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Abstract

Osteoporosis is one of the extra intestinal manifestations of ulcerative colitis common with children living with inflammatory
bowel disease (IBD). It results in abnormal growth plate morphology and is linked to early tibial epiphyseal closure rate. This
study seeks to unravel the role played by manganese on bone homeostasis during ulcerative colitis. 80 male Wistar rats (3months
old; 130-150g) were divided into five groups: Group 1 served as control while groups 2 to 5 were induced with colitis via rectal
irrigation with1.5mLs of 6% acetic acid and treated thus: 2 & 3- 200 and 100mg/kg manganese respectively, 4- 500mg/kg
sulfasalazine treatment, 5- Untreated colitis. Daily body weights, stool score, hematological, biochemical, bone study, colon
macroscopic and microscopic ulcers were evaluated on days 3, 7 and 14 post- induction. Results were expressed as Mean *
SEM, analyzed using ANOVA and significant at p<0.05. Ulcerative colitis caused deleterious alterations in body weight, stool
score, colonic weight/length ratio and macroscopic ulcer score. Manganese (200mg/kg) and Sulfasalazine reverted all the stated
variables back to normal levels. Manganese treatment significantly reduced Myeloid/Erythroid Ratio unlike sulfasalazine
treatment. Spleen and liver weights of manganese treated animals were decreased compared with colitis untreated. Significant
increases in femur, pelvic bone and alkaline phosphatase level of high manganese treated animals was observed. Manganese
treated animals had a decreased duration of tibial epiphyseal plate closure compared with other groups. It can be concluded that
manganese treatment not only has ameliorative effect on colon inflammation but also modulates bone homeostasis during

ulcerative colitis in young Wistar rats.
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INTRODUCTION

Inflammatory Bowel Disease (IBD) has been discovered,
investigated and documented to be a chronic (progressive)
disease of the (lower) gastrointestinal system leading to high
morbidity and mortality (Ko et al., 2010, Ford et al., 2013).
Currently, it can only be carefully managed with the use of
immunosuppressive anti-inflammatory drugs which includes
aminosalicylates, glucocorticoids which are aimed to help
improve the quality of life of affected individuals (Irvine et al.,
1994, Kanis et al., 2013). These synthetic drugs have recently
been discovered to cause undesirable adverse or side effects
(CCFA, 2013) in patients. Inflammation and tissue destruction
marks the peak of IBD, which can be seen as a protective
response pivoted via activation of (blood) inflammatory cells,
particularly neutrophils and lymphocytes (Farrell et al., 2002;
Aller et al., 2006) to get rid of injurious substances found
within the living organism (due to the inflamed colon) as well
as initiate (colon) healing (Head and Jurenka, 2003).

A lot of extra intestinal manifestations of Inflammatory
Bowel Disease (IBD) has been discovered basically from the
uncurbed pathological disease (Bernstein et al., 2001); few of
these include Sweet’s syndrome (Timani and Mutasim, 2006),
colon cancer (Triantofillidas et al., 2009), renal obstruction
(Ruffolo et al., 2004), chronic renal disease (Berstein et al.,
2005), increased risk of osteopaenia and osteoporosis (van
Staa et al., 2003, Piodi et al., 2014 ) as well as defects of
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musculoskeletal system (De Vos, 2004, Bourikas and
Papadakis, 2009). Medical dictionary defines osteoporosis as
the thinning of bones mostly associated with reduction in
(bone) mass, as a result of bone calcium and protein depletion.
Osteopenia (though not as severe as osteoporosis) is caused by
depreciation of bone tissue and mineral content while
osteomalacia means softening of the bones associated with
resistance, abnormal metabolism and deficiency of Vitamin D
(Menezes et al., 2006, Kuwabara et al., 2009, Ulitsky et al.,
2011).

An articulated balance between osteoblastic bone formation
and resorption (removal of old bones) helps in maintaining
normal bone homeostasis (Raggatt and Partridge, 2010) which
is mostly a constant and continuous process throughout life. In
some diseased state, bone resorption far outweighs formation
leading to osteopenia and if not properly handled leads to
osteoporosis (Kwan et al., 2004; CCFA 2012). Roughly about
40 - 50% of patients diagnosed with IBD have osteopenia
while about 30% have osteoporosis (Lichtenstein, 2003). It
has been well documented that in osteoporotic conditions,
osteoblasts are characterized with lower cell proliferation and
defective functions compared with osteoblast (Perrini et al.,
2008). Growth plates responsible for the total axial growth of
long bone are severely impaired during diseased conditions
with bone deformity likely to occur. Studies have also shown
that colitis causes abnormal growth plate morphology
(Koniaris et al., 1997) or impaired linear growth as seen
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mostly in about 19-31% of children with nutritional
deficiencies (Hildebrand et al., 2006) and living with IBD
(Vaisman et al., 2006) i.e. low-calorie consumption and not
malfunction of the gut.

The tibial epiphyseal plate is well known as the main site for
bone growth. Quick endochondral ossification in the growth
plate occurs either in osteoporosis of the diaphyseal cortex or
epiphyseal trabecular bone which is followed by a catch-up
growth in which there is increased growth from release of
growth inhibition (Gafni et al., 2002).

Trace elements are chemical non- toxic (depending on the
route of administration and dose consumption) substances
required in minute quantity for normal physiologic
functioning. Manganese a trace element has been found to
possess anti-oxidant properties, aids body metabolism and is
essential for the development of strong bones but can cause
damage to the brain if in excess (Emsley, 2001; Greger, 1998).
This study focuses on the probable effect of manganese on
osteoporosis (tibial epiphyseal plate) during ulcerative colitis
healing.

MATERIALS AND METHODS

Preparation of Reagent: 10% Formalin: 10 mLs of 100%
formalin was dissolved in 90mLs of distilled water.

6% acetic acid: 6mLs of 100% acetic acid was dissolved in
94mLs of distilled water.

Manganese chloride was obtained from (Qualikems Fine
Chemicals Pvt. Ltd, 15b/4, Near Old Rajinder Nagar, New
Delhi) and was administered through oral gavage using,
(100mg/kg and 200mg/kg of Manganese chloride).

Animal model: 80 male Wistar rats (three months weighing
130-150g) were used for this study. They were purchased from
the Animal House of the College of Medicine, University of
Ibadan, Nigeria. The rats were housed in solid bottom
polypropylene cages and kept at the Departmental Animal
House at standard temperature of 26°C+3°C, relative humidity
of about 50-70% of temperature, environmental 12 hours of
light and 12 hours of dark cycle for a period of 2 weeks before
(for acclimatization) and during the experiment. They were
kept under pathogen-free conditions. The animals had free
access to standardized rats pellet diet from Ladokun Feeds
Ibadan, Nigeria throughout the research except when the rats
were made to fast for 24 hours before induction of colitis. They
were also provided with clean tap water ad libitum.

The rats were randomly divided into 5 groups of 15 rats
each.
Group 1 - No colitis no treatment,
Group 2 - Manganese chloride (200 mg/kg) with colitis
Group 3 - Manganese chloride (100 mg/kg) with colitis
Group 4 - Sulfasalazine (500mg/kg) with colitis
Group 5 - Untreated Colitis

Experimental colitis

The rats were anesthetized using ketamine (0.2ml/kg) and
thereafter induced with colitis using 1.5 mLs of 6% acetic acid.
The acetic acid was given intra-rectally by inserting a flexible
plastic catheter of 8cm long and 2mm in diameter into the
colon through the anal opening. The rats were placed in an
inverted position for 15 seconds after induction to prevent
leaking out of the acetic acid.
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Evaluation of stool
The stool of the animals induced with colitis was scored 24
hours post colitis induction using a standard scoring method.

Table 1:

Colitis Stool Scoring (Engel et al., 2008)
Stool score  Criteria
0 normal (well-formed fecal pellets)
1 loosely shaped, moist sticky pellets
2 amorphous, moist, sticky pellets
3 diarrhea
4 occult blood in stool

Blood collection, euthanasia and determination of
biochemical parameters : On the 3rd, 7th and 14th day after
induction of colitis blood was collected by ocular puncture
using heparinized capillary tubes into lithium-heparinized
bottle before the animals were sacrificed. Parameters
examined include: Total serum protein, serum albumin, serum
globulin and serum alkaline phosphatase levels using the
method of Dacie and Lewis (1991).

Assessment of damage on the colon, inflammation and
histopathology: On the 3rd, 7th, and 14th day after colitis
induction, the animals were sacrificed and the colons of each
animal was harvested, rinsed in cold phosphate buffered saline
before evaluation of (colon) ulcer area and index were
determined according to the method described by Morris et al.,
(1989). The whole weight, whole length and distal 8cm (length
and weight) of each colon was measured and recorded. Visible
damage was scored by method described by Saleh et al.,
(2012) on a 0-10 scale system taking into consideration area
of involvement and the presence or absence of ulcers as well
as signs of inflammation.

Bone collection: On sacrificing the animals, the tibial bone of
each animal was collected following procedures of Salami et
al., (2011). Briefly, soft tissue attached to the fermur, tibia and
fibula such as muscles, fascia, tendons and ligaments were
removed using the scapel blade. The specimen of each group
was placed in a bucket of water and allowed to stand for 3 days
after which the water was changed. To the changed water,
potassium hydroxide (KOH) was dissolved to aid total
removal of the remaining soft tissues from the bones and
detergent was added to reduce fat after which the bones were
boiled. The bones were allowed to dry, bleached with
hydrogen peroxide (H20;) and washed with VimR and brush
after which they were air dried for 2-3 days.

Colon of each rats sacrificed on the different experimental
days were preserved in 10% formalin and sent for
histopathology studies.

Assessment of the bone samples: The right tibia and fibula
were harvested; their flesh teased out and kept in 10% formalin
so as to preserve it. The tibia and fibula were taken for
histopathology examination in the Histopathology laboratory
of the University College Hospital (UCH) Ibadan. The length
of the tibial epiphyseal plate was measured for each sample at
the department of Veterinary Anatomy, Faculty of Veterinary
Medicine, University of Ibadan.

All the bones of each rat used for the experiment were
collected, dried and weighed. The pelvic bone was also
weighed separately.
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RESULTS

Effect of manganese chloride on body weight of
experimental animals: A steady significant increase in the
body weight of animals was recorded in all the experimental
groups compared with colitis - sulfasalazine treated group.
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Figure 1:

Effect of manganese chloride on body weight of experimental animal

MH - Colitis + high dose (200mg/kg b.w) of Manganese Chloride,

ML - Colitis + low dose (100mg/kg b.w) of Manganese Chloride ,

MA - Colitis + (500mg/kg b.w) Sulfasalazine treatment , MC - Colitis

alone, MT - No colitis no treatment

Effect of manganese chloride on stool of experimental
animal: Diarrhea in all the groups induced with colitis reduced
with time as healing progressed, (Table 1).

Effect of manganese chloride on ulcer scoring of
experimental animal colon: The ulcer score of MA (colitis
groups treated with 500mg/kg b.w Sulfasalazine) was
significantly higher compared with other groups by day 3 post
induction while by day 7 ulcer score of MC (colitis untreated
group) was significantly higher than other experimental
(treatment) groups, (Figure 2).

There were no visible ulcers observed in all the
experimental groups by day 14 (heavy black arrows pointing
down Figure 2).

Effect of manganese chloride on mucosal width, ulcer
depth of experimental animal: There was a significant
decrease in the mucosal height of the Colitis Sulphazalazine
treated (MA) and Colitis untreated (MC) groups compared
with other experimental and treated groups by day 3. On day
7 and 14 of treatment, the mucosal height in the colitis

untreated (MC) group was significantly reduced compared
with other experimental groups (Table 2).

The microscopic colon ulcer depth was significantly increased
in the Colitis untreated (MC) group both on days 3 and 7
compared with all other experimental groups. There was no
detectable ulcer in the Colitis Sulphazalazine treated (MA)
group microscopically by day 14, (Table 2).
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Figure 2:

Effect of Manganese Chloride on Ulcer
Experimental Animal Colon

MH - Colitis + (200mg/kg b.w) of Manganese Chloride , ML
- Colitis + (100mg/kg b.w) of Manganese Chloride , MA -
Colitis + Sulfasalazine treatment , MC - Colitis alone, MT -
No colitis no treatment

& - shows significance between MH

Scores of

Effect of manganese chloride on colonic length, weight and
weight/length ratio of experimental animal: The
weight/length ratio of colitis untreated group (MC) was
significantly higher than control - no colitis untreated group
(MT) by day 3 while on days 7 and 14 there was no
significance difference recorded in any of the experimental
groups, (Table 3).

On all the days there was no significant difference in the
colitis low (100 mg/kg b.w) manganese treated group (ML)
when compared with the control- no colitis untreated (MT)
group (Table 3).

Table 1:

Effect of manganese chloride on stool consistency of experimental animals
Group /Time 24 HRS 48 HRS 72 HRS 96 HRS 120 HRS 144 HRS 168 HRS
MH 2.67+0.33 2.67+0.33 1.67+0.33 1.67+0.33 1.00+0.00  0.33+0.33  0.00+0.00
ML 3.00+0.00 3.00£0.00 2.00+0.00 1.67+0.33 0.6740.33  0.00+0.00  0.00+0.00
MA 3.00+0.00 3.00£0.00 2.00+0.00 1.33+0.33 0.33#0.33  0.33+#0.33  0.00£0.00
MC 3.00+0.00 3.00£0.00 2.33+0.33 1.67+0.33 1.33+0.33  0.00+0.0 0.00£0.00
MT 0.00+0.00%*¢  0.00+0.002°¢Y  0.00+0.00%°®  0.00+0.00%*¢  0.00+0.00  0.00+0.00  0.00+0.00

a shows significance to MH,  shows significance to ML, ¢ shows significance to MA, 9 shows significance to MC and ¢ shows significance to
MT. MH - Colitis + 200mg/kg b.w manganese chloride, ML - Colitis + 100mg/kg b.w of manganese chloride MA - Colitis + 500mg/kg b.w
Sulfasalazine treatment, MC - Colitis alone, MT - No colitis no treatment
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Table 2:

Effect of Manganese Chloride on Colon Mucosal Height, Colon Ulcer Depth of Experimental Animal

Groups Colon Mucosal width Colon ulcer depth

Day 3 Day 7 Day 14 Day 3 Day 7 Day 14
MH 0.3+0.01 0.4 +0.04 0.28 +0.02 0.09 +0.04 0.05 +0.03 0.06 + 0.03
ML 0.34 +0.02 0.33 +0.03 0.32 +0.04 0.22 +0.01 0.06 +0.02 0.03 +0.03
MA 0.16 + 0.032%¢ 0.31 +0.03 0.29 +0.01 0.24 +0.12 0.17 + 0.04 0.00 + 0.00°
MC 0.21 +0.01° 0.17 + 0.00%¢  0.23 +0.00° 0.74 +0.08%%  0.22 +0.03%**  0.10 +0.02
MT 0.31 +0.04 0.45 +0.03 0.37 + 0.04 0.01+0.01 0.01 +0.01 0.02 +0.02

& shows significance to MH - shows significance to ML, °- shows significance to MA, 9- shows significance to MC and &- shows significance
to MT MH- Colitis + high dose of (200mg/kg b.w) Manganese chloride , ML - Colitis + low dose of (100mg/kg b.w) Manganese chloride,
MA- Colitis + (500mg/kg b.w) Sulfasalazine treatment , MC- Colitis alone, MT - No colitis no treatment

Table 3:

Effect of Manganese Chloride on Colon Length, Weight and Weight/Length Ratio of Experimental Animal

Groups COLON LENGTH COLON WEIGHT COLON WEIGHT/LENGTH

/Days RATIO
3 7 14 3 7 14 3 7 14

MH 17.83 1750 1757 1.41 1.64 1.28 0.11¥0.00 0.10x0.01 0.08+0.00
+1.179 +05 +0.18 +000  £0.00  +0.01

ML 16.67 17.50 13.37 16 1.78 1.23 0.09+0.00 0.09x0.00 0.09:0.00
+0.44 +0.06  +£0.13  +005%  +0.01°  +0.01

MA 13.53 19.30 12.73 152 1.62 1.41 0.100.02  0.08+0.00 0.08+0.00
+0.29 +0.15%  +0.87°%  +04 +0.01  +0.00%

MC 12.67 15.33 16.13 155 1.66 1.24 0.1330.00° 0.10£0.00 0.08+0.00
+1.20 +0.17%%  +0.07 +0.03 +0.03  +0.03

MT 16.50 18.50 17.20 1.22 1.62 1.28 0.08+0.00 0.09x0.00 0.08+0.00
+1.00 +0.5 +0.10 +0.03%¢ +0.04  +0.05

& shows significance to MH °- shows significance to ML, ¢- shows significance to MA, ¢- shows significance to MC and -
shows significance to MT MH- Colitis + high dose of (200mg/kg b.w) Manganese chloride , ML - Colitis + low dose of
(100mg/kg b.w) Manganese chloride. MA- Colitis + (500mg/kg b.w) Sulfasalazine treatment , MC- Colitis alone, MT - No

colitis no treatment .

Table 4:

Effect of manganese chloride on platelet count, red blood cell count and packed cell volume.

Groups Red Blood Cell Count Hemoglobin level (g/dL) Packed Cell Volume Platelet Count
(x108 pL). (%) million/cu mm
Day 3 Day Day Day 3 Day7 Dayl4 Day Day7 Day Day3 Day7 Day
7 14 3 14 14
MH 8.70 6.98 7.49 18.50 1410 1453  48.33 42.00 40.0 74670 67670 69330
+0.02b«  +0.24 +0.12° +0.61°% +0.32  +0.07°° +1.67 +0.58 +3.51 5925 +3283  +8667
ML 7.20 6.47 6.7 13.57 1357 12,77  43.33 40.00 37.67 69330 69330 65670
+0.14®*  +0.07 #0.07 +0.12 +0.12  +043 +1.76 +0.58 +1.20 3712 +15450 +666.7
MA 7.45 6.28 555 14.57 1233 1210 45.33 36.00 34.00 50330 72330 64670
+0.05 +0.13 #0.71 019 +0.07* +0.40 +1.20 +0.58 +2.31 +3930° 5608 +333.3
MC 7.46 727 6.65 14.43 1533 1340 42.67 43.67 36.33 50670 76670 85670
+0.02 +0.27 #0.12 +0.52 +0.07° +0.30 +0.88 +1.86 +3.28 5044 +11620 +6333
MT 8.33 702 6.6 17.77 1450 1343  48.00 42.33 40.0 66330 62000 61330
+0.46 +0.34 +0.18 +1.17°¢ +0.69 +0.12 +1.16 *1.45  +1.00 4978 6000 +2186

a- shows significance when compared with MH b- shows significance to ML, c- shows significance to MA, d- shows
significance to MC and e- shows significance to MT. MH- Colitis + high dose of manganese chloride, ML- Colitis + low
dose of manganese chloride, MA- Colitis + Sulfasalazine treatment , MC- Colitis alone , MT- No colitis no treatment

Effect of manganese chloride on Red Blood Cell count
(RBC), hemoglobin level (HB), Packed Cell Volume (PCV)
and platelet count.

Day 3: Red blood cell count in the colitis treated with high
manganese (MH) group was significantly higher than colitis
treated with low manganese (ML), colitis sulphazalazine
treated (MA) and colitis untreated (MC) group while RBC in
the colitis treated with low manganese (ML) group was
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significantly lower than no colitis untreated (MT) group.
There was no significance on packed cell volume between the
groups on this day. Hemoglobin level of colitis untreated (MC)
group was significantly lower than all other experimental
groups with colitis treated with high manganese (MH) group
having the highest. Platelet count for colitis treated with high
manganese (MH) group was significantly higher than colitis
sulphazalazine treated (MA) group, (Table 4).
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Day 7: There was no significant difference in the platelet and
red blood cell counts between the groups. The packed cell
volume of the colitis sulphazalazine treated (MA) group was
significantly lower than the colitis treated with high
manganese (MH), colitis untreated (MC) and no colitis
untreated (MT) groups while the Hemoglobin level of colitis
sulphazalazine treated (MA) group was the lowest on this day,
(Table 4).

Day 14: The platelet count and packed cell volume of all the
experimental groups were not significant different on this day.
The red blood cell count of the colitis treated with high
manganese (MH) group was significantly higher than the
colitis sulphazalazine treated (MA) while the Hemoglobin
level of the colitis treated with high manganese (MH) group
was significantly higher than colitis treated with low
manganese (ML) and colitis sulphazalazine treated (MA)
groups, (Table 4).

Effect of manganese chloride on neutrophil count,
lymphocyte count and White Blood Cell count (WBC)
The neutrophil and lymphocyte counts by day 3 of the
experiment was not significant in any of the experimental
groups. There was a significant increase in the WBC of the
colitis treated with high manganese (MH) group compared
with colitis treated with low manganese (ML) and colitis
untreated (MC) groups.

However, by day 7 neutrophil count of colitis untreated
(MC) group was significantly higher than other groups; colitis
treated with high manganese (MH) group had significantly
lower neutrophil count than colitis treated with low manganese
(ML) group. The lymphocyte count of the colitis untreated
(MC) group was significantly lower than all experimental
other groups while that of colitis treated with high manganese
(MH) was significantly higher than colitis treated with low
manganese (ML) group, (Table 5).

The white blood cell count was not significant in any
group on this day, (Table 5). The white blood cell count,
lymphocyte count and neutrophil count were not significant in
any experimental group by day 14 post colitis induction,
(Table 5).

Effect of Manganese Chloride on the Neutrophil
Lymphocyte Ratio (N/L) of the Experimental Animal
There was a significant increase in the N/L ratio of the colitis
untreated groups (MC) by days 3 and 7 compared with all the
experimental groups, (Figure 3).

The colitis treated with high dose of (200mg/kg b.w)
manganese (MH) had a significantly lower N/L compared with
all the other colitis treated groups by days 7 and 14, (Figure
3).

Effect of Manganese Chloride on Total Protein, Albumin
Level, Globulin Level, Fibrinogen and Albumin-Globulin
Ratio.

The albumin level of colitis high manganese treated (MH) was
significantly higher than colitis low manganese (ML), colitis
treated with sulfasalazine (MA) and colitis untreated (MC)
experimental groups by day 3. On day 3 the fibrinogen level
of colitis untreated (MC) group was significantly higher than
colitis sulfasalazine treated (MA), colitis low manganese
treated (ML) and colitis high manganese treated (MH) groups.
The albumin globulin ratio of colitis untreated (MC) and MT
groups were significantly lower than colitis high manganese
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treated (MH) and colitis low manganese (ML) groups. Total
serum protein was not significant in any experimental group
on this day, (Table 6).

The total serum protein and albumin level of colitis
untreated (MC) group was significantly lower than all other
experimental groups on day 7 post colitis induction. The
Fibrinogen level was not significant by day 7 in all groups,
(Table 6).

The albumin level, albumin/globulin ratio as well as total
serum protein by day 14 for Colitis treated with sulfasalazine
(MA) group was significantly lower than all other
experimental groups. There was no significance in the
fibrinogen level by day 14 post colitis induction and treatment
in all the experimental groups, (Table 6).
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FIGURE 3:

Effect of manganese chloride on neutrophil lymphocyte
ratio of experimental animal

2 shows significance to MH, - shows significance to ML, -
shows significance to MA, 9- shows significance to MC and ®-
shows significance to MT

MH- Colitis + high dose of (200mg/kg b.w) Manganese
chloride, ML- Colitis + low dose of (100mg/kg b.w)
Manganese chloride, MA- Colitis + (500mg/kg b.w)
Sulfasalazine treatment, MC- Colitis alone, MT- No colitis no
treatment

Effect of manganese chloride on weight of spleen and liver
of experimental animal

The Spleen weight of colitis untreated (MC) group was
significantly higher than other experimental groups [with
colitis low manganese treated (ML) group being the lowest
and was significantly lower than colitis sulfasalazine treated
(MA) and No colitis no treatment (MT)] on day 3. The liver
weight of No colitis no treatment (MT) group was significantly
lower compared with all other experimental groups by day 3.

The spleen weight of the colitis untreated group (MC) was
significantly higher than other experimental groups by day 7,
(Table 7).

The liver weight (on this day) of MA group was
significantly increased compared with colitis high manganese
treated (MH), colitis low manganese treated (ML) and No
colitis no treatment (MT) groups; it was significantly higher in
the colitis untreated (MC) group compared with colitis high
manganese treated (MH) and No colitis no treatment (MT)
also (day 7). The spleen weight for colitis untreated (MC) was
significantly higher than all other experimental groups (day 7),
(Table 7).
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Effect of manganese chloride on white blood cell, neutrophil, lymphocyte, monocyte and eosinophil counts.

Group White Blood Cell Count Neutrophil Count Lymphocyte Count Monocyte Level Eosinophil Level (x103/Mm)
(x103/Mm3) (x103/Mm3) (x103/Mm3) (x103/Mm®)
DAY 3 DAY7 DAY 14 DAY DAY DAY DAY3 DAY7 DAY DAY3 DAY7 DAY DAY 3 DAY 7 DAY 14
3 7 14 14 14

MH 3433 3710 4833 40.33 17.67 20.00 57.00 80.33 74.00 1.33 1.67 2.00 1.00 2.00+0.58 2.00+0.58
+467.6°  +805 +384.4 +0.88  +3.76° 5,77  +0.58%¢  +4.10 +4.93  +0.33  +0.33°¢ +0.58  +0.58

ML 1967 4790 4517 26.33 34.67 32.67 69.67 60.33 64.67 2.33 2.67 2.00 1.00 2.33+0.88 2.33+0.88
+116.7 +389.3 +72.65 +3.84  $2.33 +449  £2.03 +2.33 +470 #1220  +0.88 +0.58  +0.58

MA 3050 3920 4450 27.33 27.33 33.00 69.00 70.67 63.33 2.00 2.33 2.33 2.67 0.33+0.33 1.33+0.67
+208.2 +409.1 1350 1742  +1.86 252  16.81 +1.45 +1.67  +0.58  +0.33 +0.33  +1.33e  abe abe

MC 1967 5420 4917 29.33 51.67 30.67 67.33 46.33 65.00 1.33 2.33 2.00 2.00 0.00+0.00%  2.33+0.33
+266.3 1971.2 +164.1 +4.37  +1.67%%® 1546  +5.23 +1.67%  +611  +0.67  +0.33 +1.00  #0.57

MT 2483 4820 4100 32.33 23.33 27.00 68.00 72.67 79.67 1.00 2.00 1.67 1.67 2.00+0.58 1.67+0.33
+16.67 +337.9 +50 +3.67  +1.76 +4.73  +4.00 +1.76 +0.67  +0.00  +0.58 +0.88  +0.88

Table 6:

Effect of Manganese Chloride on Total Protein, Albumin Level, Globulin Level, And Albumin- Globulin Ratio.

Groups TOTAL PROTEIN ALBUMIN LEVEL (mg/dL) FIBRINOGEN LEVEL GLOBULIN LEVEL (mg/dL) ALBUMIN / GLOBULIN
LEVEL (mg/dL) (mg/dL) RATIO
DAY DAY DAY DAY DAY 7 DAY 14 DAY 3 DAY 7 DAY 14 DAY 3 DAY 7 DAY 14 DAY 3 DAY 7 DAY 14
3 7 14 3

MH 580 7.50 7.23 4.43 4.60 4,57 0.1 0.1 0.3 2.13 2.77 2.87 2.07 1.77 1.53

+0.15 +0.06 +0.12 +0.23 +0.06 +0.12 +0.00 +0.00 +0.06 +0.03¢¢e +0.03 +0.03 +0.09 +0.09 +0.67
bed

ML 6.17 7.40 7.17 3.63 4.67 4.37 0.1 0.2 0.3 2.13 2.77 2.80 2.1 1.70 1.63
+0.12 +0.06 +0.09 +0.18 +0.088 +0.03 +0.00 +0.00 +0.06 +0.088¢cce +0.03 +0.057 +0.06 +0.06 +0.09

MA 6.13 7.27 6.77 3.60 4.73 3.67 0.1 0.17 0.2 2.67 2.67 3.17 1.67 1.70 1.10
+0.07 +0.13 +0.03%%  +0.15 +0.09 +0.1202b¢ +0.00 +0.03 +0.06 +0.09 +0.09 +0.0320 +0.13 +0.06 +0.06%%¢

MC 6.53 6.67 7.27 3.53 4.17 4.23 0.2 0.2 0.27 2.83 2.50 2.87 1.2 1.60 1.37
+0.15 #0.17%%%¢  +0.09 +0.07 +0.1220¢  +0,15 +0.00%¢  +0.00 +0.03 +0.07 +0.06%° +0.03 +0.58%*  +0.06 +0.09

MT 6.20 7.50 7.40 3.8 4.90 4.53 0.17 0.17 0.23 2.77 2.60 2.87 1.48 1.80 15
+0.50 +0.00 +0.1 +0.10 +0.00 +0.12 +0.03 +0.03 +0.07 +0.03 +0.00 +0.03 +0.17%  +0.00 +0.06

2 shows significance to MH, °- shows significance to ML, ¢- shows significance to MA, 9-shows significance to MC and - shows significance to MT.
MH- Colitis + high dose of (200mg/kg b.w) Manganese chloride, ML- Colitis + low dose of (100mg/kg b.w) Manganese chloride, MA- Colitis + (500mg/kg b.w) Sulfasalazine treatment,
MC- Colitis alone, MT- No colitis no treatment
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Table 7:

Effect of manganese chloride on weight of spleen, liver and fibrinogen level of experimental animal

Groups Weight Of Spleen (q) Weight Of Liver ()

DAY 3 DAY 7 DAY 14 DAY 3 DAY 7 DAY 14
MH 0.56+0.00 0.68+0.03 0.67+0.02 5.41+0.11¢ 6.10+0.15 6.15+0.55P¢de
ML 0.48+0.01° 0.65+0.05 0.71+0.05 5.63+0.19 6.81+0.24 5.83+0.56
MA 0.55+0.02 0.66+0.05 0.75+0.03 5.53+ 0.07 8.12+0.373%¢ 6.54+0.14
MC 0.66+0.013d  0.89+0.03%°d  0.82+0.05 6.37+0.27 7.87+0.07%* 8.43+0.4
MT 0.54.00 0.62+0.04 0.69+0.05 4.09+0.18%¢  6.01+0.02 5.69+0.18

2 shows significance to MH, - shows significance to ML, ¢ shows significance to MA, %-shows significance to MC and °- shows

significance to MT

MH- Colitis + high dose of manganese chloride , ML- Colitis + low dose of manganese chloride, MA- Colitis + Sulfasalazine treatment

, MC- Colitis alone , MT- No colitis no treatment
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Figure 4:

Effect of Manganese Chloride on Alkaline Phosphatase Level on The Experimental Animal

2 shows significance to MH, P- shows significance to ML, ¢ shows significance to MA, % shows significance to MC and & shows
significance to MT. MH- Colitis + high dose of (200mg/kg b.w) Manganese chloride, ML- Colitis + low dose of (100mg/kg b.w)
Manganese chloride , MA- Colitis + (500mg/kg b.w) Sulfasalazine treatment

MC- Colitis alone, MT- No colitis no treatment

Table 8:
Effect of Manganese Chloride on Weight of Pelvic Bone
and Femur

Group  Weight of Pelvic Bone Weight of Femur
9) (9)

Day Day Day Day Day Day

3 7 14 3 7 14

MH 0.46 0.40 0.38 055 054 0.58
+0.02 +0.01 +0.01 +0.04 +0.02 +0.01°

ML 0.39 0.39 0.39 046 046 0.46
+0.01 +0.02 +0.01 +0.01 +0.01 +0.01

MA  0.38 0.42 0.42 045 055 047
+0.02 +0.01 +0.05 #0.02 +0.02 +0.03

MC 0.30 0.40 0.43 054 054 0.62
+0.03%* +0.03 +0.03 +0.03 +0.04 +0.00°

MT 0.33 0.33 0.30 0.56 053 0.2
+0.03 +0.00 +0.00 +0.02 +0.03 +0.03

& shows significance to MH ®- shows significance to ML, ¢-
shows significance to MA, ¢ shows significance to MC and
&- shows significance to MT

Archives of Basic and Applied Medicine 7 (February 2019):

The liver weight of colitis untreated (MC) group was
significantly higher than colitis high manganese treated (MH),
colitis low manganese treated (ML) and No colitis no
treatment (MT) groups (Table 7).

Effect of Manganese Chloride on Alkaline Phosphatase
(ALP) Level of Experimental Animal

There was a significant increase in the ALP level of the colitis
untreated (MC) group compared with all other groups by day
3 post colitis induction. A significant increase was observed in
the colitis high (200mg/kg b.w) manganese treated group
when compared with other groups by day 14 of the
experiment, (Figure 4).

Effect of Manganese Chloride on Weight of Pelvic Bone
and Femur

There was an observed significant decrease in the pelvic bone
weight of the colitis untreated group (MC) compared with all
the other experimental groups by day 3; there was also no
observable significant difference in the femur weight of other
treatment groups, (Table 8).
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Table 9:
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Effect of manganese chloride on the mass density of tibia, length of tibia and weight of tibia

Groups Mass density of tibia (g/cm) Length of tibia (mm) Weight of tibia (g)
DAY 3 DAY 7 DAY 14 DAY 3 DAY 7 DAY 14 DAY 3 DAY 7 DAY 14
MH 0.14+ 0.16 0.14 31.00 32.67 32.00 0.60 0.54 0.54
0.02 +0.01 +0.03 +0.58 +033 +0.58 +0.03%%  +0.01°¢ +0.03
ML 0.13 0.13 0.11 32.00 33.33 32.00 0.43 0.45 0.46
+0.01 +0.01 +0.01 +0.58 +0.88 +0.58 +0.02 +0.01 +0.02
MA 0.14 0.12 0.13 34.67 33.33 32.33 0.54 0.48 0.48
+0.00 +0.00 +0.02 +0.33%% +033 +0.33 +0.02 +0.01 +0.03
MC 0.12 0.13 0.13 31.67 32.00 32.00 0.46 0.44 0.50
+0.01 +0.00 +0.01 +0.33 +058 +0.58 +0.03 +0.02 +0.03
MT 0.14 0.1 0.11 31.67 33.00 33.00 0.42 0.44 0.44
+0.00 +0.002 +0.00 +0.33 +058 +0.58 +0.03 +0.03 +0.03

2 shows significance to MH - shows significance to ML, ¢ shows significance to MA, 9- shows significance to MC and &- shows

significance to MT

MH- Colitis + high dose of (200mg/kg b.w) Manganese chloride, ML- Colitis + low dose of (100mg/kg b.w) Manganese

chloride, MA- Colitis + (500mg/kg b.w) Sulfasalazine treatment,

MC- Colitis alone, MT- No colitis no treatment
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Figure 5:

Effect of manganese chloride on the length of tibial epiphyseal plate in experimental animal
2 shows significance to MH °- shows significance to ML, ¢ shows significance to MA, %shows significance to MC and & shows significance

to MT

MH- Colitis + high dose of (200mg/kg b.w) Manganese chloride, ML- Colitis + low dose of (100mg/kg b.w) Manganese chloride, MA- Colitis
+ (500mg/kg b.w) Sulfasalazine treatment ;MC- Colitis alone, MT- No colitis no treatment

No significant difference was observed both in the weight of
the pelvic bone or femur in and amongst all the experimental
groups by day 7, (table 8).

There was no significant difference in the pelvic bone
weight by day 14 in any of the experimental groups, (Table 8).
A significant increase in the femur weight of colitis high
manganese treated (MH) group was observed when compared
with colitis low manganese treated (ML) and colitis
sulfasalazine treated (MA) groups by day 14. Similarly, a
significant increase in the femur bone of colitis untreated (MC)
group was observed when compared with colitis low
manganese treated (ML) and colitis sulfasalazine treated (MA)
groups, (Table 8).
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Effect of manganese chloride on mass density of tibia,
length of tibia and weight of tibia

There was no significant difference in the bone mass density
in any of the experimental groups by day 3 while a significant
decrease was observed in the control — no colitis untreated
group (MT) compared with all other groups by day 7 post
colitis induction, (Table 9).

A significant increase was observed in the length of tibia of
the colitis sulfasalazine treated group (MA) compared with all
other experimental groups by day 7, (Table 9).

The weight of the tibia bone was significantly increased in the
colitis high manganese treated group (MH) compared with
colitis low manganese treated (ML), colitis sulfasalazine
treated (MA) and no colitis untreated (MT) groups by day 3.
A significant increase in the tibia bone weight of colitis high
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manganese treated (MH) was observed on day 7 when significance to MT MH- Colitis + high dose of (200mglkg b.w)
compared with colitis low manganese treated (ML), colitis Manganese chloride, ML- Colitis + low dose of (100mg/kg b.w)
untreated (MC) and no colitis untreated (MT) groups, (Table Manganese chloride, MA- Colitis + (500mg/kg b.w) Sulfasalazine
9) treatment MC- Colitis alone, MT- No colitis no treatment.

There was no observed significance in the mass density, length

or weight of tibia by day 14 post colitis induction, (Table 9). Effect of manganese chloride on the length of tibial

epiphyseal plate of experimental group.
There was a significant increase by day 3 in the Tibial

TABLE 10: . o
Effect of Manganese Chloride on The Myeloid Erythroid Ratio of the ~ ePiPhyseal plate length of the Colitis untreated group (MC)
Experimental Animal compared with colitis treated with high manganese (MH) and

MYELOID / ERYTHROID RATIO Control - no colitis untreated (MT) groups, (Figure 5).
DAY 3 DAY 7 DAY 14 There was no observable significant difference by day 7 of the
experiment, (Figure 5). A significant decrease was observed in
MH 1.8920.23 1.8+0.03 1.95£0.05 the tibia epiphyseal plate length of colitis sulfasalazine treated
ML 2.05+0.18 1.42+0.21 1.69+0.06¢de (MA) and colitis untreated (MC) groups by day 14 of the
MA 184021 2012012 2.24+011 experiment, (Figure 5).

MC 2.08+0.11 2.860.152%ce 2.2+0.07 Effect of manganese chloride on myeloid erythroid ratio of
MT 2.2+0.25 1994016 511%0.02 experimental animals: There was no significant difference in

the myeloid erythroid ratio of all the treatment groups by day
a shows significance to MH P~ shows significance to ML, © shows 3, (Table 10).
significance to MA, %shows significance to MC and °- shows

Plate 1:
Photomicrographs of Colon Sections by Day 3 Post Colitis Induction ( H&E STAIN; MAG X 100) SHOWING MT (CONTROL):-
There is severe extensive cryptal necrosis (right of photomicrograph). MC (Colitis untreated group): There is marked widespread influx of
inflammatory cells and oedema in the submucosa (star). There are moderate erosions of the surface epithelium. Note cryptal necrosis and
haemorrhages between the cryptal glands (arrows). MA (500mg/kg b.w 5ASA treated group): There are multiple foci of marked erosions
(arrows). The submucosa (star) is oedematous and contains moderately increased amounts of polymorphonuclear leucocytes H&E X100. ML
(100mg/kg b.w Manganesse treated group): Left: There are a few foci (box) of cryptal necrosis with moderate influx of inflammatory cells.
Note a few large cyst-like crypts (arrow) 100X. Right: Note the increased pericryptal influx of inflammatory cells and the large crypt with
flattened epithelium. MH (200mg/kg b.w Manganesse treated group): Ulcerated focus (thin arrow) with severe inflammatory response in
the mucosa and submucosa. Note the numerous inflammatory cells and oedema in the submucosa (thick arrow).

Plate 2:

Photomicrographs of colon sections by day 7 post colitis induction (H&E stain; MAG X 100) showing MT (CONTROL):- Moderately
congested blood vessels (arrows) and eroded surface epithelium (circle). MC (Colitis untreated group): Large lymphoid follicles (arrows)
of the GALT with prominent pale-staining germinal centres (stars) suggestive of intense lymphoid proliferation and response. MA (500mg/kg
b.w 5 ASA treated group): Cryptal necrosis is shown in the circle while the arrow shows congested blood vessels. ML (100mg/kg b.w
Manganesse treated group): Increased numbers of goblet cells per crypt (thin arrow). Note the large dilated cyst-like crypt (thick arrow).
MH (200mg/kg b.w Manganesse treated group): Thick ruggae with numerous crypts and a few regenerating crypts with flattened epithelium
and distended lumens (black arrows). There is mild erosion of the surface epithelium (blue arrow).
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Photomicrographs of colon sections by day 14 post colitis induction (H&e stain; MAG X 100) MT (Control):- There is moderate erosion
of surface epithelium (arrow) and locally extensive influx of inflammatory cells in the lamina propria of the mucosa (box); MC (Colitis
untreated group): There are increased numbers of goblet cells in the crypts within the box. MA (500mg/kg b.w 5 ASA treated group):
There are a few large dilated cryptal glands (arrows) with flattened lining epithelium suggestive of regenerating crypts. Note the widespread
influx of polymorphonuclear inflammatory cells between the crypts and extending to the lamina muscularis mucosa (right of
photomicrograph); ML (100mg/kg b.w Manganesse treated group): There are numerous haphazardly-arranged large cystic crypts(arrows)
with luminal debris; suggestive of healing and regeneration; MH (200mg/kg b.w Manganesse treated group): Depressed focus of an healed

ulcer (arrow); Normal crypts (stars) surround the healed ulcer.

Plate 4:

Photomicrographs of tibial epiphyseal plates sections post colitis induction (H&E STAIN; MAG X 100) for MA, ML, MH, MT AND MC
GROUPS. : thick arrows represent trabecular bone, the oval shape represents the tibial epiphyseal plate the thin arrow shows the tendon

while the rectangular box represents the skeletal muscle

The colitis untreated (MC) group exhibited a significantly high
myeloid erythroid ratio compared with all other treatment
groups by day 7 of treatment, (Table 10).

On day 14 of treatment, the low manganese treated (ML)
group had a significantly lower myeloid erythroid ratio
compared with the Colitis sulfasalazine treated (MA), colitis
untreated (MC) and no colitis untreated (MT) groups, (Table
10).

Plates 1 — 3 show the histological features of the colon of the
control and manganese treated rats while Plate 4 shows the
tibila epiphyseal plates.

DISCUSSION

Ulcerative Colitis is known to affect other organs of the body
other than the gastrointestinal tract (Ardizzonea et al., 2008)
one of these organs is the bone (Ardizzone et al., 2000).
Osteoporosis which literally means “porous bone” is one of
the extra intestinal manifestations of UC characterized by
decreased bone mineral density leading to fracture of the bone,
disability, low quality of life of affected individual and 30%
mortality within a year (WHO, 1994). Osteoporosis in UC is
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as a result of corticosteroid treatment, inadequate vitamin D or
activity of inflammatory cytokines on the bone (Raggatt and
Partridge 2010).

Loss of body weight as well as reduced growth rate velocity
or rather stunted growth is an early signal of inflammatory
bowel disease especially in children (Gassull and Stange 2003;
Seidman et al., 1991). This causes muscle wasting (Fisher,
1999; Valentini et al., 2008) conditions in which the protein
stores especially those in the skeletal muscle are mobilized to
help in balancing between energy substrate and body demand
of essential amino acids to sustain it. The loss of body weight
observed in the colitis untreated group probably would have
been as a result of muscle wasting or depletion of amino acid
stores to help augment energy demands in the experimental
animals. Manganese treatment caused a steady increase in
body weight all through the course of experiment probably by
acting as a macronutrient which could likely reduce the rate at
which energy is demanded for from stored amino acids hence
preventing muscle wasting. The increase in total protein level
caused by manganese treatment alone might have been as a
result of Manganese mitigating against chronic loss of mean
body mass which normally occurs in UC. Fisher,(1999)
Salami et al
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observed that chronic body mass loss is partly due to altered
amino acid and protein. This observed increased body weight
is contradictory to the earlier reports of Ajibade et al., 2011
and Salami et al., 2015.

Watery bloody stool or diarrhea as well as loss of
body weight during UC are major physical visible signs
attributed mainly to disruption in the gastrointestinal
absorptive functions (Stein et al., 1998). Diarrhea or watery
mucus or blood stained stool was observed within 12 hours in
all groups induced with colitis. Manganese intervention
reverted this observation between 48 to 72 hours (unlike the
colitis untreated animals) thus improving stool consistency
from day 3-5 of colitis induction. It might probably be that
manganese treatment helped in attenuating some processes of
ulcerative colitis which resulted in improved gastrointestinal
absorptive functions thereby preventing diarrhea and body
weight loss.

Colonic weight length ratio a marker of inflammation
normally increases during colitis (Xing et al., 2012) was also
observed in this study. Manganese treatment prevented an
increase in weight- length ratio of the colon as well as
shortening of the colon length. Manganese has been reported
to be not just an antioxidant but a selective catalytic
antioxidant (Riley et al., 1997) it probably specifically
scavenged for free radical oxygen specie generated during
colitis induction. It might well be that this catalytic
antioxidative ability of manganese probably modulated the
inflammatory and or oxidative responses which might have
been produced during colitis induction. This might have
facilitated the observed ulcerative colitis healing in the treated
groups unlike in all other groups, a similar enhanced activity
has also been noted by Shetlar and Shetlar (1994).

The bone marrow cells have been saddled with the task of
production of blood cells once signaled. The bone marrow
cells have been found to be adversely affected during
inflammatory bowel disease; this may partly be as a result of
negative interactions occurring between inflammatory
cytokines and the processes/stages of erythropoiesis (Means
and Krantz 1992; Means, 1999). This adverse interaction leads
to condition referred to as anaemia of chronic disease
(Cartwright, 1966); one of which is being managed during
ulcerative colitis or IBD (Kandhare et al., 2012c). This anemia
has been researched and found to occur with inhibition or
gross reduction of erythropoiesis [the main target begin the
Blast Forming Unit — Erythroblast (BFU-E) and Colony
Forming Unit — Erythroblast (CFU-E) both located within the
bone marrow] due to the adverse effect or interaction of
interferon —y (Means and Krantz 1992). Several other
deleterious interaction targeted at the bone marrow include:
inadequate delivery of iron to the bone marrow as a result of
interaction of IL-1 and TNF-a as well as an outright inhibition
of erythropoietin production (IL-1, TNF-aand IL-6) (Ballinger
et al., 2000; Favuin et al., 1992).

Anemia has also been discovered to arise or occur as a result
of chronic inflammation (Dyer, 1970; Dyer et al., 1972) as
well as normoblastic bone marrow disorder (Thomspon et al.,
1978) such as occurs during inflammatory bowel disease. In
the course of this study, Manganese intervention prevented
anemia as observed in the blood variables in a dose and
duration dependent manner. This observed intervention was
further confirmed in the ample decrease of Myeloid-Erythroid
ratio in Manganese treated animals thus revealing its ability to
attenuate the adverse interactions of inflammatory cytokines
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with cells of bone marrow (especially the erythroid series
saddled with red blood cell production). The 5-
aminosalicylates group showed a decrease in hemoglobin and
packed cell volume which is similar to observations of Mintzer
et al. (2009). Manganese intervention further decreased
Neutrophil-Lymphocyte ratio (a marker of inflammation) in a
dose and duration manner further buttressing its ability to
reduce observed colonic inflammations during ulcerative
colitis.

Hypo-albuminemia is an another condition due to either
illness or anorexia, the burden of oxidative injury related to
chronic inflammation leading to decreased serum total protein
level (Rajinikanth et al., 2014). Hypo-albuminemia was
observed in the colitis untreated and sulphazalazine treated
groups as well as an increase in the Fibrinogen level (a chronic
end stage inflammatory protein). These adverse conditions
were ameliorated in the manganese treated groups probably by
its ability to mop up free radicals and or modulate denaturing
of plasma proteins thus preventing chronic immune activation.
Manganese also prevented enlargement of spleen and liver
observed during colitis.

Alkaline phosphatase (ALP) is known mostly to be
associated with defective liver cells (Verma and Gorard, 2012)
but is also produced by growing bones (Tobiume et al., 1997;
Sertbas et al., 2010). In growing bones, it (ALP) helps to mop
up toxic phosphate ions which increase during colitis
(Rajinikanth et al., 2014) as well as aiding to remove
pyrophosphate a known inhibitor of bone mineralization
(Whyte, 2010). Alkaline phosphatase level in colitis untreated
animals was significantly increased which corresponds with
the increased weight of the liver revealing a defective or
inflamed liver. As healing progressed manganese treatment
caused an increase in the ALP but decrease in the liver weight;
this increase could be as a result of increased alkaline
phosphatase production by the bone chondrocytes to help mop
up or reduce production of pyrophosphate thus enhancing
bone mineralization.

Studies on animals have shown manganese-deficient diets
in rats prevent cartilage formation and produce osteopenia
which is as a result of an imbalance between osteoblastic and
osteoclastic activity (Strause et al., 1987). Studies have also
shown that the pelvic bone and fermur (Jiang et al., 2008) are
usually prone to fracture during osteoporosis. Defective
reduced bone weight mostly as a result of reduced bone
mineral density might be complications due to adverse
inflammatory cytokines spilling into the blood circulation
(Kawai et al., 2012), corticosteroid treatments (Abitol et al.,
1995; Sakellariou et al., 2006) or inflammatory bowel disorder
(Jahnsen et al., 1997, Ulivieri et al., 2001, Khan et al., 2013).
Manganese treated group had increased bone weight and tibia
mass density which may be as a result of increased activity of
the osteoblast in bone formation which surpasses osteoclastic
bone resorption. All through the study the group treated with
sulfasalazine only showed increase in weight on day 7 and no
change was recorded on day 14 probably due to increased
osteoclastic activity on day 3 but by day 7 osteoblastic activity
surpassed osteoclastic activity.

Studies have shown that children with colitis have impaired
linear growth (Koniaris et al.,1997) which might be related to
hypo-proteinaemia (Ahmed et al., 2013; Vasseur et al., 2010;
Motil et al., 1982) occurring mostly as a result of
gastrointestinal protein loss. This impaired linear growth could
be as a result of delayed closure of the epiphyseal plate and or
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increased catabolism from inflammation (Paganelli et al.,
2007; Beeken et al., 1972). Osteoporosis which causes an
alteration in microarchitecture of the bone may be one of the
factors which would delay closure of the epiphyseal plate and
eventually cause retarded growth. Pollak et al. (1998), Schulte
et al. (1998) have observed that an imbalance occurs between
bone resorption and formation in most inflammatory bowel
disease, probably Manganese treatment modulated this
imbalance through enhance production of Alkaline
phosphatase hence decrease in duration of closure of the tibial
epiphyseal plate .

Manganese treated groups recorded improved histological
parameters like a decrease in ulcer depth with accelerated
mucosal healing of the ulcerated colon amongst its’
(osteoporosis) bone modulatory activity.

In conclusion, the study shows that Manganese chloride
mitigated against osteoporotic deficiencies and enhanced
healing activities on experimentally induced ulcerative colitis
in young experimental rats.
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