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Abstract

Plumbagin is a plant-based naphthoquinone with anti-cancer activity. However, its side effects have limited its pharmacologi-
cal significance. This study examined the effect of treatment of vitamin E on plumbagin-induced hepatic and mitochondrial
injury in mice. Mitochondrial permeability transition (mPT), mitochondrial ATPase (mATPase) activity, mitochondrial lipid
peroxidation (mLPO), and DNA fragmentation were determined spectrophotometrically according to standard procedures.
Histological and biochemical assays were also carried out. Treatment with plumbagin induced significant opening of the
mPT pore and enhanced mATPase activity and mLPO. In addition, plumbagin-treated mice showed pathological lesions in
liver sections. Conversely, the two ameliorative regimens, pre- and co-treatment vitamin E groups, significantly reversed
levels of liver transaminase enzymes and improved the morphological architectures of the livers of plumbagin-treated mice.
Besides, plumbagin-induced mPT pore opening, ATPase activity, and percentage DNA fragmentation were significantly
reversed by vitamin E. Administration of vitamin E also significantly restored the levels of the total thiol (TSH), glutathione
(GSH), and superoxide dismutase (SOD) activity while lipid peroxide generation was attenuated. Taken together, the protec-
tive effect of vitamin E on plumbagin-induced liver toxicity and cell death is due to oxidative stress attenuation, improvement
in antioxidant status, and amelioration of mitochondrial dysfunction.
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Introduction

Phytochemicals have a longstanding role in the manage-
ment of several diseases (Veeresham 2012). Plumbagin (PL)
(5-hydroxy-2-methyl-1, 4-naphthoquinone) is a plant-based
naphthoquinone that is mostly present in the root of Plumbago
zeylanica and also found in some plant families (Sumsakul
et al. 2014). Over the years, plumbagin has recorded remark-
able biological activities including anticancer, cardiotonic,
immunosuppressive, anti-malarial, antifungal, neuroprotective,
hypolipidemic, antiatherosclerosis, and antibacterial activities
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(Itoigawa et al. 1991; Padhye et al. 2012; Bothiraja et al. 2013;
Wang et al. 2015; Giacomini et al. 2020).

Indeed, the mechanism of the anticancer role of PL in dif-
ferent tumor types/cancer models (including resistant phe-
notypes) such as liver (Wei et al. 2017), prostate (Zhou et al.
2015; Song et al. 2020), pancreas (Wang et al. 2015; Pandey
et al. 2020), breast (Kuo et al. 2006; Jayanthi et al. 2020), colon
(Subramaniya et al. 2011; Liang et al. 2020), ovarian (Sinha
etal. 2013), lung (Liu et al. 2017; Panda et al. 2020), and cervix
squamous carcinoma cells (Giacomini et al. 2020) is well estab-
lished. Although, plumbagin has displayed beneficial effects in
several diseases and its molecular mechanism against hepatic
fibrosis has been documented (Chen et al. 2015; Wei et al.
2015), nonetheless, it is known to be extremely toxic (Castro
et al. 2008; Raj et al. 2011; Mbaveng et al. 2014; Jeong et al.
2015). Plumbagin was found to be genotoxic and mutagenic
(Farr et al. 1985; Demma et al. 2009). Indeed, several side effects
have been attributed to its administration in rodents including
diarrhea, skin rashes, leukocytosis, increase in serum phosphate
and acid phosphate level, hepatic toxicity, altered cytochrome
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P450 profiles, and reproductive toxicity in both males and
females (Bhargava 1984; Sandur et al. 2006; Sukkasem et al.
2018; Bello et al. 2021). Plumbagin has also been shown to
cause hepatic injury through modulation of cellular redox status,
induction of hepatic lipid peroxidation, and elevated plasma liver
enzymes (Sukkasem et al. 2016). Reduced toxicity of PL as
well as stronger/higher therapeutic effect is usually achieved by
combination with other plants (Oyebode et al. 2012, 2017; Anuf
et al. 2014). Antioxidants are effective in restoring cellular redox
status through elimination of reactive oxygen species (He et al.
2017). Vitamin E is a membrane-bound lipid-soluble antioxidant
vitamin that can protect the membrane from free radical attack
and suppress the formation of reactive oxygen species (Traber
2007; Kurutas 2015). It has been found to be effective in the
prevention, delay, treatment, and reversal of various diseases
owing to its antioxidant property and immune-enhancing func-
tion (Rizvi et al. 2014). Specifically, hepatoprotective effects of
vitamin E against several toxicant-induced oxidative damage
and liver injury have been reported (Bansal et al. 2005; Ha et al.,
2019; Chalouati et al. 2019). It is not known whether vitamin
E can prevent/manage plumbagin-induced liver injury. This
study aimed at investigating the role of co-administration and
pre-treatment of vitamin E on plumbagin-induced hepatotoxicity
in mice with the aim to put forward a theoretical basis for the
prevention/treatment of hepatic impairment induced by thera-
peutic use of plumbagin in diseased conditions.

Materials and methods
Chemicals

All chemicals used were of analytical grade. Mannitol, sucrose,
HEPES, EDTA, succinate, SDS, BSA, 1-chloro-2, 4-dinitroben-
zene (CDNB), thiobarbituric acid (TBA), hydrogen peroxide
(H,0,), epinephrine, glutathione (GSH), and 1-chloro 2, 4 dini-
trobenzene (CDNB) and other chemicals were procured from
Sigma Chemical Co. (St. Louis, MO, USA.) Plumbagin was
procured from Santa Cruz Biotechnology Inc., Dallas, TX, USA
(CAS No: 481-42-5), while vitamin E was provided by E. Merck
(India), Pvt. OLtd.

Animals

Male Swiss mice (15-20 g) were purchased from the Experi-
mental Animal House, Faculty of Veterinary Medicine, Ibadan,
Nigeria, and were used for these experiments. The mice were
housed in rodent cages and kept in a well-ventilated experi-
mental animal house under standard conditions of temperature
and 12-h dark/light cycle. The animals were provided with
standard mice pellets (LadokunTM Feeds, Ibadan, Nigeria)
and they had access to clean drinking water ad libitum. They
were acclimatized for 2 weeks before the commencement of
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the experiment. Experimental animals were sufficiently cared
for as detailed in the “Guide for the Care and Use of Labora-
tory Animals” published by the National Institute of Health
and experimental procedures approved by the University of
Ibadan Animal Care and Use Research Ethics Committee
(ACUREC) (UI-ACUREC/2065100).

Experimental outline

A pilot study was conducted to determine the dose of PL that
elicits induction of mitochondrial permeability transition
(mPT) pore. Eighteen (18) male Swiss mice weighing 18-25 g
were randomly divided into three (3) groups of six animals
each as follows:

Group 1: Control (0.1% DMSO),
Group 2: Plumbagin (4 mg/kg) and,
Group 3: Plumbagin (8 mg/kg).

Plumbagin was orally administered to mice for 5 days
after which they were sacrificed by cervical dislocation.
Mitochondrial swelling assay, liver function tests, and histo-
logical assessments were carried out to confirm liver injury.

In the main study, fifty-six mice (18-25 g) were randomly
grouped into eight treatment groups of seven mice each and
were treated as follows:

Group 1: Control: 0.1% DMSO (5 days)

Group 2: Plumbagin (8 mg/kg) only (5 days)

Group 3: Vit E (20 mg/kg) only (5 days)

Group 4: Plumbagin (8 mg/kg) (5 days)+ Vit E (10 mg/kg)
(5 days) (co-administration)

Group 5: Plumbagin (8 mg/kg) (5 days)+ Vit E (5 days)
(20 mg/kg) (co-administration)

Group 6: Vit E (10 mg/kg) (5 days) + plumbagin (8 mg/kg)
(5 days) (pre-treatment)

Group 7: Vit E (20 mg/kg) (5 days) + plumbagin (8 mg/kg)
(5 days) (pre-treatment)

Group 8: Corn oil (10 mg/ml) only (5 days)

Mice were orally administered PL (8 mg/kg) and vitamin E
(10 or 20 mg/kg). The doses of vitamin E chosen for the pilot
study and that of plumbagin used were based on information
in literature and as previously described from published work
from our laboratory (Daniel et al. 2018; Bello et al. 2021). We
chose to administer plumbagin by oral route because it is the
major mode of exposure to plumbagin/plant source in humans.
Subsequently, mice were sacrificed and the livers were excised,
and sections stored in 10% phosphate-buffered formalin for light
microscopic studies. Mitochondria were isolated from the liv-
ers of each experimental group while post-mitochondrial frac-
tion was stored for determination of GSH content and antioxi-
dant enzymes. Additionally, clotted blood was spurn (3000 g;
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15 min), and the sera obtained were stored at—20 °C until
needed for determination of liver serum enzymes.

Biochemical assays
Protein determination

Determination of serum protein levels was performed fol-
lowing Lowry’s method, using bovine serum albumin (BSA)
as a standard (Lowry et al. 1951). Values of protein were
determined from the BSA-generated calibration curve by
simple extrapolation.

Determination of superoxide dismutase activity

The activity of SOD was determined according to McCord
and Fridovich (1969). The increase in absorbance was moni-
tored at 480 nm at 30 s intervals for 150 s.

The specific activity of SOD was calculated using this formula.

the paraffin-embedded gland and stained with hematoxylin
and eosin (H & E) (Bancroft and Gamble 2008). Randomly,
the liver histology was observed under a light microscope,
after which sections were viewed and photographed.

Isolation of mice liver mitochondria

Low ionic strength liver mitochondria were isolated accord-
ing to the method described by Johnson and Lardy (1967).
Mice were sacrificed and dissected and livers were imme-
diately excised and trimmed to remove excess tissue. The
liver was washed several times in isolation buffer (210 mM
mannitol, 70 mM sucrose, 5 mM HEPES, and 1 mM EGTA
at pH 7.4), until a clear wash was obtained. It was then
weighed and minced with a pair of scissors. A 10% iso-
lation buffer suspension was prepared by homogenizing
the liver in a Teflon-glass cup homogenizer. The resulting
suspension was centrifuged in a refrigerated Sigma (3e30
K, Germany) centrifuged twice at 2300 rpm for 5 min to
remove the nuclear fraction and cell debris. The resulting

% inhibition = 100 — <100 X

Increase in absorbance per min for sample
Increase in absorbance per min for blank

and expressed in units/mg protein as 50% inhibition is equal
to 1 unit of SOD.

Determination of reduced glutathione

GSH levels were determined according to the method of Jollow
et al. (1974). The process is based on the development of yellow
color when DTNB (5, 5’ dithiobis-(2-nitrobenzoic acid) is added
to compounds containing sulfhydryl groups. The absorbance
was read at 412 nm. Finally, total GSH content was expressed
as nmol GSH/mg protein.

Assessment of levels of serum liver enzymes

Serum enzymatic activities of alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) were determined spec-
trophotometrically by monitoring the concentration of pyru-
vate hydrazone formed according to the method described by
Reitman and Frankel (1957). The data are presented as IU/L.

Histological studies

Excised liver sections were fixed in formalin (10%), dehy-
drated in ethanol (95%), and cleared with xylene before
being embedded in paraffin. Subsequently, sections of about
3—4 mm of the tissue were prepared using a microtome from

supernatant was centrifuged at 13,000 rpm for 10 min to
pellet the mitochondria. The pellet obtained (mitochondria)
after the supernatant was discarded was washed twice by
re-suspending in washing buffer (210 mM mannitol, 70 mM
sucrose, 5 mM HEPES, and 50% BSA at pH 7.4) and cen-
trifuged at 12,000 rpm for 10 min. The mitochondria were
immediately suspended in a solution of ice-cold MSH buffer
(mannitol, sucrose, HEPES—KOH, pH 7.4), then aliquoted
on ice in Eppendorf tubes for immediate use. The whole
process was carried out on ice to preserve the integrity of
the mitochondria.

Measurement of mitochondrial swelling

Mitochondrial swelling assay was carried out according to
the method of Lapidus and Sokolove (1992). Mitochondria
(0.4 mg/ml) were pre-incubated in the presence of 0.8 pM
rotenone and MSH buffer for 3.5 min prior to the addition of
5 mM sodium succinate. To assess Ca**-induced swelling,
mitochondria were pre-incubated in 0.8 pM rotenone and
MSH buffer for 3 min. Calcium was then added to the reac-
tion mixture while sodium succinate was added 30 s later
in a total reaction volume of 2.5 ml. Spermine was used as
the standard inhibitor of mitochondrial swelling and was
added prior to mitochondrial pre-incubation with rotenone.
Change in absorbance was estimated at 540 nm at 30-s inter-
val for 12 min in a T70 UV-visible spectrophotometer, PG
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Instrument Ltd. Mitochondrial swelling was measured as
decrease in absorbance at 540 nm. The mitochondrial protein
content was determined by the method of Lowry et al. (1951)
using bovine serum albumin as standard. Permeability transi-
tion in the mitochondria isolated from the treated groups was
carried out on the same mitochondrial protein content from
the control group and the absorbance monitored accordingly.

Determination of mitochondrial FoF1
ATPase activity

The mATPase activity was determined as described by Olo-
runsogo and Malomo (1985). The total reaction mixture
contained 65 mM Tris—HCI buffer pH 7.4, 0.5 mM KCI,
1 mM ATP, and 25 mM sucrose (pH=7.4). The reaction
was started by the addition of mitochondria (1 mg/ml) and
was allowed to proceed in a shaker water bath for 30 min
at 27 °C after which the reaction was stopped by the addi-
tion of 10% sodium dodecyl sulfate (SDS). The zero-time
tube was prepared by addition of ATP to the reaction vessel
with immediate addition of SDS but for 30-s intervals for
other reaction vessels. The resulting supernatant was kept
for phosphate determination.

Estimation of inorganic phosphate released

The concentration of inorganic phosphate released was
measured according to the procedure described by Bassir
(1963) and as modified by Olorunsogo et al. (1979).

Determination of mitochondrial lipid peroxidation
(in vivo)

Mitochondrial lipid peroxides were measured by estima-
tion of thiobarbituric aid reactive substances (TBARS) pre-
sent in the mitochondria, a based on the reaction between
2-thiobarbituric acid (TBA) and malondialdehyde (MDA),
an end product of lipid peroxides according to the method
described by Varshney and Kale (1990). Using mitochon-
dria as a lipid-rich source, mitochondria were incubated
with Tris-KCL buffer in the presence of TCA. Addition of
TBA under acidic conditions produced a pink color. This
was immediately cooled on ice to room temperature and
centrifuged at 3000 rpm for 10 min. The absorbance of the
clear supernatant was measured against a reference blank of
distilled water at 532 nm. The level of TBARS was calcu-
lated using extinction coefficient of 0.156/pM/cm (Addm-
Vizi and Seregi 1982).

Estimation of percentage hepatic DNA
fragmentation

The method of Wu et al. (2004) was used to determine the
extent of endonucleases cleavage which is an endpoint in
cell death assay. Briefly, DNA was extracted from liver
homogenate. The supernatant and the pellet were both sub-
jected to diphenylamine (DPA) for color development. The
optical density of diphenyamine-bound DNA was measured
at 620 nm and the percentage of DNA fragmentation was
calculated relative to the amount of intact DNA molecules.

Statistical analysis

Statistical analyses were performed using GraphPad Prism
6.0 (GraphPad Software, San Diego, CA, USA). Multiple
comparisons were performed using one-way ANOVA analy-
sis of variance followed by Tukey’s test. All the values were
expressed in mean + standard deviation (SD) and differences
were considered significant at p <0.05.

Results

Effect of plumbagin on certain markers of liver
injury and mitochondrial health

The two representative doses of plumbagin (4 and 8 mg/kg
PL) tested showed a significant dose-dependent increment
(p <0.05) of the level of hepatic ALT (Fig. 1A) and AST
(Fig. 1B) when compared with the control.

Figure 1C represents the plot of changes in absorbance
of mitochondria determined from untreated group and 4
and 8 mg/kg PL-treated groups at 540 nm for the period of
12 min. An insignificant change in absorbance in the mito-
chondria of the untreated mice was observed depicting intact
integrity of the inner mitochondrial membrane. Large ampli-
tude swelling of the matrix by fourfold was observed when
exogenous calcium was introduced, but addition of spermine,
an mPT pore desensitizer, reversed the calcium-induced
swelling of the untreated mice mitochondrial matrix. Interest-
ingly, oral administration of plumbagin caused an induction
of the mPT pore opening by five- and sixfold, respectively,
at 4 and 8 mg/kg PL, an inductive effect which was higher
than that of calcium, a classical pore inducer.

Furthermore, mitochondrial ATPase activity was enhanced
by plumbagin at physiological pH in a dose-dependent style.
Significant increase of twofold at the higher dose of plumbagin

Absorbance X volume of mixture

Lipid peroxidation (nmole TBARS /mg protein) =

Ess50m X volume of sample X mg protein/ml
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Fig. 1 Plumbagin increases levels of certain markers of liver injury.
A ALT. B ALT. C Status of mPT pore. D Mitochondrial FoF; ATPase
activity. E Mitochondrial LPO. F Histological examination of liver
sections at a magnification of X400. Scale bar=20 pm. Untreated (no
pathological lesion seen), 4 mg/kgPL (mild periportal infiltration of

administered (8 mg/kg) was observed which was comparable
to that of 2, 4 dinitrophenol (2.5 folds), a standard uncoupler
of oxidative phosphorylation (Fig. 1D).

Figure 1E reveals that plumbagin-treated mice gave higher
levels of mitochondrial thiobarbituric acid reactive substances
(TBARS) when compared with control. Significant (p <0.05)
increase in the levels of mitochondria TBARS by three- and
fivefold at 4 and 8 mg/kg PL was noted.

Figure 1IF reveals the histological data of liver sections. It
showed that the control group had normal central venules with-
out congestion. The morphology of the hepatocytes as well
as the sinusoids also appeared normal. However, pathological
lesions were seen in liver sections of plumbagin-treated mice.
In this regard, moderate to severe congestions and infiltrations
were observed.

Vitamin E mitigates plumbagin-induced hepatic
damage in mice

Figure 2A and B shows a significant increase (p <0.05) of
the activity of ALT and AST in the mice exposure to plum-
bagin respectively when compared with the control group.
This effect was significantly (p <0.05) attenuated when
co-exposed and pre-treated with vit E compared with the
plumbagin-treated group.

inflammatory cells), 8 mg/kgPL (sinusoids show infiltration of inflam-
matory cells). Significant differences from the control are indicated by
a=p<0.05. ALT, alanine amino transferase; AST, aspartate amino
transferase; PL, plumbagin; LPO, lipid peroxidation; mPT, mitochon-
drial permeability transition

The representative profile of changes in absorbance at
540 nm over period of 12 min showed in Fig. 2C showed
that the untreated group retained its inner mitochondrial
membrane integrity after incubated with succinate and rote-
none; however, addition of calcium resulted to significant
induction of mPT pore opening (4.7-fold) and reversed by
77% when incubated with spermine. The data also showed
an induction fold of 3.4 in the plumbagin-treated mice, of
which co-administration and pre-treatment with vit E (10
and 20 mg/kg) reversed PL-induced mPT pore opening by
61.14%, 72.54%, 74.09%, and 68.39% concomitantly.

Additionally, co-administration and pre-treatment of plum-
bagin with vit E (10 and 20 mg/kg) significantly ameliorated
the plumbagin-induced mitochondrial ATPases activity
(Fig. 2E) and percentage hepatic DNA fragmentation (Fig. 2E)
when compared with the plumbagin-treated mice.

Effect of vitamin E and plumbagin on antioxidant
parameters and lipid peroxidation

Administration of plumbagin induces significant depletion of
the superoxide dismutase (SOD) activities when compared
with the untreated group (p <0.05). Co-administration and
pre-treatment significantly abated the plumbagin-induced
depletion of SOD activity, thus, enhancing the activity of the
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Fig.2 Vitamin E ameliorates plumbagin-induced liver damage in mice.
A ALT. B AST. C Status of mPT pore. D Mitochondrial F,F;ATPase
activity. E Percentage hepatic DNA fragmentation. Significant differ-
ences from the control are indicated by a=p <0.05. Significant differ-

SOD even more than the control (Fig. 3A). Figure 3B and C
shows that vit E significantly (p <0.05) mitigated the depleting
effect of plumbagin on the glutathione and total thiol level in
the plumbagin-treated mice. More so, vit E was able to signifi-
cantly (p <0.05) inhibit the generation of mitochondrial lipid
peroxide in PL-treated mice (Fig. 3D).

Vitamin E alleviates exacerbated histopathology
of the liver induced by plumbagin

Administration of 8 mg/kg PL resulted to significant per-
meation of inflammatory cells of the periportal and sinusoid
regions of the liver tissues (Fig. 4A). Co-administration and pre-
treatment with vit E restored the morphology of the hepatic
cell, showing mild to moderate fat infiltration and vacuolations
as well as the normal morphological appearance of the sinusoids
(Fig. 4 C-G).

Discussion

The study was conducted to examine the effect of vitamin E on
plumbagin-induced hepatotoxicity in Wistar mice. Plumbagin’s
LD has been reported to be 16 mg/kg (SivaKumar et al. 2005)
with the oral bioavailability of 38.7% (Hsieh et al. 2006) for
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ences from plumbagin are indicated by b=p <0.05. LPO, lipid peroxi-
dation; PL, plumbagin; ALT, alanine aminotransferase; AST, aspartate
amino transferase; mPT, mitochondrial permeability transition

mice. Hence, a dose-response study was conducted using two
doses (4 and 8 mg/kg) to examine the effect of plumbagin on
the hepatic tissues as well as mitochondrial health.

Plumbagin exerted significant hepatic damage by increas-
ing the concentration of the liver function enzymes, ALT
and AST in the sera of the mice. Increase in the serum levels
of ALT and AST depicts necrotic rupturing of the hepato-
cyte membrane (Oh et al. 2017). In addition, elevation of
the plasma AST level was more prominent than that of the
ALT, indicating a possibility of injury in extrahepatic organs.
However, the level of ALT and AST in the sera of plum-
bagin-treated mice was reduced in animals pre-treated and
co-administered with vitamin E.

Hepatotoxicity is well known to be associated with oxida-
tive stress. This is a result of cellular redox status imbalance
(Ramachandran et al. 2018). Thiol proteins (TSHs) and super-
oxide dismutase (SOD) are two cellular antioxidant that help
to keep the cellular redox balance in check. Administration
of plumbagin altered the hepatic redox state by significantly
reducing the levels of TSH, GSH and activity of SOD when
compared to the control group.

Interestingly, vitamin E significantly attenuated the plum-
bagin-induced oxidative stress and improves the cellular redox
homeostasis of the mice via increased level of thiol proteins,
glutathione, and superoxide dismutase activity.
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Fig.3 Vitamin E improves antioxidant status in plumbagin-induced
liver toxicity in mice. A SOD. B GSH. C TSH. D LPO. Differences
from the control are indicated by a=p <0.05. Significant differences

The overwhelming effect the reactive oxygen species had
on the antioxidant status resulted in oxidative stress. Studies
have shown that oxidative stress can result to mitochondrial
dysfunction due to alteration in mitochondrial respiratory
capacity, membrane integrity, DNA stability, and calcium
homeostasis (Guo et al. 2013). Hepatic dysfunction/toxicity
has been correlated with the mitochondrial permeability transi-
tion pore. This is a highly evolutionarily conserved calcium-
sensitive pore inside the inner membrane of the mitochondria
that permits the passage of solutes smaller than 1500 Daltons
in size (Mather and Rottenberg 2000; Odinokova et al. 2018).
Plumbagin-treated mice showed significant induction of mPT
pore opening as compared to the control. This is in consonance
with the study of Giacomini et al. (2020) where plumbagin
activated the opening of the transition pore in rat mitochondria.
Our study showed that treatment with vitamin E significantly
reversed plumbagin-induced opening of the mPT pore.

Accumulating evidence reveals that the Fo subunit of the
mitochondrial ATPase is involved in the formation of the
mitochondrial permeability transition pore (Giorgio et al.
2013; Bernardi and Di Lisa 2015). Therefore, to ascertain
the involvement of mitochondrial ATP synthase in mPT pore
formation, effects of plumbagin and varying doses of pre-
treated and co-administered vitamin E in plumbagin-treated
mice on mitochondrial ATPase activity were investigated.
This study showed a positive correlation between mPT pore

from plumbagin are indicated by b=p<0.05. GSH, glutathione;
TSH, total thiol protein; PL, plumbagin; SOD, superoxide dismutase

opening and mtATPase activities. The mtATPase activities
were significantly enhanced in the plumbagin-treated mice,
but were significantly reduced when pre-treated and co-
treated with vitamin E.

Lipid serves a major player in cellular metabolic signaling
such as proliferation, differentiation, inflammatory responses,
energy generation, and cell death and a major component of
mitochondrial membranes. Mitochondria, as a source of ROS,
are particularly vulnerable to oxidative damage to lipids, DNA,
and proteins (Ademowo et al. 2017). In this study, plumbagin
significantly induced the generation of mitochondrial thio-
barbituric acid species, which are indicators of mitochondrial
lipid peroxidation. As expected, administration of vitamin E
significantly reduced levels of generated lipid peroxides in the
plumbagin-treated mice.

Chromatin dysfunction, such as single- and double-
strand DNA fragmentation, can be caused by oxidative
stress (Hernandez-Vera et al. 2010). The result showed
that plumbagin showed a significant increase in percent-
age liver DNA fragmentation, while co-administration and
pre-treatment with vitamin E significantly reduced levels
of plumbagin-induced hepatic DNA fragmentation. The
observed hepatotoxic effect of plumbagin and hepatopro-
tective effect of vitamin E was corroborated with the pho-
tomicrographs of the liver sections. These revealed severe
congestions and infiltration of the liver sections in the mice
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PL + Vit E (20 mg/kg)

PL + Vit E (10 mg/kg)

Fig.4 Photomicrographs of mice liver sections stained with H and E
following administration of plumbagin and treatment with vit E at a
magnification of x400. Scale bar=20 pm. A Control: the morphology
of the hepatocytes appear normal (blue arrow), no pathological lesion
seen. B 8 mg/kgPL: liver parenchyma show focal areas of mild inflam-
matory cells. C Vit E (20 mg/kg): the sinusoids appear normal and not
infiltrated (slender arrow), no pathological lesion seen. D PL+vit E

treated with plumbagin and restoration of the physiological
morphology of the tissue when pre-treated and co-treated
with vitamin E.

Conclusion

Plumbagin caused increase in levels of oxidant species
which impaired the antioxidant capacity in the mice liver.
Furthermore, generation of free radicals and mitochondrial
lipid peroxides activated the opening of the mPT pore and
enhanced mitochondrial ATPase activity at physiological
pH. These resulted in hepatic DNA fragmentation indicat-
ing that plumbagin had a detrimental and stressful effect on
hepatic mitochondria. Taken together, the protective effect
of vitamin E on plumbagin-induced liver toxicity is associ-
ated with oxidative stress attenuation, improvement in anti-
oxidant status, and amelioration of mitochondrial-mediated
cell death. Hence, the consumption of vitamin E can be
safely used to ameliorate plumbagin-induced liver toxicity.
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