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W[!?#21&!E6!,-!#+6!!e#-,1!(0+):+,!92-#'2$!F!G7"bH!h-030*8,10+!'0$0M+)30(2.,i!#(!#!
1#.20*10-,3-016!!D'4%$'(1&",'$2(&3(IFA*,%9*'#$2(0%&2&56(VaaW!J,3I!YUGUVHC!UW\]4_U6(((
40 Nair, C. et al.  Relevance of radioprotectors in radiotherapy: studies with tocopherol 
monoglucoside.  Journal of Environmental Pathology, Toxicology, and Oncology 2004; 
23(2): 153-160.    
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41 Singh, V., Brown, D., and Kao, T.  Alpha-tocopherol succinate protects ice from 
gamma-radiation by induction of granulocyte-colony stimulating factor. International 
Journal of Radiation Biology 2010 January; 86(1):12-21. (significantly fewer deaths in 
irradiated mice given alpha-tocopherol succinate);  Singh, V., Brown, D., and Kao, T.  
Tocopherol succinate: a promising radiationcountermeasure International 
Immuopharmacology, 2009 November; 9(12): 1423-1430 (tocopherol succinate protected 
mice against lethal doses of cobalt-60 radiation with a DRF of 1.28; “TS may be 
developed as a radioprotectant for humans against the potentially lethal effects of 
radiation exposure.”)  Alcaraz, M. et al.  Liposoluble antioxidants provide an effective 
radioprotective barrier.  British Journal of Radiology 2009 July; 82(979): 805-809 
(water-soluble vitamin E scavenges the peroxide and superoxide radicals in human 
lyphocytes; only fat-soluble vitamin E, administered as E as delta tocopherol in this 
study,  also prevents lipid peroxidation); Singh, V. et al. Induction of cytokines by 
radioprotective tocopherol analogs. Experimental and Molecular Pathology 2006 August; 
81(1): 55-61 (alpha tocopherol, alpha tocopherol succinate, and gamma-tocotrienol 
significantly protected mice against lethal gamma radiation and also increased peripheral 
blood cell recovery).  Cherdyntseva, N. et al. Effect of tocopherol-monoglucoside 
(TMG), a water-soluble glycosylated derivate of vitamin E, on hematopoietic recovery in 
irradiated mice.  Journal of Radiation Research (Tokyo) 2005 March; 46(1): 37-41 (mice 
subjected to whole-body radiation  and given tocopherol monoglucoside had enhanced 
recovery of bone marrow cells as compared to controls).  Weiss, J. and Landauer, M.  
Protection against ionizing radiation by antioxidant nutrients and phytochemicals [review 
article]. Toxicology 2003 July; 15; 189(1-2): 1-20 (“vitamin E and selenium compounds” 
are “protective against lethality and other radiation effects” and “have the advantage of 
low toxicity”). Paranich, A. et al.  [The role of fat-soluble vitamins A and E in preventing 
the biological effects of ionizing radiation in rat tissues.]  Radiobiologia  1992 
September-October; 32(5): 743-50 (Vitamin E more radioprotective than vitamin A 
[synthetic] particularly in the brain; vitamin A seemed to promote oxidation). 
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X,:1)#1%!UI!Y^GWHC!W[[4YUa6!
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0/!M,$,!,5*1,((20$!2$!3)+-)1,.!8)'#$!-8%102.!3,++(6!!C'-&2&56()*+*$,-.!Vaa\!
=,*-,':,1I!U\GWHC!]\[4]_Y.  High LET (linear energy transfer) refers to the rate 
whereby radiation deposits energy as it passes through tissue. Higher levels of deposited 
energy cause more cells to be killed by a given dose of radiation therapy. Different types 
of radiation have different levels of LET. For example, neutrons, prions, and heavy ions 
are high LET radiation, whereas gamma and X-rays are low-LET radiation. High LET 
radiation is a therapy available at only a few US hospitals because the equipment to 
produce it is extremely expensive.   
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0%&2&5%-$2(@,$-*(I2*9*'#()*+*$,-.!2010 June; 135(1-3): 253-63.  
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Vitamin C is “remarkably well-tolerated and free from toxicity.”233  Intakes of 4000 
milligrams daily are well tolerated, according to a review in the journal Drug Safety.234  
A study of vitamin C and cold prevention used 1000 milligrams three times daily for a 
total of 3000 milligrams, with an extra 1000 milligrams each hour for 6 hours if the 
participant felt symptoms of a cold. (It is important to take vitamin C several times a day 
because it is a water-soluble vitamin that is very quickly excreted in the urine.)   Those on 
this regime, about 250 persons,  had 85% fewer days of colds than did controls, and the 
vitamin C users had no significant side effects.235     
 
The U.S. Food and Nutrition Board established an “upper limit” for vitamin C intake of 
2000 milligrams.  This limit was not set on the basis of any perceived toxicity from 
higher amounts of vitamin C.  Rather, the limit was set solely on the basis that taking 
3000 milligrams at a single time might cause diarrhea or flatulence.  The 3000-milligram 
figure was divided by an uncertainty factor of 1.5 to reach the upper limit of 2000 
milligrams. 236  
 
 However, diarrhea from vitamin C is not a sign of toxicity.  It is merely a sign that the 
stomach cannot absorb this much vitamin C at this time.237  If a person experiences 
diarrhea, one can simply reduce the amount taken at one time. 
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Despite the safety record of vitamin C, persons in three groups should exercise caution 
with higher amounts of vitamin C. First, those with existing kidney disease should be 
careful with high amounts of vitamin C, because it is possible that vitamin C may 
increase the risk of kidney stones.239 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
VWW!b#1,;#+&!K6!#$.!J2*+03A&!L6!!K0;!O(#/,P!#1,!#$-2052.#$-!92-#'2$(n!!L,"5(8$3*#6!
U[[]!Z)+%I!UWGUHC!^4UY6!
VWY!Z08$(-0$&!E6!!j20'#1A,1(!/01!,(-#:+2(82$M!#!-0+,1#:+,!)**,1!2$-#A,!+,9,+!/01!
92-#'2$!E6!!!>"#,%#%&'()*E%*^!U[[[!"#138I!]_GWHC!_U4__6!
VW]!b01-0$&!K6!#$.!Z#192(&!d6!!78,!,//,3-29,$,((!0/!92-#'2$!E!2$!*1,9,$-2$M!#$.!
1,+2,92$M!-8,!(%'*-0'(!0/!921)(42$.)3,.!1,(*21#-01%!2$/,3-20$(6!!!1&",'$2(&3(
!$'%A"2$#%E*($'4(=.6+%&2&5%-$2(@.*,$A*"#%-+!U[[[!Q3-0:,1I!VVG^HC!]Wa4]WW6!
VW\!B#$,+!0$!J2,-#1%!L$-2052.#$-(!#$.!`,+#-,.!E0'*0)$.(&!X00.!#$.!?)-12-20$!
j0#1.&!N$(-2-)-,!0/!",.232$,&!L%*#$,6()*3*,*'-*(D'#$H*+(3&,([%#$9%'(:B([%#$9%'(IB(
8*2*'%"9B($'4(:$,&#*'&%4+B(Vaaa&!*#M,(!U\U4U\V6!
VW_!`0:,1-!E#-83#1-&!"J6!!!OD2-#'2$!E&!-2-1#-2$M!-0!:0;,+!-0+,1#$3,&!#$#(301:,'2#&!#$.!
#3)-,!2$.)3,.!(3)19%6P!!*4%-$2(J6A&#.*+*+!_CUW][4UW_\&!U[^U6!
8--*Cll;;;601-80',.630'l-2-1#-,68-'!
VW^!`0:,1-!E#-83#1-&!"J6!!!OD2-#'2$!E&!-2-1#-2$M!-0!:0;,+!-0+,1#$3,&!#$#(301:,'2#&!#$.!
#3)-,!2$.)3,.!(3)19%6P!!*4%-$2(J6A&#.*+*+!_CUW][4UW_\&!U[^U6!
8--*Cll;;;601-80',.630'l-2-1#-,68-'!
VW[!7#%+01&!F6&!=-#'*/,1&!"6&!E)18#$&!b6!!J2,-#1%!/#3-01(!#$.!-8,!12(A!0/!2$32.,$-!A2.$,%!
(-0$,(!2$!',$C!$,;!2$(2M8-(!#/-,1!UY!%,#1(!0/!/0++0;4)*6!!1&",'$2(&3(#.*(?9*,%-$'(
8&-%*#6(&3(>*A.,&2&56!VaaY!J,3,':,1I!U]GUVHC!WVV]4WVWV6!



 
Second, caution should be exercised by persons with pre-existing conditions causing red 
blood cells to be fragile –-conditions such as sickle cell anemia, thalassemia, and 
glucose-6-phosphate dehydrogenase deficiency.   Third, persons with hemachromatosis 
(excessive iron in the tissues) should use caution because vitamin C may increase the 
absorption of iron. 240 
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>"#,%#%&'!Vaa]I!VYGWHC!U\\4U_U6!!K),1-#&!"6!,-!#+6!!"#M$,(2)'!.,/232,$3%!2(!
#((032#-,.!;2-8!2$()+2$!1,(2(-#$3,!2$!0:,(,!382+.1,$6!!L%$G*#*+(:$,*!Vaa]!"#%I!
V^GU]HC!U_]4UU^UI!B#0+2((06!b6!#$.!j#1:#M#++&!"6!!K%*,1-,$(20$&!.2#:,-,(!',++2-)(&!
#$.!2$()+2$!1,(2(-#$3,C!-8,!10+,!0/!2$-1#3,++)+#1!'#M$,(2)'6!!?9*,%-$'(1&",'$2(&3(
J6A*,#*'+%&'!U[[_!"#138I!UaGWHC!WY\4W]]6!!!
V_\!X00.!#$.!?)-12-20$!j0#1.&!N$(-2-)-,!0/!",.232$,&!J2,-#1%!`,/,1,$3,!N$-#A,(&!
"#138!VaUU6!!
8--*Cll;;;620'6,.)lL3-292-2,(l?)-12-20$l=)''#1%J`N(lsl',.2#lX2+,(lL3-292-%
mVaX2+,(l?)-12-20$lJ`N(l?,;mVa"#-,12#+l]J`NmVaD#+),(mVa=)''#1%7#:+,(
mVaUY6*./!



'#M$,(2)'!#$.!3#+32)'!-,'*01#12+%&!-0!'#A,!)*!/01!;2.,(*1,#.!'#M$,(2)'!
.,/232,$3%!/0)$.!#'0$M!L',123#$(6V__!!!
!
"#M$,(2)'!(80)+.!:,!-#A,$!2$!('#++!#'0)$-(!-810)M80)-!-8,!.#%!-0!2'*109,!
#:(01*-20$6!!@#1M,1!#'0)$-(!-#A,$!#-!0$,!-2',!'#%!3#)(,!.2#118,#&!/10'!
'#M$,(2)'>(!1,+#52$M!,//,3-!0$!-8,!')(3+,(6!!!
!
8'3-$+(&(W!
!
78,!0*-2'#+!.0(,!/01!1#.2#-20$!*10-,3-20$!2(!:,-;,,$!U!#$.!!Va!'2++2M1#'(!0/!
',+#-0$2$!*,1!.#%&!-#A,$!2$!-8,!,9,$2$M!:,3#)(,!',+#-0$2$!2$.)3,(!(+,,*6!!N-!2(!
*10:#:+%!:,(-!-0!(-#1-!;2-8!U!'2++2M1#'!#$.!M1#.)#++%!2$31,#(,!-8,!.0(,&!:,3#)(,!#!
/,;!*,1(0$(!2$,5*+23#:+%!#1,!(-2')+#-,.!:%!',+#-0$2$6!!!
!
",+#-0$2$!8#(!:,,$!(#/,+%!)(,.!2$!(,9,1#+!-12#+(!0/!3#$3,1!*#-2,$-(!1,3,292$M!
38,'0-8,1#*%6!!N$!-8,(,!(-).2,(!-8,!*#-2,$-(!-00A!)*!-0!VU!'2++2M1#'(!0/!',+#-0$2$&!
-#A,$!2$!-8,!,9,$2$M6V_^!!?0!(,120)(!#.9,1(,!,9,$-(!;,1,!/0)$.!2$!-12#+(!2$90+92$M!
\YW!*#-2,$-(6V_[!!",+#-0$2$!8#(!#+(0!:,,$!-,(-,.!2$!8)'#$(!#-!U!M1#'!GUaaa!
'2++2M1#'(H!*,1!.#%!/01!Wa!.#%(&!;2-8!$0!$,M#-29,!(2.,!,//,3-(6!V^a!
!
X01!(+,,*&!',+#-0$2$!2(!)(,.!2$!U!-0!]!'2++2M1#'!.0(,(!#$.!8#(!:,,$!(80;$!(#/,6V^U!!L!
(-).%!0/!',+#-0$2$!-1,#-',$-!2$!382+.1,$!;2-8!LJKJ!/0)$.!$0!(2.,!,//,3-(!,9,$!
;8,$!-#A,$!/01!'01,!-8#$!-81,,!%,#1(6!!G78,!',+#-0$2$!#+(0!2'*109,.!:,8#9201!#$.!
'00.!2$!#:0)-!\\m!0/!-8,!382+.1,$6HV^V!!
!
!
/%+I&+$&0)W!
!
78,!(-1#2$(!-8#-!8#9,!:,,$!(80;$!()33,((/)+!2$!*10-,3-2$M!8)'#$(!/10'!1#.2#-20$!
.#'#M,!-0!-8,!2$-,(-2$#+!-1#3-!#1,!+#3-0:#32++)(!j)+M#123)(&!+#3-0:#32++)(!8,+9,-23)(&!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
V__!E#10+%$!J,#$&!"J6!@.*(!$5'*+%"9(!%,$-2*!j#++#$-2$,!j00A(&!Vaa\6!!!`)((,++!
j+#%+03A&!"J6!J*$2#.($'4(>"#,%#%&'(8*-,*#+!Vaa\&!*#M,(!V]a4V]W6!!L:0)-!_am!0/!
L',123#$(!30$()',!+,((!-8#$!-8,!1,/,1,$3,!.2,-#1%!2$-#A,6!!d2$M&!J6!,-!#+6!J2,-#1%!
'#M$,(2)'!#$.!E41,#3-29,!*10-,2$!+,9,+(6!1&",'$2(&3(#.*(?9*,%-$'(:&22*5*(&3(
>"#,%#%&'!Vaa]I!VYGWHC!U\\4U_U6!
V_^!k8#$+,8&!k6!!",+#-0$2$&!#!*10'2(2$M!10+,!2$!-#5#$,41,+#-,.!$,)10*#-8%6!!:2%'%-$2(
!*4%-$2(D'+%5.#+V(C'-&2&56!!VaUaI!YC!W]4YU6!!X1,,!/)++!-,5-!#-!
.##AV]]^^^/'-G%/'29/'%./5&E]A9-]$,#%-2*+]=!:M__RMYO]`#&&2aA"G9*4(!
V_[!"2++(&!0*!32-6!!!
V^a!=821#S&!0*!32-6!!
V^U!j)(3,'2&!,-!#+6!!78,!,//23#3%!#$.!(#/,-%!0/!,50M,$0)(!',+#-0$2$!/01!*12'#1%!(+,,*!
.2(01.,1(6!1&",'$2(&3(;*'*,$2(D'#*,'$2(!*4%-%'*!Vaa]!J,3,':,1I!VaGUVHC!UU]U4UU]^6!!!
V^V!K0,:,1-&!"6!,-!#+6!!@0$M4-,1'!/0++0;4)*!0/!',+#-0$2$!-1,#-',$-!2$!382+.1,$!;2-8!
LJKJ!#$.!3810$23!(+,,*!0$(,-!2$(0'$2#6!1&",'$2(&3(=%'*$2()*+*$,-.!Vaa[!L)M)(-I!
Y_GUHC!U4_6!



#$.!+#3-0:#32++)(!#32.0*82+2(6!!N$!#$2'#+!(-).2,(&!-8,!(-1#2$(!+#3-0:#32++)(!3#(,2&!
+#3-0:#32++)(!j)+M#123)(&!#$.!:2//2.0:#3-,12)'!;,1,!,//,3-29,6!!?0!(,120)(!#.9,1(,!
,//,3-(!8#9,!:,,$!(,,$!#-!.0(,(!)*!-0!W\aa!:2++20$!30+0$%4/01'2$M!)$2-(!*,1!.#%!0/!
-8,!*#1-23)+#1!*10.)3-!)(,.!2$!-8,!8)'#$!(-).%&!#3301.2$M!-0!-8,!'#$)/#3-)1,16!V^W!!
K0;,9,1&!(#/,-%!(-).2,(!#1,!$0-!/)++%!1,+2#:+,!:,3#)(,!'#$%!(-).2,(!.0!$0-!8#9,!
#33)1#-,!',#$(!0/!2$9,(-2M#-2$M!*0-,$-2#+!1#1,!(2.,!,//,3-(6V^Y!!!j+0#-2$M!'#%!033)1!
/01!#!/,;!.#%(!#(!-8,!:0.%!#.c)(-(!-0!-8,!*10:20-236!!!
!
!
B'%I)W!
!
<C'!*+33+N&(6!C'%I)!C-2'!I''(!)C+N(!$+!+**'%!%-.&-$&+(!D%+$'0$&+(7!-)!
.&)0#))'.!&(!$C'!?-&(!-%$&03'@!!"-$#%-3347!+('!N+#3.!(+$!N&)C!$+!0+()#?'!-33!+*!
$C')'!-$!+(0'@!<C'4!-%'!3&)$'.!C'%'!*+%!4+#%!&(*+%?-$&+(@!!!
!
! 8&($!
!
"2$-!2(!30$(2.,1,.!$0$4-0523!:%!-8,!b,1'#$!30''2((20$!F6!!"2$-!2(!M,$,1#++%!
1,30M$2S,.!#(!(#/,!Gb`L=H!:%!-8,!<6=6!X00.!#$.!J1)M!L.'2$2(-1#-20$6!V^]!78,!b,1'#$!
30''2((20$>(!1,30'',$.,.!.0(,(!#1,!W!-0!\!M1#'(!0/!-8,!.12,.!8,1:!#(!#$!
,$3#*()+#-,.!()**+,',$-&!01!#!-,#!'#.,!;2-8!-8,(,!#'0)$-(!0/!-8,!.12,.!8,1:6V^\!!!
Q$,!(-).%!30$3+).,.!-8#-!-8,!;#-,1!,5-1#3-!0/!-8,!;80+,!8,1:!G#(!2$!-,#H!M#9,!'01,!
,//,3-29,!1#.2#-20$!*10-,3-20$!-8#$!-8,!02+!,5-1#3-6!!V^_!!
!
"2$-!(80)+.!:,!)(,.!3#)-20)(+%!:%!*,1(0$(!;80!8#9,!1,/+)5!#$.!(,9,1,!+29,1!
.#'#M,6V^^!
!
! ['?+(!1-3?!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
V^W!8--*Cll;;;69(+W630'l#:0)-4/#R6#(*u/#R4U_!
V^Y!LM,$3%!/01!K,#+-83#1,!`,(,#138!#$.!p)#+2-%&!<6=6!J,*#1-',$-!0/!K,#+-8!#$.!
K)'#$!=,1923,(&!78,!=#/,-%!0/!B10:20-23(!<(,.!-0!`,.)3,!`2(A!#$.!-0!B1,9,$-!01!
71,#-!J2(,#(,6!L*12+!VaUU6!!ll;;;6#81R6M09l3+2$23l-*l*10:20-23-*68-'!
V^]!B#)+#!b#1.2$,1&!"J6!!78,!@0$M;00.!K,1:#+!7#(A!X013,C!B,**,1'2$-6!
8--*Cll;;;6+0$M;00.8,1:#+601Ml*,**,1'2$-l*,**,1'2$-6*./!
V^\!N$/01'#-20$!/10'!L**+2,.!K,#+-8C!
8--*Cll;;;6#**+2,.8,#+-8630'l2$.,56*8*n0*-20$r30'o30$-,$-x92,;r#1-23+,x2.rU
a^YVY!6!!K0;,9,1&!9,1%!82M8!.0(,(!0/!'2$-!'#%!3#)(,!052.#-29,!.#'#M,6!!N$!0$,!
(-).%!Vaa4!-0!V]a4M1#'!'23,!1,3,292$M!.0(,(!0/!Va!-0!Ya!M1#'(!*,1!+2-,1!0/!;#-,1!
,5*,12,$3,.!052.#-29,!.#'#M,!-0!+29,1!3,++(6!!780(,!1,3,292$M!+0;,1!.0(,(!;,1,!$0-!
#//,3-,.6!!LA.0M#$&!"6!,-!#+6!!N$9,(-2M#-20$!0/!:2038,'23#+!#$.!82(-0*#-80+0M23#+!
,//,3-(!0/!",$-8#!*2*,12-#@#:2#-#,!#$.!",$-8#!(*23#-#!@#:2#-#,!0$!+29,1!-2((),!2$!
1#-(6!!J"9$'($'4(IFA*,%9*'#$2(@&F%-&2&56!!VaaY!Z#$)#1%I!VWGUHC!VU4V^6!
V^_!Z#M,-2#!#$.!j#+2M#&!0*!32-6!!
V^^!B#)+#!b#1.2$,1&!"J6!!78,!@0$M;00.!K,1:#+!7#(A!X013,C!B,**,1'2$-6!
8--*Cll;;;6+0$M;00.8,1:#+601Ml*,**,1'2$-l*,**,1'2$-6*./!!



!
@,'0$!:#+'!2(!M,$,1#++%!1,30M$2S,.!#(!(#/,!Gb`L=H!:%!-8,!<6=6!X00.!#$.!J1)M!
L.'2$2(-1#-20$6!V^[!E0''0$!.0(,(!#1,!Waa!-0!]aa!'M!-81,,!-2',(!.#2+%!#(!#!
()**+,',$-&!V!-0!W!'2++2+2-,1(!W!-2',(!.#2+%!/01!-2$3-)1,&!#$.!U!-0!Y!M1#'(!2$/)(,.!#(!
-,#&!-#A,$!)*!-0!Y!-2',(!.#2+%6V[a!!78,!(-).%!0/!541#%!-,38$232#$(!.,(312:,.!2$!-8,!
'#2$!#1-23+,&!;8238!/0)$.!-8#-!3810'0(0',(!;,1,!*10-,3-,.!;2-8!+,'0$!:#+'!-,#&!
)(,.!-8,!,R)29#+,$-!0/!0$,!-,#!:#M&!(-,,*,.!2$!;#-,1&!-;23,!.#2+%6!!!
!
78,!0$+%!*1,3#)-20$!2$!)(2$M!+,'0$!:#+'!2(!-8#-!+,'0$!:#+'!2(!)(,.!-8,1#*,)-23#++%!
/01!8%*,1#3-29,!-8%102.!.2(,#(,&V[U!(0!*,1(0$(!;2-8!*001!-8%102.!/)$3-20$!'#%!;2(8!
-0!#902.!+,'0$!:#+'6!!!
!
! E#%0#?&(!
!
N$!VaUa!-8,!F)10*,#$!X00.!=#/,-%!L)-8012-%!30$.)3-,.!#$!,5-,$(29,!1,92,;!0/!
3)13)'2$&!:,3#)(,!/00.!'#$)/#3-)1,1(!8#.!*,-2-20$,.!-0!:,!#:+,!-0!)(,!3)13)'2$!#(!
#!$#-)1#+!/00.!30+012$M6!!78,!F)10*,#$!X00.!=#/,-%!L)-8012-%!30$3+).,.!-8#-!
3)13)'2$!3#)(,.!$0!#.9,1(,!,//,3-(!2$!#'0)$-(!#(!82M8!#(!V]a!'2++2M1#'(!*,1!
A2+0M1#'!0/!:0.%!;,2M8-6V[V!!L!1,#(0$#:+,!.0(,!2(!()MM,(-,.!:%!J16!`)((,++!j+#%+03A&!
;80!1,30'',$.(!-8#-&!-0!1,(2(-!-8,!(*1,#.!0/!-)'01(&!3#$3,1!*#-2,$-(!-#A,!]aa!
'2++2M1#'(!0/!3)13)'2$!W!-2',(!.#2+%&!'25,.!;2-8!0+29,!02+!/01!:,--,1!#:(01*-20$!0/!
-82(!/#-4(0+):+,!():(-#$3,6V[W!
!
!
!
! \&()'(6!
!
b2$(,$M!2(!1,+#-29,+%!(#/,6!!N-!2(!#$!#$-24052.#$-!;2-8!+2--+,!*104052.#$-!#3-292-%6!!!!X,;!
(2.,!,//,3-(!8#9,!:,,$!(,,$!#-!'0.,1#-,!.0(,(!0/!M2$(,$M6!!!78,!b,1'#$!E0''2((20$!
F!1,30'',$.(!U!-0!V!M1#'(!*,1!.#%&!(-#$.#1.2S,.!-0!Y4]m!M2$(,$0(2.,(6!!!@#1M,1!
.0(,(!'#%!3#)(,!(2.,!,//,3-(6!!L$!)$30$-10++,.!(-).%!/0)$.!(2.,!,//,3-(!2$!#:0)-!Ym!
0/!-80(,!30$()'2$M!)*!-0!U]!M1#'(!*,1!.#%6!!E0$()'*-20$!0/!'01,!-8#$!U]!M1#'(!
3#)(,.!30$/)(20$!#$.!.,*1,((20$6!!j,3#)(,!M2$(,$M!8#(!'2+.!,(-10M,$23!,//,3-(!#$.!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
V^[!b#1.2$,1&!B#)+#&!"J6!78,!@0$M;00.!K,1:#+!7#(A!X013,C!@,'0$!j#+'6!
8--*Cll;;;6+0$M;00.8,1:#+601Ml+,'0$:#+'l+,'0$:#+'6*./!I!!<$29,1(2-%!0/!
"#1%+#$.!",.23#+!E,$-,1C!8--*Cll;;;6)''6,.)l#+-',.l#1-23+,(l+,'0$4:#+'4
aaaV\U68-'!
V[a!b#1.2$,1&!0*6!32-6!
V[U!L)/>'0+A&!"6!,-!#+6!!F5-1#3-(!#$.!#)-04052.2S,.!30$(-2-),$-(!0/!3,1-#2$!*+#$-(!
2$82:2-!-8,!1,3,*-014:2$.2$M!#$.!-8,!:20+0M23#+!#3-292-%!0/!b1#9,(>!2'')$0M+0:)+2$(6!!
I'4&-,%'&2&56!U[^]!"#%I!UU\G]HC!U\^_4U\[W6!!!
V[V!F)10*,#$!X00.!=#/,-%!L)-8012-%&!Z)+%![&!VaUa&!1,*12$-,.!#-!8--*Cll;;;6/+,54
$,;(4/00.630'l30$(0+,lB#M,D2,;,16#(*5n*#M,rWVa]^!L33,((,.!]lUlUU6!
V[W!j+#%+03A&!`6!!>$#",$2(8#,$#*5%*+(3&,(:$'-*,(=$#%*'#+6!!?,;!q01A&!d,$(2$M-0$!
B):+2(82$M!E01*6&!VaaW&!*#M,!]_6!



8#(!2$-,1/,1,.!;2-8!$,0$#-#+!.,9,+0*',$-&!2-!(80)+.!$0-!:,!M29,$!-0!2$/#$-(!#$.!
382+.1,$&!#$.!2-!(80)+.!#+(0!:,!#902.,.!2$!*1,M$#$3%!#$.!+#3-#-20$6V[Y!
!
! \&(6'%!
!
b2$M,1!2(!M,$,1#++%!1,30M$2S,.!#(!(#/,!:%!-8,!<6=6!X00.!#$.!J1)M!L.'2$2(-1#-20$6!!
Q$,!(-).%!/0)$.!M2$M,1!-0!:,!$0$4-0523!)*!-0!-8,!9,1%!+#1M,!#'0)$-!0/!U]aa!'M!*,1!
A2+0M1#'!0/!:0.%!;,2M8-&!-8,!82M8,(-!-,(-#:+,!.0(,6V[]!!!F(-2'#-,.!)(,!2$!N$.2#!2(!^!-0!
Ua!M1#'(!0/!-8,!100-!*,1!.#%6!V[\!!!?0!(-).2,(!8#9,!,5#'2$,.!2-(!(#/,-%!#(!#!
()**+,',$-!/01!382+.1,$!01!.)12$M!*1,M$#$3%!#$.!+#3-#-20$6!
!
! ,+)'?-%4!
!
L3301.2$M!-0!-8,!b,1'#$!E0''2((20$!F&!10(,'#1%!2$-#A,!(80)+.!$0-!,53,,.!Y!-0!\!
M1#'(!0/!-8,!.12,.!8,1:6!!7,#!'#%!:,!'#.,!#-!\!M1#'(!(-,,*,.!2$!;#-,1!*,1!.#%6!!L!
-2$3-)1,!0/!UC]!'#%!:,!-#A,$!#-!V!-0!Y!'2++2+2-,1(&!-81,,!-2',(!.#2+%&!#$.!#!UCU!/+)2.!
,5-1#3-!2$!#+3080+!'#%!:,!-#A,$!#-!U!-0!V!'2++2+2-,1(!*,1!.#%6!!`0(,'#1%!()**+,',$-(!
(80)+.!$0-!:,!M29,$!-0!382+.1,$!)$.,1!U^&!:,3#)(,!10(,'#1%>(!(#/,-%!8#(!$0-!:,,$!
(-).2,.!2$!382+.1,$6!!B1,M$#$-!;0',$!(80)+.!$0-!-#A,!10(,'#1%!()**+,',$-(!
:,3#)(,!10(,'#1%!()**+,',$-(!'#%!3#)(,!'2(3#112#M,6!!`0(,'#1%!02+!(80)+.!$0-!:,!
2$M,(-,.&!:)-!10(,'#1%!02+!'#%!:,!)(,.!0$!-8,!(A2$!#$.!8#216!!V[_!
!
! \+$#!c+3-!
!
b0-)!A0+#!#**#1,$-+%!8#(!$0-!:,,$!,9#+)#-,.!:%!,2-8,1!b,1'#$!E0''2((20$!F!01!:%!
-8,!<6=6!X00.!#$.!J1)M!L.'2$2(-1#-20$6!=#/,!.0(#M,(!#1,!Va!-0!\a!'2++2M1#'(&!W!-2',(!
.#2+%&!#3301.2$M!-0!-8,!1,*01-!0/!-8,!=;,.2(8!",.23#+!E,$-,1!2$!-8,!<6=6!!6V[^!!!B,1(0$(!
;2-8!+29,1!.2(,#(,!(80)+.!#902.!M0-)!A0+#&!#$.!2-(!(#/,-%!8#(!$0-!:,,$!(-).2,.!2$!
382+.1,$!01!*1,M$#$-!;0',$6V[[!!!L$!8,1:#+!30':2$#-20$!2$3+).2$M!M0-)!A0+#!;#(!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
V[Y!N$/01'#-20$!0$!(#/,-%!2(!/10'!-8,!1,92,;!#1-23+,!:%!E#$#.2#$!M2$(,$M!1,(,#138,1(!
d2--(&!J6!#$.!K)&!E6!!F//23#3%!#$.!(#/,-%!0/!M2$(,$M6!!="G2%-(J*$2#.(>"#,%#%&'!Vaaa!
J,3,':,1I!WGYLHC!Y_W4Y^]6!!X)++!-,5-!#9#2+#:+,!#-!
8--*Cllc0)1$#+(63#':12.M,601Ml.0;$+0#.6*8*n/2+,rmVXBK?mVXBK?WoY#mVX=UW\
^[^aaaaaaa]]a#6*./x30.,rW3_#33VW3\#VW._^#Y\_:Va3,]W^/\V^!
V[]!Z#M,-2#!VaaY&!0*6!32-6!!!
V[\!d#-82!d,'*,1&!"J&!"BK6!!@0$M;00.!K,1:#+!7#(A!X013,C!b2$M,16!
8--*Cll;;;6+0$M;00.8,1:#+601MlM2$M,1lM2$M,16*./!
V[_!<$29,1(2-%!0/!"#1%+#$.!",.23#+!E,$-,1!
8--*Cll;;;6)''6,.)l#+-',.l#1-23+,(l10(,'#1%4aaaV_U68-'!
V[^!=;,.2(8!",.23#+!E,$-,1!G=,#--+,&!e#(82$M-0$H!K,#+-8!@2:1#1%C!b0-)!d0+#6!
8--*(Cll8,#+-8+2:1#1%6,*$,-630'lb,-E0$-,$-6#(*5n-0A,$r#/W\V.[_4Y/^a4YY]W4
#U_]4aV33\VVa#W^_x38)$A22.rVU_\W!!!L33,((,.!]lVlUU6!
V[[!e,:!"JC!X2$.!#!D2-#'2$!01!=)**+,',$-C!b0-)!d0+#6!
8--*Cll;;;6;,:'.630'l92-#'2$(4()**+,',$-(l2$M1,.2,$-'0$04_]W4



/0)$.!$0$4-0523!2$!#3)-,!#$.!$0$4#3)-,!-05232-%!(-).2,(6!Waa!!!78,!=;,.2(8!",.23#+!
E,$-,1!G<6=6H!(-#-,(!-8#-!M0-)!A0+#!2(!(#/,!#$.!3#)(,(!$0!(2.,!,//,3-(&!,53,*-!/01!#!
*0((2:+,!#++,1M23!.,1'#-2-2(!
!
5+.&#?!936&(-$'W!
!
=0.2)'!#+M2$#-,!2$82:2-(!#:(01*-20$!0/!1#.20#3-29,!*#1-23+,(6!!L**10*12#-,!#'0)$-(&!
80;,9,1&!8#9,!$0-!:,,$!;,++!(-).2,.6!!78,1,!2(!#$!)$():(-#$-2#-,.!1,*01-!-8#-!-8,!
<6=6!L-0'23!F$,1M%!E0''2((20$!0$3,!1,30'',$.,.!#!'2$2')'!0/!Ua!M1#'(!0/!
(0.2)'!#+M2$#-,!.#2+%!/01!*10-,3-20$!/10'!#:(01*-20$!0/!1#.20#3-29,!(-10$-2)'6!OZK!!!
Q$,!()**+,',$-!30'*#$%!2$!-8,!<$2-,.!=-#-,(!1,30'',$.(!V!G[]a4'2++2M1#'H!
3#*()+,(!W!-2',(!.#2+%&!-#A,$!:,-;,,$!',#+(&!#+0$M!;2-8!-;0!/)++!M+#((,(!0/!/1)2-!c)23,!
-0!#2.!#:(01*-20$6!!782(!.0(,!;0)+.!#'0)$-!-0!#:0)-!\!M1#'(!0/!#+M2$#-,6!!L!
$#-)10*#-823!*8%(232#$!2$!-8,!,#1+%!U[^a>(!1,30'',$.,.!-#A2$M!-8,!#+M2$#-,!#(!#!
M,+#-2$!'#.,!/10'!#M#14#M#1!/+#A,(6!!K2(!1,30'',$.#-20$C!.2((0+9,!Ua!M1#'(!0/!
#M#14#M#1!2$!0$,!8#+/!+2-,1!0/!;#-,1&!:02+&!-8,$!#..!0$,!3)*!0/!c)23,6!!`,/12M,1#-,6!WaV!!
!
/'0$&(W!
!
78,!#'0)$-(!0/!*,3-2$!)(,.!-0!.,31,#(,!#:(01*-20$!0/!1#.20#3-29,!*#1-23+,(!8#9,!
:,,$!Ua!M1#'(!.#2+%!/01!382+.1,$!#$.!Va!M1#'(!.#2+%!/01!#.)+-(&!2$!.292.,.!.0(,(6!!!
E0$()'*-20$!'#%!.,31,#(,!#:(01*-20$!0/!:,-#43#10-,$,&!(0!2-!'#%!:,!:,$,/232#+!-0!
30$()',!-8,!*,3-2$!#;#%!/10'!',#+(6!B,3-2$!'#%!.,31,#(,!#:(01*-20$!0/!(-#-2$!
.1)M(!)(,.!-0!+0;,1!380+,(-,10+6!WaW!!!
!
5+.&#?!1&0-%I+(-$'W!
!
K,1,!2(!-8,!1,30'',$.#-20$!0/!J16!Z08$!L*(+,%C!!
!
OFor adults, up to 7 teaspoons of baking soda daily in divided dosages on an empty 
stomach may be used short-term (over 6 consecutive days)  ...  with route & rate of 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
bQ7<mVadQ@L6#(*5n#3-29,N$M1,.2,$-N.r_]Wx#3-29,N$M1,.2,$-?#',rbQ7<mVad
Q@L!!!L33,((,.!]lVlUU6!
Waa!p)2$$#&!?6!!L!$,;!8,1:#+!30':2$#-20$&!F-#$#&!/01!,$8#$32$M!,1,3-2+,!/)$3-20$C!#$!
,//23#3%!#$.!(#/,-%!(-).%!2$!#$2'#+(6!!D'#*,'$#%&'$2(1&",'$2(&3(D9A&#*'-*()*+*$,-.!
Vaa[!=,*-,':,14Q3-0:,1I!VUG]HC!WU]4WVa6!
WaU!=38,38-,1&!=6!!O`#.2#-20$P!e8#-!!q0)!E#$!J0P![*5*#$,%$'(@%9*+!J,3,':,1!U[^U&!
*#M,!Ya6!
8--*Cll:00A(6M00M+,630'l:00A(n2.rApMLLLLL"jLZx*MrBLYax+*MrBLYax.RrZ08
$yK0*A2$(y<$29,1(2-%y(-).%y#:0)-y'2(0x(0)13,r:+x0-(rJ%LFJVS$%Dx(2MrBa'
Y_8KF70;Y*"Xk3`(UFk30:DFx8+r,$x,2rY.\B7:7qXY1KML,4
W]=/Jpx(#rTx02r:00Ao1,()+-x3-r1,()+-x1,($)'rUax9,.raEF^p\LF;Epu9r0$,
*#M,xRx/r/#+(,!!
WaV!=8,38-,1&!0*!32-6!
WaW!8--*Cll;;;6.1)M(630'l$**l*,3-2$68-'+!



administration carefully considered by the physician. Another acceptable dosage schedule 
is to perform the above every other day for two weeks on, then resting for two weeks off 
of the baking soda schedule.” 304  
! ! ! ! !
A+.&('W!
!
78,!1,(,#138!0$!20.2$,!2(!30'*+,5!#$.!30$-1#.23-01%6!!=0',!0/!-8,!30$-1#.23-20$(!
'#%!#12(,!/10'!-8,!.2//,12$M!/01'(!0/!20.2$,!#$.!-%*,(!0/!()**+,',$-(!)(,.!2$!
1,(,#138!#$.!,*2.,'20+0M23#+!(-).2,(&!01!/10'!*,1(0$(>!9#1%2$M!+,9,+(!0/!0-8,1!
$)-12,$-(!()38!#(!(,+,$2)'&!;8238!2(!A$0;$!-0!2$-,1#3-!;2-8!20.2$,6!!
!
78,!N$-,1$#-20$#+!E0''2((20$!0$!`#.20+0M23#+!B10-,3-20$!1,30'',$.(!Vaa!
'2310M1#'(!0/!20.2$,!-0!*1,9,$-!-8,!-8%102.!/10'!#:(01:2$M!1#.20#3-29,!20.2$,6Wa]!
G78,!<6=6!.2,-#1%!1,/,1,$3,!2$-#A,!2(![]!'2310M1#'(&!U\a!'2++2M1#'(!2$!*1,M$#$3%&!
#$.!VVa!'2++2M1#'(!.)12$M!+#3-#-20$6HWa\!!
!
78,!-1#.2-20$#+!Z#*#$,(,!2$-#A,!0/!20.2$,!2(!82M8&!/10'!+#1M,!#'0)$-(!0/!(,#;,,.!2$!
-8,!.2,-6!!F(-2'#-,.!#'0)$-(!0/!20.2$,!2$!-8,!-1#.2-20$#+!Z#*#$,(,!.2,-!1#$M,!/10'!U!
-0!U]!M1#'(!0/!20.2$,!.#2+%6Wa_!!
!
78,!$)3+,#1!#332.,$-!'#%!#//,3-!-8,!*10.)3-20$!#$.!30$()'*-20$!0/!(,#;,,.!2$!
Z#*#$6!!B,1(0$(!():c,3-!-0!1#.2#-20$!;80!8#9,!$0-!:,,$!,#-2$M!(,#;,,.&!01!;80!$0!
+0$M,1!,#-!(,#;,,.&!'#%!;2(8!-0!-#A,!20.2$,!:%!M#1M+2$M&!01!:%!-#A2$M!01#+!
20.2$,l20.2.,!()**+,',$-(&!;8238!#1,!#9#2+#:+,!0$!-8,!N$-,1$,-6!!!7#:+,-(!0/!A,+*!01!
.)+(,!G#$0-8,1!-%*,!0/!(,#;,,.H!)()#++%!30$-#2$!#:0)-!Vaa!0/!'2310M1#'(!0/!20.2$,!
*,1!-#:+,-6!!78,1,!2(!(0',!,92.,$3,!-8#-!*,1(0$(!;80!#1,!$0-!#33)(-0',.!-0!,#-2$M!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
WaYhttp://doctorapsley.com/RadiationTherapy.aspx Accessed 5/5/11.!!
Wa]!782(!/2M)1,!2(!3#+3)+#-,.!/10'!-8,![a!'2310M1#'(!0/!30$()'*-20$!2$!L(2#&!(#2.!-0!
:,!Y]m!0/!-8,!1,/,1,$3,!2$-#A,6!!N%,$M#1&!b6!,-!#+6!!J2,-#1%!2$-#A,(!0/!(,9,$!,+,',$-(!
0/!2'*01-#$3,!2$!1#.20+0M23#+!*10-,3-20$!:%!L(2#$!*0*)+#-20$C!30'*#12(0$!;2-8!NE`B!
hN$-,1$#-20$#+!E0''2((20$!/01!`#.20+0M23#+!B10-,3-20$i!.#-#6!!J*$2#.(=.6+%-+!VaaY!
Z)$,I!^\G\HC!]]_4]\Y6!
Wa\!X00.!#$.!?)-12-20$!j0#1.&!?#-20$#+!N$(-2-)-,!0/!",.232$,6!!J2,-#1%!`,/,1,$3,!
N$-#A,(&!'0.2/2,.!"#138!VaUU6!
8--*Cll;;;620'6,.)lL3-292-2,(l?)-12-20$l=)''#1%J`N(lsl',.2#lX2+,(lL3-292-%
mVaX2+,(l?)-12-20$lJ`N(l?,;mVa"#-,12#+l]J`NmVaD#+),(mVa=)''#1%7#:+,(
mVaUY6*./!!
Wa_!N$!0$,!(-).%&!80',4300A,.!',#+(!1#$M,.!/10'!W\a!-0!UaVW!'2310M1#'(!#$.!
2$(-2-)-20$#+!',#+(!1#$M,.!/10'!Y_!-0!]aaa!'2310M1#'(!0/!20.2$,!*,1!',#+6!
d#-#'2$,&!=6!!N0.2$,!30$-,$-!0/!9#120)(!',#+(!3)11,$-+%!30$()',.!:%!)1:#$!
Z#*#$,(,6((1&",'$2(&3(>"#,%#%&'$2(8-%*'-*($'4([%#$9%'&2&56(S@&H6&U(U[^\!Q3-0:,1I!
WVG]HC!Y^_4Y[]6!!!j)-!(,,!?#M#-#A2&!=6!!78,!#9,1#M,!0/!.2,-#1%!20.2$,!2$-#A,!.),!-0!-8,!
2$M,(-20$!0/!(,#;,,.(!2(!U6V!'Ml.#%!2$!Z#*#$6!!!@.6,&%4!Vaa^!Z)$,I!U^G\HC!\\_4\\^!
h#:(-1#3-!)$#9#2+#:+,i6!!!



(,#;,,.!+#3A!-8,!.2M,(-29,!,$S%',(!$,,.,.!-0!.2M,(-!2-6!Wa^!!N0.2$,!3#$!#+(0!:,!
#:(01:,.!-810)M8!-8,!(A2$6!!!
!
B,18#*(!-8,!:,(-!20.2$,!()**+,',$-(!/01!1#.2#-20$!*10-,3-20$!30$-#2$!:0-8!-8,!
20.2.,!/01'!G20.2$,!2$!#$!20$23!/01'&!#(!#!(#+-H!#$.!-8,!20.2$,!/01'!G'0+,3)+#1!20.2$,!
01!NVH6!!!`,(,#138!2$.23#-,(!-8#-!-8,!-8%102.!30$3,$-1#-,(!-8,!20.2.,!/01'&!;8,1,#(!
-8,!:1,#(-!-2((),!G#$.!*,18#*(!-8,!*10(-#-,!M+#$.H!30$3,$-1#-,(!-8,!20.2$,!/01'6Wa[!!
"01,09,1&!#$2'#+!1,(,#138!2$.23#-,(!-8#-!-8,!20.2$,!/01'!2(!#3-29,!#M#2$(-!:1,#(-!
3#$3,1!;8,1,#(!-8,!20.2.,!/01'!2(!$0-6!WUa!!!K0;,9,1&!-8,!)(,!0/!*0-#((2)'!20.2$,!/01!
1#.2#-20$!*10-,3-20$!0/!-8,!:1,#(-!8#(!$0-!:,,$!(-).2,.6!!!
!
L!/,;!.03-01(!2$!-8,!<6=6!#1,!1,30'',$.2$M!UV!'2++2M1#'(!01!'01,!0/!20.2$,!/01!
*,1(0$(!;2-8!+0;!-8%102.!/)$3-20$&!-8%102.!3#$3,1&!/2:103%(-23!:1,#(-!.2(,#(,&!01!
:1,#(-!3#$3,16!WUU!78,(,!+#1M,1!#'0)$-(!(80)+.!:,!-#A,$!0$+%!)$.,1!#!.03-01>(!
()*,192(20$6!!@0;!20.2$,!:+00.!+,9,+(!3#)(,!M02-,1!#$.!'#%!3#)(,!(,9,1,!',$-#+!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Wa^!K,8,'#$$&!Z4K!,-!#+6!71#$(/,1!0/!3#1:08%.1#-,4#3-29,!,$S%',(!/10'!'#12$,!
:#3-,12#!-0!Z#*#$,(,!M)-!'2310:20-#6!!>$#",*!VaUa!L*12+!^I![a^4[UV6!!
J02CUa6UaW^l$#-)1,a^[W_6!!!
Wa[!F(A2$&!j6!,-!#+6!!J2//,1,$-!-2((),!1,(*0$(,(!/01!20.2$,!#$.!20.2.,!2$!1#-!-8%102.!#$.!
'#''#1%!M+#$.(6!(0%&2&5%-$2(@,$-*(I2*9*'#()*+*$,-.!!U[[]!Z)+%I!Y[GUHC![4U[6!
WUa!L3,9,(&!E6!,-!#+6!!L$-2$,0*+#(-23!,//,3-!0/!20.2$,!2$!'#''#1%!3#$3,1C!*#1-232*#-20$!
0/!\420.+#3-0$,!G\4N@H!#$.!*,1052(0',!*10+2/,1#-014#3-29#-,.!1,3,*-01(!GBBL`H6!!
!&2*-"2$,(:$'-*,(Vaa[!Z)$,!\I!^CWWI!L$M)2#$0&!b6!,-!#+6!!<*-#A,!#$.!M,$,!,5*1,((20$!
;2-8!#$-2-)'01#+!.0(,(!0/!20.2$,!2$!-8%102.!#$.!'#''#1%!M+#$.C!F92.,$3,!-8#-!
3810$23!#.'2$2(-1#-20$!8#(!$0!8#1'/)+!,//,3-(6!!@.6,&%4!Vaa_!=,*-,':,1I!U_G[HC!
^]U4^][I!!b#132#4=0+2(&!B6!,-!#+6!N$82:2-20$!0/!?4',-8%+4?4$2-10(0)1,#42$.)3,.!
'#''#1%!3#132$0M,$,(2(!:%!'0+,3)+#1!20.2$,!GNVH!:)-!$0-!:%!20.2.,GN4H!-1,#-',$-C!
,92.,$3,!-8#-!NV!*1,9,$-(!3#$3,1!*10'0-20$6!!!&2*-"2$,($'4(:*22"2$,(I'4&-,%'&2&56(
Vaa]!"#%!WUI!VW\GU4VHC!Y[4]_6!
WUU!Q$!-8,!*0-,$-2#+!$,,.!/01!20.2$,!2$!+#1M,1!#'0)$-(!-8#$!-8,!1,/,1,$3,!2$-#A,&!(,,!
-8,!/0++0;2$MC!L:1#8#'&!b6!!78,!(#/,!#$.!,//,3-29,!2'*+,',$-#-20$!0/!
01-8020.0()**+,',$-#-20$!2$!',.23#+!*1#3-23,6!!C,%5%'$2(D'#*,'%+#(VaaYI!UUCU_4W\6!!!!
X+,38#(&!Z6!!Q1-8020.0()**+,',$-#-20$!2$!#!*12'#1%!3#1,!*1#3-23,6!!C,%5%'$2(N$-,1$2(-!
Vaa]I!UVGVHC^[4[\6!!!!j10;$(-,2$&!J6((D&4%'*V(c.6(6&"('**4(%#($'4(^.6(6&"(-$'i#(2%E*(
^%#.&"#(%#/((",.23#+!L+-,1$#-29,(!B1,((&!VaaY6!!J,11%&!J6!0,*$+#(:$'-*,($'4(D&4%'*/((
71#//01.!B):+2(82$M&!VaaV6!!X01!1,(,#138!0$!:1,#(-!3#$3,1!#$.!20.2$,&!(,,!
8--*Cll:1,#(-3#$3,138023,(601Ml20.2$,2$.,568-'+!!L!M00.!()''#1%!0/!-8,!
#1M)',$-(!/#9012$M!+#1M,1!.0(,(!0/!20.2$,!2(!2$!#$!#1-23+,!:%!J0$#+.!"2++,1&!"J&!
ON0.2$,!/01!K,#+-8P!#-!8--*Cll;;;6+,;103A;,++630'l'2++,1l'2++,1Va68-'+6!!!L!M00.!
()''#1%!0/!1,:)--#+!,92.,$3,!#**,#1(!2$!O78,!b1,#-!N0.2$,!J,:#-,P!:%!=#++%!X#++0$!
#-!8--*Cll;;;6;,(-0$#*123,601Ml'0.,1$4.2(,#(,(l',-#:0+234.2(01.,1(lU\\V4-8,4
M1,#-420.2$,4
.,:#-,nR8rq70%Q$-*QcL_3S0VQ2Z*:V`*:'<2QVA\"7-SQcF;Q2Z*:V`*:'Xa#e]$N
c-[6!!!
!



1,-#1.#-20$!2$!382+.1,$!:01$!-0!20.2$,!.,/232,$-!'0-8,1(6WUV!!j)-!82M8!20.2$,!:+00.!
+,9,+(!'#%!3#)(,!-8%102.!.2(,#(,&!#$.!()**+,',$-#-20$!.)12$M!*1,M$#$3%!'#%!#+(0!
2$-,1/,1,!;2-8!-8,!382+.>(!:1#2$!.,9,+0*',$-6WUW!
! ! ! ! !
!
! ! ! ! ! 9DD'(.&T!AA!
!
! ! ! ! B'%I)!+*!`(0'%$-&(!V-3#'!!!
!
<C'!*+33+N&(6!C'%I)!?-4!I'!'**'0$&2'!&(!%'.#0&(6!%-.&-$&+(!.-?-6'!I#$!$C'!
'2&.'(0'!)#DD+%$&(6!$C'&%!#)'!&)!?&(&?-3!+%!#(D'%)#-)&2'@!
!
,C+.&+3-!*10-,3-,.!'23,!/10'!+,-8#+!-0-#+!:0.%!211#.2#-20$!2$!-;0!(-).2,(6!!N$!-8,!
+#-,1!(-).%&!*1,41#.2#-20$!#.'2$2(-1#-20$!0/!180.20+#!#-!#!.0(,!0/!W]a!'MlAM!
#382,9,.!()1929#+!1#-,(!0/!^Wm!G/01!;#-,1!,5-1#3-H!#$.![am!/01!#!;#-,14#+3080+!
,5-1#3-66!!-8,!'#52')'!-0+,1#-,!.0(,!0/!180.20+#!.,-,1'2$,.!-0!:,!!:,-;,,$!UUaa!01!
#$.!UWaa!'MlAM!6WUY!!N$!-8,!,#1+2,1!(-).%&!Yaa!'MlAM!#382,9,.!^Wm!()1929#+!0/!+,-8#+!
-0-#+4:0.%!211#.2#-20$6!!N$!#!3,++!3)+-)1,!(-).%!1,*01-,.!2$!-8,!(#',!#1-23+,&!180.20+#!
#-!Uaa!'2310M1#'(!*,1!'2++2+2-,1!(3#9,$M,.!09,1![am!0/!()*,1052.,!1#.23#+(!#$.!#-!
^a!'2310M1#'(!*,1!'2++2+2-,1!1,.)3,.!+2*2.!*,1052.#-20$!:%!\am6WU]!!78,(,!1,()+-(!
#1,!1,'#1A#:+,6!!!
!
?,9,1-8,+,((&!N!.2.!$0-!*)-!180.20+#!0$!-8,!(801-!+2(-!:,3#)(,!-8,!,//,3-29,!.0(,!)(,.!
2$!-82(!(-).%!2(!#:0)-!0$,4-821.!0/!-8,!'#52')'!-0+,1#-,.!.0(,&!;8238!M29,(!-8,!
180.20+#!.0(,!#$!)$#33,*-#:+,!'#1M2$!0/!(#/,-%6!!78,1,!2(!$0!,92.,$3,!-8#-!#!('#++,1!
.0(,!;0)+.!0//,1!1#.2#-20$!*10-,3-20$!2$!8)'#$(&!#+-80)M8!2-!'#%!.0!(06!!
!
\%-D'!)''.!'T$%-0$!2(!30$(2.,1,.!#!*0;,1/)+!#$-2052.#$-6!WU\!N$!#$!#$2'#+!(-).%!0/!
1#-(!():c,3-!-0!;80+,4:0.%!211#.2#-20$&!-8,!M1#*,!(,,.!,5-1#3-!#-!Uaa!'MlAM!:0.%!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
WUV!J,!F(30:#1&!b6&!Q:1,M0$&!"6&!#$.!J,+!`#%&!X6!!N0.2$,!.,/232,$3%!#$.!:1#2$!
.,9,+0*',$-!2$!-8,!/21(-!8#+/!0/!*1,M$#$3%6!!="G2%-(J*$2#.(>"#,%#%&'!Vaa_!J,3,':,1I!
UaGUVLHC!U]]Y4]_a6!
WUW!")132#&!"6!!F//,3-!0/!20.2$,!()**+,',$-#-20$!.)12$M!*1,M$#$3%!0$!2$/#$-!
$,)10.,9,+0*',$-!#-!U!%,#1!0/!#M,6!?9*,%-$'(1&",'$2(&3(IA%4*9%&2&56!VaUU!L*12+!UI!
U_WG_HC!^aY4^UV6(
WUY!b0,+&!K6!!,-!#+6!`#.20*10-,3-20$!:%!`80.20+#!2':123#-#!2$!'23,!#M#2$(-!;80+,4:0.%!
+,-8#+!211#.2#-20$6!!1&",'$2(&3(!*4%-%'$2(Z&&4!Vaa\!=)'',1I![GVHC!U]Y4U\a6!!!
WU]!L101#&!`6!F9#+)#-20$!0/!1#.20*10-,3-29,!#3-292-2,(!`80.20+#!2':123#-,!F.M,;f#!
82M8!#+-2-).,!*+#$-6!!!&2*-"2$,($'4(:*22"2$,(j2038,'2(-1%!Vaa]!"#%I!V_WGU4VHC!Va[4
VVW6!!(
WU\!=,,!/01!,5#'*+,!K#$#)(,A&!"6!,-!#+6!!N$82:2-20$!0/!')12$,!(A2$!3#132$0M,$,(2(!:%!
/1,,S,4.12,.!M1#*,!*0;.,1!#$.!0-8,1!M1#*,4.,129,.!'#c01!#$-2052.#$-(6!!>"#,%#%&'(
$'4(:$'-*,(VaUU!Z#$)#1%I!\WGUHC!V^4W^I!!E8#0&!E6!,-!#+6!!b1#*,!(,,.!,5-1#3-!
#',+201#-,(!-)'01!$,310(2(!/#3-014#+*8#42$.)3,.!2$/+#''#-01%!(-#-)(!0/!8)'#$!



;,2M8-!2$31,#(,.!-8,!#3-292-%!0/!-8,!#$-2052.#$-!,$S%',(!()*,1052.,!.2(')-#(,!#$.!
3#-#+#(,!-0!+,9,+(!#**10#382$M!-80(,!2$!30$-10+(!;80!;,1,!$0-!211#.2#-,.6!!"01,09,1&!
-8,!M1#*,!(,,.!,5-1#3-!1,.)3,.!-8,!+2*2.!*,1052.#-20$!-0!+,9,+(!I'3+N!-80(,!2$!-8,!
#$2'#+(!-8#-!;,1,!$0-!211#.2#-,.6!WU_!!!78,(,!,//,3-(!#1,!,5-1,',+%!*0;,1/)+6!!N!.2.!
$0-!*)-!M1#*,!(,,.!,5-1#3-!0$!-8,!(801-!+2(-!:,3#)(,!N!30)+.!/2$.!0$+%!-8,!0$,!(-).%!
0$!M1#*,!(,,.!,5-1#3-!#$.!1#.2#-20$!.#'#M,6!
!
5D&%#3&(-!-DD'-%)!&(!*+#%!%-.&-$&+(!)$#.&')W!!0$,!0/!3,++(&!-;0!2$!#$2'#+(&!#$.!0$,!
2$!8)'#$(6!!
!
N$!'0)(,!:0$,4'#110;!3,++(&!(*21)+2$#!,5-1#3-!1,.)3,.!-8,!$)':,1(!0/!'2310$)3+,2!
/10'!1#.2#-20$!.#'#M,6WU^!!
!
N$!#$!#$2'#+!(-).%&!.0M(!#$.!'23,!;,1,!():c,3-,.!-0!30:#+-!1#.2#-20$6!!=*21)+2$#!#-!
UV!'M!*,1!A2+0M1#'!2$31,#(,.!-8,!+,9,+(!0/!1,.!#$.!;82-,!:+00.!3,++(!#$.!
8,'0M+0:2$&!#$.!-8,!$)':,1(!0/!$)3+,#-,.!3,++(!2$!:0$,!'#110;6!!N$!-8,!'23,&!
(*21)+2$#!#-!Wa!#$.!\a!'M!*,1!AM!2$31,#(,.!-8,!+,9,+!0/!;82-,!:+00.!3,++(!#$.!
$)3+,#-,.!3,++(!2$!:0$,!'#110;6!WU[!!!L!(-).%!0/!211#.2#-,.!1#-(!/0)$.!-8#-!#!(*21)+2$#!
,5-1#3-!2$31,#(,.!#$-2052.#$-!'#1A,1(6WVa!
!
N$!#!8)'#$!(-).%&!U\V!3+,#$4)*!;01A,1(!/10'!E8,1$0:%+!;80!8#.!-8,!`)((2#$!
.2#M$0(2(!!O.%(3213)+#-01%!,$3,*8#+0*#-8%P!;,1,!-1,#-,.!;2-8!(*21)+2$#!#(!;,++!#(!
0-8,1!8,1:(!#$.!92-#'2$(6WVU!!j,3#)(,!-8,!',38#$2('(!3#)(2$M!-82(!$,)10+0M23#+!
(%$.10',!#(!;,++!#(!-8,!*0((2:+,!',38#$2('(!0/!-8,!(*21)+2$#!2$!#++,92#-2$M!2-!#1,!
$0-!(*,32/2,.!2$!-82(!(-).%&!#$.!:,3#)(,!-8,!(-).%!)(,.!#!')+-2-).,!0/!8,#+2$M!#M,$-(&!
$0-!c)(-!(*21)+2$#&!-82(!(-).%!.0,(!$0-!0//,1!M00.!,92.,$3,!0/!-8,!,//23#3%!0/!(*21)+2$#!
/01!1#.2#-20$!2++$,((6!!
!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
)':2+23#+!9,2$!,$.0-8,+2#+!3,++(6!!I",&A*$'(1&",'$2(&3(>"#,%#%&'!VaUa!?09,':,1!V^!
hF*):!#8,#.!0/!*12$-i6!
WU_!E,-2$&!L6!!,-!#+6!!78,!,//,3-!0/!M1#*,!(,,.!,5-1#3-!0$!1#.2#-20$42$.)3,.!052.#-29,!
(-1,((!2$!-8,!1#-!+29,16!!@",H%+.(1&",'$2(&3(;$+#,&*'#*,&2&56!Vaa^!Z)$,I!U[GVHC![V4[^6!
WU^!p2(8,$&!B6&!b)0&!j6!#$.!d0+'#$&!L6!!`#.20*10-,3-29,!,//,3-!0/!,5-1#3-!/10'!=*21)+2$#!
*+#-,$(2(!2$!'0)(,!:0$,!'#110;!3,++(!(-).2,.!:%!)(2$M-8,!'2310$)3+,)(!-,(-6!!
@&F%-&2&56(<*##*,+!U[^[!L)M)(-I!Y^GVHC!U\]4U\[6!
WU[!k8#$M&!K6!E8,'04!#.!1#.204*10-,3-29,!,//,3-(!0/!*0+%(#338#12.,!0/!=*21)+2$#!
*+#-,$(2(!0$!8,'0*02,-23!(%(-,'!0/!'23,!#$.!.0M(6!!?-#$(=.$,9$-&2&5%-$(8%'%-$!
VaaU!J,3,':,1I!VVGUVHC!UUVU4UUVY6!
WVa!d#1*09&!@6!h78,!*0(-1#.2#-20$!)(,!0/!92-#'2$430$-#2$2$M!30'*+,5,(!#$.!#!
*8%303%#$2$!,5-1#3-!2$!#!1#.2#-20$!+,(20$!2$!1#-(6i!hL1-23+,!2$!`)((2#$i6!!)$4%$#+/(0%&2/(
)$4%&*-&2/(Vaaa!Z#%4Z)$,I!YaGWHC!WU4WUY6!
WVU!k0S)+2#&!N6!#$.!N)138,$A0&!L6!h78,!#.#*-29,!*0-,$-2#+(!0/!-80(,!;80!;01A,.!2$!-8,!
3+,#$)*!0/!-8,!#/-,1'#-8!0/!-8,!#332.,$-!#-!-8,!E8,1$0:%+!L-0'23!F+,3-123!B0;,1!
=-#-20$!)$.,1!-8,!2$/+),$3,!0/!.2//,1,$-!-1,#-',$-!',-80.(i6!!hL1-23+,!2$!<A1#2$2#$i!!
<%H(8A,$E$!Vaaa!L*12+4Z)$,I!GW4YHC!U^4VU6!!!



K0;,9,1&!(*21)+2$#>(!#$-2052.#$-!,//,3-(!8#9,!:,,$!1,301.,.!2$!(,9,1#+!(-).2,(!$0-!
2$90+92$M!1#.2#-20$6!!N$!0$,!8)'#$!(-).%&!(*21)+2$#!,$8#$3,.!2'')$,!(%(-,'!
'#1A,1(6WVV!!N$!#$0-8,1!8)'#$!(-).%&!(*21)+2$#!1,.)3,.!+2*2.!*,1052.#-20$!#$.!
,$8#$3,.!M+)-#-820$,!#3-292-%6WVW!!=,9,1#+!#$2'#+!(-).2,(!#+(0!(80;!(*21)+2$#>(!
#$-2052.#$-!#3-292-%6WVY!!"01,09,1&!#!1,3,$-!#$2'#+!(-).%!1,301.(!-8#-!(*21)+2$#!
*1,9,$-(!-8,!:20#33)')+#-20$!0/!-8,!0$,!0/!-8,!8,#9%!',-#+(&!3#.'2)'6WV]!!782(!
1,()+-!()MM,(-(!-8#-!(*21)+2$#!'#%!*1,9,$-!#33)')+#-20$!2$!8)'#$(!0/!-8,!
1#.20#3-29,!8,#9%!',-#+(6!!!
!
e2-8!#++!-82(!,92.,$3,&!;8%!.2.!N!$0-!*+#3,!(*21)+2$#!0$!-8,!(801-!+2(-n!!=*21)+2$#!2(!/#1!
+,((!,//,3-29,!#(!#$!#$-2052.#$-!-8#$!-8,!')38!38,#*,1!92-#'2$!E6!!N$!0$,!#$2'#+!
(-).%&!!!(*21)+2$#!;#(!10)M8+%!8#+/!#(!,//,3-29,!#(!92-#'2$!E&!0$!-8,!:#(2(!0/!
'2++2M1#'(!*,1!A2+0M1#'!0/!:0.%!;,2M8-6WV\!!7;0!3,++!#((#%(!/0)$.!-8#-!(*21)+2$#!;#(!
10)M8+%!8#+/!#(!,//,3-29,!#(!92-#'2$!E!2$!*10-,3-2$M!'0)(,!/2:10:+#(-!3,++(!/10'!.,#-8!
.),!-0!/1,,!1#.23#+(6!WV_!!Q$,!0/!-8,!#$2'#+!(-).2,(!2$90+92$M!1#.2#-20$!/0)$.!-8#-!#!
(*21)+2$#!,5-1#3-!;#(!10)M8+%!#(!,//,3-29,!#(!#+*8#!-030*8,10+!#(!#$!#$-24052.#$-&!:)-!
-8#-!#!30':2$#-20$!0$!(25!G)$$#',.H!;#-,14(0+):+,!#$-24052.#$-!92-#'2$(!;#(!'01,!
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!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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]VGYHC!WVV4WV^6!!!
WVW!d#+#/#-2&!"6!!F1M0M,$23!#$.!#$-2052.#$-!,//,3-(!0/!(*21)+2$#!()**+,',$-#-20$!2$!
8)'#$(6!!!*4%-%'*($'4((8-%*'-*(%'(8A&,#+($'4(IF*,-%+*!VaUa!Z#$)#1%I!YVGUHC!UYV4U]U6!
WVY!b#.&!L6!,-!#+6!!L$-2052.#$-!#3-292-%!#$.!8,*#-0*10-,3-29,!,//,3-(!0/!;8,%!*10-,2$!
#$.!(*21)+2$#!2$!1#-(6!!>"#,%#%&'!VaUU!!"#%I!V_G]HC!]^V4]^[I!B0$3,4E#$3828)#'#$&!Z6!
,-!#+6!B10-,3-29,!,//,3-(!0/!(*21)+2$#!'#52'#!0$!8%*,1+2*2.,'2#!#$.!052.#-29,4(-1,((!
2$.)3,.!:%!+,#.!#3,-#-,!2$!-8,!+29,1!#$.!A2.$,%6!((<%A%4+(%'(J*$2#.($'4(L%+*$+*!VaUa!
"#138!WUI![CW]I!!!d)8#.&!L6!,-!#+6!`,$0*10-,3-29,!,//,3-!0/!(*21)+2$#!/)(2/01'2(!0$!
32(*+#-2$42$.)3,.!052.#-29,!(-1,((!#$.!1,$#+!.%(/)$3-20$!2$!1#-(6!!)*'$2(Z$%2",*!Vaa\I!
V^GWHC!VY_4]Y6!!!
WV]!j8#1#92&!d6!!B1,9,$-20$!0/!3#.'2)'!:20#33)')+#-20$!:%!8,1:#+!#.#*-0M,$(6!!
D'4%$'(1&",'$2(&3(=.$,9$-&2&56!VaUU!X,:1)#1%I!YWGUHC!Y]4Y[6!
WV\!<*#$(2&!E6&!d8,1#&!L6&!#$.!b#+#1#'#$&!`6!!F//,3-!0/!+,#.!;2-8!92-#'2$!F&!E&!01!
=*21)+2$#!0$!'#+0$.2#+.,8%.,&!30$c)M#-,.!.2,$,(!#$.!8%.10*,1052.,(!2$!1#-(6!!
D'4%$'(1&",'$2(&3(IFA*,%9*'#$2(0%&2&56!VaaUZ#$)#1%I!W[GUHC!_a4_Y6!!N$!#!3,++!(-).%&!
(*21)+2$#!*+)(!-8,!92-#'2$4E430$-#2$2$M!#3,10+#!;#(!/0)$.!-0!:,!'01,!,//,3-29,!2$!
1,.)32$M!052.#-29,!.#'#M,!-8#$!(*21)+2$#!#+0$,6!!J#1-(38&!B6!L$-2052.#$-!*0-,$-2#+!0/!
(,+,3-,.!=*21)+2$#!*+#-,$(2(!*1,*#1#-20$(6!!!=.6#&#.*,$A6()*+*$,-.!Vaa^!"#%I!VVG]HC!
\V_4\WW6!
WV_!E8)&!e6!,-!#+6!!B10-,3-29,!,//,3-!0/!#R),0)(!,5-1#3-!/10'!=*21)+2$#!*+#-,$(2(!
#M#2$(-!3,++!.,#-8!2$.)3,.!:%!/1,,!1#.23#+(6!!0!:(:&9A2*9*'#$,6($'4(?2#*,'$#%E*(
!*4%-%'*!VaUa=,*-,':,1!VUI!UaC]W6!
WV^!d#1*09&!@6!,-!#+6!!h78,!*0(-1#.2#-20$!)(,!0/!92-#'2$430$-#2$2$M!30'*+,5,(!#$.!#!
*8%303%#$$2$!,5-1#3-!2$!#!1#.2#-20$!+,(20$!2$!1#-(6!)$4%$#+/(0%&2/()$4%&*-&2/(Vaaa!"#%4
Z)$,I!YaGWHC!WUa4WUY6!!!
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78)(&!(*21)+2$#!2(!*10:#:+%!)(,/)+!/01!1#.2#-20$!*10-,3-20$6!!N-!2(!30$(2.,1,.!(#/,&WV[!
#+-80)M8!-8,1,!2(!(0',!,92.,$3,!-8#-!2-!'#%!,5#3,1:#-,!A2.$,%!(-0$,(6!WWa!j)-!
D2-#'2$!E!2(!'01,!,//,3-29,!#$.!38,#*,16!!D2-#'2$!E!'#%!#+(0!#2.!2$!-8,!,531,-20$!0/!
1#.20#3-29,!8,#9%!',-#+(6!!N-!8#(!:,,$!#((032#-,.!;2-8!-8,!!,+2'2$#-20$!0/!3#.'2)'&!
+,#.&!M0+.&!3810'2)'&!#$.!2-!1,.)3,(!-8,!-0523!,//,3-(!0/!',13)1%6WWU!
!
[40+D'('7!0$,!0/!-8,!3#10-,$,(&!8#(!0$+%!:,,$!(-).2,.!0$3,!;2-8!#$2'#+(!#$.!0$3,!
2$!3)+-)1,.!3,++(6!!@%30*,$,!#-!]!'MlAM!M29,$!-0!1#-(!*1201!-0!;80+,4:0.%!():4+,-8#+!
1#.2#-20$!2'*109,.!-8,!#$-2052.#$-!(-#-)(&!1,M,$,1#-,.!3,++(!2$!-8,!('#++!2$-,(-2$,&!
#$.!2'*109,.!+,9,+(!0/!$,)10-1#$('2--,1(!.0*#'2$,&!$01,*2$,*812$,&!#$.!
,*2$,*812$,&!#++!0/!;8238!#1,!*10.)3,.!2$!-8,!('#++!2$-,(-2$,6!WWV!!!N$!211#.2#-,.!1#-!
+29,1!3,++(&!*1,-1,#-',$-!;2-8!+%30*,$,!1,.)3,.!+2*2.!*,1052.#-20$!#$.!J?L!.#'#M,6!!
@%30*,$,!#+(0!2$31,#(,.!+,9,+(!0/!92-#'2$(!L&!E&!#$.!F!2$!-8,!3,++(6!WWW!
!
E-$_)!E3-N!;#(!,5#'2$,.!2$!#!(2$M+,!#$2'#+!(-).%!0/!1#.2#-20$6!!`,(,#138,1(!/0)$.!
-8#-!:0-8!(2$M+,4!#$.!.0):+,4(-1#$.!:1,#A(!;,1,!(2M$2/23#$-+%!1,.)3,.!W!80)1(!#/-,1!
1#.2#-20$!2$!'23,!-8#-!1,3,29,.!-8,!3#->(!3+#;&!#(!30'*#1,.!-0!30$-10+(6!!78,!
'#52')'!-0+,1#-,.!.#2+%!.0(,!;#(!0:(,19,.!-0!:,!M1,#-,1!-8#$!^!M1#'(!*,1!
A2+0M1#'6!L-!.0(,(!0/!Ua!-0!^a!'MlAM!/01!^!;,,A(!#$.!U\a!'M!/01!Y!;,,A(&!$0!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
WV[!d#1A0(&!B6!,-!#+6!!=*21)+2$#!2$!3+2$23#+!*1#3-23,C!,92.,$3,4:#(,.!8)'#$!#**+23#-20$(!
h1,92,;!#1-23+,i6!(IE%4*'-*X0$+*4(:&9A2*9*'#$,6($'4(?2#*,'$#%E*(!*4%-%'*(VaUU!
L1-23+,!NJ!]WUa]W6!!.##AV]]^^^/.%'4$^%/-&9]k&",'$2+]*-$9]MNOO]TRONTR](((
WWa!X#100R&!=6!,-!#+6!!E1,.,$-2#+(!0/!(*21)+2$#!.2,-!0$!(-#:2+2-%!#$.!/+)5!1,+#-,.!
*10*,1-2,(!0$!-8,!:20'2$,11#+2S#-20$!*103,((!.)12$M!05#+#-,!',.2#-,.!1,$#+!
3#+32/23#-20$!2$!1#-(6!:2%'%-$2(>"#,%#%&'!Vaa]!J,3,':,1I!VYG\HC![WV4[YV6!!!
WWU!=,,!/01!,5#'*+,&!B#3,&!D6!78,!2'*01-#$3,!0/!92-#'2$(!2$!1,+#-20$!-0!-8,!*1,(,$3,!
0/!8,#9%!',-#+(!2$!/00.6!!=$'9%'*,E$(!*4/U[[Y!Z)$,I!W\GVHC!^a4^VI!!!d2'&!K6!,-!#+6!!!
j+00.!3#.'2)'!30$3,$-1#-20$(!0/!'#+,!32M#1,--,!('0A,1(!#1,!2$9,1(,+%!#((032#-,.!
;2-8!/1)2-!h#$.!92-#'2$!Ei!30$()'*-20$6!!1&",'$2(&3(>"#,%#%&'!VaUa!Z)$,I!!UYaG\HC!
UUWW4UUW^I!E8,$M&!q6!,-!#+6!!`,+#-20$!0/!$)-12-20$!-0!:0$.!+,#.!#$.!:+00.!+,#.!+,9,+(!
2$!'2..+,4#M,.!-0!,+.,1+%!',$&!-8,!$01'#-29,!#M2$M!(-).%6!!?9*,%-$'(1&",'$2(&3(
IA%4*9%&2&56!U[[^I!UY_GUVHC!UU\V4UU_YI!!!=2'0$&!Z6!#$.!K).,(&!F6!!`,+#-20$(82*!0/!
#(301:23!#32.!-0!:+00.!+,#.!+,9,+(6!!1?!?(U[[[I!V^GVYHC!VV^[4VV[WI!!!J#;(0$&!F6!,-!#+6!!
78,!,//,3-!0/!#(301:23!#32.!()**+,',$-#-20$!0$!-8,!:+00.!+,#.!+,9,+(!0/!('0A,1(/((
Z0)1$#+!0/!-8,!L',123#$!E0++,M,!0/!?)-12-20$(OWWWP(O_SMUV(O77XOQN6!!=)''#12,(!0/!
,#1+2,1!(-).2,(!#**,#1!2$(=-0$,&!N1;2$&![%#$9%'(:($5$%'+#(L%+*$+*B(b10((,-!x!J)$+#*&!
U[_V&!*#M,(!U]V4U]\6!!
WWV!=##.#&!K6&!`,SA&!`6&!#$.!F+-#8#;%&!?6!!@%30*,$,!*10-,3-(!-8,!(-1)3-)1,!0/!-8,!('#++!
2$-,(-2$,!#M#2$(-!M#''#41#.2#-20$42$.)3,.!052.#-29,!(-1,((6!!=.6#&#.*,$A6()*+*$,-.!
VaUa!Z)$,I!VY!=)**+6!VC!=VaY4Va^6!
WWW!=12$9#(#$&!"6!,-!#+6!!@%30*,$,!#(!#!$#-)1#+!*10-,3-01!#M#2$(-!M#''#41#.2#-20$!
2$.)3,.!J?L!.#'#M,&!+2*2.!*,1052.#-20$&!#$.!#$-2052.#$-!(-#-)(!2$!*12'#1%!3)+-)1,!
0/!2(0+#-,.!1#-!8,*#-03%-,(!2$!92-106!!0%&-.%9%-$B(0%&A.6+%-$(?-#$(Vaa_!L*12+I!
U__aGYHC!\][4\\]6!



(%'*-0'(!0/!-05232-%!;,1,!0:(,19,.6!!@2A,!M1#*,!(,,.!,5-1#3-&!3#->(!3+#;!.0,(!$0-!
'#A,!-8,!(801-!+2(-!:,3#)(,!N!30)+.!0$+%!/2$.!0$,!(-).%!0$!3#->(!3+#;!#$.!20$2S2$M!
1#.2#-20$!.#'#M,6!!!GQ$,!0-8,1!(-).%!30$3+).,.!-8#-!#!;#-,14(0+):+,!,5-1#3-!
*10-,3-,.!8)'#$!(A2$!3,++(!2$!3)+-)1,!/10'!)+-1#920+,-!1#.2#-20$6WWYH!
!
EC3+%'33-!;#(!(-).2,.!2$!#!'0)(,!-12#+!#-!-8,!ES,380(+09#A!N$(-2-)-,!0/!j20*8%(23(6!!!!
L$!#R),0)(!,5-1#3-!/10'!38+01,++#!;#(!#.'2$2(-,1,.!:%!2$c,3-20$&!#$.!-8,!#$2'#+(!
;,1,!+#-,1!211#.2#-,.6!!L!+#1M,1!$)':,1!0/!-1,#-,.!#$2'#+(!()1929,.!+,-8#+!1#.2#-20$&!
#(!30'*#1,.!-0!211#.2#-,.!30$-10+(!-8#-!.2.!$0-!1,3,29,!-8,!2$c,3-20$(6!!78,!38+01,++#!
,5-1#3-!#+(0!2$31,#(,.!()1929#+!0/!:0$,!'#110;!3,++(!#/-,1!-8,!1#.2#-20$@!OOd!!
!
L+-80)M8!38+01,++#!2(!;2.,+%!1,30'',$.,.!#(!#!.,-052/%2$M!#M,$-&!N!.2.!$0-!*+#3,!
38+01,++#!0$!-8,!(801-!+2(-!:,3#)(,!-8,!()'!0/!-8,!*):+2(8,.!1,(,#138!2(!$0-!
30'*,++2$M6!!N-!2(!$0-!3+,#1!/10'!-8,!#:(-1#3-(!0/!-8,!*):+2(8,.!#1-23+,(!;8,-8,1!-81,,!
'0)(,!(-).2,(!;,1,!.0$,!01!0$+%!0$,&!.,(312:,.!-81,,!-2',(6!!!L-!+,#(-!-;0!0/!-8,!
#1-23+,(!#**,#1!-0!.,(312:,!-8,!(#',!(-).%&!:,3#)(,!-8,!*):+23#-20$!.#-,(!#1,!$,#1+%!
2.,$-23#+6!WW\!!78,!-821.!#1-23+,!#**,#1(!#!/,;!'0$-8(!+#-,16!!"01,09,1&!-8,!1,()+-(!
/10'!&(^'0$'.!38+01,++#!(0+)-20$!3#$$0-!:,!M,$,1#+2S,.!-0!8)'#$!2$M,(-20$!0/!
38+01,++#6!!Q/!30)1(,&!+#3A!0/!*):+2(8,.!,92.,$3,!2(!$0-!,92.,$3,!-8#-!38+01,++#!.0,(!
$0-!;01A!#(!#!1#.20*10-,3-016!!N$!;#-,1!(0+)-20$(&!38+01,++#!8#(!:,,$!.,'0$(-1#-,.!
-0!:2$.!)1#$2)'&WW_!:)-!;8,-8,1!-82(!,//,3-!;0)+.!033)1!2$!+292$M!01M#$2('(!8#(!$0-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
WWY!"#''0$,&!76!,-!#+6!L!;#-,1!(0+):+,!,5-1#3-!/10'!<$3#12#!-0',$-0(#!GE#->(!3+#;H!
2(!#!*0-,$-!,$8#$3,1!0/!J?L1,*#21!2$!*12'#1%!01M#$!3)+-)1,(!0/!8)'#$!(A2$6!
=.6#&#.*,$A6(,*+*$,-.!Vaa\!"#138I!VaGWHC!U_^4U^W6!
WW]!`0-A09(A#&!J6&!D#3,A&!L6&!#$.!j#1-0$23A09#&!L6!!78,!1#.20*10-,3-29,!,//,3-(!0/!
#R),0)(!,5-1#3-!/10'!38+010303#+!/1,(8;#-,1!#+M#,!GE8+01,++#!A,((,12H!2$!'23,!#$.!
1#-(6!!8#,$.2*'#.*,(C'H&2/!U[^[!?09,':,1I!U\]GUUHC!^UW4^U\6!!!!
WW\!L$0-8,1!#1-23+,!#**#1,$-+%!0$!-8,!(#',!(-).%!#**,#1(!2$!`0-A09(A#&!J6&!D#-(,A&!
L6&!j#1-0$238A09#&!L6!!hN$31,#(,!2$!-8,!1#.2#-20$!1,(2(-#$3,!0/!'23,!)(2$M!N9#(-2')+i!
hL1-23+,!2$!`)((2#$i!!)$4%&G%&2&5%%$!U[^[!=,*-,':,14Q3-0:,1I!V[G]HC!\]V4\]Y6!78,!
-821.!#1-23+,!2(!D#3,A&!L6&!`0-A09(A#&!J6&!#$.!j#1-0$23A09#&!L6!!`#.20*10-,3-20$!0/!
8,'0*02,(2(!30$/,11,.!:%!#R),0)(!,5-1#3-!/10'!38+0103033#+!#+M#,!GN9#(-2')+H!
#.'2$2(-,1,.!-0!'23,!:,/01,!211#.2#-20$6!!IFA*,%9*'#$2(J*9$#&2&56!U[[a!"#138I!
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#$0-8,1!*10-,3-29,!#M,$-6!!X10'!-8,!#:(-1#3-!2-!2(!$0-!3,1-#2$!;8,-8,1!-8,!1,(,#138!
.,(2M$!#++0;,.!!2(0+#-20$!0/!-8,!,//,3-(!0/!38+01,++#!/10'!-80(,!0/!-8,!38,'23#+!
1#.20*10-,3-29,!#M,$-6!!!D#3,A&!L6!,-!#+6!!L',+201#-20$!0/!1#.2#-20$!.#'#M,!-0!
8#,'0*02,(2(!:%!N9#(-2')+&!M29,$!#/-,1!211#.2#-20$!-0!'23,!*10-,3-,.!:%!*,101#+!
3%(-#'2$,6!!Z&2%$(0%&2/(S=,$.$U!U[[VI!W^G\HC!WVW4WWU6!
!
WW_!K012A0(82&!76&!?#A#c2'#&!L6&!#$.!=#A#M)382&!76!!<*-#A,!0/!)1#$2)'!:%!9#120)(!3,++!
/1#3-20$(!0/!38+01,++#!1,M)+#12(6!)$4%&%+&#&A*+!U[_[!L)M)(-I!V^G^HC!Y^]4Y^^6!



:,,$!(-).2,.6!!78,!#$-2052.#$-!#3-292-%!0/!(*21)+2$#!2(!#:0)-!]am!M1,#-,1!-8#$!-8#-!0/!
38+01,++#6WW^!
!
\4?('?-!;#(!,5#'2$,.!2$!#!(2$M+,!#$2'#+!#$.!#!(2$M+,!3,++!(-).%6!!!!78,!(-).%!
/0)$.!-8#-!+2*2.!*,1052.#-20$!;#(!.2'2$2(8,.!#$.!M+)-#-820$,!2$31,#(,.!2$!-8,!
'0)(,!:1#2$!#/-,1!+,-8#+!1#.2#-20$6!L-!-8,!(#',!-2',&!1,(,#138,1(!/0)$.!-8#-!
M%'$,'#!2$!3,++!3)+-)1,!(3#9,$M,.!()*,1052.,!1#.23#+(6WW[!
!
93+'!2'%-!'T$%-0$!8#(!(80;$!1#.2#-20$!*10-,3-20$!,//,3-(!2$!'23,!#$.!2$!3,++!
(-).2,(6WYa!!!!K0;,9,1&!-8,!#'0)$-(!)(,.!2$!-8,!#$2'#+!(-).2,(!;,1,!,5-1,',+%!+#1M,C!
U!M1#'!*,1!A2+0M1#'6!!N-!$0-!A$0;$!;8,-8,1!#!1,#(0$#:+,!.0(,!/01!#!8)'#$!;0)+.!
:,!1#.20*10-,3-29,6!
!
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0C'?+$C'%-D4!+%!%-.&-$&+(!$C'%-D4!*+%!0-(0'%!&)!0+?D3'T6!!
!
!78,!30$9,$-20$#+!92,;!#'0$M!<6=6!0$30+0M2(-(!2(!-8#-!#$-2052.#$-(!'#%!*10-,3-!
3#$3,1!3,++(!/10'!38,'0-8,1#*%!01!1#.2#-20$!-8,1#*%!#$.!-8,1,/01,!(80)+.!:,!
#902.,.!:%!*#-2,$-(!)$.,1M02$M!-8,(,!-1,#-',$-(6!!WYU!!!
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WW^!e)&!@6!,-!#+6!!L$-2052.#$-!#$.!#$-2*10+2/,1#-29,!#3-292-2,(!0/!(*21)+2$#!#$.!38+01,++#!
;#-,1!,5-1#3-(6!!1&",'$2(&3(?5,%-"2#",$2($'4(Z&&4(:.*9%+#,6(Vaa]!"#%!U^I!]WGUaHC!
YVa_4YVUV6!
WW[!=8#1'#&!d6!,-!#+6!!F9#+)#-20$!0/!,92.,$3,4:#(,.!1#.20*10-,3-29,!,//23#3%!0/!
b%'$,'#!(%+9,(-1,!+,#9,(!2$!'23,!:1#2$6!1&",'$2(&3(I'E%,&'9*'#$2(=$#.&2&56B(
@&F%-&2&56($'4(C'-&2&56(V[[^I!V^GYHC!WUU4WVW6!
WYa!b0%#+&!B6!!`#.20*10-,3-29,!,//,3-(!0/!#+0,!9,1#!+,#/!,5-1#3-!0$!=;2((!#+:2$0!'23,!
#M#2$(-!;80+,4:0.%!M#''#!211#.2#-20$6!!1&",'$2(&3(I'E%,&'9*'#$2(=$#.&2&56B(
@&F%-&2&56B($'4(C'-&2&56!Vaa[I!V^GUHC!]W4\U6!!!e#$M&!,-!#+6!h`#.20*10-,3-29,!,//,3-!0/!
#+0,!*0+%(#338#12.,(!0$!-81,,!$0$4-)'01!3,++!+2$,(i6!hL1-23+,!2$!E82$,(,i!?%(d.*'5!
Vaa]!L*12+I!VYGYHC!YW^4YYVG3,++!()1929#+!1#-,(!2$31,#(,.!:%!YU!-0!^[m&!.,*,$.2$M!
0$!-8,!3,++!+2$,H6!!
WYU!=,,&!/01!,5#'*+,&!J>L$.1,#&!b6!!<(,!0/!#$-2052.#$-(!.)12$M!38,'0-8,1#*%!#$.!
1#.20-8,1#*%!(80)+.!:,!#902.,.6!!:?V(:$'-*,(1&",'$2(3&,(:2%'%-%$'+!Vaa]I!]]CWU[4WVUI!
j#21#-2&!N6!,-!#+6!!L$-2052.#$-!92-#'2$(!()**+,',$-#-20$!#$.!'01-#+2-%C!#!1#$.0'2S,.!
-12#+!2$!8,#.!#$.!$,3A!3#$3,1!*#-2,$-(6!!D'#*,'$#%&'$2(1&",'$2(&3(:$'-*,!Vaa\!
?09,':,1!UI!U[G[HC!VVVU4VVVYI!@#;,$.#&!j6!,-!#+6!!=80)+.!()**+,',$-#+!#$-2052.#$-!
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Q$!-8,!0-8,1!8#$.&!#!('#++!$)':,1!0/!1,(,#138,1(!#((,1-!-8#-!3,++!3)+-)1,&!#$2'#+&!
#$.!8)'#$!(-).2,(!#++!()**01-!-8,!*10*0(2-20$!-8#-!82M8,1!.0(,(!0/!#$-2052.#$-(!
(,+,3-29,+%!A2++!3#$3,1!3,++(!#$.!2$82:2-!-8,21!*10+2/,1#-20$&!;82+,!(*#12$M!$01'#+!3,++(&!
)$.,1!30$.2-20$(!0/!38,'0-8,1#*%!01!1#.2#-20$6!=,9,1#+!8)'#$!(-).2,(!8#9,!/0)$.!
2$31,#(,.!()1929#+!1#-,(!#'0$M!-80(,!-#A2$M!#$-2052.#$-(!#+0$M!;2-8!30$9,$-20$#+!
-8,1#*%&!#(!30'*#1,.!-0!30$-10+(!1,3,292$M!-8,!30$9,$-20$#+!-8,1#*%!:)-!$0-!-8,!
#$-2052.#$-(6!WYV!!B,1(0$(!)$.,1M02$M!3#$3,1!-8,1#*2,(!(80)+.!30$()+-!-8,21!.03-01(!
:,/01,!-#A2$M!#$-2052.#$-(6!
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#.'2$2(-1#-20$!:,!#902.,.!.)12$M!38,'0-8,1#*%!#$.!1#.2#-20$!-8,1#*%n!1&",'$2(&3(
#.*(>$#%&'$2(:$'-*,(D'+#%#"#*!Vaa^!Z)$,!YI!UaaGUUHC!__W4^W6!
!
WYV!X01!-8,!#+-,1$#-,!*02$-!0/!92,;&!(,,!j+03A&!d6!,-!#+6!!N'*#3-!0/!#$-2052.#$-!
()**+,',$-#-20$!0$!38,'0-8,1#*,)-23!-05232-%C!#!(%(-,'#-23!1,92,;!0/!-8,!,92.,$3,!
/10'!1#$.0'2S,.!30$-10++,.!-12#+(6!!D'#*,'$#%&'$2(1&",'$2(&3(:$'-*,(Vaa^!=,*-,':,1!
U]I!UVWG\HC!UVV_4UVW[!GVY!0/!WW!-12#+(!1,*01-,.!.,31,#(,.!-05232-%!/10'!30$3)11,$-!
)(,!0/!#$-2052.#$-(!;2-8!38,'0-8,1#*%I![!-12#+(!1,*01-,.!$0!.2//,1,$3,(H6!
!
j+03A&!d6!,-!#+6!!N'*#3-!0/!#$-2052.#$-!()**+,',$-#-20$!0$!38,'0-8,1#*,)-23!,//23#3%C!
#!(%(-,'#-23!1,92,;!0/!-8,!,92.,$3,!/10'!1#$.0'2S,.!30$-10++,.!-12#+(6!!!:$'-*,(
@,*$#9*'#()*E%*^!Vaa_!L)M)(-I!WWG]HC!Ya_4YU^!G$0$,!0/!-8,!-12#+(!1,*01-,.!
.,31,#(,(!2$!,//23#3%!/10'!#$-2052.#$-!()**+,',$-#-20$I!'#$%!(-).2,(!1,*01-,.!
2$31,#(,.!()1929#+!-2',(&!2$31,#(,.!-)'01!1,(*0$(,(&!01!:0-8&!#(!;,++!#(!/,;,1!
-05232-2,(!#(!30'*#1,.!-0!30$-10+(H6!
!
B1#(#.&!d6!!`#-20$#+,!/01!)(2$M!82M84.0(,!')+-2*+,!.2,-#1%!#$-2052.#$-(!#(!#$!#.c)$3-!
-0!1#.2#-20$!-8,1#*%!#$.!38,'0-8,1#*%6!!1&",'$2(&3(>"#,%#%&'!VaaY!?09,':,1I!
UWYCWU^V]4WU^W]!G#+-80)M8!+0;!.0(,(!0/!#$-2052.#$-(!'#%!*10-,3-!3#$3,1!3,++(&!
82M8,1!.0(,(!2$82:2-!*10+2/,1#-20$!0/!3#$3,1!3,++(!2$!92-10!#$.!2$!9290H6!!!
!
B1#(#.&!d6!B10(!#$.!30$(!0/!#$-2052.#$-!)(,!.)12$M!1#.2#-20$!-8,1#*%6!!:$'-*,(
@,*$#9*'#()*E%*^!VaaV!L*12+I!V^GVHC!_[4[U!!GO82M8!.0(,(!0/!.2,-#1%!#$-2052.#$-(!
h92-#'2$!E&!92-#'2$!F!()332$#-,!#$.!$#-)1#+!:,-#43#10-,$,i!3#$!:,!)(,.!#.c)$3-29,+%!
;2-8!1#.2#-20$!-8,1#*%6PH!
!
=2'0$,&!E6NN!,-!#+6!L$-2052.#$-(!#$.!0-8,1!$)-12,$-(!.0!$0-!2$-,1/,1,!;2-8!
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#902.,.!.)12$M!38,'0-8,1#*%!#$.!1#.2#-20$-8,1#*%n!1&",'$2(&3(#.*(>$#%&'$2(:$'-*,(
D'+#%#"#*!V^^VI!UaaGVUHC!U]]^4U]][!h1,*+%!-0!@#;,$.#&!0*!32-6i!
B1#(#.&!d6!#$.!E0+,&!e6!L$-2052.#$-(!2$!3#$3,1!-8,1#*%6!!1&",'$2(&3(:2%'%-$2(C'-&2&56!
Vaa\!X,:1)#1%!VaI!VYG\HC!,^4,[!h1,*+%!-0!j#21#-2&!0*!32-6i!



!
K0;!30)+.!#$-2052.#$-(!(,+,3-29,+%!A2++!3#$3,1!3,++(n!Q$,!*0((2:+,!,5*+#$#-20$!/01!
-82(!,//,3-!0/!92-#'2$!E!2(!-8#-!3#$3,1!3,++(!#**,#1!-0!30$3,$-1#-,!92-#'2$!E6!!Cancer 
cells absorb vitamin C by glucose transporter GLUT 1.  Vitamin C enters the cancer cell 
as the vitamin C metabolite called dehydro-ascorbate (the oxidized form of ascorbic 
acid).    Inside the cell the dehydro-ascorbate picks up an electron and is thus “reduced” 
or reconverted to active ascorbic acid.   This process produces hydrogen peroxide in the 
cell.  In a healthy cell, the antioxidant enzyme catalase would convert the peroxide to 
oxygen and water, which would protect the cell from oxidative damage.    But cancer 
cells have low amounts of catalase.  Thus, in a cancer cell the hydrogen peroxide builds 
up to toxic levels and kills the cell.  Radiation enhances this killing effect, while normal 
cells are protected against free radical damage from the radiation.   
 
For the cancer-specific effect of vitamin E, one possible explanation is that alpha 
tocopheryl succinate selectively inhibits angiogenesis, the ability of cancer cells to 
stimulate blood vessel growth to feed the tumor.    
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