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Alleviating Impact of Taurine on Renal Lipid Peroxidation 
and Oxidative Stress in Lambda-Cyhalothrin Exposed Rat
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Background
Lambda-cyhalothrin (LCT) is an isomeric form of  the two biologically active diastereoisomeric pairs of  cyhalothrin, containing 
an alpha-cyano group. Taurine or 2-aminoethane sulfonic acid is a sulfur-containing α-amino acid that is the most abundant free 
amino acid in most mammal tissue. 
Aim and Objectives
The present study was focused to investigate lambda-cyhalothrin induced nephrotoxicity and renal oxidative stress as well as to 
evaluate the alleviating role of  taurine in this condition.  
Methods
Lambda-cyhalothrin was administered orally at two dose levels (10.83 and 15.17 mg/kg body weight) alone or in combination after 
pre-treatment of  taurine (50 mg/kg body weight) for consecutive 14 days. 
Results
Renal toxicity was measured by a significant decrease in renal index, reduction in kidney protein and an increase in serum protein 
in lambda-cyhalothrin intoxicated rats. At the same time, lambda-cyhalothrin induced a significant renal oxidative stress demon-
strated by elevated renal malondialdehyde content and oxidized glutathione level accompanied by a reduction in reduced glu-
tathione and antioxidant enzymes in rats. Lambda-cyhalothrin induced renal toxicity and oxidative stress in the rat was significantly 
ameliorated due to the administration of  taurine as an antidote. 
Conclusion
All of  these findings of  the present study strongly suggest the protective role of  taurine in the pathophysiology of  lambda-cyhalo-
thrin-induced renal toxicity and oxidative stress.

Keywords
Lambda-cyhalothrin; Taurine; Renal index; Renal toxicity; Oxidative stress.

INTRODUCTION

Now-a-days the use of  pesticides in agriculture has been in-
creasing continuously. The harmful effects of  many pesti-

cides, such as organophosphates, organochlorine and carbamates, 
have led to use of  pyrethroids as alternatives. Pyrethroids analogs 
of  naturally occurring pyrethrins is widely used in agriculture in 
many countries because pyrethroids are highly effective, low toxic 
to non-target organisms and have easy biodegradability.1 Lamb-
da-cyhalothrin (LCT) is a potent, synthetic, type II pyrethroid 
pesticide and is worldwide used to control a different variety of  

insect pests in agricultural and domestic fields and public health 
sectors.2-4 It is reported that lambda-cyhalothrin is moderately tox-
ic5,6 for mammals and highly toxic for fish, bees and aquatic inver-
tebrates at low concentrations.7,8 Through the use of  agricultural 
foodstuff, pesticide residues have the ability to affect directly on 
human health.9 People those are living in proximity to farms and 
exposed heavily to the home application of  pesticides or eat foods 
rich in pesticide residues, are highly vulnerable to pesticides in-
toxication in addition to the workers of  pesticides manufacturers, 
agriculture workers and their families.10 It is well documented that 
the accidental poisonings and death of  humans occurred by the 
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use of  pesticides especially in developing countries.11

 Many pesticides generate their toxicity through the in-
duction of  oxidative stress.12 The free radicals generate oxidative 
damage to all biomolecules and initiate a chain reaction that leads 
to damage in physiological systems and accumulating free radi-
cals over a period of  time cause degenerative diseases.13 Several 
research studies reported the induction of  oxidative stress by syn-
thetic pyrethroids such as fenvalerate and cypermethrin.14-16

 Taurine possesses antioxidant and membrane-stabilizing 
properties. Several studies reported that taurine exhibited protec-
tive activity against renal toxicity by its antioxidative role.17 On 
the other study, it was reported that taurine supplementation be-
came resistant to kidney damage and also proteinuria caused by 
either streptozotocin-induced type 1 diabetes or aminonucleo-
side-induced glomerulopathy.18 In a related study, chronic taurine 
treatment prevented aging-related up regulation of  transforming 
growth factor beta (TGF-β1), collagen types I and IV and fibronec-
tin messenger ribonucleic acid (mRNAs), proteins involved in the 
development of  renal fibrosis in aging rat.19 Renal function, espe-
cially the oxidative status of  the renal system may be altered due to 
the exposure of  pyrethroids. The present study was conducted to 
evaluate the toxic effect of  orally administered lambda-cyhalothrin 
on renal lipid peroxidation and antioxidant status in male Wistar rat 
and to find out the ameliorative potential of  taurine in this toxic 
condition.

MATERIALS AND METHODS

Chemicals and Reagents

Lambda-cyhalothrin 5% emulsifiable concentrate (EC) was 
procured from RPC Agro Industries, Kolkata. Taurine, 1, 2di-
chloro-4-nitrobenzene (CDNB) were purchased from Sig-
ma-Aldrich. Thiobarbituric acid, 5, 5’ Dithiobis-2-nitrobenzoic 
acid (DTNB), ethylene di tetraacetic acid (EDTA), and hydrogen 
peroxide were all purchased from Sigma Chemical, USA. All other 
chemicals used were of  the finest analytical grade.

Animal Care and Treatment

In this study, 36 mature male albino rats (Wistar) weighing 130±15 
g were acclimatized for 1 week before the start of  the treatments 
at a suitable temperature of  25 °C±2 °C with 12 hours light-dark 
cycle. Animals were provided with accessible dry food pellets and 
water sufficiently. Rats were randomly divided into six groups, and 
each group contains six animals. Institutional Animal Ethical Com-
mittee approved the experimental protocol. The experimental six 
groups were designed as: 

Group-I: DW-Control (Distilled Water, 2 ml/kg body weight)
Group-II: TAU-Control (TAU, 50 mg/kg body wt.)
Group-III: LCT-Low (LCT, 10.83 mg/kg body wt.)
Group-IV: TAU+LCT-Low (TAU, 50 mg/kg body wt.+LCT, 
10.83 mg/kg body wt.)

Group –V: LCT-High (LCT, 15.17 mg/kg body wt.)
Group-VI: TAU+LCT-High (TAU, 50 mg/kg body wt.+LCT, 
15.17 mg/kg body wt.)

 Two respective doses 10.83(1/7th LD50 dose) and 
15.17(1/5th LD50 dose) mg/kg body wt. of  LCT were applied.20 
After one hour of  the treatment of  taurine (50 mg/kg body wt.), 
lambda-cyhalothrin was administered at two dose levels (10.83 
mg/kg body wt, and 15.17 mg/kg body wt.) for consecutive 14 
days. Animal’s weight was taken daily and the dose was adjusted 
accordingly to weight.

Sample Collection

The total body weight of  each animal was recorded at the end of  
the experimental period. All rats were sacrificed by rapid decapi-
tation after 24 hours of  the last dose. Then weights of  the kidney 
tissues were recorded and stored properly for the determination of  
oxidative stress biomarkers. 

Estimation of Renal Index

Renal index was measured by using the following formula-

           Kidneys weight (g)
Renal index =    x 100
             Body weight (g)

Estimation of Serum and Tissue Protein

Different dilutions of  BSA solutions are prepared by mixing stock 
BSA solution (1 mg/ ml) and water. From these different dilutions, 
protein reagents (98:1:1) consisting of  sodium carbonate (Na2CO3) 
in 0.1 N sodium hydroxide (NaOH), sodium potassium tartrate 
in distilled water, copper sulphate (Cu2SO4) in distilled water were 
added to different test tubes and 10 µl of  serum or tissue homoge-
nate and 500 µl of  normal saline (0.9 g%) were also added. The 
solutions were mixed well. Then 500 µl of  Folin-Ciocalteau solu-
tion was added to each tube and incubated at 37 °C for 30 min. 
The standards were prepared similarly. The optical density was 
measured at 660 nm.21 The absorbance was plotted against protein 
concentration to get a standard calibration curve.

Estimation of Oxidative Stress Parameters

Malondialdehyde (MDA): MDA of  kidney tissue homogenate was 
assayed by using the method of  Ohkawa et al.22 One ml of  ho-
mogenate (20 mg/ml phosphate buffer) was mixed with 0.2 ml of  
8.1% sodium dodecyl sulphate, 1.5 ml of  acetate buffer (20% pH 
3.5), and 1.5 ml of  aqueous solution of  thiobarbituric acid (0.8%). 
Red pigment was produced after heating of  that mixture at 95 °C 
for 60 min. Then it was extracted with 5 ml of  n-butanol-pyridine 
mixture (15: 1) and centrifuged at 5000 rpm for 10 min at room 
temperature. The absorbance of  the supernatant was measured at 
535 nm.
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Reduced glutathione (GSH): The reduced glutathione in kidney 
tissue homogenate was measured according to the method of  
Griffith.23 The assay mixture contained 200 μl of  kidney tissue ho-
mogenate and 100 μl of  sulfosalicylic acid (4 gm %). The mixture 
was centrifuged for 10 min at 3000 rpm. Then 1.8 ml of  DTNB 
(4 mg %) was added with the supernatant and was shaken well. 
Reading was taken at 412-420 nm.

Oxidized glutathione (GSSG): Oxidized glutathione of  kidney tis-
sue homogenate was measured by using the method of  Griffith.24 
At first, 100 μl of  kidney tissue homogenate was mixed with 2 μl 
of  2-vinyl pyridine and was incubated for 1h at 37 °C. Then 250 
μl of  sulfosalicylic acid (4 gm %) was added with it and was kept 
in room temperature for 30 min. It is centrifuged at 2000 rpm for 
10 min. Then 200 μl of  the supernatant was added with 2 ml of  
DTNB (4 mg %) and the reading was taken at 412 nm within 1min.

Catalase (CAT): CAT content was measured according to the 
method of  Aebi.25 The reaction mixture consisted of  0.5 ml of  
H2O2, 2.5ml of  double distilled water and 40 μl of  kidney tissue 
homogenate prepared in 0.05 M trisHCl and was taken in a cuvette. 
After mixing, six readings were noted at 240 nm in 30 sec interval.

Glutathione peroxidase (GPx): Glutathione peroxidase was as-
sayed according to Rotruck et al.26 At first, homogenates (0.2 ml) 
were mixed with 0.1 ml of  2.5 mM hydrogen peroxide (H2O2), 0.2 
ml of  0.4 M sodium phosphate buffer, 0.1 ml of  10 mM sodium 
azide and 0.2 ml of  4 mM reduced glutathione and was incubated 
for 5 min at 37 °C. After that 0.4 ml of  10% trichloroacetic acid 
(TCA) was added to that mixture to stop the reaction and centri-
fuged at 3200 rpm for 20 min. Then 3 ml of  disodium hydrogen 
phosphate (Na2HPO4) and 1 ml of  5, 5′-dithiobisnitrobenzoic acid 
(DTNB) were added to 0.5 ml of  supernatant.

Statistical Analysis

All data were analyzed by One-Way analysis of  variance (ANO-
VA) followed by two-tail t-test using the Origin 6.0 Scientific Data 
Analysis. The results were expressed as the Mean±Standard Error 
of  Mean (SEM). The difference between group means was consid-
ered significant when p<0.05.

RESULTS

Effects on Renal Index

Results are expressed as Mean±SEM (N=6). The analysis is done 
by ANOVA followed by multiple comparison two-tail t-tests. Su-
perscript a: Group-I versus all other groups; Superscript b: Group-
III versus Group-IV; Superscript c: Group-V versus Group-VI. As-
terisks represent the different level of  significance (** indicates 
p<0.01, *** indicates p<0.001).

 The renal index of  LCT exposed rats was decreased sig-
nificantly (p<0.001) in a dose-dependent manner compared to a 
control group (Table 1). Taurine increased the renal index of  LCT 
induced rats significantly. 

Effects on Kidney and Serum Protein Content

In the present study, lambda-cyhalothrin caused a reduction in total 
kidney protein level compared to control rats in a dose-dependent 
manner. At the same time, LCT increased the serum protein level 
in LCT-exposed rat. Taurine restored back the respective protein 
levels towards normal in both of  the cases (Figures 1 and 2).

Table 1. Effect of Taurine on Renal Index in Lambda-Cyhalothrin Exposed Male Albino 
Rat

Experimental Groups Renal Index

Group-I: DW-Control (Distilled Water, 2 ml/kg body wt.) 0.788±0.029

Group-II: TAU Control (TAU, 50 mg/kg body wt.) 0.799±0.025

Group-III: LCT-Low(LCT, 10.83 mg/kgbody wt.) 0.677±0.012a**

Group-IV:  TAU+LCT-Low(TAU, 50mg/kg body wt.+LCT,10.83 
mg/kg body wt.) 0.758±0.018b**

Group-V: LCT-High(LCT, 15.17 mg/kg body wt.) 0.569±0.023a***

Group-VI:  TAU+LCT-High (TAU, 50mg/kg body wt. +LCT, 
15.17 mg/kg body wt.) 0.729±0.035c**

Figure 1. The Effect of Taurine on Kidney Tissue Protein in Lambda-cyhalothrin Exposed 
Male Albino Rat. Results are Expressed as Mean±SEM (N=6). Analysis is Done by ANOVA 
Followed by Multiple Comparison Two-Tail t-tests. Superscript a, Group-I versus all Other 
Groups; Superscript b Group-III versus Group-IV; Superscript c Group-V versus Group-VI. 
Asterisks Represent the Different Level of Significance (* indicates p<0.05, **indicates 
p<0.01)

Figure 2. The Effect of Taurine on Serum Protein in Lambda-cyhalothrin Induced Male 
Albino Rat. Results are Expressed as Mean±SEM (N=6). Analysis is Done by ANOVA Followed 
by Multiple Comparison Two-Tail t-tests. Superscript a, Group-I versus all Other Groups; 
Superscript b Group-III versus Group-IV; Superscript c Group-V versus Group-VI. Asterisks 
Represent the Different Level of Significance (* indicates p<0.05, **indicates p<0.01)
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Effects on Enzymatic Parameters for Lipid Peroxidation

The effect of  taurine on kidney malondialdehyde (MDA) level 
of  lambda-cyhalothrin exposed male albino rat is shown in Fig-
ure 3. In LCT treated group, MDA content increased significant-
ly (p<0.001) compared to the control group in a dose-dependent 
manner where treatment of  taurine decreased the LCT toxicity and 
restored the normal level of  the MDA to a great extent.

 Kidney GSH level was decreased in LCT low and high 
dose treated animal groups significantly (p<0.001) but pre-treat-
ment of  taurine causes significant (p<0.001) elevation in GSH level 
in LCT intoxicated animals (Figure 4).

 Figure 5 shown that the kidney GSSG level in LCT low 
and high dose treated rats were increased significantly (p<0.05 and 
p<0.01) compared to control rats. GSSG level was decreased by 
taurine pre-treatment in LCT exposed rats.

Effects on Antioxidant Enzymes

As presented in Figure 6, the activities of  CAT in the LCT treated 
low and high dose groups were significantly (p<0.001) decreased 
compared to the control group. However, the activity of  CAT was 
significantly increased by taurine pre-treatment in low (p<0.01) and 
(p<0.05) high dose group animals.

Figure 3. The Effect of Taurine on Kidney Malon-di-Aldehyde (MDA) Level in 
Lambda-cyhalothrin Exposed Male Albno Rat. Results are Expressed as Mean±SEM (N=6). 
SuperScript a, Group-I versus all Other Groups; Superscript b Group-III versus Group-IV; 
Superscript c Group-V versus Group-VI. Asterisks Represent the Different Level of Significance 
(**indicates p<0.01,*** indicates p<0.001)

Figure 4. The Effect of Taurine on Kidney GSH Level in Lambda-cyhalothrin Exposed Male 
Albino Rat. Results are Expressed as Mean±SEM (N=6). Analysis is Done by ANOVA 
Followed by Multiple Comparison Two-Tail t-tests. Superscript a, Group-I versus all Other 
Groups; Superscript b Group-III versus Group-IV; Superscript c Group-V versus Group-VI. 
Asterisks Represent the Different Level of Significance (* indicates p<0.05, *** indicates 
p<0.001))

Figure 5. The Effect of Taurine on Kidney GSSH Level in Lambda-cyhalothrin Exposed Male 
Albino Rat. Results are Expressed as Mean±SEM (N=6). Analysis is Done by ANOVA Followed 
by Multiple Comparison Two-Tail t-tests. Superscript a, Group-I versus all Other Groups; 
Superscript b Group-III versus Group-IV; Superscript c Group-V versus Group-VI. Asterisks 
Represent the Different Level of Significance (*indicates p<0.05,**indicates 
p<0.01,***indicates p<0.001)

Figure 6. The Effect of Taurine on Kidney Catalase (CAT) in Lambda-cyhalothrin Exposed 
Male Albino Rat. Results are Expressed as Mean±SEM (N=6). Analysis is Done by ANOVA 
Followed by Multiple Comparison Two-Tail t-tests. Superscript a, Group-I versus all Other 
Groups; Superscript b Group-III versus Group-IV; Superscript c Group-V versus Group-VI. 
Asterisks Represent the Different Level of Significance (**indicates p<0.01, *** indicates 
p<0.001)
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 Activities of  glutathione peroxidase (GPx) in kidney of  
LCT treated low and high dose animals were significantly (p<0.05) 
and (p<0.001) decreased than the control group rats. Taurine treat-
ment significantly increased GPx levels, in low dose (p<0.05) and 
high dose (p<0.01) animals (Figure 7).

DISCUSSION

The present study was designed to evaluate the toxic effects of  
lambda-cyhalothrin on male albino rat kidney and its attenuation 
by taurine. It has been reported that in toxicological studies, body 
and organs weights are considered as important criteria for evalu-
ating organ toxicity. The body weight change is considered as a sign 
of  toxicity of  any chemical substance.27 In this study, we have eval-
uated the renal index as the basic marker for the renal toxicity. The 
renal index of  lambda-cyhalothrin intoxicated rats was significantly 
lower than control rats but attenuation of  renal index by taurine 
was seen and this may be due to its antioxidant activity. Ingestion 
of  chlorpyrifos, diazinon and their mixture resulted in the reduc-
tion in relative kidney weight in male rats which is in agreement 
with our findings.28 In addition; one of  the most common reasons 
for renal tissue damage is oxidative stress which was observed in 
lambda-cyhalothrin exposed rats. 

 Proteins, the essential organic macromolecules for cellu-
lar structure and function, are expected to react first with pesticide 
after the entry of  pesticide into body cells. Pesticides have the abil-
ity to alter very quickly the buffering system of  the intracellular en-
vironment. Pesticides impair protein metabolism leading perhaps 
to a disarray of  functional and structural status of  the cell.29 In the 
present study, lambda-cyhalothrin had a significant lowering effect 
on total serum protein levels in dose-dependent manner compared 
to control rats.

 Toxicants can cause a defect in protein synthesis and that 
may lead to a decrease in tissue protein content. The exposure of  

toxins to living organisms may alter the hormonal balance that can 
results a direct or indirect decrease in tissue protein content.30,31 

The effect of  different pesticides such as endosulfan,32 organchlo-
rins,33 chlorpyrifos,34 phosphorothionate,35, imidacloprid,36 and 
cypermethrin37 poisoning on protein metabolic profiles of  rats has 
been studied by different researchers. In current investigation ex-
posure of  lambda-cyhalothrin to albino rats resulted in a gradual 
decrease in the protein content of  kidney tissue.

 Oxygen free radical induced lipid peroxidation, which 
causes damage to cell membranes and consequently develops tissue 
injury.38 In this study, lambda-cyhalothrin elevated renal malondial-
dehyde (MDA) level and reduced renal glutathione (GSH) contents 
as well as inhibited glutathione-s-transferase activity of  the kidney 
tissue. The decrease in tissue GSH due to the enhancement in lipid 
peroxidation is considered as an antioxidant defence role of  GSH. 
GSH, glutathione-s-transferase are used in the cell as antioxidant 
defence mechanism. Reduced glutathione serves as an antioxidant 
against free radicals and organic peroxide.39

 LCT induced toxic manifestations may also be associated 
with the induction of  oxidative stress through the formation of  
free radicals and alteration in antioxidant systems. It was observed 
that LCT significantly increased the level of  MDA in the kidneys 
of  rats, whereas the activity of  antioxidant enzymes (CAT) was 
decreased.40 Treatment with taurine caused a significant reduction 
in the toxic effects of  this pesticide. The administration of  LCT 
in different periods of  postnatal ontogenesis was also reported to 
enhance oxidative stress by a significant increase in MDA level and 
suppressed activity of  antioxidant enzymes (CAT) in brain tissue.41 
In our study, we found that administration of  LCT to rats resulted 
in a marked dose-dependent increase in the lipid peroxidation as 
indicated by the increase in the level of  malondialdehyde (MDA) 
and that may be due to LCT induced increase in ROS level. GSH, 
one of  the most important biological molecules, play a key role 
in the detoxification of  the reactive toxic metabolites. Decline in 
GSH levels in the kidney after LCT treatment may be an indication 
of  oxidative stress, whereas GSH is utilized for the detoxification 
of  reactive toxic substances. An increased level of  GSSG also re-
flects the oxidative stress of  ovary. Normal cellular functioning 
depends on a balance between ROS production and antioxidant 
defence mechanisms present in the cell. 

 Antioxidant enzymes cause a primary defence that pre-
vents oxidative damage of  biological macromolecules. According 
to the results, the activities of  CAT, a glutathione peroxidase in 
the kidney of  LCT treated rats were significantly decreased. These 
results suggested that LCT has the capability to induce free radicals 
and oxidative damage as evidenced by alterations in various anti-
oxidant enzymes.42 Reduction of  antioxidant enzymes levels may 
be due to the direct effect on the enzymes against LCT-induced 
ROS generation. Taurine administration reversed all these abnor-
malities of  above mentioned renal parameters to a good extent. It 
diminished lipid peroxidation either by scavenging or quenching 
oxygen-derived free radicals, hydrogen peroxide or hypochlorous 
acid directly, or by binding free metal ion species like Fe2+ or Cu2+ 
by its sulfonic acid group. It was also suggested that by decreasing 

Figure 7. The Effect of Taurine on Kidney Glutathione Peroxidase (GPx) in 
Lambda-cyhalothrin Exposed Male Albino Rat. Results are Expressed as Mean±SEM (N=6). 
Analysis is Done by ANOVA Followed by Multiple Comparison Two-Tail t-tests. Superscript 
a, Group-I versus all Other Groups; Superscript b Group-III versus Group-IV; Superscript c 
Group-V versus Group-VI. Asterisks Represent the Different Level of Significance (* indicates 
p<0.05,**indicates p<0.01)
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carbonyl group production, enhanced oxidative damage43 was re-
duced by taurine.17

CONCLUSION

 
The present findings demonstrated that taurine was able to re-
verse the pathological parameters of  renal damage induced by 
lambda-cyhalothrin. Pre-treatment of  taurine maintained the an-
tioxidant status of  kidney due to its free radical scavenging action. 
Taurine undoubtedly restored the renal function by blocking lamb-
da-cyhalothrin induced renal oxidative stress. So, taurine may be 
considered useful against lambda-cyhalothrin induced toxicity in 
renal system.

ACKNOWLEDGEMENTS

The authors would like to thank the authority of  Vidyasagar Uni-
versity, Midnapore, India for providing all the facilities to execute 
this study.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of interest.

REFERENCES

1. Fetoui H, Garoui el M, Makni-Ayadi F, Zeghal N. Oxidative 
stress induced by lambda-cyhalothrin in rat erythrocytes and brain: 
Attenuation by vitamin C. Environ Toxicol Pharmacol. 2008; 26(2): 
225-231. doi: 10.1016/j.etap.2008.04.002

2. Amweg EL, Weston DP, Ureda NM. Use and toxicity of  py-
rethroid pesticides in the central valley, California, USA. Environ 
Toxicol Chem. 2005; 24(4): 966-972. doi: 10.1897/04-146R1.1

3. Oros DR, Werner I. Pyrethroid insecticides: An analysis of  use 
patterns, distributions, potential toxicity and fate in the sacramen-
to-san joaquin delta and central valley. White paper for the inter-
agency ecological program. SFEI contribution 415. San Francisco 
Estuary Institute, Oakland, CA. 2005.

4. International programme on chemical safety (IPCS). Environ-
mental Health Criteria-99, Cyhalothrin, Geneva. WHO. 1990. 1-99.

5. Anadon A, Martinez M, Martinez MA, Diaz MJ, Martinez-Lar-
ranaga MR. Toxicokinetics of  lambda-cyhalothrin in rats. Toxicol 
Lett. 2006; 165(1): 47-56. doi: 10.1016/j.toxlet.2006.01.014

6. Ratnasooriya WD, Ratnayake SS, Jayatunga YN. Effects of  Icon, 
a pyrethroid insecticide on early pregnancy of  rats. Hum Exp Toxi-
col. 2003; 22(10): 523-533. doi: 10.1191/0960327103ht381oa

7. Barata C, Baird DJ, Nogueira AJ, Soares AM, Riva MC. Tox-
icity of  binary mixtures of  metals and pyrethroid insecticides to 
daphnia magna straus. Implications for multi-substance risks as-
sessment. Aquat Toxicol. 2006; 78(1): 1-14. doi: 10.1016/j.aqua-

tox.2006.01.013

8. Schroer AF, Belgers JD, Brock TC, Matser AM, Maund SJ, Van 
den Brink PJ. Comparison of  laboratory single species and field 
population-level effects of  the pyrethroid insecticide lambda-cy-
halothrin on freshwater invertebrates. Arch Environ Contam Toxicol. 
2004; 46(3): 324-335. doi: 10.1007/s00244-003-2315-3

9. Sanborn M, Cole D, Kerr K, Vakil C, Sanin LH, Basil K. System-
atic review of  pesticides human health effects. The ontario college 
of  family physicians. Ontario, CA, 2004.

10. AL-Gehani SA. Effect of  sub chronic exposure to malathion 
on haematological parameters in the quail (Coturnixcoturnix). 
Global Adv Res J Environ Sci Toxicol. 2013; 2: 77-81.

11. Bertolote JM, Fleischmann A, Eddleston M, Gunnell D. Deaths 
from pesticide poisoning: A global response. Br J Psychiatry. 2006; 
189: 201-203. doi: 10.1192/bjp.bp.105.020834

12. Abdollahi M, Ranjbar A, Shadnia S, Nikfar S, Rezaie A. Pesti-
cides and oxidative stress: A review. Med Sci Monit. 2004; 10: 141-
148.

13. Ames BN, Shigenaga MK, Hagen TM.Oxidants, antioxidants 
and the degenerative diseases of  aging. Proc Natl Acad Sci. 1993; 90: 
7915-7922. doi: 10.1073/pnas.90.17.7915

14. Giray B, Gurbay A, Hincal F. Cypermethrin-induced oxida-
tive stress in rat brain and liver is prevented by vitamin E or al-
lopurinol. Toxicol Lett. 2001; 118: 139-146. doi: 10.1016/S0378-
4274(00)00277-0

15. El-Demerdash FM, Yousef  MI, Kedwany FS, Baghdadi HH. 
Role of  alpha tochopherol and beta-carotene in ameliorating the 
fenvalerate induced changes in oxidative stress, hematobiochemi-
cal parameters and semen quality of  male rats. J Environ Sci Heal B. 
2004; 39: 443-459. doi: 10.1081/PFC-120035929

16. Prasanthi K, Muralidhara, Rajini PS. Fenvalerate-induced oxida-
tive damage in rat tissues and its attenuation by dietary sesame oil. 
Food Chem Toxicol. 2005; 43: 299-306. doi: 10.1016/j.fct.2004.10.005

17. Schaffer S, Azuma J, Takahashi K, Mozaffari M. Why is tau-
rinecytoprotective? Adv Exp Med Biol. 2003; 526: 307-321. doi: 
10.1007/978-1-4615-0077-3_39

18. Trachtman H, Lu P, Sturman JA. Immunohistochemical lo-
calization of  taurine in rat renal tissue: Studies in experimen-
tal disease states. J Histochem Cytochem. 1993; 41: 1209-1216. doi: 
10.1177/41.8.8331284

19. Cruz CI, Ruiz-Torres P, del Moral RG, Rodriguez-Puyol 
M, Rodriguez-Puyol D. Age-related progressive renal fibro-
sis in rats and its prevention with ACE inhibitors and taurine. 
Am J Physiol Renal Physiol. 2000; 278: F122-F129. doi: 10.1152/
ajprenal.2000.278.1.F122

http://dx.doi.org/10.17140/TFMOJ-4-126
https://doi.org/10.1016/j.etap.2008.04.002
https://doi.org/10.1897/04-146R1.1
https://doi.org/10.1016/j.toxlet.2006.01.014
https://doi.org/10.1191/0960327103ht381oa
https://doi.org/10.1016/j.aquatox.2006.01.013
https://doi.org/10.1016/j.aquatox.2006.01.013
https://doi.org/10.1007/s00244-003-2315-3
https://doi.org/10.1192/bjp.bp.105.020834
https://doi.org/10.1073/pnas.90.17.7915
https://doi.org/10.1016/S0378-4274%2800%2900277-0
https://doi.org/10.1016/S0378-4274%2800%2900277-0
https://doi.org/10.1081/PFC-120035929
https://doi.org/10.1016/j.fct.2004.10.005
https://doi.org/10.1007/978-1-4615-0077-3_39
https://doi.org/10.1177/41.8.8331284
https://doi.org/10.1152/ajprenal.2000.278.1.F122
https://doi.org/10.1152/ajprenal.2000.278.1.F122


Toxicol Forensic Med Open J. 2019; 4(1): 1-7. doi: 10.17140/TFMOJ-4-126

Maiti Choudhury S, et alOriginal Research | Volume 4 | Number 1| 7

20. Sharma CD, Saxena NP, Sharma R. Assessment of  clastogenic-
ity of  lambda-cyhalothrin, a synthetic pyrethroid in cultured lym-
phocytes of  albino rats. World Appl Sci J. 2010; 8: 1093-1099.

21. Lowry OH, Roseborough NJ, Farr AL, Randall RL. Protein 
measurement with Folin phenol reagent. J Biol Chem. 1951; 193: 
265-275. 

22. Ohkawa H, Onishi N, Yagi K. Assay for lipid per-oxidation in 
animal tissue by thiobarbituric acid reaction. Anal Biochem. 1979; 
95: 351-358. doi: 10.1016/0003-2697(79)90738-3

23. Griffith OW. Glutathione turnover in human erythrocytes. J 
Biol Chem. 1981; 256: 4900-4904.

24. Griffith MP. Determination of  glutathione and glutathione 
disulphide using glutathione reductase and 2-vinylpyridine. Anal 
Biochem. 1980; 106: 207-212. doi: 10.1016/0003-2697(80)90139-6

25. Aebi H. Catalase. In: Bergmeyer HU (Ed). Method of  Enzymetic 
Analysis. NewYork, US: Academic Press. 1974. 674-684.

26. Rotruck JT, Pope AL, Ganther HC, Hafeman DG, Hoek-
stro WG. Selenium: Biochemical role as a component of  gluta-
thione peroxidase. Science. 1973; 179: 588-590. doi: 10.1126/sci-
ence.179.4073.588

27. Crissman JW, Goodman DJ, Hildebrandt PK, et al. Best prac-
tice guideline: Toxicological histopathology. Toxicol Pathol. 2004; 32: 
126-131. doi: 10.1080/01926230490268756

28. Mansour SAK, Abbassy MAL, Shaldam HA. Hepato-renal tox-
icity induced by chlorpyrifos, diazinon and their mixture to male 
rats with special concern to the effect of  zinc supplementation. J 
Toxicol Pharmacol. 2017; 1: 15.

29. Shukla OP, Omkar AK. Kulshrestha. In: Pesticides, Man and Bio-
sphere, 1st Edn. New Delhi, India: APH Publishing Corporation. 
1998.

30. Singh R, Pathak DN. Lipid peroxidation and glutathione per-
oxidase, glutathione reductase, superoxide dismutase, Catalase and 
glucose-6-phosphate dehydrogenase activities in Fecl3 induced 
epileptogenic foci in the rat brain. Epilepsia. 1990; 31: 15-26. doi: 
10.1111/j.1528-1157.1990.tb05354.x

31. Murthy AS, Priyamvada DA. The effects of  endosulfon 
and its isomers on tissue protein glycogen and lipids in the fish 
Channapunctatus. Pestic Biochem Physiol. 1982; 17: 280-286. doi: 
10.1016/0048-3575 (82)90138-9

32. Choudhary N, Joshi SC. Reproductive toxicity of  endosulfan in 
male albino rats. Bull Environ Contam toxicol. 2003; 70: 285-289. doi: 
10.1007/s00128-002-0189-0

33. Wade MG, Parent S, Finnson KW, et al. Thyroid toxicity due to 
subchronic exposure to a complex mixture of  16 organochlorines, 
lead, and cadmium. Toxicol Sci. 2002; 67: 207-218. doi: 10.1093/
toxsci/67.2.207

34. Prasad SR. Neurochemical and Histological Studies During the Devel-
opment of  Behavioural Tolerance to Organophosphate Compound Chlorpyri-
fos Toxicity in Albino Rats [dissertation]. Tirupati, India: University 
of  Sri Venkateswara; 2007.

35. Rahman MF, Siddiqui MKJ. Hematological and clinical chemis-
try changes induced by subchronic dosing of  a novel phosphoro-
thionate (RPR-V) in Wistar male and female rats. Drug Chem Toxi-
col. 2006; 29: 95-110. doi: 10.1080/01480540500408697

36. Kishandar N. Neurotoxicity Effects of  Neonicotinoid Insecticide Imi-
dacloprid in Albino Rat. Insedicidebideclopid in Albin, Rat [dissertation]. 
Tirupati, India: University of  Sri Venkateswara;  2007; 7: 83-90.

37. Sukanya N. Neurotoxic Effect of  Cypermethrin in Wistar Strain Rats: 
A Biochemical, Behavioral and Histological Study [dissertation]. Tirupati, 
India: University of  Sri Venkateswara; 2007.

38. Sener G, Sehirli O, Cetinel S, et al. Amelioration of  sepsis-
induced hepatic and ileal injury in rats by the leukotriene receptor 
blocker montelukast. Prostaglandins Leukot Essent Fatty Acids. 2005; 
73: 453-460. doi: 10.1016/j.plefa.2005.07.008

39. El-Deib KM, Ahmed MM, Ahmed NZ. Biochemical evalua-
tion of  the protective impact of  silymarin against cyclophospha-
mide induced hepatotoxicity in rats. Egypt J Biochem Mol Biol. 2011; 
29: 291-310. doi: 10.4314/ejbmb.v29i2.72440

40. Fetoui H, Makni M, Garoui el M, Zeghal N. Toxic effects of  
lambda-cyhalothrin, a synthetic pyrethroid pesticide, on the rat 
kidney: Involvement of  oxidative stress and protective role of  
ascorbicacid. Exp Toxicol Pathol. 2010; 62: 593-599. doi: 10.1016/j.
etp.2009.08.004

41. Ansari RW, Shukla RK, Yadav RS, et al. Cholinergic dysfunc-
tions and enhanced oxidative stress in the neurobehavioral toxicity 
of  lambda-cyhalothrin in developing rats. Neurotox Res. 2012; 22: 
292-309. doi: 10.1007/s12640-012-9313-z

42. Salama AK, Osman KA, Saber NA, Soliman SA. Oxidative 
stress induced by different pesticides in the land snails, Helix asper-
sa. Pak J Biol Sci. 2005; 8: 92-96. doi: 10.3923/pjbs.2005.92.96

43. Franconi F, Di Leo MA, Bennardini F, Ghirlanda G. Is taurine 
beneficial in reducing risk factors for diabetes mellitus. Neurochem 
Res. 2004; 29: 143-150. doi: 10.1023/B:NERE.0000010443.05899
.2f

Submit your article to this journal | https://openventio.org/submit-manuscript/

http://dx.doi.org/10.17140/TFMOJ-4-126
https://doi.org/10.1016/0003-2697%2879%2990738-3
https://doi.org/10.1016/0003-2697%2880%2990139-6
https://doi.org/10.1126/science.179.4073.588
https://doi.org/10.1126/science.179.4073.588
https://doi.org/10.1080/01926230490268756
https://doi.org/10.1111/j.1528-1157.1990.tb05354.x
https://doi.org/10.1016/0048-3575%20%2882%2990138-9
https://doi.org/10.1007/s00128-002-0189-0
https://doi.org/10.1093/toxsci/67.2.207
https://doi.org/10.1093/toxsci/67.2.207
https://doi.org/10.1080/01480540500408697
https://doi.org/10.1016/j.plefa.2005.07.008
https://doi.org/10.4314/ejbmb.v29i2.72440
https://doi.org/10.1016/j.etp.2009.08.004
https://doi.org/10.1016/j.etp.2009.08.004
https://doi.org/10.1007/s12640-012-9313-z
https://doi.org/10.3923/pjbs.2005.92.96
https://doi.org/10.1023/B:NERE.0000010443.05899.2f
https://doi.org/10.1023/B:NERE.0000010443.05899.2f


TOXICOLOGY AND FORENSIC MEDICINE

Open Journal

ISSN 2474-8978

Ponampalam R, MBBS, FRCS (Ed), FAMS, GDOM*

Senior Consultant, Department of Emergency Medicine, Singapore General Hospital, Outram Road 169608, Singapore

*Corresponding author
Ponampalam R, MBBS, FRCS (Ed), FAMS, GDOM 
Senior Consultant, Department of Emergency Medicine, Singapore General Hospital, Outram Road 169608, Singapore; Tel. (65) 63213558; Fax: (65) 63214873; 
E-mail: ponampalam@singhealth.com.sg

Article information
Received: December 10th, 2018; Revised: January 25th, 2019; Accepted: January 27th, 2019; Published: February 7th, 2019

Cite this article
Ponampalam R. Poisonings in Singapore: A poison center perspective. Toxicol Forensic Med Open J. 2019; 4(1): 8-12. doi: 10.17140/TFMOJ-4-127

Poisonings in Singapore: A Poison Center Perspective

ABSTRACT

   Copyright 2019 by Ponampalam R. This is an open-access article distributed under Creative Commons Attribution 4.0 International License (CC BY 4.0), 
which allows to copy, redistribute, remix, transform, and reproduce in any medium or format, even commercially, provided the original work is properly cited.

8

cc

Systematic Review

Systematic Review | Volume 4 | Number 1|

The Drug and Poison Information Center (DPIC) in Singapore was run as a pilot project over 4 years from April 2004 to March 2008. 
The center provided a hotline service for toxic exposure assessment and management to healthcare professionals and the general public. 
The aim of  this study was to review poisonings through the perspective of  this poison center. 
Method
A retrospective review of  records in the DPIC call database was made covering the 4 years of  its operation. Drug information and ad-
verse effects calls were excluded from the study.  
Results
There was a total of  15227 calls to the DPIC over the study period. Of  these, 1817 calls (11.9%) were on acute toxic exposures involving 
patients. Healthcare personnel working in public restructured hospitals were the most frequent users (71.4%) of  the service with the 
majority of  these calls originating from the emergency departments (86%). Public inquiries accounted for 16.6% of  the call volume. The 
cohort of  poisoning cases showed a bimodal distribution of  age groups with peaks in the less than 5 age group and the 20 to 40 year 
age group. The racial distribution followed local population demographics but with almost equal gender representation (50.3%males). 
Most exposures were accidental (67.4%) and occurred at home (69%). The number of  agents involved in each exposure ranged from one 
(84.5%) to a maximum of  6 (<1%) agents. The common exposures involved analgesics (13.5%), antidepressants and sedatives (10.6%), 
industrial chemicals (5.7%) and bites and stings (8.4%). The calls were evenly distributed by month of  the year with no significant sea-
sonal variation although the daily distribution showed a peak in the late evening. The DPIC was able to complete immediate definitive 
advice within 15 minutes of  the call in most situations (96.5%). Majority of  public calls (69.2%) ended with reassurance and advice to 
observe for relevant symptoms. A similar disposition was observed even when the calls were from physicians. 
Conclusion
In summary, poisonings were mostly accidental and affected the younger population suggesting that they are potentially preventable. 
Furthermore, the DPIC appears to have played a significant triaging role in toxic exposures; providing reassurance for minor poisoning 
cases while facilitating the appropriate referral of  the more severe ones. 

Keywords
Poison center; Toxic exposures; Poisoning; Overdose; Singapore; Demographics.

INTRODUCTION

The Drug and Poison Information Center (DPIC) in Singapore 
was run as a pilot project over 4-years from April 2004 to 

March 2008. The primary objective of  the center was to provide 
a telephone consultative service to both healthcare professionals 
and the general public to assist with toxic exposure assessment and 
recommendations for optimal medical management. In addition, 
drug information and adverse reactions advisory services were also 
provided. This service was provided free at no cost to the end user.

The aim of  this study was to analyze the demographics of  poison 
exposures from the perspective of  this pilot poison call center. 

METHOD

Drug and poison information inquiries were captured and entered 
into a formatted database by pharmacists and poison information 
specialists providing caller assistance at the DPIC. A retrospective 
review of  poisons records stored in the poison information center 
call database was made covering the entire period of  its operations 
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from April 2004 to March 2008. Drug information and adverse 
effects calls were excluded from the study and only toxic exposure 
calls were analyzed. Demographic data, toxic exposure, advice pro-
vided and outcome information were analyzed.

RESULTS

There was a total of  15227 calls to the DPIC since its operation 
on April 04 to March 2008. Of  these 13364 calls were excluded as 
they covered drug information and adverse drug reaction related 
inquiries. A further 46 calls were excluded as they were inquiries on 
toxins with no patient involvement. The remaining 1817 (11.9%) 
included in the study were on acute toxic exposures involving pa-
tients.

DPIC User Profile

Healthcare workers in public hospitals were the most frequent us-
ers (71.4%) of  the DPIC service (Table 1), predominantly from the 
Emergency Departments (86%). Overall, physicians (78.8%) were 
the primary users of  the service with majority originating from jun-
ior level medical staff  (70%) including house officers and medical 
officers. Calls from members of  the public mainly non-medical 
persons accounted for 16.6% of  the call volume. 

Toxic Exposure Patient Demographics

The age of  patients ranged from 3 months to 99 years (mean age 
21.1 years) with a bimodal distribution with peaks in the under 5 
age group and the 20 to 40 year age group (Table 2). The racial 
distribution followed local demographics with almost equal gender 
representation with 50.3% of  the cohort being males.

Toxic Exposure Incident Information

The most common site of  incidence was home (69%) and the ma-
jority was of  an accidental nature (67.4%) (Table 3). The number 
of  agents involved in each exposure ranged from one (84.5%) to 
a maximum of  6 (<1%) co-ingestants. Prescription medications 
were responsible for most exposures (46.8%) Table 4 with expo-

Table 1. Origin of Poison Information Calls

Location Number of calls

Public Restructured hospitals 1296 (71.4%)

Private hospitals 53 (2.9%)

GP Clinics 108 (5.9%)

Other healthcare institutions* 32 (1.8%)

Other+ 26 (1.4%)

Member of Public@ 302 (16.6%)

Total 1817(100%)

*Includes polyclinics, private pharmacies, National Dental Centre, National Cancer 
Centre, National Heart Centre, National Neuroscience Institute, National Skin 
Centre, and Singapore National Eye Centre.
+Includes research institutions, pharmaceutical companies, government organiza-
tions.
@includes self, relatives, friends, colleagues, witnesses

Table 3. Toxic Exposure Incident Site

Place Number of incidents 

Home 1072 (69%)

Workplace 116 (7.4%)

Public areas* 242 (15.6%)

Unknown 124 (8%)

Total 1554 (100%)

Missing data 263

Total 1817
*Includes places such as beach, parks, and other recreational placese.g. pubs

Table 2. Age Distribution of Poisoning Cases

Age (years) Number of incidents (Total)

0-5 425 (37.1%)

6-10 50 (4.4%)

11-15 68 (5.9%)

16-20 98 (8.6%)

21-30 203 (17.7%)

31-40 133 (11.6%)

41-50 75 (6.6%)

51-60 38 (3.3%)

61-70 19 (1.7%)

>70 37 (3.2%)

Total 1146

Missing data 671

Total 1817

sures to analgesics (13.5%), antidepressants and sedatives (10.6%), 
industrial chemicals (5.7%) and bites and stings (8.4%) forming the 
bulk of  agents involved. The commonest route of  exposure was 
oral (70.4%).
 
 The distribution of  calls during the DPIC pilot phase is 
shown in Figure 1. The calls were evenly distributed by month of  
the year with no significant seasonal variation except for a slight 
dip in the middle of  the year and a more significant number in 
the second half  of  the year (Figure 2). There was also no signifi-
cant daily variation by day of  the week except for a notable dip in 
calls on Sundays. The daily distribution of  calls showed a peak at 
1500-hours and 2200-hours with an equitable distribution between 
office (0800-1700 hours over 9-hours) and after office hours (1700 
hours till 0800-hours the following day) (Figure 3). A proportion-
ally larger distribution of  toxic exposure calls occurred outside 
working hours during the late evenings and nights as well as public 
holidays.

Poison Center Intervention and Outcome

It is noted that for most calls from the public (69.2%), the poi-
son center advice was to reassure and observe the patient with no 
recommendation for physician visits (Table 5). There was a sim-
ilar disposition even when the calls were from community phy-

http://dx.doi.org/10.17140/TFMOJ-4-127


Toxicol Forensic Med Open J. 2019; 4(1): 8-12. doi: 10.17140/TFMOJ-4-127

Ponampalam RSystematic Review | Volume 4 | Number 1| 10

Figure 1: Distribution of Poison Call Volume 2004-2008

Figure 3: Poison Call  Volume by Time of Day

Figure 2: Distribution of Calls by Month 

Table 5. Poison Center Intervention - Advice to Caller

 Poison Center Intervention
Number of 
Calls (%)

Total Number of Calls 
(% of All Calls to DPIC)

Public Calls

302 (16.6%)
Advice to go to hospital 70 (23.2%)

Advice to see a GP 23 (7.6%)

Advice to be observed at home 209 (69.2%)

Community Healthcare Calls

166 (9.1%)Advice to go to hospital 38 (22.9%)

Advice to be observed at home 128 (77.1%)

Emergency Department (ED) 
Calls

1115 (61.4%)Advice to admit 321 (28.8%)

Advice to observe and discharge 794 (71.2%)

Calls from the Ward 234 (12.9%)

All Calls to Drug and Poison 
Information Center (DPIC) 1817 (100%)

Table 4. Agents Used in Poisoning

Agent Number of agents (% of total exposures)

Acids/Alkaline/Corrosives 65 (3%)

Alcohol 33 (1.5%)

Analgesics (excluding paracetamol) 119 (5.5%)

Analgesics- Paracetamol 175 (8%)

Antidepressants 102 (4.7%)

Antihistamines 112 (5.1%)

Antimicrobials 2 (0.1%)

Antipsychotics 46 (2.1%)

Asthma medications 26 (1.2%)

Cardiac medications 51 (2.3%)

GI medicines 17 (0.8%)

Sedatives 129 (5.9%)

Other Western medicines 241 (11.1%)

Traditional Medicine 33 (1.5%)

Bites and Stings 183 (8.4%)

Pesticides 87 (4%)

Household Cleaning Products 128 (5.9%)

Cosmetics 29 (1.3%)

Food products/substances 24 (1.1%)

Illicit Drugs 13 (0.6%)

Industrial Chemicals 124 (5.7%)

Smoke Inhalation 20 (0.9%)

Vitamins/mineral supplements/
OTC* products 41 (1.9%)

Others+ 361 (16.6%)

Unknown 18 (0.8%)

Total 2179 (100%)

Note that some exposures may involve more than 1 agent.
+includes silica gel, etc.

*OTC (over the counter)
281 (15.5%) incidents involved >1 agent
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sicians (77.1%) and emergency department physicians (71.2%). 
This potentially demonstrates the triaging function of  a poison 
center reducing unnecessary healthcare visits and saving time and 
healthcare cost by empowering the public and community physi-
cians while improving the quality of  care of  poisoning cases with 
appropriate management and referral advice. This advisory service 
would serve as an even more critical resource in a chemical disaster 
involving exposure of  a large population.

 The DPIC has been able to provide immediate definitive 
advice within 15 minutes of  the call for most situations (96.5%) 
and 99.5% of  all calls were resolved within one hour (Table 6). The 
remaining smaller proportion of  cases took up to 8 hours to be re-
solved due to complexities of  the cases involved since the detailed 
search for information took up most of  the time.

DISCUSSION

The number of  toxic exposures presented in this study was small, 
most likely due to the limited publicity of  this service. Based on 
the official statistics,  there was a total of  4990 cases of  individu-
als being admitted to Singapore hospitals following an episode of  
poisoning between 2004 and 2006.1 Although the overall incidence 
of  poisoning fell slightly during this period, it remained (coupled 
with accidents and violence) the most common cause of  hospital 
admissions.

 Being in the frontline of  emergency services, emergency 
department (ED) doctors routinely manage toxic exposures and 
have significant clinical experience in managing poisonings. Con-
trary to expectation, these doctors working in the ED setting were 
noted to use the service more frequently (86%). The reason for 
this may be multifactorial, including varying experience and com-
fort level amongst ED physicians on managing toxic exposures to 
a myriad of  agents with limited information resources and staffing 
issues comprising a significant proportion of  junior doctors rotat-
ing through the ED. The latter is suggested as junior level doctors 
were noted to use the service more frequently accounting for 70% 
of  all physician users. 

 There are several notable differences comparing toxic ex-
posures from the ED2 and DPIC perspectives. The toxic exposures 
from the ED perspective showed that the mean age of  poisoning 
was 31.8-years with predominance of  males 63.3% compared to 

21.1-years and 50.3% respectively from the DPIC perspective. The 
proportion of  non-accidental poisonings was also larger in the ED 
cohort (60%) compared to the DPIC (32.6%). There is insufficient 
data in the study to determine the reason for the difference and 
would be an area for future research.
 
 In both studies the commonest site of  exposure was the 
home and the common agents were analgesics, sedatives, bites and 
industrial chemicals but alcohol related exposures were more com-
mon in the ED setting. A study by Wai et al determined the inci-
dence of  attempted suicide amongst young people treated in a local 
teaching hospital between 1991 and 1995.3 Females were the pre-
dominant gender committing self-harm by poisoning and the most 
common medication used was analgesics with paracetamol-based 
products being the most common. Similar results were obtained 
in another study performed in Northern Malaysia, a neighbouring 
country which share close cultural and economic ties with Singa-
pore.4 In Hong Kong, a regional Asian country with a poison in-
formation centre established in 2005, 8.4% of  poisonings involved 
the use of  paracetamol, representing one of  the most common 
agents used in poisoning similar to our study.5 Based on the 2017 
American Association of  Poison Control Centres (AAPCT) 2017 
National Poison Data System (NPDS) annual report,6 analgesics 
(11.08%) which include paracetamol is amongst the top five toxin 
classes involved in human toxic exposures. The ready availability 
of  paracetamol as an over the counter drug may not completely 
address the reason for this coincidence.

 The DPIC appears to have played a significant role in 
toxic exposures management; advising and reassuring minor poi-
soning cases while facilitating the appropriate referral of  the more 
severe cases to the hospital ED for further management. This 
potentially demonstrates the triaging function of  a poison center 
reducing unnecessary healthcare visits and saving time and health-
care cost. 
 
 In addition, it is noted that the proportion of  patients 
admitted as advised by the DPIC (28.8%) was smaller compared 
to the previous study on toxic exposures presenting to the ED 
from 2001 to 2003, when poisoning admissions were notably high-
er (36.1%) when patients were managed in the ED without access 
to a DPIC service. There appears to be more effective utilization 
of  limited hospital bed resources with the use of  the DPIC service.

CONCLUSION

This study provides a historical baseline for toxic exposure sta-
tistics of  the past which will be useful for analyzing current and 
future trends in poisoning. 

              It is notable that young people tend to be vulnerable to tox-
ic exposures and the majority are accidental and hence potentially 
preventable. The role of  poison prevention education for parents 
with young children and poison proofing homes may be potentially 
beneficial in reducing the number of  accidental poisonings in the 
home.

Table 6. Response Time for Poison Information

Time taken Number of calls (total)

Immediate 1353 (74.5%)

<15mins 400 (22%)

15–60 mins 54 (3%)

1-8 hrs 6 (0.3%)

8-24 hrs 3 (0.2%)

>24 hrs 1 (0.1%)

Total 1817
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 The cost effectiveness7 and user friendliness8 of  the 
DPIC were noted in prior studies and with the current evidence of  
good clinical outcomes through DPIC services demonstrates the 
value of  the DPIC as a community resource in managing poison-
ings. 

LIMITATIONS

There was limited publicity on the services of  the DPIC and this 
may have contributed to the low numbers of  calls that were han-
dled. Data capture was incomplete in many variables and this lim-
ited the validity of  conclusions drawn.
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Aims
An intricate relationship exists between the mitochondrial function and proteasome activity. Our recent report showed in a rat 
model of  renal transplantation that mitochondrial dysfunction precedes compromised proteasome function and this results in 
a vicious cycle of  mitochondrial injury and proteasome dysfunction. In this study, we studied whether reactive oxygen species 
(ROS) has a role in proteasome alteration in renal cells and vice versa.   
Methods
We used the genomic and pharmacologic approach on rat normal kidney proximal tubular (NRK) cell lines. First, we knocked 
down β5 or Rpt6 subunit of  the proteasome using small interfering RNA (siRNA) in NRK cells. We also treated NRK cells with 
Bortezomib, a proteasome inhibitor, and peroxynitrite (a potent ROS).  
Results
Studies with RNA interference showed increased mitochondrial ROS following knockdown of  β5 or Rpt6 subunit in NRK cells. 
Similarly, pharmacological inhibition of  the proteasome in NRK cells using Bortezomib also showed an increase of  mitochondrial 
ROS in a dose-dependent manner. Next, exposing NRK cells to different concentrations of  peroxynitrite provided evidence that 
the higher levels of  peroxynitrite exposure decreased the key subunits (β5 and α3) of  the proteasome in NRK cells. 
Conclusion
Our results suggest that proteasome inhibition/downregulation increases ROS, which then impairs proteasome subunits in renal 
proximal tubular cells. 

Keywords
Ubiquitin-proteasome system (UPS); Reactive oxygen species (ROS); Renal proximal tubular cells. 

INTRODUCTION

The proteasome is the main machinery of  the ubiquitin-protea-
some system (UPS), which is essential for maintaining protein 

quality in all eukaryotic cells.1-3. The proteasome is composed of  
a cylindrical 20S proteasome and one or two 19S regulatory par-
ticle (s), both of  which participate in selectively degrading ubiq-
uitin-tagged proteins. The 20S proteasome has 3 to 7 protease 
active sites (β-catalytic subunits) that hydrolyze peptide bonds in 
chymotrypsin (β5)-, trypsin (β2)-, or caspase (β1)-like fashion.2 A 

functional proteasome plays a crucial role in degrading modified, 
misfolded, or damaged proteins to maintain intracellular protein 
homeostasis in kidneys. Therefore, any alteration to its compo-
nents has the potential to disrupt protein homeostasis and could 
lead to pathological consequences.4-6

 Excessive ROS generation is implicated in the patho-
genesis of  ischemia-reperfusion-induced renal damage.7 Studies 
suggest that ROS play a complex role in modulating proteasome 
activity. However, the role of  the proteasome pathway during renal 
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ischemia-reperfusion needs to be fully elucidated.8 Interestingly, in 
vitro data show that ROS exposure to mammalian cells can inhib-
it the proteasome function and can alter its composition.9,10 We 
recently demonstrated that mitochondrial dysfunction precedes 
compromised proteasome function in a rat model of  renal cold 
storage plus transplantation, and reported the existence of  a func-
tional interdependent relationship between the proteasome activity 
and mitochondrial function in rat kidneys/renal cells.11 The main 
goal of  this study was to examine a relationship between ROS and 
proteasome alteration in renal proximal tubular cells. Using normal 
rat kidney proximal tubular cell line (NRK), here, we demonstrate 
that proteasome inhibition increases mitochondrial ROS and exog-
enous ROS treatment declines proteasome subunit level.

METHODS

Cell Culture

Normal rat kidney proximal tubular cell line cultures (NRK-52E; 
ATCC No. CRL-1571) a.k.a. NRK cells were used in this study. 
The cells were maintained in growth medium (DMEM plus 5% 
fetal calf  serum and 1% penicillin/streptomycin) and 5% CO2 in-
cubator at 37 ºC as described by the American Type Culture Col-
lection (ATCC).  

Cell Treatment

NRK cells were seeded a day before small interfering RNA (siR-
NA) transfection or Bortezomib or peroxynitrite treatment 

a) siRNA transfection: NRK cells were transiently transfect-
ed with sigenomeβ5 (PSMB5) siRNA SMART pool or Rpt6 
(PSMC5) siRNA SMART pool (100 nM) (Dharmacon, USA) 
using siRNA transfection reagent (Invitrogen, USA) in OP-
TI-MEM (Invitrogen, USA) for 24 hours at 37 °C (as suggest-
ed by the manufacturer). A similar concentration of  scrambled 
siRNA (Dharmacon, USA) was used as a control. The next day, 
cells were either harvested for protein extract or evaluated for 
ROS production (see MitoSOXTM Red fluorescence).
 
b) Bortezomib treatment: Bortezomib (BTZ) is a specific in-
hibitor of  the β5 subunit of  the proteasome.12,13 NRK cells 
were treated with BTZ (0, 10, 20, and 50 nM for 4 hr; Selleck-
chem, USA) in the normal growth medium. NRK cells treated 
with the same concentration of  DMSO (no BTZ) were used 
as vehicle control. After 4 hrs, cells were evaluated for ROS 
production (see MitoSOXTM Red fluorescence).

c) Peroxynitrite treatment: Growth medium was removed, NRK 
cells were washed with PBS (pre-warmed at 37 ºC), treated with 
peroxynitrite (30 or 300 µM; Calbiochem, USA) in warm PBS 
(37 ºC) for 20 minutes. After 20 minutes, the PBS was removed, 
and normal growth medium added to the cells and cultured 
for 4 hr. NRK cells treated with the same volume of  degraded 
peroxynitrite were used as vehicle control.

Reactive Oxygen Species (MitoSOXTM Red Fluorescence) 
Measurement

MitoSOXTM Red reagent (Invitrogen Molecular Probes, USA) is a 
fluorogenic dye specifically targeted to mitochondria in live cells. 
Oxidation of  MitoSOXTM Red reagent by superoxide produces 
a bright red fluorescence.NRK cells were preloaded with Mito-
SOXTM Red reagent (5 μM, Molecular Probes, USA) for 10 min 
prior to Bortezomib treatment or siRNA transfection (against β5 
or Rpt6 subunit). After 4 hrs of  BTZ treatment or 24 hrs of  siR-
NA transfection, growth medium from NRK cells was replaced 
with warm PBS. Red fluorescence was then visualized using a 
Nikon Eclipse E800 microscope with a rhodamine filter using a 
water immersion objective (60X). All images were captured with 
equal exposure times. Fluorescence intensity of  the captured im-
age was evaluated using Image J software. Corrected total cell fluo-
rescence (CTCF) was calculated as described by Martin Fitzpatrick, 
University of  Birmingham, United Kingdom, using the following 
formula: CTCF=Integrated Density-(Area of  selected cell X Mean 
fluorescence of  background readings).

Renal Extract Preparation for Western Blot

Renal extracts from whole-kidney homogenates and NRK cells 
were prepared with radioimmunoprecipitation assay (RIPA) lysis 
buffer containing 1mM phenylmethylsulfonyl fluoride (PMSF), 
1.2 mM Na3VO4, 2.5 mM NaF, and 1 mM DTT (Sigma-Aldrich, 
USA) and protease inhibitor cocktail (Pierce, USA). 11 After lysis, 
the extracts were centrifuged (16000 g for 20 min at 4 °C), and the 
supernatant was saved as the NRK cell extract. Protein concen-
trations were determined with the BCA Protein Assay kit (Pierce, 
USA). Renal extracts (20 µg) were separated by SDS-PAGE and 
transferred to a PVDF membrane. The membranes were incubat-
ed with antibodies to β5 subunit (1:1000; Abcam, #ab3330), α3 
subunit (1:1000; Abcam, #ab119419), or β-actin (loading control, 
1:1000; Sigma-Aldrich, #A5441). Probed membranes were washed 
three times, incubated with horseradish peroxidase-conjugated 
secondary antibodies (1:30,000; Seracare KPL), and assayed for 
enhanced chemiluminescence (Thermo Fisher Scientific, USA). 
Densitometry was performed with AlphaEase FC software (Alpha 
Innotech, USA).

Statistical Analysis

Results are presented as the mean±standard error of  the mean 
(SEM) (GraphPad Prism software, USA). Data (n=4-6 assays) 
were analyzed with a one-way ANOVA and Tukey’s posthoc test 
for multiple group comparisons, and an unpaired Student's t-test 
was used when comparing differences between the means of  two 
groups (Control versus CS) at a 95% level of  confidence. Differenc-
es with p<0.05 were considered statistically significant.

RESULTS

Bortezomib treatment increases mitochondrial ROS in NRK cells. 
We recently reported that Bortezomib (BTZ) treatment increas-
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es mitochondrial dysfunction and alteration of  key respiratory 
subunits in NRK cells.11 This finding prompted us to determine 
whether BTZ treatment also increases the mitochondrial ROS. In 
this study, MitoSOXTM Red (Invitrogen Molecular Probes, USA) 
was used to detect mitochondrial ROS production in NRK cells. 
This modified cationic dihydroethidium dye is localized to the mi-
tochondria where it is oxidized by superoxide to generate a bright 
red fluorescence.14 Interestingly, the mitochondrial ROS was in-
creased after BTZ treatment of  NRK cells in a dose-dependent 
manner (Figure 1). The vehicle control treatment had no effect on 
mitochondrial superoxide generation in NRK cells (Figure 1).

 
 
 Knockdown of  proteasome subunit increases mito-
chondrial ROS in NRK cells. Given pharmacological inhibition 
of  the proteasome increases mitochondrial ROS production, fur-
ther studies used RNA interference to assess mitochondrial ROS 
production in NRK cells. We found increased mitochondrial ROS 
production in NRK cells transfected with β5 (a 20S proteasome 
subunit) or Rpt6 (a 19S proteasome subunit) siRNA (Figure 2). As 
anticipated, scramble siRNA did not affect the mitochondrial ROS 
generation (Figure 2). 

 Peroxynitrite treatment altered proteasome subunit levels 
in NRK cells. Because we found that BTZ treatment or siRNA 
mediated knockdown of  β5 or Rpt6 subunit increases ROS, here 
we attempted to evaluate whether exogenous ROS exposure alters 
proteasome subunit levels. We solubilized NRK cells with RIPA 
buffer to extract proteins and evaluated for proteasome subunits 

levels. Western blots of  NRK cell extracts indicated decreased lev-
els of  20S proteasome subunits (α3 and β5), after peroxynitrite 
treatment (Figure 3), suggesting that ROS altered these proteins 
levels.

DISCUSSION

Our previous report provided evidence that the functional pro-
teasomes are required to maintain the integrity of  mitochondria 
in kidneys/renal cells, and the proteasome function inhibition by 
BTZ (in NRK cells) directly impacts the homeostasis of  proteins 

Figure 1. (a) Bortezomib Treatment Increases Mitochondrial Reactive Oxygen species in a 
Dose-dependent Manner. Normal Rat kidney Tubular (NRK) Cells were Preloaded with Mito-
SOXTM Redreagent Followed by Pharmacological Inhibition of the Proteasome using Bortezomib 
(BTZ; 0 -50 nM) for 4 hrs. DMSO Treated NRK Cells were Used as Bortezomib Treatment 
Increases Mitochondrial Reactive Oxygen Species in a Dose-dependent Manner. Normal rat 
Kidney Tubular (NRK) cells were Preloaded with  Red reagent followed by Pharmacological 
Inhibition of the Proteasome using Bortezomib (BTZ; 0 -50 nM) for 4 hrs. DMSO Treated NRK 
Cells were used as Vehicle Control. Red Fluorescence was then Lisualized Using a Nikon Eclipse 
E800 Microscope with a Hodamine Filter Using a Water Immersion Objective (60X).  All Im-
ages were Captured with Equal Exposure Times and the Fluorescence Intensity was Evaluated 
Using Image J Software by Calculating Corrected Total Cell Fluorescence (CTCF) (please refer 
to Methods section). Results are Representative of 6 Independent Analyses for Each Group and 
Thevalues are Expressed as the Mean±SEM (bars)(n=6). Differences Between Means were 
Compared with a One-way ANOVA for Multiple Group Comparisons (Vehicle, 10nM BTZ, 20n 
M BTZ, and 50 nM BTZ).

Figure 2. Knockdown of β5 or Rpt6 Subunit of the Proteasome Increases ROS Production 
in NRK Cells. Normal Rat Kidney Tubular (NRK) Cells were Preloaded with MitoSOXTM Red 
reagentfollowed by transfection with β5 or Rpt6 sigenome siRNA SMART Pool (100 nM). Equal 
Concentration of Scrambled siRNA was Used as a Control.  The Next Day, Cells were Evalu-
ated for Superoxide Production by Visualizingred Fluorescence Using a Nikon Eclipse E800 
Microscope with a Rhodamine Filter Using a Water Immersion Objective (60X).  All Images 
were Captured with Equal Exposure Times and the Fluorescence Intensity was Evaluated Us-
ing Image J Software by Calculating Corrected Total Cell Fluorescence (CTCF) (Please Refer to 
Methods Section). Representative Images of 4 Independent Analyses is Shown and the Values 
are Expressed as the Mean±SEM (bars) of (n=4). Differences Between Means were Compared 
with a One-way ANOVA for Multiple Group Comparisons (Scrambled siRNA, β5 siRNA, and 
Rpt6 siRNA Groups). 

Figure 3. Peroxynitrite Treatment Impairs Proteasome Subunits in NRK Cells. NRK Cells were 
Exposed to Peroxynitrite with Dose as Indicated for 18 hrs. Cells were then Harvested and 30 
µg of Renal Extracts were Evaluated with Western Blots for Proteasome Subunits (Rpt6, β5 and 
α3) Levels. β-actin was Used as Loading Control. Representative Western Blots of 3 Independent 
Analyses is Shown.
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involved with mitochondrial respiration.11 Here, we demonstrat-
ed that both, pharmacologic (BTZ mediated inhibition) or genetic 
(siRNA mediated knockdown of  β5 subunit) modulation of  the 
proteasome increases mitochondrial ROS in renal proximal tubu-
lar cells (Figures 1 and 2). Various doses of  BTZ proportionate-
ly increased mitochondrial ROS (Figure 1). These studies suggest 
ROS as a mechanism of  disrupted proteasome and mitochondrial 
function. In vitro studies using non-renal cells show induction of  
antioxidant enzymes following proteasome inhibition .15-17 In a 
study by Maharjan S et al, mitochondrial antioxidant (MnSOD) 
overexpression in Chinese hamster ovary (CHO) cells is shown to 
be protective against MG132 (a proteasome inhibitor)-mediated 
oxidative stress and cell death.18 Collectively, these findings suggest 
that proteasome appears to be involved in a redox regulation via 
antioxidant mechanisms. 

 Evidence from in vitro models (non-renal) suggests that 
oxidized proteins are removed by the 20S proteasome.19-21 ROS 
are considered critical determinants for proteasome function.9,10,22 
No studies, to our knowledge, have considered the contribution 
of  ROS on 20S proteasome subunits in renal cells. In this report, 
we provide evidence of  the peroxynitrite-mediated decline of  α3 
and β5 subunits of  the proteasome in NRK cells (Figure 3). These 
results suggest that the declined proteasome function following 
higher levels of  ROS exposure may have resulted from the direct 
impairment of  these subunits (β5 and α3). In vitro studies in mam-
malian cells have shown that dissociation of  20S proteasome from 
19S particle occurs following ROS exposure and the levels of  26S 
proteasome declines with respect to higher doses of  ROS.9 10,22 Fu-
ture studies are needed to determine the mechanisms of  reduction 
of  α3 and β5subunits of  the proteasome following ROS exposure.

 Emerging evidence suggests that post-translational mod-
ifications to proteasome subunits may significantly impact protea-
some function.23-28 Although we did not evaluate any post-transla-
tional protein modifications, it is plausible that α3 and β5 subunits 
could be the targets of  oxidative post-translational modifications 
that alter these subunits and decrease proteasome composition 
and function in renal cells. It is suggested to evaluate whether 
post-translational modifications to β5 and α3 subunits of  the pro-
teasome reduces levels of  these proteins following ROS exposure 
and that may provide further insight with regard to precise mecha-
nisms of  proteasome dysfunction.

CONCLUSION

The maintenance of  proteome integrity is essential for renal cell 
viability during stress. Misfolded or damaged proteins should be 
monitored by the proteasome, a protein quality-control machinery, 
which degrades damaged proteins. Here, we demonstrated that the 
decline of  proteasome subunit or inhibition of  proteasome subu-
nit results in mitochondrial ROS production. On the other hand, 
our results show that high levels of  ROS decrease the levels of  key 
subunits of  the 20S proteasome. Together these data indicate that 
a cycle of  proteasome inhibition and ROS production that could 
be detrimental to renal cell health during stressful conditions, espe-

cially during renal ischemia-reperfusion injury. 
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Since the Sarin incident in the subways of  Tokyo in 1995, there has been an unprecedented increase in the use of  chemical agents 
on civilian populations internationally. This scourge of  chemical terrorism has been relentless worldwide and is likely to continue 
to be a public health issue that needs to be addressed by the relevant authorities as part of  national disaster preparedness and re-
sponse. One aspect of  chemical disasters involves the need for mass decontamination of  chemically-contaminated casualties from 
the scene. The traditional role of  hazardous materials civil defence experts in providing such decontamination of  victims in the 
pre-hospital setting is limited by many factors. The presence of  congestion in densely populated areas in a highly built up environ-
ment of  modern-day cities, compounds the timeliness of  putting up cordons and crowd control and hence delays the prompt set 
up of  such mobile decontamination facilities close to the incident site. The expected side effect is an almost instantaneous influx 
of  contaminated casualties to the nearest hospital in such situations, which drives the need for public hospitals to be ultimately 
capable of  performing mass casualty decontamination as part of  hazardous materials disaster preparedness. This review presents 
an innovatively designed rapidly deployable hospital-based decontamination facility that has served a tertiary care hospital in Sin-
gapore for the last 2 decades in being prepared for managing mass casualties arriving from a chemical disaster in a timely manner. 

Keywords
Decontamination; Chemical incident; Industrial disasters; Toxic industrial chemicals; Hazardous materials preparedness; Disaster 
contingency plans; Emergency preparedness.

INTRODUCTION

Disasters involving chemical release are of  concern in our 
modern industrialized world with highly urbanized cities be-

cause of  the propensity of  such incidents for causing injury and 
death in large numbers such as the Bhopal disaster1 in India in 
1984. In our present times of  prevailing low intensity conflicts and 
terrorism-linked events, there is an increasing necessity for medical 
preparedness in dealing with these situations. The Sarin Incident 
in Tokyo and Matsumoto,2-4 demonstrated the impact of  mass 
casualty incidents from chemical terrorism using chemical warfare 
agents released by simple improvised chemical dispersion methods 
on an unsuspecting civilian population. Most patients from this in-
cident presented promptly to the nearest emergency departments 
(ED) with no pre-hospital or hospital decontamination resulting 
in significant secondary contamination of  emergency rescue and 

hospital personnel. Our local experience5-7 in chemical disasters 
demonstrated the impact on hospital personnel when over a third 
of  healthcare providers on duty including all responding trauma 
team members developed secondary symptoms from managing 
tear gas contaminated casualties with no prior decontamination. 
Bearing this in mind, all public hospitals in Singapore were tasked 
by the health authorities to prepare for hazardous materials disas-
ters and had to be equipped to deal with managing contaminated 
casualties and the decontamination of  these victims to reduce toxic 
exposure to the victims and address the potential spread of  con-
tamination to limit damage from secondary exposure of  health-
care providers and secondary contamination of  healthcare facil-
ities. Most healthcare systems depend on the fire services which 
predominantly uses the traditional ladder pipe system set up for 
decontamination of  mass casualties.8 There have been innovative 
approaches to dealing with this situation including a recent study 
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Imamedjian et al9 trialling the use of  public buses and tents as 
holding areas and decontamination facility. The stark challenges 
of  acute care hospitals in the United Kingdom10 to be prepared to 
perform mass decontamination are well-documented from lack of  
critical infrastructure, logistics, manpower and consistent regular 
training to maintain competency amongst healthcare providers. In 
the Singapore context, we have been using our tried and tested 
rapid deployment hospital decontamination station (HDS) located 
near to the ED for the last two decades. This article reviews the 
unique features of  this entity.

Unique Features of the Hospital Decontamination Station (HDS)

Singapore General Hospital (SGH), was the first institution in Sin-
gapore to take on the challenge to innovate and build the HDS 
which set the precedent for all other local institutions. The De-
partment of  Emergency Medicine (DEM) celebrated its 70th anni-
versary in 2018. It is an opportune moment to acknowledge one 
of  its pioneer achievement’s; the hospital decontamination station 
(HDS), an important innovative facility the first of  its kind in Sin-
gapore. The HDS was built in the early part of  this millennium 
and was intended as a medical countermeasure to the rising threat 
of  chemical terrorism and industrial chemical accidents to decon-
taminate chemically contaminated casualties arriving at the hospital 
from the disaster scene at short notice. We describe the special 
considerations that went into constructing the HDS that makes it 
stand out as a significant countermeasure addressing the unique 
challenges of  dealing with hazardous materials disasters with con-
taminated casualties by its timely deployment.

 Lessons from the past, both local and overseas, have 
shown the rapid escalation of  chemical disasters with mass casu-
alties. The likelihood of  setting up pre-hospital decontamination 
during disasters by rescue services in most modern-day built up 
cities which are gridlocked with traffic congestion and high popu-
lation density is low. It is appreciated that prompt deployment of  
such decontamination facilities to deal with contaminated casual-
ties who are likely to arrive in large numbers at short notice with no 
prior decontamination at scene is paramount to successful man-
agement of  such scenarios. In this regard,the HDS (Figures 1A, 
1B and 1C), a semi-automatic decontamination facility located in 

proximity just outside the entrance of  the Emergency Department 
(ED) that could be operational within 5-minutes of  activation by a 
single staff  member is purpose fit. The alternative approach in the 
past using mobile commercial decontamination systems (Figure 2) 
took 45-minutes to deploy with specially trained manpower. The 
space constraints in storing these commercial decontamination 
sets, retrieving it when required for deployment and short shelf  
life are additional limitations.

Figure 1A. Ambulance Parking Bay Immediately Outside the Department of 
Emergency Medicine (DEM) Entrances

Figure 1B. Deployment of Hospital Decontamination Station (HDS) Shower Curtains

Figure 1C. Hospital Decontamination Station (HDS) in Full Deployment

Figure 2. Commercial Mobile Decontamination Shower for Ambulatory Casualties
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 The rapidly deployable HDS has capability to decontam-
inate 42 casualties per hour including 24 non-ambulatory and 18 
ambulatory casualties, hence increasing the decontamination capa-
bilities of  SGH compared to the commercial decontamination sta-
tion located off  site from the ED which had capability to decon-
taminate 36 casualties per hour including 6 non-ambulatory and 
30 ambulatory casualties. The layout of  the HDS is as shown in 
Figure 3 with 1 ambulatory and 2 trolley shower lanes each divided 
into 3 enclosed sections beginning with disrobing, showering and 
re-clothing areas.

 There are several unique features of  the HDS that are 
illustrated below:

1. An innovative idea that maximizes use of  limited space for 
dual functions of  ambulance parking during daily routine oper-
ations and decontamination station during chemical disasters, 
while preserving aesthetics. There is no need for additional 
storage space as deployment screens and showers are stowed 
up on the ceiling with minimum maintenance required (Figures 
1A,1B and 1C).

2. Close proximity to ED, which operates round the clock and 

provides initial manpower to operate the system.

3. Rapid deployment (within 5-minutes of  activation) by one 
staff  member operating a control panel with clearly displayed 
instructions that are easy to follow (Figure 4). 

4. Scalable deployment (partial or full) according to caseload 
depending on small or large scale incident (i.e. the number of  
lanes deployed can be selected) giving better control over lim-
ited space.

5. The enclosed part of  the HDS is separated into 3 sections, 
disrobing area for removal of  contaminated clothing, shower 
section and drying and re-clothing section. This allows for pri-
vacy while casualties are undergoing decontamination.

6. Separate sections for ambulatory and non-ambulatory casu-
alties with clear markings on the floor to indicate direction of  
casualty flow to facilitate work processes.

7. Self-contained disrobing, shower and re-clothing compart-
ment formed by flexible longitudinal screens (premature ven-
tricular contractions (PVC) coated polyester yarn with coun-
terweights and anchors at base to prevent movement) and 
specially designed lateral cut up staggered screens ensuring ease 
of  movement of  casualties and staff  working in the HDS.

8. Dedicated, self-contained ventilation system (exhaust fans) 
which suctions air from within the decontamination station, 
passing through filters before blowing out to the atmosphere 
facilitating cooling for staff  working with protective suits and 
reducing contamination within the confined space of  the HDS 
in an environmentally friendly manner. 

9. In-built, showers spray heads and soap dispensers deployed 
from the ceiling to facilitate decontamination, maximize space 
utilization and ensure decontamination crew safety (Figure 5) 
by reducing clutter and obstacles which predisposes to fall haz-
ards. 

Figure 3. Layout of the Hospital Decontamination Station (HDS) Located just Outside of 
the Entrance to the Department of Emergency Medicine (DEM)

Figure 4. Control panel for activation of Hospital Decontamination 
Station with Options for Partial or Full Deployment

Figure 5. View from the Trolley Shower Lane within the Hospital Decontamination 
Station (HDS) Showing Water Hose Deployed from the Ceiling upon Activation
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10. A large holding tank located beneath the HDS to contain 
the decontamination effluents for subsequent analysis and test-
ing to determine safety for release into the sewerage system 
ensures water pollution control. This serves to conserve the 
environment.

Utility of the Hospital Decontamination Station (HDS)

Since its construction, the HDS has been used for several chemical 
incidents involving industrial chemical contaminated casualties and 
accidental toxic release situations.5-7 The rapid deployment capa-
bility allowed the incidents to be promptly managed preventing 
escalation of  the incident with good outcomes. 

 The HDS has also been deployed successfully many times 
a year for both routine training as well as hospital and national dis-
aster preparedness exercises (Table 1).
 

DISCUSSION

A significant difference between hazardous materials incidents 
(chemical disasters) and conventional disasters involve the pres-
ence of  chemical contamination in the environment as well as on 
casualties arriving from the incident site. This predisposes to on-
going chemical toxicity to the casualty as well as poses added risk 
to the rescuers and healthcare personnel dealing with such contam-
inated casualties.

 In the Sarin incident in Tokyo in 1995, it was noted that 
approximately 9.9% of  rescue workers2 (emergency medical tech-
nicians (EMT’)) and 23% of  hospital staff3 dealing with these 
chemical contaminated casualties suffered from symptoms due to 
secondary exposure from chemicals off  gassing from clothing’s of  
the casualties. Similar problems with secondary exposures amongst 
rescue personnel and hospital staff  was noted in a similar attack4 
involving Sarin in Matsumoto, Japan in 1994. It is noteworthy that 
no field or hospital decontamination of  casualties was done in 
both these incidents. 

 Our own local experience,5-7 from treating casualties ar-
riving from accidental toxic exposure has reinforced the potential 
risk of  secondary exposure of  healthcare workers from hazardous 
materials and has demonstrated the benefits of  timely decontami-
nation. 

 Hence, in chemical disasters it is of  paramount impor-
tance to decontaminate all casualties so as to reduce the toxic ef-
fects on the casualty as well as to decrease the risk of  secondary 
transmission. The latter is important to reduce the escalation of  the 
event by spread of  contamination and to reduce the loss of  limited 
rescue and healthcare resources at a time of  increased demand in 
a disaster situations.11 The basis for this has been recognized and 
there is guidance from occupational safety and health administra-
tion (OSHA)12 on best practices to follow in such situations. SGH 
has adapted and evolved its hazardous materials response contin-
gency plans over time incorporating specific decontamination pro-
tocols into their disaster response plans13 (Figure 6).

 There are many recommendations for hospital-based de-
contamination.14-20 However, there is limited information on the 
specific infrastructure required and the necessary manpower and 
logistical support to execute a successful hospital-based decontam-
ination system. There are many areas that need to be addressed 
for hospitals to be prepared to deal with hazardous materials mass 
casualty incidents21-24 and it is hoped that by sharing our experience 
on the specifics of  one of  our crucial assets, others would be able 
to gain some insights into what it entails and what needs to be 
done to be ready when the need arises.

CONCLUSION

 
The HDS marks an important milestone in the hospital’s prepar-
edness in dealing with hazardous materials disaster management. 
It is expected to be the primary decontamination facility for con-
taminated casualties from the incident site who make their way 
promptly to the hospitals ED bypassing onsite decontamination. 
With ED and hospital staff  trained in deployment and operations 
of  the HDS it will no doubt be an important countermeasure in 
the armamentarium for managing contaminated casualties and in 
the hospital’s hazardous materials incident contingency response 
plans for many more years to come.
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Table 1. Hospital Decontamination Station (HDS) Utilization Over the Years

Year HDS Training Courses HDS Chemical Disaster Exercises

2012 8 1

2013 6 1

2014 10 1

2015 11 -

2016 13 2

2017 18 2

2018 23 2

Figure 6. Decontamination Crew Showering Casualty in Shower Section
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