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CHAPTER I 

INTRODUCTION 

The occurrence of acute scurvy in t he Wes t e rn world 

is rare. However, there is concern that a l atent vitamin C 

deficiency which does not produce signs of scurvy does e xist 

(1, 2). The Ten-State Nutrition Survey cond cted by the 

United States Department of Health, Educat ion, and Wel fare 

revealed that low income people, males, and blacks have a 

higher Frevalence of deficient and low serum vitamin C t hc.n 

any other grcup studied (3). The same survey also showed 

that infants, teenagers, and people older than 60 years c f 

age had vitamin C intakes less than 50% of the Recomme nde d 

Dietary Allowance. Furthermore, low serum and leukocyte 

vitamin C levels and low vitamin C intakE·s ha ve been as so

ciated with cigarette smoking (4, 5, 6), use o f oral con 

traceptives (8, 9 , 10), and gastrointestinal a bnormalities 

(2, 11, 12, 13). 

The: physiological effects of vitamin C deficiency in 

the absence of overt scurvy have not been c lari fied. 

Studies involving extreme deficiencies a re no t necessarily 

applicable to the problem of elucidating the effects of a 

latent vitamin C deficiency. Scurvy is a comp licated me ta

bolic disorder which, although initiated by a vitamin c 
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deficiency, includes other factors, such as inanition , t hus 

making it difficult to isolate those problems due solel.y t o 

an absence of vitamin C. 

The metabolic role of ascorbic acid is varied ~ It 

is needed for the formation and maintenance of col lagen , the 

c0nversion of folic acid to i ts a ctive form , the synthesis 

of certain adrenal hormones, and the ti ssue d i stribut i on o f 

iron. One role, which is still being investigated, i s the 

participation of vitamin C in lipid metabolism (14, 15). 

Some researchers believe that a latent vitami n C deficien cy 

results in atfierosclerosis (1, 16). 

The purpose of this research was to investigate 

whether change~ in concentrations of serum and tiseue vita

min C affect lipid metabolism of the guinea pig as reflected 

by change~ in serum and tissue lipid levels. The specific 

objectives were: 

1. to determine the effect of a vi t amin C-free 

diet for two weeks on serum and liver vitamin 

C concentration~ , 

2. to determine if ascorb i c a cid intake inf l u

ences . degree of repletion of t is sues with 

vitamin C, 

3. to determine the effect of vitamin C status 

on liver triglyceride, cholester ol , a nd total 

lipid concentrations, and 
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4. to determine the effect of vitamin C status 

on serum triglyceride a d ~holesterol c on -

centrations. 

Review of Literature 

The following review of literat ure will exclude 

studies involving overt scurvy. As stated earlier , the use 

of scorbutic animals as a model to investigate the metabol ic 

role of vitamin C is not related to the objectives. 

Vitamin C and the Concentra tion 
of Lipids in the Tissues 

The effect of changes in vitamin C i ntake on the 

serum lipid concentrations of humans is varied. Ginter (17) 

reported a daily ascorbic acid intake of one gram resulted 

in a decrease of serum triglyceride and cholesterol levels 

in hyperlipidemic subjects with a seasonal vitamin C de f i-

ciency. Cerna and Ginter (18) found a negative correlation 

between leukocyte vitamin C and total serum cholesterol in 

600 men and women 25-55 years of age. Bates, Mandal, and 

Cole (19) studied 23 men and women between the ages of 72-86 

years and found the wen had a positive correlation between 

serum and leukocyte vitamin C and the cholesterol content of 

the high density lipoproteins. The same study did not show 

any correlation between serum vitamin C and either total 
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serum cholesterol or the cholesterol content of the combined 

low density and very low density lipoprotein fractions, 

irrespective of sex. Data reported by Sokoloff et al. (2 0 ) 

indicated the response of serum lipid levels to dietary 

vitamin C was dependent on the initial .serum lipid concen

tration. People with hyperlipidemia showe d the most pro

nounced lowering of serum triglycerides and cholesterol 

following increased ascorbic acid intake. Two autho rs have 

reported t .hat vitamin C supplementation did not affect serum 

lipids in subjects with either hypercholesterolemeia (21) o r 

hyper-~-lipoproteinemia (22), although seven of the nine 

subjects with hyper-~ ·-l ipoproteinemia had an extra pre-~

lipoprotein band following ascorbic acid supplementation. 

Results from studies on the effect of v i tamin C intake 

on cholesterol and triglyceride levels in gui nea pigs have 

been varied. Decreased v itamin C intake has been reported 

to increase ~erum triglyceride and cholestero l with no 

effect on the liver concentration of either lipid (23); t o 

increase serum triglyceride with no effect on s erum choles 

terol (24) and to incree.se liver and serum cholesterol (25, 

26). Kamath, Tang, and Bramante (27) repor ted that both low 

and high ascorbic acid intakes have hypertriglyceridemic 

effects. Kamath et al. (28) later reported the same effect 

on serum cholesterol with no effect on liver cholesterol. 

In contrast, Veen-Baight et al. (14) observed no variations 
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in serum cholesterol throughout a range o f dietary ascorbic 

acid from 0.5 mg to 100 mg/100 g body weight. 

Vitamin C and Lipid Metabolism 

As with any metabolite, the reason for changes in 

the physiologic distribution o f cholesterol and trigly

cerides could be attributed to the a l teration of any of the 

events · which combi.ne to control blood and tissue levels. 

Contributing factors include tissue uptake, synthesis, 

degradation, and excretion. 

Vitamin C and Cholesterol Metabolism 

In 1968, Ginter, Bobek, and Ovecka (29) described a 

regimen by which a latent vitamin C defic iency could be 

induced in guinea pigs. The animals were fed a vitamin c

free diet for two weeks to deplete existing vitamin C 

stores, after which they were maintained on 0.5 mg ascorbic 

acid per day. The guinea pigs were maintained for as long 

as five months during which there were no clinical symptoms 

of vitamin C deficiency though significantly lowered tissue 

concentrations of vitamin C were observed. Guinea pigs with 

a latent vitamin C deficiency have consistertly shown in

creased concentrations of serum chclesterol (15, 25, 30, 31, 

32). This negative correlation was also evident in the 

liver, adrenals, and small intestines (31). The above 
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regimen provided Ginter and his associates a model of chro

nic hypovitaminosis C with which to study the effect of 

vitamin C on cholesterol metabolism. 

Research by Ginter's group explored the va rious 

sites at which cholesterol metabolism could be altered. 

Ginter, Cerven, and Mikus (33) reported the vitamin c

deficient quinea pigs, when compared to control animals, 

showed significantly dimini shed ab~orption of intragas

trically administered cholesterol-4-14c. This was evidenced 

by a significantly increased carbon-14 activity in the 

gastrointestinal tract and stoo l along with substantially 

less carbon-14 activity in the blood and tissues of the 

deficient guinea pigs. Hypovitaminotic C animals showed no 

difference from control animals in either the in vivo incor

poration of 14c-acetate into liver cholesterol, or the 

exhalation of 14co2, indicating the metahol ism of the 14c

acetate through the Kreb's cycle was not a ffected (15). 

Subsequent work by Ginter's group indicated the 

conversion of cholesterol to bile acids was diminished in 

the vitamin C-deficient guinea pigs . The conversion of 

cholesterol to bile acids is initiated by ?~-hydroxylase 

which catalyzes the hydroxylation of the carbon at position 

seven. Subsequently, a hydroxyl group is alsc introduced at 

position twenty-six before it is split off as carbon diox

ide.. The cholesterol nucleus remains intact during this 
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process. Studies involving the conversion of cholesterol to 

bile acids have utilized two isotopic :methods: one, to 

measure the radioactivity of the bile acids following the 

administration of cholesterol labelled with tritium or 

carbon-14 in the cyclic portion of the molecule; the second, 

to measure the production of 14co2 from the breakdown of 26 -

14c-cholester ol. 

Ginter et al. (32) found hypovitaminotic guinea pigs 

given an intraperitoneal injection of cholesterol-4-14c had 

less carbon-14 activity in the bile acids than control 

animals. There was also a diminished oxidat i on of 26-14c

cholesterol to 1 4co2 (32, 34, 30) and a positive correlation 

of liver vitamin C with the oxidation of 26-14c-cholesterol 

to 14co2 (30, 34). Pursuing this further , Ginter and Nemec 

(35) found that, following an intraperitoneal injection of 

ascorbic acid, scorbutic guinea pigs had an increased oxi

dation of 26-14c-cholesterol to 14co2 which paralleled an 

increase in the cytochrome P450 content of liver microsomes 

which is needed for the conversion of cholesterol to bile 

acids (36). 

Ginter (37) concluded that a chroni c, latent, vita

min C deficiency inhibited the conversion of cholesterol to 

bile acids, resulting in increased serum and liver cho l es

terol concentrations. He further postulated vitamin c had 

an indirect effect in that it affected the activi ty of cyto

chrome P450 (37). 
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Work conducted by other researchers tends to supp rt 

Ginter's hypothesis regard i ng inhibitec bile acid sy thesis 

in vitamin C deficiency. Hornig and Weiser (38) reported 

guinea pigs given graded intake~ of sodium ascorbate showed 

a positive correlation between liver ascorbic acid concen

tration and bile acid concentration. Animals wi th loTer 

intake had a longer retention time fo r radioac t'.vity derivec 

from cholesterol -4-14c in liver, spleen, kidneys , lungs, 

adrenals, small intestines, gall bladder , and testes . The 

·optimum intake of sodium ascorbate was 10 mg per day; in

takes above this l e vel did not exert any effect. 

Guinea pigs with a low vitamin C intake also have 

had increased biliary secretion of cholesterol which pre

cipitated to form gallstones (39, 40). Jenkins (39) found a 

decrease in the concentration o f chenodeoxycholic acid in 

the bile of vitamin C deficient guinea pigs that was not due 

to a change in the volume of the bile . The author concludec 

that since chenodeoxycholic acid has been reported to inhib

it the activity of HMG CoA reductase, the jncrease in bili

ary cholesterol in vitamin C-deficient animals could be a 

combination of impaired bile acid synthesis accompanied by 

increased cholesterol synthesis (39). Whether the concen

tration of bile acids controls cholesterol synthesis is 

debatable (36). 
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Vitamin C and Triglyceride Metabol ism 

The only effect v itamin C is reported to have on 

triglyceride metabolism in guinea pigs is through lipopro

tein lipase and hepatic triglyceride lipase . These two 

enzymes are associate~ with the capillary endothelial ce lls 

which permeate various ti ssues (4 1, 42) and hydrolyze the 

triglycerides in chylomicrons and very low density lipo

proteins (43). Association of the lipases with the capil

lary walls suggests a need for v itamin C to maintain enzy

matic activi t y since this vitamin is needed to preserve the 

integrity o f the vascular wall s (20) . In gui nea pigs , the 

lipoprotein lipase activity associated with adipose t issue 

increased wLth increesing ascorbic acid intake, while car

diac lipoprotein lipase a nd hepatic triglyceride lipase 

decrPased (23, 26, 27). 

Need for Study 

Ginter's model of hypovitaminosis C should provide 

a valuable tool in vitamin C research. There has been no 

attempt to duplicate the model nor to either confirm or con

tinue investigation into the possible effect of chronic 

vitamin c deficiency on lipid metabolism . 

The present study ut ilized a modification of Ginter's 

mode] of hypovitaminosis C. It differed from the one pre

viously described in that the vitamin C store s of the guinea 
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pigs were depleted followed by rep letion with various levels 

of vitamin C supplementation. The primary interest was on 

the effect of vitamin C status on serum and tissue choles

terol and triglyceride level.s. The study also provided an 

opportunity to observe the extent to which repletion of 

vitamin C stores is dependent on vitamin C i ntake. G inea 

pigs maintained for extended periods of time with different 

but consistent concentrations of vitamin C in their tissue 

would be a use ful model for vitamin C research. 



CHAPTER II 

PLAN OF PROCEDURE 

The primary goal of this research was to determine 

if tissue and serum lipid levels respond to differences in 

vitamin C status. The design of the project necessitated 

having different groups of guinea pigs wi.th differen t c on

centrations of vitamin C i n blood and tissue , there fore, a 

pilot or preliminary study was undertaken to determine the 

blood and tissue vitamin C levels resulting from spec ific 

vitamin C intakes . The principle study i nvestigated the 

effects of the se differences in vitamin C st tus on serum 

and tissue lipid levels. 

Description and Care o f An i mals 

Male, albino guinea pigs of the Murphy-Hartley 

strain were used for this study. The animals weighed 250-

300 g in the pilot study and 475-586 g in the p r inciple 

study. The cnimals were individually housed in facilities 

which were maintained at 68° F and on a tweJve hour light 

cycle. All animals were weighed and fed daily. Water was 

provided ad libitum. 

11 
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Immediately upon arrival, the guinea pigs were fed 

Purina Guinea Pig Chow ad libitum. After the equilibrat ion 

period, the animals were mainta i ned on Reid- Briggs vitamin 

C-deficient guinea p ig test diet (Table 1) f or the d rat i on 

of the experimental period. The dai ly allotme t of h test 

diet was equal to one-twelfth the bo eight o f the guinea 

pigs, which is the amount normally consumed ( 44). 

Experimental Protocol: Pilot Study 

Followi ng the equilibration period , ten guin a pig 

were fed the vitamin C-free diet for two weeks . Two animals 

were sacrificed and the vitamin C concentr at i o n of the liver 

and plasma measured to determine the extent of vitamin C 

depletion. The rerr.aining eight animals were divided into 

three groups. Each group received either 2 mg, 5 mg, or 10 

mg ascorbic acid per kilogram body weig ht daily. Ascorbic 

acid was administered in 0.2 ml of a 20 % s ucrose solution 

via a peroral tube. The solutions were preparec fresh daily 

and used within two hours. Animals were sacrificed two, 

three and four weeks after the initiation of a s corbic acid 

intake to monitor plasma and liver vitamin C concentrations . 

The response of the tissue and s erum vi tamin C levels to the 

various levels of dietary ascorbic acid gave a basis for 

determining the ascorbic acid intake for the guinea pigs 

used in the principal study. 
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TABLE 1 

REID-BRIGGS GUINEA PIG TEST DIET 
WITHOUT ASCORBIC ACID! 

Casein, vitamin free 
Corn starch · 
Sucrose 
Dextrose, hydrate 
Cellulose 
Corn oil 
Mineral mix, Br iggs chick salts A2 
Potassium acetate 
Magensium oxide 
Vitamins 

g/kg 

300.0 
200.0 
107.0 

71.2 
150 .0 

73.0 
60.0 
25 . 0 

5 . 0 
8.8 

1Teklad Test Diets Madison, Wise. 2composed of the fol-

lowing minerals (g/kg diet): CaC03, 15.0; Ca3(P04) 2 , 14.0; 

CuS04.5H20, 0.4; MgS0 4 .7H20, 5.0; MnS04.4H20, 0.42; KI , 

0.04; K2HP04, 9.0; NaCL, 8.8; Na2HP04, 7 .3 ; ZnC03, 0.02. 

3composed of the following vitamins (g/kg diet) : I nos itol, 

4.0; Choline chloride, 4.0; Thiamin HCl, 0.032; Riboflavin, 

0.032; Pyridoxine HCl, 0.032; Ca lcium pantothenate, 0.08; 

Niacin, 0.4; Biotin, 0.0012; Folic acid, 0.02; Vitamin B12 

(0.1% trituration in manito!), C. 08 ; Dry vitamin A palmitate 

(500,000 U/g), 0.0691; Dry Vitamin D2 (500,000 U/g), 0 . 0064; 

Dry vitamin E acetate (500 u/g), 0.08; Menadiont (vitamin 

K), 0.004. 
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Exper i mental Protocol: Principle Study 

Forty-two guinea pigs were used for this phase of 

the research. Followi ng the equilibratio period, six 

animals were sacrificed to establish the inil.al concentra-

tions of vitami n C i n plasma and l·ver Following two-

wee k vitamin C depletion period, th remaining thirty-six 

animals were divided into three groups of twelv anima s 

* each which rece ived daily intakes of 3 mg, 10 mg, or 50 mg 

ascorbic acid per kilogram body weight. Ascorbic a.cid was 

administered as in the pilot study , except the concentr tion 

of sucrose was increased to 60 per cent. 

After three weeks of ascorbic acid supplementa ion, 

two animals from each group were sacrificed and the concen-

tration of vitamin C in plasma and liver det rmined . The 

remaining thirty animals were maintained or a total of six 

weeks of ascorbic acid s upplementation , at which time they 

were sacrificed to measure the triglyceride and cholesterol 

concentrations of live r and s erum , the total lipid concen-

tration of the liver, and the vitamin C concentration of the 

liver, adrenals, and plasma . 

*Initially, this group was given 2 rng scorbic acid 
per kilogram body weight.. However, after one wee~ the 
animals were extremely hyperactive. Increasin~ the intake 
to 3 mg ascorbic acid per kilogram body weight partially 
alleviated this problem. 
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Collection and Preparation o f Samples 
for Analysis 

The guinea pigs in the p i lot study were fas ted 

overn~ght before sacrificing. In the princip l e s tudy, the 

animals were fed; however, they were not given ascorbic acid 

before being sacrificed. 

The guinea pigs were anestheti zed wi th eth r and 

sacrificed by exsanguination via cardiac puncture with 

heparini zed syrinqes. The blood was immediately centrifuged 

for 20 minutes at 4,000 rpm at 4°C. An aliquot of plasma (2 

ml) was mixed with 6 ml cold 6.5% richloroacetic acid (TCA) 

and the mixture c e ntri fuged as previously describ~d . Th 

supernate was frozen for subsequent vitamin C analysis. 

Livers and adrenals were excised and weighed. A 

0.5 g sample o f liver was homogenized in cold 5% TCA (10 ml) 

for thi.rty seconds with a. Brinkmann Polytron to extract 

vitamin c . The vitamin C from adrenals was ex r acted by 

crushi ng both adrenals in cold 5% TCA (5 ml) . The homage-

nates of both tissu es were centrifuged as describ e d above 

and the supernates frozen for subsequent vitamin C a nalysis. 

Analytical Techniques 

The methodology for each analytical procedure i s de -

scribed, in detai1, in the Appendix. The total lipid 
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concentration of the l iver was determi ned by the gravimetr i c 

method of Bligh and Dyer (45) . An aliquot of the chloroform 

extract was pipetted into a t ared 10 ml beake r an evapo

rated under a stream of n itrogen. The l ipid residue was 

dried for twelve hours and the beaker reweighed; the d i ffer

ence in weight was equal to the amount of l i pid xtr acted. 

The subsequent analyses for liver triglyceride and choles

terol were performed on the extracted lipid. 

The procedure outline d in Sigma Technical Bulle tin 

No. 405 (46) was used for the measur ement of ser um riglyce

rides. A modific ation of the procedure was used to de er

mine live r triglyceride concentration . An aliquot of the 

above mentioned extract was t ake n and e v aporated under a 

stream of n i trogen, and the rema i ning lipid was redisso l ved 

in isopropanol for the assay of triglycerides according to 

the procedure for serum . 

Th e e nzymat i c method of Al lain et al. 47 ) was used 

to assess total serum cholesterol. A modificat i on of the 

procedure was used to measure the concentratio n of free and 

total cholesterol in the liver. An al iquot of the above 

described lipid extract evapor ated under a s tream of ni t ro 

gen. The lipid was redissolved in Triton X- 100 and saline 

(1:6, v/v ) for analysis. An aliquot of this s olution wa s 

assayed for total cholesterol in an incubation medium which 

contained c holesterol esterase. Free cholesterol was 
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measured in a second aliquot by omitting cholesterol ester

ase from the incubation mixture. The co centration of 

esterified cholesterol in the l iver was equal o the dif

ference in the concentration of total and free holesterol . 

Vitamin C was measured by a modification of the 

procedure of Demetriou (48). Modification included re

placement of acid washed c harcoal by chlorarnine-T (49) as 

the oxidizing agent . 

Statistical Analysis 

Analysis of variance and NE:wman-Keul s rnul tiple range 

test were used to determine if there were any significant 

differences among the groups. A value of P<O . OS was con

sidered significant . 



CHAPTER III 

RESULTS AND DISCUSSION 

The primary objective of this research was to ascer

tain whether changes in vitamin C status have an effect on 

serum and tissue lipid levels. Such a study is predicated 

on having groups of guinea pigs with significantly different 

tissue vitamin C concentrations. A pilot study was re~uired 

to assure that dietary restrictions of ascorbic acid led to 

depletion of plasma and tissue vitamin C, and to determine 

ideal levels of dietary ascorbic acid necessary for the 

conduct of the principle study. The principle study inves

tigated the effect of different ascorbic acid intakes on 

serum and tissue lipid concentrations. The results of each 

phase of the research are presented in the fcllowing sections. 

Pilot Study 

Guinea pigs received a vitamin C-free diet for two 

weeks followed by four weeks of a daily ascorbic acid sup

plement of either 2 mg, 5 mg, or 10 mg ascorbic acid per 

kilogram body weight. This regimen had no marked effect on 

growth (Fig. 1). 

18 
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Fig. 1. Influence of Diet ary Ascorbic Acid on Growth 
Rates of Guinea Pigs (Pilot Study). 
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As indicated by the data presented i n Table 2, t wo 

weeks of ascorbate restrict ion a chieved very low concentra

tions of plasma and liver vitamin c. A peak concentration 

of ascorbic acid was evident by the end of two weeks of 

supplementation with the animals receiving 10 mg ascorbic 

acid, whereas tissue accumulat i on in the a nimals receiving 5 

mg ascorbic acid continuec through fo ur weeks of supple

mentation. Over a longer per iod of time, there f ore , it is 

possible that the tissue vitamin C concentrations of the two 

groups would become equa l . Taking t his into consideration, 

the levels of daily ascorbic acid supplementation for the 

principle study were set at 2 mg , 10 rng, and 50 mg per 

kilogram body weight. 

Principle Study 

Guinea pigs were fed an ascorbic acid-free diet for 

two weeks followed by six weeks of ascorbic acid supple

mentation at three levels. Initially, t he lowest level of 

ascorbic intake was 2 mg/kg body we ight. However , after one 

week, these guinea pigs became hyperactive , so the daily 

ascorbic acid intake was increased to 3 mg/kg body weight , 

which partially alleviated the problem . The other guinea 

pigs received either 10 mg or 50 rng ascorbic ac id per kilo

gram body weight daily. Varying the ascorbic acid intake 

had no effect on either the weight gains (F ig . 2) or organ 

weights (Table 3). 
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TABLE 2 

INFLUENCE OF DIETARY ASCORBIC ACID ON VITAMIN C 
CONCENTRATION OF .PLASMA AND LIVER 

OF GUINEA PIGS (PILOT STUDY) 

DcLily 
ascorbic acid Length of 

intake feeding Plas ma Liver 

mg/kg body wt. weeks rng/dl mg/1 00g 

0' n=2 2 0.03 0.06 

2, n==1 2 0.20 0. 38 
n=1 3 0.27 0.08 
n=1 4 0.12 0.22 

5, n=1 2 0.20 0.47 
n=1 3 0.31 0 . 68 
n=1 4 0.44 0.92 

10, n=1 2 0.20 2.18 
n==1 4 0.25 1.91 
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TA.BLE 3 

INFLUENCE OF DIETARY ASCORBIC ACI D ON 
ORGAN WEIGHTS OF GUINEA PIGS 

(PRINCI PLE STUDY) 

Da ily 
ascorbic acid 

intake Adrenals Liver 

mg/kg body wt . rng g 

31 450 + 772 27.1 + 3.0 - -

10 430 + 95 29.0 + 4 . 3 - -

50 420 + 71 25.8 4.0 -

ln=lO animals/group. 2Mean + S.D. -
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The change~ in liver, plasma, and adrenal vitamin C 

levels with different ascorbic acid intakes are presented in 

Table 4. The init~al liver and plasma vitamin C levels 

indicate the guinea pigs had adequate vitamin C stores. 

Liver and adrenal ascorbi c acid levels were lower than those 

levels in guinea pigs with ccmparable ascorbic acid intakes 

without previous deple tion of vitamin C stores (14, 26). 

Kuether et al. (50) reported it took three weeks for tissue 

vitamin C l evels of undepletec guinea pigs to equilibrate 

when dietary ascorbic acid was altered. In the presen t 

srudy, the liver vitamin C concentration of the gu inea pigs 

receiving either 3 mg o r 50 mg ascorbic acid app ar to have 

equilibrated by three weeks. However, the intake might net 

have been sufficiently above the physiological requiremen 

to allow restoration cf the vitamin C stores within six 

weeks. Whether v i tamin C concentrations ~o"ld increase w'th 

time would require further investigation. 

As might be expected, the liver vitamin C concen

trations were hi.gher than those reported by Ginter et al. 

(29) for guinea pig s with chronic hypovitaminosis C which 

received 0.5 mg ascorb i c acid daily. In the present study, 

the daily ascorbic acid of the guinea pigs receiving the 

least amount o f asc~rbjc acid ranged from 1.0 mg initially 

to 2.5 mg at the concl.usion of the study. It would not have 

been feasible to decrease the ascorbic acid intake for this 



TABLE 4 

INFLUENCE OF .DIETARY ASCORBIC ACID ON VITAMIN C CONCENTRATION OF LIVER, 
PLASMA , AND ADRENALS OF GUINEA PIGS (PRINCIPLE STUDY) 

Daily 
ascorbic acid Length 

intake of feeding Plasma Live r Adrenal 

mg/kg body wt. we e ks mg/dl mg/lOOg ug/g 

Initial - 1 0.8 7+0.142 8.6+1 . 44a 

3 3 0 .3 1+0. 23 2. 3+o. sg b c 
63 o:-12 2. 2+0 . 79bc 59.1+19.aa 

10 3 0. 34+0 . 0 7 1 . 6+o.oob 
6 o:-21 2. 8+0.54 C 113 . 6+33 . l b 

50 3 0 . 64+0.15 4 .0+ l .ood 
6 0.24 3 . 8+1.23d 205.7+5 4. 1C 

lNumber of anim ls tested per group: initial, 6; three weeks, 2; six weeks, 10. 

2M an+S . D. Means in the same column bearing different superscript letters are 

significantly different (p<.OS) by ~ewman- Keuls multiple range test. 3The con-

centration of plasma vitamin C at six weeks was measured in pooled samples con-

taining equal aliquots of plasma from each guinea pig. 
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group since the animals were hyperactive a a the problem 

appeared to be aggrevated by a lower ascorbic acid i 1take. 

The adrenal vitamin C concentration was less than reported 

by Ginter et al. (29) for hypovitaminotic C guinea pigs. 

Kamath, Tang , a nd Bramante (27) reported that ascor

bic acid intakes which were either extremely l ow (0.5 mg/day, 

or high (300 mg/day) were responsible for elevated serum 

triglyceride concentration in guinea pigs. I n the present 

study, an increase in ascorbic acid intake from 3 mg to 50 

mg/kg body weight did not affect serum triglyceride concen

tration (Table 5) but din produce an increase in liver 

triglyceride concentrat ion with a parallel i .crease in the 

total lipid concentration (Table 6) . Since the tissue 

vitamin c concentrations were lower than r.ormally reported 

for these ascorbic acid i ntakes, higher ascorbic acid in

takes might have had a triglyceride-lowering effect on the 

liver. Increased triglyceride concentration in the live r 

could be accounted for b y several mechanisiTs: 1) increased 

mobilization of fatty acids from the adipose tissue to the 

liver; 2) inability of the liver to release triglycerides 

into the bloodstream; 3) impaired oxidation of fatty ac'ds; 

or 4) increased fatty acid synthesis. 

Ascorbic acid intake rad no significant effect on 

thP- ser um concentration of cholesterol (Table 5). Serum 

cholesterol levels appeared normal when compared to levels 



27 

TABLE 5 

INFLUENCE OF DI~TARY ASCORBI ACID ON SERUM 
TRIGLYCERIDE AN CHOLESTE OL 

LEVELS OF GUINEA PIGS 
{PRINCIPLE STUDY) 

Daily 
ascorbic acid 

intake Triglyceride 

rng/kg body wt. 

31 

10 

50 

1n=l0 animals/group . 

mg/dl 

117.2+40.62 

125.6+47.5 

119.4+26.7 

2Mean + S .D. 

Total cholesterol 

mg/dl 

47.6+17.1 

46.4+12.9 

45.7+14.4 



Daily 

TABLE 6 

INFLUENCE OF DIETARY ASCORBIC ACID ON TRIGLYCERIDE, CHOLESTEROL, AND 
•roTAL LIPID CONCENTRATIONS IN GUINEA PIG LIVERS 

(PRINCIPLE STUDY) 

ascorbic acid Cholesterol 
intake Triglyceride Free Ester Total 

mg/kg body wt. mg/100 g mg/lOOg mg/lOOg mg/lOOg 

31 233.7 41. 2a2 527 .0+ 69 . 8a 118.4+47.la 645.4+ 78 . 9a 

10 213.6 +3s.sa 508.3+115.5a l46.3+79.7a 654.6+ 65 . 7a 

50 286.9+49.2b 544.9+ 69.6a lll.8+65.8a 656. 5+116 . ·7a 

Total 
Lipid 

mg/g 

33.6+l.9a 

35.6+3.4ab 

37.6+3 . 8b 

ln=lO nimals / group. 2Mean+S.D. 4eans in the same column bearing di fierent superscript 

le ters are significantly different (p <.05) by cwman -Keuls multiple rang test. 

N 
co 
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previously reported for guinea pigs by several authors (14, 

38, 51, 52) D Ginter and his associates, however, reported 

se rum cholesterol levels of 118 mg/dl (25) and 136 mg/ 1 

(32) in guinea pigs which received lC mg ascorbic acid per 

day. 

Although there were no vari tions Lon~ the groups, 

liver cholesterol concentrations (Table 6) w re high for all 

the guinea pigs when compared to previously re orte values 

(26, 34, 53, 54). The concentrations i the present study 

were comparable to the elevated liver cholesterol reported 

by Ginter 's group (15, 25, 35) for guinea pigs subjected o 

chronic vitamin C deficiency . It is possibl that because 

of the initial depletion of vitamin C stores, the ascorb·c 

acid intakes were inadequate and resulted in cholesterol 

accumulation due to a decrease in the conversion of choles

terol to bile acids (36, 38). 



CHAPTER IV 

SUMMARY AND CONCLUSIONS 

The purpose of this research was to determine if 

changes in the vitamin C status of guinea pigs have an 

effect on serum and liver lipid concentrations. A pilot 

study was conducted to assure that dietary restrictions of 

ascorbic acid led to depletion of plasma and tissue vitamin 

C and to determine the ideal levels of ascorbic acid su ple 

mentation for the principle study . In the pilot study, 

guinea pigs were rrtainta i ned on an ascorbic acid-free diet 

for two weeks, fol l owed by daily supplementa t ion of the 

following ascorbic acid intakes for four weeks: 2.0 mg, 5 . 0 

mg, and 10.0 mg/kg body we ight. For the pri ciple study, 

the ascorbic acid intakes were 3.0, 10 . 0 and 50 . 0 mg/kg body 

weight for six weeks of supplementation . The following 

conclusions were drawn: 

1. In young guinea pigs , an ascorbic acid-free diet 

for two weeks markedly decreased plasma and liver 

vitamin C concentrations . In the pilot study , 

guinea pig s subjected to this regimen had 0 . 03 mg 

vitamin C per 100 ml plasma and 0.06 rng vitamin C 

per 100 g liver. Normal values for the guinea pig 

are a.pproximately 1 . 0 mg vi tarnin C per 100 rnl 

plasma and 15 mg vitamin C per 100 g liver . 

30 
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2. Increas i n g the ascorbic acid intake sign1ficantlv 

increa s ed the concent ration of vitamin c in adr -

nal and liv er. In t h e principle study, the vi a

min C concent ration {3 . 8 mg/100 g) of .he nimals 

receiving 50 mg ascorbic aci was s gnificantly 

(P <. 05 ) gre2 ter than t.ha 1n the guinea pigs 

receiving 3 mg asco bic acid (2.2 mg/lOOg). 

Intakes of 3 . 0 , mg , 10 . 0 mg , and 50 mg ascorbi 

ac id gave s i gn ificantly different P~0.05) adren 1 

vitami n C concent r a tions of 5.9 ug, 113.6 ug, and 

205 .7 ug/ g. 

3. Increased l i ver vi tamin C concentrati on was pa a

lle l ed by an i ncrease in triglyceride and total 

lipid concentrations . Liver cholesterol conce n

trat i on was n o t affec ted by itami C. The tri

glycer i de and to t al lipid concentrations of the 

gu i n ea pigs receiving 3 mg ascorbic acid was 233 . 7 

mg/lOOg a nd 33 . 6 mg/g , respectively . This was 

significantly (P< . OS) different than the 286 . 9 mg 

tr i gly c e ride/l OOg and the 37.6 mg lipid/g found in 

the guinea pigs receiving 50 mg ascorbic acid. 

4. Ascorbi c a c i d intake had no effect on e1ther serum 

tr i glyc eride or c holesterol concentrations. 

Previous research into t he effect of vi t amin C 

i ntake on serum and t i s sue lipids is inconc lus ·ve . One 
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reason for this may be due to differences in the ini ial 

vitamin C status of experimertal an imals prior to vary ' ng 

the dietary ascorbic acid. A variation in ascorbic acid 

intake would not necessarily produce similar changes in the 

body pool of ascorbic acid, thus animal s could be r lying on 

previous body s tores. An important aspect of the research 

presented h~re was the deple tion of vitamin C stores of 

guinea pigs followed by repletion with varying daily int kes 

of ascorbic acid . The practice of depleting vitamin C 

stores prior to varying dietary ascorbic acid could have 

application in vitamin C research for several reasons . 

Depletion would 1) give a ccnsistent and reproduc'ble 

starting point for all future studies among d1fferent 

laboratories, 2) would be critical when s udying eff c s of 

low intakes, and 3) would permit c han g s de 1o al rations 

in dietary ascorbi c acid to become evident in a shorter 

period of time. 



APPENDIX 



METHOD FOR EXTRACTING TOTAL LIPID FROM LIVER (45) 

Homogenize 1 0 g liver in 1 .0 ml d istil led water and 

20 rnl methanol for 30 seconds. Add 10 ml chloro form and 

homogenize two more minutes. 

Filter homogenate through Whatman No . 2 fi lter paper 

in a Buchner funnel with s light suct ion. When the residue 

is dry, apply pressure with the bottom of a beaker. 

Re homogenize the residue in 8 ml d's illed wate r , 20 

rnl methanol and 10 ml chloroform. Filter as before . 

Transfer the filtrate to a s eparatory funnel . Rinse 

the filter flask 3-4 times wi th a total of 20 ml chloroform 

and add to the separatory funnel . Add 20 ml d istilled water 

to the funnel. Allow the phases to separate ove night i n a 

refrigerator. Draw off the lower phase, measure the volum 

and store in the freezer until n eeded . 
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METHOD FOR DETERMINING TRIGLYCERIDE 
CONCENTRATION OF PLAS~ffi , 

SERUM, OR LIVER (46) 

Principle 

The triglycerides are hydro lyzed to glycerol plus 

fatty acids. The glycerol is oxidized by periodate to 

formaldehyde which, in the presence of ac tly acetone and 

ammonia, forms diacetyldihydrolutidine, a yellow-green corn-

pound. 

Reagents 

1. Triglyceride purifier (activated alumina): Sigma 

Chemical Co. 405-3. 

2. Isopropanol, anhydrous: Sigma Chemical Co . o . 

405- 7. 

3. Triolein standard, 300 rng/dl isopropanol: Sigma 

Chemica l Co. No. 405-10. 

4 . Potassium Hydroxide, lN 

5. Acetic acid, 2 N. 

6. Period~te solution: dissolve 125 mg sodium-m-

periodate in 50 ml acetic acid. Stable 3 mont s 

7. Ammonium Acetate, 2M. 

8. Acetylacetone: Sigma Chemical Co. o. 405-4. 

35 
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9. Color Reagent: Mix 20.0 ml ammonium acetate solu

tion , 40.0 ml isopropanol, and 0.15 ml ace ly

acetone. Store in an amber bottle. Let stand 

overnight before using. Stable one month at o c. 

Analysi s of S~rum or Plasma 

1 . Set up the following screw-top vials: 

Blank : 1 . 0 g triglyceride purifier 

5.0 ml isopropanol 

0.2 ml distillec water 

Standard: 

Sample: 

1.0 g triglyceride purifier 

4.8 ml isopropanol 

0.2 ml triolein 

0.2 ml distilled water 

1.0 g triglyceride purifier 

5.0 ml. isopropanol 

0.2 ml serum or plasma 

2. Shake all vials for at least five minutes, then 

centrifuge at 3000 rpm for 5 minutes. 

3. Transfer 2.0 ml of each supernate to correspond

ingly labE:lled t ubes. Add 0. 5 ml potassiurr h_y

droxide. Mix by swirling, do not inver~ . 

4 . Cover tubes and incuba te at 60 ~ 4° C for 5 minutes. 

5. Cool t ubes t o room temperature. 

6. Start timer and a dd 0.5 ml periodate solution to 

each tube at 30 s econd intervals. 
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7. Ten minutes after the addition of periodate to the 

first tube, add 3.0 rnl color reagent to each tube 

at 30 se~ond intervals . Mix each tube as the 

color reagent is added. 

8. Cover tubes and i ncubate at 60° for 30 minutes. 

9. Cool the tubes to room temp rat re and read the 

optical density of the sample (0. 0. 0 ) an stan-

dard (O.D.s) against the blank at 41 0 nm. R ad

ings should be completed within 20 minut s. 

10. Calculation: 
300 mg/dl 

rng triglyceride/dl = O. D.u X O.D.s 

Analysis of Liver 

1. Preparation of sample : Extract lipid from 150 rug 

liver and dissolve in 5 .0 ml isopropanol . 

2. Proce~d as for serum, using 0.2 ml distil ed water 

in place of the serum in the sample tubes. 

3. Calculation: 
0 . 6 mg triolei n 

mg triglyceride/lOG g liver = O.D.u X O.D .u X 666 . 7 



METHOD FOR DETERMINING TOTAL AND FREE 
CHOLE STEROL IN SERUM, PLASMA, 

OR LIVER (47) 

Principle 

Chole sterol oxidase catalyzes the cxidation of cho-

l esterol to c holest-4-en-3-one and peroxi e . Peroxidase 

catalyzes the o x idative coupling of 4-aminoantipyr'ne and 

phenol to form a quinoneimein dye. This reaction quanti-

t a tes the hydrogen peroxide produced . To measure total c o-

lesterol, cholesterol esterase ca alyzes the hydrolysis of 

esterified chole8te r o l , freeing the choleste~ol molecule for 

ana lysis. 

Reagents 

1. Reage n t A (for free cholesterol): To 90 . 0 ml 

d istillec water, add 130 mg sodium chelate; 16.7 

mg 4-aminoantipyrine; 133.3 mg phenol; 710 mg 

sod i um phosphate, dibasic; 690 mg sodium phos

phate, monobasic ; 133.3 mg Carbowax 6000; 12 units 

cholesterol oxidase; and 6700 units peroxidase. 

Stable 24 hours at 4°C or 8 hours at room tern-

pe r atur e . 

2. Reage nt B (fo r total cholesterol): Same as rea-

gent A p lus 3.3 units cholesterol esterase . 

3. Triton X- 1 0 0 

4 . 0.9 % s al ine 
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Triton X-100/sall"ne (1 6 v/ ) : , v 

I sopropanol 

7 . Cholesterol standard (for serum or plasma}: 100 

mg cholesterol/dl isopropanol . Make fresh daily. 

8 . Cholesterol standard (for liver). 3 mg choles-

terol/ ml isopropanol. Make fresh daily. 

Analysis of Serum or Plasma 

Free Cholesterol 

1. Prepare the following tubes: 

Blank: 3.0 ml Reagent A 

Standard: 3.0 ml Reagent A 

0.03 ml standard 

Sample : 3.0 ml ReagEnt A 

0.03 ml serum or pl sma 

2 . Incubate all tubes at 37°C for 15 minutes. Read 

the optical density of the standard (O.D.s) and 

t h e sample (O.D.u) against the blank at 500 nm . 

3. Calculation: 
100 mg/dl 

rng cholesterol/dl serum = O.D .u X O.D.s 

To tal Cholesterol 

Subs titute Reagent B for Reagent A and proceed as 

f or free cholesterol. 
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Analysis of Liver 

Extract the lipid from 500 mg liver and dissolve i 

0.5 ml Triton X-100. Add 2.5 ml 0.9% saline. 

Free Cholesterol 

1. Prepare the following tubes: 

Blank : 0.06 ml Trition X-100/saline 

3.0 ml. Reagent A 

Standard: 0.06 ml Trition X-100/saline 

0.03 ml. cholesterol st ndard 

3 .0 ml Reagent A 

Sample: 3.0 ml Reagent A 

0.06 ml Sample 

2. Incubate all tubes for 15 minutes at 37°C. R ad 

optical densit ies of the sample (O.D.u) and stan-

dard (O.D.s) against the blank at 500 nm . 

3 . Calculation: 
0 . 09 mg 

mg cholesterol/100 g liver = O.D.u X O.D . s X 104 

Total Cholesterol 

Substitute Reagent B for Reagent A and proceed as 

for free cholesterol . 



METHOD FOR DETERMIN ING VITAMI C 
IN PLASMA AND TISSUE (48) 

Principle 

Ascor b ic acid is reduced by chloramlne-T to dike-

togulonic acid. The diketogulonic acid reacts with 2,4-

dinitrophenylhydra zone ( 2, 4-DNPH) to give 2 ,4-dinitropheny-

losazone which produces a reddish chromogen whe n dissolved 

i n sulfuric acid. 

Reagents 

1. 5% trichloracetic acid (TCA) 

2 . 6.5% TCA 

3. 9N sul furic a cid 

4. 2,4-DNPH reagent: Dissolve 2 . 0 g 2 , 4- DNPH in 100 

ml 9N sulfuric acid. Add and dissolve 4 . 0 g 

thiourea. Filter if needed . Stable one month at 

5 . 85% sulfur i c acid 

6. Buf fer: To approximately 70 ml dis t illed water, 

add 5.0 g c i tr i c acid , 1 .2 ml glacial acetic acid , 

12.0 g sodium acetate, and 3.4 g sodium hydroxide. 

Adjust the p H to 6 . 0 and dilute to 100 ml with 

distilled water. Store under toluene at 4°C. 
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7. Chloramine-T soluti on: Dissolve 0.025 g chlo-

rami ne-T in 4.0 ml dis t illed water. Add 6.0 ml 

methoxye thano l and 10. 0 ml buffer .. Make fresh 

daily. 

8 . Ascorbic acid standard: Dissolve 10 mg scorbic 

ac id in 2 0 ml 5% TCA. Make f resh daily . 

Samp l e Preparation 

1 . Plasma: Add 6 .0 ml 6 . 5% TCA to 2 .. 0 ml plasma . 

Mix well and cent r ifu ge at 5000 rpm for 15 min

u t es . Remo v e the supernate for analysis. 

2 . Liver: Homogenize 1 .0 g l iver in 20 . 0 ml 5% TC . 

Centrifuge at 50 0 0 rpm for 15 minutes and remove 

supernate for ana lys i s . 

3. Adr enals : Mi nce an d c rush both adrenals ·n 10 . 0 

ml 5% TCA . Ce ntrifuge ~t 5000 rpm fo 15 minutes 

and remove s upernate for analysis. 

Analysis 

1 . Prepare t he f o llowing tubes : 

Blank : 2. 0 ml 5% TCA 

Standard: 

Sample : 

2. 0 ml 5% TCA 

0 . 01 ml a scorbic acid standard 

2 . 0 ml TCA s upernate 

2. To each tube add 0.2 5 ml chlorarnine- T and 0 . 5 ml 

2 , 3-DNPH . Mix wel l . 

hour s at 60 ° C. 

I ncubate all t ubes for 1.5 
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3. Cool the tubes, and add 2.5 ml 85% sulfuric cid 

d ropwise with cons tant mixing and cooling. 

4. Allow the color to deve J.ope for 30 minutes at room 

temperature. Read the optical density of t 

sample (O.D.u) and standard (O.D . 5 ) against the 

blank at 515 nm . 

5. Calculations: 
5ug vitamin C 

mg vitamin C/lOOg liver = O.D.u X O.D. 5 X 1000 ~ 10 00 

5ug vitamin C 
mg vitamin C/dl plasma = O.D.u X O.D. 5 X 200 ~ 1000 

5ug vitamin C 
't · C/ d 1 o D X O.D. 5 ~. adrena wt ug Vl amln g a rena s = • ·u · 
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