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PREFACE

The most efficient method of writing a synopsis of my research

is to divide the work into three chapters. The first chapter will 

present what is generally known about pyridoxine and recount that 

past research which is pertinent to this study.

The second chapter will be a summary of my own research. It

will state the materials, methods, and the results of my experiments.

The third chapter will include a discussion of all experimental

results and a statement of conclusion as a result of the interpreta

tion of this data.
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CHAPTER I

I. Previous Pyridoxine Studies

Introduction

Pyridoxine has been referred to by the following names:

Pyridoxine: Term suggested by Gyorgy and generally 
adopted in the United States.

Adermin: European name.

Vitamin B^ of Gyorgy

Anti-acrodynia rat factor

Rat antidermatitis factor

Yeast eluate factor

Factor 1 of Lepkovsky

Factor Y of Chick

Vitamin 11 of Richardson and Hogan and of Booher

Complimentary factor

Its chemical name is 3-hydroxy-4, 5-di(hydroxy-methyl)-2- 

methyl-pyridine. The empirical formula is CgH^pOjN, and the struc

tural formula is:

c mh

I
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Chronology of Pyridoxine

In 1926, Goldberger and Lillie reported the occurance of a 

characteristic dermatitis, called acrodynia, on rats fed on a diet

deficient in Vitamin In 1932, Ohdake in Japan isolated a

compound of the formula CgH-^^OjN . HC1 from rice polishings, but 

failed to recognize its vitamin character. In 1934, Gyorgy estab

lished the difference between the "rat pellagra preventive factor" 

and Vitamin (and Vitamin B/+) and called the new vitamin 

During 1938, the isolation of the pure crystalline Vitamin B^ was 

announced independently by five different groups, namely, by 

Lepkovsky; Keresztesy and Stevens; Gyorgy; Kuhk and Wendt; and 

Itiba and Miti. The following year, 1939, the chemical structure 

was elucidated and Vitamin B^ was synthesized independently by two 

groups of workers; by Huhn, Westphal, Wendt, and Westphal in Germany, 

and by Keresztesy, Stevens, Harris, Stiller, and Folkers in the U.S.A.

Occurrence of Vitamin B 6

Vitamin B^ occurs naturally in three forms, pyridoxine, pyri

doxal, and pyridoxamine, which can be readily interconverted by

animal tissues and microorganisms.

N‘

Pyridoxamine
2-menthyl-3-hydroxy-
4-aminomethyl-5-
hydroxymethylpyridine

Pyridoxal
2-methyl-3-hydroxy-
4-formul-5-hydroxy-
niethylpyridine

Pyridoxine (Bf,) 
3-hydroxy-4,5-di 
(hydroxy-methyl) 
2-methylpyridine



(3)

Vitamin B&, as a free base, is a colorless crystalling powder, 

has a slightly bitter taste and melts at 160°C. It is readily soluble 

in water, acetone and alcohol, and slightly soluble in ether and chloro

form. Vitamin dialyzes easily.

Pyridoxine is found widely distributed in plant and animal tis

sues but only to a small extent in the free form. Most of it is 

protein bound although some is apparently bound by polysaccharides.

The vitamin is readily released from such complexes by heat and by 

enzymatic hydrolysis. The free vitamin, but not the bound vitamin, 

is readily absorbed from the intestinal tract. There is no known 

storage site for the vitamin.

Yeast and rice polishings are especially rich in Vitamin B^.

Seeds and cereals, for example, wheat and maize, are good sources,

especially the germs and the integuments. Molasses, fish and fish 
/

livers, and mammalian livers contain moderate amounts, and milk, 

egg yolks, lettuce, and spinach contain small amounts of Vitamin B^.

Function of Vitamin B
6

Riboflavin, nicotinamide, thiamine, Vitamin B^ and pantothenic 

acid have been shown to be constituents of coenzymes. The nutrition

al requirement of these vitamins is based on their coenzyme function.

In all cases, the coenzyme appears to be the sole bound form of the

vitamin and this then becomes the only metabolically active form

for these particular vitamins.

Vitamin B^ plays an important part in fat metabolism. The 

exact mechanism of the interrationship is not yet clear, but the 

vitamin is concerned with transport, deposition, oxidation and

synthesis of unsaturated fatty acids, particularly linoleic and

arachidonic acids, known dietary essentials.
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Animal Physiology

Pyridoxine was first recognized as an essential factor in

animal nutrition. Later, it was found to have growth-promoting 

ability for various strains of bacteria, yeast, molds, fungi, and

plants.

It is generally known that young animals cease growing and 

exhibit symmetrical dermatitis as a result of pyridoxine deficiency. 

Dogs, pigs, and rats exhibit epileptiform seizures. In addition,

degeneration of cardiac and striated muscles as well as extensive 

pathological changes have developed. B^-deficient rats also show 

marked changes in the sexual organs. Dogs, in addition to showing

all the above changes, develop a hypochromic, microcytic anemia.

In chicks there is no dermatitis. Their appetite is poor and

growth is markedly depressed. The main signs of B -deficiency are 
6

nervousness with vertigo, tremors, and often convulsions.

The signs of Vitamin B^ deficiency in rats include poor growth, 

peripheral dermatitis or acrodynia, severe skin lesions, and convul

sions (running fits). A characteristic biochemical effect of the

deficiency in rats is the increased urinary excretion of xanthure

nic acid and decreased excretion of kynurenic acid, resulting from

the upset of the normal pathway of tryptophan metabolism.

In B^-deficient pigs, severe anemia was accompanied by hyper

plastic bone marrow. Atoxia and convulsions occurred as in the case

of chicks and dogs (Hughes and Squibb, 1942). Degeneration occurred 

in the peripheral, nerves, the spinal ganglia, the posterior routes

and dorsal funiculi of the spinal chord.

As the amount of B^-deficiency develops, there is an increase 

in the iron content of the plasma and marked hemosiderosis of the
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tissues. There is an increase in erythrocyte formation, following 

the administration of B^, which suggests that the vitamin is concern

ed with the utilization of iron and hemoglobin production.

In pyridoxine deficiency in pigs, absorption of iron continues 

without utilization, resulting in high serum iron values and hemo

siderosis of liver and spleen (G. E. Cartwright et al., 1944) . In the 

same condition in rats, continued absorption is demonstrated by a 

significant increase in total body iron (C. J. Gubler, et al.. 1949). 

The suggested explanation of these findings is that the regulatory 

mechanism controlling absorption breaks down in pyridoxine deficiency 

and as pyridoxine is known to be concerned in protein metabolism, it 

is possible that the defect occurs in the ferritin-apoferritin (iron 

storage) system.

Excess of a vitamin may bring about a deficiency of another 

(Bourne and Kidder, 1953) . For example, Richards (1945) produced 

signs of pyridoxine deficiency in rats on a marginal diet by giving 

them extra thiamine. The mechanism of such imbalance is not clear, 

but it may possibly be connected with the saturation by one vitamin 

of the phosphorylating systems needed for absorption.

Pyridoxine Studies in Fish Nutrition

Studies upon actual vitamin requirements of trout have been 

relatively few. Fish are difficult animals to work with because at 

present we do not recognize vitamin requirements in these animals.

There has not been sufficient work with fish to establish the full

picture of vitamin needs.

There have been three general lines of approach in vitamin

studies in fish. First, there is the trial-and-error method, in

which vitamins are fed and an attempt is made to measure the rate



of growth. Second, in a few cases where vitamin deficiencies have 

been recognized, attempts have been made to feed known amounts of

vitamins and then to determine at which level the pathological

condition is corrected. Because fish are fed in water, it is diffi

cult to prevent leaching of the vitamins in the water, and the re

searcher determines how much of the vitamin content in the food is

needed to produce a maximum storage in the fish's liver. As most of 

the B-complex vitamins are stored only to a limited extent, it is 

possible to feed diets containing various amounts of the vitamins

and determine which food level caused maximum storage.

Due to evidence that pyridoxine had cured or prevented anemia 

in hemeothermic animals an attempt was made to cure trout anemia by 

feeding trout members of the B-complex, either alone or in combination 

(Tunison, 1944). Anemia was induced by feeding a synthetic mixture 

(listed immediately below) to brook trout (Salvelinus fontinalis).

Synthetic mixture (Tunison, 1944)

casein........................................... 20 parts
yeast.................................... 5 parts
minerals...................................... 4 parts
cod liver oil.........................  3 parts
starch..........................................34 parts
dextrin.........................................34 parts

After the anemia had become established, as determined by periodic

blood counts, the various vitamins were added to this mixture.

Though these experiments were of short term and preliminary in 

nature, they did give evidence to the fact that a combination of 

riboflavin, pantothenic acid, and pyridoxine will cure this nutri

tional anemia of brook trout. However, a study by the same team a

year later unexplainably failed to produce the same results, but 

they did show that anemic trout had livers very low in these vitamins.
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Experiments were made to determine the pyridoxine, riboflavin 

and pantothenic acid requirements of brook trout (Tuuison, 1945). The 

livers of the trout were analyzed by micro-biological assay methods 

(Stokes, et al, 1943) following the feeding of diets containing various 

levels of pyridoxine. It was tentatively concluded that trout under the 

conditions of these experiments require 0.225 and 0.250 milligrams of 

pyridoxine per kilogram of body weight per day, or 4.5 and 5.0 micro

grams of pyridoxine per gram of food per day.

During the summer of 1952, a number of preliminary experiments 

were undertaken upon brook trout in which Wolf's synthetic diet (Table 

1.1) was employed, both in its entirety and minus various vitamins 

under study (Phillips, 1950). A 100% beef liver diet was used as a 

control. When compared to the control diet, the complete synthetic 

mixture did yield trout with a low mortality level (1.13% / 2 weeks), 

but the rate of growth was considerably less. There was no anemia 

present in the trout at the end of thirty weeks. The removal of 

pyridoxine from the diet did not permit normal growth and the mortal

ity level was 100% at the end of ten weeks. A repetition of this 

experiment resulted in a 100% loss at the end of nine weeks. There

was a slight anemia present at the height of mortality (800,000 red

, 3 3cells/mm as compared to a normal count of 1,032,000 cells/mm of

blood.

In 1953, more extensive experiments were undertaken to further 

determine the need by brook trout for certain members of the vitamin 

B complex (Phillips, 1954). In these omission studies, the trout 

were held in troughs supplied with water at a temperature of 47°F for 

a period of twenty-six weeks. When pyridoxine was omitted from the

diet, growth rate was reduced to zero and the mortality was 100% by
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TABLE 1.1—Composition of trout feeds 

Wolf (1951)

Natural feed Beef Liver Synthetic diet
Protein 48.7 72.3 70.0
Fat 15.5 16.0 9.0
Carbohydrates

N-free extract 17.9 6.0 8.0
crude fiber 8.0 — 9.0

Ash 9.9 5.7 4.0
Totals 100.0 100.0 100.0

Moisture 253 300

The ingredients for the synthetic diet consisted of:

Commercial casein --------------------- 55 parts
(Borden B 3 F)

Gelatin------------------------------------------ 15 parts
Crisco (or lard)------------------------- 9 parts
Potato starch----------------------------- 8 parts

(cooked)
Cellu flour-------------------------------- 9 parts
Minerals-------------------------------------- 4 parts

With the 100 parts of dry ingredients listed, 300 parts of water 
are used. When cod-liver oil is to be included, 2 parts of fat are 
replaced by the oil.

The mineral supplement consists of U. S. P. XII Salt Mixture No. 
2, to which the following trace elements have been added per 100 grams:

Aluminum chloride ---------------------  18 mg.
Zinc sulfate-------------------------------- 357 mg.
Copper gluconate ----------------------- 511 mg.
Manganous sulfate ---------------------  80 mg.
Potassium iodide---------------------------17 mg.
Cobalt chloride---------------------------105 mg.

For a complete diet, the following vitamins have been used:

Thiamine-------------------------------------- 6 mg.
Riboflavin----------------------------------  20 mg.
Pyridoxine---------------------------------- 4 mg.
Choline-----------------------------------------800 mg.
Para-aminobenzoic acid-----------------40 mg.
Niacin-------------------------------------------- 80 mg.
Calcium pantothenate ---------------- 28 mg.
Inositol---------------------------------------400 mg.
Biotin------------------------------------------ 0.6 mg.
Folic acid----------------------------------- 1.5 mg.
^12----------------------------------------------- 9 meg.
Alpha tocopherol------------------- -— 40 mg.
K--------------------------------------------------- 4 mg<
C--------------------------------------------------- 200 mg.
A & I) cod-liver oil-------------------- 2 ml.

(to replace same amount of fat in original formula)

400 ’7"tlties 8ivo1 f°r WO grains of the dry ingredients or
400 grams of the wet, ready—to—feed diet.
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the end of eight weeks. No abnormal body coloration was noted.

Halver (unpublished thesis, 1953) noted that a lack of pyridoxine 

caused a greenish coloration in chinook salmon.

Experiments to measure and compare the need of brown trout 

(Salmo trutta), with those of brook trout for the vitamins niacin, 

folic acid, riboflavin, and pyridoxine were made over a twenty-week 

period at the same water temperature, 47°F (Phillips, 1955). Only 

riboflavin and pyridoxine were shown as necessary growth factors.

The lack of pyridoxine caused a significant mortality, which was 100% 

at the end of ten weeks. Halver (unpublished thesis, 1953) reported

similar results for shinook salmon.

A series of vitamin omission studies were again completed, 

utilizing Wolf's synthetic diet to determine the need of brown trout 

for several members of the vitamin B complex (Phillips, et ah, 1956). 

The trout were held over a twenty-week experimental period in troughs 

supplied with water at an average temperature of 31°F. The absence 

of pyridoxine from the diet caused the death of all trout within

fourteen weeks.

Phillips, et aL, (1957), investigated the vitamin B requirement 

of lake trout (Salvelinus namaycush). The experiments covered thirty- 

six weeks, and the water temperature averaged 51°F for the first 

twenty-four weeks, and 47°F for the last twelve weeks. The lake trout 

were fed Wolf's (1951) synthetic diet fromwhichwas eliminated the 

vitamin under study, (see Table 1 .2) The omission of pyridoxine from 

the diet caused a total mortality within a period of twelve weeks.

During the summer of 1957, experiments were run at the Cortland 

laboratory to investigate the vitamin B requirement of rainbow trout 

(Salmo gairdneri). The experiments covered a twenty-eight week
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experimental period during which the water temperature was 47°F and 

all diets were tested in duplicate (Phillips, 1958). Differences 

were measured by analysis of variance. By the end of eight weeks

the trout fed the diet lacking in pyridoxine were a 100% loss. These 

results were in agreement with those previously reported for brook,

brown, and lake trout (Phillips, et al., 1953, 1954, 1956).

Halver, (1957) reported water-soluble vitamin requirements of

chinook salmon (Oncorhynchus tshawytscha). Deficiencies were induced

by feeding each group of 500 fish in 12 troughs one water-soluble 

vitamin-deficient diet and allowing the deficiency syndromes to

devlop until 20% of the original population of 500 fish had died.

The remaining population was divided in half, weighed to confirm

random division, the fish in the lower one-half of the trough fed 

the complete vitamin test diet (see Table 1.2) and the upper one-half 

allowed to continue on the deficient diet until complete elimination

of that population. For purposes of comparison, fish in two troughs 

were fed the complete vitamin-test diet throughout the experimental

feeding period as controls. The signs of avitaminosis in chinook

salmon fed a pyridoxine deficient diet were reported as: nervous dis

orders, epiliptiform fits, hyperirritability, atoxia, anemia, loss of 

appetite, edema of peritoneal cavity, colorless serous fluid, blue- 

green coloration of back, rapid post-mortem rigor mortis, rapid and 

gasping breathing, and flexing of opercles.

See Figure 1.1 for mortality and growth rates of Halver’s

(1957) control and experimental fish.
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Table 1.2. Composition of the vitamin-test
diet for chinook salmon (Halver, 1957)

Main Mixture Parts Mineral Mixtures Amount

Vitamin-free casein ■ 54 U.S.P. XII Salt Mixture No. 2 100 gm
Gelatin, purified 15 Aluminum chloride 18 mg
Corn oil, purified 9 Zinc sulfate 357 mg
White dextrin 8 Cuprous chloride 11 mg
Alpha-cellulose flour 9 Manganous sulfate 80 mg
Mineral mixture 4 Potassium iodide 17 mg
DL-Methionine 1 Colabtous chloride 105 mg
L-Tryptophan 0.5
Crystalline vitamin

supplement

Vitamin Supplement Amount
(mg)

Thiamine-hydrochloride 6.0
Riboflavin 20.0
Pyridoxine hydrochloride 4.0
Nicotinic acid 80.0
Calcium pantothenate 28.0
Inositol 400.0
Biotin 0.6
Folic acid 1.5
p-Aminobenzoic acid 40.0
Choline chloride 800.0
Ascorbic acid 200.0
Alpha-tocopherol 40.0
Menadione ' 4.0
Beta-carotene 1.2
Activated 7-dehydrocholesterol 0.0045
Crystalline vitamin B^^ 0.009

These amounts of individual vitamins were added per 100 gm of the 
main mixture.

^Merck.
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Fig. 1.1. Growth and mortality of chinook salmon fed complete diets 
and diets deficient in pyridoxine. (Halver, 1957)

Upper curves, average water temperature; central 
curves, growth; lower curves, bi-weekly mortality 
percentage of deficient group. Junction points in 
growth and mortality curves represent division of 
the deficient group into two sublots after defi
ciency syndromes became apparent in a large protion 
of the population.

In 1958, the Cortland Laboratory investigated the vitamin B 

requirements in one-year old Atlantic salmon (Phillips, 1959). It 

was found, using Wolf's synthetic diet, that the salmon lacking pyri

doxine in the diet all died by the end of fourteen weeks. The water 

temperature averaged 51°F. That the water temperature and fish size 

had an effect in these studies is supported by the relatively slow

development of the deficiency symptoms of the three required vitamins.

In both brook and brown trout, which grew well at the water tempera

ture of the Cortland hatchery, the deficiencies of pyridoxine, panto

thenic acid, and riboflavin occurred in about one-half the time re

quired for them to appear in Atlantic salmon and lake trout (Phillips, 

et al., 1953, 1954, 1956). Both lake trout and Atlantic salmon grow

more rapidly in warmer water than in colder water during the early 

stages of their life cycle.
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In 1958, qualitative vitamin requirements of silver salmon

(Oncorhynchus pisutch) were determined by feeding groups of finger

lings a complete vitamin test diet (Table 1,3) as a control diet; 

and deleting one water-soluble vitamin at a time from the ration for

respective deficient lots (Coates, 1958).

When the growth pattern of the test diet differed significantly

from the control, or when more than 20£ of the population had died,

the remaining population of the test group was divided, one-half fed 

the complete diet and the other half continued on the deficient diet

until the end of the experiment or the total loss of the population.

(Figure 1.2).

m
or

ta
lit

y

and the control lots. Lower curves show biweekly 
mortality percentage of survivors. The junction 
points in growth and mortality curves represent divi
sion of the deficient groups into two sublots after 
the deficiency syndromes became apparent in a large 
portion of the population.

The pyridoxine deficiency syndrome manifested itself by loss 

of balance equilibrium and by rapid flashing and erratically skipping 

action along the surface of the water just prior to death. Upon 

death, these fish assumed a lateral crescent shape and were light in
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color. The characteristic blue color previously described in chinook

salmon (Halver, 1957) was not noted. Post-mortem rigor mortis occurred

rapidly. During the early stages of the malady, the appetite was fair

but changed to a complete lack of feeding during the late stages of

the experiment. Severely affected fish exhibited indifference to 

strong light in contrast to the control's definite negative phototrop-

ism.

During the summer of 1959, experiments were conducted with brook 

trout fingerlings to determine the effect of dietary protein upon the 

fishes' need for pyridoxine (Phillips, 1960). Three synthetic base 

diets were fed; one, the standard diet of Wolf (1951), the second, 

Wolf's diet fortified with additional sources of protein, and a third,

in which the protein was reduced by the addition of white dextrin.

Pyridoxine was either added to, or eliminated from the diet, mixtures.

Each diet was tested in duplicate and the entire series of experi

ments was repeated twice. Diets fed to the fish are listed in Table 1A.

All diets containing pyridoxine produced fish which had approxi

mately equal rates of gains and mortalities. During the first series 

of experiments, the fish fed the low protein diet grew more slowly and

died at a higher rate than the controls. These differences did not

occur during the second series of experiments.

Diets lacking pyridoxine resulted in an excessive rate of mortal

ity of the fish and little or no gain in weight. In each series of 

experiments, six groups of fish were fed high protein diets lacking 

pyridoxine. All six of these groups in the first series of experiments 

produced a higher fish mortality in a shorter period of time than did 

the low protein diets lacking pyridoxine. The difference in mortality

rate was approximately ten days.
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Table 14. Composition, in percent, of diets fed to trout 
in experiments to correlate dietary protein and 
sensitivity of brook trout to a pyridoxine 
deficiency. (Phillips, 1960)

Diet
Number

Casein Gelatin Crisco Potato
Starch

Cellu- 
f lour

Mineral
mixture

1 55 15 9 8 9 4
2 60 15 5 4 2 4
3 18 15 12 10 22 4
la 55 15 9 8 9 4
lb 53.5 15 9 8 9 4
2a 60 15 5 4 2 4
3 a 18 15 12 10 22 4

Diet Zein Gluten White Tryptophan Pyri Percent
Number dextrin methionine doxine protein

mixture added in diet
as fed^

1 yes 23.5
2 5 5 yes 28.3
3 17.5 1.5 yes 11.5
la no 23.5
lb 1.5 no 23.5
2a 5 5 no 28.3
3a 17.5 1.5 no 11.5

^200 grams of water added 
tein on dry basis is No. 
34.5 percent.

to each diet before 
1:70 percent, No. 2

feeding. Percent pro- 
85 percent, No. 3:
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In the second series of experiments, five of six groups of 

fish fed the high protein diets lacking pyridoxine produced a higher

loss of fish in a shorter period of time, than did low protein diets 

lacking pyridoxine. A total of eleven of twelve groups of fish in 

the two series of experiments showed increased sensitivity to a 

pyridoxine deficiency when fed high protein diets. Since there was 

no significant difference in the growth rates of the fish fed the 

different dietary levels of protein, the difference in sensitivity 

of the fish to a pyridoxine deficiency is ascribed to the protein

level of the diet.

In 1962, experiments were started to determine whether there

were seasonal changes in the pyridoxine requirements of brook trout 

that were not correlated with water temperature or fish size (Phillips,

1966) .

A large population of brook trout were held in troughs supplied 

with constant temperature water (47°F), and fed Wolf's (1951) complete 

synthetic diet. After feeding the fish this diet for six weeks, ran

dom samples of fish were removed from the population and placed into 

four smaller tanks. Two of the troughs were fed Wolf's complete 

synthetic diet, and two were fed Wolf's diet lacking pyridoxine. The 

remaining portion of the large fish population was-maintained in the

complete synthetic diet for future experiments.

The experiment was continued until 50% of the fish receiving

the pyridoxine deficient diet died after which it was terminated, and

the fish discarded. Mew experiments were then started with fish from

the large population, and the study repeated. This repetition was

continued throughout the year, thus allowing seasonal measurements of

the pyridoxine requirement.
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At the start of each new experiment, the fish xvere approximately 

twice the size of those used in the previous experiment (Table 1.5).

At the end of a year, the initial fish population was exhausted, 

and to continue the experiments to measure reproducibility of results,

fish of the same year class, but not from the same initial population 

were examined beginning in August of 1963. These fish, one year older 

than those used in earlier trials, spawned in October and had an

extended survival period during a pyridoxine deficiency. To evaluate 

the effect of spawning on the pyridoxine requirement, the experiments 

were repeated in 1964 with a new year class of fish.

The results are summarized in Table 1.5. Because no significant

mortalities occurred in the control groups of fish that were fed the

complete synthetic diet, these groups are not listed in the table.

These experiments show a correlation between the season of the

year and the pyridoxine requirement of brook trout that is indepen

dent of fish size and age, and water temperature. With the approach

of fall and winter there was an increase in survival time of trout

fed the pyridoxine deficient diet. With the approach of spring the

survival time again decreased. It is probable that the triggering

mechanism for changes in pyridoxine requirement is phototropic in 

nature, similar to other phototropic responses in fish (spawning) 

and birds (migration).

The prolonged survival time in the spawning fish indicates a 

metabolic change in the fishes’ body and reflects possible changes 

in food intake during the period prior to spawning. The reduction

in food intake and metabolic activity would conserve the limited 

amount of pyridoxine stored in the fishes' body and extend the time 

of survival during periods of dietary pyridoxine deficiencies.
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Table 1.5. The effect of season and fish size upon the
survival time of brook trout fed a pyridoxine 
deficient synthetic diet at a constant water 
temperature of 47°F. (Phillips, 1966)

Trial number and 
date started

Replicate
number

Weights at 
start in 
grams

Number of days 
to approximately

Actual
percent
mortality50 7o mortality

I—May 31, 1962 1 3.64 56 47
2 3.64 56 55

Average 3.64 56 51

II—July 26, 1962 1 6.11 80 53
2 6.11 80 54

Average 6.11 80 54

Ilia—October 18, 1962 1 12.9 101 53
2 12.9 98 54

Average 12.9 100 54

IIIb~ October 18, 1962 1 23.8 101 50
2 23.8 105 50

Average 23.8 103 50

IV—February 7, 1963 1 40.5 83 50
2 44.9 84 53

Average 42.7 84 52

V—August 7, 1963} 1 116.0 200 50
2 139.0 205 52

Average 128.0 203 51

VI—March 24, 1964 1 60.0 119 50
2 54.0 109 50

Average 57.0 114 50

VII—August 11, 1964 1 116.0 182 50
2 Lost, water failure

Average 116.0 182 50

VII—February 9, 1965 1 163.0 91 50
2 170.0 110 50

Average 167.0 101 50

These fish were artifically spawned in October of the
respective years.
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Kitsmura (1967) qualitatively examined the vitamin requirements 

of rainbow trout (Salmo gairdneri) fingerlings. The vitamin test 

diet in Table 1.6 was pelleted, broken into crumbles and fed. The 

fourteen vitamins were individually eliminated from the complete diet.

The specific deficiency syndromes observed for pyridoxine were: 

low growth (Fig. 1.4), high mortality (Fig. 1.3), normal appetite,

Average Body Weight 

Figure 1.4. (Kitsmura, modified)

Total Sum of Dead Fish

Figure 1.3. (Kitsmura, modified)

In 1968, further studies were undertaken to study pyridoxine 

deficiencies in brook trout (McCarthy, 1969). Fingerling brook trout 

averaging 1.17 grams at the start were held in variable temperature 

water averaging 54.3°F. Duplicate troughs of fish were fed either a 

complete semipurified diet or a semipurified diet minus pyridoxine.

The death rate was high in each case during the first four weeks. The

fish were too small to yield sufficient blood serum for planned serum 

analysis. After 50% had died, samples were taken from the remainder 

for body lipid analysis and the experiment was terminated. The lipid 

extract was analyzed for cholesterol, free fatty acid, and lipid

phosphorus.
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Table 1.6. Composition of the vitamin test diet. 
(Kitsmara, 1967)

Ingredients Parts

Casein......................................................................................65.0

oC-Wheat starch...................................................................20.0

Minerals*................................................................................. 5.0

Vitamins**

Soybean oil .......................................................... ...5.0

Kazaminosan............................................................................ 1.0

DL-Tryptophan .................................................................... 1.0

DL-Methionine .................................................................... 1.5

* Minerals (mg/100 g); NaCl 0.215, MgSO4 0.742, 
Na2HPO4 0.43, K2HPO4 1.184, Call4(PO.)2•H20 0.67,
Ca lactate 1.613 and Fe citrate 0.146.

** Vitamins (per 100 g); A palmitate 10,000, D2 
20001.U., Menadione 4, Thiamine nitrate 10, 
Riboflavin 20, Pyridoxine hydrochloride 5,
Niacin 100, Ca pantothenate 50, Inositol 400, 
Biotin 1, Ascorbic acid 200, Choline chloride 800, 
and DL-oC- tocopherol 50 mg., and Cyanocobalamine 
0.01.
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After the hatchery brook trout stock reached a suitable size 

for blood sampling, the experiment was started again. By the ninth

week, 50% of the pyridoxine deficient group had died. Blood serum 

samples were taken at this time from the reamining fish and analyzed 

for total cholesterol, free fatty acid, lipid phosphorus, total phos

phorus, inorganic phosphorus, acid-soluble organic phosphorus (calcu

lated), total iron, urea, and total protein.

Analysis of the smaller fish showed that brook trout fed the 

pyridoxine deficient diet had more cholesterol, free fatty acid and 

lipid phosphorus in their bodies than trout fed the complete diet.

The serum analysis on the larger fish showed that all the serum 

parameters measured for pyridoxine deficient diet decreased except 

iron, which was increased, and cholesterol which was unchanged. In

creased serum iron is due to impaired ability of the pyridoxine defi

cient animal to synthesize hemoglobin or to increased erythrocyte

fragility which causes rupturing of the red blood cells and, therefore, 

a release of hemoglobin iron into the serum. Reduced serum protein

is due to reduced synthesis.

The significantly lower free fatty acid and lipid phosphorus 

levels in the serum of pyridoxine deficient trout appear to be re

lated in some manner to the role of pyridoxal phosphate (which may be 

formed from pyridoxine) in lipid metabolism.

The decrease in total serum phosphorus in the pyridoxine defi

cient trout is due to the reduction in various phosphorus fractions of 

the serum. Inorganic phosphorus is withdrawn from the serum during

the utilization of glucose, The significance of reduction of organic

acid-soluble phosphorus in the serum of deficient brook trout is not 

known. It may be related to the trout's carbohydrate metabolism which

can be altered by a pyridoxine deficiency.
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Although the specific metabolic pathways involved are not 

known, the increase in the total amount of lipid fractions analyzed 

in the carcass of the trout may be attributed to the role of pyridoxal 

phosphate in lipid metabolism.

SUMMARY

A pyridoxine deficiency causes severe mortality, anemia, nervous 

disorders, and reduced growth rates. Trout fed a high protein diet 

require more pyridoxine than those fed a low protein diet. There is

a seasonal variation in the pyridoxine requirement of trout that is 

independent of water temperature and fish size and age. The need is 

greatest during the rapid growing period of spring and summer and the 

least during the slower growth period of fall and winter. The suggest 

ed pyridoxine level for trout is 9 to 10 milligrams of pyridoxine per

pound.
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CHAPTER II.

II. Experimental Studies

INTRODUCTION

My purpose in this study is to determine the effects of the

deletion of pyridoxine from the fortified prenix added to the diet

ingredients feci to Montana westslope cutthroat trout (Salmo clarki). 

Since the suggested pyridoxine requirement for several species of

fish is 0.225 to 0.250 milligrams of pyridoxine per kilogram of 

body weight or 9-10 milligrams of pyridoxine per pound of feed, it 

was felt at the onset of this experiment that the deletion of pyri

doxine from the fortified premix would result in complete loss of the

experimental fish used.

The tests were carried out at the Federal Fish Hatchery, Creston,

Montana during June, July and August, 1971.

MATERIALS

The organism: Salmo clarki

Class: Osteichtyes

Order: Clupeiformes

Family: Salmoidae

Genus: Salmo

Species: clarki

Four separate sets of trays and tanks were used throughout the entire

experiment:

Trays and tanks ifl and #2 contained experimental fish.
Trays and tanks //3 and #4 contained control fish.
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The trays were 16" x 1/2" and used to hold the eggs until approxi

mately one week after hatching. The trays were kept in the four tanks 

of running water and the fish were also kept in these tanks (30" x 16 

1/4" x 17 1/2" with the water level 3 1/2" below the top edge of the 

tank) after they were removed from the trays.

The diet composition is listed in the table immediately below: 

Diet Composition^:

Ingredients X138-25 (Control) X138-25E(Experimental)

Herring Meal 47% 47%

Corn Gluten Meal 3% 3%

Soy Flour 5% 5%

Brewer’s Yeast 5% 5%

Corn Ferm, Solubles 5% 5%

Delactosed Whey 10% 10%

Fish Solubles 5% 5%

Blood Flour 4% 4%

Kelp Meal 2% 2%

Soybean Oil 10% 10%

Vitamin Premix 4% * 4% *

100% 100%

* Vitamin Premix added on a Corn Gluten Meal Carrier; Makes

total Corn Gluten Meal Level at 6%. One pound of Premix

was used to twenty-five pounds of feed.

Composition of diet determined by analysis by the Fish and Wildlife 
Service, Bureau of Sport Fisheries and Wildlife, Spearfish Fisheries 
Center, Diet Testing Development Center, Spearfish, South Dakota
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The composition of the premix is given immediately below:

Vitamin Premix Concentrate:

Premix 25 Premix 25E
(Potency/lb of Premix, in milligrams)

D. Pantothenix Acid 600.00 600.00

Pyridoxine 500.00

Riboflavin 600.00 600.00

Niacin 6,250.00 6,250.00

Folic Acid 100.00 100.00

Thiamin 500.00 500.00

Biotin 5.00 5.00

B-12 0.25 0.25

Nenadione Sodium Bisulfite 125.00 125.00

B.H.T. 250.00 250.00

Vitamin E, from d or dl
alpha tocopherol 2,000.00 i.u. 2,000.00 i.u.

Vitamin D3 Activity 15,000.00 i.u. 15,000.00 i.u.

Vitamin A Activity 75,000.00 U.S.P . units 75,000.00 U.S.P. units

Choline Chloride 4,000.00 4,000.00

Ascorbic Acid 5,000.00 5,000.00

Calculated Pyridoxine Content:

The calculated pyridoxine content of the experimental (X138-25E) 

diet ingredients is about 1.71 mg/lb of feed. Diet X138-25 (Control) 

with the fortified vitamin premix contains approximately 21.7 mg of 

pyridoxine per pound of feed. 1.71 mg/lb remains in the experimental 

diet because the pyridoxine present in the fish solubles and cereal 

products in the diet composition cannot be removed. The 21.7 mg/lb 

of pyridoxine in the control diet is in excess of Phillips' suggested 

level of 10 mg/lb but is the amount selected for use in this diet by
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U. S. Government.

Particle Size:

The following feed particle size is standard for contract

purchases of fish feed for National Fish Hatcheries. Size is II. S.

Standard.

Size
Starter To Pass Through

To Pass Over

Standard 
designation 
(sieve opening)

595 microns 
420 microns

Particles 
per gram
38,800

METHODS

1. The fish were maintained from eggs until they were too large to 

remain on the starter feed prepared for this experiment.

2. The eggs were kept in 4 separate trays until approximately 7

days after hatching.

3. The number of eggs per tray was estimated by use of an adaption 

(chart) of Von Bayer (1908) for determining the number of salmon

or trout in a liquid quart of ounce.

# of eggs in a 
12" trough Diameter in inches

# of eggs in 
a quart

# of eggs 
in an ounce

66 .185 10688 334
67 .179 11799 369
68 .177 12203 381

67 eggs fit into the 12" trough and 13 ounces of eggs were placed

in each of the four trays. 369 X 13 = 4797 eggs per tray (approx.)

The exact number of fish in each of the four groups was determined 

at the end of the experiment by means of the mortality counts kept 

over the entire period and a hand count of the surviving fish at the

end of the experiment.

Tank #1 contained 6012 cutthroat trout.

Tank #2 contained 6337 cutthroat trout.

Tank #3 contained 6220 cutthroat trout.

Tank #4 contained 6532 cutthroat trout.
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A. Approximately seven days after hatching, each tray of fish was

transferred to one of the four 3" x 17 1/2" x 16 1/4" tanks of

running water. The fish were kept here for the remainder of the

experiment.

5. The fish, starting from 12-14 days after hatching were fed 8 times 

a day. The feed was weighed out and recorded in measures of 1/4 

pound of feed per tank as needed during each week. The fish were 

fed by eye, i.e., so that there was feed in front of them all the

time, once each hour for 8 hours during the daylight hours.

6. The cutthroat trout were kept in running pond water of 50-51°F.

This temperature would result in a greater increase in fish develop

ment and therefore require less experimental time than cooler well

water.

7. Mortality counts were made 3 times a week when the tanks were

cleaned. The mortality counts include blanks (unfertilized eggs)

and crippled fish as well as actual mortalities.

8. At the end of the 3 month experimental period, blood smears, red

blood counts and histological sections were made of surviving fish.

RESULTS

Dying fish in all four of the tanks went through the following

pattern:

They would swim on their sides and progress to swimming on their 

backs. They would turn upright for a few seconds if their swimming was 

obstructed by the brush or sieve plate used in cleaning the tanks.

The fish then progressed to swimming in a desperate or frantic spiral

fashion around the sides of the tank. In their spiral swimming they

moved rapidly from an upright position to their backs and then back to
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their normal position having made a 360° revolution. The spiraling 

seemed to affect their sense of direction as they were unable to swim

in a straight line. The fish tired and spiralled nose first to the

bottom of the tank. Some made several spiralling attempts at surfacing,

each time becoming weaker and unable to rise as high as in the previous 

attempt. They finally remained on their sides on the bottom of the 

tank. However, it was indicated they were still alive by movements of

their mouths and gills and some occasional wriggling, wormlike motions. 

They eventually died on the bottom of the tank.

The frantic spiral swimming and death of the fish does not seem 

to have been caused by virus but rather dietary caused. This is suggest 

ed by the observation that cutthroat trout kept by the Federal Govern

ment during this same period, at the same hatchery and under identical 

conditions except for different diet, were not affected by high mor

talities and abnormal swimming (Hammer, 1972).

Tables 2.1a—Id show mortality and feed recordings as they were 

made throughout the experimental period. Figure 2.1 shows that the 

percent mortality does not differ between experimental and control

tanks.

Tables 2.1a—Id: Mortality and Feed Recordings.

Table 2.1a Tank #1 (Experimental)

Table 2.1b Tank #2 (Experimental)

Table 2.1c Tank #3 (Control)

Table 2. Id Tank #4 (Control)

Figure 2.1: Percent mortalities per week.
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Table 2. Id: Tank. #4 (Control)
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Figure 2.1: Percent mortalities per week.
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To further test this observation parametric and non-parametric

statistical tests were carried out on the mortality figures. A variance

test, F Test, was not significant for the entire experimental period 

(F=O.O984; P>.10) nor the feeding period (F=0.188; P>.10). The variance 

ratio, F, is the ratio of .the estimate ofc based on the variation among 

the means, x's, and the estimate of based on the variation within the 

sample groups. The estimate of the e-x based on the variation among the 

x's is found by:

(1) Finding the mean of each sample group. In this case it is the 

mean mortality reading of each tank, x^, x^» x^, x/+.

(2) Finding the mean of the means, xm = (x^ + x2 + X3 + X4) / y, where 

y is the number of sample groups. In this case, y=4, the number

of tanks of fish.

(3) Finding the variability of the means,

4 = (xi-xm)2 + (x2-xm)2 + (x3-xm)2 + (V^2

y-i
3. i 7c- <r = z(A) Finally, estimating the common population variance r ,

where n is the number of members in each sample group. In this

case n is the number of mortality counts per tank; 34 for the en 

tire period and 25 for the feeding period.

s_ x n, x

The estimate of thee-* based on variation within the sample group is

found by: multiplying 1/y by the variability of the samples' members:

2 ? 2 2 -2 2 _ 2 _ 9s^ + s? + s + s^ = 2. (mj-xp + (m2-Xj) + (m^-x^) + ... + (^->3)
3 y _ 2 2 -2 2

+ (i1~x2) + (i2“X2) + (i3-x2) + ... + (in-x2)

+ (j-j-x.})2 + (J2~^3)2 + ^3_^3)2 + ••• + ^n“^3^2

+ (kj-xp2 + (k2-x^)2 + (k^-xp2 + ... + (kn-xp2

where n^n , ij^n , are n numbers of samples 1,2, 3, and

4 respectively.



(36)

The variance ratio is then tested for significance at the 5 percent 

level using (y-1) and y(n-l) degrees of freedom. In this case, it is 

3 degrees of freedom in the numerator and 96 degrees of freedom in the 

denominator for the feeding period and 132 degrees freedom in the

denomiator for the entire period.

A Friedman Two Way Analysis of Variance was not significant for

the entire experimental period (XY=4.2192; df=3; .30>P>.20). The

Friedman Non-Parametric Test involves:

(1) Ranking on a one to four basis the mortality counts taken each 

day, where one is the smallest mortality and four is the largest

mortality on each given day.

(2) Finding the sum of the rankings for each group, R, and squaring
2

that figure, fR .
12 ?

(3) Finding X^ , X? = n(y)(5) ^R - (y-1) (n) (5) , where n is the 

number of mortality counts per tank during the entire experimental 

period, n=34, and y is the number of sample groups, the four tanks.

(A) Determining significance at the 5 percent level using the Chi- 

Square Distribution Table and (y-1) degrees of freedom.

From these statistical tests it can be assumed there is no

difference in mortality between the experimental and the control fish.

A parametric statistical test was carried out on the red blood

cell counts listed in Table 2.2. An analysis of variance using a

variance ratio, F, was not significant for the red blood cell counts

(F=0.124126; P>.10). The analysis of variance used here employs the

same general formulation used in the analysis of variance in the mortali

ties above. In this case, however, y=2; n-10; and j and k are not
l-»n l-+n

used since there are only two sample groups instead of four.



(37)

A Chi-Squre Test was carried out to see if the red blood counts 

of the control and test fish were significantly different from the

normal red blood cell count for cutthroat trout. A significant

difference was found for the test fish (X=1.156 x 10 ; df=l; P<.001)

and the control fish (X =8.3521 x 10 ; df=l, p<.001) when 1,000,000 
3

RBC's/mm of blood was used for the normal count.
3

Table 2.2. Individual Red Blood Cell Values. (Number/mm of blood).

Test Control

1. 280,000 340,000

2. 360,000 1,180,000

3. 490,000 370,000

4. 1,280,000 510,000

5. 340,000 350,000

6. 860,000 870,000

7. 920,000 1,110,000

8. 360,000 760,000

9. 610,000 710,000

10. 1,100,000 910,000

Average 660,000 711,000

Normal Red Blood Cell counts for cutthroat range between 1 and
11/2 million/mm of blood.

The blood smears of both test fish and controls showed numerous

immature erythrocytes. This finding along with the red blood cell 

counts (Table 2.2) indicates both groups developed hemolytic anemia. 

Something is evidently lacking or in excess in the diet or causing 

the erythrocytes to die or become fragile earlier than they should, 

and stimulating production of the immature erythrocytes.

histological sections of the fish were prepared by fixing the 

fish in Bouin’s Fluid for 24 hours and transferring them to 65% alcohol
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until they were embedded in paraffin and microtomed at 6 microns.

The sections were stained with hematoxylin and eosin. The hystologi- 

cal sections showed moderate degenerative changes in both the livers 

and kidneys of both test and control fish. The liver was more severe

ly affected.

Photographs of the liver and kidney tissue were taken and devel 

oped. The photographs of the normal kidney tissue (Figure 2.2) and 

degenerate kidney tissue (Figure 2.3) suggest that there was growth 

without division in the cells of the degenerate tissue. This caused 

the cells to be larger but fewer in number in the degenerate kidney 

tissue. Further study would have to be made to determine if this is 

actually the case. Photographs of the liver tissues did not satis

factorily illustrate the degeneration and, therefore, were not made

a part of this thesis.
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Figure 2.2: Normal cutthroat trout kidney tissue at 128x magnification.
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Figure 2.3: Degenerate cutthroat trout kidney tissue at I28x magnification
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CHAPTER III

III. Discussion

Test results from the experiment on cutthroat trout discussed 

in Chapter II of this thesis conflict with experiments on other species 

discussed in Chapter I. There seems to be no significant difference 

resulting from the deletion of pyridoxine from the vitamin premix of 

the X138-25E diet when compared with the X138-25 diet (control). 

Whereas, one would have expected the deletion of pyridoxine to have 

shown great significance. This expectation Would be based on the 

similarity of species of trout and the similar requirements for 

pyridoxine in brown, brook, lake and rainbow trout.

The results of the cutthroat trout experiment, however, indi

cates that there is something, either deficient or in excess, in both

the X138-25 and X138-25E diets that make them unacceptable diets for 

this particular species. The evaluation of these diets as being un

acceptable is based upon the presence of hemolytic anemia coupled 

with degeneration of liver and kidney tissues, abnormal balance and 

erratic swimming before death of the fish, and high mortality rates.

The symptoms of the cutthroat trout in the experiment here 

discussed agree with findings in experiments on cutthroat trout done 

by Glen Hammer, Manager of the Creston National Fish Hatchery at 

Creston, Montana, (1972) using an SD-4 diet. The X138-25 diet is a 

basic SD-4 diet with added protein and fat. The SD-4 diet fed cut

throat trout also suffered from anemia, abnormal balance, erratic
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swimming, and high mortality. Because of the similarity of the X138- 

25 and SD-4 diets and the symptons of the fish fed these diets, it 

can be suggested that this basic diet not be used with cutthroat

trout.

Further study might be suggested in the following areas:

Pyridoxine deletion from the vitamin pre-mix of another diet 

might be run to determine if possibly there was a blockage of pyri

doxine utilization in the X138-25 diets. Along with this, a test 

with the X138-25 diet level of pyridoxine doubled or tripled might 

be run to determine the significance of greater pyridoxine levels.

To determine the cause of the anemia found with the employed 

X138-25 diet, tests might be run with folic acid, vitamin B^2» 

pantothenic acid and riboflavin. These vitamins might be tested in 

deleted, doubled, and tripled forms to determine if one of these

was the cause of the anemia. Also variations in amounts of multi

ple combinations of the above four vitamins along with pyridoxine

could be tried in the same diet to determine if the anemia was

caused by a multiple effect.

SUMMARY

1. The purpose of this study was to determine the effects of the

deletion of pyridoxine from the fortified vitamin premix added 

to the diet ingredients fed to Montana westslope cutthroat trout

(Salmo clarki).

2. Diet X138-25, containing 21.7 mg of pyridoxine/lb of feed, was 

used as a control diet. Diet X138-25E containing 1.71 mg/lb, was 

used as the experimental diet over an eleven week period.

3. Statistical analysis showed there was no significant difference
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between the experimental and control fish due to the deletion of 

pyridoxine. There was, however, something in both the control and 

experimental diets that cuased high mortality, anemia, abnormal

balance, and erratic swimming in the fish.
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