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Introduction: 
The word epigenetics describes several processes that 
lead to heritable changes in gene expression through mito-
sis and meiosis, without modifying the DNA sequence 1. 
Key mechanisms of epigenetic changes include DNA 
methylation, histone modification, and non-coding RNA 
involvement 2. Early nutrition may play a crucial role in de-
velopmental programming through epigenetic modifica-
tions, potentially influencing individual susceptibility to the 
later onset of cardiovascular diseases, obesity, diabetes, 
and other non-communicable chronic conditions 3.  
 

 
Micronutrients, encompassing trace elements, are integral 
to all biological and metabolic processes, including tissue 
development, cell signaling, motility, proliferation, and 
apoptosis 4. Manganese (Mn), is an essential micronutri-
ent, in humans and animals, acts as an enzyme cofactor 
and  metalloenzyme’s component 5,6.  It is required for 
synthesis of fatty acids, and 7 gluconeogenesis in liver by 
activating enzymes  required for these processes 8,9. Man-
ganese (Mn) is primarily sourced from dietary and water 
intake. The main site for its absorption is gut and once ab-
sorbed it is distributed to the liver, pancreas, and pituitary 
gland, where it is rapidly concentrated 10. Moreover, it has 
a critical role in the formation and initiation of various enzy-
matic activities. It is also involved in glucose and lipid me-
tabolism, enhances protein, vitamin C, and vitamin B syn-
thesis, catalyses haematopoiesis, regulates endocrine 
functions, and contributes to immune function improvement 
11. It is also an important constituent of manganese super-
oxide dismutase (Mn-SOD) that may have a role in oxidant 
defense system occurring in mitochondria. Several studies 
have shown that the intolerance of glucose is reversible by 
supplementation of Mn, if it results from manganese defi-
ciency 9,12. Despite its beneficial role in many adult pro-
cesses, it is yet to be discovered that it might play a crucial 
part in developmental origin of adult disease when ex-
posed in deficient amounts during in-utero life.   
Objectives: 
This study was conducted to detect the possible role of 
Manganese deficiency in the development of adult diseas-
es when exposed in utero. 
Methodology:  
/The experiments were performed at Sindh Agricultural 
University in Tando Jam and Liaquat University of Medical 
and Health Sciences in Jamshoro, Pakistan after ethical 
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approval (No. LUMHS/REC/-95), and was conducted in 
accordance with the guidelines of The National Institute of 
Health Guide for the Care and Use of Laboratory Animals 
(NIH publication number 85-23, revised 1985).   
The animal food was prepared in accordance with the la-
boratory protocol. The Manganese-restricted diet, which 
solely limits Manganese intake, was formulated similarly to 
the control diet and utilised skimmed milk powder, with the 
manganese-restricted diet containing 0.0103 mg Mn/kg.  
All components were procured from the local market. The  
research protocols were employed as previously de-
scribed. 13. Twenty-four female dams were allocated into 
groups, each comprised of twelve animals and housed in 
conventional polypropylene cages under a 12-hour light-
dark cycle, at a temperature of 22±2°C and relative humidi-
ty of 55±10%. The initial weight of both groups was as-
sessed before the experiment, showing no statistically sig-
nificant difference (Table-1). Group 1 control mice were 
provided unrestricted access to basal diet, whereas Group 
2 mice were granted unrestricted access to a Manganese-
restricted diet for a duration of 12 weeks. Plasma manga-
nese values were checked on blood samples taken by 
puncturing orbital vein, using an Atomic Absorption Spec-
trophotometer (USA) (Table 2).Upon confirming manga-
nese levels, the animals were allowed matting with two into 
one ration (female to male), and once a positive vaginal 
plug was detected it was regarded as day 1 of gestation. 
The identical diet was implemented during gestation. At 
delivery, litter size was standardized to ten (10) per group, 
and all litters were provided same dietary regimen until 
they reached 15 months of age. Pups were evaluated for 
body weight, behaviour, and mobility, in addition to bio-
chemical tests of manganese, cholesterol, high-density 
lipoprotein, insulin, and glucose at 5 months and 15 
months before sacrifice. Subsequent to sacrifice, dissec-
tion of litter was conducted, and tissues were procured, 
including pancreas, kidney, adipose tissue, and uterus, for 
H&E staining, and immunohistochemistry.  
Morphological assessment of the offspring: Litters were 
evaluated for the behaviour in accordance with the previ-
ously established scale. 13  The movements of pups were 
categorized into 10 grades, as described previously 13.  
Biochemical evaluations: Samples were taken at five and 
fifteen months to evaluate glucose levels and serum insulin 
utilising the ELISA assay kit method on a Spectrophotome-
ter (Hitachi 902, Roche Diagnostics, USA). Blood choles-
terol and HDLc levels were measured with an enzymatic 
colorimetric technique with commercially available kits on 
the Microlab Chemistry Analyser (Micro Lab 300 Spectro-
photometer, Roche USA).  
Haematoxylin and Eosin (H&E) staining: Slides underwent 
80°C oven drying for 25–30 minutes prior to treat with xy-
lene, alcohol, and finally distilled water. Slides underwent a 
3% hydrogen peroxide treatment for 10 minutes to inhibit 
nonspecific antibodies, followed by extensive rinsing. After 
antigen retrieval, tissues underwent EDTA buffer treatment 
for 8 minutes at 120°C and were cooled for an additional 
10 minutes.  The residual EDTA was removed from the 
slides by complete washing with PBS. Primary antibodies 
(Anti-Islet 1 antibody) [1B1], Ksp-Cadherin (Kidney-specific 
Cadherin), and (anti-MLH-1 antibody) were applied at room 
temperature for 01 hour. Once the slides were washed and 
antibody was removed, the tissues were incubated in the 
dark with secondary antibody for 10 to 15 minutes. The 
secondary antobody was removed by washing with PBS 
buffer. The nuclei were stained using DAB applied for 5 

minutes.  Counterstaining with haematoxylin was per-
formed before the slides were washed. Slides were pre-
pared using DPX mounting medium. 
Statistical analysis: The statistical software SPSS 22.0 
(IBM, Inc., USA) was employed for data analysis. Continu-
ous variables were evaluated via the Student t-test, with 
findings expressed as mean ± SD. Categorical variables 
were evaluated with the Chi-square test, with findings dis-
played as frequency and percentage. A p-value of ≤0.05 
was considered significant in all cases. 
Results: 
Regarding the body weight of female mice before experi-
ment, there was no significant difference observed 
(P=0.083). However, Serum Mn of female mice before mat-
ing revealed statistically significant difference between two 
groups (P=0.049) as shown in table 1.  
Table No 1: Body weight and serum Manganese levels of 
dams before the start of the experiment. 

Table No 2: Body weight of the dams during pregnancy 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Body weight (g) measurement in offspring of control and 
Mn restricted group is shown in table no 3. Mean ± SD 
body weight of MnR group showed significant body weight 
loss compared to control mice. Low body weight was note 
from 2nd to 15th month in Mngroup-2. (P=0.0001). 
Behavior of controls showed no observable deficits (grade 
0), in contrast the experimental mice show the various 
grades of behavioral abnormalities, the grading is shown in 

Body weight (grams) of dams initial findings 

  Mean SD± P –value 

Group 1. Control 
mice 

31.03 3.63 0.083 

Group 2. Manganese 
(0.0103mg/Kg) 

32.47 5.06 

Serum Manganese (µg) of female mice before preg-
nancy Baseline findings 

  Mean SD± P –value 

Group 1. Control 
mice 

1.14 0.10 0.0491 

Group 2. Manganese 
(0.0103mg/Kg) 

0.37 0.14 

Body weight (grams) of female mice during pregnan-
cy 
  Mean SD± p value 

1
st
 week   

Group 1. Control 
mice 

39.87 1.37 
 
0.071 
  Group 2. Manganese 

(0.0103mg/Kg) 
39.02 1.33 

2
nd

 week 
  

Group 1. Control 
mice 

41.55 0.79 
 
0.0531 

Group 2. Manganese 
(0.0103mg/Kg) 

40.02 1.32 

3
rd

 week 
  

Group 1. Control 
mice 

41.02 1.31 
0.01 

Group 2. Manganese 
(0.0103mg/Kg) 

39.23 1.29 
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table 4, abnormalities of abnormal gait, mobility problems, 
immobility, tense and nervous behavior on handling and 
marked distress with shaking, vocalization and aggressive 
behavior (p=0.0001).  
Table  No 3. Body weight (grams) of litters (n=20) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table No 4: Behavior of litters  (n=20)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Movement grading of controls showed no observable de-
fects (grade 0). Compared to controls, the experimental 
mice showed various grades of movement abnormalities 
as shown in table 5, abnormalities of reduced movements, 
little or no investigation around cage, shelter seeking 
movements, no movement around cage, typically isolated 
and nearly moribund.  
Low serum Mn was found in the group 2. Serum Mn was 
calculated as 0.21±0.01 and 0.24±0.05 µg at 5th and 15th 
months respectively (p=0.0001) as shown in table 6. Simi-
larly, Mean blood glucose was higher in group 2 offspring. 

At 5th and 15th months; the mean blood glucose in control 
and Mn group were noted as 119.54 and 170.9 mg/dl and 
117.5 and 161.8 mg/dl respectively (p=0.0001) as shown in 
table 8.  Mean ± SD serum insulin at 5th and 15th months 
was observed as 9.36, and 9.92 mIU/L (p=0.003) and 8.92 
and 11.54 mIU/L respectively (p=0.0001).  At 5th and 15th 
months; the cholesterol was noted as 118.7, and 164.9 mg/
dl and 115.0, and 160.3 mg/dl respectively (p=0.0001).  
Mean ± SD HDLc was low in pups of Mn limited fed dams 
in comparison to normal diet off springs. At 5th and 15th 
months; the cholesterol was noted as 35.1 and 27.6 & 
36.6and 28.7 mg/dl respectively (p=0.0001). Table 6.  
Table No 5. Movement of litters (n=20)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Histological findings 
Pancreas-The H & E-stained histological examination of 
pancreas shows normal tissue architecture. Both endocrine 
and exocrine parts and pancreatic ducts are visible in Pho-
tomicrographs 1 (A). However, Photomicrographs 1 (B) 
show small sized Islet of Langerhans and atrophy in group 
2  
Kidneys-The kidney section show glomeruli, renal tubules 
and interstitial tissue in control group with normal architec-
ture as shown in photomicrograph 2 (A). However, micro-
scopic  assessment of Kidney section in Mn restricted 
group shows infiltrated and abnormal caliber tubules, hy-
pervascularity, a few atrophic tubules and fibrosed glomer-
uli [photomicrograph 2 (B&C)]. 

Month Group 1. 
Control 

Group 2. Mn
(0.0103mg/Kg) 

P-value 

1
st 1.61±0.06 1.34±0.08 0.087 

2
nd 3.40±0.18 2.64±0.33 0.001 

3
rd 5.84±1.30 4.24±1.12 0.001 

4
th 7.84±0.71 6.80±0.64 0.01 

5
th 9.78±0.98 9.23±0.77 0.034 

6
th 14.60±0.93 12.78±1.61 0.001 

7
th 16.6±0.60 15.62±0.79 0.001 

8
th 22.92±6.20 17.07±1.21 0.001 

9
th 28.91±1.24 22.46±6.65 0.001 

10
th 30.78±1.18 28.36±1.31 0.001 

11
th 33.10±1.04 30.78±1.18 0.001 

12
th 34.87±0.82 33.10±1.04 0.001 

13
th 35.14±0.68 31.82±2.96 0.001 

14
th 36.99±1.27 34.83±0.4 0.001 

15
th 38.53±0.97 36.99±1.27 0.001 

Month Group 1. 
 Control 

Group 2. 
Mn (0.0103mg/Kg) 

P-
value 

1
st
 0 6 0.0001 

2
nd

 0 6 0.0001 

3
r
 0 6 0.0001 

4
th

 0 6 0.0001 

5
th

 0 6 0.0001 

6
th

 0 6 0.0001 

7
th

 0 6 0.0001 
8

th
 0 6 0.0001 

9
th

 0 6 0.0001 

10
th

 0 6 0.0001 
11

th
 0 6 0.0001 

12
th

 0 5 0.0001 

13
th

 0 5 0.0001 

14
th

 0 5 0.0001 
15

th
 0 5 0.0001 

Grade 0.No observable deficit, Grade 1. Slightly ab-
normal gait,  Grade 2. Markedly abnormal gait, Grade 
3. Significant mobility problems,  Grade 4. Immobility 
>24 hours,  Grade 5. Tense & nervous on handling, 
Grade 6. Marked distress on handling (shaking, vo-
calizing, aggressive) 

Month Group 1. 
Control 

Group 2. Mn 
(0.0103mg/Kg) 

P-value 

1st 5 9 0.0001 

2nd 4 8 0.0001 

3rd 3 8 0.0001 

4th 2 8 0.0001 

5th 2 7 0.0001 

6th 1 7 0.0001 

7th 1 7 0.0001 

8th 1 7 0.0001 

9th 1 7 0.0001 

10th 1 7 0.0001 

11th 1 6 0.0001 

12th 1 6 0.0001 

13th 1 6 0.0001 

14th 1 5 0.0001 

15th 1 5 0.0001 

Grade 1. Moving quickly around cage, Grade 2. Fre-
quently standing at sides of cage, Grade 3. Active 
investigation into surroundings, Grade 4. Reduced 
movement around cage, Grade 5. Little to no investi-
gation around cage, Grade 6. Seeks shelter, Grade 7. 
Moves around cage when stimulated, Grade 8. No 
movement around cage, Grade 9. May be moribund, 
Grade 10. Typically isolated from cage mates 
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Table No 6: Biochemical parameters.  Uterus- The microscopic sections of uterus show bicornu-
ate uterus (Photomicrograph-3 A). The histological exami-
nation of uterus in group 2 shows the mononuclear lympho-
cytic infiltration around endometrial glands 
(Photomicrograph-3 B) 
Photo Micrograph-1 histology findings of Control (A) and 
experimental manganese group of Pancreas (B).   

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Photo Micrograph-2 Histology findings of Control (A) and 
experimental manganese group of Kidney (B).  

  
 
 
  
 
 
 
 

   
 
 
Photo Micrograph-3 Histology findings of Control (A) and 
experimental manganese group of Uterus (B). 

 

 
 
  
 
 
 

Serum Manganese (µg) of mice offspring (n=20) 

At 5th month 

  Mean SD± p value 

Group 1. Control 0.91 0.17 0.0001 

Group 2. Mn 
(0.0103mg/Kg) 

0.21 0.01 

At 15
th

 month 

Group 1. Control 1.03 0.04 0.0001 

Group 2. Mn 
(0.0103mg/Kg) 

0.24 0.05 

Blood glucose (mg/dl) of mice offspring (n=20) 

At 5
th

 month 

Group 1. Control 119.54 31.92 0.0001 

Group 2. Mn 
(0.0103mg/Kg) 

170.99 3.20 

At 15th month 

Group 1. Control 117.54 28.10 0.0001 

Group 2. Mn 
(0.0103mg/Kg) 

161.84 7.40 

Serum Insulin (mIU/L) of mice offspring (n=20) 

At 5
th

 month 

Group 1. Control rats 9.36 1.27 0.003 

Group 2. Mn 
(0.0103mg/Kg) 

9.92 0.84 

At 15
th

 month 

Group 1. Control rats 8.92 0.73 0.0001 

Group 2. Mn 
(0.0103mg/Kg) 

11.54 1.52 

Blood Cholesterol (mg/dl) of mice offspring (n=20) 

At 5
th

 month 

Group 1. Control 118.76 32.25 0.0001 

Group 2. Mn 
(0.0103mg/Kg) 

164.90 6.57 

At 15
th

 month 

Group 1. Control 115.02 31.01 0.0001 

Group 2. Mn 
(0.0103mg/Kg) 

160.35 7.53 

Blood HDLc levels (mg/dl) of mice offspring (n=20) 

At 5
th

 month 

Group 1. Control 35.17 6.63 0.0001 

Group 2. Mn 
(0.0103mg/Kg) 

27.60 1.61 

At 15
th

 month 

Group 1. Control 36.63 6.82 0.0001 

Group 2. Mn 
(0.0103mg/Kg) 

28.74 0.52 

A. Pancreatic section 
showing Islets of Lang-
erhans of control group  

B. Two islets are seen 
one is smaller in size 
and Atrophic appear-
ance of islets   

A. Normal kidney tissue 
section showing Glomer-
uli and tubules 

B: Two to three tubules 
are dilated, one to two 
glomeruli are fibrosed, 
mononuclear lymphocyt-
ic infiltration of interstiti-
um One glomeruli com-
pletely fibrosed (loaded 
with spindle shaped 
cells), tubules also dilat-
ed.  

A. Normal lining of uterine 
cavity, endometrial 
glands and normal look-
ing myometrium  

B: Uterus Findings: Mon-
onuclear lymphocytic 
infiltration around endo-
metrial glands  
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Immunohistochemistry (IHC) 
Pancreas: The IHC findings of control mice show normal    
Anti-Islet 1 antibody [1B1] as shown in Photomicrograph 4. 
The IHC findings of Group 2 mice showing normal islet of 
Langerhans (Photomicrograph 5). (Anti-Islet 1 antibody) 
[1B1]   

 Kidneys: The IHC findings of 

control mice show normal Ksp-Cadherin distribution as 

shown in Photomicrograph 6.  The IHC findings of group 2 

mice (Ksp-Cadherin staining) show the glomeruli are fi-

brosed and dilated renal tubules (Photomicrograph 7). Fi-

brosed glomeruli with dilated renal tubules are also visible 

in Photomicrograph 7. 

 
 
Uterus: The IHC findings of control mice show normal uter-
us as shown in Photomicrograph 8.  The IHC findings of 
group 2 mice show normal endometrium (Photomicrograph 
9).  

 

 

Discussion: 
Sir Waddington (1942) defined epigenetics as “physical 
nature of genes”. He considered epigenetic as an interac-
tion between genes and their environment with resultant 
phenotypic changes 

14
.  Animal studies support the role of 

environmental epigenetic in disease susceptibility. Recent 
studies proved the relation between disease susceptibility, 
environmental exposure and germline mutations on two 
specific parts of the genes which are coding and promoter 
regions 

14
. In present study, the manganese deficiency re-

sulted in low body weight in the offsprings when measured 
at 5- and 15-months age. Although past animal-based re-
search mentioned no effects on body weight. However, 
these findings are in conjunction with previous epidemio-
logical data regarding maternal intake of less nutrient diet 
and weight in the offspring. This might be due to the fact 
that maternal diet containing decreased amounts of micro-
nutrients such as Mn has an effect on offspring BMI and fat 
forming cells.  Another finding of this study was raised glu-
cose levels in pups of low manganese fed female mice lly. 
The findings suggest the role of Mn in blood glucose home-
ostasis. High blood glucose levels in progeny of dams pro-
vided with the MnR diet throughout gestation, suggested 
role of this trace element in regulating blood glucose at 
different levels. An interesting finding of elevated insulin 
along with glucose in litters of MnR dams suggests meta-
bolic abnormality of insulin resistance. the findings of cur-
rent study are supported by previous studies 

15-17
 which 

have reported the role of trace minerals on the glucose 
homeostasis and insulin secretion. Mn plays role in 
glucose homeostasis through unknown mechanism. 
Mn deficiency in guinea pigs resulted in glucose intol-
erance and this metabolic defect was improved by Mn 
supplementation 18. A previous study reported raised 
Mn content of liver in streptozocin induced diabetes 
mellitus, the reasons remain unknown 18. Mn may 
have role in glucose metabolism through arginase 
enzymes, is one suggested mechanism, because the 
arginase may accelerate the amino acid metabolism 
through urea cycle. And disturbed blood amino acid 
levels might be causing the insulin alterations and 
glucose intolerance 19. Mn in diabetics has highly con-

Photomicrograph 4. Pan-
creatic section shows nor-
mally appearing Islets of 
Langerhans. Group 1- 
IHC (Formalin/PFA-fixed 
paraffin embedded sec-
tions) - Anti-Islet 1 anti-
body [1B1  

Photomicrograph 5. Pan-
creas Findings: islets are 
two in number and normal 
in appearance IHC 
(Formalin/PFA-fixed par-
affin embedded sections) 
- Anti-Islet 1 antibody 
[1B1]  

Photomicrograph 6. Nor-
mal Kidneys Findings: 
Normal appearance of 
glomeruli and tubules 
Group 1- IHC (Formalin/
PFA-fixed paraffin em-
bedded sections) - Ksp-
Cadherin (Kidney-specific 
Cadherin)  

Photomicrograph 7. Kid-
neys Findings: 3 to 4 glo-
meruli are fibrosed. Tubules 
are also dilated Group 3- 
IHC (Formalin/PFA-fixed 
paraffin embedded sec-
tions) - Ksp-Cadherin 
(Kidney-specific Cadherin)  

Photomicrograph 8. Nor-
mal Uterus- Findings: nu-
clear staining of endome-
trial glands, myometrium 
in secretory phase.  
Group 1- IHC anti MLH- 
antibody  

Photomicrograph 9. Uter-
us Findings: cavity is bi-
cornuate, endometrial 
glands are normal in ap-
pearance, and cytoplas-
mic staining is seen Group 
2- IHC anti MLH- antibody  
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troversial role, some reported its blood level is normal 
while others reported Mn level may be low or high 
20,21.  
This study also revealed higher mean blood choles-
terol in offspring of MnR diet fed dams. Evidence 
based findings suggest the high blood cholesterol in 
offsprings of experimental mice. Raised blood choles-
terol is also an abnormality that points towards the 
metabolic syndrome with hypercholesterolemia simi-
lar to insulin resistance. Similarly, HDLc was low in 
progeny of Mn restricted diet fed mothers.  Offsprings 
of Mn restricted diet fed female mice shows various 
grades of behavioral and movement abnormalities. 
Experimental mice offspring show the abnormalities 
of abnormal gait, mobility problems, immobility, tense 
and nervous behavior on handling and marked dis-
tress with shaking, vocalization and aggressive be-
havior (p=0.0001). Mn induced neurotoxicity is report-
ed in previous studies 22,23. The findings of gait and 
movement abnormalities in female pregnant mice of 
present study are supported by above studies. John 
Couper (1837) was the first to report Mn induced neu-
rotoxicity as whispering speech, limb tremors, muscle 
weakness, salivation and stooped posture in male 
working in Mn plant, symptoms were collectively 
termed as the “Manganism”. Manganism resembles 
to the Parkinson’s disease but through damaging 
brain areas other than basal nuclei 24,25. Pine et al re-
ported the Mn disrupts the normal function of the en-
docrine system, in particular the sexual hormones 26.  
Lee et al reported an increase in serum LH, FSH, and 
testosterone levels, sperm production, and efficiency 
of spermatogenesis in rats given Mn in diet 27.  Con-
trol group showed normal histological examination of 
pancreas, adipose tissue, kidneys and uterus. Experi-
mental group showed small size Islet of Langer-
hans’s, normal adipose tissue with kidney abnormali-
ties. Kidney tissue shows dilated renal tubules with 
mononuclear and lymphocytic infiltrations. Hypervas-
cularity, a few atrophic tubules and fibrosed glomeruli 
are visible. Renal tubules are dilated, with mononu-
clear lymphocytic infiltration; some tubules are 
atrophic, & hypervascularity is visible and interstitial 
mononuclear lymphocytic infiltration. In a previous 
study, it was concluded that Mn could lead to acute 
kidney failure 28. Uterus showed the normal appearing 
histological architecture.  Similarly, the Immunohisto-
chemical analysis of tissue sections in Mn restricted 
diet off springs showed some atrophic islets of Lang-
erhans abnormal renal tubules and fibrosed glomeruli 
with hyalinization and dilation of renal tubules. Some 
atrophic renal tubules were also visible. The uterus 
IHC anti MLH- antibody showed the cytoplasmic 
staining and normally appearing uterine lining, glands 
and myometrium. 
Conclusion: 
This study mentions that Mn depletion during intra uterine 
life could lead to long term complications and adult diseas-
es especially metabolic disorders and renal defects.  
Limitations: As this was an animal-based laboratory study, 
further studies are warranted to explore association be-

tween trace element deficiency during intrauterine life and 
origin of adult diseases later in life.   
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