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Background: Chemical intoxication of dietary origin is one of the significant public health 
problems confronting the global community. Cyanide is a very toxic chemical that reacts and 
forms a stable complex with iron in ferric cytochrome oxidase, inhibiting its role in oxidative 
phosphorylation. Adsorbents are carbon materials that attract poisons to their surface, thus 
preventing their absorption into the gastrointestinal system. This study aims to determine the effect 
of adsorbents prepared from plant biomass on the di   sposition of cyanide in albino Wistar rats.

Methods: A total of 30 male Wistar rats were used for the study. The rats were randomly 
assigned to 5 groups of 6 rats per group. A single dose of 3 mg/kg potassium cyanide was 
administered orally to rats in the groups. After 15 minutes, all rats in each group were given 
activated charcoal from different sources. Blood samples were collected serially from the albino 
rats in each group for cyanide assays following standard procedures. Data were analyzed by 
one-way analysis of variance (ANOVA), followed by Bonferroni post hoc test using SPSS 
software, version 24.0. P<0.05 were considered to be statistically significant.

Results:  In all groups, the highest blood cyanide level was reached at the 30-minute (0.5 h) mark, 
and from there, the blood cyanide levels declined till day 21. At the 30-minute mark, the highest 
blood cyanide concentration (34.41±0.65 µmol/L) was seen in group 1 rats, followed by group 4 rats 
(32.54±0.40 µmol/L). The lowest blood cyanide level (30.45±0.21 µmol/L) was seen in group 5 rats.

Conclusion: The study demonstrated that the administration of activated charcoal samples 
prepared from coconut shells, castor oil seed shells, and plantain peels minimized the absorption 
of cyanide and the consequent toxicity in Wistar rats exposed to a sublethal dose of cyanide. 
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Introduction

uman exposure to cyanide may occur 
through mining, industrial usage, smoke 
from a fire, propulsion motors, some food 
substances and tobacco [1-5]. On absorp-
tion, cyanide readily forms a reversible 

complex with methemoglobin and hemoglobin, which 
is distributed widely in the body tissues irrespective of 
the means of exposure to the chemical substance [6, 7]. 

Since these complexes are reversible, cyanide could 
dissociate from them under the organ system and cause 
the inhibition of several cellular enzymes, including cy-
tochrome c oxidase, resulting in cellular hypoxia and cy-
totoxic anoxia, which is potentially fatal [8-13]. Cyanide 
contributes to toxicity by inhibiting other critical enzyme 
systems such as peroxidase, phosphatase, tyrosinase, 
and dehydrogenase activities [12-17]. 

Cyanide is a very toxic chemical that reacts and forms 
a stable complex with the iron in ferric cytochrome oxi-
dase, inhibiting its role in oxidative phosphorylation. It is 
known to induce oxidative stress and damage in several 
biological systems. Protection of animals from the toxic 
effects of cyanide is made possible by diverting the cya-
nide before it reacts with the cytochrome enzyme [18-21].

The diversion is achieved by promoting the forma-
tion of additional sources of ferric ions, which will re-
act with the cyanide, leading to the formation of less 
toxic cyanide product or creating a barrier to a cyanide 
translocation to the target cytochrome by arresting the 
cyanide with adsorbents [22, 23]. While the former can 
be achieved using such less toxic chemicals as sodium 
nitrite, amyl nitrite, dimethyl aminophenol, and sodium 
thiosulphate, the latter is usually accomplished using 
activated charcoal from agro-based biomass products 
[24-29]. Agricultural waste is usually an optimal choice 
when preparing commercial activated charcoal. They 
have a high specific surface area, high stability, efficient 
adsorption capacities, an easy and simple production 
process, and are cost-effective [24, 25].

 The adsorptive capacity for cyanide by the prepared 
activated charcoal samples is enhanced by the increased 
surface area and porosity of the materials following acti-
vation by some chemical activating agents [28, 29]. This 
study aimed to determine the effect of some adsorbents 
prepared from plant biomass on the disposition of cya-
nide in albino Wistar rats exposed to sublethal doses of 
cyanide.

Materials and Methods

Preparation of activated charcoal from local agro-
based carbon materials

The local agro-based samples were prepared from 
plantain peels, castor oil seed shells and coconut shells. 

Chemical activation and carbonization of materials

 The materials were then serially activated with differ-
ent chemical agents. The chemical agents used for ac-
tivation were zinc chloride, phosphoric acid and nitric 
acid. A solution of 100 mL of 10% weight for volume 
of zinc chloride was mixed with 50 g of powdered car-
bon sample, 500 mL of 0.3 mol/dm3 phosphoric acid was 
mixed with 50 g of prepared carbon sample, and 500 mL 
of 0.5 mol/dm3 of nitric acid was mixed with 50 g of 
the carbon sample. The different mixtures were allowed 
to stand for 24 hours with regular stirring to enable the 
chemical activating agents to penetrate the carbon mate-
rials thoroughly. This procedure was adapted with minor 
modifications from Ekpete et al. [25] and Subramani and 
Rivathi [30].

Thirty male albino Wistar rats weighing 180 to 200 
g were used in the study to determine their blood cya-
nide concentrations. They were acclimatized for one 
week and fed commercial poultry feed and water ad 
libitum. The animals were later randomly divided into 
five groups of six [6] rats each. The study lasted 21 days, 
while the cyanide and the activated charcoal administra-
tion route were oral (using an orogastric gavage tube). 
Each rat received potassium cyanide (KCN), 3 mg/kg 
stat dose at the beginning of the experiment. Single-dose 
activated charcoal samples prepared from different local 
agro-based carbon materials and standard commercial 
activated charcoal were administered to the rats in each 
group after 15 minutes of ingesting potassium cyanide at 
1 g/kg body weight. 

Group 1 rats received food, water, potassium cyanide 
(KCN) and standard activated charcoal. Group 2 rats re-
ceived food, water, KCN and carbon samples prepared 
from plantain peels activated with zinc chloride (ZnCl2). 
Group 3 rats received food, water, KCN and carbon sam-
ples prepared from castor oil seed shells activated with 
Nitric acid-(HNO3). Group 4 rats received Food, water, 
KCN, water and carbon samples prepared from coconut 
shells activated with phosphoric acid (H3PO4).

H

C. Ofor C, et al. Effects of Biomass Adsorbents on Cyanide Disposition. IJMTFM. 2025; 15(2):E46736.

April 2025, Volume 15, Number 2



3

Group 5 rats received food, KCN, water and a 
combination of castor shell-HNO3, coconut shell-
(H3PO4)+plantain peels-(ZnCl2). 

Determination of blood cyanide levels in the wi-
star rats 

Blood samples were collected from albino rats in all 
groups at the start of the experiment and different inter-
vals until the 21st day. The blood samples were analyzed 
for the concentrations of cyanide. The Lundquist and 
Sorbo [31] method for the rapid determination of toxic 
cyanide concentrations in blood was used to determine 
the blood cyanide concentrations in the Wistar rats. 

Data analysis

Data were analyzed by one-way analysis of variance 
(ANOVA), followed by Bonferroni post hoc test using 
SPSS software, version 24.0. P<0.05 were considered to 
be statistically significant.

Results

Blood cyanide concentration

The Table 1 and Figures 1 and 2 shows the blood cya-
nide levels in the albino Wistar rats after ingesting potas-
sium cyanide and treatment with the prepared activated 
charcoal and standard activated charcoal.

The blood cyanide levels were measured from baseline 
(Time 0) to day 21.

GP 1, KCN and standard commercial activated char-
coal; GP 2, KCN and activated charcoal from plantain 
peels; GP 3, KCN and activated charcoal from castor 
oil seed shell; GP 4, KCN and activated charcoal from 
coconut shell; GP 5, KCN is a combination of activated 
charcoal from plantain peels, castor oil seed shells, and 
coconut shells.

Discussion

The lowest blood cyanide level at 30 minutes 
(30.45±0.21 µmol/L) was seen in group 5 rats that re-
ceived a combination of three prepared adsorbents (co-
conut shell, castor oil seed shell and plantain peels). 
The blood cyanide levels were significantly lower in the 
groups treated with the locally prepared activated char-
coal compared with the group that received the standard 
commercial activated charcoal.

The maximum blood cyanide concentration in this 
study is relatively lower than the values obtained in other 
studies in which cyanide (KCN 3 mg/kg) was adminis-
tered orally via gavage to the rats without any interven-
tion [32-34]. The Cmax for cyanide in a study by Sousa et 
al. [35] in which potassium cyanide (KCN) was admin-
istered to the rats without intervention was 89 µmol/L 
with a Tmax of 15 minutes. In another study by Bhandari 
et al. [35], the Cmax of blood cyanide in rats showed 59.8 
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Figure 1. Blood cyanide concentrations (µmol/L) over time (hours) from baseline to 24 hours in the wistar rats

April 2025, Volume 15, Number 2



4

µmol/L. The Cmax for the blood cyanide in these studies 
can be seen to be significantly higher than the Cmax for 
blood cyanide in this present study, in which biomass 
adsorbents were administered to the rats after exposure 
to cyanide. 

In another study by Abraham et al. [18], in which blood 
cyanide levels were measured after consumption of cya-
nogenic food (cassava and bitter apricot) consumption, 
the Cmax was 19.5 µmol/L and the Tmax was 30 minutes, 
after bitter apricot consumption, Cmax was 15.4 µmol/L, 

and Tmax was 15 minutes. The lower Cmax in this study 
by Abraham may be due to some extraneous factors and 
the fact that the level of cyanide in the food items does 
not compare with the direct administration of potassium 
cyanide to the Wistar rats as used in this present study.

One of the main factors that affect absorption is the re-
lationship between the pKa of the substance and the pH 
of the gastrointestinal environment. Because cyanide is 
a weak acid with a pKa of 9.22 [36-38] and considering 
that the pH in the monogastric stomach is between 1.0 
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Table 1. The blood cyanide levels (µmol/L) after ingestion of KCN and treatment with the prepared activated charcoal sam-
ples and standard activated charcoal

Time (hours) Group 1 Group 2 Group 3 Group 4 Group 5

0 1.40±0.01 1.30±0.003d 1.42±0.001d 1.24±0.003d 1.44±0.011d

0.25 15.62±0.001 14.87±0.20d 14.42±0.20d 14.30±0.16b 13.49±0.69d

0.5 34.41±0.65 32.21±0.25d 32.55±0.32d 32.54±0.40d 30.45±0.21d

1 26.77±0.56 24.60±0.60b 24.80±0.15b 25.40±0.10b 22.39±0.38d

3 14.80±0.17 13.45±0.05b 14.64±1.00b 14.64±0.58d 13.21±0.05b

6 8.62±0.11 7.85±0.70d 7.40±0.31d 7.79±0.75 7.17±0.03b

12 4.66±2.31 4.35±2.21d 4.34±0.40d 4.42±0.81d 3.11±0.22d

24 (1 day) 1.73±1.40 1.35±2.45a 1.34±2.77b 1.40±2.06b 1.37±0.76

48(2 days) 1.31±0.22 1..25±0.34 1.31±0.95 1.27±2.55a 1.18±0.12b

168 (7 days) 1.22±0.25 1.13±1.01 1.20±0.43b 1.20±2.99 1.16±1.01

336 (14 days) 1.20±0.23 1.12±0.22b 1.10±2.97b 1.15±0.74b 1.13±0.55a

504 (21days) 1.19±0.90 1.12±1.91a 1.10±3.80a 1.15±2.23 1.10±1.91

F 118.56 99.01 82.47 96.57 816.07

P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

a, b, dComparison of control with group 1 represents  P<0.05, P<0.01, P<0.0001 respectively.
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Figure 2. In the wistar rats, blood cyanide concentrations (µmol/L) over time (days) from day 1 to day 2
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and 2.0 [39], it may be concluded that cyanide should 
be more efficiently absorbed in the monogastric stomach 
because more of the non-ionized form of the molecules 
will be generated. 

Studies done by Akyildiz et al. [40] and Arabizadeh et 
al. [41] showed improvement in cyanide-intoxicated pa-
tients treated with activated charcoal after some hours. 
Lambert et al. [38] made the same findings in rats that 
received granular potassium cyanide and were immedi-
ately treated with super-activated charcoal. All the rats 
exposed to cyanide in the various groups in this study 
survived and showed little signs of cyanide intoxica-
tion owing to the immediate administration of activated 
charcoal samples from local agro-based sources [40, 41]. 
Chijioke et al. [42] also showed an improved biochemi-
cal profile in cyanide-exposed Wistar rats treated with 
activated charcoal prepared from plant biomass. Some 
adsorbents in this study are believed to have better ad-
sorptive capacities owing to their enhanced porosity and 
surface morphology.

Conclusion

The study demonstrated that administering activated 
charcoal samples prepared from coconut shells, castor 
oil seed shells and plantain peels minimized the absorp-
tion of cyanide and the consequent cyanide toxicity in 
Wistar rats exposed to a sublethal dose of cyanide. The 
adsorption capacities of these biomass adsorbents in this 
experiment were better than those of conventional com-
mercial activated charcoal in clinical use. Because of the 
findings from this study, adsorbents prepared from these 
plant materials may be utilized in clinical practice and 
for purifications in industrial settings. These materials 
can also be used in clinical trials in the future to facilitate 
the treatment of chemical intoxication in patients. Limi-
tations of this study include low sample size, variability 
in the properties of the plant biomass, and lack of clinical 
trials in humans

Ethical Considerations

Compliance with ethical guidelines

This study was approved by the Ethics Committee of the 
University of Nigeria Teaching Hospital, Enugu State, 
Nigeria (Code: NHREC/05/01/2008B-FWA00002458-
IRB00002323).

Funding

This research did not receive any grant from funding 
agencies in the public, commercial, or non-profit sectors. 

Authors' contributions

Conceptualization and study design: Casimir C Ofor, 
Uchenna D Mbah and Godwin C Akuodor; Data collec-
tion, data analyzed and data interpretion: C Ofor, Man-
sur A. Ramalan, Donatus O Anele, Eugene O Ohanme, 
Daniel O Aja, and Uzochukwu Ofonakara; drafting the 
manuscript and critically reviewing: Casimir C Ofor, 
Godwin C Akuodor, Benjamin N Nwakelu and Anthony 
U Megwas; Final approval: All authors.

Conflict of interest

The authors declared no conflict of interest.

Acknowledgements

The authors acknowledge the assistance of the 
staff members of the pharmacology laboratory of the 
University of Nigeria, Enugu campus, Nigeria.

References

[1] Alomaja O, Shofer FS, Greenwood JC, Piel S, Clayman C, 
Mesaros C, et al. Alteration in cerebral metabolism in a rodent 
model of acute sub-lethal cyanide poisoning. Journal of Medi-
cal Toxicology. 2023; 19(2):196-204. [DOI:10.1007/s13181-022-
00928-w] [PMID]

[2] Akinmoladun AC, Adelabu AA, Saliu IO, Adetuyi AR, Olal-
eye MT. Protective properties of Spondias mombin Linn leaves 
on redox status, cholinergic dysfunction and electrolyte dis-
turbance in cyanide-intoxicated rats. Science Progress. 2021; 
104(2):368504211011866. [DOI:10.1177/00368504211011866] 
[PMID] 

[3] McAllister JL, Roby RJ, Levine B, Purser D. The effect of 
sodium fluoride on the stability of cyanide in postmortem 
blood samples from fire victims. Forensic Science Internation-
al. 2011; 209(1-3):29-33. [DOI:10.1016/j.forsciint.2010.12.001] 
[PMID]

[4] Alvarez R, Ordóñez A, Loredo J, Younger PL. Wetland-
based passive treatment systems for gold ore processing 
effluents containing residual cyanide, metals and nitrogen 
species. Environmental Science. Processes & Impacts. 2013; 
15(11):2115-24. [DOI:10.1039/c3em00410d] [PMID]

[5] Gwon SY, Rao BA, Kim HS, Son YA, Kim SH. Novel styrylb-
enzothiazolium dye-based sensor for mercury, cyanide and 
hydroxide ions. Spectrochimica acta. Part A, Molecular and 
Biomolecular Spectroscopy. 2015; 144:226-34. [DOI:10.1016/j.
saa.2015.02.094] [PMID]

C. Ofor C, et al. Effects of Biomass Adsorbents on Cyanide Disposition. IJMTFM. 2025; 15(2):E46736.

April 2025, Volume 15, Number 2

https://unth.edu.ng/
https://www.unn.edu.ng/enugu-campus-click-to-read-more/
https://link.springer.com/article/10.1007/s13181-022-00928-w
https://pubmed.ncbi.nlm.nih.gov/36757579/
https://doi.org/10.1177/00368504211011866
https://www.ncbi.nlm.nih.gov/pubmed/33913392
https://doi.org/10.1016/j.forsciint.2010.12.001
https://www.ncbi.nlm.nih.gov/pubmed/21211916
https://doi.org/10.1039/c3em00410d
https://www.ncbi.nlm.nih.gov/pubmed/24089077
https://doi.org/10.1016/j.saa.2015.02.094
https://doi.org/10.1016/j.saa.2015.02.094
https://www.ncbi.nlm.nih.gov/pubmed/25756690


6

[6] EPA, Toxicological review of hydrogen cyanide and cyanide 
salts: In Support of summary information on the integrated 
risk information system (IRIS). Washington: U.S. Environ-
mental Protection Agency; 2010. [Link]

[7] Rao P, Singh P, Yadav SK, Gujar NL, Bhattacharya R. Acute 
toxicity of some synthetic cyanogens in rats: Time-dependent 
cyanide generation and cytochrome oxidase inhibition in soft 
tissues after sub-lethal oral intoxication. Food and Chemical 
Toxicology. 2013; 59:595-609. [DOI:10.1016/j.fct.2013.06.035] 
[PMID]

[8] Rocha-e-Silva RC, Cordeiro LA, Soto-Blanco B. Cyanide tox-
icity and interference with diet selection in quail (Coturnix 
coturnix). Comparative Biochemistry and Physiology. Toxi-
cology & Pharmacology. 2010; 151(3):294-7. [DOI:10.1016/j.
cbpc.2009.12.001] [PMID]

[9] Okolie NP, Iroanya CU. Some histologic and biochemical 
evidence for mitigation of cyanide-induced tissue lesions 
by antioxidant vitamin administration in rabbits. Food and 
chemical toxicology. 2003; 41(4):463-9. [DOI:10.1016/S0278-
6915(02)00224-7] [PMID]

[10] Okolie NP, Asonye CC. Mitigation of cataractogenic poten-
tial of cyanide by antioxidant vitamin administration. Jour-
nal of Advances in Medical and Biomedical Research. 2004; 
3(1):48-52. [DOI:10.4314/jmbr.v3i1.10656]

[11] Jo TG, Na YJ, Lee JJ, Lee MM, Lee SY, Kim C. A multifunc-
tional colorimetric chemosensor for cyanide and copper (II) 
ions. Sensors and Actuators B: Chemical. 2015; 211:498-506. 
[DOI:10.1016/j.snb.2015.01.093]

[12] Wang K, Liu Z, Guan R, Cao D, Chen H, Shan Y, et al. 
Coumarin benzothiazole derivatives as chemosensors for 
cyanide anions. Spectrochimica acta. Part A, Molecular and 
biomolecular spectroscopy. 2015; 144:235-42. [DOI:10.1016/j.
saa.2015.02.072] [PMID]

[13] Xu Y, Dai X, Zhao BX. A coumarin-indole based colorimet-
ric and "turn on" fluorescent probe for cyanide. Spectrochim-
ica Acta. Part A, Molecular and Biomolecular Spectroscopy. 
2015; 138:164-8. [DOI:10.1016/j.saa.2014.11.013] [PMID]

[14] Adewunmi R, Ilesanmi OB, Crown OO, Komolafe KC, 
Akinmoladun AC, Olaleye TM, et al. Attenuation of KCN-
induced neurotoxicity by solvent fractions of Antiaris afri-
cana leaf. European Journal of Medicinal Plants. 2018; 23(2):1. 
[DOI:10.9734/EJMP/2018/41054]

[15] World Health Organization (WHO). Cyanide in drinking 
water. in. background document for development of who 
guidelines for drinking water quality. Geneva: World Health 
Organization; 2018. [Link]

[16] World Health Organization (WHO). The public health im-
pact of chemicals: knowns and unknowns. Geneva: World 
Health Organization; 2016. [Link]

[17] ATSDR (Agency for Toxic Substances and Disease Regis-
try). Toxicological Profile for Cyanide. Atlanta: Department 
of Health and Human Services, Public Health Service; 2006.  

[18] Abraham K, Buhrke T, Lampen A. Bioavailability of cya-
nide after consumption of a single meal of foods contain-
ing high levels of cyanogenic glycosides: A crossover study 
in humans. Archives of Toxicology. 2016; 90(3):559-74. 
[DOI:10.1007/s00204-015-1479-8] [PMID] 

[19] Dorooshi G, Dorostkar A, Rahimi A, Zoofaghari S. An 
unusual acute cyanide intoxication. Advanced Biomedical 
Research. 2020; 9:42. [DOI:10.4103/abr.abr_128_20] [PMID] 

[20] Oprescu F, Peek-Asa C, Wallis A, Young T, Nour D, 
Cherecheş RM. Pediatric poisonings and risk markers for hos-
pital admission in a major emergency department in Roma-
nia. Maternal and Child Health Journal. 2012; 16(2):495-500. 
[DOI:10.1007/s10995-011-0742-8] [PMID] 

[21] Bhattacharya R, Flora SJS. Cyanide toxicity and its treat-
ment. In: Gupta RC, editor. Handbook of toxicology of 
chemical warfare agents. Cambridge: Academic Press; 2015. 
[DOI:10.1016/B978-0-12-800159-2.00023-3]

[22] Juurlink DN. Activated charcoal for acute overdose: A 
reappraisal. British Journal of Clinical Pharmacology. 2016; 
81(3):482-7 [DOI:10.1111/bcp.12793] [PMID] 

[23] González-García P. Activated carbon from lignocellulosics 
precursors: A review of the synthesis methods, characteriza-
tion techniques and applications. Renewable and Sustain-
able Energy Reviews. 2018; 82(1):1393-414. [DOI:10.1016/j.
rser.2017.04.117]

[24] Li H, Li M, Zheng F, Wang J, Chen L, Hu P, et al. Efficient 
removal of water pollutants by hierarchical porous zeolite-ac-
tivated carbon prepared from coal gangue and bamboo. Jour-
nal of Cleaner Production. 2021; 325:129322. [DOI:10.1016/j.
jclepro.2021.129322]

[25] Ekpete OA, Marcus AC, Osi V. Preparation and char-
acterization of activated carbon obtained from plantain 
(Musa paradisiaca) fruit stem. Journal of Chemistry. 2017; 
2017(1):8635615. [DOI:10.1155/2017/8635615]

[26] Alaspää AO, Kuisma MJ, Hoppu K, Neuvonen PJ. Out-
of-hospital administration of activated charcoal by emer-
gency medical services. Annals of Emergency Medicine. 
2005; 45(2):207-12. [DOI:10.1016/j.annemergmed.2004.07.448] 
[PMID]

[27] McGoodwin L, Schaeffer S. Availability of activated char-
coal in the metropolitan area of Oklahoma City. Journal of 
Toxicology. 2000; 38:401-7. [Link]

[28] Cooper GM, Le Couteur DG, Richardson D, Buckley NA. 
A randomized clinical trial of activated charcoal for the rou-
tine management of oral drug overdose. QJM. 2005; 98(9):655-
60. [DOI:10.1093/qjmed/hci102] [PMID]

[29] Chijioke CO, Erejuwa Omotayo O, Akuodor Godwin 
Christian, Ramalan Mansur Aliyu, Aja Daniel Ogbonna, 
Ohanme Eugene Ohams, et al. A comparative study of the 
effects of various locally-prepared agro-based carbons on 
the In vitro adsorption of cyanide using different activating 
agents. International Journal of Biological and Pharmaceuti-
cal Sciences Archive. 2022; 04(02):099-104. [DOI:10.53771/
ijbpsa.2022.4.2.0100]

[30] Subramani T, Revathi PK. Production of activated carbon 
from agricultural raw waste. Japan Engine Corporation. 2015; 
5(5):54-63. [Link]

[31] Lundquist P, Sörbo B. Rapid determination of toxic cyanide 
concentrations in blood. Clinical Chemistry. 1989; 35(4):617-9. 
[DOI:10.1093/clinchem/35.4.617] [PMID]

[32] Chacko B, Peter JV. Antidotes in poisoning. Indian Jour-
nal of Critical Care Medicine. 2019; 23(Suppl 4):S241-9. 
[DOI:10.5005/jp-journals-10071-23310] [PMID] 

C. Ofor C, et al. Effects of Biomass Adsorbents on Cyanide Disposition. IJMTFM. 2025; 15(2):E46736.

April 2025, Volume 15, Number 2

https://iris.epa.gov/static/pdfs/0060tr.pdf
https://doi.org/10.1016/j.fct.2013.06.035
https://www.ncbi.nlm.nih.gov/pubmed/23831730
https://doi.org/10.1016/j.cbpc.2009.12.001
https://doi.org/10.1016/j.cbpc.2009.12.001
https://www.ncbi.nlm.nih.gov/pubmed/19969102
https://doi.org/10.1016/S0278-6915(02)00224-7
https://doi.org/10.1016/S0278-6915(02)00224-7
https://www.ncbi.nlm.nih.gov/pubmed/12615119
https://doi.org/10.4314/jmbr.v3i1.10656
https://doi.org/10.1016/j.snb.2015.01.093
https://doi.org/10.1016/j.saa.2015.02.072
https://doi.org/10.1016/j.saa.2015.02.072
https://www.ncbi.nlm.nih.gov/pubmed/25766371
https://doi.org/10.1016/j.saa.2014.11.013
https://www.ncbi.nlm.nih.gov/pubmed/25490042
https://doi.org/10.9734/EJMP/2018/41054
https://books.google.com/books?hl=en&lr=&id=x3RyEAAAQBAJ&oi=fnd&pg=PR3&dq=World+Health+Organization+(WHO).+Cyanide+in+Drinking+Water.+In.+Background+document+for+development+of+WHO+Guidelines+for+Drinking+Water+quality.+World+Health+Organization:+Geneva+2018.&ots=73WniuLRea&sig=KbH7g0zqjAS95BaR-lhMUi_BuN4#v=onepage&q&f=false
https://www.paho.org/en/documents/public-health-impact-chemicals-knowns-and-unknowns
https://doi.org/10.1007/s00204-015-1479-8
https://www.ncbi.nlm.nih.gov/pubmed/25708890
https://doi.org/10.4103/abr.abr_128_20.
https://www.ncbi.nlm.nih.gov/pubmed/33072654
https://doi.org/10.1007/s10995-011-0742-8
https://www.ncbi.nlm.nih.gov/pubmed/21290173
https://doi.org/10.1016/B978-0-12-800159-2.00023-3
https://bpspubs.onlinelibrary.wiley.com/doi/10.1111/bcp.12793
https://www.ncbi.nlm.nih.gov/pubmed/26409027
https://doi.org/10.1016/j.rser.2017.04.117
https://doi.org/10.1016/j.rser.2017.04.117
https://doi.org/10.1016/j.jclepro.2021.129322
https://doi.org/10.1016/j.jclepro.2021.129322
https://doi.org/10.1155/2017/8635615
https://doi.org/10.1016/j.annemergmed.2004.07.448
https://pubmed.ncbi.nlm.nih.gov/15671978/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=McGoodwin+L%2C+Schaeffer+S.+Availability+of+activated+charcoal+in+the+metropolitan+area+of+Oklahoma+City+.J+Toxicol.+2000%3B38%3A+401-407&btnG=
https://doi.org/10.1093/qjmed/hci102
https://www.ncbi.nlm.nih.gov/pubmed/16040667
https://doi.org/10.53771/ijbpsa.2022.4.2.0100
https://doi.org/10.53771/ijbpsa.2022.4.2.0100
https://d1wqtxts1xzle7.cloudfront.net/37987781/G05535463-libre.pdf?1435114092=&response-content-disposition=inline%3B+filename%3DIOSR_Journal_of_Engineering_IOSR_JEN_Vol.pdf&Expires=1747078973&Signature=LFGXDgHQr-W4CULTmgfbSJnFpE1cFZmi~ZUsDHiaBPEvu8AjA4ygmDOY50exsxVbuLvYR9LyRc2iL-jze8coDR3qHQ4-tufUcCFLnbNOMG7b6hb25kZHc2SqEUIaqlCKNa3Lo8d6ZqgYIGj~eAcGixuo3EXPkAYkn6CTXZpwAcntMh3usGTmUGCl7-NxwqNoiUE7jkNgVe70T~qoJxQ2LQaMLO4tzqjeabKI1GJXDYKHJ0iiDsbZwsYxvPOSPQwvVtJ6R~ZMNSrlQREvl1gXpAwbV5sAb2jGMMBsWNsQvszXW6ktBo00UX8MH-Db9fxN8gg0Z9vEvmpuoRujCNASYA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1093/clinchem/35.4.617
https://www.ncbi.nlm.nih.gov/pubmed/2539272
https://doi.org/10.5005/jp-journals-10071-23310
https://www.ncbi.nlm.nih.gov/pubmed/32020997


7

[33] Schneider L, Buhrke T, Lampen A, Abraham K. Velocity of 
the release of free cyanide from foods containing high levels 
of cyanogenic glycosides after tissue destruction as important 
factor determining their toxicity. Naunyn-Schmiedeberg’s 
Arch Pharmacol. 2014; 387(Suppl. 1):S3. [Link]

[34] Osak M, Buszewicz G, Baj J, Teresiński G. Determination 
of cyanide in blood for forensic toxicology purposes—A 
novel Nci Gc-Ms/Ms technique. Molecules. 2021; 26(18):5638. 
[DOI:10.3390/molecules26185638]  

[35] Sousa AB, Manzano H, Soto-Blanco B, Górniak SL. Toxi-
cokinetics of cyanide in rats, pigs and goats after oral dos-
ing with potassium cyanide. Archives of Toxicology. 2003; 
77(6):330-4. [DOI:10.1007/s00204-003-0446-y] [PMID]

[36] Bhandari RK, Oda RP, Youso SL, Petrikovics I, Bebarta VS, 
Rockwood GA, et al. Simultaneous determination of cyanide 
and thiocyanate in plasma by chemical ionization gas chro-
matography mass-spectrometry (CI-GC-MS). Analytical and 
Bioanalytical Chemistry. 2012; 404(8):2287-94. [DOI:10.1007/
s00216-012-6360-5] [PMID]

[37] Way JL. Cyanide intoxication and its mechanism of an-
tagonism. Annual Review of Pharmacology and Toxicology. 
1984;2 4:451-81. [DOI:10.1146/annurev.pa.24.040184.002315] 
[PMID]

[38] Lambert RJ, Kindler BL, Schaeffer DJ. The efficacy of super-
activated charcoal in treating rats exposed to a lethal oral dose 
of potassium cyanide. Annals of Emergency Medicine. 1988; 
17(6):595-8. [DOI:10.1016/S0196-0644(88)80399-8] [PMID]

[39] Brenner M, Azer SM, Oh KJ, Han CH, Lee J, Mahon SB, 
et al. Oral glycine and sodium thiosulfate for lethal cyanide 
ingestion. Journal of Clinical Toxicology. 2017; 7(3):355. 
[DOI:10.4172/2167-7972.1000355] [PMID] 

[40] Akyildiz BN, Kurtoğlu S, Kondolot M, Tunç A. Cyanide 
poisoning caused by ingestion of apricot seeds. Annals of 
Tropical Paediatrics. 2010; 30(1):39-43. [DOI:10.1179/1465328
10X12637745451951] [PMID]

[41] Arabizadeh N, Mahmoudi M, Gandomani LM, Eizadi-
Mood N. Cyanide poisoning after bitter almond ingestion: 
"A rare case report". Clinical Case Reports. 2024; 12(1):e8418.
[DOI:10.1002/ccr3.8418] [PMID] 

[42] Chijioke OC, Christian AG, Ohams OE, Nwaforcha NB, 
Ofonakara U, Onyebuchi AD, et al. Effects of Agro-based 
adsorbents on the biochemical profiles of wistar rats exposed 
to cyanide. International Journal of Medical Toxicology 
and Forensic Medicine. 2024; 14(3). [DOI:10.32598/ijmtfm.
v14i03.44674]

C. Ofor C, et al. Effects of Biomass Adsorbents on Cyanide Disposition. IJMTFM. 2025; 15(2):E46736.

April 2025, Volume 15, Number 2

https://agris.fao.org/search/en/providers/125099/records/67a0ca8220478411b02749d1
https://doi.org/10.3390/molecules26185638
https://doi.org/10.1007/s00204-003-0446-y
https://www.ncbi.nlm.nih.gov/pubmed/12799772
https://doi.org/10.1007/s00216-012-6360-5
https://doi.org/10.1007/s00216-012-6360-5
https://www.ncbi.nlm.nih.gov/pubmed/22941221
https://doi.org/10.1146/annurev.pa.24.040184.002315
https://www.ncbi.nlm.nih.gov/pubmed/6428300
https://doi.org/10.1016/S0196-0644(88)80399-8
https://www.ncbi.nlm.nih.gov/pubmed/3377288
https://doi.org/10.4172/2167-7972.1000355
https://www.ncbi.nlm.nih.gov/pubmed/28868209
https://doi.org/10.1179/146532810X12637745451951
https://doi.org/10.1179/146532810X12637745451951
https://www.ncbi.nlm.nih.gov/pubmed/20196932
https://doi.org/10.1002/ccr3.8418
https://www.ncbi.nlm.nih.gov/pubmed/38197062
https://doi.org/10.32598/ijmtfm.v14i03.44674

