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Summary: Gastric ulcer healing is impaired in both hypothyroid and hyperthyroid conditions. Thyroid hormones regulate
growth, energy metabolism and mitochondrial oxidative metabolism. Xenobiotics have been documented to negatively
impact the thyroid gland at high doses but the redox and cellular interactions at low doses during wound healing process
remains unclear. Potassium bromate has been documented to be toxic at high doses but there is dearth of information on its
activities at a low dose in varied thyroid states which was evaluated in this study. 60 male Wistar rats (g, n=10) were
randomised into 2 conditions: Normal, ulcerated untreated, ulcerated treated with 12.5mg/kg p.o0 KBrO3 and
thyroidectomised groups: thyroidectomised ulcerated, thyroidectomised ulcer treated with KBrO3 and thyroidectomised
treated with thyroxine (100ug/kg) Total thyroidectomy was used to model hypothyroidism, and ischaemia-reperfusion-
induced gastric ulcers were monitored for healing. Daily body weights, Levels of thyroxine, Gastric mucin content, redox
and sodium pump activity were examined alongside other markers of hepatic and haematological toxicity by days 3 and 7
post ulceration. Data were analysed using descriptive statistics and ANOVA « 0.05. The bromate-exposed hypothyroid rats
showed increased gastric ulcer healing potential with reduced gastric epithelial oedema and inflammation; hepatic steatosis,
and periportal inflammation. Haematological variables and markers of hepatic functions were normal. There were reduced
levels of gastric and hepatic malondialdehyde levels. Thyroxine and potassium bromate treatment resolved the redox and
cellular toxicity possibly via increasing catalase and sulfhydryl levels and increased Na+ K+ pump activity. We conclude
that potassium bromate enhanced gastric ulcer healing in hypothyroid state, similar to thyroxine treatment.
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INTRODUCTION al., 2010) as well as thyroid (Namulema et al., 2018)
hormones.

The hypothalamic-pituitary-thyroid  (HPT)  axis
Gastric ulcer healing is a complex process involving various  primarily maintains circulating thyroid hormone levels via a
phases such as haemostasis, inflammatory, angiogenesis,  negative feedback loop involving thyroid stimulating
proliferative re-epithelization (Fagundes et al., 2020, Si et hormone (TSH, thyrotropin) release from the anterior
al., 2005; Miyake et al., 1980) just to mention a few. Itisa pituitary gland, which is influenced by the hypothalamic
process in which breached epithelium (gastric ulcer) mostly  thyrotropin-releasing hormone (TRH) and the thyroid
within the gut, heal formed wound. This involves several hormones (Brentl 20_‘]_2) The regu|atory activity of the
other systems like the blood, neuroendocrine (Hamptonand  thyroid hormone requires activation of the prohormone
Hale, 2011; Waldum et al., 2019) and endocrine  thyroxine (T4) to triiodothyronine (Ts). Ts then interacts
cells/systems within the body (Sorbye and Svanes 1994,  ith cellular and tissue-specific thyroid hormone receptors,
Salami et al., 2021). Various hormones have been  corepressors and coactivators both in the thyroid hormone
documented to be implicated / enhanced during gastric ulcer  sjgnalling pathway and its cross-talk with other signalling
healing few of these include testosterone (Machowska et al., pathways (Cheng et al., 2010). Thyroid hormones regulate
2004), growth (Beckert et al., 2004, Akpamu et al., 2016),  energy metabolism while increasing basal metabolic rate
gastrin (Batisa et al., 2015) gherline and leptin (Khalefa et (BMR) and oxidative metabolism (Shahid et al., 2022).
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Consequently, reactive oxygen species (ROS) are generated
as by-products of mitochondrial oxidative metabolism,
which is exacerbated in the hyperthyroid state (Das and
Chainy, 2001; Venditti and Di Meo, 2006). However,
hypothyroidism may not influence existing oxidative stress,
but increased levels of thiobarbituric acid reactive
substances (TBARS) have been detected in the plasma of
hypothyroid subjects, and T3 treatment mitigates the
production of redox active species in hypothyroid rats (Das
and Chainy, 2001; Gredilla et al., 2009; Kebapcilar et al.,
2007), suggesting that both hypothyroidism and
hyperthyroidism can predispose to redox imbalance.
Conversely, the thyroid hormone is crucial for would
healing in in vitro, in vivo and ex vivo systems as T3 has
been linked with  improved re-epithelialisation,
angiogenesis, and vasodilation via the nitric oxide pathway
(Adeniyi et al., 2018; Post et al., 2021; Salami et al., 2016;
Zhang et al., 2019).

The solubility and stability of bromate in water,
alongside the limitations in analytical methods and
treatment technologies currently make bromate eradication
from drinking water difficult, but a strict benchmark of 10
MI/L in drinking water is enforced across several regions
(Bromate CASRN 15541-45-4 | IRIS | US EPA,; Deangelo
et al., 1998). Despite ozone’s potential for disinfecting and
reducing micropollutants in water, it may oxidize bromide
in source water to form toxic bromate residue (Bonacquisti,
2006). Bromate may also be present in water due to other
oxidation processes like chlorination, sulphate and ferrate-
based oxidation, as well as from industrial effluents and road
runoff into water bodies. (Zhang and Jiang, 2022). Bromide
in water is oxidized to bromate, and bromate when ingested
is converted to bromide invivo (Kurokawa et al., 1990;
Abuelgasim et al., 2008). In individuals who have been
accidentally exposed to higher bromate doses, there have
been reports of rapid gastrointestinal absorption and
irritation, renal failure, and reduced neurological function
due to central nervous system depression (Gradus (Ben-
Ezer) et al., 1984; Matsumoto et al., 1980). However, some
bromide containing compounds and drugs like
Methscopolamine bromide, Penthienate bromide (Ivey,
1975), Salt-bromine-iodine mineral water (Albertini et al.,
2007), clidinium bromide (Eskander et al., 2013),
Glycopyrronium bromide (Baume et al., 1972) and
methantheline bromide (Liebowitz et al.,1952) have been
used in the treatment of peptic ulcer.

Based on previous information on the displacement
effect of halogens (-chloride and iodide) by bromide in vivo
(Pavelka, 2004), it has been shown to concentrate majorly
in the stomach and thyroid gland which contain halogens
also called Schiff bases. Several researches have been
documented as regards improved gastro-protective activities
of chelated Schiff bases (halogens) especially chlorine
(Jaisankar et al., 2018). Schiff based derived bromine exerts
gastro-protection during ethanol induced gastric ulcer
(Saremi et al., 2019). However, little information exists on
the gastroprotective activities of bromine (a chelated Schiff
base derived from potassium bromate) in hypothyroid states
despite the ability of Schiff based bromine concentrates in
the stomach and thyroid. This research was investigated to
evaluate the gastro-protective activities of potassium
bromate in hypothyroid states.

MATERIALS AND METHODS

Drugs and reagents: Levothyroxine Sodium was
purchased from Mercury Pharma (Generics) Ltd., Croydon,
UK and Procaine Penicillin was purchased from Guorui
Pharmaceutical Co. Ltd., China. ELISA kits for Thyroid
assay (T3, T4, TSH) were purchased from Cal Biotech
Incorporation, Spring Valley, California, USA. All reagents
were of analytical grade.

Potassium bromate: Animals were administered potassium
bromate at a dose of 12.5mg/kg b.w orally. This dose is far
lower than the LD50 of potassium bromate which is 215
mg/kg in Wistar rats and 464 mg/kg in ICR mice (Dongmei
et al., 2015).

Experimental design: 60 male Wistar rats weighing 120 —
140 g were housed at the Central Animal House,
Department of Physiology, College of Medicine, University
of Ibadan, Nigeria. Approval was given before the
commencement of experiment from the University of
Ibadan, Animal Care and Use Research Ethics Committee
(ACUREC) and assigned a number UI-ACUREC/19/0074.
A two-week acclimatization period was ensured at standard
experimental conditions, namely: 23 - 250C room
temperature, 55% relative humidity and 12 hr light / 12 hr
dark cycle. Animals had free access to water and feed
(Ladokun commercial rat diet, Nigeria), and were randomly
assigned to groups (n=10), including: 1-Control [Normal],
2-Ulcer [UU], 3-Ulcer + 12.5 mg/kg KBrO3 (Kurokawa et
al., 1990) [UK], 4-Ulcer + Thyroidectomy [UT], 5-
Thyroidectomy + Ulcer + 100ug/kg thyroxine (Salami et al.,
2016) [TUT], 6-Thyroidectomy + Ulcer + 12.5 mg/kg
KBrO3 [TUK]

Thyroidectomy was induced at the start of the
experimental period, then animals were observed for 35
days before gastric ulcer induction. Weights were recorded
bi-weekly and animals were sacrificed on post-ulcer
induction days 3 and 7 for further analysis.

Thyroidectomy and gastric ulcer induction: Animals
were placed under anaesthesia (5 mg/kg b.w Xylazine and
60 mg/kg b.w Ketamine) for all surgical interventions.
Thyroidectomy entailed removal of the thyroid gland via a
midline incision in the neck, while leaving the parathyroid
gland and recurrent laryngeal nerves intact (Salami et al.,
2016). Gastric ulcer was induced by altering ischemia and
reperfusion to the stomach (Wada et al., 1996, Salami et al.,
2017). The left gastric artery was clamped for 30 mins and
freed to allow reperfusion of the gastric tissue.

Thyroid function, haematology profile, renal and
hepatic function test: Whole blood was collected from the
rat retro orbital sinus into Ethylene Diamine Tetra acetic
Acid (EDTA) bottles for thyroid function test,
haematological profiling, plasma protein, plasma electrolyte
and plasma lipid content, as well as renal and hepatic
function test. Thyroid hormones were assayed via Enzyme-
Linked Immuno-Sorbent Assay (ELISA) according to the
protocols highlighted by the kit manufacturer (Cal biotech,
El Cajon, CA). The reaction was based on a solid phase
competitive ELISA with an analytical sensitivity of 1 pg/dl
for thyroxine (T4), 0.25 ng/ml for triiodothyronine (T3) and
0.5 plU/ml for thyroid stimulating hormone (TSH). Briefly,
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samples were conjugated alongside the relevant enzyme to
polyclonal antibody coated well. Unbound enzyme and
enzyme conjugates were washed off before substrate
addition. A standard curve was prepared and used to
interpolate colour intensity to enzyme concentration.

Haematological profiling was based on established
protocols. They included the evaluation of packed cell
volume (PCV) (Sorokin, 1973), red blood cell count (RBC)
(Rowan, 1983), haemoglobin concentration (Hb) (van
Lerberghe et al., 1983), total white blood cell (TWBC)
(Rowan, 1983), differential white blood cell count
(Burstein, 2007) and platelet count (Brecher and Cronkite,
1950). Plasma protein, plasma electrolyte, plasma lipid
content, as well as renal and hepatic function test were
analysed as earlier described (Elinder et al., 1985; Gregor et
al., 1977).

Macroscopic and microscopic examination of gastric
epithelium: Excised rat stomach was cut open across the
greater curvature, rinsed in normal saline to rid food debris
and spread out to macroscopically examine for ulceration.
Degree of ulceration was scored using a 2X magnifying lens
as follows: normal stomach — O; red coloration — 0.5; spot
ulcer — 1; haemorrhagic streaks — 1.5; ulcers > 3mm < 5mm
—2; ulcers > 5mm — 3 (Kunchandy et al., 1985).

Sum stomach and liver sections were fixed in 10 % formalin
and embedded in paraffin. Stained sections (Haematoxylin
and Eosin (H&E) stain) were microscopically examined for
inflammation, granulation, regeneration and vascular
integrity. Pathophysiological changes were shown on a
microphotograph.

Stomach and liver tissue preparation: Homogenised
stomach and liver tissue was centrifuged (10,000 RPM x
40C x 10 mins) and decanted supernatant was stored at -
200C for biochemical analysis. Protein concentration of
gastric and hepatic tissue was estimated via a slight
modification of the method described by (Gornall et al.,
1949). CU2+ precipitation to Cuprous Oxide was prevented
by the addition of Potassium the Biuret reagent.

Evaluation of oxidative stress (MDA, Protein Carbonyl)
and antioxidant activity (SOD), Sulfhydryl, mucin,
Nitric oxide and Sodium Potassium ATPase activity: The
production of malondialdehyde (MDA) during lipid
peroxidation of cellular membranes was used as a marker of
oxidative stress, as thiobarbituric acid reactive substances
(TBARs) react with MDA to form a pink solution whose
light absorbance can be read at 532 nm (Varshney and Kale,
1990).

Protein carbonyl assay was based on the reaction of
carbonyl groups with 2,4-dinitrophenylhydrazine to form
the 2,4-dinitrophenylhydrazone (Levine et al., 1990).
Superoxide dismutase (SOD) and catalase activity were
monitored as markers of antioxidant activity via the
methods described by (Misra and Fridovich, 1972) and
(Claiborne, 1985) respectively.

The estimation of nonprotein sulfhydryl content of
gastric and hepatic tissues relied on (Ellman, 1959)
determination that a mole 2-nitro-5-mercaptobenzoic acid is
formed for each mole of sulthydrl that reduces 5,5’-
dithiobis-(2-nitrobenzoic acid) (Sedlak and Lindsay, 1968).
The diazotizing agent — sulfanilamide, and the coupling
agent — N-(1-naphthyl) ethylenediamine constitute the

Griess reagent that reacts with nitrite to form a highly
coloured azo dye readable at an absorbance of 548 nm
(Ignarro et al., 1987). The estimated total nitrite is used as
an indirect quantification of nitric oxide (NO) levels (Salami
et al., 2016). Mucin contains hexose that reacts with orcinol
(5-methyl resorcinol) in the presence of sulfuric acid,
yielding a spectrophotometrically measurable coloured
product (Winzler, 2006). Conversely, the incubation of
biological membranes with adenosine triphosphate releases
phosphate that is used as a measure of sodium potassium
pump activity (Bewaji et al., 1985).

Statistical analysis: Data was analysed using two-way
ANOVA with Tukey’s post hoc test on GraphPad Prism 7
and presented as Mean + Standard Error of Mean (S.E.M).
p-value < 0.05 was considered statistically significant.

RESULTS

Body weight change and thyroid hormone levels:
Thyroid hormone levels (TSH, T4, T3) were significantly
reduced in thyroidectomised rats throughout the
experimental period (Figure 1). There was also a significant
reduction in percentage body weight in thyroidectomised
(hypothyroid) rats exposed to potassium bromate compared
with potassium bromate treated euthyroid rats (Figure 2).
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Figure 2:

Effect of potassium bromate on percentage body weight in
euthyroid and hypothyroid states. NORMAL - Control; UU-
ulcerated untreated; UK - Ulcerated treated with 12.5mg/kg/day of
Potassium Bromate; TU - Thyroidectomised ulcerated untreated;
TUT - Thyroidectomised ulcerated treated with (100pg/kg/day) of
Levothyroxine; TUK - Thyroidectomised ulcerated treated with
12.5mg/kg/day of Potassium Bromate.
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Normal

Day 3

0.00 £ 0.00

Day 7
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6.90 +0.65
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- Plate 1:

Gastric tissue and mean ulcer score across groups

Plate 2:

Gastric tissue
photomicrograph at Days
3 and 7, observed using
haematoxylin and eosin
stains at X 40, X 100 and
X 400 magnification.
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Day 3

Day 7

Day 7

Plate 3:
Hepatic tissue photomicrograph at Days 3 and 7, observed using haematoxylin and eosin stains at X 40, X 100 and X 400 magnification
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Gastric and hepatic epithelial integrity: Euthyroid and
Hypothyroid state and/or potassium bromate exposure
significantly decreased the severity of gastric ulcers formed
during ischaemia and reperfusion of the gastric tissue

Plate 2 shows gastric tissue photomicrographs during
bromate exposure across thyroid states. By day 3, a focal
area of angiogenesis with vascular congestion (dashed
arrow) was observed in the control group. The Ulcer + 12.5
mg/kg KBrO3 and Ulcer + Thyroidectomy + 12.5 mg/kg
KBrO3 groups showed mild ulceration of the mucosa with
chronic inflammation of the submucosa and muscularis
mucosa. The inflammatory cells were still present in the
thyroxine treated group, but there was substantial adipocyte
and fibroblast infiltration into the submucosa. By day 7,
there were mild inflammatory cells into the mucosa and
moderate infiltration into the submucosa persisted in the
Ulcer + 12.5 mg/kg KBrO3 and Ulcer + Thyroidectomy +
125 mg/kg KBrO3 groups there were still mild
inflammatory cells infiltration into the mucosa and
submucosa in the thyroxine treated group.

Plate 3 shows hepatic tissue photomicrographs during
bromate exposure across thyroid states. By day 3, the
presence of vascular congestion, thrombosis, and cirrhosis
with large regenerative nodules surrounded by thick fibrous
connective tissue embedded with chronic inflammatory
cells was observed in the ulcerated group. The Ulcer + 12.5
mg/kg KBrO3 and Ulcer + Thyroidectomy + 12.5 mg/kg
KBrO3 groups showed focal area of mild steatosis,
thrombosis, vascular congestion, periportal inflammation,
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compared with ulcerated untreated in euthyroid and
hypothyroid states. Consequently, thyroxine treatment
ameliorated the gastric ulcers in hypothyroid state (Plate 1).

the replacement of hepatocytes with fibrous connective
tissue, and a focal area of well encapsulated cyst with heavy
presence of inflammatory cells. However, normal
hepatocytes were observed with no significant lesions in the
thyroxine treated group. By day 7, the pathologies persisted
with focal area of necrosis and mild steatosis in the
ulcerated, in the Ulcer + 12.5 mg/kg KBrO3 and Ulcer +
Thyroidectomy + 12.5 mg/kg KBrO3 groups there were
disseminated mild steatosis, focal area of sinusoidal dilation
and congestion, but there was no difference in
photomicrographs of the control group and the Ulcer +
Thyroidectomy + 100ug/kg thyroxine group.

Biochemical modifications: Figures 3 & 4 show alterations
in oxidative stress, antioxidant activity markers, sodium
pump activity, and mucin content in gastric tissue during
bromate exposure across thyroid states. In all
thyroidectomised groups (Ulcer + Thyroidectomy, Ulcer +
Thyroidectomy + 100ug/kg thyroxine, Ulcer +
Thyroidectomy + 12.5 mg/kg KBrO3), there was significant
reduction in the detection of malondialdehyde (MDA),
carbonyl and nitric oxide (NO). Conversely, there were
increased nitric oxide (NO) levels, sodium pump (Na+ K+-
ATPase) activity, and mucin content in potassium bromate
and thyroxine treatment.

B. Gastric Nitric Oxide.
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Effect of potassium bromate on redox changes in the stomach in euthyroid and hypothyroid states. (A) Malonaldehyde levels across groups
(B) Nitric oxide levels across groups (C) Superoxide dismutase activity across groups (D) Catalase activity across groups (E) Carbonyl
levels across groups (F) Sulfhydrl levels across groups. 2significant compared with animals in control (NORMAL), P significant compared
with animals in ulcerated untreated group (UU), ¢significant compared with animals in ulcerated treated with potassium bromate group
(UK), 9 significant compared with animals in thyroidectomized ulcerated untreated group (TU), ¢ significant compared with animals in
thyroidectomized ulcerated treated with levothyroxine group (TUT), fsignificant compared with animals in thyroidectomized ulcerated
treated with potassium bromate group (TUK). Values are expressed as Mean + SEM and are considered statistically significant when p

value < 0.05
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Figure 4:

Effect of potassium bromate on (A) sodium—potassium pump and (B) mucin content in the stomach during euthyroid and hypothyroid
states. 2significant compared with animals in control (NORMAL), P significant compared with animals in ulcerated untreated group (UU),
¢ significant compared with animals in ulcerated treated with potassium bromate group (UK), 9 significant compared with animals in
thyroidectomized ulcerated untreated group (TU), © significant compared with animals in thyroidectomized ulcerated treated with
levothyroxine group (TUT), fsignificant compared with animals in thyroidectomized ulcerated treated with potassium bromate group
(TUK). Values are expressed as Mean + SEM and are considered statistically significant when p value < 0.05
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Figure 5:

Effect of potassium bromate on redox changes in the liver in euthyroid and hypothyroid states. (A) Malonaldehyde levels across groups
(B) Nitric oxide levels across groups (C) Superoxide dismutase activity across groups (D) Catalase activity across groups (E) Sulfhydrl
levels across groups (F) Nitric oxide / Malonaldehyde ratio across groups. a significant compared with animals in control (NORMAL), b
significant compared with animals in ulcerated untreated group (UU), c significant compared with animals in ulcerated treated with
potassium bromate group (UK), d significant compared with animals in thyroidectomized ulcerated untreated group (TU), e significant
compared with animals in thyroidectomized ulcerated treated with levothyroxine group (TUT), f significant compared with animals in
thyroidectomized ulcerated treated with potassium bromate group (TUK). Values are expressed as Mean + SEM and are considered
statistically significant when p value < 0.05

Figure 5 shows alterations in biochemical parameters in
hepatic tissue during bromate exposure across thyroid
states. Bromate exposure in hypothyroid state significantly
increased hepatic MDA levels compared with bromate
exposure in euthyroid state, and thyroxine treatment

restored MDA levels within the control range (by day 7).
SOD and catalase levels were also significantly increased in
thyroidectomised groups, while thyroxine treatment
increased sulfhydryl levels.
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Table 1:
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Effect of potassium bromate on red cell parameters and platelets (PLT) in euthyroid and hypothyroid states

PCV (%) Hb (g/dL) RBC (x105L) RTIC (%) MCH (pg) MCYV (fL) MCHC (%) PLT (mm?3)
GRP Day 3 Day 7 Day 3 Day 7 Day 3 Day7 Day3 Day 7 Day 3 Day 7 Day 3 Day 7 Day 3 Day 7 Day 3 Day 7
NL 41.33 42.0 13.73 14.3 7.70 7.24 293 293 19.74 19.74 60.38 + 58.44+ 3291+ 33.32¢ 142667+ 174000+
+1.33 +0.58 +0.29 +0.17 +0.24 +0.06 +0.03 +0.03 +0.15 +0.15 0.78 0.07 0.55 0.37 1763.83 6429.10
uu 45.33+ 39+ 147+ 1263+ 7.4 7.16 3.3 2.7 19.55 19.86 61.16 60.86 32.37 33.08 110667 244000
0.33 1.00 0.15 0.19° 1+ 0.04 +021 +0.06° +0.00 +0.00 +0.05 +0.73 +0.13 +0.07 +0.33 + 3929.942 + 8504.9%
UK 45.33% 4333+ 1457+  1453x  7.34% 735+ 317+ 3.1 20.12+ 19.78+ 61.76 + 60.29+ 32.50% 33.5% 119333.33% 244666.67+
0.33% 0.33° 0.13 0.09° 0.05 0.02 0.09 0.06" 0.09 0.07 0.31 1.34 0.16 0.36 5696 6359.59°
TU 44+058 3933+ 1437+ 1303+ 7.32% 6.66x  3.03% 213+ 20.39+ 19.61+ 61.05 + 60.17+ 32.92+ 32.59+ 162666.67+ 163333.33%
0.33° 0.58 0.28° 0.03 0.28 0.15 0.07%¢ 0.26° 0.38 0.23 0.96 0.20 0.13 7423.69 15025.90
TUT 42.67+ 4133+ 1393+ 1350+ 7.16% 7.24+  3.20% 203 % 19.47+ 20.12+ 59.63 = 61.09+ 32.65+ 3247x 126000+ 117000+
0.88 0.33 0.35 0.25 0.25 0.25 0.12 0.03%°¢ 0.29¢ 0.14 0.98 0.28 0.16 0.17 5131.6¢ 3214.55%<
TUK 40.33+ 4233+  13.36x 1357+  6.55% 6.89 3.20+ 237+ 20.39+ 19.69+ 61.55 + 58.94+ 33.42+ 33.23+ 143000+ 104666.67+
0.33bc 1.20° 0.12° 0.47 0.043bcd +0.22  0.06 0.0320¢e 0.22% 0.07 0.38 0.48 0.29 0.25 6806.86° 1763.832

@ significant compared with animals in control (NORMAL),
b significant compared with animals in ulcerated untreated group (UU),
¢ significant compared with animals in ulcerated treated with potassium bromate group (UK),
4 significant compared with animals in thyroidectomized ulcerated untreated group (TU), ¢ significant compared with animals in thyroidectomized ulcerated treated with levothyroxine group (TUT), f
significant compared with animals in thyroidectomized ulcerated treated with potassium bromate group (TUK). Values are expressed as Mean + SEM and are considered statistically significant when p

value < 0.05.

Table 2

Effect of potassium bromate on white blood cells and differential count in euthyroid and hypothyroid states.

WBC (x 105 pL) EOS (%) LYM (%) NEUT (%) MONO (%) P-L RATIO N-L RATIO M-L RATIO
GRP Day 3 Day 7 Day 3 Day 7 Day 3 Day 7 Day 3 Day 7 Day 3 Day 7 Day 3 Day 7 Day 3 Day 7 Day 3 Day 7
NL 3666.67 5450 200+ | 2.00 71.0 70.67 25+ 25.67% 2+ 1+ 1983.28+ 2443.50% 0.35% 0.36 0.03+ 0.01
+88.19 +132.29 0.58 +0.58 +0.58 | £0.67 1 0.58 0 0 56.22 127.45 0.01 +0 0.01 0
uu 5316.67+ 5733.33% 1.67+ 2+ T4+ 64.67+ 22.0 25.67+ 2 2+ 1531.74+ 3626.61+ 0.33+ 0.41+ 0.02+ 0.04+
187.82a 317.98 0.88 0.58 0.58 0.88a +1.73 3.06 +0.58 0.58 70.30 32.78a 0.03 0.04 0.00 0.00a
UK 5216+ 6916.67+ 1.33+ 2+ 73+ 74.33% 25 21+ 167+ 2+ 2153.13+ 3152.68+ 0.33+ 0.30+ 0.02+ 0.03+
148.13a 268.22a 0.33 0.58 0.58 0.33ab +1 2ab 0.33 0.00 203.39b 113.09a 0.01 0.01b 0.00 0.00
TU 2983.33% 4966.67+ 167+ 2.67% 72+ 68.67+ 24.67 27.0 167+ 1.67+ 2305.01+ 2382.31% 0.34% 0.39% 0.02+ 0.02+
496.94bc 272.85¢c 0.33 0.33 0 1.20bc +2.08 +1.73c 0.67 0.33 126.94b 238.16bc 0.02 0.02c 0.00 0.00
TUT | 4766.67+ 4933.33+ 2 1 71 74 26 23 1.67 1.67+ 1835.93+ 1617.07+ 0.31+ 0.02+ 0.03+
683.943d 404.489c +0.58 +0.00 +0.58 | +0.58bd +0.00 +0.00 +0.33 0.33 68.29 22.77abcd 0.37+0 | Obd 0.00 0.00
TUK | 4216.67% 2866.67+ 1.00+ 2.00x 70.6x 74,67+ 26.33+ 23 1.33 2 2215.5+ 1429.82+ 0.37x 0.35% 0.02+ 0.02+
145.29 233.33abcde | 0.00 0.00 0.88 1.45abd 0.58b +2.00 +0.33 +0.58 145.18b 53.55abcd 0.01 0.02 0.00 0.01b

asignificant compared with animals in control (NORMAL),
b significant compared with animals in ulcerated untreated group (UU),
¢significant compared with animals in ulcerated treated with potassium bromate group (UK),
d significant compared with animals in thyroidectomized ulcerated untreated group (TU), © significant compared with animals in thyroidectomized ulcerated treated with levothyroxine group (TUT), f
significant compared with animals in thyroidectomized ulcerated treated with potassium bromate group (TUK). Values are expressed as Mean + SEM and are considered statistically significant when p

value < 0.05.
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Table 3
Erythrocyte sedimentation rate and plasma proteins, electrolytes and lipid profile across thyroidectomised groups
Esr Total Albumin Globulin Albumin- Sodium lon Potassium Chloride lon Cholesterol Triglyceride Hdl (Mg/DlI) Ldl (Mg/DI)
(Mm/Hr) Protein (G/DI) (G/DI) Globulin (Mmol/L) lon (Mmol/L) (Mg/DI) (Mg/DI)
(G/DI) Ratio (Mmol/L)
GRP Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day
3 7 3 7 3 7 3 7 3 7 3 7 3 7 3 7 3 7 3 7 3 7 3 7
TU 13 087+ 740+ 663+ 2674 290+ 4734 3734 0574 073+ 138+ 139+ 4734 4.67+ 10433+ 10833+ 71.33+ 6433+ 43.67+ 4633+ 40.67+ 33+ 2140z 22.07+
+06¢ 007 010 032 0.03 015b 0.09 032 0.03 009a 0.58 2.08 0.03 0.27c 2.19 2.73 133 233 1.76 0.88 120 153 031 138
TUT 12+ 1+ 7474 6774 2934 287+ 4871 3734 0534 0.70+ 141+ 136.34 4.834 467+ 106+ 103+ 73+ 6133+ 4733+ 4233+ 43+ 31+ 21874 22074
0.12a 0 0.20 0.12 0.09 0.03bc 0.09 0.03 0.03 7.90E-1 1 0.33c 0.09 0.03c 3.06 0.58c 173 0.88 233 0.88b 100 058 074 037
TUK 12+ 117+ 7.734 6.83% 2734 290+ 4.80% 3.83% 0.6+ 070+ 1386+ 138+ 4501 477+ 108+ 11033 70+ 6333+ 47+ 42,67+ 41331 3567 2213+ 20474
0.06a 0.09%° 0.20 0.13 0.07 0.06b 0.10 0.03 0.00 7.90E-1 1.20 115c¢ 0.10 0.09c 3.06 524a 289 120 252 1.20 0.88 0.33be 0.64 0.24

asignificant compared with animals in control (NORMAL), ® significant compared with animals in ulcerated untreated group (UU), significant compared with animals in ulcerated treated with potassium
bromate group (UK), ¢significant compared with animals in thyroidectomized ulcerated untreated group (TU), ¢ significant compared with animals in thyroidectomized ulcerated treated with levothyroxine
group (TUT), fsignificant compared with animals in thyroidectomized ulcerated treated with potassium bromate group (TUK). Values are expressed as Mean + SEM and are considered statistically significant

when p value < 0.05.

Table 4:
Effect of potassium bromate on organ weight, renal and hepatic function in euthyroid and hypothyroid states

Stomach weight Liver weight BUN (mg/dL) CR (mg/dL) AST (L) ALT (uL) ALP (uL) TBIL (mg/dL)
GRP  Day3 Day 7 DAY 3 Day 7 Day 3 Day 7 Day 3 Day 7 Day 3 Day7 Day3 Day 7 Day 3 Day 7 Day 3 Day 7
NL 090+ 109z 492 + 543 16.40 = 16.40 + 0.70 = 0.70 = 40.67+ 40.33x 31% 29.33 % 103 + 80.33 0.30 = 0.10 =
0.03 0.06 0.32 0.18 0.21 0.21 7.9E-17 7.9E-17 0.67 0.33 0.58 0.33 1.00 1.45 0 9.8E-18
uu 0.98 0.97 = 5.04 + 6.76 + 16.70 + 1543 + 0.80 + 0.70 £ 43 38.33 3167+ 26 102.67 88.67 0.33 0.10
+0.00 0.05 0.13 0.18 ¢%f 0,06 0.15a 79E-17  79E-17 +0 +0.33 0.33 +0.58 +1.45 +1.20 +0.03 9.8E-18
UK 074+ 108z 498 + 489 + 16.47 = 16.57 + 0.80 = 0.80 = 42,67+ 4167+ 30z 27+ 96.67 + 104.67 0.20+2E- 0.20%
0.00 0.03 0.12 0.09 0.03 0.15b 79E-17 79E-17 0.33 0.33 0 1.15 2.67 0.88 ab 17ab 2E-17 ab
TU 126+ 167z 423+ 481+ 16.77 = 17.67 + 0.60 + 0.70 4233+ 3733+ 31= 27 £ 112 + 9433 030+ 023+
0.09¢c  0.223%¢f .06 0.46 0.15 0.18 Obc 0.06 0.88 1.33¢ 0.58 1.15 2.08c 5.55 ac Oc 0.03ab
TUT 112+ 111+ 443+ 4.89 1797 £ 1747 + 0.70 0.67 43.67+ 37+ 32+ 27 £ 115+ 111 + 040+ 0.20 £
0.06c 0.04 0.11 0.19 0.15 0.12 7.9E-17  0.03c 0.88 0.58 ¢ 1.15 1.15 1.15abc 1.53abd 3.9E-17 2E-17ab
TUK 123+ 109z 457 + 521+ 18.13 = 1743 + 0.67 0.67 = 4433+ 37= 3133+ 29.67% 120.33 £ 106.67 + 0.30 £ 0.27 =
0.08¢c 0.09 0.19 0.58 0.23 0.12 0.03 0.03c 1.33 1.00c 0.88 0.88 0.88abc 1.76 abd 0 0.03ab

: 2significant compared with animals in control (NORMAL), ° significant compared with animals in ulcerated untreated group (UU), ¢significant compared with animals in ulcerated treated with potassium
bromate group (UK), ¢significant compared with animals in thyroidectomized ulcerated untreated group (TU), ¢ significant compared with animals in thyroidectomized ulcerated treated with levothyroxine
group (TUT), fsignificant compared with animals in thyroidectomized ulcerated treated with potassium bromate group (TUK). Values are expressed as Mean + SEM and are considered statistically significant
when p value < 0.05.
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Haematological profile, plasma content, renal and
hepatic function.: Table 1 shows alterations in
haematological parameters during bromate exposure across
thyroid states. Packed cell volume (PCV) and red blood cell
(RBC) count were reduced, but haemoglobin content in red
blood cell relative to the cells volume (Mean corpuscular
haemoglobin concentration (MCHC)) was significantly
increased in bromate exposed hypothyroid rats by day 3.
The values tended towards normal by day 7.

Table 2 depicts white blood cell (WBC) and differential
count during bromate exposure across thyroid states, while
Table 3 shows no alterations in plasma protein, electrolyte
and lipid content during bromate exposure across thyroid
states. There was significant increase in plasma chloride but
significant decrease in plasma potassium and cholesterol
levels in bromate exposed hypothyroid rats by day 3. The
values tended towards normal by day 7. Table 4 shows no
alterations in renal and hepatic function during bromate
exposure across thyroid states.

DISCUSSION

Loss of body weight is an indicator towards pathology or
efficacy of a treatment regime during a disease state (Dietze
et al., 2016). Hypothyroidism has been linked with weight
gain in humans and rodents (Carlwe et al., 2013; Dale et al.,
2001). High doses of potassium bromate exposure has been
reported to cause a decrease in body weight (Kurokawa et
al., 1990; Ajarem et al., 2016), probably indicative of
toxicity while Abuelgasim et al., 2008, Dongmei et al.,
2015; Salami et al., 2020) noted no changes in body weight
between potassium bromate treated animals and control in
euthyroid state. In this study, potassium bromate (at a low
dose) increased body weight in euthyroid animals but not in
hypothyroid animals. These variations in body weight
(increase or decrease) might be due to dosage exposure, a
high dose of potassium bromate is indicative of toxicity
hence loss of body weight while low dose exposure might
be beneficial to the system.

Hypothyroidism has been linked with a prolonged
proliferative phase of wound healing (Cannon, 1994; Tha
Nassif et al., 2009). In this study thyroidectomised animals
treated with thyroxine had the highest percentage inhibition
ulcer score which is similar to observations of other studies
(Oluwole and Saka, 2007; Adeniyi et al., 2014; Salami et
al., 2016). Potassium bromate greatly reduced the mean
ulcer score in thyroidectomised ulcerated rats. Bromide ion
(from reduction of bromate in vivo) has been shown to
replace iodine in the thyroid forming brominated analogues
of thyroid hormone (Velicky et al., 1998; Pavelka, 2004)
mimicking the functions of iodine more (Vobecky et al.,
1996). However, in a recent study, cadexomer iodine has
been documented to reduce ulcer size and facilitate
complete healing of wounds (Raju et al., 2019, Gupta et al.,
2022). It may be that in the absence of thyroid hormone
synthesis in the thyroid gland, bromide ion mimicks the
action of iodine and release of thyroid stimulating hormone
(Allain and MacGregor, 1993) thus bringing about ulcer
healing. Thus it is safe to conclude that a normal level of
thyroxine is required for optimal healing of gastric ulcer.
Hypothyroidism predisposes to a drastic reduction in the
pace of metabolic processes, leading to metabolic anomalies
like anaemia. In fact, about half of hypothyroid patients

present with at least one type of anaemia (Bashir et al.,
2012; Shah et al., 1999). In the same vein, potassium
bromate has been shown to elicit in vitro erythrocytic lysis
and a diagnosis of anaemia in humans (Ahmad et al., 2014;
SONG et al., 2001, Omer et al., 2008; Stuti and D’Souza,
2013; Altoom et al., 2017). However, in this study it was
observed that potassium bromate prevented anemia by
maintaining RBC, PCV, Hb and reticulocyte values similar
to that of normal animals in non-thyroidectomised animals.
This is similar to the findings of Kurokawa et al., (1990) and
Achukwu et al., (2009). However in thyroidectomised
animals, potassium bromate did not prevent anemia as RBC,
PCV and Hb values were decreased, which leads us to infer
that the decrease was as a result of ulceration rather than
treatment of bromate.

Though previous studies noted a decrease in white blood
cells (WBC) when potassium bromate was administered
(Achukwu et al., 2009; Altoom et al., 2017), while the
bromate treated rats had decreased WBC count. Potassium
bromate increased lymphocyte count in  both
thyroidectomised and non-thyroidectomised animals.
Inflammatory biomarkers, such as the neutrophil-to-
lymphocyte ratio (NLR), platelet-to- lymphocyte ratio
(PLR), or Monocyte-to-lymphocyte ratio (MLR), have been
used as markers in the assessment of disease activity in
gastric ulcer (Adeniyi et al., 2018) and inflammatory bowel
disease (IBD) (Erademir et al., 2016). Nitric Oxide —
Malondialdehyde ratio (NO/MDA) may be considered as an
integrated marker of degree of inflammation and lipid
peroxidation (Caimi et al., 2014) in tissues. NO/MDA is low
when there is more inflammation compared to vasodilation.
NO/MDA is high when there is more vasodilation than
inflammation. NO has been shown to decrease
mitochondrial MDA content (He et al., 2019). Potassium
bromate treated animals had NO/MDA ratios similar to that
of normal animals even in the presence or absence of the
thyroid gland. This suggests that potassium bromate at the
administered dose modulated inflammatory response in
ulcerated animals both in the presence or absence of the
thyroid gland.

Erythrocyte sedimentation rate (ESR), plasma viscosity
and fibrinogen are less predictive markers of inflammation
in diseased conditions like gastric ulceration (Salami et al.,
2017). Potassium bromate increased ESR in non-
thyroidectomised animals but it was decreased in
thyroidectomised animals. The increase in ESR of animals
with intact thyroid may have been as a result of
inflammation resulting from ulceration (Bridgen, 1999).
The decrease noted in thyroidectomised animals may have
been due to plasma protein abnormalities (Bridgen, 1999)
since decrease in thyroid hormones affects plasma protein
synthesis (Graninger et al., 1986). Fibrinogen, an
inflammatory marker and a major coagulation protein in the
blood, has been found to be increased in patients with
diabetic foot ulcer (Li et al., 2016). Fibrinogen levels were
normal in potassium bromate treated rats. Lower serum
albumin levels has been shown to delay peptic ulcer healing
and cause peptic ulcer bleeding (PUB) and other
complications (Hu et al., 2017; Cheng et al., 2018).
Potassium bromate increased albumin levels in animals with
intact thyroid gland which contradicts reports of lowered
albumin and serum protein levels in potassium bromate
treated animals (Omer et al., 2008; Stuti and D’Souza,
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2013); while a general decrease was observed in all
thyroidectomized ulcerated rats at day 3 which reverted
back to normal by day 7.

In this study, animals with intact thyroid gland treated
with potassium bromate had high sodium, potassium and
chloride ions. The thyroidectomised potassium bromate
treated ulcerated animals with had normal electrolyte levels.
Kurokawa et al., (1990) reported increased sodium levels
and decreased potassium levels, while Abuelgasim et al.,
(2008) reported the inverse in potassium bromate treated
animals. The increased chloride may have been as a result
of bromide ion displacing body chloride (Pavelka, 2004).

Changes in their activities of Aspartate aminotransferase
(AST), Alanine transaminase (ALT), Alkaline phosphatase
(ALP) are indicative of liver damage by toxicants or in
disease conditions (Oseni et al., 2018). The AST and ALT
levels were normal in potassium bromate treated animals
with or without the thyroid gland indicating absence of liver
toxicity. This contradicts several studies done on potassium
bromate which reported liver toxicity and increased AST
and ALT in animals treated with potassium bromate (Omer
et al., 2008; Oloyede and Sunmonu, 2009; Oseni et al.,
2015; Oseni et al., 2018). This may be because the dose of
potassium bromate administered in this study is much lower
than that used in the other studies which ranged from 30 to
200 mg/kg. Increased ALP has been associated with growth
spurts (Shipman, 2013) which was evident in these groups.
Blood urea nitrogen and creatinine levels which are used to
evaluate Kkidney function were normal for both
thyroidectomised and normal ulcerated animals treated with
potassium bromate. This means that potassium bromate had
no adverse effect on kidney function and is in line with
DeAngelo et al., (1998) and Abuelgasim et al., (2008).

Increased lipid peroxidation has been reported to
contribute to mucosal inflammation (Biswas et al., 2003;
Omayone et al., 2016). Malondialdehyde (MDA) level has
been shown to be elevated in potassium bromate treated
animals (Josiah et al., 2011; Josiah et al., 2012; Oseni et al.,
2015; Ahmad et al., 2015; Oseni et al., 2018). This study
observed that non-thyroidectomised rats treated with
potassium bromate had lower gastric MDA levels (unlike in
the ulcer untreated group), while thyroidectomised rats had
minimal peroxidation. However, liver of potassium bromate
treated rats showed elevated MDA levels by day 7.

Increased protein carbonyl levels have been found in the
intestine of animals treated with potassium bromate (Ahmad
et al., 2015). However, it had no such effect on
thyroidectomised animals as elevated carbonyl levels were
observed in all the treatment groups by day 7. The reason
for this may be the oxidative stress known to be associated
with thyroidectomy and ulceration (Salami et al., 2016).

Endogenous antioxidants (Superoxide dismutase (SOD),
catalase and Sulfhydryl) have been reported to be decreased
in gastric ulcer, as a result of increased lipid peroxidation
(Omayone et al., 2016). However, potassium bromate
protected against tissue damage from oxidative stress in
both normal and thyroidectomised animals in this study
contrary to earlier reports (Oseni et al., 2015; Silva et al.,
2015; Costa et al., 2019).

In contrast, the thyroid hormones play crucial roles in the
wound healing process, including enhancing collagen
formation, mitochondrial oxidative phosphorylation,
inducing protein synthesis, and diminishing fibroblast
function (Kivirikko et al., 1967; Natori et al., 1999; Sterling,

2010). This explains the increased gastric mucin content that
we found in the thyroxine treated group, as adequate mucin
production is important for the protection of gastric
epithelial layers from perturbations like gastric acid
secretion (Adeniyi et al., 2018; Bansil and Turner, 2006;
Salami et al., 2021). This study observed an increased
mucin content in ulcerated animals treated with potassium
bromate both in the thyroidectomised and non-
thyroidectomised states.

Nitric oxide production under normal physiological
conditions mediates many aspects of inflammation but in
abnormal conditions, it is regarded as pro-inflammatory
mediator that induces inflammation due to its excess
production (Odukanmi et al., 2017). This may explain why
in the non-thyroidectomised animals, the ulcer untreated
group had the highest nitric oxide level at both days 3 and
7, probably due to ulcer formation. Potassium bromate did
not alter nitric oxide levels in both non-thyroidectomised
and thyroidectomised animals.

The sodium potassium pump helps in maintaining
resting membrane potential and controlling the intracellular
ion concentration inside the cell, which are important for
numerous of the cell’s enzymatic functions (Sherwood,
2012; Clausen et al., 2017). The thyroid hormone influences
metabolic energy generation via enhanced mitochondrial
function for Adenosine triphosphate (ATP) production
(Harper and Seifert, 2008). Consequently, similar patterns
of recovery from toxin-related injury have been recorded in
thyroxine-treated rats and their ATP-MgCI2 treated
counterparts (Siegel et al., 1984). Given that tissue repair is
energy-intensive (Schulte-Wissermann et al., 1977), we
investigated how different thyroid states affect gastric ulcer
healing during low oral dose bromate exposure. This study
observed that potassium bromate increased gastric sodium
potassium pump activity in non-thryoidectomised ulcerated
rats while it maintained pump activity within normal range
in thyroidectomised animals.

Previous study Salami et al., 2020, documented that
Protocatechuic  acid ameliorated gastric ulceration
during potassium bromate exposure at a low dose however,
similar activities of increased antioxidant status, gastric
sodium potassium pump activities and angiogenesis in the
bromate treated groups were also observed in this study.
This observation needs critical evaluation as both studies
reveals angiogenesis, increased gastric sodium potassium
pump activities and antioxidant activities at the dose of
potassium bromate administered.

In conclusion, this study showed that in the absence or
decrease of the thyroid hormones, low-dose potassium
bromate mimicks the effect of thyroxine thereby promoting
gastric ulcer healing. Potassium bromate at low dose
prevented anemia associated with ulcer contrary to reports
of anemia after treatment with high doses of potassium
bromate. From the results of our study, low dose potassium
bromate was found to be gastroprotective in both non-
thyroidectomised and thyroidectomised states and had no
toxic effect on the liver or blood, unlike reports of toxicity
at high doses.
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