjugated liposome > blank conjugated
liposomes > RGZ loaded unconjugated liposomes = CDS loaded unconjugated

liposomes > plain RGZ = plain CDS.
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Figure 7.1 Representative histopathological images (I: hematoxylin and eosin, 11
mason’s trichrome. IlI: Picro-Sirius red and I1V: a -smooth muscle actin
staining) of liver tissues of A: Control, B: CCI4 treated, C: Plain M6P-HSA
conjugated liposomes plus CCl4, D: Plain RGZ plus CCl4, E: RGZ loaded
unconjugated liposomes plus CCl4, F: RGZ loaded MG6P-HSA conjugated
liposomes plus CCl4, G: Plain CDS plus CCI4, H: CDS loaded unconjugated
liposomes plus CCl4, 1. CDS loaded M6P-HSA conjugated liposomes plus CCl4.
(formulations equivalent to RGZ | mg/kg/day or CDS 3 mg/kg/day, intravenous)
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Table 7.1 The effect of various treatments on body weight, liver weight, liver

coefficient and fibrosis grade

. Body weight Liver Weight- Liver | Fibrosis
Formulation : : . O
@ (® Coefficient grade
Control 401.57+19.29 14.53+£1.071 | 3.61+0.101 -
cay 30767%1552 | 158041185 | 51220129 | $2°
CCi4 + Plain M6P- 388+
~ HSA conjugated | 318431133 | 1490%0.954 | 4.67+0.135% '”6 (’)72*,; '
liposomes )
421+
CCl4 + RGZ 317.00%13.11 15.83+1.041 | 4.99+0.131 0.042
CCHM + RGZ Joaded » 404+
unconjugated 32020+£17.67 | 1547+ 1.186 482+0.115 0 083
liposomes | | : )
CCl4 + RGZ loaded
MG6P-HSA conjugated | 328731434 | 14.33+0.984 4.35 % 307+
. 0.111%** 0.110%**
liposomes
. 427+
CCl4 + CDS 312.37+13.11 1591+1.182 | 5.090.107 0.030
CCH + CDS loaded 4.08 +
unconjugated 316.81 £12.98 15.66 +0.956 494+0.128 0 042
liposomes ’
CCH + CDS loaded
. 446 + 325+
M6P-H_SA conjugated | 325.19:x16.21 14.51+1.110 0.124%%* 0,072+
liposomes
n= 10 (= SEM)

* p <0.05, ** p < 0.01, *** p < 0.001 vs. the CCly treated group. Significance was

determined by one way analysis of AVONA followed by Tukey’s multiple

comparison test.
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Table 7.2 The effect of various treatments on serum AST, ALT, A/G ratio, total

bilirubin, hyaluronic acid, glucose and liver hydroxyproline content

Control 31:8 91 2| 1s0x | 044x| 4679+ | 29515+ | 9731+
4a79 | amso | 0056 | 0035 | 48sl | 7695 | 1390
ca 88.85 1212601 099+ | 2114 | 19895+ | 188196 | 9618
s5aa | sogs | 0055 | 0046 | 4016 | £8704 | 1005
) 71.00 | 182.89 1730.68
ng: Plain “fﬁf‘ + + 1294 - %i;: 14525 + +  |9724%
> conjugate 4254 | 4.853 | -0.049%%x | V.07 5722%kk- | 7796 | 1210
liposomes K% wtx | Hkk
81.86 | 203.55 | g4 | 200+ | 18775+ | 1855600 | B196%

CCl +RGZ L x * | 0035 | o041 | 3958 | z4a731 | 1200

4464 | 5.115
: 194.92 : - :
CCl4 + RGZ loaded | 78.11 . , 1.88+ | 1843.03 | 85.02+
" + 117+ 172.78 £ : ~
unconjugated ES 4.462 0.043%% 0.047 | 4.045%%% + 1.258
liposomes 4.106 ek ) o ) 6.078** ok
CCH+RGZ loaded | 699 | 12824 118+ | 131031
MGP-HSA el * + L69E | ol | 8861 + 92.18 +
-HSA conjugated | 5435 | 4568 | 0.042¢++ | OO 1 4045k | 5710 | 1156
liposomes ok ok ok *okk
CCl4 + CDS 85:;:12 20104 107+ | 206+ | 18821+ | 1867.74 _
| s208 | 115 | 0051 | 0037 | 4156 | 8664
CC‘l:l :oncj?l: ;f:dded 802)1 191.23 L3t |1oae | 177938 | 1842.63
P . * ** —-——-
liposomes 4,663 | 4462* 0.036 0.043 3.763 7.917%*
CCM4 + CDS loaded | 2027 | 14007 134+ 1363.55
MGP-HSA conineated | - * + L3+ | S| 95.53% + _
OO COMJUEAed | 3904 | 4568 | 0.038*+* | V00 | 3.442¢%¢ | 6638
liposomes ok *x * kK
n=10 & SEM)

*p <0.05 ** p <001, *** p < 0.001 vs. the CCl, treated group (For all except

Serum glucose).
*p <0.05, ** p <0.01, *** p <0.001 vs. the control group (For serum glucose).

Significance was determined by one way analysis of AVONA followed by Tukey’s

multiple comparison test.
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7.9.2 Pharmacokinetic and Biodistribution

After 8 weeks of first injection of CCly, blood clearance of plain drug, unconjugated
liposomes and conjugated liposomes were compared (figure 7.2 and 7.3). After 10
min of injection, almost 87.91% of the injected dose for RGZ loaded conjugated
liposomes cleared from the blood circulation, which was 2.61 folds higher than RGZ
unconjugated liposomes and 4.93 folds higher than plain RGZ. After one hour, only
3.12% of the.injected dose was present in the blood for RGZ loaded conjugated
~ liposomes, which were 11.03 and 24.27 folds lower-than RGZ loaded unconjugated

_liposomes and plain RGZ respectlvely

After 10 min of injection, almost 88.-27% of the injected dose for CDS loaded
éonjugated liposomes cleared from the blood circulation, which was 2.57 folds higher

than. CDS unconjugated liposomes and 5. 23 folds hxgher than plain CDS. After one

'hour, only 3.53% of the mjected dose was present in the blood for CDS loaded -

conjugated hposomes, which were 10.49 ‘and 21.35 folds lower than' CDS Ioaded '

unconjugated liposomes and plain CDS respectively.

Prior injection of M6P-HSA significantly reduced the blood cléarance and increased
half life of RGZ loaded and CDS loaded conjugated liposomes (table 7.3).
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Figure 7.2 Pharmacokinetic profiles of RGZ (different formulations) after single
intravenous bolus injection in fibrotic rats. The data represent the mean + SEM

(n=6)
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Figure 7.3 Pharmacokinetic profiles of CDS (different formulations) after single
intravenous bolus injection in fibrotic rats. The data represent the mean + SEM
(n=6)
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Table 7.3 The pharmacokinetic parameters for different formulations in fibrotic

rats after single intravenous bolus injection. The data represent the mean + SEM

(n=6)
T AUC
. : C | MRT Tus Ka v cL
Formulation (:/gmxlx;l (min) (min) (min™) (ml) (ml/min)
. 3653.1 | 2g148 | 19501 | 99936 | 2366+ | 00842
Plain RGZ 2‘; o | xS el || L6 0.004
RGZ loaded unconjugated | 72472-| 6098+ | 42272 | %0164 | 534 | 0424
liposomes +10.91 327 4.56 1 0.0013 2.08 0.032
RGZloaded M6P-HSA | 5166+ | 27.625 | 1945% | %002 | 165132 | 5042+
conjugated liposomes 3.39 2.93 1.28 0.0025 8.83 0.921
o e oo (ore. | 52274 | 054 | av6x | O01% | 3ss6x | 05874
e it Meptay | 2784 | 417|380 | 0 | 276 0.044
. 31934 1 30527 | 20134+ | 009 | ouz5. | 00874
Plain CDS TE 4 | 483 = 149 0.006
24,58 : : 00002 | b :
CDS loaded unconjugated | 633.53 | 6212 | 4371+ | ®01% | 26074 | o438+
liposomes +11.08 | 2.18 224 | goone | 183 0.028
CDS loaded M6P-HSA | 45.16= | 2586+ | 18212 | OO% | 16846+ | 5876+
conjugated liposomes 2.52 2.73 1.77 0.0031 6.18 1.035
o aome. | 45696 | s891+ | 4risx | 000t | 34104 | o8
injected with MP-HSA) | =% | 319 | 28 | gop3 | 197 | 0036

After one hour of injection, liver, spleen, kidneys, lungs and heart were excised and
the distribution of various formulations was determined (figure 7.4 and 7.5). Almost
74.23 + 1.55% of the injected dose had been taken up by the liver for the RGZ loaded
conjugated liposomes which was 1.94 and 12.60 folds higher than RGZ loaded
unconjugated liposomes and plain RGZ respectively. Very minuscule that is 4.82 +
0.69%, 1.94 + 0.47%, 3.61 + 0.61% and 0.94 + 0.2% of the injected dose had been
taken up by the spleen, kidneys, lungs and heart respectively for the RGZ loaded
conjugated liposomes. Amount taken up by.the spleen, kidneys, lungs and heart was
2.08, 1.46, 1.08 and 1.18 folds more for RGZ loaded unconjugated liposomes and
1.10, 1.55, 0.56 and 1.43 folds more for plain drug than RGZ loaded conjugated

liposomes.

Almost 73.97 + 1.67% of the injected dose had been taken up by the liver for the CDS
loaded conjugated liposomes which was 2.05 and 12.23 folds higher than CDS loaded
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unconjugated liposomes and plain CDS respectively. Very minuscule that is 4.94 +
0.71%, 1.76 + 0.43%, 3.57 + 0.60% and 0.91 & 0.19% of the injected dose had been
taken up by the spleen, kidneys, lungs and heart respectively for the CDS loaded
conjugated liposomes. Amount taken up by the spleen, kidneys, lungs and heart was
2.00, 1.44, 1.11 and 1.29 folds more for CDS loaded unconjugated liposomes and
1.07, 1.84, 0.61 and 1.34 folds more for plain drug than CDS loaded conjugated

liposomes.

“~Prior injection of M6P-HSA significantly reduced accumulationof RGZ and CDS in
- liver that is 1.60 and 1.61 folds lower than RGZ loaded conjugated liposomes and

CDS loaded conjugated liposomes respectively.
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Figure 7.4 Complete tissue distribution of RGZ formulations after single

intravenous bolus injection. Each point represents the mean = SEM (n=6)
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Figure 7.5 Complete tissue distribution of CDS formulations after single
intravenous bolus injection. Each point represents the mean + SEM (n=6)
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7.10 CONCLUSION '

Due to lake of targeting knack plain drug and drug loaded unconjugated liposome
treated groups demonstrated very modest improvement in the physical and
biochemical parameters. Blank conjugated liposomes displayed slight improvement
due to presence of bioactive lipid DLPC and targeting ability. Most improvement had
been observed in RGZ loaded conjugated liposome and CDS loaded conjugated
liposome treated animal groups. Serum glucose level estimation studied suggeéts' very

~ minimal or no systemic side effects of RGZ when given in conjugated liposomes.

~ The histopathofogioal studies suggests that improvement was in order of RGZ loaded
conjugated li’posome = CI()S ‘loaded conjugated liposome > blank conjugated
liposomes > RGZ loaded unconjugated liposomes = CDS loaded unconjugated

liposomes > plain RGZ = plain CDS.

M6P-HSA conjugated. .liposomes were rapidly taken up by the target cells as
» compared to. unconjugated liposomes and plain drug. Prior injection of M6P-HSA
significantly reduced the blood .clearénce and increased half life of RGZ loaded and
CDS loaded conjugated Iipésdmes, which confirms target specificity of M6P-HSA

conjugated liposomes.

_ After one hour of injection, in case of M6P-HSA conjugated liposomes, much higher
percentage of injected -dose had been taken up by liver as compared to unconjugated
liposomes and plain drug. In comparison to unconjugated liposomes and plain drug,
very minuscule percentage of the injected dose had been taken up by the spleen,
kidneys, lungs and heart for the RGZ loaded conjugated liposomes. Prior injection of
M6P-HSA significantly reduced accumulation of RGZ and CDS in liver which
confirms target specificity of M6P-HSA conjugated liposomes.

'
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