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NEGATIVE BALANCE
POSITIVE BALANCE NORMAL DEPLETION DEFICIENCY
STAGE | STAGE | FEE
STAGE Il Early Early STAGE Il metabolism: damage:
positive negative folate folate
Excess* folate folate Folate deficiency deficiency

balance Normal balance depletion erythropoiesis anemia
Liver folate se—
Plasma folate s—
Erythrocyte folate s
Serum folate (ng/mi) =10 =10 =5 =3 =3 <3
RBC folate (ng/m) >400 =300 >200 >200 <120 <100
Diagnostic dU suppression  Normal MNormal Normal MNormal Normmal Abnormal* Abnormal*
Lobe average’ <35 <3.5 <35 <3.5 <3.5 =3.5 =3.5
Liver folate (mcg/g) =5 =400 =3 =3 <16 <1.2 <1
Erythrocytes Mormal MNormal Normal MNormal Normmal MNormal Macroovalocytic
MCV Normal Normal Normal Normal Normal Normal Elevated
Hemoglobin (g/dl) =12 =12 =12 =12 =12 =12 <12
Plasma clearance of Normal Normal Normal Normal Normal Normal Increased
intravenous folate
* Dietary excess of folate reduces zinc absorption.
t Designates the degree of hypersegmentation of neutrophils.

FIGURE 32-5 Sequential stages of folate status. dU, Deoxyuridine; MCV mean corpuscular
volume; ABC, red blood cell. (From Herbert \V: Folic acid. In Shils ME et al, editors: Modem nutri-
tion in health and disease. ed 9. Philadelohia 1998. Lea & Febiaer.)
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Nutrients

Endogenous Factors

Enhancers Ascorbic acid (vitamin C) Enhanced erythropoiesis due to
Fructose Hypoxia
Citric acid Hemorrhage
Dietary protein Hemolysis
Lysine Androgens
Histidine Cobalt
Cysteine Low iron stores
Methionine

Inhibitors Oxalic acid Infection/inflammation
Tannins Lack of stomach acid
Phytate High iron stores
Polyphenols
Carbonate
Phosphate
Fiber

Other metal ions

TAS (50 paast 53595 B12 39105 ) 53j (5)9iS 1 51 Saolas -22

Erythrocytes (all
Hb (o

MCV (z

TCI G



< NEGATIVE BALANCE

4

Liver 812 ﬁ ﬁ

Holo TC Il #
RBC + WEC B mem

Holo TC Il (pg/ml >100 >100 >50 <40
(howanm?TCIlmmDNAmwuw _

|<PosmvesA|.ANcr:s> NORMAL < m;PLEﬂQ{l m

in serum in cells STAGE Il STAGE IV
STAGE Il STAGE | STAGE | STAGE Il Damaged Clinical
) Early Early metabolism:  damage: By,
XCESS positive By, negative B, Byo By defic
balance Normal balance depletion anemia

<40

Holohap (pg/mi)t . >500 =400 >180 >180 <100
(in equiibnum with haptocorrin receptors fon B> storage celis])
dU suppression Normal Normal Normal Normal Abnormal
Hypersegmentation No No No No Yes
TBBC % sat. >50% >40% >15% >15% <10%
Hap % sat. >50% >40% >20% >20% <10%
RBC folate (ng/mi) >160 >160 >160 =160 <100
RBC cobalamin (pg/ml) >800 >600 300-800 <300 <100
Homocysteine T Mo Mo No No
Erythrocytes Normal Mormal Mormal Normal Macroovalocytic
MCV Normal Mormal Normal Normal Normal Normal Elevated
Hemoglobin Normal Mormal Mormal Normal Normal Normal Low
Tl Normal Mormal Normal Normal Normal Elevated Elevated
Homocysteine and/or
Methylmalonate T No No No No No Yes Yes
Myelin damage MNa* No No* MNo* No ? Frequent
Holo TC Il cell recepiors  Normal Normal Normal  Up-regulated? Elevated in plasma

Hola TC Ii, Holotranscobalamin 1l; MCV, mean corpuscular volume; % sat, percent saturation; RBC, red blood cell; TBEC. total B2 binding capacity.

* Cyanocobalamin excesses (injected or intranasal) produce transient increasas in B+z delivery protein (TC 11);
the significance of such increasas is unknown. Cyanocobalamin acts as an anti-B,; agent in a rare congenital defect in B,z metabolism.

T In sarum and urina.

1 Low holohaptocomin comelates with liver cell B+z depletion, except in liver disease and myeloproliferative disorders, in which serum Bi2 and binding
proteins are artificially elevated.

Thare may be hematopoistic cell and glial call B1z dapletion prior to livar cell depletion, and thosa calls may be in stage Il or IV negative B1z balance,
wharzas [ivar cells are still in staga II.
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FIGURE 13-4 Heme and Nonheme Iron in Foods

About 40% of the iron

in meat, fish, and

poultry is bound into °
heme; the other 60% °
is nonheme iron. "

Key:

@ Heme
B Nonheme

?i
All of the iron in foods ff’ m

derived from plants /£ _%4””

is nonheme iron.

.t.:- mo® :— '::
Heme accounts for about ) _- .
10% of the average daily @ ge ®H
iron intake, but it is well "age m
absorbed (about 25%). wle s /\m
‘. / e II \@
Nonheme iron accounts /(=& =| | .
for the remaining 90%, but il |m® & |y
itis less well absorbed \2 "/
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Factors with Iron Response Elements or Iron

Response Element-like Elements Present in

Factors Metabolic Role
3 Transferrin receptor Iron uptake
IRE
Divalent metal transporter-1 (SLC11A2) Iron uptake
Cell cycle phosphatase (CDC14A) Cell cycle
Myotonic dystrophy kinase—related Actin organization; iron uptake (?)
CDC42-binding kinase a (MRCKa)
Hydroxyacid oxidase (Hao1) Oxidative injury response (7)
5 L-ferritin Iron storage
IRE
H-ferritin Iron storage

Amino levulinate synthase (ALAS2)

Heme biosynthesis (erythroid
specific)

Ferroportin (SLC40A1)

Iron exporter

Aconitase (ACO2)

Citric acid cycle

Drosaphila succinate dehydrogenase

(dSDH)

Citric acid cycle

Endothelial PAS domain protein-1
(EPAS1) Hypoxia-inducible factor-2a
(HIF2a)

Oxygen sensorftranscriptional
regulator of iron metabolism

Alzheimer precursor protein (APP)

Iron-induced injury response; iron
chelator andfor ferroxidase
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1 tsp of salt = approximately 6g NaCl = 6096 mg NaCl

6096 mg NaCl x 0/393 = 2396 mg Na (approximately 2400 mg)
2396 mg Na/23 = 104 mEq Na

1 g Na = 1000 mg/23 = 43 mEq or mmol

1 tsp of salt = 2400 mg or 104 mEq Na

(213€ 83l 3)laslinw] axlg o 53 @duw 0,5 lue 35 (coluwo b yiaS : Very Low Sodium(wl

Glag oslo 3)lasliwl aslg o 5> @idw p)fb.l.w 120 (golwo Ly yiaS : LOW Sedium(w
Jsamo (13 83l 3)l 35kl Azl 10 53 39290 @idu jl yiaS Juo)s 30 Jslas :Redused Sodium (g

G2l 3le 33kl Azlg 10 )3 39290 @iduw jl yiaS oy 60 :Light In Sodium (s

a3 (S (glaiol
Siagyw 0 5> @dw p)S5le 5l yiaS :Sodium free
2lde 83lo 335l Azl 0 )5 @iduw ©)Ssle 35 (golue Ly yiaS :Very Low Sodium

Rlde 3le 3yl 35kl Azlg o 53 @dw ©)S(sle 140 (golwo b yiaS :Low Sedium



Jgae (213€ 83l 3)lliwl azlg y )3 39290 @duw jl yiaS Jo)> 25 J8las> :Redused Sodium
213 o3lo 3)lliwl azlg o 53 39290 @ jl yiaS 3uo)s 50 :Light In Sodium

394 A8 (213 03l Lunzy 53 1L g 39450 639581 45 Cuwl (Jgao Hlade jl yiaS 3o)d 50 614563939l @ :lightly salted

) SadaS (lic ool o5

T2 43 394 (50 FGF21 (yinlidl g W Cucly (13 @35) 5 y35 (@ dinoldamwl (Solal Caadgimwe -54
Oglojl (all

0P9y (@

oo (2

obgins (5

TADI 0 &) pgw Ablodw yd (pai> 43 3l (T JWESI jI Jo)d Ji> -55
%90 (all

%80 (o
%60 (2

%40 (>

OA99y2 9 (P (538Ly)3 ladio JBla> (6 Nigay jI 32y il S (A (o)l 3 Wine 0)59LS 73 (yj9 b (5! w 45 350 -56

Tl 33lg3 0 plaS il
73 -2500 (cal

86 -1800 (w

1452000 (2

95-2200 (>

(g Juws) 8 B39 51 g (525 Goasogs
D943 51wy 3 (gbauogs Bgay jl awd ©300UgS (gldauogs | (gise Slgo

BEE ;| 10,5 120 — 130 BEE ;I 10,5 120 — 140 )5




(20 - 30 Kcal/kg)

(30 - 35 Kcal/kg)

| gr/kg/day \/* - ¥ gr/kg/day OaiS9)
&5 JS j1 3uoys 50 &5 JS j1 3oys 50
Sl aug3)S Buas 4 4uogs g 63l (ldIB Codgimwe) | STpe jd wlw (s Cudgame) | Wl)dadgy,S
(8 sh1> 9 o2 (392 aidly inljdl 18 Zglaw
5 ;1 3oy 30
0> 30 (SSLAM):J:AS ok )
@ O Wulo o > )2
ELsl o2 I (P 30y3 T0 ) yiaS T T R e >+ )?Jo ’ ) il
(3950 4093 yisian
\Woo — 1000 Mg/day
o 1200 mg/day pawlS
D paeling L 5yl JaSo (938)S ,185 53 b
2 gr/day 2 gr/day 23w
JoSo b (6320 dlgo (il (s9lo (213 Rlio WBpao 4 G295 | Slgo (il (g9l (213¢ Rlio WBruao 4y Gaguns und
3 Gk JoSo b (gis0 (2ji0
hw @ 4295 b Codgise b L JeXo
G panliy b @ 425 b Codgame b (5)k JoSo PEY T R en paswliy
oy by
RDI &b )5 Jhine paelivg 9o JaSo | RDI zbaw )3 Jlyne el (silge JoSo 2w
el JoSo @ (Jlalisl (lodguaS ylus (gl cawl (jSao | Szl (wdguaS s (gl wuwl S o yaolizg
LB 2L jLo (BLsl JaSo 4y | WYL 9




Teumwl EAS Caadyi a3 b JaXo ju 9 034 ik (I 5O Vg 0,8 -57

loliglSgin -eloliglgie (all

Slgls () -olelslSsie (
lebigSgia Lol b (2
Ololigh b -wloligh b (>

FIGURE 10-10 Forms of Folate

Chemically known as pteroylglutamic acid, folate consists of a ring structure (called a pteroyl) and one to
six molecules of glutamate (an amino acid). (See Appendix C for the complete chemical structure.)

(I:OOHOO»C}————

?Hfz Most naturally occurring folate in foods

0 CH, contains up to six glutamate molecules
Il

| (polyglutamate).
@QC—NHWH

coot | @or®
Ring structure + Glutamate

I | Folate occurring in fortified foods and
; Ivt supplements contains one glutamate
o molecule (monoglutamate).
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TABLE 40-2 Enzymatic Markers of Different Membranes®

Membrane Enzyme

Plasma 5’-Nucleotidase
Adenylyl cyclase
Na*-K*-ATPase

Endoplasmic reticulum Glucose-6-phosphatase

Golgi apparatus

Cis GlcNAc transferase |

Medial Golgi mannosidase |l

Trans Galactosyl transferase

Trans Golgi network Sialyltransferase
Inner mitochondrial membrane ATP synthase

*Membranes contain many proteins, some of which have enzymatic activity. Some
of these enzymes are located only in certain membranes and can therefore be used
as markers to follow the purification of these membranes.
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TABLE 19-2 Major Glucose Transporters
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Facilitative bidirectional transporters

GLUT1 Brain, kidney, colon, placenta, erythrocytes
GLUT 2 Liver, pancreatic f cell, small intestine, kidney
GLUT 3 Brain, kidney, placenta

GLUT 4 Heart and skeletal muscle, adipose tissue
GLUT5 Small intestine

Sodium-dependent unidirectional transporter

SGLT 1 Small intestine and kidney

Glucose uptake
Rapid uptake or release of glucose
Glucose uptake
Insulin-stimulated glucose uptake

Absorption of fructose

Active uptake of glucose against a concentration gradient
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TABLE 40-6 Major Types of ATP-Driven Active Transporters

Type Example With Subcellular Location

P-type Ca?* ATPase (SR); Na*-K*-ATPase (PM)

F-type mt ATP synthase of oxidative phosphorylation
V-type The ATPase that pumps protons into lysosomes

and synaptic vesicles

ABC transporter CFTR protein (PM); MDR-1 protein (PM)

Abbreviations: CFTR, cystic fibrosis transmembrane regulator protein, a CI-
transporter, and the protein implicated in the causation of cystic fibrosis (see later in
this chapter and also Chapter 57); MDR-1 protein (multidrug-resistance-1 protein), a
protein that pumps many chemotherapeutic agents out of cancer cells and is thus
an important contributor to the resistance of certain cancer cells to treatment; mt,
mitochondrial; PM, plasma membrane; SR, sarcoplasmic reticulum of muscle..

P (in P-type) signifies phosphorylation (these proteins autophosphorylate).

F (in F-type) signifies energy coupling factors.

V (in V-type) signifies vacuolar.

ABC signifies ATP-binding cassette transporter (all have two nucleotide-binding
domains and two transmembrane segments).
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TABLE 19-2 Major Glucose Transporters
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Tissue Location

Functions

Facilitative bidirectional transporters

GLUT1
GLUT 2
GLUT3
GLUT 4
GLUT5

Brain, kidney, colon, placenta, erythrocytes
Liver, pancreatic B cell, small intestine, kidney
Brain, kidney, placenta

Heart and skeletal muscle, adipose tissue

Small intestine

Sodium-dependent unidirectional transporter

SGLT 1

Small intestine and kidney

Glucose uptake
Rapid uptake or release of glucose
Glucose uptake
Insulin-stimulated glucose uptake

Absorption of fructose

Active uptake of glucose against a concentration gradient
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Ventilation-Perfusion Relationships

Vol | V4 | @ |[Vu/QlPo; [Pcoy| Prz | O [CO,| pH | 02 |CO,

content in | out
(%) | (L/min) (mmHg) (mL/100 mL) (mL/min)

4 N
7 |.24|.07 | 3.3 |132| 28 |553|20.0| 42 |751| 4 | 8

39

® Fig. 23.7 Ventilation/Perfusion Relationships in a Normal Lung in
the Upright Position. Only the apical and basal values are shown for
clarity. In each column, the number on top represents values at the
apex of the lung, and the number on the bottom represents values at
the base. PCo,, partial pressure of carbon dioxide; PN,, partial pressure
of nitrogen; Po,, partial pressure of oxygen; Q, perfusion per minute;
V4, alveolar ventilation per minute.
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Figure 40-6. Oxygen and carbon dioxide partial pressures (Po; and
Pcoy) in the various portions of normal expired air.
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