Mental Health and Addiction Research Oa t

open access text

Review Article ISSN: 2398-5380

Abnormalities in behavior relevant to schizophrenia in
social isolation rearing rodent models: A systematic review
and meta-analysis

Wangi Jin, Minyue Zhang, Yumu Guo and Chunyue Huo*
Yangin Building Room 207, Capital Medical University Yanjing Medical College, Da dong Road 4, Shunyi District, Beijing 101300, China

Abstract

Background: Social isolation (SI) induces alterations in brain development, leading to behavioral impairments similar to schizophrenia-like phenotypes. A
developmental model of schizophrenia is achieved by SI of weanling rats and mice. This study conducts a systematic review and meta-analysis to evaluate the
behavioral consequences of SI on rodents comprehensively and explore potential heterogeneous factors reflective of schizophrenia-related phenotypes.

Methods: Employing a meticulous search strategy across PubMed, Web of Science, Embase, Wan fang and CNKI, this study adheres to PRISMA guidelines.
The analysis includes studies examining the impact of post-weaning social isolation rearing effects on behavioral outcomes, such as Elevated Plus Maze (EPM)
performance, Open Field Test (OFT), Pre-pulse Inhibition (PPI) and Morris Water Maze (MWM). The study protocol is registered with PROSPERO, number
CRD420250610010.

Results: A total of 43 articles were included. SI rodents in the EPM group exhibit a Mean Difference (MD) of -0.29 (95% CI: (-0.58, -0.00)) in adulthood. SI
rodents show a significant overall effect on anxiety-like behavior, reduced open-arm exploration. Notable inter-study heterogeneity was observed. SI significantly
increased locomotor activity in OFT. Adulthood results show a MD of 1.53 (95% CI: (1.12, 1.93)). However, studies showed substantial heterogeneity. In mice, a
MD showing average reductions of -0.59 (95% CI: (-1.18, -0.00)) for PPI (66-70 low), -0.16 (95% CI: (-0.63, 0.31)) for PPI (71-76 medium) and -0.86 (95% CI
= (-1.32, -0.40)) for PPI (77- high) with ST when compared with healthy controls. The heterogeneity across studies was low. In rats, all pre-pulse intensities showed
significant PPI reductions in SI groups (p < 0.0001 for all), though substantial heterogeneity was observed, possibly linked to strain differences (e.g., Wistar vs.
Sprague-Dawley) and variations in isolation onset age. The overall effect of ST on MWM performance was statistically significant, shows a mean difference of 0.97
(95% CI: (0.31, 1.62)), indicating altered spatial learning/memory. However, extreme inter-study heterogeneity was present. The overall data suggested that SI had
a large effect on exacerbating schizophrenia-like behaviors, but high heterogeneity was found in several behavioral analyses.

Conclusion: This systematic review and meta-analysis offer a comprehensive overview of behavioral consequences linked to post-weaning social isolation rearing
in rodents. The data suggested that SI had a significant overall effect on exacerbating schizophrenia-like behaviors in animal models. More high-quality studies
with longer follow-up times are needed to strengthen this evidence. It has promoted the understanding of the impact of SI on neurodevelopment and put forward
suggestions for future research in related fields.

Introduction interaction. Specifically, SI rearing in rodents consistently induces
a range of alterations such as increased anxiety- and depression-like
behaviors, deficits in sensorimotor gating, and impaired learning
and memory [3]. This meta-analysis will quantitatively synthesize
the effects of post-weaning social isolation rearing in rodents on key
: - PR . schizophrenia-relevant behavioral domains. We selected four well-
suggests that the onset of sc}nzop hrenia occurs ata critical time dgr N8 established behavioral tests: the Elevated Plus Maze (EPM) and Open
e.arly fievelopment. It is believed that environmental st.resses at crl'tlcal Field Test (OFT) to assess anxiety and exploratory behavior/ activity,
timesin early development alter brain development leading to behavioral Pre-pulse Inhibition (PPI) to measure sensorimotor gating, and the

deﬁcit.s in adulthood. The sgcial isolatiori (S.I) mOfiel is 2'1 represe.:ntative Morris Water Maze (MWM) to evaluate spatial learning and memory.
paradigm of the psychosocial hypothesis, in which mice are isolated

immediately after weaning (P21) to perturb neurodevelopmental — Materials and methods

trajectories, leading to persistent behavioral deficits in adulthood.

Therefore, an in-depth study of the SI model is of great significance for

understanding the etiology of schizophrenia, screening of therapeutic

drugs, and intervention measures [2]. *Correspondence to: Chunyue Huo, Yangin Building Room 207, Capital Medical
University Yanjing Medical College, Da dong Road 4, Shunyi District, Beijing
101300, China, E-mail: huochunyuel@ccmu.edu.cn

The prevalence of schizophrenia is about 1% worldwide, and patients
often suffer from disturbances in perception, thinking, emotion, and
behavior and incoordination of mental activities [1]. The psychosocial
hypothesis is a widely recognized etiology of schizophrenia, which

While modeling the positive symptoms of schizophrenia
(hallucinations and delusions) in animals is inherently difficult, SI
rearing eﬂectively models core negative and Cognitive Symptoms’ Key words: schizophrenia, rodent models, social isolation, behavioral analysis

including impairments in cognition, memory, emotion, and social Received: July 09, 2025; Accepted: August 06, 2025; Published: August 13, 2025

Ment Health Addict Res, 2025 doi: 10.15761/MHAR.1000209 Volume 8: 1-10



Jin W (2025) Abnormalities in behavior relevant to schizophrenia in social isolation rearing rodent models: A systematic review and meta-analysis

Search strategy

Five online databases (PubMed, Web of Science, Embase, Wanfang,
CNKI) were systematically searched until May 30, 2025 to identify
experimental studies investigating schizophrenia-like behaviors
induced by SIin rodent models. The search strategy focused on three key
domains: social isolation (intervention), schizophrenia-like behavior
(outcome), and rats/mice (population). We using the following search:

(((“Social Isolation’[Mesh]) OR ((((Isolation, Social[Title/
Abstract]) OR (Social Exclusion[Title/Abstract])) OR (Exclusion,
Social[Title/Abstract])) OR (Social Exclusions[Title/Abstract]))) AND
((“Schizophrenia”’[Mesh]) OR  (((((Schizophrenias[Title/Abstract])
OR  (Schizophrenic Disorders[Title/Abstract])) OR (Disorder,
Schizophrenic[Title/Abstract])) OR (Schizophrenic Disorder|[Title/
Abstract])) OR (SCZ|[Title/Abstract])))) AND ((“Behavior”[Mesh])
OR (behaviors[Title/Abstract]))

After excluding duplicate references, we screened titles and abstracts
to identify potentially relevant articles that fit the inclusion criteria. The
titles and abstracts of the studies obtained through the search were
examined by two reviewers in order to determine article inclusion. The
next step is to conduct a full-text analysis of the remaining articles.

Data extraction

Experimental studies that assessed the effects of schizophrenia-like
behavior in rodents were considered eligible. The following inclusion
criteria were used:

Article type: Experimental studies.

Participants: Rodents. Genetically modified mouse were also
excluded.

Intervention: social isolation rearing as an intervention.

Comparison: Except for social isolation rearing, the rest of the
interventions (room, handlers, diet, light cycle, and enrichment
provision) were the same in the experimental group and the control
group.

Outcomes: Results from at least one of the experiments involving
EPM, OFT, PPl or MWM.

There was no language, publication date or other restrictions.

In the first selection phase (title and abstract), exclusion criteria
were applied in the following order: (1) reviews/ theoretical articles
(2) wrong population (not rodents) and (3) wrong intervention (add
Surgical and pharmacological methods). In the second selection phase
(full texts), exclusion criteria were applied in the following order: (1)
full text not available (2) no control group or condition (3) no OFT,
EPM, PPI or MWM experiments (4) no uniform experimental data (5)
no appropriate behavioral assessment.

Data was extracted from each article by Wangi Jin and Minyue
Zhang. To resolve discrepancies, a third reviewer Yumu Guo was
consulted. Comprehensive information was extracted from each article,
encompassing details such as authors, title, sample size, species, strain,
and age of the subjects, types of outcomes tested, as well as control
animals. For every comparison, the numerical variable used to evaluate
the behavior of animals was meticulously extracted in the form of
mean + standard deviation (SD). When these data were available only
in graphical form, the program WebPlotDigitizer [4] was utilized to
convert graphically represented data into numerical values using the
distance measurement function [5]. A detailed information with all
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variables is available in Tables 1-4. For studies disclosing standard error
of the mean, the SD was calculated by dividing it by the square root of
the sample size.

Statistical analysis

All statistical analyses were performed using Cochrane Review
Manager 5.3. A random-effects model was selected as the primary
meta-analytic approach due to anticipated heterogeneity across
studies. Meta-analyses were conducted only when > 3 studies reported
comparable outcome data. All primary results on the four outcomes of
interest, OFT, EPM, PPTand MWM are presented for the overall sample
(stratified by species). Hedge’s g was used as the pooled measurement
of effect size as it is preferred over Cohen’s d for small samples (which
are common in animal studies). Cochran’s Q test and the I* index were
used to test heterogeneity between studies. Data were presented in
Forest plots as effect size = 95% confidence interval (CI). Results were
considered significant when CIs did not contain zero, associated with
p < 0.05.

Results

Search results 1745 articles were identified for consideration in
the present meta-analysis. 41 studies were eligible for inclusion in this
meta-analysis (Tables 1-4). Of the 41 included studies: 10 assessed
anxiety-like behavior using EPM, 6 evaluated locomotor activity via
OFT, 31 measured sensorimotor gating with PPI, 5 examined spatial
cognition through the MWM. Each article underwent a detailed data
extraction process (Figure 1), as described in the methodology section.

Outcome

EPM: In the EPM trial, the association between social isolation
rodents and anxiety in schizophrenia-like behaviors was described in
studies using EPMs to examine this issue (Figure 2). A total of 9 articles
met the inclusion criteria and were included in EPM [6-14].

The overall effect of social isolation rearing on EPM was significant
(95% confidence interval =-0.29 (-0.58,-0.00), Z=1.98, p=0.05), and
inter-study heterogeneity was significant (I’=79%, Chi*=37.95, df=8).
Suggesting that the association between social isolation and increased
EPM performance was statistically significant, although this reduced
schizophrenia-like behaviors was only significant in mice (95%
confidence interval=-0.41 (-0.78, -0.03) of mice) (Figure 2).

OFT: Six studies [15-20] quantified the effects of SI on
exploratory behavior using the OFT (Figure 3). SI induced significant
hyperlocomotion (MD=1.53, 95% Cl (1.12, 1.93); Z=7.43, p < 0.00001)
with substantial between-study heterogeneity (I*=91%, x*=57.01, df=5,
p < 0.00001).

PPI: In the PPI trial, 31articles were included that described the
use of PPI to examine the effects of social isolation rearing on cognitive
and sensory impairments in schizophrenic behavior (Figures 4 and 5)
[13,15,16,19,21-43].

In the mice group, it (Figure 4) shows the forest plot for PPI1(66-70
low), PPI(71-76 medium) and PPI(77- high) SDs with 95% confidence
intervals and a summary mean difference showing average reductions
of PPI(66-70 low) (95% Cl=-0.59(~1.18, -0.00), p=0.05) , PPI(71-76
medium) (95% CI=-0.16(~0.63, 0.31), p=0.51) and PPI(77- high) (95%
CI=-0.86(-1.32, —0.40), p=0.0003) in mice with SI when compared
with healthy controls. The heterogeneity across studies was low for both
PPI (66-70 low) (I’=0%, Chi’=0.06), PPI (71-76 medium) (I>=38%,
Chi*=3.20) and PPI (77- high)) (I>=90%, Chi>=39.67).
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Table 1. Studies on EPM

i N GH
Reference/Year Species Sex Format.Of Age of testing | Test Injection Data Variance
separation Measure SI vm n mean vm n
Hiroyuki Koikea,b 2009 |Mouse-ICR M P21-P49 P49 EPM yes time(s) SEM 9.90 20.28 19 16.25 31.06 17
Departamento 2002 Mouse-albino Alderly Park strain | M 8-10weeks EPM yes time(s) SEM 7.93 18.44 11 6.28 23.28 12
Qian Huangl 2017 Mouse- C57BL/6 M,F P21-65 P65,66,68 EPM yes time(s) SEM 6.28 23.28 12 7.93 18.44 11
0,
Susanna 2008 Mouse- C57BL/6 MF  P2249 P50 EPM no tf’nli Zrcemage openam - spm 0.04 44.94 11 0.05 77.92 15
0,
Valentine Bouet 2011 | Mouse-NMRI M P21 P120 EPM yes tﬁ:‘“mge openarm - iqpn 33.00 8.00 16 44.00 8.00 16
Lan Sun 2018 Rat-Sprague-Dawley M P21-56 P57 EPM no time(s) SEM 37.36 16.30 9 44.07 19.16 9
MIGUEL 2001 Rat-Wistar M,F P20-P 40,70,90 P70 EPM no time(s) SEM 21.29 50.10 15 23.48 96.34 15
0,
Sarah M 2010 Rat-Sprague-Dawley M P21-70 P70-73 EPM yes tﬁ:‘“‘“age openam - iqpn 16.38 23.00 8 18.20 17.23 8
0,
N.R. SCIOLINO 2010 | Rat-Sprague-Dawley M P21-P70 P73 EPM no ;’I:Zme“tage openam - iqpnyg 15.93 11.02 8 4433 9.01 8
0,
Shangase KB 2024 Rat-Sprague Dawley M 62 days P78,P79 EPM yes tf’mP :rcemage openam - iqpng 60.69 5.1 8 37.99 6.95 8
Table 2. Studies on OFT
i SI GH
Reference/Year Species tested Sex Format.of Age. of Test Injection text time(min) Data Variance
separation testing Measure mean Vm n mean Vm
Yu-Chun Wang 2012 Rat-Wistar M P28-84 P91 OFT no 10,20,30min total distance(cm) SEM 13.79 1.94 8 9.28 1.62 8
Maria Danet S. Lapiz 2000 Rat-Lister M P21 P49 OFT yes 10min total distance(cm) SEM 41.33 4.95 12 35.76 6.99 12
. . center(s) total
Qingxuan Meng 2010 Rat-Sprague-Dawley M P21-49 P76 OFT no 10min distance(cm) SEM 44.55 8.48 16 38.57 7.98 16
?91\;]; ETTE DOMENEY Rat-Wistar M P21-105 P105 OFT yes 10,20,30min total distance(cm) SEM 28.47 2.52 10 17.33 3.62 10
1.C.Weiss 1999 Rat-Wistar M P21 OFT no 10,20,30min total distance(cm) SEM 33.48 4.74 20 22.20 7.58 19
Mice-Henan Province
Mengdie Li 2024 Skbeth Biotechnology ' M,F P21-P56 P70 OFT yes 10 total distance(m) SEM 74.48 2.76 15 28.97 2.75 15
Co., LTD, China
Table 3. Studies on PPI
: . ST GH
Reference/Year Species tested | Sex Format'o Age. 0 Test Injection |Vm | low medium high low medium high
separation testing n n
PPI% SD Vm |PPI% SD Vm |PPI% |SD Vm PPI% SD Vm |PPI% |SD Vm |PPI% SD Vm
ANNETTE . -4.77 |19.07 3.74 817 0.82 026 7.66 243 0.77 |10 12.85 1347 426 (3226 2258 |7.14 [37.02 3042 9.62 |10
Rat-Wistar M P21-105 P105 PPI  no SEM
DOMENEY 1998 . . . . . . 21.02 18.02 |5.7 10 |. . . . . . 49.11 126.63 842 10
*
ZB(';‘(I);A' Ellenbroek®™ | p ot Wistar MF P9 P13 P69 PPl no SEM 2653 2525 (729 5488 (1749 505 69.19 1555 (449 12 2274 1794 435 (3495 2429 589 |52.63 2024 491 |17
iej 60.72 |15.72 524 6596 |1.65 0.55 162.17 1626 542 9 61.99 |15.18 |5.06 65.78 1572 524 7392 16.08 536 9
Bartlomicj Lukasz g o wistar M P25-P84 P60,80 PPI o SEM
2013 . . . . . . 62.17 2331 |7.77 9 . . . . . . 79.88 13.56 4.52 9
. Rat-Sprague- 8.84 2196 634 2671 2570 |7.42 . . . 122921 [12.16 |3.51 46.75 13.54 (391 . . . 12
Chih-Yuan Ko2015 MF P21-P86 . PPI  |yes SEM
Dawley 2293 [23.83 6.88 . . . . . . 12 |3521 |19.16 |5.53 . . . . . . 12
i i 2426 [15.05 (238 (3945 [17.77 2.81 . . . 40 [37.06 1347 |2.13 5621 9.42 149 |. . . 40
Elisabeth B. Binder . 1 o Evans F P23 . PPl yes SEM
2001 32.09 1587 2.51 . . . . . . 40 |46.85 |11.57 1.83 |. . . . . . 40
5 . 11.95 1351 3.9 26.02 | 13.51 3.9 3398 1043 3.01 12 |10.81 1043 3.01 [23.01 9.84 2.84 28.86 [10.70 3.09 |12
Ewelina Bator 2018 |Rat-Wistar M P21 P45,70 PPI yes SEM
40.08 |13.51 3.9 12 . . . . . . 37.07 1323 |3.82 |12

Ment Health Addict Res, 2025 doi: 10.15761/MHAR.1000209 Volume 8: 3-10



Jin W (2025) Abnormalities in behavior relevant to schizophrenia in social isolation rearing rodent models: A systematic review and meta-analysis

G.B. Vartyl995  |Rat-Wistar M P21-77 P77 PPl yes SEM |9 2039 [12 7 19.60 8 41 1470 |6 6 14 1225 5 34 980 |4 60 1470 |6 6
1.C.Weiss 1999 : 502 2239 (457 1853 2209 451 (2885 23.03 |47 24 673 2278 465 |19.63 2121 (433 (2853 2141 437 |24
Rat-Wistar M P21 PPI  yes SEM
} . } 36.64 2415 493 |24 . . . 4645 (2371 (484 24
4196 23.00 8.13 8 1585 |11.62 4.1 8
;'Olé'lT' GREENE ' at-Wistar M P21-77 P77 PPl no SEM 2847 59.85 21.16 8 16793 |13.60 481 8
5601 23.53 832 8 18087 |9.14 [323 8
Katrine Fabricius Rt Lister F P25-P84 P84 PP no SEM (446 (977 237 2153 952 231 |43 (1039 252 17 (1218 (891 23 4025 1092 282 57.55 922 238 |15
2010 Hooded rats
B , 768 1923 292 1177 1319 417 1642 1410 446 |10 2527 7.84 248 2969 889 281 [3229 9.01 285 10
Laetitia Strauss 2013 | Rat-Wistar M P21-77 P77 PPI  yes SEM
. . . 18.14 1746 552 (10 . . . 36.05 (7.87 249 10
X ' 41.18 15.06 5.02 3647 1572 524 |9 5968 1026 3.42 S7T11 1125 375 9
Lan Sun 2018 Rat-Sprague- ¢ P21-56 P57 PPl no SEM
Dawley 53.05 2052 6.84 9 723 [513 |17 9
: . 5222 2172 7.68 8 7274 436 154 8
Lan Sun 2021 Rat-Sprague- )¢ P21-P35 P46 P55 PPl |yes SEM
Dawley 67.75 455 161 |. . . 8 17607 735 26 . . . 8
M. L. 3148 1734 578 (5519 1842 6.14 9 |41.18 2496 (832 5591 1725 575 9
Rat-Sprague-
FITZGERALD M P21-77 P77 PPl no SEM
2013 Dawley 4607 17.13 (571 9 6232 1326 (442 9
Man Lia,b,c, 2018 gz;?é’yrag“e' M P21 P56 PPI |yes SEM 599 1089 3.85 5796 1044 (369 |8 |76.73 1120 3.96 77.18 990 35 8
o Rat-Sprague- 038 1973 624 1192 1935 |6.12 |31.55 1097 |347 |10 [4341 936 296 4991 |6.58 [2.08 (5773 759 24 10
Marisa Moller 2011 M P21-77 P77 PPl  yes SEM
Dawley . : . : . . 4025 11037 328 10 . . . . . } 641 579 183 10
o Rat-Sprague- 053 206 065 7.1 |560 (177 1579 623 |1.97 |10 [37.04 1603 507 4809 |7.91 |25 5908 9.14 289 10
Marisa Moller 2013 M P21-77 P77 PPI yes SEM
Dawley . . . 25 854 27 10 . . ) 68.68 730 231 10
Rat-Lister 2034 2992 1058 3051 6211 2196 |8 |27.8  38.64 13.66 6793 1075 |38 8
Mark A.1993 Hooded ratsRat- M P20- PPI |no SEM |-12.07 |48.31 17.08 8 2156 2992 10.58 8
Sprague-Dawley 34.44 2379 (8.4l . . 8 621 13.04 461 . . 8
Long- 9.94 2616 5.13 |45.71 23.66 4.64 26 17.89 2628 488 (6327 2143 3.98 29
Nurith Amitai 2013 Rat-Long-Evans [, P24-80 P80 PP no SEM
Hooded 2128 2453 481 . . : . . . 26 3694 4233 |7.86 : . . . . 29
. Rat-Lister 164 (2225 671 (2885 9.88 298 |11 24.14 2746 (828 4005 |20.66 (623 |11
Philip LR 2014 M P23-65 P56 PPI |yes SEM
Hooded rats 5342 1025 |3.09 11 5743 17.05 |5.14 |11
gg;f“”“dmjew Rat-Wistar M P21-77 P77 PPI |yes SD 066 (352 352 (362 646 (646 9.63 (896 (896 10 -0.97 555 555 137 10014 10.14 24.09 851 851 |9
Long— 2505 (1726 (386 4542 1118 25 20 3519 1046 (234 5315 1118 25 20
Susan B 2002 Rat-Long=Evans /. po3 Male2,5,7W oo SEM
hooded Female 4W 3584 1297 2.9 . . 20 |44.86  HumEH 42.16 . . 20
x . 2649 126.03 32.54 |63.96 266.77 68.88 15 4403 1459 44 [7679 1187 3.58 11
Susan B. Powell a, | Rat-Sprague: M.F P24 820 PP no SEM
2015 Dawley 30.75 |157.51 40.67 |. . . 15 57.16 1141 3.44 . : 11
. : 3349 1063 376 5454 |1527 |54 8 5133 1748 618 (7324 1459 5.16 8
Vaishali P 1098~ RatSprague- P21-77 P77 PPl |yes SEM
Dawley 4757 1329 47 . . . 8 16322 1462 |5.17 . ) 8
Rat-Sprague- 1495 11039 21.65 47.77 260.92 51.17 26 183 9244 2242 61.94 #HHHH 66.18 17
VAISHALIP 1999 Dawley  Rat-y, P21-59 P59-91 PPl no SEM
Lister Hooded 3592 210.39 41.26 26 5333 #HE 57.94 17
rats
;{(;‘fghunwa“g Rat-Wistar M P28-84 P91 PPI  no SEM 2636 102.98 3641 42.01 |137.09 4847 8 4273 M 5336 642 #7059 |8
Mice-Henan
Mengdie Li 2024  FrovinceSkbeth [y o py ) psg P76 PPI  yes SEM 0.65 0.04 12 091 003 . 12
Biotechnology
Co., LTD, China
Gideon Opeyemi y oo BALB MF  P21PS6  PSTPG0  PPI  no SEM 6311 3.64 5 8468 364 . 5
Ayilara 2024
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Table 4. Studies on MWM

SI GH
Reference/Year Species tested Sex Format.of Age' of Test Injection Data Vm
separation testing mean Vm n mean Vm n
1-4 Escape incubation
Bartlomicj Lukasz g wistar M P25P84 PG00 o Water  period/length of stay in —qpyy 467 187 9 168 187 9
2013 maze a particular quadrant on
day 5
1-4 Escape incubation
M. D. S. Lapiz 2003 | RatLister Hooded \ , P21 6-8W yes Water  period/length of stay in /gy 1607 s s 1785 368 |5
rats maze a particular quadrant on
day 5
Mice-Henan 1-4 Escape incubation
Mengdie Li 2024 | Lrovinee Skbeth o b p1 psg pgo MWM  yes period/lengthof stay in - 1gpn 393 135 s 1614 21 15
Biotechnology a particular quadrant on
Co., LTD, China day 5
Ahmed percentage of time spent
M. Abdelfattah 2023 Rat-Wistar M,F P21-P84 P87 MWM no ;11 ;Zzgte;s(tl)uadrant (during| SEM 21.97 3.28 12 49.51 4.92 12

Records excluded by titles or
abstracts screening (n =1113)
(1) reviews/theoretical articles,

(2) wrong population (not rats or

> mouse )
(3) wrong intervention (add Surgical

and pharmacological methads)

Full-text articles excluded , with
reasons (n=171)

(1) full text not available,
(2) no control group or condition,
(3) no PPI, OFT, EPM. water

maze experiment,
(4)ne T uniform experimental data,
(5) no appropriate behavioural

P
c Records identified from*:
2 Pubmed (n=621)
3 Embase (n =814)
e Web of science (n =243)
= Chinese database (n = 67)
=) Total (n =1745)
)
)
Records after duplicates
removed
(n=1325)
v
o
£ Records screened
g (n=212)
@
v
Full-text articles assessed
for eligibility
(n =41)
A 4
E Studies included in quantitative
3 synthesis (meta-analysis)
2 (n=41)

Figure 1. PRISMA flow-diagram of the study selection process for the meta-analysis

In the rats group, it (Figure 5) shows the forest plot for PPI(66-70
low), PPI(71-76 medium) and PPI(77- high) SDs with 95% confidence
intervals and a summary mean difference showing average reductions
of PPI(66-70 low) (95% CI=-0.63(-0.76, -0.05), p<0.00001) PPI(71-76
medium) (95% CI=-0.63(-0.80, 0.46), p < 0.00001) and PPI(77- high)
(95% CI=-0.72(-0.92, -0.53), p < 0.0001) with SI when compared with
healthy controls. The heterogeneity across studies was substantial for
both PPI (66-70 low) (I =57%, Chi?=86.5, df=37), PPI (71-76 medium)

Ment Health Addict Res, 2025 doi: 10.15761/MHAR.1000209

(12=77%, Chi*=86.50, df=20) and PPI (77- high) (1*=80%, Chi*=112.63,
df=22).

MWM: The MWM experiment, which included five articles (
18,20,32,44,45] with a total of 96 subjects, described the use of the
MWM to examine the effects of social isolation rearing on learning
and memory function in schizophrenia-like behavior (Figure 6). In
MWM, the overall effect of social isolation rearing was significant (95%
confidence interval=0.97 (0.31, 1.62), Z=2.90, p=0.004), and inter-
study heterogeneity was significant (I>=96%, x*=91.55, df=4).
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Sl GH Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI IV, Fixed. 95% ClI
1.1.1 Rat
Lan Sun 2018 37.36 16.3 9 44.07 19.16 9 85% -0.36 [-1.29, 0.57] I
MIGUEL 2001 21.29 5041 15 23.48 96.34 15 16.2% -0.03 [-0.74, 0.69] N
N.R. SCIOLINO 2010 15.93 11.02 8 4433 9.01 8 4.0% -2.67 [-4.11,-1.22] = =
Sarah M 2010 16.38 23 8 18.02 17.23 8 86% -0.08 [-1.06, 0.90] N
Shangase KB 2024 60.69 5.1 8 3799 6.95 8 28% 3.52[1.81,5.23] =% T
Subtotal (95% CI) 48 448 HA% -0.13 [-0.57, 0.32] <

Heterogeneity: Chi? = 29.58, df = 4 (P < 0.00001); I* = 86%
Test for overall effect: Z = 0.55 (P = 0.59)

1.1.2 Mouse

Hiroyuki Koikea,b 2009 99 2028 19 1625 31.06 17 19.2% -0.24 [-0.90, 0.42)] —R—

Qian Huang1 2017 6.28 23.28 12 7.94 1844 11 124% -0.08 [-0.89, 0.74] -

Susanna 2008 0.04 44,94 11 0.05 77.92 15 13.7% -0.00 [-0.78, 0.78] i -

Valentine Bouet 2011 33 8 16 44 8 16 137%  -1.34[-2.12, -0.56] —

Subtotal (95% CI) 58 59 58.9% -0.41 [-0.78, -0.03] ‘

Heterogeneity: Chi? = 7.48, df = 3 (P = 0.06); I = 60%

Test for overall effect: Z=2.12 (P = 0.03)
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Figure 6. MWM forest plot

Discussion

Meta-analyses of animal data have become increasingly relevant
over the last few years, which not only help researchers understand the
pathogenesis of diseases, but also provide a testing platform for new
treatment programs. To the best of our knowledge, this study represents
the first systematic review and meta-analysis investigating the impact of
social isolation on schizophrenia-like behavior in rodents.

In recent years, some studies have investigated the effect of social
isolation rearing on the rodents of schizophrenia-like behavior have
reported various effects, which in general are promising. But we have
not been able to state which are the overall effects of social isolation
rearing on schizophrenia-like behavior and in which social isolation
rearing in animal models is able to produce an unambiguous increase
in schizophrenia-like behavior.

We found that the social isolation rearing is strongly associated
with anxiety behavior, exploratory behavior, cognitive and sensory
impairments and learning and memory function (i.e, The main
behavioral symptoms of schizophrenia). These schizophrenic-like
behaviors tended to increase in the social isolation rearing group
compared with control animals (Figures 2-5). The publication bias was
assessed using a funnel plot, indicating marginal effect of publication
bias mostly due to small sample size or inadequate reports of negative
data. However, most studies were distributed in a funnel-shaped area
of the plot.

However, Findings were consistent in sensitivity analyses but there
was noted to be a large amount of statistical heterogeneity. This suggests
that different research groups have trouble reproducing schizophrenia-
like behavior (Figures 3-6). Especially, Matar, et al. [46] and colleagues
highlighted that a heterogeneous response may confirm the validity of
animal studies because humans do not clearly respond homogeneously
to potentially traumatic experiences [46]. In the present study, the overall
outcome of the high heterogeneity data had a large effect on exacerbating
schizophrenia-like behavior, possibly related to differences in social
isolation parenting time and inconsistent behavioral experimental
operations. While some studies reported schizophrenia-like behaviors
results induced by social isolation rearing, others reported increased
schizophrenia-like behaviors. Therefore, we needed to explore the
sources of heterogeneity and obtained more accurate results. Although,
Injection behavior had widely varying effects on biological processes
and behavior, we included them considering the fact that most articles
contained them and the comprehensiveness of the results.

Due to the limited data sample, we only performed interspecific
analyses of EPM and PPI. We only found rodent strain differences in the
anxiety are prominent in the literature in EPM. In this meta-analysis,
it was evident that there was no significant statistical significance in
schizophrenic behavior between the mice after social isolation rearing

Ment Health Addict Res, 2025 doi: 10.15761/MHAR.1000209

and the control group (p > 0.05). In the PPI experiment, there was no
significant difference between rats and mice. In the subgroup analysis
of PPI, compared with the experimental group and the control group,
there is a higher difference in the decibels in the middle, which indicates
that under the decibels above 66-70 dB and 77 dB, social isolation
rearing has A greater impact on cognitive and sensory impairments
(A type of schizophrenic behavior). Altogether, discrepancies among
these studies may be a result of varying isolation procedures (different
onsets and durations), differing in experimental conditions (more
anxiogenic or less), differing in age when tested, as well as strain and
sex differences [47]. A number of articles refer to schizophrenia-like
behaviors differences after gender is bred for social separation. Some
study findings are contrary to a similar study using Swiss—Kunming
mice, which revealed a male-preferentially decreased despair behavior
in isolated groups. Another study found that male but not female-
isolated-reared rats exhibited a higher percentage of time in open arms
of EPM compared with their group-reared controls [47].

A number of limitations of the research included in this Meta-
analysis should be acknowledged. Firstly, due to the limited number
of publications, the funnel plot shows bias, suggesting that more high-
quality studies should be included. Secondly, although the database has
been carefully and comprehensively searched, there are still few studies
selected for each behavioral blood type, which can lead to bias. Aside
from the abovementioned speculations, several limitations should
be noted. The data derived using digital software were different from
the actual study results, so there was a certain degree of data error. In
addition, our meta-analysis checked only rodents and it was unknown
what social isolation rearing did in other animals. Future research
should target such limitations.

Conclusion

This meta-analysis confirms that post-weaning social isolation
rearing induces robust schizophrenia-like behavioral deficits in rodents,
manifested as hyperactivity in OFT, anxiety-like responses in the EPM,
and sensorimotor gating impairments in PPI. The observed effects
demonstrate significant strain-dependent heterogeneity, underscoring
the necessity for standardized protocols with extended isolation
durations ( > 12 weeks) and multi-domain behavioral assessments
in future studies. Researchers should prioritize isolation paradigms
aligned with specific schizophrenia endophenotypes to optimize
translational validity.
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