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Nonsteroidal 
anti‑inflammatory 
drugs causing local 
inflammation of tissue at 
the site of injection

Sir,
Injections of drug solutions can be followed by the 
development of local complications such as phlebitis, 
cellulitis, phlegmon, and necrosis.[1,2] The development of 
these complications is not precluded by medical personnel’s 
observing precisely the rules of aseptics and antisepsis as well 
as the instructions on applying drug solutions for injections.[3] 
In this case, development of inflammation can be caused by 
the local irritant action of a solution due to high concentration 
of active drug substance.[4,5] In a number of studies, it was 
found that irritant action on tissues can be characteristic of 
solutions not only with high (over 10%) but also with low 
indices of the concentration of active drug substance, for 
example, nonsteroidal anti‑inflammatory drugs (NSAIDs).[6‑8] 
We suggested that irritant action of the latter could be caused 
by the high total concentration of active drug substance and 
adjuvants which render the solution high osmolality. As local 
inflammation in warm‑blooded mammals is accompanied 
by local hyperthermia, the study of changes in local skin 

temperature at the site of injections of NSAIDs solutions can 
assist in preclinical evaluation of their local safety in vivo. 
Hence, we aimed to investigate changes in pigs local skin 
temperature at the site of intramuscular  (IM) injections of 
NSAIDs solutions with different osmolality.

The analysis of osmolality (mmol/kg) of NSAIDs solutions 
was carried out with the help of Vapor Pressure Osmometer 
Model 5600  (WESCOR‑INC, USA). The following drugs 
were used: Ketorolac tromethamine 30  mg/ml solution 
for intravenous  (IV)/IM use  (Ketorol®, seriesA5054, 
Dr.  Reddy’s Laboratories Ltd., India) and metamizole 
sodium 500 mg/ml solution for IV/IM use (Analgin, series 
521113, open joint‑stock company “Dalkhimfarm” Russia). 
Drug solutions were diluted with sterile water for injections. 
The dynamics of skin temperature before and after the IM 
injections of 1 ml drug solutions at various dilutions were 
studied in healthy male Landrace pigs (n = 10). They were 
fed on a balanced diet and had access to water ad libitum. Pigs 
were kept under standard conditions of temperature 25–26°C 
and good ventilation. The protocol for the experiment was 
approved by the Animal Experimentation Ethics Committee 
of Medical Academy. Before giving the injections, the pigs 
were placed on their backs, their limbs were fixed. After 
pretreatment of the pigs’ skin with antiseptics, we injected 
room temperature solutions in the area of anterior abdominal 
wall at 4 cm intervals using 25G needles and 2.0 syringes. 
Thermometry and thermography of the sites of injections 
were performed with the help of infrared thermal imager 
ThermoTracer TH9100XX (NEC, USA) in the temperature 
range of 25–36°С within 60  min after the injections. The 
values of skin temperature over the surface of infiltrate 
produced by IM injection of 1 ml sodium chloride solution 
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9 mg/ml (series 160115, LLC “Zavod Medsintez”, Russia) 
were used as control values. The obtained data were processed 
using the following programs: Thermography Explorer and 
Image Processor  (NEC San‑ei). Data were expressed as 
mean  ±  standard deviation and were statistically analyzed 
using Student’s paired t‑test to express the differences 
between groups. Comparison of the means was performed, 
and the differences were considered statistically significant 
when P<0.05.

Preliminary determination of osmolality of the studied 
solutions showed that the solutions were hyperosmotic in 
relation to normal osmolality index of blood plasma. Thus, 
Analgin osmolality index was 4520.0 mmol/kg, Ketorol® 
osmolality was 2971.0 mmol/kg. Analgin high osmolality 
was caused primarily by high concentration of active 
drug substance – metamizole sodium (500 mg/ml) in the 
solution but Ketorol® high osmolality was due to high total 
concentration of an adjuvant‑propylene glycol (400 mg/ml). 
Osmolality of sodium chloride 9  mg/ml equaled 305 
mmol/kg. During thermometry of the sites of injections, 
it was established that pretreatment of the skin with 
antiseptics and subsequent IM injection of any room 
temperature drug solutions initially reduced local skin 
temperature. The duration of local hypothermia was 4–5 min. 
Further observation revealed the appearance of local skin 
hyperthermia at the site of IM injections of ketorolac 
tromethamine 30 mg/ml (Ketorol®) and metamizole sodium 
500 mg/ml (Analgin) solutions. Skin temperature at the site 
of injecting these solutions was 0.6–1.4°С higher compared 
with the initial values, the duration of hyperthermia was 
60 min [Table 1].

The obtained data provide evidence that high osmolality of 
drug solutions result in local inflammation in infiltrated tissues 
causing the appearance of local skin hyperthermia over the 
area of infiltrate. Injections of the solutions diluted with sterile 
water for injections to osmolality index <1000 mmol/kg did 
not result in local skin hyperthermia.

Development of inflammation can be caused by the local irritant 
action of a drug on the infiltrated tissues. The supposition that 
irritant action of drug solutions can be caused by the high total 
concentration of active drug substances and adjuvants, which 
render the solution high osmolality, has been confirmed by 

Table 1: The skin temperature of pigs at the injection site
Drug solutions Temperature (°C) (mean±SD)

Before 
injection

Immediately 
after injection

5 min after 
injection

30 min after 
injection

60 min after 
injection

Sodiumchloride (9 mg/ml) 35.5±0.8 28.8±0.8 35.3±0.9 35.8±0.8 35.2±0.9
Ketorol® 36.5±0.9 30.7±1.0 36.1±0.9 36.8±1.0 36.0±1.0
Analgin 36.1±0.8 29.0±0.9 36.4±0.8 37.6±0.9 36.9±0.9

the findings of our study. It was established that osmolality of 
ketorolac tromethamine 30 mg/ml solution was 9 times higher 
than normal osmolality of blood plasma. IM injections of 
NSAIDs solutions with high osmolality index were followed 
by the development of local skin hyperthermia at the site of 
injection. The obtained data confirm the results of previous 
investigations which provide evidence that local hyperthermia 
develops after injecting solutions of antibiotics and other drugs 
with high osmolality.[3,5,6] Reducing the osmolality prevents 
solutions by diluting them with sterile water for injections to 
osmolality <1000 mmol/kg allowed reducing the risk of the 
development of local inflammation.

To sum up, NSAIDs solutions have high osmolality index 
and can cause reversible local inflammation of tissues at the 
site of injection. Reducing the osmolality prevents solutions 
from being irritants. Monitoring the surface of the skin at 
the site of injection using infrared thermal imager allows 
assessing safety of drug solutions intended for injections 
in vivo.
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Incidence of metabolic 
syndrome in breast cancer 
survivors on adjuvant 
hormonal therapy

Sir,
The increasing incidence of breast cancer in Indian women 
has been coupled with a significant rise in the population 
of breast cancer survivors, particularly among women 
with estrogen receptor-positive tumors.[1] There is growing 
interest in and concern about the co-morbidities that this 
clinical population may face related to the adjuvant hormonal 
treatment received, as studies have shown that the use of 
aromatase inhibitors  (AIs) and selective estrogen receptor 
modulators (SERMs) in their treatment has raised concerns 
about agent‑specific potential to decrease high‑density 
lipoprotein  (HDL) levels and its possible impact on 
cardiovascular risk.[2] Elevated C-reactive protein  (CRP) 
levels along with the development of metabolic syndrome 
has also been associated with this group of women.[3] Since 
there is insufficient data on the occurrence of these events 
in Indian women, this study attempts to provide a better 
understanding of the commonality of metabolic syndrome 
and its relationship with CRP levels in breast cancer 
survivors, which in turn will support the early diagnosis and 
management of these metabolic disturbances.

This study was conducted over a period of 6 months, on breast 
cancer survivors, attending the hospital Tumour Clinic, who 
either were receiving or had completed 5 years of tamoxifen or 

letrozole. All women had undergone surgery or had received 
the full course of radiation or chemotherapy at least 6 months 
prior to the onset of this study. Patients with significant body 
weight loss in the 12 months prior to study enrolment, or with 
history of diabetes, hypertension or obesity before the onset 
of hormonal therapy, were excluded.

History regarding the demographic details, treatment history 
and the ongoing therapy (SERMs or AIs) and intake of any 
other medications was collected, after obtaining an informed 
written consent from the participants. This was followed by 
individual assessment of dietary intake and physical activity. To 
assess the physical activity, the questionnaire designed by the 
World Health Organization for the surveillance of risk factors 
of non‑communicable diseases was used. A  comparison of 
dietary pattern and physical activity assessment with reference 
charts in literature rules out the possibility of these parameters 
solely contributing to the development of metabolic syndrome. 
Body weight, height and waist circumference were then 
measured. A fasting blood sample (5 ml) was taken from all 
the subjects to estimate the lipid, glucose, glycated hemoglobin 
and CRP levels.

The criteria used to determine the presence of metabolic 
syndrome in the subjects were those set by the National 
Cholesterol Education Program-Adult Treatment Panel 
III (NCEP-ATP III).[4] The Chi‑square test was used to compare 
the occurrence of metabolic syndrome between the two groups. 
Independent Student’s “t” test was used to compare the 
continuous data between the two groups. All statistical analyses 
were carried out at 5% level of significance and P < 0.05 was 
considered as significant.

A total of 28 women were enrolled in the study. Their age 
ranged between 32 and 70 years, with the median age being 
50. Three women were hypertensive, the duration ranging 
from 2 months to 2 years and one woman had a history of 
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