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Abstract  :  Ni t ra te  i s  a  wide spread contaminant  of  ground and surface
water.  The source of nitrate in the ground water may be from run off or
seepage  f rom fe r t i l i zed  so i l ,  munic ipa l  o r  indus t r i a l  was te  wa te r ,  l and
fills,  septic system, urban drainage or decaying plants. Human and animal
sys tems  a re  a f fec ted  seve re ly  on  n i t r a t e  exposure .  The  s tudy  was  to
inves t iga te  the  e f fec t  o f  d ie ta ry  n i t ra te  exposure  on  the  thyro id  s ta tus
along with the state of iodine nutrition. Rats were fed diet containing 3%
potass ium n i t r a t e  (KNO 3)  fo r  4  weeks  and  then  thyro id  s t a tus  was
evaluated by thyroid gland weight, urinary iodine excretion pattern, thyroid
perox idase  (TPO)  ac t iv i ty ,  se rum leve l s  o f  to ta l  thy rox ine  (T 4) ,
t r i iodo thyron ine  (T 3)  and  thyro id  s t imula t ing  hormone  (TSH)
concen t ra t ions .  In  n i t r a te  t r ea ted  an imals ,  the  we igh t  o f  thyro id  g land
was  increased  s ign i f ican t ly  (P<0.001)  whi le  thyro id  peroxidase  ac t iv i ty
(P<0.01), serum T4 (P<0.01) and serum T3 levels (P<0.001) were reduced;
but serum TSH level was increased (P<0.001) along with slightly elevated
iodine  excre t ion  level  (P<0.001)  in  compar ison to  cont ro l  animals .  The
overall  results indicated the development of a relative state of functional
hypothyroidism wi th  enlarged thyroid  af ter  n i t ra te  exposure .  This  s tudy
can explain a  part  for  the persis tence of  residual  goi tre  in  the post-sal t
iodiza t ion  phase .
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I N T R O D U C T I O N

Nit ra te  represen ts  the  mos t  ox id ized
chemical  form of ni trogen found in natural

sys tems .  I t  i s  cons idered  as  a  po ten t ia l
g round  and  sur face  wate r  po l lu tan t  (1 ) .
Consumption of high level of nitrate causes
various heal th problems (2) .  The source of
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n i t ra te  in  the  ground  wate r  may  be  f rom
run  of f  o r  seepage  f rom fe r t i l i zed  so i l ,
munic ipa l  o r  indus t r ia l  was te  wate r ,  l and
f i l l s ,  sep t ic  sys tem,  u rban  dra inage  or
decaying plants (3). It  is found naturally in
sp inach ,  l e t tuce ,  bee t s  and  car ro t  as  the
main  source  of  n i t ra te  in  d ie t ,  bu t  smal l
amounts  may be  present  in  f i sh  and  da i ry
products (3, 4). In soil, fertilizers containing
inorgan ic  n i t rogen  and  was tes  con ta in ing
organ ic  n i t rogen  a re  f i r s t  decomposed  to
ammonia ,  which  i s  oxid ized  to  n i t r i te  and
nitrate.  The plants take up nitrate for their
growth.  Surplus  ni t ra te  readi ly  moves with
the  ground  wate r  and  contamina te  i t .  The
acute oral LD50 of potassium nitrate (KNO3)
in rat is 3750 mg/kg body weight (5). Nitrate
has the same ionic size and volume as that
of  th iocyanate  and  perchlora te  an ions  tha t
main ly  inh ib i t  the  accumula t ion  of  iod ide
in  the  thyroid  g land (6) .  Bloomfie ld  e t  a l
ca r r ied  ou t  f i r s t  p r inc ipa l  inves t iga t ion
about  the  in f luence  of  n i t ra te  on  thyro id
physiology (7, 8). Nitrate toxicity also causes
thyroid dysfunction (9). The effect of nitrate
on thyroid function is strong if a nutritional
iodine deficiency exists simultaneously (10).
However ,  the effect  of  ni t rate  exposure on
the morphological and functional aspects of
thyroid physiology in the state of adequate
iodine nutriture is not sufficient.  Therefore,
the  p resen t  s tudy  was  des igned  to
inves t iga te  the  e f fec t s  o f  consumpt ion  of
n i t ra te  on  thyro id  s ta tus  a long  wi th  the
s ta te  of  iodine  nut r i t ion  because  iodine  i s
an  important  determinant  in  the  regula t ion
of normal thyroid funct ion (11).

M E T H O D S

Animals  and  treatment–  Twenty  young
growing Wistar rats weighing 80 ± 5 g were

a l loca ted  to  one  con t ro l  and  one
exper imenta l  g roup  of  t en  each .  Animals
were  caged  in  unhea ted  wel l  ven t i l a ted
s ta in less  s tee l  cages  and  main ta ined  on
labora tory  s tandard ized  normal  d ie t  and
water  ad  l ib i tum wi th  d ie ta ry  n i t ra te
supplementa t ion  in  the  exper imenta l
group. The ethical  clearance for the use of
an imals  has  been  du ly  ob ta ined  f rom the
Ins t i tu t iona l  Animal  E th ics  Commit tee .

Cont ro l  g roup  of  ra t s  was  fed  normal
laboratory diet .  Experimental  group of  rats
were fed normal  laboratory diet  containing
3% potassium nitrate i.e. 3 g KNO3/100 g of
standard diet  (6).  Both groups of rats were
provided with the above respective diet  for
a period of 28 days.

Feed consumption and body weight were
measured every three days. In the last week
of the treatment each group of animals were
kept  in  metabol ic  cages  fo r  24  hours  to
collect the urine over xylene for the analysis
of  ur inary  iodine  level .  At  the  end of  the
experimental period body weights of the rats
were  recorded  and  the  an imals  were
sacr i f i ced  fo l lowing  e th ica l  p rocedure .
Jus t  before  sacr i f i ce ,  b lood  samples  were
col lec ted  f rom the  por ta l  ve in  of  each  ra t
under  e ther  anaesthesia  and the serum was
separated for  the assay of  T4,  T3 and TSH
and kept  a t  –20°C t i l l  ana lys is .  Jus t  a f te r
sacrifice, thyroid glands were weighed after
removing connect ive  t i ssues  and preserved
to assay thyroid peroxidase act ivi ty (TPO).

Estimation of  iodine in  urine–  I t  was measured
by  dry  ash ing  fo l lowing  the  method  of
Karmarkar et al (1986) (12). In this method
iod ine  con ten t  in  u r ine  sample  was
es t imated  by  dry ing  ur ine  a t  600°C in
presence  of  po tass ium carbona te  and  the
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iodine present  in the ash was measured by
cer ic -a rsen i te  sys tem.

Assay  o f  thyro id  perox idase  ac t iv i ty -  Thyro id
perox idase  ac t iv i ty  o f  the  thyro id  t i s sues
was measured fol lowing I 3

– f rom iodide  in
presence  of  H 2O 2 in  the  assay  medium by
the  method  of  Alexander  (13) .  The  t i s sue
protein level was determined by the method
of  Lowry  e t  a l  (14)  us ing  bovine  se rum
albumin  as  s tandard .  The  resu l t s  a re
expressed  as  ∆OD/min/mg t i ssue .

Enzyme l inked  immunosorbant  assay  o f  to ta l
c ircu la t ing  thyrox ine  and  tr i iodothyronine–

Ci rcu la t ing  thyrox ine  and  t r i iodo thyron ine
levels were measured using Monobind,  Inc.
total T4–T3 kit [kit no. MBI 32718/083001].

Measurement of TSH by radio immuno assay– The
serum TSH leve l  was  measured  by  rad io
immuno assay us ing radioisotope 125I .

Stat i s t i ca l  ana lys i s–  Leve l  o f  s ign i f icance  of
all the parameters was determined following
independent ,  unpa i red  S tuden ts ’  t - t es t .

RESULTS AND DISCUSSION

Nit ra te  i s  used  wide ly  as  fe r t i l i ze r .  I t
en te rs  the  body  main ly  th rough  food  and

water.  It  has been reported by some earlier
s tud ies  tha t  n i t ra te  has  some d i f fe ren t ia l
effects on thyroid status (9).  But the effect
of  n i t ra te  exposure  on  morpholog ica l  and
func t iona l  aspec t s  o f  thyro id  g land  i s  no t
suf f ic ien t ly  s tud ied .  Therefore  in  the
present  s tudy an at tempt has been made to
eva lua te  the  poss ib le  consequences  o f
nitrate exposure on thyroid morphology and
func t ion .

The  resu l t s  presented  here  demonst ra te
tha t  the  body  weigh t  was  reduced  non-
s ign i f ican t ly  in  n i t ra te  fed  ra t s  in
compar i son  to  con t ro l  (Table  I ) .  Th is
observa t ion  might  be  due  to  inh ib i to ry
ac t ion  of  n i t ra te  on  secre t ion  of  g rowth
hormone  as  had  been  repor ted  ear l ie r  (9) .
However ,  the  weigh t  o f  the  thyro id  g land
was  increased  s ign i f ican t ly  in  n i t ra te - fed
group in comparison to that of control group.
The  increase  in  thyro id  weight  in  n i t ra te -
fed ra ts  was due to  the  increased level  of
c i rcu la t ing  thyro id  s t imula t ing  hormone
(TSH)  as  observed  in  the  p resen t  s tudy
(Table I) .

Thyro id  perox idase  (TPO)  ca ta lyses
the biosynthesis  of  thyroid hormone act ing
a t  d i f fe ren t  l eve l s  v iz .  o rgan i f ica t ion  of
iod ide ,  iod ina t ion  of  ty ros ine  res idues  o f

TABLE I : Ni t ra te  induced a l tera t ions  in  ur inary  iodine  and thyroid  s ta tus  in  20 Wis tar  ra ts

Body Body Thyroid weight Urinary TPO activity Serum Serum Serum
Groups weight weight (mg/100 g iodine (∆O D / m i n / T 4 T 3 T S H

(Initial) (g) Final (g) boty weight) (µg/dl) mg protin) (µg/dl) (ng/dl) (ng/dl)

Control 80.33± 5.1 98.80± 5.90 8.9± 0.4 409.35± 0.7 0.81± 0.2 4.21± 0.28 143.5± 0.98 0.35± 0.07

Nitrate treated 80.66± 4.5 96.00±5.10 12.88± 0.32* 421.19± 1.65* 0.13± 0.03* 2.4± 0.48** 85.30± 0.88* 2.4± 0.3*

Values  are  mean ± SD of  ten  observat ions .
*P<0.001; **P<0.01 when compared to control .



Indian J Physiol Pharmacol 2005; 49(3) Evaluation of Possible Goitrogenic 287

thyroglobulin and coupling reaction for  the
synthesis  of  thyroxine and t r i iodothyronine
attached to thyroglobulin (15). A significant
decrease in the activity of this enzyme was
noted  in  n i t ra te - fed  ra t s  (Table  I ) .  The
decrease  in  TPO ac t iv i ty  might  be  due  to
decrease  accumula t ion  of  iod ide  in  the
thyro id  g land  due  to  the  in te r fe rence  by
ni t ra te  in  the  iod ide  up take  mechanism;
n i t ra te  a l so  reduces  the  iod ina t ion  of
ty ros ine  res idues  because  i t  has  the  same
ionic size and volume like iodine/thiocyanate
(6, 16). However, the iodine intake of nitrate
fed  group  of  ra t s  was  qu i te  normal  as
ev idenced  by  ur inary  iod ine  excre tory
pa t te rn  as  body’s  90% iod ine  i s  excre ted
through  ur ine  (17) .  The  s l igh t ly  e leva ted
urinary iodine excret ion in  ni t ra te  fed rats
may be explained by reduced accumulat ion
of  iod ide  in  thyro id  g land  due  to  the
in te r fe rence  by  n i t ra te .  S imi la r  f ind ing  i s
noted in rats  fed thiocyanate that  increases
the urinary excret ion of  iodine (18) .

Serum total  circulating levels of T4 and
T 3 were  assayed  in  n i t ra te - fed  ra t s  a long
with the control  group.  Both the serum T4

and T3 leve ls  were  decreased  s igni f icant ly
in ni trate-fed rats .  Similar  observat ion was
reported earl ier  (9) .  Inhibi ted TPO act ivi ty
and decreased accumulation of iodide in the
thyroid gland due to nitrate as reported by

ear l i e r  workers  (19 ,  20)  might  be  the
poss ib le  reason  for  the  reduced  se rum T 4

and  T 3 concen t ra t ions .

Serum TSH leve l  showed a  s ign i f ican t
rise in nitrate fed rats in comparison to that
of the control group (Table I). The decreased
serum leve ls  o f  T 4 and  T 3 had  s t imula ted
the  hypotha lamic  –  p i tu i ta ry  ax i s  by  feed
back  mechanism to  increase  the  secre t ion
of  more TSH from pi tui tary to  compensate
the  thyro id  g land  func t ion  for  increased
production of  thyroid hormone result ing an
enla rgement  of  thyro id  g land .

The  overa l l  resu l t s  showed tha t  n i t ra te
exposure  had  increased  the  thyro id  g land
weigh t ,  r educed  TPO ac t iv i ty  resu l t ing  a
relative biochemical state of hypothyroidism
as  ev idenced  by  reduced  se rum T 4,  T 3

and  e leva ted  TSH prof i l es .  Therefore ,
n i t ra te  possesses  go i t rogen ic  and  an t i -
thyro ida l  ac t iv i ty  even  in  the  s ta te  o f
adequa te  iod ine  nu t r i t ion  and  th i s  can
par t ly  exp la in  the  pers i s tence  of  res idua l
goi t re  in  the post  sal t  iodizat ion phase.
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