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Abstract

Glucocorticoids, frequently preferred for treatment due to their immunosuppressive and anti-
inflammatory effects, are known to have significant side effects on many systems, such as the
musculoskeletal and cardiovascular systems, depending on their use. This study investigated the
effects of dexamethasone administration in rats and the effects of alendronate and vitamin D,
administered alone or in combination to reduce its potential effects, on biochemical parameters. A
total of 40 rats were divided into 5 groups and administered 7.5 mgkg'! dexamethasone
subcutaneously once a week for 6 weeks, in all groups except for the control group. No treatment
was administered to the control group. The remaining three groups received treatment with
alendronate (0.9 mg-kg' 5 days per week), vitamin D (10.000 IU/500 uL), and alendronate/vitamin
D combination administered at the same doses via gavage, respectively. With dexamethasone
administration, LDH activity, triglyceride, magnesium and iron levels significantly increased
compared to the control group, while chloride levels lowered. The increase in LDH activity and iron
levels also continued with alendronate administration. Triglyceride levels were significantly higher
in all treatment groups. The decrease in albumin levels observed in all groups compared to the
control group was significant with alendronate and combined use, while the increase in urea levels
was significant only in the vitamin D group. In conclusion, it is thought that further studies are
needed in which alendronate and vitamin D are administered at different doses and durations to
eliminate the effects of dexamethasone on biochemical parameters.
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Oz

Immiinosiipresif ve antienflamatuar etkileriyle tedavi amaciyla sikhikla tercih edilen
glukokortikoidlerin kullanuma bagli olarak kas-iskelet ve kardiyovaskiiler sistem gibi bircok
sistemde 6nemli yan etkilerinin olabilecegi bilinmektedir. Bu ¢alisma ile ratlarda deksametazon
uygulamasi ve bunun olasi etkilerini azaltmak amaci ile alendronat ve vitamin D’nin tek basgina ya
da kombine uygulamalarinin biyokimyasal parametrelere etkileri arastirilmistir. Toplam 40 adet rat
5 gruba ayrilarak 6 hafta siirdiiriilen ¢alismada kontrol grubu disindaki tiim gruplara haftada bir
kez deri alti 7.5 mg/kg deksametazon uygulandi. Kontrol grubuna herhangi bir uygulama
yapilmadi. Kalan son ii¢ gruba tedavi amaciyla sirasiyla alendronat (haftada 5 giin 0.9 mg-kg™),
vitamin D (10.000 UI/500 pL) ve ayn1 dozlarda alendronat /vitamin D kombinasyonu gavaj yolu ile
verildi. Deksametazon uygulamasiyla LDH aktivitesi, trigliserid, magnezyum ve demir
diizeylerinin kontrol grubuna gore 6nemli diizeyde arttig1, klor diizeylerinin ise diistiigii gozlendi.
LDH aktivitesi ve demir diizeylerindeki artis alendronat uygulamasiyla devam etti. Tiim tedavi
gruplarinda trigliserid diizeyleri anlamli derecede daha yiiksek bulundu. Tiim gruplarda kontrol
grubuna gore gozlenen albiimin diizeylerindeki diisiisiin ise alendronat ve kombine kullanimda
anlaml oldugy, {ire diizeylerindeki artisin ise sadece vitamin D grubunda anlaml1 oldugu bulundu.
Sonug olarak deksametazonun biyokimyasal parametrelere olan etkilerinin giderilmesinde farkli
doz ve siirelerde alendronat ve vitamin D uygulamalarinin yapildig1 yeni ¢alismalara gereksinim
duyuldugu diistiniilmiistiir.

Anahtar Kelimeler: Alendronat, Biyokimyasal parametreler, Deksametazon, Rat, Vitamin D
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Introduction

Dexamethasone is a synthetic glucocorticoid receptor agonist that mimics the effects of natural
glucocorticoids. It is a corticosteroid derivative with a 21-carbon steroid skeleton similar to hydrocortisone
(Pierre-Louis, 2010). It has been reported that glucocorticoids, which directly affect osteoblasts and osteoclasts,
reduce Ca absorption and increase their excretion by the kidneys, and leads to significant bone loss even at
pharmacological doses by disrupting vitamin D metabolism when administered for longer periods (Adler &
Rosen, 1994, Mazziotti et al., 2006). In fact, glucocorticoid use has been associated with the development of

secondary osteoporosis (Mazziotti et al., 2007).

Bisphosphonates are among the most commonly used drugs in treatment due to their ability to reduce fracture
risk along with increasing bone mineral density (Tamura et al., 2004). These drugs function by inducing
osteoclast apoptosis and inhibiting bone resorption (Rogers, 2003). Alendronate, in particular, is an effective
drug in preventing disorders that may occur in glucocorticoid-induced bone metabolism and provides long-
term protection in terms of bone mineral density (Adachi et al, 2001, Okada et al., 2008). However,
experimental studies on alendronate (Rizzoli et al., 2010), which reduces the remodeling rate by about 60%,

have shown that it may damage gastric mucosa and may have various side effects (Amagase et al., 2011).

Vitamin D is an essential vitamin for bone mineralization, supporting calcium absorption in the intestines and
playing a role in bone growth and remodeling by osteoblasts and osteoclasts (Bouillon et al., 2019). It has been
observed that intermittent or daily administration of standard doses of vitamin D reduces the risk of fractures

in adults over 50 years of age who do not have vitamin D deficiency (Cranney et al., 2007, Yao et al., 2019).

Considering the efficacy of alendronate and vitamin D, it has been suggested that the combination of the two
agents may be a more effective treatment method than either agent alone, particularly in bone metabolism
(Zhang et al., 2015). Combined treatments have been reported to be more effective than monotherapy in terms
of bone mineral density in the femoral neck in postmenopausal women (Frediani et al., 1998), and similar

findings have been observed in rats (Nakamura et al., 2008).

Considering the success rates of drugs used to minimize bone loss or increase bone development, there is a
need to develop more effective drugs for the treatment of bone diseases and to implement rational treatment
procedures. Currently, studies on the combined use of bisphosphonates and vitamin D are increasing.
Therefore, the primary aim of this study is to investigate in detail the effects of sodium alendronate and
vitamin D on biochemical parameters in rats treated with dexamethasone.

Materials and Methods

Animal Material

A total of 40 female rats of the Wistar Albino breed, aged 2-2.5 months (210-230 g), obtained from the Selguk
University Experimental Medicine Application and Research Center, were used in the study. During the study
period, the animals were housed in polycarbonate cages at 24+10°C, with 60% atmospheric humidity, and a

12-hour light/12 hour-darkness circle. Their feed and water requirements were met ad libitum.

Method

The rats were divided into 5 groups based on balanced live weights, and the following applications were
performed for 6 weeks.

Group 1 (C, Control Group, n: 8): Rats in this group served as the control group and received no treatment.

230



Kocatepe Veterinary Journal. 2026, 19, 2

Group 2 (Dexamethasone (Dekort injectable solution in ampoule), n: 8): 7.5 mg-kg"' dexamethasone (Ferreira-
Junior et al., 2008) was administered subcutaneously once a week.

Group 3 (Dexamethasone + Alendronate (Fosamax), n: 8): 7.5 mg-kg"' dexamethasone (Ferreira-Junior et al.,
2008) was administered subcutaneously once a week and 0.9 mg-kg? alendronate (Sabry et al., 2013) was
administered via gavage 5 days a week.

Group 4 (Dexamethasone+Vitamin D (Devit-3), n: 8): 7.5 mg-kg! dexamethasone (Ferreira-Junior et al., 2008)
was administered subcutaneously once a week and 10.000 IU/500 pL vitamin D (Queiroz Janior et al., 2022)
was administered via gavage once a week.

Group 5 (Dexamethasone + Alendronate + Vitamin D, n: 8): Once a week, 7.5 mg/kg dexamethasone (Ferreira-
Junior et al., 2008) was administered subcutaneously, and 0.9 mg-kg? alendronate (Sabry et al., 2013) was
administered via gavage 5 days a week, in combination with 10.000 IU/500 pL vitamin D once a week.

Twenty-four hours after the completion of the experiment, blood samples were collected from rats euthanized
with xylazine (8 mg-kg?, IP, Xylazin Bio 2% inj., Bioveta, Ankara, Turkiye) + ketamine (75 mg-kg-, IP, Ketosol
10% inj., Interhas, Ankara, Turkiye) anesthesia using the intracardiac method. Alanine Aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), lactate dehydrogenase (LDH), amylase
activities, triglycerides, cholesterol, HDL, glucose, total protein, albumin, total bilirubin, creatinine, urea,
sodium, potassium, chloride, magnesium, phosphate, calcium, and iron levels (Alinity c8000) were
determined from the obtained serum samples.

Ethical Approval

This study ethical approval (Approval no: 2025/119, date 30.12.2025) was obtained from Selcuk University
Experimental Medicine And Application Center Ethics Committee (SUDAM).

Statistical Analysis

The data were exposed to normality test using Shapiro-Wilk test. The biochemical parameters ALT, amylase,
AST, cholesterol, creatinine, iron, potassium, and total bilirubin did not show a normal distribution.
Parameters outside the normal range were evaluated using the Kruskal-Wallis and Mann-Whitney U tests.
The values of parameters showing statistical differences were added to the tables as medians. Parameters
within the normal range were evaluated using the One-Way ANOVA statistical test (SPSS Statistics 25.0,
Corporation, Armonk, New York, USA). When there was a difference between the groups, the post hoc Tukey
multiple comparison test was used to examine the difference, and p<0.05 was accepted as the statistical
significance threshold. Values are presented as Mean =+ SE.

Results

In the present study, compared to the control group, dexamethasone administration was found to cause an
increase in LDH, triglyceride, magnesium, and iron levels in rats (p<0.05). It was determined that the increased
LDH and iron levels in the groups administered vitamin D approached those of the control group. It was
found that the increased magnesium levels resulting from dexamethasone administration approached control
group levels only with the alendronate/vitamin D combination. Compared to the control group,
dexamethasone administration caused a decrease in chloride levels (p<0.05), and this decrease continued only
in the alendronate group, while vitamin D administration caused chloride levels to return to concentrations
that were not statistically different from the control group.

Decreases in serum albumin levels (p<0.05) were observed in the groups treated with alendronate, while high
glucose and urea levels (p<0.05) and decreases in total protein levels were found to be statistically significant
(p<0.05) in the groups treated with vitamin D.

In the inter-group examination, no statistical difference was determined in AST, ALT, ALP, amylase activities,
cholesterol, HDL, total bilirubin, creatinine, sodium, potassium, calcium and phosphate levels (p>0.05).
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Table 1. Effects of Alendronate and Vitamin D on Biochemical Parameters in Rats Treated with Dexamethasone

(mean+SE).
Biochemical Control Dexamethasone Dexamethasone + Dexamethasone + Dexamethasone +
Parameters (n=8) Alendronate (n=8) Vitamin D (n=8) Alendronate +
(n=8) Vitamin D (n=8)
AST (U/L) 159,75+15,612 211,37+15,092 244,25+30,52 2 202,50+18,24 2 209,25+23,392
ALT (U/L) 76,00+6,44 2 81,00+9,402 99,50+12,852 83,00+5,59 2 84,75+7,712
ALP (U/L) 254,87+15,09 ab 293,75+19,592b 221,87+18,78" 315,62+23,132 231,12+17,67°
LDH (U/L) 362,50+104,24 > 1647,00+204,84 2 1593,62+143,122 770,87+68,22P 784,25+130,11°
Amylase (U/L) 1360,01+£278,19 1216,96+433,622  1369,02+1860,90  1228,49+396,382 1189,99+427,08 2
Triglyceride 48,75+4,68 b 84,12+4,30° 78,37+4,49 2 69,753,882 70,87+3,77 2
(mg-dL")
Cholesterol (mg-dL- 91,50+1,682 92,12+3,402 94,75+3,402 88,87+7,029 93,25+2,74 2
1)
HDL 66,510,252 66,8+31,332 68,8+31,402 63,747,412 67,3+22,77 2
Glucose (mg-dL"?) 193,12+6,13¢ 226,75+16,20b¢ 228,62+13,37bc 268,62+12,21 ab 282,62+12,184
T. Protein (mg-dL") 67,79+8,102 63,41+14,18 b 63,40+7,60 2 62,77+12,43" 61,04+14,21"
Albumin (g-dL") 32,35+4,202 30,00+9,71 @b 28,89+6,72b 29,47+6,84 @b 28,65+9,54b
Total Bilirubin 0,10+0,007 0,11+0,127 0,11+0,127 0,10+0,002 0,10+0,004
Creatinine (mg-dL") 0,47+0,872 0,461,482 0,482,952 0,47+1,332 0,46+1,144
Urea (mg-dL") 50,37+1,68° 55,12+2,76 3 55,37+1,91 ab 61,00+1,532 52,25+1,26°
Sodium (mmol-L) 154,62+0,68 2 152,25+1,404 153,12+1,342 153,750,702 151,37+0,98 2
Potassium (mmol-L- 4,54+1,372 4,41+1,072 4,62+1,622 4,41+1,292 4,45+0,922
1)
Chloride (mmol-L?) 116,00+0,422 111,00+1,00° 111,87+1,02° 113,87+0,40 2 113,3750+0,50 ab
Magnesium (mg-dL- 2,30+0,50¢ 2,61+0,67 ab 2,70+1,002 2,61+0,85ab 2,39+0,51 be
1)
Calcium (mg-dL?) 11,640,800 10,96+1,90° 11,40+2,76 a0 11,80+1,03 11,31+2,42ab
Phosphate (mg-dL) 7,10+0.222 6,61+0.232 6,49+0.262 6,55+0.232 6,06+0.362
Iron (ug-dL") 291,00+21,39 430,00+28,74 2 474,37+35,27 350,00+41,25° 356,00+26,61°
(Median) (297) (415.5) (499) (330) (335.5)

abe Different letters in the same row indicate statistical significance (p<0.05).

Discussion

Among biochemical parameters, calcium and phosphorus are the most important laboratory markers of bone
metabolism. In the study, it was thought that the lack of change in Ca concentrations in the dexamethasone
group could be related to increased Ca release from bone tissue, and the results were found to be consistent
with Elshal et al., (2013) studies. It has been reported that glucocorticoids may cause phosphaturia by directly
affecting the kidney and indirectly reducing tubular phosphate reabsorption in the absence of paratyroid

hormones (Durasin et al., 1984). In the present study, the statistically insignificant (p>0.05) decreases in
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phosphate levels observed in all groups treated with dexamethasone compared to the control group can be

explained by this mechanism.

A study conducted on male Wistar rats revealed that dexamethasone caused an increase in LDH activity
depending on the administered dose, suggesting that increased serum activity may be related to damage
occurring in liver tissue (Arab Dolatabadi & Mahboubi, 2015). Increases observed in the parameters such as
AST, ALT, and ALP were not significant despite significant increases in LDH activity in the present study.
This situation was thought to be due to LDH being an enzyme widely distributed in various tissues and the
possible damage that could occur in non-liver tissues following dexamethasone administration. Similarly, it
was suggested that alendronate may also cause increases in LDH activity due to damage that may occur in
various tissues, and it was observed that mucosal inflammation developing in the lungs following its
administration in male Wistar rats elevated LDH activity in bronchoalveolar fluid (Katsumi et al., 2010).
Likewise, LDH activities increased compared to control group in the study. In contrast, it has been
demonstrated that vitamin D administration in osteoporosis cases can reverse this cycle and lower MDA
levels, a biomarker of oxidative stress developing in various tissues (Abdlkarem & Zainulabdeen, 2024). Thus,
the current study also showed that LDH activity elevated by dexamethasone administration decreased with

vitamin D administration, approaching control group levels.

Although the mechanism of the hyperlipidemic effect caused by dexamethasone has not been fully elucidated
(Moghadam-Kia & Werth, 2010), it has been reported that intraperitoneal administration of 2 and 4 mg/kg
dexamethasone for one month in rats has a hyperlipidemic effect, with increased triglyceride levels observed
at high doses (Razzagq et al., 2020). In the same direction, the present study also observed that dexamethasone
administration could lead to hyperlipidemia associated with an increase in triglyceride levels. Furthermore, it

was found that the therapeutic agents used were insufficient in reversing this effect.

Glucocorticoids cause hyperglycemia by decreasing glucose utilization and increasing hepatic glucose
production. It has been reported that glucocorticoid administration exacerbates hyperglycemia in patients
with pre-existing diabetes or glucose intolerance, and this increase is proportional to the patient’s previous
glucose tolerance (Moghadam-Kia et al., 2010). Although this is a known side effect of glucocorticoids, overt
diabetes rarely develops in healthy individuals. In this study, dexamethasone administration caused a
numerical increase in glucose levels; however, the increase was not significant compared to the control group;
significant increases (p<0.05) were only detected in the groups treated with vitamin D. In this with line, Rateb
et al., (2021) reported that HOMA-B values increased in groups treated with vitamin D compared to the

dexamethasone group in male Wistar rats.

Vitamin D and alendronate administration have been found to cause various changes in protein metabolism.
Albumin has an anabolic effect on bone calcification and bone components (Yamaguchi et al., 2003). It has
been determined that hypoalbuminemia may directly stimulate osteoclast formation and inhibit osteogenesis
and may affect the metabolism of parathyroid hormone and vitamin D-binding protein (Kunutsor et al., 2019).
In this context, it was observed that vitamin D administered via gavage to rats caused significant decreases in
serum total protein levels and increased gastrocnemius muscle tissue protein levels in dexamethasone-
induced muscle damage (Rateb et al., 2021). While vitamin D is transported by vitamin D-binding protein, o-
globulin, and albumin, the main protein to which alendronate binds is albumin (Karamustafa & Celebi, 2006).

This study showed a significant decrease in albumin levels in groups treated with alendronate. Furthermore,
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it was considered that the decrease in total protein levels (p<0.05) observed in the groups treated with vitamin
D could be due to changes in vitamin D-binding protein metabolism, as reported by Kunutsor et al., (2019).
Furthermore, the significant increases in urea levels observed in the group receiving only vitamin D in the
present study suggest that these changes may be due to similar variable effects of vitamin D on protein

metabolism.

It was reported that the excretion of chloride in urine increased in male Sprague-Dawley rats depending on
the dose of dexamethasone administered, but no change in plasma chloride levels was observed (Zhao et al.,
2024). Okon et al., (2022) also determined that dexamethasone administration did not cause any change in the
levels of chloride and other electrolytes in rats. In the present study, significant decreases (p<0.05) were
observed in serum chloride levels in rats treated with dexamethasone; this difference was thought to be due
to the very small changes in chloride levels and differences in administration. Furthermore, it was determined
that alendronate administration in mice with developing acidosis caused a decrease in chloride levels in the
(day 0) initial phase (Moody et al., 2023). The fact that the decrease in chloride levels resulting from
dexamethasone administration persisted only in the alendronate-treated group and levels approaching those
of the control group with vitamin D administration suggested that alendronate is an effective drug on serum

chloride levels.

It has been reported that hypomagnesemia generally develops in rats treated with dexamethasone. It has been
determined that administration of dexamethasone at a dose of 2.5 mg/kg for 5 days in female rats causes
decreases in magnesium levels (Wang et al., 2022). Similar decreases were observed in another study in which
0.1 mg/kg dexamethasone was administered to female rats (Huo et al., 2022). However, Kenyon et al., (1990)
found significant increases in magnesium levels with low-dose dexamethasone treatment in rats and
suggested that these findings could be due to the profound catabolic effects of glucocorticoids. In this study,
in which dexamethasone was administered at 7.5 mg/kg once a week for 6 weeks, serum magnesium levels
elevated, similar to the findings of Kenyon et al. (1990). The difference observed in other studies may be related
to the stabile levels of calcium, phosphorus, and potassium in the current study, as well as the dose and
duration of administration. Furthermore, it was observed that the elevated magnesium levels resulting from
dexamethasone administration only reached levels similar to those in the control group when the agents were

administered in combination.

It has been demonstrated that dexamethasone can cause oxidative stress on osteocytes (Zhang et al., 2024),
and it has been stated that it depletes glutathione stores via glucocorticoid receptors, leaving cells vulnerable
to ferroptosis (von Mdssenhausen et al., 2022). In parallel, in the present study, increases were observed in iron
levels upon dexamethasone administration, and a similar pattern was observed after alendronate
administration. However, iron levels approached those of the control group with vitamin D administration.
This suggests that dexamethasone and alendronate administered at the current doses and regimens may cause

oxidative stress in various cells.
Conclusion

Studies have shown that the variable effects of dexamethasone are largely dependent on the dose
administered, the duration of administration, and the animal species. Accordingly, the results of the study
showed that alendronate, administered as a therapeutic agent at the specified dose and regimen, had a rather

insufficient therapeutic effect on biochemical parameters and could even worsen the existing condition. On
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the other hand, Vitamin D was found to cause undesirable changes in several parameters, while its therapeutic
effect remained limited. Consequently, it is thought that further studies are needed, including different
dosages and duration of administration of alendronate and vitamin D, to against the harmful effects of

dexamethasone on various biochemical parameters.
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