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Summary 

Hypernatremic dehydration (mean plasma sodium, 184 mEq/ 
L) was produced over a 3-5 d period in 71 rabbits. The dehy- 
drated animals were divided into groups and rehydrated by intra- 
venous (4, 6, and 8 h duration) or oral (4 and 24 h duration) 
solutions in amounts calculated to return plasma Na to 140 mEq/ 
L. Plasma was obtained serially from each animal for electrolyte 
and osmolality determinations during dehydration and rehydra- 
tion. Samples of brain hemisphere and cortex were obtained for 
chemical analysis from every animal immediately after death. 

The incidence of seizures was significantly less (P < 0.025) in 
rabbits rehydrated orally when compared with rabbits rehydrated 
by the intravenous route. Brain water content was significantly 
greater in rabbits rehydrated intravenously when compared with 
normal rabbits and rabbits rehydrated orally. In addition, the 
amount of brain water was greater in rabbits with seizures when 
compared with those which did not have seizure manifestations. 
The mechanism underlying the significant reduction in seizures 
when the animals were rehydrated orally may relate to an inte- 
gration of drinking behavior with rehydration status. Administra- 
tion of oral fluids may provide an effective method of therapy for 
some patients with hypernatremic dehydration. 

Abbreviation 
D/W, dextrose in water 

Hypernatremic animals and man may convulse after sufficient 
water has been administered intravenously to return plasma 
sodium concentrations to normal (10, 12, 22). If hypernatremia 
is untreated or treated late in the course, a high incidence of 
morbidity and/or mortality occurs. Most studies of hypernatre- 
mia in the past have evaluated intravenous rehydration using 
various solutions and have shown that the incidence of seizures 
varies directly with the rate of intravenous rehydration (2,4, 10- 
12, 22). Oral therapy has been used successfully in rehydrating 
both children and adults who were dehydrated due to diarrheal 
disease (6-8, 16, 20). Although most of these patients had iso- 
tonic dehydration, a few experienced hypernatremic dehydration 
and were successfully treated (8). This study was undertaken to 
define the physiologic, biochemical, and clinical alterations 
which accompany various modes of intravenous and oral rehy- 
dration of hypernatremic rabbits. 

MATERIALS AND METHODS 

Production of hypernatremic dehydration. Hypernatremic de- 
hydration was produced gradually over a 3-5-d period in New 

Zealand white male rabbits (weight, 2-3.5 kg) fed 1 M sodium 
chloride solution by nasogastric tube five times daily in amounts 
calculated to raise the serum sodium concentration over 3-5 d 
(10). The volume required varied between 45-80 ml/d. Food in 
the form of rabbit pellets was available during the course of the 
study. Body weight, hematocrit, plasma Na, K, and osmolality 
were determined before dehydration, 48 h after saline feedings 
were begun, and daily thereafter. In addition, blood for calcium, 
magnesium, chloride, and blood urea nitrogen was obtained from 
48 animals. Blood volumes were determined in nine animals by 
the isotope dilution technique using serum [13'I]albumin (23) 
(0.5 pCi in 0.5 ml). 

The daily dose of saline used to produce hypernatremic de- 
hydration was adjusted to achieve a plasma Na of greater than 
175 mEq/L (mean, 184 mEq/L; range, 175-204). Immediately 
before rehydration, all initial blood studies were repeated. 

Rehydration. The hypernatremic animals were divided into 
the following groups: 

Group la ,  intravenous rehydration with 2.5% D/W over 4 h 
with a post-rehydration period of 4 h before sacrifice (10). 
Group 16, intravenous rehydration with 2.5% D/W over 4 h 
followed immediately by sacrifice. 
Group 2, intravenous rehydration with 2.5% D/W over 6 h 
with a post-rehydration observation period of 4 h. 
Group 3, intravenous rehydration with 2.5% D/W over 8 h 
with a post-rehydration observation period of 4 h. 
Group 4a, ad libitum oral rehydration with water over 24 h. 
Group 4b, ad libitum oral rehydration with water over 4 h 
followed by sacrifice. 

Intravenous rehydration using 2.5% D/W in amounts calculated 
to return the plasma Na to 140 m&/L was maintained at a 
constant rate for 4,6, or 8 h. The amount infused varied between 
85-1 10 ml/h. Blood samples were drawn from 27 animals at 2- 
h intervals. At the end of rehydration and before sacrifice, blood 
samples were obtained from all animals. If seizures occurred 
during the rehydration or subsequent observation period, the 
animal was observed for 20 min. Final blood samples were then 
taken, and the animal was weighed and sacrificed. 

Samples of brain and muscle were obtained for chemical 
analysis from every animal immediately after death. Autopsies 
were performed on all rabbits at which time the volume and 
electrolyte concentration of peritoneal fluid and gastrointestinal 
contents were measured. In addition, wet weights of lungs, liver, 
and kidneys were obtained. Brains were examined grossly and 
histologically for evidence of hemorrhage. 

In Group 4, rehydration was accomplished by allowing the 
animals free access to water. Water intake was carefully measured 
and tabulated every 5 min during the first 30 min of rehydration 
and every 15 min thereafter, for a period of 24 h in Group 4a 
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and 4 h in Group 4b. During this time, the animals were observed 
constantly. Hematocrit, plasma Na, K, and osmolality were 
measured at 4, 8, 12, and 24 h after beginning the rehydration 
period. In one animal with convulsions in Group 4a, these tests 
also were obtained at the time of the first seizure. All animals in 
Group 4a were weighed and sacrificed 24 h after first access to 
water. 

Statistical analysis. Statistical evaluation was performed by 
chi-square analysis with Yates correction and t test analysis. 

RESULTS 

Changes in body weight and hematocrit values. The mean 
weight loss of rabbits 48 h after saline feedings were begun was 
408 + 115 g or 16.4% of the weight immediately before dehy- 
dration. At the onset of rehydration, the mean weight loss was 
488 k 124 g (19.6%). At the time of sacrifice, animals with 
seizures had gained 16.5 + 4.1 % and those not having seizures 
had gained 13.5 -1 3.5% of their dehydrated weights. These values 
were not significantly different. A decrease in hematocrit values 
of 7 + 1.1 % occurred 120 h after saline feedings were begun. 
There were no significant differences in hematocrit values among 
the rehydration groups. The changes in hematocrit values could 
not be explained by volume of blood removed or sequestration 
of blood in the spleen or other tissues. 

Plasma electrolyte and osmolality concentrations. Table 1 con- 
tains plasma electrolyte and osmolality concentrations of the 
different groups of animals and the incidence and severity of 
seizure activity. Plasma Na and osmolal concentrations at max- 
imal dehydration were significantly greater (P < 0.001) in all 

groups when compared to normal, end rehydration, and final 
values. Plasma Na values (Fig. 1) were not significantly different 
in groups l a  and 4a, except at the end of rehydration in Group 
l a  (4 h) when the plasma Na value was significantly less ( P  < 
0.025) than that in Group 4a. The plasma osmolality values (Fig. 
2) were similar in Groups l a  and 4a at all times, except 2 h into 
rehydration when it was significantly elevated (P < 0.01) in 
Group la. This increase in plasma osmolality cannot be ex- 
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Fig. 1. Comparison of plasma sodium levels between animals rehy- 
drated intravenously over 4 h (Group la) and those allowed to rehydrate 
ad libitum (Group 4b). Plasma sodium values are not significantly 
different except at the end of rehydration (4 h) when rabbits rehydrated 
ad libitum had significantly (P < 0.01) greater values than those rehy- 
drated intravenously over 4 h. Values expressed as mean + SD. 

Table 1. The relationship between the rate and route of rehydration of hypernatremic rabbits and the development of seizures and 
to plasma electrolyte osmolality values* 

Duration of rehy- 
dration to seizure in 

Number of h 
End animals with Description 

Rehydrated groups Normal Dehydrated rehydration Final seizures of seizures Average Range 

I. Intravenous 
Group 1 a (4 h) 

Na 136 + 4.1 185 + 7.8 142 f 6.5 143 f 7.9 19 (55%) Prolonged, repeated 
mOsm/kg 298 + 9.3 396 + 27.5 319 + 17.5 318 + 20.6 generalized occ. 
K 4.5 + 0.5 4.0 + 0.6 3.5 + 0.7 3.6 + 0.8 focal 4.5 2-7 

(n = 34) 
Group 2 (6 h) 

Na 181zk4.9 136k4.0 142k5.7 3 (33%) Repeated, general- 
mOsm/kg 294 + 10.2 381 + 19.5 292 k 13.0 303 + 14.2 ized or focal 
K 4.5 k 0.4 4.3 + 0.2 3.5 + 0.2 4.0 -c 0.3 

(n = 9) 
Group 3 (8 h) 

Na 139k4.1 181+5.8 144k2.8 144k7.0 3 (30%) Single, focal 
mOsm/kg 306 + 4.2 372 + 22.5 309 + 10.4 312 + 18.6 
K 4.8 + 0.3 4.7 + 0.5 3.7 k 0.8 4.3 + 0.3 

(n = 10) 
11. Oral (ad libitum) 

Group 4a (24 h) 
4 h  

Na 138 + 4.5 181 + 4.5 IF+ 8.6 142 + 7.3 1 (8%) Repeated, general- 9.5 
mOsm/kg 306r11.0 384k11.4 3 2 9 ~ 2 1 . 0  311k8.7 ized 
K 4.6 + 0.5 4.1 k0.5 3.5 + 0.4 4.9 + 1.2 

(n = 12) 
Group 4b (4 h) 

Na 139k4.3 181k4.8 148 + 4.5 
mOsm/kg 298k8.1 380zk21.1 317 + 14.0 
K 4.2 + 0.5 3.9 -+ 0.5 3.7 + 0.8 

(n = 6 )  

* Values are expressed as mean f 1 SD. Na, sodium; K, potassium, and all values are expressed as mEq/L. 
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Fig. 2. Comparison of plasma osmolality between animals rehydrated 
intravenously over 4 h (Group la) and those allowed to rehydrate ad 
libitum (Group 4b). The values for plasma osmolality were significantly 
(P < 0.01) greater at 2 h in rabbits rehydrated intravenously over 4 h 
when compared with those rehydrated ad libitum. Values expressed as 
mean + SD. 
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360- 

340- 

320- 
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plained on the basis of plasma sodium because the values were 
similar. 

Oral rehydration. Animals allowed to rehydrate themselves by 
ad libitum oral intake over a 24-h period (Group 4a) had a 
significantly lower (P < 0.025) incidence of seizures than animals 
rehydrated intravenously. There was no significant difference 
among intravenously rehydrated groups of rabbits in the inci- 
dence of seizures; however, there was a trend towards fewer 
seizures with longer periods of rehydration. The pattern of oral 
water intake and its correlation with plasma sodium is outlined 
in Figure 3. The average amount taken in each half-hour period 
is plotted from the beginning of rehydration to the end of the 
24-h period. A large volume of water was consumed within the 
first 2 h (210 ml) after which the average rate of ingestion 
decreased. This resulted in an accelerated fall in plasma tonicity 
as compared with that of animals rehydrated intravenously (Fig. 
2). Plasma sodium decreased from a mean of 18 1 + 4.3 mEq/l 
in the dehydrated state to 152 + 8.6 mEq/L within the first 2 h. 
Plasma K concentrations (Table 1) were comparable between 
the two groups. 

One rabbit in Group 4a with an unusual drinking pattern 
developed seizures (Fig. 4). The rabbit drank during 1 1 of the 
first 19 half-hour intervals, decreasing his plasma Na concentra- 
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Fig. 3. The average drinking pattern during ad libitum rehydration of 10 rabbits in Group 4a. These rabbits did not have seizures. During the 

first 2 h the rabbits ingested 225 + 28 ml of water. Over the subsequent 8 h they ingested 153 + 30 ml. 
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Fig. 4. The drinking pattern of the single rabbit with seizures rehydrated ad libitum. During the initial 2 h he ingested 228 ml of water; however, 

he ingested an amount (221 ml) over the subsequent 8 h that was greater than in rabbits which did not have seizures. 
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tion to 145 mEq/L at 4 h. During the initial 2 h he ingested a tissue of all groups are recorded in Table 2. The P values indicate 
volume of water similar to that ingested by rabbits which did not significance when compared with values obtained from normal 
develop seizures (228 ml versus 225 k 28 ml); however, he rabbits. There was a significant increase in cortex (P  < 0.02) and 
persisted in ingesting a relatively large amount of water (221 ml hemisphere (P < 0.001) water content in animals with seizures 
versus 153 k 30 ml) over the subsequent 8 h. The first seizure rehydrated over 4 h. No significant difference was noted in water 
occurred after 10 h into rehydration when the plasma Na was content in any other group when compared with normal except 
136 mEq/L. At this point, the animal stopped drinking and did in rabbits with seizures in Group 2, who had a significantly 
not resume water intake until 8% h later. During this time he greater (P < 0.05) water content. in cortex. In all groups, the 
was alert and physically able to secure water. amount of water in cortex of animals that had seizures was 

Comparison of oral intake of water by each animal with the greater than in cortex of animals without seizures. 
calculated intravenous dose required to lower the plasma sodium Autopsy Jindings. The weights of lungs, liver, and kidneys 
to normal shows that only three of the animals failed to drink as obtained from animals in Group 1 b were similar to normal 
much water during the first 2 h as they would have been given control rabbits. Group 4b animals sacrificed after 4-h ad libitum 
intravenously during that period of time. Two animals a p  rehydration also demonstrated no accumulation of fluid in the 
proached their calculated total rehydrating dose by 1 h and nine bowel or excess organ weights. None of the brains showed 
animals had exceeded their rehydrating dose (mean 164%, range evidence of hemorrhage upon gross inspection and no hemor- 
104-227%) at the end of 2 h, yet no seizure had occurred. The rhage was observed in 20 brains, which were examined histolog- 
one animal manifesting seizure activity came close to rehydrating ically. There was no significant change in the serum calcium or 
himself in 4 h but continued to drink a volume of water which magnesium concentrations in any animal studies. 
exceeded that ingested by rabbits that did not develop seizure 
activity. Intake during the 24-h period varied from 73.0-184.7% 
(mean 116%) of water calculated to return the plasma sodium 

DISCUSSION 

to normal. Only three animals did not complete their rehydration The hypernatremic state cannot be corrected too quickly be- 
according to our calculation of volume needed to correct hyper- cause of the possibility of inducing cerebral swelling (relative 
tonicity plus daily maintenance. water intoxication) (10, 22). This study was undertaken to eval- 

Blood volumes. Blood volumes obtained before dehydration uate various methods of rehydrating hypernatremic rabbits. The 
in 9 rabbits averaged 5.7% of body weight. After dehydration electrolyte content of brain tissue from animals rehydrated either 
and 4 h of intravenous or oral rehydration, the mean blood intravenously or orally revealed no significant difference between 
volume in the same animals was 6.4% of body weight. these groups in the levels of sodium. Potassium content was 

Brain tissue evaluation. Water and electrolyte contents in brain significantly elevated in the cortex of those animals without 

Table 2. Cerebral cortex and hemisphere water, sodium, potassium, and chloride content under normal and experimental 
conditions* 

Group 

Normal rabbits 

Intravenous Group la 

Seizures 

No seizures 

Group 1 b 

Group 2 

Seizures 

No seizures 

Group 3 

Seizures 

No seizures 

Water content Sodium 
Cortext Hemisphere Cortext Hemisphere 

442.6 + 14.0 401.6 + 22.9 22.6 + 2.7 18.5 + 3.2 
(22) (22) (20) (20) 

454.7 + 21.8 425.9 + 22.8 22.5 + 2.2 18.9+ 1.8 
(33)t (3215 (31) (32) 
458.9 + 26.0 422.6 + 26.8 22.6 + 2.2 18.3 + 1.9 
(1 8)t (17) (18) 
449.7 + 14.7 430.1 + 16.3 22.3 rt 2.3 19.6 + 1.4 
(15) (1415 (14) (14) 
460.5 + 24.4 419.1 + 12.1 26.6 + 1.9 20.1 + 1.3 
(4)t (4) (4) (4) 
448.6 + 14.4 405.6 + 16.6 19.7 + 1.4 16.5 rt 1.5 
(9) (8) (9) (8) 
461.8 + 16.5 416.9 + 21.5 18.5 + 1.2 16.2 + 1.8 
(3)t (3) (3)t (3) 
442.0 + 8.2 398.8 + 9.8 20.3 + 1.0 16.7 + 1.5 
(6) (5) (6)t (5) 
440.7 + 13.5 382.9 + 32.5 21.0 + 0.9 17.0 + 1.7 
(10) (10) (10) (10) 
457.4 + 12.9 412.1 + 22.3 21.5 + 1.2 17.9 + 2.5 
(3) (3) (3) (3) 
433.5 + 4.3 370.3 + 28.4 20.8 rt 0.8 16.6 k 1.3 
(7) (7)$ (7) (7) 

Potassium 
Cortex Hemisphere 

Chloride 
Cortex Hemisphere 

A d  libitum oral water 438.1 + 9.0 403.0 + 17.7 21.2 + 1.5 17.6 + 1.5 44.3 + 2.5 33.4 + 2.2 17.6 + 1.1 16.8 + 1.1 
Group 4a (1 1) (1 1) (1 1) (1 1) (1 l ) t  (1 1) (1 1) (1 l ) t  

Seizures 452.1 433.6 20.4 19.0 42.8 34.6 16.5 17.2 
(1) (1) (1) (1) (1) (1) (1) (1) 

No seizures 436.7 + 8.2 399.0 + 15.3 21.3 + 1.5 17.4 + 1.5 44.4 + 2.6 33.3 + 2.3 17.8 + 1.1 16.8 + 1.1 
(10) (10) (10) (10) (l0)t (10) (10) 

Group 4b 442.7 + 6.0 406.9 + 13.1 21.8 + 0.9 19.7+ 1.0 41.9 + 0.8 35.3 + 2.4 19.2 + 0.8 18.2 + 1.0 
(6) (6) (6) (6) (6) (6) (6)s (6)s 

*All values expressed as mean + 1 SD. () indicate number of animals. Water content is expressed in g/100 g dry weight. Na, K, and C1 are 
expressed as mEq/ 100 g dry weight. 

t P  < 0.05, $ P  < 0.01, and 5 P <  0.001 (when compared with normal rabbits). 



344 HOGAN ET AL. 

seizures. The water content of brain tissue was significantly 
greater in animals rehydrated intravenously. In each group, the 
water content of brain tissue was greater in animals that mani- 
fested seizure activity than in those which did not. Our data 
indicate that plasma electrolytes do not reflect the electrolyte and 
water content of the brain and that brain swelling and relative 
water intoxication can occur at a time when plasma electrolytes 
are approaching normal. The increased content of brain water 
correlates with the clinical signs, seizure activity, and electroen- 
cephalographic abnormalities of water intoxication (1 1). There 
was no significant difference among groups in the incidence of 
seizure activity during the intravenous rehydration of hyperna- 
tremic animals when evaluated by the rate of administration of 
the intravenous fluids. There was a trend towards fewer seizures 
with longer periods of rehydration. 

Animals allowed to rehydrate themselves orally tended to 
drink more in the first 2 h of rehydration than would have been 
given intravenously over the same period of time, yet the inci- 
dence of seizures was lower. The plasma Na levels of rabbits 
rehydrated orally were similar to those of animals in Group la 
at 2 and 4 h of rehydration (Fig. 3), suggesting that ingested 
water had been absorbed rapidly. Furthermore, at autopsy, the 
animals allowed to drink ad libitum had a fluid content in the 
gastrointestinal tract equal to that of the intravenously rehydrated 
animals. The only rabbit rehydrated orally that developed seizure 
activity during rehydration consumed an amount of water during 
the 10 h of rehydration before his seizure in excess of that ingested 
by rabbits that did not develop seizures. The reasons for the 
excessive intake are unknown because the plasma electrolytes 
were normal after 4 h of rehydration. 

The data on blood volume in rehydrated animals revealed that 
the volume of fluid infused did not lead to hypervolemia, but to 
restoration of a normal level. This correlates with the normal 
range of the weights of liver and lungs and the absence of edema 
in tissues. Autopsy examination of all animals with chronically 
induced hypernatremia revealed no evidence of subdural or 
subarachnoid hemorrhages. This was at variance with the finding 
of a high incidence of intracranial hemorrhage in humans (14) 
and in animals rendered hypernatremic by Luttrell et al. (1 5). 

The mechanism by which animals can rehydrate themselves 
orally at the same rate, and in some instances with a larger 
volume of fluid without developing seizure activity, is unclear. 
Animals allowed to rehydrate themselves orally over a 24-h 
period had a significantly lower incidence of seizures than those 
rehydrated intravenously. The manner in which these animals 
drank and the correlation of the return of plasma sodium con- 
centrations to normal levels is of interest in that an extraordinary 
volume was consumed within the first 2 h. After 3-4 h, the 
average rate of ingestion approximated that of normal rabbits 
(Fig. 3). The plasma Na and K values were similar in the orally 
rehydrated and the intravenously rehydrated groups; however, 
the incidence of seizures was significantly higher in the animals 
rehydrated intravenously. At the end of 2 h into the rehydration 
period, with plasma Na concentrations identical in both groups, 
the plasma osmolality was significantly higher in animals rehy- 
drated intravenously. Interest in the infused glucose and its 
possible role in the pathogenesis of the seizure activity is stimu- 
lated by the observation that plasma glucose levels were signifi- 
cantly higher (P < 0.01) at the end of rehydration and in the 
final samples from animals with seizures (1 1). Further work 
needs to be undertaken to define tne potential role of glucose in 
the production of seizure activity. Other investigators have pos- 
tulated that fructose, sorbitol, inositol (18), taurine, glutamate, 
aspartate, and urea (1, 3) may accumulate within neural tissue 
and act as osmotically active materials that may help to reduce 
seizure activity. 

Tolerance to orally administered water is seen in other animal 
species. Camels who undergo a loss of water corresponding to 
30% of their body weight can drink in 10 min enough water for 

complete hydration with no clinical manifestations of water 
intoxication (2 1). Electrolyte concentrations in serum were not 
monitored in these camels. Humans of all ages who are strong 
enough to drink will voluntarily ingest a volume of glucose- 
electrolyte solution necessry for both rehydration and mainte- 
nance (8, 20). In one series, mild to moderately dehydrated 
children voluntarily drank an average of 18 ml . kg-' . h-' (range, 
3.4-45.8) over a 3-12-h rehydration period (8). One of these 
children had hypernatremic dehydration and ingested over 152 
ml/kg over 12 h with return of serum sodium values to near 
normal. 

Studies of patients with cholera and non-cholera diarrhea and 
isotonic dehydration have established the efficacy of oral therapy 
(6, 8, 16, 17, 19, 20). Clinical experience with oral therapy of 
children with hypernatremia is limited but has been successful 
(8). We have demonstrated success with oral rehydration of 
rabbits with hypernatremic dehydration and feel clinical trials in 
children are warranted (9). It should be emphasized that oral 
rehydration can only be undertaken in a child with stable vital 
signs. Presently, we are conducting studies to determine the rate 
and type of solution with regard to electrolyte (5) and carbohy- 
drate (13) content that should be utilized for oral therapy of 
children with this condition. Answers to these questions will 
provide the clinician with a better means of treating children 
with this difficult electrolyte derangement. 
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Summary 

Rats were fed a 50% galactose diet during pregnancy and 
nursing, and the testes were later examined and hormone levels 
determined in male offspring. Exposure to galactose for various 
periods during pregnancy, throughout the entire gestation, or 
postnatally to nursing mother until pups were 5 wk of age 
produced no significant differences from control testicular weight, 
seminiferous tubular diameter, or microscopic appearance of the 
testis when the offspring became adult (66 or 127 d). Serum 
leuteinizing hormone, follicle stimulating hormone, and testos- 
terone levels were determined 127 d postnatally and no significant 
differences from controls were observed in any of the treatment 
groups. Blood glactose-1-phosphate levels in animals receiving 
the 50% galactose diet were comparable to levels observed in 
human galactosemia. The resistance of the rat testis to a high 
galactose diet is consistent with the infrequency of testicular 
insufficiency in human galactosemia, and contrasts with the 
prenatal female gonadal sensitivity to galactose previously dem- 
onstrated in the rat and the high frequency of ovarian failure in 
human galactosemia. 

Abbreviations 

FSH, follicle stimulating hormone 
gal-1-p, galactose-1-phosphate 
LH, luteinizing hormone 

With early diagnosis through newborn screening programs and 
institution of appropriate treatment, many patients with inher- 
ited metabolic disorders have survived with good long-term 
health and are now reaching childbearing age. Individuals with 
some inborn errors of metabolism have borne children (17), but 
their long-term fertility is largely unstudied. 
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Galactosemia, secondary to a deficiency in galactose-l-phos- 
phate uridyl-transferase activity is inherited as an autosomal 
recessive trait and is characterized by mental retardation, cata- 
racts, hepatosplenomegaly, and renal tubular dysfunction (19). 
The frequent association between this form of galactosemia and 
premature ovarian failure, even when a galactose-restricted diet 
is started early in infancy, is well documented (9, 11, 21). 
Endocrinologic studies in affected women are consistent with 
hypergonadotropic hypogonadism. In contrast, testicular dys- 
function is uncommon in galactosemia. Kaufman et al. (1 1) 
studied eight male patients, and found no evidence of hypothal- 
amic, pituitary or testicular dysfunction. Steinman et al. (21), 
however, reported elevated levels of basal and stimulated FSH 
in three of their older patients (age, 21-24-yr-old), suggesting an 
abnormality in seminiferous tubular function. 

Administration to rats of a 30-50% galactose diet is known to 
produce cataracts, liver abnormalities, and aminoaciduria resem- 
bling the human galactosemia syndrome (18, 20). We have 
shown previously, using this animal model, that offspring of rats 
fed a high galactose diet during pregnancy have significantly 
reduced numbers of oocytes (1). The data suggests that prenatal 
toxicity from galactose and/or its metabolites may contribute to 
the premature ovarian failure characteristic of human galacto- 
semia. In this paper, we report, using the same animal model 
and similar experimental design, the effect of galactose treatment 
on male reproductive function. 

MATERIALS AND METHODS 

Galactose, gal- 1 -p, galactose dehydrogenase, and alkaline 
phosphate were purchased from Sigma Chemical Co. (St. Louis, 
MO), and a 50% galactose diet and corresponding regular rodent 
diet without galactose (NIH-07) from Zeigler Bros., Inc. (Gard- 
ners, PA). NIH-07 regular rodent diet consits of 24.5% protein, 
5.2% fat, 3.7% fiber, and approximately 50% carbohydrate. The 
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