
˧ˮˬˣ˷ ˡ˟˩

˶˧˟ˡ ˧˥

˭˞˴ˣ ˶˵˟ ˶˵˥˪ ˢ˵˪˥ˬˢ ,˧ˮ˵˪ˣˣ

 ˶˵˟ˢ ˯ˮ˩˭˞˴ˢˣ2019



ˡ˟˩ˢ˫˧ˮ˸˧˧˪ˣ˥ ˪˷ ˧˪ˣ˟˦ˬˢ ˸˷ˣ˶˥ˢ ˸˧˟

 ˩500˫˧ˮˣ˷ ˫˧˪ˣ˟˦ˬ ˫˧ˡ˧˵˲˸

Å ˪˷ ˢˤ˸ˮ˧˯˫˧ˮˣ˟˪˥  ,
˫˧˶˩ˣ˯˫˧ˮˬˣ˷ˣ

Å ˪˷ ˢˤ˸ˮ˧˯  ˧˥˪ˬ

 ˢ˶ˬ  ˫˧˟ˣ˷˥ˢ

  ˫˧ˮ˧ˬ˦˧ˣ ˪˷ ˢˠ˧˲˯˪

˫˧˧ˮˬˣ˷

Å˫˧˪˰˶ ˪ˣ˶˦ˮ

Å  ˸˩˶˰ˬ ˧ˮˣ˟˪˥ ˶ˣ˴˧˧

  ˸ˡ˪ˣˬˢ ˭ˣ˯˧˥ˢ

Åˡˣ˰ˣ..



Liver

Intestine

Adipose

Muscle

Brain

Storage

 ˥˸˲ˬ ˡ˧˵˲˸ ˡ˟˩˪ˢ˧ˠ˶ˮ˞ˢ ˵˷ˬ˟
˱ˣˠ ˸ˣ˩˶˰ˬ˪ ˸ˣˮˣ˷ ˸ˣ˶ˣ˴˟ ˢ˶ˣˤ˧˲ˣ ˭ˣˤˬˢˬ ˢ˧ˠ˶ˮ˞ ˡˣ˟˧˰



ˤˣ˵ˣ˪ˠ

˸ˣˬ˧ˬ˥˲˫˧ˮˬˣ˷ˣ :˱ˣˠ˟ ˸ˣ˧˶˵˧˰ˢ ˢ˧ˠ˶ˮ˞ˢ ˸ˣ˶ˣ˴

˫˧ˬ˟ ˯˧˯ˬ

ˢ˧ˠ˶ˮ˞

˭ˬˣ˷ ˸˴ˬˣ˥

ˢ˴˥ˬ˪ ˯˧˯ˬ

ˢ˧ˠ˶ˮ˞ ,˸ˣˮ˶˟ˬˬ  ,
˫˧˪ˮˠ˧˯

˪ˣ˶˴˧˪ˠ

˯˧˯ˬ

˭˧˧ˮ˟ ˭˟˞
ˢ˧ˠ˶ˮ˞

 ˡ˧˶˴˧˪ˠ˧˶˦)˭ˬˣ˷(

˯˧˯ˬ ˞˪
˸˶˧ˠ˞ˢ˧ˠ˶ˮ˞

 ˢ˶˧ˠ ˧˪˰ˬ˟˸ˣˬ˧ˬ˥˲ˢ  ˧˦ˠ˶ˮ˞ˢ ˟˴ˬ ˪˰ ˸ˣˡ˧˰ˬ



 ˢ˧ˠ˶ˮ˞
˭ˣˤˬˢˬ

  ˸ˣ˞˴ˣˢ
ˢ˧ˠ˶ˮ˞

˧˪˧˪˷ ˭ˤ˞ˬ

˧˟ˣ˧˥ ˭ˤ˞ˬ

  ˶˶ˣˠ ˨˷ˣˬˬ ˧˦ˠ˶ˮ˞ ˭ˣˤ˧˞ ˶˯ˣ˥
˸˧˪ˣ˟˦ˬ ˢ˞ˣ˪˥˸



ˬ ˸ˣ˰˟ˣˮˢ ˸ˣ˧˪ˣ˟˦ˬ ˸ˣ˰˶˲ˢ ˭ˤ˞ˬ
 ˧˪˧˪˷ ˢ˧ˠ˶ˮ˞ˢ˶˧ˠ ˧˪˰ˬ˟

Åˢ˧ˬ˵˧˪ˠˣ˲˧ˢ

Å˭ˬˣ˷ ˸ˣˬ˵˶ ˪˷ ˶˟ˠˣˬ ˵ˣ˶˧˲

ÅKetoacidosis

Åˡ˟˩ˢ ˸ˮˬ˷ˢ
˭ˣ˧˶ˢ ˸˪˰˶

˫ˡ˞˟ ˸ˣ˧˪ˣ˟˦ˬ ˸ˣ˧ˠˣ˪ˣ˸˲



 ˫˧ˮˣ˷ ˧˪ˣ˥ ˧˟˴ˬ˟ ˣ˞ ˧˦ˠ˶ˮ˞ ˶˯˥˟ ˸ˣˬ˵˶ ˵ˣ˶˧˲
 ˭ˬˣ˷ ˢˣˣˢˬˡ˟˩˟ ˱ˡˣ˰˟ ˶˟˴ˮˢ ˭ˬˣ˷˪ ˧˶˵˧˰ ˶ˣ˵ˬ

3% ˪4%ˡ˟˩ˢ ˸˯ˬˬ

 ˢ˶˧˴˧ ˟˴˵ =˵ˣ˪˧˯ ˟˴˵

˯˧ˤ˞˦˯ˣ˞˧ˬˣˢ

 ˢ˶˧˴˧ ˟˴˵ <<˵ˣ˪˧˯ ˟˴˵



˧ˮˬˣ˷ ˡ˟˩- ˪˰ ˸ˣ˪ˣ˰ ˣ˟ ˭ˬˣ˷ˢ ˸ˣˬ˶˷5.5%

Normal Liver Fatty Liver (steatosis)Steatohepatitis

Å Hepatomegaly
Å Pigmentation

LD

Lipotoxicity



˸ˣ˞˪˵˥˟ ˸˧˪ˣ˟˦ˬ ˢ˞ˣ˪˥˸ˣ ˧ˮˬˣ˷ ˡ˟˩ ˸ˣ˩˪˷ˢ

.1˭˞˴˟ ,˧˟˧˯ˮ˦ˮ˧˞ˢ ˵˷ˬˬ˟ ˧˶˵˧˰ˢ ˧˪ˣ˟˦ˬˢ ˭˪˦˵ˢ ˞˧ˢ ˭ˣ˧˶ˢ ˸˪˰˶

.2 ˭ˣˠ˩ ˫˧˧ˮˡ˪ˣ ˫˧˰ˤˠ˟ ˶˵˧˰˟ ˳ˣ˲ˮ)˱˯˞ ,˵˲˞˱˯˞ ,˟ˣˮˬˣ˶(

.3 ˪ ˰˧ˠˢ˪ ˪ˣ˩˧ ˶ˡ˰ ˸ˬ˶˟ ˸ˣ˴˶˲˸ˢ5%-20%.

.4 ˡ˰ ˫˧˪˲ˣ˦ˬ ˞˪ ˫˧˧˥ ˧˪˰˟˟ ˢ˸ˣˬ˸80%

˫ˡ˞˟

.1˫ˡ˞˟ ˸ˣ˧ˮˣ˶˩ ˡ˟˩ ˸ˣ˪˥ˬ˪ ˧˶˵˧˰ˢ ˫˶ˣˠˢ

.2ˡ˟˩ˢ ˭˦˶˯˪ ˧ˣ˩˧˯ ˢ˪˰ˬˣ ˸ˬ˥˷˪ ˫˶ˣˠ

.3 ˸˧ˬˡ˧˲˞ ˢ˴ˣ˲˸- ˩25%˫˪ˣ˰˟ ˸˶ˠˣ˟ˢ ˢ˧˧˯ˣ˪˩ˣ˞ˢˬ

3 .˭ˬˣ˷ ˶ˣ˟˴˪ ˪˧˥˸ˢ˪ ˡ˟˩˪ ˫˶ˣˠ ˢˬ ˶ˣ˶˟ ˞˪?

4 . ˶˷ˣ˞ˬ ˧˸˲ˣ˶˸ ˪ˣ˲˧˦ ˭˧˞FDA



  ˧˪˰ˬ˟ ˥˸˲˸ˢ˪ ˪ˣ˩˧ ˧ˮˬˣ˷ ˡ˟˩ ˫˞ˢ

˧˦ˠ˶ˮ˞ ˱ˡˣ˰ˬ ˢ˞˴ˣ˸˩ ˢ˶˧ˠ?
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 ˢˮˬ˟ ˤˣ˵ˣ˪ˠ ˸ˣˬ˶˸ˤ˩ˣ˶ˬ ˣ˞ˢ˯ˠ

 ˣˬ˧ˠˡˢ ˣˮ˪˷ ˸ˣ˧ˬˡ˵ˢ ˸ˣ˧˲˴˸ˢ˧ˬ˵˧˪ˠ˶˲˧ˢ

˫˧˞˪˦˟˫ˣ˦˧˲ˢ ˸ˮˤˢˬ ˢ˞˴ˣ˸˩

˶˵˥ˬ ˸˶˰˷ˢ

ˢ˧ˬ˵˧˪ˠ˶˲˧ˢˡ˟˩˟ ˭ˬˣ˷ˢ ˸ˣˬ˶˟ ˢ˧˧˪˰ ˡˡˣ˰˸ ˸˩˷ˣˬˬ

(Kalyesubula et al, 2019) Normal ~52 mg/dL



˸˰˲˷ˢ ˸ˮ˧˥˟˪ ˭ˣ˧˯˧ˮˢ˧ˠ˶ˮ˞ ˱ˡˣ˰ ˪˰ ˢˮˬ˟
ˡ˟˩˟ ˭ˬˣ˷ ˸ˣˬ˶

  ˫˧˞˪˦

  ˫˧˶˩ˤ

  ˧ˮ˟ ˶˷˟˪
3˫˧˷ˡˣ˥

n=15
  ˸ˤ˩ˣ˶ˬ ˢˮˤˢ

ˢ˧ˠ˶ˮ˞
(6.3 Mcal/ d)

n=16
ˢ˯ˠ ˢˮˤˢ

ˢ˧ˠ˶ˮ˞

(3.5 Mcal/d)

ˢ˦˧˥˷ ˶˥˞˪

ˡ˟˩ ˸ˣˤ˧˪ˮ˞:

Åˢ˧ˬˣ˦ˮ˞

Åˢ˧ˬ˧˩ˣ˧˟

Åˢ˧ˠˣ˪ˣ˸˲ˣ˦˯˧ˢ

4˫˧˷ˡˣ˥

ˢ˧ˬ˧˩ˣ˧˟

Åˤˣ˵ˣ˪ˠ

Å˭˧˪ˣ˯ˮ˧˞

Å˫˧ˮˣ˦˵

ÅNEFA
Å˫˧ˮ˧˵ˣ˦˧˴



 ˢˮˤˢ˟ ˫˧˞˪˦ ˢ˧ˠ˶ˮ˞ ˸˶˧˸˰  ˫˧˶ˣ˷
ˢ˧ˬ˵˧˪ˠ˶˲˧ˢ˟

Repeated measures analysis effect of: treatment (P < 0.0001), time (P < 0.0001), 

treatment-time interaction (P < 0.0001) and individual animal (P < 0.0011).
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treatment (P< 0.0001), time (P< 0.0001), treatment by time 
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ˢˮˤˢˢˢ˧ˠ˶ˮ˞ ˸ˤ˩ˣ˶ˬˢ ˢˬ˶ˠˢˮˬ˷ˢ˪

ˤ˩ˣ˶ˬ˯ˠ P-Value (t-test)

BCS 3.7 2.5 0.0001

BMI (W/BL2) 67 60 0.002

GI (W/BL1.5) 68 56 0.0001



The Dairy Lama

There is NO POSITIVE
without NEGATIVE
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Effect of treatment (P< 0.0001), time (P< 0.0001), 
animal (P<0.0101). Fasting insulin concentrations were 
higher in the HC group (P<0.0002).
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P < 0.0001

(Kalyesubula et al, Submitted)
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Å11.2% FatPregnancy Toxemia

8.2% FatHigh Calorie diet

Low Calorie diet 4.1% Fat
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˧˵ˣ˞ ,ˡ˟˩ˢ ˸ˮˬ˷ˢ˪ ˪ˡˣˬ ˷˧ ˤ˞  ,
ˢ˞˪ˢ ˢˬ?

Å ˡ˟˩ˢ ˸ˮˬ˷ˢ ˧ˮˣˮˠˮˬˣ ˧ˬ˶ˣˠ ˶˵˥ ˶˷˲˞ˬ ˪ˡˣˬˢ

˸˧˶˪ˣ˵˪ˣˬˣ ˸˧ˠˣ˪ˣ˧ˤ˧˲ ˢˬ˶˟.

Åˢ˶˲ ˶˵˥ˬ˪ ˸˧˸˷˸˩ ˷ˬ˷˪ ˪ˣ˩˧- ˸ˮ˧˥˟˪ ˧ˮ˧˪˵
 ˪ ˫˧˧˪˞˧˴ˮ˦ˣ˲ ˫˧˪ˣ˲˧˦STEATOSISˢ˪ˣˡˠ ˢ˧˥˟

Å˥ˣˣ˦ ˸ˣ˩ˣ˶˞ ˸ˣ˰˲˷ˢ ˶˵˥ ˶˷˲˞ˬ .˪˷ˬ˪ , ˫˞ˢ

  ˭˸ˣ˞ ˸˲˷ˣ˥ ˫ˣ˦˧˲ ˸ˮˤˢ˟ ˸ˣ˧˪˦ ˡ˟˩ ˸ˮˬ˷ˢ

˭ˣ˧˶ˢ˟ ˸˪˰˶˪?
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(HC;6.2 Mcal/d)  

n=12
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(LC; 3.7 Mcal/d) 

n=12

Post mortem
ÅAnatomy
ÅBiochemistry
ÅHistopathology
ÅMolecular 
ÅProteomics

Treated HC 
(THC;6.3 Mcal/d)

n=12

Monitor 4 months
Blood chemistry
ÅGlucose
Å Insulin
ÅKetone bodies
ÅFFA
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(Kalyesubula et al, in preparation) (Dvir et al, Provisional Patent)



Treatmentrestoredlow expression of 
Perilipin2

0

2

4

6

8

10

12

Perilipin 2

R
e

la
ti
ve

 g
e

n
e

 e
xp

re
ss

io
n

LC HC THC

*

a a

b

Perilipin 2 downregulation reduces lipid droplet formation (Greenberg et al., JCI, 2011). 

Perilipinspromotes LD biogenesis, protect against lipase 
activity, associated with lower insulin resistance
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(P< 0.002)

6.9
11.7

21.4

˸ˣ˧˶˷˲˞ ˸ˣ˩˪˷ˢ:

.1 ˶˷˟ˢ ˸ˣ˩˧˞)˶˧˶˷˟ ˢˬˣˡ ˢ˰˲˷ˢˢ˷ ˢˡ˧ˬ˟(

Low Glycogen, High pH

High Glycogen, 
low pH

2 .  ˸ˣ˵˰˪ ˢˬ˞˸ˢ

 ˸ˣ˧˸˟˧˟˯)ˢ˧ˬ˶˸ˣ˲˧ˢ  ,

ˢ˧ˬ˵˧˪ˠˣ˲˧ˢ(

3 .˶˧˶˷ ˧˰ˣ˴˧˟


