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MCV (g Holo TC Il (& uoRBC folate (wal
< NEGATIVE BALANCE
|<osmvs BALANC%> NORMAL < DEPLETION m
STAGE I STAGE IV
STAGE Il STAGE | STAGE I STAGE ] Damaged Clinical
Early Early metabolism: damage: By,
Excess* positive By, negative By, Byo Byp-deficient deficiency
balance Normal balance depletion anemia
Liver By) me—
HOIO TC || sy
RBC + WBC B, )
Holo TC Il (pg/ml 00 >100 =>50 <40 <40
(in oqumbcgipn?/mm)rcnmcepm[onmwmmw _
TC Il % sat. >5% >5% >5% <4%
(Caution: Apo TCII:sanaano-mw
Holohap (pg/mi)t >500 >400 >180 >180 <100
(in equilibnum with haptocorrin receptors fon B;2 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/ml) >160 >160 >160 >160 <100
RBC cobalamin (pg/mi) >800 >600 300-800 <300 <100
Homocysteine T No No No No No | Yes | Yes
Erythrocytes Normal Normal Normal Normal Normal Normal  [Macroovalocytic|
MCV Mormal MNormal Mormal MNormal Mormal Normal Elevated
Hemoglebin Normal Normal Normal Normal Normal Normal Low
Tciu Normal Normal Normal Normal Normal Elevated Elevated
Homocysteine and/or
Methyimalonate T+ No No No No No Yes Yes
Myelin damage No* No No* No* No ? Frequent
Holo TC ll cell receptors — Normal Normal Nomal  Up-reguiated? [Down-reguiated? Elevated in pl
Holo TC Ii, Holotranscobalamin I1; MCV, mean corpuscular volume; % sat., percent saturafion; REC, red blood cell; TBEC, total B4z binding capacity.
* Cyanocohalamln excosses (injected or intranasal) produce transient increases in Bz delivery protein (TC 11);
ica of suchii is 1. Cyanocobalamin acts as an anfi-Byz agent in a rare congenital defect in B.z metabolism.
1 In serum and urine.
1 Low holohaptocomin comelates with liver cell B1z depletion, excapt in liver disease and myeloproliferative disorders, in which serum Biz and binding
proteins are artificially elevated.
There may be hematopoietic cell and glial cell B1z depletion prior to liver cell depletion, and thosa cells may be in stage Il or IV negative B1z balance,
whereas liver cells are still in stage II.

FIGURE 32-3 Sequential stages of vitamin By; status. (From Herbert V: Staging vitamin By;. In
Ziegler EE, Filer LJ, editors: Present knowisdge in nutrtion, ed 7 Washington, DC, 1996, Interna-
tional Life Sciences Institute Press.)
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TABLE 12.2
Osmolarity of Nutrients in PN Solutions

Nutrient Osmolarity (mOsm/mL) Sample Calculations
Dextrose 5% 0.25 500 mL = 125 mOsm
Dextrose 10% 0.505 500 mL = 252 mOsm
Dextrose 50% 2.52 500 mL = 1260 mOsm
Dextrose 70% 3.53 500 mL = 1765 mOsm
Amino acids 8.5% 0.81 1000 mL = 810 mOsm
Amino acids 10% 0.998 1000 mL = 998 mOsm
Lipids 10% 0.6 500 mL = 300 mOsm
Lipids 20% 0.7 500 mL = 350 mOsm
Electrolytes Varies by additive

Multitrace elements 0.36 5mL = 1.8 mOsm
Multivitamin concentrate 4.11 10 mL = 41 mOsm

Data from RxKinetics: Calculating Osmolanty of an IV Admixture (website): hitp:/fwew.rekinetics.comiiv_osmolarity.html.
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TABLE 29-1 Fate of the Carbon Skeletons of the Protein
L-a-Amino Acids

Converted to Amphibolic Intermediates That Form

Glycogen and Fat
Carbohydrate Fat (Glycogenic and
(Glycogenic) (Ketogenic) Ketogenic)
Ala Hyp Leu lle
Arg Met Lys Phe
Asp Pro Trp
Cys Ser Tyr
Glu Thr
Gly Val
His
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Figure 8-7. A, Typical smooth muscle action potential (spike poten-
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Figure 18-5. The barorecepior system for controlling arterial pressure
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Figure 28-10. Mechanism of sodium chloride transport in the early
distal tubule. Sodium and chloride are transported from the tubular
lumen into the cell by a co-transporter that is inhibited by thiazide
diuretics. Sodium is pumped out of the cell by sodium-potassium
ATPase adenosine triphosphatase, and chloride diffuses into the
interstitial fluid via chloride channels.
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Figure 42-2. Stimulation of the brain stem inspiratory area by signals
from the chemosensitive area located bilaterally in the medulla, lying
only a fraction of a millimeter beneath the ventral medullary surface.
Mote also that hydrogen ions stimulate the chemosensitive area, but
carbon dioxide in the fluid gives rise to most of the hydrogen ions.

A3 Gl 1y e cacyw (H' 9 PCO; Ginlidl) elsn (gjoe @loPH  LilS 13 .aiiud (ol el (gjoe gilo PH &) ausb oyl
0% © pwaw 9 A5 jzie Jw ol 1 Blgize COL Yoge )3 L9 WS Houe (5520 (F92 wuw jl Wlgia (HY) igyaue logs (gl ue)
CO: 9 puiiiun Symno (20 H' a3 (50 Jos (555p0 (5109000905 (59) 2 lowitivmo CO; anjoxs | Juolo H' 1394 a3jas ©lySi 9 gy
2306 3985 lyis HY (92 4 Comsd ()80 (5395 3w o (12T j1 S lgiize IS yob @ -l (55p0 (GUDygiuuygaS puiiuncysd Syomo (y2y3g0
Adblyze CO, (503¢2 32 uiS (alsandd S (ol i el 03y 3985 WalS CO; (yg2 ) Casands (g anol

Sl ol (0 (300 @il H' g (lypid (192 CO, 4 Ll Juay (65550 (gl0)95aw9aS g0 sl Hlawny g (NS 4iSS

ayls J5 ol 423 55 Capadl JHi5 1 ay; 3 lgidly 51 CO2 I (gl b 1 S 1S ~1od
Loaaly (> (3455552 b S (5 Lol > Jolos (2 ETRME owslSsan b asys (il
105 job @y
Sgdz0 Ja (6309 092 > JSib 3 @2 g 295 edly > CO,
(%7) Canl ja2b T )l3io a5 Joloxo CO, @
(%23 3932) cawl a2l T Jl3de oS 955009100l @l &) rslSse0 @ Juatio JSG a4y o
(HCO5)wbyS (s JSib 43 20,5 70 o

Tl pIaS Wilowisys 5l jlalgS -10f
0320 bl (5 039y bl (2 oL (o A (wl

Tl Zuzuo 535 Ol jl SaolaS -lo¥

Cawldé Bpo @890 0320 ,Likd Linl8l jl (6pSel> (Slo= (519 ()lee SIS, (yids (I

Cawl (3w &1y (5o JUB (i jL Blo wiac )> Jac Jawslih gawly) s slegl ele (&
Cawnl SO)b 83g) (slal )3 Baas (gohiuo wluSyi Lz (g

1> 3929 (o Caold Oz HB 51 59398 9 jeITVE SIS ) Blugige aw o 2 (5

29




8320 ()Wl Joc
00 8a%0 "3lg" a5 (A (52,5655 &S (LIS 4y Sgdi 50 Szl (game Shgl Cuawd )3 13 I (655 allamio (opld 3950 8320 I)lg 1ig aS @S @S
"9 = (Sl Sy S I3E 39,9 b 355150 )hB 0320 (521> 0)l9ad @ IS5 03 6320 3)lg & (IIE )M 9 (50 JSe @ S

dgad 6320 3)lg Wlgihy (gyininn (5lde U (o0 LidlS |) 6a20 a4l (SWac 6)lgrd (j0gis

IS )2 0355 Bgauwlgal 43 |) Yius (r2)50¢0 25 asSyS EIAS-1oA
Oxiaadgid (3 o (2 JopunslS Jawlgio (& sohae sl Sas (W
S Jae b JoulS b (g9) 3loiy O )3 Joloxo (5i)l95 (Lol B caml o) wlahd &) ()2 (ko JoulS (53905 3)5 (2)2 b 53 dl>yo (yalgl

lodglge hw GRS 9 90 J> 92 Ghw 4V )3 LT )2 )d Jole it 9 BLbl OT (B JsSge )3 T (kS gloyid

AJ)lmL’A dglan |) L{DUT 9 >0 U,u.(bls l) )

T 552 4 A5 (50 3 |y il BdsyS 05 Jolge dan 109

Slg Suy=5 (> 59y sl 8391y (2 Glhaeg,S (o 0320 Elwil (ol

SHT i 9 (o 2 (SD03)91)8 w30 ELwl Jud jI J3c 0309 S (93,95 42 gape (S Syme 4 Busly 3 6320 45T G (gl Jgluw Jawgs (yayials
Q)3 Sy W 3l Dlesyle gyl Glol @ISl 33,550 gubys dgdise T Slg Sy by 50 8300 bliwe wlacl buwgs aS ¢yl saiS
8i20 blio Ay <y .Y g (g0 Jawl

Tl Cawydb 4335 pIAS i)loS S 43 i 9 @Al 3590 53 -llo

Ngid (50 )92 09> Wi paliiien yob @ 0)S jl Yol 0y (sl Sawl (A
<l ji5YES g 5S9IS JUDI @le Lbuad j9iS9)d JUH pliae (

39 (50 Jitro W a9y e jLaSgyil (yladd ) (>

logyaiign iz

59450 32 ST dinel (gl sl (6393920 9 A6y ddIangd JSib 43 039) Juliaal (glo Jolus (aly2ne (Wslis dhawlg & Loyl yiS1 ]
23w b (] 00 &y g5l dinol Sauwl 3> 4251 39450 (3205 @asuw b (D] 00 unsilSe Sy Jaawgs JU 0l pliel Crand (gl 5L 390 (55l
ARG JWBI 03 Jagud )Ll Jawgs j93S9)8 JWl gy ol @ (g 5 J81Y) (sl (lié (D) (opuitsy bawgs aSly A3ylas

Ty 5o 1) 530 Crapiien 325 30 1 S NS D2 9 d (eSSl arl Gloidy GEBIS W90 -

o @l 342925 (> o o8on (2 o (yaoling (2 L 2 (W

30,3 60 U ol (ol (ygay -cuml ... 9 032alligl j3bol jlaning Sk (uS9S crmunstiganS oypunys OIAES pggae 4 o32allig) 0udh 3929 pac
25355 i 31> Sl el ieyS g Wiyiisy pg3Ss b pounsy U g (22 dlge

Tl Cawyd B (590,98 8)L 33 535 las 51 Sy plas-1Y
A Lawlly (sleiion @ Jaio Lawdy )3 (g3l glo p9ey90 (I
Cawl L,f)hwu\b clag ab.w 20 MW s (9000 6.\3),35 (u

Limd (HVgb (gyec das (IS (g3win (gl (190)90 (2

.Emulsification

30




gdh (50 a290 |y (0f b JIb el gl J&13 T 03355 &S (o 9ey9e (>
09> ) ey Jsl

S 030)90 310y 1o jI yiaS el A 0 (3535 Lawlly (gD (yaiinys 41 3amuz CAl> 4 odac jabdy (495 53 () BUSp 3439)u5 9 (S345gyiu]
Joe 0,455 @iio Ky plgica) Wyliny 4 83mum (5lo(r30)90 31 Lo 3lie )15 3929 Joloe )3 ST )90 Lawlly 5> A9y Ly (gsigyiasl
Loy (Lo @ (9090 (3w 3iibl5o Jiebpd (iu) Blajl 3bb 63is 12 Lawlly (glogioy jl &S (Sloj U oyg0)90 2S5
A0 G (630 plise @ Lewlly jI ) T Guills
095 j! BYayd il b b Sb
£93 Jole - Cawl (995 JBI5 ) (990)9 iyS Cacyu Jolge ol j1 552 232> G b GIRIEl (192 )3 ) p90)90 S Bl Canl e Jole 93
39450 03400 (Slgalio uylS Cugyw oS sl 92 I 4909 Bi> Cagyw

Lol j1 (992)9@ ()30 32000 Cacpun

Loty yidsle )3 09090 cuale

dlawgdy @85 (3) dodly 4 3z (2) ddedl huwgs (Sdgilio cayss (1) 5l Bles)le o5 g0 Bl Lawlly jl Giigy (pr3iz 4 bgeye
3l U351 43 S bauwgs 883 (4) g hiuo J51s 43 35
9 09> BT bauwgs Wy90)90 (al S0 YB35 92 13 T j9b 41 9 0392 ST 4> Jglone pael YIS 9 (g3uiss (S 909 ic] annd
Jlo glgic 4 - 3ilagse BU (19> > RUYS D30 (gl i cariys ol 42 9 B350 @5 A5 9 S Jauwgs Cacyw d 9 Jigio d2j25 S
ol 4885 S 5l yiaS AS 50 B35 (395 43 &S Il pawiligy BT yac dass
02 > b el oz gl Gl pSes 9 3igdize Sb 9> I (55Tl Casyw b Snz o Ll GuSey @ oS (loyge)90
S@092)9® yac dap &5 > )3 Cawl s Voo B Vo jl 95 (93,5 )3 (59415 §98 (slobgyinnl yoe ans (JUo lgic @ 3ilay BL 093 ) j9)

b jg) £ B (5ihs 4wl gSen S ) o3z 34595

GARlie uiplS ey =

Tl Cawyd Lawdly yauwd g pawdS 8355 @b3iS (sl (590,90 8y ;3 pj Wiljlic 51 G plas-NIY
398 (0 a5 JoybamlS GIS GwS9)30225 4 S )3 JgybamlS oS (I
)13 3929 D3 (yu0ling 9 lawlly puunlS cbdlé () (woSae al) (&

S (50 )lge 839) )3 |) Olawd iz D3 (yelizg (2

A3 o JadlS 1) (goulS Wlawd &8> PTH (5

D (yaolizg

250 G Rl JU=8 03,918 @ S g 35 )5 yiSly I Jlgie gy S hawgs 1l 3L D paeling 3bbisas Jleb e3lo S D yaelicg
33)S 235 JoybanlS algS (St

Lolyis )3 o5 (gloslo (i JoyiumlSe,3am3 -7 (59) Ol Yl 3udiye> )95 Ll (ghole (S5 YIML laio gy )3 JoydaulS dlgS b Ds yaelizg
239050 35 JoybaunlSalgS (uS9)3ud =25 4 115 )5 JoybuulS AlgS -390 JuSuiS 3)15 3929 Cawgy )3 (2ub

5 93 51 51 ¢l )13 (5)len 5S238 1 JgyhaumlSalgS (uSg)dud> -25 392 Iy sl 393m0 35 )3 JgylaumlSAlgS (uSgyda -25 g3 punilSo
awl daaaw)l

345 429 .l 03 0315 SIS JSib )3 )3 ol S (0 abiss T ) Lasaly ) JopbaonlS oS (auSg) 240 = YO wubilé (S48 paslSo 3l Vgl
02 3logz0 (5L (2 Lpyis JoyiualS oS (oauSe)dam = YO ubilé 3929 1l b g 3l Giljsl ol a3z Blgie Ds paelizg 03,95 oljse 45
S50 (5359l NiS(50 S Ry 03930 ) O (1395 ljee 45 (5 Dy (pualing o511 jI ke Jas | (Sad JyiiS (VL az)y>

31




sl 355 )3 1) Da oyaolizg «Jgyials AgS (S, 30¥D 43 Ds (yaolizg ¢ Joyinals algS (S 3@ — YO ) Ds yoling oib JyiiS Joasi ol dLols
e Wlgize Ds aaling g 4y &5 GI> )3 Bilose (8L & > dide N2 (gl b ol pw Ds puelig hoj 30 0553 (5T B)lae

294 8,153 35 )3 slo (i

-
fa
1

Normal range

-

-
=1
1

(= normal)
o o o
L= [=2] =]
L L L

Plasma 25
hydroxycholecalciferol
o
ha
L

[=]

T T T T 1
0 05 1.0 15 2.0 25

Intake of vitamin D3 (x normal)
Figure 80-8. Effect of increasing vitamin D intake on the plasma
concentration of 25-hydroxycholecalciferol. This figure shows that
increases in vitamin D intake, up to 2.5 times normal, have little effect

on the final quantity of activated vitamin D that is formed. Deficiency
of activated vitamin D occurs only at very low levels of vitamin D
intake.
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Figure B0-7. Activation of witamin Dz to form 1,25
dinydroxycholecalciferol and the role of vitamin D in controlling the
plasma calcium concentration.
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Figure 80-9. Effect of plasma calcium concentration on the plasma
concentration of 1,25-dihydroxycholecalciferol. This figure shows
that a slight decrease in calcium concentration below normal causes
increased formation of activated vitamin D, which in turn leads to
greatly increased absorption of calcium from the intestine.
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