
Both salivary and serum amylase de- 
terminations were carried out by the 
method of Van Loon (5) (Van Loon's 
amylase units are ~lumerically equal to 
Somogyi amylase units),  using 1/100 
dilutio~lsof serum ancl 1/20,000 dilutions 
of saliva instead o i  the usual 1/10 clilu- 
tion that is recommended for human 
serum. I n  an earlier study in this labo- 
ratory, human salivary amylase levels 
\yere found to be 50,000 to 200,000 
units/100 ml, and 1/5000 dilutions of 
saliva were appropriate in the analyses. 
I~~cidentally,110 diastaticlike action of 
pilocarpi~le(6 )  on starch or other inter- 
ference with salivary amylase cletermina- 
tion was noted. 

T h e  data in Table 1 show that there 
arc wide variatio~ls in rat salivary amy- 
lase levels, but it is apparent that the 
average i626,000) is still several times 
that in l ~ u m a n  saliva. Thus. contrarv to 
previous statements ( 2 ) ,  man does not 
have "the highest ptyalin co~lcentration 
of all animals.'' 

These data 011 rats \yere of interest 
in vie\\ of the report ( 7 )  that in depan- 
creatized rats, serum amylase levels and 
urinary amylase excretion remain essen- 
tially the same as in normal rats. Thus, 
some organ or organs other than the 
pancreas must be a source of rat serum 
amylase. T h e  salivary glands might con- 
ceivably be such a source. However, com- 
parison of salivary and serum amylase 
levels in rats showed little corre la t io~~.  
Also, in a rat that was sacrificed in this 
laboratory on the seventh clay after sur- 
gical removal of its salivary glands, the 
serum amylase fell only slightly. The  
serum amylase preoperatively was 2500; 
7 days postoperatively, it was still 1800. 
Since, with 110saliva, the rat experienced 
some difficulty in eating, the fall in 
serum amylase level could be explai~led 
on a purely nutritional basis. Saline 

Table 1. Salivary and serum amylase in 
rats. 

Amylase 

(Van Loon units/100 rnl) Salivary/ 


serum 

Salivary Serum 


1,340,000 4280 
1,300,000 4810 
1,180,000 4070 
1,000,000 4070 

750,000 4150 
670,000 4230 
630,000 3660 
6 17,000 4400 
5 10,000 3310 
361,000 H 

307,000 3740 
247,000 3660 
205,000 4060 
181,000 Y 

9 1,000 3740 

" Samplea lost 

washings of this rat's mouth sho~iecl no 
trace of amylase activity. 

As one might have predicted, the amy- 
lase in rat saliva is apparently an  a-amy- 
lase. Its action on soluble starch pro-
duced the progressive changes to the 
amylo-, erythro- and achrodextrin stages 
(as followed by the iodine reaction) 
that are typical of the action of u-amy- 
lase but not that of fl-amylase. 
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The  products of this reaction were 
stucliccl b) ion-exchange chromatography 
in an  attempt to separate the diastereo- 
isomers. T h e  methods were patterned 
after those of Moore and Stein ( 8 ) . ih 
150- by 0.9-cm column of Dowex 50-X8, 
200 to 400 mesh (rescreened, wet, 
through 200 mesh),  operated at room 
temperature and 4 ml/hr, was em-
ployed. Elution was started from a mix- 
ing chamber containing 130 ml of 0.3M 
citrate buffer (0.2N in sodium citrate) 
a t  pH 3.00. T h e  pH xvas gradually in-
creased by aclcli~lg 0.2N sodium citrate 
to the buffer a t  a rate equal to one-half 
the elution rate. BuEer and citratc solu- 
tion co~ltai~lecl 1 percent of a detergent 
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Synthesis of 5-Hydroxypipecolic 
Acid and Separation of Its 
Diastereoisomers 

The  metabolic ancl structural relation- 
ships between ornithine and proline ( I  ) ,  
hydroxyornithine and hyclroxyproline 
(Z),and lysine and pipecolic acicl (3) 
prompted us to convert 8-hydroxy-I*-
lysine to 5-hydroxypipecolic acid, the 
homolog of hydroxyproli~le. This amino 
acid has recently been isolated from 
Rhapis pabelliformis ( 4 )  and has been 
obtained as an intermediate in the syn- 
thesis of baikiain (5) .  

8-I-Iydroxy-I.-lysine containi~lg 18 per- 
cent allohydroxy-D-lysine (6jwas treated 
with 1.5 equivalents of nitrosyl chloride 
in 6N hydrochloric acid and kept a t  
6O0,C for 25 minutes. T h e  reaction mix- 
ture was assayed for total nitrogen 
(Kjeldahl) and for a-amino nitrogen by 
evolution of carbon dioxide after oxicla- 
tion with chloramine-T ( 7 ) . I t  was found 
that about one-half of the total nitrogen 
was present as a-amino nitrogen. Assum- 
ing little or no formation of the a, €-di- 
chlorocaproic acid, it follows that ap-
proximately equal amounts of the 
a-chloro and r-chloro acids were formed. 
T h e  mixture was cyclized by bringing the 
aqueous solution to a pH of I1 with 
barium hydroxide and warming on the 
steam bath for 10 minutes. 

1. 	 C. Schwartz and F. Rasp. i ~ i . , i ~ ~ i ~ ~ r i ! u i s c l i u ~ ~ gsolution (8j . One-milliliter fractions 
!\.ere collected. 5-Hydroxypipecolic acid 
\vas determined ( 9 )  by adding 1 ml of 
2-percent ninhydrin in glacial acetic acid 
ancl placing the tubes in a boiling water 
bath for 15 minutes. After the mixture 
had been diluted with 5 ml of acetone- 
water (50/50 by volume), the concen-
tration was determined from thc absorb- 
ancy a t  353 mp. 

Figure 1 shows a portion of the effluent 
curve that was obtainecl by chromatogra- 
phy of the reaction mixture from the 
cycli~ation of hydroxylysine. By admix- 
ture of an  authentic sample of 5-hy-
droxy-L-pipecolic acid obtained from 
dates ( 9 )  or material kindly provided 
by A. I. Tl'irtanen ( 4 ) ,the faster moving 
peak was identified as the natural iso- 
mer. T h e  other peak was presumably the 
allo form since it showed an  absor~ t ion  
spectrum after reaction with ninhyclrin 
in glacial acetic acid identical with that 
obtained with the natural isomer. This 
xvas the same order of appearance as 
that observed for the diastereoisomers of 
hydroxyproline (10)  on an  ion exchange 
colum11, and it ma) be taken as a sug-
gestion of the trans arrangement for the 
functional groups of 5-hydroxy-L-pipe-
colic acicl. 'The yield from the cycliza- 
tion reaction was only 2 to 5 percent. 

Paper chromatography was also used 
to characterize the products of the cycli- 

ALLOHYDROXY -
HYDROXY- PIPECOLIC ACID 
PIPECOLIC ,& 

FRACTION NUMBER 

Fig. 1. Ion-exchange chromatography of 
the products of c~clization of 6-hydroxyly- 
sine showing the separation of the dias- 
tereoisomers of 5-hydroxypipecolic acid. 
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zation reaction. The methods described 
by Irreverre and Martin (1 1 ) were em- 
ployed. Authentic 5-hydroxy-L-pipecolic 
acid gave a spot just to the left of proline 
(refer to Fig. 5A, of Irreverre and Mar- 
tin, l l ) .  The R value (relative to ala- 
nine) was 1.3 1 in t-amyl alcohol-2,4-luti- 
dine. The ninhydrin color was bright 
purple, fading to yellow over several 
days. Under ultraviolet light, it fluoresced 
bright cherry-red, or reddish-orange at  
lower concentrations. A greenish-blue 
color was produced with isatin. The re- 
action mixture from the cyclization of 
hydroxylysine showed this same spot. An- 
other spot, identical in every respect, ap- 
peared slightly lower on the chromato- 
gram. The R value was 1.00 in the basic 
solvent. It  seemed probable that the dia- 
stereoisomers had separated on the pa- 
per. This hypothesis was tested by chro- 
matographing hydroxy-L-proline and 
allohydroxy-D-proline. These diastereo-
isomers separated to approximately the 
same degree and in the same direction. 
T h e  R values were 1.04 and 0.83 in the 
basic solvent. Also, authentic 5-hydroxy- 
L-pipecolic acid showed only the lower 
spot after inversion to allohydroxy-n-
pipecolic acid. The inversion was ac-
complished by refluxing with acetic an-
hydride containing acetic acid (12) and 
subsequent hydrolysis. 

A large, immobile spot was also present 
on  the paper chromatograms of the 
cyclization mixture. This probably rep-
resented linear polymerization of the 
monochloro acids which could have ac-
counted for the low yield of 5-hydroxy- 
pipecolic acid. Studies on the stereo-
chemistry of 5-hydroxy-L-pipecolic acid 
are  in progress. 
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Effects of Intravenously 
Administered Fat on the 
Serum Lipoproteins 

I t  has been shown in our laboratories 
that daily intravenous infusions of a fat 
emulsion cause a significant decrease in 
the elevated serum lipid values of pa-
tients with idiopathic hyperlipemia or 
primary hypercholesteremic xanthomato- 
sis ( I ) .  In order to study these effects 
in more detail, electrophoretic analyses 
of serum were carried out in eight nor- 
mal human beings and in eight dogs be- 
fore and after an intravenous infusion of 
emulsified fat ( 2 ) .  

The human beings were given a single 
intravenous infusion of an emulsion con- 
taining in a total volume of 500 ml either 
50 g of cottonseed oil or 50 g of synthetic 
triolein, with soybean phosphatide, plur- 
onic, and dextrose added as emulsifying 
and stabilizing agents ( 3 ) .  The dogs 
weighed about 15 kg and were given 300 
ml of this emulsion. The time for the 
infusion averaged 4 hours in the human 
beings and 2 hours in the dogs. Blood 
samples were taken before and at  the 
end of the infusion as well as for several 
hours afterward. S a m ~ l e s  of serum were 
analyzed by paper electrophoresis as de- 
scribed previously ( 4 ) .  

In  the eight human beings, the paper 
strips stained for lipids showed, prior to 
the infusion, two bands: ( i )  an intensely 
stained band in the beta globulin area, 
corresponding to the beta lipoproteins, 
and f ii) a less intenselv stained band in- 

\ , 

termediary between alpha-1 globulin and 
albumin, corresponding to the alpha lipo- 
proteins. At the end of the intravenous 
infusion, the beta lipoprotein band 
showed a densely stained trail extending 
back to the starting line, representing 
the chylomicrons. In addition, both lipo- 
proteins moved faster: the beta lipo-
proteins moved either with a speed i n -  
termediary between beta globulin and 
alpha-:! globulin or with .a speed of 
alpha-2 globulin (Fig. 1 ) .  The alpha 
lipoproteins in some subjects were split 
into two components, the larger compo- 
nent migrating with the speed of albu-
min and the other smaller component 
migrating ahead of albumin; ii other 
subjects, all alpha lipoproteins migrated 
together as a broad band ahead of al-
bumin. On the corresponding protein-
stained paper strips, small amounts of 

protein were seen ahead of albumin, rep- 
resenting the protein moiety of the alpha 
lipoprotkins. The increase in the electro- 
phoretic mobility of the alpha and beta 
lipoproteins persisted for about 2 hours 
after the end of the infusion. 

In the eight dogs, fasting serum sam- 
ples showed on the lipid-stained paper 
strips an intensely stained band in the 
area between albumin and alpha-1 glob- 
ulin, representing the alpha lipoproteins. 
In five dogs, small amounts of beta lipo- 
proteins were present in the beta globulin 
region; in three dogs, no visible amounts 
were present. At the end of the infusion, 
the lipid-stained paper strips showed a 
densely staining trail extending to the 
starting line, representing the chylomi- 
crons. In those dogs in which beta lipo- 
proteins had been present in visible 
amounts prior to the infusion, they then 
migratedhith increased speed in the re- 
gion of alpha-2 globulin. The alpha lipo- 
proteins were found in all instances ahead 
of albumin as a broad band on both the 
lipid- and the protein-stained paper 
strips. 

So far, we have not been able to 
demonstrate electrophoretic changes in 
the serum after oral feeding of the fat 
emulsion, possibly because the concen-
tration of lipids in the serum of the test 
persons did not rise as high as it did after 
the intravenous infusion. 

The importance of the observed elec- 
trophoretic changes following the infu- 
sion of the fat emulsions lies in the fact 
that the changes are identical with those 
induced by the intravenous injections of 
heparin in normal persons during ali- 
mentary hyperlipemia (4, 5 )  and in pa- 
tients with idiopathic hyperlipemia even 
when fasting (4, 6). In  addition, in pa- 
tients with idiopathic hyperlipemia, an 
injection of heparin had caused a de-

Fig. 1. Paper electrophoretic pattern of 
human serum obtained at  the end of an 
intravenous infusion of fat. Upper half of 
the strip is stained for proteins ( P ) ,  lower 
half is stained for lipids (L). On the lipid- 
stained paper strip, the beta lipoproteins, 
normally present in the beta globulin 
area, move now with the speed of alpha-2 
globulins. The alpha lipoproteins, nor-
mally present in the area between albu- 
min and alpha-1 globulins, move now 
ahead of albumin. On the protein-stained 
paper strip (P) ,  small amounts of protein 
migrate ahead of albumin, representing 
the protein moiety of the alpha lipopro- 
teins. 


