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ABSTRACT  7 

Aims: To determine the molecular properties of common antihistamines and non-steroidal anti-
inflammatory agents (NSAIDs). To identify interrelationships among these two groups of drugs utilizing 
pattern recognition methods and statistical analysis. 
Study design:  After determination of molecular properties, values thereof are examined using pattern 
recognition methods and other numerical analysis for underlying relationships and similarities. 
Place and Duration of Study:  Durham Science Center, University of Nebraska, Omaha, Nebraska from 
September 2016 to January 2017. 
Methodology: Thirty compounds were identified as antihistamines and 27 compounds identified as 
NSAIDs. Properties such as Log P, molecular weight, polar surface area, etc. are determined.  Molecular 
properties are compared applying methods such as K-means cluster analysis, nearest neighbor joining, 
box plots, and statistical analysis in order to determine trends and underlying relationships. Pattern 
recognition techniques allow elucidation of underlying similarities. 
Results:  The molecular properties of all 57 drugs are tabulated for comparison and numerical analysis. 
Evaluation by Kruskal-Wallis test and one-way ANOVA indicated that antihistamines and NSAIDs’ values 
of Log P have equal medians and equal means. However, values of polar surface area (PSA) and 
number of rotatable bonds for these two groups do not have equal means and medians.  Box plots 
indicated that Log P, PSA, and molecular weight values have significant overlap in range. Neighbor-
joining method showed which drugs are most similar to each other.  K-means cluster analysis also 
divided these 57 drugs into six groups of highest similarity.  Principal coordinates analysis (PCoA) with 
95% ellipses indicated all but 4 of the drugs fall within a 95% confidence region.  Multiple regression 
analysis generated mathematical relationship for prediction of new drugs.  
Conclusion:  These two groups of drugs show compelling similarities. PCoA showed all but four of 57 
drugs come within a 95% confidence ellipsis. Neighbor joining and K-means cluster analysis showed 
drugs having similarities between the two groups.  
   8 
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1. INTRODUCTION  13 

 14 
The group of drugs referred to as non-steroidal anti-inflammatory agents (NSAIDs) are applied in the 15 
treatment of fever, pain, acute and chronic inflammatory conditions [1].  They are considered to be 16 
chemically heterogeneous and inhibit the intracellular cyclo-oxygenase enzymes COX-1 and COX-2 to 17 
reduce the synthesis of prostaglandins [1].  Generally, NSAIDs are highly bound to plasma proteins such 18 
as albumin, which decreases their body distribution to levels, considered low (i.e. as low as or lower than 19 
0.2 Liter/kg) [2]. The renal excretion of the unchanged NSAID is generally less than 5% of the given dose, 20 
therefore, elimination depends greatly on hepatic biotransformation [2]. The majority of NSAIDs are 21 
nonselective inhibitors of COX-1 and COX-2 as a competitively reversible mechanism (except for aspirin 22 
which is irreversible inhibition), but still act as antipyretic agents to reduce fever [3].   23 
 24 
Most of the NSAIDs are metabolized by oxidation and conjugation to inactive metabolites in the liver [1, 2, 25 
3]. Most NSAIDs are weak acids that have a pKa ranging from 3 to 5 [3]. The range of medical conditions 26 
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that NSAIDs are applied for clinical treatment is quite broad, and includes [2, 3, 4]: osteoarthritis, 27 
rheumatoid arthritis, low back pain, headache, acute gout, metastatic bone pain, renal colic, pyrexia, and 28 
macular edema.  NSAIDs and antihistamines are used as therapy for ocular allergy [5], NSAIDs for 29 
beneficial effects for patients with colorectal cancer [6], and gastric pain relief with protective agents [7]. 30 
However, NSAIDs use has safety concerns [8], increased sepsis following colorectal surgery [9], 31 
association with hypertension [10], and increased risk of stroke [11]. Interestingly, stress has been shown 32 
to be an independent factor for ulcers, compared to H pylori or NSAIDs exposure [12, 13]. Antihistamine 33 
use concurrent prevents to the appearance of NSAIDs induced urticarial and/or angioedema [14]. 34 
 35 
Hypersensitivity reactions, or allergic reactions, are highly frequent and represent a public health issue of 36 
importance and significant expense [15]. Various allergic reactions, like those to peanuts, shellfish, or 37 
eggs, are a serious form of reaction affecting the respiratory organs that can cause loss of consciousness 38 
and sometimes death [16]. The World Health Organization estimates that as many as 300 million people 39 
suffer from asthma [17]. The symptoms and effects of allergic reactions can vary widely from person to 40 
person, which falls into the study of epigenetics [18]. Individuals having both parents with allergies are 41 
70% likely to suffer allergies, while that figure reduces to 48% for only one parent having allergies [19].  42 
 43 
There are four major groups of histamine receptors (H1, H2, H3, and H4), with the H1 receptors most 44 
important in chronic urticarial and allergic rhinitis [20].  Second-generation antihistamines (such as 45 
fexofenadine) have decrease lipophilic structures and do not cross the blood-brain barrier (BBB) as do 46 
the first-generation antihistamines [20].  Interestingly, antihistamines that cross the BBB can have both 47 
stimulant and depressant effects [4].  Second-generation antihistamines developed as H1 blockers, have 48 
fewer side effects [20]. The H1 targeting antihistamines are the major means for treatment of urticaria 49 
(hives) [21].  50 
 51 
Histamine released into the blood following the action of an allergen binds to receptors of various tissue 52 
resulting in constriction of the bronchi, dilation of blood vessels (inducing fall in blood pressure), increases 53 
permeability of blood vessels, and increases the production of hydrochloric acid in the stomach [22].  54 
Antihistamines counteract the effects mediated by histamine, but in themselves can bring about unwanted 55 
side effects such as weight gain, urine retention, dizziness, and increased risk for ventricular arrhythmias 56 
[22, 13].  The sedative effect of the first-generation antihistamines that gained for themselves attention 57 
and notoriety [24].  Research aimed towards H3 and H4 receptors in disease is a strong area of research 58 
[25, 26].  Research in the area of H3 receptors may contribute to treatments for obesity, mental health 59 
problems, and inflammatory disease [27, 28].  This study introduces analysis of the relative structures of 60 
NSAIDs and antihistamines.  Underlying relationships found within their molecular properties leads to 61 
further understanding of pharmacokinetics and prediction of new structures. 62 
 63 

2. METHODOLOGY  64 

 65 

2.1 Properties and Molecular Modeling 66 

 67 
For all drugs included in this study, the numerical values of molecular properties were determined by 68 
utilizing heuristic techniques of Molinspiration (Molinspiration Cheminformatics, Nova ulica 61, SK-900 26 69 
Slovensky Grob, Slovak Republic).  Elucidation of molecular structure components was accomplished by 70 
use of ACD ChemSketch Modeling v. 12.01 (Advanced Chemistry Development, 110 Yonge Street, 71 
Toronto Ontario, M5C 1T4 Canada) and Molinspiration 72 
(http://www.molinspiration.com/services/search.html). 73 
 74 

2.2 Pattern Recognition and Multivariate Statistical Analysis 75 
 76 
Identification of underlying associations and patterns within the numerical values of molecular properties 77 
was accomplished by use of pattern recognition techniques. This included analysis by non-hierarchical K-78 
means cluster analysis, neighbor joining method, principal coordinates analysis with 95% ellipses, these 79 
performed by PAST v. 2.06 (copyright Oyvind Hammer, D.A.T. Harper 1999-2008). 80 
 81 
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2.3 Various Statistical Analysis Data 82 
 83 
Various methods of statistical analysis applied included Pearson r correlation, descriptive statistics by 84 
Microsoft EXCEL v. 14.0.6112.5000 (EXCEL Professional plus 2010). 85 
Algorithmic software by GraphPad accomplished multiple regression analysis of molecular property 86 
values (Instat version 3.00, GraphPad Software, Inc., San Diego, California USA; www.graphpad.com).  87 
Determination of any numerical outliers accomplished by Grubb’s test (also known as extreme studentized 88 
deviate).  Box plots, Kruskal-Wallis test, one-way ANOVA, and F and T tests were accomplished by PAST v. 89 
2.06. 90 
 91 

3. RESULTS AND DISCUSSION 92 

 93 

3.1 Structure Features and Properties 94 
 95 
Important groups of drugs that provide substantial public health impact would certainly include NSAIDs 96 
(ATC code MO1) and anithistamines (ATC code RO6). Great interest in drugs that would be able to 97 
antagonize the action of histamine arose in clinicians concerned about the treatment of diseases in which 98 
histamine played an important role [4]. The antipyretic activity of willow bark discerned in the 19th century 99 
and scarcity prompted the need for synthetic alternates [4].  The appearance of second-generation 100 
antihistamines that avoided undesirable side effects of first-generation drugs provided a successful 101 
alternative for clinicians. The search and design of novel NSAIDs and antihistamines continues, although 102 
significant harmful side effects discerned in promising candidates gives pause to the progress made.  103 
 104 
Drug discovery is complex and exacting pursuit of beneficial agents to enhance medicine. A broadly 105 
accepted result of the study is the importance of optimizing the absorption, 106 
distribution, metabolism, excretion, and toxicity (ADME/Tox) properties of candidates in addition to their 107 
pharmacology (e.g., efficacy, selectivity) to obtain success [29].  Drug-like properties are an integral part 108 
of novel drug discovery [4].  The rule of five (RO5), is a set of guidelines to evaluate drug likeness or 109 
determine if a chemical compound with a certain pharmacological or biological activity has properties that 110 
would make it a likely orally active drug in humans [29].  This rule of five will be determined for the 111 
representative sets of NSAIDS and antihistamines examined for this study. The structures of 18 H1 112 
antagonist agents are presented in Figure 1 for comparison, showing structure features in common and 113 
descriptive of antihistamines. 114 
 115 
Seasonal allergies are often treated with pharmaceutical agents that block H1 receptors, thereby 116 
competing with histamine for binding to sites (H1 antagonists) [22]. Shown in Figure 1, each compound 117 
has at least two simple aromatic rings or aromatic ring plus heterocyclic aromatic ring, with an amine 118 
group (in or out of ring). H1-antihistamines will readily cross the BBB and result in sedation [20, 21]. 119 
Various molecular properties associated with each drug 1 to 18, as well as drugs 19 to 30 (see Figure 2) 120 
for all antihistamines (ATC  code RO6), and 31 to 57 for all NSAIDs (ATC code MO1A), shown in Table 1. 121 
 122 
Structure features common to H1 antagonists include at least two aromatic rings, but the ring may be a 123 
heteroatomic ring.   An amine functional group is found, but can be primary or tertiary. The orientation of 124 
the rings varies widely and the rings may have substituents covalently bonded to the ring (see Figure 1).  125 
Interestingly, halogen atoms (chlorine, bromine) found on drugs 2, 4, 6, 8, and 18, are not consistent with 126 
H1 antagonists throughout.  Other functional groups present include ether groups (-O-) for drugs 3, 6, 7, 127 
8, 9, 10, and 11; and carboxyl groups (-C(O)OH) for drug 1.  Non-aromatic heteroatomic rings are also 128 
present. To visual eye inspection there appears a broad range in structure features, however, numerical 129 
analysis reveals limitations and consistency in properties important for pharmacological consideration. 130 
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 131 
Fig 1.  H1 Antagonists compounds 1 (acrivastine), 2 (azelastine), 3 (bromazine), 4 132 
(brompheniramine), 5 (chlorphenamine), 6 (clemastine), 7 (diphenhydramine), 8 133 
dexbrompheniramine), 9 (ebastine), 10 (doxylamine), 11 (loratadine), 12 (phenindamine), 13 134 
(pheniramine), 14 (phenyltoloxamine), 15 (promethazine), 16 (tripelennamine), 17 (triprolidine), 18 135 
(chlorpheniramine).  136 
 137 
 138 



5 
 

The rule of five states that, in general, an orally active drug has no more than one violation of the 139 
following criteria [29]: 1) No more than 5 hydrogen bond donors (the total number of nitrogen–hydrogen 140 
and oxygen–hydrogen bonds); 2) No more than 10 hydrogen bond acceptors (all nitrogen or oxygen 141 
atoms); 3) A molecular mass less than 500 Daltons, and;  4) An octanol-water partition coefficient log P 142 
not greater than 5.  Interestingly, only drug 9 and 30 of the antihistamines have only one violation of the 143 
rule of five, however, all the NSAIDs drugs have zero violations of the rule of five.  Therefore, all 57 drugs 144 
indicated in Table 1 would be considered as orally active drugs.  This finding indicates favorable drug-145 
likeness for all 57 drugs and good bioavailability.  This aspect contributing to the efficacy of patient use 146 
and popularity of clinical prescription. 147 
 148 
An outlier is an observation that appears to deviate markedly from other observations in the sample [30, 149 
31].  Here, the Grubbs' test, also called the ESD method (extreme studentized deviate), is utilized to 150 
determine whether one of the values in the list of molecular properties (see Table 1) is a significant outlier 151 
from the rest.  Among the antihistamine compounds (1 to 30) only, there is no outlier in Log P values and 152 
no outlier in the number of rotatable bonds properties.  However, for each of the following properties there 153 
is one outlier detected (value indicated): polar surface area (175.85 Angstroms

2
), number of atoms (35), 154 

molecular weight (500.55), number of oxygen & nitrogen atoms (9), number of –OH and –NHn (8), rule of 155 
five (1), and molecular volume (474.23 Angstroms

3
 ). This outcome indicates that the molecular 156 

properties of common clinical antihistamines are highly consistent, with similar drug-likeness and 157 
bioavailability. 158 
 159 
Interestingly, there are no outliers for all 27 NSAIDs compounds for Log P, polar surface area, number of 160 
atoms, molecular weight, number of oxygen & nitrogen atoms (nON), number of –OH & -NHn, rule of five, 161 
number of rotatable bonds, and molecular volume.  This clearly shows a strong consistency of the 162 
NSAIDs in molecular properties, including important pharmaceutical properties such as drug-likeness and 163 
bioavailability.  164 
 165 
The mean values for molecular properties, inclusive of antihistamine drugs 1 to 30 only, are the following, 166 
by property: Log P (3.10), polar surface area (42.55 Angstroms

2
), number of atoms (22), molecular weight 167 

(315.01), number of oxygen & nitrogen atoms (~4), number of –OH & -NHn (1), rule of five (~0), number of 168 
rotatable bonds (~6), and molecular volume (294.03 Angstroms

3
).  169 

 170 
The mean values for molecular properties, inclusive of NSAIDs drugs 31 to 57 only, are the following, by 171 
property: Log P (3.27), polar surface area (62.94  Angstroms

2
), number of atoms (19), molecular weight 172 

(274.27), number of oxygen & nitrogen atoms (~4), number of –OH & -NHn (~2), rule of five (~0), number 173 
of rotatable bonds (~3), and molecular volume (234.52 Angstroms

3
).  174 

 175 
Analysis of medians and means of properties between drug classes can be achieved by use of the 176 
Kruskal-Wallis test, one-way ANOVA, and F and T tests [30, 31]. Analysis of properties in Table 1 177 
comparing antihistamines to NSAIDS, the Kruskal-Wallis test indicated that Log P and number of number 178 
of oxygen & nitrogen atoms (nON) between the two groups have equal medians (P=.35 and P=.26, 179 
respectively). One-way ANOVA indicates equal means in values of Log P (P=.64) and nON (P=.62).  The 180 
F and T test indicated equal means of Log P (P=.64), comparing antihistamines with NSAIDs (see Table 181 
1).  182 
 183 
Statistical analysis shows that Log P and nON for these two groups of drugs have equal means and 184 
medians.  This indicates virtual likeness in lipophilicity and hydrogen bond acceptors for NSAIDs and 185 
antihistamines. Both descriptors (Log P and nON) are vital for drug-likeness according to the Rule of 5 186 
[29]. The favorable bioavailability avails these two groups much, aiding pharmacological properties and 187 
efficacy for clinical prescription as medicinal drugs. However, similarity in Log P and nON does not dictate 188 
like medicinal activity when ingested, because pharmacophore sites will dictate their biological activity.  189 
 190 
One-way ANOVA analysis indicates that polar surface area and number of rotatable bonds between the 191 
two groups of drugs do not have equal means (P=.01, P<.001, respectively).  This suggests that polar 192 
surface area is a vital indicator of drug-likeness, represented by nON and number of –OH and –NHn [29]. 193 
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 194 
Table 1. Molecular Properties of Compounds 195 

Drugs Log 

P 

Polar 

Surface 

Area 

(A
2
) 

Number 

Of 

Atoms 

Molecular 

Weight 

Number  

O & N 

Atoms 

Number 

OH,  NHx 

Groups 

Violations 

of Rule of 

5 

Number 

Rotatable 

Bonds 

Molecular 

Volume 

(Angstroms
3
) 

1   RO6 3.34 53.43 26 348.45 4 1 0 6 335.64 

2 4.82 38.13 27 381.91 4 0 0 3 349.32 

3 4.31 12.47 20 334.26 2 0 0 6 278.66 

4 3.44 16.13 19 319.25 2 0 0 5 265.52 

5 3.31 16.13 19 274.80 2 0 0 5 261.17 

6 4.67 12.47 24 343.90 2 0 0 6 330.38 

7 3.50 12.47 19 255.36 2 0 0 6 260.77 

8 3.44 16.13 19 319.25 2 0 0 5 265.52 

9 6.56 29.54 35 469.67 3 0 1 10 474.23 

10 2.16 25.36 20 270.38 3 0 0 6 272.86 

11 4.58 42.44 27 382.89 4 0 0 2 345.49 

12 3.65 3.24 20 261.37 1 0 0 1 257.76 

13 2.63 16.13 18 240.35 2 0 0 5 247.63 

14 3.94 12.47 19 255.36 2 0 0 6 260.75 

15 4.44 8.17 20 284.43 2 0 0 3 271.62 

16 2.57 19.37 19 255.37 3 0 0 6 260.39 

17 3.47 16.13 21 278.40 2 0 0 4 281.23 

18 3.31 16.13 19 274.80 2 0 0 5 261.17 

19 3.32 53.01 27 388.89 5 1 0 8 354.14 

20 3.53 24.92 22 310.83 2 1 0 0 283.78 

21 2.63 28.60 21 285.39 4 0 0 7 285.94 

22 0.14 88.89 17 252.35 6 3 0 7 231.45 

23 -.11 175.85 20 337.46 9 8 0 7 262.24 

24 0.33 86.26 21 314.41 7 2 0 10 288.97 

25 2.13 67.88 25 348.44 6 1 0 10 338.90 

26 2.67 64.56 20 308.84 4 3 0 8 269.85 

27 2.69 54.99 20 270.33 4 1 0 7 254.24 

28 2.67 43.95 20 292.45 4 2 0 4 281.11 

29 1.37 110.37 21 290.27 6 5 0 1 244.14 

30 3.54 110.97 36 500.55 10 2 1 8 446.15 

31 MO1A 1.87 57.53 10 138.12 3 2 0 1 119.06 

32 3.90 57.53 18 250.20 3 2 0 2 200.33 

33 1.43 63.60 13 180.16 4 1 0 3 155.57 

34 3.77 83.83 19 258.23 5 2 0 4 218.44 

35 3.46 37.30 15 206.28 2 1 0 4 211.19 

36 3.46 37.30 15 206.28 2 1 0 4 211.19 

37 3.38 46.53 17 230.26 3 1 0 3 213.97 

38 3.89 46.53 18 242.27 3 1 0 4 224.83 

39 3.59 54.37 19 254.28 3 1 0 4 234.83 

40 2.79 54.37 18 246.31 3 1 0 4 236.61 

41 3.59 54.37 19 254.28 3 1 0 4 234.83 

42 4.05 37.30 18 244.26 2 1 0 3 220.77 

43 3.99 68.54 25 357.79 5 1 0 4 303.24 

44 2.15 54.37 25 356.42 3 1 0 4 306.98 

45 4.57 49.33 19 296.15 3 2 0 4 238.73 

46 2.20 59.30 19 255.27 4 1 0 3 229.39 

47 0.55 99.60 23 333.37 7 2 0 2 274.29 

48 0.72 99.60 23 353.43 7 2 0 2 281.56 

49 1.94 99.60 22 337.38 7 2 0 2 258.76 

50 2.74 99.60 23 371.83 7 2 0 2 272.30 

51 4.77 49.33 18 241.29 3 2 0 3 227.98 

52 5.63 49.33 19 296.15 3 2 0 3 238.49 

53 5.00 49.33 18 261.71 3 2 0 3 224.95 

54 4.84 49.33 20 281.23 3 2 0 4 226.15 

55 3.61 77.99 26 381.38 5 2 0 4 298.65 

56 2.81 101.23 21 308.31 7 1 0 5 248.17 

57 3.58 62.22 18 262.70 4 2 0 3 220.80 

 196 
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 199 
Fig 2. Compounds H1 inverse agonists 19 (cetirizine), 20 (desloratadine), and 21 (mepyramine).  200 
Compounds H2 antihistamines 22 (cimetidine), 23 (famotidine), 24 (ranitidine), 25 (roxatidine 201 
acetate).  Compounds H3 antihistamines 26 (clobenpropit) and 27 (ciproxifan).  Compound 28 202 
(thioperamide) is an HRH4 antagonist. Compounds 29 (catechin) and 30 (tritoqualine) are histidine 203 
decarboxylase inhibitor. 204 
 205 
Drugs 19, 20, and 21 shown in Figure 2, are H1 inverse agonists (an agent that binds to the same 206 
receptor as an agonist but induces a pharmacological response opposite to that agonist). Drugs 22, 23, 207 
24, and 25 shown in Figure 2, are H2 antihistamines act on H2 histamine receptors found primarily in 208 
parietal cells of the gastric mucosa (reducing secretion of gastric acid) [20, 21, 22]. H2-antihistamines 209 
have activity as inverse agonists and neutral antagonists [21, 22]. H3-antihistamine drugs are utilized by 210 
clinicians to inhibit the action of histamine at the H3 receptor, which are primarily found in the brain as 211 
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inhibitory auto receptors found in the histaminergic nerve terminals modulating the release of histamine 212 
[21, 22]. H3-antihistamines are dissimilar to H1 antihistamines, having instead stimulating and cognition-213 
modulating effects [21, 22].  Drugs 26 and 27 are H3 antihistamines.  Compound 28 is an HRH4 214 
antagonist. The preferred expression of H4R by some immune cells and action in allergic inflammation 215 
explains the rationale for use of anti-H4R antagonists in allergic and immune type disorders [32]. 216 
Compounds 29 and 30 are histidine decarboxylase inhibitors. 217 
 218 
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 219 
Fig. 3 Salicylate compounds 31 (salicylic acid), 32 (diflunisal), 33 (aspirin), 34 (salsalate). 220 
Propionic acid compounds 35 (ibuprofen), 36 (dexibuprofen), 37 (naproxen), 38 (fenoprofen), 39 221 
(dexketoprofen), 40 (loxoprofen), 41 (ketoprofen), and 42 (flurbiprofen).  Acetic acid derivatives are 222 
compounds 43 (indomethacin), 44 (sulindac), 45 (diclofenac); with 46 (ketorolac) as a pyrrolizine-223 
1-carboxylic acid. 224 
 225 
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Molecular structures of NSAIDs 31 to 57 begin in Figure 3, and are identified by their structural features. 226 
Drugs 31, 32, 33, and 34 are salicylate compounds. Salicylates drugs themselves are divided into two 227 
groups: acetylated (having –C(=O)CH3) and non-acetylated [1, 2, 3].  Aspirin or acetylsalicylic acid (33) is 228 
acetylated, while others such as salsalate (34), salicylic acid (31) and diflunisal (32) are non-acetylated. 229 
Drugs 35, 36, 37, 38, 39, 40, 41, and 42 are propionic acid derivatives in structure, having   230 
(-CH3CHC(=O)OH) group.  231 
 232 
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 234 
Fig. 4. Enolic acid or oxicam derivative compounds 47 (piroxicam), 48 (meloxicam), 49 235 
(tenoxicam), and 50 (lornoxicam). Anthranilic acid derivative (fenamates) compounds 51 236 
(mefenamic acid), 52 (meclofenamic acid), 53 (tolfenamic acid), and 54 (flufenamic acid). COX-2 237 
inhibitors (COXIBS) compounds 55 (celecoxib) and 56 (nimesulide).  Compound 57 (clonixin) is a 238 
pyridine-3-carboxylic acid. 239 
 240 
NSAIDs compounds that are acetic acid derivatives are compounds 43 (indomethacin), 44 (sulindac), and 241 
45 (diclofenac). Whereas drug 46 (ketorolac) is structurally defined as a pyrrolizine-1-carboxylic acid 242 
compound. 243 
 244 



10 
 

Various other forms of NSAIDs are presented in Figure 4.  Drugs 47, 48, 49, and 50 are enolic acid or 245 
oxicam derivatives. Unlike most other NSAIDs, oxicams are not carboxylic acids. Oxicams are tautomeric 246 
and can exist as a number of tautomers (i.e. keto-enol tautomerism, which a chemical equilibrium 247 
between a keto form (ketone or aldehyde) and an enol (alcohol)).  248 
 249 
Fenamates or anthranilic acid derivative compounds include 51 (mefenamic acid), 52 (meclofenamic 250 
acid), 53 (tolfenamic acid), and 54 (flufenamic acid).  These NSAIDs are characterized by having the 251 
group C6H4(COOH)(NH-).  The remaining COX-2 inhibitors (COXIB) compounds include 55 (celecoxib) 252 
and 56 (nimesulide).  The remaining NSAID clonixin (57) is a pyridine-3-carboxylic acid compound. All 253 
drugs shown in Figure 4 have at least one aromatic ring or heteroatom arene ring.  254 
 255 

3.2 Identification of Similarities by Pattern Recognition 256 
 257 
Pattern recognition is the process of classifying input data into groups or classes based on principal 258 
characteristics. There are two classification methods in pattern recognition: supervised and unsupervised 259 
classification [30]. An unsupervised classification method works by finding hidden relationships in data 260 
applying segmentation or clustering techniques. A common unsupervised classification method utilized in 261 
this study is known as K-means clustering analysis [30]. K-means cluster analysis aims to partition n 262 
observations into a predetermined number of clusters, in which each observation belongs to the cluster 263 
with the most similar members [30].  264 

Considered altogether, the 57 antihistamines and NSAIDs having properties presented in Table 1 are 265 
analyzed by K-means cluster analysis to produce six clusters containing the drugs most similar to each 266 
other (based on properties in Table 1). The results were as follows, antihistamine drugs are in bold to 267 
distinguish from NSAIDs: 268 
  269 
      Cluster 1: 1, 2, 6, 11, 19, 25, 43, 44, 55. 270 
 271 
      Cluster 2: 23, 24, 29, 47, 48, 49, 50, 56. 272 
 273 
      Cluster 3: 3, 4, 8, 20, 21, 26, 28, 45, 52. 274 
 275 
      Cluster 4: 5, 7, 10, 12, 13, 14, 15, 16, 17, 18, 27. 276 
 277 
      Cluster 5: 22, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 46, 51, 53, 54, 57. 278 
 279 
      Cluster 6: 9, 30. 280 
 281 
NSAIDs are highly concentrated in cluster 5, however, antihistamines and NSAIDs have intermixing in 282 
clusters 1, 2, 3, and 5.  This indicates that there exists similarities between various antihistamine drugs 283 
with NSAIDs. For cluster 1 the antihistamines drugs 1, 2, 6, 11, 19, and 25 are most similar to NSAIDs 43, 284 
44, and 45 (Acetic acid derivatives).  In cluster 5,  the H2 antihistamine 22 (cimetidine) is determined to be 285 
most similar to the bulk of the NSAID drugs (17 total) and those including salicylates (31, 32, 33, 34), 286 
propionic acid compounds (34 to 42), anthranilic acid derivatives (51, 53, 54), and 57 (clonixin) a pyridine-287 
3-carboxylic acid.  Antihistamines 9 and 30 are distinct to themselves in cluster 6. 288 
Box plots are visual organizing data for identifying outliers and for comparing distributions [31].  Box plots 289 
provide basic information describing distribution of data. A numerical distribution with a positive skew 290 
would have a longer whisker in the positive direction than in the negative direction. A boxplot splits the 291 
data set into quartiles and are useful for indicating skewness and presence of outliers in the data set. Box 292 
and whisker plots are effective when large numbers of observations are involved and two or more data 293 
sets are analyzed [31].   294 
 295 
The molecular weight and Log P parameters constitute one-half of the set of parameters described in the 296 
Rule of 5 [29]. These two properties, along with polar surface area, are visualized in box plots comparing 297 
these two groups of drugs (see Figure 5).   298 
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 299 
Observing the box plots for molecular weight (MW), the medians are indicated within the box, and range 300 
by the whiskers.  The median and mean of MW for antihistamine drugs is 300.65 daltons and 315.01 301 
daltons, respectively.  Similarly, for NSAIDs that MW is 258.23 daltons and 274.28 daltons, respectively. 302 
There is a generous overlap of the boxes themselves from lower quartile to upper quartile.  303 
 304 
Observing the box plots for polar surface area (PSA), the medians are indicated within the box, and range 305 
by the whiskers.  The median and mean of PSA for antihistamine drugs is 26.98 Angstroms

2
 and 42.55 306 

Angstroms
2
, respectively.  Similarly, for NSAIDs that PSA is 54.37 Angstroms

2
 and 62.94 Angstroms

2
, 307 

respectively. There is a complete overlap of the box and whisker for the NSAIDS entirely within the range 308 
of PSA for antihistamines. This may suggest a smaller range in PSA that is suitable for NSAID drugs.  309 

Observing the box plots for Log P, the medians are indicated within the box, and range by the whiskers.  310 
The median and mean of Log P for antihistamine drugs is 3.33 and 3.10, respectively.  Similarly, for 311 
NSAIDs that Log P is 3.58 and 3.27, respectively. There is a generous overlap of the boxes themselves, 312 
with the entire box range for NSAIDs contained within the box and whiskers range for antihistamines (see 313 
Figure 5).  314 

Principal coordinates analysis (PCoA)  is a method to analyzed and visualize similarities or dissimilarities 315 
within a data pool. Principal coordinates analysis is also known as metric multidimensional scaling, and 316 
represents inter-object (dis)similarity in a low-dimensional, Euclidean space [33, 34].  PCoA can preserve 317 
distances generated from any (dis)similarity measurements, allowing more flexible handling of complex 318 
data [33, 34].  In addition, (dis)similarity matrices calculated from quantitative, semi-quantitative, 319 
qualitative, or mixed variables, all can be analyzed by PCoA [33]. Interpretation of a PCoA plot is 320 
straightforward: objects ordinated closer to one another are more similar than objects ordinated further 321 
away [34].   PCoA is suitable for handling a wide range of data [33].  322 
 323 
PCoA with 95% ellipses, shown in Figure 6, analyze the properties of Table 1. Here it is clearly shown 324 
that all drugs, save for 9, 23, 30, and 31, fall inside the 95% confidence ellipses.  Drugs 9, 23, and 30 are 325 
antihistamines, whereas 31 is a NSAID, do not adhere to the overall 95% confidence ellipses 326 
encompassing all other drugs.  This outcome suggests that drugs 9, 23, 30, and 31 are unusual and 327 
would not be considered into a 95% confidence ellipses based on molecular properties (not be within the 328 
expected 95% confidence of outcomes for these types of drugs). This outcome shows a striking similarity 329 
of molecular properties and consistency within each group of drug both separately and when consider 330 
altogether.  331 
 332 
Interestingly, K-means cluster analysis for similarity showed drugs 9 and 30 to be most similar and found 333 
in the same cluster 6 (see previous).  However, drugs 23 and 31 were found to be more dissimilar and 334 
found in two separate clusters of cluster 2 and cluster 5, respectively.  Pattern recognition methods are 335 
useful for identifying underlying relationships among multivariate data matrix and finely identify discrete 336 
dissimilarities among its members. 337 
 338 
By box plot the maximum and minimum values of molecular weight, Log P, and polar surface area 339 
substantially or completely overlaps comparing NSAIDs to antihistamines.  These three properties are 340 
represented in the RO5 criteria for drug-likeness (polar surface area by nON and number of –OH and  341 
-NHn) [29].  Again, this portends to bio-activity being highly similar in nature, however, the mechanism of 342 
activity governs the realized biological activity which for NSAIDs is inhibition of COX-1 and COX-2 343 
enzymes, and antihistamine activity for allergy treatment.  For predicting novel drug structures it is 344 
important to consider the position of atoms in formation of the pharmacophore functional group. Simply 345 
applying analogous parameters of the molecular descriptors is not sufficient to ensure the desired 346 
biological activity. Each group of drugs should be consider separately in order to increase the likelihood of 347 
acquiring the desired biological activity, when applying various numerical tools for prediction of 348 
pharmacological properties.  349 
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 350 
 351 

Fig.  5. Boxplots (box and whisker plot) of molecular weight, polar surface area, and Log P; for 352 
comparison of antihistamines to NSAIDs.  The minimum and maximum values indicated by the 353 
whiskers ends.  The first quartile found from the minimum value to the lower box end, the third 354 
quartile is from upper box end to maximum value.  The median indicated by solid line within the 355 
box itself.  356 

 357 
 358 
 359 
 360 
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 361 

Fig. 6. Principal coordinates analysis with 95% ellipses for all compounds of Table 1. Closest 362 
proximity indicates most similar agents.  The 95% confidence ellipses is the smallest ellipses that 363 
will cover 95% of the points.  Only drugs 9, 23, 30, and 31 fall outside the 95% ellipses.  364 

The neighbor-joining cluster analysis (NJ) is a distance based method requiring and based on a current 365 
distance matrix [35]. NJ finds the least distant pair or the closest neighbors and creates a new node on 366 
the tree joining the two closest nodes with the two nodes linked by through their common ancestral node 367 
[35].  Advantages of NJ are [35]: fast (suited for large datasets), does not require ultra-metric data, suited 368 
for datasets comprising lineages with largely numerical varying rates, and permits correction for multiple 369 
substitutions.   370 
 371 
In this approach to cluster analysis, the objects (drugs) are arranged in branches having those of highest 372 
similarity [35].   The range (length) or distance of the individual branches are an indicative of the 373 
closeness (similarity) of individual members. The outcome of NJ analysis produced four branches, having 374 
drugs as follows in order beginning from most distant object (antihistamines in bold):  1) drugs 30, 9, 19, 375 
2, 11, 24 1, 6, 43, 44, 3, 14, 8, 20, 29, 21, 14, 17,10, 5, 18 7, 14 12, 16, and 13;  2)  23, 55, 50, 48, 47, 49, 376 
24, 29, 56, 26, 45, 52, 27, 54, 53; 3) 31, 33, 35, 36, 37, 32, 42, 38, 51;  4) 22, 34, 57, 46, 39, 41, and 40.   377 
 378 
By utilizing NJ, the differences (i.e. dissimilarity) between NSAIDs and antihistamines becomes apparent.  379 
Noticeably, the NSAIDs dominate branches 2, 3, and 4.  Antihistamines dominate branch 1, with a 380 
minimal number found in branches 2 and 4 (no antihistamine found in branch 3). NJ is able to distinguish 381 
these groups into separate groups, which follow intuitive reasoning based upon their separate and 382 
different biological activity.  Therefore, even though the molecular properties are highly similar, analysis 383 
by NJ successfully shows an expected departure of similarity that corresponds to their quite different 384 
biological activity.  It is important to understand for future purposes of drug design to realize that likeness 385 
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in molecular properties does not assure similar biological activity and each group of drugs should be 386 
consider separately.  387 
 388 

 389 
 390 
Fig. 7. Neighbor joining cluster analysis of all 57 compounds shown in Table 1.  Identity of drugs 391 
most similar to another drug (based on molecular properties) are closest to each other and 392 
contained within the same branch.  393 

 394 
To distinguish what drugs are most similar by molecular properties is a useful endeavor for relating 395 
bioavailability. However, the pattern recognition methods will not identify pharmacological active 396 
functional groups within the whole of the molecular structure. For both NSAIDs and antihistamines, the 397 
arrangement of atoms, even similar atoms, within the molecular framework (i.e. formation of the 398 
pharmacophore) will dictate the anti-inflammatory or antihistamine activity of the drug.   399 
 400 
The actual prediction of new molecular structures would then be greatly aided by application of 401 
techniques such as multiple regression, to be discussed next.  An advantage of multiple regression here 402 
is the continued use of determined molecular properties (see Table 1), but with the concurrent calculation 403 
of accompanying descriptors to match the overall framework of the desired pharmacological activity (i.e. 404 
NSAID or antihistamine).  405 
 406 

3.3 Molecular Regression Analysis and Prediction 407 
 408 
3.3.1 Antihistamines 409 
 410 
Multiple regression analysis is a powerful technique for predicting the value of a dependent variable (or 411 
outcome variable) from the known value of two or more independent variables, also referred to as 412 
predictor variables [36, 37]. In this analysis, the predictors such as Log P and polar surface area, have 413 
significance as pharmaceutical properties.  For compounds 1 to 30, and utilizing the properties given in 414 
Table 1, we can form analysis with independent variables Log P, polar surface area (PSA), number of 415 
atoms (nAtoms), number of oxygen & nitrogen atoms (nON), number of –OH and –NHn, molecular weight 416 
(MW), molecular volume (MV), and number of rotatable bonds (nRotB):  417 
 418 
         MW = 16.100 + 19.358(LogP) + 1.145(PSA) – 10.663(nAtoms) +4.418(nON) – 419 
      420 
                                              8.066(nOHNH) – 3.265(nRotB) + 1.479(MV)                         {1} 421 
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 422 
The relationship {1} shows an R

2
 of 0.9377, indicating the model accounts for 93.77% of the variance in 423 

dependent variable MW based on the model. The independent variables of greatest significance are the 424 
Log P (P=.02) and molecular volume (P=.01).  The prediction of novel drug structures can be 425 
accomplished, with calculation of these important properties as each independent variable is modified, to 426 
get the final dependent variable molecular weight (MW).  427 
 428 
3.3.2 Non-steroidal Anti-inflammatory Drugs 429 

 430 
For compounds 1 to 30, and utilizing the properties given in Table 1, we can form analysis with 431 
independent variables Log P, polar surface area (PSA), number of atoms (nAtoms), number of oxygen & 432 
nitrogen atoms (nON), number of –OH and –NHn, molecular volume (MV), and number of rotatable bonds 433 
(nRotB):  434 
 435 
        MW = -55.633 + 2.750(LogP) – 0.2267(PSA) + 9.206(nAtoms) + 8.629(nON) +  436 
  437 
                                      11.892(nOHNH) – 3.055(nRotB) + 0.4958(MV)                            {2} 438 
 439 
The relationship {2} shows an R

2
 of 0.9740, indicating the model accounts for 97.40% of the variance in 440 

MW based on the model. The independent variables of greatest significance are the constant (P=.02) and 441 
the number of atoms (P=.01). Regression coefficients represent the mean change in the response 442 
variable for one unit of change in the predictor variable while holding other predictors in the model 443 
constant [36].  Again, it is now possible to predict parameters for novel drugs by inserting the appropriate 444 
independent variable values, followed by solving for the dependent variable (MW).  445 
 446 
Prediction by multiple regression has been shown to be effective in establishing numerical values for 447 
variables selected by investigators [36].  Causality is a different matter, however, and it has been 448 
demonstrated by NJ that these two groups of drugs can be differentiated despite their great similarity in 449 
various molecular properties. The use of multiple regression algorithms is effective for generating 450 
legitimate numerical values based on the model.  However, that does not ensure by itself the creation of a 451 
new drug structure having the same biological activity.  The position of the atoms is important when 452 
pursuing a pharmacophore effective for the desired biological activity.  Nevertheless, the consideration of 453 
known proven drug designs can guide the assimilation of atoms into novel structures suitable for clinical 454 
usage.  Formation of an effective pharmacophore as well as the appropriate molecular properties go hand 455 
in hand in the design of novel drugs.  456 
 457 
Pattern recognition methods have much to contribute to design of new pharmaceutics. This is particularly 458 
true for studies involving calculation and collation of data that becomes easier with the widespread use of 459 
computer databases, molecular modeling systems, and property prediction packages, this for both 460 
biological and physicochemical fields [38]. The wider use and understanding of these methods should 461 
enhance their utility in drug design [38]. 462 

 463 

4. CONCLUSION 464 

 465 
Antihistamines and NSAIDs are two groups of drugs highly important for public health. A comparison of 466 
30 antihistamines to 27 NSAIDs showed important similarities useful for design of novel drug structures.  467 
One-way ANOVA and Kurskal-Wallis test showed that means and medians of Log P and number of 468 
oxygen & nitrogen atoms of these two groups are equal.  Properties NSAIDs showed high level of 469 
consistent values, with no outliers for Log P, polar surface area, molecular weight, molecular volume, and 470 
numbers of –OH, -NHn, rotatable bonds, and atoms.  However, antihistamines showed outliers in all 471 
properties except Log P and number of rotatable bonds. Multiple regression produced algorithms for both 472 
groups accounting for over 93% of variance in molecular weight.  Box plots showed substantial overlap of 473 
values for the two groups of drugs for molecular weight, polar surface area, and Log P. K-means cluster 474 
analysis showed that members of antihistamines are most similar to members of NSAIDs. Similarity 475 
among members of the two groups is visualized in neighbor joining tree cluster analysis.  Principal 476 
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coordinates analysis with 98% ellipses showed clearly that all members of the 57 drugs studied (save for 477 
9, 23, 30, 31) would fall within a 95% confidence area based upon molecular properties. This study 478 
reveals relationships between antihistamines and NSAIDs useful for understanding their pharmacological 479 
activity and the design of novel molecular structures. 480 
 481 
 482 

CONSENT  483 

 484 
Not applicable.  485 
 486 

ETHICAL APPROVAL  487 

 488 
Not applicable.  489 
. 490 

REFERENCES 491 

 492 
1. Miller LG, Prichard JG. Current issues in NSAID therapy. Prim Care. 1990;17:589-601.  493 
 494 
2. Verbeeck RK, Blackburn JL, Loewen GR. Clinical pharmacokinetics of non-steroidal anti-inflammatory 495 
drugs. Clin Pharmacokinet. 1983;8(4):297-331. 496 
 497 
3. Aronoff DM, Nelson EG. Antipyretics mechanisms of action and clinical use in fever suppression. Am J 498 
Med. 2001;111(4):304-15. 499 
 500 
4. Goodman LS, Gilman A. The pharmacological basis of therapeutics. 4

th
 ed. London: The Macmillan 501 

Company; 1970. 502 
 503 
5. Mantelli F, Calder VL, Bonini S. The anti-inflammatory effects of therapies for ocular allergy. J Ocul 504 
Pharmacol Ther. 2013;29(9):786-93. 505 
 506 
6. Park JH, McMillan DC, Horgan PG, Roxburgh CS. The impact of anti-inflammatory agents on the 507 
outcome of patients with colorectal cancer. Cancer Treat Rev. 2014;40(1):68-77. 508 
 509 
7. Moore RA, Derry S, Simon LS, Emery P. Nonsteroidal anti-inflammatory drugs, gastroprotection, and 510 
benefit-risk. Pain Pract. 2014;14(4):378-95. 511 
 512 
8. Bertille N, Pons G, Fournier-Charriere E, Khoshnood B, Chalumeau M. National cross-sectional study 513 
of nonsteroidal anti-inflammatory drugs use highlights differences between parents and professionals and 514 
prompts safety concerns. Acta Paediatr. 2016;105(11):e543-e548. 515 
 516 
9. Paulasir S, Kaoutzanic C, Welch KB, Vandewarker JF, Krapohl G, Lampman RM, et. al. Nonsteroidal 517 
anti-inflammatory drugs: do they increase the risk of anastomotic leaks following colorectal operations? 518 
Dis Colon Rectum. 2015;58(9):870-7. 519 
 520 
10. Lee MS, Chang CH, Lin Ry, Lai MS. Risks of hypertension associated with cyclosporine, nonsteroidal 521 
anti-inflammatory drugs, and systemic glucocorticoids in patients with psoriasis: a nationwide population-522 
based nested case-control study in Taiwan. Pharmacoepidemiol Drug Saf. 2016;25(2):133-40. 523 
 524 
11. Fosbol EL, Olsen AM, Olesen JB, Andersson C, Kober L, Torp-Pedersen C, et. al. Use of 525 
nonsteroidal anti-inflammatory drugs among healthy people and specific cerebrovascular safety. Int J 526 
Stroke. 2014;9(7):943-5. 527 
 528 
12. Levenstein S, Rosenstock S, Jacobsen RK, Jorgensen T. Psychological stress increases for peptic 529 
ulcer, regardless, of Helicobacter pylori infection or use of nonsteroidal anti-inflammatory drugs. Clin 530 
Gastroenterol Hepatol. 2015;13(3):498-506. 531 



17 
 

 532 
13. Labenz J, Peltz U, Kohl H, Kaiser J, Malfertheiner P, Hackelsberger A, et. al. Helicobacter pylori 533 
increases the risk of peptic ulcer bleeding: a case-control study. Ital J Gastroenterol Hepatol. 534 
1999;31(2):110-5. 535 
 536 
14. Nosbaum A, Braire-Bourrel M, Dubost R, Faudel A, Parat S, Nicolas JF, et. al. Prevention of 537 
nonsteroidal inflammatory drug-induced urticarial and/or angioedema. Ann Allergy Asthma Immunol. 538 
2013;110(4):263-6. 539 
 540 
15. Jackson M. The history of a modern malady. London: Reaktion Books; 2006. 541 
 542 
16. Ma L, Danoff TM, Borish L. Case fatality and population mortality associated with anaphylaxis in the 543 
United States. J Allergy Clin Immunol. 2014;133(4):1075-83. 544 
 545 
17. Diamant Z, Boot JD, Virchow JC. Summing up 100 years of asthma. Respir Med. 2007;101(3):378-88. 546 
 547 
18. Tanday S. Epigenetic study identifies genes linked to asthma and allergy. Lancet Respir Med. 548 
2015;3(4):274. 549 
 550 
19. Szalai C, Ungvari I, Pelyhe L, Tolgyesi G, Falus A. Asthma from a pharmacogenomics point of view. 551 
Br J Pharmacol. 2008;153(8):1602-14. 552 
 553 
20. Potter PC. Effectiveness and safety of new-generation antihistamines in allergenic rhinitis and 554 
urticarial. SA Fam Pract. 2004;47(1):24-28. 555 
 556 
21. Church MK, Church DS. Pharmacology of antihistamines. Indian J Dermatol. 2013;58(3):219-224. 557 
 558 
22. Tansey EM, Henry D. Histamine and anaphylaxis reflections on the role of chance in the history of 559 
allergy. Stud Hist Phil Biol Biomed Sci. 2003;34(8):455-472. 560 
 561 
23. Simons FE, Simons KJ. Histamine and H1-antihistmines: celebrating a century of progress. Allergy 562 
Clin Immunol. 2011;128(6):1139-1150. 563 
 564 
24. Ohlow MJ, Moosmann B. Phenothiazine: the seven lives of pharmacology’s first lead structure. Drug 565 
Discov Today. 2011;16(3-4)L119-31. 566 
 567 
25. Gemkow MJ, Davenport AJ, Harich S, Ellenbrock BA, Cesura A, Hallett D. The histamine H3 receptor 568 
as a therapeutic drug target for CNS disorders. Drug Discov Today. 2009;14(9-10):509-515. 569 
 570 
26. Jones BL, Kearns GL. Histamine: neew thoughts about a familiar mediator. Clin Pharmacol Ther. 571 
2011;89(2):189-197. 572 
  573 
27. Leurs R, Bakker RA, Timmerman H, de Esch IJ. The histamine H3 receptor: from gene cloning to H3 574 
receptor drugs. Nat Rev Drug Discov. 2005;4(2):107-120. 575 
 576 
28. Thurmond RL, Gelfand EW, Dunford PJ. The role of histamine H1 and H4 receptors in allergic 577 
inflammation: the search for new antihistamines. Nat Rev Drug Discov. 2008;7(1):41-53. 578 
 579 
29. Lipinski CA, Lombardo F, Dominy BW, Feeney PJ. Experimental and computational approaches to 580 
estimate solubility and permeability in drug discovery and development settings. Adv Drug Del Rev. 581 
2001;46:3-26. 582 
 583 
30. Zar JH. Biostatistical analysis. 3

rd
 ed. Upper Saddle River: Prentice Hall; 1996. 584 

 585 
31. MendenHall W. Beginning Statistics: A to Z. Belmont: Duxbury Press; 1993. 586 



18 
 

 587 
32. Cataldi M, Borriello F, Granata F, Annunziato L, Marone G. Histamine receptors and antihistamines: 588 
from discovery to clinical applications. Chem Immunol Allergy. 2014;100:214-26. 589 
 590 
33. Gower JC. Some distance properties of latent root and vector methods used in multivariate analysis. 591 
Biometrika. 1966;53(3-4):325-338. 592 
 593 
34. Legendre P, Legendre L. Numerical ecology. 2

nd
 ed. Amsterdam: Elsevier; 1998. 594 

 595 
35. Mihaescu R, Levy D, Pachter L. Why neighbor-joining works. Algorithmica. 2009;54(1):1-24. 596 
 597 
36. Pedhazur EJ. Multiple regression in behavioral research. Orlando: Harcourt Brace; 1997. 598 
 599 
37. Tabachnick BG, Fidell LS. Using multivariate statistics. New York: Harper Colins; 1996. 600 
 601 
38. Livingstone DJ. Pattern recognition methods in rational drug design. Methods Enzymol. 602 
1991;203:613-38. 603 
 604 

DEFINITIONS, ACRONYMS, ABBREVIATIONS 605 

  606 
Term: PSA, polar surface area; nOHNH, number of hydroxyl groups and amine groups; nON, number of 607 
oxygen and nitrogen atoms; nRotB, number of rotatable bonds; MV, molecular volume; nAtoms, number 608 
of atoms; MW, molecular weight; RO5, rule of five.  609 
 610 

 611 


