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Abstract Sodium diethyldithiocarbamate is found in trihydrate form (SDDCT) as fine yellowish-white solid
crystals. SDDCT is a chelating agent that primarily used in the analytical determination of copper, nickel and many
other metals. It has been identified as metabolite of disulfiram, whose primary role is in the treatment of chronic
arsenic poisoning. The toxicity of SDDCT in rats was reported after i.p. administration of 1500mg/kg was as safe in
experimental animal. SDDCT has tendency to inhibit the nephrotoxicity induced by cisplatin in mice and also its
effect over the organ distribution and excretion of cadmium. SDDCT induces the GSH oxidation process by
increasing the concentration of oxyhemoglobin and also reported as excellent effect on neurotransmitters.
Application of SDDCT as the spin trap in conjugation with Fe** to detect NO in brain, kidney, liver, and other
tissues. Superoxide dismutase plays biological role as defense mechanism and get decrease in brain, liver and blood
on administration of 15 g of DDCT/kg i.p. The effect of Tetramethylthiuram disulfide (TMTDS),
Dimethyldithiocarbamate (DMDTC) was studies in male rat at a dose of 1g/kg as hepatic microsomal drug.
Industrial or agricultural exposure of these compounds may impair hepatic metabolism and therefore enhance
pharmacological activity of drug exposed individually.
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Introduction

Sodium diethyldithiocarbamate trihydrate (SDDCT) is the main metabolite of disulfiram (aldehyde dehydrogenase
inhibitor), act as chelating agent and highly used to mobilize toxic metals from the humans tissues and experimental
animals [1]. Disulfiram highly accomplished in the management of drug addiction that acts by interfering with the
dopamine neurotransmitter [2]. It has the inhibitory effect Dopa Beta Hydroxylase (DBH), a copper-
containingmonooxygenase enzyme which has the ability to converts dopamine (DA) into noradrenaline (NA),
therefore regulating non adrenaline (NA) production [3]. Therefore it was shown that the effects on DBH, the
activity of tyrosine hydroxylase (TH) in guinea pig brain was also inhibited after injections of disulfiram or
dithiocarb [4]. SDDCT is known by several chemical name i.e. dithiocarb trihydrate, dithiocarb sodium trihydrate and
Imuthiol. The molecular formula is CsH;gNNaOsS, and molecular weight is 225.297g/mol [5]. Solubility was
detected as 20mg springily soluble in 1 ml of water produced clear colorless solution. The self -life of SDDCT is
reported as 4 years [6].

The solution of dithiocarb for parenteral injection generally prepared by adding 10ml of the sterile solution of
phosphate buffer (0.5g NaH,PO,in 100ml) to 1g powered of dithiocarb containing in sterile ampule [7]. SDDCT-Cu
play the critical role as a proteasome inhibitor in cancer cells [8]. The action is achieved by inhibiting the induction of
macrophage nitric oxide synthase. The protective effect of SDDCT has also focused on the inhibition of SOD and
cytochrome oxidase activities [9].
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SDDTC has been shown to prevent nephrotoxicity induced by cisplatin without inhibition of tumor response in the
rat. SDDCT at the dose of 25-300 mg/kg inhibits DDP-induced nephrotoxicity and bone marrow toxicity in mice,
rats, and beagle dog’s and also shows antiemetic effect in the dog [10]. SDDTC was evaluated for its efficacy in
promoting organ mobilization and excretion of metallothionein bound cadmium (Cd) in mice.
Diethyldithiocarbamate was highly effective in mobilizing Cd from kidney and spleen, but less effective in
removing it from Liver. DDTC moderately enhanced Cd levels in lungs, heart and testes and increase brain level to
over 500 percent of control values [11].

Metabolic Pathway
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Figure 1: Schematic diagram for metabolic pathway and activation of disulfiram to prepare MeDTC

The alcohol deterrent disulfiram is rapidly reduced in to N, N-diethydithiocarbamate, which is methylated to form S-
methyl N,N,-diethydithiocarbamate (MeDDC). MeDDC is oxidized primarily to the intermediate metabolite
MeDDC sulfine, which is ultimately converted to S-methyl N, N- diethydithiocarbamate sulfoxide, the proposed
active metabolite of disulfiram and a small amount of MeDDC sulfoxide obtained as final products (figure 1) [12].

Mechanism of Action

Inhibition of SOD

Superoxide dismutase (SOD) is a ubiquitously distributed copper-zinc enzyme play primary biological role as the
defense mechanism against endogenously generated superoxide radicals. Incubation of pure superoxide dismutase in
brain or liver with 10 m SDDCT for 1.5 hours resulted in total loss of superoxide dismutase activity. When 1.5g/kg
of SDDCT were injected in mice, the superoxide dismutase activity decrease within 3 hours by 86% in blood, 71%
in liver, 48% in brain respectively. In vitro study observe that the superoxide dismutase was preincubated for 1 and
half hours at 37°C with 10 m DDC. The inhibitory effect on the rate of autoxidation of 6- hydroxyl dopamine was
lost. On the other hand the dose of SDDCT 1.5g/kg used equivalently to the concentration of 9x10° mif DDC were
uniformly distributed in all tissue [13].

Depletion of GSH

The increase concentration of oxyhemoglobin may increase rate of glutathione (GSH) oxidation by SDDCT.
Treatment of oxyhemoglobin with N-ethyl-maleiminde(NEM) to alkylate the sulfhydryl group which did not inhibit
the activity of hemoglobin due to Deoxyhemoglobin, cyanmethenoglobin and carboxyhemoglobin derivative failed
to initiate GSH oxidation. Methemoglobin catalyzed the reaction, slower rate (18-24%) than an equivalent amount
of oxyhemoglobin. Addition of ferric or ferrous chloride salt to a mixture of GSH and DDCT solution produced
yellow color, indicating DDCT have chelating iron properties. Methylated DDCT did not oxidize GSH even in
presence of oxyhemoglobin. [14]
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Effect on Neurotransmitters

The metal-chelating capacity of SDDCT and the affinity for sulfhydryl groups due to which it is biologically highly
active [15-16]. SDDCT treatment caused a decrease in the dopamine content along with fall in the levels of other
catecholamine related molecules, such as L-DOPA (L-3,4-Dihydroxyphenylalanine), DR2, TH (tyrosine
hydroxylase) enzyme, which is the rate-limiting step in catecholamine biosynthesis [17], and DBH (dopamine beta-
hydroxylase). These alterations are dependable with the well-established reduction of dopamine levels in the entire
rodent brain or selected regions following both acute and chronic treatment with high doses of disulfiram and
SDDCT [18-22]. The increase in dopamine (DA) together with a decline in noradrenaline (NA) following disulfiram
treatment. Moreover, the reduction of DBH is related to the dopamine decrease, then NA levels is also been affected
[23-24].

Metabolites of Disulfiram

Dithiocarb involved in the metabolism of disulfiram (also known as Antabuse) after administration in to animals
Dithiocarb (also known as SDDCT) was completely distributed in blood, organ tissues, urine, bile, and feces. During
the metabolic pathway the Antabuse and SDDCT endures oxidation to form free salt, ethereal sulfates and metal
complexes as well as counter to form diethylamine and carbon disulfide (figure 2) [7].
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Figure 2: Chemical interaction and conversion of disulfiram into dithiocarb as active compound

Properties of Dithiocarb

Appearance of SDDCT is white crystalline solid having melting point of 90 to 92'C which is soluble in water,
methanol, ethanol, and acetone and insoluble in ether and benzene, Stability of SDDCT is at room temperature and
unstable in acid solutions. The lethal dose (LDs) in case of Mice and rats when given orally and parentally (i.p.) is
1.5 g/kg b.w. A 10% aqueous solution of dithiocarb yields a pH value of 11.6 at room temperature, this solution may
be buffered with monosodium phosphate to 7.4. The mixture becomes turbid when pH concentrations is lower than
7.4, and decomposes, developing an odor of H,S (figure 3) [7].
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Figure 3: Chelating of nickel by dithiocarb
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Pharmacodynamics of SDDCT

SDDCT completely inhibit the SOD activity of cytosolic Cu, Zn at 10° M concentration because superoxide
dismutase catalyzes the conversion of superoxide anion radical to molecular oxygen and hydrogen peroxide.
Gamma-glutamy! transpeptidase (GGT) is one of the most important enzymes for the uptake of precursor molecules
from the extracellular fluid and for the intracellular synthesis of glutathione, which is a crucial factor in the stability
of bronchiole-alveolar fluid. The alteration of GGT indicates impaired glutathione synthesis of type 1l pneumocytes.
Glutathione peroxidase (GSH-Px) a selenium-containing enzyme protects the cells from oxidative damage by
converting H,0,, lipid peroxides, or other peroxides (-ROOH) to H,0, or unreactive hydroxyl fatty acids. The
increase in the activity of GSH-Px might be attributed to a defense mechanism to protect the cell against lipid
peroxidation. Glutathione reductase (GSH-Rd) converts oxidized glutathione to glutathione in presence of NADPH
provided by glucose-6- phosphate. The activity of GSH-Px showed a significant increase of tissue repair processes
even after the environmental interference [25].

Pharmacokinetics of SDDCT

The clinical pharmacokinetics of SDDTC reported after administration of 200 mg/m?hr (n=8) and 400 mg/m*hr
(n=7) DDTC as 4-hour intravenous infusions to normal male healthy volunteers. Diethyldithiocarbamate
concentration at steady-state were observed disproportionally for lower dose (27.0+7.6 microM) and higher dose
(74.8+£19.3 microM), whereas total body clearance reported for low dose (23.83+8.23 mL/min/kg) and higher dose
(15.48+2.72 mL/min/kg). The volume of distribution in the terminal phase was estimated to be 3.67+1.15 mmol
/min/kg. The terminal elimination half-life was observed for low dose (3.74+1.10 minutes) and high dose (6.08+1.07
minutes). The metabolism for DDTC was estimated as 124.3+19.9 microM, and the small amount of unchanged
form was detected in the urine [26].

A preclinical study reported that the administration of dithiocarb in adult male Wistar rats at a dose of 25mg/kg b.w.
was observed as the plasma levels reached up to 2mg/L within 3 hours. One hour after dosing, the S-glucuronide
conjugate was 96.1%, inorganic sulfate 3.9% and carbon disulfide 7% detected in non-protein bound radiolabel
within 15 minutes and also in the plasma (1561 nmoles/ml) and in liver (3211 nmoles/g). The half-life of dithiocarb
was determined as 26 minutes whereas a small amount detected as unchanged in the urine of rats on receiving
25mg/Kkg i.p. injection [27-29].

Therapeutic Properties
SDDCT is used to manage following conditions such as;
e Itact like chelating agent in metal poisoning Ni, Cd, Th, Cu, Zn, Hg, Co, Pb.
e Treatment in specific disorders like-Hepatolenticular degradation, Systemic lupus erythematosus.
e Actasantidote in poisoning from polyhalogen compounds, CHCI3, CCly, BrCIF;
e In Tumors and as an adjunct in cisplatin therapy, Protective against radiation sensitization, Inhibition of
fungal infection [30]
e Used in thallium poisoning, SDDCT given orally has been found more effective than dimercaprol in rising
urinary excretion of thallium [31]
e Industrial or agricultural exposure of these compounds may impair hepatic metabolism and therefore
enhance pharmacological activity of drug taken by exposed individuals [32]
e Used as inhibitor in progression to Acquired immunodeficiency syndrome (AIDS) and AIDS-related
complex (ARC) [33]
e Sodium diethyldithiocarbamate, enhances over a large range of doses macrophage listericidal capacity and
T cell activities in terms of increased 1gG-antibody forming spleen cells and delayed hypersensitivity levels
[34]
e It is a useful tool to analyze the toxicity affecting neurotransmitter systems and areas usually involved in
psychiatric diseases [35].
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Conclusion

The SDDCT is chelating agent obtained from the metabolite of disulfiram. Disulfiram having primary role towards
alcohol aversion therapy. In case of metabolic pathway of disulfiram the end product obtained is MeDDC sulfoxide.
SDDCT in the form of yellowish-white solid crystals, does not show the toxic level at a dose of 1500mg/kg in
experimental animals. SDDCT play an important role by inhibiting enzyme SOD whose primary role is as defense
mechanism against endogenously generated superoxide radicals. It also increases the GSH oxidation process by
increase in the concentration of oxyhemoglobin. SDDCT has affinity to decrease level of biogenic monoamines in
adult mouse brain by affecting the dopamine as well as showing kits effect over catecholamine molecules. The
chelation of nickel takes place by dithiocarb. The formation of diethylamine, carbon disulfide along with the
metabolites formation also take place by the metabolism of dithiocarb and disulfiram. It has vast therapeutic
properties as chelating agent, in thallium poisoning, in tumor and as an antidote in poisoning from polyhalogen
compounds. It is too useful in case of psychiatric diseases by affecting neurotransmitter systems.

Acknowledgement
We are thankful to the director of Hygia Institute of Pharmaceutical Education and research, Lucknow for providing
such type of facilities to do our work peacefully.

Conflict of Interest
The author declares no potential conflict of interest concerning the authorship, or publication of this review article.

References

1. Rahden, S. I, Grosicka, M. E., Kurpios, P.D., Czeczot, H., Grzela, T., & Szumito, M. (2012). The Effects
of Sodium Diethyldithiocarbamate in Fibroblasts V79 Cells in Relation to Cytotoxicity, Antioxidative
Enzymes, Glutathione, and Apoptosis. Archives of Toxicology, 86(12):1841-50.

2. Sofuoglu, M., & Sewell, R. A. (2009). Norepinephrine and Stimulant Addiction. Addiction Biology,
14:119-29.

3. Karamanakos, P. N., Pappas, P., Stephanou, P., & Marselos, M. (2001). Differentiation of Disulfiram
Effects on Central Catecholamines and Hepatic Ethanol Metabolism. Pharmacol Toxicol, 88:106-10.

4. Szmigielski, A. (1975). Dependence of Tyrosine and Dopamine-Beta-Hydroxylases Activities on
Disulfiram and Diethyldithiocarbamate Level in Guinea Pig Brain and Heart. Polish journal of
pharmacology and pharmacy, 27: 161-8.

5. Ditiocarb Sodium Trihydrate, CID: 517546. Pubchem Open Chemistry Data Base. Access
from:https://pubchem.ncbi.nim.nih.gov/compound/Sodium_diethyldithiocarbamate_trihydrate#section=To
p.

6. Diethyldithiocarbamic acid sodium salt trihydrate. Material Safety Data Sheet, sc-202576. Access from:
http://datasheets.scbt.com/sc-202576.pdf.

7. Sunderman, F. W. (1990). Use of Sodium Diethyldithiocarbamate in the Treatment of Nickel Carbonyl
Poisoning. Annals of Clinical & Laboratory Science, 20(1):12-21.

8. Han, J, Liu, L., Yue, X., Chang, J., Shi, W., & Hua, Y. (2013). A Binuclear Complex Constituted by
Diethyldithiocarbamate and Copper (1) Functions as a Proteasome Activity Inhibitor in Pancreatic Cancer
Cultures and Xenografts. Toxicology and Applied Pharmacology, 273(3): 477-83.

9. Liu, J., Shigenaga, M. K., Yan, L. J., Mori, A., & Ames, B. N. (1996). Antioxidant Activity of
Diethyldithiocarbamate. Free Radical Research, 24(6): 461-72.

10. Bodenner, D. L., Dedon, P. C., Keng, P. C., Katz, J. C., Borch, R.F. (1986). Selective Protection against
cis-Diamminedichloroplatinum(ll)-Induced  Toxicity in Kidney, Gut, and Bone Marrow by
Diethyldithiocarbamate. Cancer Research, 46(6): 2751-5.

11. Gale, G. R, Atkins, L. M., &Walker, E. M. (1982). Effects of Diethyldithiocarbamate on Organ
Distribution and Excretion of Cadmium. Annals of Clinical & Laboratory Science, 12(6): 463-70.

éfi\\;s The Pharmaceutical and Chemical Journal
s

147


http://datasheets.scbt.com/sc-202576.pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sunderman%20FW%20Sr%5BAuthor%5D&cauthor=true&cauthor_uid=2155573
https://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24060341
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24060341
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yue%20X%5BAuthor%5D&cauthor=true&cauthor_uid=24060341
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24060341
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%20W%5BAuthor%5D&cauthor=true&cauthor_uid=24060341
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hua%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24060341
https://www.ncbi.nlm.nih.gov/pubmed/24060341
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8804989
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shigenaga%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=8804989
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yan%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=8804989
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mori%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8804989
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ames%20BN%5BAuthor%5D&cauthor=true&cauthor_uid=8804989
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bodenner%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=3009000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dedon%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=3009000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Keng%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=3009000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Katz%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=3009000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Borch%20RF%5BAuthor%5D&cauthor=true&cauthor_uid=3009000
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gale%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=6295255
https://www.ncbi.nlm.nih.gov/pubmed/?term=Atkins%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=6295255
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walker%20EM%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=6295255

Sharma A & Maurya H The Pharmaceutical and Chemical Journal, 2018, 5(5):143-149

12. Pike, M. G., Mays, D. C., Macomber, D. W., & Lipsky, J. J. (2001). Metabolism of a Disulfiram
Metabolite, S-Methyl N,N-Diethyldithiocarbamate, by Flavin Monooxygenase in Human Renal
Microsomes. Drug Metabolism & Disposition, 29(2):127-32.

13. Heikkila, R. E., Cabbat, F. S., & Cohen, G. (1976). In Vivo Inhibition of Superoxide Dismutase in Mice by
Diethyldithiocarbamate. The Journal of Biological Chemistry, 251(7):2182-5.

14. Kelner, M. J., & Alexander, N. M. (1986). Inhibition of Erythrocyte Superoxide Dismutase by
Diethyldithiocarbamate also Results in Oxyhemoglobin-Catalyzed Glutathione Depletion and
Methemoglobin Production. The Journal of Biological Chemistry, 261(4):1636-41.

15. Vaccari, A., Saba, P. L., Ruiu, S., Collu, M., & Devoto, P. (1996). Disulfiram and Diethyldithiocarbamate
Intoxication Affects the Storage and Release of Striatal Dopamine. Toxicology and Applied Pharmacology,
139:102-8.

16. Lee, C. C., &Peters, P. J. (1976). Neurotoxicity and Behavioral Effects of Thiram in Rats. Environmental
Health Perspectives, 17:35-43.

17. Stanley, W. C., et al. (1997). Catecholamine Modulatory Effects of Nepicastat, a Novel, Potent and
Selective Inhibitor of Dopamine-Beta-Hydroxylase. British Journal of Pharmacology, 121:1803-9.

18. Goldstein, M., & Nakajima, K. (1967). The Effect of Disulfiram on Catecholamine Levels in the Brain. The
Journal of Pharmacology and Experimental Therapeutics, 157:96-102.

19. Moore, K. E. (1969). Effects of Disulfiram and Diethyldithiocarbamate on Spontaneous Locomotor
Activity and Brain Catecholamine Levels in Mice. Biochemical Pharmacology, 18:1627-34.

20. Nilsson, G. E., Tottmar, O., Wahlstrom, G. (1987). Effects of Aldehyde Dehydrogenase Inhibitors on
Hexobarbital Sensitivity and Neuroamine Metabolism in Rat Brain. Brain Research, 409:265-74.

21. Marchand, J. E., Hershman, K., Kumar, M. S., Thompson, M. L., & Kream, R. M. (1990). Disulfiram
Administration affects Substance P-like Immunoreactive and Monoaminergic Neural Systems in Rodent
Brain. The Journal of Biological Chemistry, 265: 264-73.

22. Molinengo, L., Oggero, L., Ghi, P., & Orsetti, M. (1991). Action of a Chronic Disulfiram Administrationon
Memory Decay and on Central Cholinergic and Adrenergic Systems. Brain Research, 551:72-7.

23. Karamanakos, P. N., Pappas, P., Stephanou, P., & Marselos, M. (2001). Differentiation of Disulfiram
Effects on Central Catecholamines and Hepatic Ethanol Metabolism. Pharmacol Toxicol, 88: 106-10.

24. Monti, J. M., &Jantos, H. (2008). The Roles of Dopamine and Serotonin, and of their Receptors, in
Regulating Sleep and Waking. Progress in Brain Research, 172: 625-46.

25. Tétrai, E., Kovacikovd, Z., Kardcsony, G., Huddk, A., Adamis, Z., & Ungvary, G. (2001). Effects of
Sodium Diethyldithiocarbamate on Type Il Pulmonary Epithelial Cells in Vitro. Journal of Toxicology and
Environmental Health A, 62(3): 207-16.

26. Awni, W. M., Hoff, J. V., Shapiro, B.E., & Halstenson, C.E. (1994). A Dose-Ranging Pharmacokinetics
Study of Sodium Diethyldithiocarbamate in Normal Healthy Volunteers. The Journal of Clinical
Pharmacology, 34(12):1183-90.

27. Baselt, R. C., & Hanson, V. W. (1982). Health and Environmental Effects Profile for Sodium
Diethyldithiocarbamate. Research communications in chemical pathology and pharmacology, 38(1):113-
24,

28. Craven, M. R. (1983). Health and Environmental Effects Profile for Sodium Diethyldithiocarbamate.
Journal of Pharmacy and Pharmacology, 28:7.

29. Stromme, J. H. (1983). Health and Environmental Effects Profile for Sodium Diethyldithiocarbamate.
Biochemical Pharmacology, 14:393-410.

30. Sunderman, F.W. (1991). Therapeutic Properties of Sodium Diethyldithiocarbamate. Its role as an inhibitor
in the progression of AIDS. Annals of Clinical & Laboratory Science, 21(1): 70-81.

31. Grant, W. M. (1974). Toxicology of the Eye. 2" ed. Illinois: Charles C. Thomas, p. 382.

.

4\ The Pharmaceutical and Chemical Journal
N
148


https://www.ncbi.nlm.nih.gov/pubmed/?term=Pike%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=11159801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mays%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=11159801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Macomber%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=11159801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lipsky%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=11159801
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heikkila%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=5443
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cabbat%20FS%5BAuthor%5D&cauthor=true&cauthor_uid=5443
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cohen%20G%5BAuthor%5D&cauthor=true&cauthor_uid=5443
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kelner%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=3003078
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alexander%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=3003078
https://www.ncbi.nlm.nih.gov/pubmed/?term=T%C3%A1trai%20E%5BAuthor%5D&cauthor=true&cauthor_uid=11212946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kov%C3%A1cikov%C3%A1%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=11212946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kar%C3%A1csony%20G%5BAuthor%5D&cauthor=true&cauthor_uid=11212946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hud%C3%A1k%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11212946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adamis%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=11212946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ungv%C3%A1ry%20G%5BAuthor%5D&cauthor=true&cauthor_uid=11212946
https://www.ncbi.nlm.nih.gov/pubmed/11212946
https://www.ncbi.nlm.nih.gov/pubmed/11212946
https://www.ncbi.nlm.nih.gov/pubmed/11212946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Awni%20WM%5BAuthor%5D&cauthor=true&cauthor_uid=7738214
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hoff%20JV%5BAuthor%5D&cauthor=true&cauthor_uid=7738214
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shapiro%20BE%5BAuthor%5D&cauthor=true&cauthor_uid=7738214
https://www.ncbi.nlm.nih.gov/pubmed/?term=Halstenson%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=7738214
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sunderman%20FW%20Sr%5BAuthor%5D&cauthor=true&cauthor_uid=1849385

Sharma A & Maurya H The Pharmaceutical and Chemical Journal, 2018, 5(5):143-149

32. Zemaitis, M. A., & Greene, F. E. (1979). In Vivo and in Vitro Effects of Thiuram Disulfides and
Dithiocarbamates on Hepatic Microsomal Drug Metabolism in the Rat. Toxicology and Applied
Pharmacology, 48(2):343-50.

33. Pang, H., Chen, D., Cui, Q. C., Dou, & Q. P. (2007). Sodium diethyldithiocarbamate, an Aids Progression
Inhibitor and a Copper-Binding Compound, has Proteasome-Inhibitory and Apoptosis-Inducing Activities
in Cancer Cells. International journal of molecular medicine, 19:809-816.8

34. Renow, G., & Renoux, N. (1979). Immunopotentiation and Anabolism Induced by Sodium
Diethyldithiocarbamate. Journal of immunopharmacology, 1(2): 247-267.

35. Redondo, C. E., Romero, R., Torres, E. A., Utrera, J., Duque, D., Junyent, F., & Auladell, C. (2014).
Dithiocarb (N,N-diethyldithiocarbamate, DEDTC) Decreases Levels of Biogenic Monoamines in the Adult
Mouse Brain. Neuropathology and Applied Neurobiology, 6:747-58.

éfi\\;s The Pharmaceutical and Chemical Journal
s

149


https://www.ncbi.nlm.nih.gov/pubmed/?term=Zemaitis%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=224526
https://www.ncbi.nlm.nih.gov/pubmed/?term=Greene%20FE%5BAuthor%5D&cauthor=true&cauthor_uid=224526
https://www.ncbi.nlm.nih.gov/pubmed/?term=Redondo-Castro%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24033405
https://www.ncbi.nlm.nih.gov/pubmed/?term=Romero%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24033405
https://www.ncbi.nlm.nih.gov/pubmed/?term=Torres-Esp%C3%ADn%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24033405
https://www.ncbi.nlm.nih.gov/pubmed/?term=Utrera%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24033405
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duque%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24033405
https://www.ncbi.nlm.nih.gov/pubmed/?term=Junyent%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24033405
https://www.ncbi.nlm.nih.gov/pubmed/?term=Auladell%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24033405

