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HISTORICAL REVIEW AND INTRODUCTION 

During the late 1950's» a new group of biologically "* 

active lipids were isolated. These lipids, the prosta

glandins, made a great impact on endocrine physiology in 

that they were found to interact with many hormonal 

systems. 

A strong blood pressure depressant, vesiglandin, 

was extracted from vesicular and prostate glands of man 

and certain other animals (Euler, 193i4-). This depressor 

agent was soluble in absolute alcohol and its action was 

found to be destroyed by heating in alkali and acid. The 

vesiglandin also acted as a strong stimulant to smooth 

muscle contraction and extensive studies on a concentrate 

from sheep prostate glands attributed this activity to a 

factor renamed prostaglandin (Euler, 1935; 1939). 

Bergstrom and Sjovall (1957) were the first to isolate 

one of these smooth muscle stimulants, which he initialed 

prostaglandin P (PGP). Further studies on the structure 

of PGP revealed the compound to be an unsaturated twenty 

carbon chain acid with the empirical formula ^z^'^hf^S 

(Bergstrom and Sjovall, 1960a). 

The isolation of another smooth muscle stimulant 

from frozen prostate glands showed a greater ability 

to stimulate contraction of intestinal strips than PGP. 
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This con?)Ound was named prostaglandin E (PGE). Analysis 

of PGE showed it to be an unsaturated twenty carbon chain 

acid with the empirical formula ^2d^3k^S (Bergstrom and 

Sjovall, 1960b). 

Not only were both of these con5)ounds isolated from 

sheep prostate glands but were also found in ram seminal 

fluid (Bergstrom ̂  al̂ ., I960). Upon further investiga

tion, it was revealed that the activity of ram seminal 

fluid on smooth muscle preparations was due to the 

presence of two new compounds, which were of similar 

structure and similar biological activity. They were 

named prostaglandin E2 (PGE2) prostaglandin E3 (PGE3), 

having the empirical formula C2(fi^2^$ *^^ C2oHooO^ 

respectively (Bergstrom, Dressier et al., 1962). 

The molecular configuration of the E and F prosta

glandin series was elucidated by Bergstrom, Rhyage ejt al̂ . 

(1962). All prostaglandins of the E type contain a 

characteristic 11-hydroxy and 9-keto group on a 5-»©nihered 

ring. The P prostaglandins were analagous to the E com

pounds but the 9-keto group was reduced to a hydroxyl. 

The actions of prostaglandins E and F are many and 

varied. An excellent review of the actions has been pre

pared by Bergstrom £t al. (1968). However, since it is 

the objective of this study to observe the effect of PGE^ 

and PGE2 on serum free fatty acid and blood glucose 



concentration in the tiger salamander, Ambystoma tigrinum, 

a review of these two areas of action will be stressed. 

Effect of Prostaglandins on Lipid Metabolism 

The release of free fatty acids (PFA) from adipose 

tissue is catalyzed by a system of lipases as outlined 

in Figure 1• 

r FA 

•^A 
Activated Lipase 

4PA 

Epinephrine 
Glucagon 
ACTH 
Lippotrophin 
etc • 

Inactive form of 
hormone sensitive 
triglyceride lipase 

rPA 

-PA + PA 

Diglyceride Lipase 

Monoglyceride Lipase 

+ 2 FA 

Figure 1. Enzyme system of the breakdown of 
triglycerides in adipose tissue adip( 
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The lipase involved in the splitting of the first PFA 

seems to be a hormone activated enzyme and is activated 

by such lipolytic agents as the catecholamines, glucagon, 

adrenocorticotrophic hormone (ACTH), lippotrophin and 

others. Since the activity of the diglyceride and mono

glyceride lipases were not increased after exposure to 

these lipolytic coitq̂ ounds, it was suggested that their 

activity was not hormone dependent (Steinberg, 1967). 

Vaughan (i960) reported that these lipolytic hormones 

increased the activity of adipose tissue phosphorylase 

and increased the adipose tissue content of cyclic 

adenosine 3**5* monophosphate (cyclic AMP). Steinberg 

(1967) proposed that cyclic AMP functions as the mediator 

for the activation of the triglyceride lipase. 

The catecholamines are known to increase the concen

tration of plasma PFA after either in vitro or in vivo 

injection (Dole, 1956; Gordon and Cherkes, 1956). The 

prostaglandins were shown to be a very strong inhibitbr 

of the catecholamine induced rise of PFA levels (Bergstrom 

^t^al^., 1963; Kupiecki, 1967). In vitro, the prostaglan

dins reduced both basal and induced lipolysis (Steinberg 

£t ^., 196I4.). Adipose tissue treated with prostaglandins 

showed a decrease in glycerol content which indicated a 

reduction in the breakdown of triglycerides (Bergstrom and 

Carlson, 1965). The most potent antilipolytic agent was 

shown to b^ PGE^, and PGE2 showing slightly less activity. 
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Prostaglandins, PGPi and PGF2 , were shown to be inef

fective as antilipolytic agents in doses similar to those 

used with PGE^ and PGEg (Steinberg, Vaughan ̂  al., 1 961|). 

In vivo, the results of studies on the effect of 

prostaglandins on triglyceride breakdown vary depending on 

whether the animal was previously stimulated with a 

lipolytic agent. Continuous infusions or single injections 

of epinephrine or norepinephrine produced a rise in plasma 

PFA concentration. The intravenous injection of PGE-j 

during the infusion of catecholamine produced a decrease 

in plasma PFA concentration (Bergstrom ejt aJ., 1963; 

19614.). 

The result of injection of PGB-| into an animal not 

stimulated by a lipolytic agent was dependent on the con

centration of the prostaglandin injection. Relatively 

large dose injection (30 micrograms/Kg body weigiht) or 

continuous infusions (0.8 micrograms/Kg body weight/minute 

for 30 minutes) of PGE-̂  resulted in a decrease in plasma 

PFA concentration (Steinberg and Pittiiian, 1966; Bergstrom 

jBjb ad•, 1966a, b). However, continuous infusions in small 

concentration (0.2 microgreuns/Kg body weight/minutes for 

20 minutes) of PGE-) produced a rise in plasma PFA concen

tration in dogs and man (Bergstrom, Carlson ̂  t̂l., 1965). 

Because of the vasodepressor activity of prostaglandins, 

the addition of PGE-j resulted in a decrease in diastolic 

blood pressure. The addition of small of doses of PGE-̂  



resulted in a release of catecholamines in an attempt to 

maintain blood pressure but the antilipolytic effect of 

the small dosage was insufficient to compensate for the 

lipolytic activity of the released catecholamine. There

fore, an increase in plasma PFA concentration was observed. 

In larger doses, the PGE^ was sufficient to overcome the 

lipolytic effect of the released catecholamines and there

fore caused a decrease in plasma FPA concentration 

(Bergstrom ejt al̂ ., 1966b). 

Other prostaglandins, PGEg and PGP^ , were given 

intravenously in single injection to anesthetized dogs. 

It was found that PGE^ and PGEg significantly reduced 

plasma PFA concentration stimulated by continuous 

infusions of norepinephrine. The most potent antilipolytic 

effect was elicited by PGE^• No significant change in 

plasma PFA was elicited by PGPi (Bergstrom ejb lal., 19614.). 

Effect of Prostaglandins on Carbohydrate Metabolism 

The previously discussed decrease of plasma PFA was 

simultaneous with an increase in blood glucose concentra

tion. Prostaglandin E-i infusion at the rate of 0.8 

micrograms/Kg body weigjht/minute for 30 minutes signifi

cantly increased blood glucose concentration in the dog 

(Bergstrom ̂  al̂ ., 1966b). Infusions of 5.6 micrograms/ 

Kg body weight/minute for 25 minutes in rats and guinea 

pigs showed a steady increase in blood glucose concentra

tion over a period of two hours after infusion. After 



adrenal medullectomy in rats, POE^ retained its effect on 

plasma FPA but showed no significant change in blood 

glucose concentration. The unchanged glucose concentration 

suggested that PGE-j induced a release of medullary cate

cholamines which increased glucose concentration of intact 

rats. This also showed that the effect of PGE^ on FPA and 

blood glucose concentration was working by different 

mechanisms (Berti et al.. 1967). 

Reports on the effect of PGE^ on rat adipose tissue 

indicated that PGE^ stimulated glucose uptake and incor

poration into the fatty acid portion of the triglyceride 

(Bohle, 1966). Contradictory to previous reports, 

infusions of PGEi into anesthetized dogs decreased blood 

glucose concentration (Maxwell, 1967). An explanation for 

these differences has not been proposed. 

The objective of this study was to observe the effect 

of prostaglandins E-) and E2 on serum PFA and blood glucose 

concentration in a representative of the class Amphibia. 

The class Amphibia was chosen because of the lack of avail

able information concerning its lipid and carbohydrate 

metabolism. This investigation intended to increase infor

mation on lipid and carbohydrate metabolism in Auqjhibia 

by observing the effect of a known antilipolytic and hyper

glycemic agent. The tiger salamander, Ambystoma tigrinum. 

was chosen as the experimental animal because of its 

availability, both in ntimber and location. 



METHODS AND MATERIALS 

Larval tiger salamanders (Ambystoma tigrinum) were 

obtained from a large modified playa lake, which is used 

for sewage treatment, on Reese Air Force Base, Hurlwood, 

Texas in September 1972. They were placed in small basins 

in the labot»atory and kept twenty-four hours before the 

start of the experiments. 

Prostaglandins Ê^ and E2 were graciously donated by 

Dr. John Pike of Upjohn Laboratories. The prostaglandins 

were measured in 1.25 milligram amounts and diluted with 

5.0 ml of lOOĴ  ethanol and kS ml of sodium carbonate con

taining 0.2 mg/ml. The sodium carbonate was diluted in 

0.9 grams sodium chloride in 100 ml of distilled water. 

This dilution produced a 25*0 mg/ml solution. The solu

tions were placed in injection bottles and frozen until 

use. A control solution was prepared as above but without 

the addition of one of the prostaglandins. 

The animals were weighed, sexed and randomly divided 

into nine groups according to time from injection to 

sacrifice (15, 30, kS minutes) and according to treatment 

(PGE^, PGE2 and control). The control groups were further 

subdivided into two groups: those receiving the control 

solution injection and those receiving no injection 

(Table 1). 
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TABLE 1 

DIVISION OF ANIMALS (AMBYSTOMA TIGRINUM) 
INTO EXPERIMENTAL GROUPS 

Time of Sacrifice (minutes) 
Treatment 

PGE-, 

PGE2 

Control Injected 

Control Non-injected 

15 

15^ 

15 

8 

7 

30 

15 

15 

8 

7 

kS 

15 

15 

8 

7 

^Represent number of animals in each treatment group. 

Each animal was given an intraperitoneal injection 

equivalent to 8O.O micrograms/greua body weight. The 

injection was given as close to the internal body wall 

as possible in order to avoid puncture of any vital organ. 

Previous studied (Bergstrom et̂  al̂ ., 1966a; b) utilized an 

intravenous injection route but because of large peripheral 

blood vessels in Ambystoma tigrinum, the intraperitoneal 

method was en^loyed. 

The animals were sacrificed by decapitation. The 

blood was drained into conical centrifuge tubes and cen-

trifuged at 2I4.OO r.p.m. for approximately ten minutes. 

The serum was removed and placed under refrigeration in 

sealed vials. 

Blood glucose and serum free fatty acid concentrations 

were determined by using the Technicon AutoAnalyzer. 
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The method en^loyed for glucose determination was 

an automated modification of the method proposed by Hoffman 

(1937)* This modification is described in the Technicon 

AutoAnalyzer Methodology N-2b. The method for free fatty 

acid determination was a combination of the extraction 

procedure of Itaya and Ui (1965) with the automated color-

imetric method of Antonis (1965). A review of this pro

cedure has been published by Dalton and Kowalski (1967). 

The data were analyzed using a coiq)lete random design 

analysis of variance (F test) as outlined in Steel and 

Torrie (I960). If the P test was significant (p=<0.05), 

the statistical analysis was expanded to include Duncan's 

Multiple Range Test for mean separation. 



RESULTS 

The effects of ?GE^ and PGE2 on serum FPA and blood 

glucose concentrations were studied on 135 larval Ambystoma 

tigrinum divided into twelve groups containing both male 

and female individuals of varying body weight (Appendix A). 

Comparisons were drawn between the treatment groups 

at the specified time and between individual groups with 

varying time. The statistical analysis of the treatment 

effect on PFA concentration is shown in Appendix B and C 

and the graphic analysis of the FPA concentration is pre

sented in Figure 2. 

There were no significant differences (p>0.05) 

between the control injected and control non-injected 

animals. The control data were then combined and treated 

as a single control group. 

The analysis of variance (F test) showed that at 15 

minutes, plasma FPA concentration did not significantly 

differ between treatment groups and control. The test 

indicated however that at 30 and kS minutes, the effect 

shown by PGEi and PGE2 were significantly different from 

the control. 

Where the F test showed significance, Duncan's Mul

tiple Range Test was employed for mean separation. At 30 

minutes, the control and PGE2 treatment group showed no 
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significant difference in effect on plasma FPA concentra

tion, but the PGE>| groups was at an increased level over 

the control. At i|5 minutes, the control and PGE2 group 

did not differ in treatment effect but the PGE-| treatment 

caused an increase in PFA concentration over the control. 

Analysis of variance within a given treatment group 

at the specified times revealed that PGE-| lowered the 

plasma FPA concentration from 15 to 30 minutes after 

injection. The concentration of FPA at 30 minutes did 

not differ from that at ii.5 minutes with the PGE-| treat

ment. Therefore, both PGE-̂  and PGE2 caused no signifi

cant change in plasma FPA concentration in relation to 

the control values at 15 minutes. Within the 30 and k^ 

minutes time groups, PGE-; caused an increase in FPA 

concentration in relation to control values at 30 and I4.5 

minutes. 

An analysis of variance on blood glucose concentra

tion within treatment and time groups was also performed 

(Appendix D and E). Prostaglandins E^ and E2 caused a 

significant increase in blood glucose concentration over 

the control values but the treatment effects were not 

significantly different. At 30 minutes, there was no 

difference between PGE^ and PGE2 or control. At i^S 

minutes, PGE^ and PGE2 continued to show no difference in 

effect but PGE2 elicited an increase in glucose concen

tration over the control (Figure 3)» 



11; 

0) 
oo 
oo 

e • 
^ 

120 

110-

100-

90-

80" 

70 

60 

»< (12) 

15 30 

Time (minutes) 

(15) 

(15) 

(11) 

—r 
i|5 

X - -X PGEi 

-• PGE2 
-o Control 

^Indicates sample size 

Figure 3. Effect of PGE^ and PGE2 on blood glucose 
concentration in Ambystoma tigrinum. 



15 

Among treatment groups, PGE-| showed the greatest 

effect on glucose concentration. There was a marked 

increase in glucose concentration at 15 minutes over the 

control values. This increased concentration remained 

stable until 30 minutes after injection time. At l^S 

minutes, the glucose concentration had decreased to within 

the control limits. 

The PGE2 treatment showed its effect at 15 minutes 

by increasing the glucose concentration over the control. 

However, this value was within control limits at 30 and 

14.5 minutes. The control animals showed no significant 

differences in glucose concentration from 15 to 1̂.5 

minutes after injection. 

There were no significant differences between plasma 

FPA concentration of male and female and between blood 

glucose concentration of male and female individuals for 

both control and treatment groups. 



DISCUSSION 

The length of time from injection to sacrifice em

ployed in this study does not agree with those used by 

investigators employing the intravenous injection method. 

Kupiecki (1967) revealed that plasma PFA concentration in 

fasted rats was lowered at seven minutes, elevated at 

fifteen minutes and returned to normal concentrations at 

30 minutes after intravenous injection. In my study, the 

salamanders were fasted for twenty-four hours preceding 

treatment, therefore, the times employed by Kupiecki were 

used as an indication for optimal sacrifice time. However, 

these periods were extended after injection because of the 

slower acting effect of the injection given intraperito-

neally. 

There is great lack of information concerning car

bohydrate and lipid metabolism in Aii5)hibia. However, the 

available information suggests that the metabolic pathways 

concerning these aspects of intermediary metabolism are 

the same as those pathways studied in Mammalia. A review 

of glycolytic enzymes studied in Amphibia can be found in 

Moore (196i|.). Barth and Barth (195̂ 4-) showed by measuring 

many of the enzymes, substrates, cofactors and products 

of glycolysis in tissue and eggs of many amphibiana that 

these vertebrates metabolize glycogen or glucose by the 

16 
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Embden-Meyerhof pathway. 

In spite of the large amount of available information 

concerning lipid metabolism in mammals, little is known 

about lipid metabolism in Amphibia. From what is known 

about carbohydrate and lipid metabolism in the amphibians, 

it can be assumed that there are no anticipated fundamental 

differences in the scheme of these pathways. With this 

assun^tion, an explanation of the action of prostaglandins 

on Ambystoma tigrinum was attempted in relation to known 

metabolic paths in mammals. 

In Ambystoma tigrinum, only PGE^ showed a treatment 

effect on serum FPA concentration. As previously cited, 

PGE-i inhibited the induced response of epinephrine and 

norepinephrine to increase FPA concentration. The cate

cholamines were shown to increase cyclic AMP concentration 

in adipose tissue (Butcher e^ aJ., 1965; Butcher and 

Sutherland, 1967) and that the increased cyclic AMP 

increased the rate of lipolysis by formation of the active 

lipase. The interference of the accumulation of cyclic 

AMP is thought to be the site of the antilipolytic effect 

of PGE^ (Butcher, Pike ejt al., 1967; Paoletti et al., 

1967). 

The formation of cyclic AMP from ATP is catalyzed by 

the enzyme adenyl cyclase and is inactivated to 5*-AMP )?y 

the enzyme phosphodiesterase (Robison e_t al̂ ., 1971). 
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Therefore, the decrease in the accumulation of cyclic 

AMP may be effected by the inhibition of adenyl cyclase 

or stimulation of phosphodiesterase (Figure i\.), 

Inhibition of cyclic AMP formation by PGE^ has been 

reported by several investigators (Steinberg e_t al., 1966; 

Butcher, Pike et̂  aJL., 1967). However, the mechanism by 

which PGE^ interfered with adenyl cyclase formation of 

cyclic AMP is unclear. Stock and his coworkers (1968) 

proposed that PGE^ interfered with the binding of ATP to 

adenyl cyclase. The accumulation of cyclic AMP was also 

decreased by the stimulation of phosphodiesterase with 

PGEi (Paoletti et, al., 1966; Muhlbachova et, al., 1967). 

The effect of PGE-j on blood glucose concentration was 

cited previously. This increase in glucose concentration 

was prevented by adrenal medullectomy which suggested that 

PGE-̂  caused a release of medullary catecholamine which 

induced phosphorylase activation and therefore an increase 

in blood glucose concentration (Berti j^ al., 1967). 

In my study, prostaglandin treatment induced an 

increase in both FPA and blood glucose concentration. 

Perhaps the 80.0 microgram/gram body weight was not of 

sufficient concentration to inhibit cyclic AMP formation 

but stimulated release of catecholamines from the adrenal 

medulla. Miller and Wurster (1959) reported that epine

phrine did cause hyperglycemia in urodele an5)hibians. 
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Therefore, this proposed induced secretion of epinephrine 

or norepinephrine increased the plasma FPA concentration 

by activation of a triglyceride lipase and increased 

blood glucose concentration by phosphorylase stimulation. 

This investigation suggests that further studies be 

conducted on carbohydrate and lipid metabolism in Amphibia, 

in a hope to reveal the pathways of these intermediary 

metabolisms. With this knowledge, an exact mechanism of 

the action of prostaglandins on carbohydrate and lipid 

metabolism could be proposed. Investigations toward the 

isolation of prostaglandins in Amphibia could reveal the 

role of prostaglandins as metabolic regulators of aB5)hib-

ian metabolism. 



SUMMARY 

Larval tiger salamanders, Ambystoma tigrinum^ were 

given intraperitoneal injections of PGE-; and PGE2 in 

doses equivalent to 8O.O micrograms/Kg body weight. The 

animals were sacrificed at 15, 30, and l^S minutes after 

injection. Serum PFA and blood glucose concentrations 

was determined with each animal and these concentrations 

were related to control values. The result of these 

con^arisons were as follows: 

(1 ) Serum FPA concentration was increased over the 

control value at 30 and i^S minutes after the 

injection of PGE^. The effect of PGEg injection 

was not significant. 

(2) Blood glucose concentration was increased over 

the control values by both PGE^ and PGE2 at 15 

minutes after injection. This increased concen

tration was stable until k^ minutes after the 

injection of PGEi. The increase was reduced 

to normal concentration at 30 and 1̂.5 minutes 

with the injection of PGE2. 

(3) The increase in serum FPA and blood glucose con

centration was proposed to have been initiated 

by adrenal medulla catecholamine release. 
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APPENDIX A: SEX AND BODY WEIGHT OF AMBYSTOMA TIGRINUM 

Time 
Group (min. ) 

15 

30 

14-5 

IN EACH TREATMENT AND 

Treatment 
Group 

PGE^ 

PGEg 

Control 

PGE^ 

PGE2 

Control 

PGE^ 

PGE2 

Control 

Sample 
Size 

15 

15 

15 

15 

15 

15 

15 

15 

15 

TIME GROUP 

1 

Size 

8 d 
7 9 

8 d* 
7 9 

7 c/ 
8 9 

.1 

mm 

2 d* 
13 9 

7 <i 
8 9 

9 d" 
6 9 

8 d 
7 9 

Body 
Weight ( g . ) . 

286 
269 

26I4. 
28I4. 

2I4.8 
2I4.6 

253 

2I4.9 

229 
266 

258 
271|. 

2I4.8 
2I4.O 

267 
26I4. 

^Data not taken. 
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APPENDIX B: STATISTICAL ANALYSIS OF PLASMA FPA 
CONCENTRATIONS IN AMBYSTOMA TIGRINUM WITHIN 

Time 
(min.) 

15 

30 

1̂ 5 

F Value 

0.10^7 

6.9518 

5.975 

TIME GftOUPS 

Degrees 
of Freedom 

2/35 

2/21 

2/26 

S igni f icance 

n . s . ^ 

0.005 

0.01 

Homogeneous 
Subsetsi 

PGE-i -PGE2 
Control 

PGE-i -C ontrol 

PGE2-Control 

INO pair which differ by more than the shortest 
significant range for a subset of that size. 

^No significance. 
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APPENDIX C: STATISTICAL ANALYSIS OF PLASMA FPA 
CONCENTRATIONS IN AMBYSTOMA TIGRINUM WITHIN 

TREATMENT GROUPS 

Treatment Degrees Homogeneous 
Group P Value of Freedom Significance Subsets^ 

PGE- 3.2320 2/23 0.05 I4.5-15 minutes 
3O-I4.5 minutes 

PGE2 30 .72 2/21 0.001 3O-I4.5 minutes 

Control 96.058 2/21 0.001 No subsets 

^No pa ir which d i f f e r by more than the shortes t 
s i g n i f i c a n t range for a subset of that s i z e . 
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APPENDIX D: STATISTICAL ANALYSIS OF BLOOD GLUCOSE 
CONCENTRATIONS IN AMBYSTOMA TIGRINUM 

WITHIN TIME GROUPS 

Time Degrees Homogeneous 
(min.) F Value of Freedom Significance Subsetsi 

15 

30 

1̂ 5 

3.58 

2.370 

2.6125 

2/35 

2/23 

2/33 

0.05 

0.01 

0 . 0 5 

PGEi-PGEg 

PGE^-PGE2 
Control 

PGE-j -PGEp 
PGE-,-Control 

No pair which differ by more than the shortest 
significant range for a subset of that size. 
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APPENDIX E: STATISTICAL ANALYSIS OP BLOOD GLUCOSE 
CONCENTRATIONS IN AMBYSTOMA TIGRINUM 

WITHIN TREATMENT GROUPS 

Treatment 
Group 

PGE-i 

PGEg 

Control 

P Value 

9.1385 

1.214.9 

1 .31^58 

Degrees 
of Freedom 

2/31 

2/30 

2/26 

S ign i f i cance 

0.001 

0 .05 

2 n . s . ^ 

Homogeneous 
Subsets' 

15-30 min. 

15-3O-I4.5 
min. 

15-30-14.5 
min. 

1 
No pair which differ by more than the shortest 

significant range for a subset of that size. 

2NO significance. 


