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Abstract

Body mass index and hormonal imbalances are hallmarks of obesity prevalent in the female population. Obesity is positively
correlated with gallstones and osteoporosis due to decreased bone mineral density. Manganese is reported to ameliorate gallstone
formation in diabetes; however, its effects on haematological variables and bone health during cholesterol gallstone formation
remain limited, which this study design aimed to investigate. Ninety female Swiss mice (18-22g) were divided into two studies.
In study one, naive female mice were grouped into: Control and MnCl, (0.37, 0.74 and 2.0 mg/kg), while in study two,
cholesterol gallstone was induced using a lithogenic diet and treated with MnCl, doses (GS+MnCl,) as in study one, GS-alone
and GS+Aspirin (350mg/kg). By weeks 4 and 8, Body and liver weights, Full blood count, plasma proteins, Alkaline Phosphatase
(ALP), Femoral Bone morphology, and marrow Myeloid to Erythroid ratio (M:E) were evaluated. In study one, higher
manganese doses significantly reduced PCV and haemoglobin levels; however, WBC and lymphocyte count significantly
decreased in MnCl,-treated groups compared with the control. Total serum protein, globulin, albumin, and ALP decreased
significantly in the 0.37mg/kg MnCl2-treated group compared with the control group at weeks 4 and 8. Femur weight
significantly increased at week 4, while M:E increased in all MnCls-treated groups at weeks 4 and 8 compared with the control.
During gallstone formation (study two), PCV, haemoglobin, and RBC count were significantly increased, while neutrophil and
platelet count decreased in MnClr-treated groups compared with the GS-alone group. Serum total protein and albumin
significantly increase in GS+0.37mg/kg, while globulin increases in GS+2.0mg/kg. Liver ALP was reduced significantly in
GS+0.37mg/kg and GS+0.74mg/kg compared with GS-alone. Femur weight significantly increased while M:E decreased in
GS+2.0mg/kg MnCl; at week 8 compared with GS-alone.

Manganese attenuated osteoporosis associated with cholesterol gallstones by modulating bone homeostasis and hematopoiesis.
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INTRODUCTION

to contribute to the development of gallstones (Dooley ef al.,
2018).

Gallstones are a common gastrointestinal disorder with
associated health and economic burden. It predisposes to other
severe conditions such as pancreatitis, cardiovascular disease,
and cancer, with increased mortality (Zheng et al., 2018). It is
formed as a result of an imbalance among bile components,
leading to bile that is supersaturated with cholesterol and
microcrystals that eventually grow into pathologic stones (Di
Ciaula et al., 2018). Depending on whether the primary
constituent of the stone is cholesterol, bilirubin, or deposits of
calcium, gallstone can be classified into cholesterol, pigment,
or mixed gallstones (Klahan et al., 2014). The mechanism of
formation of gallstone has been attributed to an interplay
between environmental and genetic factors, including female
sex and age (Kazi ef al., 2022). Several risk factors, such as
dyslipidemia, diabetes mellitus, obesity, age, and female
gender, due to the effect of estrogen hormone, have been noted
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Excessive body fat accumulation, as seen in obesity, is a
predisposing factor for gallstone formation and has also been
noted to influence bone homeostasis. Traditionally, obesity
was believed to have a protective role on bones (Compston et
al., 2011); however, recent research has challenged this belief.
Bones are connective tissues that provide structural support,
an environment for haematopoiesis within the bone marrow
(Kamel-ElSayed et al., 2024). The continuous process through
which bones are renewed is known as bone remodelling.
(Epsley et al., 2021; Rowe et al., 2023; Janssens et al., 2005).
There is a well-documented, intricate relationship between
bone metabolism and haematopoiesis. Various proteins, such
as chemokines and Insulin-like Growth Factor-1 (IGF-1), have
been shown to positively influence erythropoiesis, which is
also linked to bone metabolism (Ho ef al., 2024). The balance
of haematopoiesis between the myeloid and the erythroid cell
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series is measured by the myeloid/erythroid ratio (Bain et al.,
2011). An increase in the myeloid/erythroid ratio reflects
either a decrease in erythropoiesis relative to myelopoiesis or
an increased myelopoiesis relative to erythropoiesis. Animal
studies have shown that bone cells interact with
haematopoietic cells to maintain erythropoiesis and
myelopoiesis (Valderrdbano and Wu, 2019).

Osteoporosis is a common bone remodelling disorder
characterized by reduced bone mass, deterioration of bone
tissue microarchitecture, and an increased vulnerability to
fractures (Compston et al., 2019). It occurs frequently in
postmenopausal women, of which 1 out of 3 women above the
age of 50 is affected (Gosset ef al., 2021), and considering the
aging population, it is estimated that osteoporotic fractures
incidence might increase by 25% in another decade (Li et al.,
2022). Risk factors associated with osteoporosis, such as low
body mass index and renal disease, are also linked with blood
cells (Ho et al., 2022).

Gallstones and osteoporosis are both prevalent in older adults,
with females having a higher prevalence. Recently, a strong
association between osteoporosis and gallstones has been
identified (Li and He, 2025). Klahan et al. (2014) noted in a
Taiwan population study that osteoporotic patients have a
higher risk of developing gallstones relative to the general
population. Inflammation has been noted to be the common
cause of osteoporosis and gallstone. Bone formation is
inhibited by inflammation in pathological conditions, leading
to the overproduction of pro-inflammatory mediators like
nitric oxides, cytokines, and prostaglandins (Javier et al.,
2023). Inflammation can also alter bile components, resulting
in bile supersaturated with cholesterol. The inflammatory
mediators released during inflammation can damage
gallbladder epithelial cells, leading to bile stasis. Prolonged
inflammation can damage tissue, and scars from continuous
tissue damage can impact the liver, alter enterohepatic
circulation, and this could lead to stone formation (Lin et al.,
2017). This is evident in higher level of Alanine transaminase,
Aspartate transaminase, and Alkaline phosphatase that is seen
in patient with gallstone and the increase in these enzymes are
also frequently reported in people with obesity (Choi, 2003;
Jalili et al., 2022). Alkaline phosphatase (ALP), an enzyme
that hydrolyses phosphate in alkaline medium is expressed in
various organ such as liver, bile duct, intestine, bones and
adipocytes (Ali et al., 2013). In the bones, ALP is a key
indicator for bone metabolism and its alteration could reflect
growth, repair and bone remodelling (Le et al., 2022).
Elevated level of ALP has been observed in obese persons (Ali
et al., 2006), during bone metastasis (Huang et al., 2017) and
liver disease conditions.

Manganese is an essential element present in a variety of leafy
vegetables and nuts. Of which its role in the maintenance of
bone function and integrity has been noted (Wang et al., 2022;
Yang et al., 2024). Recent research has identified a complex
relationship between Mn and bone biology (Wei et al., 2022).
It has been noted to play an important role in the formation of
collagens, cartilage, as well as bone mineralization (Barrioni
et al., 2014) and remodelling, which is crucial in adult bone
homeostasis (Taskozhina et al., 2024). Studies on Mn
deficiency presented adverse effects on the development and
integrity of the skeletal system, such as the inhibition of
cartilage formation and induction of osteopenia (Pepa et al.,
2016).

Considering the prevalence of gallstones and osteoporosis in
older adults, especially females and the importance of
manganese in bone health, this study design therefore
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investigated the activity of manganese chloride (MnCl,) on
haematological changes and bone morphology during
cholesterol gallstone formation in female Swiss mice.

MATERIALS AND METHODS

Animals: A total of ninety (90) healthy female Swiss mice of
18-22 g were purchased from the Animal House of the College
of Medicine, University of Ibadan, Nigeria and were housed
under standard conditions with access to food and water ad
libitum. The research was approved by the University of
Ibadan, Nigeria, Animal FEthics Committee under the
designated number UI-ACUREC/007-0122/20.

Animal Groupings: The experiment was divided into 2; study
one was carried out on normal animals, while study 2 was on
animals with induced cholesterol gallstones.

Study One: 40 female Swiss mice were randomly distributed
into 4 groups of 10 animals;

Group 1 - Control

Group 2 — 0.37 mg/kg MnCl,
Group 3 — 0.74 mg/kg MnCl,
Group 4 - 2.00 mg/kg MnCl,

Study Two: Fifty female Swiss mice were randomized into 5
groups of 10 animals each;

Group 1 — Gallstone-alone

Group 2 — Gallstone + 0.37 mg/kg MnCl,
Group 3 — Gallstone + 0.74 mg/kg MnCl,
Group 4 - Gallstone + 2.00 mg/kg MnCl,
Group 5 — Gallstone + Aspirin 350 mg/kg

Induction of cholesterol gallstone: Experimental cholesterol
gallstone was induced with a lithogenic diet that contains 15%
butter fat, 0.5% cholic acids and 1% cholesterol according to
the methods of Han ef al., (2019). Lithogenic diet feeding and
manganese chloride (MnCl,) treatment administration were
carried out co-currently to the mice for a duration of 8 weeks.

Body weight Assessment: The daily weight of each animal in
the nine groups of the two studies was using a standard
weighing scale throughout the experiment and their respective
weights were noted down.

Relative Liver Weight: The liver weight was noted after it
was excised from the mice, rinsed in cold phosphate buffer
saline, blotted cleaned on a filter paper on both 4 and 8 weeks
of sacrifice. The relative weight was calculated as a fraction of
the mouse body weight per treatment/experimental group.

Blood collection and evaluation of haematological
parameters: At weeks 4 and 8, blood was collected using a
heparinized capillary tube via ocular puncture into a lithium-
heparinized bottle, after ketamine (75mg/kg b.w) anesthesia,
before the animals were sacrificed. Full blood count and

109



Udechukwu and Salami. Manganese chloride a
differential white blood cell count were evaluated using
standard laboratory method.

Serum biochemistry and Liver enzymes: Total serum
protein, albumin, globulin, Blood Urea Nitrogen (BUN), and
creatinine were assessed using the method of Dacie and Lewis,
(1991). Alkaline phosphatase was estimated via a specified
assay kit (Randox laboratory limited).

Bone collection and assessment: On sacrificing the animals
the femur of each animal was collected and the soft tissues
removed carefully using a scalpel blade. A smear of the bone
marrow was made on a cleaned sterilized glass slide and
allowed to air dry. The dried smeared slides were fixed with
methanol after which it is stained with Wright’s-Giemsa stain.
The haematopoietic cell morphology was assessed under a
light microscope and the myeloid and erythroid cells were

Table 1a:

ttenuated osteoporosis during cholesterol gallstone
counted. The myeloid to erythroid ratio was calculated from
the proportion of total myeloid and erythroid lineage cells.

The right femur after the flesh has been teased out was
preserved in 10% formalin. The weight of the femur was
measured using a sensitive digital scale while the length, width
and distance between the greater and lower trochanter (GT-
LT) were measured using a digital vernier calliper.

Statistical Analysis: Data were analysed using one way
analysis of variance and results were presents as Mean = SEM.
Difference between mean were considered significant at
p<0.05 using Bonferroni post-hoc. A Graph-pad prism version
8.0.2 statistical package was used for analysis.

RESULTS

Effect of MnCl: treatment on Macroscopic Liver and Gallbladder tissues in Naive Female Swiss and in Lithogen Diet

Fed Mice During Cholesterol Gallstone Formation.
Groups Week 4 Week 8

Control

0.37mg/kg
MnCl;

0.74mg/kg
MnCl2

2.00mg/kg
MnCl:

Note: GB: Gall bladder; FL: Fatty Liver

Effect of MnCl: Treatment on Percentage Weight Gain
and Liver Relative Weight in Naive Female Swiss and
Lithogenic Diet Fed Mice During Cholesterol Gallstone
Formation: In experiment one, carried out using the
normal/naive animals, the weekly percentage weight gain was
observed to significantly decrease in the MnCl-treated groups
compared with the control, Figure la. During cholesterol
gallstone formation (experimental study 2), the GS-alone

Groups Week 4 Week 8

Control

GS Alone

GS + 0.37mg/kg
MnCl:

GS + 0.74mg/kg
MnCl:

GS +2.00mg/kg
MnCl:

GS +ASP

group had a significant increase in percentage weight gain,
while the GS+MnCls-treated groups had a significant decrease
in percentage weight gain compared with the GS-alone group.
This showed that the lithogenic diet increased body weight
gain, which was mitigated by MnCl,, as shown in Figure 1b.
The lithogenic diet caused hepatomegaly and fatty liver in the
GS-alone group compared with the GS+MnCls-treated groups,
as shown in Table 1a, 1b and 1c.
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Figures 1A and B:

Effect of MnCl. treatment on Body Weight Changes in Naive
Female Swiss Mice. (A) and in Lithogen Diet Fed Mice during
CGS Formation (B)

Table 2a:

Table 1b:
Effect of MnCl: treatment on Macroscopic Relative Liver
Weight at 4 and 8 weeks in Naive Female Swiss Mice

Groups Relative Liver weight

Week 4 Week 8
Control 4.50+0.30 5.10+0.10
0.37mg/kg MnCl, 4.10+0.20 3.90+0.10
0.74mg/kg MnCl; 5.00+0.20° 4.30+0.20?
2.0mg/kg MnCl, 4.80+0.10 4.20+0.10°

Values are expressed Mean = SEM significant at p < 0.05. *- compared with
control, °- compared with 0.37mg/kg, °- compared with 0.74mg/kg, °-
compared with 2.0mg/kg

Table 1c:

Effect of MnCl: treatment on Macroscopic Relative Liver
Weight at 4 and 8 weeks in Lithogenic Diet Fed Mice
During Cholesterol Gallstone Formation

Groups Relative Liver weight

Week 4 Week 8
Control 5.20+0.05 4.51+0.09
GS-Alone 7.06+0.122 5.56+0.252
GS + 0.37mg/kg MnCl,  5.77+0.03° 4.55+0.29
GS + 0.74mg/kg MnCl;  5.43+0.06° 4.54+0.41°
GS + 2.0mg/kg MnCl2 6.11£0.26*° 4.79+0.12
GS +ASP 4.88+0.075¢ 5.730.1280de

Values are expressed Mean + SEM significant at p < 0.05. Significance: *-
compared with control, >~ compared with GS-alone, °- compared with
GS+0.37, 9- compared with GS+0.74, °- compared with GS+2.0, - compared

with GS+Asp.

Effect of MnCl: treatment on Packed Cell Volume (PCV), Haemoglobin (Hb) level, Red Blood Cell (RBC) and Platelet

counts In Naive Female Swiss Mice

GROUPS PCV (%) Hb (g/dL) RBC (*10°uL) Platelet Count

Week 4 Week 8 Week 4 Week 8 Week 4 Week 8 Week 4 Week 8
Control 41.00 £ 41.00 + 13.97 13.30 6.40 = 7.08 £ 74666.67 + 68000.00 =

1.0 0.88 0.38 0.17 0.10 0.23 4666.67 1154.70
0.37mg/kg 4133 + 42.67 + 13.50 = 14.17 + 6.73 7.30 £ 89666.00 + 76666.67 +
MnCl 0.67 0.33 0.06 0.19 0.06 0.17 2185.812 7055.33
0.74mg/kg 39.67 + 3533+ 13.30 + 11.7 £ 6.50 + 5.63 + 110000.00 = 107666.70 +
MnCl: 0.33 0.332b 0.06 0.272b 0.04 0.152b 3464.10* 2333.332b
2.0 mg/kg 3733 + 36.33 + 1143 + 12.00 + 6.68 + 6.56 95000.00 + 87333.33 +
MnCl: 1.45%b 0.672b 0.302bec 0.29% 0.39 0.09¢ 2645.752 4807.40%¢

Significant at p < 0.05; °- versus control, *- versus 0.37mg/kg, *- versus 0.74mg/kg, - versus 2.00mg/kg

Table 3a:

Effect of MnCl: treatment on White Blood Cell (WBC), Lymphocytes, Neutrophil, Monocytes and Eosinophil Counts

in Naive Female Swiss Mice

GROUPS WBC Count (*103ul) Lymphocytes (%) Neutrophils (%) Monocytes (%) Eosinophils (%)
Week 4 Week 8 Week4 Week8 Week4 Week8 Week4 Week8 Week4 Week 8
Control 4450.00 =  4450.00+ 71.00+ 7233+ 2833+ 2533+ 267=+ 2.67+ 3.00 + 3.00 £
175.59 175.59 1.53 0.33 1.20 0.67 0.33 0.33 0.00 0.00
0.37mg/kg 4283.00+ 3916.67+ 71.67+ 7233+ 2433+ 25.00=+ 1.67 + 133+ 3.00 + 233+
MnCl 109.29 116. 67° 0.67 0.33 0.332 0.58 0.33 0.332 0.00 0.67
0.74mg/kg 453333+  4166.67+ 71.67+ 66.67+ 2533+ 31.00+ 2.00=+ 2.00 + 1.00 + 3.0+
MnCl: 88.19 305.96° 0.67 0.332b 0.88 1.16%° 0.00 0.00 0.002> 0.00
2.0mg/kg 443333+  3600.00+ 68.00+ 6733+ 2800+ 3167+ 233=+ 2.00 2.00 + 2.00 +
MnCl: 360.94 152.752 0.57%b¢  0.672b 0.00° 0.882b 0.33 0.00 0.00%b<  0.0%°

Significant at p < 0.05; “- versus control, - versus 0.37mg/kg, “- versus 0.74mg/kg, “- versus 2.00mg/kg

Effect of MnCl> Treatment on Haematological Variables
in Naive Female Swiss Mice: The packed cell volume and
haemoglobin level was significantly reduced in the 0.74 mg/kg
MnCl,-treated group at week 8 only in experiment 1, while
there was a significant reduction of these variables in the 2.0
mg/kg MnCl,-treated group at both weeks 4 and 8 when

Archives of Basic and Applied Medicine 13 (October 2025)

compared with the control. Meanwhile, the red blood cell
count was reduced significantly in 0.74mg/kg MnCl,-treated
group at week 8, and the platelet count was observed to
significantly increase in all the MnCl,-treated groups at both 4
and 8 weeks, as summarized in Table 2a.

The white blood cells at week 8 reduced significantly in all the
MnCly-treated groups compare with the control. The
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lymphocyte count was noted to significantly reduce in 0.74
mg/kg at week 8 and 2.0 mg/kg MnCls-treated group at weeks
4 and 8 compared with the control, while neutrophil counts
increased in 0.74 and 2.0 mg/kg MnCl,-treated at week 8
compared with the control. The eosinophils count at week 4
was reduced significantly in 0.74 and 2.0mg/kg MnCl,-treated

Table 4a:

group while at week 8, there was a significant reduction in
2.0mg/kg group compared with control, as shown in Table 3a.
The serum total protein, globulin, albumin, and blood urea
nitrogen levels was observed to decrease significantly in the
0.37mg/kg MnCl,-treated compared with control and other
doses at both weeks 4 and 8, as displayed in Table 4a.

Effect of MnCl: treatment on Total Protein, Globulin, Albumin, Albumin to Globulin Ratio, Blood Urea Nitrogen

(BUN), and Creatinine Levels in Naive Female Swiss Mice

GROUPS Total Protein Globulin (g/dL)  Albumin (g/dL) Alb:Glo BUN (mg/dL) Creatinine
(g/dL) (mg/dL)
Week4 Week  Week  Week Week Week  Week  Week  Week Week8 Week Week
8 4 8 4 8 4 8 4 4 8
Control 9.17+ 883+ 517+ 513+ 433+ 327+ 0.69+ 0.69+ 18.33 1777+ 077+ 1.00+
0.33 0.09 0.03 0.03 0.22 0.15 0.02 0.02 +0.37 0.12 0.03 0.10
0.37mg/kg  7.60 £ 780+ 453+ 447+ 3.07+ 333+ 074+ 072+ 16.63 1650+ 0.63+ 0.80+
MnCl 0.38* 0.10 0.34 0.19 0.09? 0.09 0.02 0.02 +0.23*  0.10* 0.03 0.00
0.74mg/kg  9.60 £ 9.17+ 523+ 593+ 330+ 370+ 073+ 072+ 18.30 1857+ 0.77+ 090+
MnCl 0.15% 0.54 0.09 0.22%%  0.06* 0.15 0.01 0.03 +0.15> 0.23° 0.03 0.1
2.0 mg/kg 9.53 + 930+ 587+ 530+ 470+ 427+ 075+ 067+ 17.73 1817+ 0.70+ 1.17+
MnCl 0.59% 0.29° 0.24° 0.06° 0.30>¢  0.07*>  0.03 0.01 +048 039 0.06 0.12°

Significant at p < 0.05; “- versus control, - versus 0.37mg/kg, - versus 0.74mg/kg, - versus 2.00mg/kg

Effect of MnCl. Treatment on Haematological Variables
in Lithogenic Diet Fed Mice During Cholesterol Gallstone
Formation: The GS-alone group was observed to have a
significant reduction in Packed cell volume, Haemoglobin and
red blood cell count. However, treatment with MnCl, resulted
in a significant increase in the aforementioned variables
especially at week 4 of treatment compared with the GS-alone
group. However, the platelet count was significantly reduced
at week 4 in 0.37mg/kg MnCl, compared with GS-alone,
while at week 8, the 0.74mg/kg MnCl,-treated group had a
significant decreased platelet count, as summarized in Table
2b.

There was no significant difference in the white blood cell and
lymphocytes counts when the MnCl,-treated groups were

Table 2b:

compared with GS-alone however, neutrophils count was
observed to decrease significantly in all MnCl,-treated groups
compared with GS-alone at both weeks 4 and 8, as shown in
Table 3b.

The total protein, albumin level, and albumin to globulin ratio
at week 4 was increased significantly in GS+0.37mg/kg
MnCly-treated group compared with GS-alone. The globulin
level was significantly increased in GS+2.0mg/kg at week 8
compared with GS-alone. The albumin to globulin ratio was
observed to significantly decrease in all the MnCl,-treated
group at week 8 compared with GS-alone group. The aspirin
treated group had a significant increase in total protein,
albumin, globulin, and albumin to globulin ratio, as displayed
in Table 4b.

Effect of MnCl: treatment on Packed Cell Volume (PCV), Haemoglobin (Hb) level, Red Blood Cell count (RBC) and
Platelet count in Lithogen Diet Fed Mice during Cholesterol Gallstone Formation

GROUPS PCV (%) Hb (g/dL) RBC (*¥10°uL) Platelet Count
Week 4 Week 8 Week 4 Week 8 Week 4 Week 8 Week 4 Week 8
Control 40.33 + 4133+ 12.80 + 1343 + 6.67 6.72 + 71666.67 + 68000.00 =
1.45 0.88 0.47 0.30 0.22 0.25 1666.67 1154.70
GS Alone 34.67 + 38.0 + 1143 + 1243 + 5.57+ 6.29 + 107666.67 + 99333.33 £
0.672 1.53 0.13 0.62 0.132 0.28 6227. 18 4055.182
GS +0.37 37.67 £ 37.00 + 12.17 £ 12.03 + 6.29 + 6.79 + 85333.33 + 102000.00 =
mg/kg MnClz 1.20 0.57 0.38 0.20 0.27 0.35 6009.25° 2309.402
GS +0.74 41.67 £ 39.00 + 13.50 + 1247 + 6.58 + 6.56 + 104666.67 + 72333.33 +
mg/kg MnClz 1.45b 0.57 0.44b 0.23 0.17° 0.09 2403.70%¢ 2333.33be
GS+2.0 mg/kg 4233+ 40.33 £ 14.50 + 12.90 7.37 6.74 + 121666.67 + 94000.00 +
MnCl 1.45b¢ 0.33 0.612bc +0.06 0.28b¢ 0.09 3480.10%¢ 5291.50%¢d
GS +ASP 39.00 + 3833+ 12.70 + 12.40 + 6.36 6.57 106666.67 + 92000.00 =
0.57 0.67 0.06° 0.12 0.14¢ 0.04 4055. 183¢ 4725.8224d

Significant at p < 0.05; “- versus control, b versus GS-alone, °- versus GS+0.37, %- versus GS+0.74, *- versus GS+2.00, - versus GS+Asp
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Table 3b:

Effect of MnCl: treatment on White Blood Cell (WBC), Lymphocytes, Neutrophil, Monocytes and Eosinophil Counts in
Lithogen Diet Fed Mice During Cholesterol Gallstone Formation

GROUPS  WBC Count Lymphocytes (%) Neutrophils (%) Monocytes (%) Eosinophils (%)
(*10%)
Week 4 Week8 Week4 Week8 Week4 Week 8 Week 4 Week 8 Week 4 Week 8

Control 3033.33 3244.33 64.67+ 66.67+ 2567+ 2433+ 233+ 2.00 + 2.67£0.33 233+
+ + 2.19 0.67 0.88 0.67 0.67 0.57 0.33
317.98 109.54

GS Alone 3625.00 3500.00 70.00+ 71.00+ 2833+ 3567+ 233+ 2.00 = 2.00+0.57 2.00=+
+ + 1.16 2.08 0.67 0.332 0.33 0.00 0.57
72.17 104.08

GS + 3550 £ 3783.33 6633+ 6600+ 2833+ 30.67 £ 1.67 + 1.67 + 1.33+£0.33 1.67+

0.37mg/kg 144.34 + 0.88 0.57 0.33 0.332b 0.33 0.33 0.33

MnCl 130.17

GS + 4225.00 3316.67 68.67+ 66.67+ 2533+ 30.67 £ 1.67 + 1.33 + 1.33+£0.33  1.33+

0.74mg/kg +418.58* =+ 0.88 0.88 1.33 0.67%> 0.33 0.33 0.33

MnCl; 101.38

GS + 3033.339  4016.67 69.67+ 6833+ 2433+ 2533+ 2.00+ 2.00 + 1.33+£0.33  1.33+

2.0mg/kg +130.17 +£33.33 1.86 0.88 1.20b¢ 0.33bd 0.57 0.58 0.33

MnCl:

GS +ASP 3406.67 3050.00 67.00+ 64.67+ 30.67 29.33 + 1.67 + 1.33 + 1.00 £0.00 1.67+
+229.95 +£57.74¢ 1.53 0.33° +0.882d¢  0.8822b< (.33 0.33 0.67

Significant at p <0.05; - versus control, b versus GS-alone, °- versus GS§+0.37, - versus GS+0.74, *- versus GS+2.00, ’- versus GS+Asp.

Table 4b:

Effect of MnCl: treatment on Total Protein, Albumin, Globulin, Albumin to Globulin Ratio, Blood Urea Nitrogen
(BUN) and Creatinine level in Lithogen Diet Fed Mice During Cholesterol Gallstone Formation

Groups Total Protein Albumin (g/dL)  Globulin (g/dL) Alb:Glo BUN (mg/dL)  Creatinine
(g/dL) (mg/dL)
Week 4 Week 8 Week Week Week4 Week8  Week Week Week Week Week Week
4 8 4 8 4 8 4 8
Control 7.13 + 7.13 + 2.90 + 290+ 423+ 423 + 0.68 + 0.67 + 2147 2147 0.60 0.60
0.44 0.44 0.21 0.21 0.23 0.23 0.01 0.01 + + + +
1.26 1.26 0.06 0.06
GS Alone  6.67 + 7.50 £ 2.83 + 323+ 4.10+ 433+ 0.68 + 0.76 + 20.53 23.13  0.60 0.67
0.17 0.06 0.03 0.07 0.15 0.03 0.01 0.022 + + +00 +
0.09 0.15 0.03
GS + 7.83 7.37+ 337+ 3.13+ 443+ 423 + 0.76 + 0.71 £ 2280 23.17 0.67 0.67
0.37mg/kg  0.03° 0.09 0.03%b 0.03 0.03 0.03 0.012b 0.01 + + + +
MnCl 0.10 0.30 0.03 0.03
GS + 6.93 + 7.63 £ 3.03+ 320+ 4.13+ 4.30 + 0.71 + 0.68 + 2280 2277 0.60 0.67
0.74mg/kg 0.18 0.18 0.09 0.12 0.03 0.00 0.00 0.02° + + + +
MnCl: 0.31 0.20 0.00 0.03
GS + 6.80 = 7.77 £ 2.67+ 343+ 4.13+ 513+ 0.65 0.67 = 2147 2240 0.63 0.70
2.0mg/kg 0.06 0.38 0.03¢ 0.03*  0.03 0.033bed 0,014 0.0° + + + +
MnCl 0.09 0.21 0.03 0.06
GS+ASP  8.13+ 9.10 + 340+ 317+ 473+ 527+ 0.74 + 0.75 + 23.10 2427 0.60 0.67
0.17%4¢  0.35%bcde 006> (.09 0.12%4¢  (0.093bed 000> 0.012d¢ &+ + + +
0.06 1.10*  0.00 0.03

Significant at p < 0.05; °- versus control, *- versus GS-alone, *- versus GS+0.37, ‘- versus GS+0.74, ¢- versus GS+2.00, ’- versus GS+Asp.

Effect of MnCl: Treatment on Femur Morphology in
Naive Female Swiss and Lithogenic Diet Fed Mice During
Cholesterol Gallstone Formation: In the normal/naive
animals, the femur weight was observed to increase
significantly in all the MnCl,-treated groups at week 4
compared with control while the distance between the greater
and lesser trochanter was noted to decrease compared with
control at week 4. The femur bone mass density in the normal
animals was significantly increased in the MnCl-treated
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groups relative to the control especially at week 4 as
summarized in Table 5a. However, during cholesterol
gallstone formation, the femur weight at week 8 was observed
to increase, with a significant increase seen in GS+0.74mg/kg
MnCl,. The femoral bone mass density of the GS+0.74mg/kg
group was significantly increased compare with other groups
including control at week 8, as shown in Table 5b.
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Table 5a:

Effect of MnCl: treatment on Femur Morphology in Naive Female Swiss Mice

Groups Femur weight *10~-  Femur length (In) Femur width (In) Bone Mass Density GT-LT*10™'(n)
(g) (g/in)*107!

Week 4 Week 8 Week4  Week8 Week4 Week8  Week4 Week 8 Week 4 Week 8
Control 3.00+0.56 3.10£0.56  0.53+0.05 0.57£0.10  0.07£0.01  0.07+£0.01  0.58+0.05 0.58+0.05 1.37+0.06 1.34+0.04
0.37mg/kg 4.53£0.31*  3.47+0.09  0.57£0.02 0.57+0.0 0.07£0.00  0.06+0.0 0.76+0.02° 0.61+0.02 1.28+0.04 1.33+0.02
MnCl,
0.74mg/kg 4.67£0.47°  3.56+0.03  0.53£0.00 0.40+0.17 0.06+0.00  0.06+0.0 0.78+0.07° 0.63+0.00 1.29+0.02 1.42+0.01
Mllclz
2.00 mg/kg 4.55+£0.14*  3.00+0.0 0.56+0.01 0.53+0.00 0.06+0.00 0.07+£0.00 0.82+0.04* 0.56+0.00 1.20£0.06*  1.25+0.03°
Mllclz

Significant at p < 0.05; °- versus control, *- versus 0.37mg/kg, - versus 0.74mg/kg, - versus 2.00mg/kg

Table 5b:

Effect of MnCl; Treatment on Femur Morphology in Lithogen Diet Fed Mice During Cholesterol Gallstone Formation

Groups Femur weight *102-2  Femur length (In) Femur width (In) Bone Mass Density GT-LT*10"! (In)
(2 (g/in)*10~!
Week 4 Week 8 Week4  Week 8 Week 4 Week8  Week 4 Week 8 Week 4 Week 8
Control 3.00+0.00  3.00+0.00 0.57+£0.10  0.50+0.05 0.07+0.01 0.06£0.01  0.58+0.05 0.58+0.05 1.37+0.06 1.31+£0.04
GS Alone 3.90+0.00  3.70+0.15 0.57+£0.02  0.57+0.00 0.07+£0.00  0.06+0.0 0.59+0.01 0.64+0.02 1.34+0.08 1.26+0.05
GS + 3.50+0.28  4.00+0.30 0.57£0.01  0.52+0.01 0.06+£0.01 0.05+0.01  0.61%0.02 0.66+0.01 1.30+0.07 1.24+0.02
0.37mg/kg
MnCl,
GS + 3.13+£0.23  4.80+0.73*  0.55+£0.01  0.56+0.02 0.07£0.00  0.06£0.00 0.57+0.04 1.02:£0.04b< 1.24+0.07° 1.35+0.01
0.74mg/kg
MnCl,
GS + 3.33+0.12 0.35+0.40 0.54+0.02  0.47+0.03*  0.08+0.00° 0.05+0.0 0.62+0.00 0.59+0.04¢ 1.17+0.15%®  1.26+0.01
2.0mg/kg
MnCl,
GS +ASP 3.33+0.30  4.10+0.50 0.56+0.01 0.56+0.00°  0.08+0.00° 0.06+0.0 0.53+0.03 0.65+0.01¢ 1.30+0.05 1.27+0.01
Significant at p < 0.05; - versus control, b versus GS-alone, °- versus GS§+0.37, - versus GS+0.74, *- versus GS+2.00, ’- versus GS+Asp.
44 ) mm Week 4
A - m Week 4 ax Week 8
e Week 8

o o ¥
Experimental Groups

Figures 2a and b:

Experimental Groups

Effect of MnCl: treatment on Myeloid to Erythroid series ratio in Naive Female Swiss Mice. (A) and in Lithogen Diet Fed Mice

during cholesterol gallstone (B) formation

In A: Significant at p < 0.05; - versus control, *- versus 0.37mg/kg, °- versus 0.74mg/kg, - versus 2.00mg/kg, in B: Significant at p < 0.05, °- versus control,
b_ versus GS-alone, ‘- versus GS+0.37, ¢~ versus GS+0.74, *- versus GS+2.00, - versus GS+Asp.

Effect of MnCl: Treatment on Myeloid to Erythroid Series
Ratio in Naive Female Swiss and Lithogenic Diet Fed
Animals During Cholesterol Gallstone Formation: In the
normal/naive animals, a significant increase in the myeloid to
erythroid series ratio was observed in all MnCl,-treated groups
at both weeks 4 and 8 compared with control, as displayed in
Figure 2a. However, during cholesterol gallstone formation,
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the aspirin treated group had a significant increase in M:E ratio
compared with GS-alone and the MnCl,-treated groups at
week 4, while at week 8 a significant reduction in M:E ratio
was noted in 2.0mg/kg MnCl-treated group compared with
GS-alone and the lesser doses of MnCly-treated groups, as
shown in Figure 2b.
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PLATE 1: PHOTOMICROGRAPH OF HEMATOPOIETIC CELLS IN BONE MARROW OF MnClh TREATED
ANIMALS AT 4WEEKS (USING GIEMSA STAIN, MAG. X 1000): Con (Control): The marrow is hypercellular with a hazy
background. There is erythroid hyperplasia characterized by the abundant rubriblasts and rubricytes when compared to the myeloid
series. B (0.37mg/kg MnCh): Normo-cellular- Marrow shows more of mature cell series for both myeloid and erythroid cells, C
(0.74mg/kg MnClz): Marrow is normocellular, characterized by balanced maturation (orderly and proportional) of myeloid and
erythroid cells. D (2.00mg/kg MnClz): Marrow is normocellular with less adipocytes. There are erythroid hypoplasia and more
myeloid cells characterized by neutrophilic maturation.

PLATE 2: PHOTOMICROGRAPH OF HEMATOPOIETIC CELLS IN BONE MARROW OF MnCh TREATED
ANIMALS AT SWEEKS (USING GIEMSA STAIN, MAG. X. 1000): Con (Control): The marrow is hypercellular with a clear
background. There is erythroid hyperplasia characterized by the abundant rubriblasts and rubricytes when compared to the myeloid
series; B (0.37mg/kg MnCl): The marrow is normocellular. There are more myeloid cells. C (0.74mg/kg MnClp): The marrow
is hypercellular. There are more erythroid cells. D (2.00mg/kg MnCl): The marrow is hypercellular. There are more myeloid
cells.

PLATE 3: PHOTOMICROGRAPH OF HEMATOPOIETIC CELLS IN BONE MARROW OF MnCh TREATED ANIMALS
DURING CHOLESTEROL GALLSTONE FORMATION AT 4WEEKS (USING GIEMSA STAIN, MAG. X 1000): Gallstone
Untreated (GS ALONE): The marrow is hypercellular with a hazy background. There is erythroid hyperplasia characterized by the abundant
rubriblasts and rubricytes compared with the myeloid series. GS+0.37 mg/kg MnCh (GS+0.37): The marrow is hypercellular with a hazy
background. There is erythroid hyperplasia characterized by the abundant rubriblasts and rubricytes compared with the myeloid series.
GS+0.74 mg/kg MnCl (GS+0.74): The marrow is hypercellular with a hazy background. There is erythroid hyperplasia characterized by the
abundant rubriblasts and rubricytes compared with the myeloid series. GS+2.00 mg/kg MnCh (GS+2.0): marrow is hypercellular with a clear
background. There is erythroid hyperplasia characterized by the abundant rubriblasts and rubricytes compared with the myeloid series. There
is also evidence of mitosis. Gallstone+Aspirin (GS+Asp): The marrow is hypocellular with a hazy background. There is erythroid hypoplasia
compared with the myeloid series.

Effect of MnCl: Treatment on Serum Alkaline

shown in Figure 3a. During cholesterol gallstone, the level of

Phosphatase Level in Naive Female Swiss and Lithogenic
Diet Fed Animals During Cholesterol Gallstone
Formation: In the normal/naive animals, the level of alkaline
phosphatase was significantly reduced in 0.37 mg/kg MnCl,-
treated group compared with control at both weeks 4 and 8 as
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alkaline phosphatase was observed to reduce significantly in
GS+0.37mg/kg, GS+0.74mg/kg and GS+Aspirin groups
compared with GS-alone group at week 8 while no significant
difference was seen at week 4, as displayed in Figure 3b.
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is normocellular. There are more myeloid cells.

PLATE 4: PHOTOMICROGRAFPH OF HEMATOPOIETIC CELLS IN BONE MARROW OF MnCl: TREATED ANIMALS DURING
CHOLESTEROL GALLSTONE FORMATION AT SWEEKS (USING GIEMSA STAIN, MAG. X 1000): GS Alone (Gallstone Untreated):
The marrow is hypercellular with 2 hazy backsround. There is myeloid hyperplasia. GS+0.37 mghkg MnClL: (G5+0.37): The mamow is
nommocellular. The cellular proportions are nomal GS+0.74 mg'kg MnCl; (GS5+0.74): The marrow is hypercellular. There are more erythroid
cell:. G5+2.00 mg/kg MnClL: (G5+2.0): The marmrow iz hypercellular. There are more erytaroid cells. Gallstone+Aspirin (GS+Asp): The mamrow
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Effect of MnCl: treatment on Serum Alkaline Phosphatase (ALP) Level in Naive Female Swiss Mice. (A) and in

Lithogen Diet Fed Mice During Cholesterol Gallstone (B) Formation
In A: Significant at p < 0.05; - versus control, *- versus 0.37mg/kg, - versus 0.74mg/kg, - versus 2.00mg/kg, In B: Significant at p < 0.05; “- versus control,

b versus GS-alone, °- versus GS+0.37, - versus GS+0.74, ©- versus GS+2.00,’- versus GS+Asp.

Table 6a:
Effect of MnCl, treatment on the correlation between ALP
and femur mass density in the naive Female Swiss Mice

Table 6b:
Effect of MnCl, treatment on the correlation between ALP
and femur mass density in Lithogen diet fed mice during

GROUPS WEEK 4 WEEK 8 cholesterol gallstone formation
GROUPS WEEK 4 WEEK 8
Correlation  p- Correlation  p-
. . Correlation  p- Correlation  p-
Coefficient Value  Coefficient Value Coefficient Value  Coefficient Value
Control 0.74 0.47 Control 0.74 0.47
0.95 acdef 0.20 -0.81 0.40
0.37mg/kg  0.88 032 051 0.66 GS Alone
GS + -0.06 0.96 -0.79 0.43
MnCl2 0.37mg/kg
0.74mg/kg  -0.55 0.63 1.00% 0.00 MnCl;
GS + -0.94 0.22 0.50 bee 0.67
MnCl; 0.74mg/kg
2.00mg/kg  -0.99 0.10  0.50 0.67 MnCl
GS + 0.79¢d 0.43 0.03 0.98
MnCl; 2.00mg/kg
Significant at p < 0.05; “- versus control, *- versus 0.37mg/kg, ‘- versus MnCl.
0.74mg/kg, - versus 2.00mg/kg GS +ASP 0.72 0.49 1.00Qbede 0.02

Significant at p < 0.05; - versus control, *- versus GS-alone, ‘- versus
GS+0.37, % versus GS+0.74, °- versus GS+2.00, /- versus GS+Asp.

Effect of MnCl: Treatment on the Correlation Between
ALP and Femur Mass Density in Naive Female Swiss and
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correlation was observed in GS+0.37mg/kg, GS+0.74mg/kg at
week 4 which was reversed at week 8 except in the
GS+0.37mg/kg group having negative correlation alongside
the GS-alone group, Table 6b.

Lithogenic Diet Fed Mice During Cholesterol Gallstone
Formation: In the normal/naive animals, a negative
correlation was observed in all treatment groups at week 4
except in 0.37mg/kg, but were all reversed at 8 weeks, Table
6a. During cholesterol gallstone formation, a negative

PLATE 5 PHOTOMICROGRAFH OF LIVER CELLS IN MnClL: TREATED ANIMALS BY WEEKS 4 AND § DURING
CHOLESTEROL GALLSTONE FORMATION MAGX100 USING HAEMATOXYLIN AND EOSIN STAIN): Control: Normal lobular
architecture 1= preserved Hepatocyte: are seen radiating from the central vem with no evidence of nacrosis, fatty change, or fibroziz at both
week £ and week 8. Gallstone Untreated (GS only): The central vem appears congested Hepatocytes are sparsely distributed, with widenad
hepatic susoids around the central vein (rectangular-marked are2) and loss of cellular mtezrity 2t both week £ and week 8. GS = 2.0 mg'ks
MnCl: (GS+2.0): Nonmal kiztological structare 13 observed Hepatocytes are prezerved with intact architecture, and bepatic sinuzoid: are not
prommently dilated 2t both wesk 4 and week 8. GS + 0.74 mg'kg MnCl; GS+0.74): Hepatocyte: are largs and polyzonal with pressrvad
hepatic cords and 2 central vein showing mild congastion at both week 4 and wesk 8. GS =+ 0.37 mg/kg MnCl. (GS+0.37): Hepatocytes are
large and polyzonal with prezerved hepatic cords. The central vein shows mild conzestion 2t week 8. Gallstone+Aspirin (GS + Aspirin):
Hepatocytes are large and polyzonal with preservad hepatic cords and central vein. Cellular mfltration iz noted 2t week 8 (black circled area).

CV = central vein; S = hepatic sinusoid; yellow star = congested capillaries; blue arrow = hepatocyees.

PLATE 6: PHOTOMICROGRAPH OF GALL BLADDER IN MnCl: TREATED ANIMALS BY WEEKS 4 AND § DURING
CHOLESTEROL GALLSTONE FORMATION (MAGXI100 USING HAEMATOXYLIN AND EOSIN STAIN): Control: Normal
histological architecture iz observed The muscularis extema and muocos2] lining appear mtact with prezerved epithelial lining 2t both wask 4 and
week 8. Gallstone Untreated (GS only): At week 4, the musculariz extema and mucoe:a are meact with well-prezerved epithelial lining. By week
8, degenerative changes are evident in the epithelial liming, and the muscularnis extema appears thmred compared to waek 4. GS = 2.0 mg'keg
MnCl: (GS5+2.0): The muscularis extema is poorly defired, and the mucozal lnmg shows complete degenaration 2t both week 4 and wesk 8. GS
+ 0.74 mgkg MnCL(GS5+0.74): At week 4, the mucosal lining shows ercsion with focal thinning of the muzcularis exterma By wesk 8, oaly
remnamts of mco:a with attenuated epithelial linins are observed, while the muscularis extema iz completaly 2bzent. Overall, the histoarchitecture
iz markedly distorted GS + 0.37 mg'hkg MnClL: (GS+0.37): A thin layer of muscularis extema is prezent, while the mucosal layer Iacks ruzae
and shows loss of epathelial inings at both week 4 and week 8. Gallstone+Aspirin (GS + Aspirin): The muscularis extema is relatively preserved,
and the mucosal layer is appraciable; however, the epithelial lning i: eroded, and the underiying lamina propria 2ppears compromizad at both
week 4 and week 8 Red arrow = Muscularis extsrna and M= Mucosa layer.

DISCUSSION

Increased body weight is an established risk factor for the
development of gallstones, and the risk of symptomatic stones
has been linked to an increase in BMI (Stokes and Lammert,
2021), which is a predictive marker for obesity. Obesity is a
medical condition characterized by excessive body fat in the
adipose tissues, impacting health negatively (Hendarto et al.,
2023). Obesity is known to increase intra hepatic cholesterol
secretion (Parra-Landazury et al., 2021), and this has been
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associated with reduced gallbladder motility, which also
contributes to gallstone formation (Di Ciaula et al., 2012).
Weekly changes in body weight were monitored, and from our
study, the gallstone animal model had an increased body
weight gain, this probably enhanced their hepatic response to
fat accumulation (Kharga et al., 2016). Intervention with
MnCl, caused a decrease in body weight gain that was induced
by a lithogenic diet during cholesterol gall stone (CGS)
formation, thereby reducing body fat distribution that play a
role in gallstone formation. There was a reduction in weight
gain in the normal animals treated with MnCl,. However,
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higher doses of MnCl,, as reported by Salami et al (2016),
resulted in increased body weight gain during gastric ulcer
healing. Feeding animals with a lithogenic dief also resulted
in increased gallbladder and liver size in CGS-untreated
animals. The gallbladder bile was darker and more turbid, but
treatment with MnCl, mitigated the formation of lithogenic
bile.

Haematological profiles are measurable parameters that can be
assessed to identify and monitor physiological or pathological
conditions, and several pathological situations that could alter
haematopoietic physiology can influence these profiles (Tekle
et al., 2022). A number of molecular and clinical evidence
have suggested an interconnection between bone metabolism
and haematopoiesis  (Valderrabano et al., 2021).
Haematopoiesis, under normal conditions, occurs in the bone
marrow, which depends on the supportive environment of the
bone. However, a deteriorating bone would provide a less
supportive environment for haematopoiesis, causing anaemia
(Valderrabano et al., 2017). Anaemia, characterized by low
haemoglobin concentration, is often caused by nutritional
deficiency, of which over 50% is due to iron deficiency
(Valderrabano and Wu, 2019). Haemoglobin is an iron-
containing oxygen-binding protein located in erythrocytes
(Farid, 2023); iron in relation to nitric oxide synthetases
(NOS) acts as a catalyst that helps in the formation of nitric
oxide, which is effective in improving gallbladder function
(Prasad et al., 2015). A population-based study revealed
anaemia as a significant risk factor to fractures, falls,
osteoporosis, as well as decline in physical activity especially
in the elderly (Hirani ef al., 2016; Bani Hassan ef al., 2020).
Alteration in haematological indices is seen during CGS
(Channa et al., 2005; Rasheed, 2014) with observed reduced
Hb concentration. Several studies have shown an association
between serum iron levels and the risk of gallstones (Pamuk et
al., 2009; Prasad et al., 2015); this depleted iron store is
reflected in the decreased Hb concentration that is seen in the
CGS untreated animals. Iron deficiency has been shown to
alter hepatic enzymes and decrease cholesterol-7a-
hydroxylase activity (the rate-limiting enzyme for the
synthesis of bile acids from cholesterol), causing a decrease in
bile salt secretion and promoting cholesterol crystal formation
(Johnston et al., 1997). Manganese, especially the 2.0 mg/kg,
prevented anaemia in gallstone animals by increasing PCV,
haemoglobin concentration, and RBC count. This may be
attributed to an increase in iron absorption, as manganese and
iron share the same binding site, thereby improving
gallbladder function and also mitigating the fractures and falls
that might be associated with osteoporosis. This observed
intervention was further confirmed by the marked decrease in
the myeloid/erythroid ratio of the 2.0 mg/kg group. However,
in the normal animals, there was an increase in
myeloid/erythroid ratio with a concomitant decrease in PCV,
haemoglobin concentration in the 0.74 and 2.0 mg/kg groups.
This could be because there was no pathological condition to
combat with, and also due to the competition for the binding
site between manganese and iron.

Inflammation has been noted to be a common cause of
gallstones (Liu et al., 2018) and osteoporosis (Li et al., 2022);
also, anaemia has been documented to arise from chronic
inflammation (Dyer et al., 1972). In the pathogenesis of
gallstones, studies have revealed inflammation as an important
contributor whose inflammatory mechanisms and immune
responses associated with them are essential to the disease
pathogenesis (Sadri et al., 2022; Gu et al., 2025). During the
inflammatory response, interactions occur between platelets,
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neutrophils, and lymphocytes, leading to monocyte adhesion
and the release of various inflammatory mediators
(Schrottmaier et al., 2020; Yang et al., 2023). Platelets are
actively involved in systemic inflammation, contributing to
vascular inflammation when activated (Smyth et al., 2009;
Smith ez al., 2011). Blood inflammatory markers, such as the
ratios of Neutrophil to Lymphocyte (NLR) and Platelet to
Lymphocyte (PLR), according to Li et al (2022), were
observed to increase in osteoporotic patients compared with
healthy subjects. As earlier reported in our previous study, the
aforementioned blood inflammatory markers were also noted
to increase in the gallstone model that was not treated.
Intervention with manganese brought about a decrease in these
inflammatory mediators, thereby mitigating against the
inflammatory response seen during gallstone formation and
osteoporosis as well. It is also worth noting that in the normal
animals, there was increased platelet and neutrophil activity in
the higher doses of manganese, especially at 8weeks

Alkaline phosphatase (ALP) is a homodimer protein with
phosphorylation properties and exists as many isozymes
(Tariq et al., 2019), and it changes can be evaluated in a range
of disease such as cholestatic jaundice (Shah and John, 2021),
liver disease, as well as cognitive impairment (Boccardi et al.,
2021). The level of ALP can also be used to indicate the rate
of bone turnover (Williams and Sapra, 2021); the level of
serum ALP is considered a potential biomarker for bone
formation (Tariq et al., 2021), helping to track the absence or
presence of osteoporosis (Ponzano et al., 2021). A strong
negative association has been observed to exist between ALP
and Bone Mineral Density (BMD) of lumbar (Shu et al., 2022)
and pelvic bones (Xiaosong and Chengjin, 2023), of which
females had more significant association. A Japanese study
also documented that females with more severe osteoporosis
have elevated level of ALP (Iki et al., 2004). Osteoporosis is
characterized by increased loss of bone mass which is
reflected by BMD. During normal bone metabolism, to ensure
stable bone mass, a balance between osteoblastic bone
formation and osteoclastic bone resorption is maintained.
However, when BMD is low as seen in osteoporotic
conditions, the quiescent osteoblasts are activated, resulting in
unmineralized bone-like tissue and undifferentiated
osteoblasts. These osteoblasts proliferate in a feedback
manner and synthesize a large amount of bone alkaline
phosphatase (BALP), significantly increasing serum ALP
levels (Shu et al., 2022). The level of ALP is also elevated in
obese individuals (Jalili et al., 2022) and obesity increases the
risk of falls (GR Neri et al., 2019) especially in the elderly due
to reduced ability and postural stability that results from
excessive body weight (Mitchell et al., 2015). Although initial
belief has it that obesity has a favourable role in bone
metabolism, protecting it from fractures. However, studies
have shown obesity induced by high fat diet to cause a
reduction in bone quality (Ionova-Martin et al., 2010),
increase bone resorption (Patsch er al., 2011), and also
increase bone marrow adiposity (Halade ef al., 2011). In our
study, the gallstone model animals had an increased serum
ALP level with a concomitant decrease in femur bone mass.
Low bone mass is a hallmark for osteoporosis leading to
reduced bone strength and an increased risk of fracture (Anam
and Insogna, 2021). Furthermore, a strong negative correlation
was observed to exist between serum ALP and femur bone
mass density of cholesterol gallstone animals in this study;
which is a biomarker for osteoporosis. Higher level of ALP is
associated with decreased bone mass density suggesting bone
resorption to outpace bone formation. This association
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(negative correlation) was reversed by MnCl, during
lithogenic diet induced cholesterol gallstone formation in a
dose dependent manner especially at week 8 indicative of
good bone health and bone cell formation. In normal condition
(no gallstone induced), the negative correction observed at
week 4 at higher doses of MnCl, treatment was reversed by
MnCl, at week 8 indicative of reversed osteoporosis. This is
similar to the reports observed by Salami et al., (2019) during
colitis healing when manganese is used as a treatment. It may
also indicate that when manganese is taken at higher doses in
healthy people, it may predispose to osteoporosis. This implies
that caution should be adhered to while using manganese
especially in healthy people.

Intervention with manganese resulted in a decrease in the level
of serum ALP as well as increasing femur bone mass.
Manganese probably regulated the balance between bone
formation and resorption as reflected in the bone mass,
facilitating the regulation of the number of osteoblasts and
osteoclasts (Chang et al., 2022). Manganese Superoxide
Dismutase (MnSOD), located within the bone mitochondria
has been noted to be essential in osteoclasts formation and
function (Kim et al., 2017; Ma et al., 2024); protecting the
osteoclasts from extracellular superoxide anion released
during bone resorption; thus, conferring cytoprotective
function against oxidative damage (Winterbourn, 2017).

Conclusion

Manganese attenuated osteoporosis associated with lithogenic
diet induced gallstones by modulating bone homeostasis and
haematopoiesis.

REFERENCES

Al-Hariri M, Aldhafery B. (2020) Association of hypertension
and lipid profile with osteoporosis. Scientifica
(Cairo).2020:7075815.

Ali AT, Ferris W.F, Penny C.B, Van der Merwe M.T,
Jacobson B.F, Paiker J.E, ef al. (2013) Lipid accumulation
and alkaline phosphatase activity in human preadipocytes
isolated from different body fat depots. Journal of
Endocrinology, Metabolism and Diabetes of South
Africa.18(1):58—64.

Ali A.T, Paiker J.E, Crowther N.J. (2006) The Relationship
Between Anthropometry and Serum Concentrations of
Alkaline Phosphatase Isoenzymes, Liver Enzymes,
Albumin, and Bilirubin. Am J Clin Pathol.;126(3):437-42.
doi: 10.1309/9N346GXX67B6PX5W.

Anam AK, Insogna K. (2021) Update on osteoporosis
screening and management. Med Clin North Am.105:1117—
34

Bain, B.J., Clark, D.M. And Wilkins, B. (2011). Pathology of
the marrow. (Fifth edition) Hoboken, NJ: Wiley-Blackwell.
doi: 10.1002/9781119398929

Bani Hassan, E. et al. (2020). Hemoglobin levels are low in
sarcopenic and osteosarcopenic older persons. Calcif.
Tissue Int. 107(2), 135—-142.

Barrioni, B. R., Norris, E., Li, S., Naruphontjirakul, P., Jones,
J. R. and Pereira, M. M. (2019). Osteogenic potential of sol-
gel bioactive glasses containing manganese. J. Mater. Sci.
Mater Med. 30: 86.

Boccardi V, Bubba V, Murasecco I, Pigliautile M, Monastero
R, Cecchetti R, Scamosci M, Bastiani P, Mecocci P. (2021)
Serum alkaline phosphatase is elevated and inversely
correlated with cognitive functions in subjective cognitive

Archives of Basic and Applied Medicine 13 (October 2025)

decline: results from the ReGAI 2.0 project. Aging Clin Exp
Res.33(3):603-9.

Chang X., Xu S. and Zhang H. (2022). Regulation of bone
health through physical exercise: Mechanisms and types.
Front. Endocrinol. 13: 1029475.

Channa. N. A., Shaikh, H. R., Khand, F. D., Bhanger, M. L.
and Laghari, M. H. (2005). Association of gallstone disease
risk with serum level of alkaline phosphatase. JLUMHS. 18-
22

Choi J.W. (2003) Association between elevated serum hepatic
enzyme activity and total body fat in obese humans. 4Ann
Clin Lab Sci. 33: 407-410.

Compston J.E, Watts N.B, Chapurlat R, Cooper C, Boonen S,
Greenspan S, Pfeilschifter J, Silverman S, Diez-Pérez A,
Lindsay R, Saag KG. (2011) Obesity is not protective
against fracture in postmenopausal women: GLOW. The
American journal of medicine.124(11):1043-50. doi:
10.1016/j.amjmed.2011.06.013.

Compston, J.E, McClung, M.R, and Leslie, W.D. (2019)
Osteoporosis. Lancet. 393:364-76. doi: 10.1016/S0140-
6736(18)32112-3.

Dacie, J.V., Lewis S.M. (1991). In: Practical Hematology 7th
edition ELBS with Churchill Livingstone Longman group
UK, 5-82:160-175.

Di Ciaula A, Wang DQ-H, Portincasa P. (2018) An update on
the pathogenesis of cholesterol gallstone disease. Curr Opin
Gastroenterol.34(2):71-80. https://doi.org/10.1097/

Di Ciaula, A.,, Wang, D. Q. and Portincasa, P. (2012).
Gallbladder and gastric motility in obese newborns, pre-
adolescents and adults. J Gastroenterol Hepatol. 27(8):
1298-305.

Dooley J.S, Gurusamy K.S, Davidson B.R. (2018) Gallstones
and benign biliary disease. In: Dooley JS, Lok ASF, Garcia-
Tsao G, Pinzani M, editors. Sherlock’s diseases of the liver
and biliary system. 13th ed. New Jersey, NJ: Wiley-
Blackwell. 256-93.
https://doi.org/10.1002/9781119237662.

Dyer, N.H., Child, J.A., Mollin D.L., Dawson, A.M (1972).
Anaemia in Chron’s disease. Quarterly Journal of
Medicine, New series,41:419-36.

Epsley S, Tadros S, Farid A, Kargilis D, Mehta S and
Rajapakse CS (2021) The Effect of Inflammation on Bone.
Front. Physiol. 11:511799. doi:
10.3389/fphys.2020.511799.

Farid, Y., Bowman, N. S. and Lecat, P. (2023). Biochemistry,
Hemoglobin Synthesis. [Updated 2023 May 1]. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2025 Jan-.

Gosset A, Pouilles J.M, Tremollieres F. (2021) Menopausal
hormone therapy for the management of osteoporosis. Best
Pract Res Clin Endocrinol Metab 35(6):101551. doi:
10.1016/j.beem.2021.101551.

GR Neri S, S Oliveira J, B Dario A, M Lima R, Tiedemann A.
(2019) Does obesity increase the risk and severity of falls in
people aged 60 years and older?A systematic review and
meta-analysis of observational studies. The Journals of
Gerontology:Series A. doi: 10.1093/gerona/glz272.

Gu, Y., Zhou, Z., Zhao, X., Ye, X., Qin, K., Liu, J., Zhang, X.,
and Ji, Y. (2025). Inflammatory burden index (IBI) and
body roundness index (BRI) in gallstone risk prediction:
insights from NHANES 2017-2020. Lipids in health and
disease. 24(1): 63.

Halade G.V, El Jamali A, Williams P.J, Fajardo R.J,
Fernandes G. (2011) Obesity-mediated inflammatory
microenvironment stimulates osteoclastogenesis and bone

119



Udechukwu and Salami. Manganese chloride attenuated osteoporosis during cholesterol gallstone

loss in mice. Experimental gerontology. 46(1):43-52. doi:
10.1016/j.exger.2010.09.014.

Han, T., Yangge, L. V., Wang, S., Hu, T., Hong, H. and Fu Z.
(2019). Pioglitazone prevents cholesterol gallstone
formation through the regulation of cholesterol homeostasis
in guinea pigs with a lithogenic diet. Lipids in Health and
Disease 18: 218.

Hendarto H, Akbar F.N, Muzakki J.B, Amri R.A, Nugraha
SN.A, Adlani H. (2023) Obesity, dyslipidemia, and
diabetes mellitus as risk factors in cholelithiasis. Electron J
Gen Med.20(6):em549.
https://doi.org/10.29333/ejgm/13814

Hirani, V. et al. (2016). Low hemoglobin concentrations are
associated with sarcopenia, physical performance, and
disability in older australian men in cross-sectional and
longitudinal analysis: The concord health and ageing in men
project. J. Gerontol. A Biol. Sci. Med. Sci. 71(12), 1667—
1675.

Ho S.C, Li G.H.Y, Leung A.Y.H, Tan K.C.B, Cheung C.L.
(2022) Unravelling genetic causality of haematopoiesis on
bone metabolism in human. Eur J Endocrinol. 187:765-775.

Ho S.C, Li G.H.Y, Leung A.Y.H, Tan K.C.B, Cheung C.L.
(2024). Effects of bone metabolism on hematopoiesis: A
Mendelian randomization study. Osteoporosis and
Sarcopenia. 10 4): 151-156.
https://doi.org/10.1016/j.af0s.2024.10.001.

Huang P, Lan M, Peng AF, Yu QF, Chen WZ, Liu ZL, et al.
(2017) Serum calcium, alkaline phosphotase and
hemoglobin as risk factors for bone metastases in bladder
cancer. PLoS  One. 12(9):e0183835.  doi:
10.1371/journal.pone.0183835.

Iki M, Akiba T, Matsumoto T, et al. (2004) Reference
database of biochemical markers of bone turnover for the
Japanese female population. Japanese population-based
osteoporosis (JPOS) study. Osteoporos Int. 15:981-91.

Tonova-Martin SS, Do SH, Barth HD, Szadkowska M, Porter
AE, Ager 111 JW, Ager Jr JW, Alliston T, Vaisse C, Ritchie
RO. (2010) Reduced size-independent mechanical
properties of cortical bone in high-fat diet-induced obesity.
Bone. 6(1):217-25. doi: 10.1016/j.bone.2009.10.015

Jalili V, Poorahmadi Z, Hasanpour Ardekanizadeh N,
Gholamalizadeh M, Ajami M, Houshiarrad A, Hajipour A,
Shafie F, Alizadeh A, Mokhtari Z, Shafaei H, Esmaeili M.
and Doaei S. (2022) The association between obesity with
serum levels of liver enzymes, alanine aminotransferase,
aspartate ~ aminotransferase, alkaline  phosphatase
andgamma-glutamyl transferase in adult women.
Endocrinol DiabMetab.;5:€367. doi: 10.1002/edm2.367

Janssens, K., ten Dijke, P., Janssens, S., and van Hul, W.
(2005). Transforming growth factor-f1 to the bone. Endocr.
Rev. 26, 743-774. doi: 10.1210/er.2004-0001.

Javier R.M., Febrianto D.P., Safitri L.S., Lutfi M.H., Munir
B., Abdillah A., Himawan Wicaksono H., Ansyah A.R.B.,
Mudana IN., Widiwanto B., and Nurfarida I. (2023).
Characteristics of Osteoporosis Patients with Gallstone
Formation in Cholelithiasis Patients with Malignant
Neuroleptic Syndrome. Asian Journal of Healthy and
Science. 2(2): 81-93

Johnston, S. M., Murray, K. P., Martin, S. A., Fox-Talbot, K.,
Lipsett, P. A., Lillemoe, K. D. and Pitt, H. A. (1997). Iron
deficiency enhances cholesterol gallstone formation.
Surgery. 122(2): 354-61.

Kamel-ElSayed S.A, Nezwek T.A, Varacallo M.A.
Physiology, Bone. [Updated 2024 Sep 10]. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing.

120

Kazi, F. N., Ghosh, S., Sharma, J. V. P., Saravanan, S., and
Patil, S. (2022). Trends in Gallbladder Disease in Young
Adults: A Growing Concern. Cureus, 14(8), e28555.
https://doi.org/10.7759/cureus.28555.

Kharga B, Sharma B.K, Singh V.K, ef al. (2016) Obesity not
necessary, risk of symptomatic cholelithiasis increases as a
function of BMI. J Clin Diagnostic Res. 10(10):28-32.
https://doi.org/10.7860/JCDR/2016/22098.8736

Kim, H., Lee, Y. D., Kim, H. J., Lee, Z. H. and Kim H. H.
(2017). SOD2 and Sirt3 Control Osteoclastogenesis by
Regulating Mitochondrial ROS. J. Bone Min. Res. 32: 397—
406.

Klahan, S., Kuo, C. N., Chien, S. C., Lin, Y. W, Lin, C. Y.,
Lin, C. H., Chang, W. C., Lin, C. L., Hung, K. S., and Chang,
W. P. (2014). Osteoporosis increases subsequent risk of
gallstone: a nationwide population-based cohort study in
Taiwan. BMC gastroenterology, 14, 192.

Le Boff MS, Greenspan SL, Insogna KL, ef al. (2022) The
clinician’s guide to prevention and treatment of
osteoporosis. Osteoporos Int. 33:2049-102.

LiY, Hao W, Guan J, Li B, Meng L, Sun S, Sheng T, Dong S,
Zhou Q, Liu M, Zhang Z, Shen T, Shen Y, Zhao B. (2022)
Relationship between indices of circulating blood cells and
bone homeostasis in osteoporosis. Frontiers in
Endocrinology. Volume 13 - 2022.
DOI=10.3389/fendo.2022.965290.

Li, C., and He, Q. (2025). Association between osteoporosis
and gallstone based on the National Health and Nutrition
Examination Survey (NHANES) 2017-2020: a cross-
sectional study. Frontiers in public health, 13, 1562984.

Lin, J., Shao, W., Chen, Q., Zhu, W., Lu, L., Jia, H., & Chen,
J. (2017). Osteopontin deficiency protects mice from
cholesterol gallstone formation by reducing expression of
intestinal NPC1L1. Molecular Medicine Reports, 16(2),
1785-1792.

Ma, Z., Sun, J., Jiang, Q., Zhao, Y., Jiang, H., Sun, P. and Feng
W. (2024). Identification and analysis of mitochondria-
related central genes in steroid-induced osteonecrosis of the
femoral head, along with drug prediction. Front.
Endocrinol. 15:1341366.

Maggio, M., De Vita, F., Fisichella, A., Lauretani, F., Ticinesi,
A., Ceresini, G et al. (2015). The role of the multiple
hormonal dysregulation in the onset of “anemia of aging”:
focus on testosterone, IGF-1, and thyroid hormones. Int J
Endocrinol, 2015 Article 292574.

Maryanovich M, Zahalka AH, Pierce H, Pinho S, Nakahara F,
Asada N, et al. (2018) Adrenergic nerve degeneration in
bone marrow drives aging of the hematopoietic stem cell
niche. Nat Med 24(6):782-91. doi: 10.1038/s41591-018-
0030-x

Maurer, K. J., Carey, M. C. and Fox, J. G. (2009) Roles of
infection, inflammation, and the immune system in
cholesterol gallstone formation. Gastroenterology. 136:
425-40

Mitchell R.J, Lord S.R, Harvey L.A, Close J.C. (2015) Obesity
and falls in older people:mediating effects of disease,
sedentary behavior, mood, pain and medication use.
Archives of gerontology and geriatrics. 60(1):52—8. doi:
10.1016/j.archger.2014.09.006.

Pamuk, G. E., Umit, H., Harmandar, F. and Yesil, N. (2009).
Patients with iron deficiency anemia have an increased
prevalence of gallstones. Ann Hematol. 88(1): 17-20.

Parra-Landazury N.M, Cordova-Gallardo J, Méndez-Sanchez,
N. (2021) Obesity and gallstones. Visc Med.37(5):394-402.
https://doi.org/10.1159/000515545

Archives of Basic and Applied Medicine 13 (October 2025)



Udechukwu and Salami. Manganese chloride attenuated osteoporosis during cholesterol gallstone

Patsch J.M, Kiefer F.W, Varga P, Pail P, Rauner M,
Stupphann D, Resch H, Moser D, Zysset P.K, Stulnig T.M,
Pietschmann P. (2011) Increased bone resorption and
impaired bone microarchitecture in short-term and extended
high-fat diet-induced obesity. Metabolism.60(2):243-9. doi:
10.1016/j.metabol.2009.11.023.

Pepa G. D. and Brandi M. L. (2016). Microelements for bone
boost: The last but not the least. Clin. Cases Miner. Bone
Metab.13:181-185.

Ponzano M, Wiest M.J, Coleman A, Newton E, Pakosh M,
Patsakos EM, et al. (2021) The use of alkaline phosphatase
as a bone turnover marker after spinal cord injury: a scoping
review of human and animal studies. J Spinal Cord Med. 1—-
14. https://doi.org/10.1080/10790268.2021.1977905.

Prasad, P. C., Gupta, S., and Kaushik, N. (2015). To study
serum iron levels in patients of gall bladder stone disease
and to compare with healthy individuals. The Indian journal
of surgery. 77(1): 19-22.

Rowe P, Koller A, Sharma S. (2023). Physiology, Bone
Remodeling. [Updated 2023 Mar 17]. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing.

Sadri, Z, Harouni, J, Vahid, F, Khosravani, Z, and Najafi, F.
(2022). Association between the dietary inflammatory index
with gallstone disease: finding from Dena PERSIAN cohort.
BMJ Open Gastroenterol. doi: 10.1136/bmjgast-2022-
000944.

Salami A. T., Adeola B. O., Iyiola T. O., Omayone T. P.,
Oluwole F. S. and Olaleye S. B. (2016). Antioxidative
action of manganese treatment in delayed healing of acetic
acid-induced ulceration in rat stomach. J. Afi. Ass. Physiol.
Sci. 3 (2): 67-78.

Salami, A.T.; Odukanmi, O.A.; Akerele, M.E.; Omayone, T.P.
and Olaleye, S.B. (2019). Manganese Chloride attenuates
osteoporosis in rats with experimental ulcerative colitis.
Archives of Basic and Applied Medicine. Vol 7: 21 — 34

Schrottmaier W.C, Mussbacher M, Salzmann M, Assinger A.
(2020) Platelet-leukocyte interplay during vascular disease.
Atherosclerosis.;307 .https://doi.org/10.1016/j.atheroscleros
i5.2020.04.018. 109 —20.

Shah R, John S. (2021) Cholestatic Jaundice. In: StatPearls.
edn. Treasure Island (FL): StatPearls Publishing Copyright
© 2021, StatPearls Publishing LLC.

Shu, J., Tan, A., Li, Y., Huang, H. and Yang, J. (2022). The
correlation between serum total alkaline phosphatase and
bone mineral density in young adults. BMC Musculoskelet
Disord 23, 467 https://doi.org/10.1186/s12891-022-05438-

y

Smith, T. L. and Weyrich, A. S. (2011). Platelets as central
mediators of systemic inflammatory responses. Thromb
Res. 127(5): 391-4.

Stokes, C. S., and Lammert, F. (2021). Excess Body Weight
and Gallstone Disease. Visceral medicine, 37(4): 254-260.

Tariq S, Tariq S, Lone K.P, Khalig S. (2019) Alkaline
phosphatase is a predictor of bone mineral density in
postmenopausal females. Pak J Med Sci.35(3):749-53.

Tariq S, Tariq S, Shahzad M. (2021) Association of serum
chemerin with calcium, alkaline phosphatase and bone
mineral density in postmenopausal females. Pak J Med Sci.
37(2):384-8.

Taskozhina, G., Batyrova, G., Umarova, G., Issanguzhina, Z.,
and Kereyeva, N. (2024). The Manganese-Bone
Connection: Investigating the Role of Manganese in Bone
Health. Journal of clinical medicine, 13(16), 4679.
https://doi.org/10.3390/jcm13164679

Archives of Basic and Applied Medicine 13 (October 2025)

Tekle, E., Gelaw, Y., and Asrie, F. (2022). Hematological
Profile Changes Among Oral Contraceptive Users: A
Narrative Review. Journal of blood medicine. 13: 525-536.

Valderrabano R.J, Buzkova P, Chang P.Y, Zakai N.A, Fink
H.A, Robbins J.A, et al. (2021) Associations of hemoglobin
and change in hemoglobin with risk of incident hip fracture
in older men and women: the cardiovascular health study.
Osteoporos Int. 32(8):1669—77. doi: 10.1007/s00198-021-
05873-y

Valderrabano R.J. and Wu J.Y. (2019). Bone and blood
interactions in human health and disease. Bone. 119: 65-70.
https://doi.org/10.1016/j.bone.2018.02.019.

Valderrabano, R. J., Lui, L. Y., Lee, J., Cummings, S. R,
Orwoll, E. S., Hoffman, A. R., Wu, J. Y., & Osteoporotic
Fractures in Men (MrOS) Study Research Group (2017).
Bone Density Loss Is Associated With Blood Cell Counts.
Journal of bone and mineral research : the official journal
of the American Society for Bone and Mineral Research,
32(2), 212-220. https://doi.org/10.1002/jbmr.3000

Wang, C., Zhu, Y., Long, H. T., Ou, M. N. and Zhao, S. S.
(2022). Relationship between blood manganese and bone
mineral density and bone mineral content in adults: A
population-based cross-sectional study. PLoS ONE. 17:
e0276551.

Wei, M., Huang, Q., Dai, Y., Zhou, H., Cui, Y., Song, W., Di,
D., Zhang, R., Li, C., Wang, Q. and Jing, T. (2022).
Manganese, iron, copper, and selenium co-exposure and
osteoporosis risk in Chinese adults. J Trace Elem Med Biol.
72: 126989.

Williams C and Sapra A. (2021) Osteoporosis Markers. In:
StatPearls. edn. Treasure Island (FL): StatPearls Publishing
Copyright © 2021, StatPearls Publishing LLC.

Winterbourn, C. C. (2018). Biological production, detection,
and fate of hydrogen peroxide. Antioxid. Redox Signal. 29:
541-551.

Xiaosong C. and Chengjin Z. (2023) The correlation between
serum levels of alkaline phosphatase and bone mineral
density in adults aged 20 to 59 years. Medicine
102(32):347-55. DOI: 10.1097/MD.0000000000034755

Yan C, Wu H, Fang X, He J, Zhu F. (2023) Platelet, a key
regulator of innate and adaptive immunity. Front Med
(Lausanne).10:1074878.
https://doi.org/10.3389/fmed.2023.1074878

Yang, X. R., Li, L. and Nie, L. X. (2024). Associations
between co-exposure to heavy metals and vertebral
compression fracture, as well as femoral neck bone mineral
density: A cross-sectional study from NHANES data. PLoS
ONE. 19: 0303418.

Zheng, Y. Xu M., Zheng Y., Xu M., et al. (2018) Gallstone
disease and increased risk of mortality: two large
prospective studies in US men and women. J Gastroenterol
Hepatol, 33: 925-1931.

121



