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Abstract: Helicteres hirsuta Lour. is a traditional Vietnamese medicine for treating chronic liver
diseases such as cirrhosis and liver cancer. Many in vitro and in vivo experiments have demonstrated
that the extracts and isolated compounds from H. hirsuta have diverse pharmacological activities,
including antioxidant, anti-inflammatory, and anti-cancer effects. However, the hepatoprotective
effects have not been reported until now. Therefore, the methanolic and ethanolic extracts of the
aerial part of the H. hirsuta L. (HHM and HHE-1/1) were examined on liver fibrosis induced by
carbon tetrachloride (CCl4) in rats for the first time. The results revealed that all the livers of the
model group had stage F4 cirrhosis; the group that received silymarin, and HHM and HHE-1/1
had milder liver damage cirrhosis stage F1-F2 which implies that the methanolic and ethanolic
extracts of H. hirsute have a definite advantage in the development of food or oral medications for
hepatoprotective activity.

Keywords: Helicteres hirsuta; hepatoprotective activity; cirrhosis; carbon tetrachloride; acute toxicity

1. Introduction

Cirrhosis is the last stage of chronic liver disease. Cirrhosis prevention and treatment
is a problem of medicine. Many traditional medicine remedies have proven effective in the
prevention and treatment of cirrhosis [1]. Free radicals damage liver cell membranes and
lipid-oxidizing releases fibrous mediators, which in turn activate the hepatic stellate cell
and other fibrous cells [2], resulting in fibrosis of the liver and cirrhosis. Medicinal herbs
have been identified as rich sources of natural products with hepatoprotective activity.

According to traditional Vietnamese medicine, H. hirsuta is used to manage various
ailments such as boils, pain relief, detoxification, dysentery, flu, smallpox, measles, malaria,
snakebites, and especially liver diseases [3] such as cirrhosis, and liver cancer. Phytochem-
ical investigation revealed that the major chemical constituents in H. hirsuta are lignans,
diterpenoids, flavonoids, quinones, and triterpenoids. Some studies also show that H. hir-
suta extract has diverse pharmacological effects, including antioxidant, anti-inflammatory,
and anti-cancer in vitro [4–6]. However, at present, the pharmacological effects of the
treatment of liver diseases of this plant have not been studied.

In the course of our continuous study on medicinal plants in Vietnam [7–9], this
research was conducted to determine the preventive practical effects against fibrosis in
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experimental animals of H. hirsuta extracts. The obtained results showed all the livers
of the model group had stage F4 cirrhosis; the group that received silymarin and HHM
and HHE-1/1 had milder liver damage cirrhosis stage F1–F2. The results imply that the
methanolic and ethanolic extracts of H. hirsute have a definite advantage in the development
of food or oral medications for hepatoprotective activity. The study results are the basis
for recommending further studies on the mechanism of hepatoprotective action and other
pharmacological effects of this medicinal herb.

In order to isolate and evaluate the hepatoprotective effects of the extract of H. hirsuta,
this study mainly studied the total methanol (MeOH) extract, which was the optimal extract
to isolate most of the compounds present in the plant, and to evaluate the hepatoprotective
effect [7,8,10]. However, traditional medicinal herbs are often used in the form of brandy
immersion (equivalent to Ethanol: Water extract (1/1, v/v)). Therefore, this study compared
the hepatoprotective effect of the methanol extract (HHM) and the ethanol: water extract
1/1 (HHE-1/1).

2. Results
2.1. Phytochemical Investigation of H. hirsuta

The dried powder of H. hirsuta (4 kg) was extracted with MeOH (10 L × 3 times)
overnight at room temperature. Evaporation of the solvent under reduced pressure formed
a tarry MeOH residue (370 g). The MeOH residue was suspended in H2O and succes-
sively partitioned with n-hexane, CH2Cl2, EtOAc to yield an H (220 g), D (37 g), EtOAc
(26 g), and water layer (52 g), respectively. Using combined chromatography separa-
tion techniques (Silica gel, RP-18, and Sephadex™ LH-20), 16 known compounds (1–16),
namely 4,5-dihydroblumenol A (1), (+)-syringaresinol (2), indole-3-carboxaldehyde (3),
syringaresinol-β-D-glucoside (4), acariol A2 (5), cucumegastigmane I (6), methyl rosmar-
inate (7), 2-O-β-D-glucopyranosyl methyl salicylate (8), dihydrophaseic acid (9), ben-
zyl 2-O-β-D-glucopyranosyl-2,6-dihydroxybenzoate (10), kaempferol-3-β-D-(6-O-trans-p-
coumaroyl)glucopyranoside (11), byzantionoside B (12), citrusin C (13), 20-hydroxyecdy-
sone (14), siringin (15), and 3,4′,7,8-tetrahydroxyflavone (16) were isolated from the aerial
part of the H. hirsuta (the detailed isolation scheme and chemical structures are shown in
Scheme 1). Their structures were determined using the modern spectroscopic method (1D
and 2D NMR) and by correlating previously reported data. The results demonstrated that
the MeOH extract of H. hirsuta contained many bioactive compounds, including alkaloids,
steroids, lignans, and phenolics.

2.2. Effects of HHM, HHE-1/1 on Hematological Parameters

At the end of the study, the mean value of red blood cells in the CCl4 group was
8.71 ± 1.15 T L−1. This figure was significantly lower compared with the silymarin group
(10.05 ± 0.91 T L−1). The mean value of HBG in the CCl4 group was 122 ± 17.91 g L−1.
This value was significantly lower compared with the control group, silymarin-treated and
extracts-treated groups (p < 0.01 and p < 0.001). The mean value of PLT in the CCl4 group
(415.3 ± 137.57 G L−1) was also lower than the control group, HHM group and HHE-1/1
group (604.78 ± 82.11 G L−1; 577.30 ± 79.84 G L−1 and 591.10 ± 106.77 G L−1 respectively)
(p < 0.01). The mean value of WBC in the control group was lower than in other groups
(p < 0.05 and p < 0.001). The highest WBC mean figure belonged to the CCl4-treated group,
which was significantly higher than HHM and HHE-1/1 groups (p < 0.001 and p < 0.05)
(Table 1).
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Scheme 1. (A) Isolation scheme of the H. hirsuta, and (B) chemical structures of compounds (1–16) isolated from H. hirsuta.

Table 1. HHM and HHE-1/1 effect on red blood cells, hemoglobin, platelets of CCl4-induced liver fibrosis in rats.

Group (n = 10) RBC (T L−1) HGB (g L−1) PLT (G L−1) WBC (G L−1)

Control 9.19 ± 1.38 157.21 ± 13.48 604.78 ± 82.11 14.67 ± 3.13
CCl4 8.71 ± 1.15 122.00 ± 17.91 *** 415.30 ± 137.57 ** 26.69 ± 3.04 ***

Silymarin 10.05 ± 0.91 ## 9.32 ± 0.84 146.00 ± 9.78 ## 542.20 ± 167.71 23.82 ± 6.11
HHM 9.66 ± 1.25 ## 153.50 ± 10.6 ### 577.30 ± 79.84 ## 20.52 ± 2.72 ###

HHE-1/1 156.40 ± 11.6 ### 591.10 ± 106.77 ## 22.19 ± 6 #

** p < 0.01 and *** p < 0.001 compared with the control group. # p < 0.05, ## p < 0.01 and ### p < 0.001 compared with the CCl4 group.
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2.3. Effects of HHM, HHE-1/1 on Biochemical Parameters

From the experiment results, there was a considerable upward trend in liver enzyme
activity in the four CCl4-treated groups, while the control group was stabilized. It was
noticed that enzyme AST activity of three rat groups (silymarin, HHM, and HHE-1/1:
1183.29 ± 276.57, 1076 ± 398.5 and 1281.19 ± 325.15, respectively) was significantly lower
than the CCl4 group (2234.7 ± 325.19) (p < 0.001). The data showed that ALT and GGT
activity of the CCl4 group were 903.37 ± 183.84 u L−1 and 10.1 ± 3.38 u L−1, respectively.
There was a significant increase in ALT and GGT activity of CCl4 group compared with
other groups (p < 0.05, p < 0.01 and p < 0.001). (Table 2.)

Table 2. HHM and HHE-1/1 effect on liver enzymes activity of CCl4-induced liver fibrosis.

Group (n = 10) AST (u L−1) ALT (u L−1) GGT (u L−1)

Control 116.97 ± 19.00 53.55 ± 12.45 1.70 ± 2.11
CCl4 2234.70 ± 325.19 *** 903.37 ± 183.84 *** 10.10 ± 3.38 ***

Silymarin 1183.29 ± 276.57 ### 730.55 ± 157.15 # 6.00 ± 3.74 #

HHM 1076.00 ± 398.50 ### 452.35 ± 115.73 ### 6.30 ± 4.40 #

HHE-1/1 1281.19 ± 325.15 ### 691.26 ± 161.76 # 5.54 ± 2.52 ##

*** p < 0.001 compared with the control group. # p < 0.05, ## p < 0.01 and ### p < 0.001 compared with the CCl4 group.

The mean value of the total protein content in the CCl4 group was 68.63 ± 6.46 g L−1.
This value was significantly lower than the other groups (p < 0.001, p < 0.01). The mean
concentrations of total bilirubin and direct bilirubin of the control group were: 4.03 ± 1.0
and 0.59 ± 0.32 mmol L−1, respectively, which was significantly lower than the other
groups. In addition, the index in the group of rats treated with silymarin was considerably
lower than in the model CCl4 group with p < 0.05 (Table 3).

Table 3. HHM and HHE-1/1 effect on total protein and bilirubin of CCl4-induced liver fibrosis.

Group (n = 10) Total Protein (g L−1) Total Bilirubin (µmol L−1) Direct Bilirubin (µmol L−1)

Control 79.86 ± 6.81 4.03 ± 1.00 0.59 ± 0.32
CCl4 68.63 ± 6.46 ** 16.64 ± 5.03 *** 10.83 ± 4.97 ***

Silymarin 79.69 ± 6.36 ## 12.03 ± 4.71 # 6.36 ± 3.18 #

HHM 79.21 ± 1.89 ### 12.57 ± 5.78 7.59 ± 4.18
HHE-1/1 77.62 ± 3.78 ## 13.55 ± 5.37 7.84 ± 4.34

** p < 0.01 and *** p < 0.001 compared with the control group. # p < 0.05, ## p < 0.01 and ### p < 0.001 compared with the CCl4 group.

2.4. Effects of HHM, HHE-1/1 on Histopathology of the Liver

The macroscopic images of the rat livers showed the rats’ livers of control, silymarin-
treated and extract-treated groups were red-brown, with a smooth surface, soft density,
good elasticity, no lumps, or necrosis. In contrast, the rats’ livers of the CCl4 group were
yellow-brown, the liver surface was rough with many protrusion nodules of 1–3 mm in
size. Liver density was quite firm (Figure 1). The livers of CCl4 groups were more severely
damaged than the other groups.
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Figure 1. Photograph of rats’ livers of CCl4-induced liver fibrosis model.

The microscopic images of the liver in the control group shows an image of normal
liver tissue with a structure of cell bands, and rafts surrounding the central vein of the lobule.
Between the bands, the liver rafts are the sinusoid. Some liver cells are slightly degenerated.
The portal area contains the bile duct, portal vein, and hepatic artery (Figure 2).

Figure 2. Photomicrographs of rat liver in control group stained with hematoxylin-eosin.

The microscopic images of the liver in the CCl4 group show that the standard structure
of the liver was destroyed. The hepatic parenchyma was separated by the fibrosis septa
from the center of the lobule to the portal areas and from the portal areas to the portal areas.
Most lobules and the portal areas were invaded by bands of fibrosis; with the regeneration
of hepatocytes, they formed pseudo lobules. The central vein of the central lobe was not
clearly visible. Many fat degeneration cells, accompanied by infiltrated white blood cells
surround the necrotic liver cells. These livers were stage F4 fibrosis [11] (Figure 3).

Figure 3. Photomicrographs of rat liver in CCl4 group stained with hematoxylin-eosin.

The microscopic images of livers in the silymarin group and HHM group and HHE-
1/1 group: the structure was maintained, hepatic parenchyma did not appear in pseudo
lobules. However, the appearance of short fibrous bands, extending the portal areas,
dissecting the liver parenchyma can be observed. The liver parenchyma of the HHM group
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shows clusters of liver cells with fat and water degeneration, which were observed scattered
in silymarin and HHE-1/1 group. These livers were stage F2 fibrosis [11] (Figure 4).

Figure 4. Photomicrographs of rat liver in silymarin, HHM, HHE-1/1 groups stained with hematoxylin-eosin.

Photomicrographs of a liver of the CCl4 group stained with Masson show (A) a
significant increase in collagen (blue) separated the liver lobes to pseudo lobes. The livers
of silymarin, HHM, and HHE-1/1 groups appear as short bands of collagen that extended
the portal areas. There were no pseudo lobes in the liver parenchyma (Figure 5).

Image analysis by ImageJ software showed the blue area represented by the collagen
fiber area in the CCl4 group. The rate of the collagen invasion area accounted for 19.9%
while measurements of the collagen area of the silymarin, HHM and HHE-1/1 groups
were 1.19%, 3.44%, and 5.12%, respectively.
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Figure 5. Photomicrographs of rat liver stained with Masson trichrome.

3. Discussion
3.1. Effects of HHM, HHE-1/1 on Hematological Parameters

In cirrhosis, there is often a manifestation of chromatic anemia, a decrease in hemo-
globin content, and a reduction in the number of erythrocytes due to the decline in the
liver’s iron metabolism function, hemophilia, hypersplenism or bone marrow suppres-
sion [12]. In this study, the number of erythrocytes showed no substantial difference
between the rat groups compared with the control group (p > 0.05), so the level of anemia
could not be assessed through this parameter. Another parameter to evaluate anemia more
accurately is hemoglobin content; in this study, the hemoglobin in the model group of rats’
cirrhosis significantly decreased compared with the control group, the silymarin-treated
and the extracts-treated groups. These results demonstrated that CCl4 induced anemia in
rats and showed the hepatoprotective effects of the silymarin and extracts to maintain the
mean hemoglobin in rats.

In cirrhosis, platelet count also tends to decrease due to portal hypertension, spleno-
megaly, spleen hyperplasia, and coagulation disorder [12,13]. In this study, the number of
platelets in the CCl4 group also significantly decreased compared with the control group
and the rat group that received silymarin, HHM and HHE-1/1. Our results demonstrate
the protective effect of silymarin and H. hirsuta extracts when administered to rats, which
can be used as a functional food to protect the liver function.

3.2. Effects of HHM, HHE-1/1 on Biochemical Parameters

The activity of enzymes AST, ALT, and GGT is also important in the evaluation of
liver damage in the study. The results of this study showed that the control group had a
normal level of these three enzymes while the other groups experienced a sharp increase
in the activity of these enzymes. This result means that hepatocytes were significantly
damaged in rats injected with CCl4. In more detail, AST activity of the CCl4 group was
higher than in the groups of rats which were injected CCl4 and received oral silymarin
or HHM or HHE-1/1. This result suggests that all three of the medicine materials used
showed the ability to reduce the AST activity. In terms of ALT activity, only the silymarin-



Appl. Sci. 2021, 11, 8758 8 of 10

treated group of rats had a significantly lower ALT activity than the CCl4 group. On the
model of rats’ liver cirrhosis by CCl4, Xiang Lan Wei et al. studied the hepatoprotective
effects of pomegranate peel and seed extract [14], and Yuan Yuan Zhan et al. studied the
hepatoprotective effects of melon seed extract [15], the results showed that the extracts
were more effective in reducing liver enzymes than the model group. This study showed
that GGT of the CCl4 group was higher than the silymarin, HHM, and HHE-1/1 groups.
This result can be explained because HHM and HHE-1/1 both have protective effects,
stabilize the hepatocellular membrane and inhibit the ingress of toxins into cells. Silymarin
has a similar effect [16].

The majority of proteins in the blood plasma are synthesized by the liver. When
the liver is in cirrhosis, the liver function is decreased, so there is a reduction in protein
in plasma. In this study, the total protein in the CCl4 group was lower than that of
all other groups. These results suggest that the liver function of the CCl4 group was
reduced compared with the other groups. Bilirubin is a liver metabolic product. Bile duct
obstruction by cirrhosis causes bilirubin to not be delivered to the small intestine, so they
are absorbed into the blood. An increase in bilirubin in the blood is a consequence. In
this study, the total and direct bilirubin of the CCl4 injection groups were higher than the
control group and silymarin-treated group, reflecting the liver damage of rats injected with
CCl4. Silymarin demonstrates the ability to be effectively hepatoprotective.

3.3. Effects of HHM, HHE-1/1 on Histopathology of the Liver

The study’s results showed that: All livers of the control group had normal parenchyma,
whereas all livers of CCl4 group had cirrhosis at the end of the experiment (cirrhosis stage
F4). The rats’ group was injected with CCl4 and received silymarin or HHM or HHE-1/1
livers, A histological image showed that livers had fibrosis at F1–F2 stage.

In addition, the Masson trichrome staining image showed that the collagen areas in the
livers of the CCl4 group (19.9%) were significantly higher than the silymarin group (1.19%),
HHM (3.44%), and HHE-1/1 (5.12%). This result proved that the collagen deposition in the
liver of the CCl4 group was higher than in other groups; this is an important indicator to
evaluate the level of liver fibrosis. Silymarin, HHM, HHE-1/1 were used to help alleviate
the deposition of collagen in the liver parenchyma and prevent fibrosis of the liver. The
study on the hepatoprotective effects of pomegranate peels and seeds by Xiang-Lan Wei
also showed that the collagen deposition in the toxic group with CCl4 was higher than in
the group treated with pomegranate peels and seeds extracts [14].

The above results showed that both HHM and HHE-1/1 were effective hepatopro-
tectives, reducing the effect of CCl4 on the liver, and slowing the progression leading to
cirrhosis in rats, which is an effect similar to a silymarin dose of 0.2 g kg−1 BW.

4. Materials and Methods
4.1. Materials

The aerial part of the Helicteres hirsuta Lour. was collected at A Luoi, Phong Dien
district, Thua Thien Hue province, Vietnam in March 2019, and identified by Dr. Vu Tien
Chinh, Vietnam National Museum of Nature, VAST. A voucher specimen (HH 01) was
deposited at the Mientrung Institute for Scientific Research, VAST, and Vietnam Military
Medical University. The medicinal herb was collected and put in a sealed plastic bag
and brought to the laboratory, then chopped into sections of about 3 cm, dried in the
Etuves XU250 oven at 45 ◦C temperature to constant weight. Materials were powdered
before studying.

4.2. Chemicals and Equipment

Chemicals
Methanol, ethanol, carbon tetrachloride (CCl4), and olive oil are from Merck-Germany;

chemical hematology is by Nihon Kohden; the biochemical test kit is from the Beckman
Coulter firm. Legalon 140 (140 mg silymarin) is from MADAUS GmbH, Germany.
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Animals
Fifty adult Wistar rats were of both sexes, with no pregnancies, and weights of

200 ± 20 g. The healthy, agile, and fluffy animals were kept in stainless steel cages in rooms
maintained at 25 ◦C on 12-h light/dark cycles and provided free access to standard diet
and water. The experimental procedures were approved by the Animal Ethics Committee
and animal experiments were carried out per the approved protocols [8,10].

4.3. Extraction Methods

The methanol extract of H. hirsuta L. (HHM) method is as follows: 10 kg of powder
was extracted with methanol (3 × 20 L) at 25 ◦C for 72 h. After the mixture was filtered
the methanol solution was obtained. This solution was evaporated in a rotary evaporator.
A total of 960 g of HHM was obtained and stored at 4 ◦C during the experiment.

The ethanol extract of H. hirsuta L. (HHE-1/1) method is as follows: 10 kg of powder
was extracted with ethanol/water 1/1: v/v (3 × 20 L) at 25 ◦C for 72 h. After the mixture
was filtered and the ethanol solution was obtained. This solution was evaporated in a
rotary evaporator. A total of 850 g of HHE-1/1 was obtained and stored at 4 ◦C during
the experiment.

Before giving to rats to administer, HHM and HHE-1/1 were diluted with distilled
water at the rate of 1/4: w/w and used for 3 h.

Hepatoprotective effects of the extract on liver fibrosis induced by CCl4.
Following two weeks of acclimatization, 50 Wistar rats of both sexes were randomly

divided into 5 groups of 10 animals each (n = 10).
Group 1 (control group) received a daily oral dose of 10 mL kg-1 BW distilled water

and injected subcutaneously (i.s.) with 2 mL kg−1 BW of olive oil twice a week (Tuesday
and Friday) for 12 weeks.

Group 2, 3, 4, and 5 rats were i.s. with 2 mL kg−1 BW CCl4 (CCl4 diluted to 50%
in olive oil) twice a week (Tuesday and Friday) for 12 weeks. Group 2 (CCl4 group),
3 (silymarin group), 4 (HHM group), and 5 (HHE-1/1 group) received a daily oral dose of
10 mL kg−1 BW of distilled water, 0.2 g kg−1 BW of silymarin, 1.34 g kg−1 BW of HHM,
1.19 g kg−1 BW of HHE-1/1, respectively.

Distilled water, the solution of silymarin, HHM, and HHE-1/1 were administered to
the stomach of the rats with a tip needle once daily in the morning before feeding.

After 48–60 h of CCl4 injection for the last dose, rats’ blood was collected to assess
biochemical and hematological tests. The rats were anesthetized by cervical dislocation;
their abdomens were opened to observe the gross pathological liver. A lobe of liver tissue
from each rat was collected. Biochemical tests were performed by the Beckman coulter
AU480 machine. Hematology tests were performed by the Nihon Kohden MEK-7300K
machine. The liver samples were stained with hematoxylin and eosin (HE) and Masson
trichrome (MT) for histopathological examination.

4.4. Statistical Analysis

The data of the experiment were expressed as the means ± SD, and were analyzed
via Excel 16.0 and the SPSS 20.0 software. The Student’s t-test was used in the groups’
comparison.

5. Conclusions

Our liver protective effective results show that treatment with HHM (1.34 g kg−1

BW) or HHE-1/1 (1.19 g kg−1 BW) protected the liver against fibrosis caused by CCl4
on rats. The effects of the extracts are similar to a silymarin dose of 0.2 g kg−1 BW. The
results revealed that all the livers of the model group had stage F4 cirrhosis; the group that
received silymarin, and HHM and HHE-1/1 had milder liver damage cirrhosis at stage
F1–F2, which implies that the methanolic and ethanolic extracts of H. hirsuta have a definite
advantage in the development of oral medications for hepatoprotective activity.
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