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SUMMARY:  31 
Curcumin is an ideal fluorophore for labeling and imaging of amyloid beta protein plaques in brain 32 
tissue due to its preferential binding to amyloid beta protein as well as its structural similarities 33 
with other traditional amyloid binding dyes. It can be used to label and image amyloid beta 34 
protein plaques more efficiently and inexpensively than traditional methods. 35 
 36 
ABSTRACT: 37 
Deposition of amyloid beta protein (Aβ) in extra- and intracellular spaces is one of the hallmark 38 
pathologies of Alzheimer’s disease (AD). Therefore, detection of the presence of Aβ in AD brain 39 
tissue is a valuable tool for developing new treatments to prevent the progression of AD. Several 40 
classical amyloid binding dyes, fluorochrome, imaging probes, and Aβ-specific antibodies have 41 
been used to detect Aβ histochemically in AD brain tissue. Use of these compounds for Aβ 42 
detection is costly and time consuming. However, because of its intense fluorescent activity, 43 
high-affinity, and specificity for Aβ, as well as structural similarities with traditional amyloid 44 
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binding dyes, curcumin (Cur) is a promising candidate for labeling and imaging of Aβ plaques in 45 
postmortem brain tissue. It is a natural polyphenol from the herb Curcuma longa. In the present 46 
study, Cur was used to histochemically label Aβ plaques from both a genetic mouse model of 5x 47 
familial Alzheimer’s disease (5xFAD) and from human AD tissue within a minute. The labeling 48 
capability of Cur was compared to conventional amyloid binding dyes, such as thioflavin-S (Thio-49 
S), Congo red (CR), and Fluoro-jade C (FJC), as well as Aβ-specific antibodies (6E10 and A11). We 50 
observed that Cur is the most inexpensive and quickest way to label and image Aβ plaques when 51 
compared to these conventional dyes and is comparable to Aβ-specific antibodies. In addition, 52 
Cur binds with most Aβ species, such as oligomers and fibrils. Therefore, Cur could be used as the 53 
most cost-effective, simple, and quick fluorochrome detection agent for Aβ plaques. 54 
 55 
INTRODUCTION:  56 
Alzheimer’s disease (AD) is one of the most common, age-related, progressive neurological 57 
disorders and one of the leading causes of death worldwide1,2. Learning, memory, and cognition 58 
impairment, along with neuropsychiatric disorders, are the common symptoms manifested in 59 
AD3. Although the etiology of AD has not been fully elucidated, the available genetic, biochemical, 60 
and experimental evidence indicates that gradual deposition of Aβ is a definitive biomarker for 61 
AD4. This misfolded protein accumulates in intracellular and extracellular spaces and is thought 62 
to be involved in synaptic loss, increased neuroinflammation, and neurodegeneration in the 63 
cortical and hippocampal regions in brain affected by AD5. Therefore, histochemical detection of 64 
Aβ in AD tissue is a crucial first step in developing non-toxic, anti-amyloid drugs to prevent AD 65 
progression.  66 
 67 
During the past few decades, several dyes and antibodies have been used by many research 68 
laboratories to label and image Aβ plaques in brain tissue, but some of these methods are time 69 
consuming and the dyes or antibodies used are expensive, requiring several accessory chemicals. 70 
Therefore, the development of an inexpensive means of detection of Aβ plaques in the AD brain 71 
would be a welcome new tool. Many laboratories started using Cur, a promising anti-amyloid 72 
natural polyphenol, for labeling and imaging Aβ, as well as a therapeutic agent for AD6−9. Its 73 
hydrophobicity and lypophilic nature, structural similarities with classical amyloid binding dyes, 74 
strong fluorescent activity, as well as strong affinity to bind with Aβ makes it an ideal fluorophore 75 
for labeling and imaging of Aβ plaques in AD tissue10.  Cur binds with Aβ-plaques and oligomers 76 
and its presence is also detected in intracellular spaces7,11−13. In addition, it has been shown that 77 
minimal amounts (1−10 nM) of Cur can label Aβ plaques in 5x familial Alzheimer’s disease (5xFAD) 78 
brain tissue7. Although the 1 nM concentration does not provide the optimal fluorescence 79 
intensity for counting of Aβ plaques, a 10 nM or higher concentration of Cur does. Ran and 80 
colleagues14 reported that doses as low as 0.2 nM of difluoroboron-derivatized Cur can detect in 81 
vivo Aβ deposits nearly as well as an infrared probe. Whether this dose is sufficient to label Aβ 82 
plaques in tissue is still not clear. Most previous studies have used 20−30 min for staining Aβ 83 
plaques using Cur, but optimal staining may require much less time. 84 
 85 
The present study was designed to test the minimum time required by Cur to label Aβ plaques in 86 
AD brain tissue and to compare the sensitivity for labeling and imaging of Aβ plaques in brain 87 
tissue from the 5xFAD mice after staining with Cur with other conventional Aβ-binding dyes, such 88 



 

 
 

as Thioflavin-S (Thio-S), Congo red (CR), and Fluoro-jade C (FJC). The Aβ labeling capability of 89 
these classical amyloid binding dyes was compared with Cur staining in paraffin-embedded and 90 
cryostat coronal brain sections from 5xFAD mice and from aged-matched human AD and control 91 
brain tissue. The findings suggest that Cur labels Aβ plaques in a manner similar to Aβ-specific 92 
antibodies (6E10) and moderately better than Thio-S, CR, or FJC. In addition, when 93 
intraperitoneal injections of Cur to 5xFAD mice were administered for 2−5 days, it crossed the 94 
blood-brain barrier and bound with Aβ plaques7. Interestingly, nanomolar concentrations of Cur 95 
have been used to label and image Aβ plaques in 5xFAD brain tissue7,14. Moreover, 96 
morphologically distinct Aβ plaques, such as core, neuritic, diffuse, and burned-out plaques can 97 
be labeled by Cur more efficiently than with any of the other conventional amyloid binding dyes7. 98 
Overall, Cur can be applied to label and image Aβ plaques in postmortem brain tissue from AD 99 
animal models and/or human AD tissue in an easy and inexpensive way, as a reliable alternative 100 
to Aβ-specific antibodies. 101 
 102 
PROTOCOL: 103 
 104 
All methods described here have been approved by the Animal Care and Use Committee (ACUC) 105 
of Saginaw Valley State University. The human tissue was obtained from an established brain 106 
bank at the Banner Sun Health Institute in Arizona15−16. 107 
 108 
1. Perfusion of the animals 109 
 110 
1.1. Prepare the fixative and perfusion buffers.  111 
 112 
1.1.1. Prepare 0.1 M sodium phosphate buffer by adding 80 g of sodium chloride (NaCl), 2 g of 113 
potassium chloride (KCl), 21.7 g of disodium hydrogen phosphate (Na2HPO4·7H2O), 2.59 g of 114 
potassium dihydrogen phosphate (KH2PO4), and double distilled water to make a total of 1 L. 115 
 116 
1.1.2. Prepare 4% paraformaldehyde (PFA).  117 
 118 
1.1.2.1. Add 40 g of paraformaldehyde to 1 L of PBS (0.1 M, pH 7.4).  119 
 120 
1.1.2.2. Heat the PFA solution to 60−65 °C and mix using a magnetic stirrer.  121 
 122 
NOTE: The temperature should not exceed 65 °C. 123 
 124 
1.1.2.3. Add few drops of NaOH (1 N) with a dropper to dissolve the PFA completely.  125 
 126 
1.1.2.4. Filter the PFA solution with medium to fine filter paper and store at 4 °C. 127 
 128 
NOTE: The solution is good for a month. 129 
 130 
1.2. Perform animal anesthesia and perfusion. 131 
 132 



 

 
 

NOTE: Twelve-month-old B6SJL-Tg APP SwFlLon, PSEN1*M146L*L286V, 1136799Vas/J (5×FAD) 133 
age-matched control mice (n = 6 per group) were purchased from vendors and bred in the animal 134 
house of Saginaw Valley State University. Genotyping was confirmed by polymerase chain 135 
reaction (PCR) as described previously7. Human AD brain tissue includes postmortem AD brain 136 
tissue and age-matched control tissue.  137 
 138 
1.2.1. Anesthetize the animal with an appropriate anesthetic agent, such as sodium pentobarbital 139 
(390 mg/kg body weight), or a ketamine/xylazine mixture (up to 80 mg/kg body weight ketamine 140 
and 10 mg/kg body weight xylazine) by intraperitoneal injection (27 G needle and 1 mL syringe). 141 
Check the level of anesthesia by pinching a toe. If the animal is unresponsive, then it is ready for 142 
perfusion surgery. 143 
 144 
1.2.2. Place anesthetized animal in the supine position on the perfusion surgery tray and using 145 
small iris scissors make an incision to the posterior end of the left ventricle. 146 
 147 
1.2.3. Insert a 22 G perfusion needle to the left ventricle and make a small incision at the right 148 
auricle to remove perfusion fluid from the body. Use a gravity-fed perfusion system to allow the 149 
ice-cold perfusion fluid (0.1 M PBS, pH 7.4) to flow for 5−6 min (flow rate 20−25 ml/min). 150 
 151 
NOTE: A clear liver is the indicator of optimum perfusion. 152 
 153 
1.2.4. Switch the buffer valve to an ice-cold 4% paraformaldehyde solution for fixing and allow it 154 
to flow for 8−10 min.  155 
 156 
NOTE: Tremor followed by hardened or stiff limbs are indicators of good fixation. 157 
 158 
1.2.5. Remove the brain from the skull using scissors. Using a spatula, collect the brain and place 159 
it in a vial of 4% PFA (at least 10x the volume of the brain volume) and store at 4 °C until further 160 
use. 161 
 162 
2. Tissue processing 163 
 164 
2.1. Cut cryostat sections. 165 
 166 
2.1.1. Transfer the brain to graded sucrose solutions (10%, 20%, and 30%) and store at 4 °C for 167 
24 h each, until use.  168 
 169 
2.1.2. Using a cryostat at -22 °C, cut 40 µm-thick sections. Collect 10−20 sections per well in a 6 170 
well plate filled with PBS and sodium azide (0.02%). 171 
 172 
2.2. Paraffin embed the sections for mouse and human brain tissue. 173 
 174 
2.2.1. For paraffin sections, dehydrate the perfused and 24 h post-fixed brain tissue with graded 175 
alcohols (50%, 70%, 90%) for 2 h each, followed by 100% alcohol 2x for 1 h each), and then with 176 



 

 
 

xylene 2x for 1 h each) at room temperature. 177 
 178 
2.2.2. Penetrate the tissue with xylene-paraffin (1:1) 2x for 1 h at 56 °C in a glass conical flask 179 
covered with aluminum foil. 180 
 181 
2.2.3. Immerse the tissue in melted paraffin (56 °C) for 4−6 h.  182 
 183 
2.2.4. Cut 5 μm-thick sections using a rotary microtome at room temperature and place them in 184 
a tissue water bath at 45 °C. 185 
 186 
2.3. Histochemically label the Aβ plaques in the cryostat sections with Cur.  187 
 188 
2.3.1. Rinse the sections from step 2.1.2 with PBS (pH 7.4) 3x for 5 min each. 189 
 190 
2.3.2. Immerse the sections in 70% ethanol for 2 min at room temperature. 191 
 192 
2.3.3. Dissolve stock Cur (1 mM) in methanol and dilute with 70% ethanol to obtain a final working 193 
concentration of 10 µM.  194 
 195 
2.3.4. Immerse the sections with working Cur solution for 1−5 min at room temperature on a 196 
shaker at 150 rpm. 197 
 198 
2.3.5. Discard Cur solution and wash with 70% ethanol 3x for 2 min each. 199 
 200 
2.3.6. Put the sections on poly-L-lysine coated glass slides and mount with a coverslip using 201 
organic mounting media, such as distyrene plasticizer xylene (DPX).  202 
 203 
2.3.7. View under a fluorescence microscope using 480/550 nm excitation/emission filters. 204 
 205 
2.4. Histochemically label the Aβ plaques in the paraffin-embedded mouse and human brain 206 
sections with Cur. 207 
 208 
2.4.1. Deparaffinize the tissue sections from step 2.2.4 with xylene 2x for 5 min each at room 209 
temperature.  210 
 211 
2.4.2. Rehydrate with graded alcohol solutions (100%, 80%, 70%, 50% for 1 min each) and with 212 
distilled water 2x for 5 min each at room temperature. 213 
 214 
2.4.3. Stain sections with Cur (10 μM) for 10 min at room temperature in the dark, shaking at 150 215 
rpm. Wash with 70%, 90%, and 100% alcohol for 2 min each.  216 
 217 
2.4.4. Clear with xylene 2x for 5 min each and cover slip with DPX.  218 
 219 
2.4.5. Visualize under a fluorescence microscope as mentioned in step 2.3.7.  220 



 

 
 

 221 
2.5. Colocalize Cur with the Aβ antibody in Aβ plaques and oligomers. 222 
 223 
2.5.1. Wash cryostat sections from step 2.1.2 with PBS 3x in a 12 well plate. 224 
 225 
2.5.2. Block the sections with 10% normal goat serum (NGS) dissolved in PBS with 0.5% Triton-X-226 
100 at room temperature for 1 h. 227 
 228 
2.5.3. Discard the blocking solution. Incubate the sections with Aβ-specific antibodies (6E10 or 229 
A11, diluted 1:200) dissolved in fresh blocking solution containing 10% NGS and 0.5% Triton-X100 230 
overnight at 4 °C in a shaker at 150 rpm. 231 
 232 
2.5.4. Discard the antibody solution and wash the sections with PBS 3x for 10 min each. 233 
 234 
2.5.5. Incubate with the secondary antibody tag with red fluorophore (e.g., Alexa 594) for 1 h at 235 
room temperature in the dark. 236 
 237 
2.5.6. Wash with PBS 3x for 10 min each. 238 
 239 
2.5.7. Wash with 70% alcohol 1x. 240 
 241 
2.5.8. Incubate the sections with Cur (10 µM) for 5 min at room temperature.  242 
 243 
2.5.9. Wash with 70% alcohol 3x for 1 min each. 244 
 245 
2.5.10. Dehydrate with 90% and 100% alcohol for 1 min each, clear with xylene 2x for 5 min each, 246 
and mount on slides using DPX. 247 
 248 
2.5.11. Visualize using a fluorescence microscope with appropriate excitation/emission filters for 249 
the red and green signals. 250 
 251 
2.5.12. For intracellular Aβ colocalization, stain the sections using Aβ-antibody (6E10), restain 252 
with Cur at room temperature in the dark with shaking at 150 rpm, and counterstain with either 253 
Hoechst-33342 (1 mg/ml) and/or DAPI (1ug/ml) for 10 min at room temperature in the dark with 254 
shaking at 150 rpm. Wash with PBS 3x. 255 
 256 
2.5.13. Take images with the red, green, and blue filters with a 100x objective (total magnification 257 
1,000x). 258 
 259 
2.6. Label Aβ plaques with Thio-S, CR, and FJC. 260 
 261 
NOTE: Detailed protocols for Thio-S and CR labeling were previously reported7. 262 
 263 
2.6.1. For FJC staining, wash the free-floating sections obtained from step 2.1.2 with PBS 3x for 5 264 



 

 
 

min each. 265 
 266 
2.6.2. Place the sections in a 12 well plate and stain with FJC (0.001%) for 10 min in the dark at 267 
room temperature. 268 
 269 
2.6.3. Discard FJC solution and wash with PBS 3x for 5 min each. 270 
 271 
2.6.4. Incubate with ammonium chloride (NH4Cl, 50 mM dissolved in PBS) for 10 min at room 272 
temperature. 273 
 274 
2.6.5. Discard the NH4Cl solution and wash with PBS 3x for 5 min each. 275 
 276 
2.6.6. Following the steps in section 2.4, dehydrate with graded alcohol solutions, clear, mount, 277 
and view under a fluorescence microscope using 450/520 nm excitation/emission filters. 278 
 279 
REPRESENTATIVE RESULTS:  280 
 281 
Curcumin labels Aβ plaques within a minute. When we stained 5xFAD tissue with Cur, we found 282 
that Cur label Aβ plaques within 1 min. Although increased incubation time with Cur slightly 283 
increased the fluorescence intensity of Aβ plaques, the number of observed Aβ plaques was not 284 
significantly different between 1 min and 5 min staining time (Figure 1).  285 
 286 
Cur can label Aβ plaques in cryostat-prepared, paraffin-embedded mouse and human AD tissue 287 
that colocalizes with Aβ-specific antibodies in mouse AD brain tissue. When we stained 288 
cryosection, paraffin-embedded sections (Figure 2A) and human AD tissue (Figure 2B), we 289 
observed Cur-labeled Aβ plaques in all types of tissue sections. Additionally, to confirm that Cur 290 
is binding to Aβ plaques, we first labeled the plaques with 6E10, followed by Cur staining. We 291 
observed that the Cur was completely co-localized with Aβ at the same plaques that bound the 292 
6E10 (Figure 2C). 293 
 294 
Cur labeled Aβ oligomers and intracellular Aβ aggregates. To check whether Cur could label Aβ 295 
oligomers, 5xFAD mouse sections were stained with an Aβ oligomer-specific antibody (A11), 296 
followed by Cur staining. We observed that Cur colocalized with A11 in Aβ plaques (Figure 3A). 297 
Similarly, Cur also colocalized with the 6E10 antibody in intracellular spaces (Figure 3B), 298 
indicating that it can label the intracellular Aβ. 299 
 300 
Cur labeled Aβ more prominently than classical amyloid binding dyes. Aβ labeling by Cur was 301 
compared with commercially available amyloid binding dyes Thio-S, CR, FJC. The Aβ-specific 302 
antibody 6E10 was used as standard control. We observed that Cur labeled Aβ more prominently 303 
than the conventional amyloid binding dyes (Figure 4). 304 
 305 
Cur derivatives bis-demethoxycurcumin (BDMC) and demethoxycurcumin (DMC), also present in 306 
turmeric extract, label Aβ plaques comparatively to Cur in 5xFAD brain tissue. Two other major 307 
components, such as BDMC and DMC, are present in turmeric extract. We tested whether these 308 



 

 
 

two compounds also label Aβ plaques similar to Cur. When 5xFAD mouse brain sections were 309 
stained with these derivatives, both BDMC and DMC also labeled Aβ plaques, parallelling Cur 310 
(Figure 5A). Different mounting media were investigated to check for interference with Aβ-311 
imaging after staining with Cur. The fluorescent signal was intact in both aqueous and organic 312 
mounting media, such as DPX (Figure 5B). The staining of Aβ plaques with Cur was appropriate 313 
after immunofluorescent labeling and followed by counterstaining with Hoechst 33342 solution 314 
(1 mg/ml) or 4′,6-diamidino-2-phenylindole (DAPI, 1µg/ml). The immunofluorescent signals and 315 
counterstaining intensity were maintained after Cur staining (Figure 5C). 316 
 317 
FIGURE AND TABLE LEGENDS: 318 
Figure 1: Curcumin labels Aβ plaques within a minute. (A).  Brain sections from 5xFAD mice or 319 
human control and AD cortical tissue were stained with Cur (10 µM) for 1−5 min and the number 320 
of visible plaques were counted. (B). No difference was observed in the number of Aβ-plaque 321 
counts between the 1 min and 5 min staining times. Data are represented as mean ± standard 322 
error of mean (SEM). 323 
 324 
Figure 2:  Colocalization of Cur with Aβ antibody in Aβ plaques. Cur can label Aβ plaques in 325 
cryostat-prepared, paraffin-embedded sections (A) and human AD tissue (B). The Aβ labeling 326 
paralleled the labeling with Aβ-specific antibody (6E10, DAB staining). (C). The 5xFAD sections 327 
were first labeled with Aβ antibody (6E10), followed by staining with Cur. Red = 6E10 bound by a 328 
secondary antibody tagged with Alexa fluorophore 594. Green = Cur. Cur completely colocalized 329 
with Aβ at the same plaques that bound to 6E10. Arrows indicate Aβ plaques. Scale bar indicates 330 
50 μm (total magnification = 400x) in all three images on the left, and 10 μm (total magnification 331 
= 400x). 332 
 333 
Figure 3: Curcumin labels Aβ oligomers and intracellular Aβ. (A) Aβ-oligomer was detected 334 
immunohistochemically using an Aβ-specific antibody (A11), followed by staining with Cur. Cur 335 
completely colocalized with Aβ, at the same oligomer where A11 binds. Scale bar  = 250 µm and 336 
total magnification  = 100x. (B) Similarly, intracellular Aβ was detected immunohistochemically 337 
using an Aβ-specific antibody (6E10), followed by staining with Cur. Note that Cur completely 338 
colocalized with Aβ in the same areas bound to 6E10. Scale bar = 50 µm and total magnification 339 
= 1,000x. 340 
 341 
Figure 4: Comparison of different amyloid binding dyes with Cur to label Aβ plaques. Cryostat 342 
sections (40 µm) from the cortex of 12-month-old 5xFAD mice were stained with Cur, Thioflavin-343 
S, Congo red, Fluoro-jade C, and with 6E10 antibody. Cur labeled Aβ plaques more prominently 344 
than Thio-S, CR, and FJC. Arrows indicate Aβ plaques. 345 
 346 
Figure 5: Cur-derivatives bis-demethoxy curcumin and demethoxy curcumin also label Aβ 347 
similarly to Cur. (A) Both cryostat and paraffin-embedded 5xFAD sections were stained with Cur-348 
derivatives bis-demethoxy curcumin and demethoxy curcumin. Both these derivatives label Aβ 349 
plaques in a manner similar to Cur. (B) Both aqueous and organic mounting media (DPX) were 350 
used to mount tissue sections after labeling Aβ plaques with Cur. (C) Immunolabeled sections 351 
were used for Aβ labeling with Cur. The white arrows indicate Aβ plaques, the green arrow 352 



 

 
 

indicates activated astrocyte (GFAP), and the yellow arrow indicates nuclear stain (DAPI). Scale 353 
bars = 100 µm. 354 
 355 
Table 1: Comparison of Aβ labeling with different amyloid binding dyes and Cur7. 356 
 357 
DISCUSSION: 358 
Our hypothesis was that Cur could be used as the quickest, easiest, and least expensive way to 359 
label and image Aβ plaques in postmortem AD brain tissue when compared to other classical 360 
amyloid binding dyes, as well as Aβ-specific antibodies. The aims of this study were to determine 361 
the minimum time required to label and image Aβ plaques by Cur in postmortem AD brain tissue 362 
and determine whether Cur can be used as an alternative to Aβ antibody for labeling Aβ plaques. 363 
To this end, the Aβ-labeling capability of Cur was observed at different time points. Cur was able 364 
to label Aβ within one minute. In addition, labeling of Aβ by Cur was greater than other 365 
conventional amyloid binding dyes, such as Thio-S (0.1%), CR (1%), and FJC (0.001%). 366 
 367 
Cur is considered a unique and ideal fluorophore for Aβ labeling, because it has most 368 
characteristics possessed by most of the conventional amyloid binding dyes, including structural, 369 
physical, chemical, and biological properties10. In addition, due to affordability, most researchers 370 
are interested in using this natural polyphenol. To show the specificity of Cur binding to Aβ 371 
plaques and oligomers, we used 6E10 and A11 (Aβ-oligomer-specific antibody). Cur showed 372 
nearly complete colocalization with all the different species of Aβ present in the tissue, which 373 
suggests that Cur is highly specific to Aβ7,17−20. In addition, Cur labeled Aβ oligomers (Figure 3A) 374 
and intracellular Aβ aggregates (Figure 3B) and colocalized with Aβ antibodies (Figure 2B), 375 
suggesting that Cur can label not only extracellular Aβ plaques, but also Aβ deposited in 376 
intracellular spaces7. 377 
 378 
During the past few decades, several fluorophores and antibodies have been developed to label 379 
and image Aβ plaques histochemically. Undoubtedly, most of them are very specific to targeted 380 
Aβ species and for detecting Aβ plaques, but these are much more expensive and their use is 381 
more time consuming than using Cur. For example, we compared the Aβ plaque binding by Cur, 382 
with other amyloid binding dyes, such as Thio-S, CR, and FJC, where Aβ-specific antibody (6E10) 383 
was used as a reference control. These results suggest that Cur labels Aβ plaques more strongly 384 
than any of the other fluorophores. Most importantly, relative to Cur, some of the more 385 
commonly used fluorophores have distinct disadvantages in terms of labeling and imaging Aβ. 386 
For example, Thio-S can produce a distracting, high background because it binds with lipid 387 
membranes or lipid compounds in the cell21. Similarly, CR, which is commonly used to label Aβ, 388 
produces apple green birefringence (Figure 4) under a polarized microscope. CR does not label 389 
Aβ-plaques as readily as do Cur or Thio-S, labeling significantly fewer Aβ plaques than those 390 
detected by Cur7,22−23. Gutierrez et al. reported that FJC, which can bind with Aβ and with 391 
degenerated neurons, labels at a lower frequency than either Cur or Thio-S24. These results 392 
suggest that these commonly used classical markers have less affinity for binding to Aβ plaques 393 
than Cur.  394 
 395 
In addition, labeling of different Aβ-plaque types (core, neuritic, diffuse, burned-out) may be 396 



 

 
 

optimized with Cur, rather than other amyloid binding fluorophores, because Cur can help to 397 
visualize and distinguish morphologically different Aβ plaques, whereas other techniques fail to 398 
distinguish these morphological subtypes7. Similarly, the use of Aβ-specific antibodies, which are 399 
very specific to different species of Aβ is very costly and time consuming, taking at least 24−48h 400 
via immunohistochemistry. Moreover, detecting different species of Aβ require different 401 
antibodies, as well as several accessory chemicals, which significantly adds to the total cost. 402 
Clearly, Cur is less costly, more readily available, and produces higher fluorescence intensity 403 
when it binds to Aβ plaques. Although CR is also a relatively cost-effective technique for labeling 404 
and imaging of Aβ plaques, Cur can bind and label more of the Aβ species, such as oligomers25 405 
(Figure 3 and Figure 4), whereas CR only binds to protofibrils and fibrils23. Therefore, Aβ labeling 406 
with Cur can be achieved more efficiently and cost-effectively than by Thio-S, CR, or FJC (Table 407 
1). 408 
 409 
In summary, Cur can detect Aβ plaques and oligomers from AD brain tissue effectively, rapidly, 410 
and inexpensively. In addition, Cur binding to Aβ is very specific and its fluorescent activity is very 411 
stable. It requires minimal amounts (1-10 nM) to label Aβ. Moreover, Cur is also very specific to 412 
different Aβ species, such as fibrils or plaques, as well as oligomers7. Similarly, Cur derivatives 413 
demethoxycurcumin and bisdemethoxycurcumin also harbor amyloid binding properties and c 414 
label Aβ similarly to Cur10 (Figure 5A). Therefore, Cur is an ideal fluorophore for labeling and 415 
imaging of Aβ plaques in postmortem brain tissue. It can be used as a quick and easy alternative 416 
to detect Aβ plaque load after anti-amyloid therapy in experimental animal models of AD. Our 417 
findings confirm the reports of the high affinity of Cur to Aβ, reinforcing its potential use for 418 
monitoring Aβ-plaques in postmortem brain and in living tissue. 419 
 420 
For optimal Cur labeling it is recommended to not label Aβ with Cur in unperfused tissue and to 421 
avoid long-term tissue storage, as it can produce a greater amount of background, even when 422 
perfused. For colabeling, it is recommended to complete immunohistochemistry first with the 423 
specific antibody being used before staining with Cur and then follow this with counter-staining 424 
using DAPI or Hoechst.  425 
 426 
Possible modifications to this method include increasing the incubation time of Cur with the 427 
tissue for up to 30 min, which will not interfere with signal intensity, although it may increase 428 
background while imaging. Decreasing concentration of Cur to less than 10 µM does not interfere 429 
in Aβ labeling to a significant level. To reduce background for human brain tissue, an alternative 430 
preparation method could be applied. For example, brain sections could be initially treated with 431 
0.3% (w/v) Sudan Black B in 70% ethanol (v/v) for 10 min at room temperature. Then the section 432 
could be stained with Cur for 10 min at room temperature, and washed with PBS 3x for 15 min, 433 
counterstained, and mounted with antifading media13. Cryostat section thicknesses could also be 434 
reduced to 20−25 µm. 435 
 436 
Potential caveats to this method include Cur binding with Aβ present in the blood vessels, which 437 
is different from the extracellular Aβ plaques. Thus, the investigator should be aware of the 438 
morphology of Aβ plaques and oligomers from Aβ in blood vessels. The investigator should be 439 
aware of auto-fluorescent signals. Excess green background can be seen occasionally after Cur 440 



 

 
 

staining, but this can be reduced by decreasing the staining time or by decreasing the 441 
concentration of Cur. Finally, the signal for colabeling with other markers may be reduced due to 442 
repeated treatments with the clearing agent (e.g., xylene). 443 
 444 
Important limitations include the inability to colabel with any marker protein using secondary 445 
antibody tagged with green fluorescent dye, such as fluorescent isothiocyanate (FITC). These 446 
cannot be used because of the similar excitation/emission of Cur. Also, in the early stages of AD, 447 
only limited amounts of Aβ may be labeled by Cur. Finally, there is a need to do work in dark 448 
environment like any fluorescent dye. 449 
 450 
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Features Aβ-antibody Curcumin

Duration of 

staining
~24-48 h ~1-5 min

Accessory 

chemicals

Secondary antibodies, several 

chemicals to make buffer, normal 

goat serum

Methanol 

Cost
Costly: one Aβ-specific antibody vial 

requires ~$200-300

Cost effective: ~$5-10/1 g 

Cur and can be applied for 

many tissues

Specificity
Different antibodies are required 

for Aβ oligomers and fibrils

Curcumin binds with Aβ 

oligomers and fibrils

Stability
Depending on the dye attached to 

the secondary antibody

Very stable, even at room 

temperature when bound 

with Aβ

Care after 

staining

Needs extra care after staining, 

such as being kept in the dark and 

frozen all the time

Not as light sensitive and 

more stable at room 

temperature

Background 

staining
Generally, no background Very low background 

In vivo Aβ-

imaging
May not be applicable Highly applicable

Microscope 

required

Compound light or fluorescent 

(depending on use of secondary 

antibody)

Fluorescent
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Thio-S Congo red Fluoro-Jade C

~10 min ~60 min ~30 min

Ethanol NaOH and ethanol

NaOH and 

ethanol, 

potassium 

permanganate

Cost effective: ~$5/1 g, can 

be applied for few tissues

Cost effective: >$5/1 g Congo 

red, and can be applied for 

several tissues 

Costly: 

~$15.500/1 g FJC 

powder

Can bind only fibrils, not 

monomers, or oligomers

Can only bind with Aβ-

protofibrils and fibrils16,17

Can only bind 

with Aβ-fibrils 

and degenerated 

neurons

Stable in methanol Stable in ethanol Not stable 

Light sensitive Not light sensitive Light sensitive

High background due to 

binding with lipid 

membrane or lipid 

compounds in cell

Low background High background

May not be applicable May not be applicable
May not be 

applicable

FluorescentFluorescent 
Light microscope or polarized 

microscope or polarize filter



Name of Material/ Equipment Company

4′,6-diamidino-2-phenylindole (DAPI) IHC world, Woodstock, MD

Aanimal model of Alzheimer's disease Jackson's laboratory, Bar Harbor, ME

Absolute alcohol VWR,  Radnor, PA

Alexa 594 Santacruz Biotech, Dallas, TX

Antibody 6E10 Biolegend, San Diego, CA

Antibody A11 Millipore, Burlington, MA

Compound light microscope Olympus, Shinjuku, Japan

Congo red Sigma, St. Louis, MO

Cryostat GMI, Ramsey, MN 

Curcumin Sigma, St. Louis, MO

Disodium hydrogen phosphate Sigma, St. Louis, MO

Dystyrene plasticizer xylene BDH, Dawsonville, GA

Filter papers Fisher scientific, Pittsburgh, PA

Hoechst-33342 Sigma, St. Louis, MO

Inverted fluorescent microscope Leica, Buffalo Grove, IL

Inverted fluorescent microscope Olympus, Shinjuku, Japan

Normal goat serum Sigma, St. Louis, MO

Paraffin Sigma, St. Louis, MO

Paraformaldehyde Sigma, St. Louis, MO

Ploy-lysine coated charged glass slide Globe Scientific Inc, Mahwah, NJ 

Potassium chloride Sigma, St. Louis, MO

Potassium dihydrogen phosphate Sigma, St. Louis, MO

Sodium azide Sigma, St. Louis, MO

Sodium chloride Sigma, St. Louis, MO

Sodium hydroxide EMD Millipore, Burlington, MA

Sodium pentobarbital Vortex Pharmaceuticals limited, Dearborn, MI

Thioflavin-S Sigma, St. Louis, MO

Triton-X-100 Sigma, St. Louis, MO

Xylene VWR,  Radnor, PA
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Catalog 

Number

Olympus BX51

LeicaCM1800

Leica DMI 6000B

Olympus 1x70
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Reviewer #1: 

 Manuscript Summary: 

 In this manuscript entitled, "An efficient and inexpensive way to label and image amyloid plaques in brain 

tissue using the natural polyphenol, curcumin" Maiti et al., have investigated the use of Curcumin in 

detecting plaques in the AD animal model as well as in brain tissue of AD inflicted human. There are several 

major concerns regarding methodologies that have been used in the current manuscript and authors 

should consider revising the points before it can be finally accepted for publication. 

 Major Concerns: 

 Abstract: 

1. "In the present study, we used Cur to histochemically labeled (line 41) Aβ plaques within a minute 

from both a genetic mouse model of familial Alzheimer's disease (5xFAD) and from human AD tissue 

using Cur". It should be 'label' 

Response: Thanks for reviewer for catching this grammatical error. It is corrected. Please see line 48 

in the revised manuscript. 

 2. Fluoro-Jade C has some affinity to bind some part of plaque and based on the model of AD, FJC can 

bind axons and axonal debris in the brain. Thus, FJC cannot qualify as a classical histochemical dye for 

detecting amyloid beta in the brain. 

Response: We agree with reviewer’s point. However, recently, Gutierrez and colleagues used Fluoro-jade 

C as alternative method to detect neuronal degeneration and amyloid beta protein accumulation in free-

floating brain sections with Fluoro-Jade C. That is why we thought we should compare Curcumin with 

Fluoro-jade C for Aβ binding. Of course, it is not considered as classical amyloid binding dyes, because it 

also binds to degenerated neurons. Please see the Gutiérrez et. al., ASN Neuro. 2018 Jan-Dec; 10: 

1759091418784357. 

A) Animals: are these animals procured from any commercial vendor? Or are they bred in house? Write 

in detail. 

Response: The male and female 5XFAD mice were procured from Jackson laboratory and then they were 

bred in animal house at Saginaw Valley State University and grown for one-year.   

B) Post-mortem human tissue: Were they collected under any IRB by Banner?  

Response: Yes, we have IRB for this study. Detailed information is given in these two published articles: 

Beach et. al., Cell Tissue Banking (2008) 9:229–245; and Greene et. al., Neurobiology of Aging. 2010, 31(8): 

1304–1311. doi:10.1016/j.neurobiolaging.2010.04.026. There references are included in the revised 

manuscript. Please see reference 15 and 16. 

C) What are the age groups of those human from which tissue were collected?  

Response: The mean age for Alzheimer’s patient was 80.5 years and for non-demented control 

subject’s mean age was 79.9 years. Please see the article by Beach et al., Cell Tissue Banking 

(2008) 9:229–245 (reference 15).  
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What was the Braak stage of those brain tissue of AD patients?  

Response: Braak stages for the AD tissues were 5 and 6, with pathology progressing into the visual 

association cortex and primary visual cortex. 

What is the gender of the human AD patients and their age match control?  

Response: We were not sure about the gender of the subjects. Yes, we have age-matched controls for this 

study. 

Which area of the brain was used?  

Response: Inferior parietal lobule was studied in the present study. 

D) Cryostat section: Authors have mentioned that brains were kept at 4C until use. How long it was kept 

at 4C? If the brains are kept at 4C for too long, it can not only produce high background but also can 

yield ice crystals in the brain. 

Response: After perfusion, these brain sections were kept for 2-3 months in 4% paraformaldehyde at 4oC 

and then they were treated with 10%, 20% and 30% sucrose, 24h each. Sections were made with cryostat 

at -22oC and the sections were stored at 4oC in PBS with sodium azide (0.02%) and then labeling was 

performed with curcumin within week. These information are added in the revised manuscript, please see 

page 4.   

E) For normal fluorescence microscopy, it is always recommended to use 20-25-micron thick sections 

unless authors wanted to use confocal microscope which is not the case. Please justify the use of 40-

micron thick sections. 

Response: The reason for using 40-micron sections, was that it helped when counting the plaques using 

unbiased stereology. For this purpose, a minimum of 25-micron thickness is required for optical dissection, 

eliminating the 5-micron top and 5-micron bottom of the tissue sections because of cutting artifact. 

Moreover, co-localization of anti-inflammatory marker, such as GFAP and Iba-1 with amyloid plaques can 

be performed better using 40-micron sections for immunohistochemically, as is most done in research 

laboratories. 

 Histochemical labeling of Aβ plaques in cryostat section by Curcumin 

1. Source of Curcumin is not mentioned. Please provide details with catalog number. 

Response: Curcumin was purchased from Sigma (purity > 65%; catalog number: C1386-50G). This 

information is added in the “Chemicals and materials” section at page 2 in the revised manuscript. 

2. Were sections dried in air or slide warmer? 

Response: The section was dried in air. 

3. Were sections cleared in Xylene? 

Response: Yes, the section was cleared with xylene. 

4. Does it mean Curcumin cannot withstand Organic mounting medium such DPX? Or it has to be 

aqueous media. Please write in details. 



Response: We have compared the organic and aqueous media for mounting the tissue and we did 

not find any differences between these two (please see Fig 5B in the revised manuscript), 

therefore, organic mounting media (such as DPX) can be used for mounting after curcumin 

staining. We have added these sentences in the revised manuscript. Please see section 3.6.  

 Histochemical labeling of Aβ plaques in paraffin embedded section by Curcumin 

1. Would the staining/incubation time in Curcumin be same as cryostat section? Please provide details. 

Authors said wash, but which vehicle or media is not mentioned. 

Response: Yes, cryostat and paraffin sections were stained for same time. The sections were washed with 

70% ethanol for two-times, 1 min each. 

2. What are the sources of antibodies as mentioned in this protocol? 

Response: Aβ antibody (6E10) was purchased from Bio-Legend (San Diego, CA), and Aβ-oligomer-specific 

antibody (A11) was procured from Millipore (Billerica, MA). 

3. What antibody diluent was used to dilute the antibody? Please provide details. 

Response: The antibodies were diluted in PBS (pH 7.4), along with 10% normal goat serum (Sigma). 

4. No biotinylating method was applied in any of the detection method. It is extremely useful to use the 

secondary antibody conjugated with biotin to detect maximum amount of antigen (abeta) present in 

the brain tissue. 

Response: In Fig 2A, we have added an image with avidin-biotin-conjugated (ABC) method and color was 

developed with diaminobenzidine (DAB) to detect Aβ plaques (extreme right) . 

5. It is very difficult to see the plaques in the human tissue as there are lots of background staining as 

well as staining of blood vessels in the brain. Please provide higher magnification images and write 

details about the part of the brain used in this protocol. 

Response: We have provided higher magnification images for the human brain tissue (please see modified 

Fig 2B). We used the inferior parietal lobule area from AD and aged-matched control subjects for this 

study. 

6. Author did not mention whether they perform any control to determine whether Curcumin is indeed 

binding to A11 or 6E10 and not cross bleeding through the filters. It is recommended that authors 

perform pre-absorption control and negative control to verify there is no cross bleed. 

Response: We run age-matched the wild-type mice brain tissue with A11 and 6E10 and did not find any 

signal. 

7. Paraffin was misspelled in the figure 2A. 

Response: This error is corrected. 

8. Figure 3.B authors have shown 6E10 and Cur and both seem like background staining and lipofuscin 

as the aged mice have more lipofuscin. 



Response: Because we did not see this type of signal in wild-type mouse brain tissue when we stained 

with 6E10 and curcumin, we are confident that the signal observed is not background signals. 

9. Figure 4 in Congo-Red authors have shown a picture that should be replaced as green fluorescent is 

nothing but lipofuscin that can be seen across the filters (green, red and blue). 

Response: For visualizing Aβ plaques stained by Congo-red, we have used polarized microscope, instead 

of traditional green, red and blue filters generally use in fluorescent microscope, because Congo-red 

produce birefringence (green signal) with blue background under polarized microscope. Moreover, we did 

not observe this green birefringence in wild-type mouse brain tissue. Therefore, we deduced that these 

green signals are the Aβ plaques, not lipofuscin. 

 Minor Concerns: 

1. Authors should check for typos and other grammatical errors throughout the manuscript. 

Response: Typos and grammatical errors were corrected for the revised manuscript. 



Reviewer #2: 

 Manuscript Summary: 

 Although curcumin has been known for a quite long time for its capacity of abeta binding, there is still a 

need of a standard protocol for slide staining. The paper provides a detailed protocol, which I believe 

could be beneficial for AD community. Meanwhile, Thioflavin S and T are the most used for plaque 

staining, but they are only good for dense plaques, may not be good for oligomers around the plaques or 

inside the plaques. Curcumin can be used to label not only dense plaques but also the oligomers. 

 Major Concerns: 

 Not identified. 

 Minor Concerns: 

1) There is no detailed protocol for human slide staining. As we know, there are several protocol 

differences for staining human brain slide and mouse brain slides, particularly how to remove the 

background of human brain slide. 

Response: Thanks for this suggestion. We have added a few sentences about the staining method for 

human brain tissue to reduce background. Please see the “method modification” section in the revised 

manuscript. 

2) "Ran and colleagues (2009) reported that even 0.2 nM Cur can bind with Aβ in vitro [14]", This is not 

accurate. In this paper, the authors didn't use curcumin for plaque staining. 

Response: We agree with reviewer. They have used difluoroboron-derivatized curcumins as near-infrared 

probes for in vivo detection of amyloid-beta deposits, instead of natural curcumin. We have changed this 

sentence in the revised manuscript, please see the lines 83-84 in the revised manuscript. 

3) It may be good if the authors have some discussions about curcumin derivatives for Abeta imaging 

and plaques staining. 

Response: We have compared amyloid beta protein (Aβ) labeling by bis-methoxycurucmin, de-

methoxycurucmin, along with curcumin and found that most of the curcumin derivatives label Aβ similar 

fashion as Curcumin. We have included those images in the Fig 5A in the revised manuscript and discussed 

in the “Discussion” part of the revised manuscript, please see page 8, para 3 in the revised manuscript. 
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Editorial comments: 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 

spelling or grammar issues. Please note that the editor has formatted the manuscript to match the 

journal's style. Please retain the same. The updated manuscript is attached and please use this 

version to incorporate the changes that are requested. Please turn on Track Changes to keep track 

of the changes you make to the manuscript. 

Response: We have gone through it again to check grammatical and typo errors. 

 2. Please revise lines 75-77 and 320-322 to avoid textual overlap with previously published work. 

Response: These sentences are rewritten. 

 3. Protocol: Please revise it to be a numbered list following the JoVE Instructions for Authors: step 1 

followed by 1.1, followed by 1.1.1, etc. Each step should include 1−2 actions and contain 2−3 sentences. 

Response: We revised the protocol steps and numbering. 

 4. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols 

(™), registered symbols (®), and company names before an instrument or reagent. Please remove all 

commercial language from your manuscript and use generic terms instead. All commercial products 

should be sufficiently referenced in the Table of Materials. You may use the generic term followed by 

“(Table of Materials)” to draw the readers’ attention to specific commercial names. 

Response: We removed all the commercial languages from the revised manuscript. The chemicals and 

materials and equipment  used in this manuscript are included in the “Table of Materials”. 

 5. Please be as specific as you can with respect to your experiment providing all necessary details (see 

specific comments marked in the attached manuscript). 

Response: We have gone through all the points raised by editors and corrected in the revised 

manuscript. 

 6. Please address specific comments marked in the attached manuscript. 

Response: We provided all the responses in the revised manuscript. 

 7. After you have made all the recommended changes to your protocol section (listed above), please 

highlight in yellow up to 2.75 pages (no less than 1 page) of protocol text (including headers and 

spacing) to be featured in the video. Bear in mind the goal of the protocol and highlight the critical steps 

to be filmed. Our scriptwriters will derive the video script directly from the highlighted text. 

Response: We have rewritten and highlighted the protocol section with yellow color. 

 8. Table of Materials: Please include information on all relevant supplies, reagents, equipment and 

software used, especially those mentioned in the Protocol. Please sort the materials alphabetically by 

material name. 

Response: We have included a “Table of Materials” in the revised manuscript. 

 9. Table 1: Please remove any coloring or formatting in the table. 

Response to editors's comments Click here to access/download;Rebuttal Letter;Response to
Editorials comment.docx

https://www.editorialmanager.com/jove/download.aspx?id=1086993&guid=eefd052b-85c8-4f40-8296-40015ce60b97&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1086993&guid=eefd052b-85c8-4f40-8296-40015ce60b97&scheme=1


Response: It is corrected. 


