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ABSTRACT 

Vitamin D3 after its entrance in the organism undergoes hydroxylation on C-25 carbon atom by the action of micro-
somal liver enzymes giving the metabolite 25 hydroxyvitamin D3 (25OHD3). The function of microsomal liver enzymes 
is influenced in some specified states by hormones or drugs. It has approved that thyroxin is a potent stimulator of these 
enzymes while allopurinol suppresses their function. The aim of this issue is to examine 25OHD3 plasma levels in thy-
rotoxic subjects and in those pretreated with allopurinol on the base of the afford mentioned data. In a first phase 
25OHD3 plasma levels were estimated in thyrotoxic subjects against euthytoid healthy controls. In a second phase lmg 
vitamin D3 was injected intravenously (i.v.) in thyrotoxic subjects and in healthy euthyroid controls. 25OHD3 plasma 
levels were measured before and in post injection period in six hours intervals for 48 hours. In a third phase a couple of 
subjects one thyrotoxic and one euthyroid healthy control pretreated both with allopurinol injected lmg of vitamin D3 i.v. 
In all studied subjects 25OHD3 plasma levels were measured before and in post injection period in six hours intervals 
for 48 hours. The pre and post injection 25OHD3 plasma levels measured the size of activity of liver enzyme responsi-
ble for bioactivation of vitamin D3. In the first phase was indicated that 25OHD3 plasma levels were lower in thyrotoxic 
subjects comparing with that of euthyroid healthy controls (p < 0.001). In the second phase was found that the bioacti-
vation of vitamin D3 in thyrotoxic subjects was 2.5 to 8 times faster comparing with euthyroid healthy controls. In the 
third phase was shown that allopurinol decreases the activity of liver enzymes function as regard the bioactivation of 
vitamin D3. The bioactivation of vitamin D3 is accelerated in thyrotoxicosis compared with that in euthyroid state. This 
phenomenon produces low 25OHD3 plasma levels in thyrotoxic subjects which initially may be normal or slightly in-
creased depended from the vitamin D3 status in the thyrotoxic subjects. By continuous stimulatory action of increased 
thyroid hormones on liver enzymes the 25OHD3 plasma levels earlier or later decline in levels of hypo-or avitaminosis 
D3. The previously described biological events may explain the decreased intestinal calcium absorption of vitamin D3 
and the osteomalacic component found in a percentage of thyrotoxic bone histology. For the blocking effects of al-
lopurinol on liver enzymes function and possibly of other pharmaceutical products in relation to vitamin D3 bioactiva-
tion, available data are still lacking. 
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1. Introduction 

The introduction of many accurate methods for estima-
tion of 25 hydroxyvitamin D3 (25OHD3) blood levels in 
humans [1,2] allowed us to investigate the levels of this 
metabolite in thyrotoxicosis in an effort to dissolve some 
perplexing situations in this endocrinopathy. These situa-
tions include: 1) The disturbed calcium and phosphate 
metabolism in thyrotoxicosis and some unexplained os-
teomalacic changes in histology of thyrotoxic bones in a 
percentage of patients; 2) The examination of biotrans-
formation of vitamin D3 in to 25OHD3 under the influ-
ence of thyroxin or allopurinol that as is known modulate 
the liver function’s enzymes. 

2. Methods and Results 

The studies of biotransformation of antipyrine under in-
creased levels of thyroxin or under administration of al-
lopurinol as well the osteomalacic changes observed in 
thyrotoxic bones stimulated us to examine the biotrans-
formation of vitamin D3 in hyperthyroidism [3]. In an 
article of 1977 we reported that in hyperthyroidism 
25OHD3 plasma levels were lower comparing with that 
of healthy normal controls. Immediately other investiga-
tors conducted estimations of 25OHD3 plasma levels in 
thyrotoxicosis. Some of them confirmed our findings but 
others found normal or slightly increased values [4-9]. 
To explain the variety of 25OHD3 plasma levels in hy- 
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perthyroidism we moved as follow. 1 mg vitamin D3 was 
injected in three male thyrotoxic subjects and in three 
male euthyroid. In addition the same was made in two 
thyrotoxic women and one euthyroid. All tested subjects 
were matched for age and body weight and injected the 
same period. 25OHD3 plasma levels were measured be-
fore and in post injection period every six hours for 48 
hours. The post injection alteration occurring in each 
thyrotoxic or euthyroid subject formed the measure of 
vitamin D3 of 25 hydroxylase activity. In all thyrotoxic 
subjects an increase in 25OHD3 plasma levels was noted 
after the injection whereas these levels remained un-
changed in healthy euthyroid controls. The acceleration 
of hydroxylation of vitamin D3 in to 25OHD3 in thyro-
toxic subjects is depicted against of the health controls in 
Figures 1(a) and (b). From our observation was found 
that hydroxylation of vitamin D3 in C-25 position is 
faster in thyrotoxicosis comparing with that of healthy 
subjects, became clear in six hours after injection, and its 
maximum after 36 hours with a fall thereafter. These data 
denotes that 25 hydroxylation of vitamin D3 in the liver 
proceeds 2.5 up to 8 times more rapidly in hyperthyroid 
individuals than in healthy euthyroid individuals [10]. In 
an other work we used a couple consisted from one thy-
rotoxic subject and one other healthy euthyroid control of 
the same age and body weight. In both subjects was 
given allopurinol 600 mg daily for one week. After with- 

drawal of allopurinol l mg of vitamin D3 was injected i.v. 
in both subjects. 25OHD3 plasma levels were measured 
before the injection of Vitamin D3 and in six hours inter-
vals post injection for 48 hours. The levels of 25OHD3 
plasma levels in both individuals remained unchanged 
after the injection of vitamin D3 in comparison with that 
of preinjection level (Figure 2). 

3. Discussion 

When our observations were made the lower normal lev-
els of 25OHD3 plasma levels were ill defined ranging 
from <9 ng/ml to <30 ng/ml [11]. So it was inconvenient 
to establish the diagnosis of vitamin D3 inadequacy. Last 
years a level 30 or 32 ng/ml approved as the lower limits 
in humans while the toxic levels as beyond l00 ng/ml or 
150 ng/ml [12-18]. After definition of the new limits a 
new classification of the vitamin D3 status in humans was 
reported which is shown in Table 1. So indicated that 
hyperthyroid subjects are at risk for development insuffi-
ciency or deficiency of vitamin D3 especially in some 
cases where hyperthyroidism may run for a long time 
without the patient to seek medical consultation or to be 
without symptoms [19]. The incorporation of the acceler-
ated vitamin D3 transformation in thyrotoxicosis explains 
with convincing manner the osteomalacic elements men-
tioned in hyperthyroidism long ago, as well their bio-
chemical signs. 
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Figure 1. (a) Changes of 25OHD3 plasma levels in five thyrotoxic subjects (three males and two females) and in four euthy-
roid subjects (three males and one female) after i.v. administration of lmg of vit. D3. In 42 hours p < 0.001; In 48 hours p < 
0.001; TS = Thyrotoxic subjects; HC = healthy euthyroid controls; (b) Changes of 25OHD3 plasma levels in three thyrotoxic 

nd in three euthyroid subjects only males after administrationof lmg of vit. D3. In 42 hours p < 0.001. In 48 hours p < 0.001. a   
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Figure 2. 25OHD3 plasma levels in a couple of males after 
i.v. injection of 1 mg of vit. D3 (one TS and the other HC) 
pretreated with allopurinol. In 42 hours p < 0.05*, in 48 
hours p = NS. 
 
Table 1. The vitamin D3 status of the organism according to 
25 hydroxyvitamin D3 in blood levels. 

1) 30 - 100 ng/ml (75 - 250 nmol/L) Normal 

2) 21 - 29 ng/ml (52.5 - 72.5 nmol/L) Insufficiency 

3) <20 ng/ml (<50 nmol/L) Deficiency 

4) <15 ng/ml (<37.5 nmol/l) Unaccepted 

 
Other situations which are at risk for inadequacy of 

vitamin D3 are shown in Table 2. In all these condition a 
testing of patients for their vitamin D3 status is needed 
and intervention with vitamin D3 when necessary having 
always in mind that in hyperthyroidism the circulating 
1.25 dihydroxyvitamin D are low [6,8]. Therefore, in all 
cases in which thyroxin is increased or is administered 
(Table 2) always must be combined with vitamin D3. 
Our results show that the function of liver enzymes (CYP 
family) are found under the influence of some agents and 
in this case under the action of thyroxin or allopurinol. 
Thus thyrotoxic patients or patients with gout under 
treatment with allopurinol are needed careful manipula-
tion especially when additional drugs are given. 

When vitamin D3 enter in the organism is “changed” 
since undergoes “hydroxylation” on C-25 position trans-
formed in an active metabolite that is 25OHD3. This bio-
transformation of vitamin D3 takes place in microsomal 
liver enzymes by 25 hydroxylase (CYP2R1) belonging in 
microsomal in CYP family of P-450 cytochrome. Thy-
roxin is a potent stimulator of microsomal liver enzymes 
as has been demonstrated from the studies of antipyrine 

Table 2. Situations that are at risk for insufficiency defi-
ciency for vitamin D3. 

1.
Thyrotoxicosis in subjects of old age institutionalized  
or confined at home. 

2.
Thyrotoxicosis combined with conditions harmful  
for bone metabolism (hypogonadism, menopause, etc). 

3.
Patients taking suppressive doses of thyroxin as in  
cases of almost total thyroidectomy for malignancy. 

4. Subclinical hypethyroidism in advancing age. 

5.
Patients taking incorrectly increased doses of  
thyroxin during replacement therapy. 

6.
Overweight subjects taking thyroid hormones for  
body weight loss. 

7. Other conditions in which administration of thyroxin is needed. 

 
in thyrotoxicoses. Antipyrine is a substance that catabo-
lized by biochemical transformation from microsomal 
liver enzymes. Crooks et al., (1973) found that the half 
life of the antipyrine in thyrotoxicosis (7.9 ± 0.6 hours) 
was lower comparing with that in normals (10.8 ± 0.4 
hours, p < 0.001). Clearance values of antipyrine were 
higher in thyrotoxicosis than in normals (2.6 ± 0.2 L/h 
against 2.2 ± 0.1 L/h, p < 0.05). In hypothyroid subjects 
the half life of antipyrine was higher than normals [20]. 
Eichelbaum et al. (1974) reported values of half life of 
antipyrine in thyrotoxic and hypothyroid patients before 
and after treatment and when euthyroidism had been es-
tablished. 

In thyrotoxic subjects the half life of antipyrine was 
found 7.9 ± 1.0 hours, in hypothyroid 17.3 ± 1.1 hours 
and in both groups 12.3 ± 0.7 and 12.0 ± 0.5 hours (nor-
mal limits) when euthyroidism was established [21]. 
Saenger et al. (1976) in thyrotoxic young boys reported 
half life of antipyrine 6.1 hours and in hypothyroid boys 
34.5 hours. After therapy in thyrotoxic boys the half life 
of antipyrine increased to 10.1 hours while in hypothy-
roid decreased in 8.6 hours. The mean value of metabolic 
clearance decreased from 43 in 25 ml/h in thyrotoxic 
boys and increased from 11.7 in 25 ml in the hypothyroid 
boys [22]. The accelerated transformation of antipyrine 
in thyrotoxicosis denotes the stimulatory effect for thy-
roxin on liver enzyme function. Other substances as for 
example allopurinol exert suppressive action on liver 
enzymes. Thus Vesell et al. (1970) stated the mean ± SD 
antipyrine half life was in healthy subjects 11.6 ± 5.5 
hours before allopurinol administration, 19.1 ± 4.4 hours 
after two weeks on allopurinol, 31.0 ± 6.5 hours after 
four weeks on allopurinol and 11.2 ± 2.7 hours two 
weeks after discontinuation of allopurinol [23]. 

From the past century has been clearly established that 
in thyrotoxicosis exist a negative calcium balance since 
intestinal calcium absorption is depressed while the ex-
cretion of calcium by digestive system and urine is in-*This may be due to the short period of administration of allopurinol. 

Copyright © 2012 SciRes.                                                                                 IJCM 



The Hydroxylation of Vitamin D on C25 in Thyrotoxicosis: The Role of the Activity of Microsomal Liver Enzymes 298 

creased. On the contrary a percentage of thyrotoxic pa-
tients 27% shows mild hypercalcemia while a percentage 
47% shows increased levels of ionized calcium [24-29]. 
Administration of vitamin D3 parenterally or per os does 
not reverse the negative calcium balance [30]. The phos-
phates in the blood are found increased although their 
level is depended from the phosphate intake by the food. 
The maximum tubular phosphate re absorption, the mean 
renal phosphate threshold are found increased while ex-
cretion of inorganic phosphate is decreased [31,32]. An-
other agent that is involved in bone’s and mineral’s me-
tabolism in thyrotoxicosis is parathyroid hormone. Hy-
perparathyroidism has been found to coexist with thyro-
toxicosis in a frequency greater with that of normal 
population. Parathyroid hormone blood levels have been 
reported as increased, normal or decreased [26,33], while 
the mean of alkaline phosphatase levels are significantly 
raised [4,5,30]. Description of macroscope bone changes 
are rare, since diagnosis and treatment early are offered 
for thyrotoxicosis. In a few cases of post mortem exami-
nation were reported prominent striae in the cortices of 
long bones, calvarium scapulae and iliac bones. 

Histologically were found multiple spaces containing 
osteoclasts with clinical manifestations spontaneous fra- 
ctures, vertebral compressions and demineralization of 
bones. Changes of bones structures are very common 
occurring in 70% - 80% of cases. The prominent feature 
is stimulation of osteoclastic function (osteoclastosis) 
that results in bone loss in trabecular bones and increased 
cortical porosity due to increased diameter of haversian 
canals dilated by osteoclastic resorption. Surfaces cov-
ered by osteoid are increased and synthesize the picture 
of the high turnover osteoporosis in a proportion 30% 
since bone resorption exceeds bone formation. In a pro-
portion of 20% there is not only increased osteoid seams 
but still their width corresponding to osteomalacia. Signs 
of osteitis fibrose are not present [34-37]. 

From the above mentioned data is indicated that thy-
roxin stimulates microsomal liver enzymes function which 
finally results in attenuation of 25OHD3 plasma levels 
below normal. 

The increase of thyroxin in the blood from endogenous 
or exogenous sources influence through the abnormal 
low 25OHD3 plasma levels calcium metabolism and 
bone histology. 

4. Summary 

Vitamin D3 after its entrance in the organism is hydroxy-
lated on C25 by microsomal liver enzymes giving its 
main metabolite 25 hydroxyvitamin D3. Thyroxin is a 
potent stimulator of the microsomal liver enzymes as has 
been indicated from the metabolism of antipyrine in hy-
perthyroid, euthyroid and hypothyroid states. Because of 

the continuous stimulatory action of thyroxin on micro-
somal liver enzymes 25 hydroxyvitamin D3 plasma levels 
may be initially normal or slightly increased but later 
decline in subnormal levels which disturb calcium and 
bone metabolism. 

Allopurinol attenuates microsomal liver enzyme’s ac-
tivity as indicated by the study of metabolism of anti-
pyrine under the influence of this substance. After ad-
ministration of allopurinol in hyperthyroid and euthyroid 
state vitamin D3 hydroxylation on C25 remain un-
changed. 

This study regarding the metabolism of vitamin D3 in 
thyrotoxicosis was made segmental and now is presented 
integrated. The persons tested were coming from the 
Endocrine Unit of Military Hospital of Athens and all of 
them provided informed consent. The estimation of 
25OHD3 plasma levels were made in Toronto Western 
Hospital by the method of Haddad and Chyou as well the 
statistical analysis. In this research did not used the nor-
mal limits of 25OHD3 in the blood established from 2004 
and afterwards but the produced numbers of 25OHD3 
plasma levels in thyrotoxics were always compared with 
that of corresponding euthyroid healthy controls. 
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