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chloride or sorlium i n  110th distal and proxi- 
mal segments. Atlniinistration 04 large tloses 
uf stable iodide. perchlorate o r  thiosulfatr did 
r io t  greatly affect the stol) f o ~  ratios of I ' : : I .  

I hest. experiments are inter1)rettd its iti(liciit- 
jng passive rea1)sorl)tion 111' iocliclt~ in hot h 
proximal and distal portions of the rend tub- 
ules of the dog. 
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Comparative Stability of Trypsin and Chymotrypsin in Human Intestinal 
Juice. (27092) 

ALAN M'OHLMAN, 11.1,. KABACOFF ANI)  S. AVAKIAN (Introduced by A. Edelmann) 
I h m w  C ' h ~ ~ i i i d  Stamford, Conn. 

Intramuscular administration of try psi n 
and chymotrypsin is frequently resorted to in 
various inflamniatory conditions. In view of 
its ease Of administration, oral forms woluld 
be more desirable. providing that these en- 
zymes are ncot destroyed in the gastrointes- 
tinal tract. Destruction of the proteolytic en- 
zymes in the stomach need not be a problem, 
since tablets may b'e enterically coated so 
that they disintegrate in the small intestine. 
However, once the enzymes are released into 
the intestinal juice they must be stable for a 
sufficient length of time to permit absorption. 

Pancreatic juice contains inhibitors which 
inactivate trypsin ( 1-6). This inactivation is 
very rapid( 1,4,5) and is complete a t  a pH of 
7 within one minute(4). The trypsin inhibi- 
tor complex is quite stable, having a disso- 
ciation constant of 2 X 10 *"(4). Chymo- 
trypsin is relatively unaffected by these in- 
hibitors( 2,3,5). 

The results obtained from the study of 
pancreatic juice may not necessarily apply to 
intestinal juice because the latter is a mixture 
of pancreatic juice, gastric outflow, bile, and 

intestinal secretions. In  view af the work 
cited above, the authors felt that a study of 
the stability of trypsin and chymotrypsin in 
complete human intestinal juice would be 
useful. 

Malerials tind methods. Intestinal juice 
was obtained from 5 normal fasting humans 
by use of a Rehfuss tube. The end of the 
tube was positioned by ~ ~ U O ~ O S C Q ~ Y  into the 
lower duodenulm and pH was frequently de- 
termined during collection to insure that the 
tube was not withdrawn toward the stmnach. 
In no case was the pH lower than 6.1. The 
aspirated juice was collected in an ice cooled 
container and was used within one hour after 
collection. 

Tubes containing the weighed enzymes' 
were placed in a water bath at  37.5"C and 
10 ml of the intestinal juice was pipetted into 
them under constant stirring. Solution was 
complete within one minute. Incubation of 
the intestinal juice, intestinal juice with chy- 
motrypsin and intestinal juice with trypsin 

*Trypin  and chymotrypsin used were supplied 
by Wampole Laboratories, Stamford, Conn. 
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TABLE 1. p1-l and Enzymatic Activity of Intcs- 
tinal Ji1ic.e Samples. 

~~~~ 

Sample pH Hb units/ml* 

r 6.1 IS 
TI 7.9 23 
111 7.4 2 (i 
I V  7.2 33 

* The Hb unit for intestinal juice is  calculated 
as follows: 100 X O.D. at 280 mp. As can be seen 
from the method described, the added enzymes are 
diluted 500 times before 2 ml addition of HL 
reagent while intestinal juice is  diluted 50 times. 

was started 3 minutes apart to permit subse- 
quent withdrawal of aliquots at identical time 
intervals. One ml samples were periodically 
withdrawn from each tube, diluted with dis- 
tilled water to 50 ml, and immediately as- 
sayed in duplicate for proteolytic activity 
against denatured hemoglobin by the modi- 
fied Anson method( 7). Two ml of this solu- 
tion was added to 5 ml of denatured hemo- 
globin and the enzymatic reaction was al- 
lowed to proceed for 10 minutes. At  the end 
of this period the reaction was stopped by 
addition of 10 ml of trichlormcetic acid and 
the resulting precipitate was removed by fil- 
tration. The filtrate was read at  280 m p  
in a 1.0 cm cell in a Reckman D.U. spedro- 
photometer. 

The proteolytic activity of the added en- 
zymes is reported in terms of hemogloblin 
units defined as 1000 times the optical dens- 
ity at 280 mp when the above dilutions are 
used. Since the enzymatic activity of the in- 
testinal juice and the enzymes dissolved 
therein are additive (Table 11), the activity 

of the added enzymes at the end of each pe- 
riod was obtained by substracting the endo- 
genous enzymatic activity af the intestinal 
juice after incubation for an equal time pe- 
rid. 

In anvtber experiment to determine sig- 
nificance of pH, 450 Hb units of both tryp- 
sin and chymotrypsin were similarly incu- 
bated in U.S.P. simulated intestinal fluid( 8) 
(pH 7.5) without the usually added pancrea- 
tin and assayed as above. 

Results. The pH and initial enzymatic ac- 
tivity of the intestinal juice samples used in 
the experiments are shown in Table I. The 
highest enzymatic activity found for intes- 
tinal juice itself is only 33 Hb units. 'I"his 
is one-fifteenth the activity of the smallest 
quantity of added enzyme used in the emperi- 
ments. The pH ranged from 6.1 to 7.9. 

The results obtained ,from the experiments 
in which inactivation of trypsin and chym+ 
trypsin in human intestinal juice were stu&ed 
are presented in Fig. 1. Chymotrypsin is 
more stable in the intestinal juice than tryp- 
sin. 

The results of the experiment in which the 
enzymes were incubated in an aqueous sdu- 
tion at pH 7.5 axe shown in Fig. 2. Here 
again trrpsin was inactivated to a greater ex- 
tent than was chymotrypsin, but extent af 
inactivation was less than in the intestinal 
juice. 

Discussion. Incubation of equal weights 
of the enzymes in intestinal juice & Q W ~  that 
mean enzymatic activity remaining after one- 
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Exp. I 
Cliyinotrypsin ( 2  nil) 2 1 4  
Trypsin (2  ml) . 45 i  
Intestinal juice (2  nil) ,288 
Chymotrypsin (1 nil) S. in- 2.33 2.51 9:; 

Trypsin (1 ml) &- intes- 344 3 7 3  !I2 

Chyinotrypsin (2 ni l )  .- 965 
Trypsin (2  in1 j .449 

Cliyniotrypsin (I nil) & in- . I  56 .153 9 H 

testinal juice (1 ml) 

tinal juice (1 ml) 
E x p .  I I  

Intestinal juice (2  nil) .041 

testiiial juice (1  ml) 
Trypsiii (1  ml) & intes- 2 7 8  2 4 5  1 

Mean recovery of 2 esperiiiicnts : 

tinal juice (1 inl) 

Trypsiil & intestinal juice 103cJ, 
Cliymotrypsin S. intestinal juice 96% 

half hour was 63% for chymotrypsin. and 
8% for trypsin (Fig. I.). 

When both enzymes were incubated in 
aqueous solution at  pH 7.5 ,  79% of the chy- 
motrypsin and 69% of the trypsin remained 
active after one-half hour (Fig. 2 ) .  Since 
the relatively rapid inactivation of trypsin 

cxnnot be attributed to the pH of the intes- 
tinal juice alone! these results suggest that 
trypsin inhibitors(2,3,5) from the pancreatic 
juice are still active in the intestine. It is 
also possible that the enzyme proteins are 
destroyed by proteolytic activity per se. 

Summary. The stability of trypsin and 
chymotrypsin was determined in human in- 
testinal juice. On a weight per weight basis 
at the end of one-half hour as much as 63% 
of chymotrypsin was still enzymatically ac- 
tive while only 876 of the trypsin activity 
could be detected. In fact, 30% of the chy- 
motrypsin still remained at  the end of 2 
hours. 
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Glycyrrhetinic Acid on Female Response to Exogenous and Endogenous 
Sex Steroids.* (27093) 

SHIRLEY I). KRAUS 
Research Institute, Brooklyn College of Pharmacy, Long Island University, Brooklyn, N .  Y .  

The anti-estrogenic activity of beta glycyr- 
rhetinic acid in immature intact as well as 
adrenalectomized rats has been reported ( 1 ) . 
The previous study( 1) was concerned with 
the restriction of the uterotrophic response to 
estradiol benzoate in immature rats with in- 
tact gonads. This investigation was under- 
taken to determine whether the antagonism 

*This investigation was supported by P. H. S. 
Research Grants and from Nat. Tnst. Health. 

--- 

was limited to the uterine response to exoge- 
nous estrogens and whether its effect was de- 
pendent upon the presence of gonads or pitui- 
tary. 

Methods and materials. Rats of the Wis- 
tar strain were maintained under constant 
temperature (25°C) and lighting (12 
hours light) and were fed a Rockland rat diet 
and water ad libitum. Hypophysectomized 
rats received 24 hours after surgery were 


