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Abstract OBJECTIVES: Changes in the activity of β-glucuronidase, N-acetyl-β-
glucosaminidase, cathepsin D and L, alanine aminopeptidase and lysosomal 
acid lipase in lysosomal fractions of the liver and kidneys of mice, which were 
administered 20 mg/kg b.w. of exogenous melatonin (N-acetyl-5-methoxy-
tryptamine) for 7 and 14 days were investigated. 
METHODS: The slices of the liver and kidney were homogenized in 0. 1M 
phosphate buffer, pH 7.0. Homogenates were subjected to differentiated 
centrifuging and determination of studied enzymes. 
RESULTS: Melatonin caused lowering of the activity of all the investigated 
lysosomal enzymes in the liver and kidney. 
CONCLUSION: Administration of melatonin was caused the lowering of the 
activity of the investigated lysosomal enzymes in comparison with values 
in control groups. 



182

 Introduction

 It is known that melatonin (N-acetyl-5-methoxy-
tryptamine) is a hormone synthesized in pineal gland, 
from which it is released to blood and cerebrospinal 
fl uid. The physiological role of melatonin consists, 
among others, in neutralizing the infl uence of can-
cerogenic substances [1], intensifying of the immu-
nological system [2] and the protection of organism 
from the effect of free radicals [1, 3–5]. At present 
melatonin has also a therapeutic use [6–8]. It is 
applied in the treatment of sleep disorders [8, 9], jet-
lag [10], malignant neoplasm [11–13], Alzheimer’s 
[14] and Parkinson’s diseases [8, 9, 15]. 

 Lysosomal space is a system which actively par-
ticipates in the adaptive reaction of organism, bur-
dened by environmental factors, generated in natu-
ral or artifi cial way [16–19]. The present diagnostic 
methods observe the changes in the activity of the 
enzymes of lysosomal space for estimation of the 
range and rate of biochemical transformations in 
cells [20–22]. Lysosomal enzymes are also the object 
of studies of stress reactivity and different diseases 
[23–25]. 

 In connection with these data we examined the 
activity of some enzymes of lysosomal fraction of the 
liver and kidneys of the mice subjected to the admin-
istration of exogenous melatonin. 

 

Material and methods

 The study was carried out on 40 male and 40 
female randomized 8 week old mice, 20–22 g b.w. The 
animals were bred in the Institute of Genetics and 
Animals Breeding of the Polish Academy of Sciences 
in Jastrzebiec. Mice were kept in standard conditions 
of the farm in a ventilated room at 21°C with 12 
h daylight and 12 h darkness. They were fed stan-
dard “Murigran” feed – 16% of protein, (Animal Food 
Company, Lomna near Warsaw, Poland) and had con-
stant access to water. Minerals and vitamin supple-
ments covered the nutritional needs of the animals. 
All animals received good veterinary care.

 Mice were divided into eight groups (I – IV males 
and V – VIII females; n = 10 in each group) and 
received according to the following scheme:

 I  control 100 ml 0.01% ethanol 7 days 
 II melatonin 20 mg/kg b.w. 7 days 
 III control 100 ml 0.01% ethanol 14 days 
 IV melatonin 20 mg/kg b.w. 14 days
 V control 100 ml 0.01% ethanol 7 days
 VI melatonin 20 mg/kg b.w. 7 days 
 VII control 100 ml 0.01% ethanol 14 days
 VIII melatonin 20 mg/kg b.w. 14 days

 The male (I, III) and female (V, VII) of the con-
trol groups received everyday 100 ml of 0.01% eth-
anol solution per os by micropipette, between at 
10:00–11:00 a.m. 

 At the same time, the experimental males (II, 
IV) and females (VI, VIII) received 20 mg/kg b.w. 
of exogenous melatonin (N-acetyl-5-methoxytryp-
tamine, Sigma-Aldrich-Chemie GmbH, Steinheim, 
Germany) dissolved in 100 ml of 0.01% ethanol.

 After a suitable time, the mice were killed by 
breaking the spinal cord and slices of the liver and 
kidney were immediately taken. The liver slices were 
perfused with 0.9% NaCl solution cooled to +5°C and 
similarly with the slices of kidney were suspended in 
0.1 M phosphate buffer, pH 7.0 at the temperature 
+5°C at ratio 500 mg tissue/5 ml buffer. The whole 
was homogenized at +5°C in the Potter homogenizer 
with a tefl on piston at 200 rotations/min. 

The liver and kidney homogenates were sub-
jected to differentiated centrifuging according to [26] 
method.

 In the lysosomal fractions of the liver and kidney 
the activities of glycosidases: 

β-glucuronidase (BGRD, EC 3.2.1.31), N-acetyl-β-
glucosaminidase (NAG, EC 3.2.1.10) according to [27] 
method, lysosomal acid lipase (LL, EC 3.1.1.3) accord-
ing to [28] method, proteolytic enzyme: alanine ami-
nopeptidase (AAP, EC 3.4.1.12) according to [29] and 
cathepsin D and L (Cath.D, EC 3.4.23.5 and Cath.L, 
EC 3.4.22.15) were estimated. The activity of Cath. D 
and L was determined by the modifi ed method of [30] 
using as substrate 2% azocasein in 6 M urea. 

 Enzyme activity was expressed in nmols/mg of 
protein/hour. All substrates were from Serva Fein-
biochemica GmbH & Co., Heidelberg, Germany. Pro-
tein was also determined in the lysosomal fractions 
[31]. The results obtained were analyzed statistically 
according to Student’s t test. 

 The experiment has been confi rmed by the Acad-
emy Ethics Commission for Animals Research of the 
Swietokrzyska Academy in Kielce. 

Results
 
 As can be seen from Tables 1–4 everyday admin-

istration of exogenous melatonin for 7 and 14 days 
caused characteristic lowering in the activity of all 
the investigated lysosomal enzymes in the liver and 
kidney of male and female mice, in comparison with 
control mice. The highest changes of the activity were 
observed after 7 days of experiment.

 Discussion

 Melatonin regulates and stabilizes plenty of the 
functions of organism. Recent investigations have 
also shown that melatonin administration in small 
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Table 1. Activity (`x ± SD) of lysosomal enzymes (nmol/mg of protein/h) in the liver and kidney of the 
males after 7 days melatonin administration; control = 100%; n in each group = 10;

  Melatonin   Melatonin
Enzyme Control Liver % Control Kidney %
      
BGRD 1.40 ± 0.280  0.760 ± 0.230*** 54 1.81 ± 0.417 1.60 ± 0.502 88
NAG 0.251 ± 0.040 0.160 ± 0.051** 64 2.29 ± 0.274 1.31 ± 0.129*** 57
Cath.Dand L 0.033 ± 0.001 0.018 ± 0.002*** 54 0.044 ± 0.015 0.012 ± 0.005*** 27
AAP 0.055 ± 0.012 0.033 ± 0.007** 60 0.061 ± 0.019 0.023 ± 0.007*** 38
LL 0.203 ± 0.060 0.091 ± 0.031*** 45 0.365 ± 0.023 0.292 ± 0.096* 80

 * P < 0.05; ** P < 0.01; *** P < 0.001 – statistically confi rmed differences;

Table 2. Activity (`x ± SD) of lysosomal enzymes (nmol/mg of protein/h) in the liver and kidney of the 
males after 14 days melatonin administration; control = 100%; n in each group = 10;

  Melatonin   Melatonin
Enzyme Control Liver % Control Kidney % 

BGRD 1.57 ± 0.300 1.22 ± 0.400* 78 1.70 ± 0.502 1.44 ± 0.565* 85
NAG 0.300 ± 0.050 0.237 ± 0.037* 79 2.60 ± 0.859 2.31 ± 0.903 89
Cath.Dand L 0.045 ± 0.003 0.033 ± 0.002** 73 0.050 ± 0.017 0.038 ± 0.017* 76
AAP 0.053 ± 0.019 0.035 ± 0.011** 66 0.066 ± 0.019  0.042 ± 0.012** 64
LL 0.230 ± 0.030 0.188 ± 0.017* 82 0.400 ± 0.136 0.364 ± 0.108 91

* P < 0.05; ** P < 0.01; *** P < 0.001 – statistically confi rmed differences;

Table 3. Activity (`x ± SD) of lysosomal enzymes (nmol/mg of protein/h) in the liver and kidney of the 
females after 7 days melatonin administration; control = 100%; n in each group = 10;

  Melatonin   Melatonin
Enzyme Control  Liver % Control Kidney % 
 
BGRD 1.53 ± 0.407 0.860 ± 0.137*** 56 2.07 ± 0.189 1.31 ± 0.506** 63
NAG 0.464 ± 0.138 0.293 ± 0.045** 63 2.06 ± 0.137 1.44 ± 0.106** 70
Cath.Dand L 0.015 ± 0.003 0.006 ± 0.002*** 40 0.086 ± 0.025 0.025 ± 0.012*** 29
AAP 0.019 ± 0.008 0.010 ± 0.004*** 53 0.077 ± 0.027 0.024 ± 0.011*** 31
LL 0.400 ± 0.141 0.276 ± 0.126** 69 0.218 ± 0.139 0.124 ± 0.012*** 57

* P < 0.05; ** P < 0.01; *** P < 0.001 – statistically confi rmed differences;

Table 4. Activity (`x ± SD) of lysosomal enzymes (nmol/mg of protein/h) in the liver and kidney of the 
females after 14 days melatonin administration; control = 100%; n in each group = 10;

  Melatonin   Melatonin
Enzyme Control  Liver % Control Kidney % 

BGRD 1.60 ± 0.403 1.34 ± 0.614* 84 2.01 ± 0.304 1.86 ± 0.648 93
NAG 0.510 ± 0.145 0.459 ± 0.132 90 1.99 ± 0.708 1.67 ± 0.508* 84
Cath.Dand L 0.014 ± 0.003 0.010 ± 0.002** 71 0.100 ± 0.034 0.073 ± 0.031** 73
AAP 0.023 ± 0.006 0.015 ± 0.004** 65 0.099 ± 0.032 0.068 ± 0.034** 69
LL 0.375 ± 0.103 0.326 ± 0.123 87 0.210 ± 0.098 0.168 ± 0.056* 80

* P < 0.05; ** P < 0.01; *** P < 0.001 – statistically confi rmed differences;
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doses has not only a stimulating infl uence on immune 
reactions of organism, but also – thanks to its antioxi-
dant properties, it neutralizes the harmful infl uence 
of stress [32–34]. It restores the hormonal homeosta-
sis of the organism [35, 36]. This infl uence depends 
on the doses used, but fi rst of all it depends on the 
time of administration of exogenous melatonin [37, 
38]. This demonstration of the immunological role of 
melatonin has become the basis for the application of 
this hormone in the therapy of many diseases, fi rst of 
all in neoplasm immunotherapy [2, 39–41]. 

 Lysosomal space plays a decisive role in the defen-
sive processes of the organism, controls of secretion 
of endocrine glands, transportation and liquidation 
of foreign substances and used cellular organelles 
[42, 43]. It participates actively in adaptive reactions 
of the organism, and maintains the stability of the 
organism in different environmental conditions. 

 Our results indicate that melatonin had a signif-
icant infl uence on the activity the investigated gly-
cosidases (BGRD, NAG), proteolytic enzymes (AAP, 
Cath.D and L) and lysosomal acid lipase of the lyso-
somal compartment. Exogenous melatonin, admin-
istered for 7 and 14 days in dose of 20 mg/kg 
b.w. decreased the activities of all the investigated 
enzymes of lysosomal space in the liver and kidney 
male and female mice. 

 We think that the revealed changes in the activity 
of the investigated enzymes in the liver and kidney of 
mice are one of the elements of the adaptation reac-
tion to biological stress caused by the excess of exog-
enous melatonin. Observing the dynamics of changes 
of these enzymes it is possible to differentiate the 
physiological changes from the pathological changes 
creating damage to the cells [44, 45]. 

 The results obtained suggest that some lysosomal 
enzymes can be used to study the direction and inten-
sity of i.e. stressful reaction. The lysosomal enzymes 
appear to be among these interesting indicators. Due 
to the fact that mechanisms which direct and regulate 
the activity of the lysosomal enzymes it is advisable 
to carry out further investigations of the lysosomal 
enzyme compartment as the equalizing system in dis-
turbed situations. This is an interesting result from 
the physiological and pharmacological points of view. 

   

        REFERENCES
   
 1 Reiter RJ. Oxidative damage in the central nervous system: 

Protection by melatonin. Prog Neurobiol 1998; 56:359–384.
 2 Maestroni GJM. The immunoneuroendocrine role of melatonin. 

J Pineal Res 1993; 14:1–10.
 3 Hardeland R, Reiter RJ, Poeggler B, Tan DX. The signifi cance 

of metabolism of the neurohormone melatonin: antioxidative 
protection and formation of bioactive substances. Neurosci 
Behav Rev 1993; 17:347–357.

 4 Qi WB, Reiter RJ, Tan DX, Manchester LC, Kim SJ, Garcia 
JJ. Inhibitory effects of melatonin on ferric nitriltriacetate-
induced lipid peroxidation and oxidative DNA damage in the 
rat kidney. Toxicol 1999 139:53–81. 

 5 Reiter RJ, Tan DX, Osuna C, Gitto E. Actions of melatonin 
in the reduction of oxidative stress. J Biomed Sci 2000; 
7:444–458.

 6 Avery D, Lenz M, Landis C. Guidelines for prescribing melato-
nin. Ann Med 1998; 30:122–130.

 7 Karasek M. Melatonin in humans-where we are 40 years after 
its discovery. Neuroendocrinol Lett 1999; 20:179–198. 

 8 Zisapel N. The use of melatonin for the treatment of insomnia. 
Biol Signals Recept 1999; 8:84–89.

 9 Monti JM, Cardinali DP. A critical assessment of the mela-
tonin effect on sleep in humans. Biol Signals Recept 2000; 
9:328–339.

10 Arendt J, Deacon S. Treatment of circadian rhythm disorders-
melatonin. Chronobiol Int 1997; 14:185–204.

11 Karasek M, Pawlikowski M. Pineal gland, melatonin and cancer. 
Neuroendocrinol Lett 1999; 20:139–144.

12 Lissoni P, Paolorossi F, Meregalli S, Ardizzoia A, Barni S, Tan-
cini G. Melatonin as a modulator of cancer endocrine therapy. 
Front Horm Res 1997; 23:132–136. 

13 Karasek M, Kuzdak K, Cywinski J, Zylinska K, Smialowska A, 
Pluzanska A. Effects of melatonin administration in advanced 
breast cancer patients – preliminary report. Neuroendocrinol 
Lett 1998; 19:15–19.

14 Brusco LI, Marquez M, Cardinali DP. Melatonin treatment sta-
bilizes chronobiologic and cognitive symptoms in Alzheimer’s 
disease. Neuroendocrinol Lett 1998; 19:111–115.

15 Willis GL, Armstrong SM. A therapeutic role for melatonin 
antagonism in experimental models of Parkinson’s disease. 
Physiol Behav 1999; 66:785–795.

16 Lankoff A, Kolataj A. Infl uence of microcystine-YR and nodu-
larin on the activity of some glucosidases in mouse liver. Toxi-
cology 2000; 2–3:177–185.

17 Witek B, Kolataj A. The effect of exogenous glucose on the 
activity of lysosomal enzymes in some organs of rabbits. 
Archiv Anim Breed 2000; 43:649–654.

18 Witek B, Kolataj A, Jezewska G, Witkowski A. Effect of glucose, 
glutathione and ethanol on the activities of some lysosomal 
enzymes in quail. Acta Biol Cracoviensia Series Zool 2000; 
42:67–72.

19 Witek B, Legath J, Kołataj A, Kalinska O, Banasik A, Bienka-
Michalik M.The effect of small doses of mercury on the level 
on the selected lysosomal enzymes in the plasma and lympho-
cytes of sheep. Gen Pharmacol 1996; 27:901–903.

20 Gerber A, Welte T, Ansorge S, Buhling F. Expression of cathep-
sin B and L in human lung epithelial cells is regulated by 
cytokines. Adv Exp Med. Biol 2000; 477:287–292.

21 Milnerowicz H, Zalewski J, Milnerowicz-Nabzdyk E, Woyton J. 
Activity of N-β-D-acetyl-glucosaminidase molecular forms in 
amniotic fl uid of tobacco smoking pregnant women with oli-
gohydramnios or premature rupture of the membrane compli-
cations. Ginekol Pol 2000; 71:268–273.

Bozena Witek, Ewa Ochwanowska, Adam Kolataj, Alina Slewa & Iwona Stanislawska



185Neuroendocrinology Letters ISSN 0172–780X Copyright © 2001 Neuroendocrinology Letters

Effect of melatonin administration on activities of some lysosomal  enzymes in the mouse

22 Shikhman AR, Brinson DC, Lotz M. Profi le of glycosami-
noglycan-degrading glycosidases and glycoside sulphatases 
secreted by human articular chondrocytes in homeostasis and 
infl ammation. Arthritis Rheum 2000; 43:1307–1314.

23 Chen YT, Amalfi tano A. Towards a molecular therapy for glyco-
gen storage disease type II (Pompe disease). Mol Med Today 
2000; 6:245–251.

24 Ioannon YA. Gene therapy for lysosomal storage disorders with 
neuropathology. J Am Soc Nephrol 2000; 8:1542–1547.

25 Turner CT, Hopwood JJ, Brooks DA. Enzyme replacement 
therapy in mucopolysaccharidosis I: altered distribution and 
targeting of alpha-L-iduronidase in immunized rats. Mol Genet 
Metab 2000; 4:277–285.

26 Beaufay H. Methods for the isolation of lysosomes. In: Dingle 
JT, editor. Lysosomes: A Laboratory Handbook North-Holland, 
Amsterdam 1972; 1–135.

27 Barrett AJ. Lysosomal enzymes. In: Dingle JT, editor. Lyso-
somes: A Laboratory Handbook North-Holland, Amsterdam 
1972; 46–135.

28 Main AR.The purifi cation of the enzyme hydrolysing diethyl 
p-nitrophenyl phosphate (paraoxon) in sheep serum. J Biol 
Chem 1960; 74:11–20.

29 Pfl eiderer G, Celliers PG, Stanulovic M, Wachsmuth ED, 
Braunitzer G. Eigenschaften und analytische Anwendungen 
Aminopeptidase aus Nierenpartikeln. Biochem Z 1964; 340: 
552–564.

30 Langner J, Wakil A, Zimmermann M, Ansorge S, Bohley P, 
Kirschke H, Wiederanders B. Aktivitätsbestimmung proteoly-
tischer Enzyme mit Azokasein als Substrat. Acta Biol Med Germ 
1973; 31:1–18.

31 Kirschke H, Wiederanders B. Methoden zur Aktivitätsbestim-
mung von Proteinasen. Martin Luther Universität, Halle-Wit-
tenberg Wissenschaftl Beitr Halle/Salle 1984; 11–30. 

32 King M, Scaiano JC. The excited states of melatonin. J Photo-
chem Photobiol 1997; 65:538–542.

33 Liebmann PM, Wolfer A, Felsner P, Hofer D, Schauenstein K. 
Melatonin and immune sy stem. Int Arch Allergy Immunol 
1997; 112:203–211.

34 Stasica P, Ulanski P, Rosiak JM. Melatonin as a hydroxyl radical 
scavenger. J Pineal Res 1998; 25:65–66.

35 Sainz RM, Mayo JC, Reiter RJ, Antolin I, Esteban MM, 
Rodriquez C. Melatonin regulates glucocorticoid receptor: an 
answer to its antiapoptotic action in thymus. Faseb J 1999; 
13:1547–1557.

36 Zeman M, Buyse J, Lamosova D, Herichova I, Decuypere E. 
Role of melatonin in the control of growth and growth hor-
mone secretion in poultry. Domest Anim Endocrinol 1999; 
17:199–209.

37 Lissoni P, Barni S, Tancini G, Mainini E, Piglia F, Maestroni 
GJM, Lewinski A. Immunoendocrine therapy with low-dose 
subcutaneous interleukin-2 plus melatonin of locally advanced 
or metastatic endocrine tumors. Oncology 1995; 52:163–166. 

38 Luboshitzky R, Shenorr Z, Shochat T, Herer P, Lavie P. 
Melatonin administered in the afternoon decreases next-day 
luteinizing hormone levels in men. Lack of antagonism by fl u-
mazenil. J Mol Neurosci 1999; 12:69–75.

39 Caroleo M, Frasca D, Nistico G, Doria G. Melatonin as immu-
nomodulator in immuno-defi cient mice. Immunopharmacol 
1992; 23:81–89.

40 Lissoni P, Barni S, Crispino S, Tancini G, Fraschini F. Endocrine 
and immune effects of melatonin therapy in metastatic cancer 
patients. Eur J Cancer Clin Oncol 1989; 25:789–795.

41 Maestroni GJM, Conti A, Covacci V. Melatonin-induced immuno-
opioids: fundamentals and clinical perspectives. Adv Pineal 
Res 1994; 7:73–81.

42 Van Dyke RW, Ervin LL, Lewis MR, Wang X. Effect of cholera 
toxin on rat liver lysosome acidifi cation. Biochem Biophys Res 
Commun 2000; 3:717–721.

43 Zatta P, Taylor A, Zambenedetti P, Milacic R, dell Antone P. 
Aluminium inhibits the lysosomal proton pump from rat liver. 
Life Sci 2000; 23:2261–2266.

44 Sommer A, Witek B, Kolataj A. The effect of exogenous glyc-
erol on the activity of lysosomal enzymes in the blood plasma 
of young bulls. Arch Anim Breed 1999; 5:451–458.

45 Witek B, Kolataj A. Effect of ethanol administration on activi-
ties of some lysosomal hydrolases in the mouse. Gen Pharma-
col 1999; 32:163–168.  


