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Thermosensitive gelling system is drug delivery system that becomes a gel at physiological temperature. The
transition sol-gel temperature (Tsol-gel) is below body temperature (<37-C), making it possible to prepare liquid
preparations, which gel back at body temperature. Thermosensitive gelling system could be used to rectal
administration. Rectal drug delivery is an effective alternative to oral and parenteral treatments. This route allows
for both local and systemic drug therapy. Traditional rectal dosage formulations have historically been used for
localised treatments, including laxatives, hemorrhoid therapy and antipyretics. However, this form of drug dosage
often feels alien and uncomfortable to a patient, encouraging refusal. Thermosensitive liquid suppositories are
easier to administer to the anus as they remain liquid at lower temperatures. In addition, this rectal gel minimize the
feeling of a foreign body compared with solid suppositories, does not cause any harm on mucosal layers and act

as mucoadhesive to the rectal tissues preventing leakage after administration.

rectal gel thermosensitive gel solid suppository rectal drug delivery

drug delivery system thermosensitive liquid suppository

| 1. Introduction

Oral administration is the preferred route for regular pharmacotherapy, as it is the easiest and most convenient.
However, this is not feasible or even impossible in some cases (e.g., during nausea/vomiting or convulsions, in
non-cooperative patients, prior to surgery). In such situations, the rectal route can be a viable option, and rectal
administration is now well known for drug delivery. Traditionally solid suppositories are the most popular delivery
systems applied for rectal drug administration and account for more than 98% of all rectal dosage forms.
Traditional solid-type suppositories, however, often feel alien and uncomfortable to patients, encouraging refusal.
To solve these problems, it would be desirable to develop a thermosensitive liquid suppositoryl2l Such a
formulation is administered to the anus simply, does not damage the mucosal layers, behaves as mucoadhesive to
the rectal tissue without leakage and reduces the feeling of a foreign body. Thermosensitive liquid suppositories
can be used for a variety of drugs, such as anticancer, analgesic, etc. Furthermore, thermosensitive systems
enable superior control of drug release by varying the type and concentration of components. This solution may
have a positive effect on pharmacotherapy effectiveness. The properties of this dosage form depend on the type of

components used (thermosensitive and mucoadhesive polymers) and their concentration [,

1.1. Oral Route and Its Limitations
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Many drugs are intended for oral use in the pharmaceutical industry. Oral drug delivery accounts for more than
50% of the global demand for drug delivery. The oral route (per oral (p.o.) is the most favoured route for drug
administration, because it offers the highest degree of patient compliance. The benefits of oral administration are

as follows:

e convenient — can be self-administered, pain-free, easy to take;

» absorption — occurs along the entire length of the gastrointestinal tract (GIT);

« cheap — compared to most other drug formulations 2,

For an oral drug, the time to onset of a desired pharmacological effect depends on a number of successive steps:
dissolution of the formulation, passage to the site of absorption, permeation through physiological membranes,

entry into the portal vein circulation, distribution from plasma to the site of action, and interaction with the receptor
[4lls].

Oral administration is very effective for drugs with high solubility and gastrointestinal permeability. However,
effective oral drug delivery with poor solubility and/or permeability and/or metabolic stability is quite challenging. In
general, these drugs must be administered at a high dose to achieve therapeutic concentration 2. Furthermore,
due to their susceptibility to extreme GIT conditions and the risk of chemical or enzymatic degradation, many of
them have a low percentage of absorption via the oral route. The pH of the GIT varies with the location. For
example, the stomach has an acidic pH, but the pH in the intestine is in the range of 6.8—7.4. Drugs, such as
artemether, erythromycin, candesartan cilexetil, undergo chemical degradation at acidic pH. For this reason, their
bioavailability is much lower . In addition, the various enzymes (esterases, lipases) present in the GIT result in
the degradation of several drugs, such as antihyperlipidemic agents (simvastatin, ezetimibe) and cephalosporin
antibiotics (cefpodoxime proxetil). Oral drug bioavailability, such as antidiabetic agents (repaglinide) and
antihypertensive and cardiovascular agents (-blockers, calcium channel blockers, angiotensin-converting-enzyme
(ACE) inhibitors), is substantially low due to high levels of first-pass (hepatic) metabolism. Finally, drug efflux
transporters such as P-glycoprotein are also responsible for the efflux of various drugs such as digoxin, paclitaxel,

and doxorubicin from the site of absorption. It also reduces the bioavailability of the drugs BIEIEITIE],

In order to overcome these disadvantages, a number of formulation methods such as prodrugs (macromolecular
conjugates), solid dispersions, self-microemulsifying drug delivery systems (SMEDDSs), microcapsules including
liposomes, nanoparticles, P-glycoprotein inhibitor pre-treatment have been aimed to enhance drug
physicochemical properties and to reach therapeutically relevant plasma drug concentrations [SIZOI[111[12][13]
However, the bioavailability of oral lipophilic medicines remains a major concern. Hence, there is a growing need to
develop efficient DDSs to improve the bioavailability and therapeutic profile of a wide range of drugs. Among the

many non-invasive routes available, the rectal route is a safe and promising alternative to drug delivery.

1.2. Rectal Route

Rectal dosage forms are the oldest pharmaceutical dosage forms seeing as their origin dates back to antiquity.

Hippocrates mentions the different compositions of acorns that were rectal dosage types, and the Old Testament
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refers to “Magerarta’—a silver suppository. The first rectal dosage formulations consisted of solid supports (baked
honey, soap, tallow, horn) impregnated with medicinal substances. These solid supports were replaced by cocoa
butter at the end of the 18™ century. The first mention of the addition of an active substance to the suppository

mass was made by Henry and Guibourt in 1841 with the introduction of opium in cocoa butter 141,

In humans, the rectum is formed by the last 15 to 19 cm of the large intestine. The rectum has two or three curves
within its lumen formed by submucosal folds 2. The rectal wall is formed by an epithelium. Its luminal surface is
covered by a membrane formed by 1 layer of cells, consisting of columnar epithelial, endocrine and goblet cells
which secrete mucus. The surface area available for drug absorption in the rectum is approximately 200-400 cm?.
The volume of fluid in the rectum is approximately 1-3 ml and is viscous. The rectal pH is constant and
approximately 7.5-8.0; the temperature is usually 37 °C. The venous drainage of the rectum consists of three
distinct veins. The upper haemorrhoid vein drains the upper rectum and empties into the haemorrhoidal vein, which
flows into the liver. The middle and lower haemorrhoidal veins drain the rest of the rectum and return to the inferior
vena cava (Figure 1). Absorption of water, sodium and chloride and secretion of potassium and bicarbonate occurs

in the human colon, while active glucose and amino acid transport are lacking. Sodium and water absorption in the
rectum is negligible [13][161[17] [18]

Inferior vena cava e Lymphatic circulation
(Systemic drainage)
Superior rectal vein E— \/enous circulation

(Portal drainage)

Middle haemorrhoidal vein V| } Middle Iateral curve

Lower lateral curve —I:

Inferior haemorrhoidal vein

Figure 1. Venous and lymphatic drainage from the rectum.

The rectum has a relatively small absorption surface of 0.02—-0.05 m? and is characterized by a lack of villi. Drug
absorption from rectal epithelium involves two transport routes: trans-cellular and para-cellular. The para-cellular
route is the diffusion of drugs through space between epithelial cells, and the mechanism of uptake in the trans-
cellular route depends on lipophilicity. Rectal drug absorption depends on several drug characteristics: small
partition coefficient, large molecular size, charge and high capability of hydrogen bond formation are standard
reasons for poor drug absorption 4. The presence of faeces, which can also alter the absorption of the drug, is
another hindrance. In the absence of faecal matter, the drug is more likely to come into contact with the absorbing
rectal surface. Rectal content is usually alkaline; alkaline solutions are rapidly absorbed rather than acidic
solutions. Other conditions, such as diarrhoea, colonic obstruction, and tissue dehydration, may influence the rate
and degree of drug absorption from the rectal site. AqQueous and alcoholic solutions are absorbed rapidly, whereas

suspensions and suppositories are absorbed slowly and constantly. The lower rectum is drained by the lower and
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middle haemorrhoidal veins and bypasses the liver, thereby avoiding, at least partially, the hepatic first-pass effect
and enabling drugs to have systemic effects prior to metabolism in the liver. The rectal region is also massively
drained by lymphatic circulation and may increase the systemic absorption of certain highly lipophilic drugs. Drug
use through the rectal path is susceptible to both local and systemic drug delivery 14I191201[211[22] Thjs route is
used as an alternative to oral and invasive administration. Rectal drug delivery is essential if oral or intravenous

treatment is not possible. Furthermore, it is ideally adapted for infants, children and geriatric patients [14]23124],
The rectal route provides the following possible advantages for drug delivery over the oral route:

 rapid absorption of several drugs with low molecular weight;

» partial prevention of the first-pass metabolism, the potential for absorption into the lymphatic system;

« the retention of higher drug quantities;

« probability of efficient drug delivery and absorption [22[281:

« protection of enzymatically unstable drugs (insulin) owing to the lack of enzymes in the rectum [£ZI[28!:

» minimal first-pass drug metabolism given that the suppository is administered at an acceptable distance in the
rectum [29;

» avoidance of exposure of gastric mucosa to irritant drugs such as non-steroidal anti-inflammatory drugs;

« increased effectiveness [BA31],

Conventional rectal dosage formulations are available in a number of countries. These forms have historically been

used for localised treatments, including antipyretics, haemorrhoid and laxative therapy. Recent trends show an

increase in the production of new rectal delivery systems to deliver drugs directly to the systemic circulation. In

addition, higher bioavailability and controlled drugs release have become possible with the support of modern

pharmaceutical products and innovative Rectal Drug Delivery Systems (RDDSSs).

Such systems may be modified to act locally or systemically and may release the active agent immediately or over
in an extended manner (8. Traditional rectal dosage forms can be categorized into solid (suppository), liquid
(enema, microenema, foam, suspension), semi-solid (gel, ointment) and medical devices (rectal tampon) 18],
Traditionally solid suppositories are the most common delivery systems used in rectal drug administration. They
represent over 98% of all the rectal dosage forms. Suppositories containing a drug, solubilized or suspended in a
suppository base, that upon melting or solubilization at physiological conditions, release the active substance for
either local or systemic action 18I23I32] ynfortunately, traditional solid suppositories suffer from disadvantages
such as pain, an alien feeling and, thus, a patient’s refusal. A solid type suppository, which may reach the end of
the colon, may also allow drugs carried to undergo the first-pass effect and many drugs are poorly or erratically
absorbed across the rectal mucosa. It is also possible to metabolise drugs in microorganisms and rectal mucosa.
In addition, certain suppositories are either “leaked” or expelled after insertion. In order to avoid these problems,
the suppository should be inserted past the muscular sphincter, which is approximately half an inch in the rectum of
infants and one inch in the rectum of children and adults B2I34], |n addition, the rectal absorption of most drugs is
often erratic and unpredictable. The anus has a limited absorption surface area and may cause problems with
dissolution due to the small fluid content of the rectum. In addition, in countries with a tropical climate, the proximity

of its melting point to average room temperature is another drawback of conventional suppositories. Some of the
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problems in transport and storage could be observed. The optimal suppository should be easy to administer,

without any pain during insertion, and should remain at the administered site to prevent the first-pass effect in the
liver [L91[23][35]

Traditional RDDSs have recently been improved by modifying the properties of the formulation, e.g., gelation
temperature, gelation strength. Prolonged retention and controlled drugs release can help improve bioavailability
and provide better pharmacokinetic profiles or local treatment effects. RDDS has been developed to provide
greater control over the spread, retention and/or release of the drug through a range of formulation strategies. The
types of novel RDDSs are as follows: hollow-type suppository, thermosensitive liquid suppository, mucoadhesive

gel, micro and nanoparticles and vesicular drug delivery systems 18],

In particular, the problems of conventional solid suppositories related to the above can be solved by developing

thermosensitive liquid suppositories. This material:

» forms a gel at a body temperature;

» has the required gel strength to prevent leaking out of the anus after administration;

« has sufficient bioadhesive force so as not to reach the end of the colon [16122](36][37],

Furthermore, the simplicity of administration and the ability to reduce discomfort to the rectal mucosa has

contributed to the development of these dosage forms 381391,

1.3. Polymers and Their Properties Used in the Fabrication of Thermosensitive
Liquid Suppositories

Liquid suppositories are thermosensitive rectal gels. They are also referred to as thermosensitive liquid
suppositories due to the fact that the base material used in the formulation is a thermosensitive polymer that
becomes a gel at physiological temperature (37 °C). The transition sol-gel temperature (Tgql.ge)) IS below body
temperature (<37 °C), making it possible to prepare liquid preparations, which gel back at body temperature [6149],
Thermosensitive polymers such as poloxamers or pluronics in a proper concentration form a gel at physiological
temperature, thus preventing leakage and excessive spreading in the rectum. In addition, the combination of
mucoadhesive and thermosensitive polymers allows for more sustained drug release relative to the
thermosensitive polymer alone BUEAMLE2] Once in the rectal cavity, the development of mucoadhesive properties
helps to immobilize the hydrogel for a prolonged period of time and to prolong the drug release, thereby favouring
the systemic absorption of drugs 431 Viscosity, gelling time and temperature threshold are all main elements in the

preparation of thermosensitive liquid suppository [16144]45]

The key benefits of thermosensitive liquid suppositories over traditional or solid suppositories are as follows:

they are easy to administer to the anus as they remain liquid at lower temperatures,
» act as mucoadhesive to the rectal tissues preventing leakage after administration,

» do not cause any harm on mucosal layers,

minimize the feeling of a foreign body compared with solid suppositories [BI[16141]

https://encyclopedia.pub/entry/12532 5/17



Thermosensitive Gelling Rectal Systems | Encyclopedia.pub

The most popular base of thermosensitive liquid suppository are poloxamers (triblock copolymers of
poly(oxyethylene)-poly(oxypropylene)-poly(oxyethylene) (PEO-PPO-PEO)) 48, They comprise a central block of
hydrophobic polypropylene oxide (PPO) surrounded on both sides by the blocks of hydrophilic polyethylene oxide
(PEO) 8! (Figure 2a). Triblocks copolymers (Poloxamer® or Pluronic® series) are the most commonly encountered
thermosensitive systems in the pharmaceutical field. Mucoadhesive and thermosensitive polymers have gained
much attention recently to decrease patient discomfort and relieve the alien feeling due to solid suppository
insertion, and afford an endurable method of administration. Poloxamer solutions exhibit the phenomenon of
reverse thermal gelation and remaining as solutions at low temperature (4 °C) and gelling again upon raising
temperature (25-35 °C) [ |n general, the phase transition temperature of poloxamers depends on their
concentration. Poloxamer aqueous solutions stay fluid below Tg.ge, and the solution transforms to a semi-solid
material above this temperature. Thermogelation is caused by hydrophobic interactions between the copolymer
chains of poloxamer. When the temperature is raised, the poloxamer copolymer chains begin to aggregate into a
micellar structure. The poloxamer in cold water acts as follows: the hydration layer surrounds the poloxamer
molecule and the hydrophobic portion is separated due to hydrogen bonds. The hydrogen bonds break and the
hydrophilic chains dissolve as the temperature increases. Poloxamer gelation is associated with a polymer
dehydration process, which increases chain friction and entanglement while also producing hydrophobic
association BIE8IA748] poloxamers are also known for their compatibility with other compounds, high solubilization

capacity of various active ingredients and good characteristics for active ingredient prolonged release [B11431[491[50],
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Figure 2. The chemical structure of exemplary polymers used in the production of thermosensitive liquid

suppository: a) poloxamer, b) polivinylpyrrolidone, c) methylcellulose, d) sodium alginate, e) polyacrylic acid.

Poloxamer 407 (P407, Pluronic F 127) is widely used because it allows the formation of colourless, transparent
and easily washable water gels, which are non-irritating to the skin and mucous membranes. Its transition
temperature is below body temperature, allowing for the preparation of liquid preparations that gel at body
temperature. At ambient temperature, an aqueous solution of P407 with a concentration higher than 20% forms

non-chemically cross-linked hydrogels. P407 solution has a lower phase transition temperature (<25 °C) at such a
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concentration, so solutions are gels at room temperature and thus difficult to use for drug delivery 3152, |n order to
create a temperature-responsive gel with a suitable phase transition temperature, poloxamer 188 (P188) is
incorporated into P407 solutions to modulate the phase transition temperature 2253 The poloxamer mixture

solutions have a higher transition temperature than the P407.

Despite many benefits, poloxamer hydrogels do not possess or have weak bioadhesive properties. In addition, they
suffer a major disadvantage, which is low mechanical strength and high water permeability, limiting their use as a
thermosensitive matrix 28, If mucoadhesive properties are required, poloxamer must be formulated with other
bioadhesive polymers. Other typical mucoadhesive polymers used in the preparation of liquid suppositories are:
polyvinylpyrrolidone (PVP (Figure 2b)), sodium alginate, acrylic polymers (Polycarbophyl® (PCP)), Carbopol®, and
cellulose ether polymers such as carboxymethyl cellulose (CMC), hydroxypropyl methylcellulose (HPMC,

Hypromellose), methylcellulose (MC, Metolose® (Figure 2c)), hydroxyethyl cellulose (HEC) 431,

Thermosensitive polymers in aqueous solutions display temperature-dependent sol to gel transitions at specified
levels. If the solidification appears above a certain temperature, the temperature is referred to as the lower critical
solution temperature (LCST). Corresponding polymers are soluble below the LCST, even if solubility decreases
above the LCST due to increased hydrophobicity. This contributes in a reversible gelation of the solution. In the
drug delivery, the LCST should be between the average ambient temperature (25 °C) and the body temperature
(37 °C). In this manner, the drug can be applied as a liquid and then transferred to gel after administration 241551561,
In the case of formulations showing sol-gel transition upon cooling one speaks of the upper critical solution
temperature (UCST) 58] 7581 Most natural polymers in aqueous solutions undergo sol-gel transformation at lower
temperatures. However, some cellulose derivatives gel at higher temperatures. As the temperature increases, they
gradually lose water, increasing intermolecular interactions, which are primarily mediated by methoxy moieties. As
a result, the network structure is formed, which corresponds to the system gelation. The LCSTs of MC and HPMC
are between 40 to 50 °C and 75 to 90 °C, respectively 28] but chemical or physical modification may result in
higher desired values [B8I591(60]

Cellulose ethers (CEs) are other bioadhesive polymers. Cellulose is a linear homopolymer polysaccharide
consisting of D-anhydroglucopyranose units joined together by B-1,4-glycosidic bonds €1, Cellulose is insoluble in
water due to extensive intramolecular hydrogen bonding. Thermogelation of cellulose derivatives varies with the
degree and type of substitution. CEs are produced by etherification of the three hydroxyl groups of cellulose
anhydroglucose components, which produce water-soluble derivatives. The results are the production of CEs such
as MC, HPMC and CMC 82, CMC is an ionic ether of cellulose and it is the major commercial derivative in which
original H atoms of cellulose hydroxyl groups are replaced by carboxymethyl substituent 83, However, MC and
HPMC are used frequently. MC is a cellulose derivative that has been widely studied for biomedical applications. It
is long-chain substituted cellulose consisting approximately 27-32% of the hydroxyl groups in the methyl ether
form BLES |t has thermoreversible gelation properties in aqueous solutions and gells at temperatures between 60
and 80 °C and transforms again into solution at lower temperature 164163 HPMC is partly O-methylated and O-

(2-hydroxypropylated) cellulose B3, Methoxy residues of HPMC are responsible for the gelation, due to the
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increase in hydrophobic interactions and exclusion of water from heavily methoxylated regions of the polymer 1]
[66],

Sodium alginate (Alg-Na) is a naturally occurring mucoadhesive biopolymer (Figure 2d). This polysaccharide is
obtained mainly from brown algae belonging to the Phaeophyceae and composed of a—L-guluronic acid and (3-d-
mannuronic acid residues. Alginate has several desirable properties, such as biodegradability, non-toxicity,
biocompatibility, and low cost, making it a promising biopolymer for various applications in DDSs 2. PVP is one of
the most widely used polymers in medicine due to its solubility in water and its extremely low cytotoxicity (Figure
2b). Another advantage of using PVP is that it can be thermally crosslinked, resulting in outstanding thermal
stability and high mechanical strength of the material 88169 polyacrylates, such as carbopol and PCP, are the
most effective in mucoadhesive action since they have a high molecular mass (Figure 2e). This feature offers a
relatively high period of residence on the mucosa 2279, Carbopol has 58-68% of carboxylic groups which
progressively undergo hydrogen bonding with sugar residues in oligosaccharide chains in the mucus membrane
(71 1t results in the formation of a strengthened network between polymer and mucus membrane, so that carbopol
having a high density of available hydrogen bonding groups is able to interact more strongly with mucin
glycoproteins. It is speculated that enhanced mucoadhesive strength of the delivery system may lead to prolonged
retention and increased absorption of drugs across mucosal tissues U2 Carbopol, as a synthetic polymer, has
been often used as a component of RDDSs. Due to its high viscosity, it may be used as the bioadhesive polymer to
reinforce the gel strength of the P407/P188 thermosensitive hydrogel B3I73],

The addition of non-ionic surfactants is also often used in the manufacture of thermosensitive liquid suppositories.
These compounds can act as wetting agents and can have a positive impact on the drugs release 4. The addition
of Tween (most commonly Tween 80) results in highly viscous gel formation, increased mucoadhesive strength and
decreased gelation temperature and time. The mechanism by which Tween 80 influences the properties of the gel
can be the reinforcement of the hydrogen bonding between the poloxamer combination in the gel matrix 78],
Non-ionic surfactants such as Tween 80 have been reported to be inert, resulting in no damage to mucous

membranes (28, |n rectal administration, Tween 80 does not reveal any side effects.

In order to be used for treatment, the thermosensitive liquid suppository must have satisfactory rheological and

mechanical properties, such as:

» gelation temperature: the temperature at which the liquid phase is transformed to the gel phase. The gelation
temperature range that would be appropriate for rectal administration is 30-36.5 °C;

 viscosity: viscosity of the thermosensitive liquid suppository at 36.5 °C is known as gel strength; liquid
suppository with optimal gel strength (10-50 s) will remain in the upper part of the rectum and will not leak out
from the anus;

« gelation time and gel strength: thermosensitive liquid suppository with a relatively faster gelation time and
optimal gel strength will remain in the upper part of the rectum and will not leak out from the anus. Gelation time
means the time taken for the thermosensitive liquid suppository to achieve a viscosity of approximately 4000

mPa-s at 36.5 °C. Gelation time varies according to suppository composition, but is usually 2—8 min;
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» mucoadhesive force: the force by which the thermosensitive liquid suppository binds to the mucous membranes
of the rectal.

Reasonable rheological and mechanical properties can be obtained by using the different proportions of

mucoadhesive polymers referred to above E8IZ7,

The most popular method of obtaining thermosensitive liquid suppository is cold method 8. The mucoadhesive

polymers can be used at different concentrations, as discussed later in this paper.

2. Application of Thermosensitive Liquid Suppositories as
Innovative Systems for Delivering Various Drugs

One of the key advancements in modern pharmacology is the development of new drugs, new drug formulations or
new DDSs. These solutions enable the delivery of active substances in a particular place, at the right time, using
the most preferred form of administration, and with minimal side effects. The discovery of new synthetic drugs is,
however, time consuming and expensive—thus, modern pharmaceutical science is generally focused on improving
the pharmacokinetics of known drugs or developing innovative drug dosage forms. The production of
thermosensitive liquid suppositories is one example. This dosage method modifies the pharmacokinetic properties
of drugs and retains all the benefits of the rectal route. The available reports contain studies on thermosensitive
liquid suppositories that deliver a range of drugs, e.g., analgesic, anticancer, antihypertensive, anaesthetic,

antiemetic, antimalarial, antiallergic psychiatric and insulin.
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