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  Abstract
  BackgroundMeta-analyses of hippocampal size have indicated that this structure is smaller in schizophrenia. This could reflect a reduction in the size of constituent neurons or a reduced number of neurons.

AimsTo measure the size of hippocampal pyramidal neurons in the brains of people with and without schizophrenia.

MethodPyramidal neuron size in hippocampal subfields was estimated stereologically from sections taken at 5 mm intervals throughout the whole length of right and left hippocampi from the brains of 13 people with schizophrenia and 16 controls. Results were assessed using repeated-measures analysis of covariance looking for a main effect of diagnosis and gender, and interactions of these with side.

ResultsWe were unable to detect significant differences related to diagnosis, gender or side for any hippocampal subfield for this series of cases.

ConclusionsFor this series of brains, hippocampal cell size is unchanged in schizophrenia.
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 The hippocampus has interested investigators into schizophrenia for many decades. Experimental and human studies have shown its undoubted importance for memory function, which is selectively impaired in people with schizophrenia (Reference Gruzelier, Seymour and WilsonGruzelier et al, 1988; Reference Saykin, Gur and GurSaykin et al, 1991; Reference Gur, Cowell and TuretskyGur et al, 1998). Furthermore, some structural imaging studies of living patients, as well as post-mortem studies, report reductions in hippocampal size in schizophrenia (Reference Bogerts, Meertz and Schonfeldt-BauschBogerts et al, 1985; Reference Falkai and BogertsFalkai & Bogerts, 1986; Reference Jeste and LohrJeste & Lohr, 1989; Reference Nelson, Saykin and FlashmanNelson et al, 1998) – although not all studies confirm this, perhaps because the numbers of individuals studied were sometimes too low to detect the quite subtle reductions described (Reference Altshuler, Casanova and GoldbergAltshuler et al, 1990; Reference Bruton, Crow and FrithBruton et al, 1990; Heckers et al, Reference Heckers, Heinsen and Heinsen1990, Reference Heckers, Heinsen and Geiger1991). The meta-analysis of in vivo magnetic resonance imaging (MRI) studies by Nelson et al (Reference Nelson, Saykin and Flashman1998) indicated a reduction in hippocampal size of approximately 4%.

 Reduction in size of a brain structure may reflect a reduced size of the constituent glial cells and neurons and their processes as well as (or as an alternative to) a reduced number of neurons. Thus, it is important to document estimates of cell size as well as cell number in brain structures that are of interest in schizophrenia. Here we present our findings with respect to pyramidal cell volume, estimated stereologically, in the hippocampus on both sides of brains taken from 13 people with schizophrenia and 16 controls.




 METHOD

 The brains studied in this investigation were a subset of 29 samples from a collection that has been described elsewhere (Reference Highley, McDonald and WalkerHighley et al, 1999; Reference McDonald, Highley and WalkerMcDonald et al, 2000; Reference Walker, Highley and EsiriWalker et al, 2002). In brief, brains were collected post mortem from patients with schizophrenia and a control group, and fixed by suspension in 10% formalin solution. The case notes of the patients and controls were assessed by a psychiatrist (T.J.C. or Dr Stephen J. Cooper from Queen's University, Belfast) to ensure that they either fulfilled DSM–IV criteria for schizophrenia or schizoaffective disorder (American Psychiatric Association, 1994), or were free of psychopathological disorder. The next of kin gave consent for use of brain tissue for research. All brains were examined by a neuropathologist (B.M.), masked to diagnosis and gender, who confirmed them as being free from significant neuropathological changes. In particular, there was no evidence of cerebrovascular disease, Alzheimer's disease or Parkinson's disease. All measures were made (by M.A.W.) masked to diagnosis and gender. The demographic details of the brain donors in this study are given in Table 1.



Table 1 Preparation and donor characteristics of the brain samples used in this study
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		Control	Schizophrenia
		Female (n=7)	Male (n=9)	Female (n=5)	Male (n=8)
	Age (years):1 mean (s.d.)	62.71 (9.88)	58.78 (12.01)	61.20 (13.95)	62.75 (10.00)
	Death to post-mortem interval (h):2
	52.5 (29.7)	37.0 (28.3)	59.0 (43.7)	58.9 (37.9)
	     mean (s.d.)				
	Duration in formalin (years):3 mean (s.d.)	1.86 (1.46)	2.56 (1.24)	4.40 (2.07)	3.75 (1.49)
	Hospital of origin4 (n)				
	     Belfast	0	0	2	2
	     Oxford	5	7	1	2
	     Runwell	2	2	2	4
	Neuroleptic drug prescription5
	N/A	N/A		
	     Little			2	0
	     Average			1	2
	     Much			2	6
	Duration of illness (years):6 mean (s.d.)	N/A	N/A	31.20 (8.87)	30.75 (14.44)




 The temporal lobes were dissected away from the rest of the brain, and sliced into 5 mm coronal slices throughout their entire length, such that the entirety of the hippocampus was available for histological examination. Each slice was embedded in paraffin wax, and a 25 μm section was cut from its anterior face, mounted on a coated slide, stained with cresyl violet and luxol fast blue, and coverslipped. The outlines of four cytoarchitecturally defined hippocampal subfields were delineated in the manner described by West & Gundersen (Reference West and Gundersen1990):



	
(a) the hilus (CA4)


	
(b) an amalgamation of the CA2 and CA3 subfields (hereafter CA2/3)


	
(c) the CA1 subfield


	
(d) the subiculum.




 The volume density (V

v
) of these subfields was measured on both sides of the brain, using stereological point-counting techniques (Reference Howard and ReedHoward & Reed, 1998). Volume density in this study refers to the proportion of each hippocampal subfield that is occupied by pyramidal neuronal cell bodies.

 The prepared slides were examined using a 660 objective and an Olympus BX50 microscope mounted with a JVC TK-C1380 colour video camera and stage motor, which in turn were controlled and viewed on a computer running the Olympus Cast-Grid 2.0 stereology sampling software. On each slide, each subfield was examined at specific points positioned in a raster search pattern array which covered the entirety of the subfield (Fig. 1). The search pattern was 0.5×0.5 mm2 for the hilus and CA2/3 subfields, 1×1mm2 for the CA1 subfield, and 0.75×0.75 mm2 for the subiculum. Each subfield appeared on an average of 6.7 slides per case (range 3–15; in a few cases the hippocampus was cut obliquely, which meant it appeared in few sections, although this did not alter the intensity of the sampling). Neuron density (N

v
) was counted in a mean 57 dissectors and volume density (V

v
) was assessed with a mean 88 frames per case; a mean of 89 neurons were counted for N

v
, and a mean of 135 points were counted for V

v
 estimation per case. At each such point a plane within the section was brought into focus, and an array of 36 random test points thrown over the microscope image. The number of test points that fell over pyramidal cell bodies was counted, and the mean number of point counts (P̄[notdef]) per image calculated. Pyramidal cells were identified on the basis of their position, orientation shape, presence of an apical dendrite and prominent, single nucleolus. The volume density was calculated for each subfield by V

v
 = P̄/36.


[image: ]




Fig. 1 Hippocampal region CA2/3 with superimposed raster sampling pattern.




 In a previous study, the neuron density (number of cells per unit volume, N

v
) within each hippocampal subfield had been estimated (Reference Walker, Highley and EsiriWalker et al, 2002; further details available from the author upon request). Using these data, the mean pyramidal cell body volume (V

N
) was calculated using the formula V

N
 = Vv
/Nv
.


 Statistical methods

 The cell volume for each subfield was assessed by repeated-measures analysis of covariance (ANCOVA), with diagnosis and gender as between-subject factors and side as a within-subject factor, using SAS version 6.12 for Macintosh. As there was a significant difference between the brains from the control and schizophrenia groups in the duration spent in formalin prior to histological preparation, this variable was entered as a covariate in the ANCOVA model. The main effect of diagnosis, gender, and interactions of these with side, gender, and gender and side together were tested for. Given the number of effects tested for each measure, α was set at 0.01. Thus, for an effect to be significant, it had to generate a value for P of 0.01 or below.






 RESULTS


 Quality of measures

 The observed coefficient of error (OCE) for the individual estimates of subfield volume, cell density and cell number were calculated for 10 cases in the manner described by Gundersen & Jensen (Reference Gundersen and Jensen1987) and West & Gundersen (Reference West and Gundersen1990). This coefficient is a measure of the variability of measures of a specific structure across different slices; possible values are 0 to 1. It is increased by irregularly shaped structures and by inaccurate and unreliable measurement. For the measures of V

N
, the mean OCE values were all ≥0.121. For the measures of V

v
, mean OCE values were all ≥0.061. For N

v
, the mean values of OCE were all ≥0.1001. The values of OCE can be used to estimate the percentage of observed relative variance, (s.d./x̄[notdef])2, of each measure which is accounted for by true inter-individual variance, as opposed to the stereological volume estimate (Reference West and GundersenWest & Gundersen, 1990; Reference WestWest, 1999). Ideally, this should be greater than 50%. This was true for all measures of V

N
 (all 580.2%). The conclusion to be drawn is that the measures are of adequate reliability and accuracy.




 Effects of diagnosis, gender and side

 A bar chart of mean cell volume is given in Fig. 2. The mean cell volumes (standard deviations in parentheses) for the subfields were as follows:


[image: ]




Fig. 2 Pyramidal cell volumes for hippocampal subregions (bars show means and standard error of the mean). Cases have been subdivided according to gender and disease category.






	
(a) hilus: 4.0861076 (0.8461076) for controls and 3.8261076 (1.236 1076)mm3 for patients;


	
(b) CA2/3: 3.8861076 (1.0961076)mm3 for controls and 3.4561076 (1.056 1076)mm3 for patients;


	
(c) CA1: 2.5461076 (0.5961076)mm3 for controls and 2.6061076 (0.676 1076)mm3 for patients;


	
(d) subiculum: 2.5261076 (0.576 1076)mm3 for controls and 2.256 1076 (0.4661076)mm3 for patients.




 There was no significant effect for diagnosis, gender or side for any subfield. Thus, for the hilus, all F
(1,24) ≤ 1.22, P ≥ 0.2021; for the CA2/3 subfield, all F
(1,24) ≤ 3.25, P ≥ 0.0842; for the CA1 subfield, all F
(1,23) ≤ 1.35, P ≥ 0.2574; for the subiculum, all F
(1,23) ≤ 2.19, P ≥ 0.1522.






 DISCUSSION

 The main finding in this study is an absence of size change in hippocampal pyramidal neurons in schizophrenia. There have been five earlier studies of this parameter of which we are aware (Reference Christison, Casanova and WeinbergerChristison et al, 1989; Reference West and GundersenWest & Gundersen, 1990; Benes et al, Reference Benes, Sorensen and Bird1991, Reference Benes, Kwok and Vincent1998; Reference Arnold, Franz and GurArnold et al, 1995; Reference Zaidel, Esiri and HarrisonZaidel et al, 1997; Reference WestWest, 1999); two of them found no change, and three found a decrease in size in schizophrenia. All had comparable numbers of cases of schizophrenia to the number in the present study. Control case numbers were similar to our study in four studies but were larger in one other negative study. All studies used the Nissl stain. Only one previous study in addition to ours looked at both sides of the brain, and only our study sampled the hippocampus throughout its full extent.

 We addressed the potential of regional specificity of changes in schizophrenia by dividing the hippocampus into four subfields. We did not further divide our hippocampal subfields into anterior and posterior halves. It is thus possible that changes in one half (anterior or posterior) of a subfield might have been masked or ‘diluted’ by variance in the other half. In a meta-analysis of hippocampal volumes in schizophrenia assessed by MRI it was found that inclusion of the amygdala, abutting on the anterior hippocampus, in the region of interest significantly increased the size of the reduction in volume seen in schizophrenia. The recommendation was made that in future research relative alterations in anterior and posterior hippocampus in schizophrenia should be assessed separately (Reference Nelson, Saykin and FlashmanNelson et al, 1998). It is also possible that our study might have failed to detect a ‘true’ reduction in cell size in some hippocampal subfields because of the small sample size (type II error).

 Decreases in neuronal size have been reported for other regions of the brain in schizophrenia – the dorsolateral prefrontal cortex, anterior cingulate cortex, cerebellar Purkinje cells, substantia nigra and locus caeruleus – but not in the motor cortex or calcarine cortex (reviewed by Reference HarrisonHarrison, 1999). Further studies will be needed before the primacy of these changes in the disease can be judged.




 Clinical Implications and Limitations


 CLINICAL IMPLICATIONS



	
▪ Memory impairments in schizophrenia cannot be attributed to alterations in size of hippocampal neurons.


	
▪ Reduction in size of the hippocampus in schizophrenia is not explained by reduced hippocampal neuron size.







 LIMITATIONS



	
▪ The sample sizes are relatively small.


	
▪ There is the possibility of a type II error (failure to detect a true difference between the brains of people with and without schizophrenia).


	
▪ The hippocampus was analysed as a whole, so changes in a part, such as the anterior half, might have been missed.












 Acknowledgements

 This work was funded by grants from the UK Medical Research Council and the. Wellcome Trust. We thank Drs S. J. Cooper and B. Herron for assistance with. clinical assessment and post-mortem brain removal respectively for some of the. cases included in this study.







 
 Footnotes
 
 Declaration of interest
None. Funding detailed in Acknowledgements.




 
 
 References
  
 

 Altshuler, L. L., Casanova, M. F., Goldberg, T. E., et al (1990) The hippocampus and parahippocampus in schizophrenia, suicide, and control brains. Archives of General Psychiatry, 47, 1029–1034.Google Scholar


 
 

 American Psychiatric Association (1994) Diagnostic and Statistical Manual of Mental Disorders (4th edn) (DSM–IV). Washington, DC: APA.Google Scholar


 
 

 Arnold, S. E., Franz, B. R., Gur, R. C., et al (1995) Smaller neuron size in schizophrenia in hippocampal subfields that mediate cortical–hippocampal interactions. American Journal of Psychiatry, 152, 738–748.Google ScholarPubMed


 
 

 Benes, F. M., Sorensen, I. & Bird, E. D. (1991) Reduced neuronal size in posterior hippocampus of schizophrenic patients. Schizophrenia Bulletin, 17, 597–608.Google Scholar


 
 

 Benes, F. M., Kwok, E. W., Vincent, S. L., et al (1998) A reduction of nonpyramidal cells in sector CA2 of schizophrenics and manic depressives. Biological Psychiatry, 44, 88–97.Google Scholar


 
 

 Bogerts, B., Meertz, E. & Schonfeldt-Bausch, R. (1985) Basal ganglia and limbic system pathology in schizophrenia. A morphometric study of brain volume and shrinkage. Archives of General Psychiatry, 42, 784–791.Google Scholar


 
 

 Bruton, C. J., Crow, T. J., Frith, C. D., et al (1990) Schizophrenia and the brain: a prospective clinico-neuropathological study. Psychological Medicine, 20, 285–304.Google Scholar


 
 

 Christison, G. W., Casanova, M. F., Weinberger, D. R., et al (1989) A quantitative investigation of hippocampal pyramidal cell size, shape, and variability of orientation in schizophrenia. Archives of General Psychiatry, 46, 1027–1032.Google Scholar


 
 

 Falkai, P. & Bogerts, B. (1986) Cell loss in the hippocampus of schizophrenics. European Archives of Psychiatry and Neurological Sciences, 236, 154–161.Google Scholar


 
 

 Gruzelier, J., Seymour, K., Wilson, L., et al (1988) Impairments on neuropsychologic tests of temporohippocampal and frontohippocampal functions and word fluency in remitting schizophrenia and affective disorders. Archives of General Psychiatry, 45, 623–629.Google Scholar


 
 

 Gundersen, H. J. & Jensen, E. B. (1987) The efficiency of systematic sampling in stereology and its prediction. Journal of Microscopy, 147, 229–263.CrossRefGoogle ScholarPubMed


 
 

 Gur, R. E., Cowell, P., Turetsky, B. I., et al (1998) A follow-up magnetic resonance imaging study of schizophrenia. Relationship of neuroanatomical changes to clinical and neurobehavioral measures. Archives of General Psychiatry, 55, 145–152.Google Scholar


 
 

 Harrison, P. J. (1999) The neuropathology of schizophrenia: a critical review of the data and their interpretation. Brain, 122, 593–624.Google Scholar


 
 

 Heckers, S., Heinsen, H., Heinsen, Y. C., et al (1990) Limbic structures and lateral ventricle in schizophrenia. A quantitative postmortem study. Archives of General Psychiatry, 47, 1016–1022.Google Scholar


 
 

 Heckers, S., Heinsen, H., Geiger, B., et al (1991) Hippocampal neuron number in schizophrenia. A stereological study. Archives of General Psychiatry, 48, 1002–1008.Google Scholar


 
 

 Highley, J. R., McDonald, B., Walker, M. A., et al (1999) Schizophrenia and temporal lobe asymmetry. A post-mortem stereological study of tissue volume. British Journal of Psychiatry, 175, 127–134.Google Scholar


 
 

 Howard, C. V. & Reed, M. G. (1998) Unbiased Stereology. Three-dimensional Measurement in Microscopy. New York: Springer.Google Scholar


 
 

 Jeste, D. V. & Lohr, J. B. (1989) Hippocampal pathologic findings in schizophrenia. A morphometric study. Archives of General Psychiatry, 46, 1019–1024.CrossRefGoogle ScholarPubMed


 
 

 McDonald, B., Highley, J. R., Walker, M. A., et al (2000) Anomalous asymmetry of fusiform and parahippocampal gyrus gray matter in schizophrenia: a postmortem study. American Journal of Psychiatry, 157, 40–47.Google Scholar


 
 

 Nelson, M. D., Saykin, A. J., Flashman, L. A., et al (1998) Hippocampal volume reduction in schizophrenia as assessed by magnetic resonance imaging: a meta-analytic study. Archives of General Psychiatry, 55, 433–440.Google Scholar


 
 

 Saykin, A. J., Gur, R. C., Gur, R. E., et al (1991) Neuropsychological function in schizophrenia. Selective impairment in memory and learning. Archives of General Psychiatry, 48, 618–624.CrossRefGoogle ScholarPubMed


 
 

 Walker, M. A., Highley, J. R., Esiri, M. M., et al (2002) Estimated neuronal populations and volumes of the hippocampus and its subfields in schizophrenia. American Journal of Psychiatry, 159, 821–828.Google Scholar


 
 

 West, M. J. (1999) Stereological methods for estimating the total number of neurons and synapses: issues of precision and bias. Trends in Neurosciences, 22, 51–61.Google Scholar


 
 

 West, M. J. & Gundersen, H. J. (1990) Unbiased stereological estimation of the number of neurons in the human hippocampus. Journal of Comparative Neurology, 296, 1–22.Google Scholar


 
 

 Zaidel, D. W., Esiri, M. M. & Harrison, P. J. (1997) Size, shape, and orientation of neurons in the left and right hippocampus: investigation of normal asymmetries and alterations in schizophrenia. American Journal of Psychiatry, 154, 812–818.Google Scholar




 

  
View in content
 [image: Figure 0]

 Table 1 Preparation and donor characteristics of the brain samples used in this study
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 Fig. 1 Hippocampal region CA2/3 with superimposed raster sampling pattern.
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 Fig. 2 Pyramidal cell volumes for hippocampal subregions (bars show means and standard error of the mean). Cases have been subdivided according to gender and disease category.
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Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
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Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Türkiye
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








Size of hippocampal pyramidal neurons in schizophrenia








	Volume 183, Issue 5
	
J. R. Highley (a1), M. A. Walker (a1), B. McDonald (a1), T. J. Crow (a2) and M. M. Esiri (a1)

	DOI: https://doi.org/10.1192/bjp.183.5.414





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





Size of hippocampal pyramidal neurons in schizophrenia








	Volume 183, Issue 5
	
J. R. Highley (a1), M. A. Walker (a1), B. McDonald (a1), T. J. Crow (a2) and M. M. Esiri (a1)

	DOI: https://doi.org/10.1192/bjp.183.5.414





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





Size of hippocampal pyramidal neurons in schizophrenia








	Volume 183, Issue 5
	
J. R. Highley (a1), M. A. Walker (a1), B. McDonald (a1), T. J. Crow (a2) and M. M. Esiri (a1)

	DOI: https://doi.org/10.1192/bjp.183.5.414





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















