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Introduction

Paediatric drug design is very com-
plex and delivering of a medicine to a 
child is challenging with respect to fin-
ding a correct medication applicable to 
the patient's medical condition, iden-
tifying adequate formulations conveni-
ent for administration and dosing pre-
cision (1). This is due to the significant 
differences in physiologic, pharmaco-
kinetic, pharmacodynamic and physi-
cal capabilities in paediatric population 
compared to adults. The major variations 
and changes are recorded in pharmaco-
kinetics of paediatric patients, making it 
challenging to find the appropriate tre-
atment for a disease (2). Such examples 
include achlorhydria, decrease in liver 
volume which reduces drug biotransfor-
mation through processes of oxidation, 
hydrolysis and reduction, etc. (3, 4).

Rectal drug delivery has been effec-
tive in local treatments of some diseases, 
as well as systemically as an alternative 
to oral drug delivery. Some of the advan-
tages of rectal route of administrations 
include low enzymatic activity in com-
parison to other sections in the gastroin-
testinal tract (1). This is particularly use-
ful for drugs that are prone to enzymatic 
degradation (1). Furthermore, upon the 
rectal absorption, rectally administered 
drugs partially bypass the liver, reducing 
the hepatic first-pass effect. This ensures 
enhanced bioavailability of the drugs 
(5). Moreover, the environment in empty 
rectum is relatively stable, constant and 
allows absorption of higher doses that 
cannot easily be formulated as the oral 
solid dosage forms (5).

Rectal route of administration offers 
a number of benefits and advantages over 
other routes, such as oral and parenteral, 
and can be helpful in situations where 
other routes, for safety reasons, are not 
recommended in certain patients. For 
example, rectal drug delivery is the best 
option for the patients that are uncons-
cious or vomiting (1). Paediatric patients 
may have swallowability issues in regard 
to tablets and capsules and can also refu-

se oral dosage forms due to poor palata-
bility (bad taste or smell) (5). All of this 
can be avoided by rectal route of drug 
administration.

Further, parenteral drug delivery is 
usually not well accepted among chil-
dren as it is painful at the site of the 
injection. It is also inconvenient in cases 
when a healthcare professional is needed 
for administration which usually needs 
to be done in a hospital. Rectal drug de-
livery allows patients to remain in home 
settings and administration by the help 
of family (6).

Acceptability and use of the rectal 
dosage forms

Very few studies are available on the 
use and acceptability of the rectal route 
for drug delivery in children. The accep-
tability is influenced by many factors 
such as cultural and social barriers, lack 
of information and knowledge, fear of 
discomfort, etc. (1). Evidence on accep-
tability and use of rectal drug delivery 
in children from different countries is 
summarised in the Table 1.
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First study assessed parents' accep-
tance of rectal dosage forms to treat 
Malaria in Laos, southeast Asia. Results 
suggested that only 9% of the partici-
pants of the questionnaire had ever used 
rectal dosage forms at home to treat their 
children. This was primarily due to the 
lack of information and fear of discom-
fort and pain. The most preferred route 
of drug administration was oral (42%), 
followed by parenteral (39%) and lastly 
rectal (4%) (7).

 Another study was conducted in 
Italy among paediatricians and parents 
whose children had fever. Interestingly, 
only 24.3% of paediatricians preferred 
rectal administration of paracetamol 
over oral, whereas 51% of the parents 
preferred rectal suppositories over oral 
formulations and stated to give suppo-
sitories to their children routinely. The 
parents believed that suppositories had 
faster onset of action and considered 
them to be more effective and easier to 
administer (8).

A study in Norway assessed both 
children's and parents' reaction to Met-
hohexitone enemas for inducing anae-
sthesia prior operation. The results in-
dicate that 82% of the children were not 
afraid to be anaesthetised by rectum. In 
addition, 100% of the parents would be 
happy to have the same anaesthetic tech-
nique on a subsequent occasion and did 
not think that the rectal route of inducing 
anaesthesia is 'unethical' (9).

Another study on acceptability of 
rectal dosage forms among parents and 
their children was assessed in an Irani-
an hospital. Results show that both pa-
tients and their parents were satisfied 

and approving of a rectal dosage form of 
acetaminophen for treating fever. Howe-
ver, it is believed that the opinions might 
change if parents themselves had to in-
sert the suppositories to their children 
(10).

In one of the London's hospitals, pa-
rents participated in a questionnaire pre- 
and post-surgery in regard to acceptabi-
lity of different routes of administration 
(oral, intravenous, intramuscular and 
rectal) of an analgesic for their children. 
The results suggest that 58% of the pa-
rents least preferred the rectal route and 
considered it to be the most unpleasant 
of all the routes. Moreover, results show 
that the parents' knowledge in rectal 
drug delivery was very limited and that 
education regarding the same would help 
change their opinions (11).

Types of the rectal 
dosage forms

Rectal dosage forms can be classifi-
ed into solid, semi-solid and liquid dosa-
ge forms. Solid rectal dosage forms are 
fixed dose formulations such as suppo-
sitories, capsules, tablets, etc. The most 
commonly administered dosage form 
clinically used are suppositories (2). 
They contain the active compound that 
is either suspended or solubilised in a su-
itable base which upon melting or solubi-
lisation releases the active pharmaceuti-
cal ingredient for either systemic or local 
action (12). The suppository base may 
be either lipophilic (e.g., coconut oil, co-
coa butter, hard fats, etc.) or hydrophilic 
(e.g., glycerinated gelatine, polyethyle-
ne glycols, etc.) (1). Rectal tablets and 
capsules are limited marketed despite 

the fact that rectal capsules have been 
effectively used to improve absorption 
of drugs that undergo an extensive first 
pass metabolism such as propranolol and 
lidocaine (5).

Semi-solid rectal dosage forms 
comprise gels, ointments and creams in 
which the active compound is dispersed 
in lipophilic or hydrophilic base along 
with excipients in order to enhance the 
absorption (1). In semi-solid rectal dosa-
ge forms, the base selection has an im-
pact on the drug release due to a drug's 
solubility in the bases (13). The most 
frequently used semi-solid rectal dosage 
form are gels. These formulations typi-
cally require an applicator filled with the 
formulation prior administration.

Liquid rectal dosage forms include 
any suspension, solution or emulsion for 
rectal administration and are termed as 
enemas (1). If the administration volume 
is small (5-10 ml), these are then referred 
to as micro-enemas (1). These formula-
tions contain either glycerine, oil or a 
low molecular weight macrogol that act 
as a vehicle (5). The formulations are 
typically administered from a disposable 
plastic squeeze bottle with an extended 
tip for rectal insertion.

Reformulation of drugs for rectal 
delivery

There has been an increase in resear-
ch studies on reformulation of some dru-
gs for rectal delivery. Certain drugs (in-
tended for oral and/or parenteral use) that 
cannot achieve a full potential or cause 
severe adverse reactions may show even 
better efficacy and/or safety if reformu-
lated for rectal delivery. Even some dru-

Table 1. 
Studies of acceptability and use of rectal drug delivery

API and purpose Age Country Dosage form Setting Acceptability

Study 1 (7) Artesunate for treating 
Malaria 0-18 years Laos Suppository or 

capsule Home Poor

Study 2 (8) Paracetamol for fever 0-6 Italy Suppository Home Good

Study 3 (9) Methohexitone for inducing 
anaesthesia 8 months - 6 years Norway Enema Hospital Very good

Study 4 (10) Acetaminophen for fever 6 months - 6 years Iran Suppository Hospital Very good

Study 5 (11) Analgesic for pain < 6 years England Suppository Hospital Poor
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gs that show good efficacy and safety but 
are orally or parenterally administered 
might benefit from the reformulation as 
majority of children find injections pa-
inful and may develop needle-phobia, 
whilst tablets and capsules may be chall-
enging to swallow (1, 5, 13).

For instance, one research study 
subjected all the medications from the 
WHO's 'Model List of Essential Medici-
nes for Children' for an assessment based 
on priorly developed set of criteria. The 
final results suggest a possible reformu-
lation of Azithromycin, Amodiaquine 
and Raltegravir for rectal delivery (6).

Despite the fact that the majority of 
the antibiotics is well tolerable among 
children in regard to efficacy and safety, 
children usually find the administration 
painful and uncomfortable. On top of 
that, some antibiotics may be subjec-
ted to the chemical breakdown in the 
enzymatic milieu of small intestine or in 
stomach (5). They can also be absorbed 
too slowly to provide satisfactory plasma 
levels for medicate following the oral ad-
ministration (5).

Some studies have been done on 
rectal formulations of certain antibio-
tics, i.e. Amoxicillin, Azithromycin, etc. 
and the outcomes indicate that the rectal 
delivery of the same would be effective 
(14, 15). Another study's results suggest 
that development of new formulations of 
suppositories resulted in improved bioa-
vailability and absorption of B-lactams 
(e.g., Benzathine benzylpenicillin) and 
aminoglycosides (e.g., Amikacin) (16). 
Tween 60, Tween 80 and various sa-
turated straight-chain fatty acids also 
showed their enhancing effects on the 
rectal absorption of antibiotics in ani-
mals. Though, human studies are limited 
due to the ethical constrains (16).

Furthermore, delivery of vaccines 
through rectum could be of an interest as 
some studies obtained promising results 
in their research. For example, rectal 
immunization with Rotavirus virus-li-
ke particles along with proper adjuvants 
protected mice against the Rotavirus 
infection. This could be a promising al-
ternative to the oral Rotavirus vaccine 
in infants and also against tuberculosis. 

These research studies have also been te-
sted on animals only (17).

Also, recent studies suggest a refor-
mulation of Insulin injections for rectal 
delivery. Insulin injections are effica-
cious, safe and well tolerable among 
patients. However, the absorption from 
subcutaneous tissue varies within diffe-
rent insulin preparations. Therefore, 
some studies have been exploring a po-
ssibility of formulating an Insulin for the 
delivery through rectum and results have 
shown positive outcomes (18, 19).

Reformulation methods and 
considerations

If reformulation of these medicati-
ons (and any other) was to occur, a few 
crucial aspects would have to be con-
sidered for successful reformulation. 
These include a type of dosage form the 
medication would be formulated as; the 
excipient; delivery devices if possible, 
etc.

Suppositories are the most common 
rectal dosage forms found on the market, 
followed by rectal gels and enemas (1, 
5, 13). Thus, some of these could be the 
possible dosage forms for the reformula-
ted drugs. Ideally, the rectal dosage form 
would deliver a single paediatric dose (1). 
Dose adjustments are based on height, 
weight and/or body surface area. It has 
been relatively simpler to adjust doses 
for solutions and suspensions than for 
suppositories. This is because in many 
cases suppositories restrict simple dose 
adjustments (12). Typically, suppositori-
es weigh 2 g for adults and 1g for chil-
dren and infants (2). Some novel stick-
shaped suppositories with breakability 
line have been made to allow division of 
the dosage form in two halves (5). This 
is particularly convenient as it allows re-
duction of the dose for smaller children.

Very few devices are available for 
suppository administration and are not 
specifically designed for paediatric po-
pulation. However, insertion of a suppo-
sitory is simple and quick (with prior 
washed hands) even without a device.

Excipients are a vital aspect of rectal 
dosage form formulation process, espe-

cially for suppositories. They may be 
irritant, but their safety profile is well 
established in children. Generally, if an 
excipient is known to be safe for oral 
administration, the rectal safety should 
be similar as rectal epithelium has com-
parable abilities to absorb drugs (2). As 
previously stated, suppository base exci-
pients can either be lipophilic fatty acids 
(e.g., cocoa butter) or hydrophilic water-
soluble bases (e.g., polyethylene glycol) 
(1). The selection between the two ulti-
mately depends on the physicochemi-
cal properties of the active compound. 
Meaning, hydrophilic drugs will show 
a better release profile in lipophilic ba-
ses, whereas lipophilic drugs will have 
a better release profile in hydrophilic ba-
ses (12). Due to the constant conditions 
of the rectum environment, it is possible 
to achieve controlled release of dosage 
forms. Controlled drug release is benefi-
cial in improving pharmacokinetic profi-
les, mainly bioavailability of a drug (5).

Controlled drug release can be 
achieved using some novel rectal drug 
delivery systems (RDDS). Some of the 
RDDS involve the hollow-type supposi-
tories, thermo-responsive liquid supposi-
tories, micro and nanoparticles, etc. Stu-
dies on the same indicate that the RDDS 
minimise toxic effects of some very po-
tent drugs (2). Further, rectal retention, 
spreadability and desired drug release 
properties are achieved by concentration 
modulation, leading to an optimised the-
rapeutic outcome (20). Moreover, RDDS 
may outpatient paediatric treatment of 
some diseases at earlier stages, before 
they progress to severe conditions (13). 
The research of the safety and efficacy 
of the RDDS is continuous and many hu-
man clinical trials have yet to be conduc-
ted, but it is strongly believed that the use 
of these could yield a successful refor-
mulation of drugs and ultimately achieve 
promising results. 

Conclusion and future work

Rectal drug delivery has been explo-
red as a potential alternative drug deli-
very system for orally and parenterally 
administered drugs. Some orally admi-
nistered drugs can have a poor palata-
bility, can have an extensive first pass 
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metabolism (resulting in low bioavaila-
bility) or can be too irritating for the gut, 
whilst parenterally administered drugs 
can be painful and uncomfortable and 
usually require a healthcare professional 
for administration in hospital or clinical 
settings.

Acceptability of the rectal dosage 
forms was studied across the world from 
developed and developing countries to 
undeveloped world's countries. Parents' 
and patients' acceptability differs among 
the countries and the main reason be-
hind it is the variability in knowledge 
and information available for the pati-
ents and their parents. It is believed that 
a better education on the matter would 
help change negative opinions. Reformu-
lation of some available medications for 
rectal delivery is thought to be an intere-
sting matter that has been widely explo-
red. Reformulation for rectal delivery of 
commonly used and prescribed drugs 
intended for oral and/or parenteral admi-
nistration could help cross the barriers 
and disadvantages of these routes, which 
would ultimately lead to a huge commer-
cial success.

There are a few research studies that 
could be done and/or continued in the fu-
ture. For example, recent studies' results 
indicate promising results and efficacy of 
rectal dosage forms of antibiotics. Howe-
ver, human studies have been limited 
due to ethical constrains. Therefore, fu-
ture studies could focus on exploring the 
efficacy and safety of rectal antibiotics in 
humans. It could be a huge commercial 
success if realised as bacterial infections 
are the most common type of 'disease' in 
children. 

Similarly, vaccines have shown a 
potential in efficacy upon rectal admini-
stration in mice. No human studies have 
been done on the same, but its realisati-
on could be a focus in the future. Lastly, 
studies on rectal drug delivery systems 
(RDDS) should be continued as well as 
more in-depth research on their action, 
efficacy and safety in order to succe-
ssfully establish their safety and efficacy 
profile.
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Sažetak

REKTALNA PRIMJENA LIJEKOVA U PEDIJATRIJSKOJ POPULACIJI

Matea Bulić, Catherine Tuleu

Rektalna primjena lijekova nije popularna. Unatoč tome je pogotovo značajna u pedijatriji, u djece predškolske dobi, jer može 
prevladati probleme povezane s oralnim i parenteralnim putevima primjene lijekova. Provedeno je nekoliko studija o primjeni i 
prihvatljivosti tradicionalnih načina upotrebe lijeka (npr. čepići, klistir i gelovi) u različitim dijelovima svijeta. Studije ukazuju da 
je neprihvaćanje povezano sa slabim poznavanjem, manjkom dostupnih informacija i razumijevanjem rektalne primjene lijekova. 
Neki lijekovi namijenjeni za oralnu i/ili parenteralnu upotrebu zbog različitih razloga ne postižu svoj potpuni učinak takvim nači-
nom primjene. Preformulacija takvih lijekova u oblik za rektalnu primjenu je istraživana na University College London. Rezultati 
su pokazali da su najbolji kandidati ispitivanih lijekova za preformulaciju Azithromycin, Amodiaquine i Raltegravir. U posljednje 
vrijeme nema inovacija o rektalnoj primjeni lijekova. Međutim publiciraju se radovi o prihvatljivost i uporabi rektalnih lijekova te 
mogućnostima preformulacije različitih preparata da bi se podigla svijest o takvom korisnom načinu liječenja u djece.

Ključne riječi: DJECA, REKTALNA PRIMJENA LIJEKOVA, VRSTE REKTALNIH LIJEKOVA, PREFORMULACIJA
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