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Abstract—The inflammation marker Interleukin 6 (IL-6) 
typically remains below 5 pg/mL in the serum of healthy 
individuals but can increase tenfold during inflammation in 
chronic conditions like COVID-19 and rheumatoid arthritis, as 
well as acute conditions like sepsis. This study is focused on the 
rapid detection of IL-6 to monitor both chronic and acute 
diseases. The novel sensor, designed with gold-coated 
micropyramids on the electrodes, was fabricated using the two-
photon polymerization method, enabling low-volume sensing 
capabilities (2-3 µL). The micropyramids were surface 
functionalized with interleukin-6 antibodies towards 
developing an affinity biosensor specific to the physiological 
relevant range of IL-6 of 5.1 and 18.8 pg/mL in mild 
inflammation. Sensing was achieved by measuring impedance 
changes associated with IL-6 binding to the antibodies on the 
micropyramids interfaced using electrochemical impedance 
spectroscopy. It was observed that the signals from the lowest 
detection concentration was enhanced by 3 times at 1500 hz 
when the 532 nm green laser was incident on the 
micropyramids.   This innovative approach can be expanded 
to the detection of cytokines not only in serum but also in 
respiratory samples. As a result, it opens up new avenues for 
monitoring local inflammation within the lungs and assessing 
systemic inflammation levels throughout the body.  
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1. INTRODUCTION 

Traditional diagnostic methods for biomarkers and 
biochemical parameters often involve specialized labs and 
expert personnel, leading to extended test times, high 
reagent consumption, and overall inefficiency. In contrast, 
point-of-care testing (POCT) technology has emerged as a 
game-changer in health monitoring and disease diagnostics 
by miniaturizing diagnostic tools. This innovation offers a 
range of advantages, including smaller sample sizes, 
reduced reagent use, user-friendly interfaces, compact 
designs, and rapid results. The continuous wave of 
innovation in sensors, bioelectronics, and wearables has 
paved the way for advanced integrated POCT systems, 
pushing the boundaries of personal healthcare and precision 
medicine [1, 2]. However, the accurate measurement of 
biomarkers in biofluids like blood, urine, and saliva remains 
a challenge due to the presence of numerous molecules, 
ions, and proteins.  
 
Dynamic monitoring of specific biomarkers is crucial for 
diagnosing various conditions, especially when the body is 
subjected to external stresses such as extended periods of 
isolation, radiation exposure, space travel, and overall health 
maintenance [3, 4]. Early detection, particularly in the case 
of cytokine storms caused by a surge in pro-inflammatory 
cytokines, is paramount for preventing disease progression 
and ensuring better outcomes [5-8]. Life-threatening 
complications such as Cytokine release syndrome (CRS) 
and sepsis often result from infections and other triggers. 
Elevated levels of Interleukin-6 (IL-6) frequently serve as 
indicators for these complications. Swift detection is crucial 
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antibodies at a concentration of 10 µg/mL. These antibodies 
were carefully added to the sensor's surface, where they 
formed specific bonds with the crosslinked DTSSP 
molecules. This step represents the immobilization of Int-6 
antibodies onto the sensor, a pivotal process for its 
biosensing capabilities. To further refine the sensor's 
preparation, another round of washing was carried out using 
a 10-15 µL PBS solution. This wash was essential to remove 
any unbound antibodies that had not successfully adhered to 
the immobilized DTSSP crosslinkers, ensuring a high 
degree of specificity in antibody attachment. Finally, to 
prevent biofouling and maintain the sensor's functionality, a 
2.0 µL solution of superblock was applied to the sensor's 
surface[24]. The superblock solution serves as a protective 
barrier, minimizing non-specific interactions and ensuring 
that the sensor remains free from unwanted contaminants 
during subsequent biomolecule detection processes. 
 
Experimental Set up:  
Following the surface functionalization process, various 
concentrations of the Int-6 antigen were prepared by spiking 
1x PBS. These prepared samples were then subjected to 
characterization using electrochemical impedance 
spectroscopy (EIS) with the BODE-100 instrument, 
covering a frequency range from 1 Hz to 40 MHz. To 
establish a baseline, an initial measurement was performed 
using unspiked PBS. Subsequent measurements were taken 
as the concentrations of the Int-6 antigen were incrementally 
increased, starting from the lowest concentration and 
progressing to the highest. Each of these spiked samples was 
allowed to incubate for a consistent duration of 90 seconds 
before impedance measurements were recorded. It is 
important to note that during the functionalization steps, the 
volumes of reagents and samples used were carefully 
controlled, and they were maintained at or below 2.0 μL. 
This was done to account for the effective volume 
limitations of the sensor and to ensure accurate and reliable 
results. The sensors used in this experiment were configured 
in three distinct settings for comparative analysis. The first 
setting consisted of a control sensor featuring a flat gold 
electrode, devoid of micropyramids. In the second setting, 
micropyramids were present on the working electrode. 
Finally, the third setting involved micropyramids on the 
working electrode, with the additional application of a 532 
nm wavelength light source (green laser: 532 nm) 
specifically focused on the microstructures. These different 
sensor configurations were designed to explore the impact 
of micropyramid structures and laser illumination on the EIS 
measurements, providing valuable insights into the 
detection capabilities of the system. 
 
Infrared spectroscopy (ATR-FTIR):  
Infrared spectra of the functionalization steps were carried 
out using the Agilent Cary 630 FTIR spectrometer with 
sampling stage with a 65° Germanium ATR crystal. ATR-
FTIR specimens were prepared by drop casting the solutions 
on gold-coated glass slides with same surface 
functionalization protocol as mentioned previously.  The 
contact area was about 1 cm2. All spectra were recorded 

between 4000 and 400 cm−1 with a resolution of 4 cm−1 and 
126 scans.  
 
Scanning Electron Microscope Imaging:  
Utilizing an FEI Quanta 650 scanning electron microscopy 
(SEM). The SEM imaging is performed at an acceleration 
voltage of 10 kV and in high vacuum mode to minimize the 
influence of atmospheric interference.  
 

3. RESULTS 
The figure 1a shows the 2PP polymerization set up for 
fabrication of the micropyramids, and figure 1 b shows the 
experimental set up with the micropyramids on the working 
electrode. The figure 2 shown the scanning electron 
microscope image of the micropyraminds with scale bar of 
4.0 µm.The figure 3 illustrates the binding of the cross 
linker, Interleukin-6 antibody for the detection of the 
interleukin 6 antigen The FTIR spectrum is shown in figure 
4a indicates the binding of the cross-linker on the sensor 
surface with NHS ester bond (peak at 1780 cm−1) and free 
carboxylic acid peak (1740 cm−1). The conjugation of both 
antibodies shows cleaving of C-O bond of NHS ester and 
the peak at 1780 cm−1 disappears, while enhanced 
aminolysis peak (at 1652 cm−1) is observed confirming the 
binding of the antibody, as shown in figure 4b. Amine-
reactive NHS ester reacts with primary amine of the 
antibody to form a stable amide bond. This phenomenon is 
seen by the disappearance of peak at 1743 cm−1 in the 
interleukin-6 spectra.  

The interleukin-6 dose response is represented as Bode 
phase and magnitude plots in figure 5. |Z| reflects the total 
impedance of the system and can be used as a measure of 
both capacitive and resistance changes. In figure 5 
represents as a percent change in |Z| impedance from the 
baseline measurement post-antibody functionalization at 1 
kHz. There is a consistent increase in impedance as the 
dosage concentration of interleukin-6 increases. The percent 
change with respect to a post-functionalization baseline 
measurement was observed to be on the flat devoid of 
micropyramids is 2.9 % for 0.1pg/ml, 9.1 % for 1.0 pg/ml 
and 27.2 % for 10 pg/ml and with the micropyramids is 2.4 
% for 0.1pg/ml, 5.8 % for 1.0 pg/ml and 5.8 % for 10 pg/ml. 
This is attributed to the micropyramid structure (4x4 

 
 

Figure 4. Infrared spectroscopy (ATR-FTIR) plots 
for the (a) crosslinked DTSSP and (b) after 
functionalization with interleukin-6  
 

a 
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