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S1. Mapping analysis of O.



S2. Elemental distribution of MBene.



S3. Analysis of H&E staining of the skin at multiple sites punctured by hydrogel 
microneedles



S4. COMSOL models other angles of the hydrogel microneedles.



S5. Stress at the bottom of the hydrogel microneedle.



S6. Serpentine electrode's modeling structure.



S7. a) Analysis of cellular fluorescence for the a) control group and b) the HMN-Ag-
MB-OECTs. c) Corresponding analysis of the cell viability.



S8. a) SEM analysis images of Escherichia coli treated with and without silver 
nanomaterials; b) Analysis of the OD values of Escherichia coli and Staphylococcus 
aureus at different time points when treated with and without silver nanomaterials.



S9. Upon optimizing the incubation time of HMN-Ag-MB-OECTs, it was found that 
the device achieved sensitive and expeditious detection results when the incubation 
time was set at t = 15 mins.



S10. Back view of the flexible circuit board.



Table S1. Applications of PVA/PVP microneedle.

Number Materials Applications References

1 PVA/PVP hydrogel 
microneedle patch

Extraction of interstitial skin fluid 
toward minimally invasive monitoring 

of blood glucose level

[1]

2 PVA/PVP dissolving 
microneedles

Transdermal drug delivery systems [2]

3 PVA/PVP microneedle enhanced transdermal delivery [3]
4 PVA/PVP microneedle Wearable device This work



Table S2. Comparison of literature on cortisol testing.

Numbe
r

Materials Strategies
Detectio
n range 
(ng/mL)

Detection of 
limit 

(ng/mL)

Referenc
es

1 PEDOT: PSS OECTs
0.36 to 
362.5

0.036 [4]

2 AuNPs
Electrochemica

l manner
0.073 to 

0.36
/ [5]

3 L-cys/AuNPs/MXene Amperometry 5-180 / [6]
4 Au/PDMS EIS 15-150 5 [7]

5
MBene/AgNWs/AgN

Ps
OECTs

0.001-
1000

0.00026 This work
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