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ABSTRACT

Objective: This study was carried out to investigate whether dietary zinc status is associated with
serum albumin, AST and ALT levels in male offspring of mother rats fed a zinc deficient diet.
Methods: The study was carried out on male offspring (Groups 1, 2, 3) born to rats fed a zinc deficient
diet and on male offspring (Group 4) born to mothers fed a standard diet. Group 1: Zinc deficient,
Group 2; standard rat chow, Group 3: Zinc supplemented diet. Animals of group 4 were used as control
group. After the completion of the experimental stages of the study, albumin, AST, ALT, free and total
bilirubin levels in serum samples taken from animals were determined by spectrophotometric method.
Results: Dietary zinc deficiency (group 1) significantly decreased serum albumin values (p<0.004).
Animals in both the zinc deficient (Group 1) group and the Group 2 animals born to mothers fed a zinc
deficient diet and fed standard rat chow had the highest AST and ALT levels (p<0.001).
Conclusion:The present study is the first to show that dietary zinc status can directly affect liver
function in rats born to zinc deficient mothers by causing changes in serum albumin, AST and ALT

levels.

This work is licensed under a Creative
Commons Attribution-NonCommercial 4.0

International License.

INTRODUCTION

The liver, which is the main organ of zinc metabolism, is also
critical in regulating and maintaining the zinc balance of the
body [1]. Zinc plays a role in many enzymatic reactions of
the liver, especially in the urea cycle [2]. Low zinc levels in
liver patients were first reported by Vikbladh [3] in 1951. In
later studies, it has been shown that both liver and serum zinc

decrease in chronic liver diseases [4, 5].

Patients with liver cirrhosis have widespread zinc deficiency [6].
The levels of this deficiency are closely related to the severity of
the disease [7]. Zinc deficiency in liver patients is also affected
by changes in carbohydrate and protein metabolism. Another

factor that can lead to zinc deficiency in liver diseases is changes

Keywords: Maternal zinc deficiency, zinc, Albumin, AST, ALT, male offspring rat

in albumin concentration. Albumin is the main circulating

transporter of zinc [8].

Decreased albumin levels in liver diseases also lead to a
decrease in zinc absorption, leading to the progression of liver
disease [9]. Zinc deficiency is seen in 85.6% of liver patients
[10]. Zinc deficiency in these patients may also be caused by
metabolic disorders such as hepatic steatosis, iron overload,
insulin resistance [11]. Zinc supplementation for liver patients

improves these disorders [10, 11].

Aminotransferases; Alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) are the most sensitive tests

showing liver tissue damage [12]. They are released from the
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damaged liver cell. In cholestatic diseases, mild elevations can
be seen due to hepatocyte damage caused by bile stasis. Since
ALT is found in low concentrations in other tissues such as

muscle, it is more specific to liver diseases [12, 13].

The aim of this study is to investigate how zinc deficiency and
its administration affect circulating albumin, AST , ALT, direct
and total bilirubin levels in male offspring rats born to mothers

fed a zinc-deficient diet during pregnancy.

MATERIALS AND METHODS

The study was carried out at Selcuk University Experimental
Medicine Research and Application Center. The study protocol
was approved by the animal ethics committee of the same center
(decision dated 27.03.2020 and numbered 2020-15).

Animal Material and Groups

The juveniles used in the study were obtained from 20 adult
female rats, 15 of which were fed a zinc-deficient diet during
their pregnancies and 5 of which were fed with standard rat

chow during their pregnancies.

Feeding of Animals

The rats were fed ad libitum and kept in 12-h light/dark cycle.
Animal feed were obtained from Selcuk University Experimental
Medicine Research and Application Center as normal standard
rat feed (in pellets) (Table 1).

Energy content was 367 (11%) kcal / kg for Fat, 768 (24%) kcal /
kg for Protein and 2,091 (65%) kcal / kg for Carbohydrates.

Vitamin mix: The vitamin mix of feed given to experimental
animals contains vitamins A, D3, E, K, Bl, B2, B6, B12 and
nicotinamide, folic acid, D-biotin and choline chloride.

Main Points;

o This study shows that dietary zinc status causes changes in serum
albumin, AST and ALT levels in male offspring born to mothers
fed a zinc deficient diet during pregnancy.

o This study is the first to show that dietary zinc status can directly

affect liver function in rats born to zinc-deficient mothers.
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Table 1. Content of some trace elements and minerals in
standard rat feed

Content Value Unit

Aluminium 79.37 mg/kg
Iron 3,484.07 mg/kg
lodine 1.66 mg/kg
Cobalt 0.34 mg/kg
Copper 12.81 mg/kg
Manganese 95.06 mg/kg
Molybdenum 1.10 mg/kg
Sulfur 1,141.22 mg/kg
Selenium 0.25 mg/kg
Zinc 95.18 mg/kg
Calcium 7,012 mg/kg
Potassium 8,797 mg/kg
Magnesium 2,220 mg/kg
Sodium 2,128 mg/kg
Phosphorus 5,014 mg/kg

Albumin (mg/dl)
4
3,5 a a a

b

G1, Zinc deficient G2, Standard diet G3, Zinc supplement G4, Control - standard

diet

Figure 1. Serum Albumin Levels of Study Groups

Means with different superscripted letters in the same column
are statistically significant a>b (P<0.05).

Pairwise Comparison P Values of the Groups According to the
Mann-Whitney U Test Results:

Albumin:G1-G2:0,004; G1-G3:0,000; G1-G4:0,000; G2-
(G3:0,989; G2-G4:0,939; G3-G4:0,915
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Figure 2. Serum AST Levels of Study Groups

*Means with different superscripted letters in the same column
are statistically significant a>b (P<0.05).

Pairwise Comparison P Values of the Groups According to the
Mann-Whitney U Test Results:

AST=GI1-G2:0,294; G1-G3:0,000; G1-G4:0,001; G2-G3:0,041;
G2-G4:0,030; G3-G4:0,951

Figure 4. Direct Biluribin Levels of Study Groups
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G1, Zinc deficient G2, Standard diet G3, Zinc supplement G4, Control - standard diet

Figure 3. Serum ALT Levels of Study Groups

*Means with different superscripted letters in the same column
are statistically significant a>b (P<0.05).

Pairwise Comparison P Values of the Groups According to the
Mann-Whitney U Test Results:
ALT.G1-G2:0,297; G1-G3:0,001;
G2-G4:0,040; G3-G4:1,000

G1-G4:0,001; G2-G3:0,113;

Figure 5. Direct Biluribin Levels of Study Groups

Experimental Groups

Offspring rats (Groups 1, 2, 3) born to mothers fed a zinc deficient
diet (2.8 mg/kg zinc) and offspring rats born to mothers fed
standard rat chow (Group 4) were separated from their mothers
at 21 days of age. Male offspring rats were divided into groups

as follows:
Group 1, Zinc deficient: Offspring rats in this group were fed a
zinc deficient diet (2.8 mg/kg zinc) for 70 days [14].

Group 2, Standard Diet: Animals in this group were fed standard
rat chow for 70 days.

Group 3, Zinc supplemented: Animals in this group received
zinc supplementation (5 mg/kg/day ip zinc sulfate) until the end
of the study (70 days) in addition to standard rat chow.

Group 4, Control: Control animals in this group were fed with

standard rat chow.
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Informed Consent

After the completion of the experimental stages of the study,
all animals were sacrificed under general anesthesia and serum
samples were taken. General anesthesia was administered to all
animals (with intramuscular administration of a combination
of Ketalar (60 mg/kg), Parke-Davis and xylazine (5 mg/kg)
“Rompun, Bayer”) to avoid animal suffering.

Biochemical Analyzes

Biochemical analysis were carried out on 3 ml serum samples
obtained from blood from animals. Albumin (mg/dl), AST (U/L),
ALT (U/L), free and total bilirubin levels (mg/dl) in the obtained
serum samples were determined by spectrophotometric method
in the Abbott Architect c8000 device (Abbott Architect c8000
Chemistry Analyzer).

Statistical Analysis

The mean and standard errors of the data in the study were
calculated. Kruskal-Wallis H test was used for the difference
between the groups. Mann-Whitney U test was used to
determine which group the difference consisted of. A p<0.05

level was considered significant.

RESULTS

The lowest serum albumin values in our study were obtained
in group 1 fed a zinc deficient diet (p<0.004). Serum albumin
values of groups 2, 3 and 4 were not different from each other
(Graphic 1). In our study, the highest AST and ALT levels were
obtained in Group 1, which was fed with a zinc-deficient diet
after maternal zinc deficiency was created, and in Group 2,
which was fed with a normal diet after maternal zinc deficiency
was created (p<0,001). After the maternal zinc deficiency was
established, the AST and ALT levels of Group 3, which was
supplemented with zinc in addition to the standard rat diet, were
higher than Groups 1 and 2 (p<0,001), and were not different
from the control group (Group 4) (Graphics 2, 3). Direct and
total bilirubin values did not differ between the groups (Graphics
4,5).

DISCUSSION

An important trace element, zinc is associated with many events
from growth, reproduction, immune functions to aging [15].
The liver can increase the bioavailability of many elements,
especially zinc [16]. In this respect, a relationship between
liver and zinc is inevitable. At the same time, the deficiency

of zinc, which is a powerful antioxidant element, in the body
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may contribute to deterioration in liver functions and/or the
progression of chronic liver diseases [16, 17]. Yang et al. [17]
reported a significant decrease in serum albumin levels of
the patient group whose zinc was found to be significantly
lower than the controls in a study performed on patients with
cirrhosis. Similarly, it has been reported that serum zinc and
albumin levels are significantly lower in patients with infections
caused by acute phase response activation [18]. Morisaku et al.
[19] found low serum zinc and albumin levels in patients with
malignant lymphoma. The same researchers reported that their
findings were the first to show that albumin was correlated with
zinc in malignant lymphoma [19]. In our study, the lowest serum
albumin values were obtained in group 1 fed a zinc-deficient
diet. This finding shows that dietary zinc deficiency suppresses
albumin concentration in rats with maternal zinc deficiency.
Reporting that albumin levels decrease in parallel with low
zinc levels in various diseases, especially liver diseases[17-19]
is in strong agreement with the low zinc and albumin levels we

obtained in our study.

Elevated AST levels have been demonstrated in patients with
hepatitis B liver cirrhosis, with decreased serum zinc levels. In
the same study, it was reported that as the disease progresses,
the decrease in zinc levels and the increase in AST levels occur
more severely [20]. Reporting that increased AST and ALT levels
in protein-deficient rats are prevented by zinc supplementation
is a critical finding for the relationship between zinc and AST
and ALT [21]. Similarly, Yousef et al. [22] reported that zinc
deficiency causes an increase in AST and ALT levels in growing
rats. In conclusion, zinc has a critical relationship with AST and

ALT levels, which are used as markers for liver dysfunction.

In the current study, the highest AST and ALT levels were
obtained in Group 1 fed with zinc deficient diet after maternal
zinc deficiency was established and Group 2 fed with normal diet
after maternal zinc deficiency was established. High AST and
ALT levels, especially in Group 2, are a very important finding.
Because the animals in this group with maternal zinc deficiency
were fed with a normal diet, but there was no suppression in
AST and ALT levels.However, in our study, AST and ALT levels
of Group 3, which was supplemented with zinc in addition to
the standard rat feed after maternal zinc deficiency was created,
were lower than Group 1 and 2, and were not different from the
control group (Group 4).

In our study, direct and total bilirubin values did not differ
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between the groups. We could not find a study that directly
deals with the relationship between bilirubin and zinc in med-
line scans.

A report was published in 2013, stating that severe cholestasis
seen in 3 premature babies in a healthcare facility in the United
States can be prevented with zinc supplementation (Centers for
Disease Control and Prevention “CDC” 2013) [23]. However,
there is no detailed breakdown of the said report. We did not find
an association between maternal zinc deficiency or zinc status

and bilirubin levels in the current study.

In the current study; Albumin levels, which were significantly
suppressed in zinc deficiency, reached control values with
standard feed or zinc application. However, serum AST and
ALT levels were significantly higher both in the group fed with a
zinc deficient diet after maternal zinc deficiency was established
(group 1) and in the group fed with a normal diet after maternal
zinc deficiency was established (group 2). In our study, it is an
important finding that feeding the pups born to mothers fed a
zinc-deficient diet during pregnancy with standard rat chow for
70 days did not abolish the increase in AST and ALT levels.
This critical finding shows that liver development and therefore
liver functions of offspring born to mothers with zinc deficiency

during pregnancy may be adversely affected.

CONCLUSION

The present study is the first to show that dietary zinc status
can directly affect liver functions by causing changes in serum
albumin, AST and ALT levels in rats with maternal zinc

deficiency.

In possible future studies, revealing the effects of different
doses of zinc in the diet may provide us with more concrete
information.
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