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Amy Chamberlint, Yuka Mitsuhashif, Karen Bigley and John E. Bauer*}

Department of Small Animal Clinical Sciences, Companion Animal Nutrition Research Laboratory, College of Veterinary
Medicine and Biomedical Sciences, Texas AGM University, College Station, TX 77843-4474, USA

(Received 13 October 2010 — Revised 16 February 2011 — Accepted 21 February 2011)

Abstract

An opportunity to investigate a low-arachidonic acid (AA) feline diet possibly related to elevated peroxide value (PV) during storage on
plasma phospholipid (PL) and reproductive tissue fatty acid (FA) profiles presented itself in the present study. Cats (nine animals per
group) had been fed one of three dry extruded, complete and balanced diets for 300d before spaying. The diets contained adequate
AA (03 g/kg), similar concentration of antioxidants and were stored at ambient temperature, but differed in FA composition. The diets
were designated as follows: diet A (high linoleic acid), diet B (high +y-linolenic acid) and diet C (adequate linoleic acid). Diet samples
that were obtained the week before spaying revealed an elevated PV of diet A v. diets B and C (135 ». 580 and 2:12meq/kg fat,
respectively). Records revealed decreased food consumption of diet A cats beginning at 240 d but without weight loss; thus an opportunity
presented to investigate diet PV effects. Total plasma protein and PL-AA concentrations in group A were significantly decreased at 140 and
300 d. Uterine and ovarian tissues collected at surgery revealed modest decrements of AA. Diet A was below minimum standards at 0-015 %
(minimum 0-02%), probably due to oxidation. The time at which diet A became unacceptable may have occurred between 60 and 140d
because plasma PL-AA was within our normal colony range (approximately 4—7% relative) after 56d of feeding. High-linoleic acid-
containing diets may be more likely to be oxidised requiring additional antioxidants. The findings suggest that reduced plasma protein
in combination with plasma AA concentrations may serve as biomarkers of diet peroxidation in cats before feed refusal, weight loss or

tissue depletion.

Key words: Arachidonate: Peroxidised diet: Reproductive tissues: Total protein

Because highly unsaturated fats are typically included in feline
diets, diet peroxidation during storage is of concern and anti-
oxidants are often added. Although feed refusal reportedly
occurs in cats fed oxidised diets, some animals continue to
eat such diets. Fats, particularly those that contain PUFA, are
susceptible to rancidity. Vilas et alV found that feeding
rancid fats decreases growth rate and significantly increases
the weight of the intestinal epithelial layer, possibly because
of inflammation in the intestine. Absorption of lipid hydroper-
oxides from rancid fat is questionable. Some studies have
supported that reactive metabolites of the oxidised fats or
fatty acids (FA) are reduced by antioxidant enzymes, such as
glutathione peroxidase, in the intestinal epithelial cells®,
while other studies have shown lipid hydroperoxides in chy-
lomicrons® which reached the liver and caused impaired
antioxidant defence of the liver cells””. However, severity of

liver damage depends on the fat content of the diet.

Rats fed a diet containing peroxidised oil with a peroxide
value (PV) of approximately 90 meq/kg at a 10% level for 4
weeks had altered intestinal absorptive function. The rate of
in vitro absorption of nutrients, especially sucrose and protein
hydrolysate (amino acids), was considerably reduced in this
species, although absorption of glucose, fructose and Ca**
was only marginally affected®. Another study in rats has
investigated the effects of dietary oxidised oils (PV, 945 v.
3-1 meq O,/kg) which had been equalised for FA composition
and for tocopherol concentrations by supplementation”.
Body-weight gains and food conversion rates were only
slightly lower in rats fed the oxidised oil compared with rats
fed the fresh oil. Thus, it was possible to study the effects of
lipid peroxidation products without interference due to
reduced food intake and growth. In this case, animals fed
the oxidised oil had reduced ratios of 20:4n-6/18:2n-6,
20:4n-6/20:3n-6 in liver phospholipids and reduced ratios
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of 20:4n-6/18:2n-6 in heart PL as well as reductions in other
polyunsaturated fat ratios, suggesting a reduced rate of FA
desaturation and dramatically reduced hepatic tocopherol
concentrations'”.

In nursery pigs, when diet PV exceeded 40mg/kg,
decreased feed intake and growth performance were
observed®. By contrast, calves fed milk replacers containing
a PV of 20:6 mg/kg DM for 31d showed no effect on average
daily gains, DM intake, or feed efficiency and no evidence of
accumulation of peroxides in liver, kidney, heart and adipose
tissues'”.

Another consequence of feeding rancid or oxidised fat to
animals, including cats, is the appearance of pansteatitis or
inflammation of adipose tissues'”’. Although fish-containing
foods were initially thought to be involved in aetiology™",
there have been numerous reports of pansteatitis in cats fed
diets high in rancid polyunsaturated fats from either fish or ter-
restrial animal products”'®”. However, the problem especially
appears to occur when diet rancidity and antioxidant amounts
have been either exhausted or in low concentration'?~'%.

Because cats will often refuse foods that have elevated diet-
ary PV, it is unknown what effects chronic feeding of modestly
elevated PV diets have on clinico-pathological indices in this
species before the development of pansteatitis or related con-
ditions. In the present study, we have taken advantage of a
controlled feeding study in which records revealed decreased
daily food consumption without weight loss or overt clinical
illness in cats fed a diet discovered to have an elevated PV
for an extended period of time.

Experimental methods

The present study was approved by the Texas A&M University
Animal Care and Use Committee (College Station, TX, USA).
All cats were housed individually at the Laboratory Animal
Research Resources facility, Texas A&M University according
to the American Physiological Society Guidelines for Animal
Research and guidelines set forth by Texas A&M University
Care and Use Committee. Physical examinations, complete
blood counts, serum biochemistry profiles, and T3 and thyr-
oid-stimulating hormone assays were conducted on each cat
to assure that they were clinically normal before the study.
Cats (nine animals per group) were maintained on one of
three dry extruded diets that were formulated as complete
and balanced feeds according to the Association of American
Feed Control Officials (AAFCO) nutrient proﬁles(]S). The ana-
lysed nutrient composition of the diets ranged from 34-6 to
35-5% protein, 182 to 19-95% fat, 7:0 to 7-7% ash and 1-8
to 21% crude fibre on a DM basis with moisture approxi-
mately 8%. Diet ingredients (by weight) included Brewers
rice (35°9%), soyabean protein isolate (23:3%), chicken
whole carcass and parts (21-6%), soyabean hulls (3-67 %),
dicalcium phosphate (2:93%), coconut oil (2-:80%), flavour
coating (1-5%), beef tallow (0-7%), potassium chloride
(0-65 %), mineral premix (0-34 %), choline chloride (0-32%),
calcium carbonate (0-:29%), NaCl (0-22%), D,L-methionine
(0-18%), taurine (0-1%), vitamin premix (0-07%) and 50%
vitamin E (0-:03%). The amounts of added dietary fat in each

diet were 524% safflower oil (diet A), 4-85% coconut
oil + 0-5% borage oil (diet B) and 5-58% coconut oil (diet
C). Thus, the diets differed in FA distribution but contained
adequate arachidonic acid (AA, 0-3g/kg) concentrations and
similar antioxidant content added separately as vitamin E
and DL-a-tocopherol acetate, the latter was included in the
vitamin premix at 90 g/kg. PV were determined (N.P. Analyti-
cal Laboratory, St Louis, MO, USA) and found not to initially
exceed 18 meq/kg dietary fat in any of the diets and all diets
were stored at ambient temperature. The diets were fed
for 300d before spaying all cats (nine animals per group).
However, PV analyses of samples obtained the week before
spaying at 300d revealed a markedly elevated PV of diet A
v. diets B and C (135 v. 5-80 and 2-12 meq/kg fat, respectively).

Small-volume blood samples were collected via saphenous
venepuncture into EDTA-containing tubes on days 0, 140 and
300; serum samples were also collected. Cats (n 5-6) were
sampled daily at approximately 09.00 hours after withholding
food for 12h. Plasma was separated for lipid extraction and
total phospholipid (PL)-FA composition was determined via
gas capillary chromatography(16) . Serum biochemistry profiles
were also determined. On day 300, ovariohysterectomies were
performed. Cats (n 5-6) were spayed per day according to
established veterinary practice, and were monitored by Lab-
oratory Animal Research Resources veterinarians and staff
until full recovery. Uterine, ovarian and subcutaneous adipose
tissue samples were collected immediately following ovario-
hysterectomy procedures. Tissues, upon collection, were
stored in 9% NaCl (NaCl saline solution) on ice during trans-
port to the laboratory and then utilised immediately. Tissues
were then homogenised in 40 mm-phosphate buffer (pH 7-4)
and total lipid extractions, PL fractionation, and FA
profiles of this lipid fraction were determined by gas capillary
chromatography'®.

All data were analysed using SPSS 16.0 for Windows (SPSS,
Inc., Chicago, IL, USA). To determine whether the data were
normally distributed, the Shapiro—Wilk test was performed.
One-way ANOVA was utilised when data appeared normal
to compare the diets with each dependent variable throughout
the study. Non-normal data were further analysed using the
Kruskal-Wallis test followed by one-way ANOVA. Where
significant differences were found, Tukey’s multiple compari-
son tests were performed among the diet groups, with a
P value <0-05 considered to be statistically significant.

Results

All cats appeared clinically healthy throughout the study.
However, records of food consumption indicated decreased
food consumption of diet A beginning at 240d in some of
the animals. By 280d, all animals in this group similarly
decreased their intake, resulting in an average food consump-
tion decrement of approximately 15 % (Fig. 1). In spite of this
decrease, no weight loss had occurred in any of the cats in this
group (Fig. 1). Therefore, further investigation was retrospec-
tively focused on whether oxidative deterioration of the diet
may have played a role in this observation. When serum
biochemistry profiles and complete blood count data were
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Fig. 1. Average (a) weekly body weights and (b) food consumption during
the feeding period. Diet A (n 10, B); diet B (n 9, O) and diet C (n 9, A).

examined, it was discovered that total plasma protein had
been depressed on both days 140 and 300 during the feeding
period (Table 1). All other values were within the normal
range for cats (data not shown). Among the PUFA, plasma
total PL-AA concentrations of cats in group A were also signifi-
cantly decreased at both these times compared with the other
two groups. Mean PL-AA values determined after feeding
these diets for 56d were as follows: 4:2 (sp 1-3) relative %,
diet A; 6:6 (sp 0-9) relative %, diet B; and 5-4 (sp 1-2) relative
%; diet C. By contrast, total PL-FA profiles of reproductive
tissues collected at day 300 revealed no difference among
ovarian tissue. AA was greater in uterine tissue from diet
B-fed cats but no differences were seen between diets A and
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C. Finally, FA analyses of the diets at day 300 showed that
diet A was below the minimum AAFCO standards for AA at
0-015% (minimum for cats: 0-02%) and a dramatically higher
PV compared with the other two diet groups (135-0, 5-8 and
2-15meq/kg fat for diets A, B and C, respectively).

Discussion

FA analyses of the diets at day 300 revealed diet A to be
below the minimum AAFCO standards for AA with a markedly
elevated PV. Because the AA content of diet A was above
the minimum requirements initially, loss of this FA due to
peroxidation during storage most probably occurred.

It is of interest that total PL-AA content of ovarian tissue
homogenates at 300d revealed no differences among the
groups. By contrast, uterine tissues were significantly higher
in AA in diet B-fed cats but no differences were observed
between diets A and C. Diet B contained higher amounts of
v-linolenic acid, and thus may have by-passed the limiting
A-6 desaturation step leading to a greater rate of AA synthesis
in this group. Higher AA was similarly seen in the plasma PL
fraction of cats fed diet B after 56d of feeding.

Regarding changes in total plasma protein concentrations,
an earlier study has shown that rats fed a diet with a PV of
approximately 90 meq/kg at a 10% level for 4 weeks had
altered intestinal absorptive function'®. The rate of in vitro
absorption of nutrients, especially sucrose and protein hydro-
lysate (amino acids), was considerably reduced in this species.
Because cats have a higher dietary requirement for protein, it
is conceivable that reductions in total plasma protein may
have occurred early on when consuming a peroxidised diet.
This possibility would explain the decreased plasma total
protein observed.

The precise time at which diet A became unacceptable
during feeding is unknown. However, we estimate that deteri-
oration occurred between 60 and 140 d because plasma PL-AA
was within our normal colony range (approximately 4—7 rela-
tive %) after 56 d of feeding this diet, but not at day 140. The
possibility exists that high-linoleic acid-containing diets are

Table 1. Plasma phospholipid (PL), ovarian and uterine arachidonic acid and
plasma protein values during the 300 d feeding period

(Mean values with their standard errors)

Diet A (n 10) Diet B (n 9) Diet C (n9)
Mean SEM Mean SEM Mean SEM
Arachidonic acid (day 300, relative %)

Plasma PL* 2.18 08 4.8° 1.9 4.5° 11
Ovary 10.02 2.3 12.6° 3.0 11.52 3.3
Uterus 10.32 0-8 15.8° 07 12.12 07

Plasma protein (g/l)t

Day 0 6121 6 642 1 632 1

Day 140 5132 2 602 1 59° 1

Day 300 5122 2 612 1 61° 1

abc \Mean values within a row with unlike superscript letters were significantly different (P<0-05).
"2Mean values within a column with unlike superscript numbers were significantly different

(P<0-05).

*Colony range 4-7 relative % depending on the diet content.

1 Normal range 61-77 g/l.
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more likely to be oxidised requiring more antioxidants. Lower
plasma AA may have been the direct result of low dietary AA
content and peroxidation. However, determination of plasma
AA in combination with a reduction in plasma protein may
serve as a biomarker of diet peroxidation in cats before feed
refusal, weight loss or tissue depletion.
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