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Cold sodium chloride 
solution 0.9% and infrared 
thermography can be an 
alternative to radiopaque 
contrast agents in 
phlebography

Sir,
Nowadays methods of X‑ray diagnostics together with medical 
drugs or devices with contrasting properties may be used for 
imaging of humans and animals body parts. Intravascular and 
intracavitary injection of the X‑ray contrast agent solutions is a 
common practice in clinical settings. However, it is known that 
the use of radiological methods of X‑ray diagnostics together 
with contrast agents may carry an iatrogenic threat for human 
health.[1] Recent studies showed that infrared thermography 
is one of the safest methods for X‑ray diagnostics.[2] The 
method provides a continuous and noncontact monitoring of 
the infrared images temperature and spectrum for all the parts 
of the human body.[3‑5] However, the traditional methods for 
infrared monitoring have significant drawbacks, since they 
allow to obtain a thermogram only for the body surface which 
often have color images on the thermal imager screen, and this 
essentially limits the capability of subcutaneous formations 
imaging and in particular saphenous veins.

Therefore, the objective of the study was to improve the quality 
of infrared imaging of human saphenous veins through the use 
of thermal contrast agents.

Previously, the changes in skin temperature of the anterior 
abdominal wall in ten awake pigs in the area of simultaneous 
hypodermic injections of 1  ml of 15°C, 25°C, and 35°C 
0.9% sodium chloride at 5  cm distance apart from each 
other were observed. Infrared thermography was performed 
using ThermoTracer TH9100XX  (NEC, USA) imager in a 
temperature range of 25–36°C.

Our results obtained in experiments with pigs showed that all 
medications infiltrate caused by hypodermic injections of 1 ml of 
0.9% sodium chloride are being imaged in the infrared radiation 
spectrum, but their contrasting properties are different. For 

example, when the vivarium room temperature was 25.0°C, 
the average temperature of the pigs’ anterior abdominal wall 
skin was 33.6 ± 2.7°С, at the same time the infrared spectrum 
of the image of piglets anterior abdominal wall skin was in 
the yellow‑orange‑red spectrum. In these circumstances, 
the infiltrates that demonstrated the best thermal contrast 
properties were formed by the 15°C solution injection, 
providing blue color for the infrared image of the skin above 
and reducing the average temperature to 26.5 ± 1.4°С (n = 10, 
Р < 0.05). The infiltrates which appeared invisible in the 
infrared spectrum were formed by the injection of 1 ml of 35°C 
0.9% sodium chloride because they did not cause a change in 
infrared radiation color of the skin above. Results obtained in 
healthy pigs showed that the infiltrates with the best contrasting 
properties were formed by “cold” solutions which differed 
from the tissue temperature not less than by 5°C.

Clinical observation of the arm surface infrared radiation in 
thirty patients after catheter insertion into their saphenous 
veins showed that intravenous injection of 200 ml of 0.9% 
sodium chloride at a temperature of 25°C and at a rate of 
3–4  ml/min reduces the skin temperature above the vein 
from 34.8 ± 1.1°C to 29.3 ± 1.7°C (P ≤ 0.05, n = 30) and 
changes the color of its infrared image from orange‑red to 
blue  [Figure 1]. At the same time, the venous bed image 
is contrasted on the screen. Based on the dependencies 
obtained, the method for saphenous veins imaging in the 
infrared radiation spectrum was developed.[6] This method 
allows to obtain the venogram of the cooled surface after the 
warm blood influx in a safe and noncontact way.

Thus, veins thermal contrasting allows us to improve the 
quality of thermal imaging examinations. Liquid medications 
and blood may be used as thermal contrast agents. Noncontact 
method of veins imaging can be used in the operating room 
during a surgical restoration of intravascular patency.

Figure 1: Infrared image of the left forearm of patient P, made 2 min 
after intravenous injection 0.9% sodium chloride at a temperature of 
25°C and at a rate of 4 ml/min
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Cisplatin resistance 
reversal by disulfiram and 

caffeine

Sir,
Therapy resistance and relapse are the major issues associated 
with the current management of cancer.[1] Cancer stem 
cells (CSCs) have inbuilt mechanisms to develop resistance. 
The most commonly overexpressed markers of CSCs are 
aldehyde dehydrogenase (ALDH) enzymes and ATP‑binding 
cassette transporters  (e.g., ABCG2).[2] Moreover, cells 
have the capability to induce checkpoint responses when 
exposed to genotoxic agents (i.e., chemotherapy or radiation 
therapy), causing arrest of cells cycle. Resistance followed 
by chemotherapy administration as observed clinically can be 
divided into two phases. The first phase involves conversion 
of actively dividing cells to a completely dormant stage where 
cells do not divide though remain metabolically active. This 
stage can be defined as therapy‑induced senescence.[3] At 

this stage, chemotherapeutic agents fail to produce desired 
effect because cells are not dividing. The second phase is 
conversion of these dormant cells to actively dividing cells 
after longer duration. These cells may be even more resistant 
than parent cells and hence, require higher concentration of 
chemotherapeutic agents to arrest cell division.[4] Disulfiram, 
an antabuse drug, is reported to inhibit ALDH,[5] efflux pump,[6] 
and some other potential cellular targets in cancer cells. 
Caffeine is reported to inhibit the checkpoint responses that 
are responsible for development of senescence.[7] Hence, both 
disulfiram and caffeine simultaneously can be used to target 
CSCs and senescent cells, which are major contributors of 
therapy resistance.

A549 cell line was procured from the National Centre for Cell 
Science (Pune, India). It was cultured in Dulbecco’s modified 
Eagle’s media supplemented with 10% fetal bovine serum 
and antibiotics  (100 µg/ml streptomycin and ampicillin). 
When the culture became 70–80% confluent, media were 
discarded and replaced with fresh media containing cisplatin 
and incubated for 3 days. After that, the media were replaced 
with cisplatin‑free media, and survived cells were allowed 
for recovery for 4 days. These procedures were repeated with 
increasing concentrations of cisplatin (1.66, 3.33, 6.66, and 
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