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General microscopy Longest PMI
Study Link Species method Visualization method specifics PMI range reported
Morphological staining with H&E;
histochemical staining for
Albrechtsen 19772 hitps:/ipubmed.n Human L 9t 271 hours 271 hours.
t083 or more hours (83 hours
Morphological staining, for example with is the highest PMI sted, but the
Albrechtsen 19770 hitps//pubmed.n Human Light microscopy HaE full range not reported) 83 hours.
Staining with osmium tetroxide, uranyl 8 to 48 hours, compared to
Ansari 1976a hitps:/jpubmed.n Human Electron microscopy  acetate, and lead citrate. biopsy tissue 48 hours.
Amold 1995 hitps/pubmed.n Human L taining with cresyl violet 410 30 hours 30 hours.
Beach 1988 hitps:/jpubmed.n Human Light microscopy Horseradish peroxidase filing 3to 11 hours 1 hours
Confoval miroscopy, Imurostaed for
ks o poferston and imml
Bédard 2004 hitps:/jpubmed.n Human Light microscopy ne 410 24 hours 24 hours,
Mean 13.9 +2.8 (control
group); 328 + 195
(schizophrenia and no mood
disturbance group); 345+ 14.8
(schizophrenia and mood
Benes 1991 hitps:/jpubmed.n Human Light microscopy Nissl staining disturbance group) Not recorded
Mean 191232 hours contal
Giutamate immunoreactivty of vertical oup): 19.6 + 20.1 hou
Benes 1992 hitps:/jpubmed.n Human Light microscopy fibers Echizephronia goup) Not recorded
Benes 2001a hitps:/jpubmed.n Human Light microscopy GIuRS,6,7 immunostaining 4510746 hours 74.6 hours
Benes 2001b hitps:/jpubmed.n Human Light microscopy Nissl staining 191066.5 hours. 6.5 hours
310 40 hours (mean PMis
Immunostaining for amyloid betaand  ranging from 11-16 hours in
Blair 2014 hitps:/jpubmed.n Human Light microscopy morphologically staining with H&E different age groups) 40 hours,
Booze 1993 hitps:/jpubmed.n Human Light microscopy Immunostaining for tyrosine hydrolase 110 6.5 hours 6.5 hours
Boros 2017 hitps:/jpubmed.n Human Light microscopy Golgi-Cox and 3 reconstruction 31078 hours 78 hours.
Morphological staining and in situ tailng
Briick 1996 hitps:/jpubmed.n Human Light microscopy protocol 4 hours to 3 days 72 hours,
Morphological staining with Goigi-Cox and
Buell 1982 hitps:/jpubmed.n Human Light microscopy rapid Golgitechniques 610 28 hours 28 hours.
Comparison ofsurgos bopsy
cases (n = 19) to autopsy cas
Light microscopy, T2 with P o 83 10 36,
Chan-Palay 1986 hitps:/jpubmed.n Human electron microscopy  Immunostaining for neuropeptide Y hours 36 hours.
Morphological stain and
immunohistochemical stains for GFAP
Chandana 2000 hitps/pubmed.n Human L 41018 hours 18 hours
Average of 4.4 + 287 hin
controls, 57.2+ 38.2 hin
Nissl staining, tyrosine hydroxylase Gonors with & dagnosis of
Craven 2005a hitps/pubmed.n Human L schizophrenia Not recorded
Average of 46.0+ 27.7 hin
controls, 57.2 38.2 hin
Niss stining, ryplophan-ycroxylase  donor i a dagnosis of
Craven 2005 hitps/pubmed.n Human L schizophrenia Not recorded

Sample size

R

3

3

8

8

8

3

3

Krassner et al
supplementary file 6: page 1 of 6

Any significantisubstantial
correlation of a feature with

Brain region Disease studied, if any recorded  Structural Feature Outcome Relevant text PMI reported?
The distibuton of NAse acthity vos the same nallnormal cerebells (49 cases)
the cause of death L fou
No reported association between PMI and ‘granular layer without any demonstrable variation in the oseal actvty inthe central
Mistocherical appeararce of raphthyamiiase . and perpheral part. o cases werefound without erzyme acti. e LNAse
(LNAse). Low pH is ctivity with many hours after death,
Cerebellum Multiple conditions Histochemistry for naphthylamidase the granule layer. Lysosamalenymes simile shere . onusoe esistance to utolyei” No
Seems to be a tendency for an increase in
degree of granule cell necrosis with increasing
P, but s not sttty sgnfcant. Nto tht Tabled shows the mcmence of necrosi according to severy eated to the nterval
Presence and severity of necrosis of  necrosis is mostly graded based autop: 0 be atendency for increased number
Cerebellum Not recorded granule cell layer of the cerebellum the cell nucei. of ecroses with -oncreasmg Terval-but i afference s ot vttty sgnieant-  ves
*0n electron microscopic examination, unfrozen white matter obtained at autopsy (8 h
post-mortem) showed lamellar separation similar 1o that described in cerebral edema
(14). This observation of post-mortem lamellar separation secondary to edema s
consistent with the reported increase in water content of the brain (approximately 10%)
that occursduring the i nterval etween death and autopsy (3. This unfrozen
Increase in myelin lamelk the ed no break in myelin
Frontal lobe white matter  Not recorded Myelin PMI with no break in continuity. lamellae” Yes
No significant correlation between PMI and
Multiple brain regions Schizophrenia General neuronal morphology neuron size in multiple brain regions. No
Worso [abeling ukth forseraish perosics st | both covlo! snd bl proparstors, posimorir ieevas onger thon 81
PMIs of longer than 8 hours. However, no loss of resulted in less extensive labelling.* .. “This may be due to loss of structural integrity
White matter underlying the st gy under Ilghl mieroscopy athe witan ih Bsae, sifiough s s noteidont o the ght mcroscopi avel. In ot
cerebral cortex Clinical diagnosis of dementia Neuronal morphology longer P} issue morphology was very good throughout these block: Yes
“[Dlespite significant inter-i mdlvlduz\s variations with regzvd 10 age, postmortem delay
No “clinical or pathological signs of No major difference found resulting from the PMI- and cause of death, the overall immunostaining pattern of the olfactory bulb was found
Offactory bulb 3 range. to be strikingly similar inthe 10 human subjects used i the present study.” No
No significant correlation between PMI and
Hippocampus Schizophrenia Neuronal morphology neuron size Table 6 No
*The postmortem interval was similar for the control and schizophrenic groups, as were
the fixation interval and the hypoxia index. The age of the schizophrenic subjects (48.5
23,0 years), however, was lower than that for the control cases. Simple linear
regression analyses indicated that there was nota significant relationship between any
of the confounding variables and either small-or large-caliber glutamate-
No significant correlation between PMI and fiber fibers (Tabl that these factors, particularly age, do not
Anterior cingulate cortex  Schizophrenia Neuronal processes density. account for iber aroup” o
“The potential confounding effects of age and PMI do not appear to account for the
afernces in R dancies nte in the schi zophvric group, because o tvee groupe
respect to both of
No significant correlation between PMI and signiicant corrltions beten these o variaties and he ity o i gendites in
Hippocampus Schizophrenia Dendrite morphology pyramidal cell dendritic density. of these sectors.”
No correlation between PMI and When the three groups , correlation analy there were
identified cell density across groups. Subgroup 1O Significant relationships of age or PMI with the density of PNs, NP, or glial cells in
correlations were found (PMI is positively any of the layers. Similarly, when the data were broken down according to diagnostic
associated with non-pyramidal neuron density in  9roups, there were also no significant relationships between these two potential
tne bipoar group and negaiely assoiatedwith confounds and he densty of PN and NPs i he scizopiveni subjcts. For the PM
giial density in layer Il in the control group); the density of glial cells in the control subjects showed a s
however, there was no adjustment for multiple  correlation in layer Il (r = - 57; p us) Forme bipoler group however tere was
gulate cortex and bipol Cel phology comparisons. significant « PsandPMI"  Yes
“Th ted further a presence
was correlated with postmortem A (PMi), cender of presence of AD.Variabe
eta |mmunmeamwl\ywes notedin ham ey short and very kg PM st Fg
3). Two biopsy for iAbeta
Cases witha PMIof 24 halso had stong Abeta immunoreactiviy. Analys of Pl for
Inensity (3s0.1) Gender was 0 found ook e fatorini Absts immunoreactivity
(p>0.1). Evaluation of hematoxylin and eosin stained sections, revealed that all samples
of PMI with were well th ideal cellular morphology and showed no evidence of tissue
Hippocampus Multiple conditions General neuronal morphology beta staining disruption or infection” Also Figure 3. No
“A pronounced and significant decrease in axon type 2 occurred as a function of
Tyrosine hydrolase immunoreactive Staining for fine varicose axons was lost with  increasing postmortem interval.* .. “Type 2 axons were characterized as being very
Multiple regions Multiple conditions axons increasing PMI. fine and highly varicose Yes
“Linear regression analysis indicated that spine density was independent of sex or
Dorsolateral prefrontal Dendriic spine density is notassociated with  postmortem interval and that spine density changes within disease states were not
cortex Alzheimer's disease Dendrite morphology PMI associated with age’ No
<The rumber of cellsabsledinthe ST reaction did it dpend on he rteva betyeen
death and autopsy nor on the duration of formalin fixation (Table 2). Even with brains
fied o130 o 47 days (asen 8 and o), posiiveresult were abtained e ST
eaction which
Multiple brain regions Pontosubicular newron necrosis  Presence of apoptotic markers NoPMiefect on evidence o calular apeptosis.  morphologically No
E the Golg: Cox method Izrge number
ection, from
coll with rich, apparently nomel Sencei nessts st i learl atophic oo
Examples of each type, as well as of cells which appeared intermediate between the
two extremes, were numerous. Tissues prepared by the rapid Golgi method gave a very
fernt piturs,Impegrtion e often iy whtharge arses devcid of
No variation of neuronal morphology, including iis. The cells which vith
General neuronal rmrpnmogy and dendritic morphology, with PMI when using grossly atrophic trees or aberrant morphology. Our nnamgs do notvary accoring to
Multiple brain regions Multiple conditions dendritic morpholog) Golgi-Cox staining. age, mental status, or postmortem time of sampling. No
“In the surgical biopsy specimens immunostained with anti-NPY serum, the neurons of
the cerebral cortex are displayed in their entirety (Fig. 1~d). The perikarya are
‘completely filed with reaction product, the dendites are long and slender, and thin
varicose axons can be traced from their initial segments for long distances, sometimes
even up to 3 mm. The axonal plexuses in the neighbaring neuropil have numerous fine
varicose axons and the whole forms a network of intrcate delicacy.” ... "Even the best
material obtained from postmortem con- trol brains successfully tested with NPY pales
Worse preservation in the autopsy tissue than by compari- son with the surgical specimens. Although optimal post- mortem material
the surgical biopsy tissue. Axons can usually be  can be good, and neuronal cell bodies are generally cleary immunoreactive, the
traced, but there are more varicosities they are  dendrites appear somewhat foreshortened and thicker and unusually tor- tuous. The
more irregular in size and shape. Dendrites are  most pronounced difference is in the axonal plexuses. Axons from neurons can usually
shorter, thicker, and more contorted. Neuronal b followed. The plexuses in the neuropil are also abundant but not as deli- cate in
cell bodies are reported to be "generally clearly  appearance. Perhaps the most distinct difference is that the varicosities or boutons on
immunoreactive". Despite having this wor ‘axonal twigs are larger - 2 times the size of those in surgical specimens, are more
reported preservation, they also report that Imgtdarnize onc haps, srid e v ke cosa seqments thtars o 10
“NPY-mmunoreactivity is well preserved in distinguish. Basically, axons are thicker, there are shorter single segments, vz
neural structures for considerable periods after  cosities are thicker, the intervaricose segments are shorter and clusters of axons are
Cerebral cortex Multiple conditions Neuropeptide Y immunostaining de coarser. The dendies are shorter, thicker and more contorted.” Yes
“No major ted.
Immunohistochemistry with S AN 4 o shom any $\gmllcam increase in
signal in FC at high PML .. ‘Histological examination of the sections from four
anatomical areas at different times of post-mortem delay (9 samples) revealed
No association of PMI with changes in cell y tur d density of myelin. T
phology . including with FAP and NF (Fig. 8) imilar at 4 and 18
Multiple brain regions No history of pholog) for GFAP or hPMI* No
No corrlation between PMI and cel size or cell  Indeed, neither time in formalin nor PMI had a detectabl effect on our measures of
Locus coeruleus Schizophrenia General neuronal immunostaining number. cell size or cell number. No
“PMI and time in formalin had no detectable effects on our measures of cell size. But
‘whereas PMI had no effect on the number of immunoreactive profiles counted,
time correlated negatively In
No correlation between PMI and cel size or 5 the case of of a relationship
Dorsal raphe nucleus Schizophrenia cellprofiles. _ between PMI or time in formalin and optical density” No
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Study Link Species
Das 2019 hitps:/jpubmed.n Human

General microscopy
method

Light microscopy

Light microscopy

Visualization method specifics

Dil staining

Merphlogialtining wih HBE, wihout
or without

Rapid

Light microscopy

Electron microscopy

Light microscopy

Electron microscopy

TUNEL staining

Morphological stain, embedded in Araldite

Cresyl violet or NeuN staining

Osmium and uranyl acetate staining

Del Bigio 2000 hitps/pubmed.n Human
Garey 1998 hitps/pubmed.n Human
Geiger 2006 hitps/pubmed.n Human
Gibson 1979 hitps/pubmed.n Human
Gitins 2004 hitps/pubmed.n Human
Glausier 2019 hitps/pubmed.n Human
Gos 2014 hitps/pubmed.n Human
Huh 2001 hitps/pubmed.n Human

Hunziker 1977 hitps /lpubmed.n Human

Hutenlocher 1979 hitps:/lpubmed.n Human

Ikemoto 2003 hitps /ipubmed.n Human
Ikuta 1963 hitps /lpubmed.n Human
Jacobs 1993 hitps /lpubmed.n Human
Kay 2013 hitps /ipubmed.n Human

Light microscopy

Light microscopy

Electron microscopy

Light microscopy

Light microscopy

Light microscopy

Electron microscopy

all-bdp1 immunostaining

Morphological staining via histochemistry
for alkaline phosphatase

Morphological staining with
phosphotungic acid

Immunohistochemistry for aromatic -
amino acid decarboxylase (AADC)
Morphological staining, for example with
HaE

Silver staining

Staining with osmium tetroxide and uranyl
acetate

PMi range

10 to 28 hours

0.5 hours to 80 hours, including
2n

3 surgical cases (0.5
delay to fixation)

410 120 hours.

Up to 48 hours

010 69 hours

810 75 hours

010 24 hours

10 t0 72 hours

410 22.8 hours

6.5 t0.8.5 hours and 30 hours.

010 35 hours

21030 hours

010 3to more than 18 hours

5.5 1032 hours" (cases longer
than 24 hours included if they

in good condition
histologically)

Up to 100 hours

Longest PMI
reported

28 hours.
80 hours.

120 hours

48 hours.
69 hours.
75 hours.

24 hours.

72 hours.

22.8 hours

30 hours.

35 hours.

30 hours.

18 hours

32 hours.

100 hours

Samplesize  Brain region

13 Hippocampus

33 Multiple regions.

Layer Il of temporal and
24 frontal neocortex

24 Multiple brain regions

Frontal pole or middle
45 temporal gyrus

16 Anterior cingulate cortex

Dorsolateral prefrontal
30 cortex

25 Hippocampus

6 Multiple

2 Multiple brain regions

21 Middle frontal gyrus

18 Midbrain, striatum

162 Cerebellum

20 Superior temporal gyrus

Notrecorded  Multiple brain regions.

Disease studied, if any recorded  Structural Feature

Sudden death Neuronal morphology

Multiple conditions Giia morphology

Schizophrenia Dendrite morphology

HIV encephalopathy Presence of apoptotic morphology

Dyingin hospital from causes
unlikely to lead to neurological

complcations Synapse

Not recorded Neuronal morphology

Psychiatric disorder Synapse

Schizophrenia Microgiia density

Free of recognized neurological
disease Generalimmunostaining

Not recorded Capillary morphometry

No known neurologic disease or
severe prolonged hypoxia prior fo
death Synapse

Outcome

No correlation between PMI and degradation of
neuronal morphology, such as dendritc spines
and axon boutons.

Increased cell sweling as the PMI increases.

Krassner et al
supplementary file 6: page 2 of 6

Any significantisubstantial
correlation of a feature with
Relevant text PMI reported?
“Figure 2 shows a set of neurons and
brains. Note that despite being from tissue fixed 11-18 hours pumunem e donat
observe blebbing, neurite fragmentation, o other obvious hallmarks of cell death,
ia, or ischemia (Figure 2). Though we cannot exclude that any postmortem
interval ieads to changes in neuron morphology, the neuron morphology in our samples
‘appears well preserved and the secondary dendiites are a consistent caliber with even
Dil labeling and diffusion.” .. “In contrast, our Dil-based methodological pipeline.
generates high quality dendritic spine labeling in human tissues with a longer
postmortem delay; thus far we tested up to 28 hours postmortem. When labeled, the
neurons do not show obvious morphological signs of hypoxia, ischemia, or damage
cause neuron such as blebbing, fragmentation, or poor diffusion of Dil (Fig 1e),
suggesting good membrane Integrity and relatively healthy tissue. Here, we report a
mean CA1 apical spine density of 2:21 spines/um of dendite with a range from 1.36 to
3.04 spines/m in aduit human brain. These spine densities in neurons labeled from
tissue fixed 10-28 hours postmortem is strikingly consistent with previously reported
spine densities of control human CA1 neurons in tissue fixed 2-3 hours postmorter
(Merho-Sartls o 1 2013) s o theaveraga GA spinedensiyfound innorhuman
primates optimally preserved by per No
*Onthe basis of our observations and other published data, we conclude that human

n PMI and dendrit

betweer
density of pyramidal neurons.
No correlation between PMI and the detection of
apoptotic cell morphology.

Vacuolozation increased up to approximately 33
hours, then stays steady or decreases. Causes
significant compression of tissue and artifactual
distortion, but no obvious structural degeneration
of membranes.

No correlation between PMI and neuronal

morphology parameters.

Signficant negatvo corrlaton i thenumber
M, butno sonfcant

Conclation with PSD length and P

Sanicant sorelaton wih ol neuronal profis

identified and PM

Decreased number of quinolinic acid-
immunoreactive microglial cells in the right CA1

gl both astrocyes and ol godendrocytes rapdlytake up plasma protens fom he
extracellular space of the injured brain’ .. "[Tlhe pronounced swelling with eosinophilia
Y p delay of fixation. Whether an active
process that contnues i  deialized envinmen, o o passive esponse by cells with
abnormally high soluble protein content in the cytoplasm is nknor Yes
“There was a significant inverse carrelation (p<0.01) between age znd spine density in
t tem
interval and Y pi (Pearson) or non-
parametric (Spearman) s (1al7le Sond fig ).’ No
No
No
“Neuronaldensiy, size and shape did ot corelte i efthe Nisl or NeuN stained
hpost moctem ntarvl -0.39<Re0.27;0ll 013 ar g -0.26<Re0.31; o
P010)’ Photmorem el even over an vt e,
lations with size or sh et ths factor s relativly
unimportant” No
“PMI was significantly negatively correlated with number of PSD." Yes

“Analysis of the potential confounding factors on the test results revealed no significant
Infuence o ago, duration ofdisoaso o psycholropic medication. Auolysis imo was
icroglia in

e ight Caq (conrols: aarson = 0365, 2 0045, b = 0016, scnsophrena
rPearson = 0,661, p = 0.014). However, the above described diagnostic group effect for
Al

subreglon o the increased
PMI

d by ANCOVA with the covariate *autolysis time” (schizophrenia
versus controls; left p = 0.024, right p = 0.008)." Yes
*The overalllevel of immunopositivity or allbdp1 in the adult human brain was sparse,
although focally positive cells were identified in every region. There was no correlation
of the requency of alFbdp1 positive cels with the postmortem nterval or with the rare
cells noted above th

euronal i for all-bdp d

visual survey, with score 1 representing immunopositive neurons up to 25% of the
neuronal population and score 4 representing immunopositive neurons of more than
75% of the neuronal population. The highest score was noted in the cerebellum (mean
score, 233, Tobe 1) There was no carelalon beween calpaivcleaved spectn and
the postmortem interval (P % 0:6041, % 20:232, by Spearman rank correlation)

the cerebellum, moderate to strong and occasionally focal immunoreactivity in Purkm‘e

between PMI and
distrbution for all-bdpt

Capilary network is reported to be relatively
resistant to postmortem changes, with no change
in capillary diameter. However, there is a change
in volume fraction, length, surface-to-volume

o, and number of capillaries per test area in
the longer PMI case.

Synapse counts were stable for 35 h PMI.

Compared to perfusion fixed experimental tissue,

synaplic structures are less clearly demarcated,

but this does not appear to be a correlated with
in

found Fig. 28) As with he pyramidalneurons,only the
and of cerebellar Purkini 2oy No
i coniraet o the axperimnt the man investigaion mveled o fluenne on the
5. Althou
volume facton length surface-lo-volumeratio nanmber per xesx area of e
ab. 3) yield

e expenmem the capillary network of the human cerebral plavl sppears 1o be
relatively resistent to postmortem changes. The fact that capillary diameter remains
unchanged postmortem provides encouragement to continue further stereological in-
vestigations of aging human brair . "As in the animal experiment, the capillary

diameter of the human cortex is not affected by different postmortem times. The

individual diameter values of the parietal lobe (postcentral gyrus) do not differ much

from each other (Fig. 3). Except for the frontal region, the stereological behaviour of the
human parameters i simar o the sinificart dfeences between the measuraments
intravitam and 22 hours postmortem in the animal experiment (Tab. 2): vol

fraction, length per unit cortex volume and number of capillay fragments pt

measuing edhond to decrease, whereas the suface 1 volume fatio s moderately
increased (Tab. 3). The minimal capillary y

the two different postmortem times." Yes
“Samples from 21 brains, at ages ranging from newborn to 90 years, were studied.

Synaptic profiles were dearly evidentin postmortem cerebral cortical tissue, although

heir definition was often somewhat less sharp than in perfusion-fixed experimental

tssuo (g 1A). The presynaplc projections and postsynaplic bands appoared

‘somewhat more difuse and ply demarcated, and the intracleft ines were not
aiways domonab.Howover.hess feaures id no seiusly interer wits v

expected results based on perfusion fixation
versus immersion fixation, but not based on the
PMI within the sample.)

Decreased staining of aromatic amino acid

Schizophrenia positive neurons
Presence of necrosis of granule cell layer

Not recorded of the cerebellum

"Neurologically normal® Dendrite morphology

Multiple conditions General cellular morphology

(AADC), including decreased
number of AADC neurons, with onger PMI
Increased incidence of necrosis of the granule
cel layer with increasing PMI

Dendriic spine architecture is well preserved in
brains with longer autolysis times. Note that there
is a quality selection bias in this study.

Reported effective electron microscopy studies
with tissue up to 100 hours PMI, as long as the
brain is primarily in cold storage with
temperature of 4-6°C. It seems they are
suggesting that there is a PMI effect f the brain
tissue is not cold storage, but this s not expiicit

abilty d to be stable for 35 h
postmortem (Fig. 2), no relationship being demonstrable between calculated synaptic
densities and the length of time that elapsed before the tissue was fixed in

glutaraldehyde” No
*Some brains in which the PMI was more than 15 h showed weak AADC stainability.

‘The number of AADC-positive neurons in the striatum per section had a tendency to
decrease in the case with longer PMI* Yes

“There Is a steady increase in the incidence of the lesion as [the PMI increases.” Yes
“[Alnalysis revealed no relationship between autolysis time and TDL (114001 = 0.03;NS).
Remaving heeffetof autlys o the age TDL carelaton wiha partl corelaton

coefficient (see below The

exhibit the autolytic changes (e.g. aricos
dendrit let and loss of spines)

described by Williams et al. (87). Photomicrographs of Golgi preparations from three

subjects (F40, M56.2, F79) with differing autolysis times (29, 10.5, and 8 hours,

respectvel) Figures 2 and 3" luded f the aumlys\s
time rif signs of cerebral atroph
i lnest i centa e system involvement, and 5o on.’ No

" studies f
donors with long post mortem intervals, up to 100 hours. In our experience a k

elementin tissue preservation for ultrastructure analysis is post mortem cold storage
of the cadaver, with cold storage in a mortuary of around 4-6°C significantly reducing

structural degradation.” Unclear
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General microscopy
ethod

Staining with osmium tetroxide, urany!

Study Link Species Visualization method specifics
Kitamura 2005 hitps/pubmed.n Human L MAP;
Kolomeets 2005 hitps:/jpubmed.n Human Electron microscopy  acetate, and lead citrate.

Kolomeets 2007 hitps /ipubmed.n Human Electron microscopy

Krause 2016 hitps:/ipubmed.n Human Electron microscopy

hitps /ipubmed.n Human L

Kreczmanski 2005 hitps://pubmed.n Human Light microscopy

Lesnikova 2018 hitps:/lpubmed.n Human Light microscopy

Lindenberg 1956 hitps:/lpubmed.n Human Light microscopy

Liu 1950 hitps /pubmed.n Guinea pig  Light microscopy
Lopes 2008 hitps/pubmed.n Human Light microscopy

Lucassen 1997 hitps:/lpubmed.n Human Light microscopy

Staining with osmium tetroxide, urany!
acetate, and lead citrate

Morphological staining with osmium
tetroxide, uranyl acetate, and
phosphotungic acid

Morphological stain, Niss! stain
(gallocyanin)

Immunostaining for collagen IV, which is
present n the basal membranes of
microvessels

Merphalogialtin wih HAE.
immunchistochemical stains with $100
and vimentin

Morphological stain with cresy! violet or
thionine

Morphological stain with thionine and a
technique to visualize myelin sheaths.

Immunostaining for feritin

ISEL labeling

Morphological stain, Nissl stain (cresyl
violet)

Il and fiber staining according to Niss!
d

Maloku 2010 hitps/pubmed.n Human Light microscopy
Mori 1991 hitps/pubmed.n Human Light microscopy 19G and laminin immunostaining
Mori 1992 hitps/pubmed.n Human L L

Morphologically stained with combined
Miller 2021 hitps/pubmed.n Human L (cresy
Nogami 1999 hitps/pubmed.n Human L Hsp70

PMi range

11h to 3 days (all less than 1
day in nomothermic group)

3109 hours

Mean 5.96 1.1 (cont
group). 66 £ 1.9 (scmzupmema
group)

18 to 50 hours

610 76 hours

6 t0 88 hours (they note that the
88 hour brain was a case who
died of sulcide and was stored

110 14 or more days

810 46 hours

10 13 hours (immersion
fixation group)

31020 hours

11020 hours

20 +6.1 hfor nonpsychiatric
subjct group. 22:2 5.0k for

ia group, 20 £ 9 h
for mpmar Giordor group

510 40 hours

510 40 hours

410 164 hours.

510 56 hours

Longest PMI
reported

72 hours.
9hours

Not recorded

50 hours.
76 hours.

88 hours.

336 hours.

46 hours.

13 hours

20 hours.

20 hours.

Not recorded

40 hours.

40 hours.

164 hours

56 hours.

Samplesize  Brain region

20 Hippocampus

19 Hippocampus

18 Hippocampus

Notrecorded  Anterior cingulate cortex

3

Multple brain regions.

3

Multple brain regions.

40 Not recorded

&

Multple brain regions.

3

Multple brain regions.

Temporal and frontal
cortices

&

Multple brain regions.

Cerebellum

2

3

Frontal or temporal lobes

3

Frontal cortex

24 Medial habenuia

34 Medulla oblongata

Disease studied, f any recorded

Hypothermia. No *neurodegenerative
nial hemorthage or

isease, intracrar
brain injuries that would induce

MAP2 disruption before their lethal
event”

Schizophrenia

Schizophrenia

Not recorded

Schizophrenia

Schizophrenia

Not recorded

No known intemal disease

Malnutition

Not recorded

Alzheimers disease

Schizophrenia, bipolar disorder,
controls

Alzheimer's disease

Not recorded

Heroin use disorder

Not recorded

Structural Feature

General neuronal immunostaining

Dendrite morphology

Synapse density

General cellular morphology

Neuronal density.

Blood vessels

General cellular morphology

General neuronal morphology

General cell morphology

Microgiial morphology

General cell morphology

Neuronal density.

Blood vessels

Blood vessels

Neuronal density.

General neuronal immunostaining

Outcome

PMI-associated deciine in immunostaining of
MAP2 in CA1-subiculum, with less rapid decine
in immunostaining in CA2-4 and dentate gyrus,
and less rapidiremarkable PMi-associated
decine in immunostaining in brain donors who
had hypothermia prior to death

No significant correlation between denditc spine
morphology and PMI

No correlation of PMI with the number of
synapse contacts detected on mossy fiber
terminals.

Myelin sheaths have network-like splitings.
Other structures such as Von Economo Neurons,
microtubules, neurofilaments, synapses, and
vesiles wers eportd o bo wel-prserved. No

Krassner et al
supplementary file 6: page 3 of 6

Any significant/substantial
correlation of a feature with

Relevant text PMI reported?
“With lengthening loss of M)
mostaf he CAT Sueulom neutand - Inhe ranc of o P af 11- 161 caseati-
3). MAP2 as preservedin of the

(Figs. 1aand 2a),alth MAP2
s mors aden [t st achaoan L he sz anens han in other areas (Fig
2a). Intensity staining had al brains with a PMI of
15d (cases H4-5) (Fig. 2b) man m me normothermic group (Fig. 2¢ and d). In brains
vith 3 PMIof 2-3. (cases Ho-8) the CAY neuronsshowed decrezses i thenumber

Changes were less remarkabl- . "On the othe hand, we observed that paslmorlem
dsrupton of MAP2 progresed remarkably i the CA1 subicuum region of
| although there

changes in MAP: in the CA2-4 d the d H
ypothermia attenuated the progress of postmortem alterations in MAP2

h region ption was more
remarkable than other reg-ons' Yes
“Muttiple regression age
of P hemimer o spine heads, and postsynaptic spineheads, and Vv o«spmes
perMFT-

*Our research design did not indicate that the observed reduction of Nv synapses
formed by MFTs was due to age or PMI. No significant relation between the
parameters measured and age or PMI were found by correlation analysi
“In human pathology, the post-mortem intervalis a relevant factor for tissue
preservation. Itis known that degenerative aterations in the cytoplasm of glial cells and
vilhin the axoplasm can occur wilin 24 214 °C,and especially mitochandra are
known to be
after 6 hat a storage temperature of 25 ° < Hukkanon and ROyti, 1987) I out sty
the tissue had a mean post-morte interval of 31.89 = 9.649 h and showed the typical
ultra-structural alerations of network-like spliting of the inner part of the myelin sheath
(Fig. 3A), as described by Hukkanen and Royta (1987). However, other structures
such as microtubules, neurofilaments, synapses, vesicles and mitochondria were well
reserved (Fig. 38-D). In particular, entire neurons such as VENS, which are curently
of most nterst i nveslgators of psychiatic disoders, coud be depiced dearlyn a
collage of merged hs (Fig. 3E)." . tudies
Roman postmonom beson 1 ore o ant 1 use £330 Wit S post
mortem ntervas than simiar strage times. Furihermore, s possile o underlake
2

ported worsening of with PMIs
Groater thon 24 howrs

No assocation of PMI with neuronal density in
any brain region, but there was a significant
assocation with total putamen volume and total
neuron neuron in the putamen with PMI

No significant effect of PMI on capillary length

Increase in cell nucleus markers of autolysis in
increasing PMI, with loss of cells being the most
extreme grade. Decr immunostaining
propatos o vimenih and $100 5 the PMI
increased past 3 d
In the cases with sudden death, vacuolozation,
homogenization, or ischemic changes were
present, associated with the postmortem interval.
In cases preceded by an agonal hypoxia of 1-7
hours, the morphology was much better

intained, without vacuolozation, shrinkage, or
sweling, despite the degree of PM

Ughter myeln siaining, some swolln neurons,
other , vacuolizat

permoutonal and pervasler “eractin spaces,

compared to perfusion fixation immediately at the

time of death

No corlatonofthe maphiclogy of micmglia
with PMI, although there was an increase
nonspecie background staming afer 8 nours
PMI

specimens with high p

e post-mortem interval had a significant effect on the volume of the putamen [F(1)
%9.553, P % 0.004] and the total neuron number in this brain region [F(1) % 6.899; P %
0.012] (see Fig. S1 in the Supplementary online material)." Also Table 3 Yes

“[Plostmortem interval, and fixation time had no significant effect on any of the
investigated parameters. No

*Brain tissue had a mean decomposition score of 1.11/median of 1.10in group A, 1.53
/135 in group B, 2.72/1.40 in group C, and 3.77/5.00 in group D", Also Figure 4. Yes

“The 16 animals that died they p
fixation technic, and were fixed by immersion in solution of
US P, (1:4), showed neuronal changes not unlike many of those that have been
described by previous investigators. Sections of the brain prepared by the method for
myelin sheaths stained lighter than similar sections from the animals that had been
Killed by perfusion and lighter than sections from the control animals. Similarly, the
sections stained by the technic for Niss| substance appeared lighter. Microscopic
incll partgof thebrin Sama
swollen. The Nissl body p:
were doused, Lo oot appeared 0 bo amost complte
lany nerve cells ind perivascular
spaces were i erger than those i sectons fro the controlanimale, Even nthe
specimens that were fixed by immersion within one hour after death, such changes
were widespread. The similarity between this picture and that obtained in human brain
material removed at autopsy and fixed by immersion in solution of formaldehyde U S.P.
was striking” Yes

“Ata PMI of 3 h, ferritin i cell
morphology (Fig. 64), although distal processes were \argely devoid of fine

milar atlonger PMIs
{Figs. 63-D), and most fetposive microglia i thess yssues displyed deramifed
and beaded processes o descrbed carer (sceFigs. 2 and 3) Instancesof eramified

tolongest . H
8h’

background staining was found to increase after a PMI of Yes
Nomajor morphology resulting uch as nuclear mbrane blebbing, or
from the PMI apoptotic bodies, was observed n any of the brain areas studied.” No

No correlation of PMI with Purkinje cell density.

Increase in leakage of immunoglobuiin out of
blood vessels in the P

Increased laminin immunostaining/blood vessel

visualization with increased postmortem delay.

No correlation of PMI with neuronal density.

No significant correlation in proportion of
neuronal cytoplasmic staining for Hsp70 with the
PMI

“Dur mbid ek on Pk ko et denaly e 1 thatbeckgiound
variables had an effect on ensity, except for
diagnasis, Tis ncudsd age m = 1.51, nonsignificant (NS) when treated as.
NS when treated s categoric variable), gender (F1,
s NS) hermisphere (1421 +156,NS) bran o €1
42 suicide (F1.421 =0.31, NS), age of onset o illness (F1 NS),
other cause of death (F4,410 = 2.09,NS), o type of medication (F3; Tai1on NS) No
“The extent and severity of leakage in both the aged and Alzheimer brains tended to
increase with the age of the patient and with the interval between death and autopsy.”  Yes
“In untreated sections, the areas possessing immunoreactivity tended to be larger as
the postmortem delay was prolonged. This was especially notable in 2 cases fixed after
rolonged postmortem periods (21 to 40 h), in which moderate immunoreactivity,
weaker than that of unfixed frozen sections, was observed throughout the sections. *
Also Figure 5. Yes
“[NJeuronal cell numbers were reduced in the MHB of heroin-addicted subjects (395966
184,178 vs. 644,149 + 131,140; p < 0.001). These findings were not significantly
confounded by age and duration of autolysis.”... ‘Neurons of heroin addicts were of
normal appearance. The cytomorphological analysis by an experienced
naopathclogis () evelad o ahration o isa o o cter osteel
changes in neurons of heroin addicts.” .. “Accordingly, no significant influence of age
(M F(121) =015, = 0902 CH. F(121) 0,420, p- .524)and durationof
autolysis (MHB: F(1 2125 =0650;LHB F121
observed on rel;

13,
rthermore, these fz
no significant interaction with a\agnes\swam irences of i1 rerenal cll
numbers (age: F(1.21) = 0.312,p = 0.582; autolysis: F(1,21) = 0.108, p = 0.746)." No
HSp70 immunareacinly was present n the cyoplasmof soma nourons of e X, X,
Cun, and Oli (Fig. 1), while inthe
i h o specfe rabb nifican
heurons wilh pesiive cylopasmic hep70 immunoteaciviy i he O o n he Xl X,
or Cun (p<0.05 for XII, p<0.01 for X or Cun, Kruskal-Walice test and Dunn's test,
Fig. 2). There was no statistically significant correlation between the AMI or PMI, and
the any of the nuclei
studied (Pearson's test, n=33 for AMI, 30 for PMI)." No
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General microscopy Longest PMI
Study Link Species method Visualization method specifics PMI range reported
Nogami 2000 hitps:/jpubmed.n Human Light microscopy Cathepsin D immunostaining 510 151 hours 151 hours
Intracellular iling with Mini-Ruby (MR)

Ohm 1994 hitps:/jpubmed.n Human Light microscopy dye 710 50 hours 50 hours.

2002 hitpsipubmed.n Human L Tyrosine hydroxylase immunostaining 2o 39 hours 39 hours

Surgical biopsies cases (n = 16)
nd autopsy brain samples,

Pejnan 2020 hitps/pubmed.n Human L forMeCP2 and BONF  PMirange of 6hto5days 120 hours

Pennington 2008

Pieni 2001

Popova 2013

Porzionato 2008

Raadsheer 1993

Rajkowska 2015

Rajkowska 2017

Roberts 1996

Roberts 2005

hitps:/lpubmed.n Human

hitps:/lpubmed.n Human

hitps:/ipubmed.n Human

272990 1 unafected
controls, 33.7 + 14.6
schizophrenia group, 3:
6.1 hin b\pu\ard\sardergroup,
Morphologically stained with Nissl-staining and 27.5 +10.7 h in major

hitps:/lpubmed.n Human

hitps:/lpubmed.n Human

hitps:/lpubmed.n Human

hitps /lpubmed.n Human

hitps /lpubmed.n Human

hitps /ipubmed.n Human

Light microscopy (cresyl violet) depression group Not recorded
Light microscopy Nissl staining 331024 hours 24 hours,
L SLC10A4 2410 244 hours 244 hours.
Morphological stain with haematoxylin-
eosin, Nissl, Kiaver-Barera, and azan-  Up to 36 hours (average 29 +
Light microscopy Mallory 2.1 hours) 36 hours.
Immuncstaling o sortixtopin.releasing
Light microscopy hormone and vasopres: 51039 hours 39 hours.
Light microscopy Immunostaining for NP 10 to 44 hours 44 hours.
Immunostaining for the serotonin
transporter (SERT), using adjacent Niss-
Light microscopy stained sections s a guide 10 to 27 hours 27 hours,
Stained with osmium tetroxide and uranyl 2.5 hours to greater than 7
Electron microscopy  acetate hours 7 hours
Electron microscopy  Osmium and uranyl acetate staining 3to 8 hours 8hours

Samplesize  Brain region

45 Hippocampus

Not recorded, although

35 the regions studied

Disease studied, f any recorded

Not recorded

Multiple conditions.

No neurological, psychiatic, or

Structural Feature

General cytoplasmic immunostaining

Neuronal morphology

Outcome

Krassner et al
supplementary file 6: page 4 of 6

Any significant/substantial
correlation of a feature with
Relevant text PMI reported?
“CA1 neurons showed i hep:
(Figure 1A) in all but one case." .. 'In one case of chest injury in a traffic accident, CA1
neurons had psin D in which the neurons
showed igure 1B and C). The
positive, cathepsin D inTable 1
Virtually all N Prowons e postivelystained i he majoiyof cases, n which he
00%

corelation was observed between cathepsin D |mmunc|eac\|wly and the antemortem
erval between injury and death (AMI), or the postmortem interval between death and
autopsy (M) (Pearson's tes) . it l. (1997) have shown thatglbalischernia by
inrats an alteration in the distriby epsin B in
hippocampal CAT neurons from a Iysnsnme\ pattem to a more intense fabel
redistributed into the cytoplasmic region. Since some postmortem intervals were
inevitable in our study, our autopsied specimens showed intense distribution of
cathepsin D in the whole cytoplasm" Figure 1 and 2. "Although lysosomal enzymes
Inluding cathepsinD are activated i postmrtem necross Lindenberg 1962), here
was no clear change in the distribution of cathepsin D immunoreactivity, su
extaceluiarleakage,orossof cyoplasmic immunoresciy. urresuls o tht

between PMI and
distribution for Cathepsin D.
No correlation with PMI in intracellular

morphology dye fillng. “The systematic
examination of autopsy condilons using M R

indicated that neither age (
mimoffs ~ =
(P> 0.1; Koimogoroff-Smirnoffs 8

; Kolmogo-
) or posimortem delay

) of

cathepsin CAl t a useful tool
degeneral\on or postmortem changes.” No

of autopsy [Mlm that

ne\lhevzge(P>D| 63)
0.1864) of md\v:duals which gave good lings dfered

gave good
significantly from those with bad fillngs."

$\gmllcam\y from those with bad fillngs." No
“This remarkable variability concerned the number and distribution of TH-IR perikarya
as well as the intensity of the immunohistochemical reaction and appeared to be

related neither to the sex or age of the subjects norto the pestmortem interalor
The I

From both sources ater iffrant postmortom deays and fvation o storage tmes

between PMI and
distribution of tyrosine hycroxylase.

PMI of >48

d with variable and

any one of the three on vibratome or

paraffin sections.” No

“To study the impact of PMD on MeCP2 staining, we performed MeCP2

immunoiabeling on surgical and autopsy neocortex samples (Figure 1B-D and Fig- ure

$4). MeCP2 immunoreactivity in two operative samples that were immediately fixed

was similar o the operative hippocampus samples; and almost al the cells were

positive (Figure 1B). Fixation delay of <48 h was associated with minor loss of MeCP2

immunoreactivity (Figure 1C). However, longer delays were accompanied by variable

and inconsistent MeCP2 immunostaining (Figure 1D)." .. "Furthermore, we found that

BDNF immnoreactity was reatvely sable across the ange of PMD studied here.
erivascular ast was labelled in

immediately fixed tissue (Figure SQA—C‘ F\xahnn delay of >3 days was associated with

a slight decrease in the intensity of labelling (Figure S9K-M). ... Inmunostaining for

BDNF in the human brain tissue array. BONF shows higher stability with post mortem

delay compared to MeCP2. A slight decrease is observed in the intensity of staining for

longer intervals (fixation after 3 days) Ghal cells (green alrow) snda(heha\ cells (red

arrow):

in two DDSralwe $amp\ss (hat were. \mmsma\a\y fixed was s:rm\ar (u (he operative

hippocampus samples; and almost all the cells were positive (Figure 1B). leaﬂnn delay

of <48 hwas associated with minor oss of MeCP2 immunoreaciviy (Figure

However, longer de\ays were acmmpamed by variable and inconsistent MeCP2

inconsistentimmunostaining for MeCP2. BONF
is more stable, with a slight decrease in

8
32 Multiple Rett syndrome

Schizophrenia, bipolar disorder,  Neuronal density, neuronal size, glial
60 Insular cortex major depression nsity
28 Prefrontal cortex Schizophrenia Neuronal size

Lateral geniculate body

8

Medulla oblongata

Hypothalamus
Ventral prefrontal white
matter

Alzheimer's disease

Multiple conditions.

Multiple conditions.

General neuronal immunostaining

Presence of:

PMI of greater than 3 days.

Longer PMI correlates with increased glal
density, but not neuronal density, or neuronal

soma size.

Significant change in neuronal size during the
PMI

f human brain tissue array immunostained for
eGP oo corex wih e i delay to fixation (<1 h) shows complete:
immunoreactvity for MeCP2 (B). Delay in fixation (31 h and 5 days shown) is

‘accompanied by variable immunostaining of al cell types" Yes
“Increasing brain pH was significantly associated with decreased layer 2 (p = 0.0003)

and layer 3 (p = 0004) glial volume, and increased PMI predicted increased glial cell

densiy (9= 0,02) .. ‘Specifical neurons were distinguished by the presencef

nucleolus and some o all of the
positive dendritic processes and an ovoid or irregularly sthed etiess T eomrast.

glial cells were characterised by their lack of nucleolus, the presence of

heterochromatin, a thicker nuciear membrane and a usually smaller shape and size”  Yes.
“Exploratory regression analyses done to assess the effects of sex, age, PMI, and tissue
storage time on somal volume indicated a potential effect of PMI on somal volume,

‘which was confirmed in formal modeling.".. Third, neuronal size may change as a

function of PMI as was observed in this study” Yes
“A high number of strong SL in the lateral i

body (Fig. 19). Vesicular perinuclear labeling together with punctate and fibrillary

Iabeling of the neuropil was observed in both magnocellular and parvocellular cell

layers, whereas staining in the koniocellular celllayers was virtually absent

Noteworthy, this staining was not altered by postmortem delay (range 24-244 h) or

fixation days)” ..."One, in th posterior we
also had the lateral the neurons SLCT0A4IR and
the IR was not altered fixation time, issues known to nfluence

No coriaton bobusen P and
distribution for SLC10)

Neuronal morphology

PMI.

No effect of PMI on corticotropin-releasing
hormeris st i persveirciar s col
fiber

bodies o in median eminence fiber

No correlation of PMI with size ordenslly of
CNP-

Notrecorded  Striatum

27 Striatum

Nohistory of central nervous system
or neurological disease

Schizophrenia

-

Axon length

Neuronal morphology

Synapses

No correlation of PMI with length of serotonin-

immunoreactive axons.

Wih PMI graster than 7 hours, mambr

ane

structures (pre- and post-synaptic membranes,
Syraplic vedles, and myelin) were lostor

distorted and dendrit

on terminals,

and

dendritic spines became bloated or iregular in
shape; and extracellular spaces enlarged.

No major difference reported based on PMI;
instead, adequate structural morphology was.
reported in the cases with "longer” PMIs.

Vacuolozation increased up o approximately 33

hours, then stays steady or decreases. Causes
significant compression of tissue and artifactual

ich may explain an apparent

y
the outcome of IHC stains” No

Nl statstcallysigifcant corlation of apoptoti ndces wit the DA ntenvalin ay
ettt i wzsqmle constant for all specimens, and the

reported that post- morin periods of up to 48 h do not s matond Habelling in
rat brain (Petito & Roberts, 1995a) and that post-mortem intervals of up to 70 h do not
have significant effects on the detection of apoptosis by the TUNEL method in human
b (Al Bassete ot s 1955;Gelard ot . 1995;Petto B Robart, 19050 Vincent
etal. 1999; Cosenza et al. 2004). However, we must consider that some of
ed in our study are o post ortem
changes.” No

*For either cohort, or a combined value for both cohorts, there were no significant
Pearsor's correlations between the length of SERTr axons and postmortem interval,

time in fixative, time In ethanol,or tissue pH (Table 2)." No
“Electron microscopic observations of postmortem human brain are possible whenthe
tissue is obtained shortly after death and immersed immediately in cold fixative

containing glutaraldehyde. Several other factors other than the PMI can affect the use

of postmortem tissue for electron micros- copy, such as the agonal status of the

individual and ambient temperature. The ultrastructural integrity of the tissue was.
compromised if the PMIs were much onger than 7 hours. As the PMIncreased beyond
sevarml hour,certaln

mple, ki were lost or distorted, such as
e and posteynapiio membranes synaptic ves-cles and myelin. The postsynaptic

synapses Wwere asymmelric or symmelru: Profiles su:h s axon erminals, spines,
den aking

K cive nacou: rate making
messurements of synaptlodensty poentally Insccurate, EXvacelulr spabe wes vry
sensitive to PMI and was expanded in some but not all areas, even in tissue with very
short PMis (<7 hours). The tissue used in this study, however, had PMIs less than 4
hours and therefore was not afficted by these postmortem artifacts, other than an
‘occasional expansion in extracellular space. The cases were all of a quality that
permitted quantitative analysis™ Yes

“The ultrastructural preservation was similar inboth groups and was sultable for
synapse classifica-tion (Figs. 1-3). The electron micrographs shown arefrom cases
with PMIS of 6 or 7  tollstrate thequality of thepreservation inthe ‘longer” PMs-
- ph lus e tht e senvation

visualized,

in this case that suffered a cer-tain amount of

aaphya Guo 10 the covse of doath and hod aonger” PMI' . Also Fgures 1.2, and3  No
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Study

Roberts 2014

Rosoklja 2014

Rozemuller 1988

Samat 2010
Scheff 1990

Scheff 1993

Schwab 1994

Sele 2019

Seppanen 2007

Sheedy 2012

Sheng 1998

Smith 1993

Steiner 2006

Stockmeler 2004

Sweet 2004

Link Species

hitps:/lpubmed.n Human

hitps:/lpubmed.n Human

General microscopy
method

Light microscopy,
electron microscopy

Visualization method specifics

Immunostaining for EAAT1 AND EAAT2,
with counter morphological stains

hitps:/lpubmed.n Human

hitps:/lpubmed.n Human

Light microscopy

taining with Golgi-Cox

Immunostaining for antiuman C3c, Clq,
19G, prealbumin and fibrinogen

Imunostaining for the protein

hitps:/lpubmed.n Human

hitps:/lpubmed.n Human

hitps /ipubmed.n Human

hitps:/ipubmed.n Human

hitps /ipubmed.n Human

Electron microscopy

Electron microscopy

Light microscopy

Light microscopy,
electron microscopy

Light microscopy

aining with osmiumtetroide, urany
acetate, and lead citat

Staining with osmium Ielvoxlde‘ urany!
acetate, and lead citrate

Immunostaining for MAP1B, and MAP2
and tau

Morphological stain, including high-
pressure freezing step

HAE, collagen XVl immunostaining

taining with H&E

Immunohistochemistry, "Synaptophysin-,
subst

hitps /ipubmed.n Human L
hitps /ipubmed.n Human L IL-1a

sactonk- holecyakodl
hitps:/lpubmed.n Human L . staining®

hitps:/lpubmed.n Human

hitps /lpubmed.n Human
hitps /ipubmed.n Human

hitps /lpubmed.n Human

Light microscopy

Light microscopy
Light microscopy

Tang 2001

Todtenkopf 1998

Toth 2007

Toth 2010

hitps:/lpubmed.n Human

hitps:/lpubmed.n Human

hitps /ipubmed.n Human

hitps /lpubmed.n Human

Electron microscopy

Light microscopy

Light microscopy

HLA-DR immunohistochemistry

Niss staining

Stained for Niss| substance with thionin
Immunostaining for NeuN and

parvalbumin and fluorescence microscopy

Ethanoiic phosphotungstic acid staining
hnique, modified for synapses in
human autopsy brains.

Niss staining, immunohistochemistry

Substance P receptor immunostaining

for calretinin

tance P-

Longest PMI
PMI range reported
4t0 8 hours 8hours
3t0 25 hours 25 hours.
21t0 24 hours 24 hours.
Up'to 96 hours 96 hours.
Up'to 13 hours, 13 hours
31013 hours 13 hours
Compatison of srgica bopsy

s (n = 2) 1o autopsy cases
5 it 3 P of 1610 04
hours 24 hours,
16 to 24 hours 24 hours,
4810120 hours 120 hours
3t0 725 hours 72.5 hours

Average of 16 £2 h in those <
60 years oldand 11 £2hin

those > 60 years old Not recorded

510 21 hours, compared to

surgically removed tissue 21 hours.
81072 hours 72 hours.
41029 hours 29 hours.
3.71028.1 hours. 28.1 hours
2h85minto5h5 min 5.083 hours
Less then 60 hours 60 hours.
6.51042.5 hours. 42.5 hours
2106 hours. 6 hours
210 10 hours 10 hours

Samplesize  Brain region

8 Frontal cortex

157 Cerebral cortex

59 Cerebral cortex

162 Multple brain regions.
18 Cerebral cortex

20 Temporal lobe

7 Temporal lobe

4 Frontal lobe

1 Multiple regions

Cerebellum

&

Tissue blocks of

hippocampus and adjacent

22 mesial temporal structures

9 Offactory bulb

32 Multiple regions.

40 Hippocampus

32 Primary auditory cortex

7 Primary motor cortex

5 Neocortex

25 Hippocampus

12 Hippocampus

6 Hippocampus

Disease studied, if any recorded  Structural Feature

No history of central nervous system
disease General cellular morphology

Not recorded General neuronal morphology

Outcome

No qualtative differences in EAAT protein
Staining patterns between 4 and 8 hours of PMI
or comparing their postmortem samples to
surgical biopsy samples.

No effect of PMI on the qualiy of Golgi-Cox
neuron staining

Alzheimers disease proteins

Fetal and neonatal brains Axons, Synaptophysin immunostaining

Alzheimer's disease Synapse

Alzheimer's disease Synapse

Blopsie fom pacpewith empoa

Iobe epileps, General neuronal immunostaining

No known neurodegenerative
disorder Myel

between PMI and staining
pattems for plasma proteins.
daround

Krassner et al
supplementary file 6: page 5 of 6

Relevant text
*Our postmorten tissue used for electron microscopy was fixed in eight hours or under,
50 there should be minimal diffusion due to PMI. Also, the effect of PMI on a small
mouse brain s likely 1o be much more dramatic than in the much larger human brain,
meaning that the PMI could probably be much longer in humans without deleterious
effects. Several studies using postmortem human tissue with PMIS equivalent o or
greater than ours show no correlation between PMI and EAAT protein levels and/or
Show a similar distribution to that of the present study, suggesting that EAAT protein is
not degraded in tissues with PMIs <20 (Iematsu et al,, 2001, Bauer et al., 2008, Shan
etal, 2013, Shan etal, 2014). There were no qualitative differences in staining pattern

etween the brains used in the present study, where the PMIs ranged from four to eight
hours. Finally,the ultrastructural data in human hippocampal resections (Bjornsen et
al.,,2007) and cortical biopsies (Melone et al, 2011), which have no PMI, are largely in
agreement with our data in postmortem tissue.”

‘Over 188 consecutive frontal or hippocampal blocks from over 157 human autopsy
cases with postmortem intervals varying from 3 to 25 hours were stained. There were
10 apparent effects of postmortem interval on the quality of impregnation”

“Clusters of peroxidase-positive neurons and glial cells were seen in brains both with

short (3-8 hours) and long (24 hours) post-mortem delay (ime between death anx

fiaton ofthe brn).In cases o SDAT with the same postmrtem delay some brains
0 staining of the brain

Reurons and gllcell i arge coril aress. Therefor, o reletionwas found between

post-mortem delay and positivity for plasma proteins”

Thesd

 even in severely autolytic

in
neurons is lost after 24-48 hours in
synpatophysin immunostained tissue. Dedline of
synpatophysin immunoreactivity after 48 hours.
More rapid dediine in choroid plexus than in grey
matter.

No relationship between PMI and synaptic
volume.

No relationship between PMI and the
morphological features of synapses analyzed.

In autopsy cases compared to biopsy cases,
therswas extansive perkaryal edsirbution of
MAP1B, and MAP2, and tau. However, ths
Sppesrea to Goour s siowly i human cases
than rats.

On eleciron microscopy, (e porcentago o vel-

i i Coses of 410,43 houts of posmoram btohls efore firaton of the
bmm the gray matter tissue showed only a mild diffuse loss of sIR, but the sharp
definition in axons and zraund Ao wascst. The iR remeined ‘elable fo eutine

d i fixation of tissue, but sIR was
Tostin Wghty macorated prang with severeldays of aulo\ys\s Also Figure 6.

“The distribution of tau-|, MAP2, and MAPIB in the surgical specimens was similar to
that observed in the immersion-fixed rat brain, with tau-l being predominant in axons,
MAP2in dendrites, and MAP18 immunoreactivity presentin both axons and dendrite. A
slight perikaryal accu- mulation of MAP2 and MAPIB (Fig. lo). but not of tau-1, was
evident. In the hippocampus obtained at autopsy, altera- tions in MAPIB and MAP2
were similar to those observed in the postmortem rat brain. Extensive perikaryal
immuno- staining in the dentate gyrus, hilus, CA3, subiculum and occa- sional neuron
in CA1 was observed in all autopsy tissues. Somatic tau-| immunoreactivity was
observed in all of the autopsy cases, but n three ofthe cases (AI-A3) it was evident only
in CA3c, adjacent to CA2 (Fig. 11). In the remaining cases, perikaryal tau accumulation
was also CAl, as well as i gyrus, hilus, CA3, and
‘subiculum. This was particularly prominent in case A5, which had the longest
Rosimariam ntara.”.. ‘Comparison of et I the st wihthose i the hman
4 at surgery ome that

REtiont o, MAP3. and MAGTD e mervan b were e m nose abserved
in the rat, al- though they appeared to occur more siowly in the humar
“Figure 3 shows that the PMI appeared to have an influence on the preservation of the
myelin sheaths: the shorter the PMI, the higher the percentage of wellpreserved parts
of the myelin sheaths” .. "Light microscopic signs of autolysis were dilations around
the vessels and the glia cells. These increased dramatically in size with increasing PMI
(Fig. 5). The samples taken from case 1 (PMI 16 h, frontal grey matter) showed a dense

anization of the neuronal tissue with a high number of finer structures. In the
ssmpls aken rom fontal v matier (F,Sc<).with ncressing P the
mere,and vacuolrike stuctres

preser ith
Perentiog P On ok icorsopy, vacucles

increase with the PMI and there are decreasing
structural detais in the surrounding matrix with

morphology

eurologicaly unimpaird subjcts
d from cardiovascular

9

No correlation between collagen XVII
d PML

Not recorded Cellular morphology

Neurologically normal individuals  Microglial morphology

Multiple conditions, biopsies from

people with epilepsy General immunostaining

Schizophrenia Microgiial morphology
Depression General cell morphology
Schizophrenia Neuronal morphology
“Control" General neuronal morphology

No known neurological or psychiatric
disorder ynapse

Schizophrenia General neuronal immunostaining

No correlation between histologic autolytic
changes in the cerebellar granule cell layer and
PMI.

No correlation between PMI and microglia
morphology.

Compared to surgically removed samples,
samples with longer PMI had deterioration,

cellular any more)
dominated instead (Fig. 5 and Fig. 6). Samples with a Inng PMI (case 4) showed an
increased number of vacuole-like structures and hardly any structural detalls in the
surrounding matrix"

“The expression of coll Vil was simila in the youngest and the oldest subject and no
gender seen. Furthemore, XVIFIR was seen in
relation to post-mortem delay, which ranged rom 510 134 h o fixation time, ranging
from 231065 days. I e wih ths,satsticalanalysis didnot reveal any corlation
between coll XVII and the studied variables, i.e. age at death, gender, post-mortem
delay and fixation time. However, an almost mlel lackateal XVHR was ke n e
one case that umerous
ischemic neurons in the brain samples (case st rap-my of death Ail)"

Table 2

“These age-associated changes in microglial number and morphology were
independent of postmortem interval”

“Itis important to note that the general pattem and qualitative aspects of
immunoreactivities were equivalent for the operating room and autopsy tissues. As
expected, the longer postmortem intervals did result n progressive deterioration of the
tissue. This included the appearance of vacuoles and a general decrease in the
intensity and number of immunoreactive processes. Analyses of human tissue are
nmued duew he nervl etupen cassatonofrespltlon r fction. T s

antibodies to at degrade very
quickly pror to eaton nhese et o cruca o recognize that e absences!
immanoreactiiy doesnot necessariy mply the absence of the nigene site

including diminished
procesces ond e appesrnce ofvacolo
tter

in
obtained from mhev species in which perfusions were used o prepare th tssue.
d results described in the present report appear to be

ns were
cvattay i
PMI correlated with ramified microglia cell

nmpnomgy dens\ty InACCIDLPRG and amaboid

qualitatively phibodul i prior studies.”

apparer\t aeodiment for multle cumpansuns
No correlation of microglal density with PMI

No significant correlation between PMI and
neuron or glia cell size.

No significant correlation between PMI and
pyramidal soma volurme.

ramified cell density in ACC
(\eh .- 0.47,P=0.0T; ngm r Lua P=0.01) and DLPFC (left:

=040,
“When using Bonferroni corrections for multiple comparisons, there were no significant
correlations between age, postmortem interval,tissue pH or brain weight, and the
neuronal and glial density and size measures”

“In the secondary model, the effect of diagnosis on In(somal volume) was similar[..],
without a s-gmﬂcam e"ect due to subject age [..], gender [..], or PMI[..J*

seen PMI and th

| of Betz cels. Multiple regression

betw
or density of Betz cells
When compared to expected electron
microscopy findings, postmortem tissue up to 2.5
days is reported to have poor preservation, with
debris, membrane fragments, and other
problems, although they report itis still possible
o count the number of synapses.

No significant correlation in the density of
D65-IR puncta on pyramidal neurons or non-
pyramidal neurons with the PMI

No correlation between PMI and cell morphology,
but decline in substance P receptor
immuncstaining afcr 6 hours of PMI, with ewer

Epilepsy

Lower density of calretinin-immunoreactive cels
in samples with long postmortem delay. Also

analyses did et significant changes by post-mortem interval (PMI)."
+The s was praserved fo mars than 98 hours postmoriom, oven n seversly aulayto
brains." .. "In 10 48 hours of postmortem autolysis before fixation of
brain, i gray mater tesue showelonly & mid Guse ose of SR, ot the aherp
definition in axons and around neurons was lost. The SIR remained reliable for routine
autopsy examinations up to 72 hours between death and fixation of tissue, but sIR was
lostin highly macerated brains with several days of autolysis." Also Figure 6.
Vil inspection of Niststaied sections ndiated tht there was good presenvation
of cel 3
i a0, here were no signifcan comelations of P with the densiy of GAD65IR
puncta on either PNs (r = 0.349, r= 0138, r = 0.004, and r = 0.224, respectively) or NP
(r=0247, 5,2 0.034,and r = 0104, Tespectveh). Simiarly when e
on anal for the two groups, no significant
lation found". Figure 1 for

“In a preliminary experiment we examined 12 control brains with different post mortem

felays and age in both genders. Although the general distribution and morphology of
the cells was similar in each case, the long post mortem delay influenced the quality

ind quantity of immunostaining. The smallest number of cells was found in immersion
fixed subjects with post mortem delays longer than & hours, therefore these control

Ubjects were exciuded from the present study”

'S\gmﬁczn\ly fewer P are present ontrol

shorter, varicose,

“Control samples”

calrefinin-mmunoreactive cells in samples with
long

o controls i shrt post mortem
Gl our hat th in humans are to
ecnacis contons s |ong post-mortem delay before fxaton"

04 right: r=0.49,
03)" Ye:

Any significantisubstantial
correlation of a feature with
PMI reported?

Yes
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General microscopy
ethod

Study Link Species
Uranova 2011 hitps:/jpubmed.n Human Electron microscopy

Visualization method specifics

Osmium and uranyl acetate staining

Staining with osmium tetroxide, urany!
acetate, and lead citrate

Vikhreva 2016 hitps:/jpubmed.n Human Electron microscopy
Wegner 2006 hitps:/jpubmed.n Human Light microscopy Nissl staining
Morphological staining with Nissl and
immunohistochemical staining for
Whitney 2008 hitps:/jpubmed.n Human Light microscopy calbindin-D28k
Morphological stain, Golgi rapid
Wiliams 1978 hitps:/jpubmed.n Human Light microscopy preparation
Immunostaining for cocaine and
amphetamine- regulated transcript
Wu 2021 hitps:/jpubmed.n Human Light microscopy (CART) and calbindin
Yoshida 2011 hitps/pubmed.n Human L cn (CgA)

Longest PMI
PMI range reported
Average of 592 1.2 hours in

control samples and 6.3 1.6

hours in samples from people

with schizophrenia Not recorded

451013 hours 43 hours
16 to 96 hours 96 hours.
3t048 hours (3unknown) 48 hours
30 minutes to 36 hours, and 2

biopsy specimens. 36 hours.

44.1 £ 9.1 hours (for the control
group, which s the only one

with an observation reported) ot recorded

0Oto3days 72 hours.

Samplesize  Brain region

80 Prefrontal cortex

41 Prefrontal white matter

18 Cortex

10 Cerebellum

33 Cerebral cortex

15 Cerebellum

298 Hypothalamus.

Disease studied, f any recorded

Schizophrenia

Schizophrenia

Multiple sclerosis

Autism

“Normative human specimens’

“Control"

Multiple

Structural Feature

Myelin

-

Outcome

No correlation between PMI and myelin
morphometry.

Neuronal morphology

Purkinje cell counting

General neuronal morphology

General neuronal morphology

General neuronal immunostaining

of PMI
No correlation between PMI and neuronal
density, neuronal morphology, or glial density.
No significant difference between PMI of cases
with good and poor Nissl staining quaity of
Purkinje cells. Good reported calbindin staining
of Purkinje cells in allcases despite a varying
PMI

Incresse n au(o\vnc changes during the PMI,

Krassner et al
supplementary file 6: page 6 of 6

Any significantisubstantial
correlation of a feature with
Relevant text PMI reported?
“We did not find the effects of postmortem delay and neuroleptic exposure on the
parameters of myelinated fibers." .. “We did not find the effects of postmortem delay
and neuroleptic exposure on the frequency of myelinated fivers.* No
“Correlation analysis showed no effects of age, postmortem interval, neuroleptic
treatment and duration of disease on the oligodendrocyte parameters measured (all p >
2" No

“Postmortem interval, foralin time, and age had no apparent effects on neuronal
density,size, shape, o glial density.” No

judged to
bo of xcetent aualy by oA me pnnc-pal hovrona sundasses oot
normally in the various laminae of the cortex were well represented. A few scattered
varicosities were present on the terminal portions of dendrites of some pyramidal cells
Autolytic changes observed in Golgi-rapid impregnations of the 29 autopsy cases after
delays i fixaton of 30 minutes (o 36 hoursafer dasth aro denticl qualativly o

Mo han & hours postmoriem, and worse.
quality of autopsy specimens compared to biopsy
specimens.

No correlation between the number of Purkinje
cell somas or dendrites that a climbing fiber
crosses with the PMI

r delayed fraton. These inciude varible

et selectvity of color tripetally
deformities,changes i the hue of the baokground Tesues from amber 0 yelow, and

of granular precipitate in neurons.” Yes
“In control cases, the number of PC somas or PC dendrites that a CF crossed did not
comelate with PMI (P = 0.149 and 0.504, respectively), indicating that PMI s not a
significant confounding factor." No
"Coh was dleary detected n specifc coll compenents: purone the hypothalamus

(Fig. 3a),

No conelaion between PMI and
distribution for C!

adrenal medula (Fig. 3c) Catuiar Conmmunoposiiity it ach toaus varied
9 death, without any relationship to the
or age or gender of subjects. - Figure 3a as an example. No
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