
in the rat (2). The response of indi- 
vidual phospholipids to the hormone has 
not been demonstrated. The data pre- 
sented here (3) indicate that the admin- 
istration of growth hormone to the rat 
changed the lipid aldehyde concentration 

(plasmalogen) of the liver and blood 
plasma. 

Twenty-six female Sprague-Dawley 
rats that had reached a body weight pla- 
teau were divided into two equal groups, 
and the food consumption of each rat 
was measured. One group received 13 

daily intraperitoneal injections of 0.2 ml 
of a solution containing 2 mg/ml of 
Somar (Armour somatotropin) (4); the 
other received daily injections of 0.2 ml 
of sterile isotonic saline. By the 14th day, 
when the experiment was terminated, the 
rats that had been injected with growth 
hormone had gained an average of 115 

mg body weight per gram of food, com- 

pared with 41 mg per gram for the con- 
trols (p <.001) (5). 

The rats were killed by decapitation, 
and the blood was collected in citrate. 
The liver was removed, weighed, frozen, 
lyophile-dried, and ground. The whole 
intestine was removed, washed out, 
frozen and lyophile-dried. After centrifu- 
gation, a 2 ml portion of the blood 
plasma was introduced drop by drop 
into a solution of 95-percent ethyl alco- 
hol-diethyl ether (3: t1); the solution 
was allowed to stand at room tempera- 
ture overnight, then raised to boiling, 
cooled, and made to volume; and the 
protein precipitate removed. An aliquot 
portion of the lipid extract was evapo- 
rated to dryness; the residue was treated 
with acetic acid and mercuric chloride 
followed by Schiff's reagent (6). The 
color was extracted with chloroform and 
read against a standard prepared in the 
same way or from a calibration curve, 
to obtain milligrams of stearaldehyde. 

One gram of dry liver (or the whole 
dry intestine) was treated overnight with 
the alcohol-ether solution; the mixture 
was then heated to boiling, and the in- 
soluble residue was centrifuged off and 
reextracted with the hot solvent. The 
combined extracts were evaporated to 
dryness, the lipid was, extracted from the 
residue with petroleum ether-chloroform 

(5:1), and the extract was washed with 
an equal volume of 50-percent ethyl al- 
cohol. After removal of the solvent the 
total lipid was dried, weighed, and re- 
dissolved in chloroform. 

In order to estimate the amount of 
fat in the liver, values for phospholipid 
and cholesterol were determined in this 
total lipid extract. Phospholipid was pre- 
cipitated by acetone and weighted; chol- 
esterol was determined by the Lieber- 
mann-Burchard reaction. The difference 
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total lipid extract. Phospholipid was pre- 
cipitated by acetone and weighted; chol- 
esterol was determined by the Lieber- 
mann-Burchard reaction. The difference 
between the sum of the values for the 
separately determined lipids and the to- 
tal lipid fraction was designated as "fat." 
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Table 1. Lipid aldehyde concentration of blood plasma, liver, and intestine of normal 
rats and of rats injected with growth hormone (GH). The number of determinations is 
given in parentheses. 

Normal GH 
p values 

Av. S.D.* Av. S.D.* 

Blood plasma (mg %) 3.10(11) 1.01 1.35(12) 0.52 < 0.001 
Liver (dry tissue, %) 0.33(13) 0.06 0.43(12) 0.11 < 0.02; > 0.01 
Intestine (dry tissue, %) 0.21(10) 0.23(12) 

* Standard deviation of the arithmetic mean (Av). 
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The acetone-insoluble and the acetone- 
soluble fractions were treated like the 
blood extract for development of color 
with the Schiff's reagent (6). The sum 
of the aldehyde of each fraction gave 
the total aldehyde of the dry tissue. 

As is shown in Table 1, the adminis- 
tration of growth hormone decreased the 
lipid aldehyde concentration of the blood 
plasma, from a normal value of 3.10 to 
1.35 mg percent aldehyde (p < 0.001). 
This decrease is more marked than that 
for the plasma phospholipid phosphorus 
of normal patients given growth hor- 
mone (1). 

In the liver, growth hormone caused a 
significant increase in total aldehyde, not 
only in concentration but in the amount 
per total liver, since the liver-to-body- 
weight ratio was the same in the treated 
and untreated groups. The increase in 
total aldehyde of the tissue following 
administration of growth hormone may 
indicate a change in molecular type of 
the individual phospholipids from those 
containing both fatty acids in esterified 
linkage to those containing only one 
esterified acid plus a potential fatty acid 
aldehyde in ether linkage (7). Such a 
change may have resulted from a dimin- 
ished supply of fatty acids. The de- 
creased ability of the livers of GH-treated 
rats to synthesize fatty acids from either 
pyruvate or acetate has been shown (8). 
Our finding of only 1.1 percent "fat" in 
the livers of the GH-treated rats com- 
pared with 2.4 percent for the normal 
(p < 0.05; > 0.02), in the absence of 
any change in amounts of phospholipid 
or cholesterol, supports this explana- 
tion for the increased aldehyde content. 
A similar inverse relationship between 
total lipid (mainly fat) and plasmalo- 
gens has been found in the adipose tis- 
sue of the young rat (9). 

In the intestines, unlike the liver, the 
lipid aldehyde concentration of the tis- 
sue did not change following treatment 
with growth hormone. 

According to the recently proposed 
structure for plasmalogens (7), these 
contain an a,13-unsaturated ether link- 
age, which is capable of taking part in 
a wide variety of chemical reactions. 
The decrease in lipid aldehyde con- 
centration of the blood following ad- 
ministration of growth hormone and the 
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structure for plasmalogens (7), these 
contain an a,13-unsaturated ether link- 
age, which is capable of taking part in 
a wide variety of chemical reactions. 
The decrease in lipid aldehyde con- 
centration of the blood following ad- 
ministration of growth hormone and the 

increase in the liver shown in this experi- 
ment seem to link the plasmalogens as 
aldehyde precursors with the action of 
this hormone. 
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Effect of Oxidation and 
Reduction upon the Biological 
Activity of Parathyroid Hormone 

Abstract. Parathyroid hormone loses 
biological activity upon oxidation with hy- 
drogen peroxide. Part or all of this lost 
activity can be regained by subsequent re- 
duction with cysteine. The extent and re- 
versibility of this oxidation is dependent 
upon pH. 

During work upon the isolation of the 
calcium-mobilizing principle from bovine 
parathyroid glands, a frequent decrease 
or disappearance of hormonal activity 
has been observed. This has been par- 
ticularly true when material that has 
been subjected to countercurrent distri- 
bution was assayed. Because many of the 

1347 

increase in the liver shown in this experi- 
ment seem to link the plasmalogens as 
aldehyde precursors with the action of 
this hormone. 

FRANCES L. HAVEN, W. R. BLOOR, 
ALICE A. GREENE,* WILLIAM D. MAYERt 
Biochemistry Department, University of 
Rochester School of Medicine and 
Dentistry, Rochester, New York 

References and Notes 

1. E. A. McCulloch, A. Britton, C. J. Bardawill, 
K. J. R. Wightman, Science 123, 1084 (1956). 

2. A. L. Greenbaum and P. McLean, Biochem. J. 
54, 407 (1953); A. L. Greenbaum, C. N. Gray- 
more, T. F. Slater, J. Endocrinol. 15, 235 
(1957). 

3. This investigation was supported by research 
grant C669(C7) and fellowship CF-5936 from 
the National Cancer Institute, National Insti- 
tutes of Health, U.S. Public Health Service; 
and by an American Cancer Society grant (In- 
str. 57E). 

4. Countesy of Dr. Sanford L. Steelman, Armour 
Laboratories, Chicago, Ill. 

5. C. H. Goulden, Methods of Statistical Analysis 
(Wiley, New York, 1939), p. 40; R. A. Fisher 
and F. Yates, Statistical Tables for Biological, 
Agricultural and Medical Research (Oliver and 
Boyd, London, 1938), p. 26. 

6. W. F. Neuman, Ph.D. thesis, University of 
Rochester. 

7. G. V. Marinetti, J. Erbland, E. Stotz, J. Am. 
Chem. Soc. 80, 1624 (1958); M. M. Rapport 
and R. E. Franzl, J. Neurochem. 1, 303 (1957). 

8. A. L. Greenbaum and R. F. Glascock, Bio- 
chem. J. 67, 360 (1957). 

9. C. L. Yarbro and C. E. Anderson, Proc. Soc. 
Exptl. Biol. Med. 91, 408 (1956). 

* Present address: Bureau of Biological Research, 
Rutgers University, New Brunswick, N.J. 

t Summer research fellow, American Cancer So- 
ciety, 1956. 

18 June 1958 

Effect of Oxidation and 
Reduction upon the Biological 
Activity of Parathyroid Hormone 

Abstract. Parathyroid hormone loses 
biological activity upon oxidation with hy- 
drogen peroxide. Part or all of this lost 
activity can be regained by subsequent re- 
duction with cysteine. The extent and re- 
versibility of this oxidation is dependent 
upon pH. 

During work upon the isolation of the 
calcium-mobilizing principle from bovine 
parathyroid glands, a frequent decrease 
or disappearance of hormonal activity 
has been observed. This has been par- 
ticularly true when material that has 
been subjected to countercurrent distri- 
bution was assayed. Because many of the 

1347 



Table 1. Biological activity of parathormone-B after oxidation and reduction. 

Initial Potency Potency Initial pH- of after after 
Preparation potency*- 

_ o 
Preparation potency.' oxidation oxidation reduction 

(U.S.P. units/ag )/ \ (U.S.P. 
units/g)( % of initial-) (% of initial) 

PTH-B 150-200 3.8 40-65 110-180 
PTH-B 160-200 4.8 35-60 110-140 
PTH-B 160-200 7.0 5-20 40-70 
Reagent control 0 3.8 0 0-10 

* Determined on control solution (see text). 
f The buffers employed were: 0.01M glycine acetate, 
4.8; and 0.01M potassium phosphate, pH 7.0. 

findings were closely analogous to those 
noted during the isolation of adrenocor- 
ticotropin (ACTH) (1), it seemed pos- 
sible that parathyroid hormone might 
undergo oxidation and reduction, with 
accompanying loss and regain of biologi- 
cal activity, in a manner similar to that 
reported by Dedman et al. for ACTH. 
It has been known for some time (2) 
that parathyroid hormone activity is de- 
stroyed by oxidizing agents but not by 
reducing agents. There has never been 
any evidence reported, however, to in- 
dicate that the loss of activity brought 
about by oxidation could be regained 
subsequently by reduction. 

Experiments have been undertaken, 
therefore, to see whether the effects of 
oxidation upon the biological activity of 
parathormone can be reversed by re- 
duction. For these experiments, para- 
thormone-B (PTH-B), prepared as pre- 
viously described (3), was dissolved (1 
mg/ml) in buffer solutions at pH 3.8, 
4.8, or 7.0, respectively. As a control, an 
aliquot of the solution was removed for 
assay. A sufficient amount of 30-percent 
hydrogen peroxide was added to the re- 
mainder to make the solution 0.1M. The 
oxidation was allowed to proceed for 30 
minutes at from 25? to 28?C, after 
which it was stopped by the addition of 
from 0.5 to 1.0 mg of catalase (4). The 
solutions were then brought to pH 3.8 
by the addition of 0.1M acetic acid, and 
an aliquot was taken for biological as- 
say. Cysteine hydrochloride (20 mg/ml) 
was added to the remaining solution, 
which was heated to 80?C in an oven 
and kept at this temperature for 6 hours. 
The solution stood for another 12 hours 
at 25?C before being assayed. A reagent 
control solution, containing no hormone, 
was carried through the same procedure 
and assayed at the same time. The con- 
trol, the reagent control, peroxidized, 
and peroxidized-reduced preparations 

pH 3.8; 0.06M sodium acetate - 0.01M glycine, pH 

were then assayed for their calcium- 
mobilizing ability in parathyroidectom- 
ized rats by a modification of the method 
described by Munson (5). Young male 
rats weighing from 110 to 120 g were 
kept on a low calcium diet for 4 days 
before destruction of their parathyroids 
was carried out by electric cauterization. 
Immediately after operation they re- 
ceived an aliquot of the test solution, 
and 6 hours later a blood sample was ob- 
tained by cardiac puncture. The cardiac 
puncture, anesthesia, and calcium deter- 
minations were carried out as previously 
described (6). The results have been re- 
corded in Table 1 as percentages of origi- 
nal potency, 100 percent being the re- 
sponse obtained with the control solution 
in each assay. 

As can be seen in Table 1, parathor- 
mone-B loses biological activity upon 
oxidation and regains activity upon sub- 
sequent reduction. The loss of activity 
appears to be greater, and in part irre- 
versible, when oxidation is carried out at 
the higher pH values. Sometimes the 
potency of the material treated with cys- 
teine hydrochloride was significantly 
greater than that of the control. Also, it 
has been possible to reactivate by reduc- 
tion a number of parathormone-B prepa- 
rations which had spontaneously lost part 
(as high as from 25 to 70 percent) of 
their biological activity. 

Since it seemed possible, but unlikely, 
that the large excess of cysteine employed 
caused reactivation by means other than 
reduction, attempts were made to pro- 
duce a similar effect by adding equimo- 
lar amounts of NaCl (solution brought 
to pH 2.0 with HCl) or of glycine hy- 
drochloride (pH 2.0) to the oxidized 
hormone. In neither instance was there 
recovery of the lost activity. 

These results are quite similar to those 
obtained by Dedman et al. in their stud- 
ies with ACTH (1). At present it is be- 

lieved that ACTH contains no cystine or 
free sulfhydryl groups. The chemical 
groups involved in this unusual phe- 
nomenon remain to be elucidated. Simi- 
lar properties have also been described 
for melanocyte-stimulating hormone (7), 
which also is thought to lack sulfhydryl 
groups and cystine. Amino acid analysis 
of a hydrochloric acid hydrolysate of a 
highly purified preparation of parathor- 
mone-B showed no significant amount of 
cystine (8). In addition, amperometric 
titration of parathormone-B in 8M urea, 
by the method of Benesch, Lardy, and 
Benesch (9), did not reveal any free 
sulfhydryl groups. Thus, the similarity 
between the oxidation-reduction proper- 
ties of parathormone-B and those of the 
two pituitary hormones is quite striking. 

The dependence of the biological ac- 
tivity of parathyroid hormone upon the 
state of oxidation or reduction has ob- 
vious practical implications for those en- 
gaged in work upon the isolation of para- 
thyroid hormone. Whether it has any 
biological significance remains to be de- 
termined. However, it is interesting to 
note that a suggested mechanism for the 
action of both ACTH and parathormone 
involves a triphosphopyridine-nucleotide- 
linked oxidation-reduction system (10). 
It seems possible, therefore, that the un- 
usual oxidation-reduction properties of 
these hormones may be of importance in 
their biological activity (11). 
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