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ABSTRACT 

Human organic cation transporters (OCTs) represent an understudied neurotransmitter uptake 

mechanism for which no selective agents have yet been identified. Several neurotransmitters 

(e.g. serotonin, norepinephrine) are low-affinity substrates for these transporters, but possess 

higher affinity for other transporters (e.g. the serotonin or norepinephrine transporters; SERT and 

NET, respectively). We have identified a new class of OCT inhibitors with a phenylguanidine 

structural scaffold. Here, we examine the actions of a series of such compounds and report 

preliminary structure-activity relationships (SARs) – the first dedicated SAR study of OCT3 

action. Initial results showed that the presence of a substituent on the phenyl ring, as well as its 

position, contributes to the phenylguanidines’ inhibitory potency (IC50 values ranging from 2.2 to 

>450 µM) at hOCT3. There is a trend towards enhanced inhibitory potency of phenylguanidines 

with increased lipophilic character and the size of the substituent at the phenyl 4-position, with 

the latter reaching a ceiling effect. The first PiPT-based hOCT3 homology models were 

generated and are in agreement with our biological data. 
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Organic cation transporters (OCTs) represent a family of transport proteins for which few, if 

any, specific agents are available. That is, most agents that serve as substrates or inhibitors at 

OCTs have other primary targets (i.e., receptors or other transporters). Antidepressants are a case 

in point. Although inhibitors of OCTs in the µM range,1 many antidepressants bind at, for 

example, the serotonin transporter in the low nM range. Hence, there is a need for new agents to 

better investigate OCT-specific functions. A diverse array of pharmacologically-relevant 

xenobiotics, drugs, model cations, and endogenous ligands (e.g., aminergic neurotransmitters), 

are targets for organic cation transporters.2,3 Currently, three major human OCT paralogs: OCT1, 

OCT2, and OCT3 (SLC22A1, 2 and 3, respectively), have been well characterized as 

polyspecific, electrogenic, and Na+/Cl--independent uniporters.4,5 In the CNS, OCTs appear to 

function as low-affinity, high-capacity uptake-2 transporters, opposite to, for example, the high-

affinity, low-capacity 5-HT, DA, and NE transporters (uptake-1) (i.e., SERT, DAT, NET, 

respectively).6,7 OCT1 is found primarily in the liver,8 OCT2, in addition to its major expression 

in kidney, exists in the brain,8,9 whereas OCT3 is expressed primarily in the brain10 and is found 

in other organs (i.e., heart, liver, kidney, lung, intestine, placenta and adrenal gland).11,12 In the 

brain, non-neuronal uptake through OCTs expressed in glia and glial cells exceeds that by 

neurons by ~10-fold, suggesting that OCTs are also important regulators of brain monoamines.13 

Because OCTs are complementary and/or an alternative clearance pathway to 5-HT, DA, and NE 

transporters they are promising therapeutic targets for a variety of neuropsychiatric disorders 

associated with the imbalance of synaptic concentrations of aminergic neurotransmitters.14 

The polyspecific character of OCTs makes them a significant target for structurally diverse 

molecules and, so far, systematic structure-activity relationship (SAR) studies are lacking. 

Guanidine is a weak inhibitor of OCT3 (IC50 = 2200 – 6200 µM).15 However, certain substituted 
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guanidines are more potent.16,17 In an investigation of 5-HT3 receptor ligands, we developed a 

series of phenylguanidines that we then examined for interaction at the OCTs.18 One of the 

compounds, 3-chlorophenylguanidine (3-CPG; 1) was found to be a much (nearly 1000-fold) 

more potent inhibitor at hOCT3 than guanidine itself. Here, we report on preliminary SAR for 

hOCT3 inhibitors containing a phenylguanidine scaffold. Inhibition was measured as uptake of a 

known substrate, [3H]MPP+, in the presence and absence of the phenylguanidines using HEK293 

cells stably-expressing hOCTs. To understand the interactions of substituted phenylguanidines in 

the binding region we generated the first inorganic phosphate transporter (PiPT)-based hOCT3 

model. This investigation also represents the first dedicated SAR study to examine OCT3 

transporters.  

 

3-Chlorophenylguanidine nitrate (3-CPG; 1) was on hand from a previous project.19,20  

Phenylguanidines 2-6 were re-synthesized for these studies using the general method depicted in 

Scheme 1, previously published by us.20,21  Phenylguanidines 7-9 are new and were prepared in a 

similar manner as analogs 2-6 (Scheme 1; see Supplementary material for experimental details). 

In short, commercially available, appropriately-substituted anilines were converted to their 

corresponding hydrochloride salts and then reacted with cyanamide in a condensation reaction to 

give the desired guanidines as hydrochloride salts. The targets, 2-9, were obtained as nitrate salts 

by treating the phenylguanidine hydrochlorides with an excess of ammonium nitrate followed by 

recrystallizations from ethanol. We have found that nitrate salts of phenylguanidines are much 

less hygroscopic than their hydrochloride salts. 
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Scheme 1. Synthetic pathway for phenylguanidines 2-9. 

 

 

aReagents and conditions: (i) HCl, EtOH; (ii) (a) NH2CN, EtOH, reflux; (b) NH4NO3, H2O. 
 
 

The structures of 2-6 were confirmed by 1H NMR, IR and mp and are consistent with that 

reported in the literature.19-21 Since 7-9 were unknown, their structures were additionally 

confirmed by instrumental methods and elemental analysis. 
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MPP+ concentration and uptake time used for kinetic analyses were determined previously.22,23 

The Km value for MPP+ at hOCT3 

was 32.1 µM, comparable to the 

value reported in the literature.10 

Inhibition of hOCT-mediated 

[3H]MPP+ accumulation was 

quantified in the presence of 

increasing concentrations (1x10-8 to 

1x10-2.5 M) of unlabeled 

phenylguanidines (see Supplementary 

material for experimental details). 3-

Chlorophenylguanidine (3-CPG; 1) 

produced marked inhibition of 

hOCT3 transport activity (IC50 = 7.6 

µM; Figure 1, Table 1). The presence 

and/or position of the Cl group might 

be important for the inhibitory actions 

of 1 at hOCT3. Thus, to better 

understand the role of the Cl group 

we prepared deschloro analog 2 (PG) 

and a positional isomer of 1, 4-

chlorophenylguanidine (4-CPG; 3). 

Removal of the Cl group resulted in a 

Figure 1. Inhibitory potency determination. 
Representative experiments showing 1 min uptake of 
MPP+ (1 µM) measured in HEK293 cells stably 
expressing hOCTs in the presence of increasing 
concentrations of phenylguanidine analogs (10-8 to 
10-2.5 M). Data were corrected for nonspecific 
background measured in empty vector control cells 
and are shown as mean ± SD. IC50 values were 
determined with nonlinear regression and are 
reported in Table 1.  
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13-fold decrease in potency (2, IC50 = 99.8 µM) indicating that the presence of the Cl group 

contributes to inhibitory activity at hOCT3.Translocation of the 3-Cl group to the 4-position of 

the phenyl ring, as seen in 3 (IC50 = 2.8 µM), slightly increased inhibitory potency (Table 1).  

 

The observed inhibitory effect of 3 could be due to the electronic or lipophilic character of the Cl 

group. To assess this we synthesized the 4-CH3 analog 4 (4-MePG). The CH3 and Cl groups 

possess similar lipophilic properties (π = 0.56 and 0.71, respectively) but opposite electronic 

properties (σ = -0.17 and 0.23, respectively).24 Thus, if the observed inhibitory effects were due 

to the lipophilic property, π, of the Cl group, 4-MePG (4) should be about as potent as 4-CPG 

(3). However, if the electronic, σ, property is important, 4-MePG (4) would be expected to be 

less potent than 3 or inactive as an inhibitor. Phenylguanidine 4 (IC50 = 4.6 µM) was found to be 

nearly equipotent to analog 3 (Figure 1, Table 1) indicating that lipophilic character of the 

substituent likely contributes to the inhibitory activity of phenylguanidines at hOCT3. 

Replacement of the 4-CH3 substituent with a more lipophilic tBu (π = 1.98)24 group resulted in a 

2-fold increase in inhibitory potency as seen for 4-tBuPG (5; Figure 1, Table 1).  

 

However, lipophilicity isn’t the only parameter contributing to the inhibitory potency of 

phenylguanidines because 4-benzylphenylguanidine (4-BnPG; 6) (IC50 = 452.5 µM) was >200-

fold less potent as an inhibitor of hOCT3 (Figure 1, Table 1) than 5 despite its comparable 

lipophilic character (π = 1.79).24 The dramatic decrease in inhibitory activity of 6 might be 

related to the significant increase in the steric bulk of the benzyl (Bn) group compared to tBu in 

5. It appears that inhibitory activity increases with an increase in the size of the substituent, i.e. 

from H to CH3 to tBu, and then reaches an upper limit (ceiling effect). Thus, the weak inhibitory 
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activity of 6 for hOCT3 might be related to the introduction of the aromatic ring present in the 

Bn group or bulk intolerance associated with the binding region as discussed in the molecular 

modeling section below.    

Further, to investigate the steric properties at the 4-position, we synthesized and tested other 4-

halo-subsituted analogs (4-F, 4-Br and 4-I). Both the 4-Br (IC50 = 4.8 µM) and the comparatively 

larger 4-I (IC50 = 1.8 µM) substituted phenylguanidine analogs retained comparable inhibitory 

potency at hOCT3 (Table 1, Figure S1) and agreed with the increased lipophilicity requirement 

for potency observation. The compound with the substantially less lipophilic and smaller 4-F (π 

= 0.14)24 group was ~10-fold less potent than 4-CPG (3; Table 1). 
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Table 1. Inhibitory potencies (IC50 ± SEM µM) of phenylguanidine analogs 1-9 at hOCT1-3.  
 

 
 
 

 

 

aValues presented as the mean ± SEM (n = 3) 
  

  IC50
a

 ± SEM (µµµµM) 

Compound R hOCT1 hOCT2 hOCT3 

     
1 (3-CPG) 3-Cl   13.7 ±     0.8 60.5 ±   4.1     7.6 ±   0.7 
     
2 (PG) H   41.1 ±   14.4 89.0 ± 12.2    99.8 ±  2.8 
     
3 (4-CPG) 4-Cl   10.0 ±     0.6 18.9 ±   0.1     2.8 ±   0.7 
     
4 (4-MePG) 4-CH3   10.0 ±     0.2   9.3 ±   4.8     4.6 ±   1.1 
     
5 (4-tBuPG) 4-tBu     0.9 ±     0.2   8.3 ±   3.9     2.2 ±   0.2 

     
6 (4-BnPG) 4-CH2Ø 761.9 ± 254.7 96.2 ±   8.0 452.5 ± 87.9 
     
7 (4-FPG) 4-F   22.6 ±     0.8 48.3 ± 18.9   27.8 ± 11.0 
     
8 (4-BrPG) 4-Br     6.3 ±     1.0 11.3 ±   3.2     4.8 ±   0.7 
     
9 (4-IPG) 4-I     2.4 ±     0.3   4.4 ±   1.5     1.5 ±   0.3 
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We also examined phenylguanidines 1-9 for 

subtype selectivity at hOCT3 vs hOCT2 vs 

hOCT1 and found that they also inhibit MPP+ 

uptake at hOCT1 and hOCT2. A slight 

paralog selectivity (less than 10-fold) was 

seen for the Cl-substituted analogs (Table 1). 

That is, 3-CPG (1) and 4-CPG (3) showed 8- 

and 6-fold selectivity for hOCT3 vs hOCT2. 

Other phenylguanidines displayed very 

modest selectivity (less than 5-fold) among 

all three hOCT paralogs (Table 1).    

 

To understand inhibition of hOCT3 by the 

phenylguanidines and their interactions at the 

atomic level (modeling studies) their mode of 

inhibition was determined. Saturation 

analysis was performed for hOCT3 in the 

absence and presence of two different 

concentrations of phenylguanidine 3 or 5 

(Figure 2). Using nonlinear regression 

analysis of background-corrected data, 

substrate uptake curves were fit to the 

equation for mixed-model inhibition, and α 

Figure 2. Competitive inhibition of hOCT3-
mediated phenylguanidine transport. One minute 
cellular accumulation assays were conducted for 
MPP+ (1-150 µM) in the presence and absence of 
two concentrations of either 4-CPG (3) or 4-
tBuPG (5) as indicated. After correction for non-
hOCT3 mediated background accumulation of 
MPP+ in non-transporter expressing control cells, 
saturation curves were generated and analyzed by 
nonlinear regression to determine the mode of 
inhibition. Lineweaver-Burk transformations of 
the data are shown to readily allow visualization 
of the mode of inhibition as competitive. 
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values were calculated for each analog. The estimated α values for 3 and 5 were greater than 1 

(i.e., α = 23 and 17.5, respectively), indicating that these phenylguanidines are competitive 

inhibitors of hOCT3. To readily visualize the data Lineweaver-Burk plots were constructed 

(Figure 2) clearly showing increasing Km (changing x-intercept), but unaltered Vmax (consistent 

y-intercept) in the presence of inhibitor. We also examined the mode of inhibition for a standard 

inhibitor of OCTs, quinine, and found that it also behaved as competitive inhibitor of hOCT3 (α 

= 3.9; data not shown).  

 

In 2013, the crystal structure of the inorganic phosphate transporter (PiPT; PDB ID:  4J05) in 

complex  with a phosphate molecule was solved by Pedersen et al.25 PiPT belongs to the 

phosphate:H+ symporter family in the major facilitator superfamily26 and shares homology with 

members of the SLC22 transporter family.27-29 As such, PiPT was used as a template for 

homology modeling of these transporters until their crystal structures are solved since it was 

argued that “human members of the SLC22, SLC15, and SLC2 families adopt the MFS (major 

facilitator superfamily) fold, despite not sharing significant sequence similarity among them”30 

thereby indicating an overall similar 3-D arrangement. While our modeling studies were 

underway, in 2017, Dakal et al.31 published models of hOCT1-3 among others based on the 

crystal structure of human glucose transporter (GLUT3; PDB ID: 5C65) belonging to the 

SLC2A3 family of transporters as the template. The resolution of the GLUT3 crystal structure at 

2.65 Å32 is only slightly better than that of our template, PiPT at 2.9 Å.25 Moreover, the 

sequence identity between GLUT3 and hOCT3 appears to be ~20% which is no better than the 

sequence identity between PiPT and hOCT3 (~23%). Dakal et al.31 mentioned considering the 

PiPT crystal structure as a potential template but summarily rejected it in favor of GLUT3. The 
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only results of validation that Dakal et al.31 provide for their models are Ramachandran plots. 

The authors neglected to dock the known substrate, MPP+, in any of their models. As such, at the 

given time, models based on PiPT or GLUT3 are equally plausible.  

Both the template, PiPT, and the protein of interest, hOCT3, consist of 12 transmembrane-

spanning helices with intracellular N- and C-termini.25,27 The binding region of organic cation 

transporters has been defined as a fairly large region composed of smaller overlapping binding 

sites.33 The amino acid residues Trp218, Tyr222, and Thr226 (TMD 4), Ala443, Leu447 and 

Gln448 (TMD 10) and Asp475 (TMD 11) have been proposed to comprise the binding region in 

rOCT1.33,34 The model substrate MPP+ has been shown to interact with these residues.  

 

Mutagenesis data implicate Asp475 in rOCT1 to be a critical amino acid residue for 

interactions of MPP+ at the transporter since the mutation Asp475Glu led to a 94% decrease in 

the Vmax of MPP+ uptake.33,34 Therefore, we used the corresponding amino acid residue in 

hOCT3, i.e. Asp478, to define the binding site. Upon docking (see Supplementary material for 

experimental details), the protonated nitrogen atom of MPP+
 was seen to be involved in ionic 

salt-bridge interactions with the carboxylate oxygen atom of Asp478 (Figure S2). Additionally, 

the protonated nitrogen atom formed a cation–π interaction with the aromatic ring of Trp223. 

The pyridine ring of MPP+ was involved in a T-shaped π–π stacking interaction with Phe165 

(Figure S2). The guanidinium moiety of the side chain of Arg20 formed a cation–π interaction 

with the aromatic ring of MPP+ that is further involved in hydrophobic interactions with Leu23 

and Tyr365 (Figure S2).    
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Our kinetics studies indicated that 4-CPG (3) and 4-tBuPG (5) are competitive inhibitors (see 

Figure 2) at hOCT3. Therefore, we docked the phenylguanidine analogs at the substrate binding 

region of hOCT3 using Asp478 to define it. We obtained two different docking modes for 

phenylguanidines 1-9 referred to as mode 1 and mode 2 as shown in ‘Supplementary material’, 

Figures S3 and S4, respectively. 

In mode 1, all phenylguanidines except 4-BnPG (6) docked in a similar and overlapping 

manner with the guanidinium moiety directed towards Asp478 (Figure 3 and Figure S3).  4-

BnPG (6), on the other hand, was flipped over with the guanidinium moiety directed at the other 

end of the binding region towards Glu451 (Figure 3 and Figure S3). In contrast, in mode 2, all 

nine phenylguanidines, including 4-BnPG (6) docked in an overlapping manner and formed ionic 

salt-bridge interactions with the carboxylate oxygen of Asp478 (Figure 4 and Figure S4).  
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Figure 3. Docking mode 1 of phenylguanidines with 4-tBuPG (5; white) and 4-BnPG (6; 
raspberry) superimposed at the binding region of hOCT3. The amino acid residues of hOCT3 
are displayed as pale cyan lines. Dashed red lines represent ionic salt bridge interactions 
between the N atoms of the guanidine moiety of 4-tBuPG (5; white) and the carboxylate 
oxygen of Asp478 (pale cyan-capped sticks). The 4-BnPG analog is flipped over so that the 
guanidine moiety is pointing towards Glu451 present on the other end of the binding region. 
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To determine which of the two binding modes is more probable, we conducted a 

Hydropathic INTeraction (HINT) analysis35 and compared and contrasted the interactions 

between the phenylguanidines and hOCT3. In general, the higher the positive HINT score, the 

more favorable the interactions between the two molecules. For mode 1, one of the most potent 

analogs, 4-tBuPG (5), and the weakest inhibitor, 4-BnPG (6), had negative HINT scores (Table 

2). 4-BnPG (6) is 205–fold less potent than 4-tBuPG (5) (Table 1). For mode 2, all analogs, 

except 4-BnPG (6), had a positive HINT score (Table 3). Moreover, the unsubstituted PG (2), 

Figure 4. Docking mode 2 of 4-tBuPG (5; white) and 4-BnPG (6; raspberry) superimposed 
at the binding region of hOCT3. The amino acid residues of hOCT3 are displayed as wheat
lines. Dashed red lines represent bidentate ionic salt bridge interactions between the N atoms 
of the guanidine moiety of phenylguanidines and the carboxylate oxygen of Asp478 (wheat-
capped sticks). The 4-BnPG (6) analog is aligned with other phenylguanidne analogs with the 
guanidine moiety pointing towards Asp478. HINT analysis shows clashes between the 
benzyl group (meshed surface) of 4-BnPG (6) and Glu451 (dotted surface) present on the 
other end of the binding region. 
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which displayed 45–fold lower inhibitory potency compared to 4-tBuPG (5), showed a <5 but 

>1.5–fold lower HINT score than the other phenylguanidine analogs (Table 3). In mode 2, HINT 

analysis revealed that the benzyl group of 4-BnPG (6) clashes with the Glu451 residue (Figure 4) 

that is located at the other end of the binding region. Our biological data favor mode 2 vs mode 

1.  
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Table 2. HINT scores for mode 1 of interactions of phenylguanidines 1-9 at hOCT3. 

 

 

 

 

 

 

 

 

 

 Ligands R HINT 

score 

Amino acids interacting with 

substituents 

    
1 (3-CPG) 3-Cl  338 Arg20, Gln247, Trp358 

    

2 (PG) H  549 - 

    

3 (4-CPG) 4-Cl  547 Trp358, Ser361, Ala362, Tyr365 

    

4 (4-MePG) 4-CH3  356 Ala362, Tyr365 

    
5 (4-tBuPG) 4-tBu -467 Val453, Ser361, Ala362, Tyr365 

    

6 (4-BnPG) 4-CH2Ø -484 Ala362, Tyr365 
     
 7 (4-FPG) 4-F 566 Ala362 
     
 8 (4-BrPG) 4-Br 519 Ser361, Ala362, Tyr365  
     
 9 (4-IPG) 4-I 478 Ser361, Ala362, Tyr365 
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Table 3. HINT scores for mode 2 of interactions of phenylguanidines 1-9 at hOCT3. 
 

 

 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HINT analysis further indicated that the aryl substituent on the phenylguanidine moiety is 

involved in hydrophobic interactions at hOCT3 with residues such as Arg19, Arg20, Trp223, 

Phe250, Tyr365, Trp358 and Val453 (Table 3). The unsubstituted PG (2) is unable to participate 

in these hydrophobic interactions (Table 3) and this might account for its low inhibitory potency 

at hOCT3 (Table 1).  

 

 

 

 Ligands R HINT 

score 

Amino acids interacting with 

substituents 

    
1 (3-CPG) 3-Cl 426 Arg19, Arg20, Trp223 

    

2 (PG) H  96 - 

    

3 (4-CPG) 4-Cl  250 Arg20, Trp223 

    

4 (4-MePG) 4-CH3 144 Trp223, Phe250 

    

5 (4-tBuPG) 4-tBu 143 Phe250, Tyr365, Val453, Trp358 

    
6 (4-BnPG) 4-CH2Ø -7 Val453 

     
 7 (4-FPG) 4-F 222 - 
     
 8 (4-BrPG) 4-Br 252 - 
     
 9 (4-IPG) 4-I 209 Glu451 
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This is the first investigation dedicated to the SAR of hOCT3 inhibitors. Nine compounds 

were examined and their inhibitory potencies varied over a >200-fold range. The aryl-

unsubstituted phenylguanidine 2 displayed modest potency as a hOCT3 inhibitor (IC50 = 99.8 

µM), but introduction of a 4-Cl group enhanced potency by 35-fold. The contribution of the Cl 

seems to be lipophilic, rather than electronic, in nature in that it could be replaced by a methyl 

group (comparing 3 and 4) with little effect on potency. The more lipophilic 4-tBu analog 5 also 

was a potent hOCT3 inhibitor. The series of compounds examined shows that aryl substituents 

can influence the potency of the phenylguanidines and provides impetus for continued 

investigation. Due to variation in the potencies of 1-9 at hOCT1-3, it might ultimately be 

possible to develop paralog-selective compounds. 

 

The first PiPT-based hOCT3 homology models were generated and probed with competitive 

inhibitors, phenylguanidines.  Although, two possible modes of interactions were identified, 

HINT analysis coupled with biological data support mode 2. 

 

Although yet to be optimized, a new chemotype of OCT inhibitors has been identified, 

phenylguanidines. The potential of these compounds is currently being exploited to develop tools 

to investigate these underexplored transporters.  
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Supplementary material 

Supplementary data associated with this article can be found, in the online version, at … 

 

Inhibitory potency determination for phenylguanidines 7-9 (Figure S1); MPP+ in the 

binding site of hOCT3 (Figure S2); docking mode 1 of phenylguanidines 1-9 

superimposed in the binding site of hOCT3 (Figure S3); docking mode 2 of 

phenylguanidines 1-9 superimposed in the binding site of hOCT3 (Figure S4); sequence 

alignment of hOCT3 and PiPT (Figure S5); Ramachandran plot (Figure S6); 

Experimental Section (Synthesis; Biological studies; Molecular modeling). 
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Figure Legends  
 
Figure 1. Inhibitory potency determination. Representative experiments showing 1 min uptake 

of MPP+ (1 µM) measured in HEK293 cells stably expressing hOCTs in the presence of 

increasing concentrations of phenylguanidine analogs (10-8 to 10-2.5 M). Data were corrected for 

nonspecific background measured in empty vector control cells and are shown as mean ± SD. 

IC50 values were determined with nonlinear regression and are reported in Table 1.  

 

Figure 2. Competitive inhibition of hOCT3-mediated phenylguanidine transport. One minute 

cellular accumulation assays were conducted for MPP+ (1-150 µM) in the presence and absence 

of two concentrations of either 4-CPG (3) or 4-tBuPG (5) as indicated. After correction for non-

hOCT3 mediated background accumulation of MPP+ in non-transporter expressing control cells, 

saturation curves were generated and analyzed by nonlinear regression to determine the mode of 

inhibition. Lineweaver-Burk transformations of the data are shown to readily allow visualization 

of the mode of inhibition as competitive. 

 

Figure 3. Docking mode 1 of phenylguanidines with 4-tBuPG (5; white) and 4-BnPG (6; 

raspberry) superimposed at the binding region of hOCT3. The amino acid residues of hOCT3 are 

displayed as pale cyan lines. Dashed red lines represent ionic salt bridge interactions between the 

N atoms of the guanidine moiety of 4-tBuPG (5; white) and the carboxylate oxygen of Asp478 

(pale cyan-capped sticks). The 4-BnPG analog is flipped over so that the guanidine moiety is 

pointing towards Glu451 present on the other end of the binding region 
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Figure 4. Docking mode 2 of 4-tBuPG (5; white) and 4-BnPG (6; raspberry) superimposed at the 

binding region of hOCT3. The amino acid residues of hOCT3 are displayed as wheat lines. 

Dashed red lines represent bidentate ionic salt bridge interactions between the N atoms of the 

guanidine moiety of phenylguanidines and the carboxylate oxygen of Asp478 (wheat-capped 

sticks). The 4-BnPG (6) analog is aligned with other phenylguanidne analogs with the guanidine 

moiety pointing towards Asp478. HINT analysis shows clashes between the benzyl group 

(meshed surface) of 4-BnPG (6) and Glu451 (dotted surface) present on the other end of the 

binding region. 
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