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Abstract

Aim & Objectives: Intramuscular (IM) injections of 1 mL and 3 mL Diclofenac 75 mg are used in the clinic in the management
of the pain. The present study was performed with the aim to evaluate muscle injury after IM injection of Diclofenac 75 mg/1
mL (Dynapar AQ®, Troikaa Pharmaceuticals Limited, India) and Diclofenac injection 75 mg/3 mL (commercially available) in
subjects using Magnetic Resonance Imaging (MRI) and laboratory blood tests.

Material & Methods: Two separate single arm case studies, (each comprising of a single healthy subject) were carried out
after Ethics Committee approvals and CTRI Registration. Two subjects who gave written informed consent received either
Diclofenac injection 75 mg/1 mL (Dynapar AQ®, Troikaa Pharmaceuticals Limited, India) OR Diclofenac injection 75 mg/3 mL
(commercially available) and the muscle injury was evaluated at different time points up to 14 days.

Results: In both the subjects, the intramuscular injury after the injection was reliably documented by MRI and laboratory
tests. For the subject who received Diclofenac injection 75 mg/3 mL, there was significant muscle injury observed (T2-
weighted magnetic resonance was increased manifold: the volume of muscle injury was 108 mL at 24 hr after injection; 137
mL at 48 hours, and progressive worsening after 48 hours, rising to 271 mL on Day 7 with subsequent normalization at Day
119). However, in the subject who received Diclofenac injection 75 mg/1 mL, muscle injury was relatively minor and reversed
quickly at day 7; (T2-weighted magnetic resonance volume of muscle injury was 66 mL at 24 hr after injection, a flatter peak
of 69 mL at 48 hours, declining thereafter). In the subject who received 3 mL injection, the CPK levels (Normal range: serum
CPK: 39 - 308 U/L by immune assay) were highly increased (from baseline of 47 U/L to 1975 U/L in 8 hours, 1320 U/L at 48
hours, continued elevation after 48 hours: 420 U/L at 7 Days and 267 U/L on Day 119), with prolonged plateau of elevation
and gradual decline over weeks indicating significant muscle injury with Diclofenac injection 75 mg/3 mL whereas, in the
subjects who received diclofenac injection 75 mg/ 1 mL, there was only minor increase in CPK (from baseline of 93 U/L to 433
U/Lin 24 hours) and was normalized to 95 U/L at day 7. In the subject who received Diclofenac injection 75 mg/3 mL, the IL-6
was within the upper range of normal (Normal Range: IL6 0-50 pg/mL by ELISA), and rose from a baseline of < 2 pg/mL to
37.3 pg/mL, but in the subject who received 1 mL IM Diclofenac, values stayed low throughout (<4 pg/mL).

Conclusion: There was higher muscle injury following 3 mL Diclofenac intramuscular injection when compared to 1 mL
Diclofenac intramuscular injection. This is the first comparative report confirming radiologic and laboratory evidence of
muscle injury produced by a 1 mL and 3 mL Diclofenac injection, and opens the door for further research on muscle injury,
and focuses our efforts to prevent or minimize the same.
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Introduction

Injection Diclofenac sodium is effective and well
tolerated in the management of pain [1]. The relief of
acute pain by administration of intramuscular injections of
Diclofenac is a safe and well-tolerated treatment option. It is
marketed worldwide in 3 mL, 2 mL and now 1 mL injectable
formulations. Adverse local reactions for diclofenacinjections
are reported in the medical literature [2]. Muscle injury
after intramuscular injection may often be unrecognized,
and the issue may be more severe than assumed. In a recent
experimental study by Probst, et al. rats were intramuscularly
injected Diclofenac [3]. They observed that all the
animals responded with local inflammatory intolerance.
Long-lasting fluid accumulation, necrotic changes and
infiltration of neutrophil granulocytes in the muscle were
confirmed by MRI and histopathological evaluation. The
severity of inflammation was dependent on dose and the
pharmaceutical formulation of the drug. In another study
by Probst, et al. the intramuscular injection of Diclofenac 75
mg/2 mL unexpectedly damaged approximately 60 mL of
gluteal muscle of the patient. The patient was asymptomatic,
and the muscle damage was confirmed by enhancement
of the T2-weighted MRI signal by manifolds in that area.
Elevation of the plasma CPK activity for longer than 48 hr
was also observed [4]. Local complications may commonly
occur because of bacterial contamination, wrong injection
technique, and wrong injection site [5], injection volume
[6], type and amount of solvent used and viscosity [7]. The 3
mL formulations are recommended for deep intramuscular,
generally intragluteal administration. However, the standard
needles may not reach the gluteus maximus muscle in many
cases, especially in obese patients [8,9]. Other injection sites
like the deltoid have been suggested and could be more
suitable for these patients. Owing to the small area of the
deltoid, the volume of injections that can be given at this
site is commonly 1 mL or less [10,11]. The formulation of
Diclofenac injection was recently developed to provide 75
mg of Diclofenac in 1 mL that could also be administered at
alternative sites including intra-deltoid.

Various BA/BE and CT studies have been reported in the
literature for safety and efficacy of intramuscular injection
of Diclofenac. As per literature the volume of injection is a
known factor to induce muscle injury, [12] however very
limited data are available to evaluate the muscle injury using
MRI method after the IM Diclofenac injection. To confirm
that intramuscular injection of Diclofenac 75 mg/3 mL leads
to more muscle injury compared to Diclofenac injection 75
mg/1 mL in humans, we provide the clinical case report of
two subjects who gave written consent to take extra blood
specimens for laboratory evaluation, as well as for MRI after
receiving intramuscular Diclofenac injection. This study is
focused on evaluation of comparison of muscular injury and
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other biochemical parameters after the administration of
Diclofenac injection 75 mg/3 mL and 75 mg/1 mL.

Study Design

The research comprised of a pair of prospective, open
label, single arm, and single center exploratory studies. Two
consenting healthy subjects were administered commercially
available Diclofenac 75 mg/3 mL or Diclofenac 75 mg/1 mL
(Dynapar AQ®, Troikaa Pharmaceuticals Limited) into the
upper outer quadrant of the gluteus muscle. (Adhering to the
safe IM injection technique - Z-track method).

Methodology

After Ethics Committee Approval (ECR/30/Inst/
GJ/2013/RR-16 and ECR/30/Inst/GJ/2013/RR-19)
and Clinical Trial Registry (CTRI/2020/01/023010 and
CTRI/2020/03/024099), two male subjects (one aged
36 years, bodyweight 57 kg, body height 170 cm; and the
second, aged 27 years, body weight 58.5 kg, body height 178
cm) received an intragluteal injection of Diclofenac 75 mg/1
mL (Dynapar AQ®, Troikaa Pharmaceuticals Limited, India)
or commercially available Diclofenac Sodium 75 mg/3mL.
They participated in clinical-chemical evaluations, safety
evaluations and MR imaging of the Right gluteal region
(Gluteal Maximus), aimed at evaluating a potential muscle
injury at the injection site. MRI in the supine position was
performed using a 1.5-Tesla Esanza (Siemens) within the
Radiology Department of the same Hospital by the same
team of Radiology Staff. Time Points were 2, 12, 22, 32,
47, 62,92, 122, 182, 242 min, as well as 7.5 hand 1, 2, 7
and 14 days after intramuscular administration. Blood was
withdrawn from the forearm vein before and 1, 4, 8, 24 and
48 hours, Day 7 and Day 14 after administration to measure
creatine kinase (CPK, by immune assay), C-reactive protein
(CRP, by immunoturbidimetric assay), Procalcitonin (PCT,
by electrochemiluminescence) and interleukin-6 (IL-6, by
ELISA). [Normal ranges were as follows: serum CPK: 39 -
308 U/L; CRP: 0 - 5 mg/L; Procalcitonin PCT-Q: <0.5 ng/mL
(low risk of severe sepsis and/ or septic shock); IL6 0-50: pg/
mL] These were tested in the Department of Biochemistry
and Immunology of the same Hospital by the same team of
staff.

Result

In both the subjects, the intramuscular injury after the
injection was reliably documented by MRI and laboratory
tests. 3D sequence of right gluteal region was taken before
and after administration of injection Diclofenac sodium 75
mg/1 mL and 75 mg/3 mL. The sequential scans were taken
at prescribed time format and approximate volumes of
altered signal intensity at the site of injection were measured
as described in Table 1. The MRI (T2-weighted magnetic
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resonance signal) measurementofvolume of damaged muscle
demonstrated that in case of Diclofenac injection 75 mg/1
mL (Dynapar AQ®) the muscle injury was relatively modest,
(69 mL) by Day 2, followed by rapid recovery. However, after
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administration of Diclofenac injection 75 mg/3 mlL, there
was a rapid rise in muscle damage, maximizing to 271 mL at
day 7 (Table 2, Figure 1).

Time points* Volume of muscle injury (cm?) CPK (U/L) CRP (mg/L) PCT (ng/mL) IL6 (pg/mL)
1 mL 3 mL I1mL | 3mL | 1mL | 3mL | 1mL 3mL | 1mL | 3mL
Pre dose 0 0 93 47 0.8 1 0.04 0.15 1.5 2
1hr 20 45 144 374 0.62 1 0.04 0.02 1.5 14
4 hr 41 79 347 1441 | 0.66 1 0.04 0.02 1.5 19.8
8 hr 56 100 431 1975 | 0.65 1 0.04 0.02 2 25.7
1 day 66 108 433 1830 | 0.62 1 0.04 0.02 1.5 26.1
2 days 69 137 348 1320 | 0.62 1 0.03 0.02 1.5 5.6
7 days 37 271 95 423 4 1 0.05 0.05 4 37.3
14 days 19 0* 65 267° 0.6 1.00% | 0.034 | 0.02% 2 1.5

Table 1: MRI and Laboratory parameters for muscle injury vs. time after Diclofenac injection 75 mg/1 mL and 75 mg/3 mL.

$ Actual results were taken on day 119 due to COVID-19 pandemic lockdown.

[Normal range: serum CPK: 39 - 308 U/L by immune assay; CRP: 0 - 5 mg/L by immunoturbidimetric assay; Procalcitonin
PCT-Q: <0.5 ng/mL (low risk of severe sepsis and/ or septic shock) (by electrochemiluminescence); IL6: 0-50 pg/mL by ELISA]
* MRI data for selected time points are mentioned for comparison.).

The Creatinine Phosphokinase (CPK) activity, a
biomarker for the muscle tissue injury, was elevated 1 h after
injection of the drug and reached its maximum after 8 hours
in both the cases. In case of Diclofenac injection 75 mg/1 mL
(Dynapar AQ®), Creatine kinase (CPK) activity was increased
from 93 U/L to 433 U/L (normal range 39-308 U/L), i.e.

raised 4.6 fold at 8 and 24 hours whereas there was ~42 fold
higher increase in case of Diclofenac injection 75 mg/3 mL,
i.e. from 47 U/L to 1975 U/L (Table 1, Figure 1).The rise in
CPK value remained elevated 9 fold after one week, and did
not normalize to baseline levels even after 119 Days.

-

3 mL.

-

Figure 1: Muscle Injury (as assessed by MRI and CPK values) versus time after Diclofenac injection 75 mg/ 1 mL and 75 mg/
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Table 2: Representative Image of MRI evaluation of muscle injury after Diclofenac injection 75 mg/ 1 mL and 75 mg/ 3 mL
(Selected time points)

Serum concentrations of CRP, PCT and IL6 remained although the IL-6 values stayed within the upper range of
within the normal range throughout the follow-up period normal, they rose-to 25.70 pg/mL at 8 hours, and 37.3 pg/
both for Diclofenac injection 75 mg/1 mL and Diclofenac mL on day 7 from a baseline of <2 pg/mL, before reverting to
injection 75 mg/3 mL. For Diclofenac injection 75 mg/3 mL, baseline values on day 119 (Table 1).
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Discussion

Complications with IM injection include muscle atrophy,
injury to bone, cellulitis, sterile abscesses, pain, and nerve
injury. In the published literature, quite a few reports of
symptomatic muscle damage viz. pain on injection site has
been reported with Diclofenac 75 mg/3mL intramuscular
injection. In a review of 10,167 cases of 3mL Diclofenac
intramuscular injection, 5.6% incidences were reported
for pain at the injection site [13]. In another-review of
spontaneous and clinical trial reports for Diclofenac
ampoules from the Novartis Global Safety Database published
in the BM] revealed 115 reports of injection site necrosis, 37
reports of injection site abscess, 11 reports of injection site
reaction and 6 reports of necrotizing fasciitis [14]. Also case
reports of muscle injury have been reported right from the
early experience with the 3 mL injection [15,16]. In literature
for Diclofenac injection 75 mg/3 mL we found a study by
Subnis, et al. where 196 patients received 1 mL diclofenac
intramuscular injection, and there was no report of severe
pain at the site of injection [17]. In another study by Shah, et
al.in 250 patients there were no reports of moderate to severe
pain at site of injection in Diclofenac 75 mg/1 mL arm [1].In
a similar study by Hardikar, et al. in 189 patients, intensity of
pain at the site of injection was significantly lesser in patients
treated with Diclofenac injection 75 mg/1 mL at 1 hour and
12 hours (p < 0.05) as compared to Diclofenac injection 75
mg/3 mL. This study reported good safety and tolerability
of 75 mg/1 mL (Dynapar AQ®) [12]. We also asked M/s
Troikaa Pharmaceuticals Limited [Marketing Authorization
Holder of Dynapar AQ® (Diclofenac 75 mg/1 mL injection)]
to provide us the local adverse reaction reports received
in the Post-Marketing Surveillance/Periodic Safety Update
Reviews (PSURs), and the company conveyed that more than
500 million doses of Dynapar AQ have been administered till
now and no reports of severe pain or abscess or fasciitis at
the site of injection have been reported.

Hence, there are reports of less pain and muscle injury
caused by Diclofenac 1 mL injection as compared to the 3 mL
Diclofenac injection. This is in line with our radiologic and
laboratory finding study which reports lesser muscle damage
with 1 mL diclofenac injection (Dynapar AQ®) as compared
to 3 mL diclofenac injection. To the best of our knowledge
this is the first report comparing radiologic and laboratory
evidence of extent of muscle injury caused by a Diclofenac
injection 75 mg/1 mL (Dynapar AQ®) and Diclofenac injection
75 mg/3 mL. The highest volume of muscle damage recorded
by MRI after administration of Diclofenac injection 75 mg/1
mL and Diclofenac injection 75 mg/3 mL were 69 mL and
271 mlL, respectively. In case of 1 mL diclofenac injection this
damage was observed at day 2 followed by reduction over a
week, whereas in case of 3 mL injection the muscle damage
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was increasing up to day 7 and reduced thereafter. Thus the
progressively higher intramuscular injection volumes may
be associated with a higher amount of muscle damage. In this
research the CPK rise of 4.6 and ~42 fold was observed for
1mL and 3 mL diclofenac injection, respectively. In literature
the CPKrise by 6 fold with 2 mL Diclofenac Injection has been
reported Probst, et al. [4]. These CPK results were consistent
with above MRI results indicating a direct relation between
intramuscular injection volumes and the extent of muscle
injury.

The duration of CPK rise is also consistent with above
observations. In the subject who received Diclofenacinjection
75 mg/1 mL (Dynapar AQ®), the CPK rise was modest, when
compared to baseline values, and then declined to baseline
values over one week. In the subject who received Diclofenac
injection 75 mg/3 mL, the CPK remained elevated 9 fold
after one week, and did not return to baseline levels even
after 119 Days. Probst, et al. 2017 reported 6 fold elevation
in Plasma creatine kinase activity within 8 h after 75 mg/2
mL diclofenac injection which returned to baseline levels
after 1 week [4]. This indicates that the higher intramuscular
injection volumes are associated with prolonged rise in
CPK, and thus indicating a longer duration of muscle injury.
The possible factors responsible for muscle damage are
the amount of the injected volume, viscosity of the injected
drug solution, the site of injection, and the technique of
administration [7]. The lower muscle damage with Diclofenac
injection 75 mg/1 mL (Dynapar AQ®) may also be attributed
to judicious choice of solvent. The Diclofenac injection 75
mg/1 mL (Dynapar AQ®) has been formulated in such a way
the viscosity of Diclofenac injection 75 mg/1 mL (Dynapar
AQ®) is comparable to Diclofenac injection 75 mg/3 mL, even
though concentration of Diclofenac in the 1 ml injection is 3
times than that in the 3 ml injection in about 1 ml injection
solution [18]. In our study, more muscle injury by Diclofenac
injection 75 mg/3 mL could also be attributed to differences
in the formulations, higher amount of solvents present or
to higher volume of injection. Usually the available 3 mL
Diclofenac injection contains more amount of solvent than 1
mL injection. This way the 1 mL delivered the same amount
of Diclofenac (75 mg) with lesser exposure to the solvents
compared to the 3 mL injection.

Conclusion

Itis commonly known that intramuscular administration
of Diclofenac injection causes muscle injury, even though the
injection technique is right. MRI technique along with lab
parameter such as CPK was successfully used to evaluate
the muscle damage caused by intramuscular dosing of
1 mL and 3 mL Diclofenac injection. Our results indicate
that there was very high muscle injury following 3 mL
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Diclofenac intramuscular injection as compared to 1 mL
Diclofenac intramuscular injection (Dynapar AQ®). This
is the first comparative report confirming radiologic and
laboratory evidence of muscle injury produced by a 1 mL
and 3 mL Diclofenac injection. This data opens the door for
further research on muscle injury caused by intramuscular
injections, and enables us to focus our efforts to prevent or
minimize the same.
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