
International Journal of Human and Health Sciences Vol. 10 No. 04 October’26

227

ht
tp

s:
//i

jh
hs

fim
aw

eb
.in

fo
/in

de
x.

ph
p/

IJ
H

H
S

Hepatoprotective effects of Common Sage (Salvia officinalis) leaves on 
Cyanide-Induced Hepatotoxicity in Male Wistar Rats

Azukaego Thomas Hughs Mokogwu1, Emeka Edward Okocha2, Kingsley Chukwuka Amaihunwa1, 
Enekabokom Nwoke Ekene3, Benson O Eyenubo4, Osinachi Mark Nwachukwu1, Ikemefune Ochonogor1, 

Godwin O Avwioro1

Correspondence to: Azukaego Thomas Hughs Mokogwu, Department of Medical Laboratory Science, Faculty 
of Allied Science, Delta State University, Abraka, Nigeria. Email: tmokogwu@yahoo.com

1.	 Department of Medical Laboratory Science, Faculty of Allied Science, Delta State University, Abraka, Nigeria. 
2.	 Prince Abdul Mohsen Hospital, Al-Ula, Saudi Arabia. 
3.	 Department of Pharmacology, Faculty of Basic Clinical Sciences, College of Medical Sciences, Rivers State 

University, Nkpolu-Orowukwo, Port-Harcourt, Nigeria.    
4.	 Department of Science Laboratory Technology, Faculty of Science, Delta State University, Abraka. Nigeria. 

International Journal of Human and Health Sciences Vol. 10 No. 04 October’26

ORIGINAL ARTICLE

ABSTRACT

Common sage (Salvia officinalis) leaf is used worldwide as a medicinal plant for various ailments. 
Its hepatoprotective effect was investigated on cyanide-induced hepatotoxicity in rats. In this 
experimental study, thirty male Wistar rats, divided into five groups having six rats in each group 
(A, B, C, D and E). Group A which was the control, received 0.4ml/day corn oil, while group 
B had 0.4ml of potassium cyanide (7mg/kg/day) and group C received 0.4ml of sage plant leaf 
extract (500mg/kg/day) in saline. Group D received 0.4 ml sage plant leaf extract (500mg/kg/day) 
plus 0.4 ml potassium cyanide (7mg/kg/day) and group E received 0.4ml of sodium thiosulphate 
(Na2S2O3) (600 mg/kg/day) plus 0.4ml of potassium cyanide (7mg/kg/day). Treatments were by 
oral route, daily, and weighed at intervals of 2 days for two weeks. Serum aspartate transaminase 
(AST), alanine transaminase (ALT), gamma-glutamyl transferase (GGT), alkaline phosphatase) 
(ALP) activity and total proteins (TP) and total bilirubin (TB) were measured as liver function 
indicators. While liver malondialdehyde (MDA) and Superoxide Dismutase (SOD), glutathione-
S-transferase (GST), reduced glutathione (GSH) and catalase were assessed as indices of oxidative 
stress. Standard methods were utilized for all the measurement. The increased activities of the liver 
function enzymes by cyanide-induction were restored by co-administration of either the sage (Salvia 
officinalis) leaf or sodium thiosulphate (Na2S2O3). The MDA level which was increased with reduced 
activities of GSH, GST, SOD and catalase on treatment with cyanide only, were all reversed on 
co-treatment of cyanide with sage leaf extract or chemical drug (sodium thiosulphate). The results 
revealed that common sage leaf protects the liver against cyanide-induced oxidative stress. 
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INTRODUCTION
Cyanide poisoning is a world health burden 
that affects both humans and animals.1 Its 
chemicals or compounds associated with latent 
reactive cyanide anions (CN_) commonly exist 
as potassium, sodium, hydrogen as well as 
cyanogenic glycosides encountered in certain 
plants.2,3 Cyanides are frequently found in the 
environment, and are known for their rapid 

and potential hazardous effects on living 
organisms, most particularly for inhibition of 
cellular respiration that hinders the production 
of adenosine triphosphate (ATP) that is essential 
for cellular energy. This leads to an increase in 
the generation of oxygen-free radicals that often 
results to considerable decrease in the activity 
of superoxide dismutase, catalase as well as 
antioxidant vitamins, in animal lenses and 
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retinas. Thus, its accumulation affects various 
body organ dysfunction, with resultant dizziness, 
seizures, unconsciousness and arrhythmia and 
often death.4-6 Various researchers have shown 
that in humans, cyanide poisoning occurs from 
accidental/intentional exposure from industry; 
in mining, electroplating and manufacturing, 
combustion of plastics and tobacco as well 
as consumption of contaminated cyanogenic 
compounds like cassava. with consequent risk 
of chronic cyanide toxicity that may lead to 
neurological disorders.7-9 Animals are also found 
to be highly vulnerable to cyanide hepatotoxicity 
particularly via ingestion of cyanogenic plants 
often during grassing.10-12

Several works have shown that the key detoxifying 
enzyme rhodanese detoxifies cyanide in the liver 
with the formation of thiocyanate (SCN) that 
is excreted into the urine, at a lower intrinsic 
toxicological risk. Also, sodium thiosulfate 
is a pharmacologic agent in the treatment of/ 
management of cyanide poisoning particularly as 
it provides sulphur for the cyanide detoxification 
enzyme rhodanese.13-15  Ola-Mudathir & Jeje 
opined that the prevalent flavonoid in onions 
is querectin and demonstrated and showed that 
querectin, protects the liver against cyanide-
induced oxidative stress.15 Zhang et al. stated 
that medicinal values of plants lie in the chemical 
compounds that produce definitive physiological 
actions in humans, concluding that their role 
in modern medicine is indispensable.18 A good 
example of such is Salvia officinalis (Common 
Sage) plant whose leaves extract have been 
utilized in various therapeutic uses. Studies 
have shown that this plant which belongs to the 
Lamiaceae family with its unique aromatics odor 
is commonly used as flavor specie and herbal 
medication.19 Equally, several studies have 
shown that Salvia officinalis leaf has biologic 
potential that include anti-proliferative, anti-
hypertensive, anti-hyperglycemic, antimicrobial, 
and anti-inflammatory, can protect the liver in 
parasitaemic hepatic injury, etc.20-24 Other works 
have also shown that Salvia officinalis leaf 
contains high concentration of flavonoid with 
antioxidant potential,20,25 and currently has very 
high flavonoid content in mg querectin equivalent 
per gram extract (mgQE/g extract) as well as 
very potent antioxidant and anti-inflammatory 
activity.26 Therefore, search for the inexpensive 
management of hepatotoxicity with little and no 

side effect, has led to this study- to investigate 
the hepato-protective and antioxidant activity of 
common sage (Salvia officinalis) leaf on cyanide-
induced hepatotoxicity in male Wistar rats.

METHODS
Authentication and preparation of plant extract: 
Sage plant from Vom-Jos, Plateau State was 
identified, authenticated and a voucher number 
(FS/20/21/00121) was assigned to it and stored 
for future reference. The plant has currently been 
propagated and thrives well at our garden at 
Asaba, Delta State (fig. 1). The leaves were cut 
into small pieces, dried at a temperature of 30 
-40oC for 21 days. The dry leaves were pulverized 
to obtain a fine powder. 50g was weighed and 
added to 400 ml absolute methanol in a flask. 
It was shaken at regular intervals for 3 days at 
room temperature. The mixture was filtered using 
muslin cloth and concentrated using Soxhlet 
apparatus. The extract obtained was kept in an 
airtight sample bottle, labelled and stored in the 
refrigerator.     

Preparation of the extract solution: Weighed 
quantity of methanol extract of the Sage officinalis 
leaf (500mg/kg) was suspended in distilled water.

Animal experimentation: Thirty apparently 
healthy male Wister rats weighing between 150-
250g were used in the study. The animals were 
properly housed, fed with standard growers’ 
marsh and water ad libidum.

Acute oral toxicity study: This was performed 
using OECD-423 guideline for animal study.27 
Female albino mice weighing 20-24g, divided 
into two groups of six animals each were used. 
One group was given 2,000mg/kg body weight 
of the Sage leaves extract while the second 
group received 5,000mg/mg body weight of the 
sage leaf extract orally. They were observed for 
symptoms of toxicity and mortality for 72 hours.

Experimental design: Thirty Wistar rats were 
randomly divided into five groups of six rats each 
(A, B, C D and E) and had oral administration 
of the plant extracts. Group A served as control 
and received 0.4ml/day corn oil. Group B was 
given 0.4ml of potassium cyanide (7mg/kg body 
weight). Group C was given orally 0.4ml of sage 
plant leaf extract (500mg/kg/day), which was 
dissolved in normal saline. Group D was treated 
with 0.4 ml sage plant leaf extract (500mg/kg/
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day) and 0.4 ml potassium cyanide (7mg/kg body 
weight/day). Group E was given 

 0.4ml of Na2S2O3 (600 mg/kg b.wt/day) plus 
0.4ml of potassium cyanide (7mg/kg body 
weight/day).  Groups D and E were pre-
administered with 0.4ml of sage plant leaf extract 
500mg/kg body weight/day and 0.4ml of sodium 
thiosulphate (Na2S2O3) (600 mg/kg body weight/
day) respectively for 2 weeks. The animals were 
observed daily and weighed at intervals of 2 
days for two weeks. At the end of the protocol 
period of two weeks, blood samples were taken 
from the retro-orbital plexus of each animal using 
plain capillary tube into 5ml blood container. The 
blood was allowed to cloth and centrifuged at 
3,000 rpm for 5 minutes for separation of serum. 
The separated serum was then labelled and stored 
at -8⁰C pending biochemical analysis.

Biochemical parameters: Serum aspartate 
transaminase (AST), alanine transaminase (ALT), 
alkaline phosphatase) (ALP), gamma-glutamyl 
transferase (GGT), total proteins (TP) and total 
bilirubin (TB) were measured using Mindray 
assay kits (Shenzhen China) using an AS-120 
Auto-Analyzer (E. LabBST, China: BA-88A). 
The animals were sacrificed and then cervical 
decapitation was conducted before laparotomy 
section. The livers, kidneys and hearts were 
weighed. The livers only from the animals, per 
group, were then homogenized in phosphate 
buffer (pH 7.4) and centrifuged in a cold centrifuge 
(40C) at 10,000g for 10 minutes to obtain the post-
mitochondrial fraction for evaluation of oxidative 
stress and antioxidant enzymes per each of the 
animals. While oxidative stress parameters were 
assessed using established methods.

Determination of oxidative stress (lipid 
peroxidation assessment): Thiobarbituric 
acid reactive compounds (TBARS) which 
were generated during lipid peroxidation were 
measured to assess lipid peroxidation.

Determination of catalase activity: Catalase 
activity was measured. The principle was based 
on the fact that when dichromate in acetic acid 
is heated in the presence of H2O2, it is reduced 
to chromic acetate, with per chromic acid as an 
unstable intermediate. The chromate acetate 
generated is read calorimetrically at 580 nm. The 
presence of dichromate in the test mixture does 
not affect the measurement.34

Determination of superoxide dismutase (SOD) 
activity: The activity was done. It was based on the 
capacity of superoxide dismutase to limit the auto-
oxidation of adrenaline at pH 10.2. The oxidation 
of adrenaline to adreno-chrome is known to be 
caused by superoxide anion (O2) produced by 
the xanthine oxidase process. With rising pH 
and likewise with increasing adrenaline content, 
the quantity of adreno-chrome, synthesized per 
superoxide anion increased. Thus, the hypothesis 
that adrenaline auto-oxidation occurs via at least 
two mechanisms, one of which is a free radical 
chain reaction involving superoxide radicals that 
might be blocked by SOD.35 

GST: The activity of glutathione-S-transferase 
in serum was estimated; with 1-chloro-
2,4-dinitrobenzene as the second substrate, 
glutathione-S-transferase activity is increased and 
it was used as the substrate. This upon conjugation 
with reduced glutathione, increased the absorption 
wavelength to a longer wavelength. The increase 
in absorption at 340 nm wavelength allows for 
direct enzymatic reaction measurement.36 

GSH: The reduced form of glutathione contains 
the majority of cellular non-protein sulfhydryl 
groups. This principle is based on the production 
of a rather stable yellow color, when sulfhydryl 
substances were treated with 5, 5 – dithiobis – 
(2-nitrobenzoic acid) (Ellman’s reagent). Ellman’s 
reagent reacts with reduced glutathione to produce 
2-nitro-5-thiobenzoic acid, a chromophoric 
compound having a molar absorbance of 412 nm. 
The absorbance at 412 nm is proportional to the 
reduced GSH concentration.37

Determination of tissue protein level: The principle 
was based on the –CO-NH-bond in polypeptide 
chain reaction with copper sulphate in an alkaline 
medium to give a blue colored complex. The tyrosine 
and trptophan residues of protein cause reduction 
of the phosphomolybdate and phosphotungstate 
components of the Folin-Ciocalteau reagent to give 
bluish products which contribute towards enhancing 
the sensitivity of the method.38    

Statistical Analysis: Data was expressed as 
Mean±SEM. One-way ANOVA was used to 
compare the findings, with Turkey’s posthoc 
test used to compare the means of the different 
treatment groups. The level of significance was 
taken at p<0.05. Graph Pad Prism Version 5.0 for 
Windows was used for the data analysis. (Graph 
Pad® Software, San Diego, CA, USA). 
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RESULTS
Acute toxicity: The acute toxicity test revealed 
that Sage plant leaf powder extract at 2,000 and 
5,000 mg/kg body weight was non-toxic to the 
mice. The weight of rats for the cyanide-induced 
hepatotoxicity were not significantly different 
(p>0.05) from both the control and other treated 
groups (Table 1).

Biochemical parameters: Table 2 shows the 
results of the biochemical parameters analyzed in 
the various groups of the Wistar rats. From the 
results, all animals treated with cyanide only raised 
the activity of aspartate, alanine transaminases as 
well as gamma glutamyltranferase and alkaline 
phosphate at a highly significant (p<0.001) 
level when compared with the control as well 
as treatment with the extract of salvia officinalis 
leaves only. However, there were significant 
reductions in both the activities of these enzymes 
as well as the levels in TB and increase in TP, in the 
animals treated with either the Salvia officinalis 
leaf extract or the Na2S2O3 co-administration of 
the cyanide when also compared with treatment 
with cyanide only at a significant level of p < 0.05. 
There was reduction in the level of total proteins 
in rats treated with cyanide only when compared 
with both the control as well as in other groups at 
a significant level of p<0.05. 

It was observed that the level of increase activity 
in ALT is far higher than the corresponding 
increase activity in AST enzymes. Also, there 
was a noticeable increase in the level of the total 
proteins when cyanide is co-administered with 
either Salvia officinalis leaf extract or the sodium 
thiosulphate.  There was equally no significant 
(p>0.05) difference in the levels of the GGT in the 
control group A compared to co-administration of 
cyanide with either the Salvia officinalis leaf or 
sodium thiosulphate (Table 2).

Oxidative stress parameters: The MDA level 
was raised on treatment with cyanide only, at a 
significant difference of p<0.01 and p<0.05 in 
comparison with control and Salvia officinalis 
leaf extract only. However, the activities of 
GSH, GST, SOD and Catalase were all reduced 
significantly (p<0.05) when compared with ether 
control (group A) or sage leaf extract (group C) 
only. Also co-administration of cyanide either 
with Sage leaf extract or the commonly used 
chemical drug (sodium thiosulphate) significantly 
reduced the malondialdehyde (MDA) at a 
significant level of p<0.05 compared with the 
control. Equally, the activities of GST, GSH, 
SOD and Catalase were significantly (p<0.05) 
increased on co-administration of cyanide with 
either the treatment drug- sodium thiosulphate or 
Salvia officinalis leaves extract (groups D & E) 
respectively also in comparison with treatment 
with cyanide only (group B) (Table 3).

Organ weight: The weights of the organs on 
treatment with cyanide only, particularly the liver, 
were significantly increased in comparison with 
the control group A (p<0.01 and p<0.05) (Table 
4). Also, the co-administration of cyanide with 
either the treatment drug for cyanide poisoning 
in this case sodium thiosulphate led to the 
reduction of the organs weight when compared 
with the cyanide treatment only. Moreover, co-
administration of cyanide with the sage leaf 
equally led to reduction of the organ weights 
in comparison with the cyanide treatment only. 
There was a noticeable increase in the liver 
proteins level on treatment with cyanide only in 
comparison with either the control group A or 
sage (Salvia officinalis) leaf extract. However, a 
corresponding reduction were noticed in the liver 
proteins level on co-administration of cyanide 
either with sage leaf extract or with common drug 
treatment (i.e., sodium thiosulphate) (Table 4). 

Table 1: Rats’ weight in different groups - initial and after two weeks administration of cyanide 

 Rats’
Weight 

Group A
Control (corn oil)

Group B
Cyanide only

Group C
Sage leaf extract 

only

 Group D
Sage leaf extract 

plus cyanide

Group E
Na2S2O3  plus

cyanide

Initial 194.00±5.45a  196.33±6.11a 195.67±20.50a 193.00±16.64a 193.33±4.16a

After 203.63±16.25a 201.93±4.65a 215.43±12.47c 217.43±13.28c 204.83±17.18a

Values are expressed in Mean±S.E.M; values sharing the same superscript in the row did not differ significantly 
(p˃0.05); however, values sharing different superscript in the same column are statistically significant (p<0.05).
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Table 2: Effect of sage plant leaf on rats’ liver function parameters in cyanide-induced                 hepatotoxicity

Groups TP (g/l) GGT (U/L) AST (U/L) ALT (U/L) ALP (U/L) TB (µmol/l)

A 88.00±1.20 27.27±2.19 30.00±6.85 30.10±1.20 40.27±6.17 14.18 ± 2.75

B 46.10±3.60** 60.17±3.18** 110.10±10.18*** 168.40±3.60*** 156.90±8.66*** 68.43±4.96***

C 92.50±2.48* 29.00±3.12* 44.60±3.82* 43.48±2.47* 53.21±10.31* 12.10±3.37*

D 82.40±2.30* 36.10±10.80* 60.10±8.51* 58.60 ± 2.63* 98.67±12.49** 48.64±3.19**

E              87.04±3.2 30.00±08.16* 70.16±6.18** 60.12±3.18** 90.35±12.12** 50.06±3.18**

Values are expressed as Mean±SEM; ***=p<0.001 (values compared to control groups),  **=p<0.01 and *=p<0.05 
(values compared to cyanide groups).

Table 3: Effects of sage leaf extract on rats’ liver MDA, GSH, GST, SOD and CATALASE levels on

cyanide-induced hepatotoxicity 

Groups MDA
(µg/g tissue)

GSH 
(µg/g tissue)

GST
(nmol/mg protein)

SOD 
(U/mg protein)

Catalase 
(Kat)

A 0.598±0.102 6.60±0.346 0.465±.056 3.464±0.326 0.2008±0.006

B 2.801±0.38** 3.94±0.100* 0.165±0.050* 2.000±0.098* 0.0680±0.006*

C 0.630±0.038 7.60±0.520 0.484±0.044 3.43±0.304 0.198±0.006

D 1.142±0.116* 6.10±0.460 0.406±0.025 3.501±0.156* 0.146±0.006#*

E 1.110±0.113 * 7.9±0.40 * 0.600±0.026* 2.60±0.345 0.156±0.008*

*=p<0.05 (as compared to control).
Table 4: Effect of sage plant leaf extract on rats’ organs and liver proteins in cyanide-induced 
hepatotoxicity

Groups Liver Proteins (mg/g tissue) Heart Kidney Liver                               

A 268.312±13.10 0.32±0.07 0.31±0.06 3.40±0.16

B 235.132±22.2* 0.84±0.18** 0.64±0.16** 6.10±0.28**

C 278.234 ± 18.60 0.48±0.28* 0.43±0.16* 4.80±0.38*

D 196.213 ± 17.67 0.38±0.15* 0.34±0.21* 3.80±0.16*

E 193.703 ± 19.72 0.42±0.08* 0.48±0.38* 4.00±0.42*

Values are expressed as mean±SEM; **=p<0.01 (values compared to control groups), *=p<0.05 (values compared 
to cyanide groups).

https://ijhhsfimaweb.info/index.php/IJHHS


International Journal of Human and Health Sciences Vol. 10 No. 04 October’26

232

ht
tp

s:
//i

jh
hs

fim
aw

eb
.in

fo
/in

de
x.

ph
p/

IJ
H

H
S

DISCUSSION

Cyanide poisoning exhibits its hazardous effects 
in humans and animals by blocking cytochrome 
oxidase in the mitochondria thus preventing 
cellular respiration 5,39. The mechanism of this 
inhibition involves the cyanide blocking a very 
important enzyme (cytochrome c oxidase) crucial 
for the production of energy in form of adenosine 
triphosphate (ATP) in the system and prevents the 
cells from utilizing oxygen thus creating cytotoxic 
hypoxia irrespective of adequate oxygen levels 
in the systemic circulation and causes the cells 
to switch to anaerobic metabolism 4,15,40. This 
results to lactic acid accumulation with metabolic 
acidosis and to the production of free radicals 
such as superoxide anions with resultant lipid 
peroxidation1,4,7,41,42. Thus our observation of high 
increase in malondialdehyde level as a result of 
lipid peroxidation and decrease activities of GSH, 
GST, SOD and Catalase are in agreement with the 
above accretion. Also, our findings of  decreased 
in SOD and Catalase is in line with the work 43 that 
noted  a decrease in SOD, Catalase and antioxidant 
vitamins in the lens and retina of rabbits exposed 
to cyanide. Some researchers have documented the 
dosage of cyanide poisoning in various different 
species, noting that most illness disorders, 
have their underlying cause of oxidative stress 
particularly, as increase in reactive oxygen stress 
(ROS) or reduction in the antioxidant defense 
mechanism as the most common symptom 1,10,44. 
They alluded that tissue damage and death often 
results from an autocatalytic chain of metabolic 
stress amplified and spread the oxidative stress 
that leads to increased free radicals such as OH-, 
O2 and H2O2 generation and antioxidant depletion. 
Also, other works have adduced that the reduced 
synthesis of sulphur-containing amino acids might 
be one reason for the lower glutathione content 
in the liver. The utilization of such amino acids 
by rhodanese and mercaptopyruvate is a known 
example 1,4,15,45. 

The co-administration of Salvia officinalis leaf and 
sodium thiosulphate to the cyanide, which led to the 
decrease of malondialdehyde as well as an increase 
in the activities of antioxidant enzymes GST, SOD 
and Catalase and the non-enzymatic GSH showed 
that these additions reduced oxidative stress. 
These findings are similar to other works15, 46. Our 

studies revealed that Salvia officinalis leaf and 
sodium thiosulphate protect the liver of rats from 
cyanide-induced hepatoxicity thus highlighting 
the hepatoprotective effects of Salvia officinalis 
leaves through scavenging reactive oxygen species 
generated by the cyanide. Also, the sulphur content 
of the sodium thiosulphate may perhaps explain 
the noticeable significant increase in the activity of 
GSH and GST observed in the rats co-administered 
with it and cyanide. 

Sodium thiosulphate is commonly used to convert 
cyanide to thiocyanate (CN) through the action of 
rhodanese which is an enzyme made up of various 
amino acids in the liver15,16,17,47. Thiocyanate is a 
less toxic chemical compound that is excreted 
easily by the kidneys and is often administered 
alongside with hydroxocobalamin and sodium 
nitrite 47, 48. The growth of advanced atherosclerotic 
plaques within the coronary arteries is linked to the 
SCN in the plasma which is associated with lipid 
peroxidation 1,10,15,49. The increase in weight of the 
rats’ liver and other organs may have been due to 
the alterations in the levels of MAD, GSH, GST, 
SOD and Catalase as a result of lipid peroxidation 
with perhaps inflammation of the organs.   

Post cyanide exposure led to the increased 
activities of AST, ALT, GGT, ALP as well as TB 
in our work. This is not surprising as generally, 
drug-induced hepatotoxicity is determined by 
the measurement of GGT and aminotransferases 
activities in the serum or plasma of humans and 
animals.  GGT is found both in the kidneys and 
the liver, however, the hepatic GGT has a direct 
access to the systemic blood stream while the renal 
GGT is commonly eliminated almost immediately 
in the urine. Hence, the liver is responsible for the 
serum or plasma activity of GGT in the systemic 
circulation where it is very often released into the 
bloodstream during cellular damage, cholestasis 
or excessive production1,4,15,50. Such increases in 
the activities of these enzymes as seem in our 
study is consistent with the observations in serum 
of workers exposed to cyanide inhalation in an 
industry in India, in post death autopsy finding 
in an electroplating chamber 7, in rats’ liver fed 
with cassava51, in serum of women exposed 
to potassium cyanide51 and in suspected food 
poisoning through contaminated beverages 52.
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CONCLUSION 
From our findings, common sage (Salvia 
officinalis) leaf extract, whose antioxidant effect 
is similar to that of a known cyanide treatment 
drug like sodium thiosulphate, may be an alternate 
therapeutic agent for the management of cyanide-
induced hepatotoxicity. It is also inexpensive and 
has little or no side effects.
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