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	 Modification in drug release provides efficient drug delivery for the benefit of the 
consumers in improving their convenience, compliance, safety, and efficacy. The need for 
self-administration of drugs has also evolved due to extreme conditions like natural and man-
made disasters to reduce the malaise and fatality. The purpose of this research is to know 
the reliability of using an opioid analgesic through a self-injectable device during extremity 
conditions. The opioid analgesic used in this research was buprenorphine. This self-injectable 
analgesic autoinjector is a recyclable device with the advantage of dose selection. Sterile water 
from the cartridge was replaced with an opioid analgesic (buprenorphine hydrochloride) under 
a laminar flow to obtain dosage concentrations of 50µg/mL and 100 µg/mL, respectively. All 
quality control tests were carried out. Opioid analgesic was given intraperitoneally   through 
an autoinjector in albino rats continuously for 7 or 14 days to evaluate the reliability of using 
an analgesic autoinjector by observing their oxidative stress parameters. The buprenorphine 
autoinjector and the drug cartridges quenched the required quality check. There was no sign 
of bleeding or injury in the essential organs of albino rats in the research categories, when 
they were autopsied after euthanasia. The oxidative stress parameters, viz., GSH, MDA, SOD, 
catalase, GPX, and GR of blood and GSH and MDA of liver and kidney showed the absence 
of any remarkable change in the experimental albino rats. The newly developed analgesic 
autoinjector was tolerable and reliable in albino rats and renders a scope to extend the research 
in human participants.
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	 The efficient drug delivery involves 
an alteration in drug release to improve its 
bioavailability, metabolism, and elimination for 
the benefit of victims to enhance their convenience, 
compliance, efficacy, and tolerability during their 
usage.1 The non-invasive conventional routes are 

easier to administer the drugs, which include per 
oral, topical, nasal, buccal, sublingual, vaginal, 
ocular, and rectal.2 Recently, the burden of 
managing communicable diseases has increased 
globally. Therefore, the requirement for self-
injectable devices has increased even in developed 
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countries like the USA, where over 9000 people 
attain 65 years every day, and the percentage of 
adults suffering from multiple chronic diseases 
has increased, making the hospital unable to meet 
the demand for patient care.3The need for self-
administration of drugs has also evolved due to 
emergency conditions like natural and man-made 
disasters. The benefit of a self-injecting device is 
its flexibility of injecting the medicaments at any 
time and in any place.4 Autoinjectors, pen injectors, 
and inhalers are some of the self-administering 
injecting devices.5 Insulin Pen injectors are used 
for the dispensing insulin in the management 
of diabetes.6The inhalers have the advantage of 
cost-effectiveness and portable convenience, but 
they can be used only in patients who are able to 
coordinate.7The novel drug delivery method, like 
transdermal patches, also has its own limitations, 
like local irritation, erythema, itching, and local 
oedema at the site of administration. The drug 
molecule in a transdermal patch should possess 
the characteristic feature of smaller size and lipid 
solubility for better penetration through the skin 
to produce the effect. The drugs given through 
this route are delivered in a controlled manner 
for providing the therapeutic effect for a longer 
duration.8The limitation of the conventional drug 
delivery is to provide adequate effect during 
emergency conditions like man-made disasters, 
during war, and natural disasters like tsunamis, 
earthquakes, floods, etc. This has led to the 
introduction of another self-injectable device, the 
autoinjector. 
	 The autoinjector was first introduced 
in the early 1970s as an alternative to manual 
injection to administer the drugs through the 
subcutaneous route.9,10 Suitability and acceptability 
of the autoinjectors by the patient have given 
way in the treatment of many conditions like 
anaphylaxis, nerve gas poisoning, seizures, opioid 
overdose, multiple sclerosis, and rheumatoid 
arthritis.11Results of uninterrupted development 
in technologies have contributed to a simple push-
type autoinjector from the earlier, more complex, 
and fully automatic button type. Presently, the FDA 
has approved an autoinjector for the treatment 
of adults with moderate to severe rheumatoid 
arthritis.12For the first time in India, a conception 
of a self-injectable device for buprenorphine, an 
opioid analgesic, was proposed. This self-injectable 

device was available with the replaceable cartridges 
and dose selection mode for better usage during 
crisis situations for children and adults.13

	 Generally, frequently used analgesics 
are more effective against nociceptive pain than 
neuroleptic pain. The mild and moderate pains 
were managed by nonsteroidal anti-inflammatory 
drugs, and chronic pains were managed with 
opioid analgesics. Opioid analgesics used in 
chronic treatment produce physical dependence 
and reduction in immunity. This partial agonist and 
antagonist, the opioid analgesic buprenorphine, 
was used in the development of the present 
analgesic autoinjector due to its advantages of 
prolonged effect, minimal neonatal abstinence 
syndrome, a ceiling effect in respiratory depression, 
and reduction of immunity on chronic use. Another 
advantage of an autoinjector is its usability in 
children and farm.14 Amikacin is an effective 
antibiotic against gram-negative as well as gram-
positive bacteria. Hence, being a broad-spectrum 
aminoglycoside, it was used in the development of 
the antibiotic autoinjector.15

	 Acute or chronic tissue injury can produce 
oxidative damage to the cell membrane by releasing 
the free radicals. Free radicals are atoms, ions, or 
molecules with unpaired electrons, which are not 
stable and highly reactive. Generally, a healthy cell 
maintains an equilibrium between the formation of 
antioxidants and the removal of free radicals. When 
the equilibrium is altered, there is an increase in 
cell damage or death due to oxidative stress. These 
highly reactive ions can initiate lipid oxidation and 
break the double helical DNA structure and oxidize 
the biological membrane, resulting in tissue injury, 
which can result in a decrease of antioxidants 
like superoxide dismutase (SOD), catalase, and 
glutathione peroxidase activity (GPX). The 
decrease in these enzymes can affect the essential 
functions.16

	 This self-injectable device can release the 
medicament with force. The improper handling of 
the device and the inappropriate muscle size may 
produce negative efficacy of the device by venturing 
the patient at risk.17The present work investigates 
the reliability in delivering the medicaments 
through the self-injectable autoinjector by noticing 
any alterations in the oxidative stress parameters 
of albino rats used for this research.
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Materials and Methods

Animal
	 The weight of the albino Wistar female 
rats used in this research work ranged from 180 to 
240 g (5 to 6 months old), which were purchased 
from the animal house of Saveetha University. 
Fifty percent of albino rats from each category 
were maintained in single polypropylene cage 
with paddy husk as the bedding material under 
controlled temperature, humidity, and natural 
dark/light cycle. Laboratory animal feed (VRK 
Nutritional, India) and filtered water were given to 
the albino rats. The experiments were carried out 
as per the CPCSEA guidelines (Committee for the 
Purpose of Control and Supervision of Experiments 
on Animals, India). The research work was initiated 
after obtaining prior permission from the Animal 
Ethics Committee of Saveetha University.
Preparation of Buprenorphine Cartridges
	 Glass cartridges filled with sterile 
water and embedded inside with a 23-gauge 
convoluted needle were used for the preparation of 
buprenorphine cartridges (M/s Neon Laboratories 
Ltd., Mumbai, India). The capacity of each 
cartridge was 2.3 - 2.4 mL. When used in the 
autoinjector, 2.1 to 2.2 mL would be delivered 
without the restrictor, and with the restrictor, about 
1.5 mL would be delivered (dual dose mode). Two 
different concentrations of 50 ìg/mL and 100 ìg/
mL were prepared by withdrawing 0.4 mL or 0.8 
mL of sterile water from the glass cartridge and 
replacing the same volume with buprenorphine 
hydrochloride from a 0.3 mg/mL vial (2 mL) of 
M/s Neon Laboratories Ltd., (Mumbai, India). 
To check the quality control parameters. A few 
buprenorphine cartridges were randomly taken and 
subjected to vibration tests, drop tests, injection 
efficiency tests, low-pressure tests, and sterility 
tests.
Autoinjector
	 The  r eusab le  au to in jec to r s  a re 
manufactured by Hindustan Industries (Gwalior), 
Hariom Technologies (Hyderabad) and Neon 
Laboratories (Mumbai). They specifically supply 
atropine and pralidoxime filled autoinjectors for 
military and paramilitary preparedness against 
nerve gas poisoning(Figure 1)
Experimental Categories
	 The following were the experimental 

groups.
Group 1: Control, sterile water manual injection 
for 7 continuous days,
Group 2 - Drug concentration 50 ìg/mL, through 
an autoinjector for 7 continuous days,
Group 3 - Drug concentration with 50 ìg/mL, 
through manual injection for 7 continuous days,
Group 4 - Drug concentration 100 ìg/mL, through 
an autoinjector for 7 continuous days,
Group 5 - Drug concentration 100 ìg/mL, through 
manual injection for 7 continuous days,
Group 6: Drug concentration 50 ìg/mL, through an 
autoinjector for 14 continuous days.
Group 7: Drug concentration 50 ìg/mL, through 
manual injection for 14 continuous days.
	 In each category, 6 animals were used. 
The experiment was carried out in phases I & II, 
containing 3 animals in each category, and the data 
was pooled.
Drug Delivery through Autoinjector
	 When an opioid partial agonist analgesic 
was dispensed through an autoinjector to the albino 
rats, the animals were held gently and firmly in a 
supine position on an operation table. After turning 
the protection lock clockwise in the autoinjector, 
they were placed gently in the rats, either on the left 
or right part of the lower abdomen, and the trigger 
button was pressed to release the medicament 
intraperitoneal route. The autoinjector was 
positioned on the abdomen for 10 sec for effective 
drug delivery. The albino rats were allowed to move 
freely after the smooth removal of the autoinjector. 
The weight of the drug cartridge was noted prior 
and post drug release to calculate the dose and the 
volume of the medicament dispensed. The expelled 
needle was measured by a vernier caliper. The drug 
was injected in albino rats in the left or right part 
of the lower abdomen on alternate days.
Conventional Drug Injection Technique 
(Manual)
	 After administering buprenorphine 
through an autoinjector to the albino rats, the 
drugs remaining in the cartridges were collected 
separately (50 ìg/mL and 100 ìg/mL) for manual 
medicament intake. The volume of drug injected 
intraperitoneally is around 1.2 mL using a 2.0 mL 
syringe with a gauge size of 23.
Sample Collection
	 The weight of the albino rats, food and 
water intake, along with their general behaviour, 
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were monitored and noted daily during the 
experimental period. Blood was withdrawn from 
the orbital plexus on the 8th or on the 15th day 
after anesthetizing the rats with isoflurane. Blood 
was collected in a vacutainer with tri-potassium 
ethylenediamine tetra acetic acid to prevent 
coagulation. The animals were euthanized with 
an overdose of isoflurane, and the liver and kidney 
were excised out. These organs were weighed, 
cleaned, and stored at –80°C for biochemical 
analysis.
Estimation of antioxidants in blood
	 Superoxide dismutase (SOD) was 
estimated by following the procedure of Kakkar 
(1984). A blood sample with anticoagulant 
was taken, and hemolysate was prepared based 
on the above method. The quantification of 
this antioxidant was done at 560 nm using a 
spectrophotometer (Genesys 10S, USA). The 
SOD antioxidants interfere with the formation of 
the nicotinamide adenine dinucleotide NADH-
phenazine methosulphate-nitro blue tetrazolium 
complex.18Catalase activity was determined as 
per the procedure mentioned by Luck (1974). 
The catalase activity was estimated by measuring 
hydrogen peroxide using a spectrophotometer at the 
wavelength of 240 nm.19 Ohkawa’s method (1979) 
was used to calculate malondialdehyde (MDA) in 
which a pink colour is formed due to the interaction 
of MDA with thiobarbuitric acid and measured 
spectrophotometrically at 535nm.20Glutathione 
peroxidase (GPX) and glutathione reductase (GR) 
activity were also estimated spectrophotometrically. 
Glutathione (GSH) content was estimated using 
DTNB (Ellman’s reagent), and the coloured 
byproduct was measured at 412 nm using a UV-

VIS spectrophotometer.21One unit of glutathione 
reductase enzyme activity is described as the 
reduction of one ìM of glutathione disulfide to 
glutathione per minute at 25 C and pH 7.6.22

Tissue Biochemical Estimation
	 Specimens for calculating the antioxidant 
levels were collected in two different parts. Each 
organ was weighed initially and homogenized 
using a Potter-Elvehjem tissue homogenizer. 
Phosphate buffer saline (PBS) 50 mM pH (7.4) 
was used for the estimation of GST, CAT enzyme 
activity, and GSH level, and potassium phosphate 
buffer 10 mM pH (7.4) was used for the estimation 
of MDA and GPX activity. The supernatant liquid 
produced during centrifugation of crude tissue 
homogenate at 10,000 rpm for 15 minutes was 
utilized for further estimations.23

Statistical Analysis
	 The research data was analysed by one-
way ANOVA with Dunnett’s test for comparison 
with the control. The research data was expressed 
as mean + SE. The results in this work were taken 
to be significant when the “P” (probability) value is 
equal or less than 0.05.  The statistical analysis was 
carried out using SigmaPlot 13.0, and the graphs 
were plotted using Systat Software, USA.

Results

	 The opioid analgesic buprenorphine 
autoinjectors are intended to be used during 
catastrophes and require efficient functioning in 
those situations. Hence, various quality control 
parameters like robustness, mechanical handling 
force, drug-delivering time, needle length, volume 
of drug released, and sterility of autoinjectors 

Fig. 1. Autoinjector with injected buprenorphine cartridge
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Fig. 2. Blood GSH and MDA levels in control, A and M groups using two concentrations of drug cartridges (5 
0ìg/ mL and 100 ìg/mL) and two durations, 7 d and 14 d. Mean + SE (n = 6).  A: autoinjector; M: manual; d: day

were carried out. The analgesic autoinjector and 
cartridges cleared all the above quality checks. 
Usage of an analgesic autoinjector in the albino 
rats by intraperitoneal injection showed an absence 
of mortality in any of the experimental categories. 
There was no marked difference in animal feed 
and water consumption and in the gross behaviour 
of experimental animals. When the rats were 
autopsied after euthanasia, there was an absence 
of bleeding or abdominal injury in any of the 
categories.
	 The volume of drug released through this 
self-injectable device was about 1.25 + 0.05 mL, 
and the dose was about 0.352 + 0.021 mg/kg and 
0.678 + 0.040 mg/kg of 50 ìg/mL and 100 ìg/mL 
cartridges, respectively. The corresponding doses 
of opioid analgesic released by manual injection 
were 0.336 + 0.012 mg/kg and 0.649 + 0.015 
mg/kg, respectively. Using the restrictor in the 

autoinjector, the needle length was adjusted for 
effective delivery, and it was around 1.5 mm.
	 The blood GSH level in the control was 
20.5 + 2.0 mg/dL, and in the experimental albino 
rat, a significant decline in GSH levels was not 
observed. Whereas, in the research group of the 
14-day study with the 50 ìg/mL cartridge, GSH 
level in both the autoinjector and manual groups 
exhibited a marked increased level. The MDA 
levels in the control group were 2.23 + 0.19 ng/
mL, and there was also no remarkable increase in 
any of the groups. Whereas in a 7-day study with a 
drug cartridge of 50 ìg/mL, MDA concentration did 
not show any notable decrease in both autoinjector 
and manual groups (Figure 2).
	 The liver and kidney GSH concentrations 
were not altered. However, in the manual group of 
100 ìg/mL with the study duration of 7 days, there 
is an increase in liver GSH values. A significant 
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Fig. 3. MDA and GSH levels of liver and kidney in control, autoinjector (AJI) and manual(M) groups using two 
concentrations of drug cartridges (50ìg/mL and 100ìg/mL) for 7-day duration. + SE (n = 6)

proliferation was exhibited in kidney GSH levels 
for the autoinjector group in a 7-day study with 
50 ìg/mL. There were no significant modifications 
seen in liver MDA values; meanwhile, for 100 
ìg/mL in manual drug administration of a 7-day 
study duration, the kidney MDA values showed a 
significant increase (Figure 3).
	 The SOD and catalase antioxidant levels 
in blood were modified with a notable increase in 
the experimental groups for the dosage of 50 ìg/
mL in 7 and 14 days of research duration in the 
self-injectable device (autoinjector) and manual 
group, respectively (Figure 4).
	  The self-injectable device group and 
the manual group of 50 ìg/mL cartridges for 14 
days showed a marked raise in the values of blood 
GPX levels (Figure 4). The glutathione reductase 
antioxidants confirmed the absence of significant 
variations in any of the experimental groups 
(Figure 5)

Discussion

	 The current experimental work was 
done to know the reliability and efficiency of 
buprenorphine when administered through a self-
injectable autoinjector device. The drug dispensed 
through this technique requires pressure and it 
is been given continuously for 7 and 14 days. 
The autoinjectors intended for intramuscular 
administration were tested by intraperitoneal 
administration in albino rats. The reliability in 
using this device was studied by confirming the 
antioxidant enzymes in rats. The novel idea behind 
the analgesic autoinjector development was for 
their reliability in patients’ compliance during 
chronic treatment and during contingency in order 
to reduce the fatalities and further complications. 
The analgesic autoinjector developed is recyclable 
with changeable cartridges.  The preferable route 
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Fig. 4. Blood SOD and catalase levels in control, A and M groups using two concentrations of drug cartridges 
(0.05 and 0.10 ìg/mL) and two durations, 7 d and 14 d. Mean + SE (n = 6). A: autoinjector; M: manual; d: day

for the drug to be dispensed during injuries would 
be intramuscular route for better drug absorption 
because of hypotension due to blood loss. The 
analgesic autoinjector can be preferred in adults 
and children by selecting the dose.
	 Free radicals are released during physical 
or psychological stain by external or internal 
stimuli.  There are drugs that can increase or 
decrease the release of these highly reactive ions. 
Dopamine, propofol, dobutamine, noradrenaline, 
captopril, fluvastatin, atorvastatin, topiramate, and 
zonisamide are some of the drugs that increase 
the antioxidant capacity.24 Drugs like phenytoin, 
valproic acid, carbamazepine25, doxorubicin, 
5-fluorouracil, cyclophosphamide26, and  opium 
drugs like morphine, heroin, and buprenorphine 
reduced the antioxidant level when they were used 
for long-term therapy. Genotoxicity was evident in 
morphine and noscapine, whereas in buprenorphine 
and pentazocine it was absent.27

	 Oxidative stress is produced when the 
reactive oxygen species levels have been markedly 
increased and the antioxidants are released to 
neutralize these reactive ions. The balance between 
the antioxidant enzymes and the reactive ions 
can be disturbed by the psychological stress in 
humans and the restrain stress in rats.28 SOD, 
catalase, glutathione peroxidase plays a pivotal 
role in defending these reactive species.29 In this 
experimental study, SOD and catalase levels have 
raised in autoinjector and manual medicament 
dispense groups with same dose of 50ìg/mL but 
with different study duration. In autoinjector, it 
was in 7 days study duration and in manual group 
it was 14 days study duration (Figure 4). 
	 GPX is a stable enzyme, and its activity is 
directly explained by the content of GSH since it 
is a substrate and cofactor of GPX.30,31 Glutathione 
is the earliest catalyst released to overcome the 
excess release of highly unstable ions. The GR 
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Fig. 5. Blood GPX and GR levels in control, A and M groups using two concentrations of drug cartridges (0.05 
and 0.10 ìg/mL) and two durations, 7 d and 14 d. Mean + SE (n = 6). A: autoinjector; M: manual; d: day

levels were not altered in all the experimental 
categories, whereas the GPX was elevated in both 
experimental drug administration group (50ìg/
mL,14 days) (Figure 5).	
	 The decrease in concentration of GSH 
is an index for the liver damage.32 The present 
experimental study has shown a marked raise in 
liver and kidney GSH levels ,when the drug was 
given in conventional intraperitoneal injection 
having higher dose and in self-injectable device 
having lesser dose (Figure 3). Blood GSH levels 
have elevated in both the self-injectable device and 
conventional injection groups having same dose of 
50 ìg/mL and study duration of 14-day (Figure 2).
	 Malondialdehyde is a compound released 
from polyunsaturated fatty acid peroxidation and 
arachidonic acid metabolism. Lipid peroxidation is 
an indicator for oxidative stress in which membrane 
lipids of plants and animals’ break down, and 
during this, the most abundant unstable compound 

is MDA. Due to this, measuring MDA is considered 
to be an indicator for lipid peroxidation. Many 
studies supported the increase in MDA content as 
a sign of major depressive disorder.32 In the present 
experimental study, there was no significant raise 
in MDA level; instead, there was a decline in MDA 
level in both the experimental groups for the study 
period of 7 days with the dosage of 50 ìg/mL when 
compared with control (Figure 3). 
	 The buprenorphine autoinjector did 
not produce any adverse effect on various 
haematological and biochemical parameters 
when administered intraperitoneally to rats for 7 
and 14 days.11 The oxidative stress enzymes like 
superoxide dismutase, catalase and glutathione 
peroxidase have shown the difference in their 
proportions for both the autoinjector and manual 
drug administration groups. Thus, the self-
injectable device can be used to manage the pain 
during extremity conditions.
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Conclusion

	 The newly developed opioid analgesic 
autoinjector proved to be tolerable and reliable in 
albino rats by producing no damage to essential 
organs. The dose selection facility in the developed 
analgesic autoinjector can find its benefit even in 
children and also in farm and pet animals. The 
present research strengthens their suitability for 
usage in individuals during any disaster and for 
mass casualty management. Thus, the research on 
the opioid analgesic through the self-injectable 
device even encourages to extent the concept in 
producing different drug cartages for managing 
the chronic pain. Thus, the present experimental 
research can be extended in humans for their 
reliability and tolerability. 
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