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and variedly exposed to exogenous substances such as
environmental toxins, chemical drugs, and alcohol which
can ultimately lead to vatrious liver disorders, generally
presenting as a distinct pattern of diseases such as
hepatocellular, cholestasis (obstructive), or mixed type of
liver disorders.* Liver injuries may lead to hepatic failure
and finally death. Liver diseases today are one of the most
fatal diseases globally.®

Carbon tetrachloride (CCl) is an important model agent
to study the pathogenesis of liver injury. The mechanism
of CCl, hepatotoxicity has been thoroughly studied since
1967, CCl,-induced toxicity is a multifactorial process
involving the generation of CCl, -derived free radicals.’
The first step is metabolic activation of CCl, by CYP2E1,
whereby CCl, is converted to free radicals (trichloromethyl
and trichloromethyl peroxy radicals). The second step is
binding of these radicals to antioxidant enzymes, including
the sulthydryl (protein thiol) groups of glutathione. In
the third step, these overproduced free radicals increase
membrane lipid peroxidation (LPO), bind covalently to
macromolecules, deplete ATP, and interfere with calcium
homeostasis.”

Most hepatotoxic chemicals damage liver cells because
the formation of LPO products leads to spread of free
radicals reactions. The important role of lipids in cellular
components emphasizes the significance of understanding
the mechanisms and consequences of LPO in biological
systems. Polyunsaturated fatty acids (PUFAs) serve as
excellent substrates for LPO because of the presence of
active bis-allylic methylene groups. The carbon-hydrogen
bonds on these activated methylene units have lower bond
dissociation energies, making these hydrogen atoms more
easily abstracted in radical reactions.® The susceptibility
of a particular PUFA toward peroxidation increases with
an increase in the number of unsaturated sites in the lipid
chain.”

Vitamin D is a secosteroid hormone known for its critical
role in calcium and skeletal homeostasis. It is obtained
either from dietary sources or synthesized endogenously.
Clinical experimental studies proved that, Vitamin D is
now involved in an important modulator of the immune
response to infection'’ and also been implicated in the
cellular proliferation and differentiation mechanisms. Many
experimental studies are generally accepted that Vitamin D
status is related to both innate and adaptive immune system.
Vitamin D receptor is express in almost all immune cells,
including T lymphocyte, B lymphocyte, neutrophils, and
antigen presenting cells, such as macrophages, monocytes,
and dendritic cells have prompted the idea that Vitamin D
could have a vital role in the regulation of immune responses.!
All these immune cells also express the mitochondrial
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Vitamin D-activating enzyme, 1-0 hydroxylase (CYP27B1)
and that have possess the ability to convert 25(OH)D to 1,
25(OH)2D. This reaction is regulated by circulating levels of
25(OH)D and can also be induced by activation of specific
toll-like receptors (TLRs) which act as pathogen detectors.
Thus, 1, 25(OH)2D could play important roles in both innate
and adaptive immune responses.

Many experimental studies are suggested that Vitamin
D has beneficial effects in liver diseases by activating
and regulating innate and adaptive immunity. Vitamin
D increases innate immunity,'* and stimulating the
mechanisms associated with the elimination of pathogen
agents through the secretion of antibacterial proteins, such
as macrophage phagocytosis, cathelicidin, beta-defensin,
and favoring chemotaxis."” An increased immune response
can cause tissue damage; in this condition, Vitamin D
activate an adequate innate immune response by regulating
the expression of several TLRs and by decreasing the
production of pro-inflammatory cytokines such as
Platelet-Derived Growth Factor, Transforming Growth
Factor-f3, Tumor Necrosis Factor-o, and Interferon. An
inverse relationship between Vitamin D levels and the
expression of TLR2, TLR4, and TLRY in monocytes has
been observed, as has a decrease in the expression of these
innate immunity receptors after the administration of 1a,
25(OH)2D." These three TLRs are primarily related to the
inflammation and fibrosis of the liver.

Vitamin D may inhibit various aspects of inflammation,
which have been established as key pathogenic mechanisms
in atherosclerosis. Recently, some experimental studies
reported associations between hyperlipidemia and
Vitamin D deficiency."*'® Moreover, preliminary findings
from clinical trials have suggested that Vitamin D
supplementation may reduce cardiovascular mortality.
Wang et al.’s'” meta-analysis showed that low serum
25-hydroxy Vitamin D (25[OH]D) levels are associated
with an increased risk of cardiovascular diseases.

Liv-52 is an indigenous multiherbal hepatotonic that has
been widely used as a hepatoprotective agent in vatrious liver
disease.'® The Liv-52 formulation incorporates renowned
Ayurvedic plant principles Capparis spinosa, Cichorium intybus,
Solsnum nigrum, Cassia occidentalis, Terminalia arjuna, Achillea
millefolinm, Tamarix gallica, and Mandur bbasma" and these
herbs has been reported to provide considerable protection
against liver damage by CCl,. The antiperoxidative activity
of Liv-52 prevents the loss of functional integrity of the cell
membrane, maintains cytochrome P-450 enzyme system,
and lipid membrane. It has been involved in functional
efficiency of the liver by promoting detoxification and
thus protecting from harmful food and medication toxins,
maintaining healthy levels of liver enzymes.”
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In this regard, a recent study in rats showed that the active
metabolite of Vitamin D and herbal products of liv-52 may
prevent lipid molecule formation though the reduction
of free radical scavenging activities and LPO levels in the
in vivo model.

Aims and objectives

The aim of the present study was to evaluate lipid
peroxidation (LPO) and lipid profile levels of Vitamin
D and combination with Liv-52 on carbon tetrachloride
induced liver disease in rats.

MATERIALS AND METHODS

Animal models

Thirty-six adult male Albino Wistar rats weighing 150—
200 g were used for the study and animals were purchased
from Biogen Laboratory Animal Facility, Bengaluru,
Karnataka and housed in Meenakshi Medical College
and Research Institute, Kanchipuram, Tamil Nadu. The
animal were well housed in polypropylene cages under
hygiene conditions (24 X 14 ¢cm and 6 rats per cage) and
maintained in a controlled environmental condition of
temperature (23 £ 2°C) and relative humidity (50-70%)
on alternatively 12 h light/dark cycles. The animals were
allowed to have standard pellet diet (Gold Mohor rat feed,
M/s. Hindustan Lever Ltd., Mumbai) and water ad /bitun.
The rats were acclimatized to laboratory condition for
1 week before commencement of the experiment. This
research work on Wistar rats was obtained and approved
by the Institutional Animal Ethical Committee (REG
No. 765/03/ca/CPCEA).

Study protocol

Animals were divided into six groups comprising six rats
each. Group I served as normal healthy control animals,
Group I1 rats treated with CCI, intraperitoneally (1 mL/kg
b.w., 50% CCI, in olive oil; 2 days/week) for 5 weeks.
Group I rats received Vitamin D dissolved in distilled
water at dose levels of 500 TU/kg b.w., with CCl, (as above)
daily for 5 weeks. Group IV were administrated 1 mL/kg
b.w., of Liv-52 with CCI, (as above) daily for 5 weeks.
Group V rats received both Vitamin D and Liv-52, with
CCl, daily for 5 week (as above). Group VI rats received
Vitamin D and Liv-52 dissolved in distilled water at dose
levels of 500 IU and 1 mL/kg b.w., without intoxication
with CCl,, respectively. At the end of experimental
period, the animals were deprived of food overnight and
anesthetized by exposing to diethyl ether and then sacrificed
by cervical decapitation. 2 ml of the blood were collected
from all the rats through the tail and retro-orbital venous
plexus under ether-induced anesthesia, into plain dry test
tube (without anticoagulant) and serum was separated and
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used for biochemical assays. Liver tissue was immediately
dissected out and washed in ice-cold saline and patted
dry and weighed. Approximately 100 mg tissue from liver
was taken and homogenized (10% w/v) with 0.1M Tris-
HCL butffer in ice cold condition. The supernatants were
separated, stored at 4°C for 1 week and used for biochemical
assays, were determined using spectrophotometric method
(Shimadzu UV 1800 spectrophotometer).

Drugs and chemicals

CCl4, Vitamin D were purchased from sigma chemical,
Liv-52 purchased from Himalaya Drug Company and other
chemicals were purchased from SRL chemicals.

Assay of LPO

The level of lipid peroxides was assayed by the method
of Ohkawa et al.,”! To 0.2 ml of homogenate, 0.2 ml
of SDS, 1.5 ml of acetic acid, and 1.5 ml of TBA were
added. The mixture was made up to 4 ml with water and
then heated in an oil bath at 95°C for 60 min using glass
ball as a condenser. After cooling, 1 ml of water and 5 ml
of n-butanol/pyridine mixture were added and shaken
vigorously. After centrifugation at 4000 rpm for 10 min,
the absorbance of organic layer was measured at 532 nm.

Estimation of total cholesterol (TC)

TC content was estimated by the method of Parekh and
Jung.*0.1 ml of the serum was taken and mixed with 3 ml
with ferric chloride-uranyl acetate reagent. Then 2 ml of
sulfuric acid-ferrous sulfate reagent was added to all the
tubes and the contents were mixed well. After 20 min the
color developed was read at 540 nm using a photochem
colorimeter.

Estimation of free cholesterol

Free cholesterol was estimated by the method of Leffler and
McDougald.* 0.3 ml of aliquots were dried and mixed with
1 ml of isopropanol and centrifuged. To the supernatant,
0.5 ml of digitonin reagent was added and the contents
wete stored at 4°C for 30 min. Then, it was centrifuged at
3000 rpm for 10 min. The supernatant was decanted and
the precipitate was washed twice with 1 ml of acetone. The
precipitate was dissolved in 3 ml of ferric chloride-uranyl
acetate reagent to which 2 ml of sulfuric acid-ferrous sulfate
reagent was added. After 20 min, the color developed was
read at 530 nm using the photochem colorimeter.

Estimation of ester cholesterol
Ester cholesterol was measured by subtraction of free
cholesterol come TC.

Estimation of phospholipids
Phospholipids were estimated by the method of Rouser
et al., > To 0.1 ml of was taken and mixed with 0.5 ml of
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ammonium molybdate and ascorbic acid were added and
the mixture was kept in a boiling water bath for 6 min.
The blue color developed was read at 710 nm using a
photochem colorimeter.

Estimation of triglycerides (TGs)

TGs were estimated by the method of Rice* To 0.1 ml
of the sample was mixed with 1 ml of chloroform-
methanol mixture and 50 mg of activated silicic acid
was added, shaken vigorously and allowed to stand for
30 min. After centrifugation, to 0.5 ml of supernatant,
as well as standard and blank, 0.5 ml of alcoholic
potassium hydroxide was added and the mixture was
saponified in a 60-70°C water bath for 20 min. To this
0.5 ml of 0.2 N sulfuric acid was added and kept in a
boiling water bath for 10 min. After cooling the tubes,
0.1 ml of sodium metaperiodate was added and allowed
to stand for 10 min. The excess periodate was reduced
by the addition of 0.1 ml of sodium meta arsenite.
Then 5.0 ml of chromotrophic acid was added, mixed
thoroughly and kept in a boiling water bath for 30 min.
After cooling, 0.5 ml of thiourea solution was added
and the color developed was read at 570 nm using a
photochem colorimeter.

Estimation of free fatty acid (FFA)

FFA content was estimated by the method of Hron and
Menahan.* 0.2 ml of sample was mixed with 6.0 ml of
chloroform: heptane:methanol solvent and was shaken
vigorously. 200 mg of activated silicic acid was added,
shaken and left aside for 30 min. The solution was then
centrifuged and the supernatant was transferred to a
tube containing 2 ml Cu-TEA reagent. The contents
were agitated using a mechanical shaker for 20 min. The
mixture was separated in to two phases by centrifugation.
2 ml of upper layer was mixed with 1 ml of color reagent
and shaken well. The yellow color developed was read at
430 nm in a photochem colorimeter.

Statistical analysis

All analyses in the statistical evaluation were carried
out using the Statistical Package for Social Sciences for
Windows version 21.0 software, one-way ANOVA method
was used for the comparison of variables between groups
and the group mean were compared by Duncan’s Multiple
Range Test. Statistical probability P<0.05 was considered
to be significant.

RESULTS

The level of LPO in the liver and serum was found to
be significantly higher (P<0.001) in the hepatotoxic
induced Group II animals when compared with Group 1
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control animals. Treatment with Vitamin D caused a
significant reduction (P<0.001) in their levels when
compared to hepatotoxic bearing animals, and treatment
with liv-52 caused a significant decreased (P<0.001) in
their levels when compared to CCl4-treated animals.
However, treatment with combination of both Vitamin
D and Liv-52 caused a very much significant reduction
(P<0.001) in the level of LPO when compared with
hepatotoxic bearing rats. There was no significant
difference in the LPO levels between the control rats
and the control rats treated both Vitamin D and liv-52
and (G-VI) (Table 1).

The determination of lipid profile showed that the
exposure of rats to CCl, produce significantly higher
(P<0.001) in the serum level of TC, free cholesterol,
TGs, and phospholipids while ester cholesterol and
FFAs were decreased significantly (P<0.001) when
compared to the normal healthy control rats. However,
the exposure to Vitamin D and liv-52 caused significant
reduction (P<0.001) of serum TC, free cholesterol, TGs,
and phospholipids while ester cholesterol and FFAs were
increased significantly (P<0.001) when compared to the
drug-induced control group. However, the exposure to
combination of both Vitamin D and liv-52 caused very
much significant reduction (P<0.001) of serum TC, free
cholesterol, TGs, and phospholipids while serum levels
of ester cholesterol and FFAs were significant elevation
(P<0.001) in rats when compared to the drug induced
control group. There was no significant difference in
the lipid profile levels between the control rats and the
control rats treated both Vitamin D and liv-52 and (G-
VI) (Table 2).

DISCUSSION

The liver is largest organ and is easy target for toxicity
because of its role in clearing and metabolizing chemicals
through the process called detoxification.” The most
commonly used approach to induce toxin-mediated
experimental liver fibrosis is the periodic administration of
CCl, in rats.” It was used extensively in animal models of
acute hepatic failure in the seventies and early eighties. More
recently, it has been used in the development of cirrhosis
animal models following its gastric and intraperitoneal
administration.”” The most studies rely on the CCI -
model to induce toxic liver fibrosis in rats due to the good
comparability, excellent reproducibility, and moderate
burden for the animals.”®

The toxic effect of CCl, was due to trichloromethyl radical

produced during oxidative stress.”” The liver injury induced
by CCl, increases the number of infiltrated Kupffer cells,
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Particulars Group Group Il (CCI, Group lll (Vitamin Group IV (Liv-52 Group V (Both Group

| (Control) Induced) D treated treated) Vitamin D and VI (Both

Liv-52 treated) Vitamin D and
Liv-52)

Liver (nmoles of 1.1+0.12 4.2+0.3** 3.2+0.25 2.840.19%* 1.9+0.17°* 1.1+0.11
MDA liberated/mg
protein)
Serum (nmoles of 1.63+0.15 2.16+0.22%* 1.6£0.12°* 1.7£0.11°* 1.62+0.12°%* 1.55+0.13

MDA liberated/mg
protein)

Each value is expressed as mean+SD for six rats in each group. *As compared with Group |, PAs compared with Group II. Statistical significance: *P<o0.001. CCIQ: Carbon

tetrachloride

Particulars Group Group Group llI (Vitamin Group IV (Liv-52 Group V (Both Group VI (Both

I (Control) I (CCl4 D treated treated) Vitamin D and Vitamin D and
Induced) Liv-52 treated) Liv-52)

Total 149.1£11.0 197.0+£15.0%* 158.4£12.3%* 155.6+12.7°* 152.3+7.2%* 148.01£9.5

cholesterol (mg/dl)

Free 91.847.0 151.1+13.2%* 129.048.0°* 124.5+9.5°* 110.749.8%* 90.846.5

cholesterol (mg/dl)

Ester 57.8+5.15 33.6+2.3* 42.5+2.9° 45.2+6.6° 47.116.6° 59.48+4.5

cholesterol (mg/dl)

Phospholipids (mg/ 157.9+11.4  225.9+15.7%* 186.7+14.1%* 183.5+9.6°* 166.9+10.0°* 156.418.8

dl)

Triglycerides (mg/ 48.1+4.3 74.9+5.8%* 60.8+4.9°* 58.3+9.0°* 53.3+2.8%* 48.4+4.3

dl)

Free fatty 28.7+2.3 14.1+1.0%* 20.6+1.3% 22.1+1.7°* 26.38+2.2* 29.08+2.5

acids (mg/dl)

Each value is expressed as mean+SD for six rats in each group. ?As compared with Group I, "As compared with Group II. Statistical significance: "P<o0.001

neutrophils, macrophages, lymphocytes, and natural killer
cells which further induced activation of liver resident
macrophages and/or chemo attraction of extra hepatic
cells (e.g.,, neutrophils and lymphocytes).” Liver fibrosis,
inflammation, and injury were induced by release of
activated macrophages.”'

Lipids are more easily attacked by the activated metabolites
of CCl, resulting in damage to intracellular membranes
and the plasma membrane.”” Radical formation and LPO
are the predominant cellular mechanisms involved in the
development of fatty liver caused by CCl,.”” Extensive
accumulation of lipids is regarded as a pathological
condition, and when the accumulation becomes chronic,
fibrotic changes occur in the cells that progress to cirrhosis
and impaired liver function.”® An increase in the levels
of cholesterol, TGs, and FFAs was noted in plasma and
tissues. CCl4 increases the synthesis of fatty acids and TGs
from acetate. This could be due to the transport of acetate
into the liver cell, resulting in increased substrate (acetate)
availability. In CCl, toxicity, the synthesis of cholesterol is
also increased.”
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On the other hand, CCI, lowers b-oxidation of fatty acids
and hydrolysis of TGs. This increases the availability of
fatty acids to esterification.’® Reports have also shown
that during CCl, toxicity, fat from the peripheral adipose
tissue is translocated to the liver and kidney leading to its
accumulation.”” Moreovet, the synthesis of apolipoproteins
is inhibited by CCl * subsequently resulting in the decreased
synthesis of lipoproteins. A decrease in the secretion of
bile acids is also reported.

Phospholipids are the vital components of biomembranes.
They are more susceptible to CCl -induced L.LPO
than other lipid classes”. A decrease in the levels of
phospholipids in liver and kidney is probably due to
an increase in phospholipase activity. During normal
lipoprotein metabolism, phospholipids are extensively
converted into TGs.* CCl -induced inhibition of
lipoprotein-associated TG export may also result in
increased release of phospholipids from these tissues.
An increase in phospholipid levels in brain and heart
could be due to increased phospholipid content of their
membranes.
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Vitamin D deficiency is associated with not only
cardiovascular disease itself but also cardiovascular risk
factors.”! Low Vitamin D levels could result in dyslipidemia,
and lipid abnormalities, that is, an increase in TG, TC, and
low-density lipoprotein cholesterol levels and a decrease
in high-density lipoprotein cholesterol (HDL-C) level have
been identified as important risk factors for atherosclerosis
and cardiovascular disease in adulthood.** Observational
studies have demonstrated that high levels of Vitamin D
are associated with a favorable lipid profile, whereas low
levels of Vitamin D are associated with an atherogenic
lipid profile.*

The Ayurvedic formulation of Liv-52 exhibits potent
hepatoprotective properties against chemically induced
hepatotoxicity. It restores the functional efficiency of the
liver by protecting the hepatic parenchyma and promoting
hepatocellular regeneration. The antiperoxidative activity
of Liv-52 prevents the loss of functional integrity of
the cell membrane, maintains cytochrome P-450 enzyme
system and lipid membrane.* Liv-52 is known to improve
the functional efficiency of the liver by promoting
detoxification and thus protecting from harmful food
and medication toxins, maintaining healthy levels of
liver enzymes. Liv-52 is also known to support liver’s
normal ability to burn fat and maintain body’s metabolic
homeostasis.

Experimental studies are reported that Vitamin D and Liv-
52 possesses hypocholesterolemic action and this could
be due to a decrease in absorption of cholesterol or an
increase in HDL-C. This indicates that Vitamin D and Liv-
52 mobilizes excess cholesterol from extrahepatic tissues to
liver where it is catabolized. Vitamin D also increases the
activity of 7a-hydroxylase, which converts cholesterol to
bile acids, facilitating the biliary cholesterol excretion. The
decrease in the levels of TGs and phospholipids might be
due to decreased FFA synthesis by Vitamin D, which may
suppress the enzymes involved in FFA synthesis.

In the present study proved that, the levels of LPO were
significantly decreased in Vitamin D and Liv-52 treated
animals when compared with CCl, induced animals. TC,
free cholesterol, phospholipids, and TGs levels were
significantly reduced when compared with CCl, induced
rats. However, the levels of ester cholesterol and FFAs
were significantly increased in Vitamin D and Liv-52 treated
animals when compared with CCl, induced animals.

CONCLUSION

Vitamin D and Liv-52 effectively reduced the LPO levels
and increased total and free cholesterol, phospholipids, and
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TGs levels. And treatment with Vitamin D and Liv-52, the
ester cholesterol and FFAs levels were increased.
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