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microelectronic industries. Be release into the environment raises its toxic effects and increases the
likelihood of exposure to humans, which causes many hazardous side effects, such as cancer and skin
allergic conditions.

Methods: This study investigated the role of tannic acid (TA) in counteracting the hazardous effects and
the accumulation of Be. We made daily injections intraperitoneally into 72 adult male albino rats for 14
days. Animals were divided into four groups: control, Be, TA, and Be+TA. The animals were sacrificed
at 1, 7, or 14 days into the study.

Results: The data provided evidence that Be accumulations were found in different body organs, which
were ranked as follows: lung>liver>kidneys>brain>testes. Be accumulations lowered the rats’ blood
glucose levels significantly. In addition, the liver function tests showed significant increases in bilirubin
and transaminase enzymes in the animals. We also found significant declines in alkaline phosphatase,
albumin, and proteins in these animals. Further, significant rises occurred in the kidneys’ secretions of
creatinine, urea, uric acid, lipids, cholesterol, and triglycerides. The TA administration ameliorated the
toxic effects of Be on all of the tested variables. The rise in malondialdehyde and the decline in glutathione
levels in the kidneys and liver improved after the TA treatment.

Conclusion: The findings of this study provided evidence that TA administration effectively counteracted

the toxic effects of Be administration in rats.
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Introduction

Beryllium (Be) is a light-weight metal element naturally
found in the earth’s crust at 2-15 mg/kg of soil. Regarding
its high reactivity, it is worth mentioning that there are
about 45 mineralized forms of Be, but only two of them are
common as silicate minerals: beryl and bertrandite [1]. Be,
whether in its elemental form or as oxide, hydroxide, and
carbonate salts, is only slightly soluble or insoluble in water
at a neutral pH [2]. The unique properties of Be make it
suitable for many industrial uses, including inertial
guidance components and microelectronics [3-5].

Based on the natural weathering of rocks, Be
contamination is released variably into the environment and
soil [6, 7]. Be contamination and exposure place living
organisms, particularly humans, at risk of toxicity
worldwide [8, 9]. More specifically, Be enters the human
body via respiratory, gastrointestinal, and dermal routes.
Furthermore, workers in Be mines face occupational
exposure to high concentrations of soluble Be compounds,
resulting in acute diseases [10, 11].

Literature Review: El-Beshbishy et al. [12] have
shown that the administration of crocin, a major
acetaminophen-based pain medicine, can reduce the
oxidation of proteins and cellular lipids in adult male rats
due to Be chloride. Another study [13] revealed
alterations in hematological markers in female albino
rates exposed to Be. This study showed that naringenin,
a flavonoid antioxidant, might be useful in the natural
chelating of Be. Earlier, Gordon and Bowser [14]
suggested that Be was a group-1 carcinogen, based on its
ability to inhibit nuclear proteins. Upon dermal exposure
in rats, Be particles have caused immune sensitization
effects [15]. Therefore, itis crucial to find ways to reduce
the hazardous effects of Be exposure to plants, animals,
and humans. In this context, numerous natural
compounds extracted from plants, spices, and fruits
serve as antioxidants and can inhibit free radicals
released from many sources. Several studies have shown

that Saussurea lappa root extract and alginate treatment
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can inhibit the hazardous effects of thorium in adult male
rats [16-18]. Cardamom extract is also known to mitigate
the toxic effect of uranium on rats’ brains [19-21].

Tannic acid (TA) is a large polyphenol molecule that
occurs naturally and is found in numerous plants and herbs,
especially tea [22]. This acid is composed of a central
glucose molecule at its hydroxyl group and one or more
galloyl residues. It is commonly used as a food additive,
with a wide and safe dosage ranging from 10 to 400 g [23-
25]. The antioxidant function of TA is due to its
polyphenols, which have a hydrophobic core and a
hydrophilic shell [26-28]. TA has antioxidant, anti-cancer,
neuroprotective, and anti-inflammatory properties [29-33].

Aim of the Study: The current study aimed to investigate
the distribution and accumulation of Be in various body
organs in adult male albino rats. This study also evaluated
the physiological hazards of Be on the liver and kidneys of
these animals. Finally, this study investigated the
antioxidant activity of TA against Be and its hazards in
animals.

Materials and Methods

Chemicals: Be chloride was purchased from American
Elements (Los Angeles, CA, USA). TA, EDTA, sodium
acetate trihydrate, glacial acetic acid, and Chromeazurol S
dye were purchased from Sigma-Aldrich (Schnelldorf,
Germany). Be and TA solutions were prepared by
dissolving them separately in water.

Animal Grouping: A total of 72 adult male albino rats
weighing 110£20 g each were purchased from VACSERA,
the holding company for biological products and vaccines
(Helwan, Cairo, Egypt). The rats were housed in plastic
cages (six rats/cage) at ambient laboratory conditions at
25°C under 12-hour light/dark cycles and with free access
to standard rat food and water ad libitum. The rats were
divided into four groups of 18 and treated for 14 days as
follows:

1. Control Group: They were injected intraperitoneally
(IP) with saline.

2. Be Group: They were injected IP with Be at 1 mg/kg
of body weight.

3. TA Group: They were treated with 5% TA dissolved
in drinking water.

4. Be+TA Group: They were injected IP with Be and
concurrently treated with TA.

Sampling: After the 1%, 7" and 14" days of the
treatment, rats from the four groups were sacrificed (six rats
each time/group). The rats’ different organs (liver, kidneys,
lung, brain, and testes) were separated by plastic sheets,
kept in aluminum foil, and then stored in a freezer at -40°C
for further analyses. During decapitation, blood samples
were collected in sterile tubes, kept in a water bath at 37°C,
and centrifuged for 15 min at 5000 rpm.

Tissue Digestion: A mixture of HNO3, H,0,, and HCIO4
was placed in a Teflon beaker with each weighted organ
sample. Each beaker was heated on a hot plate until it
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reached complete dryness. After cooling, diluted
hydrochloric acid was added to the sample, and the
beaker was heated again for 10 min. The volume of the
samples was brought up to 25 ml with deionized water
[34, 35].

Beryllium lons Determination: Be was determined
in the digested samples according to the method of
Fouad et al. [36] using Chromeazurol S dye.

Serum Analyses: All parameters were analyzed in
stored serum samples using an automated blood
analyzer, the Boehringer Mannheim/Hitachi 902 system
(Roche Diagnostic, Japan). The glucose contents were
analyzed colorimetrically based on the method
developed by Asatoor and King [37]. Transaminases and
liver enzymes, aspartate aminotransferase (AST) and
alanine aminotransferase (ALT), were quantified using
the method described by Bais and Philcox [38]. Alkaline
phosphatase (ALP) was measured photometrically
according to Crofton’s method [39]. The color intensity
of the blue-green albumin is directly proportional to its
concentration  [40].  Albumin was determined
photometrically, whereas total protein was quantified
based on Simonian’s method [41]. Creatinine, urea, and
uric acid, which represent kidney functions, were
determined according to the methods established
previously [42, 43]. The cholesterol and triglyceride
levels were determined by the colorimetric method
described earlier [44].

Tissue Homogenization: The rats’ liver and kidneys
were weighted individually, homogenized in 1.2% ice-
cold isotonic potassium chloride solution, and
centrifuged at 5000 rpm for 10 min to separate the
supernatants for the determination of malondialdehyde
(MDA) and glutathione (GSH) contents.

Malondialdehyde Level: The tissue samples’ MDA
concentrations and the lipid peroxidation end-product
were determined as thiobarbituric acid reactive
substances (TBARS) according to a previously
established method [45].

Glutathione Level: The reduced GSH content in each
sample was determined using trichloroacetic acid and
Elman’s reagent [46].

Statistical Analyses: The statistical analyses of the
data were expressed as meanzstandard error, where the
level of significance between each pair of treatments was
set at P<0.05. Duncan’s multiple-range tests and one-
way analysis of variance (ANOVA) were performed
using SPSS software (version 20).

Results

The daily administration of Be led to the progressive
accumulation of Be ions in different body organs of the
rats in the Be group in this order:
lung>liver>kidneys>brain>testes, compared to the rats
in the control group whose Be levels were below the
detection limits (Figure 1). On the other hand, a
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significant decline was found in the accumulated Be ions in the Be group (Figure 2). The rats’ total bilirubin level
the rats’ different body organs after the concurrent experienced a sudden and significant rise after the first
administration of TA and Be, compared to the day of Be administration and continued to rise after 7 and
administration of Be alone. 14 days into the study in the Be group, compared to the

The blood glucose level declined progressively following control group. In the Be group, the TA administration
the administration of Be after 7 and 14 days into the study caused a significant increase in total bilirubin level,
in the Be group, compared to the control group. In the TA compared to the control and Be groups. However, the
group, insignificant changes in blood glucose levels were daily IP injection of Be showed general disturbances in
observed throughout the experiment, whereas in the Be+TA the animals’ liver enzyme levels (Table 1).

group, blood glucose levels increased compared to those of
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Figure 1. Effect of TA treatment on Be accumulation level (ppm) and distribution in different body organs at different time intervals. (n=6, with a
significant change at P<0.05). a=control, b=Be.

Glucose Level d/I
0.8

0.7 +

0.6

0.5 ez
0.4
0.3
0.2

0.1

7 Days 14 Days
Ocontrol BIBe EITA MBe+TA

Figure 2. Effect of TA administration on blood glucose level in adult male albino rats treated with Be at different time intervals (n=6, significant change at
P<0.05). a=control, b=Be.

Table 1. Effect of TA administration on different liver function tests of adult male albino rats treated with Be at different time intervals (n=6, significant
change (P<0.05). a=control, and b=Be.

Day T. Bili. AST ALT Albumin T.P. AlK. Ph.
Control 0.21+0.01 17.53+1.21 9.21+1.20 5.61+0.35 1.67+0.01 100.54+5.21
1Day Be 0.51+0.01* 18.24+1.02% 11.11+1.02% 5.3540.33 1.55+0.06 100.99+4.32
TA 0.22+0.01 16.98+1.32* 9.11+1.30 5.68+0.25 1.70+0.12 100.21+3.95
Be+TA 0.32+0.03* 17.55+1.01 10.21+0.98% 5.55+0.66 1.5+0.09 99.25+4.26
Be 2.5540.10% 37.66+1.95% 23.1241.32° 3.11+0.47¢ 1.02+0.08% 80.3346.59°
7 Days TA 0.19+0.02° 16.32+1.01° 9.22+0.89° 5.89+0.65° 1.89+0.12% 98.24+4.25%
Be+TA 1.86+0.10%® 32.21+2.01%® 20.12+1.78% 3.95+0.65% 1.56+0.09° 89.25+4.38%
Be 2.95+0.09% 58.15+2.68° 36.55+2.09° 2.11+0.21% 0.54+0.03% 68.3546.58°
14 Days TA 0.19+0.00° 15.21+1.89° 8.24+0.24% 6.11+0.35% 2.11+0.12% 99.21+2.89°
Be+TA 2.01+0.10% 45.36+3.11% 30.25+2.01% 3.01+0.33%® 0.78+0.18% 78.21+7.95%
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after only one day of treatment, which continued to rise
to the end of the study. On the other hand, the TA
treatment, either independently or combined with Be,
improved the kidney function in the TA and Be+TA
group, compared to the control or the Be group (see
Tables 2 and 3).

The blood MDA level showed a significant increase
starting after seven days and kept increasing until the end
of the study. Conversely, the reduced GSH level showed
a significant decrease, compared to the control level
(Figure 3). The MDA and GSH levels in the kidneys
showed an inverse and proportional relationship with
each other. There was a significant increase in MDA and
a significant decline in the blood GSH level throughout
the time when Be was being administered (Figure 4). The
TA administration, alone or combined with Be, caused
improvements in the blood MDA and GSH levels.

In the Be group, AST and ALT enzyme levels showed a
significant rise after the 1, 7", and 14" days of injection,
compared to the control group. The ALP level began a
significant decline after the 7™ day of experiments and
continued to decline until the 14" day. The blood AST level
significantly decreased following the daily administration
of TA on the first day, compared to its level in the control
group. The administration of TA, along with Be, caused a
significant increase in AST and ALT levels in the Be+TA
group, compared to the control group. However, it showed
a significant decline compared to the Be group. The blood
albumin and total protein showed a significant increase
after 7 and 14 days of treating the animals with TA. Both
blood albumin and total protein levels in the Be and Be+TA
groups showed significant declines, compared to the
control group.

The IP injection of Be affected kidney function, as shown
by a significant elevation in creatinine, urea, and uric acid

Table 2. Effect of TA administration on different kidney function tests of adult male albino rats treated with Be at different time intervals (n=6, significant
change at P<0.05). a=control, b=Be.

Parameters Create. Urea Uric acid

control 0.50+0.01 2.12+0.14 0.14+0.01

1 Day Be 0.68+0.02° 1.91+0.112 0.19+0.01°
TA 0.51+0.01 2.00+0.09 0.07+0.00?

Be+TA 0.51+0.02 2.14+0.10 0.15+0.00

Be 0.89+0.02° 3.55+0.12° 0.24+0.01°

7 Days TA 0.51+.0.01° 2.05+0.13° 0.02+0.00%
Be+TA 0.76+0.02% 2.68+0.21% 0.18+0.0%

Be 1.21+0.12* 4.02+0.212 0.58+0.01°

14 Days TA 0.45+0.01° 2.15+0.19° 0.03+0.00%
Be+TA 0.89+0.02% 3.56+0.28% 0.29+0.01*

Table 3. Effect of TA administration on cholesterol and triglyceride levels in adult male albino rats treated with Be at different time intervals (n=6,

significant change at P<0.05). a=control, b=Be.

Day Parameters Cholesterol Triglyceride
Control 30.25+2.10 28.55+1.24
1 Day Be 32.21+2.35° 29.32+1.55%
TA 30.22+2.47 28.56+1.12
Be+TA 30.55+3.25 28.99+2.01
7 Days Be 36.58+3.22° 32.59+1.35°
TA 29.56+2.68 27.95+1.552
Be+TA 34.56+1.25% 30.25+1.24%
14 Davs Be 42.32+3.25% 35.66+1.65°
4 TA 28.54+2.542 25.362.68°
Be+TA 40.22+3.44® 32.89+0.99%
Liver
60
50
40
30
20
10
0
7 Days 14 Days 7 Days
MDA O control Be EITA MBe+TA GSH

Figure 3. Effect of TA administration on liver MDA and GSH in adult male albino rats treated with Be at different time intervals (n=6, significant changes
at P<0.05). a=control, b=Be.
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Figure 4. Effect of TA administration on kidney MDA and GSH levels in adult male albino rats treated with Be at different time intervals (n=6, significant

changes at P<0.05). a=control, b=Be.

Discussion

Generally, most soluble Be salts in water are
hydrolysable to Be hydroxide at neutral pH levels, leaving
only trace amounts of dissolved Be ions. At high pH levels,
however, water-soluble hydroxide complexes may form,
enhancing the Be’s solubility and mobility. Within the
physiological range (pH 5-8), Be tends to form hydroxides
or hydrated complexes [47]. Therefore, the formation of
different Be species in the body organs depends on the
medium pH being cationic in acidic environments, such as
the stomach. At neutral or alkaline pH levels, as in the blood
and intestine, Be becomes anionic. Further, the surface of
TA is positively charged at low pH (e.g., pH<3) due to the
protonation effect. At higher pH levels, this effect declines,
and TA surface becomes negatively charged due to the
ionization of its OH groups. Therefore, the positively
charged Be species may bind to and be adsorbed on the TA
surface by electrostatic interaction, as shown in Figure 5
[47]. The adsorptive affinity of TA toward Be ions may be
the reason for TA to counteract the effect of Be on the rats.
The adsorption of Be species to TA decreases its
concentration in biological fluids, thereby lowering its
accumulation and hazardous effects.

100 | BeOH"
g 80 Be(OH),
8 60 Be(CO:)
Q.
o ]
g 0]
2 ] Be(OH);
20
0l - ‘
0 2 4 6 8 10

Figure 5. Beryllium speciation at varying pH levels.

Be is transported via the bloodstream and is readily
distributed in various animal organs [48]. The present study
has shown the ability of Be to distribute differently and
accumulate in various body organs, which is consistent with

the findings of previous studies [49, 50]. The reason for
the higher levels of Be in the lungs relative to other body
organs may be that soluble Be salts are converted to less
soluble forms in the lung. On the other hand, the
combined TA and Be treatment showed the capacity of
TA to decrease the Be accumulation in the organs. Our
results suggest that TA effectively adsorbs Be
compounds, which is consistent with the reports of
previous studies for its similar effects against Cu, Cd, Fe,
Zn, and Mn [51, 52]. The blood glucose level is
considered an indication of its metabolism in the body
and liver. Our findings demonstrated a significant fall in
the blood glucose level, which may reflect hypoglycemia
due to liver damage.

Our results are also in agreement with Nirala and
Bhadauria [53], demonstrating that exposure to toxic
metals, such as Be, inactivates hexokinase,
phosphoglucomutase, and other enzymes with major
roles in carbohydrate metabolism. The impaired
metabolism may also be due to a decline in the hepatic
glycogen storage that occurs after liver damage [54]. An
earlier study [55] has suggested that TA administration
in animals modulates the enzymatic activities of phases
I and Il in the tissues. Further, Crespy and Williamson
[56] have shown that TA catechins are the phenolic
compounds that activate the insulin signaling pathway as
they regulate glucose transport and lead to the reduction
or prevention of type 2 diabetes [57]. These findings may
support the reason why TA had an improving effect on
the rats’ blood glucose levels in the present study.
Catechins are substances found in tea that help protect
cells against free radicals and are known to inhibit
cancer, tumor growth and angiogenesis, and cell
invasion.

It is known that, when red blood cells outlive their life
and become too fragile in circulation, the broken heme
rings release their iron and pyrrole nuclei to form
biliverdin. This event leads to the generation of bilirubin
via the conjugation process in the liver, demonstrating
the reasons for the increase in bilirubin levels in the
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blood. It has been shown that Be administration causes
severe hemolysis and significant reductions in hemoglobin
concentration and red blood cell count [58]. This finding
may explain the highly significant increase in bilirubin in
the present study, which is evident in the general features
of the studied animals, such as the ball-yellow color of the
rat’s ears (Figure 6). In this context, an earlier study [59]
has also shown that TA inhibits hemorrhage due to its
polyphenol components, thereby protecting the animals
from dying [60].

Figure 6. The ball-yellow color of the rats’ ears

Metal intoxication is responsible for oxidative stress and
leads to depletion of reduced GSH [61]. Another study has
also reported the depletion of GSH due to Be administration
[62]. In the present study, there was a decline in the liver
and kidney GSH levels resulting from the Be
administration. We believe that this event might have
occurred due to the binding of Be to the active sites of the
involved enzymes. The dietary polyphenols in TA are likely
to scavenge free radicals with their highly effective electron
donors. Other studies have suggested that TA has high
antioxidant effects in vitro, compared to gallic and caffeic
acids [50, 63]. TA also enhances the antioxidant ability of
superoxide dismutase [56]. Therefore, the evidence
supports the findings of the present study with respect to
the effect of TA on the GSH levels in the rats.

Further, we found a significant rise in MDA levels after
Be administration. This finding suggests that cytochrome
P-450 might have been inhibited due to the hydroxylation
of the substrates, secondary to the generation of reactive
oxygen species as a result of Be toxicity [64]. On the other
hand, TA, with its potential antioxidant effects, might have
scavenged free radicals, thereby inhibiting lipid
peroxidation. Two studies have shown that the intravenous
administration of TA has caused hypotension in
normotensive rats and lowered the blood triglycerides and
MDA levels [65, 66].

Be treatment can elevate cholesterol and triglycerides
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sharply, causing alternations in lipid profiles and
metabolic disturbances in liver function. The current
study demonstrated elevations in liver transaminases
(AST and ALT), together with depletions in ALP,
albumin, and total proteins. This evidence establishes the
disturbance in the liver metabolic function arising from
Be intoxication. The metabolic alteration after the Be
treatment is highly likely due to severe histopathological
and necrotic damage to the liver. It is also indicative of
the ability of Be to displace magnesium ions secondary
to the depletion of ALP [61]. The findings of the current
study are consistent with those of Mathur and Flora [67],
demonstrating that Be caused significant rises in
animals’ liver enzymes. Support for our findings also
comes from Witschi and Aldridge’s study [68], showing
a significant decrease in ALP and albumin levels after
Be treatment in an animal model. The depletion in total
protein and albumin in the present study may be due to
the ability of Be to inhibit nuclear protein synthesis in
addition to its damaging effects on DNA transcription
and gene expression [69].

It is well known that kidneys excrete toxic substances
and ions from the blood into the urine while returning
useful molecules and substances back to the blood [58].
Therefore, Be residues that enter body organs move into
the bloodstream and are excreted by the kidneys into the
urine. Other indirect effects of Be administration are
believed to be weight loss, kidney stone formation, and
hepatic necrosis [40]. The current study found evidence
of kidney dysfunction after Be administration, which
was consistent with the results of former research by
Ward and Okun [70], reporting renal failure, sclerosis,
and nephritis in workers employed at Be manufacturing
facilities. Another study [53] has also demonstrated renal
ultrastructural  disturbances, that is, cytoplasmic
condensation, loosely arranged mitochondria, and
vacuolation [71]. Additionally, significant rises have
been reported by two earlier studies [53, 67] in the levels
of ALP, acid phosphatase, and lipid peroxidation, as well
as a reduction in the kidneys’ glycogen levels. The
polyphenolic compounds of TA can scavenge free
radicals by inhibiting the MDA level in the kidneys.
Lastly, two recent studies [72, 73] have reported
significant improvements in the blood pressure of
hypertensive rats after they were treated with TA.

Conclusions

The hazardous effects of Be may be due in part to the
entrance of Be into different body organs, causing
lesions or damage to organ tissues. It may be due to the
overstimulation effect of MDA, which results from the
rise in the reactive oxygen species leading to GSH
depletion over time. The IP injection of Be induced
hepatic hazardous effects, such as significant increases
in bilirubin and transaminase enzymes, and a major
decrease in ALP, albumin, and protein production levels.

Tannic acid efficiently inhibits the toxic effects of beryllium in rats. J Toxicol. 2024; 18(2): 84-92
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The daily administration of 5% TA showed that it played a
role in the mitigation of the damages caused by Be. This
effect may be associated with the adsorption and
antioxidant properties of TA. Finally, TA administration
ameliorated the hazardous effects of Be toxicity.
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