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RESEARCH PROPOSAL

Title Page

Title of Research Project: Lipid Metabolism in Feline Hepat.ic Lipidosis (FHL): Impact of
Taurine and Carnitine .

Project Objectives: Feline hepatic lipidosis is a well-recognized hepatopathy which is
characterized by extensive lipid accumulation. Although diabetes mellitus and acute pancreatitis
appear to contribute to the pathogenesis of FHL, the majority of cases are believed to result from
the nutritional and biochemical peculiarities of the cat'? which to date are not understood.

Therefore, the broad long term objectives of our continued studies in obese cats undergoing
rapid weight loss are to:

1. Determine how dietary taurine impacts on the etiology of FHL.
Z. Determine how dietary carnitine impacts on the etiology of FHL.
3. Determine how dietary taurine interacts with carnitine and it’s impact on FHL.

Impact of the Proposed Studies on the Nutritional Health of Cats: FHL is the most common
hepatopathy encountered in cats and its pathogenesis remains unknown. The mortality rate in cats
even with aggressive nutrition therapy approximates 40% and approaches 90% in untreated cats.
Our ongoing studies will help to elucidate the basic mechanisms involved in feline lipid
metabolism (fatty acid oxidation, fatty acid turnover and lipoprotein transport) and contribute
to elucidating hepatic dysfunction associated with FHL. The proposed studies, based on our
current results, are designed to test the impact of taurine and carnitine or their interactions
on the mechanism(s) associated with the development of FHL. Overall, the proposed studies may
lead to the development of specific feline diets which will prevent the onset of FHL and/or
facilitate the recovery of cats with FHL (particularly during stress related weight reduction in
obese cats).

Principal Investigator: Geza G. Bruckner, Ph.D. Professor/Division Director Clinical Nutrition,
Department of Clinical Sciences, University of Kentucky, Lexington, Ky

Grant Amount Requested: Total Budget Request for 2 Year Period = $141,866



RESEARCH PROJECT PROPOSAL

Expanded Research Objectives:

Cats would be spayed and fed a high caloric diet low in LPUFAs and deficient in taurine and marginal
in choline and methionine until they gained at least 30% above their lean bodyweights, thus minimizing stores af
these nutrients. A modification of the obese/low calarie weight reduction feline model. as we have recently used
and which was developed by Biourge et al?, will be used to assess the impact of the various nutrient interactions as
they impact the development of FHL. During the rapid weight reduction period diets would be provided which are
sufficient or deficiency in taurine and/or camitine. These diets would be provided at 25% of lean bodyweight
maintenance energy (ME) with vitamins and minerals supplemented at 4X NRC. Triglveeride urmover rates would
be assessed using C13 glveerol. Katone body formation and lipoprotein synthesis would be determined ustng C13
palmitate. Body weight changes would be recorded weekly. Liver biopsies would be performed to evaluate liver
lipid scores and peroxisomal and mitochondrial structure using light and electron microscopic techniques.

Sp:tiﬁc_aims:

1. Elucidate which of the mechanism(s) in lipid and lipoprotein metabolism are altered by carnitne and/or
taurine in feline hepatic lipidosis ( FHL). Specifically, we will determine the rate of stable isotope incorporation
(labeled palmitate) into very low density lipoprotein (VLDL) in plasma, liver triglycerides as well as ketone body
formation of cats fed different diets formulated to be sufficient or deficient in taurine and/or carnitine. Cur
previous experiments using deuterium incorporation suggested that no new fatty acid synthesis or incorporation of
these FA into VLDL occurred during the weight reduction period. However, these smdies did not assess the
potential of preformead fatty acid to be incorporation imto VLDL or triglycerides.

2. Determine the ultra structural changes in liver mitochondria and peroxisomes in cats fed the different
diets as related to development of FHL. Specificaily we will focus on ultrastructural changes using light and
electron microscopy in both peroxisomes and mitochondria and correlate these changes with the ability of these
organelles to B oxidize fatty acids.

EXPECTED OUTCOME:

Using a modification of the obese/low calorie weight reduction feline model, we anticipate, based on our
previously reported findings, identifying the mechanism(s) which are respensible for induction of fatty livers and
the role that taurine and carnitine specifically contribute to peroxisomal and mitochondrial alterations in FHL.

We have found that the absence of LPUFAs and the protein quality of the cat’s diet contributes o the development
of FHL, and it is likely that phospholipids formed from LPUFAs are rapidly depleted or the synthesis rate is
reduced in cats undergoing a modified fast. Additionally, since a strong correlation has been found between taurine
and phospholipid methylation rates in synaptosomes, it is possible that taurine, which is essential to the cat, plays a
pivotal role is phospholipid biosynthesis (See Fig below). We speculate that low levels of dietary taurine combined
with low choline intake contribute directly to peroxisomal and mitochondrial membrane function thereby altering
farty acid transport and/or fatty acid B oxidation. We speculate that this alteration in peroxisomal and
mitochondrial function are the primary cause of FHL

We anticipate that the absence of taurine and carmitine, against a backzround of marginal choline,
methionine and LPUFA's, will rapidly precipitate the development of FHL. The inclusion of taurine and/or
carnitine in the diet will prevent the development of FHL with a protective effect in the following order:
taurine&carnitine > taunne > carnitine,



BACKGROUND INFORMATION

Feline hepatic lipidosis is 2 well-recognized hepatopathy which is characterized by extensive lipid
accumulation. Although diabetes mellinus and acute pancreatitis appear to contribute to the pathogenesis of FHL,
the majority of cases are believed to result from the nutritional and bicchemical peculiarities of the cat™. Many but
oot all cats are obese at the onset of the disease with anorexia being a common denominator. Stressor events are
associated with the onset of the disease and a common stressor appears to be dietary change to less palatable diets
such as noted for weight reduction diets® Serum biochemical parameters usually show evidence of cholestatic
disease indicated by clevations in total serum bilirubin and alkaline phosphatase, Although high protein cat diets,
human snteral products and veterinary enteral products have been used in the treatment of FHL, it is appareat that
there is less than an ideal prognosis with an approximate 40-30% current mortality rate®. The ideal diet is yet to be
formulated. Berter diet formulation is unlikely until the eticlogy of the disease is understood. Cats, unlike most
other pets, develop hepatic lipidosis during a fast Based on our recent smdies (to be published) the most likely
mechanism(s) involved is the development of FHL are decreased mitochondrial and/or peroxisomal fatty acid
oxidation

THe dietary requirements of the cat appear to make it more susceptible to hepatic lipidosis than other
species. The cat has very minimal A6 desaturase enzyme activity” and therefors common vegetable oil sources,
such as corn oil, appear to be inadequate for meeting its essential fatty acid requirement®. Essential fatty acid
deficiency is known to induce fatty livers in cats’ and other animal modals™". Essential fatty acid deficiency
(EFAD) is also known to effect lipoprotein lipase, lecithin cholesterol acyltransferase, and farty acid synthetase
activities””. There is also an apparent defect in lipoprotein transport from the liver of EFAD animals™. Based on
these previousiy reporied observations, it is plausible that the feline is more susceptible to EFAD and the associated
changes in lipid metabolism. Diets which have recently been used (o inducs and study FHL are EFAD, most likely
even when supplemented with corn oil*** (based on the above cited literaturs and, data from our recent study,
which was presented at the Tams symposium and has recently been submitted for publication (still pending),
shows that levels of 20:406 and 22:6n3 are reduced in the liver of cats undergoing rapid weigh loss whea fed
a corn oil based diet. Furthermore these fatty acid changes are impacted by protein quality suggesting that
desaturse activity may be further compromised.

Dietary protein is important in the management of FHL and it has been shown that fesding 25% of the
maintenance enerzy (ME) as high quality protein will attenuate the hepatic lipidosis but does not amehiorate the
condition (reduced liver lipid content by approx 50% compared to com oil supplemented animals)®. A poor quality
pretein source({corn gluten meal) appears to contribute to the development of FHL by perhaps decreasing the
already low activity of key desaturase enzymes and thus lowering the levels of membrane LPUF As (results of our
recent study). [t has been shown in numerous animal species that a methiomine deficency contributes to the
development of hepatic lipidosis but lintle is known about the impact of dietary taurine on phospholipid
metabolism.

It is speculated that both methionine and taurine are invelved in the methylation of phospholipids™ .
Taurine may also contribute to membrane aiterations as a scavenger of free radicals' or as a membrane
stabilizer'. Also taurine has been shown to reduce liver lipid content in obese children”” With a poor quality
protein source, which is low in methionine, the synthesis of carnitine may also be decreased and subsequently
farty acid transport into the mitochondria and oxidation may be impaired.



Possible pathways invoived in the pathogenesis of FHL
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EXPERIMENTAL DESIGN

Objectives 1,2.3 Using a modification of the obese/low calorie weight reduction feline model (retired
breeder, purpose breed, spaved cats) and a 2X2 factorial design, we will test the effects of taurine and carnitine
supplemention in diets which will be fed at 25% of ME, with 4X the NRC requirements for vitamins and minerals,
on the development of FHL.

(- taurine, - carniting) (- taurine, + carnitine)

Comn gluten meal (or other protein source low in Corn gluten meal (supplemented with carnitine) plus
methionine) pius oil blend n=6 oil blend o=6

{+ taurine, - carnitine) (+ taurine,+ carnitine) Corn gluten meal

Com gluten meal (supplemented with taurine) phus oil {supplemented with taurine and carmitine) plus oil
blend n=6 blend. n=6

Animals For Dietary Studies Twenty-four female cats, retired breeders (purpose breed), will be used for the
study. Cats will be anaesthetized (ketamine and isoflurane) and spayed; blood samples (10ml) and a wedge liver
biopsy will be takan during surgery (all surgical procedures and protocol will be carried out according the “Guide
Jor the care and use of laboratory animais™ and TACUC approved). Cats will be fed an energy dense diet
developed by IAMS (see below under Diets). Diets will be fed ad libitum until they gain a minimum of 30% over
their lean body weights compared to healthy lean cats of the same length and body type (estimated 2-3 months).
Dmhaﬂﬂhwa@nﬁiﬂ%@ﬁq&qﬂhaﬁgndmﬂﬂymhﬁwmw[ﬁ
anmmals/tn) in staggered intervals (4 animals/week; 1/each trt/week). The cats would be maintained on the weight
reduction diets for 7-8 weeks or until they reach body weights similar to but not less than -10% of the bodyweight

established for healthy cats of the same body type and length. Other limitations to the fast would include bilirubin
levels >0.4 mg/dl

Diets 4/l of the diets to be used would be formulated and provided by [AMS. Spayed cats will be fed an energy
dense, highly palatable diet developed by IAMS to be low (or devoid) in LPUFAs. The diets will also be formulated
o contain marginally sufficient amounts of choline and methionine. Once the cats have reached the 30+24
overweight status, weight reduction dietary regimens would be initiated. The compesition of the four weight
reduction diets would be formulated by Iams and would be formulated in a similar fashion to the previcusly used




diets*®,

*micro-nuirients supplemented st +X the required daily amounts 5o that diets provided at 25% of ME (ME kcal =
1.4 x (70 + 30 [body weight m kg]) will provide 100% of all vimmins and minerals

Spaved obese female retired breeders will be fed the diets described above at 23 % of ME on a daily basis.
Water will be provided to all cats ed [ibitum and a 12 hr dark/light cycle maintained,

Experimental Protocol (ims table)

The anticipated time frame for the protocol is as follows: 1) Procurement of tweaty-four retired breeder
female cats will taks 34 months (Harlan can supply 7-9 cats/month, Liberty about 4-6 cats/month), 2) The weight
gain period will be between 3-4 months depending on the initial adiposity of the animal, 3) Completion of the
weight reduction period for all staggered treatment groups will be about 14 wesks based on our previous studies;
four animals/week will be randomly assigned to the 4 treatment groups (24 animals = 4 animals/week = 6 wezks)
and each group will be on the weight reduction regimen for approximately 7 weeks.

fAs.szvsCu

Lelﬂ.i. :swmm&mm

{  Procurement of cats  /Weight gain period / Dietary treatments

months

* = animals spayed.

a = blcod sample for ipoproteins, ghicose, free fatty acids, insulin, glucagon, bilirubin, vet panel, ketone
bodies, etc.

b = Iiver biopsy for histology, electron microscopy, fatty acid and triglyceride assessment.

¢ = weighed weskly.

d = liver resect on 4 animals‘wesk for isotopomer studies.

e=DEXA

Measurements and Collections

Blood samples (10 mi/collection period) will be collected from the jugular vein of anaesthetized cats. Samples will
be dravmn into EDTA, heparin or glass tubes depending on the sample needed (plasma or serum).

Liver biopsies will be performed as a wedge biopsy for the initial sample during the spaying procedurs, thus
mimmizing the number of invasive procedures required. Subsequent wedge biopsies at the end of weight gain and
weight loss periods will be done using a combination of acetylpromazine, xylazine and ketamine anaesthesia. A
portion of the samples will be fixed in 10% buffered formalin, stained with osmium tetroxide for neatral Lipid,
imbedded in paraffin sectioned and counter stained with H&E"™. Slides will be digitized using a Z=is microscope
connected to image processing software {NTH IMAGE 1.60). Threshold optical deasity values set to blank cut non-
specific staining. Optical density units thus directly correlate with the intensity of neutral lipid staining and are
expressed as % optical density/mm*®. Values will also expressed on a 1 to 6 scale with 1 to 2 considered normal, 3
o 4 having mildly increased lipid staining, 5 showing definite lipid accomulation and 6 equal to severe lipidosis;
all samples will be assessed with the operator blinded to the sample origin. Electron microscopic analysis of liver
samples will also be conducted. Tissue samples (1 mm ?) will be immersed in a solution containing 4%
paraformaldehyde and 0.5% glutaraldehyde in 0. 14 mol/l phosphate buffer, at pH 7.0, for several weeks. After
thorough washing in the same buffer, the samples will be postfixed in 2% osmium tetroxide, dehydrated in a series
of ethanol, then embedded in Durcupan resin. Sixty nm ultra-thin sections will be cut with a diamond knife using a
Reichert-Tung Ultracut E nitramicrotome. The ultra-thin sections will be contrasted with lead citrate and uranyl
&cetate, then viewed, and photographs taken using a JEOL 200CX elecoron microscope. The sections will be
analvzed as follows: 10 ceil profiles/section/sample will be counted and the number of lipid mclnsions,
mitochondria and peroxisomes {small, round, about 250-500 nm in diameter, with crysialloid inclusions) will be
determined/cell profile. The average for all profiles will be calculated. Additionafly, peroxdsome and mitochondrial
structurss will be fally characterized.



Vet Panel 1 will be dons on serum samples to determine albumin, alkaline phosphatace, total bilinubin

cholesterol, glucose, protein, SGOT, BUN and calcium (samples sent to L4MS - results immediately sent back to
investigator to monitor liver function).

Insulin and glucagon will be determined 5y [4MT using standard RIA.

Lipoprotein (VLDL)will be measursd using a modification of our current procedure which is based on that
reported by Chung et al. ” and the procedures reported by Dimsid etal® ~

Fatry acid analysis will be performed on liver tissue samples with emphasis on changes im triglyceride and
phospholipid essential fatty acids.

Isotopomer spectral analysis will be utilized to determine the rate of a) B-hydroxybutrate {fatty acid oxidation
index}nndh}VLDLs_rnIhcminpimuﬂTGsyn&:ﬂshth:mcdehﬁsampksmingCl] palmitate as
described by Kelleher et al *#%. CI3 glycerol will be used to determine triglyceride turnover in adipose tissue.
Free fatty acids will be determined in the plasma using methods described by Ingalls et al .

DEXA Dual snergy x-ray absorptiometry would be used to determine bedy compesition following weight gain and
weight loss. =
Slaﬁ:ﬁc:lmysis Data will be analyzed by two way analysis of variance (ANOVA) followed by least square
means analysis (LSM) to measure significant differences between treatment groups.

Itemized Budget For 2 Year Period
Personnel

Post Doc Wissam Tbrahim 100% (Salary and benefits) (1.5 vears) 42,120
Responsible for conducting all aspects of the
study in collaboration with Dr. Bruckaer (Bruckner 5%

time allocated to project)
Graduate smdent (50%)
Responsible for isotopomer spectral analvsis as
it relates to GC/MS and data analysis 2,000
Consultant, data analysis and manyscript prep (Dr. Szbo) 1 moAT 3,000
Animals and Care
Cats (Total 24 @ $500/cat) - 12,000
Cats Per Diem
24 weight gaining cats x 100 days x $5.50/day= 13,200
24 obese weight/reduction cats x 56 days x $5.50/day= 7392
24 cats spaying and 2 surgeries @ $200/event 14,400
Lab Supplies
DEXA (SI00x24 x2) 4, 800
Liver electron mucrographs ($150 x 24 x 2) 7,200
Lipid reagents, TLC, Sep-paks, tubes, efc. 3,000
C13 isotope and supplies for GOMS 5,500
Vet Panel [ (4 samplesicat x 24 cats. to be done 5y [4045) -
Insulin/glucagon (4 samples/cat x 28 cats, to be done by [1MT) -
Miscellaneous, long distance calls, paper, supplies, etc. 1,500
Shipping of plasma sampies o [AMS 250
Travel to present data at EB mesting 1000
Sub-Total 5123362
Indirect @ 15% 18,504
Total

5141.866
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MNovember 3, 1999

Dr. Geza Bruckner

University of Kentucky

Division Clinical Nutrition

College of Allied Health

121 Washington Avenue

Lexiagton, KY 40506-0080 -

Dear Dr. Bruckner:

The Tams Company is pleased to have the opportunity to support the collaborative
research study involving the role of carnitine and taurine in feline hepatic fatty acid
metabolism.

The total contracted amount of support for this study is $141,600. The initial payment
of $56,600 was issued and forwarded to your attention in October, 1999. An
intermediate payment allocation of $56,600 will be made available in September, 2000,
and the final balance of $28,400 will be issued approximately September, 2001. The
date of the final payment is dependent upon the status of the research study at that time.
Additionally, The lams Company requires the submission of a project summary or
manuscript draft before the final balance is made available to the University of
Kentucky.

The Iams Company appreciates your efforts during this research study. Please let me
know if you have any questions regarding the support of this program.

'éq (] .}3 ﬁ' 5 6 ?é‘k
Gre ry D. Sunvold, Ph.D. A L Oa

Sincereiy,

-
Manager, Clinical Research 3‘;?‘ — ';?\
Research & Development = 23k =W |
= ‘!_'_ - o - =i
= Nt % _""j
dms-gds991 104-buster docl s g.ﬁ,_', = =
T, - T et
(::f_'.'. i \Qﬁf
"f‘_::i f.': 2 ! R"\:%ﬁ\""
At 6571 St. Re. 503 North

B O. Box 189

Lewisburg, OH 43338-0189
(937) 415-8801

Fax (937) 415-8708



Eartag# Tattoo? Bruckners# Name

STTE
~4777
4778
Y4779
J4TED
#4781
~ATEZ
J4TE3
*4784
~4T8S
~&7TEE
4787
“A788
4789
=470
~4791
Jq,m
“4793
#4784
ATS5
~4708
- 4797
4758

dud 4788

All cats adopted except for the following:

4785
4790
4799

4787

H5K239
HLJI275
H5L279
HEAD43
HEGOES
H5D067
H5I215
H5G063
H5G151
H5C121
H4A13T
H51271
H5I3TT
H5LO15
H4D155
H4BO17
HEAD2S
H58142
H51143
H5J143
H5MZ25
HSFO33
H4B021
HaD24g

SHRELAN2E8EUBRRERBLE

47
48
45

HIGHIHT

51

g

%

Owner Declyw Liver Bx  interviewsd
Tort g8/13mT 81672000 £/l
fromt 08/02/00  7/31/2000
ne gRiasns Nigle 4i5lee
w © B/2372000 872372000
$ng 0S/1OM0  B/24/2000
front 0872300  Y[1nlee
na 08/23/00 25l
no ceraoo  MHule | aliw
_ no 08/02/00 &/9/2000 8/11/2000
Died no 08/23/00 XXX XXX
no oe2300 £/3¢lm
not adopting out 08/02/00 XXX X0
front 0mI50C  BM6/2000 %/ zZdeu
_ front saismc Sfwdlec Efsile
not adopting out XK XXX
e front 08723/00  B/11/2000
1 no 08/10/00  8/22/2000 872272000
ne 08/02/00  7/31/2000 8/11/2000
no 08/02/00 8/5/2000 &/14/2000
front 08/02/00  T7I26/2000 &/18/72000
front RIS ?[25/00
no 0810400
no 0RMOM0  BMERCO0 RMA/ZD00
not adopting out dar 150 200K XX

Liver biopsy 6/22/00, bit PW on 1/27/00  Found dead 8/723/00

Euthanatized at biopsy 8/10/00 because of grossly large spleen

Died during prep for biopsy 8/15/00, necropsy revealed diseased kidneys

Biopsy 6/20/00, euthanatized because of indications renal disease (high creatinine)
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