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Abstract 
Diabetes mellitus or hypoinsulinemia was induced successfully in the male dwarf goats aged be-
tween 2 - 3 years with 2 consecutive administrations of streptozotocin. A comparable group of in-
tact control goats was also maintained. In ruminants including goats unlike non-ruminants, insu-
lin generally displays ineffectiveness or resistance in their biochemical setup to facilitate glu-
coneogenesis, the only source of glucose in these animals. In present study almost in the absence 
of insulin through induced hypoinsulinemia the effects of thyrotropin releasing hormone (TRH) 
(30 µg/kg body weight) and thyroid stimulating hormone (TSH) (2.5 µg/kg body weight) on circu-
latory glucose and different fatty acid fractions were studied in insulin resistant ruminant model. 
Fatty acid fractions were estimated by gas chromatography. Both TRH and TSH administration 
lowered glycemia in insulin deficient goats compared to the controls but significantly with TSH 
dose only. In intact goats the detectable circulating long chain fatty acids (LCFAs) fractions of 
lauric, myristic, palmitic, stearic, oleic and linoleic acid were undetected except linoleic acid in the 
hypoinsulinemic state, however were found restored following TRH and TSH administrations and 
some of LCFAs; stearic (6417%), oleic (1676%) and linoleic acid (1225%) increased exceptionally 
with TSH dose. In Intact goats however the hormones variedly increased the fractions. The volatile 
fatty acid fractions (VFAs) of formic, acetic, propionic, iso-butyric, n-butyric, iso-valeric, n-valeric, 
iso-caproic, n-caproic and heptanoic acid were detected in the goats. The most VFAs fractions 
markedly increased in hypoinsulinemic goats compared to the control goats following TRH and 
TSH infusion. These results have indicated that endogenously stimulated thyroid hormones with 
TRH and TSH in insulin deficient state inhibit the mechanisms of utilizing the fatty acids in glucose 
production. Therefore the study reveals thyroid hormones inhibitory effects on gluconeogenesis 
in insulin resistance and hyperglycemia. 
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1. Introduction 
There is a close relationship between the hypothalamus, the anterior pituitary and the thyroid gland. Hypothala-
mus is the source of the TRH that regulates TSH secretion from anterior pituitary. TSH is the major regulator of 
the morphologic and functional states of the thyroid and the secretion of T4 and T3 from the gland [1]. The ad-
ministration of TRH and TSH elicits physiological stimulation of thyroid hormones compared to pharmacologi-
cal administration of thyroid hormones and thus is preferred approach to studying the sensitive biochemical tar-
gets for thyroid hormones’ actions.  

Physiological mechanisms of insulin have been studied while destroying its source of beta cell of endocrine 
pancreas. Thus, hypoinsulinemic state is obtained for investigating the physiological responses in extreme insu-
lin deficiency. Hypoinsulinemia for decades has been induced by beta cell destruction with cytotoxic strepto-
zotocin [2]. 

Thyroid hormones affect metabolism extensively and have shown interactions with insulinon biochemical 
targets. Several specific effects of thyroid hormones on the insulin related metabolism are well understood. Hy-
perthyroidism in growing sheep modifies the ability of insulin to regulate metabolism [3]. The daily supplemen-
tation of low doses of KI that enhanced thyroid activity showed improved insulin sensitivity and decreased 
blood urea nitrogen in dairy goats [4]. The studies on relationship of diabetic or insulin insufficiency condition 
on thyroid responses had also been done broadly. Thyroidal secretory response to large doses of TSH decreased 
in uncontrolled diabetes mellitus [5]. Values for thyroxin (T4) and free triiodothyronine (T3) were significantly 
higher in non-diabetic than those in diabetic bulls [6].  

The ruminants including sheep, camel etc. were studied for glucose and insulin responses and these all dem-
onstrated insulin resistance [7]. In ruminants insulin resistance promotes glucagon action in enhanced glu-
coneogenesis from volatile fatty acids, the main products of rumen digestion. Probably ruminants’ gluconeo-
genic increase is similar to the observation that elevated insulin resistance increased hepatic expression of key 
gluconeogenic genes in mice [8]. Propionate is proved and also reported as main product utilized for gluconeo-
genesis in the ruminants [9]. Therefore it is assumed that gluconeogenic genes are well expressed in ruminants 
due to insulin resistance adapted for special mode of rumen nutrition.  

Considering hormonal interactions, in uncontrolled insulin resistant diabetes mellitus type 2 TSH level was 
reported altered [10]. Hypothalmo-hypophyseal and thyroid axis of sheep and goats is of a typical mammalian 
pattern as TRH administration induced sharp increases in plasma thyrotrophic and thyroid hormone levels in 
lambs [11]. Dahl et al. observed that thyroid hormones can act centrally to inhibit TRH (and thus TSH) release 
in the ewe, so supporting the concept that negative feedback action of thyroid hormones is partly exerted at the 
hypothalamic level in ruminants [12].  

Recently there had been investigative trend on the effects of various hormones on metabolites in ruminants 
[13] and importance of short chain fatty acids in the genetic expression in type 2 diabetes and obesity, the disor-
derly states which render the insulin ineffective in action [14]. Hypoinsulinemia induced by beta cell destruction 
with cytotoxic streptozotocin [2] could be another condition of insulin absence to compare with the insulin re-
sistance state for the observance of thyroid activity enhanced through hypothalamo-pituitary hormones on the 
various types of circulatory free fatty acids in the goats. Thus, the present study was conducted to observe the 
effects of thyroid regulatory hormones on the carbohydrate and specific lipid targets in a ruminant model of 
dwarf goat. The study may reveal information on the lipid metabolism in ruminants which may also provide 
useful information for insulin resistance type 2 diabetes. 

2. Material and Methods 
Adults male dwarf goats of about three years of age were kept in an intensive care. These were subjected to an 
organized feeding regime of green fodder as well as concentrate dry ration. Goats were acclimated for seven 
days. Goats were rendered diabetic (hypoinsulinemic), permanently, with two successive administrations of 
streptozotocin (STZ) (Sigma Chemical Company, USA) at a concentration of 33 and 40 mg/kg body weight in 
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saline citrate buffer (pH 4.3) with in four days. The goats were administered with TRH (30 µg/kg body weight) 
and TSH (2.5 µg/kg body weight) and blood sampling protocol is shown in Table 1. Glycemia, long chain fatty 
acids and volatile fatty acids were estimated following hormonal administration in control and hypoinsulinemic 
goats. 

Glucose was estimated with glucose oxidase method [15] and commercial kits (Randox Laboratories Ltd.) 
were used. The fraction of LCFAs were extracted from plasma by the method of Falholt et al. [16] and esterified 
with boron triflouride [17] and further extracted with benzene. Volatile fatty acids (VFAs) were estimated after 
the procedure of [18]. A standard mixture from Supelco, Inc. GC Bulletin 748H was used for gas chromatogra-
phy. 

3. Results 
3.1. Glycemia after TRH Dose 
Glycemia prior to the hormonal administration was 62.93 ± 0.03 and 139.2 ± 19.3 mg/dl in intact and hypoinsu-
linemic goats respectively. In intact goats, the glucose level increased about 8% within an hour of the admini-
stration of the hormone. It remained elevated significantly from the pre-hormonal administration level up to 4 
hours and thereafter was gradually restored almost to original level in 24 hours, In hypoinsulinemic goats gly-
cemia rose almost 9% in 2 hours after the hormone dose and it was abruptly reduced below the pre-hormone 
administration level within four hours thereafter it returned almost to original level in 24 hours after the hor-
mone dose. The glycemia was noticeably lower in hypoinsulinemic goats 4 and 8 hours after the hormone injec-
tion compare to the intact goats; however the difference was not significant statistically (Figure 1). 

3.2. Glycemia after TSH Dose 
Blood glucose level was 64.94 ± 1.05 and 158.64 ± 23.6 mg/dl in intact and hypoinsulinemic groups respec-
tively just before the hormone injection. It remained slightly elevated non-significantly one to 24 hours after the 
hormone dose in intact goats. In hypoinsulinemic goats however it elevated significantly within an hour from its 
pre dose level and gradually dropped non-significantly 13% up to 4 hours which persisted up to 24 hours com-
pare to its original value. The glycemia was thus significantly reduced following TSH infusion in hypoinsu-
linemic compare to intact goats (Figure 1). 

3.3. TRH on Long Chain Fatty Acids  
The fractions of lauric (0.7596 μg/ml), myristic (0.2862 μg/ml), palmitic (0.2646 μg/ml), stearic (0.2071 μg/ml), 
oleic (0.1867 μg/ml) and linoleic acid (0.1472 μg/ml) were estimated just before hormone administration in the 
control goats. One hour post treatment slight reduction in lauric (10%) and elevation in palmitic (14%), stearic 
(33%), oleic (11%) and linoleic acid (38%) was observed.  

In insulin deficient goats, only linoleic acid (0.0803 μg/ml) was detected prior to hormone injection, however, 
within one hour after its administration all the fractions of lauric (0.283 μg/ml), myristic (0.1601 μg/ml), 
palmitic (0.1147 μg/ml), stearic (0.393 μg/ml) oleic (0.2112 μg/ml) and linoleic acid (0.538 μg/ml) were ob-
served in the circulation. Insulin deficiency reduced most of the studied LCFAs to an undetectable concentration 
as these were adequately estimated in the intact goats. The appearance of undetected fractions of lauric, myristic, 
palmitic, stearic, and oleic acid in the hypoinsulinemic state had been found to be restored with TRH admini-
stration. It is obvious that TRH directly or indirectly interfered in the mechanism to restore these fractions that 
disappeared in insulin deficiency. It is a prominent result of the study. In intact goats the increases in the con-
centration of the most of the fractions following TRH infusion is a similar response as in hypoinsulinemic goats 
(Figure 2). 

3.4. TSH on Long Chain Fatty Acids 
All the studied fractions of lauric (0.283 µg/ml), myristic (0.1601 µg/ml), palmitic (0.1147 µg/ml), stearic 
(0.393 µg/ml) oleic (0.2112 µg/ml) and linoleic acid (0.538 µg/ml) had been estimated in considerable amounts 
before the hormone dose in the control intact goats. One hour after the hormone administration all the fractions 
increased conspicuously with marked elevation of 167%, 115%, 86%, 70%, 32%, and 56% in lauric, myristic,  
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Table 1. Sampling schedule following TRH and TSH administration.          

Hormone infused Time blood obtained after administration 

TRH 0, 15, 30, 60, 120, 240, 480 min, and 24 h 

TSH 0, 30, 60, 120, 240, 360, 480 min, and 24 h 

 

 
Figure 1. Plasma glucose following TRH (30 µg/kg) and TSH (2.5 ng/kg) 
administration in intact and streptozotocin induced diabetic goats. Con: Con- 
trol or Intact goats; DBT: Diabetic or hypoinsulinemic goats.                      

 
palmitic, stearic, oleic and linoleic acid concentration respectively compared to pre dose corresponding values of 
the fractions.  

In hypoinsulinemic goats, prior to TSH infusion fractions of lauric (0.1445 µg/ml), palmitic (0.01845 µg/ml) 
stearic (0.044 µg/ml), oleic (0.0182 µg/ml) and linoleic acid (0.028 µg/ml) were estimated. Except lauric the 
other detected fractions were in negligible amounts and myristic acid was not detected in pretreatment samples. 
In the samples obtained one hour after TSH administration myristic acid appeared in adequate amount (0.2189 
µg/ml), lauric and palmitic acid also increased 139% and 112% respectively. The fractions of stearic (6417%), 
oleic (1676%) and linoleic acid (1225%) thus increased many fold after treatment (Figure 2). The results of 
TSH dose are similar to that of TRH dose thus again are prominent results of the study. 

3.5. TRH on Volatile Fatty Acids  
All the fractions studied, of volatile fatty acids were detected in plasma of control and also in the hypoinsu-
linemic goats with the exception of n-caproic acid before the hormone treatments. In the control goats, the frac-
tions of formic (48%), n-butyric (14%) and n-caproic acid (30%) increased, acetic and heptanoic acid did not 
show a change whereas propionic (37%), iso-butyric (25%), iso-valeric (39%), n-valeric (28%) and iso-caproic 
(39%) were reduced noticeably one hour post hormonal treatment.  
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Figure 2. Plasma LCFAs (µg/ml) before and 1 hour following TRH (30 µg/kg) and 
TSH (2.5 ng/kg) administration in intact and streptozotocin induced hypoinsulinemic. 
A: Control; B: TRH treated; C: Control; D: TSH treated.                            

 
In hypoinsulinemic goats, noticeable increase of formic (28%) and pronounced elevations of n-butyric 

(250%), iso-valeric (138%) n-valeric (164%) and iso-caproic acid (289%) were observed whereas the fractions 
of acetic (30%), propionic (35%), iso-butyric (30%) and heptanoic acid (7%) were found to be lowered one hour 
after TRH injection. The fraction of n-caproic acid was not detected prior to and after the hormonal infusion in 
these goats (Figure 3).  

The marked increases of the fractions of n-butyric (250%), iso-valeric (138%) n-valeric (164%) and iso-ca- 
proic acid (289%) in hypoinsulinemic goats specifically and overlooking to other variations concerning FFA in 
both intact and insulin deficient groups explicate that there is a possibility of the contribution of these VFAs 
fractions in greater elevation of total free fatty acids in the hypoinsulinemic goats.  

3.6. TSH on Volatile Fatty Acids 
In control goats before TSH treatment, the fractions of formic (14.17 µg/ml), acetic (191.84 µg/ml), propionic 
(0.321 µg/ml), iso-valeric (0.605 µg/ml), n-valeric (0.2257 µg/ml), iso-caproic (0.4004 µg/ml), n-caproic 
(0.0222 µg/ml) and heptanoic acid (1.772 µg/ml) were estimated. One hour post-TSH infusion, formic (45%), 
acetic (25%), propionic (45%), iso-caproic (23%) increased noticeably however, the elevation of n-caproic 
((292%) and heptanoic acid (60%) was more pronounced while iso-valeric (24%) and n-valeric acid (23%) de-
creased slightly. The fraction of iso-butyric and n-butyric acid did not appear in the sample before and also after 
TSH administration. 

The pretreatment sample of hypoinsulinemic goats showed the fractions of formic (26.90 µg/ml), acetic 
(199.03 µg/ml), propionic (0.506 µg/ml), iso-butyric (0.097 µg/ml), iso-valeric (0.8084 µg/ml), n-valeric  
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Figure 3. Plasma VFAs (µg/ml) before and 1 hour following TRH (30 µg/kg) and 
TSH (2.5 ng/kg) injection in intact and streptozotocin induced hypoinsulinemic. A: 
Control; B: TRH treated; C: Control; D: TSH treated.                              

 
(0.4961 µg/ml), iso-caproic (0.53 µg/ml), n-caproic (0.0496 µg/ml) and heptanoic acid (2.779 µg/ml). One hour 
after TSH infusion, formic, acetic, propionic, iso-butyric and iso-caproic acid almost remained in the pretreat-
ment concentration range. The fractions of n-butyric (727%), iso-valeric (150%), n-valeric (158%), n-caproic 
(125%) and heptanoic acid (44%) were, however, were enhanced markedly (Figure 3). 

It is found that in hypoinsulinemia all the fractions, studied, have appeared in the samples and there had been 
mobilization of most of the fractions following TSH administration both in intact and hypoinsulinemic goats 
with comparatively greater response in the latter group. 

4. Discussion 
The present study is one of the parts of the investigations on hormonal interactions on metabolism in the goat as 
model of ruminants. Ruminants because of rumen digestion of the food to mostly volatile fatty acids (VFAs) are 
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dependent for their glucose supply on hepatic gluconeogenesis from VFAs [19] [20]. Therefore ruminants ex-
hibit insulin resistance to promote gluconeogenesis [21]. The pattern of insulin resistance in ruminants seems to 
be corresponding with insulin resistance in type 2 diabetes of non-ruminants. As type 2 diabetes is mainly char-
acterized of insulin resistance [22]. Hypoinsulinemic diabetes was induced in the goats and various features had 
been studied to understand how insulin deficiency induces adaptations in these insulin resistant animals. In the 
present study the effects of thyroid regulatory and stimulatory hormones of TRH and TSH were studied on glu-
cose utilization and specific lipid metabolism related to ruminants. Such study provides information on hor-
mones’ interaction and nutrient metabolism in these groups of animals and also may provide some insight on 
insulin resistance in type 2 diabetes mellitus in similar relationships.  

Thyroid hormones have wide range effects on various metabolites including lipids specifically and are shown 
to improve lipid profile and reduce fat [23] and the hypothalamo-hypophyseal axis is well understood to regulate 
the release and synthesis of thyroid hormones [24]. Thyroid hormones have been directly administered to study 
their effects on various targets; however, it is appropriate that thyroid hormones are stimulated by indirect and 
direct thyrotrophic hormones of TRH and TSH respectively. That provides better understanding of thyroid hor-
mones action in the physiological responses and the resultant adaptations in relation to other hormones and me-
tabolites. 

Streptozotocin is pancreatic beta cells cytotoxic thus since decades is employed for the induction of insulin 
deficient diabetes in experimental animals [25]. In the goats of the present study diabetes was induced success-
fully as monitored with glycemia. These were maintained for the various set of the experiments and one of the 
experiments of TRH and TSH infusion was conducted. The pertinent result of significance in glucose responses 
was its reduction in hypoinsulinemia compare to the intact goats. In TRH case its reduction was restored to 
normal in 24 hours after the dose conversely in TSH dose it remained reduced even 24 hours after the hormone 
infusion compared to the respective control goats. The greater expression of this glycemia response is very 
likely that TRH did not but TSH stimulated thyroid gland adequately. It is thus assumed that in the insulin defi-
cient goats glucose is utilized in the hormones interactions. Thyroid hormones support the potential of hormon-
ally inducing glucose transporter expression in insulin-resistant muscle as observed in NIDDM in rats [26]. It 
seems very likely with glucose lowering in hypoinsulinemic goats of the study as Weinstein et al. reported that 
thyroid hormone increases even basal glucose transport in skeletal muscle with GLUT4 glucose transporter ex-
pression [27]. These interpretations are pointing on probable role of thyroid hormones in the mechanism of insu-
lin resistance and hyperglycemia.  

Medium- and long-chain free fatty acids are energy source for whole body and biological metabolites and 
components. Therefore are important targets for the actions of metabolism affecting hormones such as insulin 
and thyroid hormones. In the present work TRH and TSH who in fact stimulate thyroid gland to release tetra- 
and triiodothyronine caused mainly increases in different fractions of LCFAs in the intact goats. Some increases 
were prominent than the others. In hypoinsulinemic goats except one or two fractions of LCFAs most could not 
be detected in the sera. Following TRH and TSH doses almost all the fraction were estimated in sufficient 
amounts in the circulation. It appears that LCFAs are probably utilized in enhanced gluconeogenesis in glucose 
production resulting in hyperglycemia, however it appears that thyroid hormones stimulated by TRH and TSH 
inhibit the gluconeogenic enzymes and in their enhanced endogenous release hepatic glucose production from 
LCFAs is comparatively inhibited and their fractions were thus detected in the circulation. This assumption also 
explains the sustaining low glucose level in hypoinsulinemic goats following especially TSH administration. 
The LCFAs were not available for glucose production due to inhibition of gluconeogenic enzymes by stimulated 
thyroid hormones. 

The results of volatile fatty acids resemble to those of long chain fatty acids. In insulin deficient goats both 
following TRH and TSH doses some fractions remained unaffected and the others were markedly elevated in the 
circulation. There was pronounced elevations of n-butyric (250%), iso-valeric (138%) n-valeric (164%) and iso- 
caproic acid (289%) after TRH dose. Similarly the fractions of n-butyric (727%), iso-valeric (150%), n-valeric 
(158%) and n-caproic (125%) were enhanced tremendously one hour following TSH injection (Figure 3). It is 
proposed that like in the LCFAs, the volatile fractions of fatty acids also in insulin deficient state through en-
dogenous stimulated thyroid hormones inhibit the mechanisms that utilize some volatile fraction in glucose 
production. This is more likely to be at the enzymatic level as gluconeogenic enzymes are interfered by the 
endogenously stimulated thyroid hormones to reduce glucose production which otherwise not observed to the 
same extent in intact goats.  
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5. Conclusion 
In conclusion the present study through the compromising results of glucose reduction and the marked increases 
in LCFAs and VFAs in hypoinsulinemic goats following endogenous thyroid hormones stimulation indicates the 
role of thyroid hormones in insulin resistant and hyperglycemia especially in goats. Weinstein et al. have re-
ported that thyroid hormone increased even basal glucose transport in skeletal muscle with GLUT4 glucose 
transporter expression [27]. These interpretations are pointing on probable role of thyroid hormones in insulin 
resistance and hyperglycemia. It is very likely that such mechanism also prevails in non-ruminants including 
human and there is a need for further investigations. 
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