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Objective: The objective was to compare the biochemical changes of amikacin by autoinjector delivery and
manual injection in rats.

Materials and Methods: Amikacin drug cartridge (500 mg/2 mL) for autoinjectors was diluted to 63 mg/mL and
rats were administered 1.2 mL, i.p. One group was given 3 and a second group 7 injection on consecutive days.
3 and 7 days manual injection of same dose of amikacin (about 500 mg/kg, i.p.) and a control group (saline) were
also included (total 5 groups). On day 4 or 8 biochemical parameters were studied.

Results: Significant increase in urea, creatinine and aspartate aminotransferase were observed in 7 days
administration in both autoinjector and manual injection groups compared to control group. All other parameters
viz., glucose, cholesterol, total triglycerides, bilirubin, uric acid, total protein, albumin, alanine aminotransferase
and alkaline phosphatase did not show any significant change. No significant change was observed in 3 days
administration groups.

Conclusion: High dose of amikacin for longer duration is known for its nephrotoxicity which is evidenced by the
increase in urea and creatinine in both autoinjector and manual injection groups. This study shows that

autoinjector device for amikacin which is new can be considered for further research work.

INTRODUCTION

Several developments have been made in drug
formulations and delivery systems to meet the need of the
patients as well as manufacturer (Zhou et al., 2014). Methods
are available for self administration of the prescribed drugs for
slow as well as rapid release of the drug. Administration of drugs
by injection in emergency is mandatory and has many risks and
challenges. In such a situation, use of autoinjector has many
benefits. Autoinjector devices are developed for rapid self-
administration of the recommended drugs. In the autoinjector the
drugs are delivered by deep intramuscular injection with a spray
effect, resulting in increased area and faster drug absorption. The
needle is not visible in the autoinjectors which can reduce
anxiety and needle phobia. These devices are well suited for
mass casualty situations and will be painless and convenient.
Autoinjector devices are available only for a few emergency
situations (Vijayaraghavan, 2012). Autoinjector devices of
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atropine sulphate and pralidoxime chloride are available for nerve
agent exposure in war scenarios (Vijayaraghavan et al., 2012;
Vijayaraghavan et al., 2007). Only for a few emergency situations
the recommended drugs are available as autoinjectors viz.,
midazolam for seizures, diazepam for status epilepticus,
epinephrine for anaphylaxis and sumatriptan for migraine (Lamson
et al., 2011; Sicherer et al., 2007; Levy et al.,2004; Monstad et al.,
1995).

Recent times have witnessed several natural (earth quake,
flood, avalanche, tsunami) and manmade (military operations,
terrorism, rail and road accidents) disasters in which the medical
attention could not reach in desired time (Yamanouchi et al.,
2014). Any delay in medical attention in critical situations with
serious injury may end up in severe infection. In such conditions
autoinjector of an antibacterial drug will be highly useful. Several
reports are available that preventing the infection in the initial
stage significantly reduces morbidity and mortality (Rodriguez et
al., 2014, Gillespie and Walenkamp, 2010).

The emergence of bacterial resistance to commonly used
antibiotics has necessitated retention of the aminoglycosides as a
viable treatment option.
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Aminoglycosides are an attractive treatment alternative
due to their chemical stability, fast bactericidal effect, synergy
with B--lactam antibiotics, low incidence of resistance, and relative
lower cost. (Wargo and Edwards, 2014) They show post antibiotic
effect and are not metabolized in the body and normally excreted
as such in the urine.

Aminoglycosides bind mainly to 30s ribosomes and
interfere with initiation of protein synthesis, block the translation
of mRNA and prematurely terminate the protein synthesis.
Incorrect amino acids are incorporated in the protein chain leading
to abnormal protein production in the microorganism.

Amikacin is a broad spectrum amino glycoside antibiotic
derived from kanamycetin and is highly effective against gram
negative organisms (including gentamycin resistant strains) as well
as few gram positive organism (Cunha, 1988).

The amikacin autoinjector is a new device and was
developed as a reusable autoinjector in which the drug cartridges
can be changed and can deliver full dose or partial dose
(Vijayaraghavan et al., 2014). The advantage of amikacin is its
safety and can be supplemented with other antibiotics when
medical attention arrives The purpose of the study was to compare
the usability and tolerability of Amikacin administered through
autoinjectors with manual injection using haematological and
biochemical parameters in rats.

MATERIALS AND METHODS

Drugs and chemicals

Amikacin drug cartridge developed by Saveetha
University with the collaboration of Defence Research and
Development Organization and M/s Neon Laboratories (Mumbai),
was used for the study.

This autoinjector has the option to select full dose
delivery or partial dose delivery (dual dose autoinjector). The
cartridge was made for human dosage (500 mg in 2 mL) of
amikacin as amikacin sulphate with stabilizers. The cartridge was
made with 2.3 to 2.4 mL of drug solution and upon ejection by the
autoinjector 2.1 mL to 2.2 mL would be delivered. The other
chemicals were either Indian Pharmacopoeia grade or analytical
grade purchased from standard companies.

Animals

Female Wistar rats weighing 120 - 180 g were used from
Biomedical Research Unit and Laboratory Animal Centre
(BRULAC, Saveetha University). Rats were fed with a standard
commercial pellet diet from TANUVAS (Chennai) and drinking
water ad libitum.

Animals were maintained during the whole experimental
period in accordance with the guidelines of ‘Committee for the
Purpose of Control and Supervision of Experiments on Animals’
(CPCSEA, India). The rats were maintained at 25 + 2°C, 40 to 60
% relative humidity and natural dark/light cycle. The study was
approved by Institutional Animal Ethical Committee of Saveetha
University (SU/ BRULAC/RD/010/2014, Dated, 30 May 2014).

Dilution of drug cartridge

The experiment was designed to administer higher dose
of amikacin for a shorter and a longer duration. The human dose
cartridge was diluted 1:4. For this, 1.75 mL of the drug solution
was withdrawn from the cartridge under a laminar flow and 1.75
mL of sterile saline was injected back to make the concentration to
63 mg/ mL. The drug cartridge was loaded in the autoinjector
with the plastic clip restrictor (Fig 1) so as to deliver partial
volume of the cartridge (about 1.2 mL against 2.4 mL). This also
would allow only a portion of the needle to be ejected (aboutl.5
cm against 2.5 cm). For a rat of 150 g the delivered dose would be
about 500 mg (63 x 1.2 x 1000/150). When the clip is removed
the autoinjector will deliver full dose with full needle out. The
refilled amikacin cartridges were subjected to various quality
control parameters viz, ruggedness test, firing efficacy test,
stability test, low pressure test and vibration test (Vijayraghavan et
al., 2007)

Fig. 1: Amikacin drug cartridge and reusable autoinjector with restrictor
delivering partial dose with partial needle out.

Experimental groups

Thirty five female rats were randomly allocated to the
following groups (7 rats per group).

Group 1: Control,

Group 2: Amikacin injection, 63 mg/mL (1.2 mL) i.p for

3 days by autoinjector,

Group 3: Amikacin injection, 63 mg /mL (1.2 mL) i.p.

for 3 days by manual injection.

Group 4: Amikacin injection, 63 mg/mL (1.2 mL) i.p for

7 days by autoinjector
Group 5: Amikacin injection, 63 mg/mL (1.2 mL) i.p. for
7 days by manual injection.

The rats were held firmly on the surgical table with its
back on the table. The autoinjector was unlocked and positioned
gently on the lower abdomen vertically. The trigger button was
pressed and held on to the abdomen for 10 seconds. The
autoinjector was then removed gently and the needle length that
was protruding from the cartridge was measured. The drug
cartridge was weighed before and after injection to estimate the
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quantity of the drug injected. For the manual injection the drug
solution removed from the cartridge was diluted suitably with
sterile normal saline to get a concentration of 63 mg/mL and from
this 1.2 mL was injected intra- peritoneally (i.p.) for each rat.

Sample collection

The animals were weighed daily. General behavior, food
and water intake were recorded. Twenty four hours after the last
dose (4™ or 8" day) animals were anaesthetized with isoflurane
and blood was collected from the orbital sinus in two separate
tubes, one with anticoagulant (EDTA) and the other without
anticoagulant. After the collection of the blood the animals were
sacrificed with over dose of anesthesia. Then organs like heart,
lungs, spleen, kidney and liver were excised, blotted free of blood,
weighed and preserved in formalin solution.

Biochemical parameters

From the tubes without anticoagulant serum was
separated from control and experimental groups. The serum was
used for the estimation of glucose, cholesterol, total triglycerides
(TGL), bilirubin, urea, creatinine, uric acid, total protein, albumin,
aspartate aminotransferase (AST), alanine aminotransferase (ALT)
and alkaline phosphatase (ALP). Roche’s standard kits were used
for the analysis as per the manufacturer’s instruction using
Modular P100 Autoanalyser. Glucose was estimated by ortho
toluedene method (Dubowski, 1962). Trinder’s method was
adopted for the estimation of cholesterol and triglycerides
(Trinder, 1969). Urease and uricase method of Trinder was used
for the estimation of urea and uric acid respectively (Prencipe et
al., 1978; Yanagi., 1924). Creatinine was estimated by Jaffe’s
method (Husdan and Rapoport, 1968). AST, ALT and ALP were
estimated by IFCC method (Lustig et al., 1988). Biuret method
was adopted for total protein (Wokes and Still, 1942), dye binding
protein method for albumin (Robertson, 1981) and Diazo method
for total bilirubin (Rand and Pasqua, 1961).

Statistical analysis

All the parameters were analysed using one way analysis
of variance (ANOVA) and compared with control using Dunnett’s
test. A probability of 0.05 and less was taken as statistically
significant. The analysis and plotting of graphs were carried out
using SigmaPlot 12 (Systat Software Inc., USA).

RESULTS

The refilled amikacin drug cartridges complied with all
the quality control parameters. Depending upon the dilution and
use the dose delivered through the autoinjector varies. In the
present study the dose administered to the rats by i.p. is 484.9 +
83.7 mg/kg (mean + SD, n = 60). The i.p. administration of
amikacin by autoinjector in the rats was quick and easy. The rats
apparently did not show pain or bleeding due to autoinjector
delivery. The general behavior, food consumption, water intake

and body weight of the rats did not show any significant difference
among the groups.

There was no significant change in the levels of serum
glucose, cholesterol, TGL and bilirubin in 3 day and 7 day groups
of autoinjector and manual injection compared to control group
(Fig 2). No significant change was observed in the levels of serum
total protein and albumin in 3 day and 7 day groups of autoinjector
and manual injection compared to control group (Table 1).

Table 1: Effect of amikacin administered through autoinjector and manual
injection by i.p. on Serum total protein and albumin in rats.

Protein Albumin
Elielp N (units) (units)
Control 7 6.61 +0.09 3.70 +0.05
Autoinjector -3 doses 7 6.60 +0.14 3.81+0.08
Manual injection-3 doses 7 6.78 +0.10 3.87 +0.09
Autoinjector -7 doses 7 6.67 +0.15 3.60+0.10
Manual injection -7 doses 4 6.37 +0.26 3.85+0.06
F 0.954 1.982
P NS NS
Mean + SE; n =7 for all, except manual 7 doses n = 4.
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Fig 2: Effect of amikacin administered through autoinjector and manual
injection by i.p. on serum glucose, cholesterol, TGL and bilirubin in rats. C =
Control Group; A-3 = Autoinjector 3 doses; M-3 = Manual Injection 3 doses;
A-7 = Autoinjector 7 doses; M-7 = Manual Injection 7 doses; Mean £ SE; n=7
for all, except Manual 7 doses n = 4. One Way ANOVA followed by Dunnett’s
comparison test with Control Group.* statistically significant from Control
Group.

Administration of amikacin for 3 days by autoinjector
and manual injection did not show any significant change in the
activities of the three enzymes studied i.e., AST, ALT and ALP.
But, 7 day administration of amikacin by autoinjector and by
manual injection significantly increased the AST activity and not
of ALT and ALP (Fig 3).
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Fig 3: Effect of amikacin administered through autoinjector and manual
injection by i.p. 0  the activities of serum AST, ALT and ALP inrats. C =
Control Group; A-3 = Autoinjector 3 doses; M-3 = Manual Injection 3 doses;
A-7 = Autoinjector 7 doses; M-7 = Manual Injection 7 doses; Mean + SE; n =7
for all, except Manual 7 doses n = 4.0ne Way ANOVA followed by Dunnett’s
comparison test with Control Group. * Statistically significant from Control
Group.
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Fig. 4: Effect of amikacin administered through autoinjector and manual
injection by i.p.on serum urea, creatinine and uric acid in rats.C = Control
Group; A-3 = Autoinjector 3 doses; M-3 = Manual Injection 3 doses; A-7 =
Autoinjector 7 doses; M-7 = Manual Injection 7 doses; Mean + SE; n = 7 for
all, except Manual 7 doses n = 4.0ne Way ANOVA followed by Dunnett’s
comparison test with Control Group. * Statistically significant from Control
Group.

Similarly, 3 days administration of amikacin by
autoinjector and manual injection did not show any significant
change in the levels of urea, creatinine and uric acid. But, 7 day

administration of amikacin by autoinjector and by manual
injection increased the levels of urea and creatinine, and the
increase in autoinjector group is statistically significant. There
was no change in the level of uric acid (Fig 4).

DISCUSSION

Thousands of mass disasters have occurred throughout
the world (IFRC, 2013). In the last three decades more than 100
earth quakes and about 1000 cyclones have occurred, causing
more than 2 million deaths. Over 100 million people have been
seriously injured causing pain and infection. Other than natural
disasters, manmade terrorism also cause mass disasters like the
one on World Trade Centre in USA (Jordon et al., 2011). These
disasters affect the environmental condition and stimulate
pathogenic organisms that are endemic and dormant in nature
(Keven et al., 2003). Coupled with the disaster crisis the infectious
diseases cause morbidity causing serious economic burden to the
affected areas.

It is absolutely essential to mobilize medical assistance
immediately during natural and manmade disasters. Due to the
disruption of the support systems the conventional medical
assistance largely gets disturbed. The relief efforts become
inappropriate resulting in increased mortality and morbidity.
Infections due to wounds and injuries, contaminated food and
water, and vector borne diseases are the causes of communicable
diseases in disaster situations (Jafari et al., 2011). With appropriate
intervention with medication, high morbidity and mortality
resulting from communicable diseases can be avoided to a great
extent. Medical treatment by trained personal may be difficult in
such type of situations due poor access. Before the full medical
assistance arrives, if pain and infection can be taken care in the
field conditions, the suffering of the injured people can be reduced.
Autoinjectors with an analgesic drug and an antibacterial drug
with pre-filled drug cartridges will be very useful as they can be
used by simple instruction printed on the device (Vijayaraghavan
et al., 2012). In most of the disaster situations the gram negative
organisms are responsible for infection (Kang et al., 2009).
Amikacin is a broad spectrum aminoglycoside antibiotic used for
gram negative infections by parenteral route. Many severe
infections with  Pseudomonas aeruginosa, Enterobacter,
Klebsiella, Serratia and other gram-negative bacteria resistant to
other antibiotics are treated with amikacin (Saavedra et al., 1986).
Amikacin is most commonly used for septicemia, bacterial
endocarditis, peritonitis, meningitis, pelvic inflammatory disease
and pneumonia. Aminoglycosides are continuously being used in
clinical practice because of their bactericidal efficacy, synergism
with B-lactam agents, low cost, limited bacterial resistance, and a
post-antibiotic effect (Gonzalez and Spencer, 1998; Cunha, 1988).

The autoinjector delivers the drug by deep intramuscular
injection with a force covering large area for a quick absorption.
Hence the tolerance and acceptability of the autoinjector delivered
amikacin compared with manual injection in animal model was
studied to progress further for human clinical use. Rat model with
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intraperitoneal route was selected in the present study, so that if it
is tolerable, larger animals with other routes like i.v and i.m will
be more acceptable. Biochemical parameters can act as indicators
for various body functioning. Aminoglycosides are known for its
nephrotoxicity, ototoxicity and neuromuscular blocking activity
(Pelogquin et al., 2004). Hence, in this study, the various
biochemical parameters were studied, as alterations in these
parameters have clinical significance. Organ to body weight ratio
did not show any significant difference except kidney (data not
shown). Biochemical parameters especially serum AST, ALT and
ALP are the most sensitive markers employed in the diagnosis of
hepatic damage (Ezhilarasan et al., 2012). The present study
showed that the effects of amikacin by autoinjector delivery and
manual injection are same. Amikacin and other aminoglycosides
do not cause hepatotoxicity (Mor et al., 1990). In the present study
high dose of amikacin by autoinjector delivery and manual
injection did not change the alanine aminotransaminases. A
significant increase in AST, urea and creatinine were observed in 7
day administration in both autoinjector delivery and manual
injection showing that at high dose and longer duration
nephrotoxicity can occur. The effects are comparable in
autoinjector delivery and manual injection. All other parameters
viz., glucose, cholesterol, total triglycerides, bilirubin, uric acid,
total protein and albumin did not show any significant change in
both the methods of drug delivery. The intention of amikacin
autoinjector is to protect the patients from complications of wound
infection and communicable diseases in disaster situations till they
get actual medical attention. In the disaster situations amikacin
autoinjector device can also be considered for farm and pet
animals.

CONCLUSION

Aminoglycosides are known for its dose dependent
nephrotoxicity, which is evidenced by the changes in the
biochemical parameters when it is administered consecutively for
7 days by autoinjector as well as manual injection. No additional
effect was observed in the autoinjector group showing its safety
and easy usage. As there is no antibiotic autoinjector available,
amikacin autoinjector device can be considered for future research
for mass casualty management.
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