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Abstract 

“Cancer is the second most deadly disease that kills half a million Americans each year, the first being heart diseases. National 
Center for health statistics from the year 2009 shows that as many as 1,555 people die each day of some cancer” [1]. Around 
the world the discovery and development of anticancer agent become the key focus of several pharmaceutical companies and 
organizations which invested in prevention, diagnosis, and treatment of this disease. Methotrexate (MTX) has used for many 
years in the treatment of patients with cancer as a cytotoxic agent and as an anti-inflammatory drug for the treatment of 
inflammatory diseases, such as rheumatoid arthritis (RA). The objective of this article is to produce an update and review the 
amount of effort in developing a new candidate of this clinically used the drug to minimize the side effect and enhance the 
therapeutic index. Researchers have linked MTX to various polymeric drug carriers. Coupled MTX led to the incorporation of 
medication with different modes of toxicity towards the healthy tissue. Proposal for the new candidate of this new drug 
suggested, with high precision and low advers effect, the scientists say, the conjugates could make cancer drugs already on the 
market more efficient and give new life to cancer drugs that shelved for being too toxic. 
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1. Background 

Cancer is a disease of abnormal and uncontrolled cell growth. 
Cells grow by replicating themselves and dividing. Mutations 
occur during DNA replication and cell division. As cancer 
progresses, the tumor makeup becomes a more 
heterogeneous mix; due to the result of mutations. The new-
found variety makes treatment more difficult if resistant lines 
have developed in the changing mosaic of cells. 

Dihydrofolate reductase DHFR a medium sized enzyme is an 
essential for the biosynthesis of DNA and cellular 
replication, with a molecular weight of 20,000. It has used as 
a target for antineoplastic, antiprotozoal, antifungal, and 
antimicrobial [2]. It found in all eukaryotic and prokaryotic 
organisms, DHFR catalyzes the transfer of a hydride from 
NADPH to dihydrofolate with an associated protonation to 

produce tetrahydrofolate [3]. The classical dihydrofolate 
inhibitor having structural similarity with folic acid are MTX 
(figure 1) and its polyglutamate, inhibit the DHFR enzyme 
and restricts the growth of cell or DNA synthesis, causes cell 
death. 

The shortcomings observed with MTX, namely, the systemic 
toxicity and cell non-specificity, led to the development of 
various strategies. First, the search for analogs, structural 
modification of MTX was reported aiming to create new 
agents with altered therapeutic efforts [4]. For example, an 
amendment on the glutamate side by using different amino 
acid analogs or preparing polyglutamate. Two isomers may 
produced due to the two reactive carboxylic acid; researchers 
found that the relative reactivity of the γ-isomers is 2.3 times 
higher than α-isomers [5], while others reported that the α-
derivatization of MTX to be more important than the γ- 
derivatives with respect to the internalization of MTX [6]. 
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Figure 1. Methotrexate. 

The currently licensed new candidate antifolate drugs for 
therapeutic use despite being nephrotoxic 

“Raltitraxed” [7] (figure 2), represents the modification 
occurred on the p-amino benzoic acid moiety (PABA). 
Several analogs reported] [8-10] based on the structural 
activity relationship of pteridine ring in consideration the 
nature and the length of the bridge between the pteridin ring 
and PABA. For example the recently reported pemetrexate 
(figure 3) approved for treatment of malignant pleural 
mesothelioma [11]. 

 
Figure 2. Raltitraxed. 

 
Figure 3. Pemetrexate. 

The second strategy, in an attempt to improve the therapeutic 
profile, combination therapy were employed based on the 
application of several principles: biochemical synergy, the 
tumor cell kinetics, the non-overlapping toxicity, the increase 
of fractional cell kill, and the non-cross resistant agents 
(tumor cell resistant) [12]. The combination therapy refers to 
either the simultaneous administration of two or more 
pharmacologically active agents, for example, anthracycline 
combined with adrinamycin and cyclophosphamide or 
leucovorin and 5-fluorouracil [13] or using two unlike types 

of therapy like chemotherapy and radiotherapy [14]. Unlike 
single agent therapy, multi-agent therapy can modulate 
different signaling pathways in diseased cells, maximizing 
the therapeutic effect and possibly, overcoming mechanisms 
of resistance. 

The third strategy concerned with the delivery of a single 
and / or multiple therapeutic agent using polymer-drug 
conjugate. The later act as a transport parameter to allow 
the development of ultra-specific targeted macromolecular 
drugs. These macromolecular drugs have the advantage of 
increasing the potency while simultaneously reducing 
resistance to therapy and toxic effects of current anticancer 
drugs [15, 16]. This review summarizes the main 
conjugated polymer that added a unique value when 
conjugated to MTX. Consequently, the right linkage 
strategy still a challenge and depends on strongly a suitable 
polymer, which discussed in the following section. 

2. Case Studies 

2.1. MTX Conjugated Polyethylene Glycol 
(PEGylated MTX) 

Polyethylene glycol (PEG) is the most used polymer in drug 
discovery, the reasons for its success reside in many 
advantageous properties, such as its hydrophilicity, non-
toxicity, and non-immunogenicity. The approval of PEG use 
in humans by Food and Drug Administration marked the 
beginning of its safe use in clinical practice. Consideration of 
PEG as the first choice was continued to improve the 
biocompatibility, half-life and safety of proteins, 
nanoparticles, liposomes, micelles and other drug delivery 
systems, a view that has been supported by some of studies 
confirming that it has limited toxicity in animals and humans 
[17]. 

The process of attaching a PEG chain to a protein has 
become a well-established technology for the use of proteins 
as drugs, especially as anti-cancer agents [18, 19]. The 
successful clinical use of PEGylated macromolecular drug 
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has promoted the application of this technology to develop an 
architecture in H-shape with four arms PEG conjugated 
system forming biodegradable polymeric micelles (figure 4). 
MTX linked to bond end PEG central via disulfide linkers 
was prepared in two ways ester and/or amide using 
equimolar (1:1) drug–polymer conjugates and the 
characterization methods including UV, IR, NMR, DSC and 
GPC were successfully used to determine the physical and 

chemical properties of the produced conjugates. The 
conjugates studied for drug delivery to the site of the tumor 
as they possess thermodynamics, stability, and ability to 
encapsulate and solubilize a hydrophobic guest molecule, 
biodegradability, as well as the size and surface 
characteristics that facilitate rapid clearance by the 
reticuloendothelial system. 

 
Figure 4. The process of attaching a PEG chain to a protein. 

The cleavable disulfide linkers allow the conjugated MTX to 
exert its therapeutic activity because of the fast cleavage of 
disulfide linkers when exposed to the intracellular concentration 
of glutathione (GSH) [20]. Riebeseel and coworker’s 
synthesized a series of MTX-PEG conjugate with a molecular 
weight ranging from MW750 to 40,000 (figure 5) [21, 22]. 
Another group of research indicated that the rate of drug release 
from amide derivative was slower than ester derivative [23], and 
both derivatives alter the hydrophobicity of the conjugate. 

 
Figure 5. MTX-PEG conjugate. 

The results indicated the additional release of MTX from 
polymer to obtain sufficient interaction with active DHFR, 
and in vitro, the IC50 increased with the increased size of 
the drug-polymer conjugate. Other workers explored the 
validity of using MTX playing an early-phase cancer-
specific targeting ligand assisted with a late-phase 
therapeutic anticancer agent based on the PEGylated 
chitosan (CS) nanoparticles (NPs) as drug carriers. The 
nanoparticles surfaces indicated two or more distinct 
physical properties and allow two types of chemical 
reaction to occur at once (Janus-like agent), The 
(MTX + PEG)-CS-NPs (figure 6). The PEGylated chitosan 

and (NPs) represent the nanoparticles which can ensure the 
minimal premature release of MTX at off-target site to 
reduce the side effects to healthy tissue; also NPs can 
operate as a prodrug formulation, releasing biologically 
active MTX inside the cells. The conjugate showed a 
greater cellular uptake and demonstrated a superior 
cytotoxicity compare to the free MTX [24]. 

Multi-walled carbon nanotubes (MWCNT) as a carrier 
reacted with PEG-MTX to produce nanoconjugate of the 
similar formula MWCNT-mPEG-MTX, which show the 
faster release of drug in the acidic medium than neutral PH. 
However, in both neutral and acidic media, the release was 
continuous over the period of 48 hours [25]. 

 
Figure 6. Synthesis of (MTX + PEG)-CS-NPs. 

Clinically, a series of the different molecular weight of PEG 
synthesized by choosing folic acid as targeting prodrug and 
marketed as Gemcitabine (dfdc) (figure 7), which used in the 
treatment of solid tumors and small-cell lung cancer, 
pancreatic cancer. The prodrug suffers from defects such as 
short plasma half-life, rapid metabolism and low selectivity 
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toward tumor tissue [26]. 

 
Figure 7. Gemcitabine. 

2.2. MTX Conjugate Dendrimer 

The design strategies of drug delivery system is a vital aspect 
often based on interdisciplinary approaches that combine 
polymer science, molecular biology, and pharmaceutics to 
improve the therapeutic properties of drugs need to reach the 
target site at the right time. Dendrimer (a spherical 
hyperbranched polymer molecules) designs (figure 8) [27], 
which share several characteristic with protein due to the 
similarities in their 3D structure, were reported to physically 
entrapped drug molecules by covalent bond formation [28-
31]. Two methods of dendrimer drug delivery reported, the 
first was encapsulation depending on the exterior interaction 
of dendrimer and drug. The second was the conjugate 
formation with the drug [32-34]. 

 
Figure 8. Types of the dendrimer. 

Surface modification of dendrimers with functional groups 
can markedly influence the activity, at present, probably the 
best-known dendritic system is the commercially available 

polyamidoamine (PAMAM) [35]. Conjugation of MTX with 
G5= PAMAM or PLA (polylactic acid) (figure 9) revealed 
G5-MTX and with G5-FA to give the corresponding structure 
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G5-FA-MTX. The polycationic character of the conjugated 
structure improved the drug forms by increasing therapeutic 
effect, alteration of a toxicity profile, selective targeting of a 
therapeutic agent to tissue of interest, and resistant to 

degradation in the body [36-39]. The incorporation of the 
drug conjugates into the tumor cells was confirmed by 
confocal microscopy [40]. 

 
Figure 9. MTX- polyamidoamine (PAMAM) conjugate. 

In a novel, simple, feasible for large scale, and reproducible 
one pot approach, a conjugate of (PAMAM) dendrimer, 
methotrexate (MTX), and folic acid (FA), has been 
successfully synthesized [41]. Cytotoxicity screens performed, 
tests conducted against HeLa human cervica lcarcinoma cell 
line treated to be drug-sensitive, and against two variants of the 
rather refractory Colo 320DM, a human colon adenocarcinoma 
line [42] and uterine sarcoma cell line [43]. 

MTX conjugated to poly (L-lactic acid) (PLLA) 
microspheres using the solvent evaporation method. The 
method characterized in terms of molecular weight, size, 
thermal properties, and release rates into phosphate buffered 
saline (PBS) (pH 7.4) at 37°C [44] in an attempt to treat 
rheumatoid arthritis (RA). 

Promising preliminary studies [45, 46] were investigated the 

condensation of MTX with the poly aryl ether dendrimers, a 
novel family of multivalent drug carriers was the primary 
goal. 

2.3. MTX Conjugate Polysaccharide 

In contrast to many synthetic polymers, polysaccharides have 
very low (if any) toxicity levels [47-50]. Dependent upon the 
nature of the monosaccharide unit, polysaccharides can have 
a linear or branched architecture. In addition to structural 
diversity, polysaccharides have a number of reactive groups, 
including hydroxyl, amino, and carboxylic acid groups 
(figure 10), indicating the possibility for extremely amenable 
to chemical modification [51, 60]. Moreover, varying of its 
molecular weight increased their diversity [52]. Also owing 
to their natural presence within the body, most 
polysaccharides are subject to enzymatic degradation. 
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Figure 10. Carbohydrate types and origin. 

Dextrans are glucose polymers, soluble in water, neutral in 
their native form [53] were conjugated to MTX by either 
direct attachment or through a carrier linked with molecular 
weights ranging from 10 kDa to 500 kDa [54] to increase the 
longevity of therapeutic agents in the circulation and reduce 
their immunogenicity. 

The in vitro studies revealed that D-MTX conjugates (figure 
11) [54] had 4- to 10-fold lower antiproliferative effects 
against neoplastic cell lines compared to free MTX. The 
toxicity of the conjugates was greater in comparison with the 
parent drug, and the molecular size is of pivotal importance 
for pharmacological property [55]. 

 
Figure 11. Dextran-MTX conjugate. 

Dextran conjugation was characterized by: (i) the good 
retention of protein activity even for insulin or antibodies 
proteins requiring interaction with others proteins to perform 
their biological functions; (ii) pharmacokinetics dependent on 
dextran’s MW; and (iii) the ability to reduce the 
immunogenicity of heterologous proteins. 

Different cancer cell line were used to determine in the 
biological activity of MTX conjugate to hydroxyethyl starch 

(HES) [59] in vitro and in vivo to give the low molecular 
conjugate HES-MTX with a major limitations such as fast 
metabolism and excretion from the body, unprofitable 
biodistribution and low selectivity, and unfavorable uptake 
by healthy tissue. The compounds characterized in term of 
MTX content, hydrodynamic size, zeta potential, and drug 
release kinetics. 

In vitro, the biological activity determined using cancer cell 
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and CDFI mice intraperitoneally inoculated with P388 
murine leukemia cells. In vivo, the experiment revealed the 

significant higher antitumor efficacy of HES-MTX conjugate 
in comparison with the unconjugated MTX. 

 
Figure 12. MTX-CyD molecular model. 

A proposed configuration of molecular model for MTX conjugate to β-cyclodextrin (CyD) published (figure 12) [60] applying 
neutralization method. The amino group of MTX interacted with the hydroxyl function of β-CyD on complexation. The 
complex showed better bioavailability and antitumor efficacy than MTX. 

 
Figure 13. FA- CyD structure. 
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Figure 14. FA-CD-Ada-Dox (a) FA-diCD-Ada-Dox (b) structures. 

The novel and effective complex of folic acid (FA) with β-
cyclodextrin (CyD) (figure 13), also conjugation of the 
cytotoxic agent adamentyl doxorubicin (Ada-Dox) into a 
complex with mono or di-β-cyclodextrin-FA (figure 14) were 
synthesized by the multistep reaction. The complexes showed 
an increase in stability of the conjugate in circulation and 
ensured cleavability to release the drug [61]. 

The simple linear structure of repeating disaccharide units 
composed of D- glucuronic acid and N-acetyl-D-glucosamine 

(hyaluronic acid, HA) conjugated to MTX by the 
esterification reaction in the presences of 
dicyclohexyldiimide DCC and DMCP [62] (figure 15A). 
Homma and co-workers reported the synthesis of HA-MTX 
in an attempt of coupling MTX first with lysosomal enzyme-
sensitive peptide Asn-Phe-Phe, and Gly-Phe-Leu-Gly as 
linker. The MTX- linker coupled to HA as a spacer [63] 
(figure 15B), their biological activity showed a tendency to 
inhibit knee swelling depending on the peptide sequence 
[64]. 

 
Figure 15. MTX conjugate to hyaluronic acid. 
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A serologically similar to structures found on a mammalian 
glycoprotein, a linear polymer of the sugar mannose (plant 
polysaccharide) used as a homing device to direct the drug 
into macrophages. Mannose is recognized by mannose 
receptor and internalized into cells giving the reason to be 
used for targeted delivery. MTX conjugated to mannose to 
give Mann-MTX which show significant improve antitumor 
activity of leukemia compared to free MTX [65]. 

2.4. MTX Conjugate Lipid 

 

 
Figure 16. MTX-lipids. 

Lipid nanoparticles have a higher degree of biocompatibility 
and versatility; they are commercially viable to formulate 
pharmaceuticals for topical, oral, pulmonary or parenteral 
delivery. Lipids used for the production of nanoparticles may 
be arranged into two: bilayer and non-bilayer lipids, their 
function either increase passive diffusion across epithelial 
barriers or can increase uptake into the lymphatic system 
[64]. 

MTX conjugated to the Tris-lipidation via glycine linker and 
mono-, di-, and tri- palmitate esters to give Lipophilic 
(MTX)-lipoamino acid, synthesis took place with amide or 
ester (figure 16) [66], The inhibitory activity of the 
conjugates was assessed using MTX-sensitive human 
lymphoblastoid CCRF-CEM cells and an MTX-resistant sub-
line (CEM/MTX). The alpha, gamma, or alpha, gamma 
amide conjugates showed different activity in inhibiting the 
growth of parent cells. CEM/MTX cells were much less 
susceptible than CCRF-CEM cells to inhibition by alpha or 
alpha, gamma-substituted lipoamino acid conjugates, 
whereas both cell lines were almost equally sensitive to the 
MTX-gamma conjugates [67]. 

A single-step approach with a strategy of generating 
microbubbles from a mixture of CO2, a small amount of 
gases having low solubility in water, exist in an aqueous 
solution of protein, a polysaccharides and anionic lipid-based 
nanoparticle (LNPs) [68] (figure 17), have been developed as 
drug carriers for the noninvasive and brain-targeted delivery 
of therapeutics, and in vivo imaging in a constructed 
structure. Their application for diagnostic imaging are known 
as theranostic nanoparticles (TNPs) is limited by their low 
drug-loading capacity [69]. Avoiding the high systemic 
doses, which cause severe long-term neurotoxicity, or 
intrathecal administration, which is highly obtrusive and may 
lead to infections or hemorrhagic complications, MTX-
liposome-coupled microbubbles had a high drug-loading 
capacity of 8.91%±0.86%, and their size (2.64±0.93 µm in 
diameter) was suitable for intravenous injection. When used 
with ultrasound, they showed more potent in vitro 
cytotoxicity against Walker-256 cancer cells than MTX alone 
or MTX-loaded liposomes. 

 
Figure 17. MTX-microbubbles conjugate. 
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2.5. MTX Conjugate Antibody 

The antibody directed enzyme prodrug therapy (ADEPT) is a 
new class of drugs designed as a targeted therapy for the 
treatment of cancer, it has attracted considerable interest 
since the concept first described in 1987. Antibody drug 
conjugate ADC building block consist of three component as 
shown in (figure 18). 

The ideal mechanism of action of ADC is their binding to a 
cell-surface antigen, followed by the endocytic internalization 
of the conjugates and then the release of the drugs or their 
biologically active low molecular weight derivatives from the 
conjugates in the endosomes or secondary lysosomes. 

Different derivatives approaches have been developed based 
on a covalent linkage. Various classes of crosslinking 
reagents have been synthesized, with the aim of improving 

the characteristics of the conjugates [70]. The linker must 
attach to the monoclonal antibody without affecting 
antibody-antigen binding function, and to the drug in a way 
that enables efficient release from the antibody only after 
internalization in the target cell. Chemical conjugation takes 
place between drug-linker and antibody is either with lysine 
or thiol groups on an antibody [70]. It has reported that 
conjugation of the drug limited by the peptide sequence of 
the antibody, which therefore restricts control over the 
number and position of attached cytotoxic drugs, this will 
play a significant role in the toxicity, stability and potency of 
ADC. One important point to take into account is that the 
linkage method must be selected so as to avoid both the 
formation of homopolymers of antibody or agent and 
aggregation of the conjugate [71]. 

 
Figure 18. The building block component of MTX-antibody conjugate. 

MTX conjugated to a monoclonal antibody via different 
active cleavable and non-cleavable linker intermediates, 
albumin [68], GSH [70], maleinmidocaproyl [72] prepared 
by either the carbodiimide or the active ester method. 
Antibody-MTX conjugate was revealed to be as effective as a 
free drug in causing cell death and a significant reduction in 
tumor growth rates [73, 74], and reported to be 100-1000 
times more potent than conventional chemotherapeutics and 

preferably have sub-Nano-molar potency [75]. 

2.6. MTX Conjugate Gadolinium Texaphyrin 

Texaphyrin, the pentaza shiff’s -base expanded porphyrins 
were first reported in late 1980’s (figure 19). Texaphyrin was 
formed stable complex with metal ion gadolinium; the 
complex conjugated to MTX in an attempt to overcome 
tumor resistance and lower MTX uptake. 

 
Figure 19. MTX conjugate Gadolinium texaphyrin. 
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The conjugate was prepared by three ways, 1-the amide 
preparation, 2-direct mediated coupling, 3- via an 
intermediate linker PEG. In all cases α, γ-isomers was 
obtained during the coupling and esterification steps of MTX 
[76]. The other avenue of these complex, they play a tumor 
selective radiation sensitizer and demonstrate contrast agent 
for localization in MRI [77]. 

2.7. MTX Conjugate Carbon Based 

Nanotubes 

These new carbon allotropes raised high interest in the 
artificial world due to their unique structural and electronic 
properties [78], they showed strong antioxidant and are 
characterized as “radical sponges.” Their biomedicinal 
application has achieved significant progress. They 
demonstrated a great capacity to penetrate into cell, large 

surface area, there are some reactive functional groups on its 
basal plane and edges, such as hydroxyl, epoxide and 
carboxylic acid, which could be modified or conjugated with 
polymers to improve its solubility and biocompatibility [79]. 
Different nano carbon (figure 20) such as carbon nanotubes 
CNT, graphene, fullerene, nanodiamond and carbon 
nanoparticles (CNPs) have developed as delivery vehicles for 
imaging and therapeutic agents [80]. These nanoparticles 
generally composed of an inner core with encapsulated 
therapeutic agents surrounded by hydrophilic, detachable 
shell [81]. The detachable process take place at a specific 
manner dependent on the linker between outer shell and inner 
core. The linker can be acid-, redox- and enzyme- cleavable 
according to the aim of the design or condition of the 
delivery process [82]. 

 
Figure 20. Types of Carbon based nanotubes. 
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Figure 21. MTX – MWCNTs. 

MTX covalently coupled to nanomaterials consisting of 
quantum dots QDs; the biological activity studies was taken 
up effectively by HeLa cells and shown to have a dose-
dependent antiproliferative effect in cancer cells [83]. Other 
workers evaluated their internalization and cytotoxicity in the 
KB cells with/without resistance to MTX based on the 
photoluminescence (PL) properties of QDs [84]. 

MTX - MWCNTs (multi-walled carbon nanotubes, 
MWCNTs) prepared via different linkers (figure 21) [85-88], 
including functional groups sensitive to intracellular 
enzymes. The stable amide bond between the MTX and the 
tubes could be the reason for the lack of enhanced efficacy, 
releasing the drug too slowly from CNT into the cytoplasm. 
The cytotoxic activity of the MTX--MWCNT conjugates was 
strongly dependent on the type of linker; indeed, MTX 
grafted via a tetrapeptide presented the highest activity. 

Fullerene derivatives, the 20 hexagonal and 12 pentagonal 
rings, in which every carbon atom was sp2 hybridized and 
bonded to three other carbons act as antioxidant, were 
employed to enhance the therapeutic efficacy of a lipophilic 
slow-release drug delivery system [89]. 

 
Figure 22. The structure of MTX analog conjugate graphene oxide (GO). 

Graphene, a single layer of carbon atoms arranged in a 
honeycomb lattice, its derivatives such as graphene oxide 
(GO) (figure 22), reduced graphene oxide (RGO) and GO-
nanocomposites have widely used as novel nanocarriers for 
drug and gene delivery, due to their peerless physical and 
chemical properties. Single-layered graphene’s show ultra-
high surface area is available for efficient molecular loading 
and bioconjugation. Graphene’s conjugate demonstrated to 
serve both as a drug carrier for controlled drug delivery and 
as a contrast improvement agent in magnetic resonance 
imaging, targeted at cancer diagnostics and therapeutics. In 
an attempt to study the interaction between graphene and 
drug molecules, and the effects of surface functionalization, 
focusing on the various sizes of graphene sheets as well as 
the types, numbers, and loading modes of drugs. Graphene-
MTX complex models showed that the limited sizes of 
graphene sheets restrict the movement of drug molecules. 
Multiple drug molecules may form bunch that slow down the 
diffusion on graphene sheets [90]. Antineoplastic action of 
MTX-GO and empty graphene oxide against human breast 
adenocarcinoma cell line MCF7 reported [91]. 

2.8. MTX Conjugate Nanocage Protein 

Over the past decade, nanocages have played a vital role in 
the development and implementation of many useful tools for 
studies involving biology, chemistry, and material sciences as 
well as nanomedicine. Its applications including drug 
delivery, due to their high surface/volume ratio, surface 
tolerability, multi-functionality and intrinsic properties. Its 
advantages concern with their ability to minimize premature 
drug degradation or interaction with its biological 
environment and to transport cargo to specific tissues, their 
versatility for incorporation of new and/or multi-functional 
moieties at a uniform and precise loci and with desired 
density by simple chemical and genetic modification. Thus, 
indicated the versatility of nanocages as well as diversity and 
accuracy in modification and functionalization. Many protein 



 Frontiers in Biomedical Sciences Vol. 1, No. 2, 2016, pp. 50-73 62 
 

nanocage based applications in drug delivery are actively 
pursued not only in the laboratory but also in the preclinical 
and clinical stages. Caging drugs by protein shells can also 
circumvent existing resistance as shown in the study of 
MTX-loaded polyoma virus capsids [92]. Green fluorescent 
protein GEP and MTX were encapsulated by covalent 
linkage to a domain of an inner core protein in the lumen of 
the virus capsids. The caged GEP and MTX internalized into 
leukemia T cells and MTX-transport resistant cells, allowing 
the cytostatic effects of MTX to be manifest [93]. 

The serum iron transport protein transferrin (Tf) has been 
investigated as a potential drug carrier to allow precise 
targeting to cancer cells since the transferrin receptor (TfR) 
overexpressed in a broad range of cancers. Tf conjugates 
with methotrexate MTX have been reported greater 
cytotoxicity than MTX conjugates [94, 95]. 

Albumin is the most abundant protein in plasma, accounting 
for more than half of human plasma protein. Albumin is 
essential for various physiological processes such as 
solubilizing long chain fatty acids, providing colloidal 
osmotic pressure,, delivery of nutrients to cells, and 
balancing plasma pH. Albumin has widely studied as a 
protein carrier for drug delivery. Albumin is biodegradable in 
nature, non-toxic and nonimmunogenic, stable over a wide 
pH range. The half-life of albumin is 19 days in blood 
circulation, act as a carrier in improving the pharmacokinetic 
property of peptides or protein-based drugs, and small drug 
molecules, [96]. 

The rationale for the use 

1. Localized inside cells with high protein intake 

2. Improve activity due to the interaction of macromolecular 
attached-drug at the site of action. 

A better anti-arthritic effect than MTX reported [97] when 
methotrexate-albumin conjugate (MTX-HSA) and (MTX 
prodrug-HAS) [MTXpro=EMC-d-Ala-Phe-Lys-LysMTX] 
(EMC= 6-maleimidocaproic acid) developed by direct 
coupling of MTX or its prodrugs to lysine residues of HAS 
(figure 23). Their therapeutic effects have proved in clinic or 
preclinical studies [98, 99]. 

 
Figure 23. MTX-HSA conjugate. 

Reduction by 17.6% of the initial tumor volume, increased 
the survival of tumor-bearing mice to 47.5 ± 0.71 days and 
increased their life span up to 216.7% was reported when 
Biotin molecules conjugated on the surface of MTX-HSA 
NPs [100]. 

2.9. MTX Conjugate Layered Double 

Hydroxide 

Layered Double Hydroxides (LDHs) with a general formula 
M(II)1-x M(III)x (OH)2 (An-)x/n × y H2O (figure 24) are 
generally minerals located between organic material with a 
surface layers compose of positively charged brucite type. 
The layer constructed with mixed metal hydroxides of 
divalent and trivalent metals with convertable intercalated 
negatively charged categories in between the two surface 
layers which offset for the positive charge of the brucite 
layer. LDH shows overwhelming promise in its function as a 
controlled drug delivery system due to its ability to introduce 
drug molecule in its interlayer space and its non-toxicity in 
living tissues. 

 
Figure 24. Layered Double Hydroxides. 

Manjusha Chakraborty et al [101, 102] synthesized nano-
vector for delivery of anticancerous drug containing 
methotrexate (MTX) in ZnAl-layered double hydroxide 
(LDH) by anion exchange method. Using thermogravimetric 
analysis they showed that the thermal stability of the MTX 
increase when it intercalated in the LDH. 

Jae-Min Oh et al [103] intercalated methotrexate (MTX) into 
MgAl layered double hydroxide by co-precipitation method. 
The anticancerous activity of MTX-LDH nanoparticles was 
determined using MTT and BrdU bioassay with the bone 
cancer cell culture lines (Saos-2 and MG-63) and proved that 
the anticancerous efficacy of MTX-LDH is much higher than 
that of pristine LDH. 

2.10. Combination of MTX Conjugation 

The use of multiple drugs with different cellular targets and 
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different mechanisms of entry into cells allows for effective 
chemotherapy and high cure rates. In an efforts to develop 
effective strategies that increase the therapeutic potential of 
anticancer drugs with less systemic toxicity, are being 
directed towards the investigation of dietary supplements and 
other phytotherapeutic agents for their synergistic efficacy in 
combination with anticancer drugs. The synthesis of two 

derivatives of methotrexate which are: -Schiff base 
methotrexate-silibinin conjugate and Methotrexate-silibinin 
conjugate (figure 25), the anticancer activity were 
investigated by HEP-2 cell line (Larynx carcinoma), which 
showed higher activity than methotrexate or silibinin alone 
[104]. 

 
Figure 25. Methotrexate-silibinin conjugate. 
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A greater applicability of chlorotoxin (CTX), a peptide 
originally isolated from Leiurus quinquestriatus scorpion 
venom, demonstrated the targeting specificity for a wide 
variety of tumors, including prostate cancer, intestinal cancer, 
and sarcoma. The tumor cell-specific targeting of the NP-
MTX-CTX conjugate was synthesized and evaluated in vivo 
and in-vitro using mice bearing xenograft tumors, poly 

(ethylene glycol) (PEG) layer was also integrated to serve 
both as a biocompatible coating and linking molecule for the 
covalent attachment of the functional ligands to the iron 
oxide core. NP-MTX-CTX showed enhancement in MRI 
contrast and demonstrated the ability to inhibit cell growth 
over the first 12 hrs after treatment [105, 106]. 

 
Figure 26. Synthesis of NP-MTX-CTX conjugate. 

Radiolabeled conjugate of MTX-melphalan (L-PAM) was 
synthesized by covalently linked to PEGs and evaluated in 
vitro against the U87MG human glioma cell line revealed 
that the conjugates showed enhanced dose-dependent 
cytotoxicity [107]. 

A study was conducted to characterize the physicochemical 
stability of liposomal formulations containing Mlph-DG and 

MTX-DG, as well as to research into the accessibility of 
long-term storage liposomal preparations. MTX conjugated 
to 1,2-dioleoyl glycerol DG to give MTX-DG incorporated 
into the lipid bilayer of liposomes after it coupled with 
Phosphatidylcholine (PC) from egg yolk and 
phosphatidylinositol (PI) to provide PC-PI-MTX-DG [108] 
(figure 26). 
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Figure 27. Structures of BisMTX. 
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MTX was applied as chemically induced dimerization when 
it conjugated with protein domains to demonstrate a method 
to regulate signal transduction. BisMTX (figure 27) was 
synthesized to form highly stable cyclic dimers, trimers, and 
larger rings from tetramers over octamers with diameters 
ranging from about 5 to at least 100 nm, in an attempt to 
create model systems for study of the specific interactions 
between protein and small-molecule DHFR ligands. The 

nanoring size is affected by the composition of the peptide 
linker, and the length, on induced protein-protein 
interactions, and on the affinity and configuration state of the 
dimerizer, and. The experiment revealed that BisMTX shows 
more stability than the binary MTX-DHFR and increase of 
binding affinity due to the generation of additional protein–
protein interactions outside of the ligand-binding sites [109, 
110]. 

 
Figure 28. MTX- bisphosphonate conjugate. 

A labeled conjugate of MTX- bisphosphonate (figure 28) 
with 99Tc containing a peptide bond has been found to behave 
like a bone-seeking agent and to possess more than five times 
greater antineoplastic activity against osteosarcoma in 
experimental animal models correlated with methotrexate 
alone [111]. 

Insulin was reported to be used as suitable candidate carrier 
for carcinoma targeted therapy by receptor mediation when 
covalently linked to MTX with and without linker (figure 
29). The minimum inhibitory concentration of the conjugates 
to inhibit proliferation was similar to or slightly higher than 
unconjugated methotrexate [112, 113]. 

 
Figure 29. Insulin as a carrier for carcinoma targeted therapy. 

Iron magnetic nanoparticles (MNP) were used to combine the 
two anticancer agents MTX and Doxorubicin DOX using 
glutaraldehyde activation method (figure 30), the resulted 
DOX-MNP-MTX confirmed by magnetic nanoparticle linked 
immunosorbent assay. Sixteen to 22% more killing effect 
observed in Hela cells [114]. 

Multidrug delivery system prepared from a random 

copolymer of polylactic-co-glycolic acid (PLGA) grafted 
branched polyethyleneimine (BPEI) were conjugated with 
MTX through the DCC/NHS chemistry to give (PBP-MTX), 
the later act as nano micelles with entrapped 5- fluorouracil 
FU through nanoprecipitation technique. Promising action 
illustrated on colon cancer [115] encouraged researchers to 
do further invvestigation. 
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Figure 30. The Doxorubicin-methotrexate molecule. 

A method identifying a molecule that bind a known target in 
a cell was reported by building chemical inducers of protein 
dimerization in a way that central molecule played as a 
cleavable linker, could covalently bind to two molecules 
having two different receptors. Methotrexate conjugate to 
dexamethasone, cepham, 3,5,3′-triiodothyronine, retinoic 
acids, and Biotin was synthesized and designed to use a 
variety of hydrophobic linkers, for example (figure 31 A) 
Dex-Cepham-MTX, shown that cepham was linked to MTX 

and work as a central moiety (cleavable linker), and (figure 
31C) Dex conjugate to MTX via different linker, while in 
(figure 31B) cepham used as inducer of protein dimerization 
capable of selectively binding to penicillin binding protein 
(PBP) [116-118]. All compounds were screened and 
determined the capability of cell permeability and inducing 
protein dimerization in vivo. Also the study indicated that the 
length of the linker was necessary and has a great impact on 
permeability. 
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Figure 31. The design of complex compounds that dimerizing two fusion proteins inside a cell. 

3. Conclusions 

An ultimate goal in cancer therapy is to devise individually 
tailored a treatment that targets growth-promoting pathways 
and circumvents drug resistance. With a lack of marketable 
products, pharmaceutical companies have begun to lose 
interest. Only a few compounds are currently in clinical 
trials, as the development of most of the inhibitors has 
discontinued. 

Next, the scientists created new drug conjugates by attaching 
the drugs to peptides known to bind to cancer cells. They 
designed the bridges between the peptides and the drugs to 
“switch off” the drugs. The bridges were to explain and 
“switch on” the drugs only in specific chemical environments 
within the leukemia cells, where they were predicted to be 
most effective. 

With high precision and little side effects, the scientists say, 
the conjugates could make cancer drugs already on the 
market more effective and give new life to cancer drugs that 
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shelved for being too toxic. 

Combination chemotherapy is medicine’s best attempt to 
prevent mutation and resistance. By combining two or three 
chemotherapeutic agents a complete kill occurs. Cancer cells 
are attacked by multiple drugs with synergy by disrupting 
different stages of the cell reproduction cycle. This field 
required more investigation in the future, for example, the 
combination of the two anticancer MTX and photodynamic 
drug aminolevulinic acid as a surrogate of the glutamic 

moiety (figure 32), or acting as a polyglutamate terminal A, 
B, and C shown in (figure 33). 

 
Figure 32. The proposed combination of MTX and Al.  

 
Figure 33. Proposal studies for new photodynamical MTX. 

Despite dramatic advancements of drug delivery in scientific 
research, too little has been precisely established concerning 
their drug release properties, targeting abilities and 
therapeutic efficacy. 

Collaborative and standardized efforts to develop and evaluate 
novel drugs are necessary to ultimately provide effective long-
term treatment for this high-risk, complicated population. 
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