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Abstract
The effect of aqueous extract of Securidaca longepedunculata root on redox homeostasis in male rat liver and
kidney was investigated. Rats were grouped into four: A, B, C and D, where A (the control) received orally
1 mL of distilled water; B, C and D (test groups) received orally 200, 400 and 800 mg/kg body weight of the
extract, respectively, for 28 days. Extract administration significantly reduced (p < .05) alkaline phosphatase
activity in the liver and kidney with corresponding increases in the serum. Acid phosphatase activity increased
significantly (p < .05) in the liver and kidney, while there was no significant change (p > .05) in the serum acid
phosphatase activity. There was also significant decrease (p < .05) in the activities of superoxide dismutase,
catalase, glutathione peroxidase and glutathione reductase in the liver and kidney. Liver and kidney levels of
GSH, vitamins C and E were also significantly reduced (p < .05). Serum malonidialdehyde and lipid hydroper-
oxide increased significantly (p < .05) in all the extract-treated groups. The available data from this study
revealed that aqueous extract of S. longepedunculata root exerted its toxicity in the animals by depleting the
antioxidant systems. This may consequently expose the cells and cellular macromolecules to oxidative damage
by reactive oxygen species generated either from the metabolism of the extract or other in vivo means.
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Introduction

Phytomedicine research is gaining more grounds than

ever as majority of people are relying heavily on her-

bal medicine, which occasionally has been shown to

be less toxic and cheaper compared to the synthetic

orthodox medicines.1 The general acceptability of tra-

ditional medicines is however limited by lack of dose

regimen and adequate toxicity data to evaluate their

safety.2 Toxicological evaluation of phytomedicines

to ascertain their safety for consumption and their

possible mechanisms of action is thus needed to

increase their acceptabiltiy.

Securidaca longepedunculata, known as violet

tree, Rhodes’s violet, wild vesteria (English) and

Uwar magunguna (Hausa), is a shrub or small (2–

10 m high) flowering savannah plant. The flowers are

sweet scented, bright purple or violet in racemes, and

the fruit is winged; the plant is widespread throughout

tropical Africa. In many parts of Africa, the plant is

employed in traditional medicine principally for its

psychotropic properties; aqueous extracts of this root

are used as psychopharmacological agents.3 The roots

and bark are taken orally either powdered or as

infusions for treating chest pain, headache, inflamma-

tion, abortion, ritual suicide, rheumatism, tuberculo-

sis, infertility, venereal diseases and constipation.4,5
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The analgesic, antinflammatory and hypoglyceamic

acitvity of S. longepedunculata root bark has also

been reported.6 Its use in bacterial and malarial che-

motherapy have also been documented.7,8 Wannag

et al.9 also reported the anti-snake venom activity of

the aqueous root extract of S. longepedunculata.

Phytochemical investigations of the root bark

revealed the presence of flavonoids, alkaloids, sapo-

nins, triterpenoids and volatile oils.10 Other secondary

metabolites like sapogenins; presenegenin, indole

alkaloid; securinine and some ergot alkaloids have

also been reported to be present in the root of this

plant.11

S. longepedunculata root has also been reported to

possess some level of toxicity on mice liver and kid-

ney.12 Dapar et al. showed that intraperitoneal admin-

istration of 100 mg/kg body weight resulted in signs

of toxicity and death.12 Also, the cellular enzymes

(alanine and aspartate aminotransferases) were ele-

vated in S. longepedunculata-treated rats.12 In con-

trast, Etuk et al.13 observed no toxicity following a

28-days oral administration of S. longepedunculata

root in mice with the LD50 more than 2700 mg/kg

body weight.13 Although, the effects of plant extract

on tissue marker enzymes and histopathological

examination have provided an insight into the toxic

effects of extracts, more studies such as effect on

redox hoemoestasis and drug metabolizing enzymes

are needed to further ascertain the mechanism of toxi-

city. This study thus provides information on the

effect of aqueous extract of S. longepedunculata root

on redox homoestasis of rat liver and kidney.

Materials and methods

Materials

Plant material. S. longepedunculata roots collected at

Idu Industrial Layout, Idu-Abuja, Nigeria, by Mallam

Muazzam of the Department of Medicinal Plant

Research and Traditional Medicine, National Institute

for Pharmaceutical Research and Development,

Abuja, Nigeria was identified by Mrs. Grace Ugbabe

of the herbarium unit of the Department.

Animals. A total of sixty, apparently healthy, 3 months

old, male albino rats (Rattus norvegicus) of Wistar

strain, weighing 195.08 + 3.58 g were obtained from

the Animal Holding Unit of the Department of Bio

chemistry, University of Ilorin, Ilorin, Nigeria. They

were kept in clean aluminum cages of dimensions

33.0� 20.5� 19.0 contained in well-ventilated house

conditions (temperature: 28-31�C; photoperiod:

12 hour natural light and 12 hour dark; humidity:

50%–55%) with free access to rat pellets (BendelFeeds

and Flour Mills Ltd., Ewu, Nigeria) and tap water.

Assay kits. Alkaline and acid phosphatase (ALP &

ACP) assay kits were products of Human Gesellschaft

für Biochemica und Diagnostica mbH, Wiesbaden,

Germany. Glutathione peroxidase (GPx) was a

product of Randox Laboratories Co-Antrim, United

Kingdom. All other reagents used were products of

Sigma-Aldrich Inc., St Louis, USA.

Methods

Extraction. The S. longepedunculata roots were-

washed, sliced into pieces and then air-dried

under shade for 2 weeks to constant weight. The dried

pieces were then pulverized with an electric blender

(Blender/Miller III, model MS–223, Tapei, Taiwan)

and the resulting powder stocked in a plastic con-

tainer. The powder (300 g) was extracted in 1 L of dis-

tilled water for 48 hours. This was later filtered with

Whatman No. 1 filter paper and the resulting filtrate

concentrated on a steam bath to give 107.40 g of the

residue, which is equivalent to a yield of 35.80%. The

reconstituted extract which was completely homoge-

nous was stored at 4�C each time after administration.

Animal treatment. Male rats were completely rando-

mized into four groups (A, B, C and D) of 15 animals

each. Rats in groups B, C and D were orally adminis-

tered once daily with 1 ml containing 200, 400 and

800 mg/kg body weight of the extract at 24 hours

interval for 28 days, respectively. Group A, which

served as the control was treated like the test groups

except that the animals equal volume of distilled

water (vehicle).

The animals were allowed free access to rat pellets

and tap water before and after administration. Five ani-

mals each were sacrificed from all the groups, 24 hours

after 1, 14 and 28 days of their daily doses. This study

was carried out following approval from the Ethical

Committee on the use and care of animals of the

Department of Biochemistry, University of Ilorin,

Nigeria. The animals were also handled according to

the NIH Guide for the Care and Use of Laboratory Ani-

mals14 as well as in accordance with the principles of

Good Laboratory Procedure (GLP).15

Tissue and serum preparation. The rats were sacri-

ficed by placing them in a jar containing cotton wool
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soaked in ether. To collect blood, their jugular vein

was sharply cut with clean sterile scalpel blade after

they were unconscious. The blood samples collected

were allowed to clot for 15 min and centrifuged at

300g for 5 min for serum preparation. The clear

supernatant was used for the determination of bio-

chemical parameters. Liver and kidney excised from

the rats were cleaned of blood and immersed in ice-

cold 0.25 M sucrose solution (after decapsulation of

kidney) to maintain the integrity of the organs. The

organs were thereafter blotted with tissue paper, cut

thinly with sterile scalpel blade and then homoge-

nized separately in ice-cold 0.25 M sucrose solution

(1:5 w/v).16 The homogenates were centrifuged at

800 g for 10 min at 4�C; the resulting supernatant was

frozen at –20�C to ensure the maximum release of the

enzymes located in the cell before being used for the

enzyme assay.

Enzyme assay

Acid phosphatase assay was done according to the

method described by Hillmann.17 The ‘optimized

standard method’ according to the recommendation

of the German Clinical Chemistry Association

(Deutsche Gesellschaft für Klinische Chemie)18 was

used for assaying ALP activity. Superoxide dismutase

(SOD) and catalase (CAT) were assayed as reported by

Misra and Fridovich19 and Beers and Sizer,20 respec-

tively. Glutathione peroxidase (GPx) and glutathione

reductase (GR) assays were also done according to the

methods described by Rotruck et al.21 and Mavis and

Stellwagen,22 respectively. Reduced Glutathione

(GSH) concentration was determined according to the

method of Ellman23 while vitamins C and E were

assayed according to the methods described by Omaye

et al.24 and Desai,25 respectively. Biuret method was

used for the determination of protein concentration in

the tissues.26 Malondialdehyde (MDA) and lipid

hydroperoxide (LPO) were determined using the pro-

cedures described by Buege and Aust27.

Statistical analysis

Analysis of variance (ANOVA) followed by

Duncan’s Multiple Range Test were used to detect

significant differences among the means as well as

the interactions between the variables using SPSS

15.0 Version. Differences were considered statisti-

cally significant at p < .05.

Results

While there was no significant (p < .05) effect on the

liver and kidney alkaline phosphatase activity follow-

ing the single administration of 200 mg/kg body

weight of the extract, the enzyme activity was

decreased by the 400 and 800 mg/kg body weight

(Table 1). Further administration produced dose-

dependent decrease in the enzyme activity of the

organs. Serum ALP activity was also elevated right

from day 1 of administration and was sustained

throughout the experimental period (Table 1).

There was significant (p < .05) increase in liver

and kidney acid phosphatase activities (Table 2) fol-

lowing the administration of the extract at all the

doses. This increase in the activity of the enzyme

was sustained for all the doses throughout the period

of the experiment. In contrast, there was no signifi-

cant (p < .05) change in the serum enzyme activity

(Table 2).

Antioxidant enzymes were significantly (p < .05)

reduced following administration of aqueous extract

of S. longepedunculata root in a dose-dependent man-

ner (Tables 3-6). The highest dose produced 68.43%,

77.09%, 70.77% and 45.27% decrease in the liver;

SOD, CAT, GPx and GR, respectively, by the end

of the experimental period, whereas the kidney SOD,

CAT, GPx and GR activities were decreased by

50.78%, 59.16%, 51.54% and 79.75%, respectively,

following the administration of 800 mg/kg body

weight of aqueous extract of S. longepedunculata root

by the end of the exposure period.

The levels of GSH and vitamins C and E were also

significantly reduced (Tables 7 and 8). While the

highest dose of aqueous extract of S. longepeduncu-

lata root produced a 68.44%, 59.11% and 66.67%
decrease in the liver GSH, vitamins C and E levels,

respectively, a 72.93%, 56.30% and 76.49% decrease,

respectively, were observed in the kidney at the end of

the experimental period (day 28).

In contrast, the levels of malonidialdehyde and

lipid hydroperoxides (LPO), in the liver and kidney

of rats (Tables 9 and 10) were significantly (p <

.05) elevated following the administration of aqueous

extract of S. longepedunculata root, except the

200 mg/kg body weight of the extract on day 1. The

highest dose of the extract by the end of the experi-

mental period produced a 101.03 and 94.91% increase

in liver malonidialdehyde and LPO levels, respec-

tively, while a 98.17% and 101.29% increase, respec-

tively, were observed in the kidney.

Ajiboye TO et al. 681



T
a
b

le
1
.

E
ff
ec

t
o
f
ad

m
in

is
tr

at
io

n
o
f
aq

u
eo

u
s

ex
tr

ac
t

o
f
Se

cu
ri
da

ca
lo

ng
ep

ed
un

cu
la

ta
ro

o
t

o
n

th
e

liv
er

,
ki

d
n
ey

an
d

se
ru

m
al

ka
lin

e
p
h
o
sp

h
at

as
e

ac
ti
vi

ty

Li
ve

r
K

id
n
ey

Se
ru

m

D
o
se

s/
d
ay

s
1

1
4

2
8

1
1
4

2
8

1
1
4

2
8

C
o
n
tr

o
l

1
.6

4
+

0
.0

4
a

1
.5

8
+

0
.0

2
a

1
.6

1
+

0
.0

6
a

1
9
.2

5
+

0
.0

2
a

1
8
.9

8
+

0
.0

6
a

1
9
.0

5
+

0
.0

4
a

0
.5

2
+

0
.0

1
a

0
.5

5
+

0
.0

2
a

0
.5

2
+

0
.0

2
a

2
0
0

m
g/

kg
b
o
d
y

w
ei

gh
t

1
.4

5
+

0
.0

2
a

1
.2

5
+

0
.0

8
b

1
.1

2
+

0
.0

3
b

1
7
.3

5
+

0
.0

9
a

1
3
.9

5
+

0
.0

5
c

9
.4

3
+

0
.0

1
c

0
.7

2
+

0
.0

9
b

0
.9

8
+

0
.0

9
c

1
.3

5
+

0
.0

9
c

4
0
0

m
g/

kg
b
o
d
y

w
ei

gh
t

1
.1

1
+

0
.0

1
b

0
.9

8
+

0
.0

3
c

0
.8

2
+

0
.0

7
c

1
5
.1

8
+

0
.0

1
b

1
0
.1

0
+

0
.0

9
c

7
.4

9
+

0
.0

2
d

1
.0

1
+

0
.0

7
c

1
.3

9
+

0
.0

3
c

1
.5

2
+

0
.0

1
d

8
0
0

m
g/

kg
b
o
d
y

w
ei

gh
t

1
.0

2
+

0
.0

3
c

0
.8

5
+

0
.0

6
c

0
.5

9
+

0
.0

1
d

1
4
.2

7
+

0
.0

3
b

8
.1

2
+

0
.0

7
d

6
.0

2
+

0
.0

8
d

1
.4

4
+

0
.0

2
d

1
.6

1
+

0
.0

4
d

1
.8

4
+

0
.0

3
d

N
O

T
E
:T

h
e

re
su

lt
s

ar
e

m
ea

n
+

SD
fo

r
fiv

e
ra

ts
.E

n
zy

m
e

ac
ti
vi

ti
es

ar
e

ex
p
re

ss
ed

as
n
m

o
lm

in
–
1

m
g–

1
p
ro

te
in

.V
al

u
es

ca
rr

yi
n
g

su
p
er

sc
ri

p
ts

d
iff

er
en

t
fr

o
m

th
e

co
n
tr

o
la

n
d

fo
r

ea
ch

o
rg

an
ar

e
si

gn
ifi

ca
n
tl
y

d
iff

er
en

t
(p

<
.0

5
).

T
a
b

le
2
.

E
ff
ec

t
o
f
ad

m
in

is
tr

at
io

n
o
f
aq

u
eo

u
s

ex
tr

ac
t

o
f
Se

cu
ri
da

ca
lo

ng
ep

ed
un

cu
la

ta
ro

o
t

o
n

th
e

liv
er

,
ki

d
n
ey

an
d

se
ru

m
ac

id
p
h
o
sp

h
at

as
e

ac
ti
vi

ty

Li
ve

r
K

id
n
ey

Se
ru

m

D
o
se

s/
D

ay
s

1
1
4

2
8

1
1
4

2
8

1
1
4

2
8

C
o
n
tr

o
l

0
.6

3
+

0
.0

2
a

0
.6

9
+

0
.0

2
a

0
.6

8
+

0
.0

2
a

0
.8

2
+

0
.0

2
a

0
.7

7
+

0
.0

2
a

0
.7

9
+

0
.0

2
a

0
.3

9
+

0
.0

2
a

0
.4

2
+

0
.0

7
a

0
.4

1
+

0
.0

2
a

2
0
0

m
g/

kg
b
o
d
y

w
ei

gh
t

0
.8

5
+

0
.0

9
b

1
.4

7
+

0
.0

3
c

1
.9

1
+

0
.0

6
d

1
.4

2
+

0
.0

4
b

1
.7

3
+

0
.0

5
c

2
.2

5
+

0
.0

6
d

0
.4

5
+

0
.0

3
a

0
.4

7
+

0
.0

9
a

0
.3

8
+

0
.0

3
a

4
0
0

m
g/

kg
b
o
d
y

w
ei

gh
t

1
.0

3
+

0
.0

1
b

1
.6

5
+

0
.0

5
c

2
.4

9
+

0
.0

8
d

1
.6

3
+

0
.0

3
b

2
.0

5
+

0
.0

7
d

2
.7

2
+

0
.0

2
e

0
.4

2
+

0
.0

1
a

0
.3

8
+

0
.0

2
a

0
.4

1
+

0
.0

8
a

8
0
0

m
g/

kg
b
o
d
y

w
ei

gh
t

1
.4

5
+

0
.0

9
c

1
.8

9
+

0
.0

9
d

2
.5

8
+

0
.0

9
d

1
.8

1
+

0
.0

2
c

2
.4

3
+

0
.0

8
d

3
.0

4
+

0
.0

6
e

0
.4

4
+

0
.0

3
a

0
.4

6
+

0
.0

1
a

0
.4

6
+

0
.0

5
a

N
O

T
E
:T

h
e

re
su

lt
s

ar
e

m
ea

n
+

SD
fo

r
5

ra
ts

.E
n
zy

m
e

ac
ti
vi

ti
es

ar
e

ex
p
re

ss
ed

as
n
m

o
lm

in
–
1

m
g–

1
p
ro

te
in

.V
al

u
es

ca
rr

yi
n
g

su
p
er

sc
ri

p
ts

d
iff

er
en

t
fr

o
m

th
e

co
n
tr

o
la

n
d

fo
r

ea
ch

o
rg

an
ar

e
si

gn
ifi

ca
n
tl
y

d
iff

er
en

t
(P

<
0
.0

5
).

T
a
b

le
3
.

E
ff
ec

t
o
f
ad

m
in

is
tr

at
io

n
o
f
aq

u
eo

u
s

ex
tr

ac
t

o
f
Se

cu
ri
da

ca
lo

ng
ep

ed
un

cu
la

ta
ro

o
t

o
n

th
e

liv
er

an
d

ki
d
n
ey

su
p
er

o
x
id

e
d
is

m
u
ta

se
ac

ti
vi

ty

Li
ve

r
K

id
n
ey

D
o
se

s/
D

ay
s

1
1
4

2
8

1
1
4

2
8

C
o
n
tr

o
l

5
3
.4

+
1
.2

a
5
4
.2

+
2
.3

a
5
2
.9

+
1
.5

a
5
0
.2

+
0
.7

a
4
9
.4

+
1
.3

a
5
1
.0

+
0
.2

a

2
0
0

m
g/

kg
b
o
d
y

w
ei

gh
t

4
4
.2

+
2
.3

b
3
6
.0

+
1
.5

c
2
7
.9

+
2
.4

d
4
8
.1

+
1
.3

a
4
2
.6

+
0
.6

c
3
7
.4

+
0
.9

d

4
0
0

m
g/

kg
b
o
d
y

w
ei

gh
t

4
1
.4

+
1
.7

b
3
0
.2

+
1
.7

c
2
2
.4

+
1
.8

d
4
6
.9

+
2
.1

b
3
8
.5

+
0
.4

d
3
0
.6

+
0
.3

e

8
0
0

m
g/

kg
b
o
d
y

w
ei

gh
t

3
8
.6

+
1
.1

c
2
4
.2

+
1
.5

d
1
6
.7

+
1
.5

e
4
2
.4

+
1
.6

c
3
4
.3

+
1
.1

d
2
5
.1

+
1
.5

e

N
O

T
E
:T

h
e

re
su

lt
s

ar
e

m
ea

n
+

SD
fo

r
5

ra
ts

.E
n
zy

m
e

ac
ti
vi

ti
es

ar
e

ex
p
re

ss
ed

as
n
m

o
lm

in
–
1

m
g–

1
p
ro

te
in

.V
al

u
es

ca
rr

yi
n
g

su
p
er

sc
ri

p
ts

d
iff

er
en

t
fr

o
m

th
e

co
n
tr

o
la

n
d

fo
r

ea
ch

o
rg

an
ar

e
si

gn
ifi

ca
n
tl
y

d
iff

er
en

t
(p

<
.0

5
).

682



Discussion

The consumption of drugs (either synthetic or phyto-

medicine) may bring about significant changes in the

structure, function and metabolic transformation of all

classes of biomolecules, enzymes and metabolic path-

ways. These alterations that may be rapid or slow, may

lead to different biochemical mechanisms producing

similar pathological, clinical and laboratory findings.

This study, thus, investigates the effect of aqueous

extract of S. longepedunculata root on the redox homo-

estasis of rat liver and kidney with a view to providing

an insight into the cellular mechanism of toxicity.

The measurement of enzyme activities in body

fluid provides a significant and well-known aid in

investigation and diagnosis28 of assault on the

organ/tissue, and to a reasonable extent on the toxicity

of chemical compounds or drugs. Tissue enzyme

assay can also indicate tissue cellular damage long

before structural damage can be picked up by conven-

tional histological techniques.29 Enzymes from a

damaged tissue or diseased tissue find their way into

the serum by leakage,30 this leakage depends on the

proximity of the enzyme to the plasma membrane.

Serum enzyme measurements are therefore valuable

tools in clinical diagnosis, providing important

Table 5. Effect of administration of aqueous extract of Securidaca longepedunculata root on the liver and kidney glu-
tathione peroxidase activity

Liver Kidney

Doses/Days 1 14 28 1 14 28

Control 56.3 + 1.5a 55.8 + 2.0a 56.1 + 1.7a 52.7 + 0.1a 52.0 + 0.5a 51.8 + 1.9a

200 mg/kg body weight 46.4 + 3.2b 32.6 + 1.7c 23.2 + 1.5d 48.4 + 3.2b 43.2 + 1.8b 36.7 + 0.6d

400 mg/kg body weight 40.1 + 1.8b 29.9 + 2.3d 20.1 + 1.9e 45.2 + 0.3b 40.3 + 1.2c 32.4 + 0.5d

800 mg/kg body weight 36.2 + 2.5c 28.1 + 1.6d 16.4 + 1.1e 40.3 + 1.1c 31.3 + 0.7d 25.1 + 1.9e

NOTE: The results are mean + SD for five rats. Enzyme activities are expressed as nmol min–1mg–1 protein. Values carrying super-
scripts different from the control and for each organ are significantly different (p < .05).

Table 4. Effect of administration of aqueous extract of Securidaca longepedunculata root on the liver and kidney catalase
activity

Liver Kidney

Doses/Days 1 14 28 1 14 28

Control 35.2 + 0.8a 37.1 + 1.3a 35.8 + 1.6a 32.8 + 1.2a 33.1 + 0.9a 33.3 + 1.6a

200 mg/kg body weight 28.6 + 2.4b 21.7 + 1.8c 13.2 + 2.1e 28.2 + 2.5b 24.6 + 1.7c 19.8 + 1.4d

400 mg/kg body weight 25.6 + 1.6b 18.2 + 1.4d 11.6 + 1.1e 26.2 + 1.3b 21.6 + 1.0c 17.3 + 1.9d

800 mg/kg body weight 22.6 + 2.5c 14.6 + 1.3e 8.2 + 1.7e 24.3 + 1.8c 18.7 + 1.3b 13.6 + 1.2d

NOTE: The results are mean + SD for five rats. Enzyme activities are expressed as nmol min–1 mg–1 protein. Values carrying super-
scripts different from the control and for each organ are significantly different (p < .05).

Table 6. Effect of administration of aqueous extract of Securidaca longepedunculata root on the liver and kidney glu-
tathione reductase activity

Liver Kidney

Doses/Days 1 14 28 1 14 28

Control 2.21 + 0.3a 2.15 + 0.1a 2.43 + 0.5a 1.50 + 0.8a 1.73 + 0.3a 1.58 + 0.6a

200 mg/kg body weight 1.93 + 0.5b 1.75 + 0.2c 1.49 + 0.6d 1.32 + 0.8a 0.95 + 0.5b 0.73 + 0.2c

400 mg/kg body weight 1.86 + 0.2b 1.63 + 0.5c 1.43 + 0.5d 1.09 + 0.6b 0.82 + 0.3c 0.56 + 0.4d

800 mg/kg body weight 1.72 + 0.1c 1.51 + 0.3d 1.33 + 0.3e 0.91 + 0.2b 0.66 + 0.1d 0.32 + 0.1d

NOTE: The results are mean + SD for 5 rats. Enzyme activities are expressed as nmol min–1 mg–1 protein. Values carrying superscripts
different from the control and for each organ are significantly different (p < .05).
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information on the extent and nature of pathological

damage to any tissue.

ALP, an ectoenzyme of the plasma membrane,31 is a

‘marker’ enzyme for the plasma membrane and

endoplasmic reticulum.30 It is often used to assess the

integrity of the plasma membrane,32 such that any

alteration in the activity of the enzyme in the tissue and

serum would indicate likely damage to the external

boundary of cells (plasma membrane). The reduction

in both the liver and kidney ALP activities (Table 1)

may be attributed to either loss of membrane compo-

nents (including ALP) into the extracellular fluid, the

serum,33 inactivation of the enzyme molecule in situ34

or inhibition of the enzyme activity at the cellular/

molecular level.16 It may also be due to a reduction

in concentration or total absence of specific phospho-

lipids required by this membrane-bound enzyme to

express its full activity.35 ALP has been reported to

be associated with brush borders of the renal convo-

luted tubule; the loss in activity in the kidney may

adversely affect the transfer of metabolites or required

ions across the cell membrane, which may result in

insufficient ions and metabolites for the renal cells.32

A corresponding increase in the activity of the serum

enzyme (Table 1), confirms that the integrity of the

plasma membrane has been compromised. The loss

of the enzyme from the tissues (liver and kidney) into

the serum could be attributed to disruption of the

ordered lipid-bilayer of the membrane structure, prob-

ably by peroxidation of the membrane polyunsaturated

fatty acids.

Lysosomes are essential for controlled intracellular

digestion of cellular components by autophagy, het-

erophagy and endocytosis.36 A significant increase

in ACP, a ‘marker’ enzyme of the lysosomal mem-

brane, was observed in both the liver and kidney

(Table 2). This could lead to indiscriminate hydrolysis

of phosphate esters, which are potential energy source

for the cell.37 This implies a possible threat to the

well-being of the organs as it may result in autolysis

and consequently cell death.38

The mitochondria are the power house of the cell,

and a proton gradient across their inner membrane

drives the turbines that produce adenosine tripho-

sphate (ATP), the fuel used by the machinery of the

cell. There is evidence that if the proton gradient gets

too high, superoxide is generated, which dismutates

into hydrogen peroxide, and eventually to nontoxic

molecules (H2O and O2) by catalase. It may also

undergo Fenton reaction, producing hydroxyl radicals

that lead to oxidative damage. Maintenance of normal

cellular functions in the presence of oxygen largely

depends on the efficiency of the defence mechanisms

against free radical-mediated oxidative stress.39 The

enzymic antioxidant systems, which includes SOD,

CAT, GPx, GR, as well as G6PD, plays a coordinated

role in the prevention of oxidative damage by reactive

oxygen species (ROS; O2
– and H2O2). However, nat-

ural defences of the organism (enzymatic, non-

enzymatic or dietary origin) are overwhelmed by

excessive generation of ROS.

The administration of aqueous extract of S. longe-

pedunculata root at all doses produced a significant

(p < .05) decrease in the activity of SOD (Table 3) in

the liver and kidney, throughout the experimental

period. The reductions are indications of hepatocellular

and nephrocellular toxicities by aqueous extract of

S. longepedunculata root. This could result in gross

accumulation of O2
–, which can either initiate lipid per-

oxidation directly40 or indirectly, through the product

of its metabolism (singlet oxygen [O.] and hydroxy

radical [OH�]). O2
– accumulation could also inhibit cat-

alase,41 exposing the cells and the cellular macromole-

cules to H2O2-mediated oxidative attack. The least

reactive of the ROS, H2O2 diffuses throughout mito-

chondria and crosses cell membranes enabling it to

inflict many types of cellular injury.42 Upon entry into

cytosol, it interacts with metal ions, such as iron or

Table 10. Effect of administration of aqueous extract of Securidaca longepedunculata root on the kidney lipid peroxidised
product

Malonialdehyde Lipid hydroperoxide

Doses/Days 1 14 28 1 14 28

Control 372.1 + 0.5a 377.6 + 3.8a 377.9 + 0.7a 383.6 + 3.6a 380.7 + 1.3a 386.2 + 1.9a

200 mg/kg body weight 401.3 + 1.1a 579.3 + 3.5c 658.7 + 0.1d 466.4 + 0.5b 549.8 + 1.6c 701.1 + 2.5d

400 mg/kg body weight 457.9 + 0.7b 595.6 + 1.3c 696.3 + 0.2d 491.3 + 1.1b 572.7 + 0.3c 742.5 + 1.2d

800 mg/kg body weight 489.2 + 0.9b 644.7 + 2.2d 748.9 + 1.3e 544.6 + 2.3c 619.3 + 0.8c 777.4 + 1.7d

NOTE: The results are mean + SD for 5 rats. MDA and lipid hydroperoxide concentrations are expressed as nmol mg–1 protein. Val-
ues carrying superscripts different from the control and for each day are significantly different (p < .05).
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copper, to form highly toxic OH�, which often cause

DNA alteration.

It directly cause damage to the cell membrane by

releasing arachidonic acid, which may be responsible

for the prolonged damage in H2O2-treated cells even

after H2O2 has been scavenged.43 The reduction in the

activity of catalase (Table 4) could have resulted from

either accumulation of O2
� or exhaustion of the

enzyme. The consequential effect of this reduction

include: lipid peroxidation of cellular macromole-

cules, DNA alteration and redox homeostasis

perturbation.

H2O2 and hydroperoxides are reduced by GPx at

the expense of GSH. Oxidized glutathione (GSSG)

is reduced by GR in a nicotinamide adenine dinucleo-

tide phosphate-oxidase (NADPH)-dependent reac-

tion. The normal functioning of this closed system

(redox cycle) maintains a high intracellular

GSH:GSSG ratio and protects cells against oxidative

damage.44 Thus, a reduction in the activities of GPx

and GR. (Tables 5 and 6) following treatment with

aqueous extract of S. longepedunculata root could

alter the normal redox cycle and expose the cellular

macromolecules to oxidative attack by ROS.

Non-enzymic antioxidant system is available to

complement the activity of the enzymic antioxidant

system in excessive oxidative stress by acting as free

radical (O�, O2
�, OH� and H2O2) scavenger and mod-

ulating enzymes in vivo. Vitamins C and E play a sig-

nificant role in the prevention of oxidative stress of

cells,45 as well as cellular macromolecules by acting

as free radical scavengers. GSH functions by scaven-

ging O�, O2
� and OH�. It protects lipids, proteins, and

nucleic acids from the attack of electrophilic com-

pounds by blocking the electrophilic centre through

its thiol group (–SH).46 The levels of these molecules

(GSH, vitamins C and E) in the liver and kidney of

rats (Tables 7 and 8) decreased significantly follow-

ing treatment with aqueous extract of S. longepedun-

culata root. Therefore, the reduction in GSH level

could affect the GSH:GSSG ratio, and enhance oxida-

tive attack of cellular macromolecules.

Oxidative stress is a critical event in the opening of

mitochondrial membrane permeability transition

pores and the breakdown of the mitochondrial mem-

brane potential,47,48 which leads to ATP depletion and

cell death by oncotic necrosis.49 The dose-dependent

increase in MDA and LPO concentration of the liver

and kidney of extract-treated animals (Tables 9 and

10) may be the consequence of enhanced lipid peroxi-

dation possibly by the component of the extract.

Peroxidation of lipids on the cell membranes of these

organs may account for the depletion of antioxidant

system (enzymic and non-enzymic) of the animals by

aqueous extract of S. longepedunculata root.

Conclusion

The available data from this study revealed that aqu-

eous extract of S. longepedunculata root is toxic to the

animals; the mechanism may be through depletion of

the antioxidant systems (enzymic and non-enzymic)

and thus exposing the cells and cellular macromole-

cules to oxidative attack by ROS generated either

from the metabolite of its constituents or other in vivo

means.
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