
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=idct20

Drug and Chemical Toxicology

ISSN: 0148-0545 (Print) 1525-6014 (Online) Journal homepage: https://www.tandfonline.com/loi/idct20

Evaluation of the acute and 28-day sub-acute
intravenous toxicity of α-l-guluronic acid (ALG;
G2013) in mice

Ahmad Mahdian-Shakib, Mohammad Sadegh Hashemzadeh, Ali Anissian,
Mona Oraei & Abbas Mirshafiey

To cite this article: Ahmad Mahdian-Shakib, Mohammad Sadegh Hashemzadeh, Ali Anissian,
Mona Oraei & Abbas Mirshafiey (2019): Evaluation of the acute and 28-day sub-acute intravenous
toxicity of α-l-guluronic acid (ALG; G2013) in mice, Drug and Chemical Toxicology, DOI:
10.1080/01480545.2019.1665679

To link to this article:  https://doi.org/10.1080/01480545.2019.1665679

Published online: 19 Sep 2019.

Submit your article to this journal 

Article views: 5

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=idct20
https://www.tandfonline.com/loi/idct20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/01480545.2019.1665679
https://doi.org/10.1080/01480545.2019.1665679
https://www.tandfonline.com/action/authorSubmission?journalCode=idct20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=idct20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/01480545.2019.1665679
https://www.tandfonline.com/doi/mlt/10.1080/01480545.2019.1665679
http://crossmark.crossref.org/dialog/?doi=10.1080/01480545.2019.1665679&domain=pdf&date_stamp=2019-09-19
http://crossmark.crossref.org/dialog/?doi=10.1080/01480545.2019.1665679&domain=pdf&date_stamp=2019-09-19


RESEARCH ARTICLE
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a-L-guluronic acid (ALG; G2013) in mice
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Abbas Mirshafieyc

aApplied Virology Research Centre, Baqiyatallah University of Medical Sciences, Tehran, Iran; bVeterinary Pathology Department, Islamic Azad
University, Abhar, Iran; cDepartment of Immunology, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran

ABSTRACT
a-L-Guluronic acid (ALG; G2013) has been previously introduced as a new anti-inflammatory agent with
promising therapeutic effects. Thus, in the present study, we aimed to evaluate the acute and sub-
acute toxicity of ALG through intravenous (i.v.) administration in Balb/C mice. ALG was administrated
i.v. to the mice with doses of 300, 600, and 1000mg/kg of body weight to investigate acute toxicity
(single dose) and with doses of 25, 50, and 100mg/kg of body weight to sub-acute toxicity study (daily
injections for a period of 28 days). The mortality rate, food and water intake, behavior, body weight,
gross necropsy, hematological and biochemical parameters as well as histopathological presentations
of the vital organs (kidneys, liver, lungs, spleen, and heart) were examined in treated groups and com-
pared to the healthy controls. The results of both acute and sub-acute studies showed that i.v. adminis-
trations of ALG did not affect the investigated parameters in both sexes, indicating that the LD50 of
ALG was higher than 1000mg/kg of body weight. As no difference was observed in toxicity profiles of
investigated doses, no-observed-adverse-effect-level for i.v. administration of ALG in the sub-acute
study was greater than 100mg/kg body weight in both female and male mice. According to the find-
ing, i.v. administration of ALG did not lead to any clinical sign in abovementioned doses, suggesting
that ALG was well tolerated up to 1000mg/kg. These pre-clinical findings support the application of
ALG in the future clinical trials.
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1. Introduction

In the last decades, the non-steroidal anti-inflammatory drugs
(NSAIDs) have been used commonly to treat various inflam-
matory conditions (Jin 2015, Davis et al. 2017). According to
statistics, approximately 60 million US people regularly use
these kinds of drugs (Cryer 2005). It has been demonstrated
that the long-term use of NSAIDS is associated with several
adverse health effects, including nonspecific colitis, ulcer,
bleeding and perforation of the colon, small intestinal inflam-
mation, cardiovascular and renal toxicities (Bjarnason et al.
1993, Hosseini et al. 2017). According to the reports, roughly
a number of 100 000 rheumatoid arthritis (RA) patients are
admitted to the hospital due to the excessive use of NSAIDs
and their side effects (Laine et al. 2002, 2006, Sostres et al.
2013). Thus, finding new anti-inflammatory agents with less
toxicity instead of available NSAIDs has consider-
able importance.

Although the synthetic polymers, ceramics, and metal
alloys were applied extensively for drug discovery, the use of
biomaterials is of interest (Huebsch and Mooney 2009,
Williams 2009). Some of the important advantages of
biomaterials over the synthetic polymers are their: higher
bioavailability, biodistribution, higher adsorption rate, easy

production in large scale as well as low toxic effects on vital
organs (Huebsch and Mooney 2009, Williams 2009). Alginate
is an anionic polymer, which is obtained from bacterial spe-
cies such as Azotobacter and Pseudomonas as well as sea-
weed (Nazeri et al. 2017). The alginate is mainly comprised of
a-L-guluronic acid (ALG) and, b-D-mannuronic acid (BDM)
monomers and widely used in biomedical industries due to
its biocompatibility, low toxicity, relatively low costs, and
mild gelation (obtained by addition of divalent cations such
as Ca2þ to alginate) (Nazeri et al. 2017). Indeed, the linear
copolymer blocks consisting of (1,4)-linked BDM (M) and ALG
(G) residues contribute to the principal structure of the algin-
ate (Fundueanu et al. 1999, Nazeri et al. 2017). Recently, it
has been shown that the ALG (G2013, patented (DE-
102016113017.6)) can exert remarkable anti-inflammatory
and immunomodulatory effects (Afraei et al. 2015). The thera-
peutic effects of this drug on inflammatory diseases have
been evaluated in different preclinical studies (Mirshafiey and
Rehm 2009, Afraei et al. 2015, Mirshafiey et al. 2016).
Previously, we observed that the ALG can potentially modu-
late experimental autoimmune encephalomyelitis (EAE)
(Afraei et al. 2015). Our results showed that the ALG can
inhibit the production of NO species (Mirshafiey et al. 2016),
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as a key player in MS pathogenesis and various inflammatory
disorders, and reduce its serum levels both in treatment and
prevention groups compared to the control group (Smith
and Lassmann 2002). Furthermore, the inflammatory indices
such as demyelination, neuronal degeneration infiltration of
inflammatory cells, and perivascular cuffing in the brain and
cerebellum in EAE mice those received ALG i.p. were signifi-
cantly milder than the control group (Afraei et al. 2015).
Further investigations showed that ALG can act as a modula-
tor of TLR4 signaling pathway by reducing the expression
levels of IRAK1 and TRAF6 and thereby can partially inhibit
the inflammatory responses (Hajivalili et al. 2015).

Up to now, we have conducted different studies to inves-
tigate the toxicity profile of ALG (Fard et al. 2017, Nazeri
et al. 2017). In our previous experiences, we examined the
effects of ALG on the biology of human dendritic cells (DCs),
which are primarily responsible to the initiation of inflamma-
tory reactions, and have found no obvious adverse effects on
differentiation, maturation, and function of DCs (Fard et al.
2017). Most recently, we also examined the acute (14 days)
and chronic (90 days) toxicity of ALG through oral administra-
tion (gavage) in Balb/C mice (Nazeri et al. 2017). Our findings
revealed that the oral administration of ALG is associated
with high tolerability and very low-toxicity, especially on GI
tract and renal function (opposite to other NSAIDs) (Nazeri
et al. 2017). However, different parameters including different
doses of drug, routes of administration and duration of
exposure should be considered in the toxicological assess-
ments. As a fact, the change in the route of administration or
exposure duration substantially can alter the toxicity profile.
Thus, further studies should be done to investigate the safety
of ALG in different conditions of the use (e.g., new route, lon-
ger or shorter duration) before its application in clinical trials.
Previous studies have shown that the pharmaceutical agents
may be digested enzymatically through oral administration
and thus may lose their therapeutic effects (Sato et al. 1989,
Turner et al. 2011). Therefore, the toxicity of ALG may be
changed by changing the administration route from oral to
intravenous (i.v.) injections (Turner et al. 2011).

Since, the i.v. formulations of different NSAIDs have been
demonstrated as suitable alternative to oral administrations
(Southworth et al. 2015); therefore, we designed the present
study to investigate the acute and sub-acute toxicity profile
of ALG in BALB/c mice through i.v. administration in the con-
text of repeated dose 28-day toxicity study and examine its
effects on the mortality rate, body weight changes, gross
findings, clinical status, hematological and biochemical
parameters and histopathological presentations of the kid-
neys, liver, lungs, spleen, and heart in treatment groups.

2. Materials and methods

2.1. Drug preparation

The small molecule of G2013 (ALG) is the epimer form of pre-
viously introduced M2000 (BDM) with the chemical structure
of C6H10O7 and molecular weight of 194.139 g/mol, and
IUPAC name of ((2R,3S,4S,5S,6R)-3,4,5,6-tetrahydroxyoxane-2-
carboxylic acid) was patented (DE-102016113017.6) as a novel

NSAID (Nazeri et al. 2017). The G2013 was prepared in the
Department of Immunology, Tehran University of Medical
Sciences, Iran, and its schematic chemical structure is illus-
trated in Figure 1(A,B). A modified acid hydrolysis method
was used in preparation and purification of G2013 as
described elsewhere in detail (Afraei et al. 2015, Nazeri et al.
2017). In brief, 100 g of the alginic acid sodium salt was dis-
solved in 0 �C of 20% sulfuric acid (H2SO4) and mixed thor-
oughly at room temperature. Then the solution was heated
up to 80 �C until its color was changed (from a creamy color
to the light brown). Afterwards, this solution was left to be
cooled until it reaches room temperature and precipitated by
centrifugation at 3700�g. The 1 M Na2HCO3 was used to
redissolve and neutralize the precipitate. Then, using 0.1 M
HCl, the solution pH was adjusted to 2.85. Finally, the precipi-
tate (ALG) was collected once again, and after washing with
distilled water was dried out in petri dishes, and the appro-
priate amounts of ALG were dissolved in PBS for i.v. injec-
tions. Furthermore, the Fourier transform infrared (FT-IR)
spectroscopy and carbon-13 nuclear magnetic resonance (13C
NMR) spectroscopy were used to confirm its molecular
weight (194.139 g/mol).

2.2. Experimental animals

Six to eight weeks old female BALB/c mice were used in the
present study. All the animals were obtained from Pasteur
Institute (Pasteur, Tehran, Iran), and allowed to adopt the
new environment for 1 week before the experiments were
begun. Mice were housed in polycarbonate cages under
standard conditions including: temperature 23 ± 2 �C; relative
humidity 30–70% and 12 h dark/light cycle. The animals had
access to enough amounts of water and food during the
experimental period. All the animal experiments were per-
formed under the standard animal handling ethics approved
by the Ethics Committee of Tehran University of Medical
Sciences and followed by the international guidelines for the
Care and Use of Laboratory Animals (Zimmermann 1983).

2.3. Experimental design of the acute toxicity analysis

For acute toxicity study, 32 healthy mice of both sexes (male
and female) were randomly divided into four groups (eight
mice in each group) as follows: (1) a group received single
dose of 300mg/kg ALG, (2) a group received single dose of
600mg/kg ALG, (3) a group received single dose of 1000mg/
kg ALG, and (4) healthy controls those received single injec-
tion of phosphate saline buffer (PBS). The above-mentioned
doses were selected based on the results of oral toxicity ana-
lysis. Previously, the maximum tolerable dose (MTD) of ALG
by oral administration was found to be 3000mg/kg, thus in
this study, 1/10th, 1/5th, and 1/3rd of the MTD (3000mg/kg)
were selected as low dose (300mg/kg), medium dose
(600mg/kg), and high dose (1000mg/kg), respectively, to
acute toxicity study through i.v. injections. Furthermore, the
i.v. route was chosen in the present study, since the i.v. for-
mulations of different NSAIDs have been demonstrated as
suitable alternative to oral administrations (Howard et al.

2 A. MAHDIAN-SHAKIB ET AL.



2018). All animals were observed closely for 24 hours and
twice daily for the next 14 days for any mortality or presence
of toxicity symptoms or behavioral and clinical changes.

2.4. Twenty-eight-day sub-acute toxicity experiments

Forty-eight mice of both sexes were divided into four groups
(six males and six females), comprising of three treatment
groups those received low dose (25mg/kg), medium dose
(50mg/kg), and high dose (100mg/kg) of ALG once a day for
28 days i.v. and a group of healthy controls received PBS
through the same route (Figure 1(C)). The present study was
conducted based on the OECD 407 guideline (Kunimatsu
et al. 2004) and with some modifications of previously pub-
lished studies (Southworth et al. 2015, Abdalla et al. 2018).
The ALG was extracted from alginic acid sodium salt as
described previously and dissolved in PBS to obtain a stock
solution. Three groups of mice were treated with 50–100 mL
of solution containing different concentrations of ALG (25,
50, and 100mg/kg). Moreover, the dose levels were selected
up to five times higher than the intended dose for man
(1500mg/day/person was assumed as the effective dose for
most of the NSAIDs) (Southworth et al. 2015). During the
experimental period, the body weight of animals was
recorded weekly (day 0, 7, 14, 21, and 28). The animals were
monitored for signs of morbidity during the experimental
period. Furthermore, the general conditions of mice in each
group, such as water and food consumption, behavior fea-
tures and morphological changes, were observed closely. At

the end of 28-day study, six mice (three males and three
females) out of the each group were anesthetized by a mix-
ture of ketamine xylazine and blood samples were collected
from all animals for both hematological and biochemical
assessments. Afterwards, the animals were sacrificed and the
kidneys, liver, lung, spleen, and heart of the sacrificed animals
were dissected and evaluated both macroscopically and
microscopically. Moreover, remaining six mice (three males
and three females) in each group were left alive for add-
itional 6 weeks for survival assays.

2.5. Hematological analysis

The blood samples were collected in EDTA-containing micro
tubes. The hematologic parameters including white blood
cells (WBCs), red blood cells (RBCs), hemoglobin (HGB), hem-
atocrit (HCT), mean corpuscular volume (MCV), platelets
(PLTs), and total and differential leucocyte counts were ana-
lyzed by an automatic hematological analyzer (Sysmex-KX-21,
Sysmex Deutschland GmbH, Norderstedt, Germany).
Moreover, manual smears were obtained to verify the results
of automatic analyzer.

2.6. Evaluation of biochemical parameters

To examine the biochemical parameters, serum was isolated
from blood samples collected in plain microtubes.
Microtubes were then centrifuged at 2000�g for 15min at
4 �C. Afterwards, the following biochemical parameters:

Figure 1. Structure of the guluronic acid. (A) 2D structure, (B) 3D conformer, and (C) schematic of the study design.
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alkaline phosphatase (ALP), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), triglyceride (TG), and choles-
terol, glucose, blood urea nitrogen (BUN), creatinine, total
albumin, phosphorus, calcium, sodium, and potassium were
measured using a biochemical autoanalyzer (Selectra pro, M
auto analyzer, Vital Scientific, Spankeren, Netherlands).

2.7. Histopathological examination

All the animals were sacrificed at the end of the study and
the following organs including kidneys, liver, lung, spleen,
and heart were dissected and examined macroscopically for
color, consistency, size, and gross necropsy (including the
external surface of the body, all orifices, and the cranial, thor-
acic and abdominal cavities and their contents). Then, the
subjected organs were submitted to histopathological ana-
lysis to evaluate the probable toxic effects that might be
induced by treatment regimen. To this end, the isolated
organs fixed in 10% formalin, and then the fixed tissues were
processed, embedded in paraffin, sectioned and stained with
hematoxylin and eosin (H&E) and mounted on microscopic
slides. All the sections of 4 lm thickness were prepared using
a microtome. The histopathological examinations were done
by an expert pathologist using a digital slide scanner
(Panoramic DESK, 3D Histech, Budapest, Hungary).

2.8. Statistical analysis

Statistical analysis was performed using the SPSS 15.0
package for Windows (SPSS, Chicago, IL) and GraphPad Prism
version 5 (GraphPad Software, Inc., La Jolla, CA). The
Mann–Whitney U test was used to compare differences
between groups. The statistical significances were investi-
gated by one-way ANOVA analysis. The Kaplan–Meier survival
curves were analyzed using log-rank tests. Data are presented
as a mean± standard deviation and p< 0.05 was considered
as statistically significant.

3. Results

3.1. Acute toxicity study of ALG

All animals treated with single doses of low (300mg/kg),
medium (600mg/kg), and high (1000mg/kg) of ALG survived
the 14 days of experimental period for acute toxicity study
(Figure 2(B)). The general conditions such as food/water con-
sumption, clinical and behavioral symptoms including apathy
and hyperactivity were recorded during this time and no
obvious change or death attributable to the ALG toxicity was
observed (Figure 2(A)). At the end of day 14, the hemato-
logical and biochemical parameters were in the normal range
similar to healthy controls (Tables 1 and 4). Moreover, there
were no any sign of pathological effects in vital organs of
ALG treated groups (Figure 3). Since, ALG was found to be
safe at the highest dose (1000mg/kg) employed in the pre-
sent study, thus we assumed that the IV LD50 of ALG was
higher than 1000mg/kg.

3.2. Sub-acute toxicity analysis of ALG

In order to evaluate the sub-acute toxicity of ALG, three
groups of Balb/C mice received low (25mg/kg), medium
(50mg/kg), and high (100mg/kg) once a day for 28 consecu-
tive days (Figure 1(C)). Animals were observed closely for
mortality, food/water consumption, body weight, and clinical
and behavioral symptoms during the experimental period.
Compared to the healthy controls, no death, clinical or
behavioral changes were observed among treated groups
(Figure 4(B)). The i.v. administration of ALG at different dos-
ages does not alter the body weight significantly (Figure
4(A)). As mentioned previously, six mice out of the each
group were left as survival until week 10. According to the
results, there is no remarkable change in survival rates
among ALG-treated groups compared to the healthy control
group (Figure 4(B)). Furthermore, our results showed that the
IV-ALG did not change the appetite and food/water intake of
treated animals significantly in comparison to those of con-
trol subjects (Figure 4(A)).

Figure 2. (A) Body weight changes of BALB/c (mean ± SD of females and males) during the 14-day toxicological assessment. No significant differences were
detected between the treated (300, 600, and 1000mg/kg) compared to control group (normal saline). (B) The Kaplan–Meier survival curves of mice in each group
during 14 days after ALG treatment.
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Table 1. Hematological parameters of mice after 14 days treatment of ALG (acute study).

Groups

Parameters ALG (300mg/kg) ALG (600mg/kg) ALG (1000mg/kg) Control (PBS) Reference ranges

WBC (�103/mL) 6.5 ± 0.5 6.2 ± 0.5 6.6 ± 0.4 6.7 ± 0.2 5.69–14.84
Lymphocytes (%) 77.4 ± 3.1 76.4 ± 3.1 75 ± 12.4 75 ± 13.4 55.06–83.82
Neutrophils (%) 20.9 ± 3.2 22 ± 4.2 23 ± 5.5 22 ± 3.5 10.39–27.88
Monocytes (%) 1.7 ± 0.6 1.4 ± 0.6 1.6 ± 0.5 1.8 ± 0.6 3.75–14.33
Eosinophils (%) 0.3 ± 0.4 0.4 ± 0.4 0.3 ± 0.6 0.5 ± 0.5 0–4
Basophils (%) 0.1 ± 0.1 0.3 ± 0.5 0.3 ± 0.4 0.4 ± 0.3 0–1.5
RBC (�106/mL) 8.9 ± 0.9 9.1 ± 0.9 8.8 ± 0.6 9 ± 0.4 8.16–11.69
HGB (g/dL) 13.6 ± 1 13.3 ± 1 13 ± 0.5 12.9 ± 0.8 12.4–18.9
HCT (%) 43 ± 4 42.7 ± 4 43.8 ± 6.25 42.3 ± 5.75 43.5–67
MCV (fL) 62.1 ± 2 63.2 ± 1.5 62.7 ± 2.75 66.2 ± 2.9 50.8–64.1
MCH (pg) 21.1 ± 0.8 22.4 ± 0.6 21.5 ± 1 21 ± 1 13–25.6
MCHC (g/L) 32 ± 1 33.5 ± 1.3 32.8 ± 1.2 32.2 ± 1.6 23.9–33.1
RDW (%) 13.1 ± 0.7 12.8 ± 0.6 13.5 ± 1.1 13.4 ± 1.2 11–15
Platelets (�103/mL) 817 ± 117 749 ± 128 773 ± 142 835 ± 152 476–1611

RBC: red blood cell count; HGB: hemoglobin; HCT: hematocrit; MCV: mean corpuscular volume; WBCs: white blood cells.
Values are expressed as mean ± SD.

Figure 3. Representative microscopic findings for the spleen, heart, kidney, liver, and lung of mice treated intravenously with 300, 600, and 1000mg/kg of ALG and
the normal saline as a negative control for 14 days (magnification: �20).
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3.3. Hematological findings of sub-acute toxicity study

The effects of 28-day repeated dose i.v. treatment with ALG
on the hematological parameters were assessed and are pre-
sented in Table 2. According to the findings, all the tested
hematological parameters including WBC, neutrophils, lym-
phocytes, eosinophils, monocytes, RBC, HBG, MCV, mean cor-
puscular HGB, mean corpuscular HGB concentration, and PLT
count were within the normal range among ALG-treated ani-
mals at the end of the experimental period and there was no
any statistical change between treated and control groups.

3.4. Biochemical changes in sub-acute toxicity study

The biochemical parameters were examined in the ALG-
treated group (Table 3) and compared to the healthy con-
trols. According to these results, serum concentrations of
ALT, AST, and ALP were almost consistent between the
treated and control groups, suggesting that administration of
ALG through i.v. route did not lead to liver toxicity at investi-
gated doses. The serum concentrations of phosphorus, cal-
cium, sodium, and potassium were also found to be similar
between the treated groups and control group (Table 3).
Moreover, no comparable changes were observed over the

urea and creatinine among treated groups and healthy sub-
jects (Table 3). These findings suggest that, the IV administra-
tion of 25, 50, and 100mg/kg of ALG does not cause
remarkable changes in the proper function of kidneys
(renal toxicity).

3.5. Histopathological examinations

The histopathological examinations provided evidence sup-
porting the findings of the biochemical assessments.
According to the results, no obvious abnormality was
detected in the histopathological examination of the lung,
heart, liver, spleen, and kidneys of the ALG-treated groups at
the end of the treatment period (Figures 3 and 5). The
macroscopic evaluations showed that mice in test and con-
trol groups were practically healthy. In this regard, no lesions,
inflammation or pathological changes were determined due
to the ALG administration among treated subjects. In general,
the histopathological presentations of kidneys, lung, and
heart showed no necrosis and were consistent to normal par-
enchyma among the treatment groups. No adverse histo-
pathological effects were observed in the liver tissues
obtained from treatment groups compared to the healthy

Figure 4. (A) Body weight changes of BALB/c (mean ± SD of females and males) during the 28-day toxicological assessment. No significant differences were
detected between the treated (25, 50, and 100mg/kg) compared to control group (normal saline). (B) The Kaplan–Meier analysis of survival for mice after 28 days
treatment of ALG.

Table 2. Hematological parameters of mice after 28 days treatment of ALG (sub-acute study).

Groups

Parameters ALG (25mg/kg) ALG (50mg/kg) ALG (100mg/kg) Control (PBS) Reference ranges

WBC (�103/mL) 7.12 ± 0.6 7.64 ± 0.3 7.24 ± 1.1 7.31 ± 0.8 5.69–14.84
Lymphocytes (%) 81.2 ± 2.1 83.7 ± 3.5 80.8 ± 1.4 82.75 ± 2.6 55.06–83.82
Neutrophils (%) 17.9 ± 2.1 15.8 ± 1.8 18.1 ± 1.6 16.1 ± 2.5 10.39–27.88
Monocytes (%) 1.1 ± 0.3 0.9 ± 0.4 1.2 ± 0.6 1 ± 0.4 3.75–14.33
Eosinophils (%) 0.2 ± 0.3 0.5 ± 0.3 0.3 ± 0.3 0.3 ± 0.2 0–4
Basophils (%) 0 0 0 0 0–1.5
RBC (�106/mL) 8.4 ± 1.01 8.3 ± 1.2 8.5 ± 0.9 8.1 ± 0.4 8.16–11.69
HGB (g/dL) 14.2 ± 1.4 14.3 ± 0.9 13.7 ± 1.2 14.9 ± 1.7 12.4–18.9
HCT (%) 45.6 ± 3.8 44.2 ± 3.2 43.8 ± 1.4 43.3 ± 1.5 43.5–67
MCV (fL) 65 ± 2.5 64.05 ± 1.2 63.1 ± 1.1 64.1 ± 1.9 50.8–64.1
MCH (pg) 20.2 ± 0.5 21 ± 0.3 20.9 ± 1.1 20.4 ± 0.75 13–25.6
MCHC (g/L) 33.5 ± 0.9 34.1 ± 1.2 33.4 ± 1.1 31.3 ± 1 23.9–33.1
RDW (%) 12.7 ± 0.8 12 ± 0.8 12.2 ± 1 12.4 ± 1.4 11–15
Platelets (�103/mL) 786 ± 141 794 ± 134 758 ± 138 747 ± 129 476–1611
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controls. The liver appeared with normal architecture and
hepatocytes were determined to be arranged as radial plates
with eosinophilic cytoplasm and central nuclei. The spleens
were found to be normal in all the treatment groups and no
comparable differences were observed between treatment
groups and control subjects. Altogether, the histopathology
of the lung, heart, liver, spleen, and kidneys among treat-
ment groups were very similar to those of the control group.

4. Discussion

The toxicological assessments could be conducted with dif-
ferent objectives to determine the general toxicity, toxicoki-
netic and nonclinical pharmacokinetic, reproduction toxicity
and genotoxicity of intended pharmaceutics (US Department
of Health and Human Services 2010). Thus, the toxicological
studies allow researchers to predict the adverse effects of a
new therapeutic compound before entering the clinical trials
(Rahman et al. 2014). Small molecule of ALG is a novel NSAID
with anti-inflammatory and immunomodulatory properties.
The therapeutic effects of ALG were demonstrated previously
on different inflammatory diseases such as RA, spondylite
ankylosante (AS) and on the animal model of multiple scler-
osis (MS) (Afraei et al. 2015). Previously, we examined the
acute and sub-chronic toxicity of the ALG in murine model
through oral administration route. Due to the disadvantages
such as degradation by stomach acid or gastrointestinal
enzymes or excretion of the drug, it is very likely that both
the adverse and therapeutic effects of ALG may be underesti-
mated in the previous study. Moreover, the i.v. formulations
of different NSAIDs have been demonstrated as suitable alter-
native to oral administrations, in the present study, we aimed
to evaluate the toxicity profile of ALG through i.v. administra-
tion in a context of 28-day repeated dose toxicity study
(Bookstaver et al. 2010, Southworth et al. 2015, Howard et al.
2018). Furthermore, the adsorption of therapeutic materials
administered i.v. is more faster than those delivered orally,
thus, i.v. administration can provide important information
which helps to avoid underdose or overdose and has prac-
tical advantages over oral administration (Chaudhary et al.
2010). Previously, we demonstrated that the ALG has ideal
anti-cancer properties and this was another reason for the

administration of ALG via i.v. route to assess its toxicity. In
order to estimate toxic effects of a new pharmaceutical com-
pound, it would be helpful to determine related 50% lethal
dose (LD50). Actually, LD50 (generally expressed as mg/kg of
body weight) refers to a specific dosage of investigated com-
pound which can kill 50% of the subjects in tested popula-
tion due to the toxic effects (Shafaei et al. 2015) and is used
to compare and mark toxic agents. Our results showed that
the i.v. administration of ALG was well tolerated. In this
regard, the LD50 value for i.v. administration of ALG was
found to be higher than 1000mg/kg. The findings of 28-day
i.v. repeated dose study revealed no change in clinical status,
mortality, or general behavior of mice at the all tested doses.
The daily intake of water and food consumption by animals
was monitored carefully and no obvious change was
observed in the amount of water and food intake of mice in
treatment groups compared to the controls (data not shown).
Since, there were no significant changes in the body weight
of the animals treated with ALG compared to the controls,
thus, it can be concluded that the animals’ appetite on water
and food did not change (El Hilaly et al. 2004). We also exam-
ined the biochemical parameters as well as histopathological
presentation of kidneys, liver, lung, spleen, and heart among
treated subjects compared to the healthy controls. The liver
is highly susceptible to xenobiotic-induced injury, due to its
important role in the metabolism of xenobiotic materials as
well as its anatomical and structural features (Carneiro et al.
2015). Our results showed that ALG has no toxic effect on
abovementioned organs. Indeed, the elevated serum concen-
trations of ALP, AST, and ALT are diagnostic of hepatocellular
damage (Shafaei et al. 2015), but according to the results no
statistical difference was found in these parameters between
treatment groups and control group (Tables 3 and 4). Urea
and creatinine were also used to investigate the kidney func-
tion (Kluwe 1981), and no significant differences were found
in between these parameters in treated and healthy controls
which represents no renal toxicity following administration of
ALG. Moreover, same results were found in terms of electro-
lytes such as phosphorus, calcium, sodium, and potassium in
treatment groups and controls, reflecting the proper function
of both renal and cardiovascular systems (Tables 3 and 4).
The results of histopathological evaluations showed that ALG

Table 3. Biochemical parameters of mice after 28 days treatment of ALG (sub-acute study).

Groups

Parameters Control (PBS) ALG (25mg/kg) ALG (50mg/kg) ALG (100mg/kg) Reference ranges

Glucose (mg/dL) 154.6 ± 22.5 158 ± 25.8 149 ± 19.4 153 ± 24.6 129–329
BUN (mg/dL) 19 ± 5.5 20.3 ± 8.02 18.9 ± 2 19.9 ± 5.1 7–26
Creatinine (mg/dL) 0.28 ± 0.12 0.31 ± 0.14 0.34 ± 0.09 0.30 ± 0.13 0.2–0.4
Triglycerides (mg/dL) 244 ± 30.58 198 ± 29.6 241 ± 34 225 ± 24.7 107–535
Cholesterol (mg/dL) 134 ± 18.9 113 ± 14.5 128 ± 19.5 135 ± 27.8 111–246
ALT (U/L) 85.4 ± 11.5 79 ± 9.6 86 ± 14.8 82.6 ± 13.4 41–131
AST (U/L) 142.1 ± 24.3 168.3 ± 28.9 159.5 ± 30.4 149 ± 29.5 55–352
ALP (U/L) 232 ± 41.5 248.8 ± 36.8 235.4 ± 34.9 236 ± 33 118–433
Albumin (g/dL) 2.7 ± 0.4 3.2 ± 0.6 2.8 ± 0.3 3.2 ± 0.6 2.7–4.6
Calcium (mg/dL) 8.9 ± 1.6 9.1 ± 1.2 9.3 ± 1 8.7 ± 0.9 9.4–12.5
Phosphorus (mg/dL) 9.5 ± 0.6 8.7 ± 1.1 9.2 ± 0.4 9.3 ± 1.2 8.2–14.7
Sodium (mmol/L) 138 ± 2 141 ± 2.8 137 ± 2.1 140 ± 1.8 125.3–187.4
Potassium (mmol/L) 7.6 ± 1.4 8.1 ± 1.2 7.9 ± 1.4 8.3 ± 1.6 7.3–12.24
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had no toxicity on spleen, heart, and lung parenchyma com-
pared to the control group received normal saline. The
microscopic examinations confirmed no histopathological
alternation, inflammation, or unfavorable effects in architec-
ture of the all dissected organs following the administration
of ALG (Figures 3 and 5). The hematopoietic system is one of
the main systems which can be affected by therapeutic or
toxic agents. Thus, changes in hematological parameters can
be indicative of adverse clinical conditions (Fuedner et al.
1990, Zhu et al. 2013). The results of hematological

assessments obtained in the present study demonstrated
similar values between treatment and control groups (Tables
1 and 2). Since, the blood cells are originated from bone
marrow, the stability of the hematopoietic parameters can be
interpreted that ALG has no toxic effect on the hematopoi-
esis. Moreover, this indicates that ALG has no toxic effects on
circulating WBC, RBC, or PLTs rather than their production.
These findings were also confirmed by histopathological
examinations of kidneys and liver in which any injury may
result in abnormal hematological parameters. Altogether, we

Figure 5. Representative microscopic findings for the spleen, heart, kidney, liver, and lung of mice treated intravenously with 25, 50, and 100mg/kg of ALG and
the normal saline as a negative control for 28 days (magnification: 20�).
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assume that ALG does not have toxic effects and can be
used as a safe anti-inflammatory drug in clinical trials.

5. Conclusions

Our findings showed that the i.v. administration of ALG in
the context of 28-day repeated dose was safe at different
doses of 5, 25, and 50mg/kg of body weight. Moreover, we
observed no death or abnormal clinical signs related to bio-
chemical indicators, hematological parameters, histopatho-
logical observations, and other physiological functions
attributable to ALG toxicity. Therefore, these findings confirm
the safety of ALG and support its application in the future
clinical trials for patients with inflammatory disorders.

Disclosure statement

The authors declare that they have no financial or commercial conflicts
of interest and are responsible for the content and writing of this paper.

Funding

This work was supported by partial contributions of Tehran University of
Medical Sciences and Baqiyatallah University of Medical Sciences.

ORCID

Ahmad Mahdian-Shakib http://orcid.org/0000-0001-9416-2067

References

Abdalla, Y.O.A., et al., 2018. Acute and 28-day sub-acute intravenous tox-
icity studies of 10-S-10-acetoxychavicol acetate in rats. Toxicology and
Applied Pharmacology, 356, 204–213.

Afraei, S., et al., 2015. New therapeutic approach by G2013 in experimen-
tal model of multiple sclerosis. Acta Neurologica Belgica, 115(3),
259–266.

Bjarnason, I., et al., 1993. Side effects of nonsteroidal anti-inflammatory
drugs on the small and large intestine in humans. Gastroenterology,
104(6), 1832–1847.

Bookstaver, P.B., et al., 2010. Intravenous ibuprofen: the first injectable
product for the treatment of pain and fever. Journal of Pain Research,
3, 67.

Carneiro, M.L., et al., 2015. Acute and subchronic toxicity of the antitu-
mor agent rhodium (II) citrate in Balb/c mice after intraperitoneal
administration. Toxicology Reports, 2, 1086–1100.

Chaudhary, K., et al., 2010. Intraperitoneal drug therapy: an advantage.
Current Clinical Pharmacology, 5(2), 82–88.

Cryer, B., 2005. NSAID-associated deaths: the rise and fall of NSAID-asso-
ciated GI mortality. The American Journal of Gastroenterology, 100(8),
1694.

Davis, J.S., et al., 2017. Use of non-steroidal anti-inflammatory drugs in
US adults: changes over time and by demographic. Open Heart, 4(1),
e000550.

El Hilaly, J., Israili, Z.H., and Lyoussi, B., 2004. Acute and chronic toxico-
logical studies of Ajuga iva in experimental animals. Journal of
Ethnopharmacology, 91(1), 43–50.

Fard, N.A., et al., 2017. Efficacy and safety of G2013 as a novel immuno-
suppressive agent on differentiation, maturation and function of
human dendritic cells. Iranian Journal of Public Health, 46(2), 216.

Fuedner, T., Heit, H., and Pabst, G., 1990. Evaluation and prediction of
chemical toxicity using haematopoietic cell renewal systems. In: P.
Bourdeau, E. Somers, G.M. Richardson and J.R. Hickman, eds. Short-
term toxicity tests for non-genotoxic effects. Chichester, UK: Wiley,
177–192.

Fundueanu, G., et al., 1999. Physico-chemical characterization of Ca-algin-
ate microparticles produced with different methods. Biomaterials,
20(15), 1427–1435.

Hajivalili, M., et al., 2015. G2013 modulates TLR4 signaling pathway in
IRAK-1 and TARF-6 dependent and miR-146a independent manner.
Cellular and Molecular Biology (Noisy-le-Grand, France), 62(4), 1–5.

Hosseini, F., et al., 2017. Targeting of crosstalk between tumor and tumor
microenvironment by b-D mannuronic acid (M2000) in murine breast
cancer model. Cancer Medicine, 6(3), 640.

Howard, M.L., Isaacs, A.N., and Nisly, S.A., 2018. Continuous infusion non-
steroidal anti-inflammatory drugs for perioperative pain management.
Journal of Pharmacy Practice, 31(1), 66–81.

Huebsch, N. and Mooney, D.J., 2009. Inspiration and application in the
evolution of biomaterials. Nature, 462(7272), 426.

Jin, J., 2015. JAMA PATIENT PAGE. Nonsteroidal anti-inflammatory drugs.
JAMA, 314(10), 1084–1084.

Kluwe, W.M., 1981. Renal function tests as indicators of kidney injury in
subacute toxicity studies. Toxicology and Applied Pharmacology, 57(3),
414–424.

Kunimatsu, T., et al., 2004. Evaluation for reliability and feasibility of the
draft protocol for the enhanced rat 28-day subacute study (OECD
Guideline 407) using androgen antagonist flutamide. Toxicology,
200(1), 77–89.

Laine, L., et al., 2002. Stratifying the risk of NSAID-related upper gastro-
intestinal clinical events: results of a double-blind outcomes study in
patients with rheumatoid arthritis. Gastroenterology, 123(4),
1006–1012.

Table 4. Biochemical parameters of mice after 14 days treatment of ALG (acute study).

Groups

Parameters Control (PBS) ALG (300mg/kg) ALG (600mg/kg) ALG (1000mg/kg) Reference ranges

Glucose (mg/dL) 163 ± 35 144 ± 28 157 ± 40 143 ± 36 129–329
BUN (mg/dL) 17 ± 3.1 16.3 ± 7 19.6 ± 3.3 16.9 ± 4.2 7–26
Creatinine (mg/dL) 0.35 ± 0.2 0.41 ± 0.1 0.31 ± 0.1 0.48 ± 0.1 0.2–0.4
Triglycerides (mg/dL) 260 ± 40 238 ± 35 252 ± 25 246 ± 30 107–535
Cholesterol (mg/dL) 150 ± 22 161 ± 18 152 ± 25 148 ± 38 111–246
ALT (U/L) 70 ± 12.4 62 ± 8.7 81 ± 15.2 68 ± 10.7 41–131
AST (U/L) 102.6 ± 35.2 99.5 ± 37.4 101.1 ± 25.4 90.7 ± 39.8 55–352
ALP (U/L) 132.4 ± 39.2 154.8 ± 16.5 125.3 ± 14.4 148 ± 23.5 118–433
Albumin (g/dL) 3.2 ± 0.5 3.0 ± 0.5 2.9 ± 0.6 3.2 ± 0.6 2.7–4.6
Calcium (mg/dL) 9.1 ± 1.0 9.5 ± 1.5 10.8 ± 1.1 9.3 ± 1.2 9.4–12.5
Phosphorus (mg/dL) 8.5 ± 0.8 7.7 ± 0.9 8.1 ± 0.5 8.0 ± 1.0 8.2–14.7
Sodium (mmol/L) 148 ± 2.7 151 ± 3.1 143 ± 4.9 146 ± 5.5 125.3–187.4
Potassium (mmol/L) 6.8 ± 2.2 7.9 ± 1.8 6.6 ± 1.5 7.3 ± 2.0 7.3–12.24

BUN: blood urea nitrogen; ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: alkaline phosphatase.
Values are expressed as mean ± SD.

DRUG AND CHEMICAL TOXICOLOGY 9



Laine, L., et al., 2006. Systematic review: the lower gastrointestinal
adverse effects of non-steroidal anti-inflammatory drugs. Alimentary
Pharmacology and Therapeutics, 24(5), 751–767.

Mirshafiey, A. and Rehm, B. H., 2009. Alginate and its comonomer mannur-
onic acid: medical relevance as drugs. Alginates: biology and applica-
tions. Heidelberg, Germany: Springer, 229–260.

Mirshafiey, A., et al., 2016. Anti-aging property of G2013 molecule as a
novel immunosuppressive agent on enzymatic and non-enzymatic
oxidative stress determinants in rat model. Current Drug Discovery
Technologies, 13(1), 25–33.

Nazeri, S., et al., 2017. Preclinical and pharmacotoxicology evaluation of
a-L-guluronic acid (G2013) as a non-steroidal anti-inflammatory drug
with immunomodulatory property. Immunopharmacology and
Immunotoxicology, 39, 59–65.

Rahman, H.S., et al., 2014. Acute toxicity study of zerumbone-loaded
nanostructured lipid carrier on BALB/c mice model. BioMed Research
International, 2014, 1.

Sato, S-i., et al., 1989. A comparison of intraperitoneal injection and oral
gavage in the micronucleus test with mitomycin C in mice. Mutation
Research/Genetic Toxicology, 223(4), 387–390.

Shafaei, A., et al., 2015. Genotoxicity, acute and subchronic toxicity stud-
ies of nano liposomes of Orthosiphon stamineus ethanolic extract in

Sprague Dawley rats. BMC Complementary and Alternative Medicine,
15(1), 360.

Smith, K.J. and Lassmann, H., 2002. The role of nitric oxide in multiple
sclerosis. The Lancet. Neurology, 1(4), 232–241.

Sostres, C., Gargallo, C.J., and Lanas, A., 2013. Nonsteroidal anti-inflamma-
tory drugs and upper and lower gastrointestinal mucosal damage.
Arthritis Research and Therapy, 15(3), S3.

Southworth, S.R., et al., 2015. An integrated safety analysis of intravenous
ibuprofen (CaldolorVR ) in adults. Journal of Pain Research, 8, 753.

Turner, P.V., et al., 2011. Administration of substances to laboratory ani-
mals: routes of administration and factors to consider. Journal of the
American Association for Laboratory Animal Science, 50(5), 600–613.

US Department of Health and Human Services. 2010. Guidance for indus-
try: M3 (R2) nonclinical safety studies for the conduct of human clinical
trials and marketing authorization for pharmaceuticals. White Oak, MD:
US Food and Drug Administration.

Williams, D.F., 2009. On the nature of biomaterials. Biomaterials, 30(30),
5897–5909.

Zhu, J., et al., 2013. Comparison of toxicity of benzene metabolite hydro-
quinone in hematopoietic stem cells derived from murine embryonic
yolk sac and adult bone marrow. PLoS One, 8(8), e71153.

Zimmermann, M., 1983. Ethical guidelines for investigations of experi-
mental pain in conscious animals. Pain, 16(2), 109–110.

10 A. MAHDIAN-SHAKIB ET AL.


	Abstract
	Introduction
	Materials and methods
	Drug preparation
	Experimental animals
	Experimental design of the acute toxicity analysis
	Twenty-eight-day sub-acute toxicity experiments
	Hematological analysis
	Evaluation of biochemical parameters
	Histopathological examination
	Statistical analysis

	Results
	Acute toxicity study of ALG
	Sub-acute toxicity analysis of ALG
	Hematological findings of sub-acute toxicity study
	Biochemical changes in sub-acute toxicity study
	Histopathological examinations

	Discussion
	Conclusions
	Disclosure statement
	References


