
ORIGINAL ARTICLE

A HISTOLOGIC STUDY OF CARBIMAZOLE-INDUCED HYPERPLASIA 
OF ADENOHYPOPHYSIS WITH PROTECTIVE ROLE OF THYROXINE 
IN MALE ALBINO RATS
K h alid a  P er v een 1, N a h ee d  K han2, M uham m ad R a fiq u e1, S y ed  S a m iu lla h 1 and A n ju m  N a q v i3 

ABSTRACT

O bjective ' To assess the frequency and degree o f pituitary hyperplasia in albino rats made hypothyroid 
by Carbimazole, and the association o f severity o f pituitary enlargement, and the response to treatment with 
throxine. To determine the microscopic changes occurring in Beta basophil cells (Thyroid stimulating 
hormone & Adreno corticotrophin hormone producing cells) o f  Anterior Pituitary gland by giving an anti­
thyroid drug, Carbimazole and Carbimazol plus Thyroxin on Anterior pituitary glands o f male albino rats 
with increasing time period.
Design' Experimental study
Place: Anatomy Department, Basic Medical Sciences Institute, Jinnah Postgraduate Medical Centre Karachi. 
Methods: Forty five healthy, young adult male albino rats were selected for the study. They were distributed 
into 3 main groups o f 15 rats each. Group A  served as control while Group B received injection Carbimazole 
6 ^gm/G body weight subcutaneously daily. Group-C were treated with injection Carbimazole 6 ^gm/G 
body weight subcutaneously plus injection Thyroxin 5 ^gm intraperitoneally daily for their respective period 
o f treatment. Each group was further subdivided into three sub-groups according to the period o f treatment 
they received i.e. 2, 4 & 6 weeks at the end o f which animals were sacrificed. The Pituitary glands were 
dissected out after processing and staining (Wilson-Ezrin method). The tissues were subjected to detailed 
micrometric examination.
Result' The results are based on changes in morphometric study o f number and diameter ofB eta Basophil 
cells in anterior Pituitary gland. Mean value o f number o f Basophils were increased significantly (P <0.001) 
in group B (Carbimazole treated) i.e 151 .0±  3.38 than group A  (control) i.e 82.2 ± 3.48. While in group C 
(Carbimazole plus Thyroxin treated) the number o f cells were decreased i.e 117.6 ± 3.83 than group B but 
were more than group A, Beta Basophil cell size (diameter) was also increased significantly (P <0.001) in 
group B i.e 17.64 ± 1.06 than group A  14.45 ± 3.28.
In group C Beta Basophil cell size was16.16 ± 2.02, which was more than group A but less than group C. 
The number and size o f  Beta Basophils in group C was significant (P<0.05), when compared with  
corresponding controls.
C onclusion'. In conclusion these results strongly suggest that Carbimazole-induced hyperplasia and 
hypertrophy o f Anterior pituitary gland may be prevented by simultaneous treatment with Thyroxin. Long 
standing treatment with Carbimazole in Hyperthyroid patients as in Graves disease should accompany, small 
doses o f Thyroxin as well, to avoid the enlargement o f  Anterior Pituitary gland during their treatment. 
K eywords'. Pituitary, Adenohypophysis, Carbimazole, Hyperplasia, Thyroxin.

INTRODUCTION
Pituitary hyperp lasia  has b een  k now n  for a long  
period o f  tim e and yet rem ains poorly understood.1
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Pituitary hyperplasia due to primary hypothyroidism  
and presents grow th arrest causing m ass on MRI 
can regress w ith  thyroxine therapy and sym ptom s 
be resolved .2
Regulation o f  the thyroid gland by the hypothalamo- 
pituitary axis depends on feedback loops. The thyroid 
gland secretes triiodothyronine (T 3) and thyroxine 
(T 4 ). H y p o th y r o id ism  a r ises  th rou gh  io d in e
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deficiency, autoimmunity or surgery: treatment is by  
replacem ent o f  T3 and T4. H yperthyroidism  is also 
an autoimmune disease, com m only G raves’ disease. 
Treatment is by  selective destruction o f  thyroid cells 
b y  r a d io io d in e . A lte r n a t iv e ly  th io u r e y le n e s  
(ca rb im a zo le ) are u sed  to inh ib it io d in a tio n  o f  
thyroglobulin, thereby reducing T3 and T4 synthesis.3

M any cases o f  Thyroid hyperplasia resulting from  
p ro lo n g ed  p rim ary h y p o th y r o id ism  h a v e  b een  
reported .4,5 T hyrotroph  h y p erp la sia  is u su a lly  
r e v e r s ib le  w ith  th e  in s t itu t io n  o f  th y r o x in e  
replacem ent therapy. Thyrotroph releasing hormone 
is lik e ly  to be a major player initiating thyrotroph  
proliferation.1,4

Pituitary hyperplasia is defined as a non neoplastic  
increase in one or m ore functionally  distinct types 
o f  pituitary cells. The acini though expanded, remain  
intact.5,6

The anterior pituitary gland integrates the repertoire 
o f  horm onal sign a ls controlling  thyroid, adrenal, 
reproductive, and grow th functions. The pituitary  
gland responds to com plex  central and peripheral 
signals by tw o m echanism s. First trophic horm one 
secre tio n  is  e x q u is ite ly  co n tro lled  to reg u la te  
h om eostasis . Second , d evelop m en ta l or acquired  
pituitary signals m ay e licit p lastic pituitary growth  
responces, consisting o f  either hypoplasia, hyperplasia 
or adenom a form ation.7

A n y ce ll population  w ith in  the pituitary gland can  
undergo h y p erp la sia  and w h en  p ro lo n g ed  m ay  
p r o g r e ss  to  a d en o m a  fo r m a tio n .8,9 P itu ita ry  
enlargem ent occurs in primary hypothyroidism  due 
to p itu itary thyrotroph h y p erp la s ia .10 U ntreated  
primary hypothyroid ism  has long b een  recognized  
as causing enlargem ent o f  the pituitary gland and 
sella turcica.11 The pituitary enlargement, representing 
h y p erp la sia  or a d en om atou s transform ation  o f  
pituitary thyrotropic ce lls  in  respon se to primary  
thyroid d efic ien cy .12 Patients w ith  longstanding  
p rim ary  h y p o th y r o id ism  m a y  h a v e  p itu ita ry  
e n la r g e m e n t  v i s ib l e  on  M R I or c o m p u te d  
tom ography.13 T hiom ides-m ethim azole- and propyl 
th iouracil are m ajor drugs for the treatm ent o f  
thyrotoxicosis. In the U nited K ingdom  Carbimazole 
w hich is converted to m ethim azole in v ivo  is w idely  
used. M eth im azole is about 10 tim es m ore active  
than propyl thiouracil.14

The principal horm ones o f  the thyroid gland are the 
iodine containing am ino-acid derivative o f  thyroxine 
(T4 and T3). Patients with hypothyroidism are usually  
treated w ith thyroxine (levothyroxine) only, although  
both thyroxine and tri-iodothyronine are secreted by  
normal thyroid gland.15 In any patient w ith  pituitary 
gland enlargement, primary hypothyroidism  m ust be 
excluded. Circulating thyroxine norm ally serves as 
a negative feedback on release o f  thyrotropin-releasing 
horm one by the hypothalam us. I f  the thyroid gland  
secretes insu fficien t quantities o f  thyroxine, levels  
o f  thyrotropin-releasing hormone w ill increase. This, 
in turn, results in thyrotroph hyperplasia and pituitary 
gland enlargem ent.16,17

MATERIALS AND METHODS

This study was conducted in Department ofAnatom y, 
BM SI, JPMC, Karachi during the period 2004--2005. 
The anim als used  for this experim ental study w ere  
adult m ale albino rats. A  total o f  45 anim als o f  190­
2 5 0 G  w ere selected  for this experim ental study and 
m aintained on balanced laboratory diet.

A ll the anim als w ere divided into three groups A , B  
and C each group comprising 15 animals. Each group 
is further divided w ith three sub-groups based on the 
period o f  treatment 2, 4 & 6 w eeks respectively, each  
sub-group com prising o f  five  anim als.

The anim als o f  group-A  served as norm al control 
received  injections o f  normal saline 1c.c daily for 2, 
4 and 6 w eek s respectively, and anim als o f  group-B  
w ere treated w ith  injection  Carbim azole 6 p,gm/G  
b od y  w e ig h t su bcutaneously  daily  for 2 , 4 and 6 
w eek s respectively.

The anim als in group-C w ere treated w ith  injection  
Carbimazole plus injection Thyroxine 5 p,gm in 0.9%  
NaC l intraperitoneally daily for their respective period 
o f  time.

T hey w ere sacrificed  according to tim e period  o f  
treatment under ether anaesthesia.

Pituitary glands were fixed in Zenker formal (H elly ’s 
solution) for 4 -6  hours. After tissues processing, Five 
micron thick sections were cut on rotatory microtome 
and mounted on glass slides. These were stained with  
W ilson-Ezrin m ethod.

In W ilso n -E zr in  m eth o d  (P A S , O range G and
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M eth y len e  b lu e) b eta  b asop h il c e lls  o f  anterior  
pitu itary  w ere  cou n ted  w ith  the h elp  o f  ocu lar  
counting reticule. The size o f  beta basophil cells w as 
m easured w ith  the help o f  ocular m icrom eter scale  
and counting reticules.

The statistical significance o f  differences o f  various 
quantitative ch an ges b e tw een  C arb im azole and  
Carbimazole plus Thyroxine treated and control rats 
w ere evaluated by  s tu d en t‘t ’ test.

OBSERVATIONS AND RESULTS

The present study was designed to observe the effects 
o f  Carbimazole and Carbimazole plus Thyroxine on  
the number and size  o f  B asophils particularly B eta  
Basophils in anterior pituitary gland at variable time 
intervals.

T he observation  and results o f  the present study  
d em on strated  that C arb im azo le  is e f fe c t iv e  in  
producing hyperplasia in the anterior pituitary gland  
and reversion o fh yp erp lasia  b y  giving thyroxine in 
experim ental anim als.

M ean va lues o f  B asoph il num bers w ere recorded  
and shown in table-1. W hen comparing group B  with  
group A  there w as statistically significant increase 
(P <  0 .001) in numbers o f  B asophils ,as seen  in Fig-
1 (control) , F ig -2  (treated w ith  C arbim azole) and 
F ig-3 (treated w ith  C arbim azole and T hyroxine).

Table l : Mean* Basophil Cell Count of Animals in Different 
Groups at Variable Time Period

Group No. of
Basophil Counts

Durations
Subject 2W eek 4W eek 6 Week

Control (A) n=5 80.8 ± 4.16 80.8 ± 5.0 82.2 ± 3.48

Carbimazole (B) n=5 129.6 ± 9.69 184.8 ± 9.86 151.0 ± 3.38

Carbimazole + 
Thyroxine (C)

n=5 116.2 ± 3.02 142.8 ± 4.93 117.6 ± 3.83

‘ Mean ± Standard Error

P value =  0.001 means statistically h ighly significant.

Note: M icroscopy w as performed under high power
i.e  4 0 x  ob jective  and 8x  occular w ith  the help  o f  
ocu lar m icrom eter sca le  and co u n tin g  re ticu le .

A  stage m icrom eter w as used  for the calibration o f

the ocular m icrom eter sca le  and ocular counting  
reticule. The stage m icrom eter used  in the study had  
a sca le  o f  1m m  length  d iv ided  into 100 parts. So  
each division measured 10 p,m. The ocular micrometer 
u sed  in this study had 100 d iv ision s. T he reticule  
used had five squares along both the ‘x ’ and ‘y ’ axes. 
The ocular m icrom eter w as placed in right eyep iece  
o f  m icro sco p e  and reticu le  in the le ft ey ep iece .

Table 2:Mean* Beta Basophil Cell Count of Animals in 
Different Groups at Variable Time Period

Group
No. of 

Subjects
Beta Counts

Durations
Subject 2 Week 4 Week 6 Week

Control (A) n=5 28.6 ± 169 30.6 ± 2.29 34.6± 3.34

Carbimazole (B) n=5 80.4 ± 9.04 110.06 ± 10.42 91.0± 2.21

Carbimazole + 
Thyroxine (C)

n=5 55.4 ± 9.84 79.2 ± 2.08 67.0 ± 1.52

‘ Mean ± Standard Error

M ean values o f  Beta Basophil numbers were recorded 
and show n in table 2. There w as significant increase 
(P <  0 .05) in B eta cell count w h ile  com paring group 
A  w ith  group C. The h igh ly  significant increase (P
<  0 .0 0 1 ) in  B eta  ce ll count w hen  com paring group  
A  w ith  groups B as show n in Graph-1.

Table 3:Mean* Basophils Size (microns) Count of Animals 
in Different Groups at Variable Time Period

Group No. of
Basophil Counts

Durations
Subject 2 Week 4 Week 6 Week

Control (A) n=5 13.78 ± 2.90 14.04 ± 2.36 14.45 ± 3.28

Carbimazole (B) n=5 16.94 ± 5.77 17.5 ± 6.04 17.64 ± 1.06

Carbimazole + 
Thyroxine (C)

n=5 13.22± 3.84 14.91 ± 0.44 16.16 ± 2.02

‘ Mean ± Standard Error

P value =  0.001 means statistically h ighly significant.

M ean values o f  B eta  B asoph il S ize  w ere recorded  
and show n in table-3 w hen com paring group A  with  
group B there w as sta tistica lly  h ig h ly  sign ifican t  
in crease  (P <  0 .0 0 1 )  in  s iz e  o f  B eta  B a so p h ils . 
S ig n ifica n t in crea se  (P < 0 ,0 5 )  in  s iz e  o f  c e lls  
comparing group C w ith group A . W hen comparing 
group C w ith group B , h igh ly significant increase (P
<  0 .0 0 1 ) in  s ize  o f  ce lls  w ere noted  as sh ow n  in 
Graph-2.
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Graph - 1 :  Beta Basophil Cell Count in Control, Carbimazole 
and Carbimazole + Thyroxine Groups

Graph -  2 : Size of Basophils (microns) in Control, Carbimazole 
and Carbimazole + Thyroxine Groups

Figure -  1 : PAS-Orange-G, Methylene Blue (Wilson Ezrin 
Method) stained 5 ^m thick section of the pituitary gland 
showing basophils (B) in control rat. (Photomicrograph under 
low power x 40)

Figure -  2 : PAS-Orange-G, Methylene Blue (Wilson Ezrin 
Method) stained 5 ^m thick section of pituitary gland showing 
increased number of basophils (B), after four weeks Carbimazole 
treatment in rat. (Photomicrograph under high power x 40)
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Figure -  3 : PAS-Orange-G, Methylene Blue (Wilson Ezrin 
Method) stained 5 ^m thick sections of pituitary gland showing 
increased number of basophils (B) after six weeks Carbimazole 
plus Thyroxine treatment in rat. (Photomicrograph under high 
power x 40)

DISCUSSION

This study w as designed  according to Inauwa and  
W illiam s in 1995 w h o produced hypothyroidism  in 
rates by  administering Carbimazole and then treated 
tham w ith  Thyroxine.18 T hey observed the effects o f  
these drugs on  the uterine horns. In this study the 
effects o f  tw o drugs (C arbim azole and T hyroxine) 
were observed on the adenohypophysis o f  m ale albino 
rats. The present study demonstrates the acute reversal 
o f  pituitary hyperp lasia  after T hyroxine therapy. 
Total num ber o f  B a so p h il c e lls  in  W ilson  E zrin  
m ethod and high m agnification, increased markedly  
in  group-B  (C arbim azole treated) as com pared to
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age m atched controls, but they w ere less increased  
after the combination o f  Carbimazole w ith Thyroxine 
in group-C . H ow ever th ese ce lls  w ere m ore than  
control group.

T he e ffec t on  pituitary b a so p h ils  o f  introducing  
thyroxine daily  in jection  o f  5 p,g o f  L -thyroxine  
sh ow s regressive  changes in the central group o f  
basophil cells. Thyroxine is the treatment o f  choice  
in hypothyroidism . T hyroxine w as first iso lated  in 
the crystalline form, from  a hydrolysate o f  thyroid  
by K endall in 1915. The principal horm ones o f  the 
thyroid gland are the iodine containing am inoacid  
derivative o f  thyronine (T4 and T3).

D ose o f  thyroxine is 1.7p,g/kg/day w ith requirements 
fa llin g  to 1 p,g/ k g /d ay  in the e ld er ly  (H u eston , 
2 0 0 1 ).19

This study m atches w ith  the study (Pioro EP et al 
1988). Primary hypothyroid ism  m ay also produce 
p itu itary  en largem en t seco n d a ry  to thyrotroph  
hyperplasia and present with a sellar mass.20 Although  
laboratory and radiologic abnorm alities o f  pituitary 
en largem ent m ay  reso lv e  after corrective thyroid  
therapy. H istologic exam ination revealed thyrotroph 
hyperplasia. Thyrotroph hyperplasia probably results 
from lack o f  negative feedback o f  thyroid horm one 
upon the anterior pituitary, w hich  is probably due to 
h y p o th a la m ic  r e le a se  o f  th y ro tro p in -re lea s in g  
hormone (TRH). Pituitary hyperplasia is characterized 
by increased proliferation o f  a single cell type, which  
m ay be focal, nodular, or diffuse. There is an absolute 
increase in num bers o f  specific  cells, w ith  pituitary 
enlargem ent v is ib le  on  M RI. Pituitary hyperplasia  
m ay range from m odest cell type increases to large 
glandular exp a n sio n  w ith  g ro ss ly  altered  tissu e  
a r c h ite c tu r e  and  m o r p h o lo g y .21S p e c i f ic a l ly ,  
corticotroph hyperp lasia  m ay  be associa ted  w ith  
Crooke’s hyaline changes, and thyrotroph hyperplasia, 
with periodic acid Sch iff-positive lysosom es. Rarely, 
pituitary hyperplasia m ay be o f  primary origin, and 
is u sua lly  secondary to extrinsic signals. N orm al 
pituitary h eight as assessed  by  M RI is up to 9 m m  
in healthy subjects, w h ile  adolescent fem ales tend  
to have larger pituitary glands.22

This study also correlates w ith  the study performed  
by (Sh lom o M elm ed 2 0 0 3 ), w ho states that target 
h o rm o n es (s e x , adrenal s te ro id s , and th yro id  
h o rm o n es) ex ert p o w e r fu l n e g a t iv e  fe ed b a c k

inhibition o f  their respective trophic horm one gene  
transcription  and h orm one secretion , as w e ll  as 
suppression  o f  pituitory grow th. Failure o f  target 
glands (thyroid, adrenal, and gonads) leads to loss  
o f  n e g a tiv e  fe ed b a c k  in h ib it io n  and resu ltan t  
com pensatory hyperplasia o f  the respective pituitary 
trophic horm one cells. Thus, longstanding primary 
hypothyroidism , hypogonadism , or hypoadrenalism  
m ay be associated w ith a clin ically enlarged pituitary 
gland v is ib le  on M RI, w ith  involution  o f  the gland  
o c c u r r in g  a fter  a p p ro p r ia te  ta rg e t h o rm o n e  
replacem ent and restoration o f  negative feedback.7

There w as a m arked increase in beta ce ll count in  
group-B, sam e w as also increased in group-C w hich  
w as m ore than controls but less marked than group-
B. So w e  conclude that increase in B asoph il count 
was due to Beta basophils which include Corticotrophs 
and Thyrotrophs. T his increase in B eta  count w as  
due to positive feedback produced by low er level o f  
c ir c u la t in g  th y ro id  h o r m o n e s  as a r e su lt  o f  
C arbim azole treatm ent. T his feed back  stim ulates  
thyrotrophs for more production o f  TSH by throtrophs. 
The increase w as more in Carbimazole treated group, 
than in C arbim azole p lus T hyroxine treated group  
but increase w as m ore than control. In con clu sion  
th ese  resu lts strongly  su g g est that C arbim azole- 
induced  hyperplasia  and hypertrophy o f  pituitary  
gland m ay be prevented by sim ultaneous treatment 
w ith  Thyroxine. Thyroxin along w ith  C arbim azole 
is m ore effective, to m ake euthyroid and to prevent 
th e h y p e r p la s ia  o f  a n ter io r  p itu ita r y  g la n d ..

The Electron m icroscope study should be perfom ed  
for the ce llu lar  d eta ils  for their m ore and clear  
differentiation w hich  were not performed because o f  
its non-availability.

CONCLUSION

The present study supports the v iew  that the animals 
were m ade hypothyroid w ith Carbimazole treatment, 
and that Thyroxin in support to the treatment reversed  
the changes in adenohypophysis.

In con clu sion , th ese results strongly  su g g est that 
C arbim azole-induced hyperplasia and hypertrophy  
o f  A nterior p ituitary gland  m ay be prevented  by  
simultaneous treatment with Thyroxin. Long standing 
treatment w ith  Carbimazole in Hyperthyroid patients 
as in Graves disease should accompany, sm all doses
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o f  T hyroxin  as w e ll to avo id  the en largem ent o f  
Anterior Pituitary gland during their treatment.The 
association betw een pituitary gland enlargement and 
hypothyroidism should be kept in mind w hen pituitary 
hyperplasia is detected on MRI, before unwarranted 
and drastic interventions are initiated.
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