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Abstract 
Background: To investigate the effect of CaNa2-EDTA and experimental diabetes (IDDM) on zinc and carbohydrate me-
tabolism and the activities of GOT, GPT and alkaline phosphatase. Methods: Forty male normal albino (Wistar) rats of 8 
weeks of age were fed with a basal diet. Twenty rats were then intraperitoneally injected with alloxan to induce diabetes. 
Then after one week ten rats from each group (n= 20) were administrated intraperitoneally with CaNa2-EDTA for further 
three weeks. Body weight gain and food intake were recorded regularly. On day 21 animals were killed and blood glucose, 
serum and tissues zinc concentrations, liver glycogen contents, serum transaminase enzymes (GOT, GPT), and serum alka-
line phosphatase activities were determined. Results: The administration of CaNa2-EDTA significantly altered body weight 
gain, food intake and serum zinc concentration of either diabetic or non-diabetic animals. Both diabetic and non-diabetic 
rats given CaNa2-EDTA had higher blood glucose than their controls. Liver glycogen was also found to be higher in 
CaNa2-EDTA non-diabetic rats than their controls. CaNa2-EDTA also led to increasing of GOT and GPT, and decreasing 
serum alkaline phosphatase. Conclusion: To conclude, the present study demonstrates that CaNa2-EDTA had an effect on 
the previous parameters. Therefore it was appeared that CaNa2-EDTA resulted in the development of severe diabetes.  
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Introduction 
EDTA (ethylene diamine tetra acetic acid) was 
synthesized by Munz in 1935 in an effort to 
create a substitute for citric acid, and introduced 
in the United State in 1948. EDTA is a phar-
maceutical agent for the treatment of lead and 
other metal poisoning or exposure (1, 2). It is 
also used as an anticoagulant in blood used for 
laboratory studies. The FDA also approved in-
travenous EDTA treatment as possibly effective 
in occlusive vascular disorders, it is used for the 
treatment of pathologic condition to which cal-
cium tissue deposits or hypercalcaemia, EDTA 
is also utilised for the treatment and prevention 
of arteriosclerosis and other chronic degenera-
tive disease (3, 4). Moreover it was found bene-

ficial uses of oral EDTA in cardiovascular dis-
eases (5). Early clinical studies with EDTA re-
ported loss of fat in rat, reduction of cholesterol 
and blood pressure in humans (6). In addition to 
its remarkable pharmaceutical uses, the FDA 
has also approved EDTA as a food additive that 
is generally recognized as safe. EDTA’s array 
of biochemical properties makes it extremely 
valuable as a food additive. It has the ability to 
bind with many metals, act synergistically with 
other antioxidants to stabilize fats, oils and vita-
mins, prevent discoloration of potato products, 
fish, shellfish, canned fruit and vegetables, in-
hibit the thickening of stored condensed milk, 
prevents oxidation of meat product and flavour 
changes in milk, colour changes of scrambled 
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eggs prepared from egg powder and gushing of 
beer, promote flavour retention and delay loss 
of carbonation in soft drinks (7, 8). EDTA che-
late is a drug beside its important role in the 
medical and nutrition food. It has also a nega-
tive effect. In other words some reports indi-
cated that use of EDTA results in depletion of 
certain elements such as zinc, which is in gen-
eral an important element for the metabolism 
(9). Moreover, tissue zinc concentrations and 
zinc balances have been both reported to be al-
tered in the diabetic state (10, 11). Therefore, in 
view of the alteration of zinc status in EDTA 
chelating therapy, the present study was under-
taken to investigate the combined effect of 
EDTA and experimental diabetes (Insulin De-
pendent Diabetes) on zinc metabolism, carbo-
hydrate metabolism and some enzymes (GOT, 
GPT and alkaline phosphatase activities in al-
bino (Wistar) rats.  

 
Materials and Methods 
Animals and EDTA treatment     Forty male 
wealing normal albino (Wistar) rats of 8 wk of 
age with a body weight ranging from 180-250 
g. Animals were housed individually in poly-
propylene cages with stainless-steel gridded 
tops and bottoms and stainless-steel food hop-
pers. Trays were placed under each food hopper 
to collect split food. Humidity was around 70% 
and temperature was 22± 2 °C. Food and dis-
tilled water were provided ad-libtum. Rats were 
given a basal diet containing g/kg diet. The die-
tary carbohydrate source was provided by equal 
amounts of cornstarch 326 (ONAB EL-Har-
rouch, Algeria) and sucrose 326, protein 168 
(egg white solids), lipids 80 (corn oil), fibre 40 
(cellulose), vitamin mix 20 (Sigma), and min-
eral mix 40. The quantity of zinc in diet was 54 
mg/ kg quantities, as determined by atomic ab-
sorption spectroscopy. Mineral mix supplied  
(g/kg diet): calcium hydrogen orthophosphate 
13; disodium hydrogen orthophosphate 7.4; cal-
cium carbonate 8.2; potassium chloride 7.03; 
magnesium sulphate 4; ferrous sulphate 0.144; 

copper sulphate 0.023; potassium iodate 0.001; 
manganous sulphate 0.180; zinc carbonate 0.1. 
The diet was prepared similar to that of the ref-
erence (12). Rats were randomly divided into 
two groups of 20 each. The second group was 
intraperitoneally injected with freshly prepared 
alloxan monohydrate solution (Alloxan; Sigma) 
in a dose of 150 mg/kg of body weight to in-
duce diabetes (13). Then after the stabilization 
of diabetes for one week, the two groups of 
animals were divided into two subgroups (10 
rats per each). The first subgroup was kept as 
non-diabetic or diabetic control groups and the 
second subgroup was administrated intraperito-
neally with freshly prepared CaNa2-EDTA so-
lution (CaNa2-EDTA; Sigma) in a dose 50 mg/ 
kg of body weight, once daily for three weeks 
(14), and used as a non-diabetic or diabetic test 
groups. Food intake and body weights were re-
corded regularly. Rats were fasted over night on 
day 20, but allowed to feed for two periods of 1 
h each, between 11.00- 12.00 am and 17.00- 
18.00 pm Rats were then killed between 11.00 
and 12.30 pm on day 21. Animals were killed 
by exsanguination from the heart, under diethyl 
ether anesthesia. The blood was transferred into 
ice-cold centrifuged tubes and a portion taken 
for whole-blood glucose analysis, which was 
performed promptly after exsanguination. The 
remaining blood was centrifuged for 10 min at 
3000 rpm and the serum stored at -20 °C till se-
rum zinc, GOT, GPT, alkaline phosphatase as-
says. Livers were rapidly excised, weighed, and 
freeze-clamped at -196 °C, ground under liquid 
nitrogen and stored at -20 °C for glycogen analy-
sis. The pancreas was washed with isotonic sa-
line (9 g sodium chloride/l distilled water) and 
blotted to dry. The right femur was taken and 
the connective tissues and muscle were re-
moved. After that, the pancreases and femurs 
were weighed, dried at 80 °C for 16 h and zinc 
concentrations were determined.  
Analytical methods                Blood glucose 
was measured in 10 µl samples of fresh whole 
blood by the glucose oxidase (EC 1.1. 3. 4) 
method, using a YSI Model 27 glucose analyzer 
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and the kit constitute of phosphate buffer con-
taining the enzymes (GOD, POD) and D-glu-
cose (Sigma). The determination of total liver 
glycogen was as that of glucose following an 
enzymatic hydrolysis with amyloglucosidase 
(EC 3. 2. 1. 3) obtained from Asperiguillus 
niger; Sigma) (15). Both dried pancreas and fe-
mur were heated in silica crucibles at 480 °C 
for 48 h and the ash taken up in hot hydrochlo-
ric acid (11.7 M) for Zn analysis by atomic ab-
sorption spectrophotometer (Pye Unicam SP 
9000) (12). Using standard reference materials: 
bovine liver and wheat flour checked the ac-
curacy of zinc recovery using this method. 
These standards were prepared and analyzed 
identically to assess recovery. The recovery of 
zinc in the standard reference material exceeded 
96%. Zinc in serum was also measured in du-
plicate, after a twenty-fold dilution of serum in 
double distilled water by flame Atomic Ab-
sorption Spectrophotometer (Pye Unicam SP 
9000). Zinc standards were prepared from a 
1mg/ml zinc nitrate standard solution (BDH) 
using 5% glycerol to approximate the viscosity 
characteristics, and to avoid zinc contamination 
from exogenous sources. All tubes were soaked 
in HCl (10% v/v) for 16 h and rinsed with 
double distilled water. GOT, GPT and alkaline 
phosphatase activities were determined using 
commercial test kits following the enzyme 
listing GOT, GPT (16) and alkaline phos-
phatase (17). The results were compared using 
one-way analysis of variance (ANOVA). A p< 
0.05 was considered the limit for the statistical 
significance.  
 

Results 
Induction of a type I diabetic state caused a de-
crease (P< 0.05) in body weight gain and higher 
food intake in the diabetic rats compared to the 
non-diabetic rats. CaNa2-EDTA was also sign-
ificantly (P< 0.05) altering both body weight 
gain and food intake of both diabetic and non-
diabetic (Table 1). Femur and pancreatic zinc 
concentrations taken as an index of zinc status 
indicated that both diabetic and non-diabetic 
rats given CaNa2-EDTA were not able to main-
tain a similar status to their control groups 
(Table 2). Pancreatic Zn concentration was sig-
nificantly lower in diabetic individual com-
pared to the non-diabetic animals. In this ex-
periment, mean femur zinc concentration for dia-
betic was relatively lower than those for non-
diabetic rats, but the difference was not always 
significant. Analysis of blood glucose, serum 
zinc concentrations, GOT, GPT and alkaline 
phosphates activities and liver glycogen content 
indicated that both CaNa2-EDTA-diabetic and 
CaNa2-EDTA-non diabetic rats had low serum 
zinc concentration, alkaline phosphatase activ-
ity, but a high fasting blood glucose level, GOT 
and GPT activities compared to the control ani-
mals. Liver glycogen contents were similar in 
both diabetic groups, but the CaNa2-EDTA-
non-diabetic rats had higher liver glycogen 
contents than that of controls. Both diabetic ani-
mals had a high (P< 0.05) blood glucose concen-
tration, serum GOT and serum GPT activities, 
decreased serum zinc concentrations, alkaline 
phosphatase activity and liver glycogen contents 
compared with the non-diabetic rats (Table 3).  

Table 1: Mean body weight gain (g/day), food intake (g/day), feed efficiency (Body weight gain/food intake×100) of 
diabetic and non-diabetic rats administrated with CaNa2-EDTA or not 

 
 Diabetic rats Non-diabetic rats 
Diet Control (n = 10) With EDTA (n = 10) Control (n = 10) With EDTA (n = 10) 

 Mean SE Mean SE Mean SE Mean SE 
Body wt gain 2.4a 0.09 1.2b 0.05 5.2c 0.04 3.2d 0.06 

Food intake 17.1a 0.04 17.3b 0.04 12.4c 0.04 10.4d 0.07 

Feed efficiency           14.3a 0.6 7.4b 0.3 41.9c 0.3 30.7d 0.7 
a, b, c, d: values within a horizontal line with different superscript letters were significantly different (P< 0.05).  
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Table 2: Pancreas dry wt (g), pancreatic zinc content (µg), pancreatic zinc concentration (µg/g dry weight), femur zinc 
concentration (µg/dry weight), serum zinc (µg/100 ml) of diabetic and non-diabetic rats administrated with CaNa2-EDTA 

or not. 
 

 Diabetic rats Non-diabetic rats 

Diet Control 
(n = 10) 

With EDTA 
(n = 10) 

Control 
(n = 10) 

With EDTA 
(n = 10) 

Mean SE Mean SE Mean SE Mean SE 

Pancreas dry wt          0.88a    0.01     0.92a   0.01     0.90a     0.01      0.88a    0.02 

Pancreatic Zn content 44.1a    0.4       45a 0.07     85.4b    0.5       86.9b    0.1 

Pancreatic Zn Concentration 
 

52.7a     0.5       48.9b    0.5      105.1c   1.2       94.8d    1.1 

Femur Zn Concentration 117a 0.4 117.7a   0.1 150.4b   0.3 117.9a    0.1 

Serum zinc 80.6 a 2.7 72.2b 3.9 114.8c   1.5       105.3d   2.7 

a, b, c, d: values within a horizontal line with different superscript letters were significantly different (P < 0.05). 
  

Table 3: Mean blood glucose (m mole/l), liver wet weight (g), liver glycogen content (mg), liver glycogen concentration 
(mg/g fresh weight), serum GOT, GPT and alkaline phosphatase activities (UI/l) of diabetic and non-diabetic rats 

administrated with CaNa2-EDTA or not. 
 

 Diabetic rats Non-diabetic rats 

Diet Control 
(n = 10) 

With EDTA 
(n = 10) 

Control 
(n = 10) 

With EDTA 
(n = 10) 

Mean SE Mean SE Mean SE Mean SE 

Blood glucose 15.1a 0.08 19.3b 0.14 5.0c     0.07     7.2d    0.07 

Liver wet wt 12.4a 0.8 13.5a 0.9 12.9a     0.9      13.2a    0.6 

Glycogen Concentration      5.2a 0.9 4.0a 1.0 11.7b    3.1      24.3c   2.5 

Serum GOT 45.8 a 3.4 65 b 4.3 

117.7c   

2.7      160.9 

d 
3.6 

Serum GPT 86 a 9.3 114 b 7.3    19 c    0.5      20 c      1.0 

Alkaline phosphatase 239.3 a   0.5 179.3 b 0.7      346.2 c   0.5     272.2   0.4 

a, b, c, d values within a horizontal line with different superscript letters were significantly different (P < 0.05). 

 
Discussion 
In this experiment, diabetic administrated with 
CaNa2-EDTA or not weighed less than the non- 
diabetic rats. Body weight gain in diabetic and 
non-diabetic rats was also affected by CaNa2-
EDTA chelate. [This is in a good agreement 
and similar with some previously published 
reports when zinc reduced in diet] (18, 19). It is 
suggested, thus that CaNa2-EDTA was bounded 
to zinc and it was resulted in depletion of zinc 
free level and confirmed by the result of low 

zinc concentration, which was found in serum. 
The diabetic rats given either CaNa2-EDTA or 
not had a lower feed efficiency than the non-
diabetic rats although the food intake of these 
animals was higher (hyperphagia) than that of 
the non-diabetic rats. The daily mean of con-
sumed diet by rat is 14 g (20). This rises the pos-
sibility of the metabolic state disturbance of ani-
mal, suggesting that the diabetic condition had 
exacerbated reduced the ability of the diabetic 
rats to utilize food intake as normal subjects. 
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Diabetic and non-diabetic rats injected with 
CaNa2-EDTA had differences in pancreatic and 
femur zinc concentrations. This finding again 
indicated the effect of CaNa2-EDTA on body 
zinc status and it is an agreement with some 
previous investigations (21, 22). The reduced 
total pancreatic and serum zinc in diabetic rats 
either given CaNa2-EDTA or not compared 
with the non-diabetic rats, is probably due to 
the degranulation, cytolysis and to other patho-
logical changes in the pancreatic tissue, associ-
ated with progression of the condition (23), or 
to the high excretion of zinc in the urine (24- 
26). However, the marked no reduction in fe-
mur zinc level of diabetic rats compared with 
the non-diabetic rats, supports the work of Le-
vine et al. (13). In the current study, when the 
time of feeding was strictly controlled and the 
amount of food eaten by each animal before an 
over night fast was known to be similar, the 
mean fasting blood glucose concentration in the 
CaNa2- EDTA- diabetic or CaNa2- EDTA- non 
diabetic rats were found to be higher than that 
of controls. This suggests that CaNa2- EDTA 
was reduced zinc free level (12). Thus it had 
exacerbated the ability of diabetic and non-dia-
betic rats to utilize glucose. Results from previ-
ous studies have also showed an increased 
blood glucose concentration, after intra-venous 
injection with glucose in rats fed on a zinc defi-
ciency diet (27) suggesting a relation between 
carbohydrate utilization and the zinc status. The 
fasting glycogen content of both CaNa2- EDTA 
diabetic and control diabetic rats was lower com-
pared to that of non-diabetic groups, although 
liver weight was similar in different groups. 
This might be related to liver dysfunction (28). 
Liver glycogen concentration in CaNa2- EDTA- 
non- diabetic rats was higher than that of con-
trol non- diabetic rats. These observations indi-
cate that the carbohydrate metabolism of these 
animals is sensitive to variation in zinc status 
and it is interesting to note that Reevers and 
O’Dell (29) also have observed an increased 
glycogen synthesis in low zinc rats. In this ex-
periment it was also found a significant rise in 

serum GOT and GPT levels in diabetic rats, 
which could relate to excessive accumulation of 
amino acids (glutamic and alanine) in serum of 
diabetic animals as a result of amino acids mo-
bilization from protein stores (30). These exces-
sive amino acids are then converted to ketonic 
bodies (α keto-glutaric and pyruvate) for which 
the enzyme GOT and GPT are needed, leading 
to increased enzyme activity. The higher levels 
of GOT and GPT in the CaNa2-EDTA-animals, 
confirm the result of high concentration of their 
blood glucose. In other words, the gluconeo-
genetic action of GOT and GPT plays the role 
to provide new supply of glucose from other 
sources such as amino acids. It is interesting to 
note that Grefley and Sandstead (31) found evi-
dence of decreased oxidation of the carbon 
chain of alanine when zinc was restricted and 
led to alanine accumulation in blood. The de-
crease of serum alkaline phosphatase activity in 
rats administrated with CaNa2-EDTA probably 
related to the decreased serum zinc concentra-
tion. Another possible explanation for the ob-
served variation in alkaline phosphatase could 
result from the increased call of energy through 
glycolytic and oxidative pathway of glucose 6 
phosphate, rather than alkaline phosphatase 
activity. Since these animals had higher blood 
glucose than their controls (32), serum alkaline 
phosphatase activity was also found low in the 
diabetic compared to non-diabetic rats, which 
could be attributed also to the decrease of se-
rum zinc. Prasad et al. (33) showed that zinc 
was present in several metalloenzymes such as 
alkaline phosphatase, and hence it is needed for 
their activities.  
In conclusion, the combination of CaNa2-
EDTA and diabetes had affected growth rate, 
blood glucose concentration, liver glycogen 
content, body zinc status, GOT, GPT and alka-
line phosphatase activities. Therefore CaNa2-
EDTA chelate has beside its important role in 
the pharmaceutical and nutrition field it has 
also a negative effect on the metabolism and 
appeared to result in the development of severe 
diabetes.  



Z Kechrid et al: The Effect of CaNa2-EDTA… 

20 

Acknowledgements 
This work is supported by the research project 
N° F 2301/02/2005 funded by the Ministry of 
Higher Education, Algeria. We should thank 
members of Algiers Pasteur Institute for pro-
viding rats.  
 
References 
1. Manville I, Moser R (1955). Recent devel-

opments in the care of workers exposed 
to lead. AMA Arch Indust Health, 12: 
528-38. 

2. Gordon GF (1986). Oral chelation with 
EDTA. J Holistic Medicine, 8(1): 79-80. 

3. Casdorph HR (1981). EDTA chelation ther-
apy, efficacy in arteriosclerotic heart 
disease. J Holistic Medicine, 3(1): 53-9.  

4. Olszwer E, Carter J (1988). EDTA chela-
tion therapy in chronic degenerative dis-
ease.  Medical Hypotheses, 27: 41-9.  

5. Born GR, Geeurkink TL (1994). Improved 
peripheral vascular function with low 
dose intravenous ethylene diamine 
tetraacetic acid (EDTA). Townsend Let-
ter for doctors, 132: 722-26. 

6. Schroeder HA (1956). A practical method 
for the reduction of plasma cholesterol 
in man. Chronic Diseases, 4: 461-68. 

7. Aamoth HL, Butt FJ (1960). Maintaining 
food quality with chelating agents. Anna 
N Y Acad Sci, 18(8): 526-31. 

8. Furia T (1964). EDTA in foods a technical 
review. Food Technology, 18(12): 1874-
82. 

9. Apgar J (1977). Use of EDTA to produce 
zinc deficiency in the pregnant rat. Nutr, 
107: 539-55. 

10. Honnorat J, Accominotti M, Broussole C, 
Fleuret AC, Vallon JJ, Orgiazzi J (1992). 
Effect of diabetes type and treatment on 
zinc status in diabetes mellitus. Biol 
Trace Element Research, 32: 311-16.   

11. Nakamura T, Higashi A, Nishiyama S, Fuji-
moto S, Matsuda I (1991). Kinetics of 

zinc status in children with IDDM. Dia-
betes Care, 14: 553-57.  

12. Southon S, Kechrid Z, Wright AJA, Fair-
weather-Tait S (1988). Effect of reduced 
dietary zinc intake on carbohydrate and 
zinc metabolism in the genetically dia-
betic mouse (C57BL/KsJ db+/db+). Brit 
Nutr, 60: 499-507. 

13. Awadallah R, Dessoukey EA (1977). Serum 
enzymes changes in experimental dia-
betes before and after treatment with 
some hypoglycaemic drugs. Z Er-
nahringswiss, 16: 235-40. 

14. Mehta A, Flora SJ (2001). Possible role of 
metal redistribution, hepatotoxicity and 
oxidative stress in chelating agents in-
duced hepatic and renal metallothionein 
in rats. Food Chem Toxicol, 39: 1029-
38. 

15. Bergmeyer HU (1963). Methods of enzy-
matic analysis, Academic Press, New 
York. San Francisco, London, vol. 3: p 
434. 

16. Bergmeyer H, Walefeld M (1978). Méthode 
cinétique pour la détermination du TGO 
et TGP sans phosphate de pyridoxal. 
Clin Chem Acta, 24: 58-73. 

17. Bowers GNJ, McComb RB (1966). A con-
tinuous spectrophotometric method for 
measurement the activity of serum al-
kaline phosphatase. Clin Chem, 12: 70-3.     

18. Miller WJ (1970). Zinc nutrition of cattle, a 
review. Dairy Sci, 53: 1123-35. 

19. McNall AD, Etherton TD, Fosmire GJ 
(1995). The impaired growth induced by 
zinc deficiency in rats is associated with 
decreased expression of the hepatic in-
sulin like growth factor I and growth hor-
mone receptor genes. Nutr, 125: 874-79.  

20. Goss C, Huard M, Dechambre RP, Cardi P 
(1970). Influence du rationnement et de 
la densité de population sur l’évolution 
pondérale et la consommation de nour-
riture des rats wistar mâle. Exp Anim, 3: 
245-62. 



Iranian J Publ Health, Vol. 36, No.1, 2007, pp.15-21 
 

21 

21. Williams RB, Mills CF (1970). The experi-
mental production of zinc deficiency in 
the rat. Brit Nutr, 24: 989-1003.  

22. Kechrid Z, Saka S, Bouzerna N (1998). 
Effect of reduced dietary zinc intake on 
carbohydrate and zinc metabolism in 
non-diabetic mice: Heterozygous C57BL/ 
KsJdb/+, homozygous C57BL/KsJdb+/ 
+ and the original strain C57BL/KsJdb. 
Compt rend de l'academie bulgare des 
sciences, 51: 111-16. 

23. Coleman DL, Hummel KP (1967). Studies 
with the mutation diabetes in the mouse. 
Diabetologia, 3: 238-48. 

24. Kinlaw WB, Levine AS, Morley JE, SiIiris 
SE, McClain CJ (1983). Abnormal zinc 
metabolism in type II diabetes mellitus. 
Am Med, 75: 273-77. 

25. Brandao-Neto J, Silva CA, Figueiredo NB, 
Shuhama T, Holanda MB, Diniz JM 
(2000). Zinc kinetics in insulin-depend-
ent diabetes mellitus patients. Biometals, 
13: 141-5. 

26. Kechrid Z, Bouzerna N (2001). Effect of 
low zinc diet on 65 Zn turnover in non-
insulin dependent diabetic mice. Dia-
betes Metab, 27: 580-83. 

27. Huber AM, Gershoff SN (1973). Effect of 
zinc deficiency in rats on insulin from 
the pancreas. Nutr, 103: 649-56. 

28. Vallee BL, Wacker WEL, Bartholomayh 
AF, Hoch FL (1959). Zinc metabolism 
in hepatic dysfunction. An Int Med, 50: 
1077-91. 

29. Reevers P, O’Dell B (1983). The effect of 
zinc deficiency on glucose metabolism 
in meal-fed rats. Brit Nutr, 49: 441-52. 

30. Colev V, Badescus M, Paduraru J, Mandreci 
I, Bohotin C (1994). Trouble métabolique 
dans le diabète sucre expérimental. Med 
Int, 32: 71-5. 

31. Grefley S, Sandstead H (1993). Oxidation 
of alanine and B-hydroxybutyrate in late 
gestation by zinc restricted in rats. Nutr, 
113: 1803-10. 

32. Mordente A, Micciano GAD, Marrorana 
GE, Castelli A (1987). Alkaline phos-
phatase inactivation by mixed function 
oxidation systems. Arch Biochem Bio-
phys, 258: 176-85. 

33. Prasad AS, Oberleas D, Wolf P, Hawitz P 
(1997). Studies on zinc deficiency 
changes in elements and enzymes ac-
tivities in tissues of zinc deficient rats. 
Clin Invest, 46, 549-57. 

 
 
 


