
Virchows Arch. A Path. Anat. and Histol. 371, 363--371 (1976) 
�9 by Springer-Verlag 1976 

Parathyroid Function in Rats Treated with Growth Hormone 
A Morphometr ic  S tudy* 

E. Alten&hr and E. Kampf  

Institute of Pathology (Head: Prof. Dr. G. Seifert) University of Hamburg 

Received June l, 1976 

Summary. ~ale rats weighing 220-250 g were injected i.m. daily with 0.1 mg commercial 
human growth hormone for 3 days or 12 days. The serum concentration of total calcium, 
phosphorus and alkaline phosphatase were significantly elevated for some days and returned 
to n3rmal values at the end of the test period. The parathyroid glands, as studied by light and 
electron microscopical morphometry showed signs of reduced activity at the 4th day and also 
at the 13th day: a lowered nueleo-cytoplasmie ratio and a decrease of rough endoplasmie 
reticulum, of Golgi apparatus and of plasmalemmal tortuosity. The findings suggest a hyper- 
ealeemic effect of growth hormone involving peripheral organs of calcium metabolism, espe- 
cially kidney and bone, and a secondary suppression of parathyroid glands by hypercalcemia. 

The regulation of parathyroid gland (PTG) function by the serum calcium 
concentration is generally accepted (Raisz et el., 1965; Sherwood et al., 1968; 
Potts et M., 1968). A somewhat similar effect was noticed for magnesium (Buckle 
et el., 1968; Targovnik et el., 1971; Alten&hr and Leonhardt,  1972). To what 
extent the nerve supply of the PTG has a control function is unknown (Alten/thr, 
1971 ; Norberg et el., 1975). 

Whether higher endocrine control mechanisms also play a part  in the hormone 
synthesis and secretion of the PTG is disputed. Krstic (1965, 1967) suspects an 
inhibitory effect of the pineal gland on the PTG. Pi tui tary effects on the PTG 
were suggested by Hertz and Cranes (1934), Anselmino et el. (1968), Zileli et el. 
(1968) and Salzer (1971). They mostly describe a decrease in size or inactivation 
of the PTG after hypophysectomy and an enlargement or stimulation of PTG 
after giving pi tui tary extracts. This would mean a parathyrotropic effect of the 
pituitary gland. Other authors have either doubted or rejected the evidence for 
an effect of the pi tui tary gland on the P T G  (Eger and Grothe, 1954; Copp, 1969). 

Under the influence of growth hormone (GIt) similar peripheral effects to 
those produced by parathyroid hormone (PTH) were observed in calcium homeo- 
stasis, including renal and intestinal effects. Hereby a mobilization of calcium 
and an increase in urine hydroxyproline output took place (Hennemann et el., 
1960; Corvilain and Abramov, 1964; Gershberg et el., 1967; Siebenmann et al., 
1971). Montz et el. (1973) found similar changes to those in pr imary hyperpara- 
thyroidism in patients with aeromegaly (apart from slight hypercaleemia) when 
radiocalcium kinetic studies were carried out. Salzer (1971) also points out that  in 
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plur iglandular  syndromes with i nvo lvemen t  of the p~ra thyroid  and the  hypophysis  

main ly  eosinophilie p i tu i ta ry  adenornas are associated with acromegaly.  The 

question remains open whether  the effect of GH on calcium homeostasis  is a 

para thyrot ropie  one or if there  is a di rect  GH effect on calcium metabol i sm which 

is i ndependen t  of the P T G  (Siebenmann et al., 1971). This paper  is concerned 

with this problem. 

Material and Methods 
18 male Wistar rats weighing 220-250 gm were divided into three groups: 

a) 6 rats were injected daily with GH i.m. for three days, 
b) 6 rats were injected daily with Gtt i.m. for twelve days, 
c) 6 rats were injected daily with saline i.m. for twel,ze days (controls). 

The dose per injection for group a) and b) was 0.1 mg commercial Gtt which was isolated 
from haman pituitary glands and stabilized with glycocol. The pH was set at 6.7-7.3 (Deut- 
sche Kabi GmbH). This dose corresponds to 2 mg GH per m ~ body surface. The animals were 
fed with a normal standard diet (Altromin) and received tap water ad libitum. 

Calcium, phosphorus and alkaline phoslshatase in serum were measured on the first day 
before the test and then on the 2nd, 3rd, 4~th, 8th, l l t h  and 13th days. Calcium was measured 
by flame photometry, phosphorus with the ZilversInit and Davis method (1950) and alkaline 
phosphatase according to Bessey et al. (1946). 

The PTG were dissected in group a) on the 4th day and in group b) and e) on the 13th day 
of the experiment. They were fixed with 3% glutaraldehyde in 0.1 M eacodylate buffer and 
afterwards postfixed with 1.3% osmic acid and embedded in Epom For light microscopical 
morphometry semithin (1 B) sections were prepared and stained with toluidine blue. For 
ultrastructural morphometry ultrathin sections (400 A) were cut on a Reichert OM U2 ultra- 
microtome and stained with uranyl acetate and lead citrate. 

Morphometry was done by volumetric analysis according to gohr (1970). In each para- 
thyroid 30 fields of vision were studied with the light microscope at 1,000 times magnification 
and with a multipurpose screen (42 test points) the following structures were analysed: Cell 
nuclei of the PTG parenchymal cells; cytoplasm of the PTG parenchymal cells; extracellular 
space and interstitial tissue. Cell nuclei plus cytoplasm of ~TG parenchymal cells were set as 
100% and the relative volume of nuclei and cytoplasm to total cell volume were calculated. 
The extraeellular space and the interstitial tissue were not eonsidered.--Eleetron microscopi- 
cally, on each animal l0 fields of vision of a PTG were photographed at 3,600 times magnifica- 
tion and then enlarged a further 6 times. The photographs were evaluated with a quadratic 
screen of 514 test points. The following compartments were differentiated: rough endoplasmie 
retieulum; Golgi apparatus ~ prosecre~ory granules; mitochondria; lysosomes d- vacuolar 
bodies; ground plasma free of organelles; plasmMemmal areas including plasmalemmal i~lter- 
digitations. These compartments were set as 100% cytoplasmic volume of PTG parenchymM 
cells and the relative volume of each compartment to the total cytoplasmic volume was cal- 
culated. The cell nuclei were not considered in ultrastructural volumetry, nor were the extra- 
cellular space and interstitial tissue. Previous pilot measurements had shown that examinations 
each with 10 fields of vision per parathyroid had only an error probability of 1.1% per cell 

compartment compared with examinations of 40 fields of vision.---The relative volume per- 
cents were expressed as mean values and standard deviations, calculated by the student--t- test. 

Results 

The serum calcium concentra t ion was s ignif icant ly increased from the 3rd to 

the 8th day of GH appl icat ion and then  re turned  to the ini t ial  value.  The serum 

phosphorus concentra t ion was increased from the  2nd to the 4th day  of t r e a t m e n t  
with GH, on the 8th day  it  was s ignif icant ly lowered and re turned  to normal  

values on the  1 l t h  and 13th day. The  alkal ine phosphatase concentra t ion in serum 
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Fig. i. Serum concentrations of calcium, phosphorus and alkaline phosphatase during the 
experimental period 

was increased s ign i f ican t ly  f rom the  2nd to the  8th d a y  of t r e a t m e n t  with GI-I, 
a t  the  end of the  tes t  per iod  i t  was st i l l  e l eva ted  bu t  no longer s ignif icant ly  
(Fig. 1). 

I n  l ight  microscopic s tudies  of semi th in  sect ion we at  f irst  saw no not iceable  
differences be tween  P T G  of ra ts  t r e a t ed  with  G t I  and  control  ra ts .  Morphometr i -  
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Fig. 2. Volume percents of nucleus and cytoplasm in total PTG cell volume. Significance p is 
calculated of test groups as against controls 

cally after 3 days and also after 12 days of OH application there was a relative 
decrease in nucleus size and a relative increase in the volume of cytoplasm (Fig. 2). 

Electron microscopically we saw in the control group the same cellular forma- 
tion and organelle pattern of PTG as had been previously described in the rat 
(Alten/~hr, 1970; Fig. 3). The secretory (storage) granules which are relatively 
scarce in the rat PTG ceils were not changed in the test animals, although with 
some of the test animals one could already perceive a diminution of organelles in 
the PTG cells in comparison to the control rats (Fig. 4). These changes were not 
so evident in all animals, thus morphometric evaluation was necessary to prove 
these results. After 3 days as well as after 12 days of GH application, the endo- 
plasmic retieulum, Golgi apparatus and plasmalemmal areas were significantly 
reduced. On the other hand the ground plasma free of organe]les was markedly 
increased. The relative volume of lysosomes and mitochondria was not significantly 
changed (Fig. 5). 
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Fig. 3. Ultrastructure of PTG cells in a control rat. Normal organelle pattern of cytoplasm 
with marked rough endoplasmic reticulum and Golgi apparatus. • 10,000 

Discussion 

These experiments were performed on rats with human GH which has a hetero- 
logous effect on the rat (Daughaday and Parker, 1965). The concentrations of 
calcium, phosphorus and alkaline phosphatase rose during the first day of the 
experiments. The rise of the calcium and phosphorus concentrations suggests a 
simultaneous mobilization of calcium and phosphorus from bone. The rise of 
alkaline phosphatase points to a metabolic effect on bone cells. 

An increase in bone remodelling was also demonstrated by Harris et al. (1972) 
and Heaney et al. (1972) after a long application of bovine GH in dogs. Delling 
et al. (1973) also pointed out increased bone remodelling in acromegalie patients. 
The temporary decrease in serum phosphorus concentration on the 8th day is prob- 
ably due to an increased renal phosphorus output. We would like to attribute 
the normalization of the serum parameters at the end of the experiments to a 
counter-regulation mechanism. 
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Fig. 4. Ultrastructure of PTG cells in a rat treated 12 days with GH. Relatively light cyto- 
plasm with poor content of rough endoplasmic retieulum, no Golgi apparatus is seen in this 

field of vision. • 10,000 

The volumetric data on the PTG cells include those cell parameters which 
are important  for the estimation of parathyroid function and especially for the 
proteohormone synthesis. (Sandritter et al., 1955; Roth and gaisz,  1966; Capen, 
1971; Altenahr, 1970, 1972). During the application of GH there is a decrease 
in the nuelcocytoplasmic ratio and in the volume of rough endoplasmie reticulum 
and Golgi apparatus. The plasmalemmM areas are also diminished, which indicates 
less twisting of plasmalemma and less interdigitation of adjacent cells. The ground 
plasma is relatively increased. These findings represent a decrease in the endocrine 
function of the PTG. These morphological findings indicating functional impair- 
ment  of the PTG do not speak in favour of GH having a positive parathyrotropie 
effect. The hyperealeemia which occurred during the first days of the test cannot 
be attr ibuted to a hyperparathyroidism induced by GH. Rather  we believe that  
the inactivation of the PTG is secondary and caused by the hyperealcemia. In  
contrast to the normalization of the serum parameteis,  the morphologically de- 
monstrable functional impairment of the PTG remains till the end of the experi- 
mental  period. One may speculate that  inactivation of the PTG plays a role in the 
proposed counter-regulation and consequently plays a part  in the normalization 
of the serum parameters. 



Parathyroid Function and Growth Hormone 369 

o 

U) 

0 Q 0 

z 
0 I- z 

�9 IIIIIII[IIII[IIIIIIIIIIIIIIIIIIIII lllllllllllll ~ 
~i~i~ii!~ii!ii~i~ii~i~i~iiiiii~i~i~iiiiiiiiiiii!ii~iiiiiiiiiiiiiiii~i;i~iiii?iiiii~ii?iiii~i~i~i~i:i~i~iii~ii)iiiiii!i~ii~i~i~i~i~i~i~i~i~iiiiii~i~;iii~i~i!;~ii~i~iii~ii!iiiiiiiii~iiiii~i 0 

I I I I I I I I I 

~ ~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIItlIIIIIIIIIIIII]-L~ 

~ ~tfllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
~ ~}~i~i~!{ii!iii~:iiiiii!i!i~!ii!iiiii!iii~iiiiiiii~i~iiii~iiilli!~!~!~i~!~ii~:i~ii~!i~!i~!!~ii~i~!i~i~i~ii!iii~i~!ii~!!~i~i!~i~i!~!~i~ii~i!~i!iiiii!~ 

0 
m 
0 
m >, 

m 

O n -  

Z w  

I ! I I 

4tI1111111111111111111111111111111111111t111111-2~ 
~ii~i~i~i~i~i~i~i~!iiiii~iiiii~!iiiiii~iii~!!~i!!!~iii!i~i!~!iiiiii~i!i~!!i~ii~iiiii~i~iiii!iiiiii1 

~111111111111111]11111111111111---.~ 
~i!!iiiiiiiii~iiiiii~iii~i~i~Jiii~ii~!~iiiiiiiiiiii!iiiii!~ii!!!!iiii!iiiii~ii~i!i~i!~ 

. ~111111111111111111111[]---.~ 
~ii~iiiii!i!ii~i!iii~iiii~ii!i~iii~!~!!!~!ii!i!!~!~iiiiiii~i~iii!~!i~ 

, , ............... , ............. : ................ "1 

e 
g 

v2 

�9 
4~ 

*2 

g 
r 

�9 

~4 
bb 

References 
Alten~hr, E. : Zur Ultrastruktur der l~attenepithelk6rperchen bei Normo-, Hyper- und Hypo- 

calcS, mie. Applikation yon Parathormon, Thyrocalcitonin, Dihydrotachysterin, Glycero- 
phosphut und verschiedener Di~t. Virchows Arch. Abt. A 351, 122-141 (1970) 

Alteni~hr, E. : Electron microscopical evidence for innervation of chief cells in human para- 
thyroid gland. Experientia (Basel) 27, 1077 (1971) 

Alteni~hr, E. : Ultrastructural pathology of parathyroid glands. Current topics in pathology-- 
Ergebnisse der Pathologic. Vol. 56, p. 2--54. Berlin-Heidelberg-New York: Springer 1972 



370 E. Alten~hr and E. Kampf 

Alten~hr, E., Leonhardt, F.: Suppression of parathyroid gland activity by magnesium.-- 
Morphomctric ultrastructural investigation. Virchows Arch. Abt. A 355, 297--308 (1972) 

Anselmino, K. J., Hoffmann, F.: t~ber die parathyreotrope Wirkung des Hypophysenvorder- 
lappens. Med. Welt 28, 1621--1626 (1968) 

Bessey, O. A., Lowry, O. tI., Brock, M. J. : Enzymbestimmungen der alkalischen Phosphatase. 
J. biol. Chem. 164, 321 (1946) 

Buckle, R. M., Care, A. D., Cooper, C. W., Gitelman, H. J. : The influence of plasma magne- 
sium concentration on parathyroid hormone secretion. J. Endoer. 42, 529-534 (1968) 

Capen, C. C. : Fine structural alterations of parathyroid glands in response to experimental 
and spontaneous changes of calcium in extracellular fluids. Amer. J. IVied. 50, 598-611 
(1971) 

Copp, D. H.: Endocrine control of calcium homeostasis. J. Endocr. 43, 137-161 (1969) 
Corvilain, J., Abramow, M. : Effect of growth hormone on tubular transport of phosphate in 

normal and parathyroidectomized dogs. J. clin. Invest. 43, 1608-1612 (1964) 
Daughaday, W. H., Parker, M. L. : Human pituitary growth hormone. Ann. Rev. Med. 16, 

47-54 (1965) 
Delling, G., Schulz, A., Stahnke, N., Nowakowski, H. : Histomorphometric investigation of 

cancellous bone in acromcgaly. Acta endocr. (Kbh.), Suppl. 173, 101 (1973) 
Eger, W., Grothe, H. D. : Experimentelle Untersuehungen fiber die Beziehungen der Hypo- 

physe zu den Nebcnschilddriisen unter gleichzeitiger Berficksichtigung der Nebennieren 
und 1Nieren. Z. ges. exp. Med. 124, 310--325 (1954) 

Gershberg, H., Hecht, A., Zeneida, J.: Growth hormone and blood calcium homeostasis. 
J. clin. Endocr. 27, 1492-1494 (1967) 

Harris, W. H., Heaney, R. P., Jowsey, J., Cockin, J., Akins, C., Graham, J., Weinberg, E. H. : 
The effect of growth hormone on skeletal renewal in adult dogs.--I. Morphometric studies-- 
Calcif. Tiss. l~es. 10, 1-13 (1972) 

Heaney, R. P., Harris, W. H., Cockin, J., Weinberg, E. H. : The effect of growth hormone on 
skeletal renewal in adult dogs.--II. Mineral kinetic studies. Calcif. Tiss. Res. 10, 14-22 
(1972) 

Henneman, P. It., Forbes, A. P., Moldawer, M., Dempsey, E. F., Carroll, E. L.: Effects of 
human growth hormone in man. J. clin. Invest. 39, 1223-1238 (1960) 

Hertz, S., Cranes, A.: Parathyrotropic action of the anterior pituitary. Endocrinology 18, 
350-360 (1934) 

Krstic, R. : lJber die Wirkung yon Epiphysenextrakt anf die EpithelkSrperchen der Ratte. 
I~aturwissenschaften 52, 164 (1965) 

Krstic, R. : ?Jber Ver~nderungen der EpithelkSrperchen nach Epiphysektomie. Z. Zellforsch. 
77, 8-24 (1967) 

Montz, l%., Hehrmann, R., Delling, G., Kuhlencordt, F., I~owakowski, H., Schneider, C.: 
aTCalcium kinetics in endocrine osteopathies. Acta cndocr. (Kbh.), Suppl. 177, 113 (1973) 

Norberg, K.-A., Persson, B., Granberg, P.-O.: Adrenergic innervation of the human para- 
thyroid glands. Acta chir. scan& 141, 319-322 (1975) 

Potts, J .T. ,  Buckle, 1%. M., Sherwood, L.M., Bamberg, C.F., Jr., Mayer, C. P., Kornfeld 
D. S., Deftos, L. J., Care A. D., Aurbach, G. D. : Control of secretion of parathyroid hor- 
mone. In: R. V. Talmage, L. F. B41anger (eds.) Parathyroid Hormone and Thyrocalcitonin. 
ICS Excerpta Med. 159, 407-416 (1968) 

Raisz, L. G., An, W. Y.W., Stern, P.-I~.: Regulation of parathyroid activity. In: P . J .  
Galliard, 1~. V. Talmage, A. M. Budy (eds.), The parathyroid glands, p. 37-52. Chicago : 
University of Chicago Press 1965 

Rohr, It. : Grundzfige der Morphometrie der Leberparenchymzelle. Kurs f. exp. Pathologic, 
Inst. f. Pathologic Universit~t Basel (1970) 

Roth, S. J., Raisz, L. G. : The course and reversibility of the calcium effect on the ultrastruc- 
ture of rat parathyroid gland in organ culture. Lab. Invest. 15, 1187-1211 (1966) 

Salzer, G. M. : ttypophyse und hormonellcs Calcium-Regulationssystem. Acta endocr. (Kbh.), 
Suppl. 157, 1-64 (1971) 

Sandritter, W., Federlin, K., Geratz, D.: Zur Morphologie und Funktion der EpithelkSr- 
perchen. I. Quantitative und qualitative histochemische Untersuchungen an Epithel- 
kSrperchen yon Ratten. Z. Path. 66, 290-318 (1955) 



Parathyroid Function and Growth Hormone 371 

Sherwood, L. M., Mayer, G. P., Ramberg, C. F., Kornfeld, D. S., Aurbach, G. D., l%tts, J. T., 
Jr. : Regulation of parathyroid hormone secretion. Endocrinology 8], 1043-1051 (1968) 

Siebenmann, R. E., Steiner, H., Uehlinger, E. : Die pathologische Morl0hologie der endokrinen 
Regnlationsst5rungen: I~ebenschilddriisen. In: Handbuch der Allgemeinen Pa~hologie; 
Band 8, Tell 1: Endokrine Regulations- und KorrelationsstSrungen (tt.-W. Altmann, 
F. Bfichner, H. Cottier, E. Grundmann, G. Holle, E. Letterer, W. Masshoff, H. Meessen, 
F. Roulet, G. Seifer~, G. Siebert, I-Irsg.), S. 468-473. Berlin-Heidelberg-New York: 
Springer 1971 

Targovnik, J. H., Rodman, J. S., Sherwood, L. M. : Regulation of parathyroid hormone secre- 
tion in vitro: Quantitative aspects of calcium and magnesium ion control. Endocrinology 
88, 1477-1482 (1971) 

Zileli, ~ .  S., Kanr~, G., Uerfinay, G., Gi~ner, T., Caglar, S.: Evidences for a hypocalcemie 
factor from pituitary gland. Experientia (Basel) 24, 960-961 (1968) 

Zilversmit, D. B., Davis, A. K. : Phosphor- und Fhosphatidbestimmungen. J. L~b. elin. Med. 
35, 155 (1950) 

Prof. Dr. reed. Eberhard Altenghr 
Pathologisches Institut 
der Universitgt 
Martinistr. 52 
D-20C0 Hamburg 20 
Federal Republic of Germany 


