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Introduction
Thalidomide is a potent anti-inflammatory drug. Initially used 

to treat anxiety, insomnia and nausea [1-3], thalidomide has been 
shown to improve clinical symptoms in a variety of diseases including 
erythema nodosum leprosum, Crohn disease, rheumatoid arthritis, 
cancer and some other vascular and inflammatory diseases [2,4-
6]. However, thalidomide is only prescribed through a controlled 
distribution program because of neuropatic effects and teratogenesis 
[4,6-9]. In order to improve the pharmacokinetic properties of 
thalidomide and reduce the incidence of side effects, several analogs 
have been developed with increasingly promising results [1,2,9]. The 
first studies with thalidomide analogs sought the relationship between 
chemical structure and biological activity [10]. Structural modifications 
were carried out in glutarimidics and phtalimidics thalidomide groups 
[10] and changes in the phtalimidic subunit caused reduction of
tumor necrosis factor-alpha (TNF-α) release [2,10-12]. Additionally,
thalidomide analogs with open phtalimidic structure not only reduced
TNF-α levels, but also decreased interleukin-12 (IL-12) and IL-1β
production in lipopolysaccharide (LPS)-stimulated monocytes [2]. In 

previous study from our laboratory it has been shown that thalidomide 
analogs containing diamines and open phthalimide structures with the 
presence of NO2 group showed high inhibitory in vitro activity in key 
molecules, such as TNFα, IL-12, IFN-γ, IL-6, CXCL9, CXCL10 and 
CD80 in J774 macrophages. In contrast, some compounds induced 
an increase in IL-10 production [1,2].

This study aimed to evaluate the in vivo effects of two selected 
compounds derived from thalidomide, namely GI-16 and SC-15, 

Abstract
Thalidomide is an immunomodulatory agent with anti-inflammatory activity, however it may also cause serious 

side effects. New compounds derived from thalidomide effective in modulating inflammatory responses and having 
an improved safety profile is being investigated. In this study, two thalidomide analogs, GI-16 and SC-15, were 
evaluated using the carrageenan-induced paw swelling and the lipopolysaccharide (LPS)-induced lung inflammation in 
mice. Acute and sub-chronic toxicity of the compounds were investigated in blood and serum samples of Wistar rats by 
measurements of hematological and biochemical parameters. Histopathological analyses were conducted to assess 
inflammatory cell infiltration in heart, liver and kidneys. Our results show that treatment with GI-16 and SC-15 reduced 
the carrageenan-induced paw edema over a 24 hour period. GI-16 and SC-15 treatments inhibited LPS-induced 
TNF-α and IL-6 in lung homogenates. In contrast, thalidomide and SC-15 enhanced IL-10 (p<0.05). Histopathological 
analysis showed reduction in LPS–induced lung inflammation after treatment with GI-16 and SC-15. Wistar rats 
treated with the compounds did not develop any clinical signs of acute or sub-chronic toxicity. No mortality 
occurred in both control and treated animals and body weight gain over time was similar in all groups. In addition, 
no significant alterations were detected in enzyme activity of aspartate aminotransferase, alanine aminotransferase 
or alkaline phosphatase, and no significant alterations were found in glucose, urea, creatinine, total cholesterol or 
triglyceride levels. GI-16 and SC-15 treatments did not modify hemoglobin, red and white blood cell count, and 
sections of liver, kidneys and heart tissues showed no pathological alterations under light microscopy. In conclusion, 
the remarkable in vivo anti-inflammatory activity and low toxicity of SC-15 and GI-16 makes them promising drug 
candidates to treat inflammatory conditions.
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characterized by their opened pthalimidic subunits, in attempt 
to obtain more effective drugs with less toxicity. Here, the anti-
inflammatory activity of GI-16 and SC-15 were evaluated in vivo 
using the carrageenan-induced paw swelling and the LPS-induced lung 
inflammation murine models. In addition, the acute and subchronic 
toxicity of these compounds on rats were investigated.

Materials and Methods
Animals

C57Bl/6 and BALB/c mice (19-25 g) and Wistar rats (250-350 g) at 
6-8 week old were obtained from Federal University of Minas Gerais, 
Belo Horizonte. Animals were kept in appropriate cages allowed free 
access to sterile chow and water. All procedures were in accordance 
with the principles of the Brazilian Code for the Use of Laboratory 
Animals and were approved by the Ethics Committee on the use of 
laboratory animals of Federal University of Juiz de Fora (N° 0162010).

Thalidomide, SC-15 and GI-16 compounds

Thalidomide was obtained in 100 mg pills from Ezequiel Dias 
foundation (Belo Horizonte, Minas Gerais, Brazil) and diluted in 
dimethylsulfoxide (DMSO) at 0.4-2 mg/mL. The final concentration 
of DMSO used was 3.96%. As previously shown the thalidomide 
analogs SC-15 and GI-16 were prepared by using very simple 
synthetic protocols and could be easily scalable for further biological 
investigations.

In this case, a simple condensation of phthalic anhydride 
and 3-nitrophthalic anhydride (10 mmol) in methanol (15 mL) 
with commercially available diamines (5 mmol), following by 
recristallyzation of the crude reaction mixture, provided the 
correponding compounds SC-15 and GI-16 in high chemical yields 
ranging from 83 to 94 % [2]. The analogs were diluted in saline 
(0.9% NaCl) at 20-50 mg/kg concentrations.The compound SC-15 
has three carbon atoms separating the pthalimidic units (spacer) 
and lacks NO2 group. In contrast, GI-16 has NO2 group and 
two carbon atoms separating the phtalimidic units (Figure 1). These 
compounds are protected by patent / INPI number 020090036089.

Carrageenan oedema

Carrageenan-induced mice paw swelling is a widely used model 
to evaluate inflammatory activity. BALB/c mice (n = 6/group) were 
intraperitoneally (i.p.) treated with one dose of thalidomide, SC-15 or 
GI-16 at 10 mg/kg or 50 mg/kg in 0.5 mL saline (0.9%). Dexamethasone 
treatment (10 mg/kg) was used as positive control due to its anti-
inflammatory activity [13]. One hour after treatment; the animals 
were injected with 30 µl of carrageenan (2.5% in saline) into the 
left footpad. The left hind paw swelling of each animal was measured 
with the help of a thickness gauge (Starret, Mass, USA). The edema 
scores were evaluated at 0, 1, 2, 3, 4, 6 and 24 hours after injection 
with carrageenan. Mice that received only saline were used as negative 
controls.

Evaluation of LPS-induced pulmonary inflammation

Fifty female C57Bl/6 were divided into five groups of 10 mice each. 
Mice were i.p. treated with one dose of thalidomide, SC-15, GI-16 
or dexamethasone (10-50 mg/kg in 0.5 mL saline). Negative controls 
were treated with saline. After one hour of treatment, each mouse was 
intraperitoneally anesthetized with ketamine (10%) and xylazine (2%) 
and injected intratracheally with LPS (10ug/0.5 mL). After 24 hours, the 
left lung of each mouse was extracted. One hundred milligrams of lung 
from each mouse was homogenized using 1 mL of 0.05% tween-20–PBS 

containing antiproteases (0.1 mM phenylmethylsulphonyl fluoride, 0.1 
mM benzethonium chloride, 10 mM ethylenediaminetetraacetic acid 
and 20 kallikrein- inhibitor-units of aprotinin A). The samples were 
then centrifuged for 10 min at 3000 rpm and the supernatants 
collected and frozen at -80°C until further use.

TNF-α, IL-6 and IL-10 in lung supernatants were measured by 
indirect standard ELISA, using commercially available antibodies 
and following the instructions supplied by the manufacturer (BD 
Biosciences Pharmingen, San Diego, CA). The reaction was stopped 
with 1M sulfuric acid and reading in a microplate reader (Spectramax 
190; Molecular Devices, Sunnyvale, CA) at 450 nm. The amount of 
cytokines was calculated from the standard curve, for the different 
concentrations of the recombinant cytokines.

Lung histopathology after LPS stimulation

The right lung of each animal was fixed by immersion in 10% 
paraformaldehyde in PBS at room temperature. The specimens were 
routinely processed for paraffin embedding and analyzed as previously 
described [14]. Cuts of 5 μm were obtained with aid of semi-automated 
microtome and were captured on common glass slides for histological 
staining with hematoxylin-eosin. The images were obtained using 
Olympus BX51 microscope (Olympus Inc., New York, NY, USA) and 
results recorded by Image Pro Plus software (Media Cybernetics, Inc., 
Warrendale, PA, USA). The inflammatory lung injury for each animal was 
evaluated using the semi- quantitative score method. The injury scores 
were evaluated in 4 graduations: 0 (normal), 1 (mild), 2 (moderate), 3 
(severe) and in four categories: interstitial inflammation (presence of tissue 
damage due to interstitial inflammation), inflammatory cell infiltration 
(infiltrates of immune cells), congestion (presence of erythrocytes in the 
analyzed area) and edema (fluid leakage in the zone analyzed). The total 
lung injury was calculated by the addition of the individual scores for each 
category [14].

Acute and sub-chronic toxicity tests

Wistar rats were divided into groups of 8-10 rats each. The acute 
toxicity test was performed with intraperitoneal (i.p.) administration 
of a single dose (20 mg/kg) of GI-16 or SC-15 in a 14 day-experiment. 
Subchronic toxicity was evaluated after administering i.p. doses (every 
two days) of SC-15 and GI-16 (20 mg/kg) for 28 days. Negative 
controls received saline or saline plus 10% DMSO. The animals were 
inspected daily (first day hourly), for general condition and clinical 
abnormalities. Individual body weight was recorded every four days. 
Food and water intakes were measured daily. At the end of the exposure 
period, the rats were sacrificed by deep anesthesia and subjected to 
hematological and biochemical analysis. In addition, liver, kidneys and 
heart of each animal were collected for histopathological analysis by 
hematoxylin and eosin staining.

Figure 1: Molecular structure of the thalidomide analogs GI-16 and SC-15.
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Biochemical and hematological analysis

Hematological parameters: hemoglobin, percentage and number 
of erythrocytes, neutrophils, monocytes, granular leukocytes, 
lymphocytes, platelets and eosinophils were measured using blood 
samples obtained by cardiac puncture. The samples were placed in 
tubes with 10% EDTA. Hematological data were obtained through of 
automated apparatus (Cobas Argos 50® – Roche Diagnostic System, 
Roche Inc., Tallahassee, FLU, USA). The biochemical tests were 
performed using serum samples from animals, collected in tubes without 
anticoagulant and centrifuged at 3000 rpm for 15 minutes. The serum 
levels of aspartate aminotransferase (AST), alanine aminotransferase 
(ALT) (kinetic ultraviolet optimized), alkaline phosphatase (AP) 
(enzymatic colorimetric assay), glucose (glucose oxidase/peroxidase), 
creatinine (Jaffe's reaction), triglycerides and cholesterol (enzymatic 
colorimetric assay), were measured by photometric quantification 
using automated apparatus (Cobas Mira Plus® - Roche Diagnostic 
System), and its reactants (Roche Inc., FLU, USA).

Histopathology of the heart, liver and kidneys

Rats were euthanized and heart, liver and kidneys were collected 
and fixed by immersion in 4% formalin for 20 hours. After dehydration 
and clearing in baths of alcohol and xylene respectively, tissue 
fragments were embedded in paraffin. Cuts of 5 μm were obtained 
with aid of semi-automated microtome and were captured on 
histological common slides by hematoxylin-eosin staining. The images 
were obtained using the Olympus BX51 microscope (Olympus Inc., 
New York, NY, USA) and results recorded by Image Pro Plus software 
(Media Cybernetics, Inc., Warrendale, PA, USA). Slide analysis 
focused on central vein and hepatic portal space (two major vascular 
structures), kidney medulla and cortex (main areas of kidney) and 
pericardium, myocardium and endocardium (major cardiac layers).

Statistical analysis

Three to six replicates of each condition were performed. Data are 
reported as mean ± standard error and were analyzed using one-way 
ANOVA and Tukey post hoc test as appropriate (Graph Pad Prism 
5.00 software Inc, San Diego, CA, USA). Statistical significance was set 
at 5% (p < 0.05).

Results
Carrageenan-induced paw swelling

Inflammatory responses to carrageenan injection involve the 

production of several inflammatory mediators such as histamine, 
prostaglandins, kinins, nitric oxide and cytokines such as TNF-α 
[15]. Figure 2 shows that treatment of mice with GI-16 or SC-15 one 
hour before carrageenan injection caused a significant reduction 
over 24 h paw edema compared to the saline control group. Both 
compounds showed reduction of carrageenan-induced swelling 
similar to thalidomide when administered at 10 mg/kg. At 50 mg/kg, 
the paw swelling inhibition was higher and similar to those observed 
with dexamethasone.

Lung inflammation and LPS-induced cytokine production

Figure 3 shows the effect of GI-16 and SC-15 treatments on LPS-
induced lung inflammation and cytokine production. Treatment with 
the compounds caused a significant reduction in TNF-α at both dose 
levels, reaching values similar to those obtained by treatment with 
thalidomide or dexamethasone. IL-6 in lung homogenates was also 
reduced to thalidomide or dexamethasone values at both doses but 
only for the GI-16 treated group. SC-15 treatment reduced IL-6 only 
at high dosage (50 mg/kg). Curiously, the lower dosage used (20 mg/
kg) reduced IL-10 in all groups in comparison to the saline control. In 
contrast, using the high dosage (50 mg/kg), IL-10 levels were increased 
after thalidomide and SC-15 treatments (Figure 3).

Lung histopathology after LPS stimulation

Lung histopathological analysis showed increased alveolar 
wall thickness, edema, congestion and inflammatory cell infiltrates 
(especially neutrophilic) in the LPS- stimulated mice (Table 1, 
Figure 4A-B). Treatment with SC-15 reduced the lung inflammatory 
response significantly only at 50 mg/kg (Figure 4F), since edema 
and moderate to severe cellular infiltration were detected at 20 mg/
kg dose (Table 1 and Figure 4E). In contrast, treatment with GI-16 
markedly attenuated the inflammatory cell infiltration and improved 
alveolar wall thickening and interstitial edema, at levels similar to 
those observed for dexamethasone and thalidomide (Table 1, Figure 
4G-H).

Acute and sub-chronic toxicity

In general, no signs of acute or subchronic toxicity were detected 
immediately or during the 14 day experiment (acute toxicity) or 
28 day experiment (subchronic toxicity). No signs of toxicity and 
no deaths were observed immediately or during the evaluation 
period. The compounds did not influence thirst, appetite or weight 
of the tested Wistar rats (data not shown). No significant variation 
in the biochemical (Suppementary Figures 1 and 2) or hematological 

Figure 2: Effect of i.p. injection of GI-16 or SC-15 on carrageenan-induced paw edema in mice. Thalidomide, SC-15 and GI-16 were administered at 10mg/kg (A) 
or 50mg/kg (B). Controls received vehicle (saline) or dexamethasone (10mg/kg). After one hour, the mice were injected with carrageenan (2.5%) and the left hind 
24 h paw swelling evaluated with the help of a thickness gauge (Starret, Mass, USA). The values represent the mean variation in the paw volume + SD (n = 6). * = 
p <0.05 versus all groups, + = p < 0.05 versus GI-16, thalidomide and dexamethasone, # p < 0.05 versus SC-15.
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parameters (Suppementary Figures 3-6) was detected in the studied 
groups. Histopathological analysis of the heart, liver and kidneys of 
GI-16 and SC-15 treated animals did not show any sign of cell damage 
or infiltrative inflammation (Supplementary Figures 7 and 8).

Discussion
The most salient findings of this work are that mice treated with 

the thalidomide analogs GI-16 and SC-15 have a significant decrease 
in carrageenan- induced paw edema and reduction in LPS–induced 
lung inflammation, showing lower levels of TNF-α and IL-6 in 
lungs. Moreover, rats administered with GI-16 and SC-15 did not 
develop any clinical signs of acute or subchronic toxicity. The robust 
anti-inflammatory activity in vivo and low toxicity of SC-15 and GI-
16 makes them very promising drug candidates for the treatment of 
inflammatory conditions.

The present results are in agreement with previous results from 
our laboratory showing that thalidomide analogs having two separated 
open pthalimidic units containing diamines as spacer have the ability 
to inhibit LPS-induced TNF-α production in J774.A1 macrophages 
as well as in human PBMC [1,2]. The differences between GI-16 
and SC-15 in controlling inflammatory cytokines may be explained 
by their structural configuration. GI-16 and SC-15 are chemically 

similar, except that GI-16 has NO2 group in its composition. It 
has been suggested that NO2 addition results in amine metabolites 
that contribute to greater anti- inflammatory action [2]. Our results 
are also in agreement with studies using thalidomide analogs 
belonging to pyridinyl-N-(alkyl) phthalimides and 4-amino-5- cyano-
2,6-diarylpyrimidine derivatives, where a significant inhibition on 
carrageenan-induced paw edema inflammation was associated with 
decreased TNF-α production [12,16]. Similar results were obtained 
using other analogs of thalidomide, N-phenyl-sulfonamide and 
phthalimide isosters N-phenyl-phthalimide amides, where lower 
neutrophil recruitment was associated with inhibiton of TNF-α [10].

It is well known that thalidomide analogs have the ability to 
control IL-6 production [1,17]. Lenalidomide, used to treat myeloma, 
showed inhibitory effect on IL-6, an important survival signal in 
bone marrow stromal cells [17]. In this study, SC-15 and GI-
16 showed significant inhibitory activity on IL-6 production. The 
mechanisms that regulate the TNF-α and IL-6 production need to be 
investigated and might involve: 1) inhibition of NF-kB activation [18], 
2) induction of apoptosis [19], 3) events involving PDE 4 inhibition 
[20], 4) binding to alpha 1-acid glycoprotein with high specificity 
[21], 5) mechanisms involving mRNA regulation [22].

Figure 3: Effect of i.p. injection of GI-16 and SC-15 on LPS-induced TNF-α, IL-6 and IL-10 in lung. Thalidomide (T), SC-15 (SC) and GI-16 (GI) were administered 
at 20mg/kg (A, B and C) or 50mg/kg (D, E, F). Controls received saline (S) or dexamethasone (DEX, 10mg/kg). One hour after treatment, the animals received 
intratracheal inoculation with LPS (200μg/ml) and, after 24 hours, TNF-α, IL-6 and IL-10 levels in left lung homogenate supernatants were measured by ELISA. The 
values represent the mean + SD (n = 6). * = p < 0.05 versus saline, # = p < 0.05 versus SC-15, += p < 0.05 versus thalidomide.

Category
Groupsa

Saline Thalidomide SC-15 GL-16 Dexa
d1 d2 d1 d2 d1 d2 d1 d2 d2

Interstitial inflammation 3b 3b 1-2 1 2-3 2 1-2 1 1
Inflammatory cell infiltration 3 3 1-2 1 2-3 2 1-2 1 1

Congestion 3 3 1-2 1 2-3 2 1-2 1 1
Oedema 3 3 1-2 1 2-3 2 1-2 1 1

Total Inflammatory score 12 12 4-8 1 8-12 2 4-8 4 4

a-C57Bl/6 mice were i.p. treated with different doses (d1=20 mg/kg and d2=50 mg/kg) of thalidomide, SC-15 and GI-16. Dexamethasone (10 mg/kg) was used as control. 
One hour after treatment, the animals were inoculated with 50 mL LPS (200 μg/ml). After 24 hours, the right lung of each animal was isolated for histological staining 
with hematoxylin-eosin.
b-Inflammatory injury score was determined as described in methodology. 

Table 1: Scores of LPS-induced lung inflammation in mice treated with thalidomide, SC-15 and GI-16.
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Interestingly, treatment with both thalidomide and SC-15 
increased IL-10 production. Corral and cols. [23] observed higher 
IL-10 production in LPS- stimulated human PBMC cultures treated 
with phtalimidic analogs. The authors have also demonstrated 
that treatment with anti-IL-10 did not modify TNF-α production, 
indicating that IL-10 was not involved in the inhibition of TNF-α. 
In contrast, treatment with thalidomide resulted in reduced production 
of IL-10 mRNAs in epithelial tissue biopsy of patients with ENL 
and in the lungs of mice infected with M. tuberculosis [24]. The 
immunomodulatory activities of thalidomide are not fully understood 
and deserve further investigations.

Treatment with GI-16 at both doses diminished pro-
inflammatory cytokines in LPS-stimulated lungs resulting in a mild 
local inflammatory infiltration and slight vascular congestion. On the 
other hand, SC-15 treatment only reduced lung inflammation when 
used at the higher dose. In agreement with our findings, thalidomide has 
been responsible to reduce the proinflammatory cytokines and favored 
the control of cellular inflammatory infiltration in lungs, causing 
clinical improvements in patients with sarcoidosis, hypersensitive 
pneumonia and idiopathic pulmonary fibrosis [25]. Treatment with 
thalidomide analogs from 2- phenoxy-phthalimide derivatives 
containing substituents on aromatic ring resulted in approximately 
60% reduction in neutrophil influx and lower TNF-α levels in lungs of 
mice challenged with LPS intranasally [11]. Treatment with compound 
SC-15 in order to control inflammation in the lungs at 20 mg/kg failed. 
Perhaps, this result might be associated with the high IL-6 levels. 
High IL-6 production, combined with increased IL-1, IL-17 and 

IL-8 release, favor the recruitment and activation of macrophages 
and neutrophils that cause inflammation and tissue damage [26]. 
Increasing the dose of SC-15 to 50 mg/kg, caused a reduction of IL-6 
production and increased IL-10 levels, while maintaining TNF-α at 
lower levels. We may speculate that the increased production of IL-
10 by thalidomide and SC-15 may be partially responsible for the 
protection from deleterious LPS effects. It is important to mention 
that the lung histopathology differences between the treatment of 
GI-16 and SC-15 might be associated with other pro-inflammatory 
mediators.

Treatment with GI-16 or SC-15 at single dose (14-day experiment) 
or on alternate days (28-day experiment) did not induce any clinical 
toxic signs in Wistar rats, immediately or during treatment. No 
morbidity or mortality of the treated animals was observed. There was 
no significant biochemical or hematological changes induced by the 
use of GI-16 or SC-15. None of the compounds caused damage, 
inflammation, or cellular/tissue changes in heart, liver and kidneys 
of the Wistar rats tested. Previous research had already pointed to a 
low incidence of toxicity and side events triggered by treatment with 
thalidomide analogs [17]. Lenalidomide and actimide have high 
ability to suppress inflammatory cytokines and strong antiangiogenic 
action, which explains its high efficacy in treatment of cancers and 
autoimmune diseases like severe rheumatoid arthritis [17]. These 
compounds were well tolerated by their users with scarcely detectable 
incidence of somnolence, neuropathy and myelosuppression over 4 
months treatment in elderly patients [17]. These studies demonstrated 
that thalidomide analogs may express recognized efficacy with lower 
side effects occurrence.

The development of thalidomide analogs also aims the prevention 
or reducing rates of teratogenesis [27]. Teratogenicity is the most 
severe side effect associated with thalidomide use [28]. The intake 
of 100 mg of thalidomide during 20 to 40 days during pregnancy 
may result in severe deformities such as phocomelia, marrow 
hypoplasia, failures in neural tube formation, bone abnormalities 
and other fetal malformations [28]. Pthalimidic groups are associated 
with thalidomide teratogenicity, which is usually due to low vascular 
formation and inhibition of enzymes such as cereblon, responsible 
for the development of fetal limbs in the first two months of pregnancy 
[4,7,28]. Lenalidomide and pomalidomide exerted teratogenic action 
in zebrafish and human cells by inhibiting protein cereblon [7,29,30]. 
Interestingly, some studies have reported that thalidomide analogs that 
exhibit removal of teratogenic chiral center, as observed in SC-15 and 
GI-16, had reduced occurrence of teratogenicity [31]. Nevertheless, 
further studies are necessary to determine whether SC-15 or GI-16 
treatment may cause birth defects.

Conclusions
The potent antiinflammatory activity in vivo and low toxicity of 

SC-15 and GI-16 thalidomide analogs makes them very promising 
antiinflammatory drug candidates. These compounds can be easily 
synthesize in large scale since they were produce by using very 
simple protocols, further studies are needed to verify its potential 
teratogenicity.
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