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Background: Sodium nitroprusside (SNP) is an antihypertensive agent. It
induces toxicity via the release of cyanide ions, nitric oxide (NO) and reactive
oxygen species. Manniophyton fulvum (MF) is commonly used in Nigeria due
to its therapeutic and nutritional potentials. This study evaluates the
phytochemical composition of aqueous extract of MF root and influence in SNP
induced oxidative stress in wistar rats.
Methods: Gas chromatography was used for determination of the chemical
composition of aqueous extract of MF root. Rat liver homogenate was used for
determination of rhodanese, glutathione (GSH) and malondialdehyde (MDA).
Twenty (20) adult wistar rats of both sex were randomly divided into 4 different
groups comprising 5 animals (n=5). Control (Group A), Groups B, C, D
received 2.5 mg/kg body weight of SNP at intervals of 3 hours per day by
intraperitoneal injection. In addition, Groups C and D received 200 mg/kg body
weight of aqueous root extract of MF and 10 mg/kg body weight of Vitamin E
respectively for a period of 7 days.
Results: Flavonoids had the highest composition while allicin had the lowest
composition. Diallyl thiosulphinate>methyl allyl thiosulphinate >allyl methyl
thiosulphinate. The activity of rhodanese, GSH and MDA concentrations
showed that Group B had significant (p<0.05) increase in MDA concentration
while GSH showed significant (p<0.05) decrease. Also, the activity of
rhodanese showed significant (p<0.05) decrease compared to Group A.
However, Groups C and D showed significant increase (p<0.05) in the activity
of rhodanese enzyme compared to Group A and Group B. GSH levels of Group
C and Group D showed no significant (p>0.05) difference while the MDA
concentration showed significant (p<0.05) decrease. Correlation analysis
between rhodanese and GSH showed strong significant (p=0.01, r=0.894)
positive correlation.
Conclusions: From this study, it can be deduced that the chemical components
of aqueous root extract of MF may serve as a pharmacological agent to up
regulate detoxification and cytoprotective enzymes. Aqueous root extract of MF
can also induced rhodanese to collaborate with GSH and promote inhibition of
lipid peroxidation, anti-oxidative reactions and up regulate cyanide
detoxification in tissues.
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INTRODUCTION
Hypertension is one of the most important contributors to
cardiovascular diseases such as chronic heart failures,
heart attack and strokes. It has been reported that nearly
one billion of the world’s population suffer from high
blood pressure.1-2 Sodium nitroprusside (SNP) is an
antihypertensive agent used continuously in hypertensive
emergencies. It decomposes into its metabolites that are
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pharmacologically inactive but induces toxicity within
minutes of administration. In clinical and experimental
conditions, toxicity of SNP has been reported to occur via
the release of cyanide ions (CN-) and nitric monoxide
(NO) and other reactive oxygen species (ROS). 3
In recent times researchers have focused on attenuating
harmful biological reactions by medicinal plants and
other natural products that are readily available and able
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to exhibit anti-oxidative functions and maintain redox
homeostasis in mammals.4 Covalent modifications of
sulfhydryl groups by sulfane sulphur regulate many
cellular processes. These reactions are mostly catalyzed
by sulfur transferases, that catalyze the transfer of sulfane
sulfur to suitable acceptor without cofactor. Example of
such enzyme is rhodanese (thiosulfate: cyanide sulfur
transferases; E.C. 2.8.1.1). Rhodanese is an enzyme that
is found in many organisms. Intracellular studies had
indicated the presence of this enzyme in cytosol,
mitochondria and nucleus. The primary biological
function of rhodanese is to catalyze the detoxification of
cyanide via transfer of the sulfane sulfur from thiosulfate
to cyanide and to generate thiocyanate and sulfite which
are less toxic.27 Recently, the enzyme has been described
as a multifunctional enzyme owing to its ubiquitous
nature and variety of functional domain.28 It has been
involved in many cellular functions such as supply of
sulfur for iron-sulphur centers, biosynthesis of thiamine/
molybdenum
cofactors,
selenium
metabolism,
thioredoxin oxidation (as thioredoxin oxidase). The role
of rhodanese in the mitochondrial sulfide oxidation
pathway has also been discovered to catalyze the transfer
of sulfane sulfur from glutathione persulfide (GSSH) to
sulfite to form thiosulfate, a substrate for rhodanese. 28
MF belongs to the Euphorbiaceae family. It is commonly
used in Nigeria because of its therapeutic and nutritional
potentials.5 Different parts of this plant have been used to
treat illnesses like cough, dysentery, hemorrhoids,
erectile dysfunction, diarrhea etc.6-8 The leaves of MF
have investigated to exhibit hypoglycemic and
antioxidant effects.8 Its aqueous root extract administered
to wistar rats exposure to bonny light crude oil was also
reported to restore imbalances in glucose metabolism.5
Thus, the study seeks to investigate the chemical
composition of aqueous extract of Manniphyton fulvum
(MF) roots and effects in SNP induced oxidative stress in
wistar rats in vivo by evaluating rhodanese enzyme
activity, Glutathione (GSH) and malondialdehyde
(MDA).

Preparation of root extracts
The roots were sorted, cleaned and air dried at room
temperature for two weeks. The dried roots were crushed
into coarse powder with grinding machine and weighed.
200 g of the coarse powder was directly soaked in 1000
ml of hot water for 72 hours with intermittent shaking to
facilitate extraction at room temperature. The extract was
then filtered using a Buchner funnel and Whatman no. 1
filter paper and evaporated to dryness using rotary
evaporator oven dried at a temperature of 50 oC and later
reconstituted in separately in 0.9% normal saline and
dose administered according to the body weight of
animals.9
Phytochemical quantification
Phytochemical quantification of the aqueous root extract
was done using gas chromatography (GC) (Hewlett
Packard, Wilmington, DE, USA), powered with HP
chemstation
Rev.
A09:01
(10206)
software.
Phytochemicals were identified and quantified by its
interaction with the column stationary phase. The GC
was programmed as follows: the inlet and injection
temperature was set at 2500C– 3100C; fused silica column
[30 m × 0.25 mm×0.01 μm thickness)]; split injection
was adopted with a split ratio of 20:1 and volume injected
was 1 µL. Oven temperature was set at 600C for 5mins
initially, heated to 65-2600C at 120C/min; 260-3200C at
150C/min and maintained at 3100C for 18 min. Nitrogen
was used as carrier gas and pressure was 30 psi.
Comparison of retention times and spectral data of
standard were used for identification of phytochemicals.
Standard calibration curve for each component was used
for quantification.
Experimental animals

Roots of MF were collected from Umuada Ngodo
Isuochi, Umunneochi Local Government Area of Abia
State, Nigeria. The roots were identified at the Herbarium
of University of Port Harcourt, Nigeria.

20 adult wistar rats of both sex weighing 120-150 g were
used for this study. They were obtained from the animal
house of University of Port Harcourt, taken to the animal
house of the Department of Biochemistry, Rivers State
University, Nigeria. They were allowed to acclimatize
under laboratory conditions at room temperature of
25±2°C, a 12 hours hour light and dark cycle with 50±5%
humidity for seven days. Food and water were given ad
libitum prior to the conduct of the experiment. The
experiment was conducted in accordance with the
University’s ethical guidelines for use of laboratory
animals.

Reagents and chemicals

Induction of oxidative stress

SNP (25 mg/ml) was obtained from Llydo’s Pharmacy
along Agip Road, Port Harcourt by Biopharma Pvt Ltd,
Navi Mumbai, Indian. KH2PO4, K2HPO4, Ellmans
reagent and thiobarbituric acid were from Sigma Aldrich
(St. Louis, USA). All other reagents and chemical were
of analytical grade supplied by the Department of
Biochemistry, Rivers State University, Nigeria.

SNP was freshly prepared in 0.9% sterile saline on each
day for administration. 2.5 mg/kg body weight of SNP
was administered at intervals of three hours per day to
rats that were fasted overnight by intraperitoneal injection
for a period of 7 days according to body weight. At the
end of administration, the animals were sacrificed by
decapitation and livers excised for biochemical
investigation.9,10

METHODS
Collection and identification of plant material
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Table 1: Grouping of the animals and administration protocol.
S. No.
1
2
3
4

Groups
Group A (Control)
Group B
Group C
Group D

Treatment protocol
Received 1 ml of 0.9% saline
Received 2.5 mg/kg body weight of SNP only
Received 2.5 mg/kg bodyweight of SNP and 200 mg/kg body MF
Received 10 mg/kg body weight of Vitamin E

Grouping of the animals and administration protocol
Animals were randomly divided into four different
groups comprising five animals in each group (n=5). The
first was the control and the others were the test groups.
200 mg/kg body weight of the extract was administered
orally for a period of seven days. Administration protocol
of drug and plant extract is presented in Table 1.
Preparation of liver homogenates
The rat livers were washed with ice-cold saline solution
(0.9% w/v), blotted, and weighed. Liver homogenate was
prepared by homogenizing 1 g of the tissue in 5 ml of
0.05 M phosphate buffer, pH 7.4 using Teflon coated
homogenizer. The homogenate was centrifuged for 10
minutes at 10000×g, the sediment discarded and
supernatant used for the assay of rhodanese, GSH and
MDA.
Determination of biochemical parameters
Rhodanese enzyme
The activity of rhodanese in the sample was estimated
spectrophotometrically. Thiocyanate produced by the
action of the enzyme on cyanide and thiosulphate, is
reacted with ferric nitrate reagent to produce a red
colored complex- ferric thiocyanate. The absorbance of
this complex is measured at 460 nm. Briefly, the assay
mixture contains 10 μl of the supernatant (enzyme
source) was incubated with 0.2 ml of 0.24 M potassium
cyanide, 0.2 ml of 0.05 M phosphate buffer and 0.2 ml of
0.25 M sodium thiosulfate pentahydrate for 20 min. The
incubations were terminated by the addition of 0.5 ml of
15% (v/v) formaldehyde. The amount of ferric
thiocyanate formed by the addition of 1.5 ml ferric nitrate
reagent (10 g of ferric nitrate nonahydrate and 20 ml of
65% nitric acid per 150 ml) was read at 460 nm. The
enzyme activity was expressed as amount of ferric
thiocyanate formed per min per mg of protein for liver
preparations.11-12 Protein concentrations were determined
by the method of using crystalline bovine serum albumin
as standard.13
GSH
GSH was estimated by the method of Ellman’s reagent.
The method involves the development of a yellow color
using Ellman’s reagent. The absorbance of the color
developed after reaction is read at 412 nm. The assay

mixture contains 0.1 ml of the homogenate and distilled
water, 2.5 ml of EDTA and 1.3 ml of TCA and
centrifuged at 10,000g for 10 minutes to obtain the
supernatant. 2 ml of Ellman’s reagent 5,5'-dithiobis-(2nitrobenzoic acid) and 1.5 ml of phosphate buffer were
added to 1.0 ml of the supernatant. The absorbance of the
resulting solution was measured at 412 nm wavelength; a
set of standard solution containing reduced glutathione
(10 mg/l00 ml) was prepared and read accordingly. The
result was expressed as µmol of GSH/mg protein.14
Lipid peroxidation
Lipid peroxidation (LPO) product was determined as
MDA. In this method, the samples are heated with
thiobarbituric acid reagent for 20 mins in a boiling water
bath to give a pink colored complex that is read at 535
nm wavelengths. 1.0 ml of the liver homogenate, 1.3 ml
of TCA, 2.45 ml of EDTA and I.2 ml of normal saline
was added and mixed thoroughly in a tube and
centrifuged at 3000 g for 10 mins. 1.5 ml of distilled
water and thiobarbituric acid were added to 1ml of the
supernatant which was boiled for 20 mins. The pink color
produced was measured at 535 nm against a blank. MDA
equivalent in sample was estimated using the extinction
coefficient of 1.56 × l05 M-1cm-1 and expressed as nmol
(MDA) per mg protein.15
Statistical analysis of data
Data obtained from this study were expressed as
mean±standard error of mean (SEM). One-way analysis
of the variance and turkey post hoc test was used for the
establishment of significance differences set at (p<0.05).
P values for correlations were derived from the Pearson
correlation coefficient (r).
RESULTS
The result obtained for the phytochemical investigation
of the aqueous root extracts of MF is shown in Table 2.
Phytochemicals like allicin, carotenoids, flavonoids,
phytosterols, glycosides and saponins were identified and
quantified. Flavonoids had the highest composition
(67.48%) while allicin had the lowest composition
(0.0003%) Similar studies conducted on the ethanol and
aqueous leaf extracts revealed that flavonoids had the
highest composition in both extracts. In Table 3, the
result showed that diallyl thiosulphinate had the highest
composition (95.91×10-8%), followed by methyl allyl
thiosulphinate (3.50×10-8%) and then allyl methyl

International Journal of Basic & Clinical Pharmacology | December 2019 | Vol 8 | Issue 12

Page 2594

Awolayeofori D et al. Int J Basic Clin Pharmacol. 2019 Dec;8(12):2592-2597

thiosulphinate (0.58×10-8%). The activity of rhodanese,
GSH and MDA determined in the rat liver homogenate of
SNP-induced oxidative stress is shown in Table 4. The
result showed that Group B which was administered with
SNP only showed significant (p<0.05) increase in MDA
concentration while GSH showed significant (p<0.05)
decrease also, rhodanese showed significant (p<0.05)
decrease compared to the control (Group A). However,
Groups C and D showed significant increase (p<0.05) in
the activity of rhodanese enzyme compared to Group A
and Group B. GSH levels of Group C and Group D
showed no significant (p>0.05) difference while the
MDA concentration showed significant (p<0.05)
decrease. The decrease observed in rhodanese activity
and GSH in Group B may be attributed to depletion of
reactive sulfur species due to participation in cyanide
detoxification and antioxidant activity. In Groups C and
D increase in rhodanese enzyme activity may be
attributed to the role of MF to maintain sulphur pool,
enhance the conversion of cyanide to thiocyanate and
provide protection against the toxicity of cyanide and
oxidation induced by CN- and NO.

Table 2: Quantitative phytochemical analysis of
aqueous root extract of MF.
S.
No.
1
2
3
4
5
6

Phytochemical composition
Allicin
Carotenoids
Flavonoids
Phytosterols
Saponins
Glycosides

%
composition
0.00003
22.84
67.48
4.74
4.94
10.04

Table 3: Composition of allicin in the aqueous root
extract of MF.
S.
No.
1
2
3

Phytochemical composition
Allyl methyl thiosulphinate
Diallyl thiosulphinate
Methyl allyl thiosulphinate

%×10-8
composition
0.58
95.91
3.50

Table 4: Rhodanese, GSH and MDA levels in the rat liver homogenate.
S.
no.
1
2
3
4

Groups
Control (Group A)
Group B
Group C
Group D

Rhodanese activity
(U/mg protein)
37.13±0.12a
29.68±0.13b
48.73±0.09c
49.56±0.05c

GSH
(µmol/mg) protein
47.70±0.10a
22.93±0.25b
42.16±0.17a
47.87±0.34a

MDA
(µmol//mg) protein
46.27±0.27a
65.80±0.14b
53.05±0.11c
45.78±0.08a

Values are expressed as Mean±SEM (n=5). Means with different superscript (a-c) are significantly different (Turkey HSD, p<0.05).

RU/mg protein

Correlation analysis carried out to assess the relationship
between the activity of rhodanese and GSH is presented
in Figure 1, the result showed strong significant (p=0.01,
r=0.894) positive correlation between Group C and
Group D. This is an indication of the extract to enhance
antioxidant activity.

60
50 y = 0.7985x + 8.8134
R² = 0.8005
40
30
20
10
0
0
20
40
GSH µmol/mg protein

60

Figure 1: Correlation between GSH concentration
and rhodanese enzyme activity.
DISCUSSION
Plants produce different bioactive compounds or
phytochemicals that act as defense and regulate some

physiological processes in man which include antiapoptosis, anti-aging, anticarcinogen, anti-inflammation,
anti-atherosclerosis, cardiovascular protection, antiinflammatory, endothelial function enhancement,
antioxidant activity, hepatoprotection, nephroprotection
etc.16 Bioactive components like allicin, carotenoids,
flavonoids, phytosterols, glycosides and saponins were
identified and quantified in the aqueous extract of MF
root. Understanding the chemical interactions of these
bioactive components and the organisms can provide
pharmacological agents and their molecular targets to
address chronic diseases in biological systems.
Flavonoids had the highest composition while allicin had
the lowest composition. Similar studies conducted on the
ethanol and aqueous leaf extracts revealed that flavonoids
had the highest composition in both extracts.6
Components of allicin (organosulfur compounds), diallylthiosulfinate is one of the major organosulfur compounds
considered to be biologically active.7 These compounds
exhibit intriguing biological properties such as
antimicrobial, antioxidant and anti-inflammatory. 2 They
are
able
to
up-regulate
detoxification
and
cytoprotective enzymes. In vivo demonstration has also
shown that diallyl disulfide, occurring in garlic, elevated
hepatic sulfane sulfur level and activities of gammacystathionase and 3-mercaptopyruvate sulfur transferase
in tumor bearing mice indicating hepatoprotection.2
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SNP, chemically known as SNP dihydrate (Na2[Fe
(CN)5NO]2H2O), a salt of ferric cyanide containing nitric
acid with five CN molecules. It exhibits fast-acting
vasodilatory properties thus, used to control hypertension
and bleeding during cardiac surgery.17-20 The metabolism
of the drug has been widely studied both in experimental
animals and humans as classical inductor of oxidative
stress. 21,22 From the study, the group administered with
SNP only showed significant increase in MDA
concentration while rhodanese and GSH activity showed
significant decrease compared to the control which may
be attributed to the decomposition of SNP. The decrease
observed in rhodanese activity and GSH may be
attributed to participation in cyanide detoxification and
antioxidant activity. When SNP is administered, CN- ions
are released non-enzymatically and react with
haemoglobin in blood and tissue sulphhydryl groups
resulting to the release of other oxidative stress mediators
which include NO and iron ions.23-25 High concentrations
of NO are toxic and interact with superoxide anion (O 3-)
to form peroxynitrite (ONOO). ONOO is protonated to
form peroxynitrous acid (HOONO), at physiological pH,
decomposes further to another potent oxidant that could
initiate LPO.23 In the blood, the drug changes
oxyhaemoglobin to methemoglobin and cyanide has a
high affinity for this type of methemoglobin. One free
CN- reacts with it to form cyanomethaemoglobin and
sequesters cyanide instead of oxygen to the body. The
remaining four free CN are transported to the hepatocyte,
react with thiosulfate and cobalamin to form thiocyanate
and excreted by the kidneys.3 Those not eliminated bind
to both ferric (Fe3+) and ferrous (Fe2+) in tissue
cytochrome oxidase inhibiting oxidative phosphorylation
and concomitant production of ATP, the energy currency
of cell.23 Alternative energy production leads to abnormal
production of lactic acid that may result to severe lactic
acidosis.1 Groups C and D showed significant increase in
the activity of rhodanese enzyme and GSH and decrease
in MDA concentration compared to Groups A and B
suggesting a role of MF to enhance the conversion of
cyanide to thiocyanate, intra mitochondrial oxygen free
radical detoxification and protection against oxidative
stress induced by SNP in the rats.29,30 A study on the
effects of Allium cepa on rhodanese activity during
cyanide toxicity showed that rhodanese activity was more
enhanced in the presence of essential oil of onion than
Na2S2O3.31 The increased activity of rhodanese and GSH
may also be attributed to collaborative function in which
GSH serve as a substrate for the enzyme. Kinetic data
combined with simulations at physiologically relevant
substrate concentrations have established that the first
enzyme in the mitochondrial sulfide oxidation pathway
(sulfide quinone oxidoreductase) catalyzes the synthesis
of GSSH, which is a substrate for rhodanese. GSH act as
an antioxidant and control ROS production during
oxidative stress and maintain GSH homeostasis for
cellular redox balance.32 The participation of rhodanese
in the oxidative stress response has been investigated in
studies conducted by comparing activity of bovine

rhodanese isoforms in sulfur acceptor from physiological
donor substrate.33,34
CONCLUSION
Cell-redox modulation has recently received increased
attention because of many plant products that can
attenuate harmful biological reaction. The chemical
components of MF had indicated the presence of
organosulphur derivatives especially those bearing the
more reactive “allyl” rather than a “propyl” moiety and
may serve as a pharmacological agent to up regulate
detoxification and cytoprotective enzymes. Cellular
localization of rhodanese enzyme was also induced by
aqueous extract of MF root in collaboration with GSH
and promote inhibition of lipid peroxidation, antioxidative reactions and up regulate cyanide detoxification
in tissues.
Funding: No funding sources
Conflict of interest: None declared
Ethical approval: The study was approved by the
Institutional Ethics Committee
REFERENCES
1.

2.

3.

4.

5.

6.

7.

8.

Hottinger DG, Beebe DS, Kozhimannil T, Prielipp
RC, Belani KG. Sodium nitroprusside in 2014: A
clinical concepts review. J Anaesthesiol Clin
Pharmacol. 2014;30(4):462.
Bilska-Wilkosz A, Iciek M, Kowalczyk-Pachel D,
Górny M, Sokołowska-Jeżewicz M,
Włodek L.
Lipoic acid as a possible pharmacological source of
hydrogen
sulfide/sulfane
sulfur.
Molecules.
2017;22(3):388.
Spielberg DR, Barrett JS, Hammer GB, Drover DR,
Reece T, Cohane CA, et al. Predictors of arterial
blood pressure control during deliberate hypotension
with sodium nitroprusside in children. Anesthesia
Analgesia. 2014;119(4):867.
Dokubo A, Uwakwe AA, Amadi BA. (). A Study on
the Antioxidant and anti-inflammatory effects
of
Aframomum sceptrum and Parinari congensis seed
extracts in alloxan-induced diabetic wistar rats.
EPRA Int J Res Develop. 2017;(2)7:1-8.
Dokubo A, Odinaka EM. The effect of Aqueous root
extract of Manniphytum fulvum (MF) on serum
glucose concentration and malondialdehyde (MDA)
in wistar albino rats. Int J Innovat Scientific Res.
2016;20:19-24.
Agbaire PO, Emudainohwo JOT, Peretiemo-Clarke
BO. Phytochemical screening and toxicity studies on
the leaves of Manniophyton fulvum. Int J Plant,
Animal Environ Sci. 2013;3(1):1-6.
Anthony OE, Ese AC, Simon OI, Lawrence EO. ().
Preliminary
phytochemical
screening
and
antidiarrheal properties of Manniophyton fulvum.
IOSR J Dent Med Sci. 2013;10:46-52.
Nwabueze JO, Kingsley PIC, Comfort MC.
Evaluation of the anti-diabetic properties of

International Journal of Basic & Clinical Pharmacology | December 2019 | Vol 8 | Issue 12

Page 2596

Awolayeofori D et al. Int J Basic Clin Pharmacol. 2019 Dec;8(12):2592-2597

9.

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

Manniophyton fulvum. J Biol Genet Res.
2015;1(8):23-30.
Erhirhie EO, Ekene NE, Ajagbaku DL. Guidelines on
dosage calculation and stock solution preparation
in experimental animals’ studies. J Nat Sci Res.
2014;4(18):100-6.
Sani M, Sebai H, Refinetti R, Mondal M, GhanemBoughanmi N, Boughattas NA, et al. Effects of
sodium nitroprusside on mouse erythrocyte catalase
activity and malondialdehyde status. Drug Chem
Toxicol. 2016;39(3):350-6.
Sorbo BH. Crystalline rhodanese. Enzyme catalyzed
reaction. Acta Chemical Scandinavia. 1953;7:113745.
Ihm JS, Kim YH. Thiosulfate sulfurtransferase and
UDP glucuronosyltransferase activities in cholestatic
rat liver induced by common bile duct ligation.
Experiment Molecul Med. 1997;29(4):197.
Lowry OH, Rosebrough NJ, Farr AL, Randall RJ.
Protein measurement with
the Folin phenol
reagent. J Biol Chemist. 1951;193:265-75.
Ellman GL. Tissue sulphydryl groups. Arch
Biochemist Biophysic. 1959;82:707.
Devasagayam TPA, Bloor K K, Ramasarma T.
Methods of estimation of lipid peroxidation analysis
of merits and demerits. Indian J Biochemist
Biophysic. 2003;40:300-8.
Obomanu FG, Dokubo A. Studies on oxidative stress
markers of alloxan-induced diabetic wistar rats
treated with tetracarpidium conophorum and piper
guineense (1: 1 mixture). Int J Advan Res.
2018;6(5):571-9.
Moffett BS, Price JF. Evaluation of sodium
nitroprusside toxicity in pediatric cardiac surgical
patients. Ann Pharmacotherap. 2008;42(11):1600-4.
Mullens W, Abrahams Z, Francis GS, Skouri HN,
Starling RC, Young JB, et al. Sodium nitroprusside
for advanced low-output heart failure. J Am Coll
Cardiol. 2008;52(3):200-7.
Opasich C, Cioffi G, Gualco A. Nitroprusside in
decompensated heart failure: What should a clinician
really know. Current Heart Failure Report.
2009;6(3):182-90.
Rhoney D, Peacock WF. Intravenous therapy for
hypertensive emergencies, part 1. Am J HealthSystem Pharm. 2009;66(15):1343-52.
Akomolafe SF, Oboh G, Akindahunsi AA, Akinyemi
AJ, Tade OG. Inhibitory effect of aqueous extract of
stem bark of Cissus populnea on ferrous sulphate-and
sodium nitroprusside-induced oxidative stress in rat’s
testes in vitro. ISRN Pharmacol. 2013;2013:130989.
Ojo OA, Oloyede O, Tugbobo O, Olarewaju O, Ojo
A. Antioxidant and inhibitory effect of scent leaf
(Ocimum gratissimum) on Fe2+ and sodium
nitroprusside induced lipid peroxidation in rat brain
in vitro. Advan Biol Res. 2014;8(1):8-17.

23. Quinlan C, Gill D, Waldron M, Awan A. Cyanide
poisoning in the post-transplantation patient- a
cautionary tale. Pediatr Nephrol. 2008;23(12):2273.
24. Ibrahim MA, Koorbanally NA, Kiplimo JJ, Islam
MS. Anti-oxidative activities of the various extracts
of stem bark, root and leaves of Ziziphus mucronata
(Rhamnaceae) in vitro. J Med Plant Res.
2012;6(25):4176-84.
25. Nazari Q A, Mizuno K, Kume T, Takada-Takatori Y,
Izumi Y, Akaike A. In vivo brain oxidative stress
model induced by microinjection of sodium
nitroprusside in mice. J Pharmacol Sci.
2012;120(2):105-11.
26. Nakajima T. Roles of sulfur metabolism and
rhodanese in detoxification and anti-oxidative stress
functions in the liver: responses to radiation
exposure. Medical science monitor. Int Med J
Experiment Clin Res. 2015;21:1721.
27. Sani M, Sebai H, Ghanem-Boughanmi N, Boughattas
NA, Ben-Attia M. Dosing-time dependent oxidative
effects of sodium nitroprusside in brain, kidney, and
liver of mice. Environ Toxicol Pharmacol.
2014;38(2):625-33.
28. Bordo D, Bork P. The rhodanese/Cdc25 phosphatase
superfamily: sequence–structure–function relations.
EMBO Reports. 2002;3(8):741-6.
29. Nandi DL, Horowitz PM, Westley J. (). Rhodanese as
a thioredoxin oxidase. Intl J Biochemistr Cell Biol.
2000;32(4):465-73.
30. Nagahara N, Katayama A. Post-translational
regulation of mercaptopyruvate sulfurtransferase via
a low redox potential cysteine-sulfenate in the
maintenance of redox homeostasis. J Biol Chem.
2005;280:34569-77.
31. Ola-Mudathir FK, Maduagwu EN. Effects of Alium
cepa Linn on rhodanese
activities and half-life
of cyanide in the blood. Intl J Biol Chem Sci.
2015;9(2):1004-12.
32. Tang T, Sun H, Li Y, Chen P, Liu F. MdRDH1, a
HSP67B2-like rhodanese homologue plays a positive
role in maintaining redox balance in Musca
domestica. Molecul Immunol. 2019;107:115-22.
33. Selles B, Moseler A, Rouhier N, Couturier J.
Rhodanese domain-containing sulfurtransferases:
multifaceted proteins involved in sulfur trafficking in
plants. J Experim Botan. 2019;70(16):4139-54.
34. García I, Arenas-Alfonseca L, Moreno I, Gotor C,
Romero LC. HCN regulates cellular processes
through posttranslational modification of proteins by
S-cyanylation. Plant Physiol. 2019;179(1):107-23.
Cite this article as: Awolayeofori D, Obi NC,
Nnenna OF. Manniophyton fulvum extract attenuates
sodium nitroprusside induced oxidative stress in
wistar rats. Int J Basic Clin Pharmacol 2019;8:2592-7.

International Journal of Basic & Clinical Pharmacology | December 2019 | Vol 8 | Issue 12

Page 2597

