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Vitamin Drug conjugate: a systematic review of pharmacological potential

Cancer is a chronic disease which can cause death. In traditional chemotherapy cytotoxic drugs are used to
kill proliferating cancer cells. The cytotoxic agent exhibits less specificity, less biological activity, causes sys-
temic toxicity and undesirable side effects. Each year, about 1.8 million of the population are infected and die
due to tuberculosis infection. An increase of drug resistance during the tuberculosis treatment is a significant
concern. So, it is necessary to develop a new approach or therapies to resolve drug resistance, drug selectivity
in tuberculosis infection and the reduction of the side effects of cytotoxic agents and anti-tubercular drugs.
This review describes the newly emerging concept of «vitamin drug conjugate». Vitamin-drug conjugate is a
specifically carried drug toward the target site, is one of the promising ways to treat chronic diseases like can-
cer and tuberculosis and enhance the therapeutic outcome. The purpose of this review is to explore vitamin as
a targeting moiety for new anticancer and anti-tubercular drug to overcome challenges, such as non-
selectivity, systemic toxicity and multidrug resistance. This approach is beneficial in the treatment of life-
threatening disease like cancer, tuberculosis and also in many viral infections.

Keywords: Cancer, Tuberculosis, Vitamin-Drug conjugate, Vitamin B12 conjugate, Folic acid conjugate, Bio-
tin conjugate, Vitamin-E conjugate, Lipid drug conjugate.
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List of abbreviations

WHO: World Health Organization

FRA: Folate Receptor Alpha

Bi,-Co-111-CN-M: Heterodinuclear derivative

MCF7: Human Breast cells

A2780: Human Ovary Cancer Cells

B12-Co-I11-CN-Pt-I1: Vitamin By,-Platinum conjugate

N4PY': Pentadentate Nitrogen ligand

N4PY-S-S-FA: Redox sensitive cleavable linker

FRP: Folate Receptor Positive

AG: Arabinogalactan

FR-AG-GFCG-MTX: Folate receptor Arabinogalactan endosomal cleavable peptide of methotrexate
MTX: Methotrexate

GFLG: Endosomal cleavable peptide

PLGA-PEG-FOL.: Polylactideco-glycolide-polyethylene glycol-folate
SKOV;: Folate receptor positive malignant cells

PEG: Polyethylene glycol
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PA-PEG-DSPE: Lipopolymer

mMPEG-DTP-DSPE: Lipopolymer

FA: Folic acid

PLGA: Polylactic —Co-glycolic acid

FU: 5-Fluorouracil

GG-NP: Guar gum loaded nanoparticles

MTX-FR-GGNP: Guar gum loaded methotrexate folic acid conjugated NP's
G;5-MTX: Pentadentate dendrimer-MTX adduct

5BT-1214: New generation taxoid

TPG5: a-Tocophenyl polyethylene glycol succinate

¥-Ts-Tocotrienol

CoQq: Ubiquinol

CoQ4oH,-PEG5000-Vit E: Ubiquinol-Polyethylene glycol-Vit- E Conjugate
SiRNA: Small interfering RNA

RNAI: RNA interference

TPGS: a-Tocopheryl polyethylene glycol succinate

Aa-Su-Sag: Ascorbyl succinic-Saquinavir conjugate

CYP3A4: Cytochrome P40 metabolizing enzyme

MTX-PGA: Methotrexate-poly(glycerol adipate)

ATRA-g-PBEA: Docetaxel loaded trans-retinoic acid with poly-p-amino ester
HPMA: N-(2-Hydroxypropyl) methyl acrylamide

MA-GIly-Gly-NHN-Dex: Dexamethasone containing monomer

Review Plan

Inclusion and Exclusion Criteria: The present review is focused on vitamin drug conjugate, its synthetic
methodology and its pharmacological screening.

The review data are based on the publication of the last 15 years and in English. Only articles in the rel-
evant area were searched and analyzed from the sources like Scopus, Web of Science along with other online
scientific search engines. The keywords used for the search were, 'Vitamin Drug Conjugate’, 'anticancer ac-
tivity, 'anti-tubercular activity', ‘pharmacological screening', etc. The resultant data are described in this arti-
cle. No statistical methods were used in this review.

Introduction

Cancer is an abnormal growth of the cells which tends to proliferate in an uncontrolled way and in some
cases to metastasize [1]. There are many methods treating cancer, the most commonly applied one is chemo-
therapy, but the problem associated with that is non-selectivity in treatment. Severe, often life-threatening,
side effects arise in cytotoxic chemotherapy because of the toxicity to susceptible normal cells as the treat-
ment is not selective for tumor cells [2]. In the case of traditional chemotherapy, the most challenging step is
to deliver a cytotoxic agent which kills proliferating cancer cells. [3]. The limitation of the used cytotoxic
agents, such as doxorubicin, cisplatin, paclitaxel etc., is that these drugs cannot differentiate between tumor
cells and normal healthy cells. In other words, non-specificity leads to systemic toxicity causing undesirable
adverse effects like hair fall, kidney damage, lung and bone marrow [4, 5]. Thereby it is challenging to de-
liver the anticancer drug to the tumor site. Thus, by this reason there is a need in urgent requirement to de-
velop a targeted drug delivery system for the selective action of drugs toward the growing cancerous cells
with minimum side effects. [5]. It is expected that marked medicines specifically taken up by target cells, can
significantly improve the effectiveness of cancer therapy. In recent years, drugs containing different targeting
ligands like polysaccharides, folate and peptides are tested to increase antitumor activity [6-10].

In order to eliminate such toxicities the methods have been developed under which the therapeutic agent
is targeted by conjugation to a tumor-cell-specific small-molecule linker, thereby minimizing exposure to
healthy cells and related side toxicity [11]. Delivering of the therapeutic agent with no affinity for normal
cells but a strong affinity for abnormal cells with a targeting ligand is the best approach to improve safety
and effectiveness of the drug. There are many advantages of targeted medications over their non-targeted
equivalents. Besides, the targeted drugs can specifically distribute their medicinal payloads into the cancer
cell, thus preventing non-specific absorption and related normal cell toxicity [12, 13]. In order to achieve
effective tumor-targeting drug delivery, it should consists of tumor recognizing moiety and chemotherapeutic
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agent which directly connected through a linker. As a result conjugate acting 'prodrug’ is formed which upon
incorporated in cancer cell readily undergoes to splitting and regenerate the activity of cytotoxic agent [14].

All living cells need vitamins for survival and whereas the main physiological characteristic of cancer
cell is an increased appetite for crucial vitamins because of their fast growth [15, 16]. Thus, the receptor in-
volved for the absorption of vitamins will be overexpressed on the surface of cancer cells. Crucial vitamins
like Folic acid, biotin, Vitamin B12, and riboflavin are required for tumors rapid growth. One of the ap-
proaches is to combine the drugs with vitamins that detect tumor-associated antigens, which raise the sensi-
tivity of cancerous cells to ligand-targeted therapeutics and decrease the exposure of healthy cells to
drugs [2]. Recently, it is observed that the folate receptors are more overexpressed in the cancer cells in
comparision to normal healthy cells. So, it is accepted that folate receptors may act as excellent biomarkers
[16-20]. Folate receptor alpha (FRA) is overexpressed on the surface of multiple types of tumors, including
cancer of the pancreas, liver, breast and ovary. Folate can bound to anticancer drugs. The best approach is
targeting the FRA-positive tumor cells with several therapeutic probes using folic acid conjugates. Folate
conjugates can achieve cancer-specific drug delivery with minimal toxicity [21-23]. Biotin acts as a growth
promoter especially in the tumor, as compared to normal cells. Recently it has been reported that biotin re-
ceptors are also more overexpressed in the cancer cells like breast, lung, renal, ovarian in contrast to folate as
well as vit. B12 receptors [15, 16]. Combination of the anticancer drug with any particular vitamin gives vit-
amin-anticancer drug conjugate. Conjugation of anticancer agents with vitamin, has proven a novel prodrug
approach, improving specificity with minimum side effects. The conjugation scaffold can improve potency
as well as bioavailability of cytotoxic agents. The vitamin drug conjugate provides a high dose of a cytotoxic
drug to the targeted cancer cell, so the essential vitamins like biotin, vitamin B12, folic acid, riboflavin may
act as targeting moiety towards cancer cells. Most commonly, vitamin B12 and folic acid suggested as a tar-
geting agent to tumor cell. Vitamin drug conjugate like folic acid -drug conjugate, Vit.B12—drug conjugate,
biotin -drug conjugate and Vit.E—drug conjugate, as well as vitamin C—drug conjugate are listed in this re-
view.

Other than cancer, tuberculosis is also one of the chronic illness, so there is an urgent need to find an ef-
fective treatment against chronic tuberculosis infection. Mycobacterium tuberculosis is the pathogen agent
causing the infectious disease tuberculosis. Tuberculosis is one of the terrible human diseases which infects
about 9 million of the population, including 1.5 million deaths in 2013 as per the WHO survey [24]. Drugs
used for the treatment of TB are categorized into two groups; first-line drug and second-line drugs. The most
commonly used first-line drugs for the treatment of tuberculosis are Isoniazid, Rifampicin, Ethambutol and
pyrazinamide [25]. These drugs develop multidrug resistance because of the lengthy period of treatment,
mostly 12—-18 months or more [26]. Thereby there is a need of searching for a new anti-tubercular agent or
other supportive therapy [27]. Vitamins also play a crucial role to prevent the spread of this chronic illness.
Any bacteria like mycobacterium tuberculosis needs essential vitamins like biotin, thiamin to fulfil their re-
guirement and to initiate their infection. Vitamin C, for instance, has antimycobacterial property. Vitamins
act as a promising agent to change life cycle as well as the biology of mycobacterium tuberculosis and helps
to stop the spread of infection [27]. Lipid drug conjugate improving the bioavailability of the anti-tubercular
drug by incorporation of short lipid chain is discussed in this review. Limitations associated with the anti-
tubercular drugs like Isoniazid, Rifampicin, Ethambutol and pyrazinamide is liphophilicity issue resulting
poor blood-brain barrier penetration. Lipid-antitubercular drug conjugate is also a new approach having po-
tential to enhance efficacy, bioavailability, with reduction in drug resistance.

Vitamin drug conjugate is the novel term that provides selective delivery of cytotoxic agent towards
cancer cells with desirable therapeutic effect. This review focuses on the requirements that must be met to
achieve the necessary therapeutic efficacy with minimal side effects during the design of vitamin drug con-
jugate. This review also emphasises on various vitamin drug conjugate reported to date with its synthetic
methodology and pharmacological evaluation. Vitamin drug conjugates like folic acid drug conjugate, vita-
min B12, biotin, vitamin E, vitamin C—conjugates are listed in this review. All these conjugates were studied
to find out the best fit conjugate in terms of its clinical applicability.

1 Vitamin-Drug conjugate

Vitamin-Drug conjugate is considered as a targeted drug delivery system for tumors. It generally con-
sists of the drug connected directly or through a linker to the targeted moiety to form an active pharmacolog-
ical object, i.e the 'vitamin-Drug conjugate’ (Fig. 1). The benefits of vitamin drug conjugate are nontoxic and
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it must be stable in circulation and do not harm to normal cells. Upon entry of this conjugate into the cancer
cells, it should effectively release the anticancer drug without losing biological activity [5, 28].

Vitamin Drug R SEACER

Conjugate WUBLE IR

Figure 1 Vitamin-drug conjugate

1.1 Vitamin B12- drug conjugate [30].
1.1.1 Vit-By,-metal conjugate

The cancer cells need vitamin B12 and more cellular uptake, so it can be concluded that on conjugation
with vit. B12 increases tumor selectivity and enhance therapeutic outcomes. This type of conjugate consists
of an anticancer drug with tumor imaging metal-containing compound [31]. A variety of vitamin B12 metal
analogues are identified to date, but some provide a promising proof of concept promoting the use of
cobalamins in targeted chemotherapy and diagnosis as metal-based medicine and imaging drug carriers
[31, 32]. There are number of studies on platinum and other metal-based anticancer agents, but on other hand
the clinically established anticancer drug cisplatin has some disadvantages, like low bioavailability, water-
solubility, lack of tumor selectivity and undesirable side effects proved. In spite of its harmfulness the plati-
num complex was clinically approved and accepted because of its pharmacological activity with less side
effects [31, 33-34].

Platinum

Cisplatin is also platinum-based drug with anticancer activity. However there are some disadvantages of
this drug, such as nephrotoxicity, neurotoxicity, phototoxicity, nausea etc. Alberto et al. developed a method
to overcome the problem associated with anticancer drug cisplatin and its side effects. Conjugation of
cisplatin with cobalamine (vit B12) increases tumor selectivity and enhance the clinical output [31, 35, 36].
Metal containing scaffolds is attached to the nitrogen atom to the cyano group on vit B12, producing a deriv-
ative (B12-Co-111-CN-M) where vitamin is functioning as a ligand. A further step is vitamin B12 converted
to its cofactor (either methylcobalamine or adenosylcobalamin) required for reduction of Co (1) to Co (II)
by removing bioactive molecule Vit.B12 Co Ill. CN is mixed with metal. The formed cyano metal fragment
(CN-M) release directly inside the cell. This cyanocobalamine metal conjugate (Figure 2) considered as
prodrug, which shows the clinical endpoint [31, 36].
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Figure 2. Vitamin B12-Platinum Conjugate
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In vitro cytotoxicity experimental investigation on adenocarcinoma of human breast cells (MCF7) and
adenocarcinoma of cells of human ovary(A2780) demonstrated that differentiated Pt (I11-Cyano complexes
exhibited antitumor action equivalent to that seen in cisplatin, suggesting that (B12-Colll-CN-Ptll) analogue
should be considered as an active drug because they have an affinity to generate Pt-1l containing antitumor
drug quickly in the body effectively. Unfortunately, this theory was not compatible with the data that the
original analogues were less carcinogenic than cisplatin [31, 37].

1.1.2 Colchicine- Cobalamins conjugate

Colchicine functions as a spindle toxin with a mode of action close to that of taxanes, and it also acts as
a cytotoxic agent. Colchicine inhibits the polymerization of tubulin and prevents cancer cell proliferation at
metaphase in mitosis. But colchicine has not proven effective for cancer therapy to date because of its over-
bearing toxic effects that cause undesirable side effects at endovenously medication [38—40]. Using the
cobalamin leads to selective delivery of colchicine to tumor cells, the side effects associated with colchicine
can decrease drastically [38].

Joshua et al., developed colchicine-cobalamin conjugate (Fig. 3). By substitution at the C7 position of
colchicine by p-alkoxy-acetophenone and bonded with cobalamin via hydrazone, which has acid sensitive
nature. Malignant cells are more likely prone to cellular absorption of this scaffold. Upon interaction of this
scaffold with cancer cells occurs hydrolysis of the acid liable hydrazone linker inside the lysosome. Colchi-
cine behaves as a powerful antineoplastic agent, helps to balance the microtubule as well as shows cellular
apoptosis. This scaffold is highly stable at pH 7 and in the cellular medium, is more susceptible to hydrolysis
at pH 4.5, having a half-life of 138 min. This scaffold display LC50 values in nanomolar across the variety
of cancer cell such as brain, breast and melanoma in cellular medium. The increase of the drug's bioavailabil-
ity by overcoming the undesirable side effects associated with tubulin can be achived by adding colchicine to
cobalamin. The in vitro cytotoxicity of this bioconjugate is equivalent to that of existing chemotherapy med-
ications such as paclitaxel and docetaxel. However, bioconjugate is highly soluble in water and considerably
inexpensive than paclitaxel or docetaxel [38, 41-43].

a,b
CN
&
N,
0
O)LNH/\/\/\,NHz

( a) Glutaric anhydride in DMSO : (b) EDCI , NHS in DMSO ( 34% yield, 3 steps )
Figure 3. Synthesis of colchicine cobalamine conjugate

2 Folic acid-drug conjugate

Folic acid is one of the essential vitamins, and folate receptors act as a target for the cancer treatment
[44]. The folate receptors are recently emerged as a promising theragnostic target due to their great function-
al flexibility in multiple solid tumors [45]. The major problem is the delivery of anticancer drug due to non-
selectivity, which result in toxicity because having an inability to distinguish between cancer and normal
healthy cells. This problem can be resolved by conjugating anticancer drug with folic acid. Folic acid acts as
a targeting ligand to deliver many therapeutic agents towards growing tumors tissues. Folic is used as a tar-
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get because it easy conjugate with therapeutic, as well as diagnostic agent and also shows a high affinity to-
wards the folate receptor. Most important that folate receptor is limitly distributed in the normal cell, but
overexpressed in cancer cells [46]. This foremost approach involves linking FA to the anticancer drug form-
ing small molecule drug compound to get effectual clinical output. Folate conjugate attached to folate recep-
tor by means of endocytosis process, which is overexpressed in cancer cells and attached drug shows its
therapeutic output after cellular administration. [44].

2.1 Folic acid- Bleomycin conjugate

Most challenging step in cancer therapy is to deliver anticancer drug due to their non-selectivity and
systemic toxicity [47]. Bleomycin acts as an anticancer antibiotic. The problem associated with bleomycin is
short half-life, less clinical output and more undesirable side effect. Due to this problem, there is limited use
of bleomycin as a therapeutic agent in cancer therapy [48].

Geersing et al., developed a method which shows that bleomycin imitates conjugate of folic acid
(Fig. 4) where folic acid conjugate with pentadentate nitrogen ligand(N4Py) through a cleavable di-sulphide
linker. This conjugate exibits promising efficacy and selective delivery of the anticancer drug in cancer cells
which are overexpressed toward folate receptor. This conjugate also increases potency as well as selectivity
of cytotoxic anticancer agent. A significant effect was seen by the MTS assay conducted in KB cells on
N4Py-S-S-FA metabolic function after 48 h, which is enhanced after 72 hours. Pentadentate iron ligand con-
jugated with folic acid can induce selective apoptosis of FR (+) cancerous cells in contrast with a minimum
effect observed for FR (—) cells. Enhanced efficacy is observed after a duration of 72 hrs due to the existence
of a disulphide bond-containing cleavable linker moiety. These observations demonstrate the strength of
therapeutics targeted by ligands, with strong potency and improved selectivity relative to compounds without
targeted moiety [47, 49-51].
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2.2 Arabinogalactan-folic acid-methotrexate conjugate

Folic acid exibits a high affinity toward the folate receptor (FR). We proposed a new selective delivery
mechanism based on the naturally occurring polymer AG for anticancer drugs and characterized their ability
to detect, penetrate and kill tumor cells with overexpression of folate receptor [52].

Pinhasi et al., developed a method, in this FR-AG-GFLG-MTX (Folate receptor Arabinogalactan
endosomal cleavable peptide of methotrexate) (Figureb) is the conjugate which delivers a cytotoxic agent in
FR overexpressing cells. In this conjugate, folic acid and methotrexate are bond to arabinogalactan (AG) via
endosomal cleavable peptide (GFLG). The formed conjugate FR-AG-GFLG-MTX shows 6.3-fold increase
in the cytotoxic activity. This research produces a new FA bound anticancer agent conjugate to deliver meth-
otrexate to the overexpressed cancer cells in FR [40-42]. An important potential benefit of this drug delivery
mechanism is that it exibits effective therapy for malignant cells and multidrug-resistant tumor cells [52, 55].
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2.3 Docetaxel loaded -PLGA-PEG Folate conjugated nanoparticles

Nanoparticulate formulations incorporating anticancer drugs have recently gained much interest due to
their accumulation the tumor cells [56, 57]. Esmaeilli et al., reported a method, in which Docetaxel nanopar-
ticles were developed for folate receptor-targeted cancer therapeutics using polylactideco-glycolide-
polyethylene glycol-folate (PLGA-PEG-FOL) conjugate (Fig. 6). The FOL-coupled di-block co-polymer
was obtained by the reaction of active Folic acid with the co-polymer of the PLGA-PEG-NH, di-block,
where the folate ligands were supposed to be revealed on the micellar layer. The docetaxel loaded folate con-
jugate was formed by an emulsification process, with an overall size of 200 nm in diameter.

In contrast with the non-targeted nanoparticles, the folate targeted ones exibited a higher degree of in-
tracellular absorption via Folate receptor-mediated endocytosis process, which plays an essential role in the
absorption of nanoparticles in Folate receptor-positive malignant cells (SKOV3). These studies indicate
Docetaxel loaded-folate targeted nanoparticles are a highly beneficial drug delivery system for the tumor
cells that are folate receptor-positive and which contribute to increased cytotoxicity [56, 58-60].
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Figure 6. Synthetic scheme of PLGA-PEG-FOL conjugate

2.4 Folic acid-PEG conjugate

Folate bond polyethylene glycol (PEG) liposome are obtained for effective cancer therapy because they
have an affinity to accumulate into the tumors due to increased permeability [61, 62]. Folic acid phospholip-
id conjugation (Fig. 7) is the best approach to transfer chemotherapeutic agent to folate receptor (FR) ex-
pressing tumor. In this case is used polyethylene glycol (PEG) liposome with folate linked to the outer end of
phospholipid attached PEG molecule. It seems to be a suitable way for liposome deposition in tumor and
binding of liposome to FR on cancer cells and release anticancer drug via receptor-mediated endocytosis
process. [61, 63]. In vitro studies demonstrate that increase in the antitumor activity of liposomal agents oc-
curs via folate targeting in the FR expressing malignant cells [61, 64, 65].

34 Bulletin of the Karaganda University



Vitamin Drug conjugate: a systematic review ...

OH
N 0
O e
ZNJ\N/ N/ HN‘? /Zz
el e
A N AT

FA-PEG-DSPE

0 M
H 9" “cH
~ N s /\/ZL s 17035
O/\/{/\O/iv s 1) s
n \([)]/\/ O/\N/\/O\ / SN0 Ci7H3s5
H

mPEG-DTP-DSPE
Figure 7. Folate-PEG Conjugate

2.5 Folic acid-5-flurouracil conjugated nanoparticles

Wanget al., developed a method in which folic acid (FA) shows the low target efficiency, low conjuga-
tion ratios at loading as a carrier in PLGA drug delivery system. They used 1,3-diaminopropane as a
crosslinker in FA conjugated PLGA system to reach high conjugation ratio of 46.7 %(mol/mol). The pre-
pared PLGA (Polylactic-co-glycolic acid) [66, 67] was used to encapsulated drug 5-flurouracil (5-HT) into
nanoparticles on HT-29, cancer cells were observed to be 5-69 pg/ml in-vitro. In the experiment the value
IC50 is smaller for 5-FU and 5-FU loaded PLGA nanoparticles which is 22.9 and 14.17 pg/mL, respectively.
The fluorescent microscopy image showed that targeting nanoparticles have a high affinity for cancer cells
and nanoparticles with FA. This is more significant amount taken up by cancer cells of HT-29 than the pure
drug and untreated nanoparticles. 1,3 di-aminopropane forms a new polymer by facilitating conjugation of
FA to PLGA. This FU loaded PLGA-1,3-diaminopropane folic acid nanoparticles (Fig. 8) are one of the effi-

cient approaches to transfer the drug to tumor cells [66, 68, 69].
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2.6 Guar gum loaded methotrexate-folic acid conjugated nanoparticles

Prepared nanoparticles have excellent properties for drug delivery, such as small size, including the use
of biodegradable polymers, and advantages over other innovative drug delivery systems and provide protec-
tion, increased stability. Nanoparticles can easily accumulate into the tumor cells due to their small size and
provide effective cancer treatment [70-72].

This nanoparticles are developed to target colon cancer. Sharma et al. developed guar gum nanoparti-
cles (GG-NP) with methotrexate (MTX) loaded folic acid. Emulsion cross-linking methods are used to pre-
pare the MTX charged folic acid biocompatible guar gum nanoparticles. The formed conjugate MTX-FR-
GGNP shows promising release anticancer drug methotrexate to overexpressed folate receptor and treating
colorectal carcinoma. This formulation has dual benefits tend to release the drug in the colon and case of car-
cinoma [70, 73, 74].

2.7 Methotrexate-dendrimer-folic acid conjugate

Thomas et al., demonstrated that conjugating Folic acid and methotrexate with 5th generation
dendrimer [75-77] increases the therapeutic index of Methotrexate (MTX) comparing with methotrexate
administered alone [75, 78, 79]. Batch to batch discrepancies in the number of methotrexate (MTX) and folic
acid molecules associated with each dendrimer, mainly while scale up processing resulted in differing the
therapeutic action of conjugated batches [80, 81].

The biological differences might arise from the enzymatic activity of serum esterase enzyme and result
in differences in bioavailability of selected conjugate because methotrexate is bonded through an ester bond
[75, 78]. In this study, they attempted a new methodology to generate specialized G5-MTXn adduct via a
selective synthesis process by linking MTX to the pentavalent dendrimer using an esterase-stable amide cou-
pling. Synthesized G5-MTX adduct bind to the folic acid receptor via pentavalent coupling that displays
4300-fold more significant activity than free MTX, it was demonstrated by the results of surface plasmon
resonance linking studies. This adducts resist enzyme dihydrofolate reductase and also promote cytotoxic
effect in FR-expressing KB cells lines via the FR-specific cellular interaction process and by coupling of
MTX with pentavalent dendrimer, which plays a significant role as an anticancer agent and also a targeting
molecule. The G5-MTXn adduct acts as a promising FR-selective, cytotoxic agent for the treatment of can-
cer [75, 78, 79, 82].
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3 Biotin Drug conjugate

Biotin is one of the essential vitamins and acts as a promising targeting agent. Vitamin drug conjugate
is an approach to deliver a high dose of the targeted drug to cancer cells [83]. Biotin is an essential vitamin
and is transported through sodium-dependent multivitamin transporter, which is more expressed in many
cancers cell lines like colon, breast, lung cancer cell line. Biotin shows overexpression in folate receptor, so
growing tumors more need for biotin than normal cells.

It is reported that the conjugation of biotin with many organic molecules and protein shows selective
delivery of a cytotoxic agent to cancer cells [84].

3.1 Biotin-taxoid conjugate

Yang et al., developed conjugate in which biotin is combined with new generation taxoids 5BT-1214
[83]. The approach of this invention is simple for tumour-targeted drug delivery system. The use of biotin
5BT-1214 conjugate (Fig. 9) exploits the biotin receptor's upregulation on the cancer cells. The invented pro-
cess involved the drug delivery via endocytosis mediated by vitamin receptor [16, 83].

The testing result of biotin 5BT-1214 fluorescence conjugate showed the biotin drug conjugate easily
incorporate into tumor cell and shows reduced toxicity against normal cells and also shows well systematic
stability. Therefore it is one of the best novel targeted drug delivery system for tumor cells [83]. The findings
suggest that only the biocompatible biotin-dendrimer adduct may be a successful nano-platform towards
cancer treatment and cancer detection [85].
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Figure 9. Chemical structure of Biotin-SBT-1214 conjugate

3.2 Gemcitabine-Coumarin-Biotin conjugate

Maiti et al., developed target-specific anticancer prodrug moiety Gemcitabine-Coumarin-biotin conju-
gate (Fig. 10) to treat various cancers [16, 86]. In this method, they proposed the formulation, development,
spectroscopic analysis, and in vitro biological evaluation of Gemcitabine-coumarin-biotin conjugate. This
conjugate is a multipurpose molecule mainly consisting of a splittable disulphide bond with a thiol group,
fluorescent coumarin moiety, therapeutic action given by gemcitabine and biotin is serve as a cancer-
targeting component. Breakdown of the disulphide bond occurs when a free thiol group are added, which is
exceptionally high in cancerous cells and also release of therapeutic agent gemcitabine, as well as concur-
rently rise in fluorescence intensity [86, 87].

Confocal microscopic studies demonstrate that instead of W138 cells, this scaffold is selectively ab-
sorbed by A549 cells. Fluorescence-based colocalization experiments utilizing specific lysosome and endo-
plasmic reticulum additives indicate that splitting of thiol-containing disulphide bond of the conjugate can
occur in the lysosome by receptor-mediated endocytosis process. This is latest approach with a therapeutic
and diagnostic tool that provides both therapeutic benefit, and drug absorption at the cellular level is effec-
tively controlled by fluorescence imaging [86, 88, 89].
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Figure 10. Synthetic scheme of Gemcitabin Coumarin Biotin Conjugate

4 Vit-E-drug conjugate

Vitamin-E and a-tocopherol analogues have a pro-apoptotic property and can kill cancerous cells, also
helps in the prevention of cancer without any undesirable effects [90]. Vitamin-E and tocopherol analogues
are used in drug delivery system because of their many excellent advantages like drug solubility, biocompat-
ibility and antitumor activity. Upon esterification of vitamin-E succinate, the formation of non-ionic
amphiphile known as a-Tocopheryl polyethylene glycol succinate (TPGS) shows the ability to cluster for-
mation behaviour with other organic molecules. Hence it is helpful to develop many drug formulations
which show properties like increase bioavailability and targetability of many anticancer drugs [91].

4.1 Gemcitabine-Vit E Conjugate

The main aim of this study is to test in vitro anticancer activity of gemcitabine conjugate to the
tocotrienol isomer of vitamin-E (Fig. 11) against pancreatic tumor cells [92, 93]. Abu-Fayyad et al., reported
that the free tocotrienol isomer of vit E shows the anticancer activity of gemcitabine. By using 1H NMR and
mass spectrometry analysis technique, the conjugate was identified and tested for deamination sensitivity.
The anticancer activity of gemcitabine was studied in vitro for pancreatic cancer cells BX-PC3 and PNAC-1
in which [92, 94].

¥-T3 conjugation of gemcitabine studied in vitro for enzymatic deamination showed that it was least af-
fected comparing with free and conjugated gemcitabine in solution by deamination deactivation reaction. In
vitro cytotoxicity studies indicate that an increase of anticancer activity by entrapping gemcitabine lipid con-
jugate into a nano-emulsion compared to a free drug is observed. It was concluded that for effective delivery
of gemcitabine, conjugation with ¥-T3 isomer is one of the feasible options [92, 93, 95].
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Figure 11. Synthetic scheme of Gemcitabine Vitamin E (Tocotrienol) Conjugate

4.2 Ubiquinol-Polyethylene glycol-Vit E conjugate

Both Ubiquinol and vit E have medicinal value but drawback associated with the Ubiquinol and Vit E,
shows low bioavailability, potential toxicity because they have less soluble in aqueous media [96, 97].
Cateniet al., developed a method to overcome the challenge associated with vitamin-E and Ubiquinol. The
objective of the present study is to improve the bioavailability of ubiquinol and vit E; the mixed conjugate of
Ubiquinol-Polyethylene Glycol-Vitamin E (Fig. 12) was synthesized and characterized. By spectroscopic
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methods such as 1H NMR and mass spectroscopy, the synthesized mix conjugate of PEG was characterized.
The in vitro release of the conjugate was calculated and evaluation of ubiquinol and vit E also carried out in
different pH conditions in human plasma. The obtained result indicates that at pH 7.4. occurs more release of
ubiquinol and vit E from PEG conjugate in plasma within 24 hrs. The evaluation of antioxidant activity car-
ried out by DPPH assay and obtained results show that there is no effect on antioxidant activity of ubiquinol
and vit-E after esterification with PEG.

The novel CoQ10H2-PEG5000-Vitamin E combined conjugate was obtained and observed an en-
hancement in water solubility of CoQ10, Vitamin E is predicted by this conjugate. The increase of the bene-
ficial effects and reducing the undesirable side effects of the parent products are observed. [96, 98, 99].

CHs CH;  CHs
CHs

cH, Gk

—on = €
Vitamin E
o HO
Ubiquinol CH,
a)
— OCOCH,CH,COOH
<)
+ CoQ10H2
H
—OCOCH,CH,CONH | {1/~ C00
HsCO coo— ({{{{])——NHCOCH,CH,0CHO-

OCH,

PEGylated derivative of COQ10 and Vit E

a) Succinic anhydride, Toluene Et3N,85?C,9 H; b) Et3N, DCC, HOBT, dry CH2CI2,
Room temperature,24h;c)DCC,DMAP, dry CH2CI2, Room temperature, under nitrogen
24h.

Figure 12. Synthetic scheme of PEGylated Ubiquinol-Vit E conjugate
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4.3 Vit-E-neomycin conjugate

Vit E conjugated neomycin derivative (Fig. 13) is a novel approach to deliver siRNA (small interfering
RNSs) to liver cells. In this approach the neomycin derivative exibited RNAi (RNA interference) activity in
liver cancer cell [100, 101].
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water, 80'C, 4h, 89-97%, (b)Triisopropylsilane, TFA-CH2CI2, rt, 1h, 79-92%

Figure 13. Synthetic scheme of Vit-E-neomycin conjugate

4.4 Docetaxel loaded Vitamin-E TPGS micelle with cetuximab:

Kutty et al., and Feng et al., developed docetaxel loaded vitamin E TPGS micelle to treat triple-negative
breast cancer. For the selective delivery of docetaxel as a design anticancer drug for the treatment of triple-
negative breast cancer (TNBC), produced a Cetuximab-conjugated vitamin E TPGS micelles. Hormone pro-
gesterone receptor (PR), estrogen receptor (ER) and epidermal growth factor receptor 2 (HER2) [102, 103]
are not expressed, therefore their treatment more challenging than positive breast cancer. In docetaxel loaded
vitamin E TPGS micelle cetuximab behaves like as targeting ligand. Vitamin E TPGS micelle is designed
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with small particle size, have more drug loading capacity, also shows excellent drug release pattern. Micelles
are characterized by surface appearance, charge. [102, 104].

TNBC cell lines like MDA MB468, MDA MB 231 and HCC 38 cell line with the expression of epi-
dermal growth factor receptor 2 at a high frequency are used. Moderate and low frequencies are used to
check in vitro, anticancer activity, as well as cellular absorption of docetaxel, loaded Vit.E TPGS micelles
with cetuximab in contrast to a free drug-like Taxotere. The evaluated IC50 value indicates that the therapeu-
tic agent's concentration can kill 50 % of malignant cells in desired time, like 24 hrs. By comparing the free
drug Taxotere, the IC50 value for the micelle is obtained. Thus it was found that docetaxel loaded vitamin E
TPGS micelle exibits a 205.6 and 223.8 fold increase in anticancer activity in TNBC compared to free drug
Taxotere [102, 105].

5 Vitamin-C Conjugate
5.1 Vitamin C-Saquinavir conjugate (Ascorbyl-succinic-saquinavir)

Luo et al., and Wang et al., developed the ascorbyl-succinic-saquinavir (Aa-Su-Saq) conjugate (Fig-
ureld). It was synthesized and evaluated to target sodium-dependent vitamin-C transporter (SVCT) in order
to improve the oral absorption of prodrug saquinavir. The affinity of Aa-Su-Saq regarding efflux pump
p-glycoprotein(p-gp) and recognition by SVCT of Aa-Su-Sag have also been studied [106, 108].
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Figure 14. Synthetic scheme of Ascorbic-succinic-saquinavir Conjugate

Polarized MDCK-MDR1 and CaCO-2 cells were taken to determine transepithelial permeability, and
rat liver microsomes were used to study the metabolic stability of Aa-Su-Saq. Aa-Su-Saq is stable in DPBS
and CaCO-2 cells, having a half-cell life of 9.65 and 5.73 h. In MDCK-MDRL1 cells, saquinavir absorption
increased by 2.7 and 1.9-fold at the conc. 50uM Saq and Aa-Su-Sag. In MDCK-MDR1 and CaCO-2 cells,
cellular accumulation of AA was decreased by 50—-70 % compared to control in the presence of 200uM of
Aa-Su-Saq. In the presence of SMpu ascorbic acid, the uptake of AA-Su-Saq was decreased by about 27 % to
34 %, and absorptive permeability was increased about 4.5-fold. The efflux index was lowered about 13-15-
fold in polarized MDCK-MDR and CaCO-2 cells. Aa-Su-Saq not only free from cytotoxicity but also shows
an increase in metabolic stability because it shows less affinity toward CYP3A4 [106, 107, 109].
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6 Lipid-Drug conjugate
6.1 Stearoyl chloride-Isoniazid conjugate

Isoniazid is the first line anti-tubercular drug in the treatment of tuberculosis. However, there is some
limitation associated with its hydrophilic nature, therefore exibits low permeability and have less affinity to
cross blood-brain barrier, which results in the low therapeutic output. This problem can be solved by incor-
porating hydrophobic moiety of the covalently linked lipid-drug conjugate of Isoniazid with a small lipid
chain of stearoyl chloride (Fig. 15). Using the method of cold high-pressure homogenization also improves
the bioavailability of Isoniazid; lipid-drug conjugate nanoparticles were produced by using an agueous sur-
factant. The physicochemical analytical methods like transmission electron microscopy, differential scanning
calorimetry, X-ray diffraction method were applied to characterize nanoparticles. In vitro, drug release stud-
ies conclude that at pH of 7.4, in phosphate buffer solution shows sustained drug release up to 72 hrs. Higu-
chi model of diffusion is an attractive one to study the drug release profile of nanoparticle.

This lipid drug conjugate is effective in mycobacterium tuberculosis infection by intracellular traffick-
ing into endosomal and lysosomal vesicles and colocalization with intracellular protein like CD63, LAMP-2,
EEAland Rabl11. These nanoparticles exibit affinity to improve effective intracellular absorption of water-
soluble drug Isoniazid [110, 111].
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Figure 15. Synthesis of Isoniazid- Stearoyl chloride conjugate

Other approaches for the treatment of cancer and other diseases
7 Polymer drug conjugate

Cancer is considered as chronic illness which responsible for the elevated mortality rate in the world.
The effective treatment for the cancer illness is the administration of the chemotherapeutic agent, even
though its clinical status is not acceptable. The use of antitumor agent is minimal because it may cause seri-
ous complication. Therefore, to protect the normal cells from the severe side effects associated with a
chemotherapeutic agent, «Polymer—Drug conjugate» is synthesized.

«Polymer—Drug conjugate» is a drug carrier system that consists of three components like a molecular
targeting moiety, solubilizing moiety and active ingredient. Polymer-Drug conjugate in which the active drug
is incorporated into the polymeric material. Polymer-Drug conjugate is also regarded as polymeric prodrug
[112-114].

7.1 Methotrexate-Poly(glycerol-adipate) conjugate

Polymer drug conjugate is specially designed and intended for cancer therapy. The present study men-
tions the first polymer-antitumor drug conjugate obtained by cobination of poly-(glycerol adipate) with anti-
tumor agent Methotrexate (Fig. 16). By using carbodiimide mediated reaction, MTX-PGA complex was de-
veloped with the reproducible result and with different high MTX molar concentration; the MTX-PGA ad-
duct is self-build into size nanoparticles. The size of the nanoparticles depends on medium pH and the quan-
tity of methotrexate. The change of particle size of NPs resulted in stearic hindrance and build bulkiness
within nanoparticles centre and separation of the free functional group of the active agent.

MTX-PGA nanoparticles exibit stability at ionic strength equivalent to 0.15M HCI, in the medium hav-
ing pH 5-9. They also show chemical stability at pH 7.4 in case of hydrolysis for 30 days, even though it
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undergoes enzymatic degradation and release of free drug in unchanged form. In comparison with MTX-
PEA NP, earlier reported studies indicated that by conjugating MTX with serum albumin exhibits > 300
times less potent than pure MTX. But MTX-PEA nanoparticles are slightly potent than free MTX in 791T.
Along with the studies on enzymatic degradation, these results show that a linker moiety is not a necessary
element with a useful biodegradable polymer. Therefore, these quickly produced PGA drug conjugates with-
out a linker moiety can be a practical new approach for polymer-drug conjugate growth [115].
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Figure 16. Methotrexate-Poly(glycerol adipate) conjugate

7.2 Docetaxel loaded polymeric nanoparticles

In this study, the drug is conjugated with a polymer producing polymeric nanoparticles to overcome ob-
stacles associated with chemotherapy.

Docetaxel loaded trans-retinoic acid with poly-B-amino ester (ATRA-g-PBEA) nanoparticles is pro-
duced by encapsulation. Docetaxel is conjugated with trans-retinoic acid(ATRA) with poly-B-amino ester by
the solvent displacement method. Using Zeta-sizer, the size and zeta potential of nanoparticles were meas-
ured and the morphology of nanoparticles was evaluated at pH 7.4, and 5.8. with the transmission electron
microscopy. The in-vitro drug release study was studied. The cytotoxicity, anti-angiogenic effect and blood
compatibility of this controlled release nanoparticles, also studied. The DTX loaded ATRA-g-DBAC nano-
particles show more cytotoxicity and better anti-angiogenic effect compared to free all trans-retinoic acid and
docetaxel in chemotherapy. ATRA-g-PBAE nanoparticles are an attractive controlled released system com-
pared to chemotherapy [116].

7.3 HPMA co-polymer-Dexamethasone conjugate

Liu et al., and Quan et al., developed pH-sensitive conjugate of N-(2-Hydroxypropyl) methyl acryla-
mide (HPMA) containing Dexamethasone polymeric conjugate is able to strengthen the therapy of rheuma-
toid arthritis. Reversible addition-fragmentation transfer (RAFT) polymerization technique is used to create
an unique pH-sensitive and cross-linked Dexamethasone-containing monomer (MA-Gly-Gly-NHN=Dex)
with HPMA. The scaffold of Dex-HPMA co-polymer conjugate was studied as well as its biological effec-
tiveness was also tested on rodents with adjuvant-induced arthritis (AlA). Polymeric Dexamethasone conju-
gate was obtained with poly-dispersity index and with controlled molecular weight. Dexamethasone contain-
ing monomer (MA-Gly-Gly-NHN=Dex) regulates feed-in proportion ration Dexamethasone material.

The molecular weight of polymeric Dexamethasone conjugate is 34KDa and PDI is 1.34. at in vivo and
in vitro assessment. The release of Dexamethasone from conjugate is caused due to low pH; it is demonstrat-
ed by in vitro drug release tests. Polymeric Dexamethasone conjugate has a significant and lengthy anti-
inflammatory effect and joint safety. These properties are revealed by the tests such as, endpoint bone miner-
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al density and histology grading. Conjugate of Dexamethasone—HPMA co-polymer is obtained with a very
well structure is effective against rheumatoid arthritis. In the treatment of rheumatoid arthritis, it also has a
specific therapeutic potential [117].

Conclusions

Chemotherapy is the golden method to treat a chronic disease like cancer, but there is some complica-
tion associated with chemotherapeutic agents causing undesirable side effects with systemic toxicity to the
normal cells. Therefore, to avoid this problem, a new approach called «vitamin-drug conjugate» is devel-
oped. Many research studies reported various vitamin-drug conjugate like folic acid conjugate, Vitamin B12
conjugate, vitamin-C conjugate, vitamin-E conjugate, Biotin drug conjugate etc. In the case of Lipid drug
conjugate, many drugs cannot cross the blood-brain barrier due to their hydrophilic nature. Thus, this prob-
lem can be solved by combining hydrophilic drug with short-chain of lipid resulting in new adduct is known
as «Lipid-Drug conjugatey.

The review describes vitamin drug conjugate which is the newly emerged concept for targeted drug de-
livery to the cancer cells with achieving desirable clinical output. The recent studies revealed that cancer
cells are more overexpressed to vitamins than normal cells, so using the method receptor-mediated endocyto-
sis system can deliver a cytotoxic agent to the cancer cells and may not harm any normal cells. To strengthen
this concept, many approaches were studied like conjugation with metals, conjugation with gums and conju-
gation with vitamins etc. Metal drug conjugate is the clinically approved method as it can deliver both thera-
peutic and diagnostic agents to the cancer cells with a fewer side effect.

Vit.B12 conjugate, in this cobalamin, is covalently bound to the anticancer drug and produce high bio-
logical activity. Therefore the conjugation of drug with vitamin exibits high efficacy and low systemic tox-
icity. In folic acid conjugate, folate receptor is highly overexpressed on cancer cells compared to normal
cells. Thus selective drug delivery of cytotoxic agent toward malignant cells can be achieved by binding with
folic acid. That is why it is one of the promising methods that have the potential to treat a variety of cancers
in future. a-Tocopherol polyethene glycol succinate is an ester form of vitamin E succinate that shows excel-
lent properties like increase selectivity as well as bioavailability of anticancer drugs. Another preparations
like biotin conjugate, Vitamin-C conjugate and vitamin-A conjugate also proved to be useful in cancer thera-
py and reducing the toxicity. The folic acid drug conjugate was found to be most active and pharmacologi-
cally effective amongst all the other conjugates for the treatment of cancer.

Few challenges may arise associated with vitamin drug conjugate, as a synthesis of the conjugate in
cobalamin drug conjugate and biotin drug conjugate. Vitamin B12- metal conjugate shows accumulation in
non-targeted organs and leads to a severe undesirable side effect. Thus, it is nessessary to design such conju-
gate that shows increased uptake and selectivity toward tumor in order to avoid accumulation in organs.

Tuberculosis infection treatment drugs develop multidrug resistance due to the more extended treatment
period. This problem can be resolved using vitamin as a target molecule to stop the spread of tuberculosis
infection. In addition to anti-tubercular therapy, the newer drug is conjugating with vitamins like vitamin-C
and vitamin-D are useful and one of the novels approaches against tuberculosis infection in the future.

In future vitamin drug conjugate is an attractive approach of targeted preparation delivery to the many
life-threatening disease like cancer, tuberculosis etc.

The summary of these methods and its advantage are shown in the Table.

Table
Vitamin drug Conjugates
Sr. . .
No Vitamin Drug Conjugate Advantages
1 2 3
1 |Vitamin B12-Metallodrug |- Vitamin B12-Metal conjugate can overcome the problems associated with anti-
conjugate cancer agents.

— The increase in tumor selectivity and enhance clinical output by conjugating metal
with cobalamin.

— In vitro cytotoxicity experiments carried out on adenocarcinoma cells of human
ovary and human breast cells demonstrated that Pt-11 Cyano complex exhibit anti-
tumor activity and quickly release antitumor drug in the body.
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Continuation of Table

1 2 3

2 |Colchicine- cobalamin — This scaffold is effective against variety of cancers like brain, breast and melano-

conjugate ma.

— Colchicine-cobalamin conjugate is one feasible option to resolve the problem as-
sociated with tubulin targeted anticancer drug.

3 |Folic acid-Bleomycin — This conjugate increase potency as well as selectivity of anticancer agents into

conjugate tumor cells which over expressed toward folate receptor.

4 |Arabinogalactan-folic acid- |- Folate targeted arabinogalactan linked methotrexate adduct shows 6-3-fold in-

methotrexate conjugate crease in cytotoxic activity as well selective delivery of antitumor agent into the
cancerous cells.

5 |Guar gum loaded metho- |- These nanoparticles were designed to target colon cancer.

trexate-folic acid conjugated [ Guar gum loaded methotrexate-folic acid nanoparticles play dual function, it pro-
nanoparticles vides robust treatment against the colorectal carcinoma and also show efficacy in
case of another carcinoma.

6 |Methotrexate-dendrimer- |- The coupling of methotrexates with 5th generation dendrimer result in increase of

folic acid conjugate methotrexate therapeutic index comparing to free methotrexate.

— This conjugate is not affected by serum esterase enzyme activity because it syn-
thesized by esterase stable amide coupling, so this adduct exibits 4300-fold greater
biological activity in contrast with free methotrexate.

7 |Docetaxel loaded -PLGA- |- Folate targeted docetaxel loaded NPs shows displayed a higher degree of intracel-

PEG Folate conjugated na- lular absorption in Folate receptor-positive malignant cells (SKOV3).
noparticles

8 |Folic acid-PEG conjugate |- It is novel approach to deliver anticancer agent to cancerous cells by conjugating
folic acid to phospholipid.

—Via folate targeted drug delivery system can be increased anticancer activity of
liposomal active agent in FR expressing cancerous cells.

9 [Folic acid-5-fluorouracil —5-FU conjugated nanoparticles have high affinity toward malignant cells HT-29

conjugated nanoparticles compared to pure drug and display the excellent anticancer activity in the 5-HT
cells, it is demonstrated by florescent microscopy.

10 |Biotin-Taxoid conjugate — Biotin conjugated with taxoid 5BT-1214, this scaffold is easily integrated into
tumor cells and reduce the cytotoxicity of the normal healthy cells. So, it is novel
approach and targeted drug delivery of cytotoxic agent to the tumor cells.

11 |Gemcitabine-Coumarin- — This conjugate is multipurpose molecule, which selectively absorbed by the can-

biotin conjugate cerous cells A549 instead of W138 cells.

— This multipurpose scaffold provides both therapeutic benefit and also drug absorp-
tion at the cellular level in malignant tumors.

12 |Ubiquinol-Polyethylene — Ubiquinol-PEG-Vit.E conjugate resolved the problem associated with ubiquinol

glycol-Vit E conjugate and vit.E like poor bioavailability, potential toxicity.

— In vitro study carried out at different pH conditions in human plasma obtained
results revealed that at pH 7.4 there is more release of ubiquinol and Vitamin-E
from PEG conjugate in plasma within 24hrs.

13 |Gemcitabine-vitamin-E — In-vitro studies demonstrate that by conjugating gemcitabine with vit.E which is

conjugate least affected by deamination deactivation reaction compared to free drug.

— In-vitro cytotoxicity studies revealed that increase of anticancer activity by en-
trapping gemcitabine in lipid conjugate compared to free drug is observed.

14 |Docetaxel loaded vit-E — DTX-loaded vit-E TPGS micelle have small particle size, have high drug loading

TPGS micelle with capacity and excellent drug release pattern.

cetuximab —The TNBC cell lines like MDA-MB468, MDA MB 231 and HCC 38 cell line
have been used to check in vitro activity and was found that docetaxel loaded vit-
amin-E TPGS micelle shows 205.6 and 223.8-fold increase in anticancer activity
in TNBC cell line compared to free drug Taxotere.

15 |Vitamin-C — Saquinavir |- In MDCK-MDR1 cells the absorption permeability of saquinavir is increased

conjugate (Aa-Suc-Saq) about 4-5-fold from Aa-Suc-Saq conjugate.

— Aa-Suc-Saq conjugate is free from cytotoxicity and show excellent metabolic sta-
bility because it shows less affinity toward CYP314.

16 |Stearoyl chloride -Isoniazid |- Isoniazid-stearoyl chloride conjugate is effective in tuberculosis infection, by in-

conjugate tracellular transfer into endosomal and lysosomal vesicles.

— The addition of hydrophilic drug isoniazid to short lipid chain stearoyl chloride
result into increase of Isoniazid's bioavailability.
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JlopymMeHi aapijlik KOHBIOTAT: (PAPMAKOJIOTHAIBIK
NMOTEHIUAJIBIH KYHeJai Typae Tanaay

Karepni icik emiMre okemyi MYMKiH CO3BUIMANIBI aypy Ooibin TaOpuIafbl. JlocTypii XuUMuoOTepamusga
LOUTOTOKCHKAJIBIK Mpenaparrap keOelin 6apa jkaTKaH KaTepdi iCiK yKacylIaJapblH jKOI0 YIIIH KOJJaHbUIaIbL.
LUTOYBITTEl areHTTiH TalfaMIbIFbl TOMEH OoJanasl, OHMOJOTUSIIBIK OCICEHIUIIK TaHBITHAMIBL, >KYHETiK
YBITTBUIBIK ITIEH JKarbIMCBI3 ocep eTemi. JKbUI calblH XaJbIKTBIH 1,8 MWIIMOHFA JKYBIFBI TyOepKyJses
MH(EKIUACHIH JKYKTBIPBIT, COHBIH calgapblHaH KaWThICc Oonaabl. TyOepKysesmi emaey Ke3iHe Iopilik 3aTka
TO3IMAITIKTIH JKOFapbUIaybl MaHbBI3ABI Macene Oonbin TaObutanbl. COHBIMEH, Jopire TYpaKTBUIBIKTHI,
TyOepKyJie3 HHEKIHUACHIHAFbl TOPUTIK CEeNEeKTHBTUIIKTI XKaHE LUTOYBITTHI areHT MeH TyOepKynesre Kapchl
npenaparTapblH KaHaMa dcepiepiH a3alTyAbl MEIyIiH *KaHa d/IiCiH HeMece TEPalmsAChIH JKacay oTe 03eKTi
Macene. by mony makanana jkaHamaH maiina OOJFaH «IOPYMEH—IOPUIIK KOHBIOTAThD) TYXKbIPhIMIaMachl
cumatTainraf. JJopyMeH—Iopiik KOHBIOTaT — OYJI MaKcaTThl OPBIHFA Kapail apHaibl )KETKI3UIETIH mpenapar,
KaTepJii iCiK jkoHe TyOepKyJie3 CHSAKTHI CO3BUIMAlbl aypyllaplIbl eMICYIiH KOHE TEpaleBTIK HOTHKEIEpl
JKaKCApPTYIbIH TEePCIECKTHBAIBI OMiCTepiHiH Oipi. JKYMBICTBIH MakcaThl — jKaHa KaTepii iCIKKe »oHe
TyOepKyJie3re Kapchl INpernapaTThlH KypaMblHa KipeTiH NOpYMEHHIH SCEpiH 3epTTeyre, CENeKTHBTI eMec,
JKYUEITIK YBITTBUIBIK YKOHE KO TOPUTIKKE TOIIMIITIK CHUSKThI KHUBIHIBIKTAP/IbI )KEeHYT'e OaFrbITTanFad. by Tocin
eMipre Kayil TOHIIpETiH KaTepli iCik, TyOepKyie3 CHSKTBI aypylapAbl eMJIeyJie KOHe KONTEreH BHUPYCTHIK
HHEKIusIIapaa THIMII.

Kinm ce3oep: xarepmi icik, TyOepKyse3, TopyMeH—Iopillik KoHbloraTel, B12 mopymeHi KOHBIOTATHI, (HOIHIA
KBIIIKBUIBIHBIH, KOHBIOTaThl, GHOTHH KOHBIOTAThI, E 10pyMEeHi KOHBIOTATHI, JTUIUATI 10pi KOHBIOTATHI.

P.I1. bxoure, Worura Munge, U.I'. bouae, P.JI. Bapxeiin

KoHnblorar BUTAMUH — JIeKapCTBEHHBI Npenapar:
cUCTeMAaTHYeCKHid 0030p (papMaKoJIOrH4ecKOro NOTeHIHAIA

Pak sIBISICTCS XpOHUYECKUM 3a00JIEBaHHEM, KOTOPOE MOXKET NMPHUBECTH K CMEPTH. B TpaguInOHHONW XHMHO-
Tepanuy HUTOTOKCHYECKUE MpenapaThl HCIOIB3YIOTCS UIsl YHUUTOXKEHHST IPOIU(EepHUPYIOIINX PAKOBBIX Kile-
ToK. LluTOTOKCHYECKHIA areHT 00J1aJaeT MEHBIIEH CIIEN(PUIHOCTHIO U OHOJOTHYEeCKO# aKTUBHOCTBIO, TAKKE
BBI3BIBACT CHCTEMHYIO TOKCHYHOCTh M HEXXeNaTeIbHbIe M0O0YHbIe 3 dekTrl. ExxeroqHo okoino 1,8 Mummona
YEeNOBEK 3apaXKar0TCs M YMHPAIOT OT TyOepKyie3Hoi nH(ekuuu. [1oBhIIeHNe JIeKapCTBEHHON YCTOWYABOCTH
BO BpeMsI JIeueHHs TyOepKyJie3a BRI3bIBACT CEPhE3HYI0 03a004eHHOCTh. TakuM 00pazoM, HEOOXOIMMO pa3pa-
00TaTh HOBBIN MOAXOA WM METOABI JEUSHUS ANl YCTPaHEHMs JEKapCTBEHHOW yCTOWYMBOCTH, JIEKApCTBEH-
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HOH CEIEeKTHBHOCTH MPH TyOepKyJie3HOH MH(EKIMU U YMEHbIICHHS MT000YHBIX 3P (HEKTOB IUTOTOKCHIECKUX
areHTOB M NIPOTUBOTYOEPKYJIE3HBIX MpenapatoB. B naHHOI 0030pHOI cTaThe ONUCAHO HEABHO MOSBHBILEECS
HOHATHE «BUTAMHHHO-JICKAPCTBEHHBIII KOHbIOraT». KOHBIOraT BUTAMUH—JIEKAPCTBO — IIpenapar, KOTOPbIH
CIIEIMAIBHO JIOCTABIISIETCS] K MECTY Ha3HAUCHUS, W OJIMH M3 MHOTOOOEIIAIOIINX CIIOCOO0B JISUEHHsT XPOHHIEe-
CKHX 3a00JIeBaHHH, TAKUX KaK PaK ¥ TyOepKyJe3, H YIydIIeH!Us TepaleBTHIecKoro pesyabraTa. Lems paboTs
— W3YYUTH BUTAMUH KaK IIEJEBYIO COCTaBILIOLIYIO [UISI HOBOTO IPOTHBOOITYXOJICBOTO U IIPOTHBOTYOEpPKY-
JIE3HOTO Mperapara MpU MPEoJOJIeHNH TaKUX IPoOieM, Kak HEeCeIeKTHBHOCTh, CUCTEMHas TOKCHYHOCTH M
MHOYKECTBEHHAs JICKApCTBEHHAsl YCTOHYMBOCTb. DTOT MOAXO] IOJIE3CH M IIPH JICYEHUH OMACHBIX AN KU3HU
3a00JIeBaHNH, TAKUX KaK BUPYCHBIC HH(EKINH.

Kniouesvie cnosa: pak, TyOepKyne3, KOHbIOTaT BUTAMHH — JIEKapCTBO, KOHBIOTAT BUTaMuHa B12, KoHbIOTaT
(onueBoil KUCIOTHI, KOHBIOTAT OMOTHHA, KOHBIOIaT BUTaMHHA E, KOHBIOTAT JIMIHJ — JICKAPCTBEHHBIN Ipe-
mapar.
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