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Abstract: Background: Arum conophalloides (A. conophalloides) is a wild edible delicate plant,
widely used in traditional medicine.

Objective: This study aimed to examine the effects of 4. conophalloides extracts on biochemical,
molecular, and histopathological changes in the rat.

Methods: Fifty adult male Sprague-Dawley rats were divided into 5 groups (10 each) as follows: G1
or control, received distilled water; G2 and G3, treated with the aqueous extract at doses of 200 and
400 mg/kg; G4 and G35, treated with the hydroalcoholic extract at doses of 200 and 400 mg/kg. Prior
to and at the end of the experiments, the serum levels of biochemistry parameters and the relative ex-
pression of miR-122 were assessed. Moreover, the liver and kidney tissues were examined micro-
scopically.
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Results: Liver and kidney tissues showed normal structure in all groups. There were no significant
changes in biochemical indices or the expression of miR-122 in the extract-treated groups at the dose
of 200 mg/kg. However, the group that received the aqueous extract at the dose of 400 mg/kg exhib-
ited a significantly lower level of HDL, LDL, ALT, and ALP in comparison to the control. Addition-
ally, miR-122 expression in this group exhibited a 10-fold increase (P=0.009).
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Conclusion: The serum level of hepatocyte-specific miR-122 will be more helpful in detecting he-
patic changes in early stages than ALT and AST activity or histopathological evaluations of liver sec-
tions. Our findings highlight the potential hepatotoxicity of A. conophalloides aqueous extract in a rat
model.
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1. INTRODUCTION and economic benefits [6-8]. Medicinal plants and other
plant-derived remedies are widely available and self-
prescribed; therefore, the quality, safety, standardization, and
efficacy of these products have become a major concern by
policy-makers, health professionals as well as the general
public. Hepatotoxicity, acute liver failure, and renal impair-
ment are major complications that these plants and herbs can

cause [8-10].

The genus Arum is made up of about 26 species of flow-
ering plants, native to Asia, Europe, and northern Africa, and
belonging to Araceae family. Arum conophalloides Kotschy
Ex Schott (A. conophalloides), locally known as Kardeh, is a
seasonal (spring) and edible delicate plant, widely used in
some regions of Iran, Iraq, Syria, and Turkey as cooked in a
stew and rice-vegetable dish [1-3]. It is a well-known aro-

matic and medicinal plant and its leaves were used in tradi-
tional medicine as a painkiller, blood purifying, stomach and
intestine tonic, and to treat animal mastitis [3-5]. Nowadays,
the demands for plant-based medicines are rising in both
developing and industrialized countries due to its medical
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Despite other tasks, the liver is responsible for pro-
cessing, concentrating, metabolizing, and detoxifying the
majority of the drugs and toxins; hence, it is a prime target
for medication-induced damages. Although some medicinal
plants have hepatoprotective activity, others contain sub-
stances that can lead to hepatotoxicity [11-13]. Among the
liver injury markers, evaluation of the serum activity of ala-
nine aminotransferase (ALT) and aspartate aminotransferase
(AST) are the most common tools, but they are not specific
to the liver and could be released from non-hepatic tissues.
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In addition, the alterations of these enzymes in asymptomatic
cases might be attributed to the normal physiological phe-
nomenon [14, 15]. Liver biopsy is considered as an alterna-
tive tool to assess cases with an unexplained elevation of
transaminases. However, since liver injury evolution is grad-
ual, merely minimal histological changes occur in a short
duration. Moreover, liver biopsy has several limitations and
disadvantages; therefore, this method is neither ideal nor
sufficient for diagnostic purposes [16]. Hence, the research
interests have focused on new non-invasive techniques to
assess liver injuries in the shortest time possible [17, 18].

MicroRNAs (miRs) are a group of short ~22 nucleotides
that play a vital role in the regulation of gene expression at
the post-transcriptional level by accelerating degradation or
by inhibiting the translation of messenger RNA (mRNA)
into the protein [19-21]. The hepatocyte-specific miR-122 is
highly conserved among vertebrate species, and involved in
various physiological processes, hepatic function as well as
liver pathology [22, 23]. MiR-122 almost exclusively is ex-
pressed in the liver (about 70% of total miRNA pool) and
has a minor expression in other tissues. Moreover, circulat-
ing levels of miR-122 are highly stable; therefore, its deregu-
lation in the blood might represent hepatic cell death, which
is clinically important. Up-regulation of miR-122 can be
observed prior to/in the absence of elevations in transami-
nases or observation of histopathological changes, making it
a highly sensitive and specific biomarker for hepatocyte
damages [19, 21, 24]. Therefore, the current study aimed to
examine the effects of aqueous and hydroalcoholic extract of
A. conophalloides on biochemical, molecular, and histo-
pathological changes in male Sprague-Dawley rats.

2. MATERIALS AND METHODS
2.1. Ethics

Animal care was performed according to the guidelines
of the local Ethics Committee of Shiraz University of Medical
Sciences, Shiraz, Iran (Code: IR.SUMS.REC.1395.51240).

2.2. Collection of the Plant and Preparation of the Extracts

Fresh A. conophalloides was collected from the local
vegetable market in Shiraz, Fars Province, Iran. The voucher
specimen of the plant (no. 790) was assigned and deposited
at the herbarium in the Department of Traditional Pharmacy,
School of Pharmacy, Shiraz University of Medical Sciences,
Shiraz, Iran. Air-dried leaves and stems were used to prepare
the herbal extracts. Briefly, 500 g of the powder were sepa-
rately macerated in 2 liters of either distilled water or 70%
ethanol (ethanol/water 70/30v/v) for the preparation of aque-
ous or hydroalcoholic extract, respectively. The mixtures
were kept at room temperature for 3 days. After filtration
using Whatman filter paper, the filtrate was concentrated in
the water bath (45-50°C) and evaporation of the solvent was
performed under vacuum condition.

2.3. Animals and Study Design

Fifty adult male Sprague-Dawley rats (weighing 200-220
g) were acclimatized for two weeks at the Center of Com-
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parative and Experimental Medicine, Shiraz University of
Medical Sciences, Shiraz, Iran (temperature 22 + 2°C; hu-
midity 50-60%; light/dark cycle 12:12 h). Prior to any exper-
iment, the blood samples were collected separately from
each rat under the general anesthesia using an intramuscular
injection of 10% ketamine (90 mg/kg) and 2% xylazine (10
mg/kg) (Alfasan, Woerden, Holland). Next, the rats were
randomly assigned into five groups (each containing 10 cas-
es) as follows: G1: the control group; treated with distilled
water; G2 and G3 were treated with the aqueous extract at
doses of 200 and 400 mg/kg body weight, respectively; G4
and G5 were treated with the hydroalcoholic extract at doses
of 200 and 400 mg/kg body weight, respectively. All the
extracts were dissolved in distilled water to make the re-
quired concentrations and administered orally by gavage (20
gauge) for 10 consecutive days. During the experiment, ani-
mals were allowed to have free access to water and a stand-
ard pellet diet. At the end of the experiment and under anes-
thesia, the blood samples were collected again, then the ani-
mals were euthanized and liver and kidney tissue specimens
were harvested.

2.4. Biochemical Analysis

The blood samples were transferred into a non-heparini-
zed tube (Mediplus, China), allowed to clot, and centrifuged
for 5 min at 3000 RPM. The blood biochemistry parameters
including Fasting Blood Sugar (FBS), Triglycerides (TG),
Cholesterol (Chol), High-Density Lipoprotein (HDL), Low-
Density Lipoprotein (LDL), Blood Urea Nitrogen (BUN),
Creatinine (Cr), ALT, AST, and alkaline phosphatase (ALP)
were measured by an automated biochemical analyzer (Al-
pha-Classic AT Plus, Tajhizat Sanjesh, Iran) with a commer-
cially available reagents (Pars Azmoon, Tehran, Iran).

2.5. Molecular Assessment

For the purpose of total RNA extraction, ImL of cold
QIAzol lysis reagent (Qiagen, USA) was added to 300 uL of
the serum sample and vortexed vigorously for 1 min. After
incubating the homogenate at room temperature for 5 min,
0.2 mL of chloroform (Merck, Germany) was added to the
tube, and the solution was mixed by inverting for 1 min. The
mixture was centrifuged for 15 min at 14000 RPM at 4°C,
and the aqueous phase was carefully removed and trans-
ferred into a new RNase, DNase, and Pyrogen free tube. To-
tal RNA was directly precipitated, using 1 mL of cold abso-
lute ethanol (Merck, Germany) and 2 pL of Glycogen (20
mg/mL) (ABM Inc., Canada). The solution was then sedi-
mented and the supernatant was discarded. The RNA pellets
were washed with 75% ethanol and after one more centrifu-
gation step, it was allowed to air-dry, and finally eluted in
100 uL of DEPC-treated water. All RNA samples were
stored at -70°C until further processing.

Reverse transcription was performed using the gene-
specific primers (Table 1) and the RevertAid first-strand
cDNA synthesis kit (Thermo Scientific, USA) according to
the manufacturer's instructions. Upon completion of the
cDNA synthesis, products were diluted 1:5 in nuclease-free
water and used as a template in a subsequent SYBR green
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Table 1.  The list of gene-specific primers used in real-time PCR assay.
Gene Primer Name Sequence, 5' --- 3' Accession No.
RT primer GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCAAACA
miR-122 Forward primer GTATACTGGAGTGTGACAATG MI0000891
Reverse primer GTGCAGGGTCCGAGGT
RT primer GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCGCCAA
miR-16 Forward primer GTATACTAGCAGCACGTAAAT MI10000844
Reverse primer GTGCAGGGTCCGAGGT
RT primer GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGAAATC
miR-221 Forward primer GTATACACCTGGCATACAATG MI0000961
Reverse primer GTGCAGGGTCCGAGGT
RT primer GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAACTAT
Let-7a Forward primer GTATACTGAGGTAGTAGGTTG MI0000827
Reverse primer GTGCAGGGTCCGAGGT
RT primer AACGCTTCACGAATTTGCGT
snRNA U6 Forward primer CTCGCTTCGGCAGCACA K00784
Reverse primer AACGCTTCACGAATTTGCGT

real-time PCR assay. Real-time PCR reaction mixture con-
taining the equal amounts of diluted cDNAs (2 pL), 10 pmol
of each primer, and 10 pL of the 2X SYBR green PCR mas-
ter mix (Applied Biosystems, USA) was prepared and the
total volume reached 20 pL in nuclease-free water. No-
Template Controls (NTC) also ran at the same time and the
reactions were processed with a Rotor-Gene Q PCR cycler
(Qiagen, Germany) using the following conditions: 95°C for
10 min, followed by 40 cycles at 95°C for 15 s and 60°C for
1 min. Following the final cycle, the specificity of the ampli-
cons was verified by conventional melting curve analysis
(60-95°C with a heating rate of 0.5°C/s). The PCR was ana-
lyzed, using either relative expression or absolute quantifica-
tion. Relative expression was performed using gene-specific
primers for miR-122 as a target gene and mir-16, miR-221,
let-7a, and U6 RNA as reference genes and the result was
calculated by the 2" formula. Additionally, absolute quan-
tification of miR-122 was performed in parallel. In brief, the
synthetic miR-122 oligoribonucleotides were serially diluted
to span a range between 1,000,000 and 10 copies/uL, then
reverse-transcribed and amplified in each round of real-time
PCR. Finally, a six-point standard curve was used to calcu-
late the quantity of miR-122 in the serum samples.

2.6. Histopathological Evaluations

After fixation of tissues in 10% neutral-buffered forma-
lin, the routine histological process was performed using an
automated tissue processing machine (DID SABZ Co., Iran)
and the tissues were embedded in paraffin. The specimen
slices were cut at a thickness of 5um using a microtome
(DID SABZ Co., Iran), and then stained with conventional

hematoxylin and eosin method (Merck, Germany). Finally,
the tissue slides were examined under the light microscope
(Nikon Eclipse Ni, Tokyo, Japan) by a pathologist, who was
blinded to the study.

2.7. Statistical Analysis

Statistical analyses were carried out using the statistical
package for the social sciences (IBM SPSS, version 21).
Variables were checked for normality by the Kolmogorov-
Smirnov test. All values are expressed as means and Stand-
ard Deviations (SD), and comparisons were made by one-
way Analysis of Variance (ANOVA) with a post-hoc Tukey
test. Pearson's %2 test was used to assess the differences be-
tween categorical variables. A P value < 0.05 was consid-
ered to be statistically significant.

3. RESULT

The aqueous and hydroalcoholic extracts had no signifi-
cant effect on the subjects’ body weight (Table 2). Based on
the histopathological findings, the liver and kidney tissues
showed normal structure without any functional impairment
in all experimental groups that had received extracts at doses
0f 200 and 400 mg/kg as well as the control (Figs. 1 and 2).

Various biochemical parameters were assessed at the
baseline and at the end of the experimental period (Table 2).
There were no significant differences in the serum biochemi-
cal indices as well as a miR-122 expression between the con-
trol and the pre-treatment values; hence, these parameters in
each extract-treated group were compared with the control.
Both extract-treated groups at the dose of 200 mg/kg (G2
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Table 2. Body-weight and the serum level of biochemical indices in each experimental group.
Experimental Groups (Mean + SD)
Variables Aqueous Extract Hydroalcoholic Extract
Pre-Treatment Control

200 mg/kg 400 mg/kg 200 mg/kg 400 mg/kg

Body-weight (g) 2123 +5.1 219.6 £3.7 220.1+5.2 218.8+5.4 220.2+3.3 222.1+23
FBS (mg/dL) 148.6 £ 8.3 180.1 £43.3 250.6 £97.1 271.4+59.9 237.8+130.3 213.1+2.3
TG (mg/dL) 79.1+£5.2 100.8 + 28.5 80.8 + 18.7 78.6 £44.2 83.1+33.6 83.1+13.8

Chol (mg/dL) 722 +£8.1 67.4+10.7 57.6+£14.9 484452 49.8+16.2 59.1+3.4

HDL (mg/dL) 30.1+2.4 304+1.1 28.2+6.1 19.8 + 4.4* 254+72 26.5+7.5

LDL (mg/dL) 19.1 £ 4.1 248 +£3.7 19.1£3.6 16.8 +£5.2* 20.6+£3.4 19.5+0.7

BUN (mg/dL) 23.1+£23 244 +3.7 21.6+1.3 26.8+3.4 22.1+£33 21.1+£1.1

Cr (mg/dL) 0.71 £0.09 0.58 £0.08 0.56 £0.05 0.56 £0.05 0.62+£0.19 0.55+0.05
AST (IU/L) 118.8+11.8 138.4 +20.4 139.2+£15.5 1472+ 12.6 148.4+3.5 129.5+29.4
ALT (IU/L) 62.6 +4.7 65.8+£6.8 59.8+£5.7 48.1 £ 4.3* 582+13.1 41.5+10.9*
ALP (U/L) 820.6 £ 145.1 733.2+120.1 703.1 +£223.4 396.1 + 148.3* 737.1+113.2 402.5 + 15.5*

Asterisks show significant differences (P<0.05) compared to control group.

Fig. (1). (A) A normal structure of the liver and (B) kidney tissues in the control group (G1) which was treated with distilled water (x100, H

&E).

Fig. (2). (A) Histopathological evaluation of the liver and (B) kidney tissues in group 2 which was received the aqueous extract of Arum
conophalloides at the dose of 200 mg/kg body weight (x100, H & E). Both tissues showed a normal structure.
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Table 3. Results of circulatory miR-122 expression in the Arum conophalloides extract-treated groups in comparison to control
(Figs. 3 and 4).
Groups Type of Extract Dose Fold Change Standard Error P Value
G2 200 mg/kg 1.872 0.782-8.424 0.230
Aqueous
G3 400 mg/kg 10.416 2.028-27.309 0.009
G4 200 mg/kg 0.955 0.760-1.228 0.792
Hydroalcoholic
G5 400 mg/kg 1.113 0.927-1.464 0.794

Fig. (3). (A) Histopathological evaluation of the liver and (B) kidney tissues in group 3 which was received the aqueous extract of Arum
conophalloides at the dose of 400 mg/kg body weight (x100, H & E). Both tissues showed a normal structure.

Fig. (4). (A) Histopathological evaluation of the liver and (B) kidney tissues in group 4 which was received the hydroalcoholic extract of
Arum conophalloides at the dose of 200 mg/kg body weight (x100, H & E). Both tissues showed a normal structure.

and G4) had no significant differences regarding the mean
values of any biochemical indices in comparison to the
control group. However, the experimental group which was
treated with the aqueous extract at the dose of 400 mg/kg,
exhibited lower levels of HDL (P=0.037), LDL (P=0.030),
ALT (P=0.020), and ALP (P=0.013) in comparison to the
control group. In addition, hydroalcoholic extract at a dose of
400 mg/kg caused a significant reduction in ALT (P=0.002)
and ALP (P=0.025) levels in comparison to the control
group.

Blood samples were obtained pre- and post-treatment in
order to assess whether miR-122 expression had changed in
the circulation. Overall, our findings indicate that the expres-
sion and quantitation of hepatocyte-specific miR-122 were

not significantly changed in any of the experimental groups,
except for those treated with the aqueous extract at the dose
of 400 mg/kg (Table 3) (Figs. 3 and 4). The mean quantity of
miR-122 in this group was significantly higher than that ob-
served in the control group (3910 copies/mL vs. 289 cop-
ies/mL, P=0.025). Moreover, the mean values of miR-122 in
the abovementioned group exhibited a 10-fold increase
(P=0.009). However, the relative miR-122 expression in this
group did not correlate with other variables (P>0.05).

4. DISCUSSION

Despite potential pharmaceutical values, all medicines,
including herbal or commercialized, might have a wide range
of adverse effects, especially at higher doses. Early detection
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Fig. (5). (A) Histopathological evaluation of the liver and (B) kidney tissues in group 3 which was received the hydroalcoholic extract of
Arum conophalloides at the dose of 400 mg/kg body weight (X100, H & E). Both tissues showed a normal structure.

of such side effects and their pathological impacts on the
tissues is always difficult (Fig. 5) [10]. Extracellular miRs,
derived from various tissues/organs, are extremely stable in
the circulation, and their expression could change during
cellular damages or tissue injuries. Evidence shows that
changes in miRNA expression occur earlier than convention-
al biomarkers, potentially offering more sensitivity and spec-
ificity of miRs compared to other available tests. Circulatory
miR-122 is promising miRs that account for about 70% of all
miRs in the liver, while its increase might be an implication
for the development of liver diseases [19, 21, 23, 24]. Hence,
the current research was designed to evaluate the potential of
A. conophalloides extracts to cause liver injury.

Our findings showed that miR-122 serum levels were on-
ly increased in the experimental group treated with aqueous
extract at the dose of 400 mg/kg once daily for 10 consecu-
tive days. However, an examination of the liver sections
showed the normal histological structure of the central vein
and the surrounding hepatocytes. Accumulating evidences
point to the role of circulating miR-122 as a replacement or
supplement of the current serum biomarkers for liver inju-
ries. It is highly abundant in the liver and almost absent in
other organs, which represents it as a highly specific non-
invasive circulating biomarker. Under normal conditions and
the absence of overt cellular injuries, liver-specific miR-122
is released into the circulation in a constant manner via he-
patic exosomes; however, its level in circulation is highly
correlated to the hepatic expression [25, 26]. The predictive
value of miR-122 for diagnosis of liver injury was later con-
firmed in rats; therefore, a marked increase in serum level of
miR-122 corresponds well with a range of liver diseases [27,
28].

On the other hand, our results revealed that the elevation
of miR-122 in the group treated with the aqueous extract at
the dose of 400 mg/kg had occurred in the presence of a sig-
nificant reduction in serum ALT and ALP levels. Overall,
the elevation of circulatory miR-122 is preceded by a rise in
biochemical liver markers, which makes it a promising bi-
omarker for detecting hepatotoxic compounds at an early
stage [29-31]. The inverse significant correlations of ALT
and ALP with miR-122 expression were also reported in
patients with hepatocellular carcinoma [32]. Although the

AST, ALT, and ALP are the most commonly-requested tests
for liver function screening, they are not necessarily specific
to liver and changes can be associated with several extra-
hepatic conditions. Moreover, emerging evidence has high-
lighted the role of genetic variations in the alteration of these
enzymes [33, 34].

To the best of our knowledge, the major/active chemical
compounds of 4. conophalloides extracts have not been de-
scribed, yet. However, T-muurolol (25.4%) is the main es-
sential oil composition of the 4. conophalloides leaves fol-
lowed by nonanal, B-lIonone, T-cadinol, Fitone, and Methyl
palmitate [1]. Several reports are also available in the litera-
ture regarding the chemical composition of other Arum spe-
cies [35-38]. Although no histopathological lesions were
observed in the current study, the hepatotoxicity and eleva-
tion of ALT, AST, and ALP, and histopathological changes
such as aggregation of lymphocytes, steatosis, congestion,
and necrosis were observed in female rats that had received
the Arum palaestinum ethanolic extract at the doses of 500
mg/kg/day, for 30 days [39]. The main differences between
our study and the aforementioned one might be the dose and
treatment period. Moreover, a significant increase in the se-
rum level of FBS was also noted following the Arum palaes-
tinum ethanolic extract consumption [39], which is in con-
trast with our results.

CONCLUSION

Our data suggest that the serum level of miR-122 will be
more helpful in detecting hepatic changes in the early stages
rather than ALT and AST activity or histopathological eval-
uation of liver sections. Our findings highlight the potential
hepatotoxicity effect of A. conophalloides aqueous extract;
hence, the preparation manner can have a strong and direct
impact on the results. Due to the popularity and consumption
of this herb amongst the Iranian population, further compre-
hensive studies are warranted to discover its biochemical
composition and its hepatotoxicity. It is important to point
out that, despite our effort, there are some limitations to this
investigation. For example, only one treatment duration was
examined; therefore, the toxicological determination is lim-
ited. The quality of A. conophalloides extracts and the over-
all quality control need to be better determined. Besides, as



230 MicroRNA, 2020, Vol. 9, No. 3

one miR was investigated merely, the overall impact is not
known. Therefore, our report should be considered as a pre-
liminary one which will be expanded in the future.
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