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The  study  sought  to  investigate  the protective  potentials  of  Curcuma  longa  rhizome  following  potassium
bromate-induced  liver  injury  in  Wistar  rats. Thirty-five  male  Wistar  rats  were  divided  into  7  groups  of  5
rats  each  (n  =  5). Control  group  received  normal  saline  while  the other  groups  received  oral  administra-
tion  of  100  mg/kg  potassium  bromate  daily  for  two  weeks  to induce  hepatic  injury. Negative  control  I  rats
were  sacrificed  immediately  after  induction  of  hepatic  injury,  while  the  test  groups  were  given  oral  dose
of ethanol  extract  of  Curcuma  longa  rhizome  (EECLOR)  at 100,  200  and 400  mg/kg  for  two  weeks.  Positive
control  group  was  treated  with  Silymarin  for two weeks,  while  negative  control  II group  was  observed  for
the two-week  period.  At  the  end  of  the  study,  serum  biochemical  parameters  of  liver function  enzymes,
malondialdehyde  and  histopathological  changes  were  investigated.  Necrotic  hepatocytes  were  quantified
in H&E-stained  liver  sections  using  the morphologic  criteria  of  typical  necrotic  tissue.  Hepatocytes  that
remained  intact  were  identified  as those  with  round  euchromatic  nuclei  with  prominent  nucleoli.  Histo-
logical  examination  and morphological  grading  of  the stained  sections  showed  massive  necrosis  across

the zones.  EECLOR  improved  liver functions  evidenced  by  reduced  activity  of  serum  amino  transferases.  It
also  reduced  lipid peroxidation.  In  addition,  there  was  significant  reduction  of hepatocytes  showing  mor-
phological  criteria  of necrosis  in  EECLOR-treated  rats  across  the  zones,  with  appreciable  radial  sinusoidal
arrangement.  In conclusion,  the  protective  actions  of  EECLOR  against  potassium  bromate  liver  toxicity  in
rats,  appears  to be  due  to  its ability  to reduce  lipid  peroxidation.

© 2019  Elsevier  B.V.  All  rights  reserved.
. Introduction

The ban on potassium bromate (KBrO3) as a food additive has
ot prevented it from sneaking into food products [1]. It has been
iscovered in refined flour products including burger and pizza.

n some other products found on supermarket shelves, includ-
ng toothpastes and mouthwashes, it is added as an antiseptic
nd astringent [2]. It also forms a major constituent in fumi-
ants for agricultural pest control, flame retardants, reagents for
rinting, prescription drugs and cosmetics as permanent wave
eutralizer [2]. Furthermore, KBrO3 is used in laboratories as an
nalytical and strong oxidizing reagent in organic and inorganic
eactions [3,4]. It is found in water disinfected by ozonation and
onsequently frequently detected in ozonized water [5]. Being a

io-stable substance, KBrO3 crosses biological membrane easily to
ause intracellular toxicity [6] and has been associated with hep-
totoxicity, neurotoxicity, nephrotoxicity and carcinogenesis [7].

∗ Corresponding author.
E-mail address: waledavade@yahoo.com (D.O. Adeyemi).

ttps://doi.org/10.1016/j.pathophys.2019.04.002
928-4680/© 2019 Elsevier B.V. All rights reserved.
According to scientists, there is no safe level of exposure to a car-
cinogen [8] as it is considered to exert its toxicity through the basic
mechanism of lipid peroxidation, leading to generation of free rad-
icals [9]. Various researchers have shown that potassium bromate
induces necrosis and distorts cellular architecture [10,11] but have
left out a specific report on the cytoplasmic and nuclear changes,
the zonal extent of these damages as well as the conflict of ideas on
the antidote for bromate toxicity.

Curcuma longa rhizome is a plant food comprising of various
compounds closely related to human health [4]. It releases its
active constituents to water and alcohol [12]. The main compo-
nents of the rhizomes are volatile oil and a group of coloring agents
called curcuminoids which include curcumin, demethoxycur-
cumin, 5-methoxycurcumin and dihydrocurcumin with curcumin,
a polyphenol compound, which is the most important fraction [12].

This investigation evaluates sequential centrilobular, mid-zonal
and periportal nuclear as well as cytoplasmic changes in hep-

atic parenchymal cells of rats, following KBrO3 toxicity. It futher
assessed the effects of ethanol extract of C. longa rhizome on the his-
tomorphology, morphometry and biochemical parameters of liver
tissue of rats with KBrO3-induced alterations.

https://doi.org/10.1016/j.pathophys.2019.04.002
http://www.sciencedirect.com/science/journal/09284680
http://www.elsevier.com/locate/pathophys
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pathophys.2019.04.002&domain=pdf
mailto:waledavade@yahoo.com
https://doi.org/10.1016/j.pathophys.2019.04.002
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. Materials and methods

.1. Chemicals

Potassium bromate (P28/65/455-1), procured from May  and
aker Limited, Dagenham, England. Silymarin tablet (SYFH0048),
rocured from Micro Labs Limited, India. ALP, AST and ALT assay
its were purchased from RANDOX Laboratories Limited, Ardmore,
nited Kingdom. Other reagents used were of analytical grade.

.2. Preparation of Curcuma longa rhizome extract

Fresh C. longa rhizomes were purchased from a commercial sup-
lier at Sabo market in Ile-Ife (South-West Nigeria, West Africa).
he rhizomes were authenticated by a taxonomist at the Depart-
ent of Botany, Obafemi Awolowo University, Ile-Ife with the

oucher number IFE-17538, for reference purpose. Ethanol extract
f Curcuma longa rhizome (EECLOR) was prepared using standard
rocedure. The rhizomes were descaled, air dried and pulverized

n a milling machine (DIK - 2913). The pulverized rhizomes were
xtracted three times with 70% ethanol and continuously stirred
t room temperature with a magnetic stirrer for 24 h each. The
xtracts were filtered using Whatmann No. 1 filter paper. The fil-
rates were concentrated in vacuo at 40 ◦C using a vacuum rotary
vaporator (Buchi). The extracts obtained were stored in a desicca-
or prior to phytochemical evaluation.

.3. Phytochemical analysis

Comprehensive screening was carried out to check for the
resence or absence of secondary metabolites in the extract. Com-
ounds tested for include: alkaloids, flavonoids, tannins, cardiac
lycosides, phenols, phytosterols, saponins, terpenoids lactones,
nthraquinone, phlobatannin and proteins. All tests were carried
ut as previously described [13].

.4. Animal care and management

The thirty-five male Wistar rats (120–150 g) used for this study
ere bred at the animal holding of the Department of Anatomy

nd Cell Biology, Obafemi Awolowo University, Ile-Ife and housed
n plastic cages under standard laboratory conditions. The rats
ed on standard laboratory rat chow (ACE feed, Osogbo, Nigeria,)
nd had access to water ad libitum.  Ethical clearance (Clearance
o: IPH/OAU/12/813) was obtained from the Health Research and
thics Committee (HREC) of the Institute of Public Health, Obafemi
wolowo University, Ile-Ife. The rats received humane care accord-

ng to the criteria stipulated in the Guide for Care and Use of
aboratory Animals, prepared by the National Institute of Health
14].

.5. Experimental

.5.1. Experimental design
Thirty-five male Wistar rats (120–150 g) were randomly

ssigned into 7 groups (n = 5) thus:
Group 1 (Normal control group)  received normal saline orally

or 28 days; Group 2 (Br. Only) received 100 mg/kg KBrO3 daily for
4 days and were sacrificed 24 h after the last dose was adminis-
ered; Group 3 (Br. + 100 mg/kg E) were pre-treated with 100 mg/kg
BrO3 daily for 14 days and later received 100 mg/kg EECLOR daily
or 14 days; Group 4 (Br. + 200 mg/kg E.) first received 100 mg/kg
BrO3 daily for 14 days and were subsequently administered
00 mg/kg EECLOR daily for 14 days; Group 5 (Br. + 400 mg/kg E.)
ere administered 100 mg/kg KBrO3 daily for 14 days and then
hysiology 26 (2019) 153–162

received 400 mg/kg EECLOR daily for 14 days, Group 6 (Br. + Sily-
marin) rats also received 100 mg/kg KBrO3 daily for 14 days and
were later treated with 2 mg/kg Silymarin 12 hourly for 14 days.
Finally, Group 7 (Br. + Observation) rats received 100 mg/kg KBrO3
daily for 14 days and were observed for the subsequent 2 weeks
before sacrifice.

2.5.2. Determination of body weight
All the rats were weighed individually with a top loader digital

balance every 3 days prior to commencement of the experiment
and afterwards to assess any change in body weight over time. Body
weight change was expressed as the percentage difference between
the final and initial body weights, divided by initial weight.

Percentage weight change = final weight – initial weight

initial weight
x 100%

2.5.3. Sacrifice and surgical excision of the liver
At the end of the experiment, the rats were sacrificed under

diethyl ether anesthesia. A midline abdominal incision was made
on each rat and whole liver was excised, carefully trimmed of lig-
aments, peritoneal covering and weighed on a top loader digital
balance. Because liver lobes respond to hepatotoxic agents differ-
ently [15], all samples were taken from median lobe (Fig.1) leaving
out the left, right and caudate lobes. Relative liver weight was
defined as the percentage ratio of liver weight to final body weight.

Relative organ weight = organ weight
final body weight

× 100%

2.5.4. Histological procedure
The median lobe of each rat liver was  grossed into two  pieces and

fixed in Neutral Buffered Formalin (NBF) for histological demon-
strations. The tissues were kept in the fixative at room temperature
till processed. The second pieces were frozen for the estimation of
malondialdehyde. Tissues were processed via paraffin wax embed-
ding method [16], 5 �m thick sections were obtained on a rotary
microtome (Leica RM 2125 RTS) and stained with hematoxylin and
eosin (H & E) for the demonstration of general histoarchitecture
and evaluation of necrotic changes.

2.5.5. Photomicrography
The liver sections were examined under a LEICA research micro-

scope (DM750) connected to a digital camera (LEICA ICC50) and
permanent photomicrographs were taken. Scale bars were merged
on each micrograph taken.

2.5.6. Image analysis
Integrated morphology analysis was undertaken using image J

software. Digital bright field images were uploaded unto the image
J analysis software. The scale was set using a digital micrometer
gauge reading to convert measurements in pixels to microns and
this was  applied to all images. Cells were counted using the cell
counter plug-in available on the image J analysis software, after a
grid (4000 �m2) had been applied across the images.
2.5.7. Serum sampling for biochemical assay
At sacrifice, blood samples were collected by cardiac puncture

into plain bottles and centrifuged at 3000 rpm for 10 min  (after
clotting at room temperature) to obtain serum.
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Fig. 1. Photograph of rat liv

Table 1
Quantification of necrotic change.

Percentages of occurrence Grades Grades indication

0 0 None
<20 1+ Mild
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noids, a polyphenolic compound had been previously isolated
20–70 2+ Marked
>70 3+ Severe

.6. Assessment of hepatotoxicity

.6.1. Histological scoring
Quantification of cellular death and intact hepatocytes were

arried out as follows: the number of necrotic hepatocytes were
ounted in 10 high power fields (HPF) (400x) of H & E stained
ections, taking account of the following morphological criteria:
ncreased eosinophilia, cell swelling and lysis, intracytoplasmic
esiculation, intra-nuclear vacuolation, plasmorhexis, plasmolysis,
aryolysis and karyorrhexis around the periportal (zones 1), mid-
onal (zone 2) and centrilobular areas (zone 3) of hepatic plates
17–19]. Further support for these criteria came from the obser-
ation that the damaged cells form a confluent area, which is
haracteristic of oncotic necrosis as against apoptosis [19]. Intact
epatocytes were defined as those with round nuclei with promi-
ent nucleoli [20]. All specimens were examined for these features.
he percentage of necrotic changes observed was estimated by
valuating the number of microscopic fields with necrosis, com-
ared to the whole histologic sections. Severity in necrotic changes

n each liver was graded following a modification of a previously
eported model [21] shown in Table 1.

.6.2. Assessment of liver function markers
The serum activities of aspartate aminotransferase (AST), ala-

ine aminotransferase (ALT) and alkaline phosphatase (ALP) were

easured to assess hepatotoxicity. Activities of AST, ALT and ALP
ere measured in the serum, using enzyme colorimetric assay kits
sing standard procedures.
er showing its lobes.

2.6.3. Assessment of hepatic lipid peroxidation
To estimate level of tissue malondialdehyde (MDA), each frozen

median lobe was homogenized in 10 mL  of sucrose solution using
an electric homogenizer. Lipid peroxidation was  estimated as
described by Ohkawa et al. [22]; 0.5 mL  of phosphate buffer (0.1 M,
pH 8.0) and 0.5 mL  of 24% trichloroacetic acid (TCA) were added to
0.5 mL  of samples. The resulting mixture was incubated at room
temperature for 10 min  and centrifuged at 2000 rpm for 20 min
to obtain a supernatant. To every 1 mL  of supernatant, 0.25 mL of
(0.33%) thiobarbituric acid (TBA) in 20% acetic acid was added, and
the resulting mixture was boiled at 95 ◦C for 1 h. The resulting pink
coloured product was cooled and the product’s absorbance was
read at 532 nm (Extinction coefficient of MDA, �532 = 1.53 × 105
M-1  cm-1).

2.7. Statistical analysis

Results were expressed as Mean ± S.E.M. GraphPad Prism5 (Ver-
sion 5.03, GraphPad Inc.) was  used to carry out all statistical
analyses. Data were analyzed using one-way analysis of variance
(ANOVA), followed by Students Newman-Keuls (SNK) and Dunnett
post hoc tests for multiple comparisons. Results were considered
significant at p < 0.05.

3. Results

3.1. Phytochemical constituents of Curcuma longa

The phytochemical screening of ethanol extracts of Curcuma
longa rhizomes in this study revealed the following constituents:
alkaloids, flavonoids, saponins, phlobatanin, tannins, terpenoids,
phytosterols, phenols and anthraquinones (Table 2). Curcumi-
from turmeric rhizomes [23,24]. On screening, the curcuminoids
complex found in turmeric rhizome include curcumin, demethoxy-
curcumin and bisdemethoxycurcumin. The chemical structures of
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Table  2
Phytochemical screening of ethanol extract of Curcuma longa rhizome.

Class of compounds Ethanol extract

Mayer’s reagent ++
Alkaloids Wagner’s reagent ++

Drangedorf reagent ++
Cardiac glycosides –
Flavonoids +
Saponins ++
Phlobatanin +
Tannins +
Terpenoids +
Phytosterols +
Phenols ++
Anthraquinones +
Lactone –
Protein –

Note: (–): Absence; (+): Less presence; (++): Moderate presence.
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Fig. 3. Effects of EECLOR on liver lipid peroxidation product (MDA). Each bar rep-
resents Mean ± SEM. Groups with the same alphabet are not significantly different

T
C

ig. 2. Effects of EECLOR on percentage weight change (PWC) of Wistar rats exposed
o  KBrO3 toxicity. Data are mean ± S.E.M. �- significantly different from normal
ontrol, �- significantly different from negative control at p < 0.05.

hese constituents and their percentage composition are shown in
able 3 [23,24].

.2. Effects of EECLOR on percentage weight change and relative
rgan weight of rats with KBrO3 - induced hepatic injury

Potassium bromate caused significant weight loss in Br. + Sily-
arin, Br. Only and Br. + Observation groups when compared with
ormal control (p = 0.01) (Fig. 2).

However, in a dose-independent manner, the extract sig-
ificantly restored body weight of rats in the test groups

Br. + 100 mg/kg E, Br. + 200 mg/kg E and Br. + 400 mg/kg E) when com-
ared with Br. Only group (p = 0.0004); there was no significant
ifference in the weight gain of test groups and that of the Br.

 Silymarin group (p = 0.0647) (Fig. 2). Consequently, treatments

able 3
hemical structure of curcuminoids isolated from Curcuma longa rhizome.

Compound Chemical structure 

Curcumin 

Demethoxycurcumin 

Bisdemethoxycurcumin 
while those with different alphabets are significantly different (SNK). (�) signif-
icantly different from negative control, (�) significantly different from positive
(Silymarin-treated) control (Dunnett) at p < 0.05. MDA  - malondialdehyde.

with potassium bromate and Curcuma longa extract had no sig-
nificant effect on relative liver weight of rats across the groups
(Table 4).

3.3. Effects of EECLOR on MDA  level of rats with KBrO3-induced
hepatic injury

Fig. 3 illustrates the effects of extracts of Curcuma longa rhi-
zome on tissue MDA  level of rats with potassium bromate-induced
hepatic injury. Potassium bromate increased significantly the prod-
uct of tissue lipid peroxidation in Br. Only and Br. + Observation
groups when compared with the normal control group (p = 0.004).
However, the extract at doses 200 and 400 mg/kg reduced sig-
nificantly, the liver concentration of MDA  in Br. + 200 mg/kg E
and Br. + 400 mg/kg E groups when compared with Br. Only group
(p = 0.03). This decrease occurred in a manner similar to the sig-
nificant reduction observed in Silymarin-treated rats (p = 0.009).
Rats in Br. + 200 mg/kg E, Br. + 400 mg/kg E groups and Br. + Silymarin
showed no significant difference in MDA  levels compared with the
normal control rats (p = 0.64).

3.4. Effects of EECLOR on serum activities of liver function

enzymes of Wistar rats with KBrO3-induced hepatic injury

Figs. 4–6 illustrate the effects of Curcuma longa rhizome extract
on the activities of ALP, AST and ALT respectively, in the serum

% Composition

94

6

0.3
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Table  4
Absolute and relative organ weights of male Wistar rats following exposure to KBrO3 and treatment with EECLOR.

Group (n = 5) Treatment Absolute weight (g) Relative weight (%)

Normal control Normal saline 5.64 ± 0.32 3.52 ± 0.18
Negative control I 100 mg/kg KBrO3 4.96 ± 0.31 3.86 ± 0.43
Test  group I 100 mg/kg KBrO3 + 100 mg/kg EECLOR 6.34 ± 0.48 3.60 ± 0.22
Test  group II 100 mg/kg KBrO3 + 200 mg/kg EECLOR 5.56 ± 0.37 3.39 ± 0.25
Test  group III 100 mg/kg KBrO3 + 400 mg/kg EECLOR 6.8 ± 0.45 4.06 ± 0.12
Positive control 100 mg/kg KBrO3 + 2 mg/kg Silymarine 5 ± 0.62 3.68 ± 0.18
Negative control II 100 mg/kg KBrO3 + 2 weeks observation 6.84 ± 0.33 4.35 ± 0.18

F = 1.876; p = 0.1203

Values are mean ± SEM of five rats in each group.

Fig. 4. Effects of EECLOR on serum ALP activity. Each bar represents Mean ± SEM.
Groups with the same alphabet are not significantly different while groups with
different alphabets are significantly different. (�) significantly different from neg-
ative control, (�) significantly different from positive (Silymarin-treated) control
(Dunnett) at p < 0.05. ALP - Alkaline phosphatase.

Fig. 5. Effects of EECLOR on serum AST activity. Each bar represents Mean ± SEM.
Groups with the same alphabet are not significantly different while groups with
d
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Fig. 6. Effects of EECLOR on serum ALT activity. Each bar represents Mean ± SEM.
Groups with the same alphabet are not significantly different while groups with
ifferent alphabets are significantly different (SNK). (�) significantly different from
egative control, (�) significantly different from positive (Silymarin-treated) control
Dunnett) at p < 0.05. AST - Aspartate aminotransferase.

f rats with potassium bromate-induced hepatic injury. Results
ndicated that potassium bromate significantly increased serum
ctivities of ALP, AST and ALT in Br. Only and Br. + Obser-
ation groups when compared with the normal control group
p = 0.0001, p = 0.0004, p < 0.00001 respectively). However, the
xtract at every administered dose significantly lowered the serum
ctivities of these enzymes in Br. + 100 mg/kg E, Br. + 200 mg/kg E
nd Br. + 400 mg/kg E groups in a dose dependent fashion, when

ompared with Br. Only group (p = 0.005, p < 0.0006, p < 0.0001
espectively). These changes were in a manner similar to the reduc-
ion observed in Silymarin-treated positive control rats (p = 0.0004,

 = 0.0030, p < 0.0001 respectively). The ALP and ALT activities of
different alphabets are significantly different (SNK). (�) significantly different from
negative control, (�) significantly different from positive (Silymarin-treated) control
(Dunnett) at p < 0.05. ALT - Alanine aminotransferase.

rats in Br. + 400 mg/kg E and Br. + Silymarin groups were not sig-
nificantly different from normal control group (p = 0.11, p = 0.27
respectively).

3.5. Light microscopy report

3.5.1. Histological study
As depicted in Figs. 7 and 8, histopathological examination of

H & E stained sections around zones 1, 2 and 3 revealed polyhe-
dral hepatocytes with prominent central vein, eccentrically placed
rounded euchromatic nuclei with prominent nucleoli and endothe-
lial cells lining the radially apparent sinusoids in normal control
rats. The liver section of rats in Br. Only and Br. + Observation groups
revealed confluent areas of necrosis with numerous cytoplasmic
and nuclear necrotic morphological changes extending from zone
1 through 3. The observed changes include intra nuclear vacuo-
lation, intracytoplasmic vesiculation, karyopyknosis, karyorrhexis
and karyolysis, plasmohexis and plasmolysis. These groups also
showed distorted architecture with sinusoidal derangement. Rats
in Br. + 100 mg/kg E group also presented most of these abnor-
mal  morphological features in most of the micrographs examined.
However, rats in Br. + 200 mg/kg E and Br. + 400 mg/kg E groups
showed predominantly normal architecture with very few abnor-
mal  features (Figs. 7 and 8).

3.5.2. Percentage intact and necrotic hepatocytes score
Quantified necrotic hepatocytes across the zones showed 100%

intact hepatocytes in the normal control rats across the 10

high-power fields considered. The number of intact hepatocytes
decreased significantly in the Br. Only, Br. + Observation and
Br. + 100 mg/kg E groups (40.71%, 39.54%, and 36.92% respectively)
when compared with normal control (p < 0.0001). However, a dose
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Fig. 7. [1–7] Representative light micrographs of sections of liver subjected to H&E stain at zone 3. Observe in [1] hepatocytes (H) polyhedral in shape with prominent central
vein  (CV), eccentrically placed rounded euchromatic nuclei with prominent nucleoli (fragmented circle) & endothelial cells (EnC) lining the radially apparent sinusoids (s).
Confluent areas of necrosis around centrilobular regions with dying cells (yellow circle with red arrows), karyopyknosis or early stage of karyolysis (black circle), vesicular
nuclei/intranuclear vacuolation (red circle) were observed in [2,3,7]. Sinusoids in [2,7] are not radially apparent and parenchyma cells are abnormal (right -asterisk). Features
of  the liver structure in [4–6] are close to control [1] with prominent nucleoli (fragmented circle) and radially apparent sinusoids (black arrows). Scale bar = 50 �m [1]. =
normal control [2]; = Br. Only; [3–5] = Br. + 100 mg/kg E, Br. + 200 mg/kg E and Br. + 400 mg/kg E respectively; [6] = Br. + Silymarin; [7] = Br. + observation. (For interpretation of
the  references to colour in this figure legend, the reader is referred to the web  version of this article).

Table 5
Histological scores of liver damages induced by KBrO3 and the effects of EECLOR and Silymarine treatments.

Zonal necrosis (zones 1, 2 and 3)

Grade

Groups Treatment 0 1+ 2+ 3+ Average
Normal control Normal saline 10 (100) 0 (0) 0 (0) 0 (0) 0a�

Negative control I 100 mg/kg KBrO3 0 (0) 0 (0) 9 (90) 1 (10) 59.29b�

Test group I 100 mg/kg KBrO3 + 100 mg/kg EECLOR 0 (0) 0 (0) 8 (80) 2 (20) 63.08b�

Test group II 100 mg/kg KBrO3 + 200 mg/kg EECLOR 0 (0) 2 (20) 8 (80) 0 (0) 31.74c��

Test group III 100 mg/kg KBrO3 + 400 mg/kg EECLOR 8 (80) 1 (10) 1(10) 0 (0) 3.858a�

Positive control 100 mg/kg KBrO3 + 2 mg/kg Silymarine 7 (70) 2 (20) 1 (10) 0 (0) 5.375a�

Negative control II 100 mg/kg KBrO3 + 2 weeks observation 0 (0) 0 (0) 7 (70) 3 (30) 60.46b�

Numbers of high power fields are shown, with percentages enclosed within parenthesis. n = 5. Grade indication: no change (0), mild (1+), marked (2+), severe (3+) (0; 0%,
1 e sam
s group
[

d
w
(
g
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p

+;  less than 20%, 2+; 20–70%, 3+; more than 70% of hepatic plate). Groups with th
ignificantly different (SNK). (�) are significantly different from negative control (
Dunnett] at p < 0.05.

ependent significant increase in intact hepatocytes (p < 0.0001)
as quantified in Br. + 200 mg/kg E and Br. + 400 mg/kg E groups

68.29% and 96.14% respectively) when compared with the Br. Only

roup. The value at the highest dose was comparable to the 94.63%
ntact hepatocytes quantified in the positive control group (Fig. 9).
istological scoring of severity of necrosis in the liver sections is as
resented in Table 5
e alphabet are not significantly different while groups with different alphabets are
 2), (�) are significantly different from silymarine treated group (positive control)

4. Discussion

Liver injury and the resulting dysfunction represent life-

threatening conditions that require immediate intervention.
Healthy plant materials contain naturally occurring, vast assort-
ment of chemical compounds, both organic and inorganic [25].
These chemicals are secondary metabolites that enable plants over-
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Fig. 8. [1–7]: Representative light micrographs of sections of liver subjected to H&E stain at zone 2 of hepatic acini. Observe in [1] polyhedral hepatocytes having round
nuclei  with prominent nucleoli (red arrows). In [2,3,7] dying hepatocytes (black circle) with increased eosinophilia, pyknosis (black arrows), karyolysis and karyorrhexis (red
circle) were observed. In [4–6] intact hepatocyte nuclei (red arrows) with scanty pyknotic
[2]; = Br. Only; [3–5] = Br. + 100 mg/kg E, Br. + 200 mg/kg E and Br. + 400 mg/kg E respectively
colour  in this figure legend, the reader is referred to the web  version of this article).

Fig. 9. Hepatocytes nuclei count of H&E stained sections of the liver (zones 1, 2
and 3 of hepatic acini). Values are expressed as mean ± SEM. � – significantly dif-
f
s

c
t
c
C
c

liver/body weight ratio in rats.
erent from normal control, � - significantly different from negative control, � -
ignificantly different from Silymarin-treated group at P < 0.05.

ome threats integral to their environment by contributing to

he innate immunity as phytoprotectants [26]. They are benefi-
ial to humans for their therapeutic abilities [4]. In this study,
urcuma longa rhizome has been screened for its phytochemi-
als, including alkaloids, flavonoids, saponins, phlobatanin, tannins,
 ones (yellow arrow heads) were observed. Scale bar = 50 �m. [1] = normal control
; [6] = Br. + Silymarin; [7] = Br. + observation. (For interpretation of the references to

terpenoids, phytosterols, phenols and anthraquinones. These sec-
ondary metabolites are reported to have many biological and
therapeutic properties. They are associated with treatment of cel-
lular injuries resulting from free radicals, chronic diseases such as
cardiovascular disease, liver injury, cancers, as well as other medi-
cal conditions [25,27].

In this study, rats in Br. Only group showed significant weight
loss when compared with normal control rats. Potassium bromate
in this case can be said to have body weight reduction capabilities.
Abdel et al. [28] also reported weight loss in KBrO3 - administered
rats. However, the weight gain observed in EECLOR-treated rats
point to the weight enhancing ability of the extract. This result is in
line with the report of El-Banhawey et al. [29] which reported that
C. longa enhanced body weight in mice.

It was observed in this study that potassium bromate exerts no
significant difference on the relative liver weight of experimen-
tal rats when compared with control group rats, a pointer to the
fact that potassium bromate toxicity is not associated with hep-
atomegaly or whole organ shrinkage. This result is consistent with
the reports of Dimkpa et al. [30] and Farombi et al. [31] in which
they reported that potassium bromate treatment had no effect on
Furthermore, there was an increase in tissue level of
malondialdehyde, a major reactive aldehyde resulting from the per-
oxidation of biological membranes showed in the Br. + 100 mg/kg
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 (administered with the least dose of EECLOR), Br. Only and Br.+
bservation groups. The increase is indicative of passive interaction
f reactive oxygen species with hepatic parenchymal cell lipids, a
ellular macromolecule [32]. The ROS may  have been generated
rom reactive metabolites formed from the metabolism of potas-
ium bromate [7]. Lipid peroxidation has been shown to arise in
umerous model systems following exposure to potassium bro-
ate, and is believed to be the key mechanism of toxicity [7,33,34],
hich agrees with the results of this study. The dose-dependent

eduction in MDA  levels found in Br. + 200 mg/kg E, Br. + 400 mg/kg
 and Br. + Silymarin groups, could be related to the presence of
avonoids, terpinoids and other phenols in EECLOR. Some studies
eported that these compounds display a wide range of biological
ctivities and hence have pharmacological effects [35]. Flavonoids
nd other phenols, in particular, have been reported to react with
ree radicals to ameliorate the degradation induced by their intense
eactivity [26,36]. The mechanism responsible for the activity of
avonoids could be associated with biological membrane stabi-

ization induced by preventing deterioration of polyunsaturated
ipids.

A spike in serum amino transferases in Br. Only, Br.+ Observation
nd Br. + 100 mg/kg E groups was also observed in this study. The
evel of these metabolic enzymes, which are generally low in the
erum is known to increase with the death of hepatocytes [37]. This
s suggestive of the fact that there was leakage of these intracellular
nzymes into the serum as a result of cell membrane destabilization
rom hepatocellular necrosis. This corroborates the findings from

 number of laboratory studies that also reported an increase in
erum amino transferases level, after weeks of potassium bromate
dministration [30,31,34,38]. Conversely, the significant reduction
n serum activity of these enzymes, due to increased concentration
f EECLOR, may  be related to the inhibition of free radical forma-
ion and antioxidative effects of phenolic compounds present in
he extract. It is well known that natural antioxidants come mainly
rom plants in the form of phenolic compounds such as flavonoids,
henolic acids etc. [27,39]. Many reports suggest that plants rich in
henolic content exhibit good antioxidant activity, that is; there is

 direct connection between total phenol content and antioxidant
ctivity [40,41].

Also in this study, we observed an increase in the level of serum
lkaline phosphatase (ALP). ALPs are found in the hepatocytes and
heir activities in the serum are usually elevated in cholestasis [42].

 definition of cellular death may  be based upon the loss of the gen-
ral functions of c̈ellular homeostasis;̈ a cell is dead when it is no
onger capable of preserving, in a normal environment, the specific
omposition of its inner milieu [43–45]. In conditions affecting the
iver, damaged liver cells release increased amount of ALP into the
lood, an indication of the inability of hepatocytes to preserve, in

 normal environment, the specific composition of its inner milieu
46]. Taking account of previous similar findings in male Wistar rats
31], it is strongly suggested that potassium bromate impair nor-

al  bile flow possibly by exerting oxidative stress and genotoxic
ffects through the mechanisms of lysosomal damage, an event
receding the oxidative DNA damage. It is shown in this study that
urmeric ethanol extract, in a dose-dependent manner, improved
he absorbance capacity of oxygen radical in liver tissue; as serum
LP level was found to be low in groups treated with middle and
igh dose extracts in a fashion similar to the Silymarin-treated rats.
his supports previous studies on the hepatoprotective capacity
f saponin (a major bioactive compound found in Curcuma longa
hizome) against oxidative stress, through the down-regulation of
OS, attenuating protein, and lipid oxidation of hepatocytes [47].
In this study, nuclear and cytoplasmic cell death in rats treated
ith potassium bromate cuts across the three zones of hepatic

cini. According to the hepatic acini conceptualization of the orga-
ization of hepatic parenchyma, the parenchymal cells farthest
hysiology 26 (2019) 153–162

away from the vascular backbone of the acinus have greatest sen-
sitivity to damage from reactive and toxic metabolites, while those
nearest to it are least vulnerable [20,48]. The extension across the
zones point to the high rate of toxicity induced by this agent,
which extended to the areas least expected to be sensitive to tox-
ins. According to a previous report by Lautt [49], the zonality of
toxic substances appear to be related to the mechanism of injury
and the zonal concentration of the enzyme system responsible for
the conversion of the agents to toxic metabolites. In line with this
report, we suggest that the massive necrosis observed in this study
could be attributed to the dispersed concentration of the enzyme
system responsible for the conversion of potassium bromate into
its hepatotoxic metabolites across the three zones. The morpho-
logical microscopic changes observed are in accordance with the
reports of Oyewo et al. [11], Dimkpa et al. [30] and Bayomy et al.
[34] in which they demonstrated significant degrees of cell necro-
sis and cytoplasmic vacuolation in the liver of potassium bromate
treated rats. However, karyorrhexis, the predominant nuclear dam-
age observed in this study was  not reported in their studies. This
may  be due to the differences in the mode of oral administration
of potassium bromate employed in these studies, as the amount of
potassium bromate consumed by these animals in their drinking
water may  not have been ascertained. The dose dependent reduc-
tion in the frequency of nuclear and cytoplasmic necrotic changes
observed in rats treated with middle and high dose of EECLOR
may  be as a result of the hepatoprotective effect of the major con-
stituents of this extract. The tannins present in the extract could
alter the progression of cellular damage. In addition, they may also
supplement endogenous antioxidants, preventing further oxida-
tive damage. Tannins have been reported to be high-molecular
compounds exhibiting usually strong antiradical and antioxidant
activities [40,50].

Furthermore, in this study, we  observed disrupted sinusoidal
radiation in potassium bromate-treated rats, while normal radiat-
ing sinusoids were observed in extract treated groups. The hepatic
sinusoids correspond to the capillary bed of the liver and repre-
sent the segment of hepatic microcirculation in which supply of
nutrients, removal of metabolic products and clearance of toxins
and foreign bodies from the blood streams take place [21,51,52].
Main sinusoids run straight between the liver cell cords over
a length of approximately 250 �m and communicate with each
other through shorter interconnecting sinusoids, running across
the liver cell cords [52]. These characteristic features of normal
sinusoids were seen in the normal control as well as Br. + Sily-
marin,  Br. + 200 mg/kg E and Br. + 400 mg/kg E groups. This may  be
responsible for the parenchymal cells found intact in them, as
the arrangement may  be efficient for the exchange between the
blood and the hepatocytes. Paucity of delineable central vein and
disorganized sinusoids observed in the Br. + 100 mg/kg E, Br. Only
and Br.+ Observation groups, may  be a pointer to impairment of
hepatic microcirculation which guarantees the supply of parenchy-
mal  tissues with oxygen and nutrient. This mal-organization of
hepatic parenchyma and microvascular system may  be inefficient
for the exchange between the blood and the hepatocytes [53]. It
may  also denote selective damage of sinusoidal endothelial cells
demonstrating a formation of large intracellular gaps and a reduc-
tion of the diameter of the remaining endothelial fenestrations
[54,55]. Oxidative stress and inflammatory reactions may  pro-
mote hepatic microcirculatory dysfunction, which is known to be
a determinant for subsequent hepatic injury [56]. The presence
of flavonoids in the extracts could explain the normal radiat-
ing sinusoids observed in Br. + 200 mg/kg E and Br. + 400 mg/kg

E groups. The main property of flavonoids is venoactivity- the
ability to decrease capillary permeability and fragility [50]. It
could therefore be inferred that flavonoid constituent of the
extract may  have restored normal hepatic microcirculation, effi-
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ient enough for the exchange between blood and hepatocytes in
hese groups.

. Conclusion

Data from this study have shown that potassium bromate
nduced massive necrosis which span across multiple hepatic zones
nd karyorrhexis was the predominant feature observed. This
tudy also demonstrated the hepatoprotective activity of ethanol
xtracts of Curcuma longa rhizome in attenuating massive hepatic
arenchymal cell necrosis, following potassium bromate-induced

iver injury in Wistar rats. This study concluded that the hepato-
rotective action of Curcuma longa could be attributed to its high
ntioxidant activity against reactive oxygen species and its ability
o reduce lipid peroxidation
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