'." frontiers

in Pharmacology

ORIGINAL RESEARCH
published: 10 May 2021
doi: 10.3389/fphar.2021.607026

OPEN ACCESS

Edited by:

Heike Wulff,

University of California, Davis,
United States

Reviewed by:

Zeinab Khaled Hamza,

National Research Center (Egypt),
Egypt

Muhammad Farhan Sohail,
University of Copenhagen, Denmark
Farooq Saleem,

University of Lahore, Pakistan

*Correspondence:
Sarfraz Ahmad
sarfraz.ahmad@um.edu.my

Specialty section:

This article was submitted to
Predictive Toxicology,

a section of the journal
Frontiers in Pharmacology

Received: 16 September 2020
Accepted: 18 March 2021
Published: 10 May 2021

Citation:

Anwar F, Saleem U, Rehman A-U,
Ahmad B, Froeyen M, Mirza MU,
Kee LY, Abdullah | and Ahmad S
(2021) Toxicity Evaluation of the
Naphthalen-2-yl 3,5-Dinitrobenzoate:
A Drug Candidate for

Alzheimer Disease.

Front. Pharmacol. 12:607026.

doi: 10.3389/fohar.2021.607026

Check for
updates

Toxicity Evaluation of the
Naphthalen-2-yl 3,5-Dinitrobenzoate:
A Drug Candidate for Alzheimer
Disease

Fareeha Anwar "2, Uzma Saleem?, Atta-Ur Rehman®, Bashir Ahmad’, Matheus Froeyen?®,
Muhammad Usman Mirza®, Lee Yean Kee®, Iskandar Abdullah® and Sarfraz Ahmad®*

7,‘?iphah Institute of Pharmaceutical Sciences, Riphah International University, Lahore, Pakistan, ZR/phah Faculty of
Pharmaceutical Sciences, Riphah International University, Islamabad, Pakistan, *Department of Pharmacology, Faculty of
Pharmaceutical Sciences, Govt. College University, Faisalabad, Pakistan, 4Depan‘ment of Pharmacy, Forman Christian University,
Lahore, Pakistan, ®Department of Pharmaceutical and Pharmacological Sciences, Rega Institute for Medical Research, Medicinal
Chemistry, University of Leuven, Leuven, Belgium, ®Department of Chemistry, Faculty of Science, Universiti Malaya, Kuala
Lumpur, Malaysia

The presented study was designed to probe the toxicity potential of newly identified
compound naphthalen-2-yl 3,5-dinitrobenzoate (SF1). Acute, subacute toxicity and
teratogenicity studies were performed as per Organization of economic cooperation
and development (OECD) 425, 407, and 414 test guidelines, respectively. An oral
dose of 2000 mg/kg to rats for acute toxicity. Furthermore, 5, 10, 20, and 40 mg/kg
doses were administered once daily for 28 days in subacute toxicity study. Teratogenicity
study was performed with 40 mg/kg due to its excellent anti-Alzheimer results at this dose.
SF1 induced a significant rise in Alkaline Phosphatases (ALP), bilirubin, white blood cells
(WBC), and lymphocyte levels with a decrease in platelet count. Furthermore, the reduction
in urea, uric acid, and aspartate transaminase (AST) levels and an increase in total protein
levels were measured in subacute toxicity. SF1 increased spermatogenesis at 5 and
10 mg/kg doses. Teratogenicity study depicted no resorptions, early abortions, cleft
palate, spina bifida and any skeletal abnormalities in the fetuses. Oxidative stress
markers (Superoxide dismutase (SOD), Catalase (CAT), and glutathione (GSH) were
increased in all the experiments, whereas the effect on melanoaldehyde
Malondialdehyde (MDA) levels was variable. Histopathology further corroborated these
results with no change in the architectures of selected organs. Consequently, a
2000mg/kg dose of SF1 tends to induce minor liver dysfunction along with
immunomodulation, and it is well below its LDso. Moreover, it can be safely used in
pregnancy owing to its no detectable teratogenicity.
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HIGHLIGHTS:

@ LD, of SF1 is greater than 2000 mg/kg.

@ No teratogenic potential was assessed in animals treated
with SF1.

@ SF1 showed immunostimulatory action by increasing the
WBC levels.

@ Repeated administration of SF1 showed a change in
biochemical markers at 40 mg/kg dose level.

INTRODUCTION

Toxicity profiling is cardinal in the screening and development of
new drugs before clinical trials (Arome and Chinedu, 2013). The
key parameter behind the toxicity studies of the compounds is to
ensure the protection of the exposed population against those
substances (Morton, 1998). International regulatory bodies for
the toxicity studies (OECD, GSH, EPA, EEC, etc.) determine the
potential hazards and risks of the substances on the human beings
by comparing the dose-related toxic effects that occur in the
animal models (Lewis et al., 2002). Toxicity studies using animal
models provide several advantages including controlled duration
of exposure, the easy examination of all tissues and estimation of
various biochemical and pathological markers (Arome and
Chinedu, 2013; Dandekar and et al., 2010). The benefits of the
toxicity profiling not only lie in the identification of possible
hazards, but it also characterizes potentially toxic effects that can
be produced by the test compounds on different doses and on
different treatment time durations. The importance of toxicity
studies emerged in the 1960s when thousands of children were
born with severe congenital disabilities due to the use of
anticancer drug thalidomide; commonly known as thalidomide
catastrophe (Klaassen, 1996).

Toxicological profiling of the new drugs provides a
relationship between a therapeutic dose and a toxic dose. After
extensive toxicity studies, researchers can decide whether the
drug could be subjected to clinical trials or not (Aneela et al,
2011). The results of toxicity studies in animals determine the
safety of the new drugs. This safety encourages the suitability of
the drug toward its therapeutic application (Jothy et al., 2011).
According to the OECD guidelines, rats are recommended for the
toxicity study models (OCED Guideline for Testing of Chemicals
No, 1995; OCED, 2002).

Naphthalene, a bicyclic aromatic compound provides a broader
platform for the synthesis of new compounds of pharmaceutical
interest. Cost-effective and easy nucleophilic substitutes make it
more important for the scientist in the discovery of new drugs.
Naphthalene nucleus emerges as the building block in the discovery
of new therapeutic drugs with lesser side effects. Many drugs are
available in the market containing naphthalene nucleus and cover a
broader range of diseases like antimicrobials, antihypertensive,
antimalarials and antitubulin. Several naphthalene based drugs
such as nafcillin, terbinafine and naftifine are armamentariums of
the therapeutics being used presently (Desai et al., 2012).

In the present era, the in silico studies have greatly facilitated
the selection of promising compounds for bench investigations.

Naphthalen-2-yl 3,5-Dinitrobenzoate

NO,

0
NO,

SF1

FIGURE 1 | Chemical structure of naphthalen-2-yl 3,5-
dinitrobenzoate (SF1).

Target-oriented syntheses of the small molecules are planned
effectively with retrosynthetic analysis. Target-oriented syntheses
of the small molecules have the ability to modulate the disease-
related biological pathways through the binding with targeted
therapeutic protein (Harvey, 2008; Hughes et al, 2011). We
analyzed different compounds through extensive in silico
analysis and identified naphthalen-2-yl 3,5-dinitrobenzoate
(SF1), a naphthalene derivative, with promising binding with
acetylcholinesterase enzyme (AChE). It was synthesized and
evaluated for its efficacies toward in vitro and in vivo AChE
inhibition (Iman et al., 2018). The synthesis, characterization, in
silico and in vitro examinations of SF1 were reported in our
previous study (Arome and Chinedu, 2013). The present study
aimed to evaluate acute toxicity, subacute toxicity, and
teratogenicity profile of SF1 in rat model (Figure 1).

MATERIALS AND METHODS

Drugs and Chemicals

Pyrogallol solution and alcian blue were purchased from Oxford
Labs (India). Ellman’s reagent (DTNB) and alizarin red S were
purchased from Omicron Sciences Limited (United Kingdom).

Follin’s reagent, carboxymethyl cellulose, picric acid,
Ethylenediamine tertracetic acid (EDTA), N-1-
naphthylethyleneamine dihydrochloride, sulfanilamide,

phosphoric acid, thiobarbituric acid, sodium phosphate dibasic
heptahydrate and sodium phosphate monobasic monohydrate,
sodium carbonate, sodium hydroxide, copper sulfate, and
sodium-potassium tartrate, and Griess reagent were purchased
from Sigma Aldrich United States. Interleukin 6 (IL-6)
(Cat#EH21L6), histamine (KA2589), testosterone (MAS5-
14715), and nuclear factor kappa light chain enhance of
activated B cells (NF-kB) (Cat#85-86081-11) were purchased
from Thermo Fischer Scientific (United States).

Experimental Animals

Adult wistar rats, 2-3 months old, weighing 200-300 g were
housed in the animal house of Riphah Institute of
Pharmaceutical Sciences, Riphah International University,
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Lahore Campus, Pakistan. The animals were provided with the
standard environmental conditions 22 + 2°C temperature,
40-50% humidity, 12:12 h light/dark cycle, and free access to
food and water. Acute oral toxicity, subacute oral toxicity and
teratogenicity experimental protocols were approved from
Ethical Committee of Riphah Institute of Pharmaceutical
Sciences (Research Ethical Committee REC), Lahore campus,
with the voucher number of REC/RIPS-LHR/035 for further
considerations under the rules and regulations of National
Institute of Health (NIH, United States) guide for the care and
use of laboratory animals.

Acute Toxicity

Acute oral toxicity was performed according to the OECD 425
guidelines (2001) (Organization for Economic Corporation and
Development). Healthy adult Wistar rats (n = 5) were fasted
overnight but had free access to water. Initially, only one animal
received SF1 (2000 mg/kg) via the oral route and was observed for
24 h. If there was no mortality, another group of four animals was
orally administered with a single dose of SF1 (2000 mg/kg).
Animals were observed for general behavior, any change in
weight, allergic condition and mortality for 14 days (Choi et al.,
2019).

Subacute Toxicity

The experimental protocol for subacute toxicity study was
performed according to the OECD 407 guidelines (2008).
Male and female healthy Wistar rats were used in the study.
Each group consisted of 10 animals in which five were male, and
five were female. Animals were divided into five groups (n = 50).
Group I received carboxymethylcellulose (1% CMC) (1 ml/kg).
Group II-IV was administered 5, 10, 20, and 40 mg/kg dose of SF1
for consecutive 28 days via oral route once daily. Any change in
the weight and any sign of physical abnormalities were noted on
each day of treatment (Yamasaki et al., 2002; Gelbke et al., 2007).

Teratogenicity

The experimental protocol was designed according to the OECD
guidelines 414 (2001) for teratogenicity. Female rats were used in
this study with three females and one male housed in a cage for
mating. The day at which the vaginal plug was observed,
labeled as start day of gestation. Pregnant females were
divided into two groups (n = 20). Group I served as a
control group and received CMC (1 ml/kg), and group II
received SF1 (40 mg/kg). Both the groups received their
respective treatments from gestation 5th to 15th day via the
oral route. C-section was performed on the 19th day of the
gestation period (Saeed et al., 2020). Fetuses were carefully
removed and weighed separately. The number of fetuses and
crown-rump length were noted, and deformities, including
growth retardation, hematoma, and abnormalities in skull and
bones were observed (Buschmann, 2013; Saeed et al., 2020).

Staining Technique of Fetal Skeleton
Fetuses were double-stained for analyzing any skeletal
abnormalities caused by the drug during pregnancy (Menegola

Naphthalen-2-yl 3,5-Dinitrobenzoate

TABLE 1 | Behavioral changes after treatment with a single dose of SF1
(2000 mg/kg) in acute oral toxicity study.

Behavioral parameters Acute toxicity

Eyes Normal
Skin and Fur Normal
Respiration Normal
Salivation Normal
ltching Not found
Urine color Normal
Feces consistency Normal
Somatomotor activity Normal
Sleep Normal
Convulsions Not found
Coma Not found
Mortality Not found

et al., 2001). For this purpose, fetuses of each group (control and
treated) were placed overnight in the 4% of saline solution at 4°C.
The skin was macerated and removed carefully, along with
muscles and organs. The skeleton of the fetuses was then kept
into the acidic solution (alzarian red) at pH 2.8 for 24 h, and then
moisture from the sample was removed by placing the sample in
absolute alcohol. The dehydrated skeletal specimens were kept in
the basic solution (alcian blue) for at least 24 h, and the solution
was refreshed twice during this time. This step helped in the
removal of adipose tissues from the skeleton. The stained samples
were placed in the clearing solution for at least 6-8 h (Ehlers et al.,
1996; Menegola et al., 2001). The skeletons were preserved in 1:1
ethanol (70%) and glycerine solution. Stained skeletons were
analyzed under a dissecting microscope for the observation of
bone ossification, spina bifida, cleft palate, ribs deformities and
limb deformities.

Wilson’s Technique for Soft Tissue Examination
Wilson’s technique was used for the analysis of soft tissue defects
during teratogenicity studies. It gives a quick and rapid gross
examination of tissues. Fetuses from each group were soaked in
the bouin solution (saturated solution of Picric acid) for
8-10 days. After fixation, fetuses were soaked into distilled
water for the removal of any irritant fume of picric acid
(Barrow and Taylor, 1969). Vertical cuts were made for the
head and body to observe malformations. Selected organs were
removed carefully and examined for hydrocephalus,
cardiomegaly, hydronephrosis, etc.

Sample Collection for Sperm Analysis

The collection of sperms was made by using the diffusion method
(Cartner et al., 2007). After cervical dislocation orchidectomy was
performed by castration method. Testicles were oozed out by
making the incision on the pre-scrotal region (Saba et al., 2009).
Cauda epididymis was isolated and poured into the Petri dish
containing phosphate buffer (pH 7.4). Spermatozoa were diffused
out in the buffer solution by swirling the Petri plate at 37°C.
Sperm suspension was picked out and analyzed for sperm count
and morphological parameters (normal, hookless, bent tail, coiled
tail, tailless and fused).
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Hematological and Biochemical Analysis
At the end of each study, animals were given anesthesia by using
the 3-5% isoflurane with oxygen. Blood samples were collected
for the hematological and biochemical studies through cardiac
puncture. The hematological analysis was carried out by using a
hematology analyzer from Novamed, United States. The
hematological parameters evaluated included: WBC, RBC,
platelet count, hemoglobin, mean corpuscular hemoglobin
(MCH), Hematocrit, mean corpuscular volume (MCV), mean
corpuscular hemoglobin concentration (MCHC), and differential
leukocyte numbers including granulocytes, lymphocytes, and
monocytes. For the biochemical analysis, whole blood and
blood with anticoagulant (3.8% sodium citrate) were
centrifuged at 1,400xg for 10-15 min. Serum and plasma were
separated for the estimation of different biochemical parameters
including AST, Alanine transaminase (ALT), ALP, bilirubin, total
protein, uric acid, creatinine, urea, cholesterol, triglycerides (TG),
low density lipoprotein (LDL), high density lipoprotein (HDL),
testosterone, TSH (thyroid stimulating hormone), T3 and T,
(Konan et al., 2007; Steinberg et al., 2019). All the biochemical
parameters were estimated by using their specific kits.

Oxidative Stress Markers

After blood collection, an autopsy was performed for the
observation of major organs, including heart, kidney, brain,
liver, stomach, and spleen in each study. The organs were

carefully removed and weighed. Tissue homogenates of each
tissue were prepared in phosphate buffer (0.1 M, pH 7.4) using
l1g tissue to 10ml buffer ratio. Tissue homogenates were
centrifuged at 6,000 rpm at 4°C for 10 min. The supernatant
was collected and used for the estimation of oxidative stress
markers like SOD, CAT, GSH, and MDA. All the experiments
were performed in a triplicate manner (Hira et al., 2019).

Superoxide Dismutase

0.1 ml of tissue homogenate was mixed with 2.8 ml, and 0.1 ml
potassium phosphate buffer (pH 7.4, 0.1 M) and pyrogallol solution
were added. Absorbance was noted at 325 nm (Saleem et al., 2019).
Values of SOD were calculated by using the regression line of the
standard SOD curve.

Y =0.0095X +0.1939,

Catalase

Tissue homogenate (0.05ml) was mixed with 1.95ml of
phosphate buffer (50 mM, pH 7) and 1 ml of hydrogen peroxide
(30mM) solution. The mixture was analyzed using a
spectrophotometer at 240 nm wavelength (Mir et al,, 2019). CAT
Levels in each tissue was calculated by using the following formula:

oD
CAT activity = 5 % vol.of sample x mg of protein,
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TABLE 2 | Variations in organ weights of the control and treated animals during acute, subacute, and teratogenic studies.

Dose Organ mass (g)
(mg/kg) Brain Heart Spleen Kidney Lungs Liver Stomach Ovaries Testis
Acute toxicity Control 1.5+0.2 0.3 +0.1 0.2 + 0.1 1.2+01 0.7 +0.3 6.9 +04 09 +0.8 02+15 22+1.2
2000 145+02 054+01 041+08 1.05+01 092+03 6.4 +0.5 11+12 0.1 + 26+14
Subacute toxicity (male) Control 1.3+0.3 05+0.2 03+04 1.2+0.3 0.8 +05 58+ 0.5 11 +05 26+04
5 1.2+ 041 0.6 +0.2 0.5+0.3 12+02 0.8+1.3 6.9 + 0.1 1.2+0.0 - 22 +03
10 1.4 +£0.2 0.5+0.3 0.4 +04 1.1+£08 0.8 +0.6 53+1.2 1.6+09 - 22+05
20 1.4+ 06 05+0.8 0.3 + 03 1.4+ 05 0.7 £ 0.7 6.4 +0.3 1.6 +0.8 - 21 +07
40 12+06 0.6 +0.5 0.4 +0.3 1.1+041 0.8 +0.6 56 +0.2 19+03 - 21 +0.1
Subacute toxicity (female) Control 1504 0.6 +0.3 0.4 + 0.1 11 +£05 09+0.2 6.1 +0.4 1.2+03 0.1 +0.1
5 1.6+06 0.9+03 0.5+0.3 1.4+02 0.7 £ 0.1 6.6 +0.3 12+05 01+1.2 -
10 15+02 0.6 + 0.1 04 +0.2 1.2+01 0.7 £ 0.2 6.2 +0.3 1.1+£05 0.1 +0.1 -
20 1.1+03 0.6 £0.2 0.4 +0.3 09+05 0.8 +0.3 49+ 0.6 1.5+0.7 0.1 £ 0.1 -
40 1.1+041 0.65 + 0.3 03+05 1.3+03 0.8+0.8 6.7+0.5 16+08 0.2+09 -
Teratogenicity Control 14 +£02 0.62+03 054 +0.1 1.2 +01 0.75+0.2 6.24 £ 1.2 1.2+0.2 0.32 £+ 04
40 154+01 055+083 053+04 123+01 016+05 11.17+13° 09+06 023+03 -

Data represented as mean + SEM with n = 5 for acute and n = 10 for teratogenicity and subacute toxicity studies. *p < 0.05 was given in comparison to the control.

TABLE 3 | Fetal and placental weights and morphological anomalies during the
teratogenic study.

Anomalies Group
Normal control Treated group (40 mg/kg)

Cleft palate 0.0+0.0 0.0+ 0.0
Spina bifida (microns) 40 + 0.3 42 + 0.5
Rib malformation 0.0+0.0 0.0+ 0.0
Delayed cervical ossification 0.0+0.0 0.0+0.0
Early resorption 0.0+ 0.0 0.0+0.0
Late resorptions 0.0+0.0 0.0+0.0
Abortions 0.0 £ 0.0 0.0 £ 0.0
No. of litters 09 + 0.3 07 £ 04
No. of live fetuses 08 + 0.3 05+ 04
Maternal death rate 01+ 0.1 02 +0.2
Fetal weight (gm) 53 + 0.1 3.2+ 13"
Placental weight (gm) 0.7 +£0.2 0.55 + 0.2*

The is data represented as mean + SEM (n = 10). *p < 0.05 was given in comparison to
the control.

OD = Change in absorbance per minute.

E = Extinction coefficient of hydrogen peroxide (0.071 mmol/cm).
Protein contents were estimated using the Lowry’s method (Hira
et al., 2020).

Glutathione

Trichloroacetic acid (1 ml, 10%), tissue homogenate (1 ml),
phosphate buffer (4 ml, pH 8) and DTNB (0.5 ml) were mixed
and absorbance measured at 412 nm (Saeed et al., 2020). The
formula for the estimation of GSH level is as under:

0.00314 DF

GSH=Y-——x—
0.034 BT

x VU,

DF = dilution factor, BT = tissue homogenate, VU = volume used,
Y = absorbance at 412 nm.

Malondialdehyde
Thiobarbituric acid (TBA) reagent (3 ml) was mixed with 1 ml of
tissue homogenate. Shake well and incubate the mixture for

15 min at room temperature. After incubation the mixture was
cooled on an ice bath and centrifuged. The supernatant was taken
out and used for the measurement of MDA at 532 nm (Saeed
et al., 2020). Following formula was used for the estimation of
MDA levels in tissues:

Abs 532 x 100 x V;

Conc.of MDA = ,
1.56 x 105 x W, x V,

where V, = total volume of mixture, W, = weight of dissected
tissue, V,, = aliquot volume.

Protein Analysis Using ELISA Method

Blood serum was used for the ELISA analysis. Histamine,
testosterone, IL-6, and NF-«kB were estimated by using their
specific ELISA kits. Each protein was combined with HRP to
make an antigen-antibody-enzyme-antibody complex. The
complex was mixed with TBM solution, and the reaction
was stopped by adding the stop solution. The reaction
mixture was observed spectrophotometrically at 450 nm.
The concentration of each protein in the tissue homogenate
was calculated by using their specific standard curve
(DeMattos et al., 2002).

Histopathological Studies

Excised tissues (heart, brain, liver, kidney, pancreas, testis,
ovaries, and stomach) were fixed in 4% paraformaldehyde,
embedded in paraffin, and sliced in 5pum sections. The sliced
sections were fixed onto the slides and stained with hematoxylin
and eosin stain and examined under the microscope for
histopathological changes in each study (Thenmozhi et al., 2015).

Statistical Analysis

The data was expressed as mean + SEM. Graphpad prism (v. 5.0)
was used for the interpretation of experimental data. One-way
ANOVA or two ways ANOVA were used for the statistical
analysis of the data followed by Tukey comparison and
Bonferroni post hoc test. p < 0.05 was considered as a level of
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FIGURE 3 | Effect of SF1 treatment (40 mg/kg) on skeletal anomalies in the teratogenic study. (A): no ribs fusion, (B): ossified hind limb bone, (C): ossified bone of
forelimb, (D): normal legs bone, (E): palate bone, (F): normal cleft palate, (G): tail bone, (H): lower vertebral column.

lateral ventricle, (G): heart, (H): liver.

FIGURE 4 | Wilson’s technique for soft tissue examination. (A): intestine, (B): frontal Head section, (C): palate section, (D): no hydrocephalus, (E): kidney, (F): 3rd

significance. p < 0.01 and p < 0.001 labeled as moderate and
highly significant levels.

RESULTS

Behavior and Mortality in Acute Toxicity

A high single dose of SF1 (2000 mg/kg) did not induce any
mortality, and no visible sign and symptoms of toxicity were
observed during 14 days of observation. The results indicate that
LDs, of SF1 is at a dose considerably higher than 2000 mg/kg. To
understand behavioral changes, various observations were made
during this study, and the results are tabulated in Table 1.

Body and Organ Weights During Acute,

Subacute, and Teratogenic Studies

The variations in body weights and the weights of selected organs
were observed during acute, subacute, and teratogenic studies. In
acute toxicity study, normal increase in weight was seen in the
treated rats with insignificant changes when compared to the
control group, till the 14th day of observations. On the other
hand, during the subacute study, a gradual and significant
(p < 0.001) rise in the weights of male and female rats were
observed throughout the subacute study in comparison to
their weights on day-1 (Figure 2). During teratogenicity
study, an increase in body weight was observed from the
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FIGURE 5 | Pictorial representation of sperm morphology (bent tail, coiled and detached head) after treatment with different SF1 dose levels in subacute toxicity study.

TABLE 4 | Sperm count and morphology of SF1 treated animals (male) at different dose levels in subacute toxicity study.

Parameters Groups (mg/kg)
Control SF1

1 5 10 20 40
Sperm count (x106 sperm/mL) 55.5 + 2.1 170.4 + 327 56.3 + 1.2 724 +22" 427 + 2.4
Normal sperm (%) 745 90.2" 72.3 76.45 68.53
Hock less (%) 0.98 0477 0.62* 1.1 0.89
Bent (%) 55 22" 3.2 6.5 59
Coiled/folded (%) 8.6 7.3 6.4 6.9 5.4
Detached head (%) 10 15 307 18" 11

The control used is CMC. Data represented as mean + SEM (n = 5). *p < 0.05,"p < 0.01 and "p < 0.001 were given in comparison to the control.

first gestational day (GD) to 15th GD, but this increase was
almost parallel to the control of pregnant females (Figure 2).
In case of the weights of the selected organs, each study
showed an insignificant rise in the major organ weights
except teratogenicity that showed a significant rise in the
weight of the liver that may be attributed to the pregnancy
(Table 2).

Fetal and Placental Weights and
Morphological Anomalies in Teratogenic
Studies

Fetuses and placentas were removed carefully, and their weights
were observed. Significant reduction in fetal and placental weights

was observed in the treated animals (p < 0.05) while all other
morphological and skeletal anomalies were absent in the treated
group including the number of the alive and dead fetus, rib
malformations, spina bifida, cleft palate, resorptions, and
abortions (Table 3; Figure 3).

SOFT TISSUE ANOMALIES IN
TERATOGENIC STUDIES

Bouins fixation method was used for the assessment of soft tissues
anomalies during teratogenicity assessment, including the observation
of hydrocephalus and hydronephrosis. Treatment of SF1 (40 mg/kg)
did not induce any abnormality in the soft tissues along with no
observable hydrocephalus and hydronephrosis (Figure 4).
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5 for acute toxicity and n = 10 for teratogenicity and subacute toxicity studies. *p < 0.05, “p < 0.01,

Data represented as mean + SEM; n
in comparison to the control.

Naphthalen-2-yl 3,5-Dinitrobenzoate

TABLE 6 | Estimation of biochemical markers in acute oral toxicity.

Biochemical markers Control SF1

Uric acid (mg/dl) 50+1.2 1.46 + 0.23
Protein (g/dl) 7.65+1.2 8.7 + 1.53
Creatinine (mg/dl) 112 + 2.1 1.00 + 0.52
Bilirubin (mg/dl) 1.2 +1.42 3.73 £ 0.63%
ALP (UL) 185 + 1.97 394.5 + 0.33%
ALT (UL 42 + 0.34 39.2 + 2.59
AST (UL) 65 + 1.45 71.5 +1.06
Urea (mg/dl) 30.2 + 0.12 33.5 +1.02
Cholesterol (mg/dl) 65.12 + 2.1 50.1 + 0.89
HDL (mg/dl) 20.3 + 1.23 13.2 + 0.54
Triglyceride (mg/dl) 56.84 + 1.2 59.23 + 0.54
LDL (mg/dl) 33.32 + 0.32 252 +1.45

The data represented as mean + SEM (n = 6).
%p < 0.05 was increase level given in comparison to the control.

Morphology and Concentration of Sperms
in Subacute Study

Semen was collected from cauda epididymis to examine the sperm
morphology after 28 days of treatment. A dose of 5mg/kg SF1
significantly increased the sperm count and with the reduction in the
percentage of hookless, bent and detached head sperms, in comparison
to the control group (Figure 5). A higher dose of 40 mg/kg presented a
reduction in sperm count with no significant deviation in morphological
parameters as compared to the control (Table 4).

Hematological Parameters in Acute,

Subacute, and Teratogenic Studies

At the end of each study, blood samples were collected by the
cardiac puncture, and complete blood count (CBC) was performed.
Results showed that WBC count was raised significantly in acute
toxicity and teratogenicity regimes and in females of subacute
toxicity studies (p < 0.05) when compared to the control group.
RBC count was normal in all treatment studies. Platelet count
was decreased significantly (p < 0.001) in acute and subacute studies;
however, a significant (p < 0.001) rise was seen during teratogenicity
evaluation when compared with the control group. No deviations
were observed in the levels of HB, MCH, MCHC, MCV, and HCT,
in comparison to the control group. A significant elevation was
observed in the levels of lymphocytes in all studies in comparison to
the control group except male rats at the dose levels of 5 and
10 mg/kg, where the values stayed close to the normal. In acute and
subacute (male) toxicity studies significant changes in the level of
granulocytes were also analyzed in comparison to control (Table 5).

Biochemical Parameters in Acute,

Subacute, and Teratogenic Studies

A panel of biochemical parameters was performed at the end of
acute and subacute toxicity studies to assess the effects of SF1 on
liver, kidney, and lipid profile. For the liver function test, AST,
ALP, ALT, and bilirubin were measured while creatinine, uric
acid and total protein were performed to examine kidney health.
In the acute study, ALP and bilirubin levels were significantly (p <
0.05) raised in comparison to control. At the same time, all other
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FIGURE 6 | Estimation of biochemical parameters after 28 days of treatment with different dose levels of SF1 in the subacute study. Data represented as mean +
SEM (n = 10). *p < 0.05, *p < 0.01 and **p < 0.001 was in comparison to the control.
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TABLE 7 | Estimation of thyroid function markers in treated groups during acute and subacute toxicity studies.

Parameters Control Acute toxicity (2000 mg/kg)
T3 (ng/dl) 462 +1.6 50.23 +1.3
T4 (ug/d)) 49+1.2 5.63 + 0.2
TSH (uIU/ml) 0.037 + 0.32 0.01 + 0.05

Subacute toxicity (40 mg/kg)

Control Male Control Female
423+1.6 46.58 + 1.4 473 +1.7 48.58 + 0.9
52+16 51+05 4.6 +0.5 4.07 £ 0.7

0.05 + 0.01 0.06 + 0.032 0.06 + 0.01 0.083 + 0.02

The data is represented as mean + SEM with n = 5 for acute and n = 10 for subacute toxicity studies.

parameters for the lipid profile and kidney function test were
normal and within the range (Table 6).

In the subacute study, liver parameters, kidney functioning
tests, and lipid profile were measured in both male and female
treated rats. In drug-treated female rats, ALP was raised
significantly at 5 and 10 mg/kg dose levels while in the male, it
was raised by 10 and 20 mg/kg doses. Levels of AST were
increased at 10 and 40 mg/kg doses in treated male rats. Total
protein levels were increased in both male and female on almost
all dose levels. No effect was seen in any parameter of lipid profile,
creatinine, and total bilirubin levels in both male and female rats.
Treated male and female rats presented significant (p < 0.001)
reduction in the uric acid levels (Figure 6).

Effect of Acute and Subacute Toxicity

Studies on Thyroid Functioning

Any abnormality in the thyroid functioning was assessed by
estimating the T3, Ty, and TSH levels in acute and subacute
toxicity studies (Table 7). No significant changes were observed
in the levels of Ts, Ty, and TSH in both acute and subacute
toxicity studies when compared to the control group.

Effect of Acute, Subacute, and Teratogenic

Studies on Oxidative Stress Biomarkers
Different oxidative stress markers (SOD, CAT, GSH, and MDA)
were estimated at the end of each study for analyzing any toxicity
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TABLE 8 | Effect of SF1 treatment on oxidative stress biomarkers of selected organs during acute oral toxicity and teratogenicity study.

Oxidative Toxicity Treatment Organs
stress markers Liver Kidney Brain Stomach Spleen Lungs Testis Ovaries
SOD (ug/mg of  Acute oral Control 99+05 287+04 28.6 + 0.5 1823 +0.3 203+23 192+07 285+05 215+0.12
tissue protein) toxicity SF1 6.2+123 126+04 21.8+ 09 240+1.3° 302+02 250+1.0¢ 255+0.3 194 +12
Teratogenicity ~ Control 89+ 0.5 20.7 £ 0.6 252+ 0.1 16.3 £+ 0.4 242 +13 201 +£0.7 - 206 +1.12
SF1 86+ 13 162+ 1.2 223 +21 20.5 + 0.6 25.6 + 0.3 182+21 - 223+ 21
GSH (ug/mg of  Acute oral Control 0.14+01 2.05+0.11 0.133 +0.11 132 +2.1 166 + 1.2 2.89 + 0.1 0.21 £+ 0.3 0.13 + 0.1
tissue protein) toxicity SF1 0.7+05° 083+1.0 1.37+032* 298+087° 263+12° 100+07 013+06 076 +0.2*
Teratogenicity ~ Control 0.24 + 0.4 1.9+01 0.83 £ 0.11 122 +241 166 +1.8 189 +02 - 0.43 £ 0.1
SF1 023+0.1 12+054 097 +0.41 1.4 +0.32 1.64 +0.3 1.5+011 - 0.95 + 0.6*
CAT (mmole/ Acute oral Control 203+0.7 453+054 6.0+2.63 335+15 213+3.2 7.5+ 0.68 1.02 + 3.1 435+ 32
min/mg of toxicity SF1 265+13 503+065 309+132 471+063 1.63+05 36+ 0.7 0.98 +1.2 23+1.5
protein) Teratogenicity ~ Control 3.03+09 553+04 590 + 2.6 435+15 1983 +3.2 6.2+068 - 3.35 +3.2
SF1 356+03 498+05 532+1.2 425 +1.4 198+32 654+12 - 3.59 + 0.65
MDA (umole/mg  Acute oral Control 0.04 +0.0 2.0+0.01 1.58 + 0.01 012+03 0.025+03 275+0.01 054+02 15+03
of tissue protein)  toxicity SF1 003+1.0 004+06 002+152 01+087 024+032 030+052 012+001 078+1.2
Teratogenicity ~ Control 0.03+0.1 1.05+0.02 1.38+0.01 0.12+0.3 0.156+03 1.85+0.01 - 1.5+03
SF1 0.05+0.2 12402 0.01+09 099+075° 012+041 165+05 - 063+ 1.1

Data represented as mean + SEM (n = 3). *p < 0.05 and fri p < 0.05 were increased and decreased levels of significance, respectively, in comparison to the control.

at the tissue level. In acute oral toxicity study in kidney levels of
SOD, GSH, and MDA were significantly decreased in comparison
to control whereas in brain, stomach, and spleen GSH levels were
raised considerably (p < 0.05). Reduced levels of CAT were found
to be in the brain, lungs, and ovarian tissues. In teratogenicity no
significant difference was seen between control and treated
groups in levels of SOD, CAT, and GSH however a substantial
rise in MDA levels were observed in major organs like kidney,
spleen, brain, and lungs (Table 8).

Females were more prone to the toxicity as compared to the
male. In subacute toxicity studies levels of the antioxidants like
SOD, CAT, and GSH were decreased in kidney and spleen tissues
of male rats. Heart and liver were also affected as SOD levels were
reduced in the liver at lower doses, but it raised when treated with
high doses while GSH levels were significantly decreased in the
heart of male rats. In male rats, MDA levels seem to be normal in
almost all tissues when compared with control (Figure 7). Results
showed that in female rats, levels of GSH were declined in liver,
kidney, and spleen tissues at higher doses (20 and 40 mg/kg) in
comparison to control group. CAT and SOD levels were also
affected in spleen and liver tissues of female rats.

Histopathological Analysis

Histopathology revealed that all treated groups after 14th days
(acute oral toxicity), 19th day (teratogenicity), and 28th days
(Subacute) showed no cellular changes in their major organs
in comparison to the control group. All the organs showed
normal architecture (Figure 8).

ELISA Analysis

Levels of testosterone, histamine, IL-6 and NF-kB were estimated
in the subacute study. The results showed that SF1 significantly
elevated the levels of testosterone both in male, as well as female
when compared with control. Histamine, IL-6, and NF-xB
remained normal and within the range in all treated groups
(Figure 9).

DISCUSSION

Acute and chronic deleterious effects of chemicals and drugs have
become an issue of great interest for the scientists. Different laws
are in place in different countries that provide directions to the
scientists, manufacturers, and distributors for the toxicity
profiling of the molecules. These laws and guidelines regulate,
as well as advocate the toxicological profiling of the development
of the molecule of strict rules and regulations and increasing
concern regarding the safety of human health has made
toxicological profiling a markedly expanded field. The
toxicological profiling includes the single and repeated
administration of the test compounds in animals and demands
special investigations on male and female animals (Rand and
Petrocelli, 1985).

Initially, the primary purpose of this study was to a singly
highest dose that could induce significant adverse effects or life-
threatening toxicity (Klaassen and Amdur, 2013). An acute
toxicity study was carried out at a single dose of 2000 mg/kg
SF1, administered orally. No mortality or life-threatening toxicity
was observed until the 14th day of treatment, indicating that LDs,
of SF1 is significantly higher than 2000 mg/kg. In common
practice, a change in the body weight pattern and general
behavior is preliminary indicators of the adverse effects of the
chemicals (Variya et al., 2019). In acute toxicity study, any change
in the body weight and general behavior was observed from the
day 1st to 14th day, and results showed an insignificant difference
in body weight and significant difference in organ weight
(Figure 2).

In SF1, the ester linkage is possibly most susceptible to
dissociation in the biological system. For example, in the case
of oral administration, stomach acid could catalyze ester
hydrolysis resulting in the formation of 2-naphthol and 3,5-
dinitrobenzoic acid. The LDs, values for oral administration of
2-naphthol and 3,5-dinitrobenzoic acid in rats are 1960 and
860 mg/kg, respectively. It is evident from the current study
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FIGURE 7 | Estimation of oxidative stress markers in the subacute toxicity study in male and female rats. The data is presented as mean + SEM (n = 3). *p < 0.05
and p < 0.05 were increased and decreased levels of significance, respectively, in comparison to the control. M = Male, F = Female.

that an oral dose of 2000 mg/kg SF1 induced no considerable
toxicity indicating that its ester bond is not considerably
prone to hydrolysis. This might be due to the lipophilic
nature of SF1 and the presence of bulky aromatic residues
that could hinder the approach of water for hydrolysis and

proton attach on ester moiety, thus, avoiding acid-induced
ester hydrolysis. Furthermore, many marketed drugs having
aromatic and aliphatic esters bonds are administered orally,
e.g., aspirin, propanidid, salsalate, remimazolam, etc.
Additionally, many studies are available with oral
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40 mg/kg), acute oral toxicity (2000 mg/kg), and teratogenicity (40 mg/kg). The results are presented in comparison to the control in all three dose regimes.
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administration of compounds closely related to SF1 via oral
route for in vivo studies (Husain et al., 2012; Abbas et al.,
2010; Masic et al., 2015).

Subacute toxicity study was carried out to find out any
abnormality in the organs after the repeated administration of
the test compound at different dose levels (Abubakar et al., 2019;
Anwar et al., 2020). In this study, four doses of SF1 (5, 10, 20, and
40 mg/kg) were selected for the subacute toxicity study. In our
previous study, these dose levels depicted a considerable
reduction in AChE activity in the rat brain. Each group
received their respective treatments for 28 days consecutively.
Body weights were significantly increased from day 1 to day 28 of
treatments in both male and female rats. However, the non-
significant difference was observed in all selected organs weights
in comparison to control.

Hematological and biochemical parameters are bona fide
indicators of the toxicity and organ dysfunction (Adeneye
et al., 2006). Overall, female rats were more sensitive toward
deviation in biochemical parameters as compared to the male. All
the blood cells are obtained from the pluripotent stem cells that
become mature and differentiate into the RBC, WBC and

platelets (Ugwah-Oguejiofor et al, 2019). WBC and
differential leukocyte count levels were raised in acute oral,
subacute (female) and in teratogenicity in comparison to
control indicating the boost up in the immune system
(Mythilypriya et al., 2007). This increase might be due to the
immunopotentiation effect of the SF1. The significant alteration
was observed in the levels of platelets during acute and subacute
male toxicity studies, but this reduction is within the range. All
other parameters of hematology were normal and close to the
control. The estimation of biochemical parameters for liver and
kidney are considered primary organs responsible for metabolism
and elimination of the circulating drug (Bariweni et al., 2018).
Any alteration in the values of liver function parameters (ALP,
AST, ALT, bilirubin, and total protein) represent hepatotoxic
nature of the drug (Abdelkader et al., 2020). Levels of ALP were
raised in acute and subacute (male and female) toxicity studies
while all other biochemical parameters were normal and within
the range.

Teratogenicity is of fundamental importance in the
toxicological evaluation of new molecules because it reduces
the births of malformed infants (Macklin, 2010). After the
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subacute study, the highest dose (40 mg/kg) was selected for the
teratogenicity studies. In this study, morphological anomalies,
soft tissues anomalies and any skeletal anomalies were detected
by teratogenicity studies. Results showed that at 40 mg/kg dose
level SF1 did not show any abnormality in the skeleton, soft
tissues and morphology (Table 3; Figure 3, and Figure 4).

Hormonal imbalances and infertility induced by the direct or
indirect exposure of a dug is termed as reproductive toxicity (de
Barros et al.,, 2016). The evaluation of reproductive toxicity is
mandatory to examine the effects of a putative new drug in an
animal model (Fu et al., 2009; Karnam et al., 2015). In this study,
change in the weight of testis and concentration and morphology
of sperms was analyzed. Results showed that animals treated with
the lowest dose of SF1 (5mg/kg) induced spermatogenesis as
sperm count was increased, while abnormal morphological
changes were reduced significantly (Table 4). Sperm
production in the testis is the important marker of male
infertility. The test doses of SF1 higher than 5 mg/kg
presented sperm count close to that of control. Sperm count
increase by SF1 might be due to the progression of the
spermatogenesis initiated by the testosterone, as SF1
significantly elevated the levels of testosterone in both male
and female rats.

In living systems, a continuous exposure or production of
reactive oxygen species (Zhang et al., 2020) may give rise to the
disturbed redox homeostasis or oxidative stress that could
damage proteins, nucleic acids and lipids (Jones, 2006). If the

cell is burdened with oxidative stress, apoptosis, necrosis, and
irreversible cell damage may occur. As a result, various
cascade pathways of defense mechanism including gene
controlling cycle, repair and different antioxidant pathways
are triggered for the protection against oxidative stress (Nair
et al,, 2015). In the present study, endogenous antioxidants
(SOD, CAT, and GSH) and oxidants (MDA) were estimated in
the selected organs of the animals to access any imbalance and
cell damage induced because of SF1 dosing. In acute oral
toxicity study, a significant decrease in SOD and GSH levels
were observed in the kidney, and the level of CAT was
decreased in lungs. In teratogenicity study, SOD levels in
the kidney and GSH and CAT levels in the brain were
dropped. In subacute toxicity study, SOD, CAT, and GSH
levels were decreased in the spleen of both male and female
rats that might be due to the immunostimulatory effect of the
drug as WBC levels were also increased. SF1 is a lipophilic
compound, and it might be excreted out by the kidney,
indicated by the decrease in levels of oxidative stress
markers in both male and female rats.

Moreover, heart and brain tissues also showed a small
reduction in stress markers. In histopathology, no change was
observed in any organ at cellular levels. Oxidative stress plays a
significant contributing role in the progression of inflammation
(Chen et al., 2016). In the present study, different inflammatory
mediators (histamine, IL-6 and NF-kB) were also estimated in the
blood of the treated animals of subacute toxicity study. No
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increase was found in the levels of histamine, IL-6, and NF-«xB
levels. SF1 did not increase the inflammatory markers,
biochemical markers and did not produce any toxic effects in
the selected organs confirming its safety.

A detailed literature survey was carried out to find reported
activities of the test compound using CHEMBL, PubChem, and
SciFinder databases. It was observed that phenyl 3,5-
dinitrobenzoate is an anti-inflammatory agent with ICs, of
15.8 uM for arachidonate 5-lipoxygenase inhibition in human
whole blood assay (Shang et al., 2014). Moreover, a closely related
derivative of SF1 without nitro groups (naphthalen-2-yl
benzoate) has been reported as an inhibitor of tau fibril
formation with 14.1pM ICs, in CHEMBL database
(CHEMBL1407906). Hence, these accounts from the literature
corroborate the finding reported in this study.

CONCLUSION

The LDs, of SF1 is higher than 2000 mg/kg, and no sign and
symptoms of toxicity and mortality were reported. Prolonged and
repeated dose administration at the different dose levels revealed
that it might cause very mild liver toxicity due to the elevation of
ALP levels. SF1 is safe for pregnancy as it showed no teratogenic
toxicity. The estimation of biochemical, oxidative stress and anti-
inflammatory markers did not show significant deviation as
compared to the control. This study indicated that SF1 could
be used for further pharmacological studies on the doses, as
mentioned earlier. Mutagenicity and carcinogenicity studies will
be performed in future.
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