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Response of Guinea Pigs to Ascorbic Acid 1.
Growth, Serwm Ascorbic Acid and Total Lipids
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HEN THE Guinea Pigs reczived a diet deficientin ascorbic acid
¥ their body weight wassignificantly lower than that of normaly
fed animals, Bxposure of the gnimals to heat stress exaggerated
the effect of ascorbic acid deficiency. The snimals fed on
scorbutogenic diet suffered from severe symptoms of scurvy and
low serum ascorbic acid level. The animals in this group were very
weak and showed petechial hemorrhoge, The mean total linpids
level in the serum fncreased significantly in asscciation with
uscorbic acid  deprivation, but was nol affected by heat stress.
it is very likely thal ascorbic acid plays an important role in
mammalian growth, When the scorbutegenic dictwas supple-
mented with large doses of ascorbic zcid, the hiological parzmeters
were cloge to normal,

Ascorbic acid is the vitamin that was designated as water-soluble C, or the
antiscorbic factor. The metabolic need appears to be a general one among
species, but a dietary need is limited to man, the guinea pig, and the monkey.
The ability of the big to meet its metabolic needs from birth to maturity by
synthesis has been demonstrated by Braude et «f. (1950). Denvyatka and
Yatsyna (1978) found that vitamin C in blood decreased in rabbits not given
ascorbic acid supplement and not given ascorbic acid supplement and exposed
to excessive sunlight from between 0.77 and 0-94 to between 0-53 and 0.64
mg/100 ml and also decreased in the adrenals, kidneys, spleen and other or-
gans. In groups given the supplements, vitamin Cin blood and organs
generally increased. Yen and Pond (1981) stated that dietary vitamin C
supplementation to pigs improved daily eain and daily feed intake without
altering gain to feed ratio. Plasma ascorbic acid concentration decreased
during the 4 weeks after weaning in pigs not given supplemental vitamin C
but not in those received. Simple correlation indicated a positive (p<
0.03) relation between plasma ascorbic acid concentration and gain.

Material and Methods

Sixty four male guinea pigs 3 weeks old, body weight ranged bet ween
170 and 195 g were experimented on. The animals were housed in plastic
40 X 30 cm cages, two in each one.



80 GAR. et 4l

The experimental animals were divided into 6 groups and fed on a scor-
butogenic diet (Hughes and Hurley, 1969) at a rate of 8 g/100 g body weight.
Water was available freely throughout the experimental period and 005 ml!
of cod liver oil was given weekly to each animal. The composition of the
scorbutogenic dict was as follows :- '

Wheat bran 35.0 %
Clover hay 37.0 %
Dried whole milk 10.0 9
Dried skim mifk 10.0 %
Dried yeast 6-59%
Mineralized salt 1-0 9
Magnesium oxide 0.5 %

The aforementioned diet was analyzed according to A.O.A.C. in (1975),
the chemical composition was as follows :-

Moisture 8-20 9/
Crude protein 16.70 %
Ether extract 4.30 9
Crude fiber 5.23 %
N-free extract 60.76 %
Ash 4.81 %

The six groups of animals were intramuscularly injected with ascorbic
acid and lecated in the normal and high constant temperatyres as follows :-

1 Groups

Treaiments |
st | 2nd ‘ drd 4ih Sth

Number of animals 14 10 10 10 10

Supplemented  ascor- |
bic acid/100 g body

weight . . . . | 05mg | 0.5 mg — — 3 mg ; 5 mg

ure 9C.. . . . . .. 19—32 J 35 19--22 35 1922 | 35

: | |
1. Thelevel 0.5 mg/100 g body -weight is considered the daily vequirements of vilamin C
for guinea pigs (NAS-NRC, 1972).

2, The temperaigee 19-22° is considered the eplimum for guinca pips (Laue-Petter and
Porter, 1963},

3. The temperatyre 35° cayses stress for guinea pigs (Zeman et af., 1966).
4. Ascorbic acid levsl of 5 mg/l00 g body weight equals 10 fold requirements.
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The weighing of the animals was performed before feeding at the com-
mencement of the experiment and weekly thereafter. Blood collection was
from the orbital sinus of the animals (Schemer, 1967). The samples were
withdrawn after one week from the beginning of the experiment and then
every two weeks until the termination of the trial (5 weeks).

Serum samples were analyzed for ascorbic acid using the method of Roe
(1966) and total lipids using the procedure of Knight ef al. (1972).

The data were statistically analyzed after Stee! and Torrie (1960).

Results and Discussion

Effect of ascorbic acid deficiency on the body weight of Guinea pigs

Table 1 shows that at the termination of the experimental period (35
days), the mean weight of the scorbutic guinea pigs showed a more or less
a steady state compared to a further gain in the control group. The overall
increase in weight of scorbutic animals was found to be 6-8 % versus to
66-6 9 for the controls.

The amount of weight gain for the animals reccived 10 folds the daily
requirements of scorbic acid was below than that of the control group. The
guinea pigs received Mega dose of vitamin C increased by 36.2 % wversus to
65.6 ? for the control animals-

The fact that guinea pigs loose weight when fed scorbutogenic diet have
been previously reported by some authors, Odumosu and Wilson (1973)
demonstrated that the animals start to loose weight on scorbutogenic diet
from the 2417 day of the experiment and by the the 364 day they were all died.
Barnes and Kodicek (1972) reported that loss of weight started after 10 days
of ascorbic acid deprivation, death followed 3-4 weeks after the introduction
of the ascorbic acid free diet-

Lewin (1976) reported that the synthesis of certain amino acids containing
disulphide bonds is dependent on ascorbic acid. Schonheyder (1962) found
that the scorbutic animals showed a disturbance in both the serum amino acids
and the level of enzyme necessary for the biosynthesis of proteins. The pre-
sence of high concentration of ascorbic acid in the pancreas (Yavorsky et al.,
1934) can confirm the effect of this vitamin on tissue anabolism. NRC (1972)
cited that the gross effects produced by the absence of ascorbic acid from the
diet on guinea pigs are anorexia, retarted growth and death. Burns er al.
(1956) and Odumosu and Wilson (1973) reported that guinea pigs are unable
to synthesis their own ascorbic acid.

Therefore, the inability of guinea pigs to synthesis their own ascorbic
acid, the wide range of metabolic activities in which ascorbic acid participa-
tes can explain the loss of weight and death of these animals on ascorbic acid
free diet.

Egypt. J. Anim. Prod. 24, No. 1-2 (1981)
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1t can be stressed that the weight is rather a crade paraimeter in a sense
that it reflects the overall metabolic derangement occurring at the biochemical
level.

In the present work, it was found that the vai ues obtained concerning the
variations of body weight according to the changes in the amount of ascorbic
acid intake, the temperature changes and the dyration of the experiment were
significant statistically (Table 1),

Effect of heat stress on bod v weight of Guinea pigs

The average body weight of the guinea pig housed in the normal conditions
was increased throughout the experimental period (35 days) with the amount
of 66-6 7. On the other hand, the corresponding gain for the animals
of the heated group was 56.3 7 Itcan be concluded that the increase
in weight in those animals exposed to heat below than those housed at normal
conditions. Taking into consideration that both groupe received their daily
requirements of vitamin C, it could be deduced that this difference is due
to decrease of the apetite of ths animals exposed to heat. Tt could not be
attributed to an increase of vitamin C requirements due to this stressful situa-
tion. Animals received 10 folds the daily requirements of ascorbic acid
showed also a difference in the percentage of weight gain between those housed
in the two different environmental conditions.

However, the effect of heat on the wreight gain of guinea pigs was more
effective in the group of animals fed the scorbutogenic diet. They showed
a loss of body weight with a percentage of 5.5 57, On the other hand, animals
fed the same lavel of vitamin but housed in the normal conditions gained
6.6 3/ of their initial weight. This can be explained on the basis of increased
vitamin C requirements by the animals exposed to heat,

In this connection RBarris ef al., (1953) demonstrated an effect of ascorbic
acid depletion on the adrenal gland, a one that has an effective role in stress
conditions. Morbid anatomical changes were noticed in the adrenals of
scorbutic guinea pigs. These glands are hypertrophied in scurvy.

Glucocorticoid levels were higher than normal in the laboratory animals
developing hyperthermia in response to environmental heat (Kotby and
Johnson, 1967). Young growing animals were more responmsive to heat
stress as compared to mature animals as was reflected in the elevated circula-
ting glucocorticoids (Kotby et af., 1967). Therefore, body weight loss of
guinea pigs in the present study may be due to gluconeogenic effcct of higher
circulating glucocorticoid levels, Another possibility for such body weight
decrease in the heat stressed scorbutic animals in this study, is the inhibition
of catecholamines synthesis, since ascorbic acid was reported to participate
in the synthesis of catecholamines (Blumberg er al,, 1965 and Lewin, 1976).
If this is true. then ascorbic acid is of particular importance in adrenal gland
Junctional activities.
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Efject of ascorbic acid deficiency on its level in the serum of  Guinea Pigs

The serum ascorbic acid of the animals received scorbutogenic diet dec-
reased from 0-22 to 0.08 mg/100 ml with a mean of §.16 mg/i00 ml, comp-
ared to a means of 0-29 and 0.34 mg/100 ml for the control and the group
given 10 folds daily requirements of ascorbic acid respectively (Table 2).

More severe drop in the serum ascoibic acid was noticed in the scor-
outic guinea pigs expesed to heat, the value reached 0.03 mgf100 mi ncar
the termination of the experiment.

The ccorbic acid intake and the duration of (he experiment were found
to affect the serum zscorbic acid significasntly.

It can be concluded that heat stress increases the requirements of tissuos
for ascorbic acid, since no exogenous or endogenons supplies ars available,
the level of ascorbic acid drops markedly.  Odumosu and Wilson (1973)
reported that the servim zscorbic acid in these snimals reached a minimum
level on the 30th day. Devyatka and Yatsyna (1878) found that vitamin
C in blood decrsased in rabbits not given aseorbic acid supplament and ex-
posed to excessive sunlight from between 0.77 snd €.24 to between 0.53
and 0-64 mg/100 ml and also decrsased in the adr 'nals, kidneys, splecn and
other organs. TIn groups given the supplemsnis, vitamin  C in blood and
organs generally decreased.

Lffect of ascorbic acid deficiency on serum lipids of Guinea pigs

The deprivation of vitamin C was found to affect the serum lipids ma-
rkedly (Table 3). The serum lipids of the scorbutic animals were higher
than that of the conatrol group.  However, the difference appeared only
after 21 days, the rise was 43.99, Furthermore, the percentage of increase
in the sarum lipids for the control group thronghout the experiment was
4457 versus to 539 for the scorbutic guinca pigs. For those animals rec-
eived 10 folds the daily requirements of ascorbic acid, the serum lipids were
below the control or slightly above it.

A marked difference in serum lipids was observed in scorbutic animals
under heat stress compared to those at normal temperature.  The serum lp-
ids werc increased in animals at optimum temperature with a percentage of
53.3% versus to 173% for those exposed to heat. This diffrence can be
explained on the basis of increassd requirements of ascorbic acid by the an-
imals exposed to heat. Ascorbic acid being invelved in lipids metakolism,
its depletion under stresg exaggerates their metabolie disturbance observed
in scorbudic animals,

Analysis of variance showed that the change in ascorbic acid intake and
duration of the experiment altersd the total serum lipids significantly undor
the normal and keat stress conditions (Table 3).

Egypi. |. Anim. Prod. 24, No. 1- 2 (1984)
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OF GUINEA PIGS TO ASCORBIC ACID T,

i

RESPONST

Effect of giving ascorlic acid 10 guinca pigs oz its level In the serum under nevmal snd hest stress conditions,

Ascarbie acid Iovel e the serum ma/100 mi

1
" 19 . 230 m 35
Iatervals from | _
the start of the | — - : - - —| -
experiment ) A v | i
K i Scorbutogenic | _ Soorbuiogenic ! utogenic _ Scorbuiogenic
I diet + 0. 05mg | Scorbaiogenic _ diet + 5 mg _ dict - 0.05 mg _ Scorbutagenic dist - 5 myg
| ascorbic acid/ | diat - ascorbic acid! | ascorbic acid/ | diet | ascorbic acid/
180 ¢ BW. n 00g BW., | 100 g BW. | | 100 g BW,
! |
o u — -_| [— e [ e |_|||
_ ! m
7 dovs i 0.32 + 0.012 €22 £ 0018 | 03240018 | 030+ 0.0 | 021 £ 0018 | 039 + 0.0l8
| I [
21 days 7 8.28 4 G013 018 4+ 0 018 n 0.37 4+ 0.018 | .31 + 0.0i7 _ 6.19 4~ 0.GI8 |  0.36 4 ©.0I8
< , i |
35 days _ 0.22 4 0.013 0.08 + 0.020 , .32 + 018 _ 0.31 =4 0.017 003 0020 | B:32 &= 0.019
L =1 Iri . St
| ! _
Meag ! 0.29 _ 0.15 | 032 _ 0.3 | 5.14 “ .32
| , |
Fvalue Evalue
Beiween nulrition 45.58%
Between feraperatyres 0.7%
Batwzen periods 4 85+

P < 0.0t
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The results revealed that vitamin C deficiency resulted in elevated serum
lipids and viee verza.

In this connection Banerjee and Bandyopadhyay (1963) reported that
scorbutic monkeys showesd increased level of plasma triglycerides and free
fatty acids and increased toizl B-lipoprotein, All of these effects were re-
moved by ascorbic acid administration with the exception of total plasma
cholestrol and B-ipoprotein cholestrol which remained low. Gushlait ef
al. (1963) observed lower oxidation of unsaturated fatty acids by several ti--
sues of scorbutic guinea pigs. High dose of ascorbic acid depressed alim-
entary hypercholesterolasmia in rabbits and rats and exerted a protective
effcct a3 repards to experimental artherosclorosis (Mjasnikov, 1958 ard
Sokolff ef al, 1967).
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