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5.1 Results 

5.1.1 Custom peptides (CPs) designed from major toxins of Mesobuthus tamulus 

  The predominant toxins of Mesobuthus tamulus venom (MTV), the antigenic 

regions of these toxins, and the CPs designed from these antigenic epitopes have been 

summarised in Table 5.1.  

Table 5.1 The antigenic epitopes and the antigenic propensity of the native and modified 

epitopes are predominant toxins in the MTV proteome. 

Name of 

toxin  

Antigenic 

epitope(s)  

The 

antigenic 

propensity 

of toxin 

epitopes  

Epitope-based 

synthetic 

peptides. 

Modified 

residues are 

underlined, 

and the length 

of the peptide 

is shown in 

parenthesis 

Designation of 

custom 

peptide  

The 

antigenic 

propensity 

of modified 

peptides 

Na+ 

channel 

toxin (α-

neurotoxin) 

 

36CDWWVP

YGVVCWC

EDLPTPVPI

R58 

1.1089 CWWVPYGV

VSWSEDLPT

PVP (20) 

CPS1 1.0907 

12CTYICTF

NNYCHAL

CTD28 

1.1045 YISTFNNYS

HALSTDC 

(16) 

CPS2 1.0418 

 K+ channel 

toxin 

(Tamapin) 

 

4NLRRCELS

CRSLGLLG

KC21 

1.0797 SNLRRSELSS

RSLGLLGKC 

(19) 

CPS3 1.0340 

4DVKCISSQ

ECWIACKK

V20 

1.1064 DVKSISSQES

WIASKKVC 

(18) 

CPS4 1.0567 

 

Polyclonal antibodies against KLH-conjugated CPs were raised in rabbits and 

affinity purified. A high titre of antibodies was observed in rabbit sera (Fig. 5.1a-d). The 

purified antibodies did not show recognition towards the KLH carrier protein. 
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Fig. 5.1 Determination of titer of purified antibody by ELISA: (a) PAb 6, (b) PAb 7, (c) 

PAb 8, and (d) PAb 9. 

5.1.1.1 Dot blot study demonstrated ability of PAbs to recognize CPs 

The PAbs could recognise the CPs against which they were raised to varying 

degrees under identical experimental conditions (Fig. 5.1e, f). However, cross-reactivity 

among CPs and PAbs could not be observed. 
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Fig. 5.1 (e) Immune recognition of the individual purified PAbs towards the respective 

CPs by dot blot assay; (f) Image analyses of dot intensities of immune reactivity depicted 

by the PAbs. CPS 1, 2, 3 and 4 denotes custom peptide 1, 2, 3 and 4. Error bars indicate 

mean ± S.D (n=3). 

5.1.2 Immunoassays and spectrofluorometric analysis exhibit superior immune 

recognition of PAbF towards MTV as compared to commercial ASA (in vitro) 

Indirect ELISA demonstrated that the PAbs raised against PAb 8 showed 

significantly higher immune cross-reactivity than the PAbs raised against PAb 6, 7, and 

9, towards 100 ng MTV (Fig. 5.2a). The optimum immune cross-reactivity of PAb 8 was 

observed at a ratio of 1:40 (MTV: PAb), after which a saturation in immune cross-

reactivity was observed (Fig. 5.2a).  However, the immune cross-reactivity values of 

PAbs 6, 7, and 9 towards MTV did not differ significantly. 

f 
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Fig. 5.2 (a) Immune-reactivity of the individual PAbs towards MTV, at 1:4, 1:10, 1:20, 

1:40, and 1:60 (MTV: PAb) determined by Indirect ELISA. Significance of difference of 

recognition by PAb 6, 7, and 9 (1:4, 1:10, 1:20, 1:40, 1:60, MTV: PAb) compared to PAb 

8, *p<0.05. Error bars indicate mean ± S.D. (n=3).  

In the subsequent phase, we examined the effect of various formulations of PAbs 

on the recognizing MTV. The PAbF exhibited markedly superior MTV recognition 

efficacy (p<0.05) vs to the individual PAbs and other PAb formulations (Fig. 5.2b). 

 

Fig. 5.2 (b) Comparison of the immune cross-reactivity of the four PAbs individually and 

in different combinations towards MTV at 1:40 (MTV: PAb) determined by Indirect 

ELISA. Significance of difference of MTV immune-recognition by PAb 
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individual and PAbF 2,3,4,5,6,7,8,9,10 and 11 compared to PAbF, *p<0.05; MTV 

immune-recognition by PAb individual and PAbF 3,4,5,6,7,8 and 9 compared to PAbF 2, 

δp<0.05; MTV immune-recognition by PAb individual, PAbF 3,4,5,6,7,8 and 9 compared 

to PAbF 10, ψp<0.05; MTV immune-recognition by PAb individual, PAbF 3,4,5,6,7,8 

and 9 compared to PAbF 11, ωp<0.05. Error bars indicate mean ± S.D (n=3).  

[PAbF 2 denotes PAb 6+7+8+9 (1:1:1:1, w/w/w/w), PAbF 3 denotes  PAb 6+7 (1:1, w/w), 

PAbF 4 denotes PAb 6+8 (1:1, w/w), PAbF 5 denotes PAb 6+9 (1:1, w/w), PAbF 6 

denotes PAb 7+8 (1:1, w/w), PAbF 7 denotes PAb 7+9 (1:1, w/w), PAbF 8 denotes PAb 

8+9 (1:1, w/w), PAbF 9  denotes PAb 6+7+9 (1:1:1, w/w/w), PAbF 10 denotes PAb 

8+9+6 (1:1:1, w/w/w) and PAbF 11 denotes PAb 8+9+7 (1:1:1, w/w/w)].  

The dose-dependent ELISA demonstrated that the PAbF could recognise MTV 

even at a low dose of 6.25 ng (Fig. 5.2c). Moreover, PAbF showed about 3-8 fold higher 

immune cross-reactivity (p<0.05) than that of the commercial ASA towards MTV under 

identical experimental conditions (Fig. 5.2c). 

 

Fig. 5.2 (c) Comparison of the immune cross-reactivity between PAbF/ commercial ASA 

towards MTV determined by Indirect ELISA. There is a significant difference in the fold 

change value between the immune-reactivity of commercial ASA and PAbF at all the 

MTV doses, *p < 0.05. 

As we are using the same antibody for both capture and detection, we performed a 

dot blot assay where it was observed that the secondary antibody (anti-rabbit IgG-

* 

* 

* 

* 

* 

* 

c 
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HRP/anti-horse IgG-HRP) showed weaker immune-recognition towards the capture 

antibody (dot intensities designated as control without antigen) (Fig. 5.2d, e); these blots 

have been called control without antigen henceforth. 

 

 

 

Fig. 5.2 (d) Dot blot assay to determine immune-recognition of PAbs (individual PAb 1, 

2, 3, 4, PAbF, PAbF 2, 3, 4, 5, 6, 7, 8, 9, 10, and 11) using anti-rabbit IgG-HRP and 

commercial ASA using anti-horse IgG-HRP; (e) Dot intensities of the immune-

recognition demonstrated by the secondary antibodies as stated in (d). Significance of  
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difference in immune-recognition of MTV by PAb 6,7, PAbF 3,4,7,10 and commercial 

ASA with respect to PAbF *p<0.05. Error bars indicate mean ± SD (n=3).  

 After normalising the dot intensities against the control without antigen 

intensities, we found the superior immune cross-reactivity of PAbF towards MTV spiked 

rat plasma compared to individual PAbs, PAb formulations and commercial ASA under 

similar experimental conditions (Fig. 5.2f, g).  

 

 

Fig. 5.2 (f) Dot blot assay of MTV (0.3 ng/µL) spiked rat plasma using the PAbs 

(individual PAb 1, 2, 3, and 4 and in combinations) and commercial ASA; (g) Image 

analyses of dot intensities of immune-reactivity determined as stated in (f). Significance
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 of difference of MTV immune-recognition by PAb individual and PAbF 

2,3,4,5,6,7,8,9,10 and 11 compared to PAbF, *p<0.05; MTV immune-recognition by PAb 

individual and PAbF 2,3,4,5,6,7,8,9,10 and 11 compared to commercial ASA, δp<0.05; 

MTV immune-recognition by PAb individual, PAbF 3,4,5,6,7,8,9,10 and 11 and 

commercial ASA compared to PAbF 2, ψp<0.05; MTV immune-recognition by PAb 7,8,9 

and PAbF 3, 5, 7 compared to PAbF 10, ωp<0.05. Error bars indicate mean ± S.D (n=3).  

The dot blot analysis showed that PAbF could show excellent immune recognition 

of 0.3 ng/µL MTV spiked rat plasma and also an appreciable immune recognition of 0.15 

ng/µL MTV spiked rat plasma; however, below this concentration of MTV, immune 

recognition was found to be non-existent after normalisation of the dot intensities 

measured (Fig. 5.2h, i).   

    

Fig. 5.2 (h) Dot blot assay of MTV (0.3 ng/µL, 0.15 ng/μL and 0.075 ng/μL) spiked rat 

plasma using the PAbF. Blot 1 was incubated with MTV (0.075 ng/μL) spiked rat plasma; 

Blot 2 was incubated with MTV (0.15 ng/μL) spiked rat plasma, and Blot 3 was incubated 

with MTV (0.3 ng/μL) spiked rat plasma; (i) Image analyses of dot intensities were 

performed using ImageJ software. The dot intensities have been normalised against 

intensities of control without antigen. Significance of difference of 0.15 ng/µL dose of 

MTV compared to 0.3 ng/µL dose of MTV *p<0.05. Error bars indicate mean ± S.D. 

(n=3). 

The result of the western blot analysis also confirmed the better immune- 

recognition of the low molecular mass toxins of MTV by the PAbF as compared to 

recognition by commercial ASA (Fig. 5.2j-l).   

i 

* 
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Fig. 5.2 (j) Western blot analysis to determine the immune recognition of MTV by PAbF. 

Immunoblot detected by HRP conjugated anti-rabbit IgG. (k) Western blot analysis to 

determine the immune recognition of MTV by commercial ASA. Immunoblot detected 

by HRP conjugated anti-horse IgG. Lane MTV represents the immunoblot of MTV, and 

lane M denotes the marker. (l) Densitometry analyses of the blot intensities of MTV 

detected by PAbF and commercial ASA. Significance of difference in recognition of the 

MTV by PAbF compared to recognition by commercial ASA, *p<0.05. Error bars 

indicate mean ± SD (n=3). 

Through spectrofluorometric titration, the KD value for PAbF was determined at 

0.126 mg protein/mL (Fig. 5.2m), which was much lower than the KD value of the 

commercial ASA (0.346 mg protein/mL) (Fig. 5.2m) under identical conditions.
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Fig. 5.2 (m) One-site specific binding curve representing spectrofluorometric interaction 

between a fixed concentration of MTV and graded concentrations of PAbF and 

commercial ASA (0.01 mg/mL, 0.02 mg/mL, 0.04 mg/mL, 0.08 mg/mL, 0.16 mg/mL, 

0.32 mg/mL, 0.64 mg/mL, 1.28 mg/mL) showing the change in maximum fluorescence 

intensity (λmax) of MTV-PAbF and MTV-commercial ASA binding with a fixed 

concentration of MTV. The graphs were plotted using GraphPad Prism 5.0 software and 

shows the mean of five scans.  

5.1.3 The PAbF could better immune recognise the MTV enriched plasma sample 

compared to the non-enriched plasma sample from the envenomed Wistar rats 

The dot blot analysis showed that PAbF detected the MTV in the plasma of the 

intravenously envenomed Wistar rats in a time-dependent manner; the highest recognition 

was shown 30 min and 60 min post-injection of MTV, and after that, the intensity of the 

signal (immune cross-reactivity between PAbF and MTV in plasma) decreased (Fig. 5.3 

a,b). However, in the case of the subcutaneously envenomed Wistar rats, the immune 

recognition of MTV was found to increase from 30 min to 60 min and then decrease after 

60 min (Fig. 5.3 a,b). Moreover, as expected, the PAbF showed much better recognition 

for MTV than the immunorecognition by commercial ASA (Fig. 5.3 a,b). 

m
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Fig. 5.3 (a) Dot blot assay comparing the immune-recognition of MTV in the plasma of 

the group I-IV rats by PAbF and commercial ASA when the blood was collected at 30 

min, 60 min, and 120 min after the injection (i.v. and s.c.). Blots 1-3 incubated with 

control plasma (i.v.) collected after 30 min, 60 min, and 120 min recognised by PAbF; 

Blots 4-6 incubated with MTV-treated plasma (i.v.) collected after 30 min, 60 min, and 

120 min recognised by PAbF; Blots 7-9 incubated with control plasma (s.c.) collected 

after 30 min, 60 min, and 120 min recognised by PAbF; Blots 10-12 incubated with MTV-

treated plasma (s.c.) collected after 30 min, 60 min and 120 min recognised by PAbF; 

Blots 13-15 incubated with control plasma (s.c.) collected after 30 min, 60 min and 120 

min recognised by commercial ASA; Blots 16-18 incubated with MTV-treated plasma 

(s.c.) collected after 30 min, 60 min and 120 min recognised by commercial ASA; (b) 

Image analyses of dot intensities of the group I-IV rats' plasma detection by PAbF and 

commercial ASA. The dot intensities have been normalised against intensities of control 

without antigen. Significance of difference in recognition of MTV-
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treated plasma collected at 30 min, 60 min, and 120 min by PAbF compared to recognition 

by commercial ASA, *p<0.05; recognition of MTV-treated plasma (s.c.) collected at 60 

min and 120min PAbF compared to recognition of MTV-treated plasma collected at 30 

min, ɣp<0.05; recognition of MTV-treated plasma (s.c.) collected at 30 min and 120 min 

PAbF compared to recognition of MTV-treated plasma collected at 60 min, ωp<0.05; 

recognition of MTV-treated plasma (i.v.) collected at 30 min and 60 min by PAbF 

compared to recognition of MTV-treated plasma collected at 120 min, ψp<0.05. Error bars 

indicate mean ± S.D. (n=3). 

Dot blot analysis showed that the unique protocol developed in this study to enrich 

the envenomed plasma with low molecular mass MTV toxins is very potent (about 2 folds 

higher) in immune recognising the MTV in LMMPT-enriched MTV-treated plasma 

compared to the determination of MTV in non-enriched plasma (Fig. 5.3c, d). The 

sandwich ELISA also demonstrated MTV's superior immune recognition (about 2-fold 

higher) in LMMPT-enriched MTV-treated plasma compared to non-enriched MTV-

treated plasma by PAbF (Fig. 5.3e).  

 

Fig. 5.3 (c) Comparison of immune cross-reactivity of PAbF towards MTV in the 

LMMPT-enriched MTV-treated and non-enriched plasma of envenomed rats. Blot 1
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 incubated with control non-enriched plasma; Blot 2 incubated with non-enriched MTV-

treated plasma; Blot 3 incubated with control LMMPT-enriched MTV-treated plasma; 

Blot 4 incubated with LMMPT-enriched MTV-treated plasma; (d) Image analyses of dot 

intensities of the plasma detection by the PAbF. The dot intensities have been normalised 

against intensities of control without antigen. Significance of difference in recognition of 

LMMPT-enriched MTV-treated plasma compared to non-enriched MTV-treated plasma, 

ɣp<0.05; (e) Immune-reactivity of the PAbF towards MTV-treated non-enriched plasma 

and MTV-treated-LMMPT-enriched plasma determined by Sandwich ELISA. The 

absorbance values have been normalised against control without antigen. Significance of 

difference of recognition of MTV-treated-LMMPT-enriched plasma compared to MTV-

treated non-enriched plasma, *p<0.05. Error bars indicate mean ± S.D. (n=3). 

5.1.4 Mass spectrometry analysis demonstrated the protocol developed in this study 

enriches the low molecular mass MTV toxins in MTV-treated rat plasma 

The LC-MS/MS analysis of LMMPT-enriched MTV-treated rat plasma 

demonstrated the presence of scorpion venom K+ and Na+ channel toxins against the 

Buthidae family and M. tamulus databases. In contrast, these toxins could not be 

identified in control (untreated) plasma, which is obvious. In the MTV-treated rat plasma 

sample, the other protein identified against the Buthidae family and M. tamulus databases 

was the structural protein. The amino acid sequence alignment of the identified protein 

sequences with the K+ and Na+ channel toxins of MTV used for the custom peptide 

synthesis showed conserved residues of these toxins (Fig. 5.4). 

Fig. 5.4 Multiple sequence alignments of the (a) K+ channel toxin, and (b) Na+ channel 

toxin identified by LC-MS/MS analysis and the MTV K+ and Na+ channel toxin used for 

designing the custom peptides. 

a

b
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5.1.5 Biophysical characterisation demonstrated conjugation of PAbF with AuNPs  

The synthesised AuNPs displayed a wine-red colour. The UV-Vis spectra recorded 

in the 400-700 nm range depicted a plasmonic peak at around 524 nm for the bare AuNPs. 

For antibody conjugation to the AuNPs, MUA functionalisation to the AuNPs showed a 

bathochromic shift of plasmonic peak from 524 nm to 528 nm. The peak showed a further 

bathochromic change to 530 nm after the conjugation of PAbF to the functionalised 

AuNPs (Fig. 5.5a).  

 

Fig. 5.5 (a) UV-Vis spectra of AuNP and AuNP conjugated with PAbF. The values are 

the mean of absorbance obtained in triplicates. 

The infrared spectra of AuNP obtained from FTIR showed peaks at 3452 cm−1, 

2922 cm−1, and 1636 cm−1, characteristic of –O–H stretching, –C–H stretching, and –C=O 

stretching for the functional group of the citrate group stabilising the AuNPs [1-3]. When 

functionalized with MUA, peaks were observed at 2924 and 2854 cm−1, corresponding to 

symmetric and asymmetric -C-H elongation vibrations, respectively. Furthermore, the 

conjugation of the PAbF to functionalized AuNP resulted in a peak at 3433 cm−1, which 

represents amide NH2 asymmetric stretching (3500 and 2800 cm−1), another peak at 1644 

cm−1, which falls under the amide I region (1600-1700 cm−1),   and a broad band at 682 

cm−1 for N–H wagging (750–650 cm−1) [2-4](Fig. 5.5b). On the other hand, the zeta 

potential (mV) of the bare citrate-capped AuNPs and AuNP-PAbF conjugate was 

measured as −38.25 ± 0.07 mV and −30.31 ± 0.01 mV, respectively (Fig. 5.5c). 

a
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Fig. 5.5 (b) FTIR spectrum of AuNP and AuNP conjugated with PAbF; (c) Zeta potential 

of AuNP and AuNP conjugated with PAbF. 

b

c 

AuNP 

AuNP-PAbF conjugate 
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TEM analysis depicted monodisperse shapes for the bare citrate-capped AuNPs; 

however, when PAbF was conjugated to the AuNPs, the particles got aggregated (Fig. 

5.5d, e). The particles' average diameter was 15.33 ± 0.12 nm and 16.44 ± 0.63 nm for 

bare AuNPs and AuNP-PAbF conjugate, respectively (Fig. 5.5f, g). 

 

 

Fig. 5.5 TEM images of (d) AuNP and (e) AuNP-PAbF conjugate particle at 20 nm 

magnification; Particle size distribution histogram of (f) AuNP and (g) AuNP-PAbF 

conjugate particle in TEM images, with Gaussian function, fit using Originpro 8.5. 

Further, the AFM analysis determined the height of the bare AuNP as 13.01 ± 0.03 

nm, and after PAb adsorption, the size of the AuNP increased to 17.29 ± 0.17 nm (Fig. 

5.5h-k).  

 

 

f g 
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Fig. 5.5 Topographic 2D AFM images with scanned area 1000 x 1000 nm of (h) AuNP, 

(i) AuNP-PAbF conjugate; Histogram of height distribution of (j) AuNP, (k) AuNP-

PAbF conjugate, from the topographic 2D AFM images with scanned area 1000 x 1000 

nm. 

The PAbF adsorption efficiency to the AuNP was 55.8 %, as determined via the 

calibrated Bradford protein assay curve (Fig. 5.5l). 

 

Fig. 5.5 (l) Calibration curve for estimating antibody (PAbF) left in the supernatant after 

conjugation to AuNP.  Error bars indicate mean ± S.D. (n=3).
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5.1.6 Detection of MTV in spiked serum (in vitro) and enriched plasma from 

envenomed Wistar strain rats (in vivo) by AuNP-PAbF conjugate and quantitation 

of MTV in envenomed plasma 

 The UV-Vis spectrum result suggests that under in vitro conditions, the AuNP-

PAbF conjugate showed precise immune recognition of MTV spiked rat plasma (0.3 

ng/µL); however, it did not show immune cross-reactivity towards negative controls NnV 

and RvV (Fig. 5.6a). For control, NnV, and RvV samples, the LSPR peak was observed 

at 530 nm. In contrast, for MTV, the peak shifted to 579 nm (Fig. 5.6a). 

 

 

Fig. 5.6 (a) Absorbance spectra of the AuNP-PAbF conjugate in the presence of control 

(untreated rat plasma), MTV (0.3 ng/µL) spiked rat plasma, NnV, and RvV (50 ng/µL) 

spiked rat plasma. The values are the mean of absorbance obtained in triplicates. 

 In the case of LMMPT-enriched MTV-treated plasmas from groups III and IV 

rats, bathochromic shifts in absorption maxima (λmax) from 530 nm of AuNP-PAbF 

conjugate to 538 nm were observed, suggesting the immunoreaction occurrence; 

however, no such wavelength shift or increase in absorption intensity was observed for 

control plasma from group I and III rats (Fig. 5.6b). The protocol developed in this study 

can rapidly detect MTV in the plasma of envenomed experimental rats within 

a 
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5-10 min, indicating this method's suitability in the rural health centres for detecting MT 

envenomation.   

 

Fig.5.6 (b) Absorbance spectra of the AuNP-PAbF conjugate in the presence of control 

(untreated, group I and II) and MTV-treated-LMMPT-enriched plasma from group III 

and IV rats. 

 The AuNP-PAbF conjugate was treated with MTV concentrations ranging from 

1 ng/µL to 5 ng/µL, and UV-Vis measurements were recorded. From Fig. 5.6c, it was 

observed that with an increase in MTV concentration, the characteristic peak of AuNPs 

at 524 nm decreased, and after aggregation of AuNPs, there was a shift in the band to 

around 540 nm. The MTV was quantified per previously available protocols [5,6]. The 

absorbance ratio of PAbF-venom aggregated peak to AuNP peak, i.e., A540/A524, was 

plotted against the concentration of MTV to obtain a calibration curve. It was found that 

A540/A524 was proportional to the concentration of MTV with a regression coefficient R2 

= 0.9975 (Fig. 5.6d). The sensing method's detection limit (LoD) was calculated to be 0.3 

ng/μL. The limit of quantitation (LoQ) was calculated to be 0.91 ng/μL as per the formula 

10σ/S. By the above method, the venom quantity detected in the intravenously and 

subcutaneously injected LMMPT-enriched MTV-treated plasma was 0.64 ng/μL (38.8 ± 

1.0%) and 3.05 ng/μL (48.3 ± 0.5%), respectively. Here, we would like to state that in 

vitro condition of venom detection differs from in vivo venom detection because several 

factors may interfere during in vivo venom detection.

b 
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Fig. 5.6 (c) Absorbance spectrum for MTV spiked rat plasma detection. Absorbance 

curves correspond to plasma samples containing 1-5 ng/μL MTV; (d) Calibration curve 

for MTV spiked rat plasma detection at concentrations 1-5 ng/μL. Error bars indicate 

mean ± S.D. (n=3). 

5.2 Discussion 

 Various clinical signs are documented in scorpion envenomation, and existing 

diagnostic methods reliant on these clinical manifestations may inadvertently jeopardize 

patients' health in cases of misdiagnosis. Consequently, employing this technique to 

verify noxious bites in clinical specimens with ambiguous diagnoses may prove 

beneficial. In recent years, synthetic peptides have garnered heightened scrutiny. Our 

work utilized their flexibility to generate polyclonal antibodies targeting the CPs unique 

to the MTV toxin epitope.   

 Obtaining scorpion venom is challenging since, after laborious procedures, only 

a minimal amount of venom can be extracted from each specimen, separating toxins from 

the entire venom complex. Additionally, purifying toxins is time-consuming, expensive, 

and yield-dependent. As a result, it is preferred to identify, design, and synthesise bespoke 

peptides because they can be produced consistently and with long-term stability. 

Additionally, synthetic peptides facilitate the measurement of antibodies specific to 

specific antigens, resulting in more precise assays [7,8].  

Proteomic analysis of MTV revealed the predominance of low molecular mass K+ 

and Na+ channel toxins, accounting for 38.2% and 38.4% of the proteome, respectively 

[9]. The highest antigenic propensity epitopes of two major toxins of MTV viz. Na+ and 

K+ channel toxins were used to design the peptides that mimic the antigenic epitope of 

c d 
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these two major toxins of MTV to raise polyclonal antibodies against them. Since the 

rapid oxidation of cysteine residues in the native peptide sequence can affect peptide 

synthesis and purification by adversely influencing the cleavage of protecting groups 

[10], the cysteine residues were substituted with serine while designing toxin-epitope-

specific custom peptides. There is very little difference between these two amino acids. 

Therefore, there are only minor differences in bond lengths and angles between these two 

amino acids, but the conversion of cysteine to serine can ease the peptide synthesis 

process [11]. Usually, the small size of peptides does not induce an immune response to 

produce high-titre antibodies in host animals [12]. Thus, the peptides were conjugated 

with carrier protein KLH via a bifunctional linker to raise a high titre of PAbs in rabbits 

[13,14]. 

Animal models have significantly contributed to advancing biomedical research by 

helping us understand various biological and pathological processes [15]. Due to their 

physiological similarity to humans, rodents have recently become the most commonly 

used species in biomedical research [16,17]. Their use can advance our understanding of 

various processes, including therapeutics, diagnostic methods, and biological 

development [15-17].  

Detection at the concentration of 0.15 ng/µL may be beneficial to determine MTV 

in the plasma/serum of envenomed animals or humans, as reports have suggested that the 

maximum venom volume injected per sting of M. tamulus is 1.5 mg in approximately 5L 

of blood for an adult human (concentration of 0.3 ng/µL). Interestingly, PAbF showed 

synergistic action in significantly higher immune recognition of MTV than the individual 

PAbs. Such synergistic action of PAbs for MTV detection or any other venom protein 

detection has yet to be reported.  

Moreover, a higher proportion of Na+ and K+ channel-specific antibodies in the 

PAbF showed significantly higher potency in immune recognition of MTV than 

commercial ASAs under identical experimental conditions. Furthermore, PAbF did not 

show immune cross-reactivity towards the snake venoms tested, ruling out that they could 

give false positive results against neurotoxic snakebites. Based on the results of the 

immune cross-reactivity of individual PAbs and PAbF with MTV as demonstrated by 

ELISA and dot blot assay, PAbF was used further to detect MTV in the plasma of 

envenomed rats. 
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The pharmacokinetics studies of other scorpion venoms (A. australis garzonii, T. 

serrulatus, and B. occitanus tunetanus) in rodents have demonstrated that the peak 

concentration of venom reaches in blood between 30 and 60 min after venom injection, 

and after that, the venom is distributed in the organs and eliminated rapidly from the blood 

[18-20]. Our latest study on the blood glucose levels in rats after MTV treatment has 

reported a significant increase in the levels 30 to 120 min post venom injection [21], and 

the finding of this study is in close agreement with these reports. Additionally, the signal 

intensity (immune cross-reactivity between PAbF and MTV in plasma) for the 

subcutaneously envenomed animal was higher than intravenously envenomed, which 

may be because more venom was injected via the subcutaneous route. Since the venom 

reaches blood at a slower rate via this route, the dispersion of venom from the bloodstream 

is slower than intravenous administration of MTV.   

One of the mandates of our study was to develop a sensitive method that can detect 

a low concentration of MTV in the plasma of envenomed patients. However, the low 

molecular mass MTV toxins (or other peptides) in plasma are often veiled by the presence 

of high-abundance proteins (HAPs), which comprise more than 99% of the amount of 

protein in plasma [22,23]; consequently, it was an obstacle in our intention of developing 

of a sensitive kit for MTV detection. To overcome this problem, we developed a new 

technique to enrich LMMPT in MTV-envenomed plasma to detect scorpion 

envenomation better. The PAbF showed better immune recognition of MTV in LMMPT-

enriched MTV-treated plasma than non-enriched MTV-treated plasma, thereby indicating 

that this technique can be helpful for the development of a sensitive, cost-effective, and 

rapid method for diagnosing and quantifying MTV in scorpion sting patients.   

In snake and scorpion envenomation cases, there is often a considerable time gap 

between bite incidence and the arrival of most patients at health centres [19,24-26]. Since 

venom detection after a certain time interval post-sting is a difficult task due to the fast 

elimination of the venom, one of the objectives of this study was to develop a simple 

method that a technician can use in rural tropical primary and secondary health centres 

without the requirement of costly equipment for rapid diagnosis of scorpion 

envenomation. Immune-recognition techniques such as ELISA and western blot based on 

expensive chemicals and instruments may serve a different purpose. Therefore, we 
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considered developing a rapid and straightforward visual detection method for MTV 

envenomation. During the last couple of decades, AuNPs have shown tremendous 

promise in detecting biomaterials and various other applications [27-30].  

AuNPs possess tuneable and unique optical properties due to the possession of a 

physical phenomenon called surface plasmon resonance (SPR). AuNPs strongly absorbed 

in the visible light region, and the light's oscillating electromagnetic field causes the 

conduction band electrons on the nanoparticle surface to collectively oscillate coherently 

[27,31]. The detection sensitivity by AuNP also depends on the size of the particle. There 

have been reports that AuNPs with larger sizes have better sensitivity but are not as stable 

as AuNPs of approximately 13-20 nm size [32,33].    

In our study, the synthesised AuNPs were monodisperse with a size of around 13-

15 nm, and the size of the AuNP-PAbFs increased marginally (16-17 nm). The amide 

bonds observed in the infrared spectroscopic studies confirmed the conjugation and the 

increase in zeta potential when compared to bare AuNPs. Because NaCl concentration 

plays a vital role in choosing the minimum concentration of PAbF required for stabilising 

the AuNP- PAbF complex, its optimum concentration was studied. NaCl aggregates 

AuNPs, changing the colour of the AuNP colloidal solution from red wine to purple/blue. 

The optimum binding concentration of PAbF to AuNPs surface to maintain the uniform 

dispersion was determined at 1 µg/µL, which is good enough to determine the low 

concentration of MTV in a scorpion-envenomed plasma sample. Furthermore, the AuNPs 

utilised in this study could be substituted with more sensitive detection systems, such as 

AuNP-coupled semiconductor quantum dots or fluorophore dyes, to increase the 

detection limit of MTV. However, the significant advantage of this protocol developed in 

this study is that it can rapidly detect MTV in the plasma of envenomed experimental rats 

within 5-10 min, indicating this method's suitability in the rural health centres for 

detecting MT envenomation. 

The detection method proposed in our study necessitates using a visible range 

spectrophotometer to detect the LSPR peak shifting. The detection method may help 

quantify the circulating venom and assess the antivenom required to eliminate the venom 

from the blood. There have been a few reports of venom detection of scorpion species 

that are not endemic to India [34,35]. This paper presents the first analytical approach 

employing species-specific antibodies for the sensitive detection of MTV within 5-10 
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minutes. This approach serves as a proof-of-concept, necessitating more research 

to enhance the technique's sensitivity concerning nanoparticle conjugates. In the future, 

it may be possible to develop devices or kits utilizing image analysis, microfluidics, or 

lateral flow assays to detect MTV at the point of care quickly. Furthermore, a 

comprehensive examination of samples from a substantial cohort of patients stung by M. 

tamulus must be conducted to apply the suggested diagnostic approach in clinical settings.   
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