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orotic acid, independent of the diet, is now 
available for the study of fatty liver induc- 
tion. The results suggest that the intestine 
and its contents do not play a necessary role 
in causing orotic acid induced fatty liver. 

The technical assitance of Mr. Albert E. Spaeth is 
gratefully acknowledged. 
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Effect of Adrenalectomy and of Dexamethasone upon Circadian 
Distribution of Mitosis in the Cornea of Rats-I." (32329) 
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Departments of Pharmacology and Morphology, Faculty of Medicine of Ribeirgo Pri to ,  University 

of  Sao Paulo, Brazil 

Corticosteroid participation in the general 
control mechanisms responsiible for the dis- 
tinct circadian mitotic and metabolic fluctu- 
ations, which occur in mammalians, has been 
established. Thus, potassium excretion by the 
kidneys and neutrophil and eosinophil levels 
in the blood have distinct diurnal changes 
which are related either to mineral or gluco- 
corticoid activity( 1-7). 

Mitotic activity and its distinct circadian 
variations, with highest levels in the late 
morning and lowest levels at  night, have 
been established in rats and mice, and are 
related to adrenal function( 7-10). 

RNA and enzyme synthesis can be stimu- 
lated by administration of glucosteroids ( 1 1- 
14), while DNA synthesis and mitosis, in 
general, have been reported to be inhibited 
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by these hormones ( 14- 1 7). Whether this in- 
hibitory effect could in any way be related 
to the low levels of mitosis which are found 
in tissues of mammals, coinciding in time 
with periods of rising concentrations of cir- 
culating glucocosteroids ( 18,19), has not been 
established. 

The well documented mitotic stimulation 
found in the corneal epithelium of rats, fol- 
lowing partial hepatectomy, is apparently 
related to adrenal gland function, as judged 
by both its absence in adrenalectomized ani- 
mals and by its reestablishment in adrenalec- 
tomized animals treated with dexamethasone 
(20,21). 

Evidence has recently been found that 
glucosteroids have a stimulatory effect upon 
mitosis in the corneal epithelium of rats. 
Thus, the administration of dexamethasone, 
a potent glucosteroid, to adrenalectomized 
animals resulted in the appearance of a sig- 
nificantly greater number of cells undiergoing 
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mitosis in the cornea of rats, in the morning 
period (20,2 1 ) , as compared to1 their respective 
controls, whereas, neither estrogens nor tes- 
tosterone were active in this regard. 

Tmhe apparent dependence of post-partial 
hepatectomy mitotimc stimulation upon adre- 
nal function and the clear effect which dexa- 
methasone exerted upon mitosis in the cornea 
of adrenalectomized rats led us to further 
investigate the effect of this glucosteroid upon 
the circadian distribution of mitosis in the 
cornea of rats. 

Evidence will be presented later (22) , which 
indicates that, under our experimental condi- 
tions, the normal 11:OO h “peak” number of 
cells in mitosis found in normal, in adre- 
nalectomized, and in adrenalectomized rats 
treated with dexamethasone in the afternoon 
period, is shifted to 07001 hr when steroid 
administration is done at 0900 hr to 10100 hr, 
instead of at 1500 hr to 1700 hr of the 
preceding day. 

Evidence will be presen’ted in this work 
to indicate: That the adrenal glands are im- 
portant in maintaining the normal high and 
low levels olf cells in mitosis in the cornea, 
as found respectively at 1O:OO hr and at 
23:00 hr; that the administration of dexa- 
methasone to adrenalectomized rats, reestab- 
lished the normal dayjnight ratio. In  addi- 
tion to this fact, it appears significantly to 
increase the number of cells in mitosis, as 
found in the 110:OO AM period of the day; 
that the number of hours which elapse be- 
tween administration of the steroid and sacri- 
fice of the animal is critical, and depending 
upon the time, either decreased, elevated or 
unaltered numbers of cells in mitosis can be 
found in the cornea of dexamethasone-treated, 
adrenalectomized rats. 

Materials and methods. Female rats of 
the Wistar strain, ranging in weight between 
105 and 135 g, were used in all experiments. 
Partial hepatectomy (70%) was performed 
accotrding to the technique olf Higgins and 
Anderson( 23). Subsequently, in this paper 
the term hepatectomy will be used to mean 
partial (70%) removal of the liver. Bilateral 
adrenalectomy was performed according It0 
the technique of Grollman( 24). Mortality 
rate was low and comparable to that in pre- 

TABLE I. Occurrence of Mitoses in Cornea of 
Normal and Adrenalectomized Rats. 

Mitoses/EiO microscopic fields 

Time of sacrifice 
-+ SE 

Groups 1O:OO hr 23 : 00 hr 

Normal 172 -+ 6.9 (33) 41 -I 7.5 (14) 
Adrenalectomized 133 6.5 (29) 70 -+ 6.0 (28) 

SE 
( ) No. of animals in  each experimental group. 

standard error of the mean values. 

vious work(20). All animals were fed a com- 
plete commercial diet ad Zibitum. Physiologic 
saline was given, ad Zibitum, instead of water, 
to all adrenalectomized rats. The animals 
were sacrificed by decapitation at varying 
times as indicated under Results. 

The eyes were removed from the animals 
and fixed in alfac (a mixture containing 85 
ml of ethanol SO%, 10 ml of formalin and 
5 ml of glacial acetic acid). Total corneas 
were stained by the Feulgen reaction(25) as 
described previously (20). Mitoses were 
counted with the use of a microscope with 
a reticulum (8 mm X 8 mm) ocular ( 8 X )  
and oil immersion lens ( l o o x ) .  Fifty fields 
(125 p X 125 p) were counted in each 
cornea. 

Dexamethasone 0.4 mg (generously sup- 
plied by Merck Sharp and Dohme of Brasil), 
was administered by the intraperitoneal route 
at different times as described under Results. 

Results and discussion. Normal Wistar rats 
were sacrificed at 10:OOl hr and 23:QO hr in 
several groups, over a span of 7 months. A 
total of 33 rats were obtained for the 1O:00 
hr period and 14 for the 23:OO hr period. 
The same was done for the group of adre- 
nalectomized rats and a total of 29 and 28 
animals were obtained, respectively, for the 
1O:OO and 23:OO hr periods. The results with 
all groups are presented in Table I. 

In  the group of normal rats, as indicated 
in Table I, the number of cells in mitoses, 
as found in the 10:OO hr period of the day, 
is approximately 4 times greater than that 
which was found in the 23:OlO hr period, 
giving a morning/night (MJN) ratio = 4. 
On the other hand, while the number of cells 
in mitoses is still higher in the morning ithan 
at night, in adrenalectomized rats, the M/N 
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FIG. 1. Effect of Dexamethasone upon diurnal and 
nocturnal levels of mitoses in the cornea of rats. 
Rats were sacrificed at either 1O:OO hr (D) or at 
23:OO hr (N).  The number of cells in mitoses in 
each group Ifs standard error of the mean values is 
presented for untreated adrenalectomized rats and 
for Dexamethasone-treated adrenalectomized rats ; 
Dexamethasone was administered at 14:oO hr, as in- 
dicated in the graph by the arrow. 

ratio is significantly smaller (M/N = 1.9) 
than that found in normal rats. It is also 
interesting to note that a significantly lower 
number of mitoses is found in the morning 
period in adrenalectomized animals as com- 
pared to that which is obtained in normal 
animals (172 X 133, P < 0.001). The op- 
posite effect occurred in the night period 
when the animals without adrenals had a 
significantly greater number of cells in mitoses 
as compared with the normal controls (70 
X 41; P < 0.001). These data suggest a 
synchronizing effect exerted by the adrenal 
glands in normal animals and, consequently 
a distinctly different dayjnight distrubution 
of mitoses. 

This hypothesis is strengthened by the re- 
sponse demonstrated in Dexamethasone- 
treated adrenalectomized animals. In Graph I 
is presented the data obtained in 3 separate 
experiments with adrenalectomized animals 
that received, on the 4th day after bilateral 
adrendectomy, a single 0.4 mg dose of Dex- 
amethasone, by the intraperitoneal route, at 
14:OO hr. In  each experiment, 5 groups of 
3 to 5 (rats were sacrificed in sequence, starting 
on the same day of Dearnethasone adminis- 
tration at 23:OO hr, and followed by groups 
sacrificed at 1O:OO hr and 23:OO hr of the 
following two days. 

In  Graph I, the pre-Dexamethasone treat- 
ment phase was ploted with the average num- 

bers as presented in Table I. The results in- 
dicate two important facts: 1st:-an apparent 
return to a normal morning/night mitotic 
ratio, as M/N mitotic ratios of 5.5 and 3.8 in 
the first and second days, respectively, fol- 
lowing treatment with Dexamethasone, are 
closer to the normal 4, than to that fuund in 
untreated adrenalectomized rats, 1.9; 2nd:- 
an apparent overall stimulation of mitoses 
in the first and second days after treatment 
with the steroid, as their respective night 
levels are either similar (39 mitoses/50 fields) 
or hligher than normal (79 mitoses/50 fields), 
with both morning levels (217 and 304 mito- 
ses/50 fields, respectively, for the first and 
second days after Dexamethasone adminis- 
tration) significantly (P<O.OQl) greater than 
that of either normal rats (172 mitosesJ50 
fields) or that of adrenalectomized !rats not 
treated with the hormone (133 mitoses/50 
fields). 

As these studies diid not go beyond the sec- 
ond day pmt Dexamethasone, additional ex- 
periments were conducted with the use of 
adrenalectomized rats with and without par- 
tial hepatectomy, to determine the total du- 
ration of this period of increased mitotic ac- 
tivity. Hepatectomizd animals with intact 
adrenal glands were used to determine the 
length of the post partial-hepatectomy pe 
riod of increased mitotic activity and, at the 
same time, compare it with that of Dexa- 
methasone- trea ted adrenalec tomized-hepatec- 
tomized animals. 

The results obtained with hepatectomized 
animals are presented in Table 11. 

As indicated in Table 11, increased mitotic 
activity was present for up to 48 hours post 
partial hepatectomy; on the 3rd day post 
hepatectomy both the 1O:OO hr and the 23:OO 
hr periods had returned to approximately nor- 
mal levels both in hepatectomized animals 
with intact adrenals and in the adrenalectom 
ized-hepatectomized, Dexamethasone-treated 
rats. 

On the other hand, the most interesting 
finding in thiis series of experiments was the 
contrast between the number of cells in mi- 
toses in the Dexamethasone-treated adrenlalec- 
tomized-hepatectomized animals and those in 
Dexamethasone-treated adrenalectomized rats 



DEXAMETHASONE EFFECT UPON MITOSIS 1257 

TABLE 11. Effcct of Partial Hepa,tect,omy upon Mitoscs in Cornea of Normal am1 DexnmetAa- 
sone-Treated Adrenalectomized Rats. 

No. of cells in mitoses/50 microscopic fields +- SE 
Hours after heptcctoniy 

12 24 3 6 48 60 72 84 
Groups N" D* N D N D N 

Controls 67 2 12.6 122 & I 2  108 & 16.2 247 -+- 11.0 64 2 10.2 178 2 19.4 67 +- 11.2 
(5) (5) (5) (19) (5) (5) (5) 

Adrenalec- 43 5 11.6 68 & 5.7 78 2 18.5 381 -+- 34 76 A 13 156 & 12.7 64 5 11.4 
tomized (8) (8) (8) (9) (4) (8) (6) 

* D and N: periods of the day, respectively 10  :OtO and 23 :00 hr. 
( ) No. of animals in each group. 

with intact liver (Graph I). As can be seen 
(Table 11), 68 t 5.7 cells in mitoses were 
found per 50 microscopic fields 24 hours post 
hepatectomy, while in the adrenalectomized 
animals with intact liver, in the corresponding 
period, 217 t 17 cells in miitmes/50 fields 
were found. Evidently, the severe stress de- 
creased food intake, and related metabolic 
altepations, which occur in the adrenalectom- 
ized-hepatectomized rats, were not present in 
the group of rats which underwent adrenal- 
ectomy only. However, i t  was conceivable 
that the hour of drug administration, which 
varied in the two groups, could in part be 
responsible for the difference in the number of 
cells in mitoses. Sinlce mortality is severe in 
adrenalectomized animals ( 201) in the im- 
mediate period which follows partial h e p -  
tectomy, it has been our practice to administer 
the steroid one to m e  and a half hours before 
surgery, usually around 08:OO hr; Dexa- 
methasone administration was effected at 
14:OO hr in the adrenalectomized rats with in- 
tact livers. Therefore, to verify whether this 
contrast could possibly account for the strik- 
ing difference between the two groups, ad- 
ditional experiments were done, both with 
adrenalectomized-hepatectomized rats and 
with adredlectolmized animals with intact 

TABLE I11 

No. of cells in  mitoses/50 
Groups microscopic fields 2 BE 

Adrenalectomized oontrols 136 & 22 (5) 
Adrenalectomized : 

Dexamethasone-treated 48 2 12.4 (5) 
at 09 : 00 

Dexamethasone-treated 201 2 21.7 (10) 
at 14:OO 

SE ; standard error of the mean values. 

livers. The results obtained with 2 groups of 
adwnalectolmized rats in which 0.4 mg of 
Dexamethasone was administered a t  09 : 00 hr 
and 14: 000 hr, respectively, are presented, 
along with those of adrenalectomized un- 
treated controls, in Table 111. 

As seen, the expected results were obtained; 
at 1O:OmO hr of the day following sterolid ad- 
ministration a markedly decreased numbler of 
cells in mitoses was found in the grolup of 
rats treated at  9 : O O  hr and a significantly in- 
creased number of cells in mitoses was en- 
countered in the group 'of rats treated in the 
afternoon, at 14:OO hr, when compalred to the 
control level of untreated adrenalectomized 
rats. 

For a study of adrenalectomized-hepa- 
tectomized rats, it was decided that a time 
should be selected distant enough frolm hepa- 
tectomy to avoJd the major metabolic dis- 
turbances of the surgical trauma and from the 
immediate influence of the dose of Dexa- 
methasone, given to prevent the high mor- 
tality which would othserwise occur in these 
animals. 

Thus, the time chosen far these experiments 
was the morning of the 3rd day after partial 
hepatectomy which, as can be seen on Table 
11, satisfies the above metioned criteria. The 
results obtained with the treatment of Dexa- 
methasone, 0.4 mg as a single I. P. dose, ,at 
30, 24, 18, 12 and 4 hours before sacrifice, 72 
hours after hepatectolmy and 73 hours after 
the first dose of Dexamethasone are presented 
on Table IV. 

Colnt r ol adrenalec t omized- hepa tectomized 
rats that received a single 0.4 mg dose of 
Dexamethasone before partial hepatectomy 
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TABLE I V  

Cells in mitoses/50 micro- 
Groups scopic fields 2 SE” 

Controls 154 7.9 (5) t  
Treated with 0.4 mg 30 113 f 15 (8) 

of Dexamethasone 24 76 f 12 (15) 
(hr before sacrifice) 18 208 f 16 (8) 

12 172 -t- 11 (8) 
4 1 2 4 f 1 8  (8 )  

* SE; standard error of the mean values. 
t ( ) No. of animals each group. 

were sacrified 73 hours later, a t  1O:W AM; 
these animals had in their corneas 154 t 7.9 
mitoses per 50 microscopic fields. This result 
is a clear return to pre-hepatectolmy levels. 
The second dose of Dexamethasone, adminis- 
tered to the animals a t  different time inter- 
vals before sacrifice, either altered or radically 
changed the period of the day in which maxi- 
mum mitotic activity occurred (Table 11). 
Since a period of the day in which maximum 
mitotic activity was naturally occurring, was 
chosen to serve as the control, it was clearly 
possible to influence the level of mitotic ac- 
tivity. Thus, in the groups in which Dexa- 
methasone was administered either a t  11:OO 
hr or 17 : 00 hr of the day, a depression ( 76 
mitoses per 50 fields), or a stimulation (208 
mitoses per 50 fields), respectively, was ob- 
served in the number of cells in mitoses as 
seen the next morning at  11 :OO hr. Additional 
work is being done by the authors, in which, 
following the administration of Dexametha- 
sone at  09 :1010. hr, in one group, and 15 : 00 hr, 
in another group of animals, the 24 hour pe- 
riod post drug administration is being studied 
with the different groups of animals being 
sacnificed at  4 hour intervals(22). I t  is be- 
lieved that synchronization, with the period 
of highest mitotic activity placed at an earlier 
time of the day, is the most likely explanation 
for the depressed levels of mitoses found in the 
group of rats treated at  either 09:OO or at 
11 : 00 hr, and presented in Table I11 and IV. 
As judged by the results already obtained, 
the peak number of cells in mitoses should be 
expected at  17 to 20 hours after Dexametha- 
sone administration. Therefore, a group of 
animals receiving Dexamethasone at  11 : 0 hr 
of the day should have a period of high mitotic 
activity around 07:OO hr of the following day. 

Whether the above presented results, in which 
depressed mitotic activity was folmd in the 
group of rats receiving steroid in the morning 
period of the day, are in any way related to 
those found 24 hours post hepatectomy, both 
in controls and adrenalectomized animals 
treated at 9:OO hr, is being investigated. 

Additional experiments are also underway 
to investigate: 

First, whether any possible relationship 
exists between the steroid effect upon mitoses 
in the corneal epithelium of rats and the ef- 
fect of these agents upon the synthesis of 
RNA; 

second, to verify whether a stimulation 
of DNA synthesis rather than an inhibitory 
effect, is produced in the time period between 
the onset of the maximum steroid effect upon 
RNA synthesis and that of maximum effect 
upon the final event, mitoses. 

Summary. The effect of adrenalectomy and 
of Dexamethasone treatment in adrenal- 
ectomized rats upon diurnal distribution of 
mitoses in the cornea of rats, was investigated. 
Evidence is presented to demonstrate that 
either increased or decreased numbers of cells 
in mitoses can be found in the cornea of rats 
in the late morning period of the day in Dexa- 
me thasone- trea ted adrenalectom!ized rats. 
Data are presented to indicate that these dif- 
ferences are related to the time interval be- 
tween Dexamethasone administration and the 
time at which the animals were sacrificed. 
1. Barter, F. C., Delea, C. S., Ann. N. Y. ,Actid. Sci., 

2. Bnown, H. E., Dougherty, T. F., Endocrinology, 

3. Doe, R. P., Flink, E. B., Goodsell, M. G., J.  

4. Halberg, F., Vircher, M. B., Bittner, S. S., Am. 

5. Halberg, F., Albrecht, P. G., Barnum, C. P., 

6. Brown, H. E., Ann. N. Y. Acad. Sci., 1962, 

7. Halberg, F., Cold Spring Harbor Symposia, 

8. - , Am. J. Physiol., 1954, v177, 361. 
9. Rasanen, T., Tek, H., Growth, 1961, v25, 139. 
10. Tier, H., Carpen, I., Acta Pathol. et Microbiol. 

11. Weber, G., Srivastata, S. K., Singhal, R. L., 

1962, v98, 969. 

1956, v58, 365. 

Endocrinology & Metab., 1956, v16, 196. 

J. Physiol., 1953, v174, 109. 

ibid., 1960, v199, 400. 

v98, 99s. 

1960, vXXV, 289. 

Scand., 1959, v47, 291. 

J. Biol. Chem., 196.5, v240, 750. 



RENAL HEMODYNAMICS DURING OSMOTIC DIURESIS 1259 

12. Garren, L. D., Howell, R. R., Tomkins, G. M., 
J. Molec. Biol., 1964, v9 ,  100. 

13. Nichol, C. A., Rosen, F., Actions of Hormones 
on Molecular Processes, John Wiley & Sons, New 
York, 1964, p234. 

14. Feilgelson, P., Feilgelson, M., Actions of Hor- 
mones on Molecular Processes, John Wiley & Sons, 
Inc., New York, 1964, 219. 

15. Feilgelson, M., Gross, P. R., Fmeilgelson, P., 
Bioch. et Bioph. Acta, 1962, v55, 495. 

16. Rasanem, R., Growth, 1961, v26, 1. 
17. Giordano, M., Cesarman, E., Moreno, E. C., 

Arch. del Inst. de Cardiol. de MCxico, 1962, v32, 
546. 

18. Guillemin, R., Dear, W. E., Liebelt, R., Proc. 
SOC. Exp. Biol. & Med., 1959, v101, 394. 

19. Critchlow, V., Liebelt, R. A., Bar-sela, M., 
Mountcastle, W., Lipscomb, H. S., Am. J. Physiol., 

1967, v205, 807. 
20. Cardoso, S. S., Ferreira, A. L., Camargo, 

A. C. M., Caldo, H., Proc. SOC. Exp. Biol. & Med., 
1967, v124, 1142. 

21. Cardoso, S. S., Ferreira, A. L., Camargo, 
A. C. M., Submitted for publication, Acta Physiol. 
Latino Americana, 1966. 

22. Ferreira, A. L., Steiner, J., Cardoso, S. S., 
presented at  X I X  Congress of Sociedade Brasileira 
para o Progress0 da Ciincia, July 1967. 

23. Higgins, G. M., Anderson, R. M., Arch. Pathol., 
1931, v12, 186. 

24. Grollman, A., Endocrinology, 1941, v29, 855. 
25. Lison, L., Histochimie et cytochimie Animales. 

Principes et MCthodes 3"* Ed. Gauthier - Villars, 
Paris, 1960. 

Received May 8, 1967. P.S.E.B.M., 1967, v125. 

Renal Hemdynamic Response to Osmotic Diuresis in Man." (32330) 

DAVID S. BALDWIN, JEROME LOWENST'EIN,~ AND HERBERT CHASIS 
Department of Medicine, New York University School of Medicine and the Third and 

Fourth (New York University) Medical Divisions, Bellevue Hospital, New York 

The rate of glomerular filtration in normal 
man remains essentially coastant under most 
circumstances, even with marked changes in 
renal blood flow( 1). In  a study of the urinary 
concentrating mechanism it was observed un- 
expectedly that filtration rate decreased 
during osmotic diuresis (2 ) . Depression of 
filtration rate in the dog has been reported 
during infusion of hypertonic glucose and 
glucose with mlannitol(3). This response has 
also been described during infusion of hyper- 
tonic solution of mannitol in the anaesthetized 
dog following laparotomy and h'as bleen at- 
tributed to increased medullary blood flow (4).  
In the present study in man nu evidence for 
shunt'ing of blood was obtained, since depres- 
sion of filtratioa rate during osmotic diuresis 
occurred without a significant change in either 
renal blood flow or extraction ratio of p- 
aminohippurate. It is suggested rathter that an 

* Supported by Grant HE-03272, Nat. Heart Inst., 
USPHS, the Abraham S. Birsh Research Fellowship 
Fund and the Joseph Laffan Morse Endowment 
Fund for ithe Study of IHypertensive and Renal 
Diseases. 

t Senior Research Fellow, New York Heart Assn. 

increase in proximal intratubular pressure is 
responsible, at  least in part, for the depression 
of glomerular filtration. 

Methods. Patients were selected from the 
wards and outpatient clinics of the Third and 
Fourth (New York University) Divisions of 
Bellevue Hospital. Observations were made in 
12 normotensive subjects without evidence of 
cardiovascular or renal disease. All subjects 
were maintained on regular hospital diets. 
Fluid restriction was imposed for periolds 
ranging from 16 to 24 hours prior to the test. 
Pitressin@ (20 units of vasopressin) was in- 
jected intramuscularly. After urethral cath- 
eterization, priming doses of inulin and para- 
aminolhippurate were administered, followed 
by sustaining infusions at  2 ml per minute, 
delivering Pitressin at a rate of 1 mU (niilli- 
unit) per kg per hour. 

Blood and urine specimens were collected 
over 30 to 45 minutes for determination of 
"basal" (control) rates of glomerular fil'tration 
(GFR) , renal plasma flow (RPF) and osmolal 
clearance (COsn) and during an infusion of 
10% mannitoil solution at 20 ml per minute 
for 47 to 98 minutes. In 3 subjects (T.S., 




