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and to increasing surface tension of the nonionic 
surfaetant.  
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Nutritional Effects of Dihydroxystearic Acid in Rats 1'2 

HANS KAUNITZ and RUTH ELLEN JOHNSON, Department of Pathology, 
College of Physicians & Surgeons of Columbia University, New York, New York 

Abstract 
Two matching groups of weanling male albino 

rats were fed a purified diet containing 5% di- 
hydroxystearic  acid. All animals survived unti l  
they were killed; the first group was sacrificed at 
age 150 days and the second at 305 days. Fecal  
fa t  analyses showed t h a t  at least 80% of the in- 
gested dihydroxystearic acid was not excreted. 
Growth was depressed during the first four weeks ; 
this was followed by a period of rapid weight 
increase. The weight of the epididymal fat  pads 
indicated depression of neutral  fa t  deposition. 
Livers and adrenals were relatively heavy in the 
group killed earlier and essentially normal in 
those killed later. This and the eventual weight 
increase showed that  the rats adapted themselves 
to the intake of the material. Gas liquid chroma- 
tography carried out on the methyl ethers of the 
epididymal fa t  did not reveal the presence of di- 
hydroxystearic  acid. The fa t ty  acid composition 
of the lipids of serum, kidney, liver and epidi- 
dymal fa t  was determined on the methyl esters 
of the lipid extracts. 

Introduction 

B IOLOGICAL WORK with oxidized fats has often been 
hindered by the inability of investigators to use 

pure materials. Fur thermore ,  in many biological 
studies, the main at tention has been given to po]y- 
merized fractions. In view of this fact, we decided to 
carry  out a s tudy on rats fed dihydroxystearie acid. 
This material is available in quantities sufficient for  
feeding studies and occurs in oxidized fats, probably 
in concentrations of a few tenths of one per cent (1).  

Dihydroxystearic  acid has been used previously in 
nutr i t ional  studies (2,3). Harr is  et al. found that  
feeding of this material was associated with an in- 
crease in the aeetyl value of the carcass fat, suggest- 
ing deposition of the material  in the tissues. However, 
the question of whether the material is actually de- 
posited has not been answered satisfactorily. 

Experimental 
The 9,10-dihydroxystearic acid used in this experi- 

ment was prepared from o]eie acid according to the 
method of Greenspan (4). The melting point of the 
material was 92-94C, which is dose to values pre- 
viously observed. The dihydroxystcarie  acid was fed 

I Aided by Grant  1654(G4) from the National Institutes of Health, 
U. S. Public Health Service. 

2 Presented at the AOCS meeting, Toronto, Canada, 1962. 

together with saturated triglycerides of Clo_18 acids 
with the following composition: Clo....5% ; C12....45% ; 
C14....25% ; C16....8% ; Cls....16%. The lat ter  triglye- 
eride mixture was obtained from coconut oil by frac- 
tionation of the split f a t ty  acids and their  random 
reconstitution into triglyeerides (5).  This material 
is well absorbed and it was hoped that  it would aid in 
the absorption of the high melting dihydroxystearic 
acid with little danger of oxidative interaction be- 
tween the two. 

Five per cent each of dihydroxystearic  acid and sat- 
urated triglycerides were included in a diet contain- 
ing 30% alcohol-extracted casein, 54% destrose, 2.5% 
USP X I I I  salt mixture, 0.5% calcium carbonate, 2% 
cellulose, 2% of a 75% linoleie acid concentration, 
and adequate amounts of all vitamins. The diet was 
fed to two matching groups of eight weanling male 
rats of the Colunlbia-Sherman strain. Their  mothers 
had been given, during the later stages of pregnancy 
and during lactation, a low fat  diet prepared by the 
replacement of the triglyeerides, the dihydroxystearic 
acid, and the linoleie acid concentrate in the above diet 
by dextrose. One per cent of a safflower oil concentrate 
containing at least 98% linoleie acid was added. 

One group of rats was killed with chloroform at 
age 150 days. Blood was drawn from the heart, the 
organs were weighed, sections were taken for histologi- 
cal studies, and the rest was frozen for lipid analyses. 
The serum liver, kidneys, and epididymal fa t  pads 
were extracted with 2:1 chloroform:methanol,  for de- 
terminations of f a t ty  acid composition of their lipids. 
Methyl esters were prepared for gas-liquid chroma- 
tography by transesterifieation. Chromatography was 
carried out on a Barber-Coleman instrument  having 
a 6 f t  • 1/s in. i.d. glass eolunm packed with ethylene 
glycol suceinate on Chromosorb W. The column was 
operated at 200C with argon at 40 psi. A sample of 
the dihydroxystearie acid used in these studies and 
a sample of the lipid extract  of the epididymal fa t  
were converted to methyl ethers because this has been 
found to increase the volatility of hydroxy  compounds 
(6). The ethers were chromatographed on a 4 f t  • 1~ 
in. i.d. glass packed column with neopentyl  sebacate 
on Chromosorb W operated at 225C with argon at  
40 psi. The s tandard dihydroxystearie  ether emerged 
af ter  20 rain. In  order to determine the approximate 
amount detectable in the lipid extract, 0.2% of di- 
hydroxystearie acid was added to the depot fa t  and 
the methyl-ethers of the mixture were chromato- 
graphed. A peak of ca. 2 mm in height appeared 20 
min after  the injection of the material corresponding 
to the peak obtained on the s tandard run  with pure 



JA~,WARY, 1964 K A U N I T Z  A N D  J O H N S O N :  D I H Y D R O X Y S T E A R I C  A C I D  I N  R A T S  51 

5 5 O  

5 0 0  

4 5 O  

4 O 0  

3 5 0  

3 0 0  -g 

1250 

2 0 0  

. l  

g 
o ~ 5 0  

,g  

E 

~00  

9 0  

8 O  

70 

6 0  

5 0  

i & ....d /x 
OL IVE="" ~ / /  
OIL s ~'// 

...." / / :// 
"" / ~'N 

..ii'/j/~'['EA ,/C AC./D 

. / J /  

, /  
I I I i I i i I I i I I I l l  

28  35 4 9  65  8 4  H9 2 0 0  1 0 0 0  

RAT GROWTH (days, reciprocal scale) 
F I Q .  1. A v e r a g e  w e i g h t  g a i n  c u r v e s  o f  t w o  g r o u p s  o f  m a l e  

r a t s  f e d  d i h y d r o x y s t e a r i e  a c i d .  G r o u p  f e d  o l i v e  oi l  w a s  d r a w n  
f r o n t  s a m e  p o o l  o f  w e a n l i n g  r a t s  a n d  p l a c e d  o n  i t s  d i e t  a t  s a m e  
t i m e  a s  e x p e r i m e n t a l  g r o u p s .  B r o k e n  l i n e  r e p r e s e n t s  u s u a l  
w e i g h t  g a i n  c u r v e  o f  n o r m a l l y  g r o w i n g  m a l e  r a t s  f e d  c o m m e r c i a l  
s t o c k  r a t i o n s .  

dihydroxystear ie  acid. Therefore, at least 0.2% of 
the dihydroxystear ic  acid in the fa t  mixture  could 
have been detected. 

The second group of animals was killed for  the 
determination of organ weights when they were 305 
day old. 

hi  view of the high melt ing point of the dihydroxy-  
stearic acid and the result ing question of absorption, 
food intake and fecal fa t  excretion were determined 
on two rats over a four  day period. The feces were 
dried, ground, boiled with 25% NaOH in methanol, 
acidified, and extracted with petroleunb ether. Dur-  
ing this period, the two rats  together ate 101 g of 
diet containing 12.12 g of fa t  and linoleic acid, in- 
eluding 5.05 g of dihydroxystear ic  acid. They ex- 
creted 736 mg of lipid, which probably included some 
of the triglyeerides. I t  is therefore certain that  at 
least 80% of the ingested dihydroxystearic  acid was 
not excreted in the feces. 

The average weight gain curves of the groups fed 
dihydroxystearic  acid are shown in F igure  1. Body 
weight is plotted on a log scale against  the reciprocal 
of the age, a method which gives a s traight  line for 
normal ly  growing animals (7). The broken line rep- 
resents the usual weight gain of nlale rats  fed a eonl- 
plete commercial stock ration. During' the first four  
weeks on the diet, growth of the experimental  animals 
was significantly depressed; a marked increase in 
weight occurred during' the next three weeks; there- 
af ter  the weight gain continued at the expected rate. 
Whether  or not the init ially depressed growth was 
the result  of a lower food intake is not certain. Even- 
tually, the rats  ate over 12 g of food per day (see 
above), which is nornial for purified diets (8).  

That  the initial period of weight depression was 
due to the diet can be seen f rom the growth curve 

T A B L E  I 

D ev i a t i ons  a f rom N o r m a l  of O r g a n  W e i g h t - - - B o d y  W e i g h t  Re la t ionsh ips  
of Male R a t s  Fed  D i h y d r o x y s t e a r i c  Acid  

P e r c e n t a g e  of devia t ion  at  
O r g a n s  

150 days  306 days  

Tes t i cu la r  fat p a d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - -12  4- 7.0 b - -25  -4- 6.3 
L i v e r  .................................................. ~ 1 3  --- 3.4 q-1 ~ 4.3 
K i d n e y s  ............................................. - -5  • 4.8 -}-2 • 4.1 
Adrena l s  ............................................ ~ 2 2  • 7.5 @3 ~+ 4.2 
"P!eart ................................................. - -4  ~ 3.1 0 --~ 3.8 

a Di f fe rence  be tween  observed  o r g a n  w e i g h t  and  " n o r m M "  o r g a n  
we igh t  for  a r a t  of the  s a m e  body w e i g h t  as r e a d  f r o m  p rev ious ly  es- 
tabl ished o r g a n  -we igh t - -body  we igh t  cu rves  for  n o r m a l  ma le  ra ts .  De- 
v ia t ions  are  expressed as pe rcen t ages  of the  nornla]  o r g a n  we igh t s .  

b S t a n d a r d  e r ror .  

of a group of male rats  fed 20% of fresh olive oil 
instead of the dihydroxystear ie  acid and saturated 
triglycerides. This group, par t  of another  experi- 
mental  series, was drawn f rom the same pool of wean- 
ling rats  as those under  s tudy here;  they had the 
same initial average body weight and were placed 
on their diet at the same time. Their growth was es- 
sentially a s t ra ight  line with a somewhat greater  
slope, which agrees with our previous experience with 
rats  fed higher levels of fa t  than usually occur in com- 
mercial rations. 

The organ weight data f rom the two groups fed 
dihydroxystearic  acid are shown in Table I. The data 
are expressed in terms of percentages of deviation 
f rom the expected weights of organs in normal  male 
rats  of the same body weights. The expected weights 
were determined f rom organ we igh t - -body  weight 
curves obtained with data collected f rom over 400 
nmle rats  fed diets containing 10-30% of lard but  
otherwise similar to that  used here (9). 

The testicular fa t  pads of both experimental  groups 
were lighter than those normal ly  found in rats  fed 
]09L of fa t  in our diet. inasnmch as the sa turated 
triglycerides used in this experiment  have never been 
observed to interfere with neutra l  fa t  deposition, we 
would conclude that  the dihydroxystear ie  acid was 
responsible for the smaller fa t  pads. Livers and ad- 
renals were relatively heavy in the group killed at 
age 105 days but were normal  in those killed later. 
t t istological examination of the group killed earlier 
revealed no pathological changes. 

The f a t ty  acid composition of the lipids f rom testieu- 
lar fa t  pads, serum, liver, and kidneys are shown in 
Table i I .  Chromatography  of the methyl-esters of the 
epididymal  fa t  did not indicate the presence of di- 
hydroxystear ic  acid. The composition of the depot fa t  
resembled most nearly that  we have observed in rats  
fed a low-fat diet containing 2% of linoleic acid (5). 
tIowever,  the occurrence of appreciable amounts of 
C12 and C14 acid reflects the presence of these acids 
in the sa turated triglycerides included in the diet (see 
composition given above). The serum lipids contained 
11.2% of stearic acid, which is a high as that  seen 
when rats are fed diets containing 20% of the satu- 
rated triglycerides. 

T A B L E  I I  

F a t t y  Acid Composi t ion of L ip ids  of R a t s  Fed  D i h y d r o x y s t e a r i c  Acid 

Acid 

C1,2 ....................................... 
C14 ....................................... 
C14:1 .................................... 
(3i4:2 .................................... 
(J16 ....................................... 
C1~:1 .................................... 
C16:2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C18 ....................................... 
(hs : 1 .................................... 
Cls:2 .................................... 
C2o : 4 .................................... 

F a t  p a d s  

4.9 
7.5 
0.6 

21.9 
15.0 

0.9 
31.6 
17.6 
trace 

S e r u m  

5.5 
t race  

29.3 
3.6 

11.2 
15.2 
15.3 
1 8 . 0  

L i v e r  _ _ _  

~ i 

19.6 
20.7 
12.8 
14.7 

K i d n e y s  

1.0 
1.3 

1.2 
31.4 

3.] 
0.9 

18.7 
12.3 

8.4 
21.7 
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Discussion 

In feeding studies with dihydroxystearic acid tri- 
glycerides, Harris eta] .  found that rats fed this ma- 
terial grew better than their controls (2). This is in 
contrast to the present results with dihydroxystearic 
acid, but the fact that feeding of an acid gives dif- 
ferent effects from feeding of its triglycerides has been 
observed repeatedly. 

The weight increase after the initial weight de- 
pression, and the more normal weights of livers and 
adrenals in the animals killed at age 305 days, shows 
adaptation to the diet. We have observed this adapta- 
tion in animals fed diets containing oxidized fats (10). 
In the metabolism of dihydroxystearic acid, little of 
the ingested material was excreted but, on the other 
hand, none was deposited in the depot fat. 

From these studies, it appears that the intake of 
dihydroxystearic acid does not have severely toxic 
effects. This would be in line with a previous observa- 
tion by Larson et al., who found that the long term 
feeding of epoxidized soybean oil was well tolerated by 
rats (11). On the other hand, Nightingale et al. ob- 
served that the feeding of 25% of triglyeerides con- 

raining 1/.~ dihydroxystearic acid suppressed the vita. 
rain K content of the rats '  intestinal flora to such an 
extent that a severe disturbance of the blood clotting 
mechanism resulted (3). 
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Gas Chromatography of Cis-Trans Fatty Acid 
on Nitrile Silicone Capillary C o l u m n s  1 

Isomers 

CARTER LITCHFIELD, RAYMOND REISER, and A. F. ISBELL, 2 Department of Biochemistry & Nutrition, 
Texas Agricultural Experiment Station, College Station, Texas and G. L. FELDMAN, 
Institute of Ophthalmology, Baylor University College of Medicine, Houston, Texas 

Abstract 
Three nitrile silicone polymers have been evalu- 

ated as liquid phases for gas chromatographic 
separation of the geometric isomers of methyl 
oleate, methyl linoleate, and methyl linolenate 
on capillary columns. A polymer of B-cyano- 
ethylmethylsiloxane proved the most effective. 
This liquid phase separated oleate from elaidate, 
resolved the four geometric isomers of linoleate 
into three peaks, and divided the eight geometric 
isomers of linolenate into six peaks. Two other 
eopolymers of dimethylsiloxane and fl-cyanoethyl- 
methylsiloxane gave poorer resolution of cis-trans 
isomers, but showed different elution patterns for 
the geometric isomers of linoleate and linolenate. 

Introduction 

O VER THE past few years, many workers have re- 
ported the ability of high-resolution gas liquid 

chromatography (GLC) columns to separate the cis 
and trans isomers of unsaturated fatty methyl esters. 
Apiezon or polyester liquid phases have usually been 
employed to make these separations. Previous ac- 
complishments in this field were summarized in a 
recent review (1). 

During recent investigations of tile properties of 
several polar GLC liquid phases, it was noted that 
capillary columns coated with nitrile silicone polymers 

I Presented at the AOCS meeting, Atlanta, Ga., 1963. 
Dept. of Chemistry, Texas A & M University, College Station, Texas. 

exhibited a remarkable ability to separate cis and 
trans isomers. We decided to investigate this effect 
further. This report describes the evaluation of three 
nitrile silicone polymers as capillary column liquid 
phases for separating the geometric isomers of methyl 
oleate, methyl linoleate, and methyl linolenate. 

Procedures 
Materials. The preparation and characterization of 

the pure fat ty acid isomers and their mixtures used 
in this study have been previously described (1,2). 

Gas Chromatography. A Barber-Colman Model 20 
gas chromatograph equipped with a capillary column 
and an argon ionization detector was used for all gas 
chromatography analyses. Samples were injected into 
the flash vaporizer at 275-300C. By means of sample 
dilution with petroleum ether and a stream splitting 
arrangement, approximately 0.001 to 0.010 ~l of 
methyl esters was placed on the capillary column. 
The detector cell was equipped with a radium ioniza- 
tion source and maintained at 220-240C. The ioniza- 
tion voltage applied to the cell electrodes was 1100 v. 
A scavenging flow of argon (55-65 ml/min) through 
the detector maintained an effective cell volume of 
a few ~1. 

Three nitrile silicones were evaluated as GLC 
liquid phases: 

A. General Electric nitrile silicone XE-60, a co- 
polymer of 50 mole % dimethylsiloxane and 50 
mole % fl-eyanoethylmethylsiloxane (3). This 


