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Introduction
For several decades, sulfonamides have been employed in the 
prevention and treatment of bacterial and protozoan infections 
in both humans and animals.1,2 Over time, pathogen resistance 
to sulfonamides has become widespread, and cross-resistance 
among the different sulfa drugs is considered complete.2,3 
Moreover, toxicity/idiosyncrasy associated with sulfonamide 
treatment is of great concern in medical practice. This led to 
potentiation of sulfonamides. Co-trimoxazole is a product of 
potentiation of sulfamethoxazole with trimethoprim. 
Potentiation not only lowers the quantity of sulfonamides 
required to inhibit specific susceptible bacteria but also reduces 
toxicity and microbial resistance.4 However, a number of 
reports in dogs have associated clinical signs of hypothyroidism 
with potentiated sulfonamides.5–7

Prolonged treatment with potentiated sulfonamides has 
been reported to suppress thyroid function by inhibiting thy-
roglobulin iodination and coupling of iodotyrosines.8,9 
Prolonged administration may be required in certain disease 
processes such as in staphylococcal pyoderma, in which medi-
cation is supposed to be continued for a minimum of 4 to 
6 weeks after clinical resolution of pyoderma.10 In one study, 
prolonged treatment of dogs with potentiated sulfonamides at 
doses within the therapeutic dose range (15-30 mg/kg body 
weight) produced no alterations in serum triiodothyronine (T3) 
and thyroxine (T4).11 In another study, trimethoprim alone did 
not depress thyroid function, suggesting that the sulfonamide 
component of the combination drug may be the one responsi-
ble for lowering the thyroid hormone levels.6

The antithyroid activity of sulfonamides varies among spe-
cies.11 In dogs, potentiated sulfonamide-induced thyroid dys-
function was reported in Labrador and Golden Retrievers,6,7 as 
well as in mixed breeds.12 The purpose of the work reported 
here was to determine the effects of prolonged treatment with 
co-trimoxazole on the thyroid gland, liver, and epididymal 
sperm reserve in euthyroid dogs. Assessment of liver function 
and sperm count may highlight possible direct toxic effects of 
co-trimoxazole on the liver and gonads, as well as the influence 
of thyroid dysfunction on hepatic and gonadal functions.

Materials and Methods
Animals

A total of 20 sexually mature male mongrel dogs were used for 
the study. They were acclimatized in metal cages for 3 weeks, 
during which period they were vaccinated against rabies and 
screened for both ectoparasite and endoparasite. They were ran-
domly assigned to 4 groups (A-D) that comprised 5 dogs each. 
Food and clean drinking water were provided for the dogs at 
regular intervals. The baseline values for the thyroid hormones 
(T3 and T4), thyrotropin (TSH), as well as the weight and rectal 
temperature of the dogs in all the groups were determined before 
commencement of treatment. Co-trimoxazole was then admin-
istered orally to the various groups. Group A was the control and 
received equal volume of water. Groups B, C, and D received 30, 
60, and 120 mg/kg body weight of co-trimoxazole in water, 
respectively. Treatment was for 21 days at 12-hour intervals.
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Ethical approval

The study strictly adhered to the institutional guidelines on 
research involving animals. Approval was obtained from the 
Experimental Animal Ethics Committee of the Faculty of 
Veterinary Medicine, University of Nigeria, Nsukka 
PG/11/60133.

Sample collection

Blood samples were drawn from the cephalic vein of the dogs 
in all the groups on days 0, 7, 14, and 21 of treatment into clean 
glass test tubes and allowed to clot. The samples were centri-
fuged at 3000 rpm for 10 minutes to obtain clear serum samples 
which were then decanted into separate sample bottles. The 
serum samples were split into 2 aliquots for weekly assay of 
hormones—total T3 and T4, TSH, and testosterone—as well as 
serum enzymes—aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), and alkaline phosphatase (ALP). The 
serum samples were refrigerated until use, and all the analyses 
were completed within 48 hours of sample collection.

Hormonal assay

Microplate enzyme immunoassay kits (AccuBind; Monobind 
Inc., Lake Forest, CA, USA) were used for weekly determina-
tion of the serum levels of total T3 and T4, TSH, and testoster-
one for each dog.13

Serum enzyme assay

Serum AST and ALT levels were determined weekly by colori-
metric method using AST and ALT test kits (Química Clínica 
Aplicada S.A. [QCA], Tarragona, Spain).14

Serum ALP level was assayed weekly by phenolphthalein 
monophosphate method, using ALP test kits (QCA).15

Morphometric studies

The dogs were weighed weekly using a standard weighing bal-
ance. The weights were recorded in kilogram. At the end of the 
21-day treatment period, 3 dogs in each group were humanely 
sacrificed by intravenous injection of pentobarbitone solution 
at the dose of 150 mg/kg. Postmortem examination was per-
formed immediately after euthanasia. Thyroid glands and tes-
tes were dissected and weighed. The mean weight of the testes 
as well as that of the thyroid glands was obtained using a sensi-
tive Mettler weighing balance and recorded in gram. The orga-
nosomatic indices of the thyroid and testes were calculated.

Epididymal sperm count

The combined left and right portions of the epididymis (caput, 
corpus, and cauda) were minced with ophthalmologic scissors 
and homogenized for 1 minute in 20 mL of physiological saline. 
The homogenate was filtered using nylon mesh sieve, and 

20-µL aliquot of the filtrate was used to charge the improved 
Neubauer chamber for the appropriate counting of the number 
of sperm/milliliter of tissue sample.16–18

Histopathotology

Tissue sections were taken from both lobes of the thyroid gland 
as well as from the liver. The tissues were fixed in 10% neutral 
buffered formalin for 48 hours, after which they were routinely 
processed, sectioned with microtome, and stained using hema-
toxylin-eosin. The tissues were then observed for pathological 
changes under the light microscope and pictures were taken.

Statistics

Data generated from the study were subjected to 1-way analy-
sis of variance using SPSS 17.0. Variant means were separated 
using the least significant difference method. Significance was 
accepted at probability P < .05. The quantitative data were pre-
sented as means for each group with standard error.

Results
Effects of co-trimoxazole on the thyroid gland of the 
dogs

There were no significant variations (P > .05) in the serum T3 
levels of all the groups on days 0, 7, and 14, but on day 21, the 
serum T3 level of group C dogs was significantly (P < .05) lower 
than that of the group A (Figure 1).

Serum thyroxine level in all the treated groups was signifi-
cantly (P < .05) lower than that of the control from day 7 of the 
experiment to the end of the experiment (Figure 2).

The variations in serum TSH level between the groups were 
not significant (P > .05) on days 0, 7, and 14, but on day 21, the 
serum TSH level of the group D dogs was significantly (P < .05) 
higher than that of the control group (Figure 3). In all the 
treated groups, however, there was dose-dependent increase in 
serum TSH level on day 21.

The relative thyroid weight of all the treated groups were 
significantly (P < .05) higher than that of the control (Figure 4).

Effects of co-trimoxazole on the serum enzymes of 
the dogs

Treatment with co-trimoxazole at varied doses as used in this 
study did not produce any significant variations (P > .05) in the 
serum AST activity in any of the groups. The mean serum ALT 
activity was significantly (P < .05) higher in group D when com-
pared with groups A and C on day 14. This higher serum ALT 
activity in group D was sustained up to day 21, on which it was 
significantly (P < .05) higher than that of groups A and B 
(Figure 5).

There were no significant variations (P > .05) between the 
groups in their serum ALP activity on days 0 and 7 of the experi-
ment. On day 14 of treatment with co-trimoxazole, group D had 
a significantly (P < .05) higher serum ALP activity when 
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compared with all other groups, but on day 21 of the experiment, 
the serum ALP activity of groups C and D was significantly 
(P < .05) higher than those of groups A and B (Figure 6).

Effect of co-trimoxazole on the testes of the dogs

There were no significant (P > .05) variations in the relative tes-
ticular weight of all the groups, although the untreated group 
had the highest value (Figure 7).

There were no significant variations in serum testosterone 
levels in all the groups on days 0, 7, and 21 of the experiment, 
but on day 14 of the experiment, the serum testosterone levels 

of group D dogs were significantly higher (P < .05) than that of 
the other groups (A, B, and C) (Figure 8).

The values obtained for the epididymal sperm count were 
the highest in group B dogs which were significantly (P < .05) 
higher than the values obtained for all other groups. The 
epididymal sperm count of the group D was the lowest and 
significantly (P < .05) lower than that of all other groups 
(Figure 9).

Gross lesions

All the animals in group D had ulcerations of the skin of the 
underbelly that also affected the scrotal skin (Figure 10), the 
canthus (Figure 11), and also symmetrical alopecia that affected 

Figure 1.  Graph showing serum triiodothyronine T3 (ng/dL) of dogs 

treated with varied oral doses of co-trimoxazole for 21 days.

Figure 2.  Graph showing serum thyroxine levels T4 (µg/dL) of dogs 

treated with varied oral doses of co-trimoxazole for 21 days.

Figure 3.  Graph showing serum thyrotropin (TSH) (µIU/mL) of dogs 

treated with varied oral doses of co-trimoxazole for 21 days.

Figure 4.  Bar chart showing relative thyroid weight (g) of dogs given 

varied oral doses of co-trimoxazole for 21 days.

Figure 5.  Graph showing serum alanine aminotransferase (ALT) (IU/L) of 

dogs treated with varied oral doses of co-trimoxazole for 21 days.

Figure 6.  Graph showing serum alkaline phosphatase (ALP) (IU/L) of 

dogs treated with varied oral doses of co-trimoxazole for 21 days.
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the caudal half of the body down to the root of the tail (Figure 
12), from days 18 to 21. The thyroid glands of group D dogs 
showed petechial and ecchymotic hemorrhages (Figure 13). 
Gross lesions in the liver consisted of multifocal, randomly dis-
tributed, confluent, 1- to 5-mm diameter areas of pallor 
(degeneration and necrosis), especially in group D (Figure 14).

Histopathology

Group A showed normal thyroid follicles (Figure 15), but the 
treated groups showed thyroid follicles that were devoid of col-
loid in their lumen (Figure 16). In addition, group D showed 

follicular cell hypertrophy, thickened follicular epithelium, and 
severe hemorrhage into the follicular lumen (Figure 17).

Lesions in the liver included widespread vacuolar degenera-
tion of hepatocytes, congestion of portal veins (Figure 18), and 
severe random hepatocellular necrosis and liquefaction with 
mild to moderate mononuclear cellular infiltration associated 
with the necrotized hepatocytes (Figure 19).

Figure 7.  Bar chart showing relative testicular weight (g) of dogs given 

varied oral doses of co-trimoxazole for 21 days.

Figure 8.  Graph showing serum testosterone (ng/mL) of dogs treated 

with varied oral doses of co-trimoxazole for 21 days.

Figure 9.  Bar chart showing epididymal sperm count (×109/mL) of dogs 

treated with varied oral doses of co-trimoxazole for 21 days.

Figure 10.  Photograph of dog in group D, treated with co-trimoxazole, 

120 mg/kg body weight, orally, showing multifocal ulcerative lesions 

(arrows), affecting also the scrotal skin from day 18 of treatment.

Figure 11.  Photograph of dog in group D showing ulcerations that 

affected both corners of the left eye (arrows).

Figure 12.  Picture of dog in group D showing symmetrical alopecia on 

the caudal half of the body down to the base of the tail (arrows).
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Discussion
Co-trimoxazole, as used in this study, caused thyroid dys-
function and led to severe thyroid lesions including hemor-
rhage. The relative thyroid weights of the treated groups 
were significantly higher than that of the control group. This 
may be as a result of thyroid enlargement due to hypertrophy 
of the follicular cells caused by the sulfonamide treatment.19 
Trimethoprim potentiates the goitrogenic action of 
sulfonamides.20

Previous studies have shown that co-trimoxazole decreases 
serum T4, whereas T3 remains unaffected.5 This study presented 
a similar picture except that group C had a significantly lower 
value for T3 on day 21. Significantly lower T4 values suggested 
that long-term sulfonamide treatment suppressed thyroid func-
tion most likely by impairing thyroglobulin iodination and cou-
pling of iodotyrosines.8,9 Significantly higher values for serum 
TSH as seen on day 21 in group D further buttressed the exist-
ence of a hypothyroid state in the treated groups. Serum TSH 
increased through a negative feedback mechanism.

Follicular cell hyperplasia and hypertrophy and colloid 
depletion may be the result of increased and persistent stimula-
tion of the follicles by TSH. The rate of colloid endocytosis by 
follicular cells exceeds the rate at which they are synthesized. 
These findings compare with iodine deficiency goiter.21 
Goitrous hypothyroidism was reported with 5 weeks of tri-
methoprim-sulfamethoxazole therapy in a young dog.22 Several 
authors have maintained that sulfonamides are goitrogenous, 
depressing serum thyroid hormones and elevating serum TSH 
leading to follicular hypertrophy and hyperplasia.11,21,23,24 The 
present findings, however, differed from previous studies in the 
occurrence of severe thyroid hemorrhage seen both grossly and 
microscopically, especially in group D. The cause of the hemor-
rhage is not clear. However, depletion of colloid in the follicular 
lumen and in the cytoplasm of individual follicular cells may 
have increased diapedesis of red blood cells from the possibly 
hyperemic interfollicular capillaries into the follicular lumen. 
Thyroid hyperemia was one of the earliest lesions reportedly 
caused using sulfonamides.25

Figure 13.  Gross picture of the thyroid gland of one of the dogs treated 

with co-trimoxazole, 120 mg/kg body weight for 21 days showing severe 

petechial and ecchymotic hemorrhages in both lobes of the thyroid gland.

Figure 14.  Gross picture of the liver (L) of dog treated with 120 mg/kg 

body weight of co-trimoxazole for 21 days showing multifocal, depressed, 

and pale areas of hepatocytes necrosis.

Figure 15.  Normal thyroid follicles (from the untreated group) densely 

packed with colloid (C) in their lumen. The follicular cells are simple 

cuboidal in shape (arrows) with large oval-shaped nuclei (hematoxylin-

eosin, original magnification ×400).

Figure 16.  Thyroid tissue of dogs treated with 30 mg/kg body weight of 

co-trimoxazole, orally, for 21 days showing thyroid follicles devoid of 

colloid in their lumen (*) (hematoxylin-eosin, original magnification ×400).
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It has been reported that sulfonamide treatment may lead 
to increased serum values of AST, ALT, and ALP.26 In this 
study, AST values did not vary significantly across the 
groups. Alanine aminotransferase values were significantly 
higher on days 14 and 21 of treatment in group D alone. 
However, ALP values were significantly higher on days 14 
and 21 in group D and day 21 in group C. It was observed 
that the elevation of serum ALT and ALP values were dose 
and time dependent. It is possible that at the doses given to 
groups C and D, the drug caused necrosis of hepatocytes 
and release of these serum enzymes into the circulation. 
Occurrence of liver necrosis in this study is consistent with 
the findings of other authors.27–29 The present findings sug-
gest that the increased ALT and ALP activities were as a 
result of drug-induced hepatotoxicity as reported with tet-
racycline,30 carprofen,31 and trimethoprim/sulfonamides.32 

Moreover, focal or diffuse intrahepative cholestasis may 
have occurred following increase in membrane cholesterol-
phospholipid ratio and diminished membrane fluidity which 
may have affected bile movement out of hepatocytes.33 The 
distention of hepatocytes by fatty acids may have further 
occluded bile canals leading to intrahepatic cholestasis and 
high ALP activity. Steroid (vacuolar) hepatopathy has been 
reported in a dog with clinical hypothyroidism associated 
with co-trimoxazole administration.12 Furthermore, bile is 
toxic; irritation caused by its accumulation may have con-
tributed to the high ALT activity and mild inflammatory 
reaction in the liver.

Group D had significantly higher value for serum testos-
terone on day 14. However, this was quickly followed by a 
sharp drop by day 21. Recall that group D also had a signifi-
cant higher value for serum TSH on day 21. It is possible 
that the increased need for TSH caused hyperplasia of the 
anterior pituitary leading to the release of luteinizing hor-
mone (LH) alongside TSH. Luteinizing hormone is required 
for the production of testosterone by the Leydig cells.34 
Variation in the hypothalamus-pituitary-thyroid axis  
seems to affect the hypothalamus-pituitary-gonadal axis.34 
Although some authors recorded a decreased value for 
serum gonadotropins in hypothyroidism and an increased 
value in thyrotoxicosis,35 the actual cause and duration of 
hypothyroidism should be considered as some other authors 
have linked decreased serum gonadotropins to prolonged 
hypothyroidism.36,37 However, the cause of hypothyroidism 
is important because if it is such that does not affect serum 
T3, then elevation of serum testosterone can be explained. 
This is because T3 has been reported to increase LH recep-
tors and steroidogenesis of the Leydig cells.38 Although our 
study did not assay for serum LH level, elevated testosterone 
level can be understood from the angle of T3 not being 
depressed by co-trimoxazole.

Figure 17.  Thyroid tissue of dogs treated with 120 mg/kg body weight of 

co-trimoxazole showing follicular cells hypertrophy (arrows) and 

thickening of the follicular epithelium. The follicular lumens are devoid of 

colloid. Note severe intrafollicular hemorrhage (inset) (hematoxylin-eosin, 

original magnification ×400).

Figure 18.  Liver section of dogs treated with co-trimoxazole 60 mg/kg 

body weight for 21 days showing severe, widespread vacuolar 

degeneration of hepatocytes (arrows) (hematoxylin-eosin, original 

magnification ×400).
*Portal Vein (PV)

Figure 19.  Liver section of dogs treated with co-trimoxazole 120 mg/kg 

body weight for 21 days showing severe, random hepatocellular necrosis 

with liquefaction and infiltration of mononuclear inflammatory cells 

associated with the necrotized hepatocytes (arrows) (hematoxylin-eosin, 

original magnification ×100).
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The sharp drop in serum testosterone in group D by day 
21 may be due to the scrotal lesions presented in Figure 10. 
Significantly higher values for epididymal sperm count in 
group B may indicate the dose at which co-trimoxazole has 
no toxic effects on the gonads. However, group D had the 
lowest epididymal sperm count despite high testosterone 
level. This may also be due to a possible elevation of the scro-
tal temperature associated with the scrotal lesions recorded 
in group D.

Conclusions
Lesions caused by subacute co-trimoxazole toxicity in dogs 
used for this experiment were mostly dose and time dependent. 
However, some adverse reactions were intricately associated 
with sulfonamide use irrespective of dose. The study reports 
thyroid hemorrhage and lowered epididymal sperm reserve, 
potentially as a result of scrotal skin lesions, as new findings in 
co-trimoxazole toxicity in dogs.

Acknowledgements
The authors would like to thank Mr Obioma Egonu of the 
Histopathology Laboratory, University of Nigeria, Nsukka, for 
his technical assistance in tissue processing.

Author Contributions
DCA and VSOS conceived and designed the experiments. 
DCA and JII analyzed the data and wrote the first draft of the 
manuscript. DCA, VSOS, and JII contributed to the writing of 
the manuscript; agree with manuscript results and conclusions; 
jointly developed the structure and arguments for the paper; 
made critical revisions and approved final version; and reviewed 
and approved the final manuscript.

References
	 1.	 Appelgate J. Clinical pharmacology of sulfonamides. Mod Vet Pract. 

1983;64:667–669.
	 2.	 Prescott JF, Baggott JD. Antimicrobial drug resistance and its epidemiology. In: 

Prescott JF, Baggott JD, Dowling PM, eds. Antimicrobial Therapy in Veterinary 
Medicine. Ames, IA: Iowa State University Press; 1993:119–126.

	 3.	 Riviere J, Craigmill AL, Sundlof SF. Handbook of Comparative Pharmacokinetics 
and Residues of Veterinary Antimicrobials. Boca Raton, FL: CRC Press; 
1991:339–407.

	 4.	 Wilcke JR. Therapeutic application of sulfadiazine/trimethoprim in dogs and 
cats: a review. Comp Anim Pract. 1988;2:3–8.

	 5.	 Hall JA, Campbell KL, Chambers MD, Davis CN. Effect of trimethoprim/sul-
famethoxazole on thyroid function in dogs with pyoderma. J Am Vet Med Assoc. 
1993;202:1959–1962.

	 6.	 Torres SMF, McKeever PJ, Johnston SD. Hypothyroidism in a dog associated 
with trimethoprim-sulphadiazine therapy. Vet Dermatol. 1996;7:105–108.

	 7.	 Brenner K, Harkin K, Schermerhorn T. Iatrogenic sulfonamide-induced hypo-
thyroid crisis in a Labrador Retriever. Aust Vet J. 2009;87:503–505.

	 8.	 Refetoff S. Thyroid function tests and effects of drugs on thyroid function. In: 
DeGroot LJ, Besser GM, Cahill JC, Marshall JC, Nelson DH, Odell WD, eds. 
Endocrinology. New York, NY: Grune & Stratton; 1979:621–627.

	 9.	 Green WL. Antithyroid compounds. In: Ingbar SH, Braverman LE, eds. The 
Thyroid. Philadelphia, PA: J.B. Lippincott; 1986:338.

	10.	 Muller GH, Kirk RW, Scott DW. Small Animal Dermatology, ed. Dyson J. Phila-
delphia, PA: WB Saunders Co; 1989:175–178.

	11.	 Panciera D, Post K. Effect of oral administration of sulfadiazine and trimethoprim 
in combination on thyroid function in dogs. Can J Vet Res. 1992;56:349–352.

	12.	 Gooking JL, Trepanier LA, Bunch SE. Clinical hypothyroidism associated with 
trimethoprim-sulfadiazine administration in a dog. J Am Vet Med Assoc. 1999;214: 
1028–1031.

	13.	 Sood R, ed. The Endocrine System: Textbook of Medical Laboratory Technology. 
Daryaganj, New Delhi: Jaypee Brothers Publishers; 2006:509–560.

	14.	 Reitman S, Frankel S. A colorimetric method for determination of serum glu-
tamic oxaloacetic and glutamic pyruvic transaminase. Am J Clin Pathol. 
1957;28:56–62.

	15.	 Klein B, Read PA, Babson AL. Rapid method for the quantitative determination 
of serum alkaline phosphatase. Clin Chem. 1960;6:269–275.

	16.	 Amann RP, Almquist JO. Reproductive capacity of diary bulls VIII. Direct  
and indirect measurement of testicular sperm production. J Dairy Sci. 1961; 
45:774–776.

	17.	 Prasad MR, Chinoy N, Kadam KM. Changes in succinate dehydrogenase levels 
in the rat epididymis under normal and altered physiologic conditions. Fertil 
Steril. 1972;23:186–190.

	18.	 Obidike IR, Aka LO, Omoja VU, Shoyinka SVO, Kamalu TN, Anika SM. Tes-
ticular morphology and antispermatogenic effects of 2, 4-dichlorophenoxyacetic 
acid (2,4-D) in male West African Dwarf (WAD) goats. Comp Clin Pathol. 
2012;21:1457–1462.

	19.	 Nishikawa S. Effects of sulfonamide on the pituitary-thyroid gland: 1. morpho-
logical changes of thyroid gland and variation in plasma thyroxine and triiodo-
thyronine. J Toxicol Sci. 1983;8:47–59.

	20.	 Kobayashi R, Harada A, Kanno Y, Yamada T. Potentiation of goitrogenic action 
of sulfonamide by trimethoprim. Proc Soc Exp Biol Med. 1973;142:776–780.

	21.	 Capen CC. The endocrine glands. In: Jubb KVF, Kennedy PC, Palmer N, eds. 
Pathology of Domestic Animals. London, England: Academic Press; 1985:237–303.

	22.	 Seelig D, Whittermore J, Lappin M, Myers AM, Avery PR. Goitrous hypothy-
roidism associated with treatment with trimethoprim-sulfamethoxazole in a 
young dog. J Am Vet Med Assoc. 2008;232:1181–1185.

	23.	 Kaneko JJ. Thyroid function. In: Kaneko JJ, ed. Clinical Biochemistry of Domestic 
Animals. London, England: Academic Press; 1989:630–649.

	24.	 Daminet S, Ferguson D. Influence of drugs on thyroid function in dogs. J Vet 
Intern Med. 2003;17:463–472.

	25.	 MacKenzie CG, MacKenzie JB. Effects of sulfonamides and thioureas on the 
thyroid gland and basal metabolism. Endocrinology. 1943;32:185–209.

	26.	 Klasco RK. USP DI Drug Information for the Healthcare Professional. Vol 1. 
Greenwood Village, CO: Micromedex, Inc.; 2006.

	27.	 Bunch SE. Hepatotoxicity associated with pharmacologic agents in dogs and 
cats. Vet Clin North Am Small Anim pract.1993;23:659–670.

	28.	 Twedt DC, Diehl KJ, Lappin MR, Getzy DM. Association of hepatic necrosis 
with trimethoprim sulfonamide administration in 4 dogs. J Vet Intern Med. 
1997;11:20–23.

	29.	 Thomas HL, Livesey MA. Immune-mediated haemolytic anaemia associated 
with trimethoprim-sulfamethoxazole administration in a horse. Can Vet 
J.1998;39:171–173.

	30.	 Kaufman AC, Green CE. Increased alanine transaminase activity associated 
with tetracycline administration in a cat. J Am Vet Med Assoc. 1993;202: 
628–630.

	31.	 MacPhail CM, Lappin MR, Meyer DJ, Smith SG, Webser CR, Armstrong PJ. 
Hepatocellular toxicosis associated with administration of carprofen in 21 dogs. 
J Am Vet Med Assoc. 1998;212:1895–1901.

	32.	 Roder JD. Sulfonamides. In: Plumlee KH, ed. Clinical Veterinary Toxicology. St 
Louis, MI: Mosby Inc.; 2004:293–294.

	33.	 Van Steenbergen W, Fevery J, De Vos R, Leyton R, Heirwegh KP, De Groote J. 
Thyroid hormones and the hepatic handling of bilirubin. I. Effects of hypothy-
roidism and hyperthyroidism on the hepatic transport of bilirubin mono-and 
diconjugates in the Wistar rat. Hepatology. 1989;9:314–321.

	34.	 Singh R, Hamada AJ, Agarwal A. Thyroid hormone in male reproduction and 
fertility. Open Reprod Sci J. 2011;3:98–104.

	35.	 Rojdmark S, Berg A, Kallner G. Hypothalamic-pituitary-testicular axis in 
patients with hyperthyroidism. Horm Res. 1988;29:185–190.

	36.	 Cavaliere H, Abelin N, Medeiros-Neto G. Serum levels of total testosterone and 
sex hormone binding globulin in hypothyroid patients and normal subjects 
treated with incremental doses of L-T4 or L-T3. J Androl. 1988;9:215–219.

	37.	 Donnelly P, White C. Testicular dysfunction in men with primary hypothyroid-
ism; reversal of hypogonadotrophic hypogonadism with replacement thyroxine. 
Clin Endocrinol (Oxf). 2000;52:197–201.

	38.	 Manna PR, Kero J, Tena-Sempere M, Pakarinen P, Stocco DM, Huhtaniemi IT. 
Assessment of mechanisms of thyroid hormone action in mouse Leydig cells: 
regulation of the steroidogenic acute regulatory protein, steroidogenesis, and 
luteinizing hormone receptor function. Endocrinology. 2001;142:319–331.




