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a b s t r a c t

Background: Prunella vulgaris, commonly known as self-heal, has been extensively used in the traditional
system of medicines. The plant has been found to contain a number of bioactive molecules including
those having radical scavenging property which indicates its potential for the treatment of those diseases
which are induced by free radical damage like drug-induced hepatotoxicity.
Objective: The current study was undertaken to investigate the flavonoid and total phenolic content and
evaluate the hepatoprotective potential of various extracts obtained from floral spikes of P. vulgaris.
Material and methods: Flavonoid and otal phenolic contents were obtained from the standard curves of
Gallic acid as per the reported methods. The extent of hepatotoxicity induced by paracetamol (500 mg/kg
b.w, p.o daily for 14 days), hepatoprotective potential of extracts (200 mg/kg b.w/day, orally) and
standard drug silymarin (50 mg/kg b.w/day, orally) were evaluated by analyzing various biochemical
parameters like Serum Glutamic Oxaloacetic Transaminase, Serum Glutamic Pyruvic Transaminase,
Alkaline Phosphatase, Total Proteins, Total and Direct Bilirubin and detailed histopathology of rat livers.
Results: Methanolic extract showed higher quantity of flavonoids and total phenolic content followed by
ethanolic, hydroalcoholic and aqueous extracts. Treatment of rats with extracts showed a highly sig-
nificant reduction in the enzyme activities of Serum Glutamic Oxaloacetic Transaminase, Serum Glutamic
Pyruvic Transaminase, Alkaline Phosphatase, and serum levels of Total, Direct Bilirubin (P < 0.01) and
highly significant elevation in Total Proteins (P < 0.01) when compared with the toxic control group. This
was further confirmed by histopathological evaluation, where almost normal hepatic architecture or very
less hepatic damage was observed in groups treated with extracts and silymarin compared to paracet-
amol treated group. Results from biochemical and histopathological evaluation indicated that among the
extracts methanolic extract was most effective.
Conclusion: From the results, it can be concluded that the extracts obtained from floral spikes of
P. vulgaris possess highly significant hepatoprotective activity which could be attributed to its radical
scavenging potential and hepatic regeneration. This is further authenticated by the presence of phenolic
and flavonoids which are known to possess radical scavenging properties.
© 2019 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Herbal medicines play an important role in the primary health
sector, mainly in the developing countries, whichmay be attributed
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to a number of factors such as better cultural acceptability, bio-
logical friendliness or better compatibility with the human body
and lesser side effects. However, this could be further contributed
to a lack of access to the modern system of medicines [1]. There are
a number of metabolic disorders like hepatotoxicity, atheroscle-
rosis, diabetes, obesity etc. for which no satisfactory treatment is
available under the modern system of medicine. Research work on
natural products including traditional herbal medicines is mainly
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focussed with the aim of providing scientific validation about the
potency and efficacy of the drugs used in traditional medicine and
provides a rationale about the use of these drugs for the treatment
of such disorders [2]. Liver, being a major metabolizing and
detoxifying organ, is liable to injury from an enormous array of
therapeutic and environmental chemicals. Poor prognosis and high
mortality rates are because of the lack of effective treatment op-
tions. These factors prompt to screen herbal drugs with the aim of
producing new hepatoprotective drugs with better biological ac-
tivity and lesser side effects [3]. Paracetamol, a hepatotoxic agent, is
commonly used as a model for evaluating the hepatoprotective
effect of a drug [4,5]. Its metabolism produces toxic intermediates
like N-acetyl-para-benzoquinoneimine (NAPQI), which under
normal conditions conjugates with glutathione. However, at
supratherapeutic doses, metabolizing enzymes become saturated
resulting in an increase in the concentration of NAPQI [6]. Hepa-
tocellular injury is caused by binding of NAPQI to cell proteins
which are followed by a cascade of intracellular events including
the production of reactive oxidative ions resulting in mitochondrial
oxidative stress, activating stress proteins. Besides the immune
system of the liver may be activated inducing further damage to the
hepatocellular system. Gene transcription may also produce such
mediators which may incur further damage. Under such circum-
stances, protective and destructive pathways operate simulta-
neously and the type of balance between the two would ultimately
decide whether there is recovery or cell death [7,8]. Silymarin, a
flavonoid isolated from Silybum marianum, is used in clinical
practice as an effective antidote and hepatoprotective drug. Thus it
has been used as a standard drug in the screening of various agents
as possible hepatoprotective drugs [9,10].

Prunella vulgaris commonly known as self-heal, a low growing
perennial herb, has been extensively used for treating various ail-
ments like inflammation, eye pain, headache, sore throat, herpetic
keratitis, dizziness and wound healing in traditional system of
medicine [11,12]. The plant has been evaluated for different bio-
logical activities. Aqueous extract of P. vulgaris has been found to
have a protective effect on insulin-secreting cell line and reducing
their apoptosis. Besides, it has been found to reduce inflammatory
cytokine expression in these cells [13]. Caffeic acid ethylene ester
isolated from the plant has been reported to show the anti-diabetic
effect [14]. Aqueous and ethanol extracts from the plant have
shown anti-inflammatory effect by reducing levels of interleukins,
nitric oxide, and prostaglandins. Rosamarinic acid, isolated from
the plant, has also been found to inhibit COX-2 expression [15,16].
Besides in-vitro free radical scavenging activity, the plant has been
reported to contain different phenolic compounds thus empower-
ing the plant with antioxidant properties [17,18]. Different extracts
from the plant have shown activity against HIV which has been
achieved by a different mechanism like inhibition of integrase ac-
tivity [19,20]. The plant has been also found to be active against HSV
and lentivirus [21,22]. Due to the anti-estrogenic activity plant has
been found to be active against breast and uterine cancers [23].
Ethanolic extract and a polysaccharide P32, isolated from aqueous
extract of the plant, have been found to have anti-lung cancer ac-
tivity [24,25]. Methanolic extract with rosamarinic acid as one the
component has been found to induce T cell activation [26]. Aqueous
extract from the plant has shown macrophage activation in in-vitro
studies indicating the immunomodulatory property of the plant
[27]. Herbal based formulation of the plant has been found effective
against gingivitis in a clinical study [28]. Studies have shown
memory-boosting properties of ethanolic extract of the plant which
has been attributed to decreasing acetylcholine esterase activity by
the extract [12].

Phytochemical analysis of the plant revealed the presence of
Alkaloids, Phenols, Tannins, Saponins, Carbohydrates, Lipids,
Proteins [29]. Other studies on Phytochemical analysis have indi-
cated the presence of Terpenoids [30], Saponins [31], Sterols and
steroids [32], Polysaccharides [33], Flavonoids [34], Coumarins [35].

In the current study, an effort has been made to find out the
therapeutic effectiveness of P. vulgaris as a hepatoprotective
agent.

2. Materials and methods

2.1. Collection and identification of plant material

The whole plant of P. vulgaris was collected from the Gulmargh
area of district Baramullah, Jammu & Kashmir, India and was
authenticated by the curator Akhtar H Malik, Department of Tax-
onomy, University of Kashmir, under voucher specimen No. 1899-
KASH Herbarium, University of Kashmir, 16/07/2013. Gulmargh.

2.2. Preparation of extracts

After collection, floral spikes of the plant were cut off and dried
in shade for 20 days. The dried plant material was coarsely
powdered and was then extracted with water, ethanol, hydro-
alcohol (1:1) and methanol using a fresh portion of plant powder
each time adopting cold percolation method. The method involved
placing a weighed amount of powdered plant material in a perco-
lator and adding solvent to it. This process of extraction was
continued for 72 h with occasional shaking. Thereafter, the solvent
was removed from the percolator and filtered. The resultant filtrate
was distilled under reduced pressure, using a rotary evaporator, in
order to remove the solvent completely and the dry extract was
obtained. The same process was repeated with all the solvents
using a fresh portion of plant powder each time and different ex-
tracts were obtained. The extracts so obtained were weighed and
their percentage yield was calculated.

2.3. Determination of flavonoids

1 ml of sample (1 mg/ml) was mixed with 3 ml of methanol,
0.2 ml of 10% aluminum chloride, 0.2 ml of 1 m potassium acetate
and 5.6 ml of distilled water and kept at room temperature for
30 min. The absorbance of the reaction mixture was measured at
420 nm with a UVeVisible spectrophotometer. The content of fla-
vonoids was determined by the extrapolation of the calibration
curve (or using the equation of straight line) which was made by
preparing different concentrations of Gallic acid solution (1 mg %)
in distilled water [36].

2.4. Determination of total phenol

5 ml of 10% Folin-ciocaltue reagent and 4 ml of 7.5% sodium
bicarbonate was added to 1 ml of sample (3 replicates) of plant
extract (1 mg/ml). The final volume was made 10 ml with distilled
water. The resulting mixture was incubated at 45 �C with shaking
for 45 min. The absorbance of the sample was measured at 765 nm
using UV spectrophotometer. The concentration of the test solution
was obtained using the calibration curve of the standard solution of
Gallic acid (10 mg %) [37].

2.5. Experimental animals

For accessing the hepatoprotective activity Male Albino
Wistar rats with weight ranging from 150 to 200 g were used.
The animals were maintained at a temperature of 25 �Ce28 �C,
relative humidity of 40e70% and 12 h light and dark cycles. They
were fed with standard rat diet and water and subjected to 12h
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fasting before the experimentation. Studies were performed
after obtaining due approval (Approval No. F-IAEC (Pharm.Sc.)
APPROVAL/23).
2.6. Acute oral toxicity

Dose selection was done according to OECD 425 guidelines
(2008) following limit test using Wistar albino rats. On the basis of
acute toxicity study, 1/10th of the dose was selected for further
experimental evaluation [38].
2.7. Experimental design

Forty-two rats (180e200 g) were randomly divided into
seven groups and each group consisted of six rats. Overall
treatment was carried out for a total of 14 days. 2% w/v gum
acacia in distilled water was used as a vehicle for the oral
administration of extracts, standard drug silymarin, and para-
cetamol in the form of suspension. The following experimental
protocol was followed for evaluating the hepatoprotective ac-
tivity of P. vulgaris:

Groupe I (Normal control): Vehicle (2% gum acacia) treated rats
were kept on a normal diet (standard pellet diet and water) and
served as the control for 14 days. This group was given neither
paracetamol nor treatment.

Groupe II (Toxic control): Rats received paracetamol 500mg/kg
body weight (b.w), p.o daily for 14 days.

Group e III (Standard control): Rats of this group received
standard drug silymarin (50 mg/kg body weight (b.w)/day, orally)
and paracetamol as group II, for 14 days.

Group e IV (Ethanol fraction): Rats received the ethanolic
extract of P. vulgaris (200mg/kg b.w/day, orally) and paracetamol as
group II, for 14 days.

Groupe V (Aqueous fraction): Rats received the aqueous extract
of P. vulgaris (200 mg/kg b.w/day, orally) and paracetamol as group
II, for 14 days.

Group e VI (Hydroalcoholic fraction): Rats received the hydro-
alcoholic extract of P. vulgaris (200 mg/kg b.w/day, orally) and
paracetamol as group II, for 14 days.

Group e VII (Methanolic fraction): Rats received the methanolic
extract of P. vulgaris (200mg/kg b.w/day, orally) and paracetamol as
group II, for 14 days.
2.8. Determination of biochemical parameters

At the end of the treatment, the animals were subjected to
fasting for 24 h. Blood was collected by retro-orbital puncture and
allowed to clot for 1 h at room temperature and serum was sepa-
rated by centrifugation at 3500 rotations per minute at room
temperature for 20 min. Biochemical parameters like Serum Glu-
tamic Oxaloacetic Transaminase (SGOT) [39], Serum Glutamic Py-
ruvic Transaminase (SGPT) [39], Alkaline Phosphatase (ALP) [40],
Total Proteins (Biuret method), Total Bilirubin and Direct Bilirubin
[41] were carried out by reported methods.
Table 1

S. No. Type of extract Percentage Yield

I. Aqueous 8.04
II. Ethanolic 4.63
III. Hydroalcoholic 6.62
IV. Methanolic 6.20

Abbreviations: SGOT- Serum glutamate oxaloacetate transaminase; SGPT- Serum
glutamate pyruvate transaminase; ALP-Alkaline phosphatase; TP, Total protein; DB
Direct Bilirubin p.o., per-oral. Values are mean ± S.E.M of six animals. **P < 0.01;
Highly significant vs Paracetamol; One way ANOVA followed by Dunnett's test.
2.9. Histopathological studies

For histopathological examination, the animals were sacrificed
and livers were dissected out, washed with saline and were
transferred and stored in 10% neutral formalin solution. The
formalin-fixed samples were stained with hematoxylin-eosin. The
sections were examined microscopically for changes in histopath-
ological architecture.
2.10. Statistical analysis

Data are expressed as mean ± S.E.M and statistical analysis was
carried out using one-way ANOVA followed by Dunnett's post hoc
test of significance using Graph Pad Instat program. P > 0.05 was
considered statistically significant.

3. Results

3.1. Percentage yield of extracts

The data on the percentage yield of extract was given in Table 1.

3.2. Flavonoid content

The flavonoid content has been obtained from the calibration
curve Fig.1 and the results have been expressed graphically in Fig. 2.

3.3. Total phenolic content

The total phenolic content has been obtained from the calibra-
tion curve Fig. 3 and the results have been expressed graphically in
Fig. 4.

3.4. Acute toxicity

All the extracts were found to be safe. No mortality was
observed for 14 days of treatment with a limit dose of 2000 mg/kg
body weight. All the rats tolerated the extract with no signs of
toxicity. 1/10th of the dose i.e 200 mg/kg of body weight was
selected for further experimental evaluation.

3.5. Hepatoprotective activity

3.5.1. Serum analysis
The detailed effect of various extracts on serum enzymatic ac-

tivity in paracetamol-induced liver damage in rats is elucidated
clearly by Table 2.

3.5.2. Histopathology
Histopathological evaluation of livers of rats in normal control,

toxic control and treatment groups is depicted in Fig. 5.

4. Discussion

The liver is a target for toxicity because of its role in metabo-
lizing and detoxifying substances. Paracetamol in overdoses is
capable of causing liver toxicity because of NAPQI, an oxidized
metabolite of paracetamol, which covalently binds with sulfhydryl
groups of protein resulting in lipid peroxidation and cell necrosis
[42]. Abnormally higher activities of serum enzymes SGOT, SGPT,
ALP after paracetamol administration is an indication of hepatic
injury, which is responsible for the leakage of cellular enzymes into



Fig. 1. Calibration curve for the estimation of Flavonoids Using Gallic acid as Standard.

Fig. 2. Flavonoids (mg/g) in terms of Gallic Acid equivalents (GAE) in different extracts
of floral spikes of P. vulgaris.

Fig. 4. Total Phenolic Content (mg/g) in terms of Gallic Acid equivalents (GAE) in
different extracts of floral spikes of P. vulgaris.
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the blood [43]. Bilirubin, on the other hand, is produced by the
enzymatic breakdown of heme within the reticuloendothelial
system. It is an important parameter and a marker to assess the
functioning of the liver but seems to have little role in determining
the extent of hepatocellular injury [44]. Decreased total serum
proteins in rats administered with paracetamol is an indication of
damage to liver tissues and impaired protein synthesis [45]. Plant-
based secondary metabolites have been found effective in the
Fig. 3. Calibration curve for the estimation of Total Phenols Gallic acid as standard.
treatment of different disorders including that of the liver. How-
ever, among different secondary metabolites flavonoids and
phenolic compounds, because of their radical scavenging proper-
ties, have been found very potential hepatoprotective agents
[46,47].

In the current study determination of flavonoids revealed that
methanolic extract showed the highest amount of flavonoids fol-
lowed by ethanolic, hydroalcoholic and aqueous extract (Fig. 2). The
results for the estimation of Total Phenolic content revealed a
similar order withmethanolic extract having the highest amount of
phenolic contents as evident from (Fig. 4). However a study on
phytochemical analysis of whole plant extract of P. vulgaris by
Rasool et al. showed a much lower quantity of flavonoids (0.56 mg/
g of extract) and absence of phenolic compounds [29]. Another
study by Hwang et al. ethanolic and aqueous extracts of the plant
showed Total Phenolic contents equal to 303.66 and 322.80 mg
GAE/g dry weight respectively [18]. The quantitative difference
between the results from different studies could be attributed to
the fact that in our study extracts from floral spikes were analyzed
instead of whole plant extract used by Rasool et al. and Hwang
et al.,

Further, the extracts administered to counter the damage
induced by paracetamol were able to bring serum enzyme activ-
ities, Total Bilirubin, Direct Bilirubin, and Total Proteins levels back
to normal (P < 0.01) as evident from Table 2. It has been observed
that the administration of paracetamol (toxic control) resulted in
the elevation of activities of SGOT, SGPT, ALP elevation in the serum
levels of Direct bilirubin and Total bilirubin and reduction in the
levels of Total proteins. However, the administration of extracts was
able to restore the enzyme activities of SGOT, SGPT, ALP and serum
levels of Direct bilirubin, Total bilirubin and Total proteins. The
biochemical analysis further revealed the better hepatoprotective
activity of silymarin as compared to other extracts. This could be
attributed to the presence of a high quantity of flavonolignans and
its ability to improve the antioxidant defense of the body by various
mechanisms [48]. It is again evident from Table 2 that methanolic
extract could afford better hepatoprotection as compared to other
extracts. This can be attributed to the greater antioxidant potential
of methanolic extract as indicated by the presence of higher
amounts of flavonoids and total phenols. Histopathological evalu-
ation of livers of rats supported the biochemical results since
normal livers were seen in the normal control group (Fig. 5A), while
severe degeneration, congestion throughout the liver, infiltration
and nuclear pyknosis were observed in rats in which paracetamol
was administered (Fig. 5B) However, the livers of extract-treated



Table 2
Effect of various extracts of floral spikes of P. vulgaris on serum enzymatic activity in paracetamol-induced liver damage in rats.

S No. Treatment Dose SGOT (U/L) SGPT (U/L) ALP (U/L) TP (mg/dl) TB (mg/dl) DB (mg/dl)

I. Normal(control) 10 ml/kg 37.51 ± 2.46 29.31 ± 2.02 57.12 ± 3.30 9.92 ± 0.58 0.44 ± 0.03 0.26 ± 0.02
II. Toxic (control) 500 mg/kg 125.12 ± 6.02** 144.39 ± 6.56** 243.83 ± 9.09** 5.07 ± 0.40** 2.58 ± 0.45** 0.96 ± 0.03**
III. Silymarin 50 mg/kg 57.47 ± 3.16** 52.13 ± 2.67** 114.16 ± 6.47** 8.97 ± 0.26** 0.57 ± 0.04** 0.41 ± 0.02**
IV. Ethanolic 200 mg/kg 76.24 ± 2.19** 75.45 ± 1.78** 127.00 ± 5.89** 8.70 ± 0.09** 0.78 ± 0.03** 0.60 ± 0.01**
V. Aqueous 200 mg/kg 85.30 ± 2.79** 88.56 ± 3.12** 154.33 ± 9.27** 7.67 ± 0.35** 0.94 ± 0.02** 0.70 ± 0.03**
VI. Hydroalcoholic 200 mg/kg 83.38 ± 1.87** 76.35 ± 2.87** 142.00 ± 2.80** 8.60 ± 0.26** 0.84 ± 0.02** 0.62 ± 0.02**
VII. Methanolic 200 mg/kg 69.56 ± 2.06** 63.59 ± 3.80** 126.00 ± 5.56** 8.65 ± 0.24** 0.69 ± 0.03** 0.50 ± 0.02**

Abbreviations: SGOT- Serum glutamate oxaloacetate transaminase; SGPT- Serum glutamate pyruvate transaminase; ALP-Alkaline phosphatase; TP, Total protein; DB Direct
Bilirubin p.o., per-oral. Values are mean ± S.E.M of six animals. **P < 0.01; Highly significant vs Paracetamol; One way ANOVA followed by Dunnett's test.
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rats from groups IV, V, VI, and VII showed only mild congestion,
infiltration and also mild degeneration (Fig. 5 DeG)Silymarin
treated rats showed almost normal biochemical results and normal
livers as indicated by histopathology (Fig. 5C) revealing its greater
hepatoprotective potential as compared to all the extracts. The
biochemical parameters and histopathological results revealed that
ethanolic, aqueous, hydroalcoholic and methanolic extracts of
P. vulgaris possessed a varied degree of hepatoprotective activity.
However, the methanolic extract showed more hepatoprotective
potential as evidenced by biochemical estimation and histopa-
thology of livers compared to other groups. Accelerated recovery of
hepatocytes as evidenced from histopathological examination
suggested protection of hepatocellular architecture, cellular mem-
brane and thus reducing leakage of marker enzymes into the cir-
culation. This kind of protection could be attributed to the presence
of antioxidants like phenols, flavonoids in P. vulgaris and its ability
to scavenge free radicals. In a study involving hepatoprotective
activity of Hibiscus esculentus commonly known as Okra, it was
concluded that the possible mechanisms of hepatoprotection
against CCl4 induced toxicity in rats, could be contributed to
different factors such as stabilizing the cell membrane of hepato-
cytes, inhibition of peroxidation of lipids, prevention of cytochrome
P 450-dependent oxidative processes and increase in levels of
protective total proteins with anti-oxidative potential [49]. This
interpretation is more or less similar to our study where it is
believed that hepatic protection was possibly achieved due to the
stimulatory effect on hepatic regeneration as indicated by histo-
pathological results. In another hepatoprotective study of Termi-
nalia paniculata on wistar rats by Eesha et al. using paracetamol-
induced hepatocellular damage it was found that ethanolic
Fig. 5. Histopathology of liver of rats from different groups (H&E � 100). A: Liver of norm
showing severe degeneration, nuclear pyknosis, necrotic cells, congestion and infiltration th
infiltration and very mild congestion in portal areas. D: Ethanolic extract treated rat liver s
Aqueous extract treated rat liver showing congestion and areas of degeneration. F: Hydroalc
G: Methanolic extract treated rat liver showing mild infiltration and congestion without an
extract was able to lower the activities of liver function enzymes
highlighting its hepatic protective potential. The activity was
attributed to antioxidants like flavonoids [50] The pattern of study
is somewhat similar to our in the senses that in both cases para-
cetamol was used as a hepatotoxic agent and silymarin was used as
standard although the plant understudy in two cases is different.
Both the studies showed hepatoprotective action as indicated by
lowering of liver function enzymes when compared to toxic con-
trol. However, in our study histopathological evaluation was also
done to find out the nature of damage by the hepatotoxic agent and
the capability of the plant in restoring hepatic architecture. A
number of studies have also indicated a direct correlation between
hepatoprotection and antioxidant property [51]. Thus inhibitory
effects of lipid peroxidation and free radical scavenging could be
other possible reasons for the hepatoprotective action of the plant
because of the anti-oxidant nature of the plant [52].
5. Conclusion

The current study provided concrete evidence about the hep-
atoprotective potential of extracts obtained from floral spikes
P. vulgaris with methanolic extract having maximum activity as
compared to other extracts. This could be attributed to the fact the
methanolic extract contains more free radical scavenging constit-
uents like flavonoids and total phenols. However, more work can be
done in this direction so as to isolate pure active principle(s)
responsible for hepatoprotective potential which may be a step
ahead in this direction for getting a new effective hepatoprotective
agent(s).
al rat showing normal hepatic architecture. B: Liver of rat administered paracetamol
roughout the liver. C: Silymarin treated rat liver showing normal hepatocytes with mild
howing mild areas of congestion with normal hepatocytes and intact hepatic cords. E:
oholic extract treated rat liver showing mild infiltration and congestion in portal areas.
y degeneration. Hepatocytes are normal and hepatic cords are intact.
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