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Abstract. Caenorhabditis elegans (C. elegans) is commonly used to screen plant extracts and purified 
compounds for their biological activity. The bioactivity of these compounds can be better elucidated if 
their bioavailability in the nematode is well understood. However, there are no established reference 
values for evaluating the Absorption, Distribution, Metabolic, Excretion, and Toxicity (ADMET) properties 
in C. elegans. Hence, this study evaluated nine physicochemical properties to establish a reference value 
for potential lead compounds in C. elegans. A total of 500 compounds previously used in C. elegans, 
which exhibited anticancer, antimicrobial, antifungal, and anti-neurodegenerative properties were 

investigated. The collected data were pooled to get the mean ±SE. The predicted reference values were 
compared with the existing parameters in evaluating the bioavailability of lead compounds in humans, 
namely Lipinski's Rule of Five (RO5), Ghose Filter Rule, Veber's Rule, and Rule of Three (RO3). The 
predicted ranges for the various physicochemical properties are the following: molecular weight (58.08 to 
781 g mol-1), MlogP (-4.47 to 6.92), H bond donor (0 to 8), H bond acceptor (0 to 17), WlogP (-3.54 to 
8.02), number of atoms (4 to 53), rotatable bonds (0 to 12), PSA (0 to 270.86 Å). Overall, the predicted 
ranges of the physicochemical properties of the bioactive compounds used in C. elegans exceeded the 
existing reference values of the different parameters used in humans. However, the 500 compounds, on 
average, follow most of these rules, except RO3. These findings suggest that some compounds, which 
may have high bioavailability in C. elegans, may not be demonstrated in humans. Thus, these findings 
warrant further investigations. 
Key Words: ADMET, anticancer, antifungal, antimicrobial, Caenorhabditis elegans, neurodegenerative 
diseases. 

 

 

Introduction. For decades, Caenorhabditis elegans have been used as a model 

organism to decipher evolutionarily conserved pathways and processes associated with 

human diseases. C. elegans, as an inexpensive and straightforward disease model, was 

revealed to have 83% of the protein-coding genes homologous in humans (Burns et al 

2010). Its complete genome sequence was also identified, and gene functions have been 

determined using numerous mutant phenotypes (Burns et al 2010). These instances add 

to the versatility of this organism, evident by the increasing involvement in various 

molecular studies on neurodegeneration, anticancer, antifungal, and anti-parasitic. 

Approaches in drug discovery have become widespread due to the impact of 

increasing drug screening tools. C. elegans as a model in the initial screening of bioactive 

compounds better elucidates metabolic pathways and toxicity due to its mutant 

phenotypes (Carretero et al 2017). Additionally, these compounds necessitate absorption 

in the gut and diffusion to their target tissues for them to demonstrate a therapeutic 

effect (Kaletta & Hengartner 2006). There are characteristics of C. elegans that hinder 

the absorption and distribution of the compounds due to its physical and enzymatic 
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xenobiotic defenses (Burns et al 2010). Its four-layered cuticle acts as a selective barrier 

for water-soluble compounds during uptake in the intestinal lumen (Carretero et al 

2017). 

In drug design, the bioavailability of the compounds remains a challenge in 

predicting their pharmacological effect. It must conform to the pharmacokinetic 

parameters characterized by absorption, distribution, metabolism, excretion, and toxicity 

(ADMET) (Pressman et al 2017). Bioavailability remains an essential part of the 

pharmacokinetic parameter, because it predicts the amount of substance absorbed in the 

gastrointestinal tract and to the systemic circulation before reaching the target site to 

exert its biological effect (Rein et al 2013). Its physicochemical properties predict the 

bioavailability of the compounds used in humans. 

 The nine physicochemical properties that are used in evaluating the bioavailability 

of compounds are molecular weight, octanol-water partition coefficient (MlogP), hydrogen 

bond donor (H-bond donor), hydrogen bond acceptor (H-bond acceptor), atom-based 

calculation of partition coefficient (WlogP), molar refractivity, number of atoms, rotatable 

bonds, and polar surface area (PSA) (Nas 2020a). These physicochemical properties 

serve as a guide in predicting the drug-likeness of a compound.  

Lipinski's Rule of Five (RO5) is the most well-adapted parameter to assess 

permeability and solubility (Ghose et al 1999). According to RO5, lead compounds should 

have the following desired values: molecular weight (≤500 g mol-1), MlogP (≤4.15), H-

bond donor (≤5), and H-bond acceptor (≤10) (Nas 2020a). Compounds that failed to 

satisfy the two desired values may have low absorption and permeation, indicating poor 

oral bioavailability (Pollastri 2010). Moreover, permeability pertains to the ability of a 

drug to cross intestinal epithelium, whereas solubility pertains to the drug's entry into the 

systemic circulation (Chandrasekaran et al 2018). 

The Ghose Filter rule is also a suitable parameter in considering if a compound 

shows drug-likeness. Ghose suggested a lower range of molecular weight (160-480 g 

mol-1), WlogP (-0.4 - 5.6), molar refractivity (40-130), and the number of atoms (20-70) 

(Desalermos et al 2011). The molar refractivity affects the volume of the compound, 

which in effect influences the London dispersive forces during its binding on a particular 

protein residue (Ghose et al 1999). 

Veber's rule questioned the usual parameter set in molecular weight (≤500 g   

mol-1) because it is not relevant enough to isolate the compounds with poor 

bioavailability. Hence, Veber's rule suggests that the number of rotatable bonds (≤10) 

and PSA (≤140) are more determinant in predicting the oral bioavailability of compounds 

(Veber et al 2002). Rotatable bonds are demonstrated by the molecule's flexibility (Veber 

et al 2002). This molecular flexibility is an essential quality because it is involved in 

facilitating molecules to easily transverse a membrane (Pajouhesh & Lenz 2005). On the 

other hand, PSA is the total H-bond count of a molecule. It affects the permeation rate in 

the membrane; thus, with a low PSA, permeation rate increases, which is also considered 

a desirable parameter for the bioavailability of the compounds. 

The RO3 was recently established because of the innovative approach in 

constructing the drug-size compound libraries. This novel approach is called fragment-

based discovery, wherein the hit compounds must adhere to the parameters set by the 

RO3, such as MlogP (≤3), molecular weight (<300), H-bond donor (≤3), H-bond acceptor 

(≤3), and rotatable bonds (≤3). Moreover, this rule helps create fragment libraries to 

discover efficient lead compounds (Congreve et al 2003). Lead compounds have a small 

molecular weight and less complex properties (Lipinski et al 1997). Hence, reduced 

complexity of compounds is a typical basis for discovering drugs (Holden-Dye & Walker 

2014). 

Zebrafish (Danio rerio) is a well-established model organism because of their 

evolutionary genetic similarities to humans (Desalermos et al 2011). A previous study 

raised questions about the physiological and genetic differences between fish and 

mammals. About 700 compounds were assessed and revealed to have an average 

molecular weight, number of H bond donor, H bond acceptor, number of rotatable bonds, 

and PSA lower than two reference drug sets (Desalermos et al 2011). Conversely, the 

average logP values of the compounds used in D. rerio is significantly higher than the two 
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drug groups, denoting a more lipophilic nature (Desalermos et al 2011). Overall, it shows 

that zebrafish absorbed molecules likely to be more lipophilic. The physicochemical 

properties of this species fall within the narrow range of values compared to the known 

drugs (Lagorce et al 2017). Zebrafish can be evaluated using multiple parameters, such 

as the biological effects, permeability, and toxicity. The use of the standardized ADMET 

properties in zebrafish reveals the oral bioavailability of other freshwater and marine 

organisms (Nas 2020b). 

The ease of handling and low-cost maintenance of C. elegans makes it more 

advantageous than the zebrafish. It also has a high brooding rate, short reproductive 

span, and short lifespan, which helps understand the molecular mechanisms of 

lengthening fertility and longevity of compounds. This nematode is also an effective 

model for this study because of its short life span. The genetic tractability in this 

nematode makes it easier to conduct forward and reverse genetic screenings to study 

various molecular pathways, such as aging, cancer, and neurodegenerative diseases (Nas 

et al 2019). 

This study evaluates the physicochemical properties of 500 compounds used in C. 

elegans and benchmarks their ADMET properties to establish a bioavailability prediction 

parameter in this model organism. 

 

Material and Method. We retrieved 500 compounds from different studies using C. 

elegans. The keywords that we used in searching research articles include the following: 

"ANTICANCER” and “CAENORHABDITIS ELEGANS" or "ANTIFUNGAL” and 

“CAENORHABDITIS ELEGANS", or "ANTIMICROBIAL” and “CAENORHABDITIS ELEGANS" 

or "NEURODEGENERATION” and “CAENORHABDITIS ELEGANS" or "NEUROPROTECTION” 

and “CAENORHABDITIS ELEGANS" or "PARKINSON’S” and “CAENORHABDITIS ELEGANS" 

or "ALZHEIMER'S” and “CAENORHABDITIS ELEGANS". We used different indexing 

platforms, namely Google Scholar, Mendeley, Research Gate, Science Direct, and PubMed 

to gather these articles. After compiling the compounds, only those with available 3D 

structures in PubChem were used.   

The compounds used in this study were assessed based on the physicochemical 

properties, namely molecular weight, MlogP, H-bond donor, H-bond acceptor, WlogP, 

molar refractivity, number of atoms, rotatable bonds, and PSA. We retrieved the values 

of each physicochemical property from SwissADME (http://www.swissadme.ch/). Under 

the RO5, the physicochemical properties are molecular weight, MlogP, H-bond donor, and 

acceptor. In comparison, the physicochemical properties evaluated in the Ghose filter are 

WlogP, molar refractivity, molar weight, and the number of atoms. Moreover, in Veber's 

rule, rotatable bonds and PSA are physicochemical properties. Furthermore, the RO3 

parameters are MLlogP, molecular weight, rotatable bonds, H-bond donor, and H-bond 

acceptor. 

The compounds were evaluated by classifying them based on different categories 

such as anticancer, antifungal, antimicrobial, and neurodegenerative. Under these 

classifications, we also computed their respective mean values for each physicochemical 

property. Also, we determined the outliers in each category through box and whisker 

plots. We transformed the data set to have a homogenous and normally distributed 

adjusted mean value per classification and overall compounds. We tested the adjusted 

data set for homogeneity and normality using Levene's test and Shapiro-Wilk test, 

respectively. Data found to be both homogenous and normally distributed were further 

evaluated with a one-way analysis of variance (ANOVA) using Tukey's test for post-hoc 

analysis. The level of significance was set at p<0.05. The processing of data was carried 

out using Statistical Package for the Social Sciences (SPSS) v. 17.0 and Microsoft Excel 

365. 

 

Results and Discussion 

 

General overview of the physicochemical properties of the 500 compounds. 

Figure 1 shows the general classification of compounds used in C. elegans. Out of the 

500 compounds examined, neurodegenerative-associated drugs have the highest count 



ABAH Bioflux, 2021, Volume 13, Issue 2. 

http://www.abah.bioflux.com.ro/ 61 

with 198 compounds, followed by antimicrobial with 150 compounds identified. The 

anticancer and antifungal have only 96 and 56 counts, respectively. Overall, the figure 

indicates that several compounds screened in C. elegans were used against 

neurodegenerative diseases, compared to anticancer, antimicrobial, and  antifungal 

studies.  

 

 
 

Figure 1. General classification of the compounds used in Caenorhabditis elegans. 

 

The mean molecular weight, H-bond donor, H-bond acceptor, molar refractivity, number 

of atoms, rotatable bonds, and PSA of anticancer, antimicrobial, antifungal, 

neurodegenerative, and overall compounds are presented in Table 1. The mean of these 

compounds was higher than their respective median, as shown in Figure 2a-i.  

Figure 2a shows the molecular weight of all compounds and in each classification 

(anticancer, antimicrobial, antifungal, neurodegenerative). There are 40 outliers in the 

overall compounds. Antifungal compounds have no outliers in each category, whereas 

neurodegenerative have nine outliers that generate the most outliers within the 

classifications. 

The MlogP in each classification (anticancer, antimicrobial, antifungal, 

neurodegenerative) and overall compounds were shown in Figure 2b. There are 36 

outliers within all compounds. Within the four classifications, the neurodegenerative 

compounds displayed the most number of outliers, with 9. On the other hand, antifungal 

compounds have two outliers, making them the least numbered of outliers within the 

classifications. 

Figure 2c shows the H-bond donor of all compounds, as well as the four 

classifications (anticancer, antimicrobial, antifungal, neurodegenerative). All compounds 

generate 36 outliers. While under the four classifications, the highest number of outliers 

is neurodegenerative, which has nine counts. In contrast, anticancer has the least 

number of outliers with three. 

Figure 2d shows the H-bond acceptor of the overall compounds and per 

classification (anticancer, antimicrobial, antifungal, neurodegenerative). There were a 

total of 23  outliers in the 500 compounds. Within the four classifications, 

neurodegenerative contributes with the highest number of outliers (12), followed by 

antimicrobial (6), antifungal (2), and anticancer (1). 

The WlogP of all compounds and in each classification (anticancer, antimicrobial, 

antifungal, neurodegenerative) was shown in Figure 2e. There were 27 overall outliers. 

Within each category, neurodegenerative contributes the highest value of outliers which 

has 13, followed by antimicrobial (8), antifungal (2), and only one outlier in anticancer. 

Figure 2f shows the molar refractivity of all compounds and per classification. The 

overall compounds have 40 outliers, while the antimicrobial compounds have ten, 
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followed by neurodegenerative (9) and anticancer (6). Moreover, antifungal compounds 

have no outliers at all. 

 

Table 1 

Mean ±SE of the physicochemical properties of the 500 compounds used in 

Caenorhabditis elegans 

 

 
n Physicochemical property Mean ±SE 

Overall 500 Molecular Weight 412.41±13.47 

  
MLOGP 1.03±0.13 

  
H-bond Donor 3.12±0.20 

  
H-bond Acceptor 6.212±0.26 

  
WLOGP 2.07±0.14 

  
Molar refractivity 108.60±3.46 

  
Number of Atoms 28.02±0.82 

  
Rotatable bonds 5.73±0.48 

  
PSA 115.02±5.64 

    Anticancer 96 Molecular Weight 419.21±21.45 

  
MLOGP 0.52±0.25 

  
H-bond Donor 3.79±0.35 

  
H-bond Acceptor 6.97±0.47 

  
WLOGP 2.12±0.28 

  
Molar refractivity 112.19±5.71 

  
Number of Atoms 29.85±1.54 

  
Rotatable bonds 5.84±0.63 

  
PSA 131.92±9.35 

    Antimicrobial 150 Molecular Weight 431.45±23.26 

  
MLOGP 0.84±0.25 

  
H-bond Donor 3.21±0.38 

  
H-bond Acceptor 6.57±0.44 

  
WLOGP 1.87±0.27 

  
Molar refractivity 109.23±6.12 

  
Number of Atoms 29.17±1.63 

  
Rotatable bonds 6.25±0.93 

  
PSA 129.66±10.49 

    Antifungal 56 Molecular Weight 522.64±46.57 

  
MLOGP 0.74±0.38 

  
H-bond Donor 4.04±0.65 

  
H-bond Acceptor 8.09±0.97 

  
WLOGP 1.78±0.41 

  
Molar refractivity 139.52±12.27 

  
Number of Atoms 36.46±3.31 

  
Rotatable bonds 6.71±0.38 

  
PSA 142.48±17.64 

    Neurodegenerative 198 Molecular Weight 363.47±23.26 

  
MLOGP 1.51±0.19 

  
H-bond Donor 2.48±0.34 

  
H-bond Acceptor 5.05±0.43 

  
WLOGP 2.27±0.19 

  
Molar refractivity 97.64±5.8 

  
Number of Atoms 23.87±1.05 

  
Rotatable bonds 5.01±0.90 

  
PSA 87.96±9.44 

 

Figure 2g represents the outliers of the number of atoms of the overall compounds and 

per classification. There were 40 outliers in overall compounds. In each classification, 

antimicrobial and neurodegenerative have the most numbered outliers with a count of 9, 

followed by anticancer (7), and antifungal has no outliers at all. 

Figure 2h shows the rotatable bonds in all compounds and in per classification. 

Overall, there were 37 outliers. Further, neurodegenerative exhibited the most numbered 
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outliers in each classification with a count of 11. On the other hand, we found only one 

outlier in antifungal, 8 in antimicrobial, and 6 in anticancer. 

The PSA of the overall compounds and in each classification was shown in Figure 

2i. We found 33 outliers in the overall compounds. At the same time, in each 

classification, neurodegenerative has the most numbered outliers with a count of 12, 

followed by antimicrobial (11), antifungal (4), and anticancer (2). 

 

 
 

Figure 2. Box and whisker plot - physicochemical properties of compounds used in 

Caenorhabditis elegans in each classification; a - molecular weight; b - MlogP; c - H-bond 

donor; d - H-bond acceptor; e - WlogP; f - molar refractivity; g - number of atoms; h - 

rotatable bonds; i - PSA; O - overall; AC - anticancer; AM - antimicrobial; AF - antifungal; 

N - neurodegenerative. 
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Transformed mean of the physicochemical properties of the 500 compounds. We 

showed the adjusted mean ±SE of the different physicochemical properties in Table 2 

and Figure 3, after transforming the dataset.  

 

Table 2 

Range of the adjusted mean ±SE of the 500 compounds’ physicochemical properties 

 

Physicochemical Properties Mean ±SE Range (Min-Max) 

Molecular Weight 
  

Anticancer 375.74±13.85 70.62 - 705.63 
Antifungal 522.64±46.57 58.08 - 1270.27 

Antimicrobial 378.44±11.37 70.05 - 733.93 
Neurodegenerative 307.44±9.47 79.1 - 679.78 

Overall 346.79±6.47 58.08 - 781 
Octanol-water Partition Coefficient (MLOGP) 

  
Anticancer 0.50±0.21 -3.4 - 6.54 
Antifungal 1.00±0.34 -5.33 - 4.89 

Antimicrobial 1.26±0.20 -5.34 - 6.73 

Neurodegenerative 1.75±0.13 -2.77 - 6.14 
Overall 1.31±0.10 -4.47 - 6.92 

H-bond Donor 
  

Anticancer 3.41±0.28 0 - 10 
Antifungal 2.13±0.32 0 - 8 

Antimicrobial 2.13±0.15 0 - 8 
Neurodegenerative 1.60±0.11 0 - 6 

Overall 2.19±0.09 0 - 8 
H-bond Acceptor 

  
Anticancer 6.75±0.42 0 - 18 
Antifungal 7.39±0.87 0 - 24 

Antimicrobial 5.83±0.31 0 - 17 
Neurodegenerative 3.90±0.19 0 - 11 

Overall 5.32±0.17 0 - 17 
Atom-based Calculation of Partition Coefficient 

(WLOGP)   
Anticancer 2.16±0.26 -2.31 - 8.48 

Antifungal 1.92±0.39 -5.43 - 6.29 
Antimicrobial 2.29±0.21 -3.42 - 8.21 

Neurodegenerative 2.24±0.13 -1.79 -7 

Overall 2.27±0.10 -3.54 - 8.02 
Molar refractivity 

  
Anticancer 101.98±3.99 27.64 - 205.25 
Antifungal 139.52±12.27 16.38 - 375.47 

Antimicrobial 94.52±2.85 6.79 - 174.23 
Neurodegenerative 85.54±2.66 24.24 - 188.23 

Overall 91.88±1.70 6.79 - 194.53 

Number of Atoms 
  

Anticancer 26.74±1.02 8 - 53 
Antifungal 36.46±3.31 4 - 89 

Antimicrobial 25.43±0.76 5 - 51 
Neurodegenerative 21.51±0.67 6 - 48 

Overall 23.86±0.45 4 - 53 

Rotatable bonds 
  

Anticancer 4.59±0.34 0 - 14 
Antifungal 6.4±0.61 0 - 19 

Antimicrobial 4.46±0.28 0 - 14 
Neurodegenerative 3.25±0.20 0 -11 

Overall 3.98±0.14 0 - 12 
Polar Surface Area 

  
Anticancer 123.36±6.81 3.24 - 331.14 
Antifungal 119.31±14.53 3.24 - 377.42 

Antimicrobial 102.79±5.04 8.81 - 282.61 
Neurodegenerative 65.31±3.13 0 – 189.53 
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Figure 3. Adjusted mean ±SE of each physicochemical properties of the 500 compounds. 

a - molecular weight; b - MlogP; c - H-bond donor; d - H-bond acceptor; e - WlogP; f - 

molar refractivity; g - number of atoms; h - rotatable bonds; i - PSA. 

 

The overall molecular weight of the 500 compounds evaluated was 346.79±6.47 g mol-1. 

This mean is significantly higher than the mean of the neurodegenerative compounds by 

11% (p<0.05), as shown in Table 3. Additionally, the anticancer and antimicrobial 

compounds are 22% and 23% higher (p<0.05) than neurodegenerative drugs. 

The MlogP of the 500 compounds has an average of 1.31±0.10, as shown in Table 

2. This value is comparable with the mean ±SE of the other compound, as shown in 

Figure 3b. Interestingly, the MlogP of the neurodegenerative compounds is 71% higher 

than those from anticancer (p<0.05), as shown in Table 3. 
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Table 3 

Comparison of the mean± SE of the physicochemical properties of the 500 compounds 
 

Physicochemical properties Comparison p-value 
 

Molecular Weight 

Overall vs Anticancer 0.6032 ns 

Overall vs Antimicrobial 0.449 ns 

Overall vs Antifungal >0.9999 ns 

Overall vs Neurodegenerative 0.0175 s 

Anticancer vs Antimicrobial 0.4448 ns 

Anticancer vs Antifungal >0.9999 ns 

Anticancer vs Neurodegenerative 0.0002 s 

Antimicrobial vs Antifungal >0.9999 ns 

Antimicrobial vs Neurodegenerative 0.0002 s 

Antifungal vs Neurodegenerative >0.9999 ns 

    

MLOGP 

Overall vs Anticancer 0.2422 ns 

Overall vs Antimicrobial 0.4856 ns 

Overall vs Antifungal 0.3931 ns 

Overall vs Neurodegenerative 0.3501 ns 

Anticancer vs Antimicrobial 0.1438 ns 

Anticancer vs Antifungal 0.2462 ns 

Anticancer vs Neurodegenerative 0.0412 s 

Antimicrobial vs Antifungal 0.4057 ns 

Antimicrobial vs Neurodegenerative 0.3343 ns 

Antifungal vs Neurodegenerative 0.2264 ns 

    

Hydrogen Bond Donor 

Overall vs Anticancer 0.2042 ns 

Overall vs Antimicrobial 0.4852 ns 

Overall vs Antifungal 0.4844 ns 

Overall vs Neurodegenerative 0.346 ns 

Anticancer vs Antimicrobial 0.2447 ns 

Anticancer vs Antifungal 0.2444 ns 

Anticancer vs Neurodegenerative 0.1638 ns 

Antimicrobial vs Antifungal 0.4992 ns 

Antimicrobial vs Neurodegenerative 0.3577 ns 

Antifungal vs Neurodegenerative 0.3583 ns 

    

Hydrogen Bond Acceptor 

Overall vs Anticancer 0.2676 ns 

Overall vs Antimicrobial 0.4125 ns 

Overall vs Antifungal 0.1846 ns 

Overall vs Neurodegenerative 0.2701 ns 

Anticancer vs Antimicrobial 0.3616 ns 

Anticancer vs Antifungal 0.4026 ns 

Anticancer vs Neurodegenerative 0.1372 ns 

Antimicrobial vs Antifungal 0.2591 ns 

Antimicrobial vs Neurodegenerative 0.2131 ns 

Antifungal vs Neurodegenerative 0.1004 ns 

    

WLOGP 

Overall vs Anticancer 0.47 ns 

Overall vs Antimicrobial 0.4934 ns 

Overall vs Antifungal 0.4081 ns 

Overall vs Neurodegenerative 0.4922 ns 

Anticancer vs Antimicrobial 0.4626 ns 

Anticancer vs Antifungal 0.436 ns 

Anticancer vs Neurodegenerative 0.4773 ns 

Antimicrobial vs Antifungal 0.4023 ns 

Antimicrobial vs Neurodegenerative 0.4857 ns 

Antifungal vs Neurodegenerative 0.4085 ns 

    Note: s - significantly different at p<0.05; ns - not significantly different. 
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Table 3 

Comparison of the mean± SE of the physicochemical properties of the 500 compounds 

(continuation) 

 

Physicochemical properties Comparison p-value 
 

Molar Refractivity 

Overall vs Anticancer 0.1461 ns 
Overall vs Antimicrobial 0.3914 ns 

Overall vs Antifungal >0.9999 ns 
Overall vs Neurodegenerative 0.2543 ns 
Anticancer vs Antimicrobial 0.2303 ns 

Anticancer vs Antifungal 0.0001 s 
Anticancer vs Neurodegenerative 0.0523 s 

Antimicrobial vs Antifungal 0.9999 ns 
Antimicrobial vs Neurodegenerative 0.1781 ns 

Antifungal vs Neurodegenerative 0.9999 ns 

    

Number of Atoms 

Overall vs Anticancer 0.2778 ns 
Overall vs Antimicrobial 0.3744 ns 

Overall vs Antifungal 0.0051 s 

Overall vs Neurodegenerative 0.3155 ns 
Anticancer vs Antimicrobial 0.3997 ns 

Anticancer vs Antifungal 0.031 s 
Anticancer vs Neurodegenerative 0.1564 ns 

Antimicrobial vs Antifungal 0.0149 s 
Antimicrobial vs Neurodegenerative 0.2192 ns 

Antifungal vs Neurodegenerative 0.007 s 

    

Rotatable Bonds 

Overall vs Anticancer 0.3812 ns 
Overall vs Antimicrobial 0.4064 ns 

Overall vs Antifungal 0.1134 ns 
Overall vs Neurodegenerative 0.3557 ns 

Anticancer vs Antimicrobial 0.4756 ns 
Anticancer vs Antifungal 0.1996 ns 

Anticancer vs Neurodegenerative 0.2656 ns 
Antimicrobial vs Antifungal 0.1794 ns 

Antimicrobial vs Neurodegenerative 0.2832 ns 
Antifungal vs Neurodegenerative 0.1069 ns 

    

Polar Surface Area 

Overall vs Anticancer 0.0003 s 

Overall vs Antimicrobial 0.1045 ns 

Overall vs Antifungal 0.0015 s 

Overall vs Neurodegenerative 0.0038 s 

Anticancer vs Antimicrobial 0.0326 s 

Anticancer vs Antifungal 0.3581 ns 

Anticancer vs Neurodegenerative >0.9999 ns 

Antimicrobial vs Antifungal 0.0524 s 

Antimicrobial vs Neurodegenerative 0.0001 s 

Antifungal vs Neurodegenerative >0.9999 ns 

Note: s - significantly different at p<0.05; ns - not significantly different. 

 

The molar refractivity of the 500 compounds evaluated in antifungal was 139.52±12.27, 

as shown in Table 2. This is significantly higher than the mean of the anticancer 

compounds by 26% (p<0.05). However, anticancer compounds are significantly higher 

than the mean of neurodegenerative compounds by 16% (p<0.05) based on Table 3 and 

Figure 3f. 

The computed adjusted mean of the number of atoms in antifungal was 

36.46±3.31, as shown in Table 2. This is significantly higher than the mean of overall 

compounds, anticancer, antimicrobial, and neurodegenerative compounds by 34%, 26%, 

30%, and 41% (p<0.05) as shown in Table 3 and Figure 3g, respectively.  

 The overall adjusted mean of the polar surface area evaluated was 90.81±2.74, 

significantly higher than the mean of neurodegenerative compounds by 28%(p<0.05), as 

shown in Table 2. This value is comparable with the mean ±SE of the other compound, 

as shown in Figure 3i. Meanwhile, the mean of anticancer and antifungal compounds is 
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higher than the overall mean by 26% and 23% (p<0.05), respectively. The mean of 

anticancer compounds, 123.36±6.81, is higher than that of antimicrobial compounds by 

16% (p<0.05). However, the mean of antimicrobial compounds (102.79±5.04) is higher 

than the mean neurodegenerative compounds by 36%, but lower than antifungal 

compounds by 16% (p<0.05) (Table 3). 

 

Comparison of the predicted values of each physicochemical property with the 

established parameters in humans. The predicted values and the reference values for 

molecular weight, MlogP, H-bond donor, H-bond acceptor, WlogP, molar refractivity, 

number of atoms, rotatable bonds, and PSA are presented in Table 4.  

 
Table 4 

Comparison between the Reference and Computed Range of each Physicochemical Properties of the 500 
compounds 

 

   
Reference Value 

Physicochemical 
Properties  

Range RO5 Ghose Filter Veber’s RO3 

Molecular Weight 

Anticancer 70.62 - 705.63 
  

 

 
Antifungal 58.08 - 1270.27 

   
Antimicrobial 70.05 - 733.93 ≤500 160 to 480 <300 

Neurodegenerative 79.1 - 679.78 
   

Overall 58.08 - 781 
   

MlogP 

Anticancer -3.4 - 6.54 
 

  

 
Antifungal -5.33 - 4.89 

  
Antimicrobial -5.34 - 6.73 ≤5 ≤3 

Neurodegenerative -2.77 - 6.14 
  

Overall -4.47 - 6.92 
  

H-bond Donor 

Anticancer 0 - 10 
 

  

 
Antifungal 0 - 8 

  
Antimicrobial 0 - 8 ≤5 ≤3 

Neurodegenerative 0 - 6 
  

Overall 0 - 8 
  

H-bond Acceptor 

Anticancer 0 - 18 
 

  

 
Antifungal 0 - 24 

  
Antimicrobial 0 - 17 ≤10 ≤3 

Neurodegenerative 0 - 11 
  

Overall 0 - 17 
  

WlogP 

Anticancer -2.31 - 8.48 

 

 

  

Antifungal -5.43 - 6.29 
 

Antimicrobial -3.42 - 8.21 -0.4 to 5.6 

Neurodegenerative -1.79 -7 
 

Overall -3.54 - 8.02 
 

Molar Refractivity 

Anticancer 27.64 - 205.25 

 

 

  

Antifungal 16.38 - 375.47 
 

Antimicrobial 6.79 - 174.23 40 to 130 

Neurodegenerative 24.24 - 188.23 
 

Overall 6.79 - 194.53 
 

Number of Atoms 

Anticancer 8 - 53 

 

 

  

Antifungal 4 - 89 
 

Antimicrobial 5 - 51 20 to 70 

Neurodegenerative 6 - 48 
 

Overall 4 - 53 
 

Rotatable Bonds 

Anticancer 0 - 14 

  

  
Antifungal 0 - 19 

  
Antimicrobial 0 - 14 ≤10 ≤3 

Neurodegenerative 0 -11 
  

Overall 0 - 12 
  

PSA 

Anticancer 3.24 - 331.14 

  

 

 

Antifungal 3.24 - 377.42 
 

Antimicrobial 8.81 - 282.61 ≤140 

Neurodegenerative 0 – 189.53 
 

Overall 0 – 270.86 
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The predicted values were obtained from the adjusted range when we transformed the 

outliers. Based on the generated adjusted range, the predicted values exceed the 

established parameters, namely, RO5, Ghose Filter Rule, Veber’s Rule, and RO3, except 

for the number of atoms whose predicted value is much lower. These parameters are 

used for evaluating the human oral bioavailability of compounds.   

Despite the range exceeding the reference values, the average value of the 

compounds (in Table 2) falls within the reference value. In addition, the mean molecular 

weight of the antifungal compounds violated the molecular weight of RO5, Ghose filter, 

and RO3, whereas the mean of the other compounds violated only the RO3. Only the 

mean H bond donor value of the anticancer compounds violated RO3. The mean values of 

the compounds exceeded the H bond acceptor value of RO3. Additionally, the mean 

molar refractivity of the antifungal compounds surpassed the desired range in the Ghose 

Filter rule. Despite the compounds following the desired value of the number of rotatable 

bonds in Veber’s rule, their mean value exceeded the desired value in RO3. 

 The 500 compounds gathered from different studies were proven to have their 

efficacy on C. elegans. Furthermore, numerous C. elegans strains employed in the 

various articles evaluated represented some human diseases, such as Parkinson's 

disease, Duchenne muscular disorder, pathogenic infection, and cancer (Nas et al 2020). 

Hence, C. elegans has been utilized as a typical animal screening model for anti-

neurodegenerative, antimicrobial, anticancer, and antifungal research.  

Moreover, using C. elegans as a model has various drug discovery benefits, 

including a high brooding rate, simple anatomy, short lifespan, genetic similarity in 

humans, and ease of genetic screening (O'Reilly et al 2014; Chen et al 2020; Markaki & 

Tavernarakis 2020). Several proof-of-concept studies have already been presented, such 

as the adaptability of C. elegans in compound screening, drug target identification, and 

decoding mechanisms of drug action (Pajouhesh & Lenz 2005). To simplify, this 

nematode model could be easily tested for the efficacy of novel drugs on complex 

processes involved in human diseases (Holden-Dye & Walker 2014). The physicochemical 

properties significantly impact its efficiency in animal models as it predicts its absorption, 

distribution, metabolism, clearance, and toxicity (Hou et al 2007). 

We evaluated the physicochemical properties of the compounds to determine the 

bioavailability in terms of ADMET properties. The behavior of the compounds depends on 

the physicochemical properties, which have biological effects once orally administered 

(Chandrasekaran et al 2018). After the outliers were determined per classification, we 

gathered the range of the outliers. The compounds considered outliers in all 

physicochemical properties are bacitracin, bleomycin, caspofungin, cecropin A, colistin, 

lysozyme, and micafungin. Cecropin A, colistin, and lysozyme were antimicrobial 

compounds, while caspofungin and micafungin were antifungal. Additionally, bacitracin 

and bleomycin are classified as neurodegenerative and anticancer compounds, 

respectively. Even though these compounds were tested against C. elegans, they did not 

show any drug-likeness. It fails to satisfy the existing parameters established for human 

bioavailability. 

Based on Table 2, the adjusted mean of the molecular weight, H-bond donor, H-

bond acceptor, molar refractivity, number of atoms, rotatable bonds, and PSA of the 

overall and the four classifications are much lower than the value of their unadjusted 

mean. This implies that some compounds used in C. elegans may have low bioavailability 

in its body. The permeation, diffusion, absorption, metabolism, or excretion may be 

impeded in the body (Chandrasekaran et al 2018). Conversely, the adjusted mean of the 

MlogP and the WlogP of the overall compounds and the four classifications shows a 

higher value within their adjusted mean compared to their unadjusted mean. The outliers 

have lower values that cause the unadjusted mean to be lower. When transformed, the 

adjusted mean increased the threshold. Both properties determine the lipophilicity of the 

compound, which may indicate that some of the compounds below the adjusted range 

are more soluble (Lipinski et al 1997; Ghose et al 1999). This instance may result in the 

compound having low absorption or high clearance (Bhal 2007). 

We compared the adjusted range of each physicochemical property per 

classification based on the different rules mentioned in the study. In terms of molecular 
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weight of overall compounds and four categories, the adjusted range was much higher. It 

did not satisfy the RO5 (≤500 g mol-1), Ghose Filter (160-480 g mol-1), and RO3 (<300).  

Studies have shown that compounds with high molecular weight are poorly absorbed and 

quickly excreted (Lipinski et al 1997). These findings indicate that some compounds 

predicted to have high bioavailability in C. elegans may differ in humans. 

The MlogP of the overall compounds and the other four classifications have an 

adjusted range exceeding the reference value for RO5 (≤4.15) and RO3 (≤3). Higher 

logP indicates a highly lipophilic compound, resulting in poor permeation or absorption 

because of low aqueous solubility (Bhal 2007). 

Moreover, in RO5, H-bond donors should be ≤5, and for H-bond acceptors, the 

values should be ≤10. The physicochemical properties of some compounds may not 

satisfy this rule since their adjusted range for the overall compounds and for the other 

four classifications were relatively higher. However, the RO3 states that both 

physicochemical properties should be ≤3. Some compounds' H-bond donor and acceptor 

did not satisfy the rule as it may be comparably higher. H-bond donors significantly affect 

the passive diffusion of the cell membrane, which is an essential factor in drug absorption 

and distribution (Coimbra et al 2021). Compounds with a higher number of H-bond 

donors have a negative effect on the permeability and partition of the drug's membrane 

(Rafi et al 2012). It will not contribute during ligand binding and can detract from it. It 

can also decrease the affinity, affecting the hydrophobic membrane region, increasing 

water desolation when penetrating the blood. H-bond donor guides the solubility of the 

drugs, both in water and lipids, and the affinity with their targets (Rafi et al 2012). 

The adjusted range of WlogP and molar refractivity did not satisfy the reference 

values used in the Ghose Filter Rule. This higher logP indicates poor permeation or 

absorption because they have decreased aqueous solubility (Bhal 2007). The molar 

refractivity of ions in a molecule represents the arrangements of their electron shells and 

provides information about their electronic polarization. Most of the biochemical process 

happens in aqueous media. Consequently, molar refraction and polarizability of aqueous 

drug compounds deliver notable details that may be essential in pharmaceutical and 

medicinal chemistry (Sawale et al 2016). Moreover, the adjusted molar refractivity value 

indicates that there is also an increase in molecular polarizability. In the Lorentz-Lorenz 

formula, this relationship also affects the volume and molecular weight of the compounds 

resulting from the overall compounds with greater values. 

In addition, only the adjusted range of the number of atoms in antifungal 

compounds did not satisfy the Ghose Filter Rule (20-70) because it was much lower. 

Other classifications, including the overall compounds, satisfy the rule as their values are 

within. Compounds with a higher number of atoms have reduced absorptivity (Brenner & 

Stevens 2018). This property may also be affected by the polarity of the compounds 

(Rein et al 2013). Charged compounds tend to have lower cellular permeability, leading 

to a high excretion rate (Aldred 2008). In contrast, uncharged compounds are 

reabsorbed through cell membranes (Aldred 2008). It only means that these compounds 

may have poor bioavailability due to their poor absorption and high clearance.  

The adjusted range was higher for the number of rotatable bonds of overall 

compounds and four classifications. Some compounds may not have satisfied Veber's 

Rule (≤10) and RO3 (≤3). The number of rotatable bonds indicates the measure of 

molecular flexibility of the drugs, which has an inverse effect on the bioavailability of a 

compound (Jia 2020). Compounds with higher rotatable bonds have decreased oral 

bioavailability (Lagorce et al 2017). Ideally,  the rotatable bonds should be lower to have 

a higher oral bioavailability (Veber et al 2002). 

Lastly, for the PSA of overall compounds and four classifications, the adjusted 

range was higher, and some compounds may satisfy Veber's Rule (≤140) and RO3 (≤3). 

If the polar surface area is higher, it may indicate a poor permeation in the cell 

membranes (Nas et al 2020). Compounds with a lower polar surface area may have an 

increased permeation rate than lipophilicity (Veber et al 2002). 

 

Conclusions. In the 500 compounds evaluated in this study, 39.6% were studied for 

neurodegenerative diseases, 19.2% for cancer, 11.2% for antifungal, and 30% for 
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antimicrobial. The predicted ranges for the various physicochemical properties are the 

following: molecular weight (58.08 to 781 g mol-1), MlogP (-4.47 to 6.92), HB donor (0 to 

8), HB acceptor (0 to 17), WlogP (-3.54 to 8.02), number of atoms (4 to 53), rotatable 

bonds (0 to 12), PSA (0 to 270.86 Å). There is a significant difference in the mean values 

of the molecular weight, MlogP, molar refractivity, number of atoms, and PSA. We 

hypothesize that the strains of C. elegans may influence the differences in the values of 

the different physicochemical properties in the overall anticancer, neurodegenerative, 

antimicrobial, and antifungal. Consequently, the predicted ranges of the physicochemical 

properties exceed the existing parameters in evaluating the oral bioavailability of lead 

compounds in humans, namely RO5, Ghose Filter Rule, Veber’s Rule, and RO3. Moreover, 

the higher values of physicochemical properties in C. elegans suggest that some 

compounds with high bioavailability in C. elegans may not be the same in humans. 

Conversely, the average value of the different physicochemical properties of the 

compounds falls within the expected ranges of most of the rules, except in RO3. 

Altogether, the present evaluation of the physicochemical properties of the 500 

compounds may establish the ideal values for screening lead compounds in C. elegans. 

Also, the bioavailability of the compounds in the different strains of C. elegans may show 

an interesting result. Hence, further investigation is suggested. 
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