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Abstract. Four groups of adult male hypophysectomized rats were injected subcutaneously 
twice daily between 0800-0900 hr and 1600- 1700 hr with either saline diluent, 150 fig sheep 
prolactin and/or growth hormone (GH); intact rats received either saline or 150 pg bromocrip- 
tine twice daily. After 4 days of treatment, lysosomal enzyme assays revealed significant eleva- 
tions in both acid phosphatase and a-mannosidase enzyme activities in the Harderian glands of 
saline-injected hypophysectomized rats compared to those in intact controls. P-Glucuronidase 
levels were depressed and hexosaminidase activity unaffected by hypophysectomy treatment 
alone compared to intact controls. Lysosomal enzyme activities in hypophysectomized animals 
treated with prolactin were not different from the hypophysectomized control animals. How- 
ever, treatment with GH alone or in combination with prolactin had a significant inhibitory 
effect on P-glucuronidase, hexosaminidase, and a-mannosidase enzyme activities in the Har- 
derian gland of hypophysectomized animals. Bromocriptine treatment in intact rats only ele- 
vated acid phosphatase activity. In summary, the patterns of responses did not reveal a role for 
prolactin in the control of Harderian gland lysosomal enzyme activities by the pituitary. How- 
ever, some of the influence on this target system may be exerted by growth hormone. o 1988 
Society for Experimental Biology and Medicine. 

The Harderian gland, a compound tu- 
bulo-alveolar gland located deep in the or- 
bital cavity of the rat, is rich in porphyrins 
and a mixture of wax esters contained in 
lipid secretory vacuoles ( 1-4). The gland has 
been implicated in various behavioral and 
hormonal aspects of reproduction, and 
gender-related anatomical and biochemical 
differences have been noted in several species 
(2, 5-7). Although many of these differences 
appear to depend on sex steroids, several pi- 
tuitary hormones including prolactin and 
growth hormone (GH) affect the weight and 
function of the gland (8- 10); additionally, 
hypophysectomy causes a significant de- 
crease in weight and histological changes in 
the gland (8). Since hormones have been 
shown to play a prominent role in the induc- 
tion of lysosomal enzymes in target tissues 
(1 l), we investigated the effects of hypophy- 
sectomy and replacement therapy with pro- 
lactin and GH on lysosomal hydrolase en- 
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zymes to determine if they were affected by 
the surgical and/or hormone treatment. Ad- 
ditionally, the effects of treatment with bro- 
mocriptine, a drug known to inhibit prolac- 
tin secretion, are described. 

Materials and Methods. Animals. Forty- 
eight adult male Sprague-Dawley rats 
(X 150 g) were hypophysectomized by the 
supplier (Harlan, Houston) and shipped with 
24 intact animals to our facility. Animals 
were maintained in a light ( 14: 10 LD; lights 
on 0600 hr) and temperature (22 k 2°C)- 
controlled room and given access to food 
and water ad libitum. Hypophysectomized 
(Hypox) animals were separated randomly 
into four treatment groups: (1) saline, (2) 
prolactin, (3) GH, and (4) GH + prolactin. 
Beginning 1 week after hypophysectomy, 
rats were injected sc twice daily between 
0800 and 0900 hr and between 1600 and 
1700 hr for 4 days with 150 pg of sheep pro- 
lactin (Sigma Chemical Co.) and/or with GH 
(Raben type, Nutritional Biochemical Co.). 
The intact animals were separated into two 
groups and treated twice daily sc for 4 days 
with either saline or 150 pg bromocriptine 
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mesylate (2-bromo-a-ergocryptine methane 
sulfonate, Sigma). All animals were killed at 
midnight and a piece of the Harderian gland 
was removed and quickly frozen on solid 
C02.  Glands were maintained at -70°C 
until assayed. 

Preparation of homogenates. Tissues were 
thawed in 1 .O ml cold distilled water and ho- 
mogenized on ice using glass homogenizers. 
Homogenates were centrifuged (5 min, 2000 
rpm) in order to remove cellular debris and 
the resulting supernatants served as the 
source of enzyme for the various assays. 

Enzyme assays. All assays were carried out 
at 37°C and contained the following constit- 
uents in final volume of 0.1 ml: 0.2 M so- 
dium acetate buffer adjusted to the specified 
pH, 5 pl of tissue homogenate as a source of 
enzyme, and the appropriate substrate. The 
following substrates were used at the final 
concentration and pH indicated: a-manno- 
sidase, 4-methylumbelliferyl a-D-mannopy- 
ranoside ( 1.5 mM, pH 5.0); acid phosphatase 
4-methylumbelliferyl phosphate (5.6 mM, 
pH 5 .O); and P-glucuronidase, 4-methylum- 
belliferyl-P-D-glucuronide ( 1.5 mM, pH 5 .O). 
4-Methylumbelliferyl-N-acetyl-P-~ glucosa- 
minide (5.0 mM dissolved in 0.08 M citrate- 
phosphate buffer, pH 4.4) was used to deter- 
mine hexosaminidase activity. Assays were 
terminated by addition of 2.9 mlO.1 M am- 
monium hydroxide-glycine buffer, pH 10.5. 
The release of 4-methylumbelliferone from 
fluorogenic substrates was measured in a 
fashion identical to that previously described 
( 12). Hydrolysis of fluorogenic substrates is 
expressed as nanomoles substrate hydrolyzed 
per minute per milligram protein. Fluoro- 
genic assays are linear with respect to time of 
hydrolysis and protein assayed. All assays 
were run in triplicate. 

Protein determination. Protein was deter- 
mined by the method of Bradford using bo- 
vine serum albumin as a standard. 

Statistics. Data were analyzed using a one- 
way ANOVA. A Student-Newman-Keuls 
test was used for intercomparisons among 
means. 

Results. Significant elevations in acid 
phosphatase (P < 0.01) and a-mannosidase 
( P  < 0.001) activities were noted in Hypox 
rats compared with those of their intact con- 
trols (Fig. 1). On the other hand, P-glucuron- 

Hucosaninidase 

Hypophyscctomized 

FIG. 1 .  Harderian gland lysosomal enzyme activities 
(acid phosphatase, 8-glucuronidase, hexosaminidase 
and a-mannosidase) in hypophysectomized (Hypox) 
rats treated for 4 days with either diluent (Controls), 
prolactin (PRL), growth hormone (GH) or GH + PRL. 
Intact rats were given saline. a, P < 0.0 1 ; b, P < 0.00 1 ; c, 
P < 0.05 vs intact animals. d, P < 0.05; f, P < 0.01 vs 
Hypox group. e, P < 0.0 1 vs Hypox + PRL. Enzymes are 
nmole/min/mg protein. Means +- SEM are indicated. 

idase levels were depressed ( P  < 0.05) and 
hexosaminidase activity unaffected by hypo- 
physectomy treatment alone (Fig. 1). Treat- 
ment with prolactin did not alter any of the 
significance levels attributable to hypophy- 
sectomy alone. However, treatment with GH 
alone or in combination with prolactin had a 
significant inhibitory effect on P-glucuroni- 
dase (P < 0.05), hexosaminidase (P < O.Ol), 
and a-mannosidase ( P  < 0.05) enzyme activ- 
ities and no effect on acid phosphatase levels 
compared to the enzyme activities in hypo- 
physectomized animals. In the case of a- 
mannosidase activity, GH hormone treat- 
ment suppressed the rise caused by hypo- 
physectomy to presurgical control levels. 

Bromocriptine treatment caused an eleva- 
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tion of acid phosphatase enzyme activity (P 
<. 0.01) compared to the activity in glands of 
the controls. Bromocriptine treatment had 
no effect on either P-glucuronidase, hexosa- 
niinidase, or a-mannosidase enzyme activity 
(Table I). 

Discussion. It is clear from the present ex- 
periment that hypophysectomy and GH 
treatment alter the enzyme activity of several 
Harderian gland acid hydrolases. Although 
the exact function of these specific hydro- 
lases within the gland is unknown, lysosomal 
enzymes play an important role in the medi- 
ation of hormonal signals, in the disposal of 
excess hormone vesicles, and in the enzy- 
matic degradation of intracellular macro- 
molecules whose byproducts are recycled for 
metabolic use or export (1 1, 13). Lysosomal 
enzymes are also clearly involved in the pro- 
grammed cellular lytic processes characteris- 
tic of holocrine secretion (14), one of three 
(holocrine, merocine, apocrine) mechanisms 
described for the Harderian gland (3, 15, 16). 
Though lysosomal enzymes form a part of 
the secretion of the lacrimal gland, this has 
not yet been specifically examined in the 
Harderian gland ( 17, 18). 

From the literature, it is evident that the 
weight and histological appearance of the 
Harderian gland are responsive to both pitu- 
itary and steroid hormones (8, 19,20). Initial 
experiments in which pituitary extracts were 
given to produce exophthalmos described 
the stimulatory effects of pituitary extracts 
on the weight and glycosaminoglycan con- 
tent of the retrobulbar eye tissue which was 
predominantly Harderian gland ( 19-2 1). 
Several pituitary hormones (thyrotropin, 
GH, prolactin, a-melanocyte-stimulating 
hormone) have specific effects on either 
weight or function of the gland (2 1-23). Hy- 
pophysectomy alone causes a reduction in 

Harderian gland weight; histologically, the 
glands from these surgically treated animals 
had smaller cells, larger lumina, and ap- 
peared to contain less stainable intracellular 
lipid (8). Ebling and co-workers (9) also 
noted a 25% decrease in Harderian gland 
weight due to hypophysectomy and this was 
partially prevented by treatment with GH. 
Undoubtedly, lysosomal enzymes were likely 
involved in the catabolic processes induced 
by this surgical procedure. Interestingly, in 
an experiment by Lorincz and Lancaster 
(20), GH treatment had no effect on Harder- 
ian gland weight if the hypophysectomized 
animals were additionally castrated. This 
observation suggests that the weight of the 
Harderian gland is influenced by many hor- 
monal agents. 

In the present experiment both hypophy- 
sectomy and GH treatment induced bio- 
chemical changes within the gland. Interest- 
ingly, hypophysectomy increased (acid phos- 
phatase and a-mannosidase activities), 
decreased (P-glucuronidase activity) or had 
no effect (hexosaminidase activity) on the 
enzymes. These nonparallel changes in the 
activities of these enzymes may be due to 
heterogeneity of lysosomes and/or a differ- 
ential effect of hypophysectomy on their 
function and/or disposition. Such nonparal- 
lel changes have also been observed in the 
lacrimal gland (17, 18) and the liver (24). 

In a study reported by Ebling and co- 
workers (9), GH administration partially at- 
tenuated the decrease in weight of the Har- 
derian gland induced by hypophysectomy. 
In the present experiment, administration of 
GH alone or in combination with prolactin 
to hypophysectomized animals generally re- 
sulted in a decrease in the activity of three 
(P-glucuronidase, hexosaminidase, a-man- 
nosidase) lysosomal enzymes compared to 

TABLE I. BROMOCRIPTINE TREATMENT AND HARDERIAN LYSOSOMAL ENZYMES 

Treatment N ACP P-Gluc Hex a-Man 

Control 12 6.87 k 0.34 6.83 f 0.42 12.12 f 0.67 8.07 f 0.60 
Bromocriptine 13 8.98 f 0.56* 7.74 f 0.42 13.32 k 0.60 8.43 f 0.64 

Note. ACP, acid phosphatase; P-Gluc, 0-glucuronidase; Hex, hexosaminidase; a-Man, a-mannosidase. Enzyme 

* P < 0.01 vs controls. 
activities expressed as nmole/min/mg protein. Means f SEM are indicated. 
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the activity observed in the gland of hypo- 
physectomized controls. Since lipids make 
up approximately 21% of the weight of the 
rat Harderian gland (4), changes in their 
systhesis and/or excretion could influence 
the weight of the gland. If indeed these en- 
zymes play a role in the excretion of lipids 
and/or other substances from the acini and 
are involved in hypophysectomy-induced ca- 
tabolism, then a decrease in enzyme activity 
caused by GH treatment might lead to reten- 
tion of lipids and an overall anabolic effect 
with the previously described increase in the 
weight of the gland. 

Glycosaminoglycans are found in the 
Harderian gland and stimulation with pitu- 
itary homogenates or thyrotropin increase 
their [%]sulfate uptake ( 19, 2 1, 23) particu- 
larly in hypophysectomized animals (23). 
Since glycosaminoglycans contain a sub- 
strate for P-glucuronidase, a decrease in this 
enzyme in Hypox or Hypox + GH-treated 
animals as noted in the present experiment 
may be reflected in their content and/or 
turnover. 

Administration of prolactin had no effect 
on enzyme activity whereas injection of the 
prolactin antagonist, bromocriptine, stimu- 
lated only acid phosphatase. Prolactin has 
been shown to have a stimulatory effect on 
both mitosis and secretory activity in the 
Harderian gland of the chick (10). In the 
present rat model, hypophysectomy-induced 
changes in lysosomal activity are not likely 
due to deprivation of prolactin for the rea- 
sons listed. (i) The prolactin-inhibitory do- 
pamine agonist bromocriptine caused at 
least as much rise in acid phosphatase as hy- 
pophysectomy alone but had no significant 
effect on a-mannosidase which also rose 
after hypophysectomy . (ii) Prolactin admin- 
istration did not reverse the hypophysec- 
tomy-induced rise in acid phosphatase and 
a-mannosidase. (iii) The fall of 0-glucuroni- 
dase activity after hypophysectomy was not 
offset by prolactin administration, nor was it 
mimicked by bromocriptine. On the other 
hand, GH may play a role in part of the Har- 
derian lysosomal response to hypophysec- 
tomy in that GH administration reversed the 
changes in a-mannosidase. That the changes 
in the other enzymes did not fit such a pat- 
tern for the role of GH suggests that effects of 

the pituitary on the Harderian gland are me- 
diated also through means other than GH 
secretion and that diverse avenues of hor- 
monal activity regulate lysosomal function. 
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