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Abstract

Objectives The objective of this study was to verify the safety of policosanol supplementation for domestic
cats. The effects of raw and encapsulated policosanol were compared with positive (L-carnitine) and negative
(no supplementation) controls on outcomes of complete blood count, serum biochemistry, energy expenditure,
respiratory quotient and physical activity in healthy young adult cats.

Methods The study was a replicated 4 X 4 complete Latin square design. Eight cats (four castrated males, four
spayed females; mean age 3.0 = 1.0 years; mean weight 4.36 = 1.08 kg; mean body condition score 5.4 = 1.4) were
blocked by sex and body weight and then randomized to treatment groups: raw policosanol (10 mg/kg body weight),
encapsulated policosanol (50mg/kg body weight), L-carnitine (200mg/kg body weight) or no supplementation.
Treatments were supplemented to a basal diet for 28 days with a 1-week washout between periods. Food was
distributed equally between two offerings to ensure complete supplement consumption (first offering) and measure
consumption time (second offering). Blood collection (lipid profile, complete blood count, serum biochemistry) and
indirect calorimetry (energy expenditure, respiratory quotient) were conducted at days 0, 14 and 28 of each period.
Activity monitors were worn 7 days prior to indirect calorimetry and blood collection. Data were analyzed using a
repeated measures mixed model (SAS, v.9.4).

Results Food intake and body weight were similar among treatments. There was no effect of treatment on lipid
profile, serum biochemistry, activity, energy expenditure or respiratory quotient (P >0.05); however, time to consume
a second meal was greatest in cats fed raw policosanol (P <0.05).

Conclusions and relevance These data suggest that policosanol is safe for feline consumption. Further studies
with cats demonstrating cardiometabolic risk factors are warranted to confirm whether policosanol therapy is an
efficacious treatment for hyperlipidemia and obesity.

Keywords: Energy expenditure; hyperlipidemia; obesity; overweight; respiratory quotient

Accepted: 7 April 2021

Department of Animal Biosciences, University of Guelph,
Guelph, ON, Canada

2Pancosma, Le Grand Saconnex, Switzerland

SPulse Canada, Winnipeg, MB, Canada

4Clinical Studies, Ontario Veterinary College, University of Guelph,
Guelph, ON, Canada

Introduction

In 2017, it was estimated that 60% of cats in the USA were
overweight or obese, and the prevalence continues to
increase.! Being overweight or obese is the most preva-
lent nutrition-related ailment in domestic cats and is a

risk factor for feline type 2 diabetes mellitus and hepatic Corresponding author:
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lipidosis.? Overfeeding and inactivity are considered to
be the primary contributors to weight gain, and can be
accompanied by dyslipidemia, which is characterized in
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part by elevated triglycerides (TG) and total cholesterol
(TC) concentrations.?

Dietary supplements have been identified as one strat-
egy to induce weight loss in overweight cats. Overweight
cats receiving supplemental L-carnitine, an essential
cofactor of fatty acid metabolism, had significantly
greater energy expenditure (EE) and physical activity
as well as a lower respiratory quotient (RQ), indicating
greater lipid oxidation.*¢ Furthermore, L-carnitine may
lessen weight gain in cats fed diets that exceed their
energy requirements.” However, given that L-carnitine
is responsible for transporting long chain fatty acids
into mitochondria for energy metabolism and does not
directly affect lipogenesis,® its effects on the treatment of
feline dyslipidemia have not been investigated.

Policosanol is a dietary supplement composed of
higher aliphatic alcohols, predominantly octacosanol,
and is commonly extracted from sugar cane or beeswax.
Both animal and human models have been used to inves-
tigate the effects of octacosanol in treating dyslipidemia
via reducing TC and low-density lipoprotein cholesterol
(LDL-C), and increasing high-density lipoprotein choles-
terol (HDL-C) concentrations.”3 Policosanol has been
found to lower serum cholesterol in pigs,'4 rabbits,! rats'®
and humans.'*2l An improvement in lipid profile has
been observed in healthy subjects,'® patients with type
IT hypercholesterolemia®!! and dyslipidemia associated
with non-insulin dependent (type II) diabetes mellitus.!?
Though the exact mechanism by which policosanol acts is
not entirely elucidated, it appears to exert its main effects
on the LDL-C fraction, either through the action of inhib-
iting cholesterol synthesis, enhanced LDL catabolism or
both.1115 In addition, octacosanol has also been shown to
increase voluntary physical activity in rats, due to its stor-
age in the muscle for future use.?? While there is an abun-
dance of research supporting the benefits of policosanol
supplementation on dyslipidemia, most of this research
was performed by the research group that first developed
the supplement.? Most external research has been unable
to confirm the cholesterol-lowering effects of policosanol
in animals?? or humans.?6?

To date, no studies have evaluated the safety and
efficacy of policosanol supplementation in the domes-
tic cat, whose lipid metabolism differs from herbivores
and omnivores, as metabolically, cats tend to utilize
more lipids than other mammals, even when fed high-
carbohydrate diets.?® In addition, for cats, lipids released
during weight loss are commonly deposited in the liver
and may results in hepatic lipidosis.® As such, research
investigating alternative nutraceuticals to either mitigate
weight gain or avoid hepatic lipidosis during weight loss
by promoting increased EE and fat oxidation, such as
L-carnitine, are needed. The demonstration that subjects
have high tolerability and low incidence rate of adverse
events with policosanol could make it a promising alter-
native or adjunctive therapy to L-carnitine. The objective

of this study was therefore to investigate the effects of raw
and encapsulated policosanol compared with positive
(L-carnitine) and negative (no supplementation) controls
on complete blood count (CBC), serum biochemistry, EE,
RQ and voluntary physical activity in young domestic
cats. We hypothesized that raw and encapsulated policos-
anol would be equivalent in all outcomes to L-carnitine
and placebo in adult healthy cats.

Materials and methods

All procedures were approved by the University of
Guelph’s Animal Care Committee (AUP #4015) and were
carried out in accordance with the Animals for Research
Act and Canadian Council on Animal Care. All cats were
deemed healthy upon entering and throughout the study
according to standard veterinarian evaluations of health.

Animals and housing

Eight domestic shorthair (n = 6) and longhair (n = 2) cats
(four castrated males, four spayed females) with a mean
age of 3.0 = 1.0 years were enrolled in the study. Body
condition score (BCS) ranged from 4-8 on a nine-point
scale, representing both lean (n =3) and overweight
(n=>5) cats. At baseline (study start), the cats had a mean
body weight (BW) of 4.36 = 1.08kg, and mean BCS of
5.4 +£1.4. Measurements of BW as well as visual and phys-
ical (feeling of ribcage, spine and abdomen) assessment
evaluations of BCS using the nine-point system? were
performed weekly. For the duration of the study, all cats
resided in the Animal Sciences and Nutrition Building at
the University of Guelph and were housed in an indoor
free-living environment, except for during calorimetry
measurements and morning feedings. All cats had daily
social interaction with previously familiarized humans
for a maximum of 2h each day that included petting,
grooming and playing with restricted access toys. A
12:12h light cycle that started at 07:00h was implemented
and the room temperature and relative humidity were
maintained at 22 + 1.5°C and 40-70%, respectively. Fresh
distilled water was provided daily, and cats had ad libi-
tum access via three large water dishes placed through-
out the room.

Diets and treatments

Throughout the entire study period, cats were fed
119 Nutram Ideal Solution Support Skin, Coat and
Stomach Cat Food (Elmira; Table 1). Cats were fed
ad libitum for 4 weeks prior to the study to promote
weight gain, and then for 2 weeks to ensure weight main-
tenance was achieved. Throughout the 4-week pre-study
ad libitum feeding period, the mean BW increased by
~0.25kg and mean BCS by 0.5. Weight gain was induced
during this time to attempt to promote dyslipidemia, as
the outcomes of dyslipidemia that are observed in obese
humans, such as increases in TC, are similarly observed in
obese cats.? During the study, cats were fed individually
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Table 1 Nutrient composition and energy density of
control diet fed to cats (n = 8) undergoing acclimation

Nutrient Guaranteed analysis (as-fed)*
Metabolizable energy 3645kcal/kg

Crude protein 31.0%

Crude fat 14.0%

Crude fiber 4.0%

Moisture 10.0%

*Guaranteed analysis provided by Nutram (Elmira, ON, Canada);
metabolizable energy is calculated; crude protein and crude fat are
presented as minimum values; crude fiber and moisture are presented
as maximum values

in individual cat condos (91.5 X 60 X 128 cm) once daily at
08:00 h. Following the ad libitum feeding phase, caloric
provision was based on historical BW and metaboliz-
able energy (ME) requirements of each individual cat.
On average, the ME intake during the ad libitum feed-
ing phase was approximately 15% greater than post-ad
libitum.

A 4 X4 replicated complete Latin square design was
used in which all cats received all treatments. Each treat-
ment period for each cat consisted of 28 days. A 1-week
washout period was implemented between each treatment
period wherein all cats were fed the basal diet without sup-
plementation. Treatments and doses were raw policosa-
nol (RP; 10mg/kg BW), encapsulated policosanol (POLL
50mg/kg BW), L-carnitine (carnitine tartrate) (LC; 200mg/
kg BW; positive control) and no supplementation (negative
control). The dose of raw policosanol was chosen based on
previous studies in healthy and non-healthy human and
animal subjects.!6202! The policosanol was encapsulated at
20%; therefore, the dose of POLI was increased to 50mg/
kg BW to ensure an isodose relative to RP. The dose of
L-carnitine was chosen based on supplemental levels that
have been efficacious to promote greater energy expendi-
ture and fat oxidation and reduced adipose accretion.*>”
As a note, the diet fed throughout the study period (Table
1) did not contain any L-carnitine supplementation. Cats
were initially fed half their daily ration top dressed with
each respective treatment and were fed their second half
ration once the first half ration was consumed. Intakes
were observed and timed to evaluate diet acceptability
and indications of satiety. For the first half ration, kibble
and treatment were soaked with 10ml of distilled water
to ensure homogeneity and complete consumption of the
diet and treatments. The second half ration was only dried
kibble. Cats were permitted 1h to consume the entirety
of their daily ration. Orts were then removed, weighed
and recorded. Throughout the study period, any health
changes or adverse events were recorded.

Energy expenditure
Indirect calorimetry was performed on days 0 (baseline),
4 and 28 of each study period). Cats were considered

successfully acclimated to the indirect calorimetry cham-
bers according to the 11-week acclimation procedure.?
Cats were placed in the chambers at approximately 06:00h
and fed at 08:00h. Cats remained in the chamber for
approximately 23h. Calorimetry chambers had an open-
circuit, flow-through design. The rate of air flow into the
chambers ranged from 5-81/min and was adjusted for
the individual cat. Chamber air was dried using Drierite
(Xenia), and dried again with a smaller Drierite prior to
use of gas analyzers. Calorimetry data were collected
using Qubit calorimetry software (Qubit C950-MCGES;
Qubit Systems). Data collection occurred in 5-min inter-
vals, every 25mins. For each interval, the last 3mins of
data was averaged. For fasting measures, three intervals
were completed before feeding, cats were fed, and gas
was sampled for 10-12 more intervals. Carbon dioxide
(CO,) and oxygen (O,) sensors were recalibrated before
data collection, every 8h, and when reference gas and
atmospheric pressure values varied by >5%. EE was cal-
culated using the abbreviated Weir equation and RQ
was calculated using the ratio of CO, production to O,
consumption.

Blood collection

Fasted (22h postprandial) blood samples (5ml/cat)
were collected in each study period on days 0, 14 and
28. Blood samples were taken prior to the morning
feeding (07:00h) by jugular venipuncture into vacu-
tainers (Fisher Scientific). Samples were immediately
submitted to the University of Guelph’s Animal Health
Laboratory for analysis. Whole blood samples analyzed
for hematological indices (CBC) using a Siemens hema-
tology analyzer (Siemens Healthcare). Serum was iso-
lated by centrifugation (2000 ¢ for 10mins) and used to
measure serum biochemical components using a Cobas
biochemistry analyzer (Roche Diagnostics). LDL-C was
quantified as the difference between TC and HDL-C
concentrations. Fatty acid profiles were measured by
gas chromatography and mass spectrometry at Lipid
Analytical Laboratories.

Activity measurement

Voluntary physical activity of the cats was measured
using previously validated3? ActiCal activity monitors
that use an omni-directional accelerometer. The monitors
were attached to harnesses placed on the cats parallel to
the ribs. Activity levels were measured for 7 consecutive
days for three intervals during each period: days -7 to 0,
7-14 and 21-28. Activity monitors were removed prior to
indirect calorimetry and blood collection.

Statistics

With regard to sample size, previous studies include
8-10 cats per treatment and resulted in adequate statisti-
cal power.>57 Based on these reports, the sample size of
eight was determined to be adequate to detect differ-
ences with 80% power and 95% confidence. In addition,
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a crossover design was used to ensure less variability
within and between cats, and so that each cat would
serve as its own control, therefore reducing the number
of cats needed for this study.

All data were analyzed using a repeated measures
mixed model (SAS v.9.4; SAS Institute). Cat was con-
sidered a random effect, and treatment, period, time
and treatment X time interaction were considered fixed
effects. If a fixed effect was not significant, it was removed
from the model. Day was treated as a repeated measure.
When treatment or treatment X time interaction was sig-
nificant, means were separated using pdiff. Results were
considered statistically significant at P <0.05.

Results

Body weight and food intake

All cats remained healthy throughout the study. There
were no changes in BW or BCS from baseline to the study
end, and no effect of day or period. Treatments had no
effect on BCS or food intake (P >0.10, data not shown).
The time to consume the second food allotment was not
affected by day or period (P >0.10); however, cats con-
suming the RP diet took significantly more time than for
CON, LC or POLI diets (P <0.05; Figure 1).

Lipid profile and blood parameters

Treatment, day nor period affected endpoint lipid con-
centrations, or percentage change from baseline (P >0.10,
Table 2). Treatment had no effect on hematological indices
or serum biochemistry values (P >0.10; data not shown)

CON uLC

«POLI

®&RP
800

700

500

400

Consumption time (s)

300
200

100

Figure 1 Consumption time of second ration (mean = SEM)
in cats (n=28) fed CON, +LC, +POLI or +RP diets. CON =
control diet with no supplementation; +LC = control diet
supplemented with L-carnitine; +POLI = control diet
supplemented with encapsulated policosanol; +RP = control
diet supplemented with raw policosanol. Mean values with
different superscripts are significantly different (P<0.05)

Table 2 Serum lipid profile (mean = SEM, or ratios) in cats (n=8) fed CON, +LC, +POLI or +RP diets at days 0, 14

and 28

CON = control diet with no supplementation; +LC = control diet supplemented with L-carnitine; +POLI = control diet supplemented with
encapsulated policosanol; +RP = control diet supplemented with raw policosanol; TC = total cholesterol (reference interval [RI]
1.00-4.40mmol/l); LDL-C = low-density lipoprotein cholesterol (Rl 0.00-1.40 mmol/l); HDL-C = high-density lipoprotein cholesterol

(Rl 2.00-3.30mmol/l); TG = triglycerides (Rl 0.20-1.10mmol/l); TC:HDL-C = ratio of triglycerides to high-density lipoprotein cholesterol;
LDL-C:HDL-C = ratio of low-density lipoprotein cholesterol to high-density lipoprotein cholesterol. Rls determined by Lipid Analytical Laboratories
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Table 3 Blood parameters (mean = SEM) in cats (n=8) fed CON, +LC, +POLI or +RP diets that significantly differed
among 28-day treatment periods

CON = control diet with no supplementation; +LC = control diet supplemented with L-carnitine; +POLI = control diet supplemented with
encapsulated policosanol; +RP = control diet supplemented with raw policosanol; MCV = mean cell volume; MCH = mean cell hemoglobin;
MCHC =mean cell hemoglobin concentration; RDW = red cell distribution width; Ca = calcium; P = phosphorus; Mg = magnesium;

K= potassium

*Reference interval determined by the Animal Health Laboratory (Guelph, Ontario, Canada)
Values in a row with different superscript letters are significantly different (P <0.05)

Table 4 Voluntary physical activity count (mean = SEM) in cats (n=8) fed CON, +LC, +POLI or +RP diets at days 0,

14 and 28

CON = control diet with no supplementation; +LC = control diet supplemented with L-carnitine; +POLI =control diet supplemented with
encapsulated policosanol; +RP =control diet supplemented with raw policosanol

and all values fell within standard reference intervals as
determined by the Animal Health Laboratory. Period
affected mean cell volume, mean cell hemoglobin, red cell
distribution width, calcium, phosphorus, potassium and
urea (P <0.05; Table 3); however, all were within normal
reference intervals.

Voluntary physical activity

There was no effect of treatment, day or period on total
activity, mean activity in the light, or mean activity in the
dark (P >0.10; Table 4).

Energy expenditure
There was no effect of treatment, day or period on EE
(kcal/kg/day) or RQ in the fasted or postprandial state

(P >0.10, Table 5). Food intake on calorimetry days was
similar among treatments, days and periods (P >0.10;
data not shown).

Discussion

Results from this study indicate that doses of raw and
encapsulated policosanol that correspond to therapeu-
tic concentrations in other animal models are well tol-
erated and can be safely consumed by domestic cats.
Supplementation of POLI and RP had no effect on CBC
and serum biochemistry, suggesting both are safe for
use with domestic cats. Results presented herein mirror
safety assessments in rats, rabbits, dogs and monkeys that
have reported no adverse metabolic effects with acute
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Table 5 Fasted and postprandial energy expenditure and respiratory quotient (mean = SEM) in cats (n=8) fed CON,
+LC, +POLI or +RP diets at days 0, 14 and 28

CON = control diet with no supplementation; +LC = control diet supplemented with L-carnitine; +POLI = control diet supplemented with
encapsulated policosanol; +RP = control diet supplemented with raw policosanol; EE = energy expenditure; RQ = respiratory quotient

and chronic supplementation of policosanol at concentra-
tions as high as 5000 mg/kg BW/day.!!33-%

While policosanol supplementation did not affect diet
intake when compared with other treatments, the time
to consume the second offering of food was greatest in
RP when compared with all other treatments. However,
given that there was no change in orts with RP (data not
shown), this was likely not a result of satiation. As an
aliphatic hydrocarbon, policosanol is highly hydrophobic
and has a tacky consistency; thus, the RP treatments may
have changed the hedonic or physiochemical characteris-
tic of the food, which may have affected rate of consump-
tion. To the authors” knowledge, this is the first time an
RP has been fed to domestic cats and research on feeding
behaviour and gastrointestinal hormonal response may
be of interest.

In humans, policosanol is a traditional dietary sup-
plement for the treatment of dyslipidemia. This study
reported no effect of policosanol (raw or encapsulated)
on lipid profile in either lean (n =3; BCS <5) or over-
weight (n=>5; BCS >5), healthy domestic cats. Various
mechanisms of action have been proposed for policosa-
nol’s cholesterol-lowering efficacy, including decreasing
beta-hydroxy-beta-methylglutaryl coenzyme A reduc-
tase activity®® and increasing LDL-C receptor activity.!!
Studies in animal models including rats, rabbits, dogs
and monkeys all conclude that policosanol significantly
reduces concentrations of TC (12-23%) and LDL-C (11—
30%), with dosages ranging from 5 to 500mg/kg BW/
day.10153537 [t is worthwhile noting that studies report-
ing the cholesterol-lowering efficacy of policosanol in

humans and various animal models have been primarily
conducted in a single laboratory, while studies outside of
that group in Cuba have failed to show effects of the same
magnitude.? The original policosanol research group has
suggested that the positive results are due to a different
mixture or purity of their specific policosanol.* However,
a study by Kassis et al?® found no differences between
the original Cuban policosanol (Dalmer) and the alterna-
tive policosanol (Degussa Bioactives), as neither elicited
a positive change in lipid profile in hamsters. Similarly,
other studies conducted outside of Cuba in rabbits and
hamsters found no change in lipid profiles with policosa-
nol supplementation.?** However, high-cholesterol diets
in both studies may have confounded these results.
Additionally, it should be noted that the cats in this
study did not present with a dyslipidemia upon enroll-
ment into the study, which may have affected the abil-
ity for policosanol to lower LDL-C and TG levels. For
future studies, body fat stores should also be considered
along with BW and BCS, as these cats only had a mean
BCS of 5.4 at baseline and largely gained weight over a
short period of time during the 4-week ad libitum feed-
ing prior to baseline. It may take longer for cats to dis-
play characteristically dyslipidemic blood, as they have
increased fat utilization as obligate carnivores. Genetics
may also play a part in the relationship between lipid
metabolism and weight gain, as there were some cats
that had an overweight BCS but did not have character-
istically dyslipidemic blood and experienced little to no
changes with any dietary treatments, or vice versa. Thus,
pre-screening of cats based on dyslipidemia and level
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of obesity would be useful in studies moving forward,
as these factors likely impact the level of effectiveness
of supplementation.

Similar to dyslipidemia, there was no effect of treat-
ment on voluntary physical activity, EE and RQ. The
lack of change in voluntary physical activity in LC was
interesting, as previous research has reported an increase
in play motivation and a decrease in RQ in overweight
cats, but not lean ones, supplemented with L-carnitine.5
However, increased play motivation may not coincide
with voluntary physical activity, and the cats” perceived
motivation to play during socialization was not meas-
ured in the current study. Furthermore, while most cats
were classified as overweight (BCS of 6), their weight gain
occurred in a relatively short period of time prior to the
study and thus their activity patterns may not have been
impacted by LC.

Previous research has demonstrated that L-carnitine
increases the RQ in overweight and obese cats;*> however,
EE and RQ were not affected by LC in the present study.
However, postprandial RQ decreased similarly across all
treatments, potentially indicating some longer-term effects
of supplementation. These observations warrant further
research into policosanol supplementation with an alter-
native experimental design, such as a 2 X 2 Latin square to
investigate the direct effects of encapsulated policosanol
against a control to investigate the potential effects of sup-
plementation in domestic cats. Finally, it was not surprising
that there was no treatment difference in EE, as resting EE
is largely controlled by LBM* and so is unlikely to change
unless body composition was altered. Given that cats in the
present study were fed to maintain BW, LBM would likely
not change and thus would not affect resting EE.

Conclusions

This is the first study to demonstrate that supplemental
policosanol can be safely administered to domestic cats.
No disturbances in biochemical or hematological param-
eters indicate a similar safety margin to what has been
demonstrated in previous animal studies, which is essen-
tial for moving forward with clinical studies. However, as
cats naturally have a positive lipid profile with a higher
proportion of HDL-C, supplementing policosanol is
likely only of significant benefit in overweight, dyslipi-
demic cats, and those with diabetes mellitus or hepatic
lipidosis. Future research should therefore focus on cats
with these characteristics. In addition, future research
could consider utilizing a parallel design rather than
crossover to more practically investigate the longer-term
effects of supplementation; however, this may require a
larger sample size of subjects.
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