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Abstract

Background: Aluminum phosphide is becoming a very common agent for self-poisoning. The lack of specific antidote
for phosphide poisoning has aroused the current interest of research.

Objectives: This study aimed to investigate the possible protective effect of Vitamin C and D in phosphine-induced
hepatotoxicity in Wistar rats.

Methods: In this experimental study, 20 Wistar rats were randomly divided into five groups ( n = 12). Group I was
apparently normal Control Group. Groups II-V were induced with 2.5 mg/kg ALP. Groups II was without further
treatment while Groups III-IV received vitamin C at 100mg/kg/bw and vitamin D at 10mg/kg/bw. Group V was co-
administered with vitamin C at 100mg/kg/bw and vitamin at 10mg/kg/bw. The treatments lasted for 28 days.

Results: The results showed that Vitamin C and D (P<0.05) increased antioxidant capacity. Combined active
constituents of the Vitamin C and Vitamin D raised the GPxantioxidant activities when compared to the phosphine
poisoned group treated individually with Vitamin C and D. The combined activities of Vitamin C and Vitamin D showed
the highest antioxidant effect as compared with the control

Conclusion: The combined activities of Vitamin C and D supplementation improved the antioxidant defense system
and histology of the liver in phosphine poisoning.

Keywords: Metal phosphide, Carotene, Liver cell damage, Poison

INTRODUCTION

The agricultural revolution and the growing use of pesticides
in improving agricultural produce have brought their share of
downsides in the form of pesticide poisoning!. About 300,000
deaths worldwide occur annually as a result of pesticide
poisoning?3. Additionally, self-intoxication accounts for more
than 33% of suicides worldwide#*. Aluminum phosphide (ALP)
is the most common pesticides used for the safe storage and
transportation of grains especially in Asian, Middle Eastern,
and African countries>6. Unfortunately, considering several

Vitamin D is essential for a wide range of non-classical
functions and its deficiency has been linked to several chronic
disorders including diabetes and cardiovascular disease!3. It
has been reported to inhibit iron-dependent lipid peroxidation
and its antioxidant properties are compared to that of the
anticancer medication Tamoxifenl4. Vitamin D uptake has
shown to prevent destruction of hepatocytes secondary to
phosphine-induced lipid peroxidation!s. Although there no
available report, some experimental studies suggested that
vitamin C and carotene could ameliorate the effects of
oxidative phosphine?6.17,

health outcomes, it is becoming a very common agent for self-

poisoning?89. In Nigeria, ALP is sold in the form of a tablet,
granules, or powder as phostoxin, justoxin, cejphos, multiphos,
force toxin. When it is, metal phosphides generate toxic
phosphine gas when ingested or inhaled by humans as a result
of the stomach's diluted acid content, causing multisystem

The lack of specific antidote for aluminum phosphide
poisoning has aroused our interest. This study aimed to
investigate the possible protective effect of Vitamin C and D in
phosphine-induced hepatotoxicity in male Wistar rats.

METHODOLOGY

toxicity1011, The easy availability of ALP and it growing use for

both agricultural and non-agricultural purposes is a public
concern due to increasing number of suicide cases!2.

(18]

The study was approved by the Biomedical Research and
Ethics Committee of the Ministry of Agriculture and Forestry,
Akure, Ondo State, Nigeria (MNR/V384/9). The experimental
animals were handled following the International Humane
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Animal Care Standards!8. Twenty (20) inbred Wistar rats
weighing 180+20g were used and maintained under the
standard husbandry condition (between 22-25°C, 12 hours
light and 12 hours dark) in the Animal House. Animals were
fed ad libitum.

Chemicals and reagents

Superoxide peroxide and glutathione peroxide reagents were
purchased from the R and D System in Minneapolis,
Minnesota, in the United States. Commercial enzyme-linked
immunosorbent test (ELISA) kits for tumour necrosis factor-
alpha (TNF-a) and interleukin 6 (IL-6) were purchased from
Creative Diagnostics in Shirley, New York, 11967, USA. From
stock chemicals of analytical grade, Haematoxylin and Eosin
(H&E), PBS solution, and 10 percent neutral buffer formalin
were prepared.

Drugs

Aluminum phosphide (ARYSTA Life Science South Africa Pty
Ltd) was purchased in Lagos Nigeria. PARTAN-C Vitamin C
tablet manufactured by Kunimed Pharmachem Limited, Lagos
Nigeria, and Health Aid Vitamin D 1000IU produced by Health
Aid Plus Limited, Nigeria.

Experimental Design

Twenty (20) adult male wistar rats obtained from the Animal
Holding of the Department of Anatomical Sciences, University
of Medical Sciences, Ondo state were randomly allotted into
five groups consisting of four rats each. Each of the test groups
was exposed to aluminum phosphide at a standard dosage of
2.5 mg/kg/body weight.

Group I was the apparently normal control group

Group II was induced with 2.5 mg/kg ALP without further
treatment

Group III was the ALP-exposed group administered with
vitamin C at 100mg/kg/bw

Group IV was the ALP-exposed group administered with
vitamin D at 10mg/kg/bw

Group V was the ALP-exposed group co-administered with
vitamin C at 100mg/kg/bw and vitamin at 10mg/kg/bw
respectively.

The treatments lasted for 28 days.
Induction of hepatotoxicity

Two and a half percent solution of the ALP was prepared and
used to induce phosphine toxicity via an orogastric tube.

Necropsy

Table 1: Inmunomodulatory effect of IL-6 and TNF-a
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Upon completion of the experiment, the Wistar rats were
euthanized and the liver of the rats was carefully excised and
immediately transferred in 10% neutral buffered formalin for
adequate fixation followed by histological processing for
microscopic studies while the liver samples for biochemical
analysis were rinsed in freshly prepared 0.1 mol/L phosphate-
buffered saline (PBS, pH 8.0), followed by homogenisation and
centrifuged at 3000 revolutions per minute for 20 min at 4°C.
The supernatant obtained was preserved at -80°C for the
estimation of biochemical analytes.

Histopathological study

Upon completion of fixation in 10% Neutral buffered formalin.
The liver was processed for light microscopic study using an
automatic tissue processor machine (Thermo Scientific Spin
Tissue Processor, STP120, Frankfurt, Germany). The tissues
were dehydrated in graded alcohol concentrations, cleared in
two changes of xylene, infiltrated in two changes of wax bath,
and lastly embedded in paraffin wax. Olympus binocular light
research microscope was used to histologically assess the thin
sections of 4 microns stained with Haematoxylin and Eosin
(H&E). Micrographs were taken with a Kodak Digital Camera
(Kodak Easyshare C183).

Biochemical analysis

The activity of superoxide dismutase (SOD) was determined
by the method of Misra et all9. While glutathione (GPx) activity
was assayed according to Rahman et al?0. Levels of
interleukin-6 (IL-6) and tumour necrosis factor-ALPha (TNF-
a) were evaluated using Sandwich ELISA kit protocols
described by the manufacturer.

Statistical Analysis

The data were analysed using statistical software for social
sciences (SPSS) 23.0 version. Data were presented using mean
standard deviation (mean SD) for all quantitative values, and
one-way analysis of variance (ANOVA) was used for
comparisons between the groups. Quantitative values of
p<0.05 were considered statistically significant.

RESULTS

Biochemical Findings

Table 1 Showed the Immunomodulatory effect of Vitamin C
and D on IL-6 and TNF-a. Regarding the GPX and SOD
activities, IL-6 and TNF-a levels were significantly
(p<0.00001) reduced compared to the control group. However,
combined active constituents of ALP+Vit.C &Vit D raised the
GPx antioxidant activities when compared to the phosphine
poisoned group treated individually with Vitamin C and D.
Combined activities of Vit.C &Vit D showed the highest
antioxidant effect as compared with the control (Table 1).

Parameter Normal control Positive control (ALP- ALP+Vit.C i\ll.(l)’:-nvgl;k];/bw) ALP+Vit.C &Vit D.
induced animals) (100 mg/kg/bw)

SOD (U/mg) 36.89+0.27 2.90+0.09 2.08+0.02 2.10+0.03 2.58+0.18

GPx ( pmoles) 116.92+0.63 39.90+£0.36* 39.56+0.42* 34.95+£0.22* 43.29+0.88*

IL-6 27.62+0.24 123.24+7.06* 231.29+ 3.53* 224.73+9.38* 234.7+£2.29*

TNF alpha 217.32+£1.07 525.52+3.74* 473.76+8.98* 570.86+£19.73* 491.23+2.97*

Values were expressed as mean value * standard deviation (SD).*mean values were significantly different compared to the Normal control at P<

0.05.mean values were significantly different compared with the control

[19]
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Figure 1: Inmunomodulatory effect of Vitamin C and D on ALP poisoning

Histopathological result

Figure 1: Histological representation of normal liver cells showed a central vein (red arrow) and radiating chords of hepatocytes
(black arrow) with sinusoids devoid of congestion. ALP-induced liver exhibited hepatocyte vacuolation (black arrow), sinusoidal
congestion (blue arrow), and nuclear fragmentation (green arrow). ALP-induced liver administered with Vit. C 100 mg/kg illustrated
regenerative changes (pyknotic nuclei) characterized by reduced congestion in the sinusoidal space and the absence of nuclear
fragmentation of hepatocytes. (H&E. X 400).

Figure 3: Histological representation of ALP-induced liver administered with Vit. D 10 mg/kg showed interstitial hemorrhage
(green), and pyknotic nuclei (blue) which is suggestive of reparation changes. ALP-induced liver treated with Vit. C +Vit. D showed
apparently normal liver cells with a significant reduction in sinusoidal congestion. (H&E. X 400).

[20] AJDHS.COM
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DISCUSSION

Hepatic damage is a major cause of death due to phosphine
poisoning?!. To date, there is no substantial treatment for the
several cases reported?2. This study aimed to investigate the
immunohistopathological effect of Vitamin C and D in
Aluminium phosphide poisoning. The present study showed
that ALP-induced liver exhibited hepatocyte vacuolation,
sinusoidal congestion, and nuclear fragmentation. Consistent
with our result, previous studies has reported hepatocyte
vacuolation, sinusoidal congestion, fatty liver changes,
centrilubolar necrosis, and destruction of nucleolus of
hepatocytes in phosphine- poisoning?223. Haghi et al 24
concisely discussed the mechanisms of hepatocyte phosphine-
induced cytotoxicity, highlighting the production of reactive
hydroxyl radicals, induction of cellular hypoxia, and free
radical-mediated injury in addition to the inhibition of
cytochrome C-oxidase and other essential cellular
enzymes2526.27. Vitamin C administration at a dose of 100
mg/kg exhibits a recovery in the ALP-induced hepatotoxicity
with reparation features suggestive of regenerative changes.
In addition, the sinusoidal congestion subsided with no
evidence of nuclear fragmentation in the group. Interstitial
haemorrhage and the presence of pyknotic nuclei were seen in
the liver of the ALP-induced toxicity in rats administered
Vitamin D at a dose of 10mg/kg. The liver of the ALP-exposed
rats co-administered with vitamin C and D appeared
apparently normal with a significant reduction in the
sinusoidal congestion.

According to the present study, phosphine decreases SOD and
GPX activities in the liver tissue and this effect is slightly
inhibited by the concurrent administration of Vitamins C and
D. Documented evidence abound, antioxidant supplements
especially vitamin C and vitamin D relieve the body of stress
associated with phosphine poisoning?8. Studies have also
revealed that vitamin C enhance the strength of the
antioxidant defense system by increasing the antioxidant
capacity and controlling reactive oxygen species29. Vitamin D
reduces ROS and pro-inflammatory cytokines possibly by
improving cellular Glutathione levels3031,

CONCLUSION

In conclusion, our finding showed that the combination of Vit
C and Vit D supplementation improved the antioxidant
defense system and improved the histopathology of the liver
in phosphine poisonng and reduces oxidative stress.

REFERENCES

1. Garg KK. Review of aluminum phosphide poisoning. Int ] Med Sci
Public Health 2020; 9(7):392-400.

2. Eddleston M, Phillips MR. Self poisoning with pesticides. Br. Med. J.
2004; 328:42-4. https://doi.org/10.1136,/bmj.328.7430.42

3. Hashemi-Domeneh, B., Zamani, N., Hassanian-Moghaddam, H.,
Rahimi, M., Shadnia, S., Erfantalab, P., & Ostadi, A. A review of
aluminium phosphide poisoning and a flowchart to treat it. Arhiv
Za Higijenu Rada i Toksikologiju, 2016; 67(3):183-193.
https://doi.org/10.1515/aiht-2016-67-2784

4. Toussi, A. G. Successful treatment of aluminum phosphide; is it
possible? Asia Pacific Journal of Medical Toxicology, 2017;
6(3):90-96.

5. Hasabo G. Aluminum Phosphide, A Serious killer in Egypt. Journal of
Forensic, Toxicology and Medicolegal Analysis. 2015; 1(1):6-7.

6. U. Hackenberg, Chronic ingestion by rats of standard diet treated
with aluminium phosphide, Toxicol. Appl. Pharmacol. 1972;
23:147-158. https://doi.org/10.1016/0041-008X(72)90214-1

[21]

Asian Journal of Dental and Health Sciences. 2023; 3(2):18-22

7. Mehrpour O, Singh S: Rice tablet poisoning: a major concern in
Iranian population. Hum Exp Toxicol 2010; 29:701-702.
https://doi.org/10.1177/0960327109359643

8. Shadnia S, Soltaninejad K: Spontaneous ignition due to intentional
acutealuminum phosphide poisoning. ] Emerg Med. 2009; 40:179-
181. https://doi.org/10.1016/j.jemermed.2009.05.028

9. Singh, I. Dewan, A.N. Pandey, S. Tyagi, Spectrum of unnatural
fatalities in Chandigarh zone of north-west India - a 25 years
autopsy study from a tertiary care hospital, ]. Clin. Forensic Med.
2003; 10:145-152. https://doi.org/10.1016/S1353-
1131(03)00073-7

10. Moghadamnia AA, Abdollahi M: An epidemiological study of
poisoning in northern Islamic Republic of Iran. East Mediterr
Health J. 2002; 8:88-94. https://doi.org/10.26719/2002.8.1.88

11. A.T. Proudfoot, Aluminium and zinc phosphide poisoning, Clin.
Toxicol. 2009; 47:89-100.
https://doi.org/10.1080/15563650802520675

12. Bajpai SR: Aluminium phosphide poisoning: management and
prevention. ] Indian Acad Forensic Med 2010; 32:352-354.

13. Mokhtari, Z., Hekmatdoost, Z., & Nourian, M. Antioxidant efficacy of
vitamin D. Journal of Parathyroid Disease. 2017; 5(1):11-16.
http://www.jparathyroid.com.

14. Wiseman H. Vitamin D is a membrane antioxidant. Ability to
inhibit iron-dependent lipid peroxidation in liposomes compared
to cholesterol, ergosterol and tamoxifen and relevance to
anticancer action. FEBS Lett 1993; 326:285-288.
https://doi.org/10.1016,/0014-5793(93)81809-E

15. AJ. Christophers, S. Singh, D.J. Goddard, Dangerous bodies: a case
of fatal aluminium phosphide poisoning, Med. J. Aust. 2002;
176:403. https://doi.org/10.5694/j.1326-5377.2002.th04471.x

16. Halvaei Z, Tehrani H, Soltaninejad K, Abdollahi M, Shadnia S.
Vitamin E as a novel therapy in the treatment of acute aluminum
phosphide poisoning. Turk ] Med Sci 2017; 47:795-800.
https://doi.org/10.3906/sag-1512-6

17. Bresm, M. H. A.,, & Habeeb, M. H. H. Effect of Vitamin D3 on some
antioxidant parameters in chilled semen in Awassi Ram. Archives
of Razi Institute. 2022; 78(2):721-727.
https://doi.org/10.22092/AR1.2022.359482.2433 .

18. Hau, J., & Van Hoosier, G. Handbook of laboratory animal science,
second edition: Essential principles and practices. In J. Jann Hau
and Gerald L. Van Hoosier (Ed.), Handbook of Laboratory Animal
Science, Second Edition: Essential Principles and Practices
(Second, Vol. 2). 2002. CRC Press.
https://doi.org/10.1201/9781420040913

19. Misra HP and Fridovich I. The role of superoxide anion I the
autoxidation of epinephrine and a simple assay for superoxide
dismustase. The journal of biological chemistry. 1972;
247(10):3170-3175. https://doi.org/10.1016/S0021-
9258(19)45228-9

20. Rahman I., Kode A., Biswas S. Assay for quantitative determination
of glutathione and glutathione disulfide levels using enzymatic
recycling method. Nat Protoc. 2002; 1(6):3159-65.
https://doi.org/10.1038/nprot.2006.378

21. N.S. Nath, I. Bhattacharya, A.G. Tuck, D.I. Schlipalius, P.R. Ebert,
Mechanisms of phosphine toxicity, J. Toxicol. 2011; 2011:494168
https://doi.org/10.1155/2011/494168

22. Ali Akbar Moghadamnia. An update on toxicology of aluminum
phosphide. DARU Journal of Pharmaceutical Sciences. 2012; 20:25

http://www.darujps.com/content/20/1/25.
https://doi.org/10.1186,/2008-2231-20-25

23. Saleki S, Ardalan FA, Javidan-Nejad A. Liver histopathology of fatal
phosphine poisoning. Forensic Sci Int 2007; 166:190-3.
https://doi.org/10.1016/j.forsciint.2006.05.033

24. Haghi Aminjan, H., Abtahi, S. R, Hazrati, E., Chamanara, M., Jalili, M.,
& Paknejad, B. Targeting of oxidative stress and inflammation
through ROS/NF-kappa B pathway in phosphine-induced

AJDHS.COM


https://doi.org/10.1136/bmj.328.7430.42
https://doi.org/10.1515/aiht-2016-67-2784
https://doi.org/10.1016/0041-008X(72)90214-1
https://doi.org/10.1177/0960327109359643
https://doi.org/10.1016/j.jemermed.2009.05.028
https://doi.org/10.1016/S1353-1131(03)00073-7
https://doi.org/10.1016/S1353-1131(03)00073-7
https://doi.org/10.26719/2002.8.1.88
https://doi.org/10.1080/15563650802520675
https://doi.org/10.1016/0014-5793(93)81809-E
https://doi.org/10.5694/j.1326-5377.2002.tb04471.x
https://doi.org/10.3906/sag-1512-6
https://doi.org/10.22092/ARI.2022.359482.2433
https://doi.org/10.1201/9781420040913
https://doi.org/10.1016/S0021-9258(19)45228-9
https://doi.org/10.1016/S0021-9258(19)45228-9
https://doi.org/10.1038/nprot.2006.378
https://doi.org/10.1155/2011/494168
http://www.darujps.com/content/20/1/25
https://doi.org/10.1186/2008-2231-20-25
https://doi.org/10.1016/j.forsciint.2006.05.033

Akinpelu et al

hepatotoxicity mitigation. Life Sciences. 2019; 232(6):116607.
https://doi.org/10.1016/j.1fs.2019.116607

Asian Journal of Dental and Health Sciences. 2023; 3(2):18-22

in a rat model of metabolic syndrome: Role of AMPK/SIRT1
activation and DPP-4 inhibition. Canadian Journal of Physiology

and Pharmacology. 2021; 99:685-697.

25. Abdollahi, M., & Mehrpour, O. Aluminum Phosphide. In https://doi.org/10.1139/cjpp-2020-0435

Encyclopedia of Toxicology: Third Edition (Third Edit, Vol. 1).

Elsevier. 2014. https://doi.org/10.1016/B978-0-12-386454- 29. Tagliaferri S, Porri D, De Giuseppe R, Manuelli M, Alessio F, Cena H.
3.00467-X The controversial role of vitamin D as an antioxidant: results from
randomised controlled trials. Nutrition Research Reviews. 2019;
32:99-105. https://doi.org/10.1017/S0954422418000197

30. Schroten NF, Ruifrok WP, Kleijn L, et al. Short-term vitamin D3
supplementation lowers plasma renin activity in patients with
stable chronic heart failure: an open-label, blinded end point,
randomized prospective trial (VitD-CHF trial). American Heart
Journal. 2013; 166:357-364. e352.
https://doi.org/10.1016/j.ahj.2013.05.009

26. Neki, N. S, Shergill, G. S, Singh, A, Kaur, A, Nizami, S., Singh, T., &
Pannu, J. S. Recent advances in management of aluminium
phosphide poisoning. Journal of Punjab Academy of Forensic
Medicine and Toxicology. 2017; 17(1):53-56.
https://doi.org/10.22192 /ijcrms.2017.03.04.011

27.Karimani, A.,, Mohammadpour, A. H,, Zirak, M. R,, Rezaee, R,
Megarbane, B., Tsatsakis, A., & Karimi, G. Antidotes for aluminum
phosphide poisoning - An update. Toxicology Reports, 2018;
5(7):1053-1059. https://doi.org/10.1016/j.toxrep.2018.10.009 31. Mastali VP, Hoseini R, Azizi M. The effect of short-term vitamin D
on the antioxidant capacity following exhaustive aerobic exercise.
Afri Health Sci. 2023; 23(1):584-91.

https://doi.org/10.4314/ahs.v23i1.61

28. Wahba NS, Ghareib SA, Abdel-Ghany RH, Abdel-Aal M, Alsemeh AE.
Vitamin D3 potentiates the nephroprotective effects of metformin

[22] AJDHS.COM


https://doi.org/10.1016/j.lfs.2019.116607
https://doi.org/10.1016/B978-0-12-386454-3.00467-X
https://doi.org/10.1016/B978-0-12-386454-3.00467-X
https://doi.org/10.22192/ijcrms.2017.03.04.011
https://doi.org/10.1016/j.toxrep.2018.10.009
https://doi.org/10.1139/cjpp-2020-0435
https://doi.org/10.1017/S0954422418000197
https://doi.org/10.1016/j.ahj.2013.05.009
https://doi.org/10.4314/ahs.v23i1.61

