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A Lymphatic system is a network like system being extended all over the body and useful targets for
efficient drug delivery for drugs having poor oral bioavailability in the intestine and less absorbed into
systemic circulation because of drug degradation in GI tract. Lymphatic targeting is not only to treat various
infections not limited to pathological conditions like human immunodeficiency virus and other diseases but
also used in diagnosis of tumours along with metastasis. Moreover, lymph nodes are the site for faster spread
source to tumours via metastasis. Under these circumstances, there is a need for effective delivery of drugs
towards and through lymphatic networks. Nano based systems and lipid based systems have unique features
as necessary candidates for lymphatic delivery. The review provides information about different routes,

drug transport in the lymphatic system, physicochemical properties which give impact on lymphatic

delivery.

1. Introduction

According to national Lymphedema network the term “lymph” is derived
from Latin word “Lympha” means “connected to water”.!'2 Lymphatic
system is a network of tissues and organs, consists of lymph vessel, lymph
nodes and its main function is to carry the lymph. Lymph is colourless and
clear fluid plays a significant role in immune response, infection, protein
transport, fat metabolism and cancer metastasis, even helps in get rid of
body toxins. The organs which are involved in lymphatic system are bone
marrow, peyer’s patch, spleen, thymus, tonsils and adenoids.? Though
tonsils and adenoids are small tissues of combined lymphatic cells (present
at the back of the throat and patch at back of nasal cavity) helps in fighting
against the infections.

Disorders of lymphatic system includes Obstruction: By lymphedema,
filariasis. 4 Infection: By organisms which spread disease through the
lymphatic system.ts! Cancer: Tumors block the lymphatic system by
metastasis. [

It plays an essential role in absorption of long chain fatty acids,
triglycerides, cholesterol esters, lipid soluble vitamins and xenobiotics.
Cancer cells mainly utilize the lymph nodes as a source of spreading. The
portal vein or lymphatic system helps in transporting drugs to the systemic

circulation after oral administration.”? The hydrophobic drugs are best
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suited for lymphatic delivery by co-administering drugs with lipids gives
easy transfer of drug through the lymphatic system.® The main purpose of
this targeted drug delivery is to kill malignant lymphoid cells deposited in
the lymph nodes and lodged viruses. For this, drugs are complexed with
high molecular weight carriers in order to deliver them lymphotropically.
By lymphatic delivery we can achieve drug targeting with the aim of
directing drugs with specific sites and decreasing the dose. Hence,
automatically adverse effects are minimized.

2. Physicochemical Properties

Particle Size: The lymphatic system is dependent on particle size ranging
from 10 to 100nm. The optimum size reported for lymph target is 10 to
50nm. There is no barrier for lymphatic uptake, only a barrier that limits
open junctions. As the part of lymphatic system, peyer's patch absorbs
particles of <10nm.®

Molecular Weight: As the molecular weight increases, uptake by
lymphatics also increases. The similar relationship exists between particle
size and molecular weight. Many studies revealed that molecular weight
between 1000 & 16000 Da for a molecule to absorb via lymphatic system.
For example, fatty acids with 14 carbons or more than that can only be

absorbed in this path less than that are more soluble and transported through
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portal vein. When colloids are targeted to lymphatics this parameter
becomes negligible.in some of conjugated molecules such as hyaluronan-
NIR the optimum molecular weight is between 6.4 KDa to 697 KDa."
Lipophilicity: The most of drugs which are administered orally will be
absorbed by portal circulation. But highly lipophilic compounds with high
partition coefficients and solubility in triglyceride lipids are transported
through lymphatic route. These compounds when combined with lipid
vehicles enhance the drugs delivery in the proper way. Considerably drug
solubility should be >50mg/ml and logP>5 for excellent intestinal
lymphatic transport. Co-administration of drugs with fatty foods increases
lymphatic transport and postprandial state is main factor for delivery of
drugs to lymphatic system.!'

Surface Modification: The surface modification can be done for both drug
and carrier to improve intestinal absorption lymphatic uptake and relative
bioavailability. Surface can be modified with many substances such as
polyethylene glycol(PEG), biotin, and ligands. Steric stabilization with
PEG coating shows the negative effect on lymph node uptake. Whereas,
biotin coated liposomes resulted in greater lymphatic uptake when used
along with avidin injection. Subcutaneously, lipid based carrier is coated
with non specific antibodies as ligands leads to higher lymphatic
absorption.® 12

Surface Charge: Surface charge influences the design of colloidal particles
to impart better performance physiological systems. Due to the presence of
charge on carrier system, which offers repulsions between particles and
prevents aggregation.¥

Concentration: Drug absorbed into the systemic circulation through portal
vein and then undergoes first pass metabolism in the liver. It results in a
decrease in the concentration of drugs in plasma. Hence lymphatics the
plasma concentration & bioavailability. 14

3. Carrier Associated with Lymphatic Delivery

Solid lipid nanoparticles:

Solid lipid nanoparticles are colloidal drug carrier systems that act as solid
at room and body temperature because they are surfactant stabilized lipids,
and have high entrapment efficiency for hydrophobic drugs when compared
to liposomes. The lipid core of solid lipid nanoparticles mimics the
chylomicrons formed by enterocytes and helps in absorption of lipophilic
drugs. Hence acts as a carrier for drugs through the lymphatic system. For
example, the praziquantel loaded solid lipid nanoparticles enhanced
bioavailability along with reduction in dosing frequency and showed

sustained release of drug from the carrier system. Similarly, the drugs like

Clozapine, Docetaxal, Etoposide, Idarubicin, Isoniazid, Pyranzinamide,
paclitaxel all these improved targeted therapy with reduced toxicity.!s)
Liposomes:

Liposome is a lipid bilayer consisting of hydrophilic heads and hydrophobic
tails. The hydrophilic heads face apart from each other saying the inner core
is hydrophilic where the drug is incorporated. This carrier enhances the
permeability across enterocytes thereby providing stability stability of drug
and controlled release. !

Dendrimers:

Firstly in 1978, vogtle scientists showed a novel and efficient
nanotechnology platform for drug delivery. These three dimensional tree-
like structures have versatile nature. This multivalency is subjected to
possess the terminal surface groups, entrapment/conjugation of drugs and
many offer wide potential to treat many problems. Many researches like,
improved solubility of paclitaxol when incorporated in polyglycerol
dendrimers. Polymeric-drug conjugates, in the form of injectable
suspension where paclitaxol drugs are bound with particles and others like
doxorubicin in liposomal form. Similarly, methotrexate conjugated with
PEGylated & PEGylated poly-L-lysine dendrimers has given targeted
delivery. 08l

SEDDS (Self emulsified drug delivery system):

Majority of the drugs are water insoluble which are developed newly. Self
emulsified systems shown promising resulted with improved solubility and
site targeting. These are isotropic mixtures of oils, hydrophobic surfactant
and sometimes contains co-solvents upon gentle agitation or digestive
motility at a great rate produces fine o/w emulsion. 1%

Others:

Carbon nanotubes: These are gaining popularity as novel drug delivery
systems as well as for biosensing. This resulted in production of
biocompatible nanotubes with minimal side effects. The properties like
surface area, strength, stiffness and resilience are unique which made CNTs
with paclitaxel (single walled CNTs) targeted towards the tumor cells in
mice provided high treatment efficiency with low doses. 2

Quantum dots: The term “Quantum dots” coined by MARK REED.
Generally QDs are tiny particles or nanocrystals of semiconductor material
core coated with a shell to increase optical properties and solubility in
aqueous buffers. Glowing particles with 2-10nm are formed by fine tuning
of quantum dots. These when conjugated with antibodies, peptides,
proteins, DNA forms the bio-conjugated dots as marked on cells & genes
helps in differentiating pathological tissue. It has capability in detecting
cancer, preventing metastasis and also targeted treatment. 121

Table-1: Drugs transported to lymphatics by different carriers

Carriers Drugs Route of administration Inference
Dendrimers Methotrexate ~ Subcutaneous Size & surface modification influenced influenced lymphatic
administration permeability. *!
Liposomes IgGI Subcutaneous injection -IgG-Coupled liposomes entrapped within IgM molecules binding
to macrophage Fc-receptor and helped in lymph node retention. 12!
9-Nitro- Pulmonary route -Effective against the pulmonary metastasis and prevented tumour
Camptothecin (Nebulization) passage to organs via lymphatic system in mice. 4!
Solid lipid nanoparticles ~ Praziquantel Oral route Improved bioavailability via lymphatic transport to avoid gastric pH
antacids/H2-blocker/proton pump inhibitors. [
Efavirenz Oral route -Significant amount of drug present in lymphatic organs shown by-
pass for portal system indicated reducing first pass effect. Thereby
managing HIV. 2%
SEDDS Nobiletin Oral administration -The absorption of nobiletin is higher in smedds dilution. 1)
a. self micro emulsified
drug delivery system
b. Self nano emulsified Carvedilol Oral administration -As it is BCS class-1I drug, improved solubility, permeability and

drug delivery system

bioavailability by transport through lymphatics. %
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4. Routes of Administration

The way through which a drug is introduced into the body and comes in
contact with the site of action to treat/prevent dysfunction in the body.
Oral route:

Among all other routes of administration, oral route is preferred by patients
because other routes show various drawbacks such as pain extravasation of
blood thrombosis like problems. This shows commercialization of oral
delivery of drugs. Even this route is associated with problems like gastric
pH and first pass effect, this is surpassed by nanoscience and
nanotechnology in drug delivery. Nanoforms can protect not only drugs
from G.I pH but also G.I. irritation from drugs.

Its exclusive function is more important due to targeted delivery. This is
done with help of lipid absorption for lymphatic transport. Hence novel
lipid based drug delivery is best suitable for drug transport through
intestinal lymphatic system and achieves superior bioavailability, plasma
profile and site targeting ability. 59

Parenteral route:

A Sterile atmosphere is essential for parenteral systems. Now-a-days the
novel approaches came into existence wherein drugs and proteins are
incorporated within the nano-based carrier systems. The parenteral route
may be either by intramuscular/intradermal/subcutaneous. The diffusion of
particles present in injection have 2 pathways, one is blood capillaries based
on particle size Le., below 10nm and size of particles which are having
range between 10 & 100nm can enter into lymphatic capillaries through
active transcytosis or inter endothelial cell junctions. The GALT is the gut-
associated lymphoid tissue helps the immune system and protects the body.
Subcutaneous absorption was highly studied in sheep model and their
protein delivery in them observed more via lymphatic route shown the 70%

of therapeutics was bioavailable. 2

Intestinal administration chylomicron

lymph nodes present in nasal, pulmonary and genital organs and its lining
ease for drug delivery. M-cells cover mucosa associated lymphatic
tissues(MALT) show importance in transport of drugs and antigen like
particles. After crossing this layer, then enter lymph nodes via lymph
capillaries to lymphatic vessels. 1

Mucosal Route
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Fig-4: Transport of carrier along the intestinal mucosa to lymphatic path
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Fig-2: Transport of drug and carrier to lymphatic system via intestinal route
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Fig-3: Transport of drug and carrier through subcutaneous lymphatic path

Mucosal Route:

Mucosal surfaces are more vulnerable for microbial infections and induce
complex arrays of innate and adaptive immunity. Vaccines delivery is
becoming essential in case of immunity suppression diseases and recently

5. Applications

Cancer therapy:

When chemotherapy is implied as treatment in cancer patients the
disadvantage is non specificity in action because of potent agents usage.
Hence, there is a need for a proper delivery route i.e.,lymphatic route and
to invade the tumour cells endogenous proteins are used. Then the targeted
delivery is achieved. Lymphatic drainage is a major site for metastasis. For
this reason drugs/isotopes are labelled with the various carriers (mostly
liposomes) to target towards tumour. For example, 99MTC labelled
liposomes for lymph node imaging. 4

Infections and their treatment:

Infections are very diverse and caused by bacteria, fungi, parasites, viruses,
etc. Beneficial effect is seen with lymphatic targeting because, viruses like
HIV and parasites mainly reside in lymph nodes and lymph vessels. But
there is a restricted penetration of antiretroviral drugs to lymph nodes. For
this nanoformulation or surface modifications came into picture and
accumulated in lymph nodes, available for treatment.

Whereas coming to parasites, filariasis impairs lymphatic system leads to
abnormal enlargement in body parts. To avoid this, drugs are selectively
targeted with modified systems.

Novel methods are used to target the antituberculosis drugs to lymph nodes
and could reduce time line therapy in treating tubercular lesions. The
Mycobacterium tuberculosis mainly settles in the thoracic lymph nodes
where anti-tubercular drugs and vaccine entry is somewhat difficult and
may retain the infection. Here, the Lymphatic delivery of drugs & vaccines
by nanocarriers can definitely encounter problems associated.’!

Vaccine delivery:

Vaccines are ingested by people in order to prevent diseases and develop
the corresponding antibodies accordingly. Barriers to immune response
may arise when the lymphatic system is blocked with infectious agents like
HIV viruses and cancerous cells (during metastasis). Actually, vaccines are
inactivated antigenic material when trapped by the lymph nodes. Where,
immune cells are activated such as antigen specific T-cells and memory
cells produces adaptive immune response. Hence, the lymphatic path plays
a significant role in vaccine delivery through subcutaneous and intradermal

routes where an extensive lymphatic system originates.
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Carrier surface modification with ligands such as polyethylene glycol and
CpG DNA acts as a vaccine adjuvant, improves the function of antigen
presenting cell and boosts immune response. This delivered in liposomal
carrier for lymphatic system.!

6. Conclusion

Currently lymphatic drug delivery system has achieved significant
advances in novel levels. All the advanced carriers involved in delivering
the drugs, proteins, biomolecules realized to and targeted lymphatic
drainage as a targeted delivery. In order to have biocompatibility and high
uptake rate, there must be suitable carriers with unique properties that give
selective targeting. Mainly the lymphatic system possesses immune cells to
fight against the pathogens which can penetrate in. Research on viruses and
metastatic tumours multiplication controlling process, respective vehicle
for carrying drugs and biodegradability of therapeutics will focus on
normalization of immunity to provide active therapy.
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