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Summary 

The effect of a purified bovine thymus gland extract (Dr. Kurt Mull i ,  

GmbH, Hamburg, West Germany)was studied in 12-week old male Wistar rats on 

the following: thyroid weights and morphology, T3-T 4 serum levels, thyroid 

lactic dehydrogenase, ATP-ase, acid phosphatase, and non-specific esterase 

ac t i v i t i es .  Thymus extract was administered intramuscularly daily for 21 

days at doses of 0.5, l.O and 2.0 ml/kg. Measurements were made owl day 3, 

7, 14 and 21 of treatment. Thyroid histology and enzyme activi ty were 

studied only on 21-day specimens. Thymus extract s ign i f i cant ly  decreased 

average thyroid gland weights in a dose-dependent manner irrespective of 

treatment duration. T 3 serum levels were consistently lower in 

thymus-treated rats irrespective of treatment dose or duration. Changes 

from control levels were not s t a t i s t i c a l l y  s ign i f icant  due to large 

standard deviations. T 4 serum levels were signif icantly lower than control 

levels in rats treated with thymus extract for 14 and 21 days. 

1presented in part at the Second International Conference on Immuno- 
pharmacology, Washington, D.C. July 5-9, 1982 (Internat. J. Immuno- 
pharmacol. 4: 297, 1982). 
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Histology of thyroids from 2]-day treated animals revealed a marked 

reduction in both thyroid f o l l i c l e  size and col loid content with an 

increase in connective tissue, resorption vacuoles and hyperemia. Histo- 

chemical study of thyroid enzyme ac t i v i t y  showed lact ic dehydrogenase 

increase in f o l l i c l e  epi thel ia l  ce l ls ,  acid phosphatase increase in 

fo l l ic le  epithelial cells and decrease in interstitium, ATP-ase increase in 

granular storage area and non-specific esterase increase in f o l l i c l e  

epithelial cel l .  The data suggest the presence of an unidentified specific 

anti-thyroid factor(s) in the thymus gland extract. 

Introduction 

Comsa (1980), in a recent study concerned with the present high level 

of thymus research, noted that the number of published reports exceeds 

lO,O00. The i n i t i a l  observation that thymectomy-induced changes in most 

endocrine organs can be corrected by thymnic extract injections remains 

firm (Comsa, 1965) despite the use of diverse thymus extract prerparations 

varying in degree of purity, composition and bilogic effects. 

Earlier l i terature have focused on thymus anatomy, embryology, 

histology and the physio-pathologic effects of thymectomy and ~hymus 

implantation (Gregoire, 1935). Studies during the past two decades have 

established the endocrine nature of the thymus with i ts  part icular 

essential role in the immune response as reported f i r s t  by Miller and Osoba 

(1963) and elucidated by subsequent investigations (White and Goldstein, 

1975; Good and Gabrielsen, 1964; Trainin and Small, 1970; Goldstein, et 

al . ,  1975; Bach et al . ,  1975; Bach, 1977). 

The following evidence support af f i rmat ively and definit ively the 

endocrine nature and function of the thymus gland: (a) ident i f icat ion and 

part ial characterization of such thymic hormone substances from the blood 

and thymus as thymopoietin (Goldstein, 1975), thymosin (Goldstein et a l . ,  
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1966), thymic humoral factor (Trainin and Small, 1970) and serum thymic 

factor (Bach et al. ,  1975); (b) the hormone factors substitute for certain 

thymic functions deficient in thymectomized rodents (Thurman et al . ,  1975), 

attest ing to the role of the thymus in maintaining the immune system 

(Mi l le r ,  1961); (c) the recent demonstration of thymosin localization in 

human thymus (Hirokawa et al . ,  1982) and presence of thymosin-like factors 

in human thymic epithelium (Karter et ai.,1974) 

Endocrine gland secretions commonly influence the effect of other 

organs, their target organs or the function of other endocrine glands. The 

thymus also has been associated with the immunopathology of aging 

(Goldstein et a l . ,  1974) and the interactions between the thymus and the 

hypophysis, adrenals, gonads and their secretions also have been studied 

(Deschaux, 1977; Comsa, 1973a). Comsa (1973b) suggested that the homeo- 

static thymus hormone is a "synergist of the growth hormone" whereas Luft 

and Hall (1975) proposed that thymic fractions belong to the "somato- 

medins". Neonatal thymectomy was reported to induce post-natal ovarian 

f o l l i c u l a r  developemnt and ovarian dysgenesis in the mouse (Nishizuka and 

Sakakura, 1971a; Nishizuka and Sakakura, 1971b). Ext'~rpation of the thymus 

also influenced parathyroid tetany (Nitschke, 1943). 

A relationship between the thymus and thyroid gland has been reported 

as early as 1928 when Nitschke (1928) noted that a calcium- and phos- 

phate-decreasing factor from thymus fractions had anti-thyroid activity. 

Pohland (1962) studied the effect of thymus extract on metmorphosis and 

growth of tadpoles. Schliephake (1936) later described the "healing of a 

patient with Basedow's disease by administration of thymus extract. Comsa 

(1938), Goslar (1958) and Goslar et al . ,  (196l) recognized the relationship 

between the thymus and thyroid glands. Goslar and Jaeger (1959) reported 

that injection of thymus extract reduced thyroid growth. Jaeger (un- 

published data) also showed that a commercial c l in ica l  preparation of 
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thymus extract decreased protein-bound iodine and thyrotropin levels. 

This study investigates the anti-thyroid effect of a purif ied thymus 

extract and the possible correlation between this effect and its effect on 

inTnunologic mechanism. Thus, the effect of a thymus gland extract was 

studied on thyroid weights, T3-T 4 serum levels and thyroid histology 

and enzyme activity in 12-week old male Wistar rats. 

Materials and Methods 

Twelve-week old male Wistar rats, with an average body weight of 250 

g, were used (Central Tierversuchsanstalt, University of Dusseldorf). The 

animals were maintained in a temperature and humi~ity controlled fac i l i t y  

with 12-hour light and dark cycles. Rodent chow and water were available 

ad libitum. 

The following four groups of rats, 28 rats per group, were 

established: Group I - thymus extract, 0.5 ml/kg; Group I I  - thymus 

extract, l.O ml/kg; Group I l l  - thymus extract, 2.0 ml/kg; Group IV 

-untreated control. The thymus extract was a purified thymus gland extract 

(TGE) from the Dr.Kurt Mul l i ,  GmbH, Hamburg, F.R. Germany. The TGE, 

prepared by a sequential ethanol extraction-gel f i l t ra t ion procedure, had a 

protein concentration of ll.O mg/ml and an isoelectric focusing pattern 

similar to that of Fraction 5 (Schulot et al.,  1981) as determined by Bedi 

and Back (unpublished data). The TGE was injected intramuscularly daily 

for 21 days. 

Seven rats from each group were sacrificed on the 3rd, 7th, 14th, and 

21st day of treatment. Five to 6 ml of carotid blood was collected and 

serum prepared by centrifugation at 2000 rpm for lO min. The serum was used 

for the determination of serum T 3 and T 4 by radioimmunoassay (RIA, 

Diagnostic~ Products Corp.). For the T3-RIA, anti-T 3 rabbit serum, 

ant i - rabbi t  goat y-globulin and T3-5125 calibrated with 6T 3 standards 

against WHO 68/38 serum was used. The T4-RIA assay employed anti-T 4 rabbit 
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TABLE I.  MEAN THYROID WEIGHTS 

(± STANDARD ERROR OF MEAN) FROM CONTROL RATS AND 

RATS TREATED WITH THYMUS GLAND EXTRACT INTRAMUSCULARLY 

FOR 3, 7, 14 AND 21 CONSECUTIVE DAYS AT DOSES OF 

0.5 ml/kg, 1.0 ml/kg AND 2.0 ml/kg. 
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Group 
# 

I I  

I I I  

IV 

Treatment 
_ _ ( m l / k g )  . . . .  

Thymus Extract 
0.5 ml/kg 

Thymus Extract 
1.0 ml/kg 

ThyF,:u s Extract 
2.0 ml/kg 

Control 

Thyroid Gland Weights (mg) at Varying Durations 
of Treatment (Days) 

3 7 14 21 

269 ± 25.34 322 +- 5.10" 267 ± 16.16 249 +- 6.59* 

262.17 ± 33.39 

236 ± 12.60 

290 ± 40.77 

304 ±16.13" 

229.5 ±19.87"* 

290 ±36.83 

241 ± 20.1 2 

-P21.17 ± 8.12 *~ 

302 ± 20.79 

261.67 ± 9.17" 

275 ± 9.65 

308 ±23.64 

p < 0.05 (Group I and I I  vs. Group I I I )  

**p < 0.05 (Group I I I  vs. Group IV) 

serum, ant i - rabbi t  goat ~'-globulin and T4-5125 calibrated with T 4 standards 

against WHO 68/38 serum. 

At each time period the thyroid glands were removed and weighed. The 

r ight  thyroid lobes of the 21-day treated rats were f ixed in 4% formal in  

fo r  subsequent imbedding, sectioning and staining with hemotoxylin-eosin 

fo r  h i s t o l og i c  study. The l e f t  thyro id  lobes were frozen in l i q u i d  

ni t rogen at -190 ° and sectioned (5 pm) with a cryostat for histochemical 

study of lactate dehydrogenase (LDH), adenosine/ triphosphatase (ATP-ase), 

acid phosphatase and non-specific protease (Pearse, 1972). 

Results 

Average thyro id  weights decreased in the TGE-treated groups of rats 

(compared to controls) in a dose-dependent manner irrespective of treatment 
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Weight 6 of Rat Thyroid After Treatment With 
Various Doses of Thymus Extract for 3,7,M, 8t 
21 Days 
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Fig. I .  Mean weights (± standard error of mean) of thyroid glands from rats 
treated with daily intramuscular injections of thymus gland extract .(TGE) 
at doses of 0.5 ml/kg, l.O ml/kg and 2.0 ml/kg compared to weights from 
control non-treated rats. 
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Fig. 2. Serum T 3 levels in rats on day 0,3,7,14 and 21 of the da i l y  
intramuscular treatment with thymus gland extract (TGE) at doses of 0.5 
ml/kg, 1.0 ml/kg and 2.0 ml/kg. 



Pharmacological Research Communications, Vol. 16, No. 6, 1984 565 

/Lg/dl 
5-  

3 -  

0 3 7 t4 2t 

(O5rnl/kg Extract) 
0 3 7 14 2t 

(t.0 ml/kg Extract ) 

Treafment (Days) 

I 
I 
I 

0 3 7 14 21 

( 2.0 ml/kg Extract) 

Fig. 3. Serum T 4 levels in rats on day 0,3,7,14 and 21 of daily 
intramuscular treatment with thymus gland extract (TGE) at doses of 0.5 
ml/kg, l.O ml/kg and 2.0 ml/kg. 

duration, Table I.  These decreases were s t a t i s t i c a l l y  significant at 

p<O.05 in the highest TGE-treated group on the 7th and 14th treatment day 

and in the two lowest TGE-treatment groups on day 21 (p<O.05). The results 

are seen graphically in Fig. I. 

Serum T 3 levels.remained relat ively constant in the control animals 

throughout the experimental period, Fig. 2. TGE decreased T 3 levels 

irrespective of dose and treatment duration. In i t ia l l y  T 3 levels tended to 

increase by the 7th to 14th day of treatment, but decreased to their 

lowest levels in al l  treatment groups by the 21st treatment day. These 

changes were not stat ist ical ly significant. 

Serum T 4 levels are represented in the bar graph, Fig. 3. On day 3 

and 7 of the TGE treatment T 4 levels increased above those at zero time 

before treatment. These changes were not s t a t i s t i c a l l y  s igni f icant.  

However, serum T 4 levels decreased significantly (p<O.05) in TGE-treated 

rats at all TGE concentrations on days 14 and 21 of treatment compared to 

the zero time before treatment. 
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Fig. 4. Thyroid control rat showing normal histology with f o l l i c l e s  of 
normal volume containing homogeneously-staining colloids, H + E.X. 150. 

The thy ro ids  from cont ro l  animals showed normal h i s t o l ogy  wi th  

f o l l i c l e s  containing homogeneously-staining col lo ids and normal f o l l i c u l a r  

volume. The f o l l i c l e  ep i the l ia  had a monolayer form with f l a t  to cubical 

and some h i g h l y  p r i smat ic  c e l l s .  The i n t e r s t i t i u m  showed occasional 

pa ra - fo l l i cu la r  groups of cel ls (Fig. 4). 

The thy ro ids  from the group t reated wi th  the lower concentration of TGE 

(Group I) showed a marked reduction in both size and content of f o l l i c l e s  

(F ig .  5) .  Large f o l l i c l e s  appeared on ly  occasionally and singly at the 

edge of the f o l l i c l e s ,  Ep i t he l i a  were commonly f l a t  to cub ica l .  High 

prismatic ce l ls  were not present. Resorption vacuoles were iden t i f i ed .  The 

tissue appeared hyperemic with an increase in connect ive t i ssue ,  Thyroid 

glands from rats treated with the higher TGE concentration (group I I )  were 

dominated by numerous small fo l l ic les with l i t t l e  colloid content (Fig. 6). 

The epi thel ia were f l a t  and cubical with only few large, highly prismatic 

fo l l ic les on the edge. Many resorption vacuoles were seen and the gland 

generally was hyperemic with enlarged connective tissue. 
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Fig. 5. Thyroid from rat treated with 
0.5 ml/kg thymus gland extract 
for 21 days. Note marked re- 
duction in fo l l icu lar  size 
and content. H+E X 150. 

Fig. 6. Thyroid From rat treated 
with 1.0 ml/kg thymus 
gland extract foro21 
days. Follicles are 
small with l i t t l e  
col lo id content H+E X 
150. 
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Histochemical study of frozen sections revealed LDH activity to be 

increased strongly in thyroid samples from TGE-treated rats (Fig. 7b) 

compared to controls (Fig.7a) as noted by strongly stained f o l l i c l e  

epithelia, particularly in apical areas (Fig. 7b). Connective tissue in 

control glands showed only sporadic posit ive-react ing cel ls.  No sig- 

nificant differences in ATP-ase ac t i v i t y  were found in glands from TGE- 

treated rats (Fig. 8b) and those from control rats (Fig. 8a). However, a 

trend toward a decrease of ATP-ase activity in the glandular storage area 

and connective tissue was noted in thyroid from TGE-treated rats (Fig. 8). 

A clear increase in acid phosphatase act iv i ty  was seen in the f o l l i c u l a r  

ep i the l ia l  cells and a decrease in activity in the interstitium of thyroid 

sections from rats treated with high TGE doses (l.O ml/kg) (Fig. 9b). 

These changes were not seen in glands from control rats (Fig. 9a) and those 

treated with lower doses of TGE. Non-specific esterase ac t i v i t y  was 

de f i n i t e l y  and d i s t i n c t l y  increased in the thyroid sections from rats 

treated with higher doses of TGE (l.O mg/kg). Glands from control rats and 

low dose TGE-treated rats (0.5 mg/kg) showed average and linear activity 

respectively in the fo l l i c le  ep i the l ia l  ce i ls .  The in ters t i t ium in the 

thyroids from al l  groups of rats showed strongly positive but sporadic 

activity. 

PJD-positive reaction in the cytoplasm of fo l l i c le  epithelial cells of 

thyroids from control animals was not consistant whereas strong positive 

reaction occured in the f o l l i c l e  epithelial cell cytoplasmic granules of 

th~roids from TGE-treated rats. 

Discussions 

The thyroid weight, biochemical and thyroid histochemical data all 

suggest the presence of a specific ant i - thyroid factor(s) in the thymus 

gland extract confirming ear l ier  studies (Nitsche, 1928; Pohland, 1962; 

Schliephake, 1936; Comsa, 1938; Goslar, 1958a; Goslar et a l . ,  1961; Goslar 
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Fig. 7a. Histochemical study of lactate 
dehydrogenase (LDH) activity 
in thyroid from control rat. 
(xi5o) 

Fig. 7b. Histochemical study of 
lactate dehydrogenase 
(LDH) activity in 
thyroid from rat 
treated with 0.5 ml/kg 
thymus gland extract 
daily for 21 days. 
(X 150) 
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Fig. 8a. Histochemical study of 
adenosine triphosphatase 
(ATP-ase) activity in 
thyroid from control rat 
(X150) 

Fig. 8b, Histochemical study of 
adenosine triphosphatase 
(ATP-ase) activity in 
thyroid from rat treated 
with 0.5 ml/kg thymus 
gland extract daily for 
21 days (XI50) 
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Fig. 9a. Histochemical study of acid 
phosphatase act ivi ty in 
thyroid from control rat 
(XI50) 

Fig. 9b. Histochemical study of 
phosphatase act ivi ty in 
thyroid from rat treated 
with l .0 ml/kg thymus 
gland extract daily for 
21 days (Xl50) 
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and Jaeger, 1959). With the exception of minor differences in the thyroid 

gland size decreases relative to body weight increases, a reduction in 

thyroid gland f o l l i c l e  size and an increase in its connective tissue was 

demonstrated. These histological differences were concerned more with the 

central rather than peripheral portion of the glands. The numerous single 

fo l l ic le cells in the lumen which appeared with decreased total ce l l -  

f o l l i c l e  volumes contributed to the reduction of the fo l l ic le size. The 

histochemical data showed a d is t inc t  but discontinuous reduction of 

adenosine triphosphatase and non-specific esterase while lactic dehydro- 

genase and acid phosphatase showed an increase of activity in the f o l l i c l e  

cells. 

The morphologic-histochemical picture correlated with the levels of 

c i rculat ing thyroid gland hormones. T 3 serum levels were consistently 

lower in the TGE-treated rats irrespective of dose or duration of treat- 

ment. These changes, while not stat ist ical ly significant from the levels 

in control animals, did indicate a definite trend toward lower levels. T 4 

serum levels were significantly lower in the TGE-treated animals compared 

to leve]s in the control animals, particularly by the 14th and 21st day of 

treatment. 

A functional l ink betweeen the thymus and thyroid glands has been 

proposed recently by Petkova and Cocev(1977) who demonstrated an increase 

in incorporation of 1131 in the thyroid gland of rats two days after 

thymectomy. Pierpaoli and Sorkin (1972) reported a relationship between 

the thymus, the adrenal cortex and the thyroid glands in genetically 

hairless "nude" mice which have no thymus. While concentrations of 

thyroxine always were decreased in the blood of the athymic "nude" mice 

compared to their normal haired l i t termates, neonatal implantations of 

normal thymus into these"nude" mice did not influence the thyroxine levels 

nor prevent the adrenal and thyroid alterations. The authors suggest that 
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the thymus in early postnatal l i f e  secretes a factor,  possibly one or 

several hormones, which promotes d i f fe ren t ia t ion  of tile hypophysis- 

independent zone of the adrenal cortex with alteration of the function of 

the thyroid gland. Similar relationships were proposed in the extensive 

review by Comsa (1973b) on the hormonal interactions of the thymus. A 

long-lasting hyperthymization, i t  was noted, resulted in degeneration 

lesions of the thyroid. 

The thymus and the thyroid gland derive from the foregut. Thus, i t  

was demonstrated that a total incorporation of 1125 in the thymus of 

new-born was equal to or surpassed that of the thyroid (Csaba et a l . ,  

1973). Jackson and Graham (1979) also found that normal thymus cel ls 

accumulated radioactive iodine and both Csaba, et al. (1975) and Torok, et 

al. (1975) demonstrated that PAS-positive cells of rat thymus grown in 

tissue culture take up radioactive iodine. The presence of thymus tissue, 

furthermore, found in the thyroid by Carpenter and Emery (1976) and 

Vladutiu and Rose (1972) as described or ig inal ly by deWiniwartes (1929) 

reflects the very close embryologic evolution of these two. glands. 

Investigators studying the biological effects of thymus gland extract 

did not consider the possible ant i - thyroid ac t i v i t y  of the extracts 

(Pohland, 1962; Comsa, 1938; Goslar et a l . ,  1961; Comsa, 1956; Szent- 

Gyorgyi et al . ,  1962; Goslar, 1938b). In a recent symposium on the thymus, 

no references were made to a possible relationship between the immunologic 

and anti-thyroid principles of thymus extracts (Ainti and Wigzell, 1980). 

Comsa (1980) discounted the probability that the activi ty of the thymus on 

the thyroid gland correlates with the immunologic effects of the thymus. 

However, Barnes and Irvine (1973) do consider the relationship between 

thyroid autoimmune disease and thymic disorders and Kojima, et al .  (1976) 

prevented autoimmune thyroidit is by injection of cells of adult thymus into 

neonatally thymectomized mice. 

573 
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The thymus gland ex t rac t  preparation employed in this study has been 

in c l i n i c a l  use since 1936 (Schl iephake, 1936). The ex t rac t  includes 

thymosin f r a c t i o n  5 as character ized r e c e n t l y  by i s o e l e c t r i c  focusing 

technique (Bedi and Back, unpublished data) .  The data suggest tha t  the 

thymus contains several fami l ies of d i s t i nc t  and independent b io log i ca l l y  

active substances includinq immuno-modulating peptide hormones and thyroid-  

depressing substance. Whereas the immuno-modulating components have a 

re la t i ve l y  short h a l f - l i f e ,  those substances that act on the thyroid do so 

only af ter the lOth day of da i l y  t reatment .  These two fam i l i es  of sub- 

stances are being pur i f ied for further chemical and endocrine study. 
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