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ABSTRACT

Isothermal microcalorimetry is frequently utilised for biological in vitro monitoring. The heat generation
rates of microcalorimeters are presently less than a microwatt. The metabolism and development of
relatively low numbers of cultivated bacteria, protozoans, human cells and even tiny livestock can thus be
tracked constantly and with high precision at any selected temperature. Dynamic impacts on these
organisms of changes in or additions to the culture environment may readily be measured over hours.
Moreover, microcalorimetry is a non-destructive approach that requires not much preparation of the
sample. It is also entirely passive and so enables any later assessments on the uninterrupted sample. In
this study, we give a fundamental explanation and an overview of contemporary equipment
microcalorimetry for several biological applications. These include the detection of infections, the
assessment of the cell impacts of pharmacological or antimicrobial drugs; the monitoring of tissue
intrusion cell proliferation; and the physico-chemical stability and biocompatibility of the medical and

operating device materials.
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INTRODUCTION

There are no new physiological investigations employing isothermal microcalorimetry. Scientists utilised
— an ice calorimeter in the 18th century to detect the heat emission of tiny animals [1,2]. Several kinds of
calorimeters have been invented and grown substantially more sensitive and precise since these first
investigations. Due to the destiny of the heats generated or consumed in the calorimeter and the thermal
and physical interaction of the calorimeter to its environment the various kinds of calorimeters may be
identified (see [3] for a review). Differential scan calorimeters, titration calorimeters and accelerated rate
calorimeters are the most frequent kinds. The emphasis of this study is on another ever more prevalent

variety — isothermal microcalorimeters.

Isothermal microcalorimeters (IMCs) are characterised as devices that measure microwatt heat flow (uW
= wl/s) and operate at almost continuous temperatures[4]. The calorimeter created or consumed in the
calorimetric ampoule may therefore flow between the ampoule and an aluminium sink, maintaining the
calorimetric bulb and its contents within several milligrammes of the temperature of the thermostatic
system where the calorimeter functions. The thermoelectric modules (e.g. Seebeck or Peltier) located

between the sample and the heat sink are the actual sensor components. These thermoelectric modules
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enable to turn a little temperature differential into an electric signal that can be readily recorded (see [3]

for an instrument design review).

In the past thirty years, multi-channel isothermal calorimeters and microcalorimeters have become
increasingly available to facilitate fast, multi-variant biological experiments with required duplicate
specimens in different areas. These include soil and environmental sciences[5-7], microbiology of
medicine and environment[8,9] and food sciences[10]. In addition to increased availability of traditional
calorimetry devices, in recent decades several microcalorimeters on a chip were created and
described[11]. For biological applications and research, chips as well as traditional microcalorimeters are
of tremendous utility.

This study is to highlight the different applications of microcalorimetry produced using conventional or
chip calorimeters in the biomedical sciences and to provide the reader an overview of the options
available by each kind of instrument. This overview does not address the methodology and uses of
isothermal titration calorimetry (ITC). ITC is widely utilised for the investigation of ligand-binding
interactions and ITC requires a distinct examination. In the application examples, however, nhumerous

IMC-related applications of ITC will be described.

IMC offers a number of noteworthy benefits [8,12]. By detecting relevant heat generation or consumption,
IMC enables dynamic monitoring of practically any chemical or physical process. This may be achieved
in tiny specimens (for example, range g or mL and less) since it can measure very low heat generation
rates by monitoring very tiny temperature variations. This not only makes IMC a sensitive approach that
can monitor nano or microwaves' heat flow, but it also gives a passive evaluation of chemical and
physical processes, since only heat is detected. Therefore, the IMC does not need any modification of the

sample (e.g., with an added fluorescent or radioactive labels)

Nor does it influence the measuring sample. Thus the samples do not need a particular preparation for
IMC and following microcalorimetric measurements they may still be submitted to subsequent measures.
In addition, sample rate processes difficult to monitor in real time with conventional technologies — e.g.

on opaque solids or in porous materials — are simply tracked with microcalorimetry.

The main disadvantage of microcalorimeters should be noted on the other side. This is because isothermal
microcalorimeters detect a non-specific signal (like other kinds of calorimeters). The net heat flux of all
processes that produce or consume heat is recorded in an IMC ampoule. This highlights the need of
thorough experimental design, for example, monitoring the heat flow for ampoules containing just the
specimen and no specimen, and carrying out post-IMC evaluations of the specimen and the specimen

environment to establish the changes recorded by recording the heat flow.
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The sample quantity needed is one of the key distinctions between big microcalorimetric equipment and
chip microcalorimeters. Large ampoules were intended for accepting microcalorimetric ampoules with
sizes ranging from 1 to 20 mL. Usually they are limited to ampoules of a specific size, although
microcalorimeters of a chip may have reaction chambers with capacities as small as 0.7 nL [13]. These
extremely tiny levels may be of tremendous utility if the assessment is possible with pricey or minuscule
quantities of biological substances or implant material. Furthermore, the modest chamber dimensions of a
chip microcalorimeter result in a substantially lower time constant (10 ms to a few seconds —[11,13])
than big instruments (e.g., a 20 mL ampoules of up to a few minutes —[14]). Like with microcalorimeters
of the chip, the balance time is significantly shorter because of the relatively tiny sample volume to be
carried at the chosen temperature (on the order of seconds to minutes). In the material testing, the chip
microcalorimeter may be used as a differential scanning calorimeter, not only as an IMC device (DSC).
Therefore, essential material thermal parameters such as glass transition temperatures may be
determined[15,16]. However, chip microcalorimeters exchange the sensitivity sample volume [11,17].
The requirements for chip and traditional microcalorimeters for sensitivity and volume-specific heat
resolution are listed in Table 1. As a result, traditional isothermal microcalorimeters are still often

preferred over chip microcalorimeters and are the most often used equipment today.
The standard IMCs and chip microcalorimeters may be calibrated using several ways.

In both circumstances, the most typical technique of calibration is an integrated electrical heater that
produces a known thermal power[18,19]. Moreover numerous chemical events, including acid-base
reactions, sucrose hydrolysis, and changes in phases like dissolving or melting of solid substances may be
utilised to calibrate the microcalorimeters (see [19] for a review). A laser of known power may also be

employed for chip microcalorimeters, as detailed in [18].

CONCLUSION

Since the 1980s, microcalorimetry was widely employed for antibiotic bioassays[19-26] utilising several
kinds of microcalorimeters. More recently, a comparison was made between conventional and
microcalorimetric minimum inhibition concentration (MIC) measurement of many antibiotics[27-30].
The research indicated that CLSI (Clinical Laboratory & Standards Institute) guidelines found MICs
using microcalorimetry were practically the same as those established. But IMC had the added benefit of
readily revealing the method of action of the different antibiotics at sub-inhibitory levels (i.e.,
bacteriostatic vs. bacteriocidal). Many prospective novel antibacterial chemicals and antibacterial
coatings have now been investigated using a microcalorimeter[31-36], as well as various antivirals[37]. In
addition to antibiotic bioassays and MIC measurements, microcalorimetry is an effective way of
monitoring the impact of antibiotics on the in situ development of biofilms in real time[38]. However,
few IMC research have thus far focused on the impact of antimicrobial agents on biofilm activity, except

from this case.
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Finally, the recent recognition of IMC as a method to reliably identify the effectiveness of an anti parasite
medicine in Schistosoma mansonii adult worms[39] must be acknowledged. This IMC approach is based
on the determination of changes in the metabolic heat generation and motor activity of the organism
caused by drugs. IMC evaluates not just the effects of medicines on worms through the total metabolic
heat production but also measures metabolic changes resulting from worms moving or bending their

organisms.
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