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Objective: It is suggested that zinc alters the
functionality of Entamoeba histolytica in vitro as
reflected by decrease in replication and adhesion and
in vivo as manifested by inhibition of amebic
pathogenicity. Suggesting a possible role in amebic
intestinal disease copper significantly inhibits
Entamoeba histolytica acid phosphatase activity.
Methods: Thirty-one patients with Entamoeba
histolytica rectocolitis and 26 age/gender matched
healthy subjects were recruited for the study. Plasma
zinc and copper levels were determined with 5-Br-PAPS
and bathocuproin with deproteinization methods
respectively.

Results: Serum zinc concentration was (median; min-
max) significantly lower in patients with amebic
dysentery (9.9; 4.7-19.6 mmol/L) than the control group
(12.4; 7.9-20.0mmol/L), (p<0.05). Serum copper
concentrations of the patients (19.7; 7.27-54.3 mmol/
L) and the control group (12.2; 11.5-33.5 mmol/L) were
not statistically different.

Conclusion: Serum zinc concentrations decreased in
patients with Entamoeba histolytica rectocolitis, but a
significant difference was not observed for serum
copper concentrations.
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Entamoeba histolytica (E. histolytica) is the third
leading parasitic cause of death in developing countries
and one of the important health risk to which travelers are
exposed. It is estimated that more than 10% of the world’s
population are infected by E. histolytica (1). The
prevalence of infection is as high as 50% in
underdeveloped areas and, serological studies indicate that
up to 5% of the population may be reinfected every two
years (2-5). Intestinal diseases associated with E.histolytica
include diverse clinical syndromes, asymptomatic
infection, symptomatic noninvasive infection, acute
rectocolitis (dysentery) and fulminant colitis.
Asymptomatic intestinal infection occurs in 90 to 99% of
the infected individuals, most eliminate the parasite from
the gut within 12 months, the mechanism of such are
unknown (6-8). Diarrhea is a frequent presentation of acute
amebic rectocolitis that occur in 90-100% of the patients
(9,10). Epidemiological studies indicate an association
between relatively low zinc concentrations and increased
diarrheal morbidity (11). Moreover, zinc supplementation
provides therapeutic benefits; reduces the duration,
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treatment failure or death rate and stool mass in acute and
persistent diarrhea (12,13).

In various experimental studies, it is suggested that zinc
alter the functionality of E.histolitica in vitro as reflected
by decrease in replication and adhesion, and in vivo as
manifested by inhibition of amebic pathogenicity (14).
Although a relation of copper deficiency and diarrheal
morbidity has not been shown, E.histolitica acid
phosphatase activity is significantly inhibited by Cu**
suggesting a possible role in amebic intestinal diseases
(15).

In this study, we determined serum concentrations of
zinc and copper in patients with acute amebic rectocolitis
together with a healthy control group matched in age and
gender.

Material and Method

This study was conducted at Gaziantep University,
Faculty of Medicine, Department of Infectious Diseases
and Department of Biochemistry and Clinical
Biochemistry in the year 2000. Informed consent was
obtained from all subjects according to the Helsinki
Declaration as revised in 1996. Thirty-one patients (20
men/ 11 women, median; min-max : 28; 16-45 years) with
acute E.histolytica rectocolitis that were otherwise healthy
were enrolled for this study. Amebiasis cases were
collected in three consequitive weeks and the control group
was collected in one weeks’ period. Diagnosis was made
by identification of trophozoites in fresh stool, that were
performed by microscopic examination of trichrome-
stained and unstained preperations. Presence of ingested
erythrocytes was taken as criterium for discrimination of
trophozoits from E.dispar. Twenty-six healthy subjects (16
men/ 10 women, mean 29; 16-49 years) who applied to
the out-patient clinic for routine check-up purposes formed
the control group.

All study participants were monitored and were
excluded if symptoms of any infection (other than E.
Histolytica rectocolitis) or systemic somatic illness were
present.

Fasting venous blood samples were collected using
standart venipuncture technique between 9:30-11:00 am
after 12 hours of fasting. Sera were separated immediately
by centrifugation at 3000 g for 10 min and stored at—20°C
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Table 1. Serum zinc and copper concentrations of the patients with acute E. histolytica rectocolitis and the healthy

controls.
E. histoliytica Rectocolitis Healthy Control p
n:31 n:26
Zinc (umol/L) 9.9; 4.7-19.6 12.4; 7.9-20.0 0.0017
Copper (umol/L) 19.7; 7.27-54.3 12.2; 11.5-33.5 0.959
Age (years) 28; 16-45 29; 16-49 0.802

*p values obtained with non-parametric statistics.

until analysis. Hemolyzed specimens were excluded.
Commercial reagents were used for determination of the
trace metals. Serum copper concentration was determined
with Bathocuproin with deproteinization method (Copper
MPR 1, Catalog no: 124834, Boehringer Mannheim
GmBh, Mannheim, Germany) and serum zinc
concentration was determined with 5-Bromo-adenosine
3’-phosphate-5’phosphosulfate (5-Br-PAPS) method
(Catalog no: zinc-0100, Elitech Diagnostics, Sees, France)
according to the manifacturer’s instructions.

Plastic disposable syringes with stainless steel needles
were used for blood collection. Glassware was cleared of
surface trace metal contamination by soaking overnight
in nitric acid-hydrocloric acid (1:3 v/v) solution, followed
by rinsing with deionized water.
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Figure 1. Serum zinc concentrations of the patients with
acute E. histolytica rectocolitis and the healthy controls.
The central box represents the values from lower to the
upper quartile (25-75 percentiles). The middle line repre-
sents the median. A line extends from the minimum to the
maximum value excluding the extreme values, which are
displayed as seperate points. An extreme value is defined
as a value that is less (or greater than) the lower (or upper)
quartile minus (or plus) 1.5 times the interquartile range.
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Data are presented as median; minimum-maximum.
Analysis of groups was performed with Mann Whitney-U
test. Chi-square test was performed to consider case-control
differences in nominal data (i.e. gender). SPSS 9.0 (SPSS
Inc. Chicago, Illinois, USA) program was used for
statistical analyses and illustration.

Results

Because of matching criteria, characteristics of the
study groups were not different. Serum zinc and copper
levels of the patients and the control group are given in
Table I. Serum zinc concentration was significantly lower
in patients with E. histolytica rectocolitis (median;
minimum-maximum, 9.9; 4.7- 19.6 mmol/L) than the
healthy control group (12.4; 7.9-20.0 mmol/L), (p: 0.017).
Serum zinc concentration of the patients with E. histolytica
rectocolitis and the control group are presented in Figure
1. Serum copper concentrations of the patients (19.7; 7.27-
54.3 mmol/L) and the control group (12.2; 11.5-33.5 mmol/
L) were not statistically different.

A significant correlation between serum zinc and
copper concentrations was not observed in patients with
amebic dysenteria (r: 0.292, p: 0.139).

Discussion

The data from this study demonstrate that serum
concentrations of zinc is decreased in patients with acute
E. histolytica rectocolitis whereas a significant difference
was not observed for serum copper concentrations. Similar
findings were observed in patients with diarrhea of various
etiologies (16, 17). It is suggested that acute phase action
causes increased metallothionein mediated hepatic uptake
of serum zinc, leading to hepatic zinc accumulation and
decreased serum zinc levels via interleukin 1 mediated
mechanisms (18-20). On the other hand acute phase
response upregulates ceruloplasmine gene and synthesis
in liver and subsequently the level of ceruloplasmin-Cu
complexes in the blood. As seruloplasmin contains
approximately 95% of total serum copper, a concomitant
increase in the serum copper concentrations is an expected
finding in infectious/ inflammatory conditions (21).
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However the increase occurs relatively slowly, peaking at
4 to 20 days after a single, acute insult (22). The group
with acute E. histolytica rectocolitis was at a relatively
early phase of the disease and this may at least partly
explain lack of a significant increase in serum Cu levels.

On the other hand dietery zinc deficiency or the relative
zinc deficiency state associated with acute phase response
may increase severity of the disease and/or symptoms in
acute E. histolytica rectocolitis i.e. altered immune status
(23-25), impaired antioxidant system (26,27) elevated
intestinal uroguanylin levels (28) and enhanced E.
histolytica pathogenicity (14,29).

Zinc deficiency rapidly diminishes antibody and cell-
mediated responses and is associated with increased
susceptibility to infectious diseases. Conversely, zinc
supplementations substantially improve immune defense
in individuals with moderate zinc deficiency (23,24).
Regarding lymphocyte subsets, zinc supplemented
children had a significantly higher rise in CD3, CD4 and
CD4/CD8 ratio with no difference in CD8 and CD20 (25).

Inreased lipid peroxidation was observed in duodenum
and jejenum associated with zinc deficiency. Glutathione
peroxidase and catalase activities are decreased and
CuZnSOD activity is increased which may collectively
lead accumulation of hydrogen peroxide, may activate
inflammatory molecules and worsen tissue damage (26).
On the other hand exogenous zinc supplementation may
promote intestinal epithelial wound healing by
enhancement of epithelial cell restitution (27).

Northern blot analysis of RNA from rat intestine
demonstrated that preprouroguanylin mRNA was 2.5 fold
more abundant during zinc deficiency. Uroguanylin, a
natriuretic peptide hormone, is an endegenous ligand for
the same guanylate cyclase c that the Escherichia coliheat-
stable enterotoxin binds when it causes secretory diarrhea.
This suggests a mechanism whereby zinc deficiency could
induce uroguanylin levels in the intestine and cause or
potentiate diarrhea (28).

It is suggested that zinc at 100 mmol/L concentration
does not affect amebic viability, however it does decrease
amebic replication and adhesion and in vivo inhibits
amebic pathogenicity (14). Cysteine-proteinases are
thought to play an important role in E. histolytica
pathogenicity. Franco et al. (29) have shown that ZnCl,
spesifically inhibited cysteine proteinase activities, blocked
proteolysis and interfered with trophozoite adhesion, thus
making amebias deficient in substrate degradation and cell
damage. However, these effects are seen at
supraphysiological zinc concentrations and may be
important for management of the disease.

In conclusion, our study indicates that patients with E.
histolytica rectocolitis have low serum zinc concentrations
but no alteration in serum copper levels which is consistent
with early phase of acute phase response.

Eastern Journal of Medicine 7 (1): 11-14, 2002

10.

11.

12.

13.

14.

15.

16.

17.

Serum zinc and copper in amebic dysentery

References

Ravdin JI: Entamoeba histolytica. In: Principles and Practice
of Infectious Diseases (Eds. Mandell GL, Bennett JE and
Dolin R), Churchill Livingstone Inc., Newyork, 2000, ch
262, pp: 2798-2810

Cabellero-Salcedo A, Viverros-Rogel M, Savatierra B et al:
Seroepidemiology of amebiasis in Mexico. Am J Med Hyg
50: 412-419, 1994.

Hossain MM, Ljungstrom I, Glass RI, Lundin L, Stoll BJ,
Huldt G: Amebiasis and giardiasis in Bangladesh:
parasitological and serological studies. Trans R Soc Trop
Med Hyg 77: 552-554, 1983.

Choudhuri G Parakash V, Kumar A, Shahi SK, Sharma M:
Protective immunity to Entamoeba histolytica infection in
subjects with antiamoebic antibodies residing in a
hyperendemic zone. Scan J Infect Dis 23: 771-776, 1991.

Gutierrez G, Ludlow A, Espinos G: National serologic
survey. II. Search for antibodies against Entamoeba
histolytica in Mexico. In: Amebiasis. Proceedings of the
International Conference on Amebiasis (Eds. Sepulveda B,
Diamond LS). Instituto Mexicano del Segure Social., Mexico
City, 1976, pp: 609-618.

Jackson TF, Gathiram V Simjee AE: Seroepidemiological
study of antibody responses to the zymodemes of Entamoeba
histolytica. Lancet 1: 716-719, 1985.

Jackson TF: Entamoeba histolytica cyst passers-to treat or
not to treat? S Afr Med 72: 657-658, 1987.

Nanda R, Baveja U, Anand BS: Entamoeba histolytica cyst
passers clinical features and outcome in untreated subjects.
Lancet 2: 301-303, 1984.

Adams EB, Macleod IN. Invasive amebiasis. I. Amebic
dysentery and its complications. Medicine, Baltimore. 1977,
pp: 315-323.

Juniper K: Parasitic diseases of the intestinal tract. In:
Gastroenterologic Medicine (Ed. Paulson M), Lea and
Febiger, Philadelphia 1969, pp: 172-198.

Bahl R, Bhandari N, Hambidge KM, Bhan MK: Plasma zinc
as a predictor of diarrheal and respiratory morbidity in
children in an urban slum setting. Am J Clin Nutr 68: 414-
417, 1998.

Bhutta ZA, Bird SM, Black RE et al: Therapeutic effects of

oral zinc in acute and persistent diarrhea in children in
developing countries: pooled analysis of randomized
controlled trails. Am J Clin Nutr 72: 1516-1522, 2000.

Dutta P, Mitra U, Datta A et al: Impact of zinc
supplementation in malnourished children with acute watery
diarrhoea. J Trop Pediatr 46: 259-263, 2000.

Vega Robledo GB, Carrero JC, Ortiz-Ortiz L: Effect of zinc
on Entamoeba histolytica pathogenicity. Parasitol Res 85:
487-492, 1999.

Agrawal A, Prasad HC, Pandey VC, Sagar P: Specific
features of phosphomonoesterase of Entamoeba histolytica.
Indian J Exp Biol 28: 141-143, 1990.

Chaudhary S, Verma M, Dhawan V et al: Plasma vitamin A,
zinc and selenium concentrations in children with acute and
persistent diarrhoea. J Diarrhoeal Dis Res 14:190-193, 1996.
Karakas Z, Demirel N, Tarak¢ioglu M, Mete N: Serum zinc
and copper levels in southeastern Turkish children with

13



Erbagci et al.

18.

19.

20.

21.

22.

23.

24.

25.

14

giardiasis or amebiasis. Biol Trace Elem Res 84: 11-8, 2001.

Honkanen V, Konttinen YT, Sorsa T et al: Serum zinc, copper
and selenium in rheumatoid arthritis. Trace Elem Electrolytes
Health Dis 5: 261-263, 1991.

Min KS, Terano Y, Onosaka S, Tanaka K: Induction of
hepatic metallothionein by nonmetalic compounds associated
with acute-phase response in inflammation. Toxicol Appl
Pharmacol 111: 152-162, 1991.

Rofe AM, Philcox JC, Coyle P: Trace metal, acute phase
and metabolic response to endotoxin in metallothionein-null
mice. Biochem J 314: 793-797, 1996.

Hristova EN, Henry JB: Metabolic intermediates, inorganic
ions and biochemical markers of bone metabolism. In:
Clinical diagnosis and management by laboratory methods
(Ed. Henry JB), Saunders Comp., Philadelphia 2001, ch 10
pp: 180-210.

Milne DB: Trace elements. In: Tietz Textbook of Clinical
(Eds. Burtis CA and Ashwood ER), Saunders Comp.,
Philadelphia 1999, ch 30 pp: 1029-1056

Salgueiro MJ, Zubillaga M, Lysionek A et al: Zinc status
and immune system relationship: a review. Biol Trace Elem
Res 76: 193-205, 2000.

Fraker PJ, King LE, Laakko T, Vollmer TL: The dynamic
link between the integrity of the immune system and zinc
status. J Nutr 130: 1399-1406, 2000.

Sazawal S, Jalla S, Mazumder S, Sinha A, Black RE, Bhan
MK: Effect of zinc supplementation on cell-mediated

immunity and lymphocyte subsets in preschool children.
Indian Pediatr 34: 589-597, 1997.

27.

28.

29.

. Virgili F, Canali R, Figus E, Vignolini F, Nobili F, Mengheri

E: Intestinal damage induced by zinc deficiency is associated
with enhanced CuZn superoxide dismutase activity in rats:
effect of dexamethasone or thyroxine treatment. Free Radic
Biol Med 26:1194-1201, 1999.

Cario E, Jung S, Harder J et al: Effect of exogenous zinc
supplementation on intestinal epithelial repair in vitro. Eur J
Clin Invest 30: 419-428, 2000.

Blanchard RK, Cousins RJ: Regulation of intestinal gene
expession by dietary zinc: indution of uroguanylin mRNA
by zinc deficiency. Nutr 130: 1393-1398, 2000.

Franco E, De Araujo Soares RM, Meza I: Specific and
reversibl inhibition of Entamoeba histolytica cysteine-
proteinase activities by Zn™2. implications for adhesion and
cell damage. Arch Med Res 30: 82-88, 1999.

Correspondence:
Ayse Binnur Erbagc1

Gaziantep University, Medical Faculty,
Department of Biochemistry and Clinical Biochemistry, 27310,
Sehitkamil, Gaziantep, Turkey

TIf: +90 342 360 39 10/ 77 88
Fax: +90 342 3601617
E-mail: berbagci@hotmail.com

Eastern Journal of Medicine 7 (1): 11-14, 2002



