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ABSTRACT

Introduction: Gastric ulcer (GU) relapses in

healing with symptoms of anaemia, mostly in

those with prolonged use of antacids. The

gastroprotective and facilitated healing of

experimental gastric ulcer by Cobalt chloride
(CoCly) have been documented. However, its
activities during GU relapse using the

Delayed Gastric Ulcer (DGU) healing model

are unknown which this study evaluates.

Methods: Seventy-five (75) male Wistar rats

(120-150g; n=15) were grouped, 1-Delayed

Ulcer untreated (DUn), II, III, IV, and V
treated with 62mg/kg,

respectively  after
treatment days 3, 7 and 14 ocular vein was

puncture for blood collection and analysis;
thereafter, animals were sacrificed while GU
scoring, biochemical analysis and histological

evaluation on excised stomach tissues were

done. Results were analyzed statistically

using analysis of variance.

Results: Haemoglobin content, PCV, RBC,

and Platelet counts significantly increased by
day 3 but WBC count reduced by days 7 and

14 in DUn compared with other groups.
Neutrophil/lymphocytes,
Monocytes/lymphocytes,
DUn

compared with CoCl, groups.

Platelet/lymphocyte significantly increased in

25mg/kg CoCly,
Img/kg vitamin C and 1mg/kg misoprostol
inducing DGU. On

and
Platelet/lymphocyte significantly increased in
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CoCla-treatment compared with DUn on days
14. The ulcer score, superoxide dismutase
activities, nitric-oxide level, Parietal and
mucosa cells significantly decreased but
MDA level increased in DUn compared with
CoCl> on days 3, 7, and 14. Histological
evaluation revealed healing with preserved
epithelial cells and architecture from day7 in
CoCl; groups.

Conclusion: Cobalt chloride attenuated
unhealed gastric ulcer and associated anemia
via reduced blood inflammatory markers,
nitric oxide levels, and mucous cell count.

Keywords: Gastric Ulcer Relapse, Anaemia,
Cobalt chloride, Blood Inflammatory
Markers, Parietal and Mucous Cell Counts

INTRODUCTION

Gastric ulcers, tend to relapse or re-occur
during healing and the major cause of this is
still being unraveled by researchers.'”
Recently, there has been a sudden rise on
relapse of healed gastric ulcer or delayed
healing especially in the elderly,' and those
on prolonged use of antacids for gastric ulcer
treatment. Various experimental models such
as unhealed or delayed healing of chronic
gastric ulcer,** are being developed to
understand the basis of healing and its
enhancement by gastro-protective
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medications. In unhealed or delayed gastric
ulcer healing,>® it has been documented that
healing is hampered basically as a disruption
of or prolonged phase of healing without
progressing to the next phase. Mast cells in
the gastrointestinal tract help maintain
homeostasis within the GI barrier.” There are
few culprits of gastric ulcer re-occurrence
which are increased gastric acid secretion,
reduced acidity, histamine, serotonin and
prostaglandin E secretions. However, the
precise mechanism is not fully unraveled.
Histamine and serotonin are few of the
secretions found in the gastric mast cells
which enhances H» receptors functioning but
do not facilitate ulcer formation.® Gastro-
protective activities of cobalt chloride were
hinged on its reduced gastric acid secretion
and increased gastric pH towards alkalinity
during experimental chronic gastric ulcer.’ In
a recent report,'® cobalt stabilised mast cell
degaranualtion with modulated iNOS-COX2
cross talk at the gastric epithelial cell thus
preventing gastric ulcer formation during
reserpine and pyloric ligation induced gastric
ulceration. These gastro-protective
observations of low dose of cobalt *1 further
buttress the observation of.®

Anemia is a prominent co-morbidity disease
condition during gastric ulcers,'! which
several synthetic medications do not address
while exerting gastro-protective activities.'?
Anemia cases have increased in recurrent or
unhealed gastric ulcer.'® Gastric ulcers caused
by prolonged use of NSAID,' or associated
with H. pylori,"> has been found to cause
anaemia due to impaired iron absorption or
availability to gastric tissues,'® as most is used
up by the Hpylori bacteria. However,
bilirubin and iron overload,!” chronic
inflammation like peptic ulcer,'® loss of iron
due to hemorrhagic gastritis,'” and active
bleeding ulcers,”® have been documented to
cause anaemia. Cobalt is an integral
component in the manufacture of haematinic,
thus, prevents anemia through absorption of
vitamin B12 within the body.?! It is also
documented as a trace element needed for
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normal body cell functioning such as repair of
the nerve myelin sheath.?>?* It mimics the
beneficial function of iron within the body
and thus used in treating anemia in pregnant
women and people undergoing long-term
hemodialysis.? It is however used by athletes
as a doping agent,>* for stimulation of red
blood cell production and muscle mass
through mimicking the hypoxia pathway
within the body system during track
events.>2® This is possible as it has a little
half-life within the body and it cannot be
easily detected. Cobalt is excreted mainly in
feces as the gut can absorb only 30% of
ingested cobalt;?’ however, it is detectable in
small amounts in the blood,”® urine,”” and
possibly body fluids.*

Few reports have documented that certain
plants  (Chrysophyllum  albidum  bark
extract,>! manganese chloride,’> Bucholzia
corieacea,® Kolaviron,>* ) or heavy metal
enhance gastric ulcer healing through
modulated inflammatory blood markers:
reduced Neutrophil/Lymphocyte ratio (N/L),
Platelet/Lymphocyte (PLR) and
Monocyte/Lymphocyte (MLR).*3¢  These
(N/L), and (PLR) are indicative of reduced
systemic inflammation and increased platelet
counts which initiates ulcer healing during
ulceration through platelet derived growth
factors.>’

Cobalt chloride at lower doses in a previous
study was documented to facilitate Acetic acid
induced gastric ulcer healing without
reoccurrence by day 21 post ulceration (and 7
days post treatment).’® The precise gastro-
protective mechanism of action of cobalt
chloride (at lower doses) during unhealed
gastric ulcer remains unclear which was
unraveled using experimentally induced
delayed gastric ulcer (unhealed gastric ulcer)
model in this study.

METHODS

Animals

Healthy male experimental rats of Wistar
strain (100-120g) used in this study were
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obtained from the central-animal house,
department of Physiology, Faculty of Basic
Medical Science, University of Ibadan. The
experimental rats were acclimatized for 3

weeks under standard  experimental-
laboratory conditions: room temperature
(23.0£2°C), environmental-humidity

(55.0+£15%); natural-environmental 12 hours
light and dark cycle. They were allowed free
access to water and standard commercial rat
pellets (Ladokun Feeds Nigeria Limited,
Ibadan, Nigeria).

Ethics considerations

The care of experimental rats was as
documented by animal handling ethics
conformity with the institution’s guideline
and criteria for human care (National institute
of Health Guidelines for the care and Use of
Laboratory Animals).** The University of
Ibadan ethical approval number was UI-
ACUREC/19/0003.

Delayed
ulceration
Seventy-five (75) Wistar rats were equally
divided into 5 groups of 15 animals each.
Group [-Ulcer Untreated control (DUn), II-
delayed-ulcer+62mg/kg bw of CoCl,
(DUHCo), III- delayed-ulcer+25mg/kg bw
CoCl> (DULCo), IV- delayed-ulcer+1mg/kg
bw Vitamin C (DUvit.C), V- delayed-ulcer +
Img/kg bw Misoprostol (DUmistol). Delayed
experimental induced gastric ulceration was
according to the procedure of Buonacera.’
Two days post acetic acid ulceration; 2mg/kg
indomethacin was injected subcutaneously
once every day for two weeks to all the
experimental Wistar rats, before oral
treatments (cobalt and misoprostol) and
sacrifice by days 3, 7 and 14 of treatments,
(five Wistar rats from each group).

experimental induced gastric

Ulcer Scoring
The ulcerated area (mm?) was calculated as
documented by Buonacera.*

Percentage Healing (relative to DUn group)
Rate was calculated using the following
formula:

Healing % = [(Control group Ul — Treated
group UI) / (Control UI)] x 100.4
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Blood Collection and Determination of
Hematological variables

ImL of a blood sample from each Wistar rat
was collected on days 3, 7, and 14 of treatment
via retro-orbital puncture using
microhematocrit capillary into an Ethylene-
Diamine-Tetra-Acetic acid (EDTA) bottle.
The collected blood was analyzed for the
determination of hematological variables
using the method of Dacie.*!

Biochemical assay

On cervical dislocation sacrifice of the rat
after blood collection, a larger section of the
excised, cleaned stomach samples were
weighed and homogenized in 10 volume
(weight) of iced-cold 0.1M pH 7.4 phosphate
buffer. The resulting homogenates were
centrifuged and the collected supernatant kept
in -20°C until use.*

Biochemical Assay

Determination of gastric Protein
concentration was by means of Biuret
method;* Lipid peroxidation, Superoxide
dismutase (SOD) activity, and indirect total
nitrite were measured using methods in earlier
studies.*-46

Histological stains and procedures

Gastric  Mucous and  Parietal cells
histopathological ~ evaluation on  the
phosphate-buffered formalin fixed stomach
samples from each experimental group was by
the method of Oluwole et al,*’ using PAS,
Hematoxylin and Eosin stains respectively.
Identification, characterization and counting
of both mucous and parietal cells was done
using motic software by two blinded
observers.

Statistical analysis

Data were analysed wusing descriptive
statistics, one-way ANOVA with Bonferri
post hoc test on Graph pad Prism version 8.0.
Values are represented as meant=SEM and
statistical significance at p<0.05
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RESULTS

EFFECT OF COBALT CHLORIDE ON
PACKED CELL VOLUME (PCV), RED
BLOOD CELL (RBC) COUNT,
HEMOGLOBIN CONTENT (Hb), AND
THROMBOCYTE COUNTS (Platelets)
DURING DELAYED GASTRIC ULCER
HEALING

Table 1 shows the effect of cobalt chloride on
the PCV, RBC, Hb Content, and Platelet
Counts. By day 3 of treatment an unusual
significant increase in the PCV of the
ulcerated delayed untreated (DUn) group was
observed when compared with all other
experimental groups. By days 7 and 14, there
was a significant increase in the PCV of all
experimental groups except , ulcerated
delayed misoprostol (DUmisol) by day 7 and
vitamin C-treated (DUvit.C) groups by day 14
compared with ulcerated delayed untreated

group.

The RBC count significantly increased in the
ulcerated delayed untreated (DUn) group
compared with all experimental groups by day
3. Ulcerated delayed groups treated with
varying doses of cobalt chloride (DUHCo and
DULCo) showed a significant increase in
RBC count by days 7 and 14 of treatment
compared with ulcerated delayed untreated
and vitamin ¢ (DUvit.C) treated groups by day
14.

The platelet count in the ulcerated delayed
low cobalt chloride (DULCo) and vitamin C
(DUvit.C) treated groups were significantly
decreased compared with other experimental
groups by day 3. The platelet count for the
ulcerated delayed untreated (DUn) group was
significantly increased compared with other
experimental groups by day 3. A significantly
decreased platelet count was observed in the
ulcerated delayed low cobalt chloride, vitamin
C and Misoprostol treated (DULCo, DUvit.C
and DUmisol respectively) groups compared
with other experimental groups by day 7. The
ulcerated delayed low cobalt chloride
(DULCo) treated group had a significantly
increased platelet count compared with other
experimental groups by day 14. The ulcerated
delayed untreated (DUn) and misoprostol
treated (DUmisol) groups had a significantly
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reduced platelet count compared with other
experimental groups by day 14.

EFFECT OF COBALT CHLORIDE ON

WHITE BLOOD CELL COUNTS,
NEUTROPHIL COUNT, AND
LYMPHOCYTE COUNT DURING

DELAYED GASTRIC ULCER HEALING
There was a significant decrease in the WBC
ulcerated delayed high dose cobalt chloride,
Vitamin C, and Misoprostol ulcerated treated
(DUHCo, DUvit.C, DUmisol respectively)
groups compared with ulcerated delayed
untreated (DUn) low dose cobalt chloride
treated (DULCo) groups by day 3, (Table 2).
The WBC count significantly increased in the
ulcerated delayed high dose cobalt chloride
treated (DUHCo) group compared with all
experimental groups by day 7, (Table 2). The
WBC count was significantly decreased in the
ulcerated delayed untreated Dun group by day
14 compared with all other experimental
groups, (Table 2).

The neutrophil count was significantly
decreased in the ulcerated delayed high cobalt
chloride treated (DUHCo) group compared
with the ulcerated delayed untreated (DUn)
and ulcerated delayed low dose cobalt
chloride treated (DULCo) groups by day 3,
(Table 2). The neutrophil count was
significantly increased in the ulcerated
delayed untreated (DUn) group by day 7
compared with all experimental groups,
(Table 2). The neutrophil count was
significantly decreased in the ulcerated
delayed vitamin C treated (DUvit.C) group
compared with all experimental groups by day
14.

There was a significant decrease in the
lymphocyte count of ulcerated delayed
untreated (DUn) and ulcerated delayed low
dose cobalt chloride treated (DULCo) groups
compared with other experimental groups by
day 7. The lymphocyte count of ulcerated
delayed vitamin C-treated (DUvit.C) groups
was significantly increased by day 14.

There was a significant increase in the
monocyte count of the ulcerated delayed low
cobalt chloride treated (DULCo) group
compared with all other groups by day 3 while
the ulcerated delayed untreated (DUn) group
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TABLE 1: EFFECT OF COBALT CHLORIDE ON PACKED CELL VOLUME (PCV), RED
BLOOD CELL (RBC) COUNT, HAEMOGLOBIN (Hb) CONTENT, AND THROMBOCYTES
COUNT DURING DELAYED GASTRIC ULCER.

Groups / PACKED CELL RED BLOOD CELL HAEMOGLOBIN THROMBOCYTES
Days VOLUME (%) COUNTS. (millions/cu CONTENT. (g/dL) COUNT (PLATELETS).
mim) (millions/cu mm)

3 7 14 3 7 14 3 7 14 3 7 14
DUn 50.67+ 41.00+ 41.00+ 8.67+0 6.48+0 6.90+0. 17.03+ 12.80+ 13.67+0 11800 114000. 67000.
0.67%¢ 0.00 0.00 034 17bed 02b 0.13%  0.10>% 07" 0.00£3  00+£2.0  00+60
e de 055 0 Oob,c,d
DUHCo 4733+ 44.00= 46.67+ 7.73+0 7.53+0 8.15+0. 15.63= 14.97+ 16.33=0 11000 112000. 82670.
0.33 1.00*¢ 2.40 .20 11 47 0.12 0.47 .98 0.00£1 00£100 00483

el 732 70 73b
DULCo 4533+ 44.67+ 44.00+ 7.79+0 7.61£0 7.55£0. 15.00+ 15.17+ 14.73=0 78670. 72000.0 11300
2.33 0.88 ¢ 1.16 46 A1 05 0.81 0.23 .61 00+£12  0£3215 0.00+7

a,d,e 03oa,b,d a,b 234
DUyvit.C 43.00+ 44.00= 40.67+ 7.284#0 7.57+0 6.91+0. 14.10= 15.00+ 13.97+0 92670. 51670.0 89330.
0.58 0.58%¢  2.19 17 .64 35be 0.15 0.38 T7° 00£10 0£1968 00+78

770 Qb 60P
DUmisol 43.67+ 41.67+ 4133+ 7.13x0 7.5440 7.14+£0. 14.23= 14.17+ 14.03=0 71670. 66330.0 69670.
1.67 0.88 2.40 22 .14 31 0.58 0.32 .86 00£13  0£8373  00+£26
870a,b,d a,b 03b,c,d

Values are expressed as Mean+SEM and are significant when p<0.05. Keys of significance; *compared with ulcerated delayed untreated (DUn),
bcompared with ulcerated delayed treated high dose cobalt chloride (62mg/kg b.w) (DUHCo), “‘compared with ulcerated delayed treated low dose
cobalt chloride (25mg/kg b.w) (DULCo), %compared with ulcerated delayed treated vitamin C (Img/kg b.w) (DUvit.C), “compared with ulcerated
delayed treated misoprostol (1mg/kg b.w) (DUmisol).(This applies to all tables and figures)

TABLE 2: EFFECT OF COBALT CHLORIDE ON WHITE BLOOD CELLS COUNT,
NEUTROPHIL COUNT, AND LYMPHOCYTE COUNT DURING DELAYED GASTRIC ULCER.

WHITE BLOOD CELL NEUTROPHIL COUNT. LYMPHOCYTE COUNT. MONOCYTE COUNT.

GROUPS / COUNT. (millions/cu mm)

DAYS e
3 7 14 3 7 14 3 7 14 3 7 14
DUn 6667.00+ 4817.00+£ 4350.00+  73.00+5. 74.00+£5  53.61+£5. 23.67+6 31.00+2  47.33+6 1.67+ 2.67+ 2.75+
233.30 166.70 550.00"¢ 57 .5]bde 33 17 .00 .67 0.33¢ 0.33% 0.43
de
DUHCo 4933.00+  6050.00+  5450.00+  53.33+0.  46.00£1  53.00+2.  36.33+2 52331  42.33+1 2.00+ 0.33+ 2.00+
172.90*¢ 583{,’%0“’:’ 1405.00 67 .00 00 .33 .67¢ 45 0.00¢ 0.33 0.00
DULCo 6550.00+ 4817.00+ 6717.00=  72.00+£3. 66.33+4  58.33£5. 24.33+3 31.00&4  37.00+6 3.33+ 1.67+ 1.67+
293.00 669.20 1270.00 46 91 78 18 73%¢ .03 0.33% 0.33 0.33
DUyvit.C 4617.00=  3433.00+ 5100.00+  66.00+4. 48.67+0  37.00+£3.  33.33+3  50.00+1  57.00+3 1.00+ 0.33+ 3.67+
924.80 *¢ 833.80 568.60 04 .33 79bice .67 .00 .00¢ 0.00 0.33 0.33%
DUmisol 4267.00= 4067.00+ 5417.00+  69.00+£3. 51.67£7  60.67+3.  27.67+3  51.33+2  33.33+3 1.33+ 1.33+ 2.67+
594.70 *¢ 381.20 1123.00 06 .06 93 .67 .33 33 0.33 0.33 0.33
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had a significantly increased monocyte count
compared with the ulcerated delayed cobalt
chloride vitamin C treated (DUHCo, DULCo,
and DUvit.C, respectively) groups by day 7.
By day 14 there was a significant increase in
the monocyte count of the ulcerated delayed
vitamin C-treated (DUvit.C) group compared
with ulcerated delayed high and low Cobalt
chloride treated (DUHCo and DULCo)
groups, (Table 2).

EFFECT OF COBALT CHLORIDE ON
INFLAMMATORY BLOOD MARKERS:
[(PLATELET/LYMPHOCYTE, (P/L),
MONOCYTE/LYMPHOCYTE, (M/L), AND
NEUTROPHIL/LYMPHOCYTE (N/L)
RATIOS] DURING DELAYED GASTRIC
ULCER HEALING

There was a significant increase in the P/L of
the ulcerated delayed untreated (DUn) group
compared with all other groups by day 3 of
treatment. By day 7, the ulcerated delayed
vitamin C treated (DUvit.C) group had a
significantly increased P/L compared with all
other groups. There was a significantly low
P/L in the ulcerated delayed untreated (DUn)
group compared with all other experimental
groups by day 14, (Table 3)

The M/L in the ulcerated delayed high cobalt
treated (DUHCo) group was significantly low
compared with the ulcerated delayed
untreated (DUn) and ulcerated delayed low
cobalt chloride treated (DULCo) groups by
day 3 while the ulcerated delayed untreated
(DUn) group had a significantly high M/L
compared with all experimental treated
groups by day 7. By day 14 of treatment, the
ulcerated delayed untreated (DUn) group had
a significantly high M/L compared with all
other experimental groups, (Table 3).

Figure 1 shows a significant decrease in the
neutrophil-lymphocyte ratio in all treatment
groups when compared with the ulcerated
delayed untreated (DUn) group by days 3 and
7 of treatment. A significant increase was
observed in the neutrophil-lymphocyte ratio
of the ulcerated delayed untreated (DUn) and
ulcerated delayed misoprostol treated
(DUmisol) group when compared with the
ulcerated delayed cobalt chloride and vitamin
C treated (DUHCo, DULCo and DUvit.C
respectively) groups by day 14, (Figure 1)

TABLE 3: EFFECT OF COBALT CHLORIDE ON INFLAMMATORY BLOOD/SYSTEMIC
MARKERS [(PLATELET/LYMPHOCYTE RATIO, (PLR) AND
MONOCYTE/LYMPHOCYTE RATIO, (MLR)] DURING DELAYED GASTRIC ULCER.

GROUPS /
DAYS

PLATELET/LYMPHOCYTE (PLR)

MONOCYTE/LYMPHOCYTE (MLR)

3 7 14 3 7 14
DUn 6661.00+£17.44> 2425.00+72.05 1333.00+158.50 0.11£0.00bde 0.10£0.01Pde 0.18+0.03bcde
cde b,e
DUHCo 2571.00+£68.76  1969.00+£80.15 1909.00+121.40 0.06+0.00¢ 0.01+0.01¢¢ 0.04+0.00
DULCo 3070.00£264.00 2032.00£94.59  1620.00+18.73 0.14+0.019¢ 0.07+0.014 0.03+0.00
DUyvit.C 2112.00+226.80 2887.00+122.9  1561.00+62.32 0.029+0.00 0.01+0.01¢ 0.07+0.01
abce
DUmisol 3364.00+476.30  1558.00+£59.92  2305.00+72.77 0.03+0.01 0.05+0.01 0.06+0.01
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Figure 2: EFFECT OF COBALT CHLORIDE ON GASTRIC ULCER AREA DURING
DELAYED GASTRIC ULCER
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EFFECT OF COBALT CHLORIDE ON
ULCER AREA AND PERCENTAGE
ULCER HEALING RATE DURING
DELAYED GASTRIC ULCER HEALING
Figure 2 and table 4 shows a significant
decrease in macroscopic ulcer score in
ulcerated delayed animals treated with cobalt
(DUHCo, and DULCo) on days 3, 7 and 14,
except ulcerated delayed 25mg/kg b.w cobalt
treated (DULCo) group which shows no
significant decrease by day 7.

In table 4, there was a significant increase in
the percentage healing of the ulcerated
delayed cobalt treated (DUHCo and DULCo)
groups by days 3 and 14 of treatment
compared with other groups however, the
ulcerated delayed low and high cobalt treated
(DULCo and DUHCo) groups had a
significantly reduced percentage ulcer healing
by day 7 of treatment compared with other
treatment groups. The ulcerated delayed
untreated (DUn) groups had a significantly
reduced percentage healing rate compared
with other experimental treatment groups by
days 3, 7 and 14.

There was a significantly reduced relative
gastric ulcer observed on days 3 and 14 in the

ulcerated delayed cobalt treated (DUHCo and
DULCo) groups compared with ulcerated
delayed untreated (DUn) groups. On day 7 of
delayed gastric ulcer healing and treatment,
the relative gastric ulcer was significantly
reduced in the ulcerated delayed low cobalt
(DULCo), misoprostol (DUmisol) and
vitamin C treated (DUvit.C) groups compared
with the ulcerated delayed untreated (DUn)

group.

EFFECT OF COBALT CHLORIDE ON
GASTRIC PROTEIN LEVEL DURING
DELAYED GASTRIC ULCER HEALING

As shown in Table 6, there was a significant
decrease at day 3 in the protein level of the
ulcerated delayed high dose Cobalt (DUHCo)
when compared with ulcerated delayed
untreated (DUn) and ulcerated delayed low
dose Cobalt (DULCo) groups. On day 7, the
protein levels of the ulcerated delayed high
dose Cobalt (DUHCo), ulcerated delayed
vitamin C (DUvit.C) , and ulcerated delayed
misoprostol (DUmisol) groups significantly
reduced when compared with ulcerated
delayed untreated (DUn) and ulcerated
delayed low dose Cobalt (DULCo) groups.

Table 4: EFFECT OF COBALT CHLORIDE ON HEALING RATE, MACROSCOPIC ULCER SCORE
AND STOMACH WEIGHT DURING DELAYED ULCER HEALING.

/DAYS

% Healing Rate Relative Ulcer Area (mm?) Stomach Weight (g)
3 7 7 14
- - 1 90:|:0 0 1.00£0.03 1.45+0.08°
F ;\,
37.71 £ 5.42b¢ 255449109 27, 63i11 19"cd
6447 1.84  86.72 3 ’ o 4 , ‘ 1.03£0.0 0.81+0.05° 0.85+0.06
o s - * -
13.40+ 0.64 25.07+1.41 3.67+0.72
64.04 2146 95.73 ?ﬁ% o & 12340.0  1.3940.13  1.5240.13
U« w 3
13.56+3.93 20.06+0.43 1.18+1.18
33.76  59.00  56.64 éﬁs 0.93£0.1  0.95+0.03 1.23+0.06
ﬁ %
24.98 £1.92 10.47+5.24 11.98+3.20
33.04 5149  56.86 - 0.84+0.0 0.99+0.03  1.2440.04
5

25.2547.18

12. 3914 50
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EFFECT OF COBALT CHLORIDE ON
GASTRIC MALONDIALDEHYDE (MDA)
LEVEL DURING DELAYED GASTRIC
ULCER HEALING

A significant decrease in MDA level of the
ulcerated delayed vitamin C treated (DUvit.C)
group when compared with  other
experimental groups was observed by day 3.
There was a significant increase in the MDA
level of the ulcerated delayed Low dose
Cobalt (DULCo) and Misoprostol treated
(DUmisol) groups compared with other
experimental group by day 7. The MDA level
of the ulcerated delayed Vitamin C treated
(DUVvit.C) group was significantly reduced
compared with other experimental groups by
day 7. By day 14, all treated groups showed a
significant decrease in MDA level compared
with ulcerated delayed untreated (DUn)
group. The ulcerated delayed Misoprostol
treated (DUmisol) group had the lowest MDA
levels compared with all other experimental
groups by day 14, Figure 3

EFFECT OF COBALT CHLORIDE ON
GASTRIC SUPEROXIDE DISMUTASE
(SOD) LEVEL DURING DELAYED
GASTRIC ULCER HEALING

There was a significantly increased SOD level
in the ulcerated delayed high dose cobalt
treated (DUHCo) group compared with all
experimental groups during the period of
study. Of all the treated groups the low dose
cobalt (DULCo) had a significantly lower
SOD level by day 3. By day 7 of this study,
the ulcerated delayed low dose cobalt treated
(DULCo) group had a significantly lowered
SOD value compared with all other
experimental groups. However, the ulcerated
delayed untreated (DUn) groups had
significantly reduced SOD levels compared
with all other experimental groups on days 3
and 14, (Figure 4).
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EFFECT OF COBALT CHLORIDE ON
GASTRIC NITRIC OXIDE LEVEL
DURING DELAYED GASTRIC ULCER
HEALING

There was a significant decrease in the nitric
oxide level of ulcerated delayed untreated
(DUn) group by days 3,7 and 14 compared
with all experimental groups. The ulcerated
delayed misoprostol treated (DUmisol) group
had a significantly low NO level compared
with other treatment groups by days 3 and 7.
The ulcerated delayed Vitamin C treated
(DUvit.C) group had a significant increase in
the NO levels compared with other treatment
groups by day7 while the ulcerated delayed
low dose cobalt treated (DULCo) group had a
significantly increased NO levels by day 14
compared with other treatment groups
(Figure 5).

EFFECT OF COBALT CHLORIDE ON
PARIETAL AND MUCOUS CELL
COUNTS DURING DELAYED GASTRIC
ULCER HEALING

The ulcerated delayed untreated (DUn) group
had a significantly low parietal cell count
compared with all other experimental groups
on days 3, 7 and 14. The ulcerated delayed
high cobalt treated (DUHCo) group had a
significantly low parietal cell count compared
with the ulcerated delayed vitamin C treated
(DUvit.C) group by days 3 and 7 (table 5)

The mucous cell count was significantly
increased in the ulcerated delayed vitamin C

treated (DUvit.C) group compared with all
other experimental groups by day 3. The
mucous cell count in the ulcerated delayed
untreated (DUn) group was significantly
lower compared with the ulcerated delayed
low cobalt chloride treated (DULCo) group
by days 3 and 7, (Table 5). By day 7, both the
ulcerated delayed untreated (DUn) and
ulcerated delayed misoprostol treated
(DUmisol) groups had significantly lower
mucous cell counts compared with all other
experimental groups while the ulcerated
delayed low cobalt treated (DULCo) group
had a significantly high mucous cell count by
day 14 (Table 5).

EFFECT OF COBALT CHLORIDE ON
GASTRIC CELL COUNTS DURING
DELAYED GASTRIC ULCER HEALING

By DAY 3 (H&E STAIN MAGX100)
SHOWING: ULCERATED DELAYED
UNTREATED (DUn): There are large focal
areas of mucosa ulcer (white arrow), the
mucosa epithelial cells layer are eroded, the
gastric glands and laminal propria are
severely infiltrated. The submucosal layer
shows severe infiltration of inflammatory
cells, the circular muscle layer shows mild
infiltration.

TABLE 5: EFFECT OF COBALT CHLORIDE ON PARIETAL AND MUCOUS CELL COUNTS
DURING DELAYED GASTRIC ULCER AFTER TREATMENT.

GROUPS PARIETAL CELL COUNTS MUCOUS CELL COUNTS

;)AYS 3 7 14 3 7 14

DUn 258.30+31.81¢%4¢  176.70+33.46¢d  205.70+9.82>¢%¢  113.70+5.24%¢  110.00+2.08<4 112.50+1.44

DUHCo 377.30+13.62 309.30+4.8074 431.50+22.27 205.50+24.199  252.70+37.17 102.30£6.932¢
DULCo 432.70+19.227 373.30+£29.95 420.00+25.24 310.00+53.20¢  273.00+29.70 147.50+4.09

DUYVitC 478.00+9.539 441.50+£31.56 361.30+28.59 512.50£52.83 327.30+£26.67 131.50+2.59¢
DUmisol 418.00+£53.45 376.20+18.57 347.70+17.13 165.50£10.64¢  124.80+7.34bed 107.50+8.61¢
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ULCERATED DELAYED HIGH DOSE
CoClz TREATED (DUHCo): Poor
architecture, of the mucosa epithelial cells
layer are moderately sloughed (white arrow),
the mucosa layer shows moderate infiltration
of the gastric glands, the laminal propria are
mildly infiltrated as well. The submucosal
layer shows mild infiltration of inflammatory
cells, the circular muscle layer appears
normal.

ULCERATED DELAYED LOW DOSE
CoClz TREATED (DULCo): Poor
architecture, of the mucosa epithelial cells
layer are moderately sloughed and shows
focal area of ulcer. The mucosa layer and the
crypts show mild infiltration, the gastric
glands and laminal propria are mildly
infiltrated. The submucosal layer shows mild
infiltration of inflammatory cells, the circular
muscle layer (red arrow) appears normal.

ULCERATED DELAYED VITAMIN C
TREATED (DUvit.C): Moderately
preserved mucosa epithelial cells layer (white
arrow), the mucosa layer show mild
infiltration of the gastric glands and laminal
propria by inflammatory cells. The
submucosal layer shows edema and moderate
infiltration of inflammatory cells (blue
arrow), the circular muscle layer appears
normal.

ULCERATED DELAYED
MISOPROSTOL TREATED (DUmisol):
Poor architecture, of the mucosa epithelial
cells layer are severely eroded with focal area
of ulcer (white arrow), the gastric glands and
laminal propria are mildly infiltrated. The
submucosal layer shows mild to moderate
infiltration of inflammatory cells, the circular
muscle layer appears normal.

By DAY 7 (H&E STAIN MAGX100)
SHOWING: ULCERATED DELAYED
UNTREATED (DUn): There are moderately
preserved mucosa epithelial cells layer (white
arrow), the mucosa layer show mild
infiltration of the gastric glands and laminal
propria. The submucosal layer shows mild
infiltration (blue arrow), the circular muscle

layer appears normal. ULCERATED
DELAYED HIGH DOSE CoCl2
TREATED (DUHCo): Fairly normal

architecture, of the mucosa epithelial cells
layer are moderately preserved (white arrow),
the mucosa layer and the crypts show mild
infiltration. The submucosal layer shows mild
infiltration of inflammatory cells (blue arrow)
with mild fibrosis, the circular muscle layer
(red arrow) appears normal.

TABLE 6: EFFECT OF COBALT CHLORIDE ON GASTRIC PROTEIN LEVEL DURING
DELAYED GASTRIC ULCER.

GROUPS/DAY 3 7 14

DUn 0.54+0.02 0.55+0.02 0.61+0.04
DUHCo 0.46+0.012¢ 0.46+0.012¢ 0.71+0.05
DULCo 0.54+0.01 0.54+0.01 0.71+0.06
DUVitC 0.51+0.02 0.49+0.012 0.72+0.03
DUmisto 0.47+0.02 0.49+0.012 0.65+0.01
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ULCERATED DELAYED LOW DOSE
CoCl. TREATED (DULCo): Moderately
normal architecture, of the mucosa epithelial
cells layer are moderately preserved, (white
arrow), the gastric glands and laminal propria
are mildly infiltrated. The submucosal layer
shows moderate infiltration of inflammatory
cells (blue arrow), the circular muscle layer
(red arrow) appears normal.

ULCERATED DELAYED VITAMIN C
TREATED (DUyvit.C): Normal architecture,
there are well preserved mucosa epithelial
cells layer (white arrow), the mucosa layer
show no infiltration of the gastric glands and
laminal propria. The submucosal layer shows
mild infiltration of lymphocytes, the circular
muscle layer appears normal.

ULCERATED DELAYED
MISOPROSTOL TREATED (DUmisol):
Moderately normal architecture, of the
mucosa epithelial cells layer are mildly
eroded (white arrow), the mucosa layer and
the crypts show no infiltration, the gastric
glands and laminal propria are normal
(slender arrow). The submucosal layer shows
mild infiltration of inflammatory cells, the
circular muscle layer appears normal.

By DAY 14 (H&E STAIN MAGX100)
SHOWING ULCERATED DELAYED
UNTREATED (DUn): Moderately normal
architecture with epithelial erosion, there are
moderately preserved mucosa epithelial cells
layer (white arrow), the mucosa layer show no
infiltration of the gastric glands and laminal
propria. The submucosal layer shows mild
infiltration (blue arrow), the circular muscle
layer (red arrow) appears normal.

ULCERATED DELAYED HIGH DOSE
CoCl2 TREATED (DUHCo): Moderately
normal architecture, of the mucosa epithelial
cells layer are moderately preserved (white
arrow), the mucosa layer and the crypts show
mild infiltration,the gastric glands is mildly
infiltrated. The submucosal layer shows mild
infiltration of inflammatory cells, the circular
muscle layer appears normal.

ULCERATED DELAYED LOW DOSE
CoCl. TREATED (DULCo): Moderately
normal architecture, of the mucosa epithelial
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cells layer are moderately preserved (white
arrow), the mucosa layer and the gastric
glands are not infiltrated. The submucosal
layer shows no infiltration of inflammatory
cells,there is mild vascular congestion. The
circular muscle layer (red arrow) appears
normal.

ULCERATED DELAYED VITAMIN C
TREATED (DUvit.C): Moderately normal
architecture, of there are well preserved
mucosa epithelial cells layer (white arrow),
the crypts are mildly infiltrated and the gastric
glands and laminal propria are mildly
infiltrated as well. The submucosal layer
shows mild infiltration of lymphocytes, the
circular muscle layer appears normal.

ULCERATED DELAYED
MISOPROSTOL TREATED (DUmisol):
Moderately normal architecture, of the
mucosa epithelial cells layer are mildly
eroded (white arrow), the mucosa layer and
the crypts show no infiltration, the gastric
glands and laminal propria are normal. The
submucosal layer shows mild infiltration of
inflammatory cells and mild vascular
congestion (black arrow), the circular muscle
layer appears normal.

DISCUSSION

In this study (delayed gastric ulcers models),
cobalt treated group had higher gastric ulcer
healing percentages in similar manner as the
previous study,’ except on day 7 where the
healing rate significantly reduced. During
delayed gastric ulcer healing, the cobalt
treated groups had abundance of mucous cell
counts irrespective of the continuous
subcutaneous administration of indomethacin
(NSAID) to cause unhealed gastric ulcer.
However, there was also an increase in the
parietal cell count in the cobalt treated groups
unlike in the delayed ulcerated untreated
group which is a diseased condition called
hypochlorhydria.*® A reduction in gastric
parietal cell leads to reduced gastric acid
availability which reduces food digestion and
nutrients.

During hypochlorhydria, there has been
increased cases of iron deficiency anemia as
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observed in the delayed ulcerated untreated
(DUn) group of this study which had reduced
heamoglobin levels on days 7 and 14 but with
increased monocyte levels on days 3 through
14. This observation is similar to those
reported in a study.* However, there was
increased platelet and neutrophil counts as
well as elevated platelet/lymphocyte level
days 3 and 7 in the DUn group in this study
indicative of thrombocytosis similar to
observations by, *! unlike in the ulcerated
delayed cobalt treated group.

Polycythemia vera is a rear condition in which
there is abnormally high level of PCV and red
blood cell count as observed in the DUn group
of this study.’*>® It might be due to
thrombocythemia in which the bone marrow
of the rats in this group produce too many
circulating platelets in an attempt to stimulate
more platelet derived growth factors delivered
at the ulcerated site for gastric ulcer healing.
In the ulcerated delayed cobalt chloride
treated group, there was no polycythemia
vera, the platelet count were increased by day
3 and reduced or modulated (depending on the
level of ulceration and healing) by days 7 and
14. The initial increase might have been due
to a means of cobalt chloride enhancing
haemostasis by days 3 to avoid anaemia
during ulceration. Haemostasis, is a phase
during gastric ulcer healing in which blood
loss 1s managed or stopped by platelet
aggregation.”**> All values were below the
ulcerated delayed untreated (DUn) group in
which thrombocytosis was observed.

During gastric ulceration there has been cases
of increase systemic inflammation and
probably low immunity response with
indicators like high Platelet/Lymphocyte
(PLR),’® Neutrophil/Lymphocyte (N/L),*’
and Monocyte/Lymphocyte (MLR) ratios,”® -
59, In this study, the DUn group had elevated
PLR, MLR and N/L levels which might be
indicative of systemic inflammation or and
perforated gastric ulcers which is similar to an
earlier report,’ unlike in the ulcerated
delayed cobalt chloride treatment groups.

Platelets enhance growth factor at ulcerated
site for re-epithelisation which reduces
ulceration which indicates healing and was
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observed in the ulcerated delayed cobalt
chloride treated groups by day 14 in this
study. There were no elevated
platelet/lymphocyte ratio in the ulcerated
delayed cobalt chloride treated groups on days
3 and 7, however by day 14 there was an
increase relative to the DUn group which
might have resulted in the observed increased
ulcer healing rate on this day. These
observations validate the activity of cobalt in
ameliorating induced anemia and systemic
inflammation accompanying delayed or
unhealed gastric ulceration in this study.

It has been documented that gastric ulceration
is mostly accompanied with increased
generation of free radical release. Increased
lipid peroxidation was ameliorated in the
cobalt treated group in a dose dependent
manner. Inherent within most body cells are
antioxidant defense systems (Superoxide
dismutase which ameliorate adverse effects of
released free radicals, enhancing gastro-
protection and epithelial integrity as well as
protecting  the  regenerating tissue.®!
Treatment with cobalt caused an increased
production of superoxide dismutase, SOD
activity which was dose and duration
dependent.

Nitric oxide (NO) is thought to be mediator,
not only of gastrointestinal mucosal defense
causes vasodilatation resulting to increased
supply of nutrients and oxygen to the
ulcerated stomach  thus  prompting
angiogenesis.®>  Cobalt facilitated  the
increased production of nitric oxide all
through in delayed gastric ulcer healing in a
dose dependent manner. This modulatory
activity of Cobalt on nitric oxide might have
resulted in the adequate supply of nutrients
and oxygenation of ulcerated gastric tissue
thus leading to observed gastric ulcer healing
and prevention. It might well be that cobalt
can modulate the release of nitric oxide in
favour of protecting the gastric epithelium
which is another probable mechanism for
facilitating gastric ulcer healing.

The secretion of gastric acid which is
involved in food digestion, bacteriocide and
absorption of nutrients is carried out by the
parietal cells in the gastrum. It has also been
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documented that parietal cells are significant
to gastroprotection, maintainance of gastric
mucosa homeostasis, and the physiological
repair of the stomach.®® These functions are
probably due to the activities of the growth
factors secreted, * sonic Hedgehog,® and the
regulation of stem cells progenitors.®
Alterations in gastric mucosal architecture
have been linked with loss of parietal cells.®’
The study showed that the production of
parietal cells was promoted by Cobalt
Chloride. The increase in parietal cells
production observed in the cobalt groups
probably facilitated ulcer healing through
mucosal  homeostasis and cell re-
epithelization. Thus, it is suggestive that ulcer
healing of Cobalt is predicated on the
production and migration of parietal cells in
the gastrum.

Mucus represents the first line of defense
(physical and immunological barrier); due to
the presence of specific immunoglobulins and
antimicrobials.®® Mucous cells that are
adjacent to injury site form “healing zone”
that contains some growth factors that triggers
re-epithelization.®” Gastric ulcer recurrence
can occur due to the increased production of
neutrophils ~ which release  proteolytic
enzymes that digest tissue.”” On day 3, the
mucous cell count of all the treatment groups
were elevated and by day 7 a reduced count
was recorded in all the treatment groups
except the Cobalt high dose group. The
growth factors that probably stimulated re-
epithelization process (which was facilitated
by Cobalt) are not only derived from the
mucous cells but also from the parietal cells,
platelets and macrophages. The progressive
reduction in the mucous cell count in the
treatment groups might be indicative of the
nearing to completion of the healing process.
This projects Cobalt as a substance that has
the potential of stimulating quality gastric
ulcer healing.

CONCLUSION

This study demonstrated that cobalt chloride
attenuated unhealed gastric ulcer and
associated anemia via reduced blood
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inflammatory markers, nitric oxide levels, and
mucous cell count.
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