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ABSTRACT

 Ayurvedic literature claims that Inula racemosa Hook. f. roots are beneficial for the liver. The 
study’s aim was to test the hepatoprotective effect of Inula racemosa Hook. f. roots ethanolic extract 
(IRE) against paracetamol (PCM) induced hepatotoxicity in rats. Silymarin (100 mg/kg/day) was used 
for 7 days, then PCM was orally administered (3 g/kg b.wt.) on the eighth day. 24 h after the last PCM 
dosing, blood was withdrawn from the retro-orbital plexus and later on the rats were sacrificed. Aspartate 
Aminotransferase (AST), Alanine Aminotransferase (ALT), Alkaline Phosphatase (ALP), Albumin (ALB), 
Total Protein (TP), liver weight and relative liver weight were determined. Histopathology of the liver was 
performed. In the study, IRE was found to have comparable protective effects against PCM-induced 
hepatotoxicity as Silymarin. Gallic acid was isolated for the first time from Inula racemosa Hook. f. 
roots. IRE exhibited a hepatoprotective effect because gallic acid was present in it.

keywords: Inula racemosa Hook. f. roots, Hepatoprotective, Carboxymethyl cellulose, Silymarin.

INTRODUCTION

 The developed countries still depend on 
herbal traditional medicines1. Even in developing 
as well as developed countries, herbal drugs play 
an important role in curing various human ailments2. 
Herbal drugs are very popular because they are 
cheaper, easily available, highly efficacious and less 
toxic in nature3. Some of the herbal drugs are even 
more efficacious than synthetic drugs4. The Inula 
(Compositae) is well-known for its anti-inflammatory, 
antitumor, antimicrobial, hepatoprotective, cytotoxic 

properties5. It is comprised of approximately 100 
species that are found throughout Europe and 
Asia6. Inula racemosa Hook. f. (Asteraceae) is a 
plant that is also known as Pushkaramula, is a 
traditional indian plant used to cure various human 
ailments. Pushkarmula is an important herb, 
mentioned in various Ayurvedic literature7. This 
herb possesses various attributes like kasari-an 
enemy of cough, sulahara-pain killer, sughandhika-
fragrant etc8. The great sage Charaka has 
categorized it as hikkanigrahana-stops hiccup and 
svasahara-alleviates the breathlessness, asthma7. 
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It is mentioned in Ayurvedic literatures that Inula 
racemosa Hook. f. roots possess hepatoprotective, 
cardioprotective, antihyperglycemic, analgesic and 
antimicrobial properties5. As a result, the study's goal 
was to assess the hepatoprotective activity of Inula 
racemosa Hook. f. roots  ethanolic extract against 
PCM induced hepatotoxicity in laboratory animals.

MATERIALS AND METHODS

Chemicals and Instrument used for the study
 The chemical used were of the purity and 
AR grade. The following substances were used in 
the study: Paracetamol RS drug was procured from 
SD Fine Chemical Ltd, Mumbai, India); Silymarin 
(Sigma Chemicals, USA); ALB test kits, ALP test 
kits, AST test kits, ALT test kits. The kit for TP was 
procured from Span Diagnostics Ltd, Surat, India. 
UV-spectrophotometer (UV-1800, Shimadzu) was 
employed form analysis. Biochemical Analysis was 
performed on Semi Bioautoanalyser (Erba Chem 
5x-Biochemistry Analyzer).

Collection and Authentication
 Inula racemosa Hook. f. roots and specimen 
were collected from Kashmir in July 2018. Dr. Ashok 
Kumar, Assistant Professor, Department of Botany, 
IFTM University, Moradabad, India, authenticated 
the collected roots and plant specimens. A voucher 
specimen (67/SOS/BOT/2018) is preserved in 
herbarium section of the department for any reference.

preparation of Inula racemosa Hook. f. roots extract
 The roots were air-dried and ground into 
a coarse powder. Powdered roots were extracted 
using ethanol in the Soxhlet apparatus. The 
extract was concentrated in a rotary evaporator 
to recover the solvent before making air dried 
sample of extracts. Weight of airdried IRE was 
taken to calculate extractive yield. The airdried IRE 
was stored at 4°C in refrigerator till further use for 
pharmacological activity evaluation.

Experimental animals
 Rats of swiss albino strain (150-200 g) 
as laboratory animals were taken from Institutional 
Laboratory, IFTM University Moradabad. Prior 
to start of experimentation and even during the 
experimentation, all laboratory animals were housed 
separately in polypropylene cages with 50-60% 
humidity levels and a temp of 23 ± 2°C with a 12 h 

diurnal period. Throughout the housing period, the 
rats were fed a standard pellet diet and given water. 
Before starting the animal based experiments, the 
experimental protocol was renewed and approved by 
Institutional  Animal Ethics Committee (IAEC) as per 
guidelines of Committee for Control and Supervision 
(CPCSEA).

Experimental protocol
 Swiss albino rats have been arbitrarily 
divided into 5 groups of 5 rats each. Vehicle  
(1 percent CMC) treatment for 8 days was served to 
Gr-I animals and represented with name control group.

 Vehicle (1 percent CMC) for 7 days was 
given to Gr-II animals before inducing hepatotoxicity. 
For inducing hepatotoxicity on the day 8th, PCM  
(3 g/kg b.w.) was orally administered in a single dose.
The animals belonging to Gr-III, Gr-IV and Gr-V 
were treated with dose of 150 mg/kg, 300 mg/kg and 
Silymarin 100 mg/kg for 7 days before attempting 
to induce hepatotoxicity on the eighth day. In order 
to induce hepatotoxicity, PCM (3 g/kg b.w.) was 
administered in a single dose. The retro-orbital 
plexus was used to withdraw blood under mild 
anaesthesia after 24 h of the last PCM dosing, and 
later on rats were sacrificed. Serum was separated 
for biochemical parameters evaluation by performing 
centrifugation at 3000 rpm at 4°C for 20 minute. 
The dissected tissue upon thoroughly washing with  
ice-cold saline, it was blotted and allowed to dry 
before weighing each group.

 The relative organ weight was calculated 
using formula-

L = Normal (-3 + 0.4 × D + 0.04 × B, 0.6)

Where

B = Weight of Body 
L = Weight of Liver 
D = Dose
 For histopathological examination, the 
tissue was fixed in formalin9.

Liver Function Test
 Serum AST, ALT, ALP, ALB, AST and TP 
were estimated using a UV spectrophotometer 
(Shimadzu-1800) and a Semi Bioautoanalyser 
obtained from Span Diagnostics Ltd., Surat.
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Histopathological Examination
 Liver slides were kept in 10 % formaldehyde 
solution. By embedding the dissected tissue 
in paraffin wax, it was mounted10. After cutting, 
the sizes of sections were 5 mm. Eosin and 
Haemotoxylin dyes were used to stain the sections. 
Light microscope was used to observe slides. Digital 
camera was used to capture photomicrographs of 
histopathological slides11.

Isolation and Charaterization of Compound A
 IRE (3 g) was column chromatographed 
on silica gel and then eluted with various n-hexane: 
trifluoroethanol ratios. The IRE was then fractionated 
into 55 fractions using n-hexane : trifluoroethanol  
solvent system and monitored using TLC (Table 1). 
Some fractions had no spots, while others had spots. 

Fractions with clear spots and similar Rf values 
were mixed. Five fractions (31-35) were eluted. 
They were collected by column chromatography 
using the solvent system n-hexane : trifluoroethanol 
(40:60). These fractions have shown identical Rf 
value over TLC plate development with n-hexane 
: trifluoroethanol (0.8:1.2). As a result, they were 
combined (F-7) and showed the same Rf value of  
0. 48 in this solvent system. F-7 gave a clear 
spot on the TLC plate, yielding 19 mg. Spot 
was visualized with the help of ultravoilet light 
at 360 nm. Compound A was recrystallized 
from ethanol to form brown gleaming crystals. 
IR, 1H NMR spectroscopy (1H NMR and 13C 
NMR spectroscopy) and Mass  spectroscopy 
were employed to characterize the isolated and 
recrystallized compound.

Table 1: Fractions of IRE of Inula racemosa Hook. f. roots

System of Solvents Ratio of Fractions obtained Thin Layer Codes for 
 Solvents through Column Chromatography Fractions
  Chromatography

n-hexane:trifluoroethanol ratios 100:0 1-5 Not Clear F-1
n-hexane:trifluoroethanol ratios 90:10 6-10 Not Clear F-2
n-hexane:trifluoroethanol ratios 80:20 10-15 Not Clear F-3
n-hexane:trifluoroethanol ratios 70:30 16-20 Tailing F-4
n-hexane:trifluoroethanol ratios 60:40 21-25 No Spot F-5
n-hexane:trifluoroethanol ratios 50:50 26-30 Clear F-6
n-hexane:trifluoroethanol ratios 40:60 31-35 Clear Spot F-7
n-hexane:trifluoroethanol ratios 30:70 36-40 No Spot F-8
n-hexane:trifluoroethanol ratios 20:80 41-45 No Spot F-9
n-hexane:trifluoroethanol ratios 10:90 46-50 Not Clear F-10
n-hexane:trifluoroethanol ratios 0:100 51-55 Not Clear F-11

Statistical Evaluation
 Findings of present study are expressed in 
mean ± SEM. For the determination of the level of 
significance, graph prism pad software was used.

RESULTS

Hepatoprotective Activity
 Extraction Yield (%) of IRE was 5.05 
± 0.34%. IRE was black in color and with sticky 
consistency. Effects of standard drug (Silymarin) and 
different doses of IRE on biochemical parameters 
of liver are shown in Table 1. Relative Liver 
Weight of PCM treated group was significantly  
(p < 0.01) increased to 5.61 ± 0.42/100 g body 
weight (b.wt.) in comparison to Gr-I (i.e., Control 
Group). Relative Liver Weight of Gr-I (i.e., Control 
Group) was 3.11 ± 0.05/100 g b.wt. Ethanolic extract 
of Inula racemosa Hook. f. roots (IRE) significantly 

(IRE 150 mg/kg, p < 0.05 and IRE 300 mg/kg  
p < 0.01) decreased the Relative Liver Weight to 
3.58 ± 0.20/100 g b.wt. and 3.14 ± 0.01/100 g b.wt. 
respectively in comparison to Gr-II (i.e., only PCM 
treated group). Relative Liver Weight of Gr-II (i.e., 
only PCM treated group) was 5.61 ± 0.42/100 g b.wt. 
Results of Gr-IV (i.e., treated with IRE 300 mg/kg) 
were more encouraging as the rats treated with IRE 
300 mg/kg were cured significantly as shown in the 
Table 2. Serum AST, ALT and ALP was significantly 
(p < 0.01) increased to 316.89 ± 1.00 U/L, 181.51 ± 
7.0 U/L and 200.24 ± 1.81 U/L respectively in Gr-II 
in comparison to Gr-I. Serum AST, ALT and ALP of 
Gr-I rats were 94.10 ± 0.60 U/L, 43.09 ± 1.83 U/L, 
66.79 ± 1.14 U/L respectively. Gr-III (treated with IRE 
150 mg/kg) and Gr-IV (treated with IRE 300 mg/kg) 
significantly decreased AST (209.59 ± 1.130 U/L, p < 
0.05 and 100.10 ± 1.90 U/L, p < 0.01), ALT (90.58 ± 
2.110 U/L, p < 0.05 and 50.10 ± 3.27 U/L, p < 0.01), 
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ALP (104.15 ± 2.58 U/L, p < 0.05 and 68.18 ± 1.04 
U/L, p < 0.01) respectively in comparison to Gr-II. Gr-V 
(treated with standard drug (Silymarin 100 mg/kg)) 
significantly (p < 0.01) reduced the increased levels 
of AST, ALT and ALP to 96.10 ± 2.61 U/L, 48.80 ± 1.84 
U/L and 67.13 ± 1.05 U/L respectively in comparison 
to Gr-II. Serum ALB and TP was significantly (p < 
0.01) reduced to 2.20 ± 0.05 g/dl and 3.71 ± 0.15 
g/dl respectively in Gr-II in comparison to Gr-I (i.e., 
Control Group). Serum ALB and TP of Gr-I rats were 
4.06 ± 0.03 g/dl and 6.19 ± 0.24 g/dl respectively. 
Gr-III (treated with IRE 150 mg/kg) and Gr-IV (treated 
with IRE 300 mg/kg) significantly increased serum 
ALB (3.54 ± 0.18 g/dl, p < 0.05 and 4.10 ± 0.01 g/dl, 
p < 0.01) and TP (4.80 ± 0.17 g/dl, p < 0.05 and 6.05 
± 0.10 g/dl, p < 0.01) in comparison to Gr-II. Gr- V 
(treated with standard drug (Silymarin 100 mg/kg)) 
significantly (p < 0.01) increased the declined level 
of ALB and TP to 4.10 ± 0.02 g/dl and 6.16 ± 0.18 g/
dl in comparison to Gr-II. Fig. 1 depicts the protective 
effects of IRE on the histopathology of rat liver.

 

Charaterization of Compound A
 IR (KBr) νmax: 3370, 3070, 2661, 1705, 
1451, 1379, 1306, 871, 792, 763 cm−1; 1H NMR  
(δ ppm, 400 MHz, DMSO): δ 7.11 (1H, s, H-6), δ 
7.14 (1H, s, H-2), sharp singlets of aromatic protons. 
13C NMR (δ ppm, 100 MHz, DMSO): δ 115.3(C-6), δ 
147.2 (C-5), δ 140.7 (C-4), δ 146.5 (C-3), δ 113.7 (C-
2), δ 124.9 (C-1), δ 168.8 (Carbon of –COOH group); 
ES-MS m/z 170.07 [M+] and molecular weight was 
found to be 170 (C7H6O5) (Figure 2).
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Fig. 1. Liver tissue histopathology (At 10X)
(A) Gr-I had very well defined architecture and vesicular 

nucleus in hepatocytes
(B) gr-II showed degenerative changes in the cell of the 

main parenchymal tissue of the liver (i.e., hepatocytes) and 
premature cells death occur due to autolysis

(C) gr-III had hepatocytes cell division with deterioration 
and enlarged spaces between cells

(D) Gr-IV had usual architecture and well defined nucleus 
when compared with gr-I

(E) Gr-V had usual architecture and a well-defined nucleus

Fig. 2. Compound A (gallic acid)
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DISCUSSION

 Paracetamol (PCM) is a NSAID which, 
when taken in frequently at higher dose, cause 
toxicity to liver and can even cause death of 
experimental rats and human beings13. The serum 
AST, ALT and ALP level were increased; ALB and 
TP level were decreased. The relative liver weight 
increased due to hepatotoxity of liver caused by 
PCM. This indicates the damage of hepatocytes in 
liver14. Acute toxicity testing was carried out using 
IRE as per OECD 420. The fixed dose of 1500 mg/
kg b.w. was found to be having no toxicity to rats. 
So, it can be considered as safe dose. Therefore, 
1/10th and 1/5th of the fixed dose (1500 mg/kg b.wt.) 
of IRE were selected for the proposed study. Two 
dose levels selected were 150 mg/kg b.wt. and 
300 mg/kg b.wt. IRE (300 mg/kg) significantly  
(p < 0.01) decreased the level of serum enzymes 
including AST, ALT and ALP in the PCM intoxicated 
animals15. The findings suggested a correlation 
between the results of liver enzymes test and 
histopathological changes in photomicrographs16. 
Hepatic necrosis, degeneration of cells and 
infiltrating lymphocytes were well observed in Gr-II 
(Hepatotoxic Control)17. Oral administration of IRE 
(300 mg/kg) prevented the PCM induced changes 
as observed in photomicrographs of liver slides18. 
Results of the study suggested that IRE is potent 
enough to prevent the hepatic toxicity and the 
secondary metabolites observed accountable for the 
study may be phenolic acid (Gallic acid). As the IRE 
exhibited good hepatoprotective activity, Gallic acid 
may be accountable for this. Phenolic compounds 
are quite well known for their anti-inflammatory and 
antioxidant activity.

 They safeguard against oxidative damage 
by donating hydrogen or electron to free-radicals 
and as a result, they aid in the stabilization of cell 
membrane networks as well as the inhibition of 
the development and expression of inflammatory 
cytokines such as β-TGF (Transforming Growth 
Factor Beta), TNF-α (Tumour Necrosis Factor Alpha) 
and various Interleukins.
 

CONCLUSION

 Based on the results of the study, 
researchers concluded that ethanolic extract of Inula 
racemosa Hook. f. roots (IRE) possess potential to 
protect liver against toxicity induced due to PCM in 
Swiss albino rats. The findings suggested that IRE 
reduced significant concentration of AST, ALT, ALP 
enzyme and on another side, it increased ALB and 
TP enzyme. Unwanted histopathological changes 
caused by PCM were also healed with the oral 
administration of IRE in animals. IRE might be active 
due to Gallic acid, which is present in the extract. The 
researcher succeeded in isolating and identifying 
Gallic acid for the first time from the roots of Inula 
racemosa Hook. f. The above isolates compiled with 
the spectral interpretations.
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