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ABSTRACT

Objective: Our previous studies indicate that alkaloids could be developed as potential antihepatitis B agents. In the present study, we investigated 
the in vitro antihepatitis B virus (HBV) activity and in vivo acute oral toxicity of three isoquinoline alkaloids [-(-) Canadine, Corydadine, and Berberine] 
obtained from Fumaria and Corydalis species. The compounds were selected based on their therapeutic indexes calculated previously in vitro.

Methods: The antiviral activity and cytotoxicity of selected isoquinoline alkaloids were evaluated in vitro in HepG2 cells. In vivo, acute oral toxicity was 
performed in female mice following the Organization for Economic Cooperation and Development test guideline-423 (acute toxicity class method).

Results: The selected agents have shown high antiviral activity against HBV and low cytotoxicity in vitro. The results obtained from an acute oral 
toxicity study revealed that the LD50 of all the test compounds was >2000 mg/kg when administered orally to mice. All the tested compounds fall 
under the category 5 (unclassified) according to the Globally Harmonized System, with a LD50 value >2000 mg/kg when orally administered to mice.

Conclusion: The results of the study revealed that OR-13 and MNAD can be studied further and can be developed as antihepatitis B drugs.

Keywords: Hepatitis B virus, Isoquinoline alkaloids, Antiviral, Cytotoxicity, Acute toxic class method, Organization for Economic Cooperation and 
Development 423.

INTRODUCTION

There is no cure for individuals with chronic Hepatitis B virus (HBV) 
infections. Chronic infections are associated with cirrhotic liver 
failure, and infected individuals have an increased risk of developing 
hepatocellular carcinoma [1,2]. Interferon-alpha (IFN-α) is used for 
the treatment of chronic HBV infections; it has immunomodulatory, 
antiviral, and antiproliferative effects. IFN-α has limited efficacy in 
patients with certain characteristics such as high serum HBV DNA levels, 
childhood infection, decompensated liver disease, immunosuppression 
due to disease or therapy, male sex, mild-to-moderate liver disease, 
and Asian ethnicity. Patients with these characteristics comprise 
approximately 70% of the HBV-infected population. In addition, IFN-α 
therapy is associated with adverse effects that often necessitate dose 
reduction or discontinuation [3,4]. Therapy with antiviral compounds 
for HBV infections has focused primarily on a strategy of inhibiting viral 
polymerase. The nucleoside analogue, lamivudine (LMV) has been used 
for the treatment of chronic HBV infection for more than a decade, but 
the effectiveness of long-term LMV treatment therapy is compromised 
by the emergence of LMV-resistant HBV [4,5]. A number of other 
nucleoside/nucleotide analogues including adefovir dipivoxil, entecavir, 
telbivudine, and, most recently, tenofovir disoproxil fumarate have been 
developed and approved for HBV treatment [6-8]. However, long-term 
treatment of chronic HBV infection with nucleos(t)ide analogs can lead 
to the emergence of HBV-resistant mutants of the polymerase gene [9]. 
The development of nonnucleoside compounds is highly warranted to 
overcome the problem with drug-resistance mutants and to provide a 
long-term durable virological effect, leading to serological, biochemical, 
and histological benefits, most likely achievable by applying a 
combination therapy including different classes of compounds.

Alkaloids represent the largest single class of plant secondary 
metabolites. Many alkaloids are used in therapeutics and as 

pharmacological tools [10]. A wide range of biological effects has been 
reported for alkaloids including emetic, anticholinergic, antitumor, 
diuretic, sympathomimetic, antiviral, antihypertensive, hypnoanalgesic, 
antidepressant, myorelaxant, antitussive, antimicrobial, and anti-
inflammatory activities [11]. We have screened a number of isoquinoline 
alkaloids in vitro against HBV and resulted in the identification of three 
(Rib, OR-13, and MNAD; Fig. 1) potentially novel anti-HBV agents [12]. 
The objective of the current study was to move the newly discovered 
agents into the drug discovery pipeline and prepare them for further 
animal study. In our present study, we aim to assess anti-HBV activity, 
cytotoxicity, and acute oral toxicity in mice of the three agents. We 
isolated these compounds in large quantities to cover the entire study 
and tested their acute oral toxicity in rodents, which are an important 
part of the drug discovery process.

METHODS

Extraction and purification of alkaloids
Isoquinoline alkaloids were obtained from 16 Fumaria and six Corydalis 
species growing in Turkey. The taxonomic identification of each plant 
species was confirmed by a local plant taxonomist in the Hail city, 
and plant specimens have been deposited at the College of Pharmacy, 
University of Hail, and Kingdom of Saudi Arabia. The plant materials 
were dried in the shade, dissected, powdered, and weighed accurately 
and isolated, purified, and characterized as described elsewhere [12].

In vitro drug screening
Antiviral activity of Rib, OR-13, and MNAD was determined using the 
human hepatoma cell line HepG2.2.15, which constitutively expresses 
HBV [13]. The process was described in our previous report [2]. 
Briefly, cells were seeded at a density of (2×104) into individual wells of 
96-well microtiter plates and incubated at 37°C overnight in Dulbecco’s 
modified Eagle’s medium supplemented with GlutaMaxTM (Invitrogen) 
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and 10% GIBCO fetal bovine serum (Invitrogen). The medium was 
discarded, and 100 µl of serial log dilutions of different test compounds 
were added to each well in triplicates (concentration range, 10 µM to 
100 pM). Cells were incubated in the presence of the three agents for 
2 h, and the medium was then collected and screened for potential 
reductions in HBsAg antigen using a MONOLISATM Anti-HBs EIA kit 
(Bio-Rad) (n=4). The IC50 (concentration resulting in 50% inhibition) 
values were calculated.

Measurement of cytotoxicity
The compounds were evaluated for their cytotoxicity using a CellTiter-
Glo cytotoxicity kit (Promega) according to the manufacturer’s 
instructions and methods described earlier [14]. The CellTiter-
Glo luminescent cell viability assay is a homogeneous method of 
determining the number of viable cells in culture based on quantitation 
of the ATP present, which signals the presence of metabolically active 
cells. Briefly, HepG2 cell monolayers in 96-well plates were incubated 
overnight at 37°C with 200 µl of serial log dilutions of each compound 
(n=4) in DMEM. The medium was removed, and 100 µl of CellTiter-Glo 
Reagent was added to each well, mixed well to lyse cells, equilibrated 
to room temperature for 10 min, and then read using a luminometer. 
The CC50 (concentration resulting in 50% cytotoxicity) values were 
calculated.

Experimental animals
Swiss albino mice, weighing (18-22), were obtained from the 
Department of Pharmacology and Toxicology, College of Pharmacy, 
University of Hail, Kingdom of Saudi Arabia. All the animals were housed 
in groups of (n=3/cage) in standard plastic cages with wood chips 
as bedding material. All mice were maintained at room temperature, 
30–70% relative humidity, 12 h light/dark artificial photoperiod. 
All mice were fed with commercially available rodent pellet feed 
and purified water ad libitum. The cages and bedding material were 
changed weekly once. All mice were acclimatized for not <5 days and 
were randomly assigned to test groups (Group 1–3) and vehicle control 
groups (Group 4). The study protocol was approved by the Institutional 
Animal Ethics Committee of the University of Hail, Kingdom of Saudi 
Arabia, Reference No. 0150014/2015.

Acute oral toxicity study
Acute oral toxicity study was performed on the three (Rib, OR-13, 
and MNAD) agents using female mice following the Organization for 
Economic Cooperation and Development (OECD) acute toxic class (ATC) 
method test guideline-423 [15,16]. Four groups, each group consisted 

Statistical analysis
The values are expressed as mean ± SD. The nonlinear regression 
analysis was performed using GraphPad Prism software to determine 
the IC50 and CC50 values.

RESULTS

The in vitro antihepatitis activity of Rib was lower than the OR-13 and 
MNAD, and their results are shown in Fig. 2. The cytotoxicities of the 
agents were similar and are shown in Fig. 3. The IC50 values for all the 
agents were similar and were 21 mg, 15 mg, and 23 mg, respectively, for 
Rib, OR-13, and MNAD. CC50 values were also similar and were 63 mg, 
78 mg, and 89 mg, respectively, for Rib, OR-13, and MNAD. However, 
OR-13 has shown a broader therapeutic index over other agents when 
compared (Table 1).

In an acute oral toxicity study, the Rib-treated mice looked slightly 
irritated (after 4 h of exposure). They were licking their forepaws. 
Few animals showed erythema around the nose and were found to 
be lethargic (Table 2) compared to vehicle-treated animals until 24 h 
of observation. All these effects were not seen in all the Rib-treated 
animals after 24 h of treatment till the completion of the study. In all 
the treatment groups, at necropsy, gross pathological observation of 
all internal organs showed normal appearance by visual observation 
except, lungs of Rib-treated mice. Petechial hemorrhages were 
observed in the lungs of two animals in the Rib-treated animals (n=1, 
step 1) and not seen with animals in step 2. These findings may be 
attributed due to the inhalational effects of anesthetic ether as 
evidenced from the previous historical laboratory gross pathological 
data of lungs. However, mice of other groups (OR-13, MNAD, and 
control) did not show any abnormal clinical signs of toxicity. The stools 
were observed to be soft in all the treatment groups and might be 
attributed due to corn oil. These effects were not observed in all the 
groups after 24 h of their respective treatments. In all the treatment 

Fig. 1: Chemical structures of the isolated compounds. (a) RIB (-[-] Canadine), (b) OR 13 (Corydadine), (c) MNAD (Berberine)

c

ba

of six mice (n=3/step) was used. Group I–III received 2000 mg/kg body 
weights of different agents orally, while Group IV was used as a control 
and received corn oil (10 ml/kg). All the treatments were made 
using a glass syringe fitted with an oral gavage (1.5 inches in length, 
straight tube with a 2.4 mm rounded tip). The mortality and 
clinical signs of toxicity were observed in animals for the first 
24 h, and thereafter, once daily for 14 days. On day 15, animals were 
euthanized under light anesthetic ether anesthesia and gross pathology
 of internal organs was observed. Depending on the mortality of 
animals, the test procedure was followed as per the annexure 2d of 
OCED 423 test guidelines [17].
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groups, the animals exhibited normal behavior after 24 h of treatment, 
and there was no treatment-related mortality until the study was 
completed. In our study, we observed that there was no treatment 
mortality up to 24 h of treatment. Hence, we dosed another set (step 2) 
of animals (n=3/group) after 24 h and experimented them similar to 
step 1 animals. The LD50 value is considered to be >2000 mg/kg for 
OR-13, MNAD, and Rib and is classified as orally safe as per Globally 
Harmonized Classification System for Chemical Substances and 
Mixtures described in OECD guideline-423 (annexure 2d).

DISCUSSION

Drug discovery is an essential part of drug development. Drugs can 
be identified from natural sources and then isolated, purified, and 

modified to suit the requirements or else they can be synthesized from 
a lead molecule [18]. Toxicological screening is an essential part of the 
drug discovery process as the drug molecule is intended to provide 
very low toxicity and high therapeutic efficacy that are calculated as 
the therapeutic index. Preclinical toxicity studies are carried out in cell 
lines and or experimental animals. The United States Food and Drugs 
Administration make it essential to screen the new drug molecules for 
the pharmacological activity and toxicology in animal models. Some 
toxicity tests are mostly used to screen drugs for specific endpoints such 
as cancer, cardiotoxicity, or skin/eye irritation. ATC method predicts the 
lethality dose range and possible clinical signs of toxicity on single oral 
administration of the test substance. Acute toxicity studies in animals 
are carried out for any drug intended for human use. These studies will 
identify the toxicity of any specific organ after acute exposure of the test 
substance. These studies if carried out on a lead molecule will identify 
the starting dose that can be used in human studies. These studies will 
also be able to identify the lethal dose of a drug in terms of LD50 (the 
dose that can kill 50% of the animals). These acute toxicity studies 
can be carried out following methods such as Lorke’s method [19] and 
Karber’s method [20].

Calculation of LD50 involves a high ratio of mortality and excess number 
of animals. Thus, alternative approaches are used to understand acute 
toxicity. These include the fixed dose procedure (FDP), the ATC method, 
and the up and down (UDP) method. The FDP assesses the nonlethal 
toxicity rather than the lethal dose [21]. The investigational compound 
is administered at fixed dose levels of 5, 50, 500, and 2000 mg/kg 
and the animal is observed for a defined period. The ATC method is a 
sequential procedure wherein three animals of the same sex are used 
in every step [20]. The UDP testing method is the toxicological testing 
approach most recommended by various regulatory agencies because 
this method reduces the number of vertebrate animals in research. This 
method involves dosing single animals sequentially at 48 h intervals [22]. 
Female rodents are preferable for UDP testing. A dose less than the best 
estimate lethal dose is selected and administered to an animal, and the 
animal is observed for 48 h. If it survives, the study is continued with 
a higher dose (twice the original dose); if the animal dies, testing is 
conducted with a lower dose with another animal of the same sex as the 
original animal and is limited to doses up to 2000 mg/kg.

In 1996, the Center for Drug Evaluation and Research suggested a single 
dose acute toxicity testing procedure for pharmaceutical substances. 
This procedure uses a fixed safe dose that should not cause adverse 
events or threaten the life of the animal. The experiment must be 
carried out with a minimum of two mammalian species, including a 
nonrodent species, and the animals must be observed for 14 days [13].

The drugs screened for activity in the present study showed good 
therapeutic potential to be developed as antihepatitis B drugs. All the 
three drugs showed activity at similar concentrations. The cytotoxicity 
of OR-13 was lower when compared to other two drug candidates 
resulting in broader therapeutic index. These drugs were also tested for 
antibiotic activity; however, they showed no such activities in antibiotic 
film assay. Anti-HBV activities warranted animal studies for toxicity 
screening.

Drug Rib showed acute toxicity in mice and affected the lungs especially. 
We have observed black spots on the lungs of two mice that indicate the 
toxicity of Rib. However, the other two drugs OR-13 and MNAD showed 
neither harmful effect in animal behavior nor their key organs including 
lungs, heart, liver, and kidneys, as they were similar in appearance to 
the control group mice’ organs. From our studies, we conclude that Rib 
is toxic and OR-13 and MNAD are safe and can be tested further. Rib can 
be structurally modified to produce lower toxicity.

CONCLUSION

Selected three agents in our study showed antihepatitis activity. 
However, Rib showed toxicity in acute animal studies. OR-13 and MNAD 
can be studied further and can be developed as antihepatitis B drugs.

Fig. 2: In vitro antihepatitis B activity of Rib, OR-13, and MNAD

Fig. 3: Cytotoxicity of Rib, OR-13, and MNAD

Table 1: Therapeutic index of Rib, OR-13, and MNAD

Compound IC50 (mg) CC50 (mg) Therapeutic index
Rib 21 63 3
OR-13 15 78 5.2
MNAD 23 89 3.9

Table 2: Observations on behavior of mice after different 
treatments

Duration (h) Rib OR-13 MNAD Control
4 Irritated Normal Normal Normal
8 Licking their 

forepaws
Normal Normal Normal

12 Erythema of nose Normal Normal Normal
16 Lethargic Normal Normal Normal
24 Lethargic Normal Normal Normal
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