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are driven by a spring system. The major benefits of this device are easy self-administration, improved
patient compliance, reduced anxiety, and dosage accuracy. Immediate treatment during emergency con-
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ditions such as anaphylaxis, migraine, and status epilepticus or for chronic conditions like psoriasis, dia-
betes, multiple sclerosis, and rheumatoid arthritis, Reformulation of first-generation biologics, technical
advancements, innovative designs, patient compliance, overwhelming interest for self-administration all
these made entry of more and more autoinjectors into use. In this review, intensive efforts have been

Medical device made for exploring the different types of currently available autoinjectors for the management of emer-

gency and chronic diseases.
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1. Introduction

Autoinjectors are self-injectable devices; they are important
class of medical devices which can deliver drugs through subcuta-
neous or intramuscular route. They enclose prefilled syringes or
cartridges which are driven by a spring system. The major benefits
of this device are easy self-administration, improved patient com-
pliance, reduced anxiety, and dosage accuracy. The autoinjectors
were initially introduced in 1960s for military purpose to inject
the antidote for nerve agents in chemical warfare
(Vijayaraghavan, 2012). Later in 1980s EpiPen got approval for
administration of epinephrine for anaphylaxis (Posner and
Camargo, 2017). Immediate treatment during emergency condi-
tions, prevalence of many chronic diseases, reformulation of
first-generation biologics, technical advancements, innovative
designs, patient compliance, overwhelming interest for
self-administration all these made entry of more and more autoin-
jectors into use (Vijayaraghavan, 2012).

More than 20 pharmaceutical companies have developed nearly
about 80 autoinjectors until today. Nearly 50 drugs are developed
as combination products for administration using autoinjectors.
Among this, 62% of the autoinjectors are disposable. There is a
tremendous growth in the development of reusable autoinjectors
with multiple dosing. This highly competent developments in
device manufacture, give importance to user friendly devices for
emergency use as well as for chronic disease conditions. Hence,
devices with push on skin, one handed delivery, twist and mix
mechanism, sleek and handy design, automatic reconstitution,
devices with blue tooth connection, devices for large volume with
high viscosity are the new challenges met with advancement of
these gadgets (Global Autoinjectors Market, 2016).

2. Drug delivery through autoinjector

Autoinjectors (Fig. 1) are devices for self-administration of
drugs in emergency situations such as anaphylaxis, migraine, and
status epilepticus or for chronic conditions like psoriasis, multiple
sclerosis and rheumatoid arthritis (Vijayaraghavan, 2012). Autoin-
jectors can be used either subcutaneously or by intramuscular
route (Table 1). There are many advantages for autoinjectors. They
work with different principles. There are autoinjectors with simple
push- on- skin devices to fully automated button activated tech-
nologies. There are many autoinjectors as alternative to manual
syringe for subcutaneous administration of drugs for different con-
ditions (French and Collins, 2010). These devices have increased
patient compliance and adherence because the drugs can be self-
injected. Several antidotes for toxic and poisonous chemicals, dis-
ease modifying drugs and monoclonal antibodies have been pro-
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ven to be very effective, easy to use and tolerable in humans
(Vijayaraghavan, 2020).

A study has been conducted for the safe and effective use of the
autoinjector devices on 43 participants in 5 groups, received train-
ing and performed simulated injections either into an injection pad
or a mannequin. 93% of the user reported comfort, 98% expressed
confidence in using the device and 98% expressed comprehensibil-
ity in instruction for use and training (Lange et al., 2015). Another
study with 48 participants compared the usability and patient
preference of different brands of epinephrine- epipen, twinject,
INTO1 and INT02, and the study concluded that correct epinephr-
ine autoinjector use and patient preference depends on the user-
centered device design. The study included preference among the
different preparations, task completion time, usability, and device
malfunction (Guerlain et al.,, 2010). In another study on 118
patients with multiple sclerosis, 90% of them preferred fully auto-
matic interferon beta-1b autoinjector to their previous injection
method and expressed high level of satisfaction. It has many fea-
tures in reducing injection site pain, promoting comfort, smooth
injections, and ease of use (Ziemssen et al., 2015).

3. Autoinjectors available currently

There is a fast growth in global autoinjectors due to increase in
prevalence and incidence of anaphylaxis and food allergies. Ana-
phylaxis is increasing in developed countries (Poulos et al., 2007;
Rudders et al., 2014). One of the reasons for anaphylaxis is the
prevalence of food allergy (Branum and Lukacs, 2009). In 2015,
15 million people in the U.S suffered from food allergies as per
American Academy of Allergy Asthma and Immunology.

European Academy of Allergy and Clinical Immunology
reported that 3.5 million children suffered from food allergy in
the same year. 200-250 million people in the world suffered from
food allergy in 2015 as per WHO reports. Being the drug of choice
for anaphylaxis, there was an overwhelming growth in the devel-
opment of epinephrine autoinjectors. There are many chronic dis-
eases which otherwise require a comfortable drug delivery by the
patient or caregiver, further brought fueling demand for autoinjec-
tors. Many studies support the preference of autoinjectors by
patients in chronic disease such as rheumatoid arthritis, multiple
sclerosis, and psoriasis, as they are more convenient and easier
to use compared to syringes and vials; moreover, they are less
painful than prefilled syringes (Kivitz et al., 2006; Lugaresi et al.,
2008; Berteau et al., 2010; Lim et al., 2012; Demary et al., 2014).
Autoinjectors not only help in the quality of life but also can
improve self-esteem, ease of use, time, and cost. They also help
in better treatment adherence, reduced costs for society and could
reduce frequency of health care visit.
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Fig. 1. Commercially available autoinjectors for drug delivery. (Adopted from https://www.ondrugdelivery.com, Accessed on 01 March 2021.)

4. Autoinjectors for emergency
4.1. Epinephrine autoinjectors for anaphylaxis

Epinephrine (also known as adrenaline) is the physiological
antagonist for histamine. Adrenaline is not effective orally
(Simons et al.,, 2014) and administration through subcutaneous
route takes nearly 30 min. to reach optimal level, while intramus-
cular injection can give a rapid peak (Simons et al., 2001). However,
taste masked sublingual tablets are produced for pediatric use, also
subcutaneous adrenaline reaches peak plasma concentration in
30 min. for an emergency critical situation IM administration will
be convenient and effective (Simons et al., 2001, Rachid et al.,
2018).

It is used for anaphylaxis, i.e, sudden allergic reactions which
are potentially life threatening. The salient features of anaphylaxis
include itching, erythema, pruritus, urticaria, angioedema, bron-
chospasm, laryngeal edema, cough, and respiratory arrest. Anaphy-
laxis is rapid in onset and may be mild, serious or fatal (Kemp et al.,
2008; Simons et al., 2014, 2011). Allergic reactions can be due to
many reasons — drug induced, or food induced. It can be associated
with exercise, latex, and insect stings or with any unknown factors.
Rapid response is needed to prevent the complications because the
affected person becomes panic. There are many risk factors for ana-
phylaxis like age, disease - asthma or medications like beta- block-
ers and angiotensin — converting enzyme inhibitors (Simons et al.,
2015). Recurrence after treatment also can occur in case of anaphy-
laxis (Lieberman et al., 2015).

The itching and hives can be treated with antihistamines like
diphenhydramine, but their effect will be slow when taken orally.
Bronchodilators can control cough and wheezing. The most serious
and deleterious symptoms of anaphylaxis - throat swelling, and
low blood pressure can be reversed immediately by parenteral epi-
nephrine only. Injection of epinephrine i.m. is life saving and first
line drug for severe anaphylactic reactions as per World Allergy
Guidelines. In rare cases, death occurs soon after contact with
the allergen. Respiratory arrest can occur with food allergens
within half an hour. Insect stings are more dangerous and can lead
to collapse from shock even within 15 min. Same is the case of
allergic reactions to parenteral injection of medicine which may
cause death within 5 min. (Soar et al., 2008; Boyce et al., 2010;
Simons et al., 2011). Hence, spontaneous treatment of anaphylactic
reaction is necessary.

Delayed epinephrine administration may lead to worse out-
comes and fatalities (Fleming et al., 2015). To prevent hospital-
ization and fatal complications, it is necessary to administer
epinephrine immediately after diagnosis (Fromer, 2016). Epi-
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nephrine autoinjector is classified as a grade A or B preventive
medicine by the United States Preventive Services Task Force
(USPSTF). It is included in the preventive medication lists as a
first line drug for anaphylaxis treatment which may reduce fatal-
ities from anaphylaxis. Many branded autoinjectors are available
for epinephrine - epipen, twinject, INTO1 and INT02 (Guerlain
et al., 2010). Epipen or epipen jr contain one dose per autoinjec-
tor for adults and the young children, respectively. As the injec-
tor works through clothing no need to undress while using the
autoinjectors. Auvi-Q or allerject is also available as adult and
child dose with a recording for its self-injecting process. Adrena-
click - is another autoinjector that contains one dose of epi-
nephrine. 5-10 pg/kg is the recommended dose. The
recommended dose through autoinjector is 150 ug for children
weighing between 15 and 30 kg and adults 300-500 pg. There
were different studies to optimise the route of administration
of adrenaline in both adult and children. It was found that the
intramuscular injection in thighs could achieve greater levels
compared to subcutaneous route. In children, the subcutaneous
injection was done with needle and syringe and the intramuscu-
lar injection with autoinjector- EpiPen. This study concluded that
the average time to get maximum level through intramuscular
was far better than subcutaneous injection mentioning the rapid
action of adrenaline through autoinjector- EpiPen by intramuscu-
lar route (Simons et al., 2001).

The highest risk for food allergy and fatality is associated
with adolescents (Bock et al., 2007). In modern life, more people
are depending upon catering service for routine meals. In Spain,
around two million children depend on catering service and
prone to potentially life - threatening food allergies. At least
one food allergy is reported in approximately 18% of the school
children (Nowak-Wegrzyn et al., 2001). There are many reports
from Spain showing a great increase in the food anaphylaxis
(Alonso et al., 2012, 2015). Sesame is an important allergen
and a major cause of anaphylaxis in the Middle East and is
the third most common food allergen in Israel. The management
of food allergy will be managed by providing education about
allergen avoidance, and prompt and correct use of epinephrine
in case of an emergency (Adatia et al., 2017). Anaphylaxis and
allergic conditions are managed by i.m epinephrine (Campbell
et al,, 2016).

4.2. Diazepam autoinjectors for acute status epilepticus
Diazepam is a benzodiazepine derivative. Diazepam autoin-

jector can deliver the contents automatically upon activation.
Studies on healthy volunteers prove that diazepam autoinjector
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Table 1
List of autoinjector devices for the administration of some drugs in use and under clinical trials (Vijayaraghavan, 2020).
Clinical condition Autoinjector device Route of Dose
administration Dosage forms Strength
Anaphylaxis Epinephrine (EpiPen) im. 0.3 mg & 0.15 mg 0.3 mg
Omalizumab (Xolair**)
s.C. 75 mg/0.5 mL 150 mg/mL
Seizures Diazepam im. 10 mg 10 mg-20 mg
5 mg-10 mg
Midazolam im. 10 mg/2 mL or 5 mg/mL
Organophosphorus Atropine (AtroPen®) im. 0.5 mg/1 mg/2 mg
poisoning Pralidoxime
Pralidoxime + Atropine im. 600 mg/2 mL 1-2¢g
(DuoDote® autoinjector) im (Pralidoxime 600 mg/2 mL + Atropine 2.1 mg/
0.7 mL)
Migraine Sumatriptan (ZEMBRACE® s.C. 3 mg 3-12 mg/day
SymTouch®)
Opioid overdose Naloxone (Evzio) im./s.c. 0.4 mg & 2 mg/0.4 mL 0.4 mg-2 mg
Psoriasis Ixekizumab (TALTZ) s.C. 80 mg/mL
Secukinumab (Cosentyx)
Certolizumab pegol (cimzia) s.C. 150 mg or 300 mg
s.C. 200 mg/mL
Rheumatoid arthritis Sirukumab (PLIVENSIA™) s.C. 50 mg, Q4w
Sarilumab (KEVZARA) 100 mg Q2w
Tocilizumab (ACTpen) s.C. 200 mg QW
Certolizumab pegol
Golimumab (SIMPONI) s.C. 62 mg/0.9 mL
Adalimumab (Humira pen) s.C. 200 mg/mL
Methotrexate (Otrexup)
s.C. 50 mg once a month
Etanercept (Enbrel®)
s.C. 40 mg/0.8 mL (7.5-25 mg/week)
50 mg/week
s.C. 10, 15, 20, and 25 mg
s.C 50 mg/mL
Multiple sclerosis Interferon B-1a (Avonex) i.m 30 pg 30 pg/week
Interferon p-1b (ExtaviPro™) 0.0625 mg alternate day
s.C 0.3 mg.
Systemic lupus Belimumab (Benlysta) s.C. 200 mg/mL 200 mg/week
erythematosus
Erectile dysfunction Aviptadil/phentolamine ic 2 nug/2 mg
Analgesic Buprenorphine* im.
Diabetes Insulin (KwikPen) s.C. 100 unit/200 units/3 mL pen 10 units/day
Exenatide (Exenatide QWS Al) 2 mg 2 mg/week
s.C.
Antibacterial Amikacin* im. 500 mg 500 mg/day
250 mg/day
Amikacin + Cefazolin* im. 250 mg + 250 mg 250 mg +
Hypercholesterolaemia Evolocumab (SureClick) s.C. 140 mg/mL Q2w
Alirocumab
s.C. 75 mg/mL single-dose pre-
filled pen

i.m. - intramuscular, s.c. - subcutaneous, i.c. - intracorporeal, * only in animal model.

** Pre-filled syringe-s.

can provide 100% mean percent availability as that obtained
from the syringe injection. It is indicated for the management
of anxiety disorders and short-term relief of the symptoms of
anxiety. It has great value in status epilepticus, severe recur-
rent convulsive seizures. Diazepam is useful premedication for
relief of anxiety and tension in patients who are to undergo
surgical procedures. In1990s, diazepam autoinjectors were used
in military service for nerve agent intoxication (Carroll et al.,
2012).

Acute repetitive seizure is also known as cluster or serial sei-
zure that typically lasts for several minutes to one or two days
(Haut, 2006). In the absence of prompt intervention with drug, it
can be progressed to status epilepticus or prolonged seizures. Such
episodes limit social gathering because of the unavailability of
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immediate medical attention. Oral preparations can be used for
cooperative and conscious patients. Otherwise, intravenous
administration of benzodiazepines or antiepileptic drugs in an
emergency department is mandatory. Previous reports claim that
i.m. administration of diazepam is inconsistent. Recent studies
revealed that i.m. administration through autoinjectors could pro-
vide rapid and accurate drug delivery and dosing, rapid and reli-
able drug absorption (Garnett et al.,, 2011; Lamson et al., 2011;
Silbergleit et al., 2012).

A randomized double blinded multicentric study with 234 par-
ticipants on stable antiepileptic drugs who required intermittent
medical intervention for acute status epilepticus were treated with
diazepam and placebo using autoinjectors. The study concluded
the effectiveness, tolerance, and capacity to delay next seizure
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capacity of the diazepam autoinjectors and its usefulness and
convenience by the trained care givers in emergency situations
(Abou-Khalil et al., 2013).

4.3. Midazolam autoinjectors acute seizures

Midazolam is a rapidly acting benzodiazepine with sedative,
anxiolytic, anticonvulsant and amnestic properties (Mandrioli
et al., 2008). It is the drug of choice for acute seizures and status
epilepticus and nerve agent-induced seizures. It modulates and
potentiates the synaptic - GABA, receptors and bring about its
anti-seizure activity. GABA, receptor are pentameric in structure
with five subunits enclosing the central chloride ion channel
(Méhler et al., 2002; Kucken et al., 2003). They are able to inhibit
neuronal excitability. Midazolam can be administered through dif-
ferent routes - i.v., i.m. and intranasal route. Seizures can be sup-
pressed rapidly by administering midazolam by intranasal route,
but it is not advisable in case of casualty due to nerve agent as they
can produce copious nasal secretions (Thakker and Shanbag, 2013).

Immediate control of nerve agent induced seizure is very
important for neuroprotection and survival (Shih et al., 2003).
Among the chemical agents, nerve agents are the most toxic which
act by irreversible inhibition of acetylcholinsterase leading to
hyper secretion, respiratory distress, tremor, convulsions, and sta-
tus epilepticus. Japan and Syria witnessed extreme neurotoxic
potential of Sarin (Yanagisawa et al., 2006; Dolgin, 2013; Rosman
et al., 2014). The status epilepticus caused by nerve agents leads
to profound brain damage which may be fatal or can precipitate
long term neuronal dysfunction. Long lasting seizures usually
result increased brain damage so for immediate neuroprotection
and survival, its rapid control is critical (Shih et al., 2003).

Pharmacokinetic properties of midazolam make it a better
choice to diazepam to treat status epilepticus and persistent acute
seizures caused by nerve agents and organophosphorus com-
pounds. Rapid anticonvulsant medication (Rampart) prior to arri-
val trial with i.m. midazolam was found to be very effective
compared to i.v. lorazepam. Intramuscular autoinjector delivery
can be accomplished faster than i.v. administration with compara-
ble effectiveness. It has more social acceptance, easiness in use and
convenience. It is found to be a reliable option for acute seizure by
caregivers (Reddy and Reddy, 2015).

4.4. Autoinjectors for nerve agent and organophosphorus intoxication

Organophosphorus compounds are extremely toxic and some of
them are used as chemical weapons. These agents have the poten-
tial to inhibit acetyl cholinesterase enzyme responsible to hydrol-
yse acetyl choline irreversibly leading to accumulation of acetyl
choline. The excessive acetyl choline leads to hyper secretions,
miosis, tremors, convulsion and respiratory depression which
may be fatal. Immediate administration of atropine is advisable.
Organophosphorus compounds are also used for pesticide purpose.
Atropine is administered intravenously in a hospital set up in the
case of poisoning. In case of terrorist attack or chemical war or
casualty, i.m. administration of atropine using autoinjector is very
useful. However, atropine can reverse only the muscarinic symp-
toms of acetyl choline. Pralidoxime (PAM), is used within
twenty-four hours to reverse the cholinesterase activity. It combi-
nes with the free anionic site of the phosphorylated enzyme com-
plex and dephosphorylates the enzyme and makes it free to release
the enzyme. Thus, the freed enzyme could hydrolyse all the exces-
sive acetyl choline and reverse the symptoms of poisoning. Tradi-
tional indigenous designed autoinjector contains PAM chloride
and atropine sulphate drugs for nerve agent poisoning. Here, both
the drugs are separately injected but to avoid such a delay, PAM
chloride (300 mg/mL) in combination with atropine sulphate
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(1 mg/mL) autoinjectors were developed by research and develop-
ment laboratories for organophosphorous poisoning to replace the
traditional autoinjector containing PAM chloride and atropine sul-
phate (Jain et al., 2012). A three drug combination of atropine sul-
phate, pralidoxime chloride and diazepam are available in the
brand name chempacks for nerve agent and organophosphorous
poisoning (Nolin et al., 2006). This could additionally manage the
acute severe convulsions produced by some of the nerve agents.

4.5. Sumatriptan autoinjectors for migraine

Sumatriptan is a drug used for migraine headaches. It is avail-
able as s.c. injection, rectal suppositories, nasal spray, and oral
tablets. Migraine can cause severe impairment and reduction of
cognitive function. The condition is not only debilitating but also
associated with severe pain. It also impairs hand - eye coordina-
tion. DFN-11, a two-step autoinjector of sumatriptan was found
to be very effective for cognitive and physical impairments. It
allows easy, safe, and simple use of the drug by the patient or
untrained people. It was found to be easier than s.c. injection from
a vial. The DFN-11 autoinjector was designed for easy use during
cognitive impairments, to have clear visual and audible feedback
indicators. Studies on patients have validated the usability and
safety of autoinjector to treat migraine. Moreover DFN-11 autoin-
jector was with lower incidence of triptan sensation especially
without chest pain compared to normal s.c. injections (Cady
et al.,, 2017).

A study was conducted to assess the ability of patients to self-
administer sumatriptan using autoinjector, Alsuma for acute
migraine. The effectiveness, tolerability and safety were also eval-
uated. This phase 3 trial was conducted in 10 different sites in USA
with 63 patients who were asked to administer 6 mg sumatriptan
by autoinjector during the onset of moderate to severe migraine
and assessed after 72 h. All the patients agreed that the instruction
for use in the label was easy to follow and clear. More than 95%
agreed its easiness of use and 65% reported their preference for
the new device over the traditional autoinjector which they were
using prior to this study. The study concluded that the autoinjector
is safe and well tolerated with mild and infrequent injection site
reactions (Landy et al., 2013).

4.6. Naloxone autoinjector for opioid overdosage

Naloxone is a short-acting, competitive opioid antagonist used
for respiratory or central nervous system depression from opioid
overdose. Unlike opioids, it is non-addictive. It is used for the rapid
reversal of opioid overdose. In emergency, it is the standard first
line drug. In 2014, FDA has approved naloxone injector for adults
and children (Merlin et al., 2015). The autoinjector ezvioTM was
considered as an extremely important innovation. It is very handy
and small. It is with auditory and visual commands for easy admin-
istration. It is a prefilled device which is battery operated. It has a
23 gauge retractable needle which can be used to inject the drug
into the lateral thigh even through the dress (Berteau et al.,
2010). The rapid dissemination of naloxone is the only effective
way to combat the crisis of opioid overdose around the world
(Merlin et al., 2015).

5. Autoinjectors for chronic disease
5.1. Insulin pen for diabetes
The first reusable insulin pen was launched in 1984 and was

commercialised by Novo Nordisk. The development of 1.5 mL insu-
lin cartridges, 3 mL insulin cartridges made them easy to use. The
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first disposable insulin pen was introduced in 1990s. Now nearly
1.3 billion insulin cartridges in the form of reusable or disposable
pens are available. Pen devices have a high level of convenience
with features including large display and dose correction, geared
or spring driven injection mechanism, and simple cartridge
exchange for reusable pens (Pearson, 2010). The most available self
injection drug may be insulin as the diabetic burden is very high in
global level. So much research is going on with the devices for min-
imizing long term costs and improved diabetic care with less com-
plication. So much digital health advancements are seen with
insulin pen currently (Sangave et al., 2019).

5.2. Exenatide autoinjector for diabetes

Exenatide is a glucagon-like peptide-1 agonist. Administration
of insulin and oral hypoglycaemic agents are to be on everyday
basis in diabetes mellitus. The efficacy and safety of exenatide
autoinjector was compared with sitagliptin and placebo in a mul-
ticentric study with 365 patients who were on metformin. This
28 week study showed that exenatide autoinjector could signifi-
cantly reduce HbA1c compared to sitagliptin. There was no signif-
icant difference in reduction of fasting sugar in both exenatide
group and sitagliptin treated group, but the former group showed
better HbA1c level, less than 7% than latter group and placebo trea-
ted group. The efficacy and safety of exenatide was proved in this
study (Gadde et al., 2017). In another open label randomized study
with 375 patients, the efficacy and safety of exenatide autoinjector
once in a week was compared to exenatide twice daily preparation.
Exenatide autoinjector could reduce HbAlc to a greater extent
with minimum adverse effects (Wysham et al., 2018).

5.3. Ixekizumab autoinjector for psoriasis

Ixekizumab is an anti-interleukin 17A monoclonal antibody,
used in the treatment of moderate-to-severe plaque psoriasis,
which is a chronic, immune-mediated inflammatory skin disease.
It requires continuous long-term systemic treatment. Ixekizumab
is given subcutaneous injection with an autoinjector or a prefilled
syringe. Ixekizumab delivered through an autoinjector or prefilled
syringe is found to be equivalent in their pharmacokinetic profile.
The ixekizumab autoinjector - Uncover - A has an ergonomic
shape, grip, and dose with a button wider base and has a lock to
prevent the device from misfiring. It has audible clicks to confirm
the start and end of drug delivery. Studies show that this autoinjec-
tor can facilitate patient compliance and satisfaction on long term
therapy (Duffin et al., 2017).

5.4. Certolizumab pegol autoinjector for rheumatoid arthritis

Certolizumab pegol (CZP), a polyethylene glycosylated, Fc-free
anti-TNF, for moderate-to-severe rheumatoid arthritis which is a
systemic disease with persistant synovial inflammation causing
pain, stiffness and swelling of joints and progresses to loss of func-
tion and mobility (Kvien, 2004). The combination of antitumour
necrotizing factor with disease modifying drugs is a breakthrough
in the treatment of rheumatoid arthritis (Smolen et al., 2007,
2014). However, for short- and long-term benefits of this anti
tumour necrotising factor therapy depends on adherence to treat-
ment. The patient factors like needle phobia, lack of confidence,
deformities, pain, swelling in the joints, limited manual dexterity
may complicate self-administration of drugs (Keininger and
Coteur, 2011). In such a scenario, self-administration devices can
provide many advantages like portability, flexibility in the timing
of injection and ease of use which can further improve adherence
to regular therapy (Anderson and Redondo, 2011). Certolizumab
pegol autoinjector has an ergonomic design intended to facilitate
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self-administration. Two identical studies with 76 patients were
performed in 2013 and 2016 to assess the comparative usability
of this autoinjector with the other three autoinjectors adalimumab,
etanercept, and golimumab devices. 67% of 2013 studies and 59%
of 2016 studies preferred Certolizumab pegol autoinjector. The
patients found it very easy to use and favoured with low rate of
error and high level of satisfaction (Domanska et al., 2017).

Xiao et al has demonstrated the feasibility of performance of
simulated self-injection and found that even patients with
rheumatoid arthritis with severe hand disability could perform
self-injection with autoinjector in similar level as that of healthy
volunteers concluding that autoinjectors not only have conve-
nience and easiness of use but also have high level of device accep-
tance and compliance (Xiao et al., 2018)

5.5. Methotrexate autoinjector for rheumatoid arthritis

Methotrexate (MTX), a disease modifying drug for the pharma-
cological management of rheumatoid arthritis is recommended by
the American College of Rheumatology (Singh et al., 2012). It has
got anti-inflammatory, immunosuppressant, and cytotoxic effect.
MTX may be used orally but in case of inadequate clinical response
or intolerance, the multinational recommendation is parenteral
methotrexate as its bioavailability is optimum and administered
by s.c. route to treat rheumatoid arthritis (Visser et al., 2009). This
route was found to be difficult by the patients and caregivers as it
is a cytotoxic drug; careful handling of the drug is a must with
vials, syringes, and needles (Freundlich et al., 2014). Moreover, in
rheumatoid arthritis, self-injection is a challenge as they have
impaired hand strength. Such functional limitations could be over-
come by the use of comfortable devices which are easy to handle to
improve therapy (Domanska et al., 2017). Later FDA has approved
otrexup, single use, prefilled, pressure assisted autoinjector for sev-
ere rheumatoid arthritis (Gaurav, 2013). A phase 2, multi-centric,
clinical trial was conducted with 102 participants with rheumatoid
arthritis to evaluate the human use of the methotrexate autoinjec-
tor (MTXAI). The patients were trained and evaluated for pain after
self-administration of methotrexate. 98% of the patients rated it as
easy to use. All of them (100%) reported its instructions were easy
and clear to follow while 92.3% reported no erythema at the injec-
tion site. The study concluded that the subcutaneous MTXAI was
easy to use by rheumatoid arthritis patients and was well tolerated
with improved delivery (Freundlich et al., 2014).

In another study, evaluation of the MTX usability by self-
administration as per user instruction was carried out in 43 sub-
jects. This multicentric study was conducted in two phases with
three different groups of subjects. Two groups were with rheuma-
toid arthritis and the third group was care givers. This trial
revealed the robustness and reliability of the use of autoinjectors
by rheumatoid arthritis patients. The results proved high level of
acceptance, usability, and intuitive handling of the new methotrex-
ate autoinjector irrespective of hand disability. More than 75%
showed correct performance in the first phase just by reading
the instructions and in second phase, all subjects showed 100% cor-
rect performance. Rheumatoid arthritis patients with high hand
disability also showed 100% performance (Hudry et al., 2017). A
two-week study was conducted in five different centres in the U.
S. during 2012-2013 to assess the usability, device robustness,
pharmacokinetic profile and safety outcome on 103 subjects. The
study also evaluated the label comprehension and safety of s.c.
self-administration of MTX using the MTX pen in patients with
rheumatoid arthritis who required MTX treatment (Pachon et al.,
2014).

A study conducted in Germany in 12 different centres assessed
the preference of methotrexate prefilled pen to the prefilled syr-
inges. It was a prospective and two sequence crossover study.
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Among the study group 76% preferred prefilled pen over prefilled
syringes. The usability, satisfaction and acceptability of the self-
injecting pen were appreciated by 73% — 76% of the total 120
patients participated in the study. The prefilled pen of methotrex-
ate was introduced for easy use and patient’s convenience. In the
prefilled pen, the needle covers automatically which could protect
the patient from accidental needle prick and secondary infections
(Demary et al., 2014). In another study with 130 patients on
methotrexate therapy, reported the preference and comfort of high
concentration of methotrexate, 50 mg/mL over 10 mg/mL as this
could reduce injected volume with prefilled syringe (Hoekstra
et al., 2004; Cronstein, 2005).

In a recent study to compare the acceptability and compliance
of injection of methotrexate with pre-filled syringe and new
auto-injector in rheumatoid arthritis patients, the conclusion was
that though the compliance the users expressed was excellent with
both the devices they have used but the preference showed was for
autoinjectors (Saraux et al., 2019).

5.6. Interferon autoinjector for multiple sclerosis

Interferon beta -1b is a drug used in the management of multi-
ple sclerosis which is a chronic autoimmune disease. It affects all
parts of the central nervous system. In the early stages of the dis-
ease, most of the patients experience periods of neurological
relapses and remissions which progress into neurological deterio-
ration later (Barone et al., 2016). Though complete cure is not pos-
sible for multiple sclerosis, the disease exacerbation could be
reduced with disease modifying drugs like interferon B-1a so that
the disability progression may be delayed and produce effective
improvement. A common feature of patients with multiple sclero-
sis is the deterioration of fine motor skills which reduce their
capacity to administer injections (Lugaresi et al., 2014). As these
patients will be on chronic medication the drug administration will
be a task on regular basis. In addition to the deterioration of motor
skills, needle phobia and anxiety to injection make the patient to
skip or discontinue medication (Tremlett et al., 2008; Devonshire
et al, 2011). Hence, ease of use is very important for self-
administration of the drug, which can be achieved by improve-
ments in the autoinjector. In such cases electronic autoinjector
may be a better option.

Bayer Pharma AG has introduced BetaconnectTM, an electronic
autoinjector of interferon beta-1b/betaseron for multiple sclerosis.
This autoinjector is with an ergonomic design which makes the
device easy to handle and allows one-handed injections with hid-
den needle. It has audibled and visible indicators of battery status,
safety release and dose reminder functions. The syringe for inter-
feron beta-1b release is placed within the autoinjector, and the
interior features injection setting controls (Ziemssen et al., 2015).
The most valued unique features are its self-check function, built
in dwell time, greater ability to customize injections, low injection
noise, adjustment of injection speed and automatic needle retrac-
tion. A survey conducted on 90 multiple sclerosis patients for their
preference of betaconnect over their current mechanical autoinjec-
tors, 83 percent preferred betaconnect over their current autoin-
jector (Barone et al., 2016).

Using Rebismart - a retrospective observational study was
reported for the administration of interferon beta-l1a to assess
the adherence and relapses. This cohort study was conducted
between 2010 and 2015 with 110 Spanish patients. The study con-
cluded that 96.5% had median adherence and 77.3% had relapse
free. The study also concluded that, with every percentage unit
increase, there was 4.7% decrease in relapse supporting the accept-
ability of self-administered rebismart for interferon beta-1a
(Solsona et al., 2017).
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Kleiter et al. (2017) has conducted a study among patients with
relapsing remitting multiple sclerosis or with a clinically isolated
syndrome were treated IFN beta-1b, BETACONNECT® autoinjector
to assess the adherence and satisfaction BETACONNECT® autoin-
jector therapy. The study could conclude that the autoinjectors
showed high compliance, adherence, persistence being a user
friendly. It also boosted up their confidence in using the device.
Hence, BETACONNECT may be a useful tool to use IFN beta-1b in
patients with multiple sclerosis.

5.7. Belimumab autoinjector for systemic lupus erythematosus

Systemic lupus erythematosus is an autoimmune disease with
chronic inflammation and associated manifestations like fatigue,
joint pain, and wrist and fingers swelling can make difficulty in
the regular life (Tench et al., 2000; Lau and Mak, 2009;
Pettersson et al., 2012; Holloway et al., 2014).

B-lymphocyte stimulator is associated with systemic lupus ery-
thematosus, which is a potent B- cell survival and differentiation
factor (Thompson et al., 2000; Do et al., 2000; Batten et al., 2000;
Cheema et al., 2001; Zhang et al., 2001; Stohl et al., 2017). Beli-
mumab is a human, monoclonal antibody with B-lymphocyte stim-
ulator inhibitory action (Baker et al., 2003). Intravenous infusion of
belimumab is used as an add on drug to the normal therapy of sys-
temic lupus erythematosus, which can be done only in hospital set
up and this gave way to the development of subcutaneous injec-
tion of belimumab with autoinjector, so that the drug can be easily
and safely administered.

The bioavailability of belimumab autoinjector was studied in
healthy subjects on s.c. administration (Struemper et al., 2016).
The safety profile of s.c. belimumab was compared with i.v. beli-
mumab and found to be safe. A randomized, placebo-controlled
52 weeks study explored the efficacy and safety of s.c. belimumab
in systemic lupus erythematosus. Its safety profile was similar to
that of belimumab as reported earlier. As it could be administered
by the patient, it has become a viable treatment choice (Stohl et al.,
2017). Self-administration is a criterion especially in conditions
like rheumatoid arthritis as it could decrease the travel and
expense to take an infusion in the hospital and hence patients pre-
fer to get the drug administered by themselves (Chilton and Collett,
2008). Self-administration of belimumab 200 mg as single dose s.c.
injection using prefilled syringes or autoinjector in healthy volun-
teers was found to be reliable and safe with good usability profile
(Struemper et al., 2016). This dose could give a steady state area
under curve similar to 10 mg/kg i.v. every four weeks (Cai et al,,
2013; Yapa et al., 2016).

The suitability of a novel autoinjector for self-administration of
belimumab by patients with active systemic lupus erythematosus
and the changes in pharmacokinetic trough concentrations when
switching from i.v. to s.c. administration was assessed in patients.
It was an open-label multi-dose study in 95 patients. The safety
and tolerability of belimumab administered via the autoinjector
was also evaluated. Patients have self-administered belimumab
200 mg s.c. through autoinjector device for 8 weekly doses which
was well tolerated and showed good level of reliability and usabil-
ity. The pharmacokinetic data strongly supported a time interval of
1 - 4 weeks, when switching between the i.v. and s.c. administra-
tion (Sheikh et al., 2016).

5.8. Golimumab autoinjector for ulcerative colitis

Golimumab is available as 50 mg and 100 mg solution, in pre-
filled syringe and prefilled Smartject autoinjector (Flamant et al.,
2017). It can be used for moderate to severe ulcerative colitis
(Strik et al., 2017), which is a chronic inflammatory bowel disease
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characterized by symptoms of bloody diarrhea, abdominal pain,
and asthenia.

Golimumab is a drug used for the treatment rheumatoid arthri-
tis. In a study, golimumab was administered by s.c. route using
autoinjector and needle with syringe. This study could prove a
comparable tolerability and pharmacokinetic property of the two
drug delivery systems. The patient evaluation of golimumab
autoinjector was carried out in a prospective, open label study with
3280 patients and found 67.7% people were comfortable to use
autoinjector and had less baseline disease activity (Schulze-
Koops et al., 2015).

5.9. Phentolamine autoinjector for erectile dysfunction

Phentolamine is an adrenergic drug. It is available in autoinjec-
tor with vasoactive intestinal polypeptide for erectile dysfunction.
The availability of this autoinjector could overcome the difficulty of
drug administration and different side effects associated with most
of the preparations available for this condition. Reliaject is a
patented autoinjector which is used for the safe, easy, and accurate
administration of this combination (Keijzers, 2001).

5.10. Buprenorphine autoinjector for severe pain

Buprenorphine is used for the management of severe pain
including cancer pain. It is an opioid analgesic which is 25 times
more potent than morphine in its analgesic activity. It is having
long duration of action due to its tight binding to tissues.
Buprenorphine is found to be safe in pregnancy and is preferred
to be formulated in autoinjector for its long action. Buprenorphine
administered through autoinjector was compared with manual
injection and found to be safe in rat model (Sheela et al., 2015).
The buprenorphine cartridges for analgesic purpose were prepared
and safety evaluation and quality control tests were carried out
and found to be safe for further research The haematological and
biochemical parameters were evaluated after administering
buprenorphine for 7 and 14 days and there was no significant dif-
ference between the autoinjector and manual injection (Sheela
et al., 2017).

5.11. Amikacin alone and in combination with cefazolin autoinjector
for microbial infection

The aminoglycoside antibiotic amikacin sulphate is effective on
aerobic gram-negative bacteria, a few gram-positive microorgan-
isms and gentamycin-resistant organisms (Gonzalez and Spencer,
1998). Vijayaraghavan et al. (2014) studied and reported the stress
induced changes in haematological and biochemical responses by
the administration of amikacin injection using autoinjector in ani-
mals and found to be safe and tolerable. An autoinjector with
500 mg amikacin sulphate has been developed with dual dose
adjustment and a dilution facility for child and also for veterinary
use (Anitha et al., 2016). Geetha et al has reported the combination
of amikacin with cefazolin (250 mg + 500 mg/2 mL) for bio-threat
organisms (Geetha et al., 2016).

6. Conclusions

Autoinjectors has many benefits for the user and health care
professionals in case of emergency as well as in chronic diseases.
It is recommended for anaphylaxis, migraine, status epilepticus,
psoriasis, diabetes, multiple sclerosis, and rheumatoid arthritis.
The administration of drugs using autoinjectors device provides
multiple benefits like safety, efficacy, and fast absorption. The drug
cartridge can also be replaced and the autoinjector device can be
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made reusable. Autoinjector device could be used to deliver emer-
gency drugs to children and it may be used interchangeably.
Autoinjector device is used to deliver antidotes and vaccines for
veterinary purposes in farm and pet animals. Natural and man-
made disasters are sudden and rapid, many times it is not possible
to mobilize the exposed casualties for medical treatment. An
autoinjector would be very useful in such situations since it can
deliver the drugs within seconds. Autoinjectors are proven safe
for many lifesaving drugs. Looking to the future, these needs will
continue to be important in device development and selection. In
conclusion, we recommend that the new autoinjector entering
the market should have the following requirements: 1. Safety, 2.
Ease of use, 3. Convenience, 4. Sustainability, 5. Interchangeable
use, 6. Provide additional off-device services, and 7. Reusable.
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