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Yiiamin Firstisolated  Discovery [solation Structure Synihesis
eluctdated

Vitamnin A Fish liver cil 1909 1931 1931 1947

Provitamin A Carrot, 1831 1930 1950
palm oil

Vitamin D Fish liver 1918 1932 1936 1959
oil, yrast

Vitamin E Wheat germ oil 1922 1936 1938 1938

Vitamin K Alfalfa 1929 1939 1939 193¢

Yitamin B, Rice bran 1897 1926 1936 1936

Vitamin B; Egg albumin 1920 193} 1935 1935

Niacin Liver 1936 (1894) 1935 (1911) 1937 1§94

Vimin B Rice bran 1934 193% 1438 1939

Vitamin B, Liver, 1926 19418 1956 1912
fermentation

Folic acid Liver 1941 1941 1940 1946

Pantothenic Liver 1931 1938 1940 1940

acid

Biotin Liver 1931 1918 1942 1943

Vitamin C Adrenal codex 1912 1928 1933 1913
Lemon
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Table 36 Vitamin requirements of various animal species. Expressed a3y quantitics per kg of ration unless otherwise stared.

Vitamin A D, 5 K B, B, Nico- Panto- By B Folic Biottn Choline C
Quontities per kg anic  thenic acid

of ratian aad  and

(abour 9o% dry matter) LU, LU LU mg mg mg mg  mg  wg g mg mg mg g
POULTRY

Chacks and broilers (stareing) 15,000 1,500 30 3 3 ] 50 P13 T 0:00 -5, 015 1,500 60
Chicks and broilers {growing) 10,000 1,000 1§ z 3 [} 40 12 $ 0020 07 016 1,300 60
Hens, Ducks (laying and bre:ding) 12,000 1,200 10 2 1 [} 40 s s ¢-0l0 1-% 0-20 1,100 50
Turkey [sarting) 15,000 1,500 3§ 3 3 B 8o 20 7 0:02¢ 15 0-315 2,000 60
Turkey (growing and fa(teningj 10,000 1,100 }0 2 ] 6 70 15 5 o-oL§  T1-§ 020 1,700 %0
Turkey {breeding) 12,000 1,200 40 1 3 3 70 23 ) 0-015 1-§  0-l¢ 1,700 f0
PIGS

Piglews 15,000 1,500 30 3 3 [ 23 20 b 0-04 -0 1,200 Jou
{starting}

Pigs 10,000 [,000 2% 1 5 0 18 5 o-a) 0T 1,000
{(growing)

Pigs 5.000 50O 20 a5 2 4 15 13 4 0-0z 010 o0
{farrening) 31
Sows 12,000 [.200 35 1 EE T s tz s 0-02 022 900
{breeding)

RUMINANTS

Calves (-3 months) * 20,000 2,000 ;D 4 7 25 12 4 0oz 010 400 qo0t
Carde (rearing)®* 25,000 3.000 130

Carle (fancning)** 40,600 5000 150

Dairy cows®® §0.000 Rooa  J50

Sheep and goas®* 400 250 23

HORSES

Foals 10,000 1,300 50 6 10 30 12 H 06y 3 150
Yearlings 20,000 3,000 00 12 20 5] 29 ] o0f & 00
Working and saddle horscs 40,000 6,000 100 20 40 0o 40 ro o100 10 4350

Race horses and brccding horses 40,000 8,000 1,000 30 50 120 50 15 oIS 11 600
OTHERS

Dogs 16,000 1,000 40 3 5 F1Y 10 3 003 @3 ©2§ 1,000

G 1000 1,800 o 8 g 0 12 -] 003 04 025 1,500
Rabbus 9.000 0O 40 H S 50 20 z 0-0t r.300
Mink znd foxer 10,000 t,000 Ro 4 é 10 15 H c03 o6 025 1000

Fish {trout) 8,000 1.000 12§ 15 10 25 00 50 1§ 00z 40 100 1,500 453

* per day per 100 kg live weight,

o CRUD) U cliag e e el o cliaiibll diBall o Ulyadl ulial Gae alalial (Y) Jaa
) Lty oY lall Gaa lie Lai cl3dH e alha LS ST pals

** per day per animal.

t soo daily for the first owo weeks,
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Species °F % Relative humidity
Rat 65 -73 45 - 55
Mouse : 68 - 75 50 -60
Guinea pig | 65 -75 45 - 55
Rabbit 60 - 75 40 - 45
Hamster 68 - 75 40 - 45
Dog | 65 - 75 45 - 55
Cat 70 -75 40 - 45
Monkey 62 - 85 40-75
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Diet composition for adult rat
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"1 - Carbohydates .................... as Sucrose 80%
2 - Protein ......ccccovvveeiennnnen. as Casein 10%
3- Fats i, as Com oil 5%
4 - Sall MIX, .eeereeieciiceeesr e eae e ee s 4%
5= VIL MIX. orieiieiiiieiieeeeiieeeciieeieis e e esvereesseaeeeeaas 1%
Salt mix . Vit . mix
NaCl 139 ¢ Vit . A 2000 IU
KI 079 g Vit. D 200 IU
KH, PO, 309 g Vit . E 101U
MgSO, 573 ¢ Vit K* 0.5g
CaCO, 3814 g PABA 10g
Inositol 10g
FeS0, 27 g Nicotinamide 4g
MnSO, 48 Ca. Pantothenate 4g
CoCl, 0.032 g Riboflavin 08¢g
7080 0.548 g Thiamine 05¢g
4 Pyridoxine HCI 05¢g
CuSO, 0477 ¢ Folic acid 0.2¢
Biotin 0.04 g
Vit. B, 0.003 g

* PABA : Para Amino Benzoic Acid
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Ingredients s
Com sMarch 65.0
Glucose - 50
Sucrose 10.0
Non-nutrivive cellulose 5.0
Grounduut oil* 10,0
Mineral supplement 4.0
Vitamin mixiure 1.0

* The groundnut oil used in these Lrials
were of commercial grade produced by
P. 8. Mandrides & Co. Lid, Kano in
Narthern Nigeria,

Compuosition of tThe mineral and vitamin mixes are as follows:

Mincral mix [Milier)' Yitamin min (Miller)'?
Weirht (p)

Caleium phexphage gV} Thiamine (HCI) 006 mg
Sodium chloride 25 Calciuny Panthothenate llgp
Poiassium chloride 15 Nicotinic acid 40¢g
Tao this was added 2 g of minnr mincral

sahs comaining per 100 Inositel 4rg
Hydratzd iron citraie an Harg-amino benzoic acid 120 g
Magnesium carhonate Jevis W Biotin 004 g
Copper carhnnale basic 7 Folic ncid 0.04 g
Zinc envbonale k} Cyangcabalamin 0001 g
Sadium fodaie 0.1  Cholire chloridn 120p
Sodium {louride 0.3 Cornstarch o kg
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TSl
1 palish fo LuilS &S -
Roughage (i alab— o

cela =1
Savr MixTure (Earg, 1620) SaLT MIXTURE (ComeL)

NaCl .. i i iinees 10 g. NaCl. ..... 380
Calactate. . .,............cviivennn 4g. Mg c:trata . 32,5
Mgeltrate...,..................... 4g HEHPOw............... . ......., 122
Focitrate. ................00un.n. l1g. CaHPO. 2H 0 ......... . . 7.8
Iodine in KI (Lugol's solution) a few drops KCl.. . 1.0
Facltrnbe R 1.8

Karr's salt mirture, when fed along with bone ash on the basis of 0.2 g, and 0.4 .,
respectively, per kile unit of food, the latter serving s a source of phosphate, has given
successful results with the dog during p-enods lasting over five montha.

Where 0.4 g. of agar-ngar per kilo unit™is used as a source of roughage, Cowgill’s salt
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Ko Uit 6 Caseix Foo *

Amount | Calories | Percentage
K.
Casein (819p-er cent pure, 127per cent I\) ...... 8.3 20.8 | 37.6
Bucrose .. . 5.84 23.4 | 34.9
Lard. ... . 2.83 25.5 | 17.0 "
Butterfat. ... ... 1.17 | 10.5 | 7.0f%% 0
Boneash....... ... .. ... .. .. .. .. .. .. ... ... 0.40 .. 2.3
Salt mixturet. ... ... ... L 0.20 1.2
Totals. .. . .. ... . ... 16.74 80.2 (100.0

* This kile unit contains SOcnlnna 45 per cent of which are furnished by fat, and 0.8 mg. of nitrogen.
t See lootnots 29, p. 1275
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Adult body weight: male 450-520 g
Adult bpdy weight: female 250-300 g
Birth weight 5-6g
Body surface area (cm?) 10.5 (wt. in grams)*”?
Body temperature 35.9-37.5°C
Diploid number 42
Life span 25-3.5 yr
Food consumption 10 g/ 100 g/day
Water consumption 10-12 m!/100 g/day
Gl transit time 12-24 hr
Breeding onset: male 65-110 days
Breeding onset: fernale 65-110 days
Cycle length 4-5 days
Gestation period 21-23 days
Postpartum estrus fertile
Litter size 612
Weaning age 21 days
Breeding duration, 350-440 days
commercial 7-10 linters
Young production 4-5/mo
Milk composition 13.0% fat, 9.7% protein, 3.2% lactose
Respiratory rate 70-115/min
Tidal volume 0.6-2.0 ml
Oxygen use 0.68-1.10 ml/g/hr
Heart rate 250450/ min
Blood volurne 54-70 ml/kg
Blood pressure 84-134/60 mm Hg
Erythrocytes 7-10 % 10%/mm’
Hematocrit 36-48%
Hemoglobin 11-18 g/d
Leukocytes 617 x 10%/mm?
Neutrophils 9-34%
Lymphocytes 65-85%
Eosinophils 0-6%
Monocytes 0-5%
Basophils 0-1.5%
Platelets 500-1300 % 10*/mm’
Serum protein 5.6-7.6 g/dl
Albumin 3.8-4.8 g/d!
Globulin 1.8-3.0 g/dl
Serum glucose 50-135 mg/dl
Blood urea nitrogen 15-21 mg/dl
Creatinine 0.2-0.8 mg/dl
Total bilirubin 0.20-0.55 mg/di
Serum lipids 70415 mg/di
Phospholipids 36-130 mg/dl
Triglycerides 26-145 mg/d!
Cholesterol 40-130 mg/d!
Serum calcium 5.3-13.0 mg/dl
S5erum phosphate 5.3-8.3 mg/dl
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Adult body weight: male

Adult body weight: female

Birth wetght

Body surface area {cm?}

Body temperature

Diploid number

Life span

Food consumption

Water consumption

Gl transit time

Breeding onset: male

Breeding anset: female

Cycle length

Gestation period

Postpartum estrus

Litter size

Weaning age (lactation duration)

Breeding duration,
commercial

Young production {index per female)

Milk compasition

Respiratory rate -

Tidal volume

Heart rate

Blood volume

Blood pressure

Erythrocytes

Hematocrit

Hemoglobin

Leukocytes
Neutrophils
Lymphocytes
Eosinophils
Monocytes
Basophils

Platelets

Serum protein

Albumin

Globulin

Serum glucose

Blood urea nitrogen

Creatinine

Total bilirubin

Serum lipids

Phospholipids

Triglycerides

Cholesterol

Serum calcium

Serum phosphate

900-1200 g

700-900 g

70-100 g

9.5 (wt. in grams)?"?
37.2-395°C

04

45 yr

6 g/100 g/day

10 ml/100 g/day
13-30 hr

600-700 g (3—4 mo)
350-450 g (2-3 mo)
15-17 days

59-72 days

fertile, 60-80% pregnancy
2-5

150-200 g 14-21 days
18 mo to 4 years

4-5 liters

0.7-1.4/mo

3.9% fat, B.1% protein, 3.0% lactose
42-104/min

2.3-5.3 ml/kg
230-380/min

69-75 mi/kg
80-94/55-58 mm Hg
4.5-7.0 X 10/ mm*
37-4/%

11-15 g/dl

7-18 x 10*/mm’
2844%
39-72%

1-5%

3-12%

0-3%

250-850 X 10*/mm’
4.6-6.2 g/dl
2.1-3.9 g/di
1.7-2.6 g/dl
60-125 g/dl
9.0-31.5 mg/dl
0.6-2.2 mg/dl
0.3-0.9 mg/di
95-240 mg/dl
25-75 mg/dl
0-145 mg/dl
20-43 mg/dl
5.3-12 mg/dl
3.0-7.6 mg/d!
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Adult body weight: male

Aduit body weight: female

Birth weight

Body surface area (cm”)

Rectal temperature

Diploid number

Life span

Food consumption

Water consumption

Gl transit time

Breeding onset: male

Breeding onset: female

Cycle length

Gestation period

Postpartum estrus

Litter size

Weaning age

Breeding duration,
commercial

Young production

Milk composition

Respiratory rate

Tidal volume

Oxygen use

Heart rate

Blood volume

Blood pressure

2040 g

2540 g

0.75-2.0 g

10.5 {wt. in grams) **
16.5-38.0° C

40

1.5-3 yr

15 g/100 g/day

15 ml/100 g/day
8-14 hr

S0 days

50-60 days

4-5 days

19-21 days

fertile

10-12

21-28 days

7-9 mo

610 litters

8/mo

12.1% fat, 9.0% protein, 3.2% lactose
60-220/min
0.09-0.23 mi
1.63-2.17 mi/g/hr
325-780/min

76-80 mg/kg
113-147/81-106 mm Hg

Erythrocytes 7.0-12.5 % 10¢/mm’
Hematocrit 39-49%
Hemoglobin 10.2-16.6 mg/di
Leukocytes 615 »x 10°/mm’
Neutrophils 10-40%
Lymphocytes 55-95%
Eosinophils 0—4%
Mornocytes 0,1-3.5%
Basophils 0-0.3%
Plaielets 160410 X 10'/mm’
Serum protein 3.5-7.2 g/di
Albumin 2548 g/dl
Globulin 0.6 g/d\
Serum glucose 62-175 mg/dl
Blood urea nitrogen 12-28 mg/d
Creatinine 0.3-1.0 mg/dl
Total bilirubin 0.1-0.9 mg/dl
Choles.terol‘ 26-82 mg/d!
Serum calcium 3.2-8.5 mg/dl
Serum phosphate 2.3-9.2 mg/di
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Adult body weight: male
Adult body weight: female
Birth weight

Body surface area (cm?)
Body temperature
Diploid number

Life span

Food consumption
Water consumption
Breeding onset: male
Breeding onset: female
‘Cycle length

Gestation period
Postpartum estrus

Litter size

Woeaning age

Breeding duration,

commercial

Young production

Milk composition
Respiratory rate

Tidal volume
Oxygen use
Heart rate
Bleod volume
Blood pressure
Erythrocytes
Hematocrit
Hemoglobin
Leukocytes
Neutrophifs
Lymphocytes
Eosinophils
Monocytes
Basophils
Platelets
Serum protein
Albumin
Globulin
Serum glucose
Blood urea nitrogen
Creatinine
Total bilirubin
Cholesterol
Serum calcium
Serum phosphate

85-130¢g

95-150 g

2g

10.5 {wt, in grams} ¥
37-38'C

44

18-24 mo

> 15 g/100 g/day
>20 ml/100 g/day
10-14 wk

610 wk

4 days

15-16 days

infertile

5-9

20-25 days

10~-12 mo

5-7 litters

3 mo

12.0% fat, 9.0% protein, 3.4% lactose
35-135/min '

0.6-1.4 ml
0.6-1.4 ml/g/hr
250-500/min

78 mifkg
150/100 mm Hg
6-10 X 10*/mm’
36-55%

10-16 g/dt

3-11 X 10*/mm?
10-42%

50-95%

0-4.5%

D-3%

0-1%

200-500 X 10°/mm’
4.5-7.5 g/d|
2.6-4.1 g/d\
2.7-4.2 g/di
60-150 mg/dl
12-25 mg/dl
0.91-0.99 mg/di
0.25-0.60 mg/dl
25-135 mg/dl
5-12 mg/dl
3.4-8.2 mg/dl
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Adult body weight: male (buck) 2-5 kg

Adult body weight: female (doe) 2-6 kg

Birth weight 30-80g

Bedy surface area {cm?) - 9.5 (wi. in grams)*’?

{See Paget 1965 ref., Chapter 3 bibliography)

Rectal temperature 38.540.0°C
Diploid number 44
Life span 5-6 yr or more

Food consumption
Waler consumption
G transit time
Breeding onset: male

Breeding onset: famale

Cycle length
Gestation period
Postpartum estrus
Litter size
Weaning age
Breeding duration,
commercial
Young production
Milk composition
Respiratory rate
Tidal volume
Oxygen use
Heart rate
Blood volume
Blood pressure

5 g/100 g/day

5-10 ml/100 g/day or more
4.5 hr

10 mo

4-3 mo

induced ovulator

29-35 days

none

4-10

46 wk

1-3 yr

7-11 linters

2-4/mo

12.2% fat, 10.4% protein, 1.8% lactose
30-60/min

4-6 mifkg

© 0.47-0.85 ml/g/hr

130-325/min
57-65 ml/kg
90-130/60-90 mm Hg

Erythrocytes 4-7 x 10*/mm’
Hematocrit 36-48%
Hemoglobin 10.0-15.5 mg/dl
Leukocytes 9-11 x 10°/mm’
Neutrophils 20-75%
Lymphocytes 30~-85%
Eosinophils 0-4%
Monocytes 1-4%
Basophils 2-7%
Platelets 250-270 x 10*/mm’
Serum protein 5.4-7.5 g/dl
Albumin 2.7-4.6 g/dl
Globulin 1.5-2.8 g/d!
Serum glucose 75-150 mg/di
Blood urea nitrogen 17.0~23.5 mg/dl
Creatinine 0.8-1.8 mg/di
Total bilirubin 0.25-0.74 mg/di
Serum lipids 280-350 mg/dl
Phospholipids 75-113 mg/dl
Triglycerides 124-156 mg/dl
Cholesterol 35-53 mg/dl
Serum calcium 5.6-12.5 mg/dl
Serum phosphate 4.0-6.2 mg/dl
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Adult body weight: male
Adult body weight; female
Birth weight (depends on litter size}
Body surface area {cm?)
Body temperature
Diploid number-Karyotype
Life span
Food consumption
Water consumption
Vaginal opening
Breeding onset: male
Breeding onset: iemale
Estrous cycle length
Gestation period (nonlactating)
Gestation period (concurrent lactation}
Postpartum estrus
Litter size
Weaning age
Breeding duration, -
commercial
Litters per year
Average production index
Respiratory rate
Oxygen use
Heart rate
Blocd volume
Erythrocytes
Reticulocytes
Stippled rbc
Polychromatophilic rbc
Hematocrit
Hemoglobin
Leukocytes
- Neutrophils
Lymphocytes
Eosinophils
Monocytes
Basophils
Platelets
Serum protein
Albumin
Globulin
Serum glucose

Blood urea nitrogen
Creatinine

Total bilirubin
Cholesterol

Serum calcium
Serum phosphate

65-100 ¢

55-85 g

25-3.0

10,5 (wt. in grams)®’?
37.0-3B.5* C

44

34 yr

5-8 g/100 g/day
4-7 ml/ 100 g/day
41 daysor 28 g
70-85 days

65-85 days

4-6 days

24-26 days
2748 days
Yes-fertile

3-7; 5 avg.

20-26 days

12-17 mo

4-10 liters

7 avg.

> 1/wk per breeding pair
90/ min

1.4 ml/g/hr

360/ min

66-78 mi/kg

B-9 x 10*/mm®
21-54/1000 rbc

'2-16/1000 rbc

5-30/1000 rbc
43-49%
12.6-16.2 mg/dl
7-15 x 10°/mm’
5-34%

60-95%

0—4%

0-3%

0-1%

400-600 X 10*/mm’
4.3~12.5 mg/dl
1.8-5.5 mg/d!
1.2-6.0 mg/dl
50-135 mg/d!

17-27 mg/dl

0.6-1.4 mg/di
0.2-0.6 mg/dl
90-150 mg/dl
3.7-6.2 mg/di
3.7-7.0 mg/dl
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Methods of vitamin determination Clisaliudll ais 4k
i e oolalidl) Tl ps b Lalgdl e L) G oLl 5l Gk uiiad
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Distase
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0.1 N ITCl {aveu 7460°
Nisein........... Autoclave 30 min., 18 1b., | Lactobusiiue  arolinosvs (0.1 0.4 Acidity
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Formulas of vitamin A analogs: (a) 13-cis-retdnoic scid, (b) ratiny!
methyl ether; {c) l5-dimethylretinol, (d) the trimethyinethaxyphensl anslog
of ethylretinoate, also termed Ro 10-9359, (e) the ethylanide analog of (d),
also termed Ro 11-1430, (D) the dimethylmethoxyethyl-eyclopenteny) snalog of
retinolc acid, (g) an aryl triene analog of retinolc acid, (h} ZI-retinyldene-3,
$-dimethyl-1,3-cyclohexanedione (reiinylidene dimecane).
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Formulas for retinol and its derivatives. The names of depicted com-
pounds are referred to in Table 1.
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Recommended term?

Synonyms

Retinol (a,b)

Retinal, retinaldehyde (c)
Retinoie acid (d)
3-Dehydroretingl (e)
11-Cis-retinaldehyde (1)
5,6-Epoxyretinol (g)
Anhydroretinol (h)
4-Ketoretinol (i)

Retinoyl 3-glucuronide (j)
Retinyl phosphate (k)
Retinyl palmitate (1)

Retinyl acetate

Vitamin Al alcohol, axerophthol
Vitamin A, aldehyde, retinene
Vitamin .-\1 acid

Vitamin A 2

11-Cis or neo b Vitamin A aldehyde
5,6-Epoxy vitamin A aleohol
Anhydro vitamin A

+-Keto vitamin A aleohol
Vitamin A acid B8-glucuronide
Vitamin A phosphate

Vitamin A palmitate

Vitamin A acetate

8The formulas of most compounds (a, b, ¢, . . .) refer to Fig.
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- Gl iy all trans Lyais lf Lanbll palyall jadli (V) dpsay

Physical Propartias of All-Trons-Retinol and Its Exters

m Ratinol Retiny) scetata Retiny] palmitate
Pormula C 201300 Cat1P Cagta2
Formula weight 286.46 328.50 .88
Melting point (°C) 63-64 57-59 28-29
UV Absorption®

luz 25 326 i

" -

Elm 1820 1530 360

3 52,140 50,260 50,390
Fluorescence

L]
Excitation lmu: 325 325 125
Emission 1 470 470 470
max

%1n isopropanol. Valuas ara similar in ethano! but dlffsr in chioroform and
othsr solvants. Absorbency values for retinol in hexane, for axampla, are
esaentially the same as in isopropanol, but for retiny! estsrs in huxane are

about 3% higher.

- G iy A1 Erans Jyuse 8 Ldall salgadl (V1) dgsa

- . Deficiency diseases | Cupaligh okl a) | al

. Xeropthalmia cpall Laadle Cilia — 3
. Hyperkeratosis Ls,al pa.a5 - ¥

. Keratomalacia d,all ¢l - ¥
Nyctalopia — ¢

. Hemeralopia -o

. Night blindess Llll el -

ol Sl 00SS iy Keratomalacia I jahats ud caall Laasibe cilia i a9

Wil Wkl GAYI Gy

Ay



- : Deficiency symptoms (alkill ja| e
o 0l gl pd sl Lig Glally . allia by 1 ¢ pudio oy cpa JUEYI
Talae DU Caraas Sl carads a3 (35 15 5Ll (b gile umy 3
gl i gl Llae b ol ¢ T opalih pmit) Lo jloas¥)
 Tabaladf LutaYly alall Cilia ~ ¥
c LY b Laatiis hagha el - Y
((Jolganll Ll ) Su¥ gl Ly JULYT gai b AT - €
— 1 o Jasdl Glilga (B Al galsel U
 GLally bones alliall gl Thayy Cinssd
- Ll Q) LKA saudy fEtUS (piall TESOTPLION o lualial Bulel — ¥
. Urolithiosis - Urinary calculi Gy olpaa - ¥
Distributon and Sources s jilaay 4ay s
- : Occurance »39py9 —

T cpralind cliub 300 b sags — ¢ Plants @L,..‘d\ Jaluadll U'i ~1i
o syslias aal 5y . COTOWENOIDS iluasiuig) S 890 e (s} provitamins
ot Ll Gdly g aally yellow melons alatlly habll SHy-all
Sy ually carrots: yyall b Ll 3 ypaall ui i aagad clyadl
nuts Jalh i dansys - ¢ lpieal! UsUadly palunadly g jilly gl ¢ Guailly

U s (A I pams g 3l i Lagead
oLybaall JS i T gulini aay : Animals Agilegall jaladl A - @

J..l_n o= -J—l:l-ul) & _Jl..i.i}Ul e U'i dezn g3 al..\__u-_q_”ls.”‘, « vertabrates
. Fresh - water fish i sag WS¢ cpalisi lasas ( sosaal!

v



el bl hlad —=——=

L lly . heart lilly « liver wSIl i - ; Location Glgsall A sagay Ol%a
e milk oy« kidney Kt 4. retina Lkl . adrenals . fats ;yeaally . lungs
. €8s uaunll Ay« blood plasma aall Le3dly

A LS Lina) 5 ypam b LT A e Lilpaadl jubuall b pealiill sy
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Retinol equivalents ( Mg )=
(Retinol x 1.000) + ( B- Carotene x 0.167) + (Oher Provitamin A x 0.084) .
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| Reiinol equivalent = 1 pug Retinol

=6 g - Carotene

= 12 pug other provit . A carotenoids

= 3.33 IU Retinol
1 IU Vit. A =0.344 ug Retinyl acetae

=0.3 pg Retinol

=0.535 g Retinyl palmitate
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Internutional Units {IU) and Retinol Equivalenta for Humans

Retinol
Compound vg/l1u 10/g equivalents/:g
All-trans retinol 0,300 3.33 » 108 1.000
All-trans retiny) scetate 0.344 291 x 108 -
All-trans retiny] paimitate 0.549 1.82 x 106 -
All-trans g-carotene 1.6° 0.56 = 10° 0. 167
Mixed carctencids 3.6 0.28 x 108 0.083
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Structural relationship of the parent steroid nucleus cyciopeniano-
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and the numbering of the carbon positions are in accordance with the stand-
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a - Radial Immunoassay .

b - Radioimmunoassay ( RIA) .
¢- Enzyme - Linked Immunosorbant Assay ( ELISA) .
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-3 Gpaliad el
Minimal level
detectable {n Usual
Time required assay working
Assay for assay ng nmol range
Rat line test 7 days 12 0.03 25-300 ng
AOQAC chick 21 days 50 0.13 50-1250 ng
Irtestinal Ca2* absorption
In vivo
45Ca2+ 1 day 125 0.33 0.125-25 ¢
41(:&3, 1 day 125 0.33 0.125-25 g
In vitro
Everted sacs 1 day 250 0.63 250-1000 ng
Duodera! uptake of 1 day 250 0.65 250-1000 ng
‘SCaz‘
Bone Ca* mabilization
In vivo 21 hr 125 0.32 0.125-2% ¢
Body grow:h 21-28 davs 50 0.06 50-1250 ng
Iamunoassays for calcium-
binding protein 1 day 1 0.0025 1-20 ng
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Sehematic Quiline of Vitaming D Determination

L Baponify with alecholic KOII and extract with ether
{a)

®
E Ether extract Boap ‘Tewidue -
(diseard)
(a) Evaporate off other completely
Dissolve residue in mixture of Bkellysolve, ether, and aleohol
(b) Chromatograph on Superfiltrol, 6-em. column
(a) (%)
- —
II1. Filtrate (contains vilaming T and sterols) Chromatogram
dry
(d) [ (e)
Lower layer (contains Upper layer
traces of vitamins D (eontaina vitamin
(e} ‘ and steroln) A, dye, ete)
: (diseard)
Eluie with ether
!
w (o)
e —_—
Eluate Adsorbent
(disenrd}
Mixture (¢ 4 §)
Evaporate off solventis
Dissolvo residee in CIICY,

IV. | (a} CHCY, avlution, divide inlo 2 parta (b}
Measure extinction of Evnlpornle to dryness o
ritaming I and sterols

(a0) Dinsolve residue in Skellysolre
and bLenzene
Chramatograph on  Superfiltrol
(=) l @
Filtrate {conlains sterols) Absorbent "

(diseard)
Evaporate salventa completely

|
Dissotve reailue in CHOI,
|
Measurg catinelion of sterols (&)

V. Yitamina D E (1%. 1 ¢m.) valne (IVa — IVe) 3¢ factor — unita per gram of oil

Lol iy lly s gpelish ol (01 ) Kt
(Hollis , 1983) ¢ cilisalid 4kl
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YITAMIN D IN MILK

MILK (5-7 ml1) + 3H-METABOLITES
METHMANCL: METHYLENE CHLORIDE EXTRACTION
PRECIPITATION OF HEUTRAL LIPIDS WITH METHANOL

PRECIPITATICN OF PCLAR LIPIDS WITH ETHER

BACKNASH /0.2 M NagHPO, (pH 10.5)

SiLICA SEP-PAK CHROMATOGRAPHY
|

YITAMIN D 25~0H-D
HPLC ON ZORBAX-SIL SEPHADEX LH-20

(99:1 HEXANE: ISOPROPAMOL ) {9:1:1 HEXANE: CHLOROFORM: METHANOL)

HPLC OM ULTRASHPERE-0DS HPLC O 20RBAX-SIL
(98:2 FEHTMOL:HATER) (97:3 HEXANE: ISOPROPAHOL)
VITAHIH ] V[TAHIH “3 25~ OH 07 25 OH-D3

QUANTIFTCATION BY CPBA

Schematic of the purification and uliimate quantification steps used for the assay of vitamin D,,
D,, 25-OH-D;, and 25-OH-D, in humat milk.
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Vitamin E & ypralisé

oAl i L Loyl Liline o liS5e Lilad a ppalind Logaas Jaodi

oA st Ll Lo Y1 Gl ¢ Latiee Lslad ! Ul (365 Ly (T) JapadgS g3l
wibiag LS Do) dulyy ¥ 4lall Jualidl e sy &ua o (T-3) il (51355031
b Gl e Syt palae GKay sae 5 Lapin Lasd e gaaldl (Gla 3 i
Vopdlatl ey o (B) Gas o AL 0 gl ol ey o (O0) Wl and A, YV, 0 pudlyl]
Guwall Gaea (YA ) Sy () Gl pans bili A paph! oy o (F) bla o A

o b Graliad Lo gand LG
Tocol Suwciure
MO 5 CHy CHy CHy
3 7 1
O cfocdel,
CHy
Triana! Structure
Position Trivial Name (Abbreviations)
of Methyls Tocol Structure Trienol Structure
5.7.8 a-tocopherol (a-T) a-tocotrienol (2-T-D)
3.8 z-tocopherol (B-T) B-tocotrienol (3-T-2)
7.8 v~-tocopherel (y-T) y-tocotrienol (y-T-3)
8 # -tpcophersl (4-T) §-tocotrienol (3-T-1)

Formulas of eight members of the tocopherol series.
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a& -Tocopherol — 0. Epoxide
Ascorbic
acid CH,

FCG!
HN{)J or
AgNO;

Irrevembly on
standing
e m

a -Tocopherolquinone
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Chaml¢al Propariloa

el , u-Tocophery? u,a-Tocophoryl
Tiem dl- a-Tocophernl d,s-Tocopherol acelnic acalale
Coler Colorless Lo Colorless to Colorlesy v Coloricss 1o
pole yellow, pule yelluw, pnle yellow, pnle yollow,
vivcoua oll visvous oll viacous oll vigvouy oil
Bolling point {(*C) 200-220 (0.1 mm) - 224 (0.3 mm) -
Molgcular welght 430.69 430.G9 412,712 4712.13

8pactrophomotric
dain

Abmorption moxima (nm) 192-204 TH2-204 I85.5 285.5
" .
llcm {athenol} T11-78 73-76 40-44 a0-44
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o-Tocopherc] Content of Human Tissues

Normal
mg/g Cystc fibrosis

Tissue velg Lipid (+g/8)
Plasma 2.5 1.4 2.1
Erythrocytes 2.3 0.5 0.5
Platelets 0.0 1.3 -
Adipose tissue 130.0 0.2 -
Kidney 7.0 0.3 -
Liver 13.0 0.3 1.5
Muscle 18.0 0.4 2.6
QOvary 11.0 0.6 -
Uterus 9.0 0.7 -
Heart 20.0 0.7 -
Adrenal 132.0 0.7 -
Testis 10.0 1.0 -
Pituitary 10.0 1.2 -

Subcellular Distribution ol Tocophero! in Rat Tissue

Tocopherol in Nver

Tocopherol in neart

Cell fraction ug/mg Protein \e wg/mg Protein %

Soluble 0.002 .4 0.02 1.7
Heavy milochondrial 0.27 53.8 0.26 21.8
Light mitochondnial 0.12 23.9 0.29 234
Microsomal 0.08 15.8 0.37 1.1
Nuclear 0.03 g.0 0.25 21.0

lI"'ercenulg'e of total recovered in five fractions.
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