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Abstract.  Toxicological evaluation of synthetic detergent was carried out by exposing the rat skin to the test 
solution of the commercial detergent in three concentrations (1%, 2.5% and 5%). The skin was exposed daily 
for one hour for five consecutive days. The skin reaction to the detergent was scored daily, whereas the 
enzymatic activities in the treated and control skin segments were determined on the fifth day after scoring the 
skin reaction. The exposed skin showed oedematous changes with erythema and cracking and/or scaling of the 
skin. The enzymes acid phosphatase (AcPase), glucose-6-phosphate dehydrogenase (G6PDH), glutamate 
oxaloacetate transaminase (GOT) and glutamate pyruvate transaminase (GPT) were stimulated significantly in 
the skin of the treated rats. A dose dependent effect was observed in skin reactions and enzymatic activities. 
Precautionary measures for skin protection from detergents are suggested. 
 

Introduction 
 
Washing and maintenance of cleanness are very important for hygiene and for these 
purposes, various synthetic detergents are most widely used household and industrial 
substances. Poor quality detergents can cause severe skin reactions and dermatitis [1]. 
The irritation of the skin and dermal reactions due to detergents are well known [2-5]. 
Increase in the level of enzyme activities in the skin due to dermal application of 
detergents has been reported by some investigators [6, 7]. Enzyme release is accepted as 
a marker of the cellular injury to the skin [8-10]. 
 

The present study was undertaken to ascertain the skin reaction and the enzyme 
activities in the detergent exposed skin. Further, it was aimed to investigate as to if these 
effects were detergent concentration dependent. 
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Material and Method 
 
Detergent  
 A synthetic detergent was obtained from the local market. The brand represented 
from an organized industry. The ingredients present in the detergent are linear alkyl 
benzene sulphonate (LAS), alkaline builders (soda ash, sodium carbonate), sodium 
silicate, sodium tripolyphosphate and fluorescent whitening agent and perfumes. A 
freshly prepared 1%, 2.5% or 5% treatment solution of this detergent in distilled water 
was used daily for topical application on the rat's skin.  
 
Animals    
 Twenty-four male albino rats, weighing approximately 180±10g, were divided into 
four groups (Group I – Group IV) of 6 animals in each. Group I served as the control, 
whereas Groups II, III and IV were the groups treated with 1, 2.5 or 5% treatment 
solutions respectively. The animals were maintained in the animal house of the 
department at 22±1ºC in groups of 6 per cage, at 12 hours automated light and dark 
cycles. Pilsbury's diet and tap water were available ad libitum throughout the experiment 
except during the observation and intervention period.  
 
Experimental washing treatment 
 The treatment solutions were prewarmed at 37±1ºC in water bath before each 
treatment. All animals were anesthetized with ether and were shaved on the entire dorsal 
and ventral surfaces of the body with an electric shaver. The shaved rats were gently 
immersed up to neck in treatment solutions (1, 2.5 and 5% for Group II, III and IV 
respectively) in glass jars of appropriate size. The pH of 1%, 2.5% and 5% solution of 
detergent was 10.55, 10.45 and 10.35 respectively, and the control animals were 
immersed in alkalized distilled water (pH 10.45) similarly. The glass jars were covered 
with fiber board and each board had a central opening of the size of the rat's neck. The 
fiber covering was designed in such a manner that it could be opened and closed into two 
halves on a hinged end. The inner edges of the central opening were padded with foam 
to make the rats neck comfortable after locking the two halves. Such a fiber covering 
helped in supporting the neck of the rats with maximum comfort, restrained the animals 
from getting submerged in solutions and helped in to keep the animals’ faces dry. Each 
glass jar filled with respective solution and containing the restrained animal of respective 
groups was kept in water bath maintained at a constant temperature of 37±1ºC for 1 hour 
daily for five consecutive days. At the end of each immersion period, the animals were 
taken out of the containers, released gently from their neck restrainer, washed gently 
with lukewarm water, dried gently with paper towel and returned to their cages. 
 
Measurement of skin reactions 
 Since the skin of different parts of the body vary in susceptibility to irritants, for the 
scoring purposes of the skin reaction to detergent solution, a uniformity was maintained 
in scoring the same sites in each animal for all five days in treated as well as in control 
animals. The changes in the central most part of the dorsal side as well as the ventral side 
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were recorded visually by scoring the reaction based on a 12-point scale [5]. The 
readings were observed 60 minutes following the completion of solution treatment and 
keeping the animals in their respective cages after washing and drying the skin with 
paper towels. The average scores on dorsal and ventral surfaces was considered as a 
single score for one animal per day. The mean of five scores for five consecutive days 
was considered as the final score of skin reaction for each animal. The 12 point scoring 
of the skin response is shown in Table 1. 
 
Table 1. Reaction of rat skin following exposure to treatment solutions of a synthetic detergent for five 

consecutive days 
    Skin                        Scores after exposure to various concentrations of 
Reactions                           treatment solution of synthetic detergent*                                          
_________________________________________________________________________________________ 

 
                                            0%                   1%                       2.5%                     5% 

 

 
Erythema                           0                        2                            3                           6 

 
Oedema                              0                        1                            2                           4 

 
Cracking/Scaling               0                        1                            2                           4 
_________________________________________________________________________________________ 
 
  *  Each score value is the mean of the dorsal and ventral score of one animal x 5 days x 6  animals 

per treatment group.    
 
Score grades for skin reaction: 
            No reaction                         = 0                       Becoming well developed    =  6 
            Marginal/very slight           = 1                       Well developed                     =  8 
            Slight                                  = 2                       Becoming severe                   = 10 
            Fairly distinct                     = 3                       Severe                                    = 12 
            Quite distinct                      = 4 
 
Enzyme assays in the skin 
 On the fifth day, after the completion of the solution treatment, animals were 
sacrificed by decapitation. A 2x2 cm area of the skin was removed from the central most 
part of the dorsal and ventral side of the shaven area and kept in ice-cold petridishes. The 
adhered subcutaneous fatty tissues were removed with a sterilized scalpel. After proper, 
gentle and quick scrapping, the clean tissue of the skin was blotted, weighed, finely 
minced and homogenized in chilled 0.25M sucrose solution. A 10% homogenate was 
centrifuged at 1000 g for 10 minutes at 4ºC. The clear supernatant was used for the 
enzyme and protein assays. Activities of acid phosphatase (AcPase), glucose-6-
phosphatase (G-6-Pase), glutamate oxaloacetate (GOT) and glutamate pyruvate 
transaminase (GPT) were determined spectrophotometrically using methods of 
Bergmeyer et al. [11], Lohr and Walker [12] and Frankel and Reitman [13] respectively. 
The protein content of the homogenate was determined by the method of Lowry et al. 
[14] using bovine serum albumin as the standard.  
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Results 

 
The results of the score of rat skin reactions after five consecutive exposures in 

treatment solution are shown in Table 1. Treatment solution in 1% concentration 
produced slight erythema and marginal oedema and cracking/scaling, whereas in 2.5% 
concentration, the treatment solution caused a fairly distinct erythema but slight oedema 
and cracking/scaling. Further in the 5% concentration, the treatment solution had the 
highest degree of effect producing redness in erythematic reactions that was becoming 
well developed whereas oedema and skin cracking/scaling were quite distinct. No skin 
reactions were noticed in the control animals. The severity of skin reactions after 
treatment solution exposure was found to be dose dependent. 

 
The levels of enzyme activities in rat skin after exposure to treatment solutions in 

three concentrations are presented in Table 2. The AcPase activity was found to be 
elevated significantly at all three concentrations of the treatment solution. The activity of 
G-6-Pase was significantly increased at the medium (2.5%) and high (5%) 
concentrations only. GOT and GPT activities were significantly stimulated at all three 
concentrations of the treatment solution. Likewise the superficial skin reactions and 
enzyme activities in the treated skin, due to treatment solution exposure, were also found 
to be dose dependent in their effects. 
 
Table 2. Effect of various concentrations of treatment solutions of a synthetic detergent, on the enzymes 

of rat skin exposed  for five consecutive days  
Enzymes                                Concentrations of the treatment solution of synthetic detergent 

____________________________________________________________ 

                                           0%              1%            Percent          2.5%         Percent        5%      Percent 
                                      (Control)                           change                            change                    change 

 
AcPase                             36.75         70.56**           92%            78.35**     113.2%       83.64***    127.5% 
(nmoles phenol                 ±2.38         ±2.84                                  ±4.51                         ±3.71 
lib/min/mg protein) 

 
G-6-Pase                          17.35         26.62*            53.4%         35.92**      107%          39.82***   129.5% 
(mu/mg protein)               ±2.81         ±4.93                                  ±4.74                          ±2.36 

 
GOT                                 19.86         41.72**           110.1%        49.19**     147.6%     51.88***   161.2% 
(nmoles hydrozones         ±3.16         ±5.65                                  ±3.96                         ±4.32       
formed/min/mg protein) 

 
GPT                                  12.73         16.83*            32.2%           19.37**       52.1%     23.53***    84.8% 
( nmoles hydrozones        ±1.51          ±1.62                                  ±2.93                        ±2.18 
formed/min/mg protein) 

 

* p<0.05; ** p<0.01 and *** p<0.001; when compared to control as evaluated by Student's  t-test. 
Each value is the mean ±SEM of six animals in each group. 
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Discussion 
 

Since washing and cleaning are inseparable habits of human beings for maintaining 
a hygienic condition, the use of various synthetic detergents is an important factor for 
hygienic lifestyle. Thus, the selection of suitable washing detergent is very important 
especially in atopic dermatitis patients, because incorrect selection of washing products 
cause irritation [1, 15]. 

   
In the present study, animals showed erythema, oedema, cracking and scaling of the 

skin after exposure for five consecutive days to test the solution of detergent. The 
animals developed quite a distinct cracked abdominal skin with hard leathery flanks and 
dorsal skin. Similar skin reactions showing a badly affected flank and dorsal region have 
been reported in guinea pigs using four synthetic detergents [6]. The scoring of skin 
reaction and measurement of enzyme activities in the present study were done from the 
similar superficial dermal sites to nullify the possibility of different anatomical sites 
influencing the irritation response as reported in animals [16] and human beings [17]. 
Mathias and Maibach [18] have described earlier that the amount of material applied to 
skin surface, vehicle, period and method of exposure are important factors that influence 
an irritation response. The skin reactions may be attributed to the removal of surface 
lipids or water soluble substances and denaturation of scleroproteins of the horny layer 
[15, 19] leading to progressive skin irritation and damage. 

 
The presence of epidermal oedema along with enhanced enzyme release and ultra 

structural changes in rat skin have been reported as a result of surfactant treatment [20]. 
Other studies have also reported the release of enzymes accompanied by the 
development of erythema and oedema in dermis [1, 2, 5, 8] when surfactants were 
applied to the mouse skin for 28 consecutive days. An increase in the enzymic activities 
of G-6-Pase, succinic dehydrogenase (SDH), deoxyribonucleic acid (DNA), 
phosphogluconate dehydrogenase (PGDH) and monoamine oxidase (MAO) have also 
been reported under similar conditions in human as well as animal studies [6]. In the 
present study, the activities of lysosomal enzyme AcPase, GOT and GPT, which are 
found in both the cytoplasmic and mitochondrial compartments of the cells, were found 
to be stimulated dose-dependently stimulated as a result of the treatment of skin with the 
detergent solution, and such finding is in agreement with the result of  previous studies 
[1, 3, 4]. These enhanced enzymatic activities may be due to the effect of skin damage 
and alterations in carbohydrate and protein metabolism. However, such an increase in 
enzymatic activities in skin has been reportedly related to epidermal repair due to the 
increased rate of mitosis in epidermal layers [21] or epidermal thickening [22-24].  

 
The correlation of some skin diseases, such as atopic dermatitis, with epidermal 

barrier function [25-29] has demonstrated the importance of detergents. Thus, the 
present study on rat skin may help in evaluating the skin irritancy to the claiming of the 
mildness of a detergent. Also, these results provide a basis for developing further testing 
of other parameters like patch test [3, 4, 30-33] and epidermal barrier dysfunction test 
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[32, 33]. However, as a precaution, treating the skin with moisturizers after washing is 
the most usual procedure to prevent skin irritation and disruption.    

 
References 

 
[1]  Pedersen, L.K.; Held, E.; Johansen, J.D. and Agner, T. “Short-term Effects of Alcohol-based 

Disinfectant and Detergent on Skin Irritation.” Contact Dermatitis, 52 (2005), 82–87. 
[2]  Prottey, C. and Ferguson, T. “Factors which Determine the Skin Irritation. Potential of Soaps and 

Detergents.” J. Soc. Cosmet., 26 (1975), 29-31. 
[3]  Pedersen, L.K.; Haslund, P.; Johansen, J.D.; Held, E.; Volund, A. and Agner, T. “Influence of a 

Detergent on Skin Response to Methyldibromo Glutanonitrile in Sensitized Individuals.” Contact 
Dermatitis, 50 (2004), 1–5. 

[4]  Loden, M.; Buraczewska, I. and Edlund, F. “The Irritation Potential and Reservoir Effect of Mild 
Soaps.” Colntact Dermatitis, 49 (2003), 91–96. 

[5]  Cherian, K.M. and Mulky, M.J. “Guinea Pig Immersion Test for Evaluation of Skin Irritant Potential of 
Detergent Washing Powders.” J. Oil Tech. Assoc. India, 14 (1982), 120-126. 

[6]  Brown, V.K.H. “A Comparison of the Predictive Irritation Test with Surfactants on Human and Animal 
Skin.” J. Sec. Cosmet. Chem., 22 (1971), 411-415. 

[7]  Gibson, W.T. and Teall, M.R. “Interactions of C12 Surfactants with the Skin: Studies on Enzyme 
Release and Percutaneous Absorption in vitro.” Fd. Chem. Toxicol., 21 (1983), 581-586. 

[8]  Middleton, M.C. “ Evaluation of Cellular Injury in Skin Utilizing Enzyme Activities in Suction Blister 
Fluid.” J. Invest. Dermatol., 74 (1980), 219-223. 

[9]  Volden, G. “Acid Hydrolases in Blister Fluid. II. Characterization and Quantification of Glycoside 
Hydrolases.” Br. J. Dermatol., 99 (1978), 53-56. 

[10]  Cormier, E.M.; Sarlo, K.; Scott, L.A.; MacKenzie, D.P.; Payne, N.S.; Carr, G.J.; Smith, L.A.; Cua-Lim, 
F.; Bunag, F.C. and Vasunia, K. “Lack of Type 1 Sensitization to Laundry Detergent Enzymes among 
Consumers in the Philippines: Results of a 2-year Study in Atopic Subjects.” Ann. Allergy Asthma 
Immunol., 92 (2004), 549–557. 

[11]  Bergmeyer, H.U.; Gawehn, K. and Grassl, M. Methods of Enzymatic Analysis. Vol. 1, New York: 
Academy Press, 1974. 

[12]  Lohr, G.W. and Walker, H.D. Methods of Enzymatic Analysis. Vol. 1, New York: Academy Press, 1974. 
[13]  Frankel, S. and Reitman, S. “Colorimetric Method for the Determination of Serum Glutamic 

Oxaloacetic and Glutamic Pyruvic acid Transaminases.” Amer. J. Clin. Pathol., 28 (1956), 56-61. 
[14]  Lowry, O.H.; Rosebrough, N.J.; Farr, A.L. and Randall, R.J. “Protein Measurement with the Folin 

Phenol Reagent.” J. Biol. Chem., 193 (1951), 266-275. 
[15]  Okuda, M.; Yoshiike, T. and Ogawa, H. “Detergent-induced Epidermal Barrier Dysfunction and Its 

Prevention.” J. Dermatol. Sci., 30 (2002), 173-179. 
[16]  Vinegar, M.B. “Regional Variation in Primary Skin Irritation and Across Activity Potentials in Rabbits.” 

Toxicol. Appl. Pharmacol., 49 (1979), 63-71.  
[17]  Cronin, E. and Stoughton, R.B. “Percutaneous Absorption, Regional Variations and the Effect of 

Hydration on Epidermal Stripping.” Br. J. Dermatol., 74 (1962), 265-272. 
[18]  Mathias, C.G.T. and Maibach, H.I. “Dermatotoxicology Monographs I. Cutaneous Irritation: Factors 

Influencing the Response to Irritants.” Clin. Toxicol., 13 (1978), 333-339.  
[19]  Smeenk, G. “The Influence of Detergents on the Skin (a Clinical and Biochemical Study).” Arch. Clin. 

Exptl. Dermatol., 235 (1969), 180-185.  
[20]  Gibson, W.T. “Interactions of C12 Surfactants with the Skin Changes in Enzymes and Visible and 

Histological Features of Rat Skin Treated with Sodium Lauryl Sulphate.” Food Chem. Toxicol., 21 
(1983), 587-591. 

[21]  Mier, P.D.; Vanden Hurk, J.J.M.A.; Bauer, F,W.; De Grood, R.M. and Roelfzema, H. “Mitotic Activity 
and Acid Hydrolase Levels in Human Epidermis Following a Single Dose of Ultraviolet Radiation.” J. 
Dermatol., 96 (1977), 163-169.  

[22]  Gibson, W.T. "Changes in Epidermal Acid Phosphatase Levels in Response to Chemical Irritation." Br. 
J. Dermatol., 106 (1982), 291 -293. 

[23]  Brown, V.K.H. and Box, V.L. "Skin Arginase Activity as a Measure of Skin Change under the Influence 
of Some Alkanes." Br. J. Dermatol., 82 (1970), 606-609. 



Toxicological Evaluation of Synthetic … 7 

[24]  Rossmiller, J.D. and Hoekstra, W.G. "Hexadecane Induced Hyperkeratinization of Guinea Pig's Skin II 
Arginase Activity in Normal and Hexadecane Treated Epidermis.” J. Invest. Dermatol., 45 (1965), 24-
29. 

[25]  Ogawa, H. and Yoshiike, T. "Atopic Dermatitis: Studies of Skin Permeability and Effectiveness of 
Topical PUVA Treatment.” Pediatr. Dermatol., 9 (1992), 383-385. 

[26]  Yoshiike, T., Aikawa, Y. and Sindhavananda, J. "Skin Barrier Defect in Atopic Dermatitis: Increased 
Permeability of the Stratum Corneum Using Dimethyl Sulfoxide and Theophyline." J. Dermatol. Sci., 5 
(1993), 92-96. 

[27]  Ogawa, H. and Yoshiike, T. "A Speculative View of Atopic Dermatitis: Barrier Dysfunction in 
Pathogenesis.” J. Dermatol. Sci., 5 (1993), 197-204. 

[28]  Tagami, H. "Stratum Corneum as a Barrier in the Skin." Jpn. J. Dermatol., 108 (1998), 713-727. 
[29]  Gloor, M.; Wasik, B.; Gehring, W.; Grieshaber, R.; Kleesz, P. and Fluhr, J.W. “Cleansing, Dehydrating, 

Barrier-damaging and Irritating Hyperaesmising Effect of Four Detergent Brands: Comparative Studies 
Using Standardized Washing Models.” Skin Res. Technol., 10 (2004), 1–9. 

[30]  Lee, C.H. and Maibach, H.I. "The Sodium Lauryl Sulfate Model: An Overview." Contact Dermatol., 33 
(1995), 1-7. 

[31]  Effendy, I. and Maibach, H.I. "Surfactants and Experimental Irritant Contact Dermatitis.” Contact 
Dermatol., 33 (1995), 217-225. 

[32]  Goth, C.L. "Comparing Skin Irritancy in Atopic and Non-atopic to Sodium Lauryl Sulfate and 
Benzalkonium Chloride Using TEWL Measurement.” Environ. Dermatol., 4 (1997), 30-32. 

[33]  Paye, M.; Morrison, B.M. Jr. and Wilhelm K.P. "Skin Irritancy Classification of Body Cleansing 
Products: Comparison of Two Test Methodologies.” Skin Res. Technol., 1 (1995), 30-35. 

 



Mohammad A.M. Wadaan 8 
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