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ABSTRACT 
 
Long-term clinical usage of NSAIDs is associated with significant side effects of gastrointestinal lesions, bleeding, 
and nephrotoxicity. Therefore the discovery of new safer anti-inflammatory drugs represents a challenging goal for 
such a research area. The purpose of developing a QSAR model is to reduce the cost of the target designing by 
modifying the molecular structures for achieving the desired molecule with the proposed property, without 
experimental measurement. In the current study, we extend a published work that had been investigated the 
selenothiazole derivatives  as anti-inflammatory activity and  analgesic agents. In this report, One equation was 
predicted using quantitative structure activity relationship (QSAR) and regression analysis for the anti-
inflammatory activity with a regression correlation (R) close to unity(R2~0.97, R adj.>0.84). One technique was 
used to investigate the validity of this equation and collagen adjuvant arthritis model in rats (in vivo).. In the pain 
scoring, a compound 14 was found to be more effective than Meloxicam.  
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INTRODUCTION 

 
Non-steroidal anti-inflammatory drugs (NSAIDs) are among the most widely used therapeutics, primarily for the 
treatment of pain and inflammation in arthritis for decades. However, long-term clinical usage of NSAIDs are 
associated with significant side effects of gastrointestinal lesions, bleeding, and nephrotoxicity. Therefore the 
discovery of new safer anti-inflammatory drugs represents a challenging goal for such a research area [1-4]. It is 
evident from the literature that thiazole moiety is a prevalent scaffold in a number of naturally occurring and 
synthetic molecules with attractive biological activities such as antiviral, anticancer, antibacterial, antifungal, 
anticonvulsant, antiparkinsonian and anti-inflammatory activities that  is well illustrated by the large number of 
drugs in the market containing this heterocyclic moiety [5-11]  
 
In our ongoing medicinal chemistry research program we have demonstrated that thiazoloquinoxaline exhibited 
good anti-inflammatory and analgesic activities [12].On the other hand, organic compounds containing selenium are 
of considerable interest since they exhibit diverse biological activities with numerous therapeutic applications 
[13,14]. In addition, the presence of aheterocyclic ring as the organic moiety in these compounds alters their 
properties to a great extent[15]. 
 
QSAR is a mathematical relationship between a biological activity of a molecular system and its geometric and 
chemical characteristics. QSAR is used to find consistent relationship between biological activity and molecular 
properties, so that these rules can be used to evaluate the activity of new compounds. The purpose of developing a 
QSAR model is to reduce the cost of the target designing by modifying the molecular structures for achieving the 
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desired molecule with the proposed property, without experimental measurement [7]. Subsequently, an ideal QSAR 
model should be capable of accurately predicting the desired property of a newly synthesized or a hypothetical 
molecule [8]. In the current study, we applied the QSAR for prediction of newly 2-amino-5-selenothiazole 
derivatives with pounced anti-inflammatory, analgesic activities. 
 

MATERIALS AND METHODS 
 

This work is based on previous investigations of thiazoles 1-5, dexamethasone, rofecoxib and ibuprofen (Figure 1 
and Table 1). The synthesis and properties of these thiazole derivatives were reported earlier [18]. Franklina et al. 
[18] mentioned the anti-inflamatory activities for their compounds. Hence we speculated new 2-amino-5-
selenothiazole derivatives and derived the anti-inflamatory activity for our speculated ones and compared the 
calculated activity with the experimental activity for their compounds [18] and 2-amino-5-selenothiazole derivatives 
[19]. 
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Figure 1: thiazoles 1-5, dexamethasone, rofecoxib and ibuprofen as anti-inflammatory agents 
 
Quantitative Structure Activity Relationship (QSAR) 
 The physicochemical properties (descriptors) of the investigated chemical compounds obtained from Hyperchem 
version 8.1 program at the semi empirical theoretical method using PM3 method [20]. These descriptors include the 
area, volume, binding energy; heat formation, refractivity, polarizability. Multiregression statistical equation is based 
on the chemical descriptor data obtained from QSAR investigation. 
 
Semi-empirical Method 
The calculation method for commands was placed on the compute menu to semi-empirical quantum mechanics 
rather than molecular mechanics or ab initio quantum mechanics. In semiempirical method, the calculations can be 
simplified by calculating the valence  electrons only, neglecting the integrals for certain interactions using standard, 
nonoptimized, and electron orbital basis functions. [21]  
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Synthesis of 4-(5-(2-(2-(3,4-dioxo-3,4-dihydronaphthalen-1-ylamino)-4-phenylthiazol-5-yl)diselanyl)-4-
phenylthiazol-2-ylamino)naphthalene-1,2-dione (14): compound 14 was prepared according to the reported method 
[19] 
 
Pharmacological testes 
Animals 
36 Sprague-Dawley rats (200-250 g) were obtained from the animal house of Mansoura Faculty of Medicine and fed 
on a standard rat chow and water ad libitum. Animal care and experiments were performed in accordance with the 
guidelines established by the NIH Guide to the Care and Use of Laboratory Animals, NIH publication no. 86-23. 
Rats were housed under similar standard laboratory conditions. The animals were divided into two main groups 
(non-arthritic control, arthritic group). In the arthritic group, all rats had been inoculated by the reagent of Collagen-
Adjuvant arthritis into the left paw pad. Rats which developed right paw arthritic manifestations after 45 days were 
divided into four groups as follow, arthritic control, piroxicam treated groups. The compounds were given orally via 
gastric tube daily for seven days, 45 days after Collagen -Freund’s injection. This is a modified form of the previous 
models [22]. This model of Collagen–Adjuvant Arthritis [22-24] is considered to be a representative of rheumatoid 
arthritis or ankylosing spondylitis in humans. Collagen II - Freund’s adjuvant emulsion (0.1 mL) was injected 
intradermal into the left hind foot paw-pad of each rat (if no arthritis developed within 4 weeks, some of the animals 
were challenged by a second inoculation). After 45 days, the systemic arthritis developed in both hind paws [25]. 
Most of the previous tested compounds were insoluble in water. These were suspended in 0.5% sodium 
carboxymethyl cellulose [CMC]. The determined doses were injected intraperitoneally. The doses are calculated 
according to reference [26]. 
 
Measurement of joint inflammation 
Measurement of joint inflammation right ankle periarticular rheumatoid index and edema scoring 
Rheumatoid index was based on severity and extent of the erythema and edema of the periarticular tissue, and the 
enlargement, distortion or ankylosis of the joints. Its inflammation was graded from 1 to 4 [27]. Grading of 4 was 
when the joint was distorted and ankylosed, 3 when markedly enlarged, 2 when erythematous with edema, and 1 
when normal [27]. Each of the six non-arthritic, non-treated rats had a score of 1. Right paw pad thickness and joint 
scoring were measured at the 7th day after starting drug treatment (45 days after complete Freund’s adjuvant 
injection). 
 
Edema thickness 
The adjuvant induced inflammation in the contralateral paw pad (hind right paw pad) was measured by the paw 
edemameter (paw thickness). It was carried out 45 days after complete Freund's adjuvant injection [27, 28]. 
 
Pain tolerance measurement (Analgesic effect) by pain tolerance measurement right paw pad pressure tolerance 
(Analgesimeter: Ugo Basile, Italy).  
For assessment of the analgesic activity of the used drugs, pressure was applied by the analgesimeter on the rat pad 
of the right paw. The pressure was increased gradually (a certain number of grams per second until the rat either 
squeaks or tries to withdraw its limb). The force of pressure was continuously monitored by a pointer moving along 
a linear scale. Increased pressure tolerance of drug treated rats indicates analgesic activity of the administered drug 
[27, 28]. This measurement of pressure tolerance was done at the 7th day of drug treatment (45 days after complete 
Freund’s adjuvant injection). 
 
Proximal joint (right ankle) mobilization tolerance (pain scoring) 
This mobilization tolerance was graded from 1 to 4. Degree 1 corresponds to tolerance of complete flexion 90o; 
degrees 2, 3 and 4 correspond to increasing degrees of maltolerance according to a rat hind limb withdrawal, 
squeaking and when the flexion becomes painful. Degree 4 corresponds to squeaking with just initiation of flexion. 
Each of the six non-arthritic, non-treated rats had a score of 1 [27]. This measurement of mobilization tolerance was 
done at the 7th day of drug treatment (45 days after complete Freund’s adjuvant injection). 
 
Statistical analysis 
Results are expressed as mean standard error. Multiregression analysis (one way ANOVA, Newman-Keuls and F-
test) were used for correlating physicochemical descriptors to the edema inhibition through QSAR and analysis of 
the pharmacological data. Mann Whitney for average S.E was used for comparing different groups; statistical 
difference was considered significant at p-value50.05 [29]. 
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RESULTS AND DISCUSSION 
 

In this work, QSAR equation has been elaborated to select compounds containing thiazole nucleus having anti-
inflammatory, analgesic activities. Publication of Franklina et al., [18] contain database for thiazoles 1-5, 
dexamethasone, rofecoxib and ibuprofen  (Figure 1 and Table 1) in which the biological activities were monitored at 
1.0 µg/mL. The work by Franklina  et al., [18] was based on preparing the chemical compounds and treating each 
one individually in acting as non steroidal anti-inflammatory drug (NSAID). In our work, the data obtained from 
QSAR are based on the chemical structures delivered from Table 1. Such data are concerned with physicochemical 
properties (descriptors) of the investigated chemical compounds. The descriptors were obtained from hyperchem 
version 8.1 calculated programs [20] at the semiemperical theoretical method (PM3) [21]. Fruitful descriptions of 
these descriptors are gained in using multi-regression statistical calculations in winks program 4.65 [30] feeding 
with these descriptors together with the biological activities, previously measured in Table 1. 
 

Table 1: Experimental and Calculated anti-inflammatory activity in rats(% protection) by equation 1 and calculated descriptors for a: 
the compounds 1 to 5 , Dexmethasone, Ibuprofen and Rofecoxib (Figure 1):  postulated compound 6 to 16 in Figure 2 by Hyperchem 8.1 

program 
 

Compound No. 
Anti-inflammatory activity in rats (% protection)  Calculated descriptors by Hyperchem 8.1 [20] 
Calculated data equation 1 Experimental data[18] Area Volume Hydration energy log P Refractivity Polarizability 

1 79.92 83 578 968 -11.9 0.55 95.3 32.6 
2 32.54 30 586.6 1143 -8.12 0.36 124.8 42 
3 66.79 63 549 972 -15.8 0.37 96.3 32.9 
4 68.07 69 695 1468 -12.5 2.13 168 59 
5 71.22 73 386.7 939 -13.2 2.1 93 36 

Dexamethasone 86.12 85 447 851.4 -7.5 -0.03 92 30 
Ibuprofen 35.92 40 384 646 -5.5 2.36 59.5 22.2 
Rofecoxib 61.72 60 517 875 -8.2 1.95 76 29 

Postulated 6 -32.10 -- 310 560 -11.2 1.31 51.13 19 
Postulated 7 -377.42 -- 289 455 -14.1 0.38 32.05 14.7 
Postulated 8 -162.17 -- 395 780 -10 0.9 71 28 
Postulated 9 -103.50 -- 499 1014 -10.9 2.62 106.7 40.6 
Postulated 10 -206.11 -- 526 1083 -15.7 2.42 107.7 43 
Postulated 11 -319.43 -- 368.5 709 -9.8 1.16 70 27.6 
Postulated 12 -991.86 -- 629 1277 -9.6 2.02 102.4 52 
Postulated 13 -438.30 -- 512 1094 -13.1 2.17 115.4 43 

Postulated  14 25.46 -- 457 757 3.72 0.05 68.81 27 
Postulated 15  -12.26 -- 401 1000 -13.6 2.1 110.6 45 
Postulated 16 -513.77 -- 310 560 -11.2 1.31 51.13 19 

 
It is noted that the data obtained from multi-regression calculated by winks 4.65 program include equation 1 (Table 
2) used for calculating anti-inflammatory activity in rats (% protection) of the compounds in concern as well as 
focusing on the degree of the validity of the equation and the most chief descriptors affecting the biological activity 
(% protection) (Table 2). 

 
Table 2: Regression analysis reflecting the validity of the proposed equation 1 

 

Equation 
F-

Value 
P-

Value 
R 

most effective 
descriptor) 

 
Anti-inflammatory activity in rats(%protection) = -2.22Area+4.0468Volume - 0.172 Hydration 
energy +150.98log P -130.254 Refractive index+20.303 Polarizabiability -370.54 Equation (1) 

7.8 < 0.26 0.98 
area 

P<  0.001 
95% confidence 

 

*Where F, P and R are the degree of freedom, the degree of significance and regression coefficient Analgesic activity 
Such data (Table 1) are concerned with physicochemical properties (descriptors) of the investigated chemical 
compounds. These descriptors include the area, volume, hydration energy, Log P, refractive index and polarizability. 
The degree of the validity of the equation was measured via different tools. One of them is based on calculating the 
anti-inflammatory activity. The data obtained are monitored with the data in Table 1 and figure 1. One can notice a 
great coincidence between the results of Franklina et al., [18] and these calculated using our equation. From 
calculations, the most important descriptors affecting in the % protection of the chemical compound is the area 
descriptor. These facts are summarized in Table 2. 
 
In view of the aforementioned discussion and according to the facts obtained from applying Hyperchem programs, 
[20] the descriptors of eleven postulated structures [19] are examined. Such data are presented in Table (1). Taking 
into account these data and applying equation 1 (table 2) obtained from Hyperchem and winks 4.6 programs, the % 
protection of the eleven compounds are calculated.  Postulated 14 displayed good results in reduction of rheumatoid 
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index. In the edema thickness compound 14 also, displayed better results than Meloxicam.furthurmore, compound 
14 its analgesic activity is 25.1%, accordingly its preparation will be fulfilled in the Exp. part. 
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Figure 2: structure of the newly 2-amino-5-selenothiazole derivatives 

 
Table 3 : Influence of  Negative control , positive control, Meloxicam , Postulated compound 8 on Rheumatoid index, Edema thickness , 

Pain tolerance and Pain scoring in adjuvant  induced rheumatoid arthritis model in rats (M ± S.E), n number of rats=6 
 

Group Dose (mg 200 g-1) [31] Inflammation Analgesic effect 
-- -- Rheumatoid index Edema thickness Pain tolerance Pain scoring 

Negative control [SCMC] Solvent 1.0±0.00 2.3±0.22 14.33±2.02 1±0. 
Positive control [SCMC] Solvent 3.67±0.22* 5.0±0.36* 1.33±0.21* 3.67±0. 21* 

Meloxicam 0.36 2.67±0.22* 4.3±0.42* θ 3.33±0.84* 2.67±0. 21*θ 
compound14 1.45 2.3±0.42* θ 2.83±0.19 θφ 3.0±0.37* 2.33±0.21*θ 

SCMC 0.5% sodium carboxymethyl cellulose ¥ P < 0.001 vs. non-arthritic control.  Ɵ P < 0.01 vs. arthritic control.  φ  P < 0.01 vs.Meloxicam 
 

CONCLUSION 
 

It is clear from the foregoing that the compound 14 is a promising compound if future pharmacological detailed 
studies. This is consistent with what has been predictable equation 1 in this study. 
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