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Abstract. Harderian gland (HG) weight and lysosomal enzyme activity were evaluated after 
2 1 -day-old female rats were singly caged in a long (LP 14: 10 LD) or short (SP; 8: 16 LD) 
photoperiod and fed on one of two dietary regimens (fed ad libitum or 50% underfed) for 50 
days; an additional fed and an underfed group of animals in LP were injected every afternoon 
with 100 pg melatonin. Absolute HG weights were significantly lower in all underfed groups 
compared to their respective fed controls or to the LP fed control group. Absolute HG weights 
of underfed rats in SP were significantly lower than the underfed rats in LP. Relative HG 
weights (mg/100 g body wt) were significantly higher in the underfed saline or melatonin- 
treated groups compared to their respective fed controls; however, HG of the underfed SP group 
were not different from SP-fed controls. No significant differences in HG acid phosphatase, 
hexosaminidase, and P-glucuronidase activities were observed in any of the treatment groups 
maintained in LP. Acid phosphatase, hexosaminidase, and P-glucuronidase activities were 
significantly elevated in HG of underfed animals maintained in SP compared to their respective 
fed controls or to the LP-underfed group. Both the underfed control and the underfed-melato- 
nin treated groups had lower pineal protein values than their respective fed groups; underfed 
animals in 8: 16 LD had similar pineal protein values compared to those of the fed control group 
in SP. Significant effects of photoperiod and underfeeding with no interaction between these 
variables were observed on pineal acid phosphatase. The fed group maintained in 8: 16 LD had 
significantly higher acid phosphatase activity than the fed group kept in 14: 10 LD. In conclu- 
sion, underfeeding resulted in severely reduced body weights and absolute Harderian gland 
weights. Increased activity in certain lysosomal enzymes occurred in both the pineal and 
Harderian gland and in some instances this was dependent upon the light cycle and dietary 
regimen to which the animals were exposed. o 1988 Society for Experimental Biology and Medicine. 

Underfeeding is a potent pineal potentiat- 
ing factor in the rat which, when combined 
with light deprivation or melatonin treat- 
ment, depresses gonadal maturation ( 1-3). 
The effects of short photoperiod can be pre- 
vented by pinealectomy in underfed animals 
(2, 3); thus, short photoperiod must alter the 
net output of pineal substances affecting re- 
production or alter the sensitivity of target 
tissues in underfed animals. Since pineal 
protein values are depressed in underfed ani- 
mals receiving saline or daily injections of 
the pineal hormone melatonin (MEL), we 
proposed that normal catabolic processes 
might be enhanced by the combination of 
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melatonin treatment or short photoperiod in 
underfed animals. Since lysosomal enzymes 
play a major role in the catabolism of tissues 
and fluctuate with the photoperiod in several 
tissues (4, 5 )  including the pineal (6) ,  we de- 
termined if the activities of four acid hydro- 
lases in the rat pineal were increased follow- 
ing 50 days of exposure to short photoperiod, 
melatonin treatment, and/or underfeeding. 

The Harderian gland (HG), a large retro- 
bulbar exocrine gland, synthesizes a variety 
of substances including porphyrins (proto- 
porphyrin IX and tricarboxylic porphyrins), 
lipids (wax esters, phospholipids, cholesterol, 
cholesterol esters, and triglycerides), and 
melatonin (7-1 1). There is considerable 
speculation concerning the function of the 
gland but the synthesis of the indoleamine 
melatonin and the manipulation of the mor- 
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phology and biochemistry of the gland by 
photoperiod and/or hormones (sex steroids, 
pituitary hormones) suggest that it, like the 
pineal, might be involved in the responses to 
photoperiod (12-17). In the course of our 
studies on the environmental factors which 
influence the Harderian gland and the pi- 
neal, we noted and report herein that a com- 
bination of underfeeding and short photo- 
period significantly inhibited HG absolute 
weight more then underfeeding alone. This 
potentiating effect of underfeeding to the ef- 
fects of short photoperiod is a pattern remi- 
niscent of that described above for the pineal 
and we determined if similar mechanisms 
(i.e., increased activity of catabolic enzymes) 
might also be involved in this organ. 

Materials and Methods. Animals. 
Twenty-one-day-old female rats (Charles 
River) were caged singly in a room providing 
either long ( 14: 10 LD; lights on 0600 hr) or 
short (8: 16 LD; lights on 0800 hr) photope- 
riod. One group in each photoperiod was fed 
ad libitum while a corresponding group re- 
ceived only 50% of the food of its fed control. 
Additionally, one fed and one underfed 
group in 14: 10 LD received a sc injection of 
100 pg melatonin (Sigma Chemical Co., St. 
Louis, MO) daily between 1400 and 1600 hr. 
Melatonin was dissoved in absolute alcohol 
and diluted with saline. All animals were de- 
capitated between 0830 and 1 130 hr after 50 
days of treatment. Both Harderian glands 
were weighed, frozen on solid C 0 2 ,  and 
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 serve as the source 
of enzymes 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 Harderian gland homogenate or 
10 pl pineal homogenate as a source of en- 
zyme, and the appropriate substrate. The fol- 
lowing substrates (Sigma Chemical Co., St. 
Louis, MO) were used at the final concentra- 
tion and pH indicated: a-mannosidase, 4- 

methylumbelliferyl a-D-mannopyranoside 
( 1.5 mM, pH 5.0); acid phosphatase, 4-meth- 
ylumbelliferyl phosphate (5.6 mM, pH 5.0); 
and P-glucuronidase, 4-methylumbelliferyl 
P-D-glucuronide ( 1.5 mM, pH 5.0). 4-Meth- 
ylumbelliferyl-N-acetyl-P-D-glucosaminide 
(5.0 mM dissolved in 0.08 A4 citrate-phos- 
phate buffer, pH 4.4) was used to determine 
hexosaminidase activity. Assays were termi- 
nated by addition of 2.9 ml 0.1 M ammo- 
nium hydoxide-glycine buffer, pH 10.5. The 
release of 4-methylumbelliferone from fluo- 
rogenic substrates was measured in identical 
fashion as previously described ( 18). Hydro- 
lysis of fluorogenic substrate is expressed as 
nanomoles substrate hydrolyzed per minute 
per milligram protein. Fluorogenic assays are 
linear with respect to time of hydrolysis and 
protein assayed. All assays were run in tripli- 
cate. 

Protein determination. Protein was deter- 
mined by the method of Bradford (19) using 
bovine serum albumin as a standard. 

Statistics. Data from the groups main- 
tained in 14: 10 LD were analyzed using a 
two-way ANOVA with injection and feeding 
as the two variables. Since melatonin injec- 
tions had no significant main effects on pi- 
neal or HG enzyme activity or HG weight, 
the respective two groups of fed or underfed 
animals in 14: 10 LD were pooled and a sec- 
ond two-way ANOVA was run using photo- 
period and feeding as the two variables. A 
Student’s t test was used for intercompari- 
sons among means. 

Results. Body weights ( P  < 0.01) and ab- 
solute HG weights (P  < 0.01) (Fig. 1) were 
significantly inhibited by limiting access to 
food for 50 days; no effect of photoperiod 
alone or interaction of photoperiod and un- 
derfeeding was observed on either of these 
weights. Absolute HG weights were signifi- 
cantly lower in all underfed groups com- 
pared to those of their respective fed group ( P  
< 0.001) or the fed control group in 14:lO 
LD (P < 0.001) (Fig. 1). Absolute HG 
weights of underfed rats in 8: 16 LD were sig- 
nificantly lower (P  < 0.01) than those of the 
underfed rats in 14: 10 LD (Fig. 1 ). 

Relative HG weights were significantly 
higher in the underfed 14: 10 LD controls ( P  
< 0.001) or melatonin-treated animals (P 
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FIG. 1 .  Absolute (top panel) and relative (bottom 
panel) Harderian gland weights of fed (F) or underfed 
(U) rats kept in 14: 10 LD or 8: 16 LD and treated with 
saline (controls) or melatonin. Means k SEM are indi- 
cated. a, P < 0.00 1 ; b, P < 0.0 1 vs respective fed group. c, 
P < 0.01 vs underfed 14:lO LD treated controls. d, P 
< 0.05 vs underfed 14: 10 LD treated controls and un- 
derfed melatonin-treated group. Significant main effect 
(P < 0.0 1 )  of feeding on absolute HG weight. Significant 
main effects of photoperiod (P < O . O l ) ,  feeding (P 
< 0.0 1 ), and their interaction (P < 0.05) on relative HG 
weight. 

< 0.0 1) compared to those of their respective 
fed controls. However, HG of the underfed 
8: 16 LD group were not different from those 
of their respective fed controls (Fig. 1) and 
significant effects of underfeeding ( P  < 0.0 l), 
photoperiod ( P  < 0.0 I), and their interaction 
( P  < 0.01) were noted. 

Underfed animals maintained in 8: 16 LD 
had higher acid phosphatase, hexosamini- 
dase, and P-glucuronidase activities than did 
corresponding fed controls in 8: 16 LD and 
this was reflected as a significant main effect 
of underfeeding for all three enzymes and 
interaction with photoperiod (acid phospha- 
tase and hexosaminidase only) (Fig. 2). 

Both the underfed control ( P  < 0.05) and 
the underfed-melatonin ( P  < 0.05) treated 
groups had lower pineal protein values than 
their respective fed groups resulting in a sig- 
nificant main effect of underfeeding alone. 

Underfed animals in 8:16 LD had similar 
pineal protein values compared to those of 
the fed control group in short photoperiod. 

Pineal acid phosphatase activity was sig- 
nificantly higher in the melatonin-treated 
group ( P  < 0.01) compared to its respective 
fed group. The fed group maintained in 8: 16 
LD had significantly higher acid phosphatase 
( P  < 0.05) activity than the fed group kept in 
14: 10 LD (Fig. 3). Significant main effects of 
undernutrition were observed on pineal hex- 
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FIG. 2. Harderian gland acid phosphatase (ACP), hex- 
osaminidase (HEX), P-glucuronidase (GLU), and a- 
mannosidase activities expressed as nM/min/mg pro- 
tein. a, P < 0.02; b, P < 0.05 vs fed group in 8: 16 LD. 
Enzyme activities are for fed (F) or underfed (U) rats 
kept in 14:lO LD or 8:16 LD and treated with saline 
(controls) or melatonin. Means k SEM are indicated. 
Significant main effects of feeding on ACP (P < 0.05), 
GLU (P < 0.01), and HEX (P < 0.01). Significant main 
effects of photoperiod on HEX (P < 0.01). Significant 
interaction of feeding and photoperiod on ACP (P 
< 0.05) and HEX (P < 0.01). 
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osaminidase (P < 0.01) and pineal P-gluc- 
uronidase (P < 0.01) activity but no effect of 
photoperiod or its interaction with under- 
feeding was observed. 

a-Mannosidase activity in either the pineal 
or the Harderian gland was unaffected by 
any treatment (Fig. 2). 

Discussion. Environmental factors such as 
photoperiod length provide a reliable cue 
which photoresponsive species utilize to pro- 
gram certain metabolic and reproductive 
processes (2). On the other hand, underfeed- 
ing is a condition in which sufficient caloric 
intake to maintain normal growth and ho- 
meostasis varies according to food availabil- 
ity which, in the wild, may vary considerably 
depending on environmental factors and 
population density. In some species, e.g., the 
rat, the combination of reduced photoperiod 
and underfeeding leads to a synergistic effect 
in which body weight and reproductive 
function are markedly affected more than 
with either treatment alone; pinealectomy of 
underfed animals exposed to reduced photo- 
period negates the retardation in genital de- 
velopment suggesting that pineal hormones, 
such as melatonin, are involved (1-3). In the 
present experiment, we investigated the in- 
teraction of underfeeding with either a re- 
duced photoperiod or daily injection of mel- 
atonin on pineal protein content and lyso- 
soma1 enzyme activity in prepubertal female 
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FIG. 3. Acid phosphatase activity (nM/min/mg pro- 
tein) in pineal glands of fed (F) or underfed (U) rats kept 
in 14:lO LD or 8:16 LD and treated with saline (con- 
trols) or melatonin. Means f SEM are indicated. a, P 
< 0.01 vs. respective fed group. b, P c 0.05 vs. fed 14: 10 
LD controls. Significant main effects of photoperiod (P 
< 0.01) and feeding (P < 0.01). 

rats to determine if there is an interaction in 
these two variables which could affect pineal 
metabolism and ultimately produce the dys- 
functional reproductive system. Whereas 
underfeeding alone significantly lowered pi- 
neal protein values, no interaction with pho- 
toperiod or melatonin was noted. In the face 
of these lowered overall protein values, how- 
ever, acid phosphatase levels were higher in 
underfed animals and, additionally, a signifi- 
cant main effect of photoperiod was noted 
but there was no interaction between photo- 
period and undernutrition. Thus, both un- 
derfeeding and photoperiod may exert inde- 
pendent effects on these aspects of pineal me- 
tabolism, but, overall, the net output of the 
gland and/or sensitivity of its target organs 
may be altered in such a way as to allow the 
ultimate synergistic inhibitory effects on re- 
production. 

The proteolysis of tissues, e.g., liver, atten- 
dant to starvation is thought to be mainly, if 
not exclusively, a lysosomal process (20,2 1). 
Considerable reduction in hepatic protein 
content can occur rapidly in deprivation-in- 
duced proteolytic states (22) although the re- 
cruitment of certain enzymes may be depen- 
dent upon such factors as the length of un- 
derfeeding as illustrated by the fact that 
cellular acid phosphatase activity is not en- 
hanced during the initial 36 hr of fasting (23). 
Extrapolating to the tissues examined in the 
present study, activation of lysosomal en- 
zymes undoubtedly contributed to the de- 
crease in pineal protein content as evidenced 
by a clear effect of underfeeding alone on 
acid phosphatase activity in the pineal. Yet, 
perhaps more interestingly, other pineal acid 
hydrolases (hexosaminidase, P-glucuroni- 
dase, and a-mannosidase) were not affected 
by this underfeeding regimen. This may be 
because of differential activation of certain 
enzymes within the lysosome over the 50- 
day period of undernutrition or perhaps the 
relatively minor role that these enzymes play 
in pineal metabolism. 

Absolute Harderian gland weight was con- 
siderably reduced in all underfed groups 
compared to fed controls. However, when 
these weights were expressed relative to body 
weight, Harderian gland weight increased in 
underfed animals maintained in long photo- 
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period, suggesting that the hormonal/meta- 
bolic millieu present in this condition pro- 
motes a sparing effect on weight and possibly 
on lysosomal enzyme activity. In short pho- 
toperiod, though, this sparing effect was not 
maintained and relative HG weight declined 
commensurate with body weight, and, con- 
comitantly, this was accompanied by in- 
creased activity of three lysosomal enzymes. 
Since HG weight and function are affected 
by pituitary hormones, the mechanism(s) in- 
volved in these synergisti,c effects of photo- 
period and undernutrition may be related to 
the hormonal imbalance which these treat- 
ments produce in the endocrine system (2, 
3). Interestingly, in the reproductive and thy- 
roid systems short photoperiod and after- 
noon injections of melatonin elicit compara- 
ble results; however, in the present study, this 
was not the case. A similar discrepancy in 
Harderian gland physiology was noted re- 
cently where daily melatonin injections in 
the LSH/SsLak female hamster did not sim- 
ulate the effect of short photoperiod on mela- 
tonin content and N-acetyltransferase activ- 
ity (24). Such results may implicate an effect 
of photoperiod independent of melatonin on 
the gland. Alternatively, the time course of 
gonadal degeneration induced by short pho- 
toperiod or melatonin treatment varies and, 
thus, the factors which affect Harderian 
gland weight may have been differentially af- 
fected. 
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