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Abstract
The roots of Morus species are well described in the Pharmacopoeia of the People’s Republic of China (ChP) for its tra-
ditional use in treating liver fibrosis due to its hepatoprotective property. However, little is known about the hepato-
protective effect of the roots of Morus indica L. (RoMi), and the pharmacological mechanism(s) are uncertain due to its 
intricacy. Therefore, this study evaluates the hepatoprotective activity of the ethanolic extract of RoMi (eRoMi) against 
the  CCl4-induced in-vivo animal model at different dosages (100 and 200 mg/kg BW) in comparison with silymarin as 
a positive control. The hepatoprotective activity of eRoMi was evaluated by measuring the levels of serum biomark-
ers, hepatic antioxidant enzymes and was verified by histological studies. Interestingly, 1,2-bis(trimethylsilyl) benzene, 
1,4-phenylenebis (trimethylsilane), 2,4,6-cycloheptatriene-1-one, 3,5-bis-trimethylsilyl and α-amyrin were the active 
components found in eRoMi as detected by GC–MS. Oral administration of eRoMi (200 mg/kg BW) to rats significantly 
protected serum biochemical parameters (increased ALT, AST, LDH, bilirubin and GGT as well as depletion of antioxidant 
enzymes and hepatic GSH) and elevation in hepatic lipid peroxidation as compared to  CCl4-treated rats. The hematologi-
cal indices such as erythrocytes, hemoglobin, monocytes and lymphocytes were also normal in eRoMi-treated rats. The 
histopathological evaluation indicated a significant restoration of liver structure as compared to silymarin. This study is 
the first scientific validation for the traditional use of eRoMi to understand its hepatoprotective activity.
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1 Introduction

Hepatotoxicity or liver damage is characterized by meta-
bolic dysfunction and histopathological patterns such as 
neoplasms, vascular lesions, granuloma, steatosis, chol-
estasis, hepatitis, and zonal necrosis, which represents 

5% of all injuries, making it frequent to known injury. As 
a consequence, there are more than a million casualties 
reported in a year, which are indirectly due to liver dis-
figurement or hepatocellular carcinoma [1]. Conventional 
or synthetic drugs protect us from various external and 
internal ailments. Unfortunately, the drugs used to treat 
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liver diseases are dis-satisfactory because they do not 
offer complete protection to the organ and can exert seri-
ous long-term side effects [2–5]. Therefore, it is crucial to 
understand the role of complementary and alternative 
medicine (CAM) as an alternative to cure liver damage [6, 
7]. CAM is understood to have satisfactory clinical efficacy 
with low adverse side effects due to its richness in poly-
phenols [8, 9]. Hence, food rich in plant polyphenols may 
assist in slimming down the threat of chronic ailments [5, 
10–14].

Morus indica L. (commonly known as mulberry) is one 
of the various Morus species belonging to the family 
Moraceae. It is evidenced for its traditional uses in the Chi-
nese Pharmacopoeia 1985 [15, 16] and Indian traditional 
medicinal system (Ayurveda) for its hepatoprotection/
anti-hepatotoxicity and various other pharmacological 
properties. Notably, da Silva Almeida et  al. [15] men-
tioned that the Chinese Pharmacopoeia 1985 had listed 
the roots and other parts of the mulberry plant as having 
medicinal properties. Chopra et al. [17] first documented 
the traditional uses of the crude drug "Sohakuhi", prepared 
from the root bark of certain species of Morus, followed by 
Konno et al. [18] in their report as an antitussive, diuretic, 
expectorant and tonic in oriental medicine. Chatterjee 
et al. [19] indicated the anti-inflammatory and antipyretic 
activities of M. indica. The root barks of Morus plants are 
generally called as Sang-Bai-Pi in Chinese and used for the 
treatment of hepatotoxicity, inflammatory and respiratory 
diseases [20].

The leaves of M. indica were identified to protect pan-
creatic β-cell destruction in streptozotocin (STZ)-induced 
diabetic male Wistar rats [21]. Natić et al. [22] reported 
that phenolics in Morus alba L. mainly contain caffeic acid, 
ferulic acid, flavonol glycosides, flavan-3-ols, p-coumaric 
acid, and protocatechuic acid. Recent studies showed that 
novel compounds including polyhydroxylated alkaloids, 
(2R,3R,4R)-2-hydroxymethyl-3,4-dihydroxypyrrolidine-N-
propionamide and 4-O-α-D-galactopyranosyl-calystegine 
 B2, and 3β,6β-dihydroxynortropane have been isolated 
from the root extracts of M. indica using ion-exchange res-
ins by column chromatography technique [23, 24]. Previ-
ously, several studies involving Morus species like Morus 
alba L., Morus indica L., and Morus nigra were reported to 
show hepatoprotective activity [25–27]. Notably, com-
pounds like 2,5-dihydroxy-4,3′-di(β-D-glucopyranosyloxy)-
trans-stilbene and mulberroside A found in Morus plant 
extracts have been shown to exert hepatoprotective 
effects, with the latter showing P-glycoprotein inhibitory 
effects [20, 28].

However, to the best of our knowledge, there is no 
proper scientific evidence available on the hepatoprotec-
tive activity of the roots of M. indica (RoMi). Therefore, the 
aim of this study was to investigate the hepatoprotective 

activity of the ethanolic extract of RoMi (eRoMi) in car-
bon tetrachloride  (CCl4)-induced hepatic damage in rats. 
In addition, the qualitative and quantitative levels of the 
components of eRoMi were explored using Gas chroma-
tography coupled with mass spectrometry (GC–MS) in this 
study.

2  Materials and methods

2.1  Chemical and reagents

Acetic acid  (CH3COOH), butanol  (C4H9OH), bovine serum 
albumin (BSA), di-potassium hydrogen phosphate 
 (K2HPO4), EDTA, eosin, epinephrine, formalin, hematoxy-
lin, hydrogen peroxide  (H2O2), potassium di-hydrogen 
phosphate  (KH2PO4), sodium carbonate  (Na2CO3), sodium 
bicarbonate  (NaHCO3), ethanol  (C2H5OH), thiobarbituric 
acid (TBA), tetramethoxypropane, sodium dodecyl sul-
phate (SDS), Triton-X 100 and pyridine were procured from 
Merck, Mumbai, India. Bradford reagent, glutathione (GSH) 
reductase, nicotinamide, epinephrine, reduced GSH and 
tert-butyl hydroperoxide were bought from Sigma-Aldrich, 
India. Silymarin was procured from an indigenous phar-
macy store, Bangalore, India.

2.2  Collection and preparation of roots of M. indica 
(RoMi) extract

The roots were collected from the Bishmuri Bashbari area 
(latitude: 26°33′42.6″N and longitude: 90°16′17.2″E) in 
the month of April–May, 2017, Kokrajhar, Assam, India. 
The plant roots were identified and authenticated by Dr. 
A.A. Mao, B.S.I. Shillong, Meghalaya, India and deposited 
to B.S.I. herbarium for future reference (V.No: BSI/ERC/
Tech/Plant Iden./2015/68/Coll No. 013). The roots were 
oven-dried at 40 °C for 20 days, powdered and stored in 
an air-tight container. The 100 g roots were extracted with 
1000 ml of 70% ethanol v/v (70:30) under nitrogen, shaken 
well and stored in the dark at room temperature (RT; 25 °C) 
for 48 h. The extract was then filtered using Whatman 
no.42 filter paper. The extracted contents were centrifuged 
at 10,000 g for 20 min, followed by purging with nitrogen 
[29]. The extract was concentrated using a Telstar LyoQuest 
benchtop freeze dryer and stored at 4 °C for further study.

2.3  Gas chromatography coupled with mass 
spectrometry (GC–MS) analysis

The analysis of eRoMi was performed by PerkinElmer gas 
chromatography (Clarus 680) coupled with mass spec-
trometry (Clarus 600 EI) employed with fused silica column 
and packed with capillary column Elite-5MS (5% biphenyl 



Vol.:(0123456789)

SN Applied Sciences            (2022) 4:49  | https://doi.org/10.1007/s42452-021-04859-z Research Article

95% dimethylpolysiloxane, 30 m × 0.25 mm ID × 250 μm 
df ). The components were separated using Helium as car-
rier gas at a constant flow of 1 ml/min. The injector tem-
perature was set at 260 °C during the chromatographic 
run. The extract sample (1 μl) was injected into the instru-
ment with an oven temperature at 60 °C (2 min) with an 
increasing rate of 10 °C/min until it reached 300 °C, where 
it was held for 6 min. The mass detector conditions were: 
transfer line temperature 240 °C; ion source temperature 
240 °C; and ionization mode electron impact at 70 eV, a 
scan time 0.2 s and scan interval of 0.1 s. The fragment 
sizes from 40 to 600 Da were scanned. The spectrums of 
the components were compared with the database of the 
spectrum of known components stored in the GC–MS NIST 
(2008) library.

2.4  Animals and care

Thirty healthy male Wistar albino rats weighing 210–250 g 
were used for the experiment. The animals were housed 
in polypropylene standard cages (46 × 24 × 20 cm) (Tar-
son, India), with rice husk as bedding material, having 
six animals per cage in a standard environmental condi-
tion (26 ± 3 °C, 65 ± 1% relative humidity, and light con-
trol room with a 12-h dark/light cycle). They were allowed 
to acclimatize for 1–2 weeks and were fed with standard 
pellet feed (Lipton India Ltd., Bangalore, India) and water 
ad libitum. The experiments with animals were performed 
as per the legislation for the protection of animals used for 
scientific purposes.

2.5  Ethical statement

All the experiments were performed in strict accordance 
with standard guidelines accepted internationally. The 
ethical approval was obtained from Maharani Lakshmi 
Ammanni College Ethical Committee (1368/ac/10/CPC-
SEA), Bangalore, India for the care and use of laboratory 
animals.

2.6  Acute toxicity study

OECD guidelines (test 423: Acute oral toxicity-Acute toxic 
class method; 2002) were followed to study the acute tox-
icity of the RoMi extract (OECD Library, 2002). All the ani-
mals (12 male Wistar albino rats) were kept on fasting over-
night prior to the experiment. Decreasing doses beginning 
with 2000 mg/kg (3 animals of each sex) were tested only 
when toxicity signs were observed at this limit dose. The 
followed concentrations were determined as per OECD 
guidelines. The eRoMi extract was administered orally in 
an increasing dose of 250, 500, 1000 and 2000 mg/kg body 
weight (BW). After feeding of various doses of the extract, 

all the rats were carefully observed for the development of 
clinical or toxicological symptoms at 30 min and then at 2, 
4, 8, 24 and 48 h. Finally, rats were observed for the devel-
opment of clinical or toxicological symptoms until 14 days.

2.7  Experimental design and drug administration

Thirty male rats were randomly divided into five groups 
containing six rats each. The treatment of each group is 
described below. 3 ml/kg of  CCl4 was administered orally 
once on the first day. eRoMi was dissolved in Millipore 
water and two different concentrations (100 mg/kg and 
200 mg/kg) of eRoMi were administered orally every day 
in the morning with the help of a 16G gavage needle while 
the control group was maintained on Millipore water. On 
the final day, before euthanization, groups 2, 3, 4 and 5 
were administered with  CCl4 [25]. Body weights were mon-
itored throughout the experiment.

Group 1 was administered with Millipore water + dietary 
supplement served as solvent control (Control).

Group 2 was administered with  CCl4 on the first 
day + dietary supplement served as disease-induced con-
trol (CCl4).

Group 3 was administered with  CCl4 on the first 
day + 100 mg/kg BW of eRoMi orally + dietary supplement 
for 7 days (eRoMi 100).

Group 4 was administered with  CCl4 on the first 
day + 200 mg/kg BW of eRoMi orally + dietary supplement 
for 7 days (eRoMi 200).

Group 5 was administered with  CCl4 on the first 
day + 25 mg/kg BW of silymarin orally + dietary supple-
ment for 7 days (Silymarin 25; Positive Control).

For silymarin group, Silybon-140 mg, Micro Lab Limited, 
India was used.

2.8  Preparation of liver tissue samples

On the 8th day, i.e., 24 h after the last treatment, all rats 
were weighed and euthanized under proper anesthesia 
using a combination of 0.15 ml/100 g xylazine (30 mg/
kg BW) and 0.3 ml/100 g i.p ketamine (300 mg/kg BW) as 
proposed by Committee for the Purpose of Control and 
Supervision of Experiments on Animals (CPCSEA). The 
blood was collected by retro-orbital puncture in an EDTA-
containing tube from all the experimental rats. The livers 
of each rat were removed, weighed and perfused in the 
ice-cold phosphate buffer of pH 7.0. A portion of the liver 
was preserved in 10% formaldehyde solution for histo-
pathological evaluation and from the remaining portion, 
the homogenate was prepared by centrifuging at 1000 × g 
for 10 min at 4 °C. The supernatant was collected after cen-
trifugation and was used for in-vivo enzymatic assays [8].
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2.9  Measurement of serum electrolytes

The blood was allowed to clot for 60 min at RT and then 
serum was collected by low-speed centrifugation at 
120 × g for 5 min. The straw-colored serum was used to 
study the biochemical parameters in Cobas Auto analyzer 
for serum electrolyte determination.

2.10  Biochemical assays in blood

The activities of aspartate transaminase (AST), alanine 
transaminase (ALT), alkaline phosphatase (ALP), gamma-
glutamyl transpeptidase, total bilirubin, triglycerides (TG), 
HDL-cholesterol, LDL-cholesterol and total cholesterol (TC) 
were estimated using standard AMP diagnostic kits (Graz, 
Austria). Liver damage was assessed by estimating the 
enzymatic activities of serum AST, ALT, and ALP, as well as 
TC, TG, and albumin levels, using the corresponding com-
mercial kits.

2.11  Assessment of in‑vivo liver enzymatic assays

2.11.1  Superoxide dismutase (SOD) assay

The SOD activity was determined by the Misra and Fre-
dovich [30, 31] method, modified by Middha et al., [30]. 
A volume of 880 µl of 0.05 M carbonate buffer (pH 10.2) 
containing 0.1 mmol EDTA and 20 µl of 30 mmol epineph-
rine in 0.05% acetic acid was added to the tissue extract of 
100 µl, and changes in activity were measured at 480 nm 
for 4 min. The activity was expressed as the amount of 
enzyme that inhibits the oxidation of epinephrine by 50%, 
which is equivalent to one unit and is expressed in terms 
of units/mg protein.

2.11.2  Catalase (CAT) assay

Catalase activity was determined as described by Khan 
et al. [32]. The reaction solution of catalase activity con-
tained 1 ml of 59 mmol/L  H2O2 (dissolved in 50 mmol 
phosphate buffer, pH 7.0) and 0.1 ml of hepatic super-
natant was added to 1.9 ml deionized water. Changes in 
the absorbance of the reaction solution at 240 nm were 
determined every 1 min up to 3 min (using Kinetics spec-
trometer). One unit of catalase activity was defined as an 
absorbance change of 0.01 as units/mg/min.

2.11.3  Glutathione peroxidase (GPx) assay

GPx activity was measured as described by Middha et al. 
[33] at 37 °C. The reaction mixture consisted of 500 μl of 

phosphate buffer, 100 μl of 0.01 M reduced glutathione 
(GSH), 100 μl of 1.5 mM NADPH and 100 μl of GR (0.24 U). 
100 μl of tissue extract was added to the reaction mixture 
and incubated at 37 °C for 10 min. 50 μl of 12 mM t-butyl 
hydroperoxide were added to 450 μl of the tissue reaction 
mixture and measured at 340 nm for 180 s in a BioSpec-
trometer (Eppendorf, Model BL 192). The molar absorp-
tivity of 6.22 ×  103 M/cm was used to determine enzyme 
activity. One unit of activity is equal to µM NADPH oxi-
dized/min/mg protein.

2.11.4  Assays for measurement of reduced glutathione 
(GSH), oxidized glutathione (GSSG) and ratio of GSH: 
GSSG

The levels of GSH were estimated using the method of Sal-
bitani et al. [34]. A total of 1 ml of homogenate was precipi-
tated with 1 ml of 4% sulfosalicylic acid. Samples were kept 
at 4 °C for 1 h and then centrifuged at 1200 × g for 20 min 
at 4 °C. The total volume of 3 ml assay mixture contained 
0.1 ml of a filtered aliquot of the liver homogenate, 2.7 ml 
of phosphate buffer (0.1 mol; pH 7.4) and 0.2 ml of DTNB 
(100 mmol). The yellow colour that developed was read 
immediately at 412 nm on a SmartSpec™ Plus Spectropho-
tometer (Bio-Rad, Hercules, CA, USA). It was expressed as 
μmol GSH/mg of the liver.

Oxidized glutathione (GSSG) level was measured by the 
protocol previously used by Griffith [35]. It was expressed 
as μmol GSSG/mg of the liver. GSH metabolism was gener-
ally calculated as the ratio of total GSH/GSSG.

2.12  Lipid peroxidation

Malondialdehyde (MDA), a marker of lipid peroxidation, 
was assessed by the method of Ohkawa et al. [37], using 1, 
1, 3, 3-tetramethoxypropane as standard. Briefly, 8.1% SDS 
was added to the tissue homogenate and incubated for 
10 min at RT, followed by boiling with 20% acetic acid and 
0.6% thiobarbituric acid (TBA) for 1 h in a water bath. After 
cooling, butanol: pyridine solution (15:1 v/v) was added 
and the mixture was centrifuged at 600 × g for 5 min. The 
absorbance of the upper coloured layer was measured at 
532 nm and the concentration of MDA was expressed in 
terms of nmol/mg protein.

2.13  Total protein assay

The total protein assay was done by the method of 
Lowry et al. [36], taking BSA as standard. In brief, to the 
supernatant of 100 µl, 500 µl of alkaline copper sulphate 
was added and allowed to incubate for 10 min at RT. 
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After incubation, 60 µl of diluted Folin-Ciocalteu rea-
gent (1:1) was added and incubated for another 30 min 
at RT. Following this, absorbance was taken at 660 nm 
against the reagent blank.

2.14  Histopathological studies

A small portion of the liver was excised and washed 
with normal saline and processed separately for histo-
pathological observation. Initially, the liver tissues were 
fixed in 10% buffered neutral formalin for at least 48 h, 
dehydrated in gradual ethanol (50–100%), cleared in 
xylene, and embedded in paraffin. The 4 μm sections 
were prepared using a microtome. Then, the liver sec-
tions were dewaxed in xylene, rehydrated in a series of 
different grades of alcohol and then washed with dis-
tilled water for 5 min. The liver sections were stained 
with basic stain hematoxylin for 40 s and counterstained 
with acidic stain eosin for 20 s (H-E) dye [30]. The sec-
tions were examined microscopically (100X and 400X) 
using an Olympus microscope for any histopathologi-
cal changes, including cell necrosis, fatty changes and 
vacuolation.

2.15  Statistical analysis

Data were expressed as mean ± SE. Comparison between 
different groups was performed using one-way ANOVA, 
followed by Tukey’s multiple comparison tests (GraphPad 
Prism, Windows 5). p < 0.05 was considered to be statisti-
cally significant.

3  Results

3.1  Total yield of the extract

The total yield of eRoMi extract isolated from the roots of 
M. indica was found to be 5.9% w/w.

3.2  GC–MS compound profiling

Figure 1 shows the chromatogram of the GC–MS profile 
of eRoMi extract run for 35 min, which indicated the pres-
ence of 1,2-bis(trimethylsilyl) benzene, 1,4-phenylenebis 
(trimethylsilane), 2,4,6-cycloheptatriene-1-one, 3,5-bis-tri-
methylsilyl, and α-amyrin at retention times (RT) of 30.609, 
30.674, 31.035 and 31.745, respectively (Table 1, Fig. 1).

3.3  Acute toxicity study

No fatality was observed following the oral administration 
of eRoMi to the investigational animals at 2000 mg/kg BW 
dose. Therefore, 1/10th (200 mg/kg) of the maximum dose 
and 1/20th (100 mg/kg) were considered safe for the in-
vivo studies. No signs of clinical or toxicological symptoms 
in experimental animals were observed after 14 days.

3.4  Effect of eRoMi on hematological parameters

The effects of administration of eRoMi on the hemato-
logical parameters are shown in Table S-1. Compared 

Fig. 1  The chromatogram of 
the GC–MS profile of eRoMi 
extract run for 35 min (show-
ing the different peaks with 
retention times)
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with the control group, the disease-induced group that 
received  CCl4 showed a decline in the levels of eryth-
rocytes, hemoglobin, mean corpuscular volume (MCV), 
mean corpuscular hemoglobin concentration (MCHC), 
and monocytes, whereas the levels of leukocytes, lym-
phocytes and mean corpuscular hemoglobin (MCH) 
were noted to be increased. Results show that there 
were no statistically significant changes in erythrocyte 
count, hemoglobin, leukocytes and MCHC values of 
groups treated with eRoMi when compared with control 
and Silymarin groups. The extract caused a significant 
reduction in MCH and lymphocytes by 1.1 and 1.5 folds, 
respectively (p < 0.05). Monocytes were also found to be 
increased as compared with that of the control group 
(p < 0.05).

3.5  Effect of eRoMi on biochemical parameters

3.5.1  Effect of eRoMi on the indices of hepatotoxicity 
based on liver marker enzymes

Administration of  CCl4 markedly increased the levels of 
serum hepatic enzymes such as ALT, AST and ALP in the 
disease-induced group as compared to the control group 
(Table  2). The increase in these enzyme activities was 

significantly decreased with the treatment of eRoMi; the 
high concentration group of eRoMi (200 mg/kg) showing 
better results than the low concentration (100 mg/kg).

3.5.2  Effect of eRoMi on TC, TG, HDL, LDL, and VLDL levels

The administration of  CCl4 has increased TC 
(6.40 ± 0.02  mmol/L), TG (1.78 ± 0.01  mmol/L), LDL 
(162.00 ± 10.81 mg/dL), and VLDL (29.01 ± 0.87 mg/dL), 
and decreased HDL (27.11 ± 1.42 mg/dL); whereas in the 
groups that received silymarin and test extract eRoMi, the 
levels of TC, TG, LDL and VLDL have significantly decreased 
with increase in HDL levels (Table S-2). A high concentra-
tion of eRoMi showed better results when compared with 
the low concentration group. The major fold changes 
were seen in VLDL (0.80 fold) followed by TG (0.77 fold), 
TC (0.76 fold) and LDL (0.67 fold) after the treatment with 
the high dose of eRoMi as compared to the  CCl4-treated 
animals. The level of HDL increased with the administra-
tion of eRoMi and showed better result at high concentra-
tion (34.20 ± 2.83 mg/dL) compared to low concentration 
(29.12 ± 0.39 mg/dL). These results of high-dose treatment 
were comparable with the standard drug silymarin, which 
was effective in reverting biochemical parameters in dis-
eased animals.

Table 1  Major bioactive compounds identified by the GC–MS analysis of ethanolic root extracts of Morus indica L

S. No Compound Name Structure Molecular Formula M.W
(g/mol)

RT (min) Peak Area (%) Pharmacological Activity

1 1,2-Bis(trimethylsilyl)
benzene
(CAS: 17151–09-6)

 

C12H22Si2 222.47 30.609 6.953 –

2 1,4-Phenylenebis
(trimethylsilane)
(CAS: 13183–70-5)

 

C12H22Si2 222.47 30.674 5.191 –

3 2,4,6-Cycloheptatrien-
1-one, 3,5-bis-
trimethylsilyl-

(CAS: 900161–21-8)

 

C13H22OSi2 250.48 31.035 27.563 –

4 α-Amyrin
(CAS: 638–95-9)

 

C30H50O 426.72 31.745 54.594 Anti-inflammatory,
  three times more potent 

than aspirin, antidia-
betic, anti-arthritis and 
anticancer [38]
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3.5.3  Effect of eRoMi on serum urea and creatinine

The serum biochemical assay of the current investigation 
has been tabulated in Table 2. In the control group, creati-
nine and urea levels were noted to be 0.68 ± 0.01 mg/dL 
and 22.75 ± 1.05 mg/dL, respectively.  CCl4 administration 
significantly increased the urea (34.12 ± 1.21 mg/dL) and 
plasma creatinine (0.79 ± 0.01 mg/dL) levels as compared 
to the control group. Treatment with  CCl4 advanced the 
creatinine and urea levels by almost 1.2 and 1.5 folds. 
When the experimental rats were treated with the stand-
ard drug silymarin and different doses of eRoMi, it was 
noticed that in the case of silymarin, the creatinine and 
urea levels almost clocked back to the normal. Upon treat-
ment with eRoMi, the high dose was found to be more 
effective in decreasing these creatinine and urea levels 
than the low dose, being statically significant in both 
cases.

3.5.4  Effect of eRoMi on total protein and albumin

As shown in Table 2,  CCl4 administration decreased the 
albumin (to 65.6%, p < 0.05) and total protein levels as 
compared to the control, although the decrease in total 
protein was not significant. The albumin was decreased. 
Treatment with eRoMi at a high dose (200 mg/kg) and sily-
marin significantly increased the albumin to 77.3% and 
75.6%, respectively, as compared to the control. There 
were no significant changes (p < 0.05) in the total protein 
levels in the treatment groups compared to the control 
group.

3.5.5  Effect of eRoMi on bilirubin and gamma‑glutamyl 
transpeptidase (GGT)

The administration of  CCl4 elevated the levels of serum 
bilirubin (313.3%) and GGT (262.0%) as compared to the 
control group (Table S-2). After the treatment of eRoMi, 

bilirubin was lessened to 251.7% (with 100 mg/kg eRoMi), 
215.0% (with 200 mg/kg eRoMi) and 181.7% (with silyma-
rin); whereas GGT was reduced to 199.0% (with 100 mg/
kg eRoMi), 197.1% (with 200 mg/kg eRoMi), and silymarin 
(150.3%) as compared to control.

3.6  Effect of eRoMi on plasma electrolytes levels

The sodium  (Na+), potassium  (K+) and chloride  (Cl−) lev-
els were found to be increased by 8.3%, 16.9%, and 6.8%, 
respectively, in the  CCl4 group animals compared to con-
trol group animals (Table 3). After treatment with the test 
extract eRoMi, the  Na+,  K+, and  Cl− levels were found to be 
decreased when compared to  CCl4-treated animals; how-
ever, the changes were not significant (p < 0.05).

3.7  Effect of eRoMi on the parameters of oxidative 
stress in liver

3.7.1  Effect of eRoMi on antioxidant enzymes SOD, CAT, 
and GPx

The administration of  CCl4 resulted in a significant 
decrease in activities of antioxidant enzymes such as 
CAT, SOD and GPx in the liver as compared to the control 
(Fig. 2a, b and c). The activities of CAT, SOD and GPx were 
decreased by 26.38%, 3.72% and 62.10%, respectively. The 
groups treated with eRoMi at two different doses and sily-
marin significantly increased (p < 0.05) the activities of the 
enzymes as compared to the  CCl4-treated group, and the 
protective effect of eRoMi treatment at 200 mg/kg was 
similar to that of silymarin treatment.

3.7.2  Effect of eRoMi on the activity of GSH, GSSG and GSH 
metabolism

The administration of  CCl4 reduced the GSH level by 27.2% 
as compared to the control group (Fig. 2d). The GSH level 

Table 2  Biochemical parameters of animals in blood of the control and treatments

* Values are mean ± S.E. (n = 6 animals /group). Statistical analysis was done by one-way ANOVA between groups and values were considered 
significant at p < 0.05. Those which are not sharing the same letters are significantly different. ALT: Alanine aminotransferase; AST: Aspartate 
aminotransferase; ALP: Alanine phosphatase; TC: Total Cholesterol; TG: Triglyceride; HDL: High-density lipoproteins; LDL: Low-density lipo-
proteins; VLDL: Very-low-density lipoproteins; GGT : γ-glutamyl transferase

Control CCl4 Silymarin (25 mg/kg) eRoMi (100 mg/kg) eRoMi (200 mg/kg)

Albumin (g/dL) 39.14 ± 1.21 25.70 ± 1.76a 29.60 ± 1.98b 26.02 ± 1.90a 30.25 ± 0.25b
ALT (U/L) 26.50 ± 0.98 118.00 ± 9.43a 88.10 ± 9.31b 108.30 ± 11.42a 66.33 ± 4.73b
AST (U/L) 27.50 ± 1.31 208.00 ± 24.94a 98.20 ± 10.21b 149.67 ± 11.93c 101.33 ± 11.2c
Total Protein (g/dL) 6.16 ± 0.23 5.98 ± 0.11a 6.11 ± 0.34b 6.09 ± 0.05b 6.13 ± 0.17b
ALP (U/L) 14.00 ± 0.45 27.00 ± 1.20a 15.50 ± 08b 22.33 ± 2.52b 21.00 ± 1.31a
Urea (mg/dL) 22.75 ± 1.05 34.12 ± 1.21a 28.63 ± 1.43b 30.31 ± 3.12b 28.91 ± 2.08b
Creatinine (mg/dL) 0.68 ± 0.01 0.79 ± 0.01a 0.70 ± 0.01b 0.77 ± 0.02a 0.71 ± 0.04b
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was ameliorated upon treatment with eRoMi at both 
doses and was comparable to the effect of treatment with 
silymarin.

The GSH/GSSG ratio was decreased in  CCl4-treated 
rats when compared to control rats (1.372 ± 0.2 for  CCl4 
versus 0.856 ± 0.1 for control; p ≤ 0.05) (Fig. 3). The alter-
ation in GSH metabolism caused by  CCl4 treatment was 
prevented when experimental rats were supplemented 
with eRoMi. eRoMi 200 (1.09 ± 0.1) was more effective 
than the other group except standard drug silymarin 
25 (1.17 ± 0.3). Consequently, a significant decrease was 
noticed in the GSSG level in the eRoMi 200 group, when 
compared with the  CCl4-treated group (Fig. 2d).

3.7.3  Effect of eRoMi on lipid peroxidation

Lipid peroxidation was accessed by evaluating the level of 
MDA and was expressed in nmol/mg of protein. Figure 4 
shows the effects of eRoMi treatment on the  CCl4-induced 
alteration of MDA level. The MDA content was significantly 
elevated by 69% in the  CCl4-treated group compared with 
that of the control group (p < 0.05). However, treatment 
with eRoMi and silymarin significantly reduced MDA level, 
and eRoMi at high concentration (200 mg/kg BW) mark-
edly relieved the  CCl4-induced elevation in the lipid per-
oxidation (p < 0.05).

Table 3  Effect of eRoMi on plasma electrolytes levels

Statistical analysis revealed that there are no significant differences between the groups.

*Values are mean ± S.E. (n = 6 animals /group). Statistical analysis was done by one-way ANOVA between groups and values were considered 
significant at p < 0.05. Those which are not sharing the same letters are significantly different

Control CCl4 Silymarin (25 mg/kg) eRoMi
(100 mg/kg)

eRoMi
(200 mg/kg)

Sodium (mmol/L) 139.14 ± 11.32 150.7 ± 12.3a 146.6 ± 11.42a 146.02 ± 11.49a 141.25 ± 12.41a
Potassium (mmol/L) 5.9 ± 1.42 6.90 ± 1.32a 6.10 ± 1.43b 6.80 ± 1.01a 6.56 ± 0.85a
Chloride (mmol/L) 101.10 ± 11.65 108 ± 9.04a 103.2 ± 9.69a 106.67 ± 8.93a 104.33 ± 7.98a

Fig. 2  Effect of eRoMi on the levels of a Catalase, b Superoxide dis-
mutase, c Glutathione Peroxidase and d GSH and GSSG. Values are 
mean ± S.E. (n = 6 animals per group). Statistical analysis was done 

by one-way ANOVA between groups and values were considered 
significant at p < 0.05. Those which are not sharing the same letters 
are significantly different
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3.7.4  Effect of eRoMi on histopathological changes

Histopathological evaluation of the rat livers (Table S3; 
Fig. 5) showed that the hepatocytes of a healthy rat (from 
the control group) had a normal architecture (Fig. 5a), 
whereas, in contrast,  CCl4 induced severe hepatocyte 
necrosis, inflammation, and hemorrhage (Fig. 5b). After 
treatment with eRoMi, the severity of  CCl4-induced liver 
intoxication was reduced in a dose-dependent manner 
(Fig. 5c and 5d), although the treatment with silymarin 
showed better result (Fig. 5e).

4  Discussion

CCl4 is a classic compound commonly used for xenobi-
otic-induced hepatic injury of the liver to understand the 
pathogenesis of hepatic steatosis in the experimental 
animal models [39, 11]. The liver injury is due to the reac-
tive oxygen species (ROS)-induced oxidative stress that 
can generate toxic lipid intermediates. Weber et al. [40] 
understood in their study that  CCl4 ingestion activates 
cytochrome system (i.e., CYP2E1) and forms trichlorome-
thyl radicals  (CCl3+). It becomes toxic because of a reac-
tive intermediate generated by its reductive metabolism, 
and this highly reactive intermediate is known to induce 
leakage of serum enzymes, lipid peroxidation, depletion 

Fig. 3  Effect of eRoMi on GSH/
GSSG ratio (GSH metabolism). 
Values are mean ± S.E. (n = 6 
animals per group). Statistical 
analysis was done by one-way 
ANOVA between groups and 
values were considered signifi-
cant at p < 0.05. Those which 
are not sharing the same let-
ters are significantly different

Fig. 4  Effect of eRoMi on lipid 
peroxidation (the level of 
MDA). *Values are mean ± S.E. 
(n = 6 animals/group). Statisti-
cal analysis was done by one-
way ANOVA between groups 
and values were considered 
significant at p < 0.05. Those 
which are not sharing the 
same letters are significantly 
different
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of antioxidant capacity and hepatic necrosis around the 
central vein [25].

Prior studies have reported that herbal and medicinal 
plants substantially contribute to the treatment of chole-
static disorder or hepatocellular insult and liver injury 
[41]. In the present study, we show that the ethanolic root 
extracts of M. indica can significantly prevent  CCl4-induced 
acute liver damage. Among all the detected compounds in 
eRoMi by GC–MS analysis, α-amyrin is known to be three 
times more potent in its anti-inflammatory effect than 
aspirin [38]. 1,2-Bis (trimethylsilyl) benzene, 1,4-phenylen-
ebis (trimethylsilane), 2,4,6-cycloheptatriene-1-one, and 
3,5-bis-trimethylsilyl were other novel compounds that 
were detected for the first time in eRoMi. Serum marker 
enzymes, such as AST, ALT, ALP, and GGT are recognized 
as liver marker enzymes that exhibit increased activities 
when the liver cells are necrotic, during cholestatic disor-
der or hepatocellular insult [42]. Wills and Asha [43] sig-
nified in their study that after liver injures, AST and ALT 
progresses from the cytoplasm to the circulatory system 

because of the toxicity mediated transformed perme-
ability of the cellular membrane. Additionally, there are 
other important indices to evaluate the hepatic function, 
such as TC, TG, HDL, LDL, VHDL, total protein and albu-
min levels in serum. Our in-vivo study demonstrated that 
the  CCl4-induced control group had a significant increase 
in the activities of liver indices suggesting acute cellular 
damage. Many authors have also reported that the activi-
ties of serum enzymes and other indices were significantly 
elevated after inducing  CCl4 in animals [44], 45, 46]. On the 
other hand, daily administration of eRoMi to  CCl4-induced 
hepatotoxic rats attenuated the increased activity of liver 
marker enzymes and alleviated the loss of functional 
integrity of the cell membrane, indicating its hepato-
protective activity. eRoMi at 200 mg/kg dose was able to 
reduce the levels of these serum enzymes comparable to 
the standard drug silymarin, which showed a better index, 
though not significant. Our results are in agreement with 
the findings from previous studies where the hepatopro-
tective activities of the leaf extracts of Morus indica and 

Fig. 5  Histopathologic section 
of liver (400 X) with hema-
toxylin and eosin staining the 
cell nucleus and cytoplasm 
with extracellular matrix with 
purple blue and pink colours, 
respectively: a Showing nor-
mal arrangement of hepato-
cytes in the liver lobule. b 
Showing hepatocyte necrosis, 
inflammation, biliary cirrhosis, 
microvesicular steatosis, broad 
infiltration of Kupffer cells 
around the central vein and 
vacuolation in  CCl4 treated 
wistar rats. c Animal treated 
with  CCl4 and 100 mg/kg 
RoMi showing mild sinusoidal 
dialatation in centrizonal area, 
necrosis recovery around the 
central vein and hepatocytes 
showing regenerative activity. 
d Animal treated with  CCl4 
and 200 mg/kg RoMi show-
ing no centrilobular necrosis, 
hepatocytes with normal 
texture around the central vein 
and proper sinusoid texture. e 
 CCl4 and silymarin (25 mg/kg) 
treated animals showing nor-
mal hepatocytes and proper 
central vein. (NB: CV: Central 
vein, BC: Biliary cirrhosis, V: 
vacuolation, II: Inflammatory 
infiltration, MS: Microvesicular 
steatosis, MN: Mild necrosis 
and RH: Regenerating hepato-
cyte)
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Morus alba L. against CCl4 treatment were reported to 
decrease the serum levels of AST and ALT in rat and mice 
models, respectively [25, 26].

Further, the hematological parameters were assessed to 
check the acute effects of the test extract. Hematological 
parameters are significant in establishing the body’s func-
tional status as a result of exposure to drugs [47]. Treat-
ment of eRoMi caused no significant changes in the levels 
of major hematological indices such as erythrocyte count, 
hemoglobin, leukocytes, and MCHC. However, a reduction 
in MCH was observed, suggesting the possibility of ane-
mia. The lymphocytes and monocytes count were also 
reduced in the eRoMi-treated groups as compared to the 
normal group. Although eRoMi had no major significant 
effect on most of the hematological parameters in rats, it 
could be concluded that the use of this extract should be 
with some cautious measures to avoid anemia and other 
immunological dysfunctions. Specific hematological and 
immunotoxicological studies are thus warranted in the 
future to fully understand the effect of eRoMi on all the 
immune cell types.

Electrolytes are generally described as the ionized or 
ionizable minerals of a living cell, blood, or other organic 
matter. Sodium  (Na+), potassium  (K+), and chloride  (Cl−) are 
important blood electrolytes. These electrolytes carry elec-
tric charges in liquid media like blood. They participate in 
several functions that help in regulating nerve and muscle 
functions and maintain acid–base balance and water bal-
ance [48]. Imbalance in these electrolytes can cause elec-
trolyte abnormalities. A study conducted by Salihu et al. 
[49] observed that  CCl4 causes an imbalance in the major 
blood electrolytes. The present study shows that  CCl4 
increases the levels of electrolytes. Upon treatment with 
eRoMi, a decrease in these levels was observed; however, 
were not significant, suggesting that there were no elec-
trolyte abnormalities. Blood urea and creatinine are impor-
tant parameters indicating the health of both the liver 
and the kidneys. Blood urea is a waste product of protein 
metabolism, synthesized in the liver and excreted by the 
kidney [48]. Creatinine is a by-product of muscle metab-
olism excreted unchanged by the kidneys, making it an 
important indicator of renal health. The results of the pre-
sent study showed that the level of blood urea increased 
in  CCl4-intoxicated rats indicating renal damage. Upon 
treatment with eRoMi, the blood urea level decreased and 
there was no significant change in creatinine.

Furthermore, the histopathological examination of 
the liver provided evidence of the effects of investigated 
components against acute  CCl4-induced liver injury, 
which also substantiated the biochemical analysis. The 
histology showed that  CCl4 administration caused serious 
oxidative liver damage characterized by severe necrosis, 
inflammation, hepatocellular degeneration, cytoplasmic 

vacuolation and loss of cellular boundaries, which are in 
conformity with the previous studies for the liver injury 
[40, 50, 51]. Treatment with eRoMi was noteworthy in 
a dose-dependent manner as it reduced the severity 
caused due to oxidative damage. This was evidenced by 
a decrease in necrosis and hemorrhage (Fig. 5). Hence, it 
indicates the protection provided by the administration of 
eRoMi. The high dose of eRoMi induced an effect close to 
normal emergence, recommending that the high dose of 
200 mg/kg was more effective than the low dose (100 mg/
kg). This was in concordance with the results of serum bio-
chemical markers analysis. The antioxidant enzymes, such 
as CAT, SOD and GPx are the endogenous enzymes that 
form an imperative part of the antioxidant defense system. 
They detoxify the free radicals and thus protect the hepatic 
cells against oxidant-mediated injury. Treatment with  CCl4 
alone can deplete the activity of these enzymes. It also 
depletes the hepatic GSH system, a key component of the 
overall antioxidant defense system and can also cause lipid 
peroxidation resulting in liver cirrhosis [32, 52]. The decline 
in the levels of the antioxidant enzyme activities (CAT, SOD 
and GPx) and GSH level observed in  CCl4-treated rats is a 
clear indicator of excessive formation of hepatic lipid per-
oxidation in comparison to the normal group. This fact has 
also been reported in previous studies [32, 50, 53]. On the 
contrary, the groups treated with eRoMi at two different 
doses significantly increased CAT, SOD and GPx activities, 
increased GSH contents and reduced the MDA content 
(or the lipid peroxidation level) in the liver. A decrease in 
ROS production seen in the liver could be the result of 
counter enzymes production such as SOD, GPx, and GSH 
in eRoMi-supplemented groups. In addition, a decrease in 
LPx in biological membranes was reported to be directly 
linked with increased GPx activity [54]. Therefore, the com-
mencement of cellular antioxidant defense could be one 
of the foremost mechanisms for the disease-preventing 
outcome of eRoMi. The preventive effect of eRoMi at 
200 mg/kg was similar to that of silymarin treatment. The 
overall scheme of possible hepatoprotective effects by 
eRoMi was presented in Fig. 6. Schematic representation 
indicates the role of  CCl4 in the induction of hepatotoxic-
ity and the possible protective role of eRoMi in reducing 
the hepatotoxicity. Thus, in conclusion, the present study 
provides scientific evidence in favor of the pharmacologi-
cal use of the roots of M. indica as an effective alternative 
in the treatment of liver disorders. 
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