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EFFECTS OF ACUTE AND CHRONIC FLUORIDE ADMINISTRATION ON
SOME KIDNEY PARAMETERS OF RATS (CYS-c, KIM-1, AND NGAL)

Ahmet Ufuk Komuruglu,®* Yildiray Basbugan,b Okan Arihan,® Seda Karaoz Arihand
Van, Turkey

ABSTRACT: Fluorosis is an important disease both in modern societies as well as in the
previous periods. Paleopathological studies reveal that people in ancient periods
suffered from fluorosis which causes adverse health effects, especially on the
musculoskeletal system as well as soft tissues such as kidneys. In this study, we aimed
to investigate the effects of acute and chronic fluoride administration on some kidney
markers in rats. Fifty-six Wistar albino rats were divided into 7 groups, 8 in each group.
Acute fluoride intoxication was established by administering, in drinking water, 5 ppm
(group 2), 15 ppm (group 3), and 50 ppm (group 4) for 7 days. Chronic fluoride
intoxication was established by administering 5 ppm (group 5), 15 ppm (group 6), and
50 ppm for 90 days (group 7). Control group (group 1) was given tap water. At the end of
the study, the rats were sacrificed under anesthesia and blood samples were taken. The
blood was centrifuged and their serums were separated. CYS-c, KIM-1, and NGAL levels
were measured by ELISA method, and urea, creatinine, total protein, and albumin levels
were measured spectrophotometrically. CYS-c levels were increased in all groups
administered fluoride (p>0.05). Similarly all groups had higher levels of NGAL due to
fluoride exposure and chronic fluoride 5 mg/L group showed significant increase
compared to control (p<0.05). In KIM-1 values, a significant increase occurred in acute
fluoride 15 and 50 mg/L (p<0.05). Significant alterations were also observed in creatinine
and urea values due to fluoride exposure. Consequently, exposure to fluoride may
cause an increase in serum inflammation markers (NGAL, KIM-1) due to differences in
dosage and exposure period. Further long term studies, including molecular and
histopathological assessments, are needed to elucidate the impact of long term
exposure to fluoride on the renal system.
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INTRODUCTION

Pollutants in the environment are constantly interacting with us and affect our
health. Drinking water can transmit many diseases and in addition it is a route for
exposure to different chemical pollutants. One of the most common chemicals that
can cause health problems in drinking water is fluoride. Fluorine (F) is a toxic agent
that causes adverse health effects on the reproductive and neurological systems, and
may cause endocrine diseases as well as dental and skeletal fluorosis.' > Fluoride is
one of the most abundant elements in the earth’s crust. It combines with other
elements to produce compounds known as fluorides. Therefore, fluoride is a naturally
occurring substance that can be found everywhere in the environment.* Fluoride in
drinking water is often the main source of F intake.” Fluoride containing waters occur
especially in areas where volcanic activities are intense. A study of the victims of the
eruption of Mount Vesuvius in 79 AD in the nearby cities of Herculaneum,
Pompeii, and Nocerq Inferiorie, found that dental fluorosis has occurred in this area
since Roman times.® In the study, Petrone et al. analysed the changes in shape and
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color in the teeth from samples taken from individuals settled near Vesuvius and
found dental fluorosis was present.® In another study carried out by Yoshimura et al.,
the cases showing pathological lesions and ones not showing such pathological
lesions in the dental samples, taken from skeletal remains from 2nd and 3rd century
underground tombs in Palmyra, Syria, were evaluated in terms of fluorosis.” As a
result, it was determined that the teeth with lesions had a high fluoride content. For
this reason, it has been reported that necessary measures should be taken to reduce
the fluorine concentration in drinking water in order to prevent fluorosis.®

Animal modeling of diseases is an important data source for medical research. For
example, in a study conducted on rats exposed to chronic lead accumulation, water
containing 1,000 ppm lead acetate was administered to for 90 days to monitor the
morphological changes on the femoral bone.” They are also important sources for
understanding the diseases of people who lived in historical as well as prehistorical
times. One of these studies is about the disease fluorosis. When fluoride is ingested in
excess, it causes damage to bones and teeth and even soft tissues such as kidneys.

The main excretion route of fluoride from the body is the kidneys, so the soft tissue
with the highest fluoride content is the kidney. Due to renal dysfunction, the half-life
of fluoride in plasma is prolonged and clinical toxicity may occur even when taken at
low concentrations.'? The kidney is among the organs most sensitive in response to
excessive amounts of fluoride.!’ The kidneys are the main organs in the excretion
and retention of fluoride and therefore participate in chronic fluoride poisoning.!!
Nephrotoxic effects of fluoride exposure have been shown in experimental studies.!?
Moreover, ecological studies have shown that the fluoride content in drinking water
is high in regions with a high prevalence of chronic kidney damage, and it has been
suggested that there is a possible relationship between kidney damage and the
amount of fluoride in drinking water.'>1% In the kidney injury, some
pathophysiological processes and molecules can be used as markers of early kidney
damage. It has been stated that these markers may be more sensitive and specific than
traditional markers such as creatinine and urea.'? In previous studies, it has been
reported that markers such as kidney injury molecule-1 (KIM-1), Cystatin-C (CY S-c)
and NGAL increase in kidney damage.!> Early detection of renal effects of fluoride
exposure is important. Several biomarkers are currently available for early detection
of kidney damage in correlation with histopathological changes. Therefore, we
proposed that the evaluation of serum CYS-c, KIM-1, NGAL levels may be
important in evaluating early kidney damage due to fluoride exposure. This study
was carried out to examine the effects of acute and chronic fluoride exposure on the
CYS-c, KIM-1, and NGAL markers.

MATERIALS AND METHODS

Ethical permission: Animal Experiments Local Ethics Committee permission was
obtained for this study with the decision number 2018/03, dated 29.03.2018 and both
institutional and national guidelines for the care and use of laboratory animals were
followed during experimental procedures.

Study design: The material of the study was composed of 56 adult male Wistar
albino rats. Rats were divided into 7 groups with 8 rats in each group.

Group 1: Control group. No administration was performed on rats.
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In all the acute fluoride groups NaF (Sigma) was dissolved in drinking water,
available ad libitum, for 7 days.

Group 2: Acute fluoride group (5 mg/L): administered daily 5 mg/L NaF.
Group 3: Acute fluoride group (15 mg/L): administered daily 15 mg/L NaF.
Group 4: Acute fluoride group (50 mg/L): administered daily 50 mg/L NaF.

In all the chronic fluoride groups NaF was dissolved in drinking water, available ad
libitum, for 90 days.

Group 5: Chronic fluoride group (5 mg/L): administered daily 5 mg/L. NaF.
Group 6: Chronic fluoride group (15 mg/L): administered daily 15 mg/L NaF.
Group 7: Chronic fluoride group (50 mg/L): administered daily 50 mg/L NaF.

At the end of the experimental protocol, animals were sacrificed under anesthesia
with xylazine 10 mg/kg IP (2% Rompun,® Bayer) and Ketamine (HCI) (10%
Alfamine,® Atafen) 75 mg/kg IP injectable anesthetics. Serum was obtained from the
obtained blood. NGAL (catalog number; SG-20801), KIM-1 (catalog number; SG-
20751) and CYS-c (catalog number; SG-20197) levels were also determined by
ELISA method with commercial kits. Urine and serum urea and creatinine levels
were measured in an Architect ¢i16200 model auto analyzer using Abbott branded
commercial kits.

Statistical analysis: All the values were expressed as mean+SD of eight rats in each
group. The data were analyzed with one-way analysis of variance (ANOVA)
followed by Turkey’s multiple comparison test. P<0.05 was considered to indicate
statistical significance.

RESULTS

No significant difference was found in the CYS-c level in all the groups. However
all the values were higher in all the fluoride groups compared to the control group.
The KIM-1 level was found to be highest in the acute fluoride 15 and 50 mg/L groups
and this increase was significant compared to the chronic fluoride 50 mg/L group
(p<0.05). The differences between the other groups showed no statistical
significance. All the values for NGAL in the fluoride groups were higher compared
to the control group. However the only significant difference was found between the
control group and the 5 mg/L chronic fluoride group. The serum creatinine level was
found to be significantly higher than the control group in the acute fluoride group
administered 5 and 15 ppm fluoride and also in the chronic fluoride 15 mg/L group.
Serum urea level was lower in acute fluoride 50 mg/L and chronic fluoride 5 mg/L
group compared to the chronic fluoride 15 mg/L group (p<0.05). The serum total
protein and albumin levels were similar between the groups with no statistically
significant differences. The NGAL, CYS-c, KIM-1, total protein, albumin, urea, and
creatinine levels of the groups are given in Table 1.
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Table 1. Biochemical parameters of control group and acute as well as chronic fluoride
administered groups. KIM-1 = kidney injury molecule-1, CYS-c = Cystatin-C;
Data are presented as meanSD.

Parameter Group

Control Acute Acute Acute Chronic Chronic Chronic

fluoride fluoride fluoride fluoride fluoride fluoride

Mean 5mgl 15mgll 50mgL 5mg/lL  15mg/L  50mg/L
+SD* Mean Mean Mean Mean Mean Mean
+SD* +SD* +SD* +SD* +SD* +SD*

CYS-c 37.9 39.0 38.5 39.6 50.6 46.8 41.1
(ng/mL) +6.1° +6.4° +14,5° +4.6° 6.9° +7.06°  45.37°
KIV-1 77.1 766 83.3 82.8 77.9 75.4 72.1
(pg/mL) +5.6% +5.6% +6.3° +6.8° +7.5% +3.0% +2 .42
NGAL 0.57 0.66 0.66 0.65 0.81 0.69 066
(ng/mL) +0.0° +0.1? +0.1° +0.1° +0.2° +0.1% +0.12
Creatinine  0.53 0.68 0.66 0.63 0.60 0.64 061
(mg/dL) +0.02°  +0.04°  0.17°  +0.01®  #0.01®  $0.04°  +0.07%
Urea 49.3 537 49.0 45.0 4.7 56.7 537
(mg/dL) +2.4%° +2 5 +8.3%° +7.0° +3.1° +53° +5.3%
Total 64.0 713 70.3 67.0 6.3 72.3 633
%/L) +2.0° +2.5 +12.8° +1.7° +3.7° +5.1° 3.6°
Albumin 31.9 327 325 32.0 29.3 32.3 293
(g/L) +2.0° 1.2 +5.9°7 +1.0° +1.5% +2.0° +1.9°

*Different letters on the same line indicate statistical significance (p <0.05).

DISCUSSION

An excessive fluoride intake may impair health. The fluoride ion can pass through
the intestinal barrier and be distributed throughout the body and stored in various
tissues.'® Fluorine has an effect on the function of the thyroid gland and this effect
causes thyroid complications in pregnant women.!” It has been reported that the
serum fluoride concentration increases after oral administration of sodium
fluoride.'®!8 It has been suggested that there is a constant absorption rate of fluoride
from the gastrointestinal tract after sodium fluoride is administered via drinking
water, food or the oral route.'® Since fluoride-induced renal dysfunction alters
fluoride concentration, urinary excretion of fluoride decreases, which may contribute
to the increase of fluoride serum concentration.'® Intestinal fluoride absorption is
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dependent on gastric acidity because fluoride is absorbed from the gastrointestinal
system after soluble hydrogen-fluoride formation under the normal acidic pH in the
stomach.'® Chronically, 500 ppm NaF application has been shown to decrease the
total protein level in the skeletal muscle of rabbits and in the liver and serum of
rats.!” The decrease in protein level was explained by altered food intake.'”
Prolonged exposure to fluoride may result in inhibition of protein synthesis as it
suppresses Na-K ATPase activity, which is important for amino acid uptake.* The
progression of kidney damage largely overlaps with the kidney’s ability to repair
itself. Kidney damage and tissue repair are dynamic events with progression and
regression of kidney damage.'>

Since the Food and Drug Administration (FDA) and the European administrative
authority responsible for similar issues (European Medicines Agency) have accepted
the use of CYS-c and KIM-1 in preclinical studies as urine markers of kidney injury
in 20082Y and as NGAL is also accepted as an early biomarker along with CYS-c and
KIM-],21 we wanted to measure CYS-c, KIM-1, and NGAL in serum samples for a
comparison of acute and chronic fluoride exposure in an acute and a chronic fashion.

CYS-c is a low molecular weight cysteine protease inhibitor. CYS-c is produced
from all cells containing a nucleus. CYS-c is filtered freely from the glomeruli and
reabsorbed by proximal tubule cells and catabolized.'? The serum CYS-c level is
closely related to the glomerular filtration rate.”> CYS-c is used as a biomarker of
kidney injury in different models such as intoxication with fluoride, exposure to
biological molecules such as gentamicin,?> and experimental models such as diabetes
mellitus.?* A positive relationship was found between urinary CYS-c and fluoride
exposure in a study conducted on people living in areas with 0.1-5 mg/L fluoride in
drinking water.'?> Environmental fluoride exposure also caused an augmentation in
CYS-c in adult human urine.!? In the present study, the administration of fluoride
caused an non-significant increase in the serum CY S-c levels compared to the control
group (p>0.05). Although statistically insignificant, the chronic groups had higher
CYS-c levels compared to the acute groups. This finding suggests an augmentation
of the impact of fluoride during chronic administration. In future studies, with a
greater sample size, significant results might be found. In a study by Cardenas-
Gonzalez et al. conducted on rats, it was shown that the urine CYS-c level was
increased after subchronic fluoride exposure.' The results of the present study are in
accordance the findings of Cardenas-Gonzalez et al. In a study by Ge et al., renal
ischemia reperfusion injury caused a peak increase in serum CYS-c 24 hours post
reperfusion but the level was still high on the 7" day.?® Since in our experiment, the
reason for the injury (uninterrupted intake of fluoride containing water) was
continued for 90 days it was expected that we would see augmented levels of CYS-c
in the chronic groups. Although the observation of high values in the chronic groups
indicates that an injury due to fluoride exposure has occurred, no significant value
was found. Biological unpredictable variations may also interfere with expected
results. More research is required to elucidate relations between fluoride exposure
and its effects on some kidney markers both in human and rat experimental models.

KIM-1 is a recently discovered transmembrane protein. KIM-1 is expressed by
differentiated proximal renal epithelial cells at damage sites. It can participate in the
progression of kidney damage and repair. In many studies, different functions of
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KIM-1 have been shown in acute and chronic kidney damage.26 KIM-1 is usually
found in damaged tubule cells that differentiate and replicate. However, it is difficult
to detect KIM-1 in damaged tubule cells, such as completely flattened and atrophic
cells.?” Tubular KIM-1 expression is also associated with tubular interstitial damage
and inflammation.”® Fluoride (25 mg/kg body weight) given to rats for 4 weeks was
reported to increase KIM-1 in the inner proximal tubules of kidney.29 It has been
suggested that KIM-1 is expressed as part of the tissue repair process after the
damaged cells leave the tubule and the surviving cells migrate to the area at the base
of the membrane to repair the epithelial barrier.>? Transition to these cells
differentiated from normal epithelial cells is associated with a dramatic upregulation
of KIM-1 expression.! It has been shown that the KIM-1 mRNA level is upregulated
in the renal cortex of rats exposed to fluoride in drinking water.'! In the study by the
Cardenas-Gonzalez et al., KIM-1 levels increased in the 15 mg/L (p>0.05) and the 50
mg/L (p<0.05) fluoride groups at 40 days of exposure.15 Three hundred mg/L NaF
exposure to Wistar-albino rats, given via drinking water for 7 days, resulted in a
significant increase in KIM-1 expression, as shown by immunohistochemis‘[ry.32’33
In our study, both the 15 and 50 mg/L acute fluoride groups caused a significant
increase in serum KIM-1 levels compared to the control with 7 days of administration
(p<0.05). Our results are consistent with this study. KIM-1 is stated to be an early
indicator of kidney damage and, in a study by Bontemps et al., it was shown that its
gene expression was induced in 3 days when NaF is administered i.p. at 2 mg/kg
dose.>* Although expression of KIM-1 in the early stage of damage is considered as
an adaptive response, its chronic expression is concluded to be a maladaptive
response and associated with the development of fibrosis.>> Our results showed
higher levels in acute exposure (15 and 50 mg/L). It has been reported that KIM-1
and CY S-c showed a positive correlation due to exposure to aflatoxin-B1 in Mexican
indigenous women.”!

NGAL is a small protein of the lipocalin family, weighing 25 kDa. In recent
studies, it has been reported that NGAL starts to increase in the early period of renal
darnage36 and can be used as an early predictor of acute kidney injury.37 In a study
comparing NGAL and serum creatinine in determining early stage renal damage,
Wagener et al. reported that serum creatinine was delayed 1-3 days in determining
renal damage compared to NGAL.*® Moreover, NGAL plays a protective role in
early acute kidney injury due to its antiapoptotic properties.39 NGAL is expressed in
other tissues and it is induced in inflammation and other types of damage.40 In mouse
models, it has been observed that the NGAL mRNA level in the kidney increases
after a short period of cisplatin and renal ischemia.*!"*? Plasma NGAL levels have
been shown to be lower in dogs with chronic kidney disease than dogs with acute
kidney disease. It is known that acute kidney disease upregulates a variety of
inflammatory genes, including the lipoqualin2 genes encoding NGAL. In acute
kidney injury, the decrease in the filtration capacity of the kidney leads to a decrease
in NGAL clearance and therefore it accumulates systernically.43 Plasma NGAL level
does not only increase in renal diseases but it also increases in other diseases such as
acute infection.*? Increasing serum NGAL level may reflect inflammatory damage
rather than acute injury. It has also been emphasized that NGAL is not organ-
specific.** NGAL level has been shown to stabilize in 24-48 hours after the injury. In
our study, similar to CYS-c, NGAL levels were also high in all the fluoride
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administered groups which reached significance in the chronic fluoride 5 mg/L
group. It can be stated that fluoride administration triggers kidney inflammation even
in the acute period and also in low dose. It is known that NGAL increases 2 hours
after kidney injury. However, from the literature, it was also observed that an increase
in NGAL still persists at a high level after 60 days in rats with conditions such as
hypertension and hyperglycernia.45 In our study, high NGAL levels were still
observed in the chronic fluoride groups and reached statistical significance in the 5
mg/L chronic fluoride group. A decrease of NGAL due to the administration of a
chemical to rats such as curcumin is accepted as an alleviation of this damage.46 Our
animals still had higher values in the chronic period compared to the control which
reached significance in the 5 mg/L chronic group and suggested persistence of a
chronic kidney injury. A study by Severin et al., found that excretion of NGAL in
urine varies in a time course; it makes a dramatic decrease in first 4 days and then
increases.*’ They considered this situation as a reflection of molecular changes such
as down-regulation due to methotrexate-induced kidney injury.

The increase in creatinine (significant in the acute fluoride groups administered 5
and 15 ppm fluoride and also in the chronic fluoride 15 mg/L group) in all the
fluoride groups indicates that the fluoride exposure to rats had an adverse effect in
our study. The findings of our study are in accordance with Cérdenas-Gonzélez. !>
Although the BUN and creatinine are accepted as gold standards for the assessment
of renal function, CYS-c, NGAL*® and KIM-1% are emerging as sensitive
biomarkers which enable a more specific detection of damage.

The serum urea level showed a significant decrease in the acute fluoride 50 mg/L
and chronic fluoride 5 mg/L groups compared to the chronic fluoride 15 mg/L group.
This finding suggests a complex interplay of different physiological events with
results which do not have a simple relationship with the dosage given or the duration
of exposure.

The total protein and albumin levels showed no significant difference among the
groups and this finding indicates that the impact of fluoride on the kidney does not
cause a great change in these parameter. Decreased albumin and total protein values
have been reported due to renal injury with agents such as doxorubicin.>®

CONCLUSION

In this current study, Wistar albino rats fluoride were exposed fluoride in different
doses (5, 15, and 50 mg/L) and periods (7 days acute and 90 days chronic). Our
results suggest a potential harmful renal effect of fluoride which was made visible by
alterations of some kidney markers such as KIM-1, NGAL and CYS-c, which are
emerging biomarkers for renal tubular diseases. Fluoride may therefore, at an
appropriate dosage and duration of exposure, have a proinflammatory impact on
kidneys.
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	ABSTRACT: Fluorosis is an important disease both in modern societies as well as in the previous periods. Paleopathological studies reveal that people in ancient periods suffered from fluorosis which causes adverse health effects, especially o...
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