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A single 10 ml blood sample was taken from the jugular vein into a Li-heparin tube'

tt was-ceitrifuged witfrin i hours and plasma was separated and frozen at -20'C until

analysis within 2 months.

Plasma fluoride was measured with a selective electrode and a digital pHmeter

(Orion 96-09 and Beckrnan 4500) according to Hall et al (3)'

The following constituents were analyzed by dry-chemistry procedures with a

foda[ Ektacheri XRTOOO' sodium, poiassiunr' chloride, bicarbonates' calcium'

ohosphates, ure4 creatinine, glucose, bili-bio, cholesterol, triglycerides'^qt:t"i:1

;iilifi;;"rfi;;iAli,' Ec s.rs.r-): _eaTqra,4ulamyl .transferase (GGr, EC
2.3.2.2), aspartate u-inolr*rr"rase (ASAT-, EC 2.6.1.1\, alanine aminotransferase

(^LAf, et z.o.t.z7,lactate dehydrogenase (LDH, EC t.t.t27).. Phospholipids were

determined Uy an erfiatic procedire Ytjh " Cobas Bio Roche analyzer' llote^in-s
*"r.]ru"tionated by "i".irophot"sis on cellulose acetate in Veronal buffer' oH = 8'6'

p = 0.05; after staining by Ponceau S,tractions weie quantified with a Sebia@ densito-

irto 
-f-ipoproteins 

i"tt r"p"t"ted by agarose gel electrophoresis in a Trisbarbital

ili; pil'= e.z,p = 0.05. Gels^were stained with Sudan black, then strips were

,.*"Jd*itf, a deniitometer (Sebia@, IssyJds-Moulineaux, France).

Quality control was based on commercially available control sera (wellcontrol,

Oini;al ctremistry quality assessment programme' Wellcome )'

Results were analyzed by Mann and Whitney's te!! as the normality of distributions

was not assessed and as variances of samples differed (4)'

Results

Plasma fluoride concentration in goats of the Darmous area was: 0'31 t 0'15 mg/L

(t-l;0.-10 to 058). In Tables I and-2, it can be observed that only a few paramelers

i]O i.t Oiffer signiti"-tii*t*""n U.'ttt groupsl sodiurq calciunr, triglycerides,.phos'

il;1ft;AId-ALAi;d tot" ptot"iti and [poprotein fractions' Most significant

alterations observed in uni-at of the Darmous-area were: 1) decreases of glucose'

[",-,ig]irnrciaU' oiiB * y)globulinsi2) *increase of urea; and 3) a modification

of the relative propoilonr''oF tipoptot"ins, with an increase of chylomicrons and

tVl-Ol + LDL)ind a decrease of HDL (see Figure)'

Discussion

The concentration of plasma fluoride is not the best indicator of fluoride poisoning

Uut it *as not possible io fiU ttt" animals used in this experiment to determine fluoride

concentration in Uone,-fu4;t;t hver. It was reporteq q"t "normal" plasma fluoride

concentration io *jnuntt cLulo range from 0.i9 to 0.30 mg/L(z).In control sheep

-i gout., it was reporteJ to be about-O.10 mg/L (5,6). In fluoride intoxication, plasma

fluoride concentrauo;-;;;6";ted to be as trigt, as 1.3 mgl.L (6)' So, in goats of this

.i"a', pf^; fluoride *^ "itfv mildly elevated, although it was reported that soil'

waterandstrawfluor idemeanconcentrat ionswere3232ppm,l .2ppmandl04ppp
;;;;;fi;y (1). This irobably reflects a.moderate fluoride intake of the animals at the

period of sample coile.tion. Nevertheless, loss of body weight indicated that the

lir.rr. *as mo'd"tately severe in these animals'

Main clinical signs of chronic fluorosis are osteo-dental. Exostoses cause painful

locomotion, thus limiting the movement of animals foraging for food. This point is
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Table 1. Plesma minerals, subsirates and enzyme ac{ivities of adult goats in Dermous
erea (n = 12) and control zone (n = 45). Results as meen t SD; comparison between
gmup6 ry Mann and Whitney Test
Parameter Control Darmous P<Unit
Sodium
Potassium
Ghlodde
Bicarbonates
Calcium
Phosphetes
Urea
Creatinine
Glucose
Bilirubin
Triglycerides
Cholesterol
Phospholipids
ALP
GGT
ASAT
ALAT
LDH

Table 2. Plasma proteins and lipopoteins of a<lult goats in Darmous a,ea (n = 42)
and control zone (n = 45). Results as mean t SD; comparison between groups by
Mann and Whitney Tesl.
Parameter

Table 3. Serum biochemical dislurbances repoded in previous siudies of fluorosis in
cattle and sheep of the Darmous erea; comparison to results of this sludy in goats.
Resnlts arc vari-ation as percent of difference with values obtained in control animals
( = not significantly different from @ntrols; n.d. not determined)
Parameter Cattle
Sotlum
PdsrUn
Cildile
Bcrtonat€s
CAin
emcf*s
Itr
ffi
Gfrc
*rlir
ClCcEd
Ttigre
hr|r
AtP
GGT
ASAT
AI.AT
LDH

mmoUL
mmol/L
mmol/L
mmol/L
mmol/L
mmol/L
mmolA
pmol/L
mmol/L
pmol/L
mmol/l-
mmol/L
mmol/L
U/L
U/L
UIL
U/L
UIL

N.S.
0.001
0.001
0.001
N.S.
0.05
0.001
0.001
0.001
0.001
N.S.
0.001
0.05
N.S.
0.001
0.001
N.S.
0.01

14r'.1.2
4.6 r 0.4
1 0 9 r 3
24 r.2

2.2911.15
1 . 8  i  1 . 3
3.7 i  1.5
4 8  * 7

2.35 r 0.52
4 r .2

o.u+0.27
1.88 + 0.36
1.12x0.21
325 I 391
91 t21
174 t19
3 6 r 7

1253 r 185

1'{3 t 3
5.5 * 0.6
1 0 5 r 3
2 6 i 3

2.27 tO.13
2.2!.0.4
s.e t {.s

'  3 5 r 5
1.07 r.0.22

7 x 4
0.33 * 0.19
1.63 f 0.31
1.31 f 0.25
267 f 363
126 i 45
147 r .1S
u x 7

1356 r 169

Unit Control Darmous P<

Proteins
Albumin
a1-Globulins
q2-Globulins
p-Globulins
v-Globulins
Chylomicrons
VLDL+LDL
HDL

7 0 r 6
3 8 r 5
3 i 1
7 t 1
6 + 1

1 6 i 6
1 3 n 3
3 0 r 8
5 7 1 E

77 *.5
3 5 r 3
4 t .1
7  r . 1

11 r .2
t g t 4
g t 2

23t4
6 8 r 4

gL
gA
glL
stL
gA-
gIL
%
%
%

0.001
N.S.
N.S.
N.S.
0.001
N,S.
0.001
0.01
0.001

Sheep Goats

*{qot
n.d.
n.d.

-15%

+55%

-13%
n.d.

-21%
n.d.
-5%

+3E9f,
+10*

+1sfi

+16tr

=
+35%

n.d.
n.d.

-21%

+21%
+30%
-21%
n.d.

-31$
n.d.
{%

+l'15%
+Al%
+7Th
+71cfr

-ct6

=
+2h

+16!i%
-27%
-54%
+75%
-13%
+mch

-9%
-'18%

+38%
+'lscYo

+8%

=
+z0ch

1%
+8%
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Fluorosis-free zone:-

Darmous zone:-

Fluoride 26 (4)

HDL VLDL ChYlomicrons
+LDL 

' t!

FIGURE. Typical agarose gel electrophoretic.profiles-of plasma lipoproteins in-goaG 
of i ttuordsis-free-zone (above) and of the Darmous area (below)
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