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Abstract

:

The research about α-methylene-γ-lactams is scarce; however, their synthesis has emerged in recent years mainly because they are isosters of α-methylene-γ-lactones. This last kind of compound is structurally most common in some natural products’ nuclei, like sesquiterpene lactones that show biological activity such as anti-inflammatory, anticancer, antibacterial, etc., effects. In this work, seven α-methylene-γ-lactams were evaluated by their inflammation and α-glucosidase inhibition. Thus, compounds 3-methylene-4-phenylpyrrolidin-2-one (1), 3-methylene-4-(p-tolyl)pyrrolidin-2-one (2), 4-(4-chlorophenyl)-3-methylenepyrrolidin-2-one (3), 4-(2-chlorophenyl)-3-methylenepyrrolidin-2-one (4), 5-ethyl-3-methylene-4-phenylpyrrolidin-2-one (5), 5-ethyl-3-methylene-4-(p-tolyl)pyrrolidin-2-one (6) and 4-(4-chlorophenyl)-5-ethyl-3-methylenepyrrolidin-2-one (7) were evaluated via in vitro α-glucosidase assay at 1 mM concentration. From this analysis, 7 exerts the best inhibitory effect on α-glucosidase compared with the vehicle, but it shows a low potency compared with the reference drug at the same dose. On the other side, inflammation edema was induced using TPA (12-O-tetradecanoylphorbol 13-acetate) on mouse ears; compounds 1–7 were tested at 10 µg/ear dose. As a result, 1, 3, and 5 show a better inhibition than indomethacin, at the same doses. This is a preliminary report about the biological activity of these new α-methylene-γ-lactams.
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1. Introduction


Diabetes is a chronic medical condition characterized by elevated levels of blood glucose. This condition results from the body’s inability to effectively regulate and utilize insulin [1]. In the world, approximately 537 million adults are living with diabetes and this number is projected to rise to 643 million by 2030. Moreover, this disease and its complications cause around 1.5 million deaths worldwide [2,3]. Among the various factors contributing to the development of diabetes, some studies have demonstrated that chronic inflammation plays a key role in the pathophysiology of this disease [4,5]. Activation of several inflammatory pathways promotes the release of pro-inflammatory cytokines, which are crucial in the development of microvascular complications [6]. Currently, there is a wide variety of pharmacological options for the management of diabetes that have intrinsic anti-inflammatory effects [7]. However, due to varying responses among individuals, a significant number of these medications are associated with poor glycemic control [8]. In addition, some of them are linked to severe hypoglycemia and an increased risk of cardiovascular diseases [9,10]. These limitations underscore the need for further research and development of new bioactive molecules to improve diabetes management.



Ongoing research into the development of new antihyperglycemic agents includes lactam compounds [11,12,13]. Lactams are cyclic amides of aliphatic amino acids and form an extensive homologous series of monomers [14]. According to the number of atoms in the ring, they are classified as α-lactams, β-lactams, γ-lactams, and δ-lactams [15]. γ-lactams substituted in different positions have been used as building blocks for the synthesis of diverse bioactive compounds, and they have been investigated for their potential therapeutic applications in various diseases, including cancer, infectious diseases, and diabetes [16,17,18]. Therefore, several compounds, natural and non-natural, with a γ-lactam core in their structure have been shown to have a broad range of biological activities, including antimicrobial, antiproliferative, and anti-inflammatory activities, highlighting the potential of γ-lactams in the development of new drugs [19].



Regarding anti-inflammatory activity, some studies have revealed that the γ-lactam core could be involved in the inhibition of tumor necrosis factor-α (TNF-α), cyclooxygenase-2 (COX-2), and nuclear factor kappa B (NF-κB), which are involved in the inflammatory response [16,17,18]. Furthermore, some compounds having a γ-lactam have been shown to inhibit the formation of advanced glycation end products (AGEs) [20]. Since TNF-α, NF-κB, and AGEs are key contributors to the development and progression of diabetes, γ-lactams could be promising bioactive molecules for diabetes management. Thus, the synthesis of substituted γ-lactams and their biological evaluations are needed to determine their effectiveness as anti-inflammatory and antihyperglycemic agents.



Herein, seven α-methylene-γ-lactams were evaluated in vivo for their anti-inflammatory activity, and in vitro for their α-glucosidase inhibitory activity. Results were correlated with in silico predictions to determine their drug-likeness properties and structure–activity relationship.




2. Results


2.1. In Silico Results


α-methylene-γ-lactams (1–7, Figure 1) were synthesized previously, and their data were reported by Hernández-Guadarrama et al. [21].



Previous reports have highlighted concerns about the low biological activity related to certain properties of α-methylene-γ-lactones, such as poor water solubility [22]. Therefore, in this study, the structures of the α-methylene-γ-lactams were constructed in the Molinspiration server to determine their SMILES notation (Table 1) and to predict their properties profile. This approach aimed to provide insights into their physicochemical characteristics and aid in understanding their potential therapeutic efficacy.



The properties profiles of α-methylene-γ-lactams are shown in Table 2. It is noteworthy that all seven lactams adhere to Lipinski’s rule of five, suggesting favorable absorption and permeability [23]. These observations underscore their potential as promising candidates for further exploration in drug development endeavors.



On the other hand, to predict the biological activity of α-methylene-γ-lactams, SMILES notations were introduced to the Pass Online free access program. This online server allows us to predict over 4000 types of biological activities, based on the structure–activity relationship analysis. Results are presented as a list of predicted biologic activities with the estimated probability “to be active” Pa or “to be inactive” Pi [24]. In the case of α-methylene-γ-lactams (1–7), biological activities with Pa>Pi were considered.



From this in silico prediction, it was found that 1–7 exhibited a Pa > Pi as anti-inflammatory and α-glucosidase inhibitors. However, all of them showed low probabilities to be active (20–31% and 13–22%, respectively). Nevertheless, it is important to note that the structure–activity relationship analysis is based on the similarity of the structure of interest to the more typical active molecules. Thus, in the case of molecules with less similarity to current anti-inflammatory or α-glucosidase inhibitors, as is the case with α-methylene-γ-lactams, there is no direct correlation between the values of Pa and the quantitative biological activity, and the chances of finding high Pa values are minimal (Table 3).



On the other hand, according to the in silico predictions, compounds 1–7 act as agonists of anti-inflammatory interleukins, such as IL-10, as well as antagonists of pro-inflammatory cytokines like IL-1α and IL-6 (Table 4). It is observed that all seven compounds are agonists of IL-10 with probabilities ranging from 18.9 to 27.9%. In addition, they are the antagonist of IL-1α with probabilities ranging from 8.5 to 10%. Also, lactams 4, 5, 6, and 7 are antagonists of IL-6 with probabilities of 19–25.8%. Although their probability of being active as agonists or antagonists of these interleukins is low, it is important to note that their probability of being inactive is lower. Thus, taken together, these predictions allow us to suggest that the assayed α-methylene-γ-lactams could exert anti-inflammatory activity through the regulation of pro-inflammatory and anti-inflammatory cytokines.



Additionally, as is observed in Table 5, compounds 1–7 have an important affinity to several nicotinic acetylcholine receptors (nAChRs) subunits. On the nAChRs, the seven α-methylene-γ-lactams exhibited the highest probability of being active. The seven compounds are antagonists of the α2β2 subunit with probabilities of 65.2–87.1%. Additionally, compounds 1, 2, 4, 5, and 7 are antagonists of the α6β3β4α5 subunit, with probabilities between 66 and 78%. On the α6 subunit, compounds 1, 3, 4, and 5 exhibited probabilities of 13.5–48.6% to be agonists, while compound 2 showed a probability of 39.8% to be an antagonist. Also, compounds 1–4 could act on the α3β4 subunit as agonists, with probabilities between 21.3 and 45%. On the α4β4 subunit, only compounds 1 and 3 could act as antagonists, with probabilities of 37.5% and 28.8%, respectively, while compounds 4, 5, and 6 could act as agonists of this subunit, with probabilities between 36 and 42.5%. Additionally, compounds 4, 5, and 6 are antagonists of the α4β2 subunit, with probabilities between 19 and 26.9%, and compounds 1 and 2 are agonists, with probabilities of 4.5 and 4.5%. Finally, lactams 1, 5, and 6 are antagonists of the α7 subunit, with probabilities between 6.6 and 7.6%, while lactam 6 is an agonist of this subunit with a probability of 6%.



Some of these subunits could regulate the inflammatory response through several mechanisms. Thus, given the probabilities of the biological activities of these α-methylene-γ-lactams, it is possible to suggest that they could exert anti-inflammatory activity by the regulation of interleukins through several targets, possibly the nAChRs. However, to determine these pharmacological effects, it is necessary to carry out in vivo and/or in vitro assays.




2.2. Anti-Inflammatory Activity


As a result of this assay (Figure 2), compound 3 (32.42 ± 5.97%) exhibited the highest efficacy in inhibiting ear edema, surpassing even the effect of indomethacin (31.90 ± 0.06%). Following closely, compounds 5 (28.73 ± 1.71%) and 1 (24.1.11%) exhibited a moderate effect on edema inhibition. Conversely, compounds 2 (24.81 ± 7.56%), 4 (10.05 ± 1.06%), 6 (8.67 ± 0.79%), and 7 (17.45 ± 5.21%) exhibited lower efficacy. These results highlight the significant impact of substituents in the γ-lactam core concerning biological activity.




2.3. α-Glucosidase Inhibition


Results from the in vitro α-glucosidase inhibition assay (Figure 3) suggest that all seven lactams moderately inhibit the enzymatic activity; however, their efficacy is lower compared with acarbose (87.98 ± 1.86%). Compound 7 exhibited the highest inhibitory activity (50.68 ± 1.67%), followed by 5 (38.88 ± 1.61%), 6 (36.36 ± 1.21%), and 1 (33.91 ± 0.73%). On the other side, compounds 2 (28.80 ± 2.41%) and 4 (29.37 ± 2.88%) exhibited the lowest inhibitory effect. These findings highlight the potential of these compounds as α-glucosidase inhibitors, albeit with varying degrees of efficacy, underscoring the importance of further investigations into their therapeutic applications.





3. Discussion


Diabetes represents one of the leading causes of death worldwide, with an estimated prevalence of 9.3%. Hence, it is imperative to develop novel antidiabetic agents to improve the management of this disease and mitigate its complications [25]. Given the pivotal role of inflammatory response in the development of this disease [26,27], numerous anti-inflammatory molecules have been proposed as potential antidiabetic agents [28,29,30]. Among these, γ-lactams are regarded as crucial heterocycles in medicinal chemistry due to their diverse range of biological activities. Currently, several drugs are γ-lactams derivatives, including doxapram, rolipram, and racetams [31,32]. Some studies have demonstrated their anti-inflammatory properties associated with the suppression of pro-inflammatory cytokines through different mechanisms [33,34,35,36]. α-methylene-γ-lactams are a subclass of γ-lactams that have shown potential as anti-inflammatory agents [37]. However, the development of these kinds of compounds as therapeutic agents may face challenges such as limited understanding of their biological activities, limited bioavailability, and limited in vivo and in vitro studies [38,39,40,41,42]. For this reason, further research is needed to address these challenges and determine the potential therapeutic of α-methylene-γ-lactams. In this work, seven α-methylene-γ-lactams (1–7) previously synthesized [21] were analyzed to explore their therapeutic potential.



Property profiles of these seven lactams suggest that they might have good solubility, ensuring adequate bioavailability. Furthermore, from the in silico predictions, compounds 5 and 6 showed the highest Pa as anti-inflammatory agents, while compounds 5 and 7 exhibited the highest Pa as α-glucosidase inhibitors. These three compounds have an ethyl group as a substituent in position 5 of the α-methylene-γ-lactams, while 7 has an electron-withdrawing group as an additional substituent in the para position, suggesting that these substituent groups are important for the biological activity. Thus, they were assayed in vivo and in vitro to determine their anti-inflammatory and α-glucosidase inhibitory activities.



As a result of the anti-inflammatory activity evaluation, compounds 3 and 5 exhibited the highest efficacy inhibiting ear edema, showing a behavior like indomethacin, which is an indole-based non-steroidal anti-inflammatory drug, thereby exhibiting structural similarities with the lactams assayed in this research.



Despite the structural similarities between all the assayed compounds, the position of the substituents could be key in the anti-inflammatory response. Several studies have demonstrated that the substitution with chloro (Cl), fluoro (F), methoxy (-OCH3), and methyl (-CH3) groups at the para position of the N-benzoyl group increases the anti-inflammatory activity. Additionally, the substitution in the pyrrolidine ring is important for biological activity [43]. Thus, the effect of 3 could be related to the electron-withdrawing (Cl) group in the para position in the aromatic ring, while the ethyl group in position 5 of compound 5 could play an important role in the interactions of this compound with targets for inflammation.



The inflammatory response induced by TPA in mouse ears involves the activation of several pathways; thus, it is difficult to predict any possible mechanisms of action for the anti-inflammatory response of these α-methylene-γ-lactams. For this reason, they were analyzed in silico. As a result, the seven lactams assayed could act as agonists of IL-10 as well as antagonists of IL-1α and IL-6 (Table 4). IL-10 regulates immune response and maintains cell homeostasis through the Jak1/Tyk2 and STAT3 signaling pathways and is considered an anti-inflammatory cytokine. Thus, the agonism of lactams on IL-10 could potentiate its anti-inflammatory activity [44]. On the contrary, IL-1α and IL-6 are pro-inflammatory cytokines; thus, their deregulation might increase the inflammatory response [45,46]. Therefore, the antagonism of the lactams on these cytokines could regulate the inflammatory response. Both effects on these cytokines could be related to the anti-inflammatory response observed in vivo.



Interestingly, these compounds exhibited a stronger affinity for some subunits of nAChRs (Table 5). These receptors have been found to play a role in the inflammatory response. Some studies have demonstrated that human T cells, monocytes, and macrophages express ACh-gated ion channels comprising several nAChRs subunits, including α2, α3, α4, and α7. For the inflammatory response, the TPA is recognized by pattern recognition receptors, like Toll-like receptors (TLRs), inducing the expression and release of several pro-inflammatory cytokines. The release of pro-inflammatory cytokines is often ATP-dependent. Thus, the activation of the ATP receptor mediates the inflammation. Several investigations have demonstrated that the activation by agonists of nAChRs subunits could inhibit the ATP receptors, downregulating the inflammatory response. However, other studies have documented that administration of phorbol ester increases the expression of some nAChRs subunits, promoting the release of pro-inflammatory cytokines and, thereby, increasing the inflammatory response [47]. Furthermore, several investigations have shown that the absence of the α7 subunit of nAChRs leads to metabolic disorders in mice and affects insulin release and response [48,49,50,51]. These findings suggest the agonist and antagonist effect of the nAChRs as a potential target of the α-methylene-γ-lactams assayed in this work.



However, since these receptors are implicated in several disorders, it is important to carry out more evaluations to explore new therapeutic activities. This study initiates a preliminary investigation on anti-inflammatory and α-glucosidase inhibitory activities, and the role of these receptors in inflammation pathophysiology and possibly in diabetes, one of the leading causes of death worldwide.



Since the seven α-methylene-γ-lactams showed probabilities to inhibit α-glucosidase enzymes in silico, an in vitro assay was performed. α-glucosidases are hydrolase enzymes that convert complex non-absorbable carbohydrates into simple absorbable carbohydrates, such as glucose [52]. Thus, inhibition of these enzymes is a target for diabetes management, since it delays carbohydrate absorption and reduces the rise in postprandial blood glucose concentration [53].



In the in vitro evaluation, compound 7 exhibited the most pronounced inhibitory activity, followed by compound 5. Although their effectiveness was lower than that of acarbose, the results suggest that an ethyl substituent at the alpha position to the nitrogen as well as an electron-withdrawing group at position 4 in the aromatic ring led to enhanced inhibition compared to the electron-donating group at the same position. These findings align with the previous literature on the design of α-glucosidase inhibitors, which often involves mimicking the substrate conformation, as is the case of acarbose, and/or the positively charged transition state [54]. In this case, α-methylene-γ-lactams are positively charged due to the nitrogen atom; however, nitrogen substituents are not configurationally stable. Some studies propose that introducing a carbon chain substituent to a position adjacent to the nitrogen may stabilize the configuration and increase the α-glucosidase inhibitory activity [55].



In summary, results from this research suggest that compounds 3, 5, and 7 could be promising agents for the management of diabetes and inflammation. However, all compounds were assayed as a stereoisomers mixture, and their purification was not possible by conventional techniques. Thus, this is a preliminary study to determine the possible activity of α-methylene-γ-lactams, and the findings indicate that some of them are active in the targets assayed. So, the next aim will be the synthesis of these kinds of compounds as enantiomerically and diastereomerically pure and experiments modifying the substituents at the α position of nitrogen.




4. Materials and Methods


4.1. Reagents


α-methylene-γ-lactams were previously synthesized [21]. The drugs ampicillin, acarbose, and indomethacin for the in vitro and in vivo assays were purchased from local distributors. Dimethyl sulfoxide, monosodium and disodium phosphate, as well as corn starch were products from Sigma-Aldrich (Toluca, Mexico). A glucose oxidase kit was obtained from SpinReact (Naucalpan, Mexico).




4.2. Animals


Male CD-1 mice (28–30 g) and male Wistar rats (200–250 g) were acquired with prior approval from the Committee for the Care and Use of Laboratory Animals (CCUAL) at the Facultad de Medicina in the Universidad Autónoma del Estado de Morelos. They were housed under standard laboratory conditions, according to the Official Mexican Rules (NOM-062-ZOO-1999) [56].




4.3. In Silico Predictions


Structures of a-methylene-g-lactams (1–7), previously synthesized by Hernández-Guadarrama et al. [21], are shown in Figure 1. Structures were constructed in the Molinspiration web server [57] to obtain their SMILES notation (Table 1) and properties profiles (Table 2). SMILES notation of each compound was submitted to the Pass Online [24] server to predict their biological activities.




4.4. In Vivo Anti-Inflammatory Assay


Anti-inflammatory activity was determined on the in vivo model of TPA-induced ear edema in mice [58]. Indomethacin was used as a reference drug. Compounds and indomethacin were assayed at 10 µg/ear dose and dissolved in an aqueous solution of DMSO (10%). Briefly, male CD-1 mice were grouped into nine groups (n = 5) and then anesthetized with pentobarbital sodium (0.1 UI/g). Anesthetized animals were topically administered with 10 µL of a TPA solution on both sides of the right ear. Ten minutes later, test samples were applied to the same ear. On the other side, the left ear was treated with the vehicle. Four hours after treatments, mice were sacrificed and a circumference of 6 mm diameter from both ears was obtained. The weight of auricular cuts was obtained to determine the inhibition percent of auricular edema.




4.5. In Vitro α-Glucosidase Inhibitory Activity


Compounds 1–7 were assayed in vitro to determine their α-glucosidase inhibitory activity, as previously described [59]. Briefly, Wistar rats were sacrificed by cervical dislocation to obtain the small intestine, which was flushed several times using a solution of NaCl (0.9%) and ampicillin. Consequently, a longitudinal incision was performed, and the intestinal mucosa was obtained and homogenized in an ice bath. The enzymatic activity was measured using corn starch (12.5 mg/mL) as a substrate. Acarbose was used as a reference drug. Test samples and acarbose were assayed at a concentration of 1 mM and dissolved in DMSO (30%). Initially, 125 µL of substrate, 35 µL of phosphate buffer at pH = 7, and 25 µL of test samples were added to a tube. The reactions (n = 6) were initiated by the addition of 50 µL of enzyme and were incubated at 37 °C for 10 min. Reactions were stopped by the addition of 2 µL acarbose and reserved in an ice bath. Quantification of free glucose was performed using a commercial glucose oxidase kit, following the manufacturer’s instructions. Finally, absorbance was measured at a 505 nm long wave.




4.6. Statistical Analysis


Data obtained in both experiments were analyzed in GraphPad Prism, Version 5.01. One-way ANOVA for the variance analysis followed by Dunnett’s test were performed to compare treatments vs. control. p < 0.05 were considered statistically significant.





5. Conclusions


The α-methylene-γ-lactams assessed in this research have promising physicochemical properties, as well as moderate anti-inflammatory and α-glucosidase inhibitory activities. In silico analysis provides a valuable starting point in the determination of the mechanisms of action. Thus, these structures could be useful in the development of new antidiabetic and anti-inflammatory drugs. Additionally, experimental assays on nAChRs are needed to explore different promising pharmacological activities. These multifaceted investigations serve to elucidate the comprehensive therapeutic potential of α-methylene-γ-lactams, highlighting their potential for their future applications in medical research and drug development endeavors.
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Figure 1. α-methylene-γ-lactams tested as α-glucosidases and inflammation inhibitors. 
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Figure 2. Percentage of edema inhibition of 1 (24.81 ± 1.11%), 2 (24.81 ± 7.56%), 3 (32.42 ± 5.97%), 4 (10.05 ± 1.06%), 5 (28.73 ± 1.71%), 6 (8.67 ± 0.79%), 7 (17.45 ± 5.21%), and Indomethacin (31.90 ± 0.06%). Dose: 10 µg/ear. Each group represents the mean ± SEM of n = 5, *** p < 0.05 vs. vehicle. 






Figure 2. Percentage of edema inhibition of 1 (24.81 ± 1.11%), 2 (24.81 ± 7.56%), 3 (32.42 ± 5.97%), 4 (10.05 ± 1.06%), 5 (28.73 ± 1.71%), 6 (8.67 ± 0.79%), 7 (17.45 ± 5.21%), and Indomethacin (31.90 ± 0.06%). Dose: 10 µg/ear. Each group represents the mean ± SEM of n = 5, *** p < 0.05 vs. vehicle.
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Figure 3. Inhibitory activity of 1 (33.91 ± 0.73%), 2 (28.80 ± 2.41%), 3 (30.31 ± 1.13%), 4 (29.37 ± 2.88%), 5 (38.88 ± 1.61%), 6 (36.36 ± 1.21%), 7 (50.68 ± 1.67%), and Acarbose (87.98 ± 1.86%) [1 mM] on α-glucosidase activity. Each group represents the mean ± SEM of n = 6, *** p < 0.05 vs. vehicle. 
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Table 1. SMILES notation of synthesized α-methylene-γ-lactams.
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	Compound
	SMILES





	1
	C=C1C(=O)NCC1c2ccccc2



	2
	C=C1C(=O)NCC1c2ccc(C)cc2



	3
	C=C1C(=O)NCC1c2ccc(Cl)cc2



	4
	C=C1C(=O)NCC1c2ccccc2Cl



	5
	C=C1C(=O)NC(CC)C1c2ccccc2



	6
	C=C1C(=O)NC(CC)C1c2ccc(C)cc2



	7
	C=C1C(=O)NC(CC)C1c2ccc(Cl)cc2










 





Table 2. Properties profile of α-methylene-γ-lactams.
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α-Methylene-γ-lactams






	
Data

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
MiLogP

	
1.93

	
2.38

	
2.61

	
2.09

	
2.80

	
3.24

	
3.47




	
TPSA

	
29.10

	
29.10

	
29.10

	
29.10

	
29.10

	
29.10

	
29.10




	
Natoms

	
13

	
14

	
14

	
14

	
15

	
16

	
16




	
MW

	
173.22

	
187.24

	
207.66

	
207.66

	
201.27

	
215.30

	
235.71




	
Volume

	
165.95

	
182.51

	
179.48

	
179.48

	
199.34

	
215.90

	
212.87




	
nON

	
2

	
2

	
2

	
2

	
2

	
2

	
2




	
nOHNH

	
1

	
1

	
1

	
1

	
1

	
1

	
1








MiLogP: octanol/water partition coefficient; TPSA: Topological Polar Surface Area; Natoms: number of atoms; MW: molecular weight; Volume: molecular volume; nON: H-bond acceptors; nOHNH: H-bond donors.













 





Table 3. Predicted anti-inflammatory activity and inhibition of α-glucosidase spectrum of α-methylene-γ-lactams 1–7 with Pass Online.
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α-Methylene-γ-lactams






	

	
Anti-Inflammatory




	
Data

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
(Pa) (%)

	
25.0

	
-

	
20.0

	
16.0

	
31.0

	
32.0

	
16.0




	
(Pi) (%)

	
11.0

	
-

	
18.0

	
13.0

	
15.0

	
14.0

	
13.0




	

	
Inhibition of α-glucosidase




	
(Pa) (%)

	
6.8

	
16.0

	
11.0

	
13.0

	
21.0

	
13.0

	
17.0




	
(Pi) (%)

	
6.6

	
11.0

	
7.0

	
11.0

	
7.0

	
12.0

	
10.0








Pa: Probability to be active; Pi: Probability to be inactive.













 





Table 4. Predicted activity spectrum of α-methylene-γ-lactams on interleukins with Pass Online.
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Receptor

	
Compound

	
Specificity

	
Pa (%)

	
Pi (%)






	
Interleukin 10

	
1

	
Agonist

	
27.9

	
2.4




	
2

	
Agonist

	
24.4

	
4.6




	
3

	
Agonist

	
22.0

	
6.9




	
4

	
Agonist

	
24.7

	
4.3




	
5

	
Agonist

	
24.9

	
4.2




	
6

	
Agonist

	
21.0

	
8.0




	
7

	
Agonist

	
18.9

	
10.8




	
Interkeukin-1α

	
1

	
Antagonist

	
8.5

	
5.6




	
2

	
Antagonist

	
8.6

	
5.3




	
3

	
Antagonist

	
9.9

	
2.8




	
4

	
Antagonist

	
8.9

	
4.6




	
5

	
Antagonist

	
8.6

	
5.4




	
6

	
Antagonist

	
8.5

	
5.6




	
7

	
Antagonist

	
10.0

	
2.6




	
Interleukin 6

	
1

	
-

	
-

	
-




	
2

	
-

	
-

	
-




	
3

	
-

	
-

	
-




	
4

	
Antagonist

	
19.9

	
8.1




	
5

	
Antagonist

	
24.3

	
4.3




	
6

	
Antagonist

	
25.0

	
3.9




	
7

	
Antagonist

	
25.8

	
3.4











 





Table 5. Predicted activity spectrum of α-methylene-γ-lactams on nicotinic acetylcholine receptors with Pass Online.
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Receptor

	
Compound

	
Specificity

	
Pa

	
Pi






	
Nicotinic α2β2

	
1

	
Antagonist

	
87.1

	
0.4




	
2

	
Antagonist

	
77.2

	
1.4




	
3

	
Antagonist

	
78.8

	
1.1




	
4

	
Antagonist

	
79.2

	
1.1




	
5

	
Antagonist

	
79.5

	
1.1




	
6

	
Antagonist

	
67.4

	
3.2




	
7

	
Antagonist

	
65.2

	
3.7




	
Nicotinic α6β3β4α5

	
1

	
Antagonist

	
78.0

	
1.5




	
2

	
Antagonist

	
66.0

	
4.7




	
3

	
-

	
-

	
-




	
4

	
Antagonist

	
67.3

	
4.3




	
5

	
Antagonist

	
75.6

	
2.0




	
6

	
-

	
-

	
-




	
7

	
Antagonist

	
64.5

	
5.3




	
Nicotinic α6

	
1

	
Agonist

	
48.6

	
0.3




	
2

	
Antagonist

	
39.8

	
0.5




	
3

	
Agonist

	
37.3

	
0.5




	
4

	
Agonist

	
36.9

	
0.5




	
5

	
Agonist

	
13.5

	
7.3




	
6

	
-

	
-

	
-




	
7

	
-

	
-

	
-




	
Nicotinic α3β4

	
1

	
Agonist

	
23.8

	
0.7




	
2

	
Agonist

	
21.3

	
1.0




	
3

	
Agonist

	
45.0

	
11.1




	
4

	
Agonist

	
22.1

	
0.9




	
5

	
-

	
-

	
-




	
6

	
-

	
-

	
-




	
7

	
-

	
-

	




	
Nicotinic α4β4

	
1

	
Agonist

	
37.5

	
17.8




	
2

	
-

	
-

	
-




	
3

	
Antagonist

	
28.8

	
2.6




	
4

	
Agonist

	
42.5

	
13.0




	
5

	
Agonist

	
42.3

	
13.2




	
6

	
Agonist

	
36.0

	
19.5




	
7

	
-

	
-

	
-




	
Nicotinic α4β2

	
1

	
Agonist

	
4.6

	
1.4




	
2

	
Agonist

	
4.5

	
1.5




	
3

	
-

	
-

	
-




	
4

	
Antagonist

	
26.9

	
3.2




	
5

	
Antagonist

	
22.1

	
5.4




	
6

	
Antagonist

	
19.0

	
7.8




	
7

	
-

	
-

	
-




	
Nicotinic α7

	
1

	
Antagonist

	
6.7

	
5.0




	
2

	
Agonist

	
6.0

	
5.7




	
3

	
-

	
-

	
-




	
4

	
-

	
-

	
-




	
5

	
Antagonist

	
7.6

	
4.2




	
6

	
Antagonist

	
6.6

	
5.1




	
7

	
-

	
-

	
-
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