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virus propagation. Furthermore, she has 
found that c y s t h e  can replace the 6 other 
amino acids for poliovirus propagation. The 
combined evidence strongly indicates that cys- 
teine and !or its disulfide derivative cystine 
play an important role in the process of polio- 
virus propagation in monkey kidney tissue 
cultures. These results suggest the posslibil- 
ity of finding cystine antimetabolites which 
would delay poliovirus action in vitro and per- 
haps in zivo. IYith only the information 
available at  this time it is somewhat prema- 
ture to speculate as to the reason for this cys- 
tine requirement. One reasonable working 
hypothesis is that the available endogenous 
cystine. either free or in peptide bondage. 
simply does not meet the demand for the cys- 
tine residues of the protein portions of the 
newly-forming poliovirus part icles. 

S U V Z ~ Q ~ ? .  The cytopathogenic action of 
the poliovirus strains -4kron. Brooks, and 
JIahie on either tube or Petri plate cultures 
of monkey kidney cells is considerably de- 
layed when cystine is omitted from the main- 
tenance medium. Oniission of all the vita- 
mins or of any one of the 12 other amino acids 
except glutamine normally present in the 
maintenance medium resulted in no delay in 
the appearance of the cytopathogenic effect of 
Akron PPI. Omission of glutamine resulted 
in a short delay or no delay. It has further 
been shown that the propagation of Akron is 

slower in the absence of cysthe. The lowest 
concentration of L-cysbine which will give 
optimal or near-optimal cytopathogenic ac- 
tion by Akron is about M. Glutathione 
and L-cysteine hydmchloridle can replace cys- 
tine at  about the same concentration; DL- 
hom oc y steine t hi 01 ac ton e hy d~rochlmide and 
DL-cystathionine can replace also but only at 
higher molar concentrations. None of 13 
other compounds was found to replace cys- 
tine. The adsorption of Akron onto monkey 
kidney cells is not affected by the absence of 
cystine. 

- _ _ _  
1 .Morgan, J .  F., Morton, H .  J., and Parker, 

K. C.. PRO(*. Soc.. EXP. €3101.. AXD MED., 1950. v73, 1. 
-7. Eaglc, H.. SC~YIZCQ, 1055. ~ 1 2 2 ,  .501. 
;. Younpner. J .  S., PRO(.. Soc. EXP. BIOL.  AX^ MED , 

4. Ilulbecco, R.. and \'opt. M.. J .  Exp.  M t d ,  

5 Wcnner, H. -4.. and Kamitsuka. P., J .  Iinintrnol., 
19.55. v75, 3.56. 

0. Wcnncr, H. A, Kamitsuka. P.. and Lenahan, M . 
iiith collaboration of Melnick, J .  L., ihid., lo.% in 
press. 

l0.<4. ~ 8 . 5 ,  202. 

10i-I .  vQO. 167. 

7 .  Ihbes,  G. R., Virology, 10.56, v2, 254. 
S. Ilavies, W. L., Pond, W. L.. Smith, S. C.. Ras- 

mu-sen. .A. F., Jr., Elvehjem, C. -4.. and Clark. P. F., 
J Hni-t . ,  10.52, ~ 6 4 ,  571. 
0. Rappaport, C., PROC. Soc. ESP BIOL. AICT MED 

10.56. ~ 0 1 .  164. 

Role of the Adrenal in Response of Rats to Orinnsu.* (22686) 

\v. E. UVI-IN,  E. H. ;\IOHLEY AND j. E. N E  7 ... ~ M I S .  
(Introduced by >I.  H. Kuizenga.) 

Drpnrtiirrrif oi Eudorrinology, Thr I'pinhn Co. ,  Kalamaeoo, Mirh .  

Adrenocortical and  mod iillary hormones 
both counteract the hypoglycemic effects of 
insulin ( 1,2,3). Excessively high doses of the 
hypoglycemic agent Orinase do not produce a 
hypoglycemic response (4).  t Thsese observa- 
tions suggested that the adrenals may respond 

* Upjohn tradename for l-butyl-3/j-tolylsulfonyl- 

t Personal communication from W. L. Miller. 
urea. 

t o  high doses of Oririnse with increased secre- 
tions. Therefore, experimervts were design& 
to study the role of the adrenal cortex and 
medulla in modifying the hypoglycemic reac- 
tion of rats to this drug. 

Methods. hlale rats obtained from the Up- 
john colony ( Sprague-Dawley ancestry) were 
used throughout these experimmts. The in- 
tact animals weighed 140-160 g at the time af 
treatment with Orinnse. Adrenalectornies and 
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adrenal demdullations were performed at an 
average body weight of 150 g. Adrenalecto- 
mized rats were maintained 011 1% NaC1 as 
drinking fluid md were given the hypgly- 
cemic drug on the 7th day p o s t o p d v e l y  ex- 
cept in oneexperiment. In this case, as shown 
in Table 11, ilt was administered on the 9th 
day after adrendectomy. The 0 day r e p  
resents the day of Orinase. The 500 &day 
dose of hydrocortisone was startied 011 the 
4th diay p t c p m t i v e l y  and given fwr 5 days, 
with the last injection given immediately 
prior to the Orinase. The 5 mg dose of hy- 
drocortisone was given as om injection im- 
mediately prior to lthe sulfonylurea on day 0. 
All hydrocortisone injections were given in a 
volume of 0.2 cc of CMC vehicle(5). When 
epinephrine$ was used i t  was given subcu- 
taneously 1 hour following the orad adminis- 
tration of the hypoglycemic agent. The 
adrenal d m d u l l a t d  rats were kept at least 
4 weeks before Orinase bratment in order if0 
insure regenerattion of ‘the adrenal cortices. 
The functional activity of the adrenal COT- 

tic= has been lindicated0 by the fact that 
these animals can withstand stress induced by 
intraperitmeal egg albumin and the glands 
weighed btween 40-50 mg after 4 weeks. 
These rats wem mainltaind on 170 sodium 
chloride as drinking fluid for the first week 
and then on tap water. Orinase was &en 
orally in all cases. Doses up to 275 mg/kg 
were given in 0.5 cc of CMC vehicle(5) and 
higher doses in a valume of 2 cc. All animals 
were fasted 24 hours prior to Orinase admin- 
istration. B l d  samples were obtained from 
the vma cava 2%-3 hours after Orinase treat- 
mnt whde the animals were under sodium 
c y c l q d  anesthesia. The blood was oxalatd 
and glucose was estimated by the Folin-Wu 
method ( 6 ) .  Liver glycogen was determined 
by the anthrone method on tissues removed 7 
hours following treatment. 

Results. The minimal effeutive hypogly- 
cemic dose of Orinase in intact rats was ap- 
proximately 100 mg/kg (Fig. 1 ) . These data 
also show that the maximal fall in blood 
sugars was 3670 at a dosage of 266 mg/kg. 

2 Upjohn Qinephrine Hydrochloride 1 : 1OOO. 
I\ Unpublished data. 
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FIG. 1. Dose-response of intact rats to the hypo- 
glycemic effects of Orinane. Each point represents 
8 controls and 8 treated animals. Animals were 

bled 21h-3 hr following treatment. 

At the high d m  of 2 g/kg there was 
no demonstrable depression of blood su- 
e r  in 1 t . h  initact rats. The m e  type 
af response was manifested in the de- 
posibion of h e r  glycogen under the influ- 
ence of Orinase (Table I ) .  While 266 mg; 
kg of the sulfonylu~m produced .a marked in- 
crease in liver glycogen, the higher doses 
caused less deposiltion . 

In adrendecbrnized rats as little as 9 mg/ 
kg of Orinase caused a fall in b l d  sugar 
(Fig. 2 ) .  At dosages of 45 and 90 mg/kg 
the adrenalectomized rats were subject to 
convulsions and b l d  sugar levels were de- 
pressed by 45 and 57% from the controls. 
To establish Ithat the convulsions were h a  to 
hypoglycemia an experiment was performed 
in which Orinase at a dosage of 100 mg/kg 
was administeed orally to 20 adrendeclto- 
mized rats. One-half of these arnimals re- 
m i d  1 g of glucose orally aitex- they were in 

TABLE I. Effects of Varying Doses of Orincise on 
Fasting Liver* Glycogen. 

Treatment Dose No. glycogen 
Liver 

Vehiclo 2 cc 7 2 4  
Orinasr 366mg/kg 6 .66 

553 6 .57 
1048 6 .35 
2000 6 .34 

* ThTrS were rcmoved 7 hr following treatment. 
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convulsions. In every instance the glucose 
stol)i,ed the convulsions and the animals were 
on their feet within 10 minutes. If glucose 
was not given. convulsions continued for x v -  
era1 hours and usually ended in death. 

In  adrenal demedullated animals the mini- 
mal dose oi Orinasc causing hypoglycemia 
was between 15 and 30 mg/kg (Fig. 3 ) .  This 
is compared with 9-15 mg kg for the hypo- 
glycemic dose in adrenalectomized rats and 
100 nig kg for intact rats. Therefore. the 
adrenal demedullated animals are consider- 
ably more sensitive to the hypoglycemic ef- 
fects oi Orinnsc than the intact rat but do not 
seem to be quite as sensitive as the adrenalec- 
tomized aninials. I n  addition, the dose of 2 
g kg produced essential!y as much depres- 
sion of blood sugar as the lower doses in the 
adrenal demedullated animals. Tt is impor- 
tant to note that the 2 g'kg dose was the 
masimum dose in this animal preparation 
since it killed approximately % of them. 

To delineate further the role of the adrenal 
cortex and medulla in the response to Orinasc, 
expximents were carried out to study the ef- 
fects of hydrocortisone and epinephrine on 
blood sugar response of adrenalectomiaed 
rats to this dlrug. Treatment with hydrocm- 
tisone at 0.5 mg per rat per dlay for 5 days 

TABLE 11. Effects of Hydrocortisone on Re- 
sponse* of Adrcnalectomized Ratst to  Orinase. 

Blood sugar 
So. rats Trcntmcnt Dose (mg %) 

Days 
4 Siibq. saline 5 .2 cc 91 

OralCMC 0; 

Suhq. F 0 5.0 mg 
OralCMC 0 .5cc 103 

-4 Subq. F 5 .5 mg 
OralCMC 0 .5cc 100 

-4 Subq.F 5 .5mg 
Oral O r i w s e  0 66.0 mg/kg 58 

.; Siibq. saline 5 .2 cc 
Sulq. F 0 5.0 mg 
Oral Orinase 0 66.0 mg/kg 53$ 

Oral Orinase 0 66.0 mg/kg 38$ 

4 Suhq. saline 5 2 cc 

.j Subq. saline 5 .2 cc 

++ Eloocl was t:iken 21/-3 hr following Orinase 

t . t ~ g  body wt at time of Orinase was 160 g. 
: o day W:IS 9th day after adrenalectomy and at 

1w11 of iiidic.:itcd treatment. The F 0-day and last 
i t 1 . j .  of 1' 3 days was given immediately prior to 
t I I (1 0 riifctsc. 

6 C'onviilsiiig. 

t rc*:itment. 

prior to Orinase administration in the adrenal- 
ectomized rats partially reversed the hypo- 
glycemic effects of Orinase and increased the 
blood sugar somewhat over that of the con- 
trols (Table 11). I t  is also interesting that a 

70. L i o  6 Is0 1 6 0  l i0 I h 
DOSE lmq.lkQJ 

YI (;. 3. Dose-response of adrenal demedullated rats 
to Oritiusc. Each point represents 8 controls and 8 
trwtcd aninials except a t  the 2 g/kg dose. In this 
groiip there were 15 controls and 8 Orinase-treated 
:is 7 treated rats died before they were bled. Ani- 

mals were bled 21/2-3 hr following treatment. 

* All animals were convulsing. 
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TABLE 111. Effect of Orinase plus Epinephrine 
on Blood* Sugar in Adrenalectomized Rats. 

S o .  rats Treatment Dose Blood sugar 

5 CMC 0.5 cc 76 
5 Or in use 66 mg/kg 40 
7 Orinase 66 ” 116 

+Epinephrine 200 pg/kg 

*Blood was taken 2%-3 hr following the Ori- 
,itasc. Epinephrine was given 1 hr after the hypo- 
glyceniic drug. 

single dose sf 5 nig of hydIru>colrtiwne per rat 
given simultmeously with Orinase also par- 
tially reversed the extreme hypoglycemic ef- 
fects with Orinase in this animal preparation. 
The blood sugar levels of the animals which 
received 5.0 mg of hydrocortisone w m  also 
somewhat higher than the untreated control 
adrendectomized animals. The effect of 
epinephrine in reversing the hypoglycemic 
effect of Orinase, however, was more striking 
than that seen with hydrocortisone (Table 
111). When 200 pg/kg of epinephrine was 
administered to adrenlalectomized rats 1 hour 
after oral administration of Orinase, the hy- 
poglycemia was completely reversed and the 
blood sugar levels rose significantly above 
those of the unittreated adwnalectomiized con- 
trols. 

Discussion. The difference in sensitivity of 
intact and adredxtwnized rats to Orinase 
shows that the adrenal is linvollved in the re- 
sponse of rats It0 this drug and agrees with 
previous observations( 7 )  lthat adrenalwto- 
mized rats were more sensitive to the hypo- 
glycemic effects of other sulfwnamides than 
intact animals. The failure of high doses 
of Orinase to induce hypoglycemia or liver 
glycogen dlepmitim in the initact rat may 
be the result of stimulation Olf epine- 
phrine secretion by the adrenal medulla 
since epinephrine is known to increase blood 
sugar and deplete liver glycogen. The ob- 
servations ,reported here which suppomt thiis 
explanation are as follows: (1) the adrenal 
demedullated anirn& are more sensilthe to 
the hypoglycemic effects of Orinase than the 
intact rats. ( 2 )  The hypoglycemic activity 
of 2 g/kg of Orinase was nearly as marked 
as that produced by lower doses in the de- 
mdullated rats. ( 3 ) Epinephrine completely 

reversed the hypoglycemic response of adren- 
alectomfiaed rats to %he sulfonylurea. 

S h e  hydrocortisone pafiially reversed the 
hypoglycemic response of the adrenalecto- 
m i d  animal to Orinase and since adrenalec- 
tomized animals seem to be more sensitive to 
it than demedullated animals, it is probable 
that the a d m d  cortex is also involved, but 
to a lesser degree. Anwther okrvahion 
which suggested that the adrenal cortex may 
be stimulated with the high doses of Orinase 
was that them was slightly less hypoglycemic 
response at  the 2 g/kg dose l e d  as compared 
to that obtained with lower doses in adrenal 
demedullated rats. 

These results also indicate that when in- 
tact animals are used to test hypoglycenilic 
agents a wide range of dosages should be em- 
ployed to be sure that the phenomenon of 
reversal of effects dws not occur. Admnalec- 
tomized rats are better test animals since they 
are e x t m e l y  sensiltive to hypoglycemic drugs 
and also the likellihood of masking the hy- 
poglycemic effect by adrenal secretory activ- 
ity induced by high doses is eliminated. 

&mmary. In the intact rat low doses of 
Orinase produced a significant depression of 
blood sugar and deposittion of liver glycogen 
while higher doses were ineffective. The 
adrenalectomized rat was found to be ap- 
proximately 10 times as sensitive and the 
adrenal dmedulliated rat 3-6 times nwre sen- 
sitive to Orinase than the intact rat. Hydro- 
cortisone paifiidly and epinephvine com- 
pletely counteradd the hypoglycemic effects 
of Orinase. Failure of high doses of this sul- 
fonylurea to produce hypoglycemia and liver 
glycogen deposition in the intact rats may be 
due to a stimulation of epinephrine secretion 
by (the adrenal medulla. It is also suggested 
that glucocorticoid secretion is a h  stimu- 
lated by high doses of Orinase in the intact 
and adrenal demedullated animals. 
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Tubular Reabsorption of Protein in Experimentally Produced Proteinuria 
in Rats. (22687) 
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I t  has long been recognized that cells lining 
the proximal convoluted tubule of the kidney 
of various animal species are capable of ab- 
sorbing colloid substances from the tubule 
lumen( 1-4) : the process has been named 
athrocytosis. Dock 5 ) and Addis (6)  were 
the first to suggest that under rzormal circum- 
stances plasma proteins are to some extent 
filtered through the glomerulus of the kidney 
and reabsorbed by cells of the tubules. Be- 
cause of the enormous volume of glomerular 
filtrate, a concentration of protein in the 
glomerular filtrate of only 15 mg 100 ml 
would result in excretion in the human 
of about 27  g of protein in 24 hours 
if the prwtein were not reabsorbed by 
the tubule cells. The work of mlany in- 
vestigators has contributed to the concept 
of glomerular filltration and tubular reabwrp- 
tion of plasma proteins in normal and ab- 
normal conditions. These reports have re- 
cently been reviewed by Rather( 7). Since 
this review, the quantitative aspects of tubu- 
lar realbsorption of protein in the normal rat 
has been studied by Sellers. et aZ.(8) and the 
mechanism of tubular handling of reabsorbed 
prokin has been investigated by Oliver and 
co-workers(9). Theoreticall)-. a decrease i n  
tubular reabsorption of plasma proteins fil-  
tered through normal glomerular basement 
membrane could account fwr the protein 
found in urine in most instances of protein- 
uria. Actually. however. in glomerulonephri- 
tis there is evidence of glomerular damage. 
and even in cases of idiopathic nephrotic syn- 
drome, where only basement membrane thtick- 
enling is found to suggest changes in glomeru- 

lar permeability, calculaltions based on clear- 
ance studies in patients with massive pro- 
teinuria lead to the conclusion that glomerular 
permeability to plasma proteins is increased 
( 10). This still leaves open Ithe question of 
whether proteinuria occurs solely because fil- 
tration through abnsnnaEly permeable glo- 
meruli exceeds the normal ability of tubules to 
reabsorb protein, or whethr  a decrease in 
tubular reabsorption of probin is an added 
factor in production of pmteinuria. 

The dye T-1824 (Evans Blue) binds firmly 
to serum proteins and has been used to m m -  
ure renal clearance of albumin in humans( 11) 
as well as tubular reabsorption of protein in 
rats ( 5,8,12 ) . The amount of dye accumulat- 
ing in droplet form in cells of the proximal 
convoluted tubule is a s s l u d  to be a measure 
of reabsorption from the tubule lumen of dye- 
labeled serum proteins. In the present report. 
dye-labeling of serum proteins has k n  used 
to study the role of tubular Ireabsorption of 
protein in 2 types of experimentally produced 
proteinuria. 

Materials and methods. &male Osborne- 
,\lendel rats of about 150 g body weight were 
used. I’roteinuria due to uranium adminis- 
tration was produced by intravenous admin- 
istration of 0.1 74 mg uranyl acetate containing 
0.1 mg uranium, in 1.0 ml of 0.15 M saline. 
Proteinuria due to anti-kidney serum was in- 
duced by a single intravenous injeation of 
rabbit anti-rat kidney serum. The nlephro- 
toxic serum was obtainled from rabbits im- 
munized by repleated intrapmitofid injec- 
tions of glomerular fraction of perfused rat 
kidney homugmate. To obtain urine for pro- 




