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Abstract

Carbon tetrachloride (CCls) is a well-known hepatotoxin that is
widely used to induce acute toxic liver injury. Phyllanthus niruri (PN)
and Plantago major (PM) have hepatoprotective properties. The
purpose of our study was to evaluate the protective effects of PN and
PM on CCls-intoxicated rats. Sixty male Albino rats were randomly
assigned into six equal groups. The first group was kept as a control
and received purified water. The second and third groups were
administered PN and PM (500 mg/kg/day) orally for 31 days,
respectively. The fourth group was injected intraperitoneally with
CCl4 (2 ml/kg/day) on days 15 and 16 of the experiment. The fifth and
sixth groups were given PN and PM, and were injected with CCls. On
days 17 and 32 of the experiment, five rats were assembled randomly
from each group, and blood samples were collected for analyzing
serum biochemical parameters including liver enzymes, total
bilirubin, direct and indirect bilirubin, proteinogram, and lipid profile.
Our results revealed a significant increase in ALT, AST, ALP, GGT,
total bilirubin, direct and indirect bilirubin, total cholesterol, total
triglyceride, LDL-c and VLDL and a significant decline in total
protein, albumin, and HDL in the CCls group. However, PN+CCl4
group significantly improved liver enzymes, bilirubin, albumin, total
cholesterol, total triglyceride, LDL-c and VLDL. While the PM+CCl4
group revealed improvement in AST, ALP, total cholesterol, total
triglyceride, LDL-c and VLDL. Finally, it could be concluded that the
PN and PM have beneficial effects against CCls-induced
hepatotoxicity in rats.

Keywords: carbon tetrachloride, Phyllanthus niruri, Plantago major,
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Introduction

The liver has a lot of functions,
including carbohydrate, protein, and
fat metabolism, detoxification,
secretion, and storage. Therefore,
maintaining a healthy liver is critical
for animal health and longevity
(Pandit et al., 2012). However, its

function is usually affected by
xenobiotics. Excessive or chronic
exposure to Xxenobiotics leads to

cirrhosis or malignant diseases (Okoli
et al.,, 2011). Carbon tetrachloride
(CCly) is a powerful hepatotoxin, and
is widely used to induce hepatic injury
in animal models (Dong et al., 2013).
The CClstoxicity causes huge
production of free radicals and
inflammation, which affects the
structural and functional membrane of
hepatocytes (Sun et al., 2018).
Synthetic medications used to treat
liver problems are ineffective and can
have major negative effects in some
cases. Therefore, there is a growing
interest to evaluate the traditional
herbal plants that claim to have
hepatoprotective properties
(Baranisrinivasan et al., 2009).

Phyllanthus niruri (PN) is related to
the family of Euphorbiaceae and is
used traditionally for its medicinal
properties (Barros et al., 2006).
Therapeutically, PN has been used to
cure gastrointestinal and genitourinary
tract disorders (Karuna et al., 2009).
Previous studies found that the PN is
hypolipidemic (Khanna et al., 2002b),
hepatoprotective (Amin et al., 2013),
anticarcinogenic (Rajeshkumar et al.,
2002), anti-inflammatory (Obidike et

al.,, 2010), antioxidant and anti-
diabetic (Okoli et al., 2011).

Plantago major (PM) is from the
Plantaginaceae family (Nazarizadeh et
al., 2013). The PM has various
therapeutic ~ properties such  as
antiulcerogenic,  anti-inflammatory,
and immunomodulating and
antioxidant properties, as well as
anticarcinogenic activities (Zubair et
al., 2011).

The aim of our research was to
evaluate the effects of Phyllanthus
niruri and Plantago major regarding
the serum biochemical parameters
including liver enzymes, bilirubin
levels, proteinogram and lipid
profile against CCls intoxication in
rats.

Materials and methods

Chemicals

Carbon tetrachloride was obtained
from Merck Company (Germany).
The kits used to assess the
biochemical parameters were bought
from Roche Diagnostics GmbH,
(Germany). All the parameters were
analyzed using automated Cobas C
311 analyzer (Tokyo, Japan).

Plant extract

PN was gathered from Madurai
(Tamil Nadu, India), and PM from
the canal banks of Nile delta (Egypt).
Using a mortar ceramic grinder, the
dried aerial parts of each plant (1500
g) were slightly powdered. These
dried plants material was exposed to
cold extraction by soaking it in 70%
ethanol for two days at room
temperature with irregular shaking.
Then, it was subjected to filtration
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using Whatmann® filter paper No. 1
(125 mm). After that, the filtrate was
evaporated in an oven at 40 °C for 2-
3 hours every day to get a semi-solid
material. Then, the dried extract was
weighed, placed in a container, and
stored at 4 °C (Nofal et al., 2016;
Ezzat et al., 2020).

Animals and experimental design
Sixty apparently healthy Wister
male rats (150-180 g B.Wt) were
obtained from the Laboratory
Animal House of the Faculty of
Veterinary Medicine, Suez Canal
University in Egypt. The animals
were housed in isolated hygienic
metal cages and divided equally into
six groups (10 rats per cage) with a
12-hour light/darkness cycle and a
constant temperature of 25 °C. The
animals were supplemented
regularly with water and food. The
experimental design was approved
by the Research Ethical Committee
of the Faculty of Veterinary
Medicine, Suez Canal University,
Ismailia, Egypt (approval no.
2019015). To alleviate animal
suffering, all possible measures were
taken.

The rats were accustomed for two
weeks before the beginning of the
study to ensure normal growth,
adaptation, and behavior. Rats were
kept in their receptive groups for 32
days, observed closely every day and
weighted every week. The first
group was given purified water and
kept as a control, while the second
group received orally PN (500
mg/kg B.Wt) daily by stomach tube
for 31 days (Muhammad et al.,

2020). The third group administered
PM orally at a dose of 500 mg/kg
B.Wt every day by stomach tube for
31 days (Eldesoky et al., 2018). On
days 15 and 16 of the experiment,
the fourth group was injected
intraperitoneally with CCls at a
dosage of 2 ml/kg B.Wt/day
(Venkatesh et al., 2010a) dissolved
in olive oil (1:1). The fifth and sixth
groups received 500 mg/kg B.Wt of
PN and PM extracts by stomach tube
every day, followed by CCls
injections on days 15 and 16, then
PN and PM extracts for another two
weeks.

Blood sampling

On days 17 and 32 of the
experiment, five rats were randomly
gathered from each group. The rats
were sedated with isoflurane and
blood samples were drawn from the
heart. The blood samples were
placed in plain centrifuge tubes, left
in a slope position at room
temperature to clot and centrifuged
at 3000 rpm for 10 min for
separation of serum. The clear serum
was carefully collected and kept
frozen at -20°C until used for serum
biochemical analysis.

Liver enzymes and bilirubin

The  activities of  aspartate
aminotransferase (AST) and alanine
aminotransferase ~ (ALT)  were
measured according to Bergmeyer et
al. (1986) and ECCLS. ( 1989)
respectively. Alkaline phosphatase
(ALP) activity was assessed
according to Tietz et al. (1983).
Gamma  glutamine  transferase
(GGT) activity was estimated as
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described by Szasz (1974). Total and
direct bilirubin levels were measured
as mentioned by Wahlefeld (1972)
and Malloy and Evelyn (1937)
respectively.

Serum proteinogram

Total proteins level was evaluated
according to Weichselbaum (1946).
Albumin  level was assessed
according to Doumas et al. (1971).
Globulins was calculated as
mentioned by Watson (1966).

Lipid profile

Total cholesterol was measured
according to Allain et al. (1974).
Triglyceride ~ was  determined
according to Siedel et al. (1993).
HDL-c was assessed as described by
Matsuzaki et al. (1996). VLDL-c
and LDL were calculated according
to Wilson et al. (1985) and
Friedewald et al (1972)
respectively.

Statistical analysis

The SPSS software package version
20.0 was used to collect data and
perform a one-way analysis of
variance (ANOVA). Then, Tukey’s
multiple comparison test was used to
compare the means, when a P <0.05
was considered as a significant level.
The results were presented as means +
standard errors (Landau and Everitt,
2003).

Results

Figure 1 shows the effects of CCls
and different treatments on the
hepatic enzyme activities. The PN
and PM groups showed no
significant changes in the activities
of liver enzymes (ALT, AST, ALP,
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and GGT) compared to the control.
However, these parameters were
considerably  higher in  CCls-
intoxicated rats than control on days
17 and 32 of the experiment. The
PN+CCls group exhibited a
significant reduction in all the
parameters on days 17 and 32
compared to the CCls group, except
GGT, which only showed a
significant reduction on day 32 of
the trial. The PM+CCls group
demonstrated a decrease in liver
enzymes on day 17 of the
experiment, with the exception of
GGT level, which did not alter when
compared to the CCI4 group.
Conversely, on day 32 of the
experiment, this group showed a
significant decrease in AST and
ALP and did not reveal significant
differences in ALT and GGT
compared to the CCl4 group.

Figure 2 reveals the influence of
CCls and different treatments on the
levels of bilirubin and the
proteinogram. The PN and PM
groups showed a non-significant
change in the levels of bilirubin, total
protein, albumin, and globulin when
compared to the control group.
However, the CCls group revealed a
substantial rise in the bilirubin levels
and a reduction in the total protein
compared to the control on days 17
and 32 of the experiment. The
albumin level decreased
dramatically on day 17 of the
experiment and did not show a
significant change on day 32 of the
experiment compared to the control.
The globulin level did not reveal any
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significant change on days 17 and 32
of the experiment. The PN+CCls
exhibited a significant reduction in
the total, direct, and indirect
bilirubin and did not change
significantly in the proteinogram.
The PM+CCls groups showed a
significant decrease in the total
bilirubin level and did not show
significant variations in the other
parameters compared to the CCl4
group.

The effects of CCls and different
treatments on the lipid profile are
shown in figure 3. The PN and PM
groups did not show any significant
variations compared to the control
group. On the other hand, the CCls4

group revealed significant elevations
in the serum triglycerides, total
cholesterol, LDL-c, and VLDL,
while, it showed a marked reduction
in HDL-c compared to the control
group. On day 17 of the experiment,
the PN+ CCls and PM+ CCla4 groups
showed non-significant changes in
the lipid profile compared to the
CCla group. However, on day 32 of
the experiment, the PN+ CCls and
PM+ CCls groups exhibited
significant reductions in the serum
triglycerides, total cholesterol, LDL-
¢, and VLDL. But there were no
significant differences in HDL-c
compared to the CCls group.

Serum ALT activity

Serum AST activity

Serum GGT activity

Figure 1. Protective effects of Phyllanthus niruri (PN) and Plantago major
(PM) on CCls-intoxicated rats. (A) ALT; (B) AST; (C) ALP; (D) GGT. Data
shows the mean + SEM (n=10). Columns with different superscripts refer to
significant differences (P < 0.05) between the groups.
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Figure 2. Protective effects of Phyllanthus niruri (PN) and Plantago major
(PM) on CCls-intoxicated rats. (A) Total bilirubin; (B) Direct bilirubin; (C)
Indirect bilirubin; (D) Total proteins; (E) Albumin; (F) Globulins. Data shows
the mean + SEM (n=10). Columns with different superscripts refer to
significant differences (P < 0.05) between the groups.
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Figure 3. Protective effects of Phyllanthus niruri (PN) and Plantago major
(PM) on CCls-intoxicated rats. (A) Total cholesterol; (B) Triglycerides; (C)
HDL-c; (D) LDL-c; (E) VLDL. Data shows the mean £ SEM (n=10). Columns
with different superscripts refer to significant differences (P < 0.05) between

the groups.

Discussion

Inside the body, CCls is transformed
by cytochrome P450 into free
radicals (CClz). These free radicals
combine with oxygen to form
trichloromethylperoxy radicals
(CCIs00) and reactive oxygen
species, which induce lipid

peroxidation and damage
polyunsaturated fatty acids,
especially  those linked to

phospholipids (Jain et al., 2008; Li
et al., 2011). As a result, cell
integrity is compromised, and ALT
and AST are released into the
bloodstream, causing apoptosis and
necrosis (Yang et al., 2018). The
extended increases in ALT in the
circulation until day 32 could be due
to increased ALT production in
regenerating liver tissue. Other

factors that can raise ALT activity
include cholestatic lesions that
indicate a problem with bile flow
(York, 2017). The serum ALP, GGT,
and total bilirubin levels were
dramatically elevated due to biliary
lesions or intrahepatic cholestasis,
which happens in the bile canaliculi
and bile ductules. As a result of these
lesions, certain membrane-bound
hepatic enzymes, such as ALP and
GGT, may release (Latimer et al.,
2003). Our results are in agreement
with Ullah et al. (2020), who
reported a significant increase in
ALT, AST, ALP, and total bilirubin
in  CCls intoxicated mice.
Furthermore, our results came in line
with Venkatesh et al. (2010b), who
revealed an increase in the activity of
ALP and total bilirubin level after
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administering CCls (2ml/kg) in rats.
However, the PN+CCls group
exhibited a considerable
improvement in all these parameters
compared to the CCls group. These
findings came in accordance with
Ezzat et al. (2020), who reported a
decrease in ALT, AST, ALP, and
bilirubin levels due to using PN. The
PM+CCls group showed significant
decrease in AST and ALP enzymes
and numerical reduction in ALT,
GGT and bilirubin levels compared
to the CCla group. Our findings are
in consistent with Eldesoky et al.
(2018), who revealed a decrease in
ALT, AST, ALP, GGT and bilirubin
levels due to using PM in rats. These
findings could be attributed to the
ability of the PM to preserve the
hepatocyte membrane integrity in
CCl4 exposed rats by lowering the
production of reactive CCl4
metabolites (Eldesoky et al., 2018).
On day 17 of the investigation, the
proteinogram revealed that CClas
intoxicated rats had significantly
lower protein and albumin levels
than the control rats. The severe
hepatic lesions caused by CCls
intoxication may interfere with
protein  synthesis, resulting in
hypoalbuminemia. Furthermore,
lower serum albumin levels have
been linked to active cirrhosis and
biliary liver injury (Shukla and
Bhatia, 2010). Our findings
correspond with those of Eltahir et
al. (2020), who found a substantial
decrease in albumin levels in rats
after CCly injection (1 ml/kg) twice
weekly for 6 weeks. In the PN+CCl4
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group, the serum total proteins and
globulins levels numerically
improved compared to the CCl4
group. Our results came in agreement
with  Amin et al. (2012) who
revealed increase in total proteins
due to using PN and this may be
attributed to the ability of PN to
improve the synthetic function of the
liver and stabilizing the hepatocytes
membranes.  Similarly, in the
PN+CCls group, the serum total
proteins and globulins levels
numerically increased compared to
the CCls group. Eldesoky et al.
(2018) reported an increase in total
proteins due to using PM and this
indicated the stabilization of
endoplasmic  reticulum that is
responsible for protein synthesis.

The CCls group revealed a
significant  increase in  total
cholesterol (TC), triglycerides (TG),
LDL-c and VLDL, as well as a
significant decline in HDL-c
compared to the control group.
Lipid profile changes are a causal
factor ~ for  excessive lipid
peroxidation (Makni et al., 2008)
and oxidative stress (Tsimikas and
Miller, 2011) that resulted from
increase in ROS production and
reduction in antioxidant enzymes.
Our finding matched those of
Althnaian et al. (2013) who found
that intraperitoneal injection of CCls
(1 ml/kg) increased serum total
cholesterol and triglyceride levels in
rats. However, the co-treatment of
PN+CCls and PM+CCl4 exhibited a
considerable reduction in TC, TG,
LDL-c, and VLDL compared to the
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CCls group. Our results are in
harmony with Ezzat et al. (2020),
who concluded that using PN
resulted in normalization of TC and
TG, which is attributed to the
antihyperlipidemic effect of the
plant (Khanna et al., 2002a). Also,
our findings agreed with Nofal et al.
(2016), who found a decrease in TC
and TG owing to using PM.
Conclusion

Supplementing with PN and PM
improved liver enzymes and
bilirubin levels, but PN was more
beneficial than PM. Regarding to the
proteinogram, they had a similar
effect. The lipid profile was
improved as a result of their efforts,
but PM was more effective.
Subsequently, both plants could aid
in the treatment of liver illness.

References

Allain, C. C., Poon, L. S., Chan, C.
S., Richmond, W. & Fu, P. C.
(1974). Enzymatic determination of
total serum cholesterol. J Clinical
Chemistry, 20(4), 470-475.
Althnaian, T., Albokhadaim, I. &
El-Bahr, S. M. (2013). Biochemical
and histopathological study in rats
intoxicated with carbontetrachloride
and treated with camel milk. J
SpringerPlus, 2(1), 1-7.

Amin, Z. A., Alshawsh, M. A.,
Kassim, M., Ali, H. M. & Abdulla,
M. A. (2013). Gene expression

profiling reveals underlying
molecular mechanism of
hepatoprotective effect of

Phyllanthus niruri on thioacetamide-
induced hepatotoxicity in Sprague

Dawley rats. BMC Complement
Altern Med, 13, 160.
doi:10.1186/1472-6882-13-160
Amin, Z. A., Bilgen, M., Alshawsh,
M. A, Ali,H. M., Hadi,A.H. A. &
Abdulla, M. A. (2012). Protective
role of Phyllanthus niruri extract
against thioacetamide-induced liver
cirrhosis in rat model. J Evidence-
based complementary alternative
medicine, 2012.

Baranisrinivasan, P., Elumalai,
K., Sivakumar, C., Therasa, S. &
David, E. (2009). Hepatoprotective
effect of enicostemma littorale
blume and eclipta alba in ethanol
induced liver toxicity in male albino
rats. International Journal of
Pharmacology, 5(4), 268-272.
Barros, M. E., Lima, R., Mercuri,
L. P., Matos, J. R., Schor, N. &
Boim, M. a. J. U. R. (2006). Effect
of extract of Phyllanthus niruri on
crystal deposition in experimental
urolithiasis. J Urological Research,
34(6), 351-357.

Bergmeyer, H., Horder, M. & Rej,
R. (1986). Approved
recommendation (1985) on IFCC
methods for the measurement of
catalytic concentration of enzymes.
Part 3. IFCC Method for aspartate
aminotransferase. J. Clin. Chem.
Clin. Biochem., 24, 481-489.

Dong, D., Zhang, S., Yin, L., Tang,
X., Xu, Y., Han, X., et al. (2013).
Protective effects of the total
saponins from Rosa laevigata Michx
fruit against carbon tetrachloride-
induced acute liver injury in mice.
Food Chem Toxicol, 62, 120-30.
doi:10.1016/j.fct.2013.08.050



168

Doumas, B. T., Watson, W. A. &
Biggs, H. G. (1971). Albumin
standards and the measurement of
serum albumin with bromcresol
green. J Clinica chimica acta, 31(1),
87-96.

Eccls. (1 1989). Determination of the
catalytic activity concentration in
serum of L-alanine aminotransferase
(EC 2.6.1.2, ALAT). . Klin Chem
Mitt, 20, 204-211.

Eldesoky, A. H., Abdel-Rahman,
R. F., Ahmed, O. K., Soliman, G.
A., Saeedan, A. S., Elzorba, H. Y.,
et al. (2018). Antioxidant and
hepatoprotective  potential of
Plantago major growing in Egypt
and its major phenylethanoid
glycoside, acteoside. Journal of
Food Biochemistry, 42(5), e12567.
Eltahir, H. M., Fawzy, M. A,
Mohamed, E. M., Alrehany, M. A.,
Shehata, A. M. & Abouzied, M. M.
(2020). Antioxidant,
antiinflammatory and antifibrotic
effects of Boswellia serrate gum
resin in CCl4induced hepatotoxicity.
J Experimental therapeutic
medicine, 19(2), 1313-1321.

Ezzat, M. I., Okba, M. M., Ahmed,
S. H., ElI-Banna, H. A, Prince, A,
Mohamed, S. O, et al. (2020). In-
depth hepatoprotective mechanistic
study of Phyllanthus niruri: In vitro
and in vivo studies and its chemical
characterization. J PloS one, 15(1),
e0226185.

Friedewald, W. T., Levy, R. |. &
Fredrickson, D. S. (1972).
Estimation of the concentration of
low-density lipoprotein cholesterol
in plasma, without use of the

Asmaa M. Khamis et al.

preparative ultracentrifuge. J
Clinical Chemistry, 18(6), 499-502.
Jain, A., Soni, M., Deb, L., Jain,
A., Rout, S. P., Gupta, V. B, et al.
(2008). Antioxidant and
hepatoprotective activity of
ethanolic and aqueous extracts of
Momordica dioica Roxb. leaves. J
Ethnopharmacol, 115(1), 61-6.
doi:10.1016/j.jep.2007.09.009
Karuna, R., Reddy, S. S., Baskar,
R. & Saralakumari, D. (2009).
Antioxidant potential of aqueous
extract of Phyllanthus amarus in rats.
Indian J Pharmacol, 41(2), 64-7.
d0i:10.4103/0253-7613.51342
Khanna, A., Rizvi, F. & Chander,
R. (2002a). Lipid lowering activity
of Phyllanthus niruri in hyperlipemic
rats. J Ethnopharmacol, 82(1), 19-
22.

Khanna, A. K. Rizvi, F. &
Chander, R. (2002b). Lipid
lowering activity of Phyllanthus
niruri in  hyperlipemic rats. J
Ethnopharmacol, 82(1), 19-22.
d0i:10.1016/s0378-8741(02)00136-
8

Landau, S. & Everitt, B. S. 2003. A
handbook of statistical analyses
using SPSS, Chapman and
Hall/CRC.

Latimer, K. S., Mahaffey, E. A. &
Prasse, K. W. (2003). Veterinary
laboratory  medicine:  clinical
pathology, lowa State Press.

Li, L., Li, Y., Tang, A, Li, M. &
Zhong, Q. (2011). The anti-
inflammatory and
immunopotentiation  effect  of
chloroform extracts isolated from
Securidaca inappendiculata Hassk. J



SCVMJ, XXVII (1) 2022

169

Pharmacol Clin Chin Mater Med,
27, 62-64.

Makni, M., Fetoui, H., Gargouri,
N., Garoui, E. M., Jaber, H,
Makni, J.,, et al. (2008).
Hypolipidemic and hepatoprotective
effects of flax and pumpkin seed
mixture rich in -3 and -6 fatty
acids in hypercholesterolemic rats. J
Food Chemical Toxicology, 46(12),
3714-3720.

Malloy, H. T. & Evelyn, K. A.
(1937). The determination of
bilirubin with the photoelectric
colorimeter. Journal of Biological
Chemistry, 119(2), 481-490.
Matsuzaki, Y., Kawaguchi, E.,
Morita, Y., Mashige, F., Ohisa, S.
& Nakahara, K. (1996). Evaluation
of two kinds of reagents for direct
determination of HDL-cholesterol. J
Anal Bio-Sc, 19, 419-27.
Muhammad, A. A., Ibrahim, R.
B., Aminu, C., Abbas, A. Y,
Kabiru, A. & Bisallah, C. 1. (2020).
Activity of aqueous extract of
Phyllanthus niruri Linn in 2, 4-
dinitrophenylhydrazine induced
anaemic rats. Journal of Pharmacy
and Pharmacology Research, 4(3),
79-95.

Nazarizadeh, A., Mikaili, P,

Moloudizargari, M.,
Aghajanshakeri, S. &
Javaherypour, S. J. (2013).
Therapeutic uses and

pharmacological ~ properties  of
Plantago major L. and its active
constituents. J Basic Appl Sci Res,
3(9), 212-221.

Nofal, Z. a.-E., EI-Maghraby, A.
F., Gad, M. R, Farghaly, A. A. &

Ahmed, E. M. (2016). Evaluation of
the protective effect of ethanolic
extract of Plantago major plant
against CCl4 induced genotoxicity
and biochemical disturbance in Rat.
J Egyptian Journal of Veterinary
Sciences, 47(1), 83-110.

Obidike, 1. C., Salawu, O. A,
Ndukuba, M., Okoli, C. O. &
Osunkwo, U. A. (2010). The anti-
inflammatory and antinociceptive
properties of the chloroform fraction
from Phyllanthus niruri plant is
mediated via the peripheral nervous
system. J Diet Suppl, 7(4), 341-50.
d0i:10.3109/19390211.2010.522553
Okaoli, C. O., Obidike, I. C., Ezike,
A.C., Akah, P. A. & Salawu, O. A.
(2011). Studies on the possible
mechanisms of antidiabetic activity

of extract of aerial parts of
Phyllanthus niruri. Pharm Biol,
49(3), 248-55.

d0i:10.3109/13880209.2010.501456
Pandit, A., Sachdeva, T. & Bafna,
P. (2012). Drug-induced
hepatotoxicity: a review. J Appl
Pharm Sci(lssue), 233-243.
Rajeshkumar, N. V., Joy, K. L.,
Kuttan, G., Ramsewak, R. S,
Nair, M. G. & Kuttan, R. (2002).
Antitumour and anticarcinogenic
activity of Phyllanthus amarus
extract. J Ethnopharmacol, 81(1),
17-22. doi:10.1016/s0378-
8741(01)00419-6

Shukla, A. & Bhatia, S. J. (2010).
Outcome of patients with primary
hepatic venous obstruction treated
with anticoagulants alone. J Indian
Journal of Gastroenterology, 29(1),
14-17.



170

Siedel, J., Schmuck, R., Staepels,
J. & Town, M. (1993). Long term

stable, liquid ready-to-use
monoreagent for the enzymatic
assay of serum or plasma

triglycerides (GPO-PAP method).
AACC meeting abstract 34. J Clin
Chem Clin Biochem, 39, 1127.

Sun, J., Wen, X., Liu, J., Kan, J.,
Qian, C., Wu, C,, et al. (2018).
Protective effect of an
arabinogalactan from black soybean
against carbon tetrachloride-induced
acute liver injury in mice. Int J Biol
Macromol, 117, 659-664.
doi:10.1016/j.ijbiomac.2018.05.203
Szasz, G. (1974). New substrates for
measuring gamma-glutamyl
transpeptidase activity. J Zeitschrift
fur klinische Chemie und klinische
Biochemie, 12(5), 228-228.

Tietz, N., Rinker, A. & Shaw, L.
(1983). nternational Federationof
Clinical Chemistry (IFCC) methods
for the measurement ofcatalytic
concentration of enzymes. Part 5.
IFCC method foralkaline
phosphatase, EC 3.1.3.1). J Clin
Chem Clin Biochem, 21, 731-748.
Tsimikas, S. & Miller, Y. (2011).
Oxidative modification of
lipoproteins: mechanisms, role in
inflammation and potential clinical
applications in  cardiovascular
disease. J Current pharmaceutical
design, 17(1), 27-37.

Ullah, H., Khan, A., Baig, M. W.,
Ullah, N., Ahmed, N., Tipu, M. K,,
et al. (2020). Poncirin attenuates
CCL4-induced liver injury through
inhibition of oxidative stress and
inflammatory cytokines in mice. J

Asmaa M. Khamis et al.

BMC complementary medicine,
20(1), 1-14.

Venkatesh, P., Dinakar, A. &
Senthilkumar, N. (2010a).
Hepatoprotective activity of
ethanolic extract of the stems of
Anisochilus carnosus against carbon
tetrachloride-induced hepatotoxicity
in rats. International Journal of
Health Research, 3(3), 179-183.
Venkatesh, P., Dinakar, A. &
Senthilkumar, N. (2010Db).
Hepatoprotective activity of
ethanolic extract of the stems of
Anisochilus carnosus against carbon
tetrachloride-induced hepatotoxicity
in rats. J International Journal of
Health Research, 3(3), 179-183.
Wahlefeld, A. (1972). Modification
of the Malloy-Evelyn method for a
simple, reliable determination of
total bilirubin in serum. J Scand J
Clin Lab Invest, 29, 11-12.

Watson, D. (1966). Albumin and
“total globulin” fractions of blood. J
Advances in Clinical Chemistry, 8,
237-303.

Weichselbaum, C. T. (1946). An
accurate and rapid method for the
determination of proteins in small
amounts of blood serum and plasma.
J American journal of clinical
pathology, 16(3_ts), 40-49.

Wilson, P. W., Zech, L. A., Gregg,
R. E., Schaefer, E. J., Hoeg, J. M.,
Sprecher, D. L., et al. (1985).
Estimation of VLDL cholesterol in
hyperlipidemia. J Clinica chimica
acta, 151(3), 285-291.

Yang, C., Li,L.,Ma, Z.,, Zhong, Y.,
Pang, W., Xiong, M., et al. (2018).
Hepatoprotective effect of methyl



SCVMJ, XXVII (1) 2022

171

ferulic acid against  carbon
tetrachloride-induced acute liver
injury in rats. Exp Ther Med, 15(3),
2228-2238.

Zubair, M., Nybom, H., Lindholm,
C. & Rumpunen, K. (2011). Major
polyphenols in aerial organs of
greater plantain (Plantago major L.),

doi:10.3892/etm.2017.5678 and effects of drying temperature on
York, M. J. (2017). Clinical polyphenol contents in the leaves. J
pathology. A Comprehensive Guide  Scientia Horticulturae, 128(4), 523-

to Toxicology in Nonclinical Drug 5209.

Development. Elsevier.
Al padlal)
AN b 2 A8 gl ) gal) e A5 e Sl Dn gl gl st 3

lasillae Su 45 Zadly adiallie daaa ddlue daaa o dabad oI usad 3 gana sloud
41522 ¢ s sund] 5L dralas i planl) ibal) LIS LS dSY) Lin ol 53] anid |
44519 5l drals ics_sal) il LS cLSLISY L ol 50l) i D

bl 8 ) alal) A5 el slaand) (13 jadl 5 S8 e i dae e Al jall 38 Cy el
e &5 Il (G s S 3 6K il ) Apens i 2l e sl glad iy () e
Abajiall de saall a5 5V de ganall 1 U gaill e e sana G ) (g bl 1320
pead) (5 00 paS / pale 500 Ao g adl) Bk 0o (Aol eV Culae) Al Al Ae senl)
paS/ aale 500 de s pdll 35k (e Jasd) glad 5l Al A Ao penall 50 3] 320l L sy
/[ da2de a 0s Sl 2 lS ) y aiia dal ) Ao ganall a5 3] Baal Ly aead) (555 (1
Legadle o8 Aol s 1) (i yamnall Ll sl (n 16 5 15 sl (o8 ) (335 0 pnS
&l s S 4 (5 16 515 Gpesdll (B 5 a2 31 Bl A 5 400 Ao penall e iy
el dime e e &5 A paill e 32 517 sl (B Gl i a3 08 5 (50 )S1 oy ) IS
CEVYY) ) el LLE 8 5eS 3l) ge Ll cd€ 8y eS ol Jial
5 (O hasl i Cpaali sl Labadl s (5 sl i dll 1 pshastl i sinal sV Sl bl i sisal
lan] (B S (aliail s G sall (5 shua g pdlaall yu 5 pdlaall g sulull 5 JSW 6] jgall (5 ginua
Calse Gl dle ganall Cjelal Lain 05 A1 2508 @) de gane (B Cpasld) 5 Ol
Y1 o ) (Sa 5 Sl o3 3 Ua sale i Jaall Gy doal) wle¥) aladioly
Jeall Gl (g Jucadl Lisat jelal sl cele) (15 AU 481 5 <l 80 Lagd Jaad) sl 5 5l
Ol (8 s SIS A el A

Ol - Lkl el - g S 255wl daall Glad - sl w2l Al clalst)



