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Acid-base status and fructose diphosphatase activity
in rats exposed to fluoride and induced periodontitis

This study was conducted to evaluate acid-base status and fructose diphosphatase (FDPase) activity in
40 (4 groups of 10) male Wistar rats. One group of rats was left untreated as control, fed a standard diet,
and given distilled water. Periodontitis model induced with 5 mg/kg NH ,Cl (group 1), exposed to sodium
fluoride (NaF) at the concentration 5 mg/l (group 2), exposed to NaF (5 mg/l) and supplemented with
minerals and vitamins (group 3). At the termination of experimental period (30 days) the pH and pCO,
value of arterial blood were analysed. Then, the FDPase activity in the hemogenized heart, kidney, liver,
mandible, pelvis, and teeth were determined by measuring inorganic phosphate that converts from fruc-
tose-1.6-diphosphate and using spectrophotometer at 350 nm. The differences in the acid-base status and
FDPase activity in the groups 1 and 2 were statistically significant in comparison with the control and
group 3 (P<0.001). Increased FDPase activities are associated with acid-base status. The minerals and
vitamins supplementation proved to restore acid-base balance, reduce toxicity and establish steady enzyme
activity, which has not been previously reported.

Key words: fluoride, ammonium chloride, pH, pCO, fructose diphosphatase, minerals and vitamins,

rats.

INTRODUCTION

Hydrogen ions concentration in fluids and tis-
sues is one of the strict regulated variables in
physiological organism. The maintenance of a
stable physiologic systemic pH is critically im-
portant to mammals.

The toxic action of fluoride (F) is based on
the fact that F ions act as enzymatic poisons that
inhibit enzyme activity and, ultimately, interrupt
metabolic processes. The most obvious early
toxic effects of F in humans are dental and skel-
etal fluorosis. It is characterized by clinical
manifestations in bones and teeth [1]. Moreover,
detrimental effects of elevated F intake are also
observed in soft tissues [2]. Since this disease is
irreversible, by appropriate and timely interven-
tion it’s preventable. Therefore, a greater under-
standing atbiochemical and molecular levels of
the disease progressionis very important.

Metabolism is an extremely complex sub-
ject in biochemistry. It is usually consists of
sequences of enzymatic steps, the so-called
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metabolic pathways that interact in a complex
way in order to allow an adequate regulation. In
each pathway, a principal chemical is modified
by chemical reactions and often require dietary
minerals for both physiological and biochemical
functions, vitamins and other co-factors in order
to function properly [3]. In addition, pathways
are important to the maintenance of homeostasis
within an organism. Thus, fructose diphosphatase
(FDPase; EC3.1.3.11) play a key role in gluco-
neogenesis (GNG) [4].

Therefore, the present study aimed to deter-
mine the pH and pCO, value of arterial blood, as
well for the first time, we conducted to evaluate
the FDPase activity in the heart, kidney, liver,
mandible, pelvis, and maxillary incisor teeth of
rats exposed to ammonium chloride (NH,Cl),
Sodium (Na) F and NaF supplemented with
minerals and vitamins.

METHODS

Forty male Wistar rats approximately 42 £ 5
day of age, each weighing 140 £ 3 g on aver-
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age were randomly divided into 4 equal groups
and maintained for 30 consecutive days. They
were placed in a quiet polypropylene cages with
stainless still grill tops, as 5 animals per cage,
temperature and humidity controlled room (22
+ 2°C and 60 +5 %, respectively) in which a
12 h/12 h light/dark cycle was maintained
(lights on: 08:00 h), fed a standard pelleted
diet, and given distilled water ad libitum. One
group of rats was left untreated as control. The
experimental group 1 (periodontitis model)
were given distilled water, standard diet and
treated with NH,Cl (5 mg/kg), the group 2
were administered standard diet, distilled wa-
ter containing NaF (5 mg/l) and rats in the
group 3 were given standard diet containing
minerals (Mg-, Mn-, Zn-sulfate, and Na-cit-
rate) 300 mg/kg and vitamin A, C and D (1/50
adults dose per kg of rats) and distilled water
containing NaF (5 mg/l). At the termination of
experimental period, under light ether anesthe-
sia, tail arterial blood samples were collected.
Then animals were sacrificed and decapitat-
ed. The heart, kidney and liver were removed.
The mandibles and pelvises were dissected.
Then maxillary incisor teeth were extracted.
Biochemical assay. The pH and pCO, value
in the arterial blood of study subjects were
analysed as previously described [5] and the
results are expressed as unites (U) and
millimeters of mercury (mm Hg) respectively.
The FDPase activity in the hard and soft tis-

pH (U)
7,6 -

7,5 1
7,4 1
7,3 1
7,2 1
7,1 1

sues of study subjects was assayed, as previ-
ously described [6]. Briefly, the bones and
teeth were pulverized to the consistency of a
fine powder at the temperature of liquid nitro-
gen. The heart, kidney, liver, mandible, pel-
vis, and maxillary incisor teeth were hemoge-
nized. Then, the FDPase activity of 1 g hemo-
genized tissue was determined by measuring
inorganic phosphate that converts from F-1,6-
DF to fructose-6-phosphate in incubated en-
vironment using spectrophotometer at 350 nm.
The results are expressed as nanomoles per
gram per second.

The experiments performed in this study
have been carried out according to the rules
in the Guide for the Care and Use of Labora-
tory Animals adopted by National Medical
Academy of Postgraduate Education (NMAPE),
Ministry of Health (Ukraine) and the Declara-
tion of Helsinki. This study was approved by
the Ethics Committee of NMAPE. The values
were expressed as mean = SD. To compare the
differences in all parameters between experimen-
tal and control groups the data were statistically
analyzed by student’s t-test using SPSS 11.5 sta-
tistical package (SPSS, Chicago, IL, USA).

RESULTS

The pH value of arterial blood among the three
groups of experimental and control subjects
are shown in Figure 1. The differences in the

7,0 T

Group 1 Group 2

Group 3 Control

Figure 1. The pH value of arterial blood among 4 groups of rats: NH,Cl-induced periodontitis model (group 1), NaF-
intoxicated (group 2), NaF-intoxicated and supplemented with minerals and vitamins (group 3) and control. The differ-
ences between the control and groups 1-2 were significant at (P<0.001). The differences between the groups 3 and 1-2

were significant at (P<0.001)
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Figure 2. The pCO, value ofarterial blood among 4 groups of rats: NH,Cl-induced periodontitis model (group 1), NaF-
intoxicated (group 2), NaF-intoxicated and supplemented with minerals and vitamins (group 3) and control. The differences
between the control and groups 1-2 were significant at (P<0.001). The differences between the groups 3 and 1-2 were

significant at (P<0.001)

values of pH in the groups 1 and 2 were sta-
tistically significant in comparison with the
control and group 3 (P<0.001). No significant
differences in the values of pH among the con-
trol and group 3 existed (P>0.001). The dif-
ferences in the values of pH between the
groups 1 and 2 were not significant (P>0.001).

The pCO, value ofarterial blood among the
three groups of experimental and control sub-
jects are shown in Figure 2. The differences
in the values of pCO, in the groups 1 and 2
were statistically significant in comparison with
the control and group 3 (P<0.001). No signifi-
cant differences in the values of pCO,among
the control and group 3 existed (P>0.001). The
differences in the values of pCO,between the
groups 1 and 2 were not significant (P>0.001).

The results of the FDPase activity in the
osseous tissues (mandible, pelvis, and teeth)
and soft tissues (heart, kidney and liver) among
the three groups of rats and control are shown
in Table 1 and 2 respectively. The differences

in the activities of FDPase in the groups 1 and
2 were statistically significant in comparison
with the control and group 3 (P<0.001). No
significant differences in the FDPase activi-
ties among the control and group 3 existed
(P>0.001). The differences in the activities
of FDPase between the groups 1 and 2 were
not significant (P>0.001).

DISCUSSION

Most common man and animal diseases are
accompanied with compensated acid-base bal-
ance shift development. During metabolic aci-
dosis, the responses of kidney, intestine and
bone may be mediated by changes in 1,25-
dihydroxycholecalciferol and parathyroid hor-
mone (PTH), resulting in increased bone re-
sorption [7]. Chronic ingestion of NH,ClI pro-
duces metabolic acidosis in animals and hu-
mans have been reported [8-9]. In periodonti-
tis model of this study our findings were in

Table 1. Activity of the fructose diphosphatase (FDPase) in the mandible, pelvis, and maxillary incisor teeth of rats
with NH, Cl-induced periodontitis model (group 1), NaF-intoxicated (group 2), NaF-intoxicated and supplemented
with minerals and vitamins (group 3) and control. The values are expressed as mean =+ s.d; n = 10 in each group

FDPase (nmol g''s™") | Group 1 | Group2 | Group3 | Control

Mandible 90.01+0.01* 95.10+£0.06* 22.29+0.25 21.50+0.13
Pelvis 88.30£0.11* 94.41 +£0.09* 24.63+0.28 24.20+0.16
Teeth 67.50+0.31* 73.70 £ 0.16* 16.22+0.32 17.80+0.12

*Significant differences when compared with controls and group 3 (P<0.001).
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Table 2. Activity of the fructose diphosphatase (FDPase) in the heart, kidney and liver of rats with NH, Cl-induced
periodontitis model (group 1), NaF-intoxicated (group 2), NaF-intoxicated and supplemented with minerals and
vitamins (group 3) and control. The values are expressed as mean = s.d; n = 10 in each group

FDPase (nmol g's™") | Group 1 | Group2 Group3 Control

Heart 85.40+£0.23%* 93.40+0.12* 23.08+0.32 24.10+0.18
Kidney 95.60+0.11* 96.70+0.31* 20.57+0.25 23.10+£0.17
Liver 91.50+0.42% 91.70+0.31* 21.09+0.32 20.40+0.03

*Significant differences when compared with controls and group 3 (P<0.001).

agreement with their report and indicated that
NH,Cl induced acidosis conditions (Figures 1
and 2).

F comes from fluoridated water, medicines,
dental products, pesticides, fertilizers and fu-
els. Exposures to F can result in dental [10]
and skeletal [11] fluorosis. Moreover, chronic
fluorosis can severely damage many systems
of the human body, but its pathogenesis is
poorly understood [12]. F has been shown to
inhibit many enzymes such as those involved
in the pentose pathway [13], antioxidant de-
fense system [14], and the myosin-ATPase
path [15]. In this regard, the current results
have demonstrated that the lack of significant
differences in the value of pH and PCO, among
groups 1 and 2 indicates an acidosis condition
in the groups 1 and 2 (Figures 1 and 2). But,
diagnosis of metabolic acidosis and alkalosis
with blood indices doesn’t reflect true tissue
condition that is connected not only with
respiratory and excretion system functioning
but with hypercompensation of metabolic pro-
cesses [5]. Previous studies have shown that
alterations in the acid-base balance modify
renal gluconeogenesis. Metabolic acidosis
stimulates GNG in a variety of preparations
by increasing the level of phosphoenolpyru-
vate carboxykinase mRNA and hence enzyme
activity [16]. This study examined the effects
of NH,C1 in periodontitis model “acidification”
and NaF “intoxication” on the FDPase activi-
ties. We noticed that the FDPase activity was
elevated in the groups 1 and 2 (Tables 1 and
2). We suggest, therefore, that metabolic aci-
dosis may have an effect on the activity of
FDPase.
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Minerals are essential elements that are
necessary for body as these are required for
the regulation of the body’s metabolic func-
tions. In this regard, magnesium (Mg)-linked
ATP processes activate hundreds of different
enzymes which are involved in diverse func-
tions such as DNA and RNA synthesis, glyco-
lysis, intracellular mineral transport, nerve
impulse generation, cell membrane electrical
potential, muscle contraction, blood vessel
tone, and the regeneration of ATP [17].
Manganese (Mn) has been shown to influence
lipid metabolism in several studies using mice
and rats as models. Also, it is a co-factor in
certain enzymes involved in intermediary me-
tabolism of carbohydrates [18]. High dietary
Mn has been shown to be insulinomimetic and
to increase glucose uptake by isolated rat
adipocytes [19]. There is considerable evidence
that GNG and the reabsorption of Na* are
reciprocally related. Thus, American opossum
kidney (OK) cells respond to acidosis with in-
creased glutamine metabolism and ammonium
formation [20]. In these cells, acidosis de-
creases the activity of the Na*-H* exchanger,
thereby increasing intracellular H* [21]. Stud-
ies using isolated proximal tubules have shown
that enhanced glutamine metabolism and am-
monia production are linked to increased glu-
coneogenesis [22]. Zinc (Zn) is a known co-
factor in some of the metabolic processes of
glucose metabolism, including key role in
insulin activity [23]. Zn deficiency would nega-
tively impact on the glucose metabolic pro-
cess [24].

Enzyme activity can be stimulated and po-
tentiated by making the required minerals and

121



Acid-base status and fructose diphosphatase activity

vitamins available to the body thus ensuring
that essential chemical reactions are main-
tained. Vitamin A participates in several bio-
logical mechanisms [25]. The antioxidant ac-
tivity of vitamin A against lipid peroxidation
induced by other test chemical in rat tissues
in vivo is known [26]. This vitamin also acts
as an antioxidant by decreasing peroxidation
products, scavenging reaction oxygen species
and inhibiting the activation of promutagen
[27]. The liver plays a central role in the up-
take, storage and is also the oxidation site of
vitamin A catabolism and responsible for the
regulated release of this vitamin to other tis-
sues [28]. Vitamin C exerts a powerful anti-
oxidant effect on biological water-soluble
compartments and represents an outstanding
antioxidant in plasma; it reacts directly with
superoxide anion (O,), hydroxyl radical (OH)
and various lipid hydroperoxides [29]. Both
animal [30] and human [31] studies have
shown ascorbic acid to be a potent antioxi-
dant, which mediates its antioxidant effect by
scavenging free reactive oxygen species. In
animals, metabolic acidosis was found to de-
creasel,25-(OH), vitamin D levels [32].
Chronic metabolic acidosis was repeatedly
shown to increase 1,25-(OH), vitamin D (by
stimulation of its production rate) and to con-
comitantly decrease PTH concentrations in
humans [33]. Vitamin D deficiency was
shown to result in metabolic acidosis in chicks
[34] and chronic 1,25-(OH), vitamin D admin-
istration results in metabolic alkalosis inthy-
roparathyroidectomised rats [35]. The current
results have demonstrated a steady activity
of FDPase by supplementation of selected
minerals and vitamins in the group 3 (Tables
1 and 2) that closely associated with the value
of pH and pCO, (Figures 1 and 2). We sug-
gest, therefore, enzyme activity can be stimu-
lated and potentiated by making the required
vitamins and minerals available to the body
thus ensuring that essential chemical reactions
are maintained. In addition, application of F
in periodontal disease must be limited.
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In conclusion, although the findings ob-
tained for rats cannot be directly referred to
the human body. Therefore, based on the data
presented in this study, it is concluded that
the biochemical changes observed in the rats
exposed to NH,CI and F clearly demonstrate
that metabolic acidosis in rats elicits increased
FDPase activity. The minerals and vitamins
supplementation proved to restore acid-base
balance, reduce toxicity and establish steady
enzyme activity. This novel approach might
be a key mechanism for understanding of meta-
bolic acidosis and may provide additional ad-
vantages in the pathogenesis of fluorosis.
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KHACJIOTHO-IIEJIOYHBIN BAJTAHC U
AKTUBHOCTDB ®PYKTO30AUDOCPATA3BI Y
KPBIC TIOJ BIUSAHUEM ®TOPUJA HATPUSA
N MOJAEJIUPOBAHUU ITAPOJOHTUTA

HccnenoBanue ObUIO NMPOBEACHO C LENbIO ONPEAEICHUS
KHCJIOTHO-IIEJI0YHOro 6ananca M akTUBHOCTH (PYKTO-
3oaudocdarazsl (Gadaza)y 40 (4 rpymmst o 10 ocobeit) kpbic-
camioB JuHUHM Buctap. JXHBOTHBIX KOHTPOJIBHOMN TPYIIIBI
yAEpKMBAJIM Ha CTAaHJAPTHOM pallMOHE NMUTAHHUSA U JTUCTHII-
JIMPOBAHHOM Boze. Y KpbIC 1-if rpymnbl ObUT MOAEIUPOBAH
HapOJOHTHUT C MOMOIIBIO BBEACHUSA B PALMOH MUTAHUS
xnopuctoro ammonust (NH,CI, 5 Mr/kr), 5kuBoTHBIE 2-# rpymIbI
nonyvanu ¢ropun Harpust (NaF, 5 mr/m), paunon kpeic 3-i
rpynnsl kpome NaF Obul 10I0JTHEH MUHEpallaMi U BUTAMU-
Hamu. Ilo okoHuyanuto 30-CyTOUHOTO 3KCHEPUMEHTAIBHOTO
nepuoaa B 00paslax apTepHalbHON KpOBH ObLIM IpoaHa-
smsuposanbl nokasarenu pH u pCO,. AxruBHocTs O ndassl
B TOMOT€HaTaX MHOKap/a, oueK, IEUYSHH, HIKHEHN YeItoCTH,
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Ta30BBIX KOCTEH M 3y0OB OIpEeAeNsIM IIyTeM H3MEpEHUs
Heopranudeckoro ¢ocdara, oruerseMoro ot ppykroso-1,6-
nudocdara, ¢ momoupo crekrpoporomerpa (A=350 HM).
Pa3nuna mnokasateneil KMCIOTHO-IENOYHOrO OanaHca U
axtuBHOCTH OdDa3bl B 1-if u 2-i rpynme Oblia CTaTHCTHYECKH
JIOCTOBEPHOM B CPaBHEHUH C KOHTPOJIbHOW U 3-i rpynmamu
(P<0.001). YBenuuenue axtuBHOocTH Drda3zel cBA3aHO ¢
KHUCJIOTHO-IIENIOYHBIM OataHcoM. JlonoTHUTeNIbHOE YIOTPeO-
JICHHe MHHEPAJIOB ¥ BUTAMHUHOB CIIOCOOCTBYET BOCCTaHOB-
JICHUIO KHCIIOTHO-1IIEJIOYHOT0 0aJIaHCa, yMEHbIIEHUIO TOKCHY-
HOCTH, a TAK)KE HOPMAIU3ALMU AKTUBHOCTU (pEPMEHTa, O 4eM
paHbIlIe HE COOOIAIOCh.

KitoueBble ci10Ba: XJIOPUCTBIH aMOHUH, (ropua Harpus, pH,
pCo,, ppykrozoaudocharasa, MUHEpPATbl U BUTAMUHBI,
KPBICBL.

Jxadap Xauini, I.®.Bintokauubka,
I.B.IlorpedHsik

KHUCJOTHO-JIYXKHUMN BAJIAHC
IAKTUBHICTH ®PYKTO30IUPOCPDATA3N
Y IYPIB II1J] BINTUBOM ®TOPH/LY
HATPIIO TA MOJIEJIFOBAHHSI
IMAPOJIOHTUTY

Jocnimxenns Oyao npoBefeHe sl BU3HAUYCHHS KHCIOTHO-
JTY)KHOTO OallaHCy Ta aKTHUBHOCTI (pykTo3oaudocdarazu
(®ndasn) y 40 (4 rpynu no 10 ocobun) 1ypis-caMIiiB JiHii
Bictap. TBapuH KOHTPOJIBHOI TPy yTPUMYBajlu Ha
CTaHJAPTHOMY pPallioHi Ta nucTwiboBaHii Bomi. [llypam 1-i
IPYIH MOJICITIOBAJIN IAPOIOHTHT 3a JONOMOTO0 BBEJICHHS J10
pamiony xnaopucroro amoniro (NH,Cl; Smr/kr), Teapunu 2-i
rpymu otpumyBanu ¢ropun Hatpito (NaF; 5 mr/m), pamion
utypiB 3-i rpynu okpim NaF OyB nonoBHeHuii Minepanamu Ta
BitamiHamu. [To 3aBepuienHi 30-1000BOro excrepuMeH-
TaJIBHOTO TMEPIONy y 3pa3Kax aprepialbHOI KpoBi Oynu
npoananizopani nokasxuku pH ta pCO, AxrupHicTs Pdazu
B TOMOT€HaTax Miokap/a, HUPOK, [IeYiHKHU, HI)KHBOT LIeNIeNH,
Ta30BHX KICTOK 1 3y0iB BH3HAYalHd BUMIipIOBaHHSM HEOpTa-
HiuHOro Qocdary, mwo BigmemmoeTses Bix ppykroso-1,6-
nudocdary, 3a gonomororo criekrpoporomerpa (A=350 um).
Pi3HnI TOKa3HUKIB KUCIOTHO-ITYKHOTO OAJIAHCY Ta aKTUBHOCTI
®ndaszu B 1- Ta 2-i rpyni OyIM CTaTHCTUYHO JOCTOBIPHUMHU
y TOpIBHSHHI 3 KOHTPOJBHOI Ta 3-10 rpymamu (P<0.001).
BcranoBineHo, 1110 miBuieHHs akTHBHOCTI Dada3u 0B’ 13aHO
3 KHUCIOTHO-JIy’)KHUM OanancoM. JlonaTKoBe BXKHMBAHHS
MiHEpaJIiB i BiTaMiHIB CIIPHsI€ BiTHOBJIEHHIO KHCJIOTHO-JTY)KHOTO
OanaHCy, 3MEHIIEHHIO TOKCHYHOCTI, a TaKOX HOpMalri3arii
AKTUBHOCTI (hepMEHTY, PO L0 PaHille He TOBiJOMIISIOCS.

KitodoBi croBa: xmopuctuii aMoHil, ¢propua HaTpito, pH,
pCO,, bpykrozonudocharasa, MiHepaIu Ta BITAMIHH, LIy PH.

Department of Therapeutic Stomatology, National
Medical Academy of Postgraduate Education, named
after P. L. Shupyk, Kiev
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