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 14 

      Silver nanoparticles modified with 4-amino-3-hydrazino-5-mercapto-1,2,4-triazole (AgNPs-AHMT) have been developed as colorimetric 15 

sensors for cortisol detection as a stroke biomarker. This method’s principle was based on AgNPs-AHMT aggregation with cortisol due to 16 

the hydrogen bonding interaction between the surfaces of AHMT and cortisol. This process caused the color change that can be seen with 17 

the naked eye. Then, it is confirmed by ultraviolet-visible (UV-Vis) spectroscopy, particle size analyzer (PSA), Fourier transform infrared 18 

(FTIR) spectroscopy, and transmission electron microscopy (TEM). The color of colloidal AgNPs-AHMT changed from yellow to brownish 19 

orange, giving a red shift in the localized surface plasmon resonance (LSPR) peak. The quantitative monitor for cortisol determination had 20 

good linearity in the range of cortisol concentrations of 1.0-50.0 nM, with a limit of detection (LOD) and a limit of quantification (LOQ) of 21 

0.719 nM and 2.37 nM, respectively. The relative standard deviations (RSD%) for intra-day and inter-day were <3.2% and <2.26%, 22 

respectively. Moreover, this method was applied for cortisol detection in a saliva sample. So, the simple, rapid, and real-time strategy 23 

exhibited a promising potential for cortisol detection in a saliva sample.  24 
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INTRODUCTION 
 

      A stroke, also called a brain attack, occurs when 

something cuts off and blocks the blood supply to a part of 

the brain or when the blood vessel in the brain burst and 

rupture. There are two types of stroke: hemorrhagic and 

ischemic. Hemorrhagic stroke occurs when the blood vessels 

leading to the brain burst and break. An ischemic stroke 

occurs when a blood clot blocks the blood flow to the brain 

[1]. 

      A stroke can cause long-term disability and even death. 

In the world in 2019, stroke was the third leading cause               

of long-term disability (143 million people) and  the  second  
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leading cause of death (6.6 million people) [2]. Over the last 

three decades, the global incidence of stroke has increased 

by 70%, the prevalence by 86%, the mortality rate by 43%, 

and the number of disability cases by 32%, with a more 

significant increase in stroke cases in low and middle income 

countries than in high-income countries [2]. 

      Several methods have been developed for stroke 

detection, such as magnetic resonance imaging (MRI) [3] 

and computed tomography (CT) scanning [4]. But this 

method can only be done in a hospital, requires 

instrumentation carried out by an expert, an extended 

analysis time, and a multi-step analysis method, and is 

relatively expensive. Meanwhile, this case may occur in low- 

and middle-income countries. So, it is necessary to develop 

a technique for stroke early detection that is low-cost, simple,  
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and real-time, and can be read out by the naked eye without 

using the complicated instrument. The current method being 

developed is a colorimetric method. 

      Colorimetric methods have gained popularity due to their 

ease of use, low cost, and ability to be viewed with the naked 

eye without using expensive additional devices. This method 

can be used in point-of-care testing and field analysis [5]. 

The principle of the colorimetric method is color change 

detection with a specific chemical reaction between sensing 

materials and an analyte. It is to take advantage of the LSPR 

in the visible range. Sensing materials developed extensively 

are metal nanoparticles such as silver nanoparticles (AgNPs) 

[6-9]. 

      AgNPs are metal nanomaterials that have potential 

applications in various fields, such as imaging [10], bio-

diagnostic [11], biological labeling [12], drug delivery [13], 

and colorimetric sensing [14]. Silver nanoparticles have 

unique properties such as a unique shape and size, a high 

excitation coefficient, and optical properties in the visible 

region. They are also convenient sensing probes due to their 

simplicity, selectivity, and sensitivity [15,16]. So, it is well 

developed for colorimetric sensing by the color change of 

AgNPs induced by hydrogen bonding recognition. 

Colorimetric sensing by AgNPs can detect a specific 

biomarker for stroke, such as cortisol. 

      Cortisol, the "stress hormone," is a steroid hormone 

produced in the adrenal glands. This hormone plays a vital 

role in the body's stress response. A stress response consists 

of increasing levels of cortisol in the first week after an acute 

stroke [17-20]. The adrenal glucocorticoid stress response in 

humans causes cortisol and blood glucose levels to increase 

and possibly potentiates ischemic damage to neurons. 

According to Chistensen's [21] research on the relationship 

between stroke and cortisol level, acute stroke mortality is 

associated with an increased cortisol level associated with 

stroke severity and a marker reflecting stroke severity [21]. 

Several methods have been developed for cortisol                

detection, including electrochemical detection [22], 

chemiluminescence immunoassay [23], ELISA [24], lateral 

flow immunoassay [25], and colorimetric analysis [26]. 

      The purpose of this research was to see if silver 

nanoparticles modified 4-amino-3-hydrazino-5-mercapto-

1,2,4-triazole  (AgNPs-AHMT)  could  be  used   for   rapid 

 

 

colorimetric sensing. We also investigated the selectivity and 

sensitivity of this nanoparticle for cortisol detection as a 

stroke biomarker. I hope this study can decrease the 

prevalence of stroke cases and the mortality caused by 

stroke. 

 
MATERIALS AND METHODS 
 

Chemicals and Solutions 
      Silver nitrate (AgNO3), sodium borohydride (NaBH4), 

AHMT, and cortisol were kindly supplied by Sigma Aldrich 

USA. All materials are of analytical grade reagent and 

applied without any purification. And all glassware was 

cleaned by using aqua regia (HCl:HNO3, 3:1) after that 

washed with ultrapure water. 

 

Instrumentation 
      A UV-Vis spectrophotometer, the Shimadzu 1800, was 

used to measure the wavelength and absorbance of the 

formed compounds. PSA and zeta potential measurements 

were performed on Zetasizer Ver. 7.01 (Malvern 1061025) 

to determine the particle and distribution size of AgNPs 

formed. The FTIR spectral measurements were carried out 

by Shimadzu, and TEM to know the size and the aggregation 

status of AgNPs-AHMT. 

 

Synthesis of AgNPs 
      AgNPs were synthesized using AgNO3 as a source of 

Ag+ and NaBH4 as a reduction agent to reduce Ag+ to Ag0. 

30.0 ml of 2.0 mM NaBH4, cooled in an ice bath, was added 

at 1 drop per second to 10.0 ml of 1.0 mM AgNO3 [22]. The 

reaction mixture was stirred for up to three minutes on a 

magnetic stirrer. The mixture solution turned light yellow 

after 1.0 ml of AgNO3 was added. After stirring was stopped, 

the stir bar was removed, and the solution was centrifuged 

and filtered. This synthesis produced bright yellow AgNPs, 

which were examined using UV-Vis and PSA.  

      Optimizing AgNO3 and NaBH4 concentrations is 

essential for producing AgNPs with highly stable yellow 

color. The concentrations of AgNO3 used in this research are 

0.5 mM, 0.75 mM, 1.0 mM, 1.25 mM, and 1.5 mM. And                 

for the concentrations of NaBH4 used in this research,                 

were 1.5 mM, 1.75 mM, 2.0 mM, 2.25 mM, and 2.5 mM. 
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Preparation of AgNPs modified AHMT 
      AgNPS modified with AHMT from 5.0 ml of AgNPs 

were added to 1.0 ml of AHMT at 0.05 mM. This solution 

was sonicated for 10 min at 20 kHz. The results evaluated 

the stability and characterization with UV-Vis, FTIR, and 

TEM. The strength of yellow colloidal AgNPs was observed 

for 3 months. Absorbance was measured with a UV-Vis 

spectrophotometer at 15 min, 30 min, 60 min, 2 h, 3 h, 5 h, a 

day, 7 days, 30 days, and 60 days. 

 

Colorimetric Detection of Cortisol  
      The colorimetric detection of cortisol using AgNPs-

AHMT was based on the color change that occurred when 

AgNPs-AHMT reacted with cortisol under optimum 

conditions. This detection is accomplished by adding 2.0 ml 

of cortisol (10.0 nM) to a test tube containing 2.0 ml of 

AgNPs-AHMT. Add 1.0 ml of a pH 7.0 buffer containing 

phosphate-buffered saline (PBS) 10.0 mM solution 

(consisting of 0.9% NaCl) to the tube. The absorbance was 

determined after 10 minutes at the wavelength of 540 nm.  

 
Analytical performances and Method Validation 
      Linearity, detection limit, selectivity, and sensitivity 

were used to evaluate analytical performance and method 

validation. The linearity of the colorimetric sensor was 

measured with cortisol concentrations of 0.00 nM, 1.0 nM, 

3.0 nM, 5.0 nM, 10.0 nM, 20.0 nM, 30.0 nM, 40.0 nM,            

50.0 nM, and 100.0 nM under optimal conditions. This 

colorimetric sensor selectivity was evaluated with the other 

diols in saliva, like amylase, and some hormones that may be 

excreted in saliva, such as corticosterone, testosterone, 

progesterone, estradiol, and some ions (Na+, K+, Mg2+, and 

Cl-). The concentration of interference that was added was 

100.0 nM for biological interference and 1000.0 nM for 

metal ions. This work used a lower concentration of cortisol 

(10.0 nM) than that generally found in saliva. 

 
RESULTS AND DISCUSSION 
 
Synthesis of AgNPs 
      The synthesis of AgNPs had been developed using a 

chemical reduction method with AgNO3 as a source of Ag0 

and NaBH4 as a reduction agent. A color change  confirmed  

 

 

the AgNPs colloidal formation from colorless to yellow and 

the surface plasmon resonance at 400 nm, such as in                

Fig. 1a. PSA also confirmed the appearance of AgNPs to 

determine the size distribution of the colloidal result. The 

size distribution of the resulting colloidal AgNPs was           

17.07 nm, as shown in Fig. 1b.  

      Several factors, such as the concentrations of AgNO3 and 

NaBH4, influenced the formation of stable colloidal AgNPs. 

From here, the different conditions were investigated in this 

work. The optimal concentration of AgNO3 was determined 

at five different concentrations: 0.5 mM, 0.75 mM, 1.0 mM, 

1.25 mM,  and   1.5 mM.  The   color  of   AgNPs   colloidal 

 

 

 

 

 
Fig. 1. (a) UV-Vis absorption spectra of AgNp and colloidal 

solution, (b) PSA spectra of AgNp size distribution. 
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products depends on the concentration of AgNO3. With the 

increase in concentration, a color change of the AgNPs 

colloidal products was observed, from yellow to brownish 

yellow. Increasing AgNO3 concentration also results in a 

different absorbance and spectra shape of UV-Vis with a 

high absorbance of 0.769 at 400 nm for the concentration of 

AgNO3. PSA confirmed the size distributions of various 

AgNO3 concentrations. The smallest size distribution was 

produced by 1.0 mM of AgNO3 concentration with a size 

distribution of 16.96 nm. 

      The variation in concentration of NaBH4 was 

investigated at 1.5 mM, 1.75 mM, 2.0 mM, 2.25 mM, and 

2.5 mM. It significantly affects the color, absorbance, and 

wavelength of the UV-Vis spectra, as well as the size 

distribution of the resulting AgNPs. The high absorbance of 

the UV-Vis spectra on 2.5 mM of NaBH4 was 0.753 at             

402 nm. Still, the spectra had a broad peak that indicated                 

the possibility of AgNPs forming  with  large  nanoparticles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and an inhomogeneous size distribution. At 2.0 mM 

concentration, NaBH4 showed a narrower peak, which meant 

that the size of AgNPs was smaller, and the size distribution 

was more homogeneous. It was then confirmed with PSA to 

determine the size distribution at different NaBH4 

concentrations. The smallest size distribution of AgNPs at a 

2.0 mM concentration of NaBH4 with a size distribution of 

13.82 nm. 

 
AgNPs Modified AHMT 
      AgNPs have low stability and are very easy to aggregate, 

producing a larger silver nanoparticle. So, a capping agent is 

needed to protect the surface of AgNPs and prevent the 

aggregation of AgNPs. AHMT has three nitrogen hybrid 

rings, two exocyclic amino groups, and one mercapto group. 

The mercapto group of AHMT can strongly coordinate with 

the surface of AgNPs through the interaction of mercapto on 

AHMT  with  the  surface of AgNPs proposed in Scheme 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Scheme 1. Illustration of colorimetric detection of cortisol using AgNp-AHMT 
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AHMT molecules can influence the rate of reaction or 

nucleation for AgNP formation. AHMT is adsorbed on the 

surface of the AgNPs by attachment with the sulfur atom 

present in its assembly, which protects AgNPs from 

aggregation. 

      The successful formation of AgNPs modified with 

AHMT was confirmed by the UV-Vis absorption spectra of 

AgNPs before and after the addition of AHMT, as shown in 

Fig. 2. The stabilization with AHMT caused a higher and 

narrower absorbance peak in the SPR band at 401 nm. And 

the PSA result of AgNPs with and without AHMT 

modification is given in Fig. 3. AgNPs with AHMT 

modification had a higher intensity than AgNPs without 

AHMT modification. It indicated that modification with 

AHMT led to a higher number and more homogeneous size 

distribution of the formed AgNPs. 

      The FTIR spectra of AgNPs-AHMT and AHMT are 

shown in Fig. 4. For the AHMT spectra, the bands at       

3446.91 cm-1, 2042.68 cm-1, and 1635.69 cm-1 corresponded 

to -NH, and N-H adjacent to C=S and N=N stretching, 

respectively. The band at 1390.72 cm-1 was the stretching of 

the C=C bond from AHMT. Meanwhile, for AgNPs-AHMT 

spectra, all the bands are similar to the pure AHMT spectra. 

Additionally, the vibrations at 636.53 cm-1 and 472.58 cm-1 

resulted from N-C-S and C=S stretching in AHMT and 

shifted towards lower wavelengths at 574.81 cm-1 and           

451.36 cm-1 in the AgNPs-AHMT spectra. This confirmed 

that the modification of AgNPs with AHMT was successful, 

thus leading to the formation of AgNPs-AHMT by surface-

bound AHMT. 

      The surface morphology of AgNPs-AHMT was analyzed 

by TEM images, as shown in Fig. 5. TEM analysis also 

supported the UV-Vis and FTIR spectra to confirm the 

formation and morphology of AgNPs-AHMT. In the TEM 

image, the presence of AHMT was well dispersed on the 

surface of AgNPs (Fig. 5). And we can deduce the average 

particle size distribution of AgNPs-AHMT from the TEM 

results using a standard Image J application. This method 

showed that the average size of AgNPs-AHMT was 5-20 nm. 

 

Application of AgNPs-AHMT for Colorimetric 
Detection of Cortisol 
      Cortisol, known as a stress hormone, is also  known as a 

 
 

 
Fig. 2. The UV-Vis spectra absorption of AgNp with and 

without AHMT. 

 

 

 
Fig. 3. The PSA result of AgNPs with and without AHMT. 

 
 

 
Fig. 4. The FTIR spectra of AgNp-AHMT vs. AHMT. 
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Fig. 5. Transmission electron microscope (TEM) of the 

AgNp-AHMT. 

 

 

biomarker of stroke disease. In this work, we developed a 

colorimetric method for cortisol detection using AgNPs-

AHMT as a probe. 

      AgNPs-AHMT can detect cortisol because of its 

structure, where cortisol has three hydroxyl groups that play 

vital roles. It can interact with AgNPs-AHMT through the 

hydrogen bonds between the -NH group from AgNPs-

AHMT and the -OH group from cortisol (NH---O), as 

illustrated in Scheme 1. Aside from hydrogen bonding, the 

formation of a charge transfer complex between AHMT rich 

in electrons and electron-deficient cortisol may induce AgNP 

aggregation [27]. It is caused by the shortened interparticle 

distance, which generates the aggregation of AgNPs-AHMT 

and causes a color change in the AgNPs-AHMT probe. So, 

this is being developed as a rapid and simple colorimetric 

detection of cortisol.  

      When interacting with cortisol, AgNPs-AHMT’s color 

changed from a light yellow to a brownish orange, which the 

naked eye can visualize. And we introduced a newly shifted 

LSPR band to a longer wavelength, or redshift, at 540 nm, as 

shown in Fig. 6. 

      The reaction between AgNPs-AHMT and cortisol was 

related  to  hydrogen  bonding  interactions  that H+ strongly  

 

 

 

 
Fig. 6. UV-Vis spectra absorption of AgNp-AHMT with and 

without cortisol. 

 

influenced, so in this work, we investigated the pH effect 

from 5.0 to 9.0 to verify the optimum pH of the aggregation 

process. At pH 5.0, there was no color change and no new 

peak at 540 nm, which indicated that protonated cortisol was 

not absorbed on the surface of AgNPs-AHMT. The color 

change occurred at pH > 6.0 and produced a new peak at a 

wavelength of about 550 nm. However, the highest 

absorbance was obtained at pH 7.0, which indicated that 

cortisol and AHMT were protonated for hydrogen bonding 

at this condition. On the other hand, AgNPs-AHMT was 

unstable in alkaline conditions (pH > 8.0) and easily 

aggregated even without cortisol. So according to this result, 

7.0 was chosen as the optimal pH for the colorimetric 

detection of cortisol without any pH adjustment. 

       Another factor that is very important is reaction time. 

The effect of reaction time on the absorbance of AgNPs-

AHMT solution by the detection of cortisol was also 

investigated. An examination reveals that after the addition 

of cortisol to AgNPs-AHMT, a color change began to occur, 

and the observed absorbance increased within 1 minute and 

then gradually increased up to 10 min. However, after                    

10 min, the absorbance began to decrease and lasted until               

60 min. This showed that the reaction between AgNPs-

AHMT and cortisol was almost complete within 10 min. 

Thus, all the colorimetric measurements of cortisol using 

AgNPs-AHMT were carried out after 10 min of reaction 

time. 

 
Analytical Performances and Method Validation 
      The  analytical  performance  and  method  validation of 
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AgNPs-AHMT for colorimetric cortisol detection were 

validated at different cortisol concentrations (0.00 nM,        

1.0 nM, 3.0 nM, 5.0 nM, 10.0 nM, 20.0 nM, 30.0 nM, 40.0 

nM, 50.0 nM, and 100.0 nM). AgNPs’ color-modified 

AHMT was yellow, when cortisol was added, the color 

changed from yellow to brownish orange and then brownish 

as the cortisol concentration increased. This significant color 

change could be observed with the naked eye and verified 

through UV-Vis absorption spectra at the wavelength of       

540 nm. The typical UV-Vis spectra of different cortisol 

concentrations were reduced for the peak absorption spectra 

at 400 nm and increased for the new peak absorption spectra 

at 540 nm. Moreover, the calibration curve of the 

colorimetric sensing of cortisol results in good linearity at a 

concentration of cortisol in the range of 1.0-50.0 nM. 

Accordingly, the calibration equation was Y = 0.0104X + 

0.0926, where Y is the absorbance from the UV-Vis spectra 

and X is the concentration of cortisol. The coefficient of 

correlation from this determination is 0.999 and the 

sensitivity is 0.0104 nM ml-1. 

      The limit of detection (LOD) is defined as 3Sb/m (where 

Sb is the standard deviation of the blank and m is the slope of 

the calibration curve). And the limit of quantification (LOQ) 

of an analytical method validation can be defined as the 

lowest concentration of cortisol in a sample that can quantify 

this method, where  the  LOQ = 3.3×LOD.  LOD  and  LOQ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

values for cortisol detection using AgNPs-AHMT were 

0.719 nM and 2.37 nM, respectively. Then, this method was 

compared with the other method, as shown in Table 1. This 

method produces a lower LOD compared with the other 

methods, although there are several other methods that also 

have a lower LOD. On the other hand, this method has good 

linearity and sensitivity, which is acceptable for common 

detections. 

      Standard solutions with cortisol concentrations ranging 

 from 1.0 to 50.0 nM were analyzed during the intra-day and 

inter-day periods to assess the precision of the developed 

method. The RSD % for intra-day and inter-day was <3.2% 

and <2.26%, respectively, as shown in Table 2. We also 

calculated the accuracy as the % recovery of cortisol, which 

was 96.79-103.84%. 

      The selectivity of this method was investigated by adding  

some potential interference substances into the AgNPs-

AHMT solution, such as corticosterone, testosterone, 

progesterone, estradiol, and some ions (Na+, K+, Mg2+, and 

Cl-). The interference concentration added was 100.0 nM for 

biological interference and 1000.0 nM for metal ions, which 

was much higher than the cortisol concentration (10.0 nM). 

The result showed that the absorbance of cortisol, 

individually or in a mixture with the other interferences, had 

no apparent  influence on the detection of cortisol, as shown 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Comparison between the Colorimetric Method and Different Methods for the Detection of Cortisol 

 

Method Supporting Linear range 

 (nM) 

LOD 

 (nM) 

Ref. 

Immunoassay ELISA 5.52-910.42 3.31 [28] 

 LFIA 2.75-275 16.0 [29] 

LC-MS UPLC-MS/MS 1.38-275 0.83 [30] 

Immunosensor Enzyme alkaline phosphatase (AP) 

linked graphite screen-printed 

electrodes (SPEs) 

1.38-152.01 4.69 [31] 

 RF sputtered NiO thin film 0.0027-27588,49 0.000883 [32] 

 Dithiobis (succinimidyl propionate) 

modified gold microarray electrode 

0.001-100 0.001 [33] 

Colorimetric sensors AgNPs modified AHMT 1.0-50.0 0.719 This work 
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Fig. 7. The selectivity of AgNp-AHMT for cortisol detection 

in the presence of 10 nM cortisol and the other interference 

(the concentration of metal ions was 1000 nM and 100 nM 

for the other interference). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

in Fig. 7. These results indicated that this method was not 

only insensitive to the other substance but also showed 

acceptable selectivity toward cortisol. 

 

Colorimetric Sensing of Cortisol in Real Sample 
      To evaluate cortisol's newly developed colorimetric 

sensing based on AgNPs-AHMT, the cortisol content in 

human saliva was determined in stroke patients and healthy 

participants (without stroke indication). This study assessed 

the spiked samples by adding the standard solution of 

cortisol (5.0 and 10.0 nM) into saliva. The result was shown 

in Table 3 and revealed that cortisol was not detected in 

saliva samples without adding the standard solution of 

cortisol. When actual cortisol standard samples at 5.0 nM 

and 10.0 nM were added, the recovery ranged from 98.0 to 

101.9% for stroke patients and 96.2 to 102.5% for healthy 

participants without stroke indication. The RSD % was in    

the range of 0.48 to 1.70%. This result proved that  AgNPs- 
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Table 2. The %RSD for Determination of Cortisol Using AgNPs-AHMT on Intra-day and Inter-day 

 

Concentration of cortisol  

(nM) 

%RSD 

Intra-day  

(%) 

Inter-day 

 (%) 

1.0 1.49 1.98 

3.0 3.2 2.26 

5.0 1.38 0.73 

10.0 1.34 1.43 

20.0 0.33 0.94 

30.0 0.52 0.83 

50.0 1.66 0.81 

 

 

Table 3. The Determination of Cortisol in Saliva with n = 30 Participant 

 

Participant Added 

 (nM) 

Founded amount 

 (nM) 

Recovery 

 (%) 

RSD 

 (%) 

Stroke  5.0 4.9 98.0 0.71 

10.0 10.19 101.9 0.48 

Healthy  5.0 4.81 96.2 1.70 

10.0 10.25 102.5 0.93 
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AHMT had a potential application for cortisol detection in 

saliva samples with rapid, simple, and selective colorimetric 

sensing methods. 

 
CONCLUSIONS 
 

      AgNPs modified with AHMT were successfully 

developed for colorimetric detection of cortisol as a stroke 

biomarker with a rapid, simple, and selective method. The 

principle of this method was the formation of hydrogen 

bonding recognition between AgNPs-AHMT and cortisol. 

The detection of cortisol can be accomplished using UV-Vis 

spectrophotometry and the naked eye, which measure the 

absorbance change of AgNPs-AHMT in relation to cortisol 

concentration. The validation method resulted in good LOD, 

LOQ, and %recovery for cortisol detection at 0.719 nM,     

2.37 nM, and 96.79-103.84%, respectively. The intra-day 

and inter-day RSD% were <3.2% and <2.26%, respectively. 

Also, this method was highly selective for any interference 

in samples. So, the colorimetric sensor was successfully 

applied for cortisol detection in a saliva sample. This method 

has the potential for monitoring and early diagnosis of stroke 

disease using cortisol biomarkers. 
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