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ABSTRACT 

Partially hydrogenated oils as the sole 
dietary fat enhances the development of 
essential fa t ty  acid (EFA) deficiency in 
young rats. Partially hydrogenated her- 
ring oil (HHO) caused total  impairment 
of the spermatogenic tissue after five 
weeks of experiment,  while partially 
hydrogenated arachis oil (HAO) caused 
severe degeneration of this tissue in 15 
weeks. A fat-free diet caused degenera- 
t ion in 26 weeks. In the dietary fats, the 
total  content of t rans  acids, calculated as 
elaidic acid, was 47% and 23% in HAO 
and HHO, respectively. Further,  varying 
amounts of  different positional isomeric 
fat ty acids were also present in the par- 
tially hydrogenated oils. Besides the spe- 
cific tissue changes, poor growth, poor 
feed efficiency and skin signs characteris- 
tic of EFA deficiency were noticed. On 
the other hand, partially hydrogenated 
soybean oil (HSO) as the sole dietary fat 
kept  the animals normal in all respects. 
This oil still contained 32% linoleic acid; 
the total content of t rans  acids amounted 
to 11%, calculated as elaidic acid. 

INTRODUCTION 

Essential fat ty acid (EFA) "deficiency in 
weanling male rats causes very severe impair- 
ment of the spermatogenic tissue after about 24 
weeks on a fat-free diet (1-3). It is our experi- 
ence that diets containing partially hydrogen- 
ated vegetable oils as the sole dietary fat 
enhance the degeneration of the spermatogenic 
tissue as compared to fat-free diets (3-5). It 
should be mentioned that all the effects of 
feeding partially hydrogenated oils are pre- 
vented by the presence of  small amounts of 
essential fat ty acids. In the present studies, we 
are reporting on experiments comparing the 
effects on growth and testes development of 
weanling male rats fed on partially hydrogen- 
ated vegetable oils or a partially hydrogenated 
herring oil. Thus, the fat ty acid spectrum in the 
experimental dietary fats is quite different. This 
fact may be of interest in case the fat ty acid 
pattern as such, or the isomeric unsaturated 
fat ty  acids, are of  importance for the degener- 
ative changes in the spermatogenic tissue in 

EFA deficiency. Details on the fat ty acid com- 
posit ion of the dietary fats and of the different 
lipid classes of the testes will be given in forth- 
coming publications (6,7). 

EXPERIMENTAL PROCEDURES 

One hundred and fifty weanling male rats 
were divided into five groups of 30 animals. 
Each of these groups was further divided into 
three subgroups of 10 animals. One subgroup 
from each of the main experimental groups was 
killed after 5, 15 and 26 weeks, respectively. 
Group 1 received a fat-free diet of  the following 
composit ion:  Vitamin Test Casein (Genatosan 
Ltd., Loughborough, England), 20%; sucrose, 
74%; vitamin mixture [0.5 g of the vitamin 
mixture consisted of: biotin, 0.05 mg; folic 
acid, 0.2 mg; para-aminobenzoic acid, 1 mg; 
riboflavin, 1.5 mg; pyridoxine,  HC1, 1.5 mg; 
thiamin, HC1, 1.5 mg; inositol, 5 mg; niacin- 
amide, 5 mg; calcium pantothenate,  5 mg; 
ascorbic acid, 10 mg; tocopherol acetate, 5 mg 
(as Ephynal acetate.F.  Hoffmann-La Roche & 
Co.); vitamin K, 0.5 mg (as Synkavit, F. 
Hoffmann-La Roche & Co.); vitamin B12, 
0.003 mg (as Bendogen, GEA); vitamin A, 1000 
IU, and vitamin D3, 100 IU (as Rovimix AD3, 
50/5, F. Hoffmann-La Roche & Co.); and 
sucrose, 500 mg],  0.5%; salt mixture [ 100 g of 
the salt mixture contained: NaC1, 6 g; Mg 
(HCO3)2, 5 g; HC1, 7 g; K2HPO4, 17 g; 
NaH2PO4, 2 H20,  10 g; Ca (H2PO4)2, 2 H20,  
17 g; Ca-lactate, 5 H20,  36 g; ferric citrate, 2 g. 
The following trace elements were added per 
100 g of salt mixture: Ca(IO3) 2, 6 H20,  5.81 
mg; zinc carbonate, basic (56% Zn), 72 mg; 
MnCO 3 (47.8% Mn), 42 mg, NaY, 40 mg; 
NaMoO4, 2 H20,  5 mg; Cr2(SO4)3, 15 H20,  
1.3 mg; SeO2, 0.32 mg. In total:  185.43 mg per 
100 g of salt mixture.] 5.0%; and choline chlo- 
ride, 0.5%. Groups 2, 3, 4 and 5 received the 
fat-free diet in which 28 wt % of sucrose was 
replaced by 28 wt % of partially hydrogenated 
arachis oil (HAO) (Aarhus Oliefabrik Inc., 
Aarhus, Denmark), partially hydrogenated soy- 
bean oil (HSO) (Aarhus Oliefabrik Inc.), nor- 
mally refined arachis oil (AO) (Aarhus Oliefab- 
rik Inc.) or partially hydrogenated herring oil 
(HHO) (Dansk Sojakagefabrik Inc., Copen- 
hagen, Denmark), respectively. 

Diets and water were provided ad libitum. 
The animals were weighed and inspected week- 
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TABLE I 

Fatty Acids of Dietary Oils (Wt %) 

Partially Partially Partially 
hydrogenated hydrogenated hydrogenated 

Fatty acids, arachis oil soybean oil Araehis oil herring oil 
per cent of oil (HAO) (HSO) (AO) (HHO) 

Saturated 29.3  19.8 19.1 
Monoenolc 67.0  a 41 .4  b 50.9 c 
Polyenolc 3.3 39.0 29.9 
C18:2, OJ6 
Linolelc acid 0.8 31.8 28.8 
C18:3, OJ~ 
Llnolenlc acid --  3.4 I.I 
Total trans 
acida ( u  
Elaldlc acid) 47 10.7 0 

41.9 
44.8d 
13.2 

0.6 

22.9 

C16:1, 1~; C18:1 , 64.8%; C20:I ' 1.2%. 
C16:1 , 0.6%; C18:1 ' 40.8%. 

r , 0.3%; C18:1 ' 48.$%; C20:1 ' 1.7%. 
dc16:1, 5,6% C18:1 ' 13.0%;C20:1 ' 11.3%;C22.1, 14.1%. 

ly. On autopsy, after 5, 15 and 26 weeks, re- 
spectively, the left testis was removed, weighed 
and frozen for Hpid analysis (6,7), while the 
right testis and epididymis were fixed in 4% 
formaldehyde for histological examinations. 

RESULTS AND DISCU881ON 

Dietary Fatl 

The d i e t a ry  fats were all commercial 
products. However, the partially hydrogenated 
soybean off was hydrogenated by means of a 
special technique, which primarily eliminated 
the high content of trienoic acid from the origi- 
nal off. Gas chromatographic analyses of all the 
dietary fats are published in detail in a follow- 
ing publication (6). 

A summary of the composition of the die- 
tary fats is shown in Table I. The greatest dis- 
crepancies in composition are between the 
HHO and the other three dietary fats. HHO has 
a large content of different monoenoic fatty 
acids, especially C~o:I and C22:1 (6). In the 
HAO, the unsaturated fatty acid picture is 
dominated by C l s : l .  The HSO and the AO 
contain about equal amounts of mono-and  
dienoic acids. 

In the partially hydrogenated oils the con- 
tents of trana acids are considerable. The 
amount of these fatty acids in HSO is half that 
of  HHO and one quarter that of HAO. The 
trana acid in HAO and HSO is practically all 
elaldic acid. In HHO, the trans acids comprise 
about equal amounts of C18:I, C20:i and 
C2~: t .  Further, several other isomers are also 
present, e.g., cla, trans C20;2 and C22:2, and 
cls, ds, trans 20:3 and 22:3. The content of con- 

jugated fatty acids appears negligible in all four 
experimental fats. 

Growth Rates and Skin Signs 

On the EFA-deficient diets, growth rates 
began to level off after five to seven weeks, i.e., 
Groups 1, 2, and 5 (Fig. 1). The animals on the 
fat-free diet resumed growth during the l l th 
through the 14th week, and then again leveled 
off at a somewhat higher plateau. In contrast, 
the animals fed HAO or HHO gained very little 
weight from the 8th through the 25th week. 
The former of the two fats had twice as much 
trans acids as the latter (Table I), and both were 
very low in linoleic acid. The HSO contained 
even more essential fatty acid than the AO 
(Table I). The animals fed on the HSO diet 
grew slightly more than the controls fed AO. 
These results indicate that a possible stressing 
effect of partially hydrogenated dietary otis was 
eliminated or counteracted by the presence of 
EFA. 

The scaliness of the feet, tail and skin did 
not develop to any great extent (Table II). The 
humidity in the animal quarters varied from 
30-40% during the last two months. The 
yellow-brown pigment on the back of the 
animals developed normally in the non-EFA- 
deficient animals, Groups 3 and 4, but did not, 
or practically not, occur in the EFA-deficient 
rats (Table II). 

Food Consumption 

Measurement of food intake in the various 
groups was carried out through the 9th and 
10th week, and again through the 24th and 
25th week (Table II). The highest caloric con- 
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FIG. 1. Average growth rate of male rats fed on a diet with 28% partially hydrogenated soybean oll 

(HSO), 28% partially hydrogenated herring oil (HHO), 28% partially hydrogenated arachts oU (HAO), 
28% arachis oil (AO), or a fat-free diet (Fat-free). 

sumption during both periods was observed in 
the two groups fed AO or HSO (Table II). 
These animals also grew the most (Fig. 1). The 
weight increase in these animals was to a great 
extent due to very large quantities of depot fat. 

The caloric intake per square meter surface 
during both testing periods (Table II) was great- 
est for the rats fed HAO or HHO, respectively, 
At the end of the experiment, a somewhat simi- 
lar picture was obtained with the animals on 
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the fat-free diet (Table II). These data com- 
pared to those obtained with animals fed AO or 
HSO illustrate the poor caloric efficiency in 
the EFA-deficient animals. This corroborates 
the findings of previous experiments from this 
laboratory  (8,9). The reduced caloric efficiency 
may possibly be explained, at least to some 
extent,  as an uncoupling of the oxidative phos- 
phorylat ion process (10-15). I t  is tempting to 
speculate that the present results may partially 
be explained as an effect of the fat ty  acid pat- 
tern of the dietary partially hydrogenated oils. 
Thus, the affinity for isomeric unsaturated fat- ~ 
ty  acids, e.g., in the build up of l ipoproteins,  
may be much less than for EFA,  and for the 
isomeric acids synthesized in EFA-deficiency. �9 
The incorporat ion of  isomeric unsaturated fa t ty  
acids into l ipoproteins may result in drastic ~= 
changes in the physico-chemical characteristics .~. 
of  membranes and enzyme moieties, thereby 
directly influencing formation of  normal cells, .~ 
e.g., in spermatogenesis, or indirectly by dis- .W 
turbing the normal course of oxidative phos- 
phorylat ion.  However, the rather similar data 
obtained after long-term experiments with 
animals fed on the fat-free diet indicate that ,  
apart from a possible specific role of dietary '= 
isomeric unsaturated fat ty  acids, a similar effect = .~ 
eventually results from the disappearance of  
EFA,  which favors the biosynthesis of large ~ 
quantities of positional isomers of unsaturated < 
fat ty acids. ~" "~ 

Testes: Weight and Histology 
- r  

On gross examination,  no differences in size 
were observed between the left and the right 
testes from the same animal in any of  the 
experimental groups. 

After  five weeks of experiments,  the abso- 
lute and relative weights of the left testis from .z 
the animals fed HHO were significantly lower 
than those of any of the other groups (Table 
III). Histological examination of the right testis Y= 
from the former animals revealed an almost .~ 
complete degeneration of the spermatogenic 
tissue (Table liD�9 ~ 

The fat-free diet and that with HAO also 
caused a remarkably lower absolute weight of 
the testis after five weeks compared to that of 
the EFA supplemented animals (Table III). 

During the folloWing 10 weeks the absolute 
and the relative weibhts of the testis decreased 
in the animals fed flo fat or 28% HAO (Table 
III). The decrease in relative weight is to some 
extent  explained by a weight increase in the 
animals on the fat~free diet (Group 1, Fig. 1), 
whereas the animals fed 28% HAO hardly 
gained in weight during this period (5th-15th 
week, Fig. 1). The decrease in testis weight 
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occurred simultaneously With an increasing 
degree of degeneration of the spermatogenic tis- 
sue. These developments are further underlined 
by the findings that a much more severe de- 
generation of the spermatogenic tissue occurred 
in the animals on HAO than in those on the 
fat-free diet (Table Ill). 

During the following experimental period 
(15th through 25th week), there was practically 
no change in body weight of the animals fed 
the fat-free or the HAO diets. However, the 
absolute and relative weights of the testis of 
these animals decreased and the degenerative 
changes of the spermatogenic tissue increased. 

The HHO had only half the amount of trans 
acids observed in HAO (Table I). The former 
oil, however, contained about equal amounts of 
t rans  C18:1 , C20:1 and C22:1 and smaller 
amounts of trans dienes and trienes, whereas 
HAO contained practically all of its trans acids 
as elaidic acid. The partially hydrogenated oils 
also contained varying but rather small amounts 
of positional isomers (6). Whether the effects 
observed may, in part be ascribed to either the 
geometric or the positional isomers, or a com- 
bination of the two types of isomeric fatty 
acids is the subject of  further studies. 

The present findings raise two questions. 
First, the appropriateness of talking about de- 
generation of the spermatogenic tissue after five 
weeks of feeding 28% HHO to these young 
animals. Maybe the degeneration is merely a 
dietary effect resulting in a delay in the devel- 
opment of the spermatogenic tissue during the 
period of sexual maturation. In this case, it 
must be concluded from the results obtained 
during the last 21 weeks of the experiments 
(Table III) that the spermatogenic tissue never 
did develop in these animals. Davis et al. (16) 
have reported that changes in lipid composition 
occur in the rat testes at the same time as the 
appearance and maturation of the spermatids. 
Second, during the experimental period a slight 
increase in the absolute and relative weights of 
the testis was observed in these animals (Table 
III). Whether this weight increase concerns the 
deposition of lipids or their compositional 
changes will be shown by analytical work which 
is in progress. 

It should be pointed out that the relative 
weights of the testes of Groups 1, 2, 3 and 4 
(Table III), after 26 weeks of experiment, are 
almost equal, although the degenerative changes 
of those from Groups 1 and 2 are very severe, 

while the testes from Groups 3 and 4 are 
normal. 

The present experiments underline the fact 
that partially hydrogenated oils devoid of EFA, 
as the sole dietary fat of rats, stress the EFA 
def ic iency.  Further, partially hydrogenated 
marine oils apparently have a stronger effect in 
this respect than partially hydrogenated vegeta- 
ble oils and fat-free diets. The reduced caloric 
efficiency and the tissue degenerations de- 
scribed can possibly be explained as membrane 
changes or reduced enzymatic activity, or both, 
due to changes in lipoprotein structures. 
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