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Computational Drug Repurposing of a Ketamine–Methylphenidate Conjugate for
Targeting GLIPR1 in Human Glioma
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Gliomas are the most aggressive primary brain tumors, characterized by high mortality, 

therapeutic resistance, and limited treatment options due to blood–brain barrier constraints. 

Glioma pathogenesis-related protein 1 (GLIPR1) is highly upregulated in malignant gliomas and 

minimally expressed in normal brain tissue, making it a promising molecular target. Drug 

conjugation strategies may improve CNS delivery and therapeutic e�ciency against such 

targets. Objectives: This study aimed to investigate the binding potential and pharmacokinetic 

feasibility of a ketamine–methylphenidate conjugate against the glioma-associated protein 

GLIPR1 using in silico approaches. Methods: The three-dimensional structure of GLIPR1 (PDB 

ID: 3Q2U) was retrieved and prepared using Discovery Studio. Structural validation was 

performed through Ramachandran plot analysis, SOPMA, and PROCHECK. Active site prediction 

was carried out using PrankWeb, and physicochemical properties were assessed with 

ProtParam. The ketamine–methylphenidate conjugate (SDF format) was obtained from 

Nouman Ali et al. and evaluated for ADMET properties using pkCSM. Molecular docking was 

performed using CB-Dock, and ligand–protein interactions were analyzed via Discovery Studio. 

Results: Docking analysis revealed a favorable binding a�nity (−6.9 kcal/mol), supported by two 

hydrogen bonds, �ve hydrophobic interactions, and one electrostatic interaction. 

Pharmacokinetic pro�ling indicated suitable absorption, moderate BBB permeability, and an 

acceptable safety pro�le, supporting CNS applicability. Conclusions: The �ndings suggest that 

the ketamine–methylphenidate conjugate is a promising CNS-penetrant candidate with 

potential relevance in glioma management, warranting further experimental validation.
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despite the progress in neuro-oncology, the disease has 
claimed more than 248,000 people annually all over the 
world [2]. The usual treatment is maximal surgical 
resection, which is followed by radiotherapy and 
temozolomide-based chemotherapy, but the median 
survival of glioblastoma is still about 12-15 months [3]. The 
fact that treatment is signi�cantly constrained by tumor 

I N T R O D U C T I O N

Gliomas are the most prevalent primary malignant tumors 
of the central nervous system, accounting for an estimated 
80% of all brain tumors worldwide [1]. It is estimated that 
over 320,000 new cancer cases of brain and central 
nervous system tumors appear per year, of which gliomas 
are the most predominant, and glioblastoma multiforme is 
the most prevalent of them. Gliomas are very fatal, and 
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recurrence, therapeutic resistance, and the lack of blood-
brain penetration of molecular therapeutic agents has 
made the development of new molecular targets and 
therapeutic approaches urgently necessary [4]. Glioma 
pathogenesis-related protein 1 (GLIPR1) is a membrane-
bound protein that is highly expressed in aggressive glioma 
and is expressed at low levels in normal brain tissue. GLIPR1 
is composed of a secretion signal peptide, a conserved 
cysteine-rich CAP domain, and a transmembrane region, all 
of which are involved in tumor proliferation and invasion 
[5].  Depository investigations of the �exible GLIPR1 
fragment show that the central cavity is su�ciently clear 
with an ability to bind zinc and has distinctive surface 
charge distributions, which are plausible to accommodate 
functional ligand interactions. GLIPR1 is a selective 
molecular target that shows a positive correlation with 
glioma grade and its invasiveness. It has been shown to play 
a role in tumor growth and in�ammatory regulation, as well 
as in glioblastoma-targeted therapy, making it a desirable 
target for structure-based drug design [6]. The most 
commonly used central nervous system-active agents to 
treat neuropsychiatric symptoms commonly associated 
with gliomas include ketamine and Methylphenidate, which 
are used to treat depression, cognitive dysfunction, 
fatigue, and attentional de�cits. Ketamine has an 
antidepressant and neuroplasticity-promoting activity 
(NMDA) receptor antagonist, has been shown to have rapid 
effects and has been shown to have implications in cancer-
related depression and pain management [7, 8]. A clinically 
used drug is the dopamine and norepinephrine reuptake 
inhibitor, Methylphenidate, which is used to enhance 
attention, executive functions, and fatigue associated with 
cancer in brain tumor victims [9, 10]. Both drugs are 
effective at penetrating the blood-brain barrier, a critical 
constraint in the therapy of glioma [11, 12]. Their well-
established CNS safety pro�les and neuromodulatory 
effects justify exploring the potential repurposing of these 
therapies beyond symptomatic treatment. Building on the 
established CNS-penetrant pro�les of ketamine and 
methylphenidate, we propose a structure-guided 
repurposing strategy via conjugation to selectively target 
the glioma-associated protein GLIPR1. The rationale for 
this approach is threefold. First, GLIPR1 represents a 
structurally de�ned and tumor-selective "druggable" 
target. Its resolved crystal structure reveals a central 
hydrophilic cavity with distinctive surface charge 
distributions, suitable for accommodating small molecules 
[6]. Second, the individual pharmacologist of the parent 
d r u g s  m a y  sy n e r g i s t i c a l l y  a d d r e s s  t h e  g l i o m a 
microenvironment. Ketamine, as an NMDA receptor 
antagonist, could potentially disrupt glutamate-driven 
oncogenic signaling and paracrine stimulation of glioma 
growth [7,  8].  Concurrently,  methylphenidate,  a 

M E T H O D S

The RCSB Protein Data Bank (https://www.rcsb.org/) was 

used to obtain the three-dimensional crystal structure of 

human glioma pathogenesis-related protein 1 (GLIPR1), 

with accession number 3Q2U [6]. BIOVIA Discovery Studio 

was used to prepare the protein structure, in which all 

heteroatoms, co-crystallized ligands, and water molecules 

were removed to optimize the receptor [13]. The re�ned 

protein was structurally validated using PROCHECK 

(https://saves.mbi.ucla.edu/) Ramachandran plot analysis, 

which con�rmed its stereochemical reliability, whereas 

the secondary structure composition was analyzed with 

S t r u c t u r e  P r e d i c t i o n  u s i n g  S O P M A  ( h t t p s : / / 

npsa.lyon.inserm.fr/cgi-bin/npsa_automat.pl?page=/ 

NP S A /n p s a _ s o p m a . h t m l )  a n d  t h e  P S I P R E D  to o l 

(https://bioinf.cs.ucl.ac.uk/psipred/) [14, 15] The active 

binding site was predicted using the PrankWeb server 

(https://prankweb.cz/),  which identi�es cavities 

accessible to the ligand using machine-learning algorithms 

[16]. The three-dimensional Structure Data File (SDF) of 

this pre-designed conjugate was obtained directly from 

the authors' work. To ensure the ligand was in a suitable 

conformation for docking, geometry optimization was 

performed. The initial SDF structure was imported into 

Avogadro software (version 1.2.0),  where energy 

minimization was conducted using the MMFF94 force �eld. 

The optimization process involved 500 steps of the 

steepest descent algorithm followed by 500 steps of the 

conjugate gradient algorithm until a convergence gradient 

of 0.01 kcal/mol·Å was reached. This step ensures the ligand 

is in a low-energy, stable conformation representative of 

its probable state in solution before protein binding. The 

optimized structure was then saved for subsequent 

docking analyses. Molecular docking was performed using 

the CB-Dock server, which utilizes AutoDock Vina as its 

dopamine/norepinephrine reuptake inhibitor, might 
modulate catecholamine levels within the tumor milieu, 
which have been implicated in glioma proliferation and 
stemness [9].  
Glioma is one of the most aggressive and poorly prognostic 
brain tumors without a high number of targeted 
therapeutic options to be used, despite the development of 
conventional treatment modalities. In spite of the fact that 
GLIPR1 has been identi�ed as a pathogenic contributor to 
glioma, its feasibility as a drug-targetable protein has not 
been thoroughly investigated, and there has not been any 
p r e v i o u s  r e s e a r c h  c o m p a r i n g  a  k e t a m i n e -
methylphenidate conjugate with this protein. Hence, the 
study aimed to numerically examine the binding a�nity, 
molecular stability, and pharmacokinetic viability of a 
ketamine methylphenidate conjugate targeting GLIPR1 by 
in silico methods.
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Figure 1: (A): 3D structure of GLIPR1. (B): Active site of the 
receptor highlighted in red. (C): Ramachandran plot validating the 
receptor structure. (D): 2D structure of receptor.

docking engine [17]. The work�ow was as follows: the 

prepared GLIPR1 receptor structure (PDB: 3Q2U) in PDBQT 

format and the geometry-optimized ligand (ketamine-

methylphenidate conjugate) in SDF format were uploaded 

to the server. The binding site coordinates were de�ned 

based on the center of the predicted active site cavity from 

PrankWeb, with the grid box dimensions set to X=35.905 Å, 

Y=1.474 Å, and Z=4.654 Å to encompass the entire binding 

pocket. The docking search parameters included an 

exhaustiveness of 8 (default) and the generation of 9 

binding poses. The docking algorithm was set to its default 

run mode. The conformation with the most favorable 

(lowest) binding a�nity (kcal/mol) was selected for further 

analysis. To assess the reliability of the docking protocol, a 

validation step was performed by re-docking the co-

crystallized ligand (if available) or by comparing the 

predicted binding pose with known binding modes from 

literature. Protein-ligand interaction analysis, including the 

identi�cation of hydrogen bonds, hydrophobic contacts, 

and electrostatic interactions, was performed on the top-

ranked pose using Discovery Studio Visualizer [18].

R E S U L T S

The structural analysis of the target protein has been 
depicted in �gure 1. Figure 1A shows the 3D design of the 
receptor with red color representing α-helices, blue color 
representing β-sheets, and grey color representing 
random coils, which illustrates the secondary structure in 
general. Figure 1B represents the active site of the receptor 
that is predicted, implying the key amino acid residues that 
are used in the binding of the ligand. Figure 1C is the three-
dimensional structure validation of the Ramachandran 
plot. The analysis showed that 91.1% of residues are found 
in the most preferred regions, 7.7% in the additionally 
allowed regions, and none in the disallowed regions, 
indicating the protein model's high stereochemical stability 
and reliability. The secondary structure composition 
predicted using SOPMA (Figure 1D) shows that there are 63 
α-helical residues (30.73%), 15 extended strand residues 
(7.32%), and 127 random coil residues (61.95%), showing 
that the composition of the receptor structure consists 
primarily of �exible regions.

The pharmacodynamic and pharmacokinetic assessment 
of the ketamine-methylphenidate conjugate has indicated 
a positive pro�le for its use in central nervous system 
applications. The conjugate exhibits properties that favor 
proper gastrointestinal  absorption and cel lular 
permeability, indicating it is appropriate for oral 
administration. The ability to engage e�ux transporters, 
including P-glycoprotein, indicates regulated transport 
across the biological membrane, and the predicted blood-
brain barrier and central nervous system permeability 
indicate moderate, not optimal, penetration, which may 
facilitate the agent in brain tissue. Distribution properties 
indicate adequate tissue penetration, with an equal 
unbound fraction, resulting in su�cient bioavailability at 
the target site. The fact that major hepatic enzyme systems 
are involved but generally not broadly inhibited, as 
indicated by metabolic pro�ling, helps prevent severe 
drug-drug interactions. Excretion parameters indicate 
equal renal clearance. The toxicological forecasts are low 
mutagenic liability and controllable cardiac and skin risks, 
but hepatic involvement should be monitored. 

Table 1: ADMET Properties of the Ketamine-Methylphenidate 

Drug Conjugate

Properties Model Name Predicted
OutcomeUnit

Aqueous solubility

CaCO  permeability2

Human intestinal
absorption

log mol/L

log Papp in 10-6 cm/s

% Absorbed

-4.775

0.855

92.509%

Skin Permeability log Kp -2.917

Absorption
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The molecular docking analysis showed a strong 
interaction between the receptor and the ketamine-
methylphenidate conjugate, with a docking score of -6.9 
kcal/mol. The complex was shown to contain two hydrogen 
b o n d s ,  � ve  h yd r o p h o b i c  i n te r a c t i o n s ,  a n d  o n e 
electrostatic interaction, indicating stable binding. The 
detailed docking interactions and their type are given in 
table 2.

Figure 3: (A): Protein is highlighted in blue color and ligand in 
yellow, showing the position of the ligand within the receptor. (B): 
2D visualization of the interactions. (C): 3D visualization of 
interactions.

P-Glycoprotein Substrate

P-Glycoprotein I Inhibitor

P-Glycoprotein II Inhibitor

VDss (Human)

Fraction Unbound (Fu)

Blood–brain barrier
penetration

�

�

�

Numerical (log L/kg)

�

Numerical (log BB)

Yes

Yes

Yes

1.035

0.141

-0.245

CNS Permeability

CYP2D6 Substrate

CYP3A4 Substrate

CYP1A2 Inhibitor

CYP2C19 Inhibitor

CYP2C9 Inhibitor

CYP2D6 Inhibitor

CYP3A4 Inhibitor

Total Systemic Clearance

OCT2 substrate (renal)

AMES mutagenicity

Maximum Tolerated Dose

hERG inhibition (I/II)

Numerical (log PS)

�

�

�

�

�

�

�

log ml/min/kg

�

�

log mg/kg/day

�

-2.014

No

Yes

No

No

No

No

yes

0.865

Yes

No

-0.672

Type II
positive

Acute oral toxicity
(Ld50, rat)

Chronic Toxicity
(LOAEL,Rat)

Hepatotoxicity

mol/kg

log mg/kg_bw/day

�

2.717

0.458

Skin Sensitization

T. Pyriformis Toxicity

Minnow Toxicity

�

log ug/L

log mM

No

0.395

1.406

Predicted
Positive

Distribution

Metabolism

Excretion

Toxicity

Table 2: Table Showing the Docking Interaction and its types 

Between Receptor and Ligand

Sr.
No.

Conventional
Hydrogen Bond

Distance
(Å)

Categories TypesName

Hydrogen
Bond

2.40185B: UNN0:H – A: GLY179:O

Pi-Alkyl

Pi-Alkyl

Pi-Cation

Pi-Pi Stacked

Pi-Alkyl

Pi-Alkyl

Conventional
Hydrogen Bond

Hydrophobic

Hydrophobic

Electrostatic

Hydrophobic

Hydrophobic

Hydrophobic

Hydrogen
Bond

5.43801

4.83278

4.4605

4.11677

4.95693

5.4467

2.51751

B: UNN0 – A: LEU83

B: UNN0 – A: LYS84

A: HIS79:NE2 – B: UNN0

A: HIS79 – B: UNN0

A: HIS79 – B: UNN0

A: TYR181 – B: UNN0

A: ASN180:HD22 –
B: UNN0:O

1

2

3

4

5

6

7

8

Figure 2 represents docking outcome results, with �gure 
2A representing the protein in blue, the ligand in yellow, 
�gure 2B representing the 2D interaction mapping, and 
�gure 2C representing the 3D interaction view.
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D I S C U S S I O N

The gliomas still stand as one of the most aggressive and 
di�cult to treat cancers of the central nervous system, 
mainly because they are in�ltrative, molecularly 
heterogeneous, and do not respond to the traditional 
therapies. A computational study of the interaction 
between a ketamine-methylphenidate conjugate and the 
glioma-associated protein GLIPR1 used a structure-based 
approach [5]. GLIPR1 structural analysis revealed an 
organized structure with a high proportion of residues in 
preferred regions of the Ramachandran plot, suggesting a 
consistent, stable protein structure suitable for 
downstream analyses. The feasibility of structure-guided 
drug design in glioma research lies in the active site, which 
is predicted to feature a characteristic cavity and �exible 
loop regions that support ligand accommodation and 
interaction. Pharmacokinetic and ADMET pro�ling 
indicated that the ketamine-methylphenidate conjugate 
has good absorption, distribution, and penetration into the 
central nervous system. Of great importance is the 
conjugate's ability to cross the blood-brain barrier, as BBB 
impermeability is a major constraint for most glioma 
therapeutics. Predictions of metabolic activities showed 
that interactions among enzymes were manageable, and 
toxicity tests indicated a generally acceptable safety 
pro�le, with parameters that could be identi�ed and would 
need monitoring during experimental validation in future 
research. Combined with the above, the results suggest 
that the conjugate has the potential to be a CNS-active 
compound that can penetrate glioma-related targets in 
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brain tissue. Molecular docking results provide preliminary 
support for the conjugate's ability to interact with GLIPR1. A 
docking score of -6.9 kcal/mol suggests a moderate 
binding a�nity, which should be interpreted with caution 
as it is a predictive measure. This score is comparable to 
those observed for other investigational ligands in early-
stage docking studies. The interaction is stabilized by two 
hydrogen bonds, �ve hydrophobic contacts, and one 
electrostatic interaction, indicating a plausible binding 
mode. However, the functional inhibition of GLIPR1 by this 
conjugate remains to be demonstrated experimentally. 
Furthermore, to robustly claim "conjugate superiority," 
future work should include comparative docking of 
ketamine and methylphenidate individually against GLIPR1, 
as well as comparison to known reference compounds or 
inhibitors if available in the literature, to contextualize the -
6.9 kcal/mol score. Comparing it to the research study by 
Asrar et al. which analyzed the same conjugate of 
ketamine-methylphenidate in the major depressive 
disorder and ADHD setting, there are signi�cant 
differences and similarities. The conjugate in their work 
was shown to bind more strongly to TPH2 -8.5 kcal/mol than 
when each of its parent compounds was used alone, and it 
had stable dynamics when simulated by molecular 
dynamics and MMGBSA. The two studies provide a 
consistent �nding: conjugation appears superior to 
ketamine or methylphenidate administration in improving 
pharmacological e�cacy, particularly in terms of BBB 
permeability, binding stability, and toxicity. Although the 
study by Asrar et al. concentrated on serotonergic 
dysregulation in neuropsychiatric disorders, the current 
study expands the therapeutic use of the conjugate into 
the neuro-oncology �eld by targeting GLIPR1, a glioma-
speci�c protein [19]. Together, these results indicate the 
multimodality of the ketamine-methylphenidate conjugate 
as a multipurpose, CNS-penetrant therapeutic agent. The 
similar evidence provided by both works indicates that this 
conjugate could be a promising method of treating various 
brain-related disorders, including psychiatric disorders 
and aggressive brain tumors, with different molecular 
m e c h a n i s m s ,  a l t h o u g h  c o m p l e m e n t a r y.  T h e s e 
computational �ndings will require further in vitro and in 
vivo validation to support these �ndings and determine the 
translational value of the conjugate in glioma therapy. The 
ligand was the pre-designed ketamine-methylphenidate 
conjugate reported by Asrar et al.  [19]. Its geometry was 
optimized for docking using Avogadro software and the 
MMFF94 force �eld, employing steepest descent and 
conjugate gradient algorithms until a convergence 
gradient of 0.01 kcal/mol·Å was reached. This energy-
minimized structure was used for subsequent analyses 
[20].
Weaknesses also include reliance solely on in silico 
methodology, the absence of experimental results, and a 
truncated protein structure that may not re�ect 

physiological conditions. Furthermore, the predicted 
ADMET liabilities (hERG inhibition, hepatotoxicity) must be 
experimentally assessed using patch-clamp assays and 
hepatic cell viability models, respectively, to de-risk the 
conjugate's safety pro�le."  In vitro and in vivo validation of 
the ketamine-methylphenidate conjugate should be 
conducted to assess its anti-glioma activity and molecular 
mechanism. These �ndings will be further supported using 
molecular dynamics simulations and binding free energy 
analyses.

C O N C L U S I O N

In conclusion, this in silico  investigation provides 

preliminary evidence suggesting that the ketamine-

methylphenidate conjugate may represent a hypothetical 

CNS-penetrant candidate for targeting GLIPR1 in glioma. 

The computational analyses indicate promising but 

unvalidated structural compatibility, moderate BBB 

permeability, and a docking score suggestive of binding 

potential. Given the purely predictive nature of this study, 

these �ndings should be interpreted cautiously and serve 

as a hypothesis-generating foundation. They warrant 

further experimental validation, including in vitro binding 

assays, molecular dynamics simulations, and functional 

studies to substantiate the proposed mechanism and 

t h e ra p e u t i c  re l eva n ce  b efo re  a ny  t ra n s l at i o n a l 

consideration.
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