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Abstract
BACKGROUND: Moringa oleifera, Moringaceae, is a tree that is native to South East Asia. Various parts of this tree 
are commonly used in traditional medicine to treat inflammation, hepatitis, gastric ulcer, and other ailments.

AIM: M. oleifera leaves extract was formulated into stable suspensions, characterized, and then evaluated for 
hepatoprotection activity against isoniazid.

MATERIALS AND METHODS: The leaves were extracted using cold maceration, and suspensions of extract 
were prepared using sodium carboxymethyl cellulose (Na-CMC) as suspension agent at various concentrations 
(0.1, 0.5, and 1.0%). The formulations were analyzed by their appearance, color, odor, and taste. Density, pH, 
viscosity, re-dispersibility test, and sedimentation volume were observed. The stability of oral suspensions was 
analyzed in accelerated studies (5°C ± 2°C and 35°C ± 2°C for 12 h for 7 cycles) to find stable formulation, while the 
hepatoprotection activity was analyzed using an in vivo isoniazid-induced model.

RESULTS: The appearance, color, odor, and taste of the suspensions were shown to be characteristic of the extract. 
Na-CMC at concentration 0.5% showed good physical properties. Stable suspension at dose 400 mg/kg BW per oral 
for 28 days exhibited a significant (p < 0.05) decrease in the serum glutamate oxaloacetate transaminase and serum 
glutamate pyruvate transaminase.

CONCLUSION: Suspension containing M. oleifera leaves extract at 50 mg/5 mL was successfully obtained and 
showed physical properties that were appropriate and characteristic of this dosage form, suitable for hepatoprotection 
(400 mg/kg BW), making this an alternative to tablets.
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Introduction

Tuberculosis (TB), caused by Mycobacterium 
tuberculosis, is one of the main causes of death 
among infectious diseases worldwide. Even though 
TB was controlled in the past, cases of morbidity and 
mortality tend to increase again. Lack of public health 
awareness and uncontrolled antibiotics are the main 
problems. Globally, a total of 1.4 million people died 
from TB in 2019 (including 208 000 people with human 
immunodeficiency virus, HIV) [1]. Indonesia remains 
among the world’s third burden countries, with nearly 
842,000 incidents in 2017. The mortality rate for that 
year was 107,000 deaths, as 75% of TB survivors are 
from the productive age group (15–50 years old) [2].

Isoniazid is a main antibiotic drug to treat TB. In 
the treatment of TB, isoniazid can be combined with other 
antibiotics, ethambutol, pyrazinamide, or rifampicin. In 
addition, isoniazid is also used in the treatment of latent 
TB infection (underdeveloped)  [3],  [4]. This condition 

can be experienced by someone with a history of close 
contact with people with active TB, people with positive 
tuberculin skin test results, people with HIV, or people 
with pulmonary fibrosis [5].

Being the first-line drug used for TB chemotherapy, 
isoniazid is known to be associated with hepatotoxicity [6]. 
Isoniazid produces severe idiosyncratic hepatotoxicity [7]. 
The liver is the main site for drug metabolism which is 
also called biotransformation, and the end result of this 
reaction is a substance that is inactive and more soluble 
in water so that it is quickly excreted through bile and 
urine [8], [9]. Isoniazid is hydrazide that is readily oxidized 
by hepatocytes. Two metabolites have been proposed 
to be responsible for isoniazid-induced liver injury, acetyl 
hydrazine, and hydrazine (Figure  1). Liver injury is 
characterized by the elevation of hepatic biochemical 
such as liver transferase enzymes (e.g., serum glutamate 
oxaloacetate transaminase [SGOT] and serum glutamate 
pyruvate transaminase [SGPT]), the formation of reactive 
oxygen species, an increase of lipid peroxidation, and 
superoxide dismutase [10], [11]. Some studies reported 
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that the administration of drugs or substances that can 
fight oxidative stress could protect the liver from damage.

Moringa oleifera, commonly known as moringa, 
belongs to the family of Moringaceae is widely distributed 
in South East Asia. Conventionally, in some countries like 
Indonesia, M. oleifera has long been widely used to relieve 
various diseases, such as diabetes, antioxidants, anti-
inflammation, and anticancer [12], [13], [14]. It is reported 
that the M. oleifera contains many phytoconstituents 
such as flavonoids, alkaloids, saponin, and phenolic acid 
[15]. Flavonoids will inhibit multifactorial against oxidative 
stress. In addition, anti-inflammatory and analgesic 
flavonoids have a protective mechanism [16]. Flavonoids 
play a role in protecting of hepatoma cells through 
glutathione reductase activity and increasing antioxidant 
enzymes that related in hepatoprotection [17]. Based on 
the research of Ekundina et al. was found that M. oleifera 
leaves extract which can function as a hepatoprotection 
at dose of 400 mg/kg BW [18]. Doe to undissolved in 
water, M. oleifera leaves extract will be formulated in a 
suspension using sodimum carboxymethyl cellulose 
(Na-CMC), at three different concentrations, was 0.1, 
0.5, and 1.0% w/v.

Therefore, the objectives of the present 
study were to formulate M. oleifera leaves extract in 
suspension. The suspensions were characterized, and 
the in vivo hepatoprotection activity was performed to 
ensure the pharmacological properties of the extract.

Materials and Methods

Materials

Na-CMC, propilenglikol, sodium benzoate (Na 
benzoate), sorbitol, oleum menthae, and aquadest 
were pharmaceutical grade.

Collection and extraction procedure

The leaves of M. oleifera were collected 
from Makassar in November 2018. Identification and 
authentication of the leaves were made by the Indonesia 
Institute of Science Research Center for Biology, Bogor, 

Indonesia. The fresh leaves were sorted and rinsed 
under the tap water to eliminate unwanted materials 
and wash again with aquadest. The leaves were air 
dried for 3 days and powder. Approximately 500 g of 
dried powder was added to 3.0 L of 70% ethanol in a 
macerator and was kept at room temperature for 3 days 
in the shade while stirring occasionally. The ethanol 
layer was filtrated and concentrated in a vacuum in a 
rotary evaporator (Buchi R-100), and the residue was 
dried in desiccators over silica.

Preparation of suspension

The leaves extract of M. oleifera and 
propilenglikol was ground homogeneously using a 
mortar and stamper (Mix A). Na-CMC was dispersed 
in a glass beaker with 10.0 mL hot water (70°C) and 
stirred using a magnetic stirrer until homogeneous (Mix 
B). Then, the Mix A was put into the Mix B, homogenous 
and added sorbitol. Na benzoate was dissolved with 
enough aquadest and added to thoroughly solution. 
Enough the volume to 100.0 ml with aquadest, add the 
oleum menthae flavor, and then put the suspension into 
a plastic bottle. Table 1 shows the formulations studied.
Table 1: Trials for the development of suspension formulation
Ingredients Quantity (w/v%)

F1 F2 F3
Extract 1.0 1.0 1.0
Na‑CMC 0.1 0.5 1.0
Propilenglikol 10.0 10.0 10.0
Na benzoate 0.1 0.1 0.1
Sorbitol 70.0 70.0 70.0
Oleum menthae q.s q.s q.s
Aquadest till 100.0 mL till 100.0 mL till 100.0 mL

Physicochemical evaluation

The developed syrup was assessed for 
different physicochemical parameters such as physical 
appearance including appearance, color, odor, and taste.

pH

The pH value represents the acidify or alkalinity 
of a solution. The pH of suspension was determined 
by a digital pH meter using a glass electrode. The 
apparatus was allowed to stabilize and calibrated using 
buffer. The suspension is placed on a pH meter and 
recorded when there is no fluctuation in the pH meter.

Density

Wash thoroughly the 50 mL volumetric flash 
and dry in oven to a fixed weight (W1). The oral 
suspension was added up to the mark and weighed 
(W2). Calculated the density accordingly.

Density (g/mL) =
 (W2 - W1)

		        50

Figure 1: A schematic representation of isoniazid metabolism
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Viscosity

The viscosity of suspension formulations was 
determined using Brookfield Viscometer (Brookfield 
Engineering Laboratories, USA).

Re-dispersibility test

The re-dispersibility of the suspensions was 
checked by inverting the cylinder upside down until 
there was no sediment at the bottom of the cylinder 
appear.

Sedimentation volume

Suspension of each formulation was kept 
standing undisturbed at room temperature. The volume 
of sediment was noted, and the sedimentation ratio was 
calculated.

Stability studies of optimized suspense 
formulation

After preparation of the suspension preparation, 
a physical evaluation of the preparation is performed 
immediately. A side from doing physical evaluation 
performed physical stability test in which three formula 
suspension stored at low temperature (5°C ± 2°C), 
room temperature (35°C ± 2°C), 75% relative active 
humidity (RH) for 12 h for seven cycles of each and 
then observed the physical evaluation.

Hepatoprotective activity

Experimental design and animal grouping

Male Wistar rats were procured from the 
department of pharmacology, Sekolah Tinggi Ilmu 
Farmasi Makassar, Indonesia. The animals were 
provided with controlled environmental conditions 
(temperature 24°C ± 2°C; relative humidity 40–60%; 
and 12/12 light/dark cycle) with the standard commercial 
pellets and water ad libitum. All the experiments were 
performed with the permission from Institutional Animal 
Ethics Committee No. UMI1021812609. The male 
Wistar rats weighing 180–200 g was used for the study. 
Animals were divided into three groups (n = 3/group) 
as follows: Normal control rats received aquadest 5.0 
mL/kg BW for 28 days. Negative control rats received 
aquadest for 5 days and followed by isoniazid 50.0 mg/
kg BW once a day till day 28th. The treatment group 
received test suspension (F2) 400 mg/kg BW per oral 
for 28 days once a day and treated isoniazid 50.0 mg/
kg BW once a day-on-day 6th until the experiment was 
done. Two hours after respective drug treatments, rats 
were anesthetized using diethyl ether inhalation jar. 
Blood was collected through orbital puncture, and the 
serum was separated.

Determination of key liver function 
biochemical

Liver function biochemical markers, SGOT, 
and SGPT have been evaluated in the serum obtained 
from the experimental animals using IFFC mod. liquiUV 
Humazym Test Kit (Human).

Histopathological studies

Livers excised after sacrificing the animals 
were immediately washed with phosphate-buffered 
saline pH 7.4 and fixed in 10% buffered formalin. They 
were then dehydrated through graded alcohol series 
(70, 90, and 96%), cleared in xylene, and embedded 
in paraffin wax. Sections of 5–6 m thickness were cut 
using microtome and stained with hematoxylin–eosin 
(HE). The histopathological changes were examined 
under the microscope (Olympus, Japan).

Data Analysis

Data were presented as mean ± standard 
deviation (mean ± SD). Wilcoxon non-parametric test 
was used for examining the physical evaluation and 
one-way ANOVA, followed by Tukey’s post-hoc test for 
examining the biological enzymatic by value with being 
less than p < 0.05.

Results

The leaves extract of M. oleifera suspensions 
(50 mg/5 mL) was prepared the Na-CMC at different 
levels, that is, 0.1, 0.5, and 1% w/v. These suspensions 
were assessed for their color, appearance, odor, and 
taste were observed using the appropriate sense 
organs and presented in Table 2. All suspensions have 
a special color of M. oleifera extract, a special character 
of the suspension which has a turbidimetric solution, a 
typical odor of M. oleifera extract, and the tastes sweet 
due to the addition of sugar. All the suspension shows 
good character and acceptable.

Table  2: Organoleptic evaluation of suspension of the basic 
of different parameters. All the measurements were done in 
triplicate (n=3)
Formula Before accelerated test Before accelerated test

Color
F1 Dark green Dark green
F2 Dark green Dark green
F3 Dark green Dark green

Appearance
F1 Turbid solution Turbid solution
F2 Turbid solution Turbid solution
F3 Turbid solution Turbid solution

Odor
F1 Characteristic Characteristic
F2 Characteristic Characteristic
F3 Characteristic Characteristic

Taste
F1 Sweet Sweet
F2 Sweet Sweet
F3 Sweet Sweet
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Accelerated stability studies were performed 
to determine the stability of the suspension under 
extreme conditions. No significant difference in all 
parameters was observed in F1 and F2; however, 
significant (p > 0.05) changes parameters in viscosity, 
re-dispersibility, and sedimentation ratio at F3 
(Figure  2). All the suspensions showed pH range 
5.25–5.62 and met the requirement. Viscosity value 
is directly proportional to the amount of suspending 
material used. This is in accordance with the theory 
that the higher the Na-CMC concentration is used; the 
viscosity will increase due to the increasing number 
of Na-CMC molecules that absorb water to be able 
to expand in a dispersion. The conditions for a good 
suspension viscosity are 37-396 cP. Figure 2 showed 
that all suspension meets the requirement; however, 
there is a very extreme change in viscosity at F3 (p 
> 0.05), and only F2 showed a good flow rate. The 
suspensions were shaken at the end of 24 h for several 
days to assess re-suspension of the formulation. It 
was observed that F1 and F2 showed quick settling of 
particles. However, suspensions containing Na-CMC 

Figure 2: Effect of concentration of suspending agent on density (a); 
pH (b); viscosity (c); re-suspended time (d); sedimentation ratio (e). 
*Superscript indicates significance difference (p < 0.05) using one-
sample Wilcoxon signed-rank test. All the measurements were done 
in triplicate (n = 3)

dc

ba

e

at 1% (F3) concentration showed gradual and slow 
settling of particles, however, a significant (p > 0.05) 
change after the accelerated test. The results are in 
conformation with the density and viscosity study. 
The results obtained so far therefore have indicated 
that use 0.5% of Na-CMC as suspension agent has 
a good physical parameter and continued for in vivo 
studies.

The illustration of liver function can be 
known through quantitative biochemical markers 
such as SGOT and SGPT. The rats administrated 
with isoniazid (50.0 mg/kg) caused significant liver 
damage and necrosis of hepatic cells as evidenced 
by the elevated serum hepatic biomarker, SGOT, 
and SGPT (Figure 3). The level of enzyme markers 
SGOT and SGPT in normal rats was found to be 
120.17 ± 10.59 U/mL and 56.68 ± 5.13 U/mL, 
respectively; expected, isoniazid intoxication made 
their elevation to 2.13 and 1.95-fold increment to 
233.26 ± 15.70 U/mL and 97.34 ± 4.19U/mL. This 
indicates hepatic injury and loss of structural integrity. 
Pre-treatment with stable suspension (F2) 400 mg/kg 
BW significantly (p < 0.05) reduced their elevations 
in 213.93 ± 29.14 U/mL and 175.96 ± 24.11 U/mL 
for SGOT and SGPT, respectively. Treatments with 
ethanol leaves extract of M. oleifera that formulated 
into suspension indicate the stabilization of plasma 
membrane as well as repair of hepatic tissue damage 
caused by isoniazid.

Figure 3: Effect of concentration of stable suspension (F2) on: SGOT 
(a); SGPT (b). *Superscript indicates significance difference (p < 0.05) 
with control negative using one-way ANOVA followed by Tukey’s post 
hoc test. All the measurements were done in triplicate (n = 3)

The main aim of histopathological study is to 
understand how tissue is organized at all structural 
levels. The histopathological liver sections of rats from 
the experimental groups are shown in Figure  4. The 
negative control showed fat degeneration, congestion, 
and necrosis. This indicates a severe damage caused 
by isoniazid. Pre-treatment with stable suspension 
(F2) at dose 400 mg/kg BW in isoniazid intoxicated 
rats showed hepatocytes’ recovery from degeneration, 
congestion, and necrosis. Even though such damage, 
hydropic degeneration was still visible.

ba
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Figure 4: Photomicrographs of hematoxylin–eosin stained histological 
sections of negative control and F2 400 mg/kg BW treated rats liver. 
The arrow indicates: Green = fat degeneration; blue = hydropic 
degeneration; yellow = congestion; red = necrosis

Discussion

Since thousands of years ago, plant medicines 
play an important role for the treatment of various 
diseases in human life. Some of them have been 
analyzed and scientifically validated for their potentials. 
Here, the authors designed the experiments to examine 
the hepatoprotective activity of ethanol leaves extract 
of M. oleifera that formulated into suspension with 
Na-CMC as suspension agent at three concentrations 
for their development into safe natural drug candidates.

Na-CMC as modified starches has played 
a major role in the food and pharmaceutical industry 
in the past few decades. Modified starch possesses 
some unique properties, not found in natural 
starches. For examples are pH stability, predictable 
rheological profiles, solubility in unheated water, and 
safe [19], [20]. The difference of Na-CMC concentration 
caused different viscosities of each formula since 
Na-CMC has a role in viscosity value of solution. 
During storage, the suspension will undergo sediment. 
Hence, it must be easily dispersed again by shaking 
to ensure the uniform of the dose. If sediments remain 
cannot be dispersed after shaking vigorously for a short 
time, the system is described as caked [21]. All the 
four formulations of Na-CMC were found to be easily 
re-dispersible, but F3 needs much time for it.

Suspensions are the least stable dosage form 
due to sedimentation and cake formation. As the viscosity 
increases, the sediment settling rate also decreases, 
thus, the dissipated phase settles at a slower rate and 
remains dispersed for a long time resulting in higher 
stability in the suspension. Less viscous suspensions 
tend to flow more easily and get out of the bottle than 
the more viscous ones, hence study of viscosity and 
density are very important to understand the stability of 
suspensions [22]. In this study, viscosity of suspensions 
was studied in Brookefield viscometer. The results 
indicate that as the amounts of the suspending agent 
increases, viscosity also increases gradually. To avoid 
irritation on gastrointestinal tract, all oral administration 
must meet the requirement ranging from circa 3.0 to 
6.8 pH units  [23]. Lower pH can irritate upper gastric, 
skin could dissolve, causing great damage, as well as 

pH greater than 10. Knowing the pH of the substances 
is very important for safety against any chemical 
product [24].

To evaluate the effectivity, F2 as stable 
suspension was tested for its hepatoprotection effect 
against isoniazid induced liver injury in Wistar rats. 
Isoniazid, isonicotinic acid hydrazide, is an important 
first-line antibiotic used for the treatment or prevention 
of TB. One of the crucial problems in isoniazid is 
hepatotoxic [7]. In the clinical, patient characteristics 
of isoniazid induced liver injury are fairly typical for 
idiosyncratic drug-induced liver injury and include 
malaise, fatigue, nausea, and vomiting. Increasing the 
level of hepatocyte injury biomarker such as SGOT 
and SGPT was observed in blood as well as a change 
in liver histopathology [25], [26] as representative in 
negative control.

Pre-treatment with ethanol extract of 
M.  oleifera leaves that formulated into suspension 
400 mg/kg BW for 28 days significant protection 
against isoniazid-induced hepatic damage. This 
is indicated by a decrease in levels of SGOT and 
SGPT. Decreases in SGOT and SGPT activities, 
improvements in hepatic histopathology of rats 
treated with F2. The hepatocyte cells of F2 indicate 
the recovery of hepatocytes from degeneration, 
congestion, and necrosis. In addition, there was 
hydropic degeneration still observed. The possible 
mechanism of action behind the hepatoprotection 
activity of M. oleifera in this model may be associated 
with the antioxidant effect. Metabolizing in liver 
resulting toxic metabolites of isoniazid, mainly CYP 
2E1-mediated reactive oxidative products of hydrazine 
and acetylhydrazine, play a crucial role in liver injury. 
Addition of antioxidant can scavenge the reactive 
metabolite. The flavonoid group, quercetin, and rutin 
contained in M. oleifera leaves have an antioxidant 
effect. Quercetin able to capture or neutralize free 
radicals associated with phenolic OH groups that 
can repair the state of damaged tissue and inhibit the 
inflammatory process. Other compounds b-carotene 
of M. oleifera is responsible for the hepatoprotective 
activity. β-Carotene exhibits a good radical-trapping 
free radical, reduces oxidative stress, and regulates 
the lipid metabolism of hepatocytes [27].

Conclusion

The data provided in this study demonstrate 
that ethanol extract of M. oleifera leaves can be 
formulated into stable suspension and meet good 
pharmaceutical properties. Using Na-CMC at 
0.5% concentration as suspension agent was the 
best choice for 1% of the extract, even though the 
microbiological stability of oral suspensions for 
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further experiments. Finally, the suspension is proven 
to be able to protect the liver from damage, so it is 
recommended as a supportive supplement for TC 
that receiving isoniazid.
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