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CHAPTER 1 

INTRODUCTION 

The glycosaminoglcans (GAGS) are heteropolysacc-

harides and occur in combination with protein in both 

body secretions and structures. Generally, they are 

components of the extracellar, ground substances that 

surround the collagen and elastin fibers between the 

cells of connective tissues. Suzuki et al. (1970) 

stated that GAGS are synthesized and secreted by fibro

blasts as well as by epithelial cells. Recently, many 

researchers have suggested that GAGS are involved in the 

cellular differentiation and maturation, presumably by 

participation in cell-cell communication, recognition, 

and contact inhibition ( Cassano and Dietrich, 1977; 

Toledo and Dietrich, 1977; Sampaio, Dietrich and Filho, 

1977; Dietrich, Sampaio, Toledo, Cassero, 1977). 

GAGS contain aminosugars, either D-glucosamine or 

D-galactosamine together with uronic acids either D-

glucuronic acid or L-iduronic acid; the aminosugars are 

usually acetylated at the amino group and may contain 

sulfate groups. Two components, keratan sulfate and 

heparin, which are generally included in the GAGS 

classification do not follow the usual pattern of 
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composition. Keratan sulfate which is found in con

nective tissue contains sulfated D-galactose and N-

acetyl-glucosamine. The function of keratan sulfate is 

not well understood. We do know, however, that keratan 

sulfate is related to the blood group sustances. 

Heparin, which occurs as an anticoagulant in blood and 

other tissues, contains glucosamine, glucuronic acid and 

varing proportions of sulfate and acetyl groups. 

Heparin is produced by the mast cells of the connective 

tissue and is stored as granules within the cells. 

Hyaluronic acid is a typical GAG. It is component 

of the ground substance of intercellular material and 

is widely distributed in most connective tissues. 

Hyaluronic acid is composed of D-glucuronic acid and 

acetylglucosamine. Large polymers of hyaluronic acid 

can form a mesh which allow it to bind a large amount 

of water. In loose connective tissue, the binding of 

tissue fluid forms a jellylike matrix filling the space 

between capillaries and cells. The large amount of 

fluid permits diffusion of solutes between capillaries 

and cells. 

Chondroitin and chondroitin sulfates are GAGS 

containing D-glucuronic acid and acetylgalactosamine. 

Their general structures are very similar. Chondroitin 

contains only a small amount of sulfate, and both 



chondroitin 4- and 6-sulfate (previously known as 

chondroitin sulfate A and C) contain one sulfate group 

for each disaccharide group on the aminosugar residue. 

Chondroitin sulfates have high viscosity and a 

capability to bind water. In connective tissues, 

chondroitin and chondroitin sulfates may play a role 

similar to that of hyaluronic acid. Chondroitin is a 

component of the cell coat, and chondroitin 4-sulfate 

is the principal organic component of the ground 

substance of cartilage and bone! 

Dermatan sulfate (or chondroitin sulfate B), 

containing largely L-iduronic acid and N-acetyl-D-

galactosamine sulfated in the 4 position, generally 

occurs in tissues that are rich in collagen. 

In 1963, Di Ferrante found that several GAGS were 

excreted in normal human urine. Later on, Vardi et al. 

(1967) confirmed this discovery. Several GAGS, such as 

dermatan sulfate, hyaluronic acid, heparan sulfate and 

chondroitin 6-sulfate have also been isolated from 

mammalian skin. 

Vitamin A is considered to have a vital role in 

normal differentiation and growth of epithelial tissues. 

Since GAGS are considered to be related to cellular 

differentiation, many studies have focused on the possi

bility that retinoids may alter the levels of GAGS 



production in tissues. In 1970, Leela and Rama Rao 

reported that the GAGS content of skin was increased 

in vitamin A deficient rats. Later, Latif and others 

(1982) reported that both the GAGS content of skin and 

urine were affected by protein malnutrition and vitamin 

A deficiency. 

In order to increase the understanding of the 

effects of vitamin A deficiency on GAGS metabolism, this 

research studied the urinary excretion of the total GAGS 

and individual GAGS as influenced by vitamin A deficien

cy. If the urinary GAGS excretion responds to vitamin A 

deficiency, an assay of urinary GAGS might provide a 

convenient method for detecting vitamin A deficiency. 

In this research, severely vitamin A deficient rats 

were compared with control rats which were fed a diet 

sufficient in vitamin A. The diet fed these animals 

was complete in all nutrients other than vitamin A. 

The outline of this thesis is presented as follows: 

Chapter 2 contains an overview of present and previous 

work done in this area of research. Chapter 3 contains 

experimental procedures and data acquisition. Chapter 4 

contains a discription of the methods used to estimate 

the GAGS content in skin and urine of rats. Results of 

GAGS content in skin and urine are also discussed in 

this chapter. Finally, Chapter 5 contains conclusions 



resulting from this research and suggestions for future 

research in this field, 



CHAPTER 2 

LITERATURE REVIEW 

Vitamin A deficiency is next to protein-calorie 

malnutrition in the world. There are thousands of 

children needlessly going blind from xerophthalmia every 

year. Vitamin A is considered to be related to cellular 

differentiation. Many researchers have studied the 

effect of vitamin A deficiency on GAGS metabolism. 

The role of vitamin A in the regulation and differ

entiation of epithelial tissues was first elucidated in 

the vitamin A deficient animal. In 1922, Mori reported 

that vitamin A deficiency caused dry eyes of rats. He 

observed loss of secretions by the lacrimal gland and 

keratinization of the cornea and conjunctiva. Later, 

vitamin A deficiency was shown to increase xerophthalmia 

or dry eye, due to the interference with tear production 

was confirmed (Moore, 1957). In 1925, Wolbach and Howe 

observed that the columnar and transitional epithelium 

of the respiratory tract, alimentary tract, genitourina

ry tract, eyes and glands proliferates in vitamin A de

ficient animals. Subsequently, hyperkeratosis and skin 

changes were also reported to be associated with vitamin 

A deficiency in the human. 



Ever since the observation by Fell and Mellanby 

(1953) that excess vitamin A added to organ cultures 

of embryonic chick-bone rudiments affect their meta-

chromasia, interest has been focused on the relationship 

of vitamin A to GAGS metabolism. In 1960, Wolf and 

Varandani studied the biosynthesis of GAGS using the 

incorporation of ^^S-sulfate and ''"^C-glucose by segments 

and homogenates of rat colon. They found a significant 

decrease in vitamin A deficient rats and also reported 

that the decreased labeled GAGS in rat colon can be re

stored to normal levels by additional dietary vitamin A. 

In 1966, Perumal et al. confirmed the same discovery by 

in vi VO studies. Pasternak and Thomas (1969) reported 

a result on the requirement of vitamin A for the synthe-

35 sis of GAGS. They studied incorporation of S-sulfate 

into rat intestine and detected that vitamin A deficien

cy decreased sulfate incorporation. However, the ef

fects of altered dietary protein intake on sulfate acti

vation were more marked than the effects of the vitamin 

A nutritional status. Therefore, they concluded that 

vitamin A was not required for the synthesis of sulfated 

GAGS, but that deficiency may reduce breakdown and in

crease turnover of certain cell constituents. 
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Leela and Rama Rao (1970) subsequently studied the 

effect of vitamin A deficiency on the sulfate activation 

of rat skin. Their results showed that vitamin A de-

_. . 3 5 
riciency resulted in increased incorporation of S-

sulfate into rat skin GAGS. Since the proportion of 

sulfated and non-sulfated GAGS was also affected by 

vitamin A, Leela and Rama Rao suggested that vitamin 

A deficiency affected the turnover rate of sulfated 

and non-sulfated GAGS of rat skin. In the next year, 

urinary excretion of total uronic acid and sulfates GAGS 

was determined by Mohanram and Reddy in vitamin A de

ficient children and kwashiokor children with or without 

clinical signs of vitamin A deficiency. The excretion 

of total uronic acid was low both in kwashiorkor and in 

vitamin A deficient children as compared to normals. 

The urinary excretion of sulfated GAGS was significantly 

lower in vitamin A deficient children, and after of 

therapy with vitamin A there was a significant increase 

in the levels, A reduction in the excretion of sulfated 

GAGS was also observed in kwashiorkor children, whether 

or not they had associated signs of vitamin A deficien

cy. Mohanram et al. (1971) suggested that this might 

be related to vitamin A deficiency because the levels 

of serum vitamin A were low in the kwashiorkor children. 

Furthermore, children with kwashiorkor treated with high 



protein diets alone did not show much change in the ex

cretion of sulfated GAGS but those who received ad

ditional vitamin A supplements showed a significant in

crease in the levels of the sulfated GAGS fraction. 

In 1982, Latif and others extented the observation 

of Leela and Rama Rao (1970). They measured the skin 

content of GAGS and urinary excretion of GAGS and 

aminosugars in protein-calorie malnourished children 

with or without vitamin A deficiency. The GAGS content 

of skin in both malnourished groups was increased 3- to 

6-fold. In the normal group, the non-sulfated GAGS 

comprised about 68% of the total GAGS, whereas in the 

malnourished with a vitamin A deficiency group the non-

sulfated GAGS constituted 93%. The therapy provided 

adequate dietary supplements of protein and calorie to 

both groups. Vitamin A injections were given only to 

the vitamin A deficient group during the therapy period. 

However, skin GAGS content remained above normal levels 

in both group after therapy. The authors also suggested 

that the greatly increased GAGS content in skins of the 

m alnourished group especially in the non-sulfated GAGS 

was possible impairment of sulfation of GAGS in mal-

nourition with or without vitamin A deficiency. Urinary 

excretion of GAGS was significantly reduced by 50-70% 

in both malnourished groups. After therapy, the GAGS 



10 

levels of excretion were returnd to normal levels in the 

vitamin A deficiency group. In the malnourished group 

without vitamin A deficiency, the increase in GAGS ex

cretion did not return to normal levels of excretion. 

The authors concluded that this decrease in excretion of 

GAGS in malnourished children with or without vitamin A 

gave concomitant roles for protein and vitamin A on the 

synthesis and metabolism of GAGS. 



CHAPTER 3 

METHODS AND MATERIALS 

Experimental Procedures 1. 

Eight weanling male albino rats were randomly 

assigned to either control or vitamin A depletion groups 

for 15 weeks. Rats were housed individually in 

stainless steel cages in a temperature-controlled room 

with a 12-hour light-dark cycle. Composition of the 

diets is given in Table 1. Diet in metal feeding cups, 

and distilled water in plastic bottles were available ad 

li hi turn. Body weight was measured once a week and 

weight plateau was considered a sign of vitamin A 

depletion. Most of the animals in the vitamin A 

deficient group stopped growing and declined in body 

weight and usually developed xerophthalmia. 

After the weight plateaued, all rats were housed in 

metabolic cages for a 24-hour urine collection. The 

urine samples were preserved under thymol, stored in the 

cold (4 °C) during collection and kept frozen (-20 C) 

for analysis of the total amount of GAGS and individual 

GAGS. After 15 weeks, rats were sacrified and blood was 

collected by cardiac puncture. Blood was centrifuged 

and serum was frozen to be analyzed for vitamin A. Skin 

1 1 
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samples were removed and kept frozen for analysis of 

total and individual amount of GAGS. 

Urinary GAGS were isolated by the following three 

methods: 

(1) Precipitation - Crude GAGS were precipitated from 

5 ml of filtered urine by 4 volumes of precipitation 

mixture (1% sodium acetate and 1% acetic acid in 

ethanol) and kept at 4 °C for 24 hours. The 

precipitate was dissoved in water with one drop of 

0. 1 N NaOH. 

(2) Dialysis - 5 ml filtered urine was dialyzed against 

distilled water for 48 hours. The nondialyzble 

material was lyophilised and redissoved in distilled 

water. 

(3) Filtration - 5 ml filtered urine was lyophilised and 

redissoved in distilled water. 

All these urine aliquots were employed for total 

GAGS determination by the spectrophotometric method of 

Bartold et al. (1985) using the alcian blue reaction 

with GAGS. Absorbance was read at 678 nm and 

chondroitin-4-sulfate was used as a standard. All 

determinations were carried out in duplicate. 

The precipitated and dialyzed urine aliquots were 

dissoved in sodium acetate buffer (pH 7) which contained 

cysteine to activate the papain; approximately 1 ml of 
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buffer and 0.1 ml of papain solution were used per gram 

of sample. These samples were incubated in the oven at 

60-65 C for 16-48 hours. The papain digests were used 

to isolate individual GAGS by electrophoresis. 

For electrophoresis, or cellulose acetate membranes 

were immersed in 0.3 M calcium acetate buffer, blotted 

and placed in the Beckman microzone cell. Aliquots of 

the papain digest were applied to the membranes. 

Electrophoresis was conducted for 3 hours using a 

constant voltage of 70 volts. The strips were removed 

from the cell and immersed in a staining solution which 

contained 1% alcian blue in 0.2 M acetic acid, 0.2 M 

sodium acetate in 50% ethanol ( v/v) . The strips were 

allowed to stain for 10-15 min. and were destained in 3 

10-min changes each of 5% acetic acid and 10% ethanol 

50% v/v. Once destained, the strips were blotted and 

air dried. Urinary GAGS were pooly separated but were 

compared to a standard containing hyaluronic acid, 

dermatan sulfate, and chondroitin sulfate. 

Dry skin samples were minced and extracted in a 

small soxhlet extracter with boiling acetone for 4-6 

hours to remove lipid. The extracted skins were 

digested with papain by using the procedure described 

above. Uronic acid, total GAGS and individual GAGS were 

measured in these digested skin samples. Uronic acid in 
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rats skin was analyzed by a modified carbazole reaction 

(Bitter and Muir, 1962). The determination of total 

GAGS in skin samples was employed by spectrophometric 

analysis after reaction with alcian blue. Electro

phoresis was used to separate and quantitate individual 

GAGS in these digested skin samples. 

As an additional method of isolating skin GAGS, 

papain digests were treated with tricholoacetic acid 

( TCA) to a final concentration of 10%, and kept at 4 °C 

for 30 minutes. The precipitated proteins were removed 

by centrifugation and TCA removed by dialysis. After 

dialyzing, skin samples were lyophilized and redissolved 

in distilled water for analysis of total amount GAGS and 

individual GAGS. 

For the assay of vitamin A, 200 >ul serum was mixed 

with 200 All retinyl acetate (as internal standard) and 

400 All hexane, then centrifuged and supernatant was re

moved to a small tube. The supernatant was heated at 

60 °C and flashed with nitrogen. The dry material was 

dissolved in methanol, and the vitamin A content was 

determined by HPLC (High-Pressure Liquid Chromatography) 

using a fluorometric detector (Bieri et al., 1979). 
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Experi mental Procedure 2. 

In order to verify the results of experiment 1, 

twenty weanling albino rats were divided into control 

and vitamin A depletion groups. In the first 

experiment, the 15 weeks passed before rats showed 

symptoms of depletion of vitamin A. Therefore, 

composition of the diet was changed from torula yeast to 

vitamin free casein and corn starch in the second 

experiment and were tabulated in Table 2. 

Feeding, collection of urine specimens and methods 

of isolation and analysis of skin, and serum sampl es 

were the same as in experiment 1. The same procedures 

were also used for determination of total GAGS and 

individual GAGS in urine. However, the following method 

for urine GAGS was also used: 

Digested and digested and dialyzed urine samples — 

30-40 ml filtered urine was dialyzed against 

distilled water for 48 hours and lyophilized. The 

non-dialyzable materials were digested by papain 

( ref. experimental procedure 1), then analyzed for 

total GAGS and individual GAGS by electrophoresis. 

Papain digests were also dialyzed to analyze total 

GAGS and individual GAGS. 

All the data were subjected to statistical analysis 

of differences by student's t-test. 



TABLE 1 

COMPOSITION OF VITAMIN A SUFFICIENT AND 
DEFICIENT DIETS IN EXPERIMENT 1 

16 

I n g r e d i e n t s Percentage 

t o r u l a y e a s t 

DL-methioni ne 

Sucrose 

c e l u f i l 

corn o i l 

modif ied AIN mineral mix 

modif ied AIN vi tamin mix 

c h o l i n e b i t a r t r a t e 

1 

35. 0 % 

0. 4 % 

49. 9 % 

5.0% 

5.0% 

3.5% 

1.0% 

0.2% 

1. AIN vitamin without vitamin A was given to 
the vitamin A deficient group. 



TABLE 2 

COMPOSITION OF VITAMIN A SUFFICIENT AND 
DEFICIENT DIETS IN EXPERIMENT 2 

17 

I n g r e d i e n t s Percentage 

c a s e i n v i tamin f ree 

DL-methi oni ne 

corn s t a r c h 

s u c r o s e 

c e l u f i l 

corn o i l 

modif ied AIN mineral mix 

modif ied AIN vi tamin mix 

c h o l i n e b i t a r t r a t e 

1 

20. 0 % 

0.3% 

15. 0 % 

50. 0 % 

5.0% 

5.0% 

3.5% 

1.0% 

0.2% 

1. AIN vitamin without vitamin A was given to 
the vitamin A deficient group. 



CHAPTER 4 

RESULTS AND DISCUSSION 

In the first experiment, the rats were fed either a 

normal or a vitamin A deficient diet for 15 weeks and 

the rats in the deficient group were past the " weight 

plateau " stage (Table 3). However, the rats in the 

vitamin A deficient group began to have a lower average 

body weight in the 4th week of the experiment. Each rat 

in the deficient group lost at least 20 gram during the 

last week of the study. Since vitamin free casein 

substituted for torula yeast in the second experiment, 

the rats in the vitamin A deficient group lost weight at 

the 13th week (Table 4). ' The mean serum vitamin A level 

of deficient groups in these two experiments were 

decreased significantly as compared to the control group 

( Table 5) . 

The data summarized in Table 6 show that uronic acid 

and total GAGS content of skin as measured by the alcian 

blue reaction of vitamin A deficient rats were decreased 

compared to the controls. In the deficient group, a 

significant reduction in the amount of uronic and total 

GAGS content of digested and dialyzed skin samples was 

also evident in two experiments. Total GAGS of digested 
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skin samples of the deficient rats also reduced 

significantly in the second experiment. However, in the 

first experiment, total GAGS of digested skin samples as 

measured by the alcian blue reaction showed no signifi

cant difference between the control and the deficient 

groups. The observed decrease in skin GAGS content may 

be due to decreasing synthesis and/or increasing catabo-

lism of GAGS in skin. 

Electrophoretic separation of GAGS of rat skin 

resulted in the resolution of two bands, which were 

identified as hyaluronic acid and dermatan sulfate 

(Figs 1, 2). Table 7 presents the relative proportion 

of the two fractions as percentage of total GAGS in both 

experiments 1 and 2. The dermatan sulfate fraction of 

the deficient group from digested and digested and dia

lyzed skin samples was reduced significantly in both 

experiments. At the same time, the hyaluronic acid 

fraction of the vitamin A deficient group increased sig

nificantly. These results clearly indicate that the 

proportion of individual GAGS of rat skin was altered by 

vitamin A deficiency. 

Values of dermatan sulfate and hyaluronic acid of 

rat skin were obtained from values of uronic acid 

mutiplied by percentage of two individual GAGS. These 

values are expressed in Table 6. The amounts of 
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dermatan sulfate and hyaluronic acid of the deficienct 

group were significantly decreased in the second 

experiment. The reduction of dermatan sulfate of the 

deficient group was also found in the first experiment. 

In the first experiment, the urinary excretion of 

total GAGS derived from precipitated and undialyzed 

samples were increased significantly in the vitamin A 

deficient group (Table 8). Total GAGS as measured by 

the alcian blue reaction was also raised in the digested 

and the digested and dialyzed urine samples of the de

ficient group in the second experiment. Since GAGS con

tent of skin was decreased in the vitamin A deficient 

rats, urinary excretion of total GAGS was increased 

relatively in these rats. 

However, urinary excretion of total GAGS was reduced 

in the dialyzed samples (Exp. 1, 2) and the undialyzed 

samples (Exp. 2) of the deficient groups; such that 

total GAGS reduction was not significant. Latif et al. 

(1982) and Mohanram et al. (1971) found that urinary 

excretion of total GAGS were reduced in the vitamin A 

deficient children. Since their aliquots were all 

dialyzed, the reduction of total GAGS may be due to the 

loss of dialyzable GAGS. In addition, their subjects 

re lated to malnourished status, the reduction of urinary 

total GAGS may not occur by vitamin A deficiency only. 
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Densitometer scans of the electrophoretic patterns 

of GAGS of urine samples are presented in Fig. 3 and 

Fig. 4. Although the patterns do not exhibit identifible 

bands of GAGS, the areas of the pattern which should 

contain the bands for hyaluronic acid, dermatan sulfate 

and chondroitin sulfate, may be identified. These areas 

of the patterns which contain chondroitin sulfate and 

dermatan sulfate were lower than the corresponding areas 

of the normal rats. This finding is in agreement with 

those reported by Latif et al. (1982) using cellulose 

chromatography. An unidentified band was noted in all 

of our electrophoretic patterns. This band had a slower 

mobility than hyaluronic acid and appeared to be about 

as strong in both vitamin A deficient and sufficient 

groups. 
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TABLE 3 

AVERAGE BODY WEIGHT OF THE RATS OF VITAMIN A SUFFICIENT 
AND DEFICIENT DIETS IN EXPERIMENT 1 

Week -A +A 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

56 . 3±_ 3 . 3 56 . 8t 4. 2 

1 1 3 . 3+. 2. 9 1 1 7 . 0+. 3. 6 

1 5 5 . 3±_ 9. 2 1 5 5 . 5+. 7. 1 

1 7 9 . 8+.12. 7 1 85 . 3+. 9. 2 

2 0 3 . 0+.1 5 . 4 221 . 01.1 6. 4 

2 2 8 . 3 + . 2 1 . 4 2 5 0 . 0+.22. 5 

2 5 6 . 8+.17. 0 2 7 8 . 8+.23. 4 

2 7 7 . 311 1. 1 2 9 5 . 3^22 . 0 

2 9 3 . 8+.10. 3 3 0 7 . 8+.20. 1 

3 0 5 . 51.1 2. 4 3 3 0 . 5+.26. 5 

3 1 0 . 0^15 . 6 3 4 1 . 8+.26. 7 

3 1 8 . 8^14 . 5 3 5 2 . 8^:30. 2 

3 2 0 . 3^18 . 7 3 6 2 . 5 ^ 3 1 . 2 

2 9 7 . 8+.22. 8 3 7 5 . 0 ^ 2 2 . 2 

2 7 0 . 5+.55. 2 3 6 8 . 0+:28. 8 

2 6 2 . 0^59 . 5 377 . 3ji28. 6 

1 . Mean t_ SD 

2 -A and +A represent the vitamin A deficient group and 
the vitamin sufficient group respectively 
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TABLE 4 

AVERAGE BODY WEIGHT OF THE RATS OF VITAMIN A SUFFICIENT 
AND DEFICIENT DIETS IN EXPERIMENT 2 

Week -A +A 

0 58. 0+. 3. 3 56. Q±_ 3. 2 . 

1 1 03. 1+. 5. 4 99. 0+: 4. 8 

2 1 46. 1+. 5. 9 144. 6±^ 7. 5 

3 186. 0+. 8. 4 181 . 9:t1 1 • 0 

4 225. 6i10. 4 223. 4+:1 4. 3 

5 257. 7+.14. 6 253. 1+i20. 3 

6 276.6+.19.6 276. 3+.20. 9 

7 294. 0+.20. 6 298. 7+.27. 5 

8 305. 41.21 .9 317. 81.29. 1 

9 310. 01.24. 7 329. 8^34. 9 

10 31 1 . 1^34. 7 348. 31.36. 4 

11 308.21.47.8 362.01.39.3 

12 313.11.27.9 383.01.44.5 

13 287.01.45.0 388.2^:44.7 

1 . Mean i. SD 

2. -A and +A represent the vitamin A deficient group and 
the vitamin A sufficient group respectively 



TABLE 5 

SERUM VITAMIN A CONTENT 

24 

Group 

-A 

+ A 

Exp 1 

1.09+ 0.46 

55. 72 + 27. 93 

Exp 2 

5. 20+ 4. 09 

69. 83 + 1 5. 64 

1. Mean i. SD 

2. -A and +A represent the vita m i n A deficient group and 
the v i t a m i n A sufficient group r e s p e c t i v e l y 

3. Values are expressed as ug/dl 

4. S i g n i f i c a n c e of t test: p < 0. 005 
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TABLE 6 

GLYCOSAMINOGLYCANS OF RAT SKIN 

Constituents 

Oronic 
acid 

Dermatan 
sulfate 

Hyaiuronic 
acid 

Total 
GAaS ( 0) 

Total 
GAGS ( D+D) 

Exp 
-A 

1. 2210. 12** 

0. 6710. 08° 

0. 5510. 04 

2.0510. 12 

0. 8710. 13^ 

1 
+A 

1. 4110. 06 

0. 8310. 08 

0. 5810. 14 

2. 0210. 10 

1. 0510. 10 

1, 

0. 

0. 

3. 

1. 

Exp 2 
-A 

5110. 37** 

72+0. 15^ 

7910. 24^ 

1010. 27° 

1610. 10° 

+ A 

2. 1110. 41 

1. 1810.24 

0. 9310. 26 

3. 2510. 36 

1. 2510. 16 

1. Mean *_ SD 

2. Values are expressed as mg/g lipid free dry skin 

3. ( D) represents the digested akin samples, (D + D) 
represents the digested and dialyzed skin samples 

a b 
4. Significance of t teat: p < 0. 1, p <0.05, 

p < 0. 025, p < 0. 005 
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TABLE 7 

ELECTROPHORESIS SEPARATION OF GAGS FRACTION OF RAT SKIN 

GAGS Exp 1 Exp 2 
F r a c t i o n -A +A -A •A 

Dermatan . 
s u l f a t e (D) 5 4 . 5 0 1 1 . 2 9 61 .5018 . 10 4 7 . 8 0 1 4 . 8 3 5 6 . 0 0 1 7 . 5 7 

Dermatan . 
s u l f a t e (D+D) 5 7 . 0 0 1 1 . 8 3 ° 61 .7511 .71 6 0 . 5 0 + 2 . 5 5 6 3 . 8 8 1 4 . 8 8 

Hyaluronic . . 
a c i d (D) 4 5 . 5 0 1 1 . 2 9 3 8 . 5 0 1 8 . 1 0 5 2 . 2 0 1 4 . 8 3 4 4 . 0 0 1 7 . 5 7 

Hyaluronic . 
ac id (D+D) 4 3 . 0 0 + 1 . 8 3 ° * 38 .25+1.71 3 9 . 5 0 1 2 . 5 5 3 6 . 1 3 1 4 . 8 8 

1. Mean i SD 

2. Values are expressed as % of total GAGS 

3. (D) represents the digested skin samples, (D+D) 
represents the digested and dialyzed skin samples 

b c 
4. Significance of t test: p < 0.05, p < 0.025, 

^p < 0. 005 
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TABLE 8 

EXCRETION OF TOTAL GAGS OF RAT URINE 

Exp 1 Exp 2 
Methods -A +A -A +A 

P r e c i p i t a t e d 4. 2010. 01 ** 2 .1910 .53 

D ia lyzed 1 .2210.18 1 .5110 .17 5 .4212 .08 6 . 1 8 1 0 . 9 0 

Ondialyzsd 4 . 2 0 1 0 . 0 7 ° 2 .3610 .45 6 . 1 8 1 2 . 6 4 6 . 4 0 1 1 . 1 7 

D i g e s t e d 3 . 3 0 1 0 . 9 9 ° 1 .8210 .45 

D i g e s t e d & 
d i a l y z e d 1 .28+0 .44° 0 .77+0 .27 

1 . Mean i . SD 

2. Values are expressed as mg 

3. Significance of t .test: ^p < 0.05, ^p < 0.025, 

^p < 0. 005 
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c.s. 

Digested skin Digested & 
dialyzed skin 

FIGURE 1. TYPICAL DESITOMETER TRACINGS OF CELLULOSE 
ACETATE ELECTROPHORESIS PATTERNS OF GAGS FROM DIGESTED 
AND DIGESTED AND DIALYZED SKIN SAMPLES IN EXPERIMENT 1 
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^ — ^ 5 -

Digested skin Digested 
dialyzed 

& 

skin 

FIGURE 2. TYPICAL DESITOMETER TRACINGS OF CELLULOSE 
ACETATE ELECTROPHORESIS PATTERNS OF GAGS FROM DIGESTED 
AND DIGESTED AND DIALYZED SKIN SAMPLES IN EXPERIMENT 2 
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C.S 

Precipitated 
urine 

Dialyzed urine 

FIGURE 3. TYPICAL DESITOMETER TRACINGS OF CELLULOSE 
ACETATE ELECTROPHORESIS PATTERNS OF GAGS FROM 
PRECIPITATED AND DIALYZED URINE SAMPLES IN EXPERIMENT 
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C.S. 
.'"i 

iD.S, /I 

(+A) 

Digested urine Digested & 
dialyzed urine 

FIGURE 4. TYPICAL DESITOMETER TRACINGS OF CELLULOSE 
ACETATE ELECTROPHORESIS PATTERNS OF GAGS FROM DIGESTED 
AND DIGESTED AND DIALYZED URINE SAMPLES IN EXPERIMENT ' 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

Eight weanling male albino rats were fed the vitamin 

A deficient and sufficient diets for 15 weeks in the 

first experiment. Torula yeast was the protein source 

in experiment 1. Weight plateau was considered a sign 

of vitamin A depletion. After the weight plateau was 

reached, 24-hour urine specimens were collected from all 

rats. The urine samples were used to determine total 

GAGS by precipitated, dialyzed and undialyzed methods. 

The dialyzed and precipitated urine samples were also 

used to analyze individual GAGS by electrophoresis. 

After the rats were killed, blood was collected to 

analyze vitamin A content. Skin was removed for 

analysis of total GAGS by digested and digested and 

dialyzed methods. Those skin samples were also used to 

analyze individual GAGS by electrophoresis. 

In the second experiment, vitamin free casein 

substituted for torula yeast as a protein source. 

Twenty weanling male albino rats were maintained on the 

vitamin A deficient and sufficient diets, and weight 

plateau appeared at the 13th week. Urine specimens were 

collected for analysis of total GAGS following dialysis, 

32 
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filtration, digested and digested and dialyzed methods. 

Digested and digested and dialyzed aliquots were also 

employed to determine individual GAGS. The methods of 

isolation and analysis of skin and serum samples were 

the same as experiment 1. 

During the last week of feeding, rats in the de

ficient group markedly lost weight (Table 3, 4). These 

rats that declined in body weight also developed xero

phthalmia. Serum vitamin A content reduced significant 

ly in the vitamin A deficient rats (Table 5). Thus, it 

is clear that these rats suffered from vitamin A de-

f i ci ency. 

Total GAGS content of skin was decreased signifi

cantly in the vitamin A deficient rats. These results 

indicate that inhibition of GAGS synthesis and/or 

increasing turnover rate of GAGS was induced by vitamin 

A deficiency. Urinary excretion of total GAGS was 

elevated in the deficient rats. This indicates an 

increased turnover rate for some GAGS. The sulfated 

GAGS were decreased in both skin and urine. This indi

cates that there may be decreased synthesis of sulfated 

GAGS in the skin. However, skin is not the only source 

of urinary glycosaminoglycans. In order to completely 

answer this puzzle, other tissues would need to be 



34 

investigated using this same animal model for vitamin A 

def i ci ency. 

The differences found in urinary excretion of total 

GAGS between the vitamin A deficient group and the 

control group were statistically significant, but were 

relatively small. Therefore, it appears unlikely that 

the level of total GAGS will be useful to detect early 

vitamin A deficiency in the rats. Extrapolating to the 

human, one would not expect the test to be useful in 

this regard unless the human urinary GAGS level is more 

responsive to vitamin A deficiency. Since the synthesis 

of GAGS may be influenced by vitamin A deficiency, a 

35 14 
study of the incorporation of S-sulfate and C-

glucosamine into the GAGS of animal tissues is sug-

1 4 
gested. Further, studies of the excretion of C- or 

35 S-labeled GAGS in urine might result in a more defi

nite response to vitamin A deficiency. 
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