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ABSTRACT
Background: Isoindole derivatives serve as an important source for lead compounds with numerous
pharmacological uses. Objectives: The study aimed to investigate the anti-inflammatory property for newly
synthesized six isoindole derivatives; TIND-1, TIND-7, TIND-10, TIND-11, TIND14 and TIND-15, and to
estimate LD50 of most promising one. Methods: The carrageenan-induced paw edema model in rats used to
investigate the anti-inflammatory activity of the tested compounds and to compare between them and the standard
drug using inhibition of edema as a pharmacological parameter. Whilst the LD50 was estimated for TIND-7,
using OEDC-AOT 425 guideline for acute oral toxicity on rats, in vivo. Results: All tested compounds exhibited
var io u s time- dependent anti-inflammatory activity, through different period of time; first hour, significant effect
was revealed for TIND-14 (P<0.01) and TIND-15 (P<0.001), whilst at third hour, TIND-7 exhibited 71%, TIND-14
and TIND-15 demonstrated highest activity. Moreover, at fifth hour TIND-7 produced 100% inhibition. The
estimated LD50 for the most active compound (TIND-7) was more than 2000 mg/kg. Conclusion: All tested
compounds showed variety of anti-inflammatory activity against carrgenan-induced paw edema on rats, in vivo,
however TIND-7 was the most promising compound ever, with reasonable margin of safety estimated as LD50.
KEYWORDS: Anti-inflammatory, Isoindole, Paw-edema, Diclofenac, LD50, Protocol 425.
INTRODUCTION
Inflammation is protective set of interactions arise in
response to trauma, infection, post ischemia, toxins and
auto-immune injury, and involves immune cell blood
vessels (Dhar et. al., 2014; Lam et al., 2015) and
molecular mediators (Farhangi et. al., 2013; Dubois et.
al., 2014). However, uncontrolled inflammation can
cause suffering such as organ damage, disabilities and
pain that need use of anti-inflammatory medications for
treatment of undesired signs of inflammation. Available
anti-inflammatory drugs such as non-steroidal antinflammatory drugs (NSAI Ds) have potential side
effects such as gastrointestinal bleeding (Libby et. al.,
2007), renal and cardiovascular complications
(Harirforoosh et. al., 2013) and worsening of asthma
symptoms. Recently isoindole derivatives became a
target for promising compounds with anti-inflammatory
and immunomodulatory effects. Isoindoles are
particularly useful for treating diseases caused or
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aggravated by excessive or unregulated levels of tumor
necrosis factor alpha (TNF-α), interleukin-beta (IL-β),
interleukin-10 (IL-10) or T-lymphocytes (T-cells).
Isoindole is basically used as anti-inflammatory (Klaus
et. al., 2013), anticancer, antiviral and antibacterial
(Kumar et. al., 2013). Famous isoindole drug
thalidomide, developed in late 1950s used for treatment
of morning sickness in pregnancy withdrawn later due to
risk of teratogenicity. Great efforts were done during last
years to discover new thalidomide-analogues for cancer
treatment (Armoiry et. al., 2008) or other isoindole
entities with desirable anti-inflammatory activity and
reasonable toxicity (Ferenc Csende et. al., 2013). On the
other hand, recently series of synthetic isoindole
derivatives were synthesized and expected to have
promising anti-inflammatory activity (Abdel-Aziz
et. al., 2014). T his st ud y wa s s et o ut to investigate
the anti-inflammatory property of these compounds and
to estimate LD50 of most promising one.
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2. MATERIALS AND METHODS
2.1. Animals housing
Swiss albino rats of either sex purchased from animals
houses of National Research Centre, Khartoum, Sudan
were housed in standard cages and room temperature was
approximated to 24CO (±1CO). Animal fed with standard
diet and supplied with continuous source of purified
water. Cages cleared from waste and rats’ general health
was daily observed.
2.2. Ethical considerations
All experiments done after obtaining ethical clearance
permission from institutional animal committee,
pharmacology department, faculty of pharmacy, OIU,
under the serial no (OIU/I.A.E.C./ Exp. Ph., TOX.
/2015/0.01).
2.3. Anti-inflammatory activity investigations
The Carrageanan-induced paw edema model was used to
assess the anti-inflammatory activity of the Tested TIND
compounds and standard diclofenac sodium, where 32
rats (120-150 g) were randomly divided into 8 groups of
four rats each. After being fasted over night the tested
compounds were dissolved in distilled water and
administered orally via gastric gavage to rats. Group I
received 1ml/100mg/kg of distilled water and served as
(-ve control), group II received 25mg/kg diclofenac
sodium and served as (+ve control), the tested groups;
III, IV, V, VI, VII and VIII received 25mg/kg of TIND1, TIND-7, TIND-10, TIND-11, TIND-14 and TIND-15
respectively. One hour later paw edema was induced by
injection of 0.1ml of (1%) freshly prepared carrageenan
suspension. Thickness of Paw edema was measured and
registered using Vernier-caliper for each rat at first, third
and fifth hour intervals. Percentage of inhibition of
carrageenan induced-paw edema was calculated
according to the following equation:
% of inhibition = 100× [1- (x2–x1)/(y2-y1)]
Where x1 is the thickness of rats paw before
administration of carrageenan in tested or standard
compounds groups, x2 is the thickness of rats paw after
administration of carrageenan in the test or standard
compounds groups, y1 is the thickness of rats paw before
the administration of carrageenan in the control group
and y2 is the thickness of rats paw after administration of
carrageenan in the control group.
2.4. Median lethal dose (LD50) estimation
Acute oral toxicity was performed on rats according to
guidelines for testing of Chemicals prepared by the
Organization for Economic Co-operation and
Development (OECD) (OECD., 2001) guided by the
computerized acute oral toxicity (AOT-425) program to
facilitate direct calculation of LD50 of TIND-7
compound.
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2.4.1. Limit test
The software-guided Limit test started with one rat that
received 2000 mg/kg of TIND-7 compound orally via
gastric gavage. The rat observed for pre-designed time
interval (short- term, 48 hours and long – term 14 days)
and results recorded as mentioned within the guidelines
as (O=dead, X= Alive) then the software instructions
were followed till the stopping criteria appeared on the
screen indicating the end point of the limit test, so we
stopped dosing and start conducting the main test.
2.4.1. Main test
Five rats were used, according to doses suggested
byAOT-425program, the 1st rat received 175mg/kg, the
2nd rat given 550 mg/kg and the 3rd, 4th and 5th rats given
2000 mg/kg orally via gastric gavage. All rats observed
after dosing with special attention during the first 30
minutes, 4 hours and then daily for 14 days. All
observations recorded in separate sheet for each rat daily.
Observations included; mortality rate and changes in
skin, fur, eyes and mucous membranes besides,
behavioral patterns, such as tremors, convulsions,
salivation, diarrhea, lethargy, sleep, coma and respiration
rate.
2.5. Statistical analysis
Statistical calculations were done using Prism 5.0 for
windows computer program, version 5.01 (USA). Data
were represented as mean ± standard error of mean
(SEM). Unless, indicated all results were analyzed using
One-way Analysis of Variance (One way-ANOVA)
followed by Dunnett’s test to calculate statistical
differences among groups and the difference considered
significant at P≤ 0.05. Moreover, the special protocol
relevant software (AOT-425stat) was used to estimate the
LD50 for the most active compound.
3. RESULTS
3.1. Anti-inflammatory activity results
During first hour time interval both compounds; TIND-1
and TIND-7 showed similar activities to the standard
diclofenac, in addition to, higher activities were reported
for TIND-10, TIND-14 and TIND-15; whilst TIND-11
showed no activity (Fig.1A).
During third hours compounds; TIND-7, TIND-14 and
TIND-15 were the most highly active (Fig.1B).
During fifth hours, TIND-7 showed highest activity
comparable to the standard and TIND-1 had typical
activity to that of diclofenac as shown in (Fig.1C).
3.2. Estimation of LD50 and rats’ observations
According to calculations obtained from Limit and Main
test of Acute Oral Toxicity (Guideline 425) experiments
guided by Statistical Program (Version:1.0, 2001), the
LD50 was estimated to be more than 2000 mg/kg (Fig. 2,
3).
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Short and long-term inspections revealed that, the treated
rats with TIND-7 experienced increase in respiration rate
(gasping of air) just during the first 30minutes at all
doses. This change in respiration rate was found to be

higher in rats treated with 2000 mg/kg. Whilst no other
changes were observed for other wellness parameters
during the study periods (Table 2).

TABLES
Table 1: The six synthetic isoindole derivatives compounds with their main features.
Code
Chemical Structure
Melting Point Molecular weight
H

N HO

TIND-1

230-232

252

255-257

275

N N

(3-amino-1H-isoindolium-2-yl)(benzoyl)amide
H

N H

TIND-7

N NH

N

5-(3-amino-1H-isoindolium-2-yl)-3-phenyl-2,5-dihydropyrazol-1-ide
H

N H O

TIND-10

N NH

297-299

332

300-302

378

Br

3-amino-2-benzamido-1H-isoindolium bromide
H

TIND-11

N HO
N NH

NO2

Br

3-amino-2-(4-nitrobenzamido)-1H-isoindolium bromide
H

H

N

TIND-14

N

N NH

358-360

355

Br

3-amino-2-(5-phenyl-1H-pyrazol-3-yl)-1H-isoindolium bromide
H

TIND-15

N H O
N NH

325-327

362

O

Br

3-amino-2-(4-methoxybenzamido)-1H-isoindolium bromide
Table 2: Observations for acute doses of TIND-7 during different time intervals.
30 min
4 hrs
24 hrs
48 hrs
2 wks
Observation
C
T
C
T
C T
C
T
C T
Skin & Fur
N
N
N
N
N N
N
N
N N
Eyes change
N
N
N
N
N N
N
N
N N
Tremor
N
N
N
N
N N
N
N
N N
N
Convulsion
N
N
N
N N
N
N
N N
N
Salivation
N
N
N
N
N N
N
N
N N
Diarrhea
Nil Nil Nil Nil Nil Nil
Nil
Nil Nil Nil
Lethargy
Nil Nil Nil Nil Nil Nil
Nil
Nil Nil Nil
Sleep
Nil Nil Nil Nil Nil Nil
Nil
Nil Nil Nil
Coma
Nil Nil Nil Nil Nil Nil
Nil
Nil Nil Nil
Ab
Respiration
Nil
Nil Nil Nil Nil
Nil
Nil Nil Nil
Nil
Mortality
Nil Nil Nil Nil Nil
Nil Nil
Nil Nil Nil
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1 wk
C
N
N
N

T
N
N
N

N

N

N
Nil
Nil
Nil
Nil

Nil
Nil
Nil
Nil

Nil

Nil

Nil

Nil
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Figure 1: The comparison between the six synthetic compounds and the standard diclofenac; at three different
period of time; 1hour (A), 3hours (B) and 5hours (C); against carrageenan-induced pew edema, in vivo on rats.
The presented data were the % inhibition [mean ± S.E.M], whilst data were obtained from 4-6 animals, during
the three different time intervals (1, 3 and 5 hours). C; control, *P≤0.05, **P≤0.01, ***P≤0.001, ns; nonsignificant statistically.

Figure 2: Screen shot of the AOT 425 program showed the limit test, short-term. Stopping criteria appears after
one dose of TIND-7 at 2000 mg/kg for one rat, and death of the rat represented as letter (X).
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Figure 3: Screen shot of the AOT 425 program show the short and long term of the main test of TIND-7 at 175
mg/kg, 550 mg/kg and 2000 mg/kg doses. All five treated rats were alive after short term (48 hours) and longterm (14 days) inspection and represented with letter (O).
4. DISCUSSION
A set of six promising synthetic isoindole derivatives
lead compounds were synthesized and tested for antiinflammatory activity by inhibition against carregeneninduced paw edema of rats, in vivo, besides, the
estimation of LD50 with principal toxicity characteristics
change observations of the most promising compound
was done using OECD-AOT425 protocol.
All six tested compounds, at dose of 25 mg/kg, produced
various degrees of reduction of carrageenan- induced
paw edema, this indicated that, our compounds have
remarkable anti-inflammatory activity; and these finding
were in line with Al-Qaisi and her workers (Al-Qaisi et.
al., 2014) who proved that isoindole nucleus possess
such activity.
The present results revealed that, TIND-1 exhibited
similar inhibition percentage to standard diclofenac
during first hour, this can be taken as an evidence that
our compound have similar relative potency to
diclofenac, this contradicts with Jordanian study used
isoindole compounds where their results give variety of
inhibition percentage ranged from 10 to 73% (Al-Qaisi
et. al., 2014). Compounds TIND-10, TIND-14 and
TIND-15 exhibited significant inhibition percentage,
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whilst TIND-7 produced the most significant effect. This
proved that TIND-10, TIND-14 and TIND-15 have
potential effect during the first stage of inflammation. In
the literature carrageanan-induced paw edema is biphasic
event, the initial phase occur during first hour and not
inhibited by non-steroidal ant-inflammatory drugs
(Posadas et. al., 2004), whilst second phase occur after
second hour and terminated by the six hour (Salvemini
et. al., 1996). TIND-11 exhibited no activity during the
first hour, and this slow onset of action may be attributed
either to variation in pharmacokinetic character or to the
fact that TIND-11 delayed action of inflammation is
related to production of prostaglandins in high
concentration, nitric oxide and pro-inflammatory
cytokines. This variation in onset of action and potency
of our compounds may be of great value for treatment of
inflammation diseases with variation in intensities.
Anti-inflammatory activity of our compounds increased
during the third hour which exhibited the peak of antiinflammatory activity of TIND-14 (p<0.01) and TIND15 (p<0.05), and also exhibited the late onset of action of
TIND-11 as active anti-inflammatory compound, this
may be attribute to pharmacokinetic properties of these
compounds or the biphasic character of carrageenaninduced paw edema model (Mansouri et. al., 2015).
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Inhibition of carrageenan-induced paw edema continued
to increase also for TIND-7 and this taken as evidence to
elevation of anti-inflammatory potency, which reached
71.3%. These findings were higher than that found in
Derle and his colleagues’ study who reported 65.3% for
mefenamic acid (Derle et. al., 2008) and that obtained by
Kumar (Kumar et. al., 2009) and his co-workers whom
reported 70.2% for ibuprofen. This indicated potentiality
of TIND-7 as promising novel anti-inflammatory entity
compared to conventional NSAIDS.
At fifth hour TIND-7 inhibition of carrageenan-induced
paw edema elevated to reach 100% and this revealed that
TIND-7 potency as anti-inflammatory (P<0.001) was
almost twofold of that of diclofenac in our study. Percent
obtained in this work demonstrated TIND-7 potency was
higher than that reported by many studies such as Cong
study who reported 81% for naproxen and 54% for
indomethacin (Cong et. al., 2015). These findings
revealed that TIND-7 could added to effort of drug
discovery, searching for lead chemical entities with high
potent anti-inflammatory to replace the use of
conventional NSAIDs with its documented toxicity.
The estimated LD50 of the most active compound
(TIND-7) by AOT 425 was greater than 2000 mg/kg.
This finding demonstrated significant margin of safety
comparable to the standard Diclofenac according to the
Globally Hormonized System (GHS) of classification
and labeling of chemicals (Nath and Yadav 2015).
Whilst European Medicine Agency reported LD50 of
diclofenac sodium in rats was 53-1500 mg/kg (European
Agency for the evaluation 2003). However LD50 value
give only information about animal mortality, but not
indicator for other parameters of toxicity (Walum, 1998),
so carrying out of other investigations such as
hematological, pathological and genetotoxicity will give
better toxicity profile.
TIND-7 exhibited no change in all observational
parameters and the exception was the occurrence of
dose-dependent increase in rate of respiration manifested
as gasping of air and was predominantly in rats received
dose of 2000 mg/kg. This revealed that one of expected
side effect of TIND-7 is related to respiratory system.
Respiratory depression is one cause of death in both
experimental animals (Grinnell et. al., 2014) and human
and related to use of many drugs such as morphine,
which used heavily as analgesic for pain in many disease
states.
Careful monitoring of the promising anti-inflammatory
(TIND-7 entity) for this respiratory toxicity may be has
worth value upon compared to morphine.
Finally, we conclude that, all the six compounds have
pronounced anti-inflammatory activity and the TIND-7
was the most promising one with significant margin of
safety comparable to dicolofenac. On the other hand,
more studies are required to investigate the
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hematological, pathological and genetotoxicity to
complete toxicity profile, whilst deep pharmacodynamics
experiments should be conducted to elucidate the exact
mechanism of action underlay the proved antiinflammatory activity.
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